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PREFACE
The 24th International PhD Students Conference for undergraduate and postgraduate
students was hosted by the Faculty of AgriSciences, Mendel University in Brno, the
Czech Republic, on November 8ʹ9, 2017. It provided a relevant platform to discuss
new trends in plant and animal production, fisheries and hydrobiology, agroecology
and rural development, food technology, plant and animal biology, techniques and
technology, applied chemistry and biochemistry, and beyond with participants arriving
both from the Czech and European educational and research institutions.
The success of the event is reflected in the papers received, with participants coming
from diverse backgrounds ʹ stimulating a substantial international and multicultural
exchange and mutual share of experience and ideas. The accepted papers are published
in full in these proceedings after being admitted to Conference Proceedings Citation
Index (Clarivate Analytics).
The conference of this calibre can succeed only as a team effort, so the editors express
their thanks and gratitude to all committees and reviewers both for their outstanding
work and invaluable comments and advice.
The Editors
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Abstract: Nitrogen fertilization cannot be used by actual needs of plants during vegetation in organic
farming. The proper crop rotation and harmonic nutrition are necessary for good and quality products.
The methods of treatment are mainly realized by cultivation of green manure crop and fertilizing
by organic fertilizers. The aim of the long-term experiment was to evaluate the effect of different
localities and different organic fertilizers on crop yield in organic farming. Variants of fertilization
included in the experiment are: 1. Unfertilized control, 2. Green manure, 3. Green manure + renewable
external sources, 4. Green manure + renewable external sources + auxiliary substances, 5. Green
manure + farm fertilizers, 6. Green manure + farm fertilizers + auxiliary substances. Potatoes were
fertilized and planted in experimental years 2015±2016. Winter wheat spelt was sown
in the experimental year 2016±2017 and there were no fertilization with organic fertilizers in this year.
Average yield of potatoes was the highest after combination with green manure + renewable external
sources (compost + digestate) + auxiliary substances. This variant achieved yield about 34.1 t/ha,
which is increased by 9.4 t/ha compared to the control variant. The highest yield of spelt was observed
on the variant with green manure + farm fertilizers. This variant achieved yield about 5.5 t/ha, which is
increased by 0.7 t/ha compared to the unfertilized variant. The result from this experiment indicated
that farming without livestock may be similar to the production with livestock. However, these results
are obtained only from two experimental years. Statistical difference of achieved yields was observed
between each experimental station in both experimental years.
Key Words: potatoes, spelt, organic farming, yield
INTRODUCTION
Organic agriculture is currently a well-known concept among lots of people. Environmental
protection is possible due to the restriction or prohibition of the use of certain burdensome substances,
especially synthetic nitrogen fertilizers. However, content of nutrients from agro-ecosystem even
in organic farming is decreasing because of production export and nutrient losses such as leaching
or volatilization. The precursor for higher yield and quality of products is good and fertile soil
'YRUVNê DQG Urban 2014). Organic farming, in comparison with conventional farming methods,
cannot count on the fact that plants can be fertilized directly to the roots according to actual needs
in vegetation. The point of emphasis in organic farming is the content of organic matter and quality
of humus in the soil (Martin and MacRae 2014).
The basis of nutrition in organic farming should be a proper crop rotation (Urban et al. 2003).
The supply of nitrogen from external environment is primarily achieved by growing legumes
and plants suitable for green manure. Another invaluable sources of nutrients are organic fertilizers,
especially manure and slurry but also organic compost and increasing use of digestate.
The combination of well-chosen crop rotation with adequate dose of properly selected organic
fertilizer is very important and proves irreplaceable role for organic farming (Barker 2010).
This work is a part of a long-term experiment established in 2014 by the Central Institute
for Supervising and Testing in Agriculture. The ultimate goal of this long-term experiment is
to evaluate the effect of different intensity and fertilization in organic farming with and without
breeding livestock on yield and quality of products, soil properties and nutrient balance. However,
in this work, only the yield of potatoes and spelt from years 2016 and 2017 will be evaluated.
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MATERIAL AND METHODS
Small plot field experiment was established as a precise and long-term research. The experiment
took place at 5 different experimental stations representing different production areas (Table 1).
The experiment tried to compare different organic fertilizers simulating systems with or without
breeding livestock in organic farming. Each variant had three repetitions. The yields potatoes were
evaluated in experimental year 2016. The yields of spelt were evaluated in the experimental year 2017.
Table 1 Characteristics of experimental stations
Experimental
station

Characteristics
MASL Crop area

Soil type

Soil texture

Average annual precipitation
(mm)

Average annual
WHPSHUDWXUH &

9ČURYDQ\

207

Sugar
beet

Black Soil

Clay

502

8.7

ýiVODY

260

Sugar
beet

Black Soil

Clay

555

8.9

-DURPČĜLFHQDG
Rokytnou

425

Cereals

Brown
Soil

Loam

481

8.0

+RUDåćRYLFH

475

Potatoes

Cambisol

Sandy
Loam

585

7.8

/tSD

505

Potatoes

Cambisol

Sandy
Loam

594

7.5

Clay

The application of compost and manure (for experimental year of 2016) was performed
in August of 2015. Green manure crop (Pisum sativum var. arvense) was sown immediately after
the incorporation of the organic fertilizers. The average yield of green manure ranged between 0.5
to 4.7 t/ha (depending on experimental station) in dry matter. Green manure was incorporated into
the soil by mulching before winter. The fertilization of potatoes is described in Table 2. Planting
of potatoes was carried out approximately 14 days after the incorporation of digestate and fermented
urine to the soil in early April of 2016. The auxiliary substance for potatoes was applied two times
in May. Auxiliary substance was based only on mixture of natural, water soluble oligopeptide, amino
acids, magnesium, potassium and trace elements. Harvest of the potatoes was performed at the first
half of September.
Table 2 Variants of fertilization of potatoes used in the experiment (same for all locations, 2015±2016)
Dose of fertilizer

Period

Dose of fertilizer

Period

Auxiliary
substance (AS)
Dose and period

-

-

-

-

-

-

-

-

-

-

3. GM + renewable external sources

27 t/ha of
compost

Autumn

4. GM + renewable external sources
+ AS

27 t/ha of
compost

Autumn

5. GM + farm fertilizers

27 t/ha of
manure

Autumn

6. GM + farm fertilizers + AS

27 t/ha of
manure

Autumn

Application of organic fertilizers

Variants of fertilization
1. Unfertilized
2. Green manure (GM)

2015
2015
2015
2015

14 t/ha of digestate
14 t/ha of digestate

April
2016
April
2016

14 t/ha of fermented
urine

April

14 t/ha of fermented
urine

April

2016
2016

5 l/ha
2x in May
5 l/ha
2x in May

Legend: AS - Auxiliary substances: magnesium as MgO ± min 4.0%, potassium as K2O ± min 1.0%, boron as B ± 0.04%,
manganese as Mn ± 0.1%, copper as Cu ± 0.05%, molybdenum as Mo ± 0.001% , zinc as Z ± 0.2% , iron as Fe ± 0.04%.

Spelt was not fertilized by organic fertilizers in experimental year 2017. Only the application of
auxiliary substance was performed in this year. The idea behind this is to simulate common praxis.
If there is a good forecrop fertilized by organic fertilizers (potatoes in 2016), there is usually not
necessary to fertilize in second year. The second reason for omitting fertilization of spelt was its low
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level of resistance to lodging. The application of auxiliary substance to the soil on variants 4 and 6 was
performed before sowing of spelt. Bacteria fertilizer was used as an auxiliary substance. Harvest
of the spelt was performed at the end of July. The obtained results were evaluated by two factors
analysis of variance (ANOVA) with subsequent verification based on Tukey test (P < 0.05). The data
were processed using the STATISTICA CZ 125HVXOWVDUHH[SUHVVHGDVDPHDQVWDQGDUGGHYLDWLRQ
RESULTS AND DISCUSSION
Yield of potatoes in 2016
The impact of locality was evaluated as a statistically significant. The average estimated yield
of potatoes in the Czech Republic in 2016 was about 29.4 t/ha (CZSO 2016). It is evident
from Figure 1 WKDWRQO\WZRH[SHULPHQWDOVWDWLRQV -DURPČĜLFHQDG5RN\WQRXDQG/tSD DFKLHYHGlower
yields. However, it is a good result achieved in organic farming. For example, results obtained
from experiment performed by El-Sayed et al. (2015) and Plaza et al. (2013) proved that organic
production of potatoes could be an alternative method to conventional production without significant
reduction of yield.
Each locality had different prerequisites for achieving the optimal yields. The experimental
VWDWLRQ LQ 9ČURYDQ\ was determined as a reference locality (100%) due to the best soil and climate
conditions. The achieved yield on this locality was very high due to the optimal course of weather
during the year. Potatoes yields achieved from every other station were detected lower compared
to reference station (Figure 1). This fact was caused mostly by drought in these stations during
the experimental year of 2016, especially in germination and after emergence of potatoes.

t/ha

Figure 1 Average yield of potatoes in the experimental stations (2016)
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Figure 2 Average yields of potatoes (2016)
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There is also statistical difference between examined variants of fertilization (Figure 2).
Unfertilized control and variant with only green manure provided similar yield. Green manure itself
could not fully substitute the incorporation of organic fertilizers. Variants with organic fertilization
provided better crop yield. This is a different result compared to the experiment performed
by Makarewicz et al. (2015). Their results showed, that fertilization with green manure itself fully
substituted manure in the production system of potato cultivation. Similar yield were achieved
on variants 3 and 4 with GM + renewable external sources and then on the variants 5 and 6 with
GM + farm fertilizers. The variants 3 and 4 with GM + renewable external sources provided
the highest yield. The yield of these variants was increased by about 9.2 t/ha (37%) compared
to the control variant. Most importantly, there was also an increase of yield compared to the variants
with GM + farm fertilizers by 3.0 t/ha and 4.5 t/ha. These results were probably caused by higher
content of nitrogen in organic fertilizers (compost + digestate) used in this variant compared to other
variants.
Yield of spelt in 2017
The results show statistically significant difference between experimental localities as can be
seen from Figure 3. Konvalina (2013) is describing average yield of spelt in terms of organic farming
about 2.8 t/ha in Czech Republic and 2.2 t/ha in Austria. Average yield of spelt achieved in this
experiment was 5.2 t/ha. This result was probably caused by good forecrop (potatoes) fertilized two
times by organic fertilizers (Table 2). The concerns about lodging of spelt have not been confirmed,
spelt at each experimental station endured at upright position during whole vegetation. This fact has
also contributed to the reduction of harvest losses.

t/ha

Figure 3 Average yields of spelt in the experimental stations (2017)
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Figure 4 Average yields of spelt (2017)
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Figure 3 shows average yields of grain and their statistical significance for each experimental
station in year 2017. The lowest yields ZHUHREVHUYHGDWVWDWLRQV+RUDåćRYLFHDQG/tSD7KLVUHVXOW
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was caused by drought during experimental year in combination with worse soil conditions at these
ORFDOLWLHV7KHKLJKHVW\LHOGWKDZDVDFKLHYHGDWVWDWLRQ-DURPČĜLFHQDG5RN\WQRX([SHULPental
VWDWLRQ9ČURYDQ\ZKLFKLVGHWHUPLQHGDVDUHIHUHQFHVWDWLRQGXHWKHEHVWVRLODQGFOLPDWHFRQGLWLRQV
achieved slightly lower average yield (6.0 t/ha), probably due to the high occurrence of diseases
(Blumeria graminis) and pests (Oulema melanopus, Oulema lichenis).
Figure 4 is describing average yields of grain and their statistical significance for each variant
of fertilization in year 2017. The lowest yield with no statistical difference was observed on
Unfertilized variant and variant with Green manure alone. This result is similar to experimental year
2016. However, the highest yields about 5.5 t/ha were provided by both variants with GM + farm
fertilizers. This result is an interesting change in comparison with the result in previous year. Highest
yield of potatoes provided by variants with GM + renewable external resources in year 2016 were
caused by higher content of quickly available nitrogen in digestate and compost. Fertilization
with organic matter was not performed in year 2017, so the spelt was only taking up rest
of the nutrients from previous year. The result from this year indicates that fertilization with farm
fertilizers (manure + fermented urine) provided more nutrients in second year after fertilization
in comparison with renewable external resources (digestate + compost). Similar results were observed
in experiment performed by Rieux et al. (2013), Miller et al. (2010), Hradil et al. (2007) and Gale et al.
(2006). They have also described application of manure as preferable variant in comparison
with compost. On the other hand, there are also results supporting fertilizing with compost
as a superior choice (Miller et al. 2009, Larney et al. 2006, Sanchez et al. 2004).
CONCLUSION
The results obtained from the experimental year 2016 showed that any application of organic
fertilizers either from green manure itself, renewable external resources or farm fertilizers proved
the increasing yield compared to unfertilized variant. This result was not obviously surprising.
However, in organic farming, it is not possible to rely on crop fertilizing during vegetation according
to the current needs. The application of any organic fertilizers played therefore a crucial role for plants
and yields. The results from the year 2017 confirmed that the variant with green manure itself
provided better yields compared to unfertilized variant but the difference was not detected
as statistically significant. Highest yields were observed on variants fertilized by organic fertilizers
before forecrop.
A statistical difference between the examined variants of fertilization was found out in both
experimental years. The obtained results showed, that the highest yields of potatoes were provided
by the combination of compost and digestate. Organic fertilizers used in these variant contained more
quickly available nitrogen in comparison to other variants of fertilization. The idea came out
that compost provided more nutrients for plants in the first year after the incorporation compared
to manure which was supported by the result of this experiment. The result obtained from the year
2017 showed, that the highest yield of spelt were provided by the combination of manure
and fermented urine. This result supports the idea, that manure provides more nutrients for longer time
after incorporation to the soil in comparison with compost.
A lot of auxiliary substances are allowed to be used in organic farming. The results obtained
from this experiment showed that the application of auxiliary substances in organic farming did not
provide any statistically different yield compared to the same variant of fertilization without AS.
Statistical difference of achieved yields was observed between each experimental station in both
experimental years. This result was only a confirmation that the production of yields is heavily
dependent on the content of nutrients in soil, good soil condition and optimal course of weather
(mostly precipitation) during vegetation.
The result from this experiment indicated that farming without livestock may be similar
to the production with livestock. However, these results are obtained only from two experimental
years. It is going to be interesting to watch the difference between renewable external resources
and farm fertilizers in the future of this long-term experiment.
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THE FERTILIZATION OF SOYBEAN WITH SULPHUR
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Abstract: Different sulphur fertilizers and influence of their foliar application on biomass yield
of soybean were determined in vegetation pot experiment. Variants of fertilization included
in the experiment were: 1. Control variant, 2. Thiosulphate sulphur, 3. Elemental sulphur
and 4. Polysulphide sulphur. The significant highest average yield of biomass, 198 g per pot, was
obtained after fertilization with thiosulphate sulphur. Thiosulphate sulphur has increased yield
of biomass by 48 g per pot (almost 32%) compared to unfertilized control variant. Content of nitrogen
in plants detected 20 days after fertilization was also highest on thiosulphate variant. Content
of nitrogen detected in plants fertilized by thiosulphate variant was 0.92%, which is by 0.06% more
compared to nitrogen content in unfertilized plants. The effect of elemental sulphur on yield
of soybean biomass was not statistically different in comparison with control variant.
Key Words: soybean, sulphur, yield
INTRODUCTION
The situation surrounding genetically modified food and genetically modified materials
for industrial processing has been increasingly solved in recent years. Currently, the costumers are
more interested in GMO and they are often pushing for GMO-free and ³KHDOWK\´SURGXFWV (Loureiro
and Hine 2001, Evanson and Santiello 2004, Kolodinsky 2008). Therefore, the pressure on production
of GMO-free raw materials is increasing. For example, the producers in Germany or Switzerland can
only sell GMO-free milk from dairy cows (Thomas and Venus 2015, Bickel et al. 2009). Naturally,
these dairy cows have to be fed only with GMO-free feed. One of the most commonly used source
of protein for livestock is extracted grit from soybean. Soybean grit contains high content of proteins
and essential amino acids and it is characterized by good digestibility. The production of soybean
in European Union is relatively insignificant in comparison with the import of soybean from the world
(FEFAC 2017). The European Union is dependent on import of soybean from other countries almost
from 80%. The highest production and export of soybean is coming from Brazil, Argentina and USA
(COCERAL 2015). However, the majority of this production is GMO soybean. This genetically
modified product may have a higher nutritional value or contain more vitamins or amino acids.
The positive or negative long term effect of GMO products on human or animal organism is yet to be
discovered and a lot of customers are looking for GMO-free product, as mentioned before. Therefore,
it is important to find a possible way out. One of the possible options is to examine alternative sources
of proteins. Another idea is focusing on cultivation of GMO-free soybean. The aim of this idea
with fertilization of soybean is to produce GMO-free soybean products with similar quality as their
genetically modified opposite.
This work is a part of a two year experiment. This experiment contains a several interconnected
partial goals. The aim of the experiment is to secure the whole process of protein feed production
for livestock. The partial goals are focusing on plant demands on soil and nutrition, microbiological
purity of cultivated material (plants) or usability of nutrients, especially nitrogenous substances
from individual feeds. Three possible sources of protein are examined in the experiment ± soybean
(Glycine max), buckwheat (Fagopyrum esculentum) and fenugreek (Trigonella foenum-graecum). The
aim of this part of the experiment is to examine fertilization of soybean with sulphur and its effect
to the yield of biomass. The obtained biomass is going to be used as a feed for animals in another part
of the experiment.

28

November 8–9, 2017, Brno, Czech Republic

24
years

MATERIAL AND METHODS
The study was established as a pot experiment in growth hall of the Department
of Agrochemistry, Soil Science, Microbiology and Plant Nutrition, Faculty of AgriSciences, Mendel
University in Brno in 2017. The experiment tried to compare the effect of different source of sulphur
(thiosulphate, elemental and polysulphide sulphur) on yield of soybean biomass. The variants
of fertilization are described in Table 1. Each variant had three repetitions.
Table 1 Variants of fertilization
Variants of fertilization
1. Control variant

Fertilizer


Dose of fertilizers Dose of sulphur per pot
0

0

2. Thiosulphate sulphur

FOLIT ThioSulf

3 l/ha

8.3 mg

3. Elemental sulphur

FERTI MK - S 800 SC

5 l/ha

36.4 mg

4. Polysulphide sulphur

SULKA - K

3 l/ha

6.7 mg

Soybean (variety Bohemians) was sown in the pot contains 10 kg of soil to a depth of 2±3 cm.
Eight seeds were sown in each pot (19th May 2017). Foliar application of sulphur fertilizers was
performed in stage of 10th leaf (23rd June 2017). Each pot contained 5 selected plants of soybean
in this vegetative stage. Fertilizers had a recommended dose specified by the producer. This
recommended dose per hectare was recalculated for use in the pot experiment (calculated with 550,000
plants per ha). The nitrogen content in plant was detected 20 days after fertilization (10th July 2017).
One whole plant from each pot was taken for detection of nitrogen content. The content of nitrogen
was determined by Kjeldahl method. Harvest of rest of the plants was performed at 2nd August 2017.
The obtained results were evaluated by single factor analysis of variance (ANOVA) followed
by testing at a 95% (P < 0.05) level of significance using the Fisher (LSD test). The data were
SURFHVVHGXVLQJWKH67$7,67,&$&=5HVXOWVDUHH[SUHVVHGDVDPHDQVWDQGDUGdeviation (SD).
RESULTS AND DISCUSSION
The average yields of soybean biomass and their statistical difference among observed
variants are described in Figure 1. The significant highest yield of biomass was achieved on variant
with thiosulphate sulphur application. The production of plant biomass in this variant reached 198 g
per pot, which represented an increase of 32% compared to the control variant. Thiosulphate sulphur is
the most commonly used source of sulphur in fluid fertilizer with great effectiveness in supplying
available S to the crop (King 2017). It is an effective source of sulphur and it also contains ammonium
nitrogen. Riley et al. (2000) were examining the availability of different forms of sulphur to wheat
and oilseed rape and sulphate fertilizer was the most available source of S in their experiment.
Ammonium thiosulphate was also a more efficient sulphur source in the experiments performed
by Islam (2012) and Subrahmanyam et al. (1992). On the other hand, there was no increase of meadow
forage yield after application of various VXOSKXUIRUPVLQWKHH[SHULPHQWSHUIRUPHGE\âHQN\ĜtNRYi
and Ryant (2007).
The average yield of biomass on unfertilized variant was 150 g per pot. Elemental
and polysulphide sulphur fertilization has not significantly increased soybean yield compared
to unfertilized variant. The biomass yield obtained on these variant were 143 g and 158 g per pot,
respectively (Figure 1). Polysulphide sulphur can be used as fertilizer, but it is commonly used more
as a plant protection against diseases and insects, especially as a fungicide. Elemental sulphur is
the most concentrated form of sulphur. This form of the sulphur has to be also oxidized to the sulphate
before plants can use it. The effectiveness of elemental sulphur depends on several factors, including
particle size, dose and method of application and environmental conditions.
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yield of soy biomass (g /pot)

Figure 1 Average yield of soybean biomass (2017)
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The highest yield of soybean biomass on variant fertilized by thiosulphate sulphur can be
explained: 1) thiosulphate is very good effective source of sulphur, which has significant effect
on nitrogen utilization (Klikocka et al. 2016, Olivoto et al. 2016, Channabasamma et al. 2013, Zhou
et al. 2012, Ryant and +ĜLYQD) and 2) FOLITThioSulf fertilizer contains more nitrogen (200 g
N/l) in comparison with other fertilizers in the experiment. As it is evident from Figure 2, content
of nitrogen in plants was also highest after thiosulphate sulphur application, despite no statistical
differences between variants.
Figure 2 Average content of nitrogen in plants (2017)
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deviation

Increased yield after fertilization with S and N was also observed by Sharma and Sharma
(2014). According to some authors (Sharma et al. 2016, Sexton et al. 2002, Krishan et al. 2005),
fertilization with sulphur alone or again in combination with small dose of nitrogen can also lower
the content of amino acid of soybean, but increase its quality by raising the proportion of palmitic
and linoleic acids at the expense of oleic acid.
CONCLUSION
The results obtained from the pot experiment with soybean performed at Mendel University
in 2017 showed, that the highest yield of soybean biomass was achieved on variant fertilized
by thiosulphate sulphur. This variant of fertilization proved statistically different compared
to unfertilized control. The thiosulphate application also increased content of nitrogen in plants,
although the difference between examined variants was not statistically significant. This result is

30

November 8–9, 2017, Brno, Czech Republic

24
years

supporting synergy effect between sulphur fertilization and usage of nitrogen by plants. Variant
of fertilization with elemental sulphur had no statistical effect on yield of biomass compared
to unfertilized control.
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Abstract: Vineyards create a very interesting ecosystem with very specific conditions for vegetation.
The purpose of this work is to compile a list of species growing in vineyards of the wine village
äDEþLFH DQG 8QNRYLFH 'XULQJ WKH PRQLWRULQJ RI WKH YLQH\DUGV RI WKH äDEþLFH DQG 8QNRYLFH wine
villages, 102 plant species were found. The most occuring species were: Lolium perenne, Amaranthus
retroflexus, Chenopodium album, Arrhenatherum elatius, Achillea millefolium, Setaria pumila,
Convolvulus arvensis, Portulaca oleracea, Plantago lanceolata, Calamagrostis epigejos, Potentilla
erecta a Cirsium arvense.
Key Words: YHJHWDWLRQYLQH\DUGVSODQWVSHFLHVäDEþLFH8QNRYLFH
INTRODUCTION
Important branches of agriculture in the Czech Republic are the cultivation of wine and wine
production. After joining Czech Republic to the European Union, are these secWRUVRQWKHULVH +OXãHN
et al. 2015). The species-rich landscape is valuable cultural heritage, especially the landscape within
wine regions. The landscape with vineyards increases an esthetical value and improve the space
for recreation (Kraus 1999).
The wine region Moravia includes 96% of all registered wine areas in the Czech Republic. It
consists of 4 wine sub-UHJLRQV 0LNXORY 6ORYiFNR VelkopavlovLFNi DQG =QRMPR within 312 wine
villages (Wine of Czech Republic 2015).
For greening in vineyards is very important to choose the plant species, which are not
competing with the wine plant. Some of these species have a positive effect on wine plant grow
3DYORXãHN 2014a, 2014b). Vineyard weed communities are formed of species adapted to the life cycle
of the grapevine and to human interventions in the crop. Botanical researches in vineyard areas reveal
species structure of weed flora, distribution and quantitative occurrence of individual species
in several vineyards regions. They help to distinguish common species, most important species as well
as rare or scarce sSHFLHVLQYLQH\DUGDUHDV (OLiã 
Decreasing of potential demands for plant protection is affected by the plant species (supporting
species), which support the nature predators of wine parasites (or other wine harmful organisms);
(Landis et al. 2000). E.g.: vegetation can increase the predators and parasitoids activity by nectar
production (Winkler et al. 2006). This increased activity can have a positive effect on decreasing
damages of the crop. Planting supporting species increase the total costs, however it is compensated
by lower costs for crop protection (Bianchi et al. 2006). Nevertheless the effect of vegetation, which
increase the predators and parasitoids activity, decreasing number of parasites and pests is not always
clearly effective (Gurr et al. 2003).
The purpose of this work is to compile a list of species growing in vineyards of the wine village
äDEþLFH DQG 8QNRYLFH 2WKHU SXUSRVH RI WKLV ZRUN LV WR HYDOXDWH WKH LPSRUWDQFH RI SODQW VSHFLHV
in terms of vine growing and ecosystem.
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MATERIAL AND METHODS
Clima characteristics area of interest is following: average year temperature is 9.42 &DYHUDJH
year precipitation is 510 mm, and average year sunlight is 2 244 hour (Wine of Czech Republic 2015).
&KDUDFWHULVWLFVRIWKHLQWHUHVWWHUULWRU\äDEþLFH
7KH FDGDVWUDO DUHD RI äDEþice is located in the South Moravian Region, about 20 km south
of Brno. The altitude is in the range of 177±220 m. The area falls into a very warm and dry climatic
region. 7KH WRWDO DUHD RI WKH äDEþLFH FDGDVWUDO DUHD LV  KD RI ZKLFK WKH DJULFXOWXUDO land is
673.9 ha. Within agricultural land, arable land is 479.4 ha, meadows and pastures 32.3 ha, orchards
25.4 ha and vineyards 117.5 ha.
7KHäDEþLFHYLOODJHLVJRYHUQHGE\WKHwine law as a wine village belonging to the wine region
of Moravia and the VelkopavORYLFNi wine subregion. Within the wine village there are 5 vine lines
RI WKH 6WDUp YLQRKUDG\ +RUQt GtO\ .RYiORY ýWYUWN\ D =DKUiGN\ ýWYUWN\ DQG =DKUiGN\ DUH QRW
currently planted with vineyards and therefore have not been evaluated.
Characteristics of the interest territory Unkovice
Cadastral area of Unkovice is located in the South Moravian Region, about 20 km south
of Brno. The altitude is in the range of 177±220 m. The area falls into a very warm and dry climatic
region. The total area of the Unkovice cadastral area is 372.5 ha, of which the agricultural land is
276.5 ha. Within agricultural land, arable land is 206.8 ha, meadows and pastures 16.5 ha, orchards
13.7 ha and vineyards 28.5 ha.
The Unkovice village is governed by the wine law as a wine village belonging to the wine
region of Moravia and the VelkopavORYLFNi wine subregion. Within the wine village there are 2 vine
OLQHVRIWKH3ĜHGQtWUDĢ8QNRYLFNi'tO\
Methodology of evaluation of vegetation species composition
Evaluation of vegetation was made using a floristic list of the found species. Evaluation was
made in the course of July 2016. Inspection routes were determined on the selected territories within
the wine lines. 6FLHQWLILF QDPHV RI LQGLYLGXDO SODQW VSHFLHV ZHUH XVHG DFFRUGLQJ WR .XEiW  
categories of plant rarity and endangerment follow redlist of Grulich (2012). The found species were
registered during the inspections. Occurrence of each recorded species was evaluated using a simple
three-point scale after completion of the inspections.
Scale evaluating occurrence of species:
x
3 ± very frequently occurring species with dominant occurrence (dominant species)
x
2 ± common species with frequent occurrence on some parts on the vineyard only
(sub-dominant species)
x
1 ± rare species with rare and sporadic occurrence
RESULTS AND DISCUSSION
List of plant species found on evaluated vineyards
7KH ILUVW HYDOXDWHG DUHD ZDV WKH YLQH OLQHV 6WDUp YLQRKUDG\ wine YLOODJH äDEþLFH  $ VLPLODU
cultivation method is applied to the entire vineyard. Alternating cultivation and grassed inter-rows are
used here. During the monitoring, 65 plant species were found in total.
The second HYDOXDWHG DUHD ZDV WKH YLQH OLQHV .RYiORY wine YLOODJH äDEþLFH  7KH OLQH DUHD
consist of vineyards or arable land. Alternating cultivated and grassed inter-rows are used here. During
the monitoring, 54 plant species were found in total.
The third evaluaWHGDUHDZDVWKHYLQHOLQHV+RUQtGtO\ ZLQHYLOODJHäDEþLFH 0RVWRIthe line
area consist of vineyards. Alternating cultivated and grassed inter-rows are used here. During
the monitoring, 71 plant species were found in total.
The fourth evaluated area ZDVWKHYLQHOLQHV'tO\ wine YLOODJHäDEþLFH 0RVWRIWKHOLQHDUHD
consist of arable land, however small parts of the area are consist of vineyards. On this plot is used
grassed inter-rows. During the monitoring, 34 plant species were found in total.
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The fifth HYDOXDWHG DUHD ZDV WKH YLQH OLQHV 3ĜHGQt WUDĢ 8QNRYVNi wine village Unkovice).
The line area consist of vineyards or arable land. Alternating cultivated and grassed inter-rows are
used here. During the monitoring, 40 plant species were found in total.
During the monitoring of vegetation in vineyards was found 102 plant species. The plant species
RFFXUHQFHZLWKLQWKHYLQHOLQHVDQGLWVLQWHQVLW\FDQEHIRXQGLQ7DEOH, Table 2 and Table 3.
Table 1 The plant species occurence within the vine lines and specified by wine YLOODJH äDEþLFH
and Unkovice
äDEþLFH

Unkovice

Plant species
6WDUp
vinohrady
Achillea millefolium
Amaranthus retroflexus
Anagallis arvensis
Anthoxanthum odoratum
Arenaria serpyllifolia
Arrhenatherum elatius
Artemisia vulgaris
Atriplex patula
Berteroa incana
Bromus hordeaceus
Bromus sterilis
Bromus tectorum
Calamagrostis epigejos
Capsella bursa-pastoris
Carduus acanthoides
Carlina vulgaris
Cichorium intybus
Cirsium arvense
Convolvulus arvensis
Conyza canadensis
Cornus sanguinea
Crepis tectorum
Cynoglossum montanum
Dactylis glomerata
Daucus carota
Digitaria sanguinalis
Echinochloa crus-galli
Echium vulgare
Elytrigia repens
Epilobium ciliatum
Erigeron annuus
Erodium cicutarium
Erophila verna
Eryngium campestre
Euphorbia esula
Falcaria vulgaris
Festuca pratensis
Festuca rubra
Filago vulgaris
Galinsoga parviflora

3
3
1
1
3
1
1
1
1
2
1
2
2
3
2
1
2
3
2
1
1
1
2
1
1
1
3
2
1
-

.RYiORY
2
3
1
1
1
3
1
1
3
1
2
2
3
1
1
1
1

3
1
1
1
1
2
2
1
-

+RUQtGtO\
3
3
1
1
1
3
1
1
1
2
3
1
2
1
1
2
2
1
1
1
3
2
2
1
1
2
2
1
3
1

3ĜHGQtWUDĢ
8QNRYVNi

'tO\
2
2
1
2
1
1
1
2
2
2
1
1
2
2
2
2
1
-

3
3
1
2
1
1
2
1
1
2
2
1
1
3
2
2
1
-

2
-

-

-

-

-
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Table 2 Continue of table 1
äDEþLFH

Unkovice

Plant species
6WDUp
vinohrady
Galium mollugo
Galium verum
Geranium pusillum
Geum urbanum
Hieracium glomeratum
Hordeum murinum
Humulus lupulus
Hypericum perforatum
Chenopodium album
Chenopodium hybridum
Chenopodium pedunculare
Chenopodium pumilio
Chenopodium strictum
Lactuca serriola
Lamium amplexicaule
Lamium purpureum
Lappula squarrosa
Lathyrus tuberosus
Linaria vulgaris
Lolium perenne
Lycopsis arvensis
Malva neglecta
Matricaria discoides
Medicago lupulina
Melica transsilvanica
Papaver rhoeas
Parhenocissus quinquefolia
Petrorhagia prolifera
Plantago lanceolata
Plantago major
Poa annua
Poa bulbosa
Poa pratensis
Polygonum aviculare
Portulaca oleracea
Potentilla erecta
Prunella vulgaris
Robinia pseudacacia
Rosa canina
Rubus sp.
Rumex acetosa
Rumex crispus
Sambucus nigra
Securigera varia

1
1
1
1
1
2
1
1
1
1
3
1
1
1
1
2
1
2
1
3
2
2
2
1
1

.RYiORY
1
1
1
1
2
1
1
1
1
3
1
1
1
3
2
1
1
1

+RUQtGtO\
1
1
1
3
3
1
1
1
1
3
1
1
1
1
2
2
1
2
3
2
2
1
1
1

'tO\
1
1
3
1
2
1
1
3
-

1
1

1
1

3ĜHGQtWUDĢ
8QNRYVNi
1
1
3
1
1
3
1
2
1
3
1
3
3
1
-
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Table 3 Continue of table 1
äDEþLFH

Unkovice

Plant species
6WDUp
vinohrady
Senecio vulgaris
Setaria pumila
Setaria viridis
Silene latifolia
Solanum decipiens
Solanum nigrum
Solidago canadensis
Stachys palustris
Taraxacum sect. Ruderalia
Thlaspi arvense
Tragopogon orientalis
Trifolium arvense
Trifolium pratense
Trifolium repens
Tripleurospermum inodorum
Urtica dioica
Veronica persica
Viola arvensis

1
3
1
2
1
1
1
2
1
1
2

.RYiORY
1
1
1
1
1
1
1
1
2
2
1

+RUQtGtO\
1
3
1
1
2
1
1
1
1
1
2
1
2
1
1
1
2

'tO\
3
1
1

2
-

3ĜHGQtWUDĢ
8QNRYVNi
1
2
2
1
1
1
2
1
1

Evaluation of plant species occurrence in monitored vine lines
0RVW VSHFLHV ZHUH IRXQG RQ WKH +RUQt GtO\ YLQH OLQH äDEþLFH wine village). On the contrary,
WKHOHDVWVSHFLHVZDVIRXQGRQWKH'tO\YLQHOLQH 8QNRYLFHwine village).
Of the found plant species that are able to compete directly with the grape-vine, we can say
above all: Securigera varia, Humulus lupulus, Parhenocissus quinquefolia, Rubus sp., Arrhenatherum
elatius, Artemisia vulgaris, Cirsium arvense, Euphorbia esula, Elytrigia repens, Rosa canina, Cornus
sanguinea, Convolvulus arvensis, Rumex crispus, Rumex acetosa, Robinia pseudacacia,
Calamagrostis epigejos.
Of the found plant species that are classified as invassive species or expansive species, we can
name above all: Amaranthus retroflexus, Solanum decipiens, Lactuca serriola, Chenopodium pumilio,
Arrhenatherum elatius, Galinsoga parviflora, Bromus sterilis, Bromus hordeaceus, Bromus tectorum,
Portulaca oleracea, Robinia pseudacacia, Calamagrostis epigejos, Erigeron annuus, Conyza
canadensis, Epilobium ciliatum and Solidago canadensis.
In addition, several rare species of plants have been found among them: Filago vulgaris (C3),
Petrorhagia prolifera (C4a), Poa bulbosa, Melica transsilvanica (C4a), Lappula squarrosa (C3)
and Cynoglossum montanum (C2b). Of rare plant species, Filago vulgaris and Melica transsilvanica
were found more frequently. The occurrence of other rare plant species was very small.
The occurrence of the plant species was influenced by the habitat in the vineyard. The most
frequent plant species in around of trunks were Convolvulus arvensis, Amaranthus retroflexus,
Solanum decipiens and other. Plant species Amaranthus retroflexus, Chenopodium album, Setaria
pumila and Portulaca oleracea were dominant in cultivated inter-row. Perenial species Lolium
perenne, Arrhenatherum elatius, Achillea millefolium, Plantago lanceolata, Calamagrostis epigejos,
Potentilla erecta and Cirsium arvense were found especially in grassy inter-row.
CONCLUSION
DXULQJWKHPRQLWRULQJRIWKHYLQH\DUGVRIWKHäDEþLFHDQG8QNRYLFH wine villages, 102 plant
species were found. The most frequently occurring species belonged: Lolium perenne, Amaranthus

37

November 8–9, 2017, Brno, Czech Republic

24
years

retroflexus, Chenopodium album, Arrhenatherum elatius, Achillea millefolium, Setaria pumila,
Convolvulus arvensis, Portulaca oleracea, Plantago lanceolata, Calamagrostis epigejos, Potentilla
erecta and Cirsium arvense.
Vineyards create a very interesting ecosystem with very specific conditions. As consequence,
they are creating a place for a variety of plant species. Some rare plant species find survival sites here.
However, the vineyards also contain invasive species, which pose a danger not only for the vegetation
of the vineyards, but also for the surrounding ecosystems.
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Abstract: The aim of the paper is to establish and determine the species composition of plants that are
able to sustain themselves in an active landfill in 1ČWþLFH cadastral area. Two areas were selected
within the land with the actively used part of the landfill. Municipal waste is deposited in the first area,
and biowaste is deposited in the second area. The evaluation of the vegetation was carried out using
the phytosociological methods. The evaluation of the coverage of the species found in the selected
habitats was performed using a redundancy analysis (RDA). Altogether 77 plant species were found.
The plants in landfills can have an affect even on the surrounding ecosystems. Deep-rooting species,
species whose seeds are spread by the wind and entomophilous plants can be problematic. The most
commonly found species were Digitaria sanguinalis, Artemisia vulgaris, Medicago lupulina
and Trifolium hybridum.
Key Words: vegetation, landfill, municipal waste, biowaste
INTRODUCTION
The changes in the countryside are evident, and they are accompanied by a significant
transformation of the biodiversity in Central Europe. In terms of prevention, research on ruderal
species is therefore essential (Sukopp and Werner 1983).
According to Wania et al. (2006), habitats influenced by human activity are characterized
by colonization by non-native species in the form of neophytes or archeophytes. Non-native species
were found mainly in trampled habitats, annual ruderal vegetation sites, herbaceous anthropogenicallybased vegetation sites or on weed-infested arable land. On the one hand, the current flora is enriched
with new species, but on the other hand, many species are disappearing as well.
The presence and spread of species is affected not only by abiotic factors, but also by human
activity. These factors then have the effect of influencing the so-called species diversity ýHSHORYi
and Munzbergova 2012).
Plant species are influenced by human regulatory intervention. This process of disturbance,
an event that results in plant species being suppressed, opens up space for colonization by non-native
species. Such a change in the regime results in the disturbance of the competitive relationships
between domestic species, and the whole community with increased susceptibility to invasive species
is destabilized (Hobbs and Humphries 1995).
Municipal waste landfills are a typical habitat of ruderal vegetation. The supply of new
diaspores (fruits, seeds, and vegetative propagation organs), the sufficiency of nutrients
and the constant disturbance of the habitat create conditions for sustaining only certain plant species.
The aim of the study is to determine the species composition of plants that are able to sustain
themselves in an active landfill and to divide them into functional groups according to their ability
to spread to the surrounding environment.
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MATERIAL AND METHODS
Characterization of growing locality
The work was conducted in the cadastral area 1ČWþLFH The area is located in a triangular space
delimited by main roads connecting the villages of Zdounky, 1ČWþLFH and Troubky-Zdislavice 450 m
SW of 1ČWþLFH It is a sanitary landfill incorporated with multilayer composite bottom liner, leachate
and landfill gas collection system, and a final cover system. In terms of maintenance, the landfill is
classified in the S-category - other waste, sub-category S-OO3. Up to now, Stage I of 19 200 m2 has
been constructed together with parts of Stage II (5 500 m2) and Stage III (7 500 m3). The facility
receives waste (category of other waste) from a catchments area with the population of ca. 75 000
residents. The approved landfill sector for waste of sub-category S-OO1 has not been opened yet. The
sector will be intended for the disposal of waste (category of other waste) with the low content
of organic biologically degradable substances. A sector of the landfill will be intended largely for the
disposal of asbestos-containing wastes, gypsum-based waste, stabilized waste, waste with the high
sulphur content and waste with the increased content of metals. Waste with the substantial content of
organic biologically degradable substances must not be stored in that sector (9DYHUNRYi et al. 2012).
The area belongs in the KojHWtQ bioregion (Culek 1996) situated in central Moravia
and occupying the geomorphological subunit of Central Moravia Floodplain. The bioregion is formed
by a broad alluvial plain with regulated rivers. Biota is of azonal character and dominated
by agrocoenoses, preserved floodplain forests, remainders of meadows and ponds with abundant fauna
9DYHUNRYi et al. 2012).
According to Quitt (1971), the entire region lies in the warm zone T2. Weather is warm,
with low rainfall.
Methodology for vegetation evaluation and statistical processing
Two areas were selected within the land with the actively used part of the landfill. Municipal
waste is deposited in the first habitat, and biowaste is deposited in the second habitat before it is
composted.
The evaluation of the vegetation was carried out using the phytosociological method. The size
of the phytosociological plots was 20 m2. The coverage was estimated as a percentage. The monitoring
took place in July 2017. Five phytosociological plots were recorded at each habitat (together ten).
The scientific names of each weed species were used according to .XEiW .XEiW et al. 2002).
The evaluation of the coverage of the species found at the selected habitats with different waste
was carried out by means of multidimensional analyses of ecological data. A redundancy analysis
(RDA) based on the linear response model was used.
RESULTS AND DISCUSSION
Altogether 77 plant species were found. The average coverage of species found in the monitored
habitats with different wastes deposited is specified in Table 1.
The results of the RDA analysis, which evaluated the relationship of the habitat to the different
types of waste and plant species, are significant for all canonical axes at the significance level
Į = 0.064 and are therefore statistically inconclusive. The ordination diagram (Figure 1) represents
the graphical results. However, based on the results, the species can be divided into four groups.
The first group of species was more common in the habitat with biowaste, and according to the
composition of the species, we can postulate that they are probably species that were brought to the
habitat with the biowaste. The group included the following species: Amaranthus retroflexus, Anethum
graveolens, Atriplex patula, Cannabis ruderalis, Capsella bursa-pastoris, Cucurbita maxima, Fallopia
convolvulus, Helianthus tuberosus, Hordeum vulgare, Chenopodium album, Lactuca serriola, Malva
neglecta, Sisymbrium officinale, Solanum tuberosum, Tagetes patula and Triticum aestivum.
The second group of species was more common in the habitat with biowaste, and according
to the composition of the species, we can postulate that they are probably species that were already
present in the habitat and were able to thrive in the landfill. The group included the following species:
Acer negundo, Anagallis arvensis, Atriplex hortensis, Cirsium arvense, Conyza canadensis, Crepis
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biennis, Dipsacus fullonum, Erigeron annuus, Euphorbia helioscopia, Galinsoga parviflora, Juglans
regia, Medicago lupulina, Papaver somniferum, Persicaria lapathifolia, Picris hieracioides,
Polygonum aviculare, Portulaca oleracea, Solanum lycopersicum, Sonchus asper, Trifolium
hybridum, Trifolium repens, Tripleurospermum inodorum, Urtica dioica and Veronica polita.
The third group of species was more common in the habitat with the municipal waste,
and according to the composition of the species, they are native species and do not have the tendency
to populate new habitats. The group included the following species: Achillea millefolium,
Arrhenatherum elatius, Artemisia vulgaris, Ballota nigra, Bromus sterilis, Carduus acanthoides,
Dactylis glomerata, Elytrigia repens, Chelidonium majus, Lolium perenne, Melilotus albus, Papaver
rhoeas, Phragmites australis, Plantago lanceolata and Verbascum thapsus.
The fourth group of species was more common in the habitat with the municipal waste,
and according to the composition of the species, they are native species and have the tendency
to populate new habitats or have a high tolerance to a disruption of their habitat. The group included
the following species: Apera spica-venti, Atriplex prostrata, Atriplex sagittata, Avena fatua,
Calamagrostis epigejos, Convolvulus arvensis, Daucus carota, Digitaria sanguinalis, Echinochloa
crus-galli, Ligustrum vulgare, Malus domestica, Plantago major, Prunus avium, Reseda lutea,
Robinia pseudacacia, Rosa canina, Rubus sp., Setaria pumila, Silene latifolia, Sisymbrium loeselii,
Solanum nigrum and Tanacetum vulgare.
Table 1 The average coverage of species in the observed habitats with different waste
Habitat
(average coverage in %)
Species
Abbreviations
Municipal
Biowaste
waste (Waste)
(Bio_waste)
Acer negundo
Ace negu
1.0
Achillea millefolium
Ach mill
3.2
Amaranthus retroflexus
Ama retr
0.6
Anagallis arvensis
Ana arve
2.4
Anethum graveolens
Ane grav
0.6
Apera spica-venti
Ape spic
0.2
Arrhenatherum elatius
Arr elat
5.0
Artemisia vulgaris
Art vulg
8.6
6.4
Atriplex hortensis
Atr hort
0.2
Atriplex patula
Atr patu
1.2
1.4
Atriplex prostrata
Atr pros
0.6
Atriplex sagittata
Atr sagi
2.0
Avena fatua
Ave fatu
0.6
Ballota nigra
Bal nigr
0.4
Bromus sterilis
Bro steri
0.2
Calamagrostis epigejos
Cal epig
0.2
Cannabis ruderalis
Can rude
6.2
1.8
Capsella bursa-pastoris
Cap burs
3.0
Carduus acanthoides
Car acan
1.0
Cirsium arvense
Cir arve
0.2
Convolvulus arvensis
Con arve
0.2
0.6
Conyza canadensis
Con cana
1.6
Crepis biennis
Cre bien
0.2
Cucurbita maxima
Cuc maxi
0.2
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Table 2 The continue of Table 1
Species

Abbreviations

Dactylis glomerata
Daucus carota
Digitaria sanguinalis
Dipsacus fullonum
Echinochloa crus-galli
Elytrigia repens
Erigeron annuus
Euphorbia helioscopia
Fallopia convolvulus
Galinsoga parviflora
Helianthus tuberosus
Hordeum vulgare
Chelidonium majus
Chenopodium album
Juglans regia
Lactuca serriola
Ligustrum vulgare
Lolium perenne
Malus domestica
Malva neglecta
Medicago lupulina
Melilotus albus
Papaver rhoeas
Papaver somniferum
Persicaria lapathifolia
Phragmites australis
Picris hieracioides
Plantago lanceolata
Plantago major
Polygonum aviculare
Portulaca oleracea
Prunus avium
Reseda lutea
Robinia pseudacacia
Rosa canina
Rubus sp.
Setaria pumila
Silene latifolia

Dac glom
Dau caro
Dig sang
Dip full
Ech crus
Ely repe
Eri annu
Eup heli
Fal conv
Gal parv
Hel tube
Hor vulg
Che maju
Che albu
Jug regi
Lac serr
Lig vulg
Lol pere
Mal dome
Mal negl
Med lupu
Mel albu
Papa rhoe
Pap somn
Per lapa
Phr aust
Pic hier
Pla lanc
Pla majo
Pol avic
Por olera
Pru aviu
Res lute
Rob pseu
Ros cani
Rub sp.
Set pumi
Sil lati

Habitat
(average coverage in %)
Municipal
Biowaste
waste (Waste)
(Bio_waste)
0.2
5.0
3.0
17.0
3.2
0.8
0.2
1.4
0.2
0.4
0.6
1.4
1.8
0.6
0.2
0.4
6.6
5.2
0.2
1.4
1.4
1.6
0.6
6.0
0.4
0.2
1.8
1.0
10.0
2.0
0.2
0.2
0.6
0.2
1.0
2.0
5.2
0.2
0.4
2.0
0.2
11.6
2.0
1.0
0.6
0.8
0.2
0.4
0.6
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Table 3 The continue of Table 1
Species

Abbreviations

Sisymbrium loeselii
Sisymbrium officinale
Solanum lycopersicum
Solanum nigrum
Solanum tuberosum
Sonchus asper
Tagetes patula
Tanacetum vulgare
Trifolium hybridum
Trifolium repens
Tripleurospermum inodorum
Triticum aestivum
Urtica dioica
Verbascum thapsus
Veronica polita

Sis loes
Sis offi
Sol lyco
Sol nigr
Sol tube
Son aspe
Tag patu
Tan vulg
Tri hybr
Tri repe
Tri inod
Tri aest
Urt dioi
Ver thap
Ver poli

Habitat
(average coverage in %)
Municipal
Biowaste
waste (Waste)
(Bio_waste)
5.0
0.6
0.4
0.2
0.2
2.0
0.2
0.2
3.0
9.6
6.0
4.0
1.0
0.2
1.2
1.8
0.4
1.0

Figure 1 Ordination diagram (RDA) expressing the relationship of the plant species found
and different habitats with different types of waste

Legend: A "waste" habitat with municipal waste. A "bio_waste" habitat with biowaste. Explanations of species abbreviations
are mentioned in Table 1.

43

November 8–9, 2017, Brno, Czech Republic

24
years

CONCLUSION
During the monitoring period, altogether 77 plant species were found. This is only a one-year
observation, and further monitoring dates are necessary to found statistically conclusive. Nevertheless,
the results indicate interesting behaviour in a many of the plant species found. Many plant species are
contaminated with the waste in the habitat, and some of the species have been resisting
the disturbances associated with the landfill process very well.
The plants in landfills can have an affect even on the surrounding ecosystems. Deep-rooting
species (Prunus avium, Convolvulus arvensis), species whose seeds are spread by the wind (Lactuca
serriola) and entomophilous plants (Medicago lupulina, Trifolium hybridum) can be problematic.
Landfills can serve as a source of fruit and seeds, and these species can spread to the surrounding
environment. The roots of some species can grow all the way to the waste and receive dangerous
substances into their bodies from the waste. These substances can be contained not only in the fruits
or seeds but also in the nectar, and they can spread to the surrounding environment by the wind
and insects.
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Abstract: The circumference increment assessment of Norway spruce focused on the effect of inter
tree competition in the mature spruce stDQGZDVPDGHDWWKHVWXG\VLWHRI5iMHF 'UDKDQVNiYUFKRYLQD
Highland) over a 5-year period. Data were collected from 49 trees, which were monitored
continuously with mechanical band dendrometers from 2010 to 2014. The dependency
of the circumference increPHQW RQ FRPSHWLWLRQ LQGH[ GLDPHWHU DW EUHDVW KHLJKW /DQJ¶V UDLQ IDFWRU
mean temperature of various periods and sum of precipitation of various periods was evaluated.
Climatic conditions of the study site are characterised with warm and wet summers and cold-dry
winters. In 5 years average around 61% of the annual precipitation falls during growing season. There
was highly significant correlation between relative increment and temperature (p=2.324 e±13)
and significant correlation between relative increment and precipitation (p=0.0439). These results
confirmed that inter±tree competition and diameter at breast height are sufficient variables
for circumference increment estimation of unmeasured trees in the particular year.
Coefficient of determination reached 0.25±0.63 for competition and 0.40±0.84 for tree
diameter at breast height. The present investigation brings important results about tree growth
and seasonal growth dynamics and its relation with competition and microclimatic conditions
in mature spruce stand.
Key Words: dendrometers, seasonality, Picea abies, stem girth increment, competition
INTRODUCTION
Norway spruce (Picea abies (L.) Karst.) is one of the most important European tree species
and also a tree species with the highest number of various health and growth problems which have
DSSHDUHG LQ WKH ODVW GHFDGHV 5\EQtþHN HW DO   ,W LV DPRQJVW WKH WUHHV PRVW VWURQJO\ DIIHFWHG
by forest dieback in Central Europe, which is generally attributed to industrial and automobile
pollution (Eckenwalder 2009).
The presence of distinct seasonal changes is the main prerequisite for trees forming growth
rings. However, our knowledge concerning the timing of the various phases and the rate of wood
formation is still far complete (Savidge et al. 2000, Chaffey  7KHVHDVRQDOLW\RIDQRUJDQLVP¶V
growth should be tuned to the annual cycle of resource availability (Muir et al. 1997). For many
regions, the period of wood cells formation remains unknown, or the variation of growth rate during
that period. The main reason for the gaps in our knowledge is the difficulty in measuring xylem
formation at short intervals (Chaffey 2002).
In this study, we presented the investigation of seasonal growth dynamic of Norway spruce
DWWKHUHVHDUFKVLWH5iMHF2XUREMHFWLYHZDs then to assess the progress of the stem radial increment
focused on the effect of diameter, climate and inter-tree competition in a mature spruce forest located
LQ DQ LQWHQVLYH UHVHDUFK SORW VLWXDWHG LQ 'UDKDQVNi YUFKRYLQD +LJKODQG ZKLFK SOD\V LPSRUWDQW role
in international ecological monitoring infrastructure.
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MATERIAL AND METHODS
7KH VDPSOHV IRU WKH VWXG\ ZHUH REWDLQHG DW WKH VWXG\ VLWH RI 5iMHF )LJXUH   DERXW  NP
WR WKH QRUWK RI %UQR JHRJUDSKLF FRRUGLQDWHV 1¶´, (¶´  7KH VWXG\ VLWe is located
LQ WKH QDWXUDO IRUHVW DUHD  'UDKDQVNi YUFKRYLQD +LJKODQG IRUHVW YHJHWDWLRQ ]RQH  ILU±beech),
representing about 2.7% of the Czech Republic area. This study site was established for long±term
detailed experiments for various scientific issues. The bedrock consists of intrusive rock acid
JUDQRGLRULWH RI %UQR 0DVVLYH +UXãND   7KH VRLO W\SH ZDV GHWHUPLQHG DV XQVDWXUDWHG DFLGLF
EURZQIRUHVWVRLO .OLPR DQGLWLVPRGDOROLJRWURSKLF&DPELVRO 1ČPHþHNHWDO 7KHVLWH
is situated at an altitude ranging between 620±630 m a.s.l. (Klimo 1992) and in a moderate climatic
region (Quitt 1971). Mean annual air temperature at the study site is 7.1 oC and mean annual sum
RISUHFLSLWDWLRQPP 0DUNRYiHWDO 
Increment as a dependent variable, and competition index, diameter at breast height, /DQJ¶VUDLQ
factor (LRF), monthly temperatures and precipitations as independent variables for the study area were
used to calculate the correlations of values of girth or circumference increments with climatic factors.
3HDUVRQ¶VFRUUHODWLRQDQDO\VLV5HJUHVVLRQDQDO\VLVDQG/DQJ¶VUDLQIDFWRUZHUHSHUIRUPHGWRFRPSDUH
competition and stem increment. Meteorological measurements and dendrometer and circumference
measurements were also performed. The seasonal variability was created in STATISTICA 10
DSSOLFDWLRQ +HJ\L¶V VLQJOH WUHH FRPSHWLWLRQ LQGH[ PRGHO was proposed to calculate the competition
index.
)LJXUH/RFDWLRQRIWKHVWXG\VLWHRI5iMHF WKH'UDKDQVNiYUFKRYLQD+LJKODQG

RESULTS AND DISCUSSION
In this research a dendroclimatic investigation on Norway spruce from 2010 to 2014 (2009 was
additionally included) was conducted. The number of trees (Figure 2) at the studied stand has
decreased between 2010 and 2011 due to an intense cutting, as most trees have felt down because
of the silvicultural management and/or severe climatic conditions.
)LJXUH  1XPEHU RI WUHHV SHU \HDU DW WKH VWXG\ VLWH RI 5iMHF 'UDKDQVNi YUFKRYLQD +LJKODQG 
in 2009±2014
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The relative increment of the girth of the portion of stem in individual years (5-year increment is
100%) is shown on Figure 3. To see the effect of climatic conditions on stem girth increment there are
shown only trees with recorded stem increment in whole 5-\HDUV¶ SHULRG )LJXUH 4 describes
the relative increment of the stem girth in the studied years 2010±2014; the confidence interval was
very wide (for comparison year of 2011 with the highest value of confidence interval and year of 2013
with the lowest confidence interval). The year 2012 showed the second highest confidence interval.
Trees increment in 2013 had significantly lower than in 2012 and 2014.
At each of the development stages, climatic factors manifest different degrees of impact.
Figure 3 The relative stem increment in spruce stand at thHVWXG\VLWHRI5iMHF 'UDKDQVNiYUFhovina
Highland) in 2010±2014

)LJXUH7KHUHODWLYHVWHPLQFUHPHQWLQVSUXFHVWDQGDWWKHVWXG\VLWHRI5iMHF 'UDKDQVNiYUFKRYLQD
Highland) in 2010±2014

The relative increment for any given year often integrates the effects of the previous
DQGFXUUHQW¶V\HDU¶VFOLPDWH7KHUHZHUHWHVWHGSHULRGVDQGFRPELQHGDOOSRVVLEOHFRPSOH[SHULRGV
of the mean monthly air temperatures, and their correlations with stem increments, with the duration
from one month up to January of the previous year to September of the current year, among
which 25 best correlations of the girth or circumference increment with mean monthly air
temperatures had positive highly statistical significant values. The period with the highest correlation
of increment and mean monthly air temperature was from September of the previous year till
September of the current year, i.e. the period of 13 months.
The growth of Norway spruce was statistically significantly affected only by precipitation
in May of the previous year. In our case, the correlation was not good enough with precipitation
to estimate the stem increment, as we had one result between significant and non-significant
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(p = 0.0439). The second best correlation of the girth or circumference increment with precipitation is
from July to September, either of the previous year was not statistically significant. The growth
of Norway spruce was less statistically significantly affected by precipitation in September
of the previous year and the precipitation in September of the current year.
CONCLUSION
The effect of climate, tree size (characterized with diameter at the breast height)
and competition on variations in annual circumference increment of Norway spruce (Picea abies (L.)
Karst.) trees were investiJDWHGLQDPDWXUHVSUXFHVWDQGORFDWHGDWWKHVWXG\VLWHRI5iMHF 'UDKDQVNi
vrchovina Highland, the Czech Republic).
There were tested 300 periods of the mean monthly air temperatures, and their correlations
with stem increments, with the duration from one month up to January of the previous year
to September of the current year. All possible complex periods were combined. 25 best correlations
of the girth or circumference increment with mean monthly air temperatures had positive highly
statistical significant values. Variability of circumference increment differed according the size
of the trees, competition index and the number of days in a given period. The high variability
of circumference increment during the season might be due to physiological process resulting in stem
saturation of water dynamics.
The microclimate at the study site is characterized by warm-wet summers and cold±dry winters.
This study revealed that competition index and stem diameter at the breast height were good
parameters for tree growth prediction; correlation was very good with air temperature
[p < 0.01 (highly significant)], and it is possible to say that it is a good estimator in this case.
The growth of Norway spruce was less statistically significantly affected only by sum of precipitation.
Overall, there was highly significant correlation between air temperature and relative stem increment,
and significant correlation between sum of precipitation and relative stem increment was confirmed.
It is obvious that unsuitable climatic conditions for spruce can lead to stem shrinkage during
growing season. Here we assume that these responses are caused mostly by water storage deficit
in stem and this leads to decreasing of the tree vitality.
This study provides new data revealing the basic growth processes of Norway spruce trees,
and provides significant information to quantify the responses of tree growth to expected global
warming. This approach provided a great opportunity to deepen our understanding and knowledge
about the interactions of different environmental factors with the short-, medium- and long-term
growth dynamics of one of the most important forest tree species.
Dendrometer traces should be compared with dynamics of xylem cell development to date onset
of cambial activity and girth or circumference stem growth (i.e., extracted daily girth or circumference
increments, cambial activity and enlargement of first tracheids). A comparison with cellular analyses
can be useful to determine crucial phenological events such as cambial growth onset and ending
and stem radius increment on the basis of dendrometer data, as both techniques will enable direct
observation of the periodic process of cambial activity and tracheid differentiation (girth or
circumference cell enlargement, secondary wall thickening, lignification and cell death) as suggested
in some recent studies.
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Abstract: The article evaluates the weed species composition in selected agri-environmental measures
- bio-belts. In order to determine the weed species spectrum, vegetation plots were recorded
on selected land blocks ORFDWHG LQ WKH FDGDVWUDO DUHD RI 6REĤON\ LQ WKH 6RXWK 0RUDYLDQ 5HJLRQ
Bio-belts were founded in April 2017. The evaluation of vegetation was carried out in June 2017.
Crops of winter wheat (Triticum aestivum) and maize (Zea mays) were sown on the land blocks.
Chenopodium album, Cirsium arvense, Papaver rhoeas and Helianthus tuberosus were found
as the most common weeds or dominants in biobelts. The differences in weed species between plots
in bio-belts and in close or distant arable land are presented.
Key Words: agricultural landscape, agri-environmental measure Rural development program
INTRODUCTION
Within the agricultural landscape, we can find natural habitats or semi-natural habitats such
as ecologically important landscape segments as wetlands, forests, shrubs or meadows 5XPDQRYVNi
et al. 2011).
Farming systems that support the recovery and management of valuable habitats are expensive
and therefore less sustainable. The need to protect and restore nature and environmental components
has led to the introduction of programs and projects in developed European countries where farmers
are paid for increased protection or environmental rehabilitation (5XPDQRYVNiet al. 2011).
Under rural development policy, a wide range of measures are being funded by the Member
States or regions in the European Union to promote the sustainable development of their rural areas.
Member States shall draw up their rural development programs (RDPs) at national or regional level
according to their needs and in accordance with their national strategic plans. Rural development
programs are co-funded by the EU and the Member States (European soil data center 2009).
In the Czech Republic, agri-environment measures (agri-environment and climate measures) are
supported by the Czech Republic's Rural Development Program 2014±2020, which was approved
by the government on 9 July 2014 (SZIF 2014). Agri-environment measures are designed
to strengthen the prevention of soil degradation, to strengthen the soil and landscape retention
capacity. Furthermore, they have the task of preserving and restoring valuable habitats on agricultural
and forest land in terms of species diversity, increasing the stability and aesthetic value
of the landscape, and also strengthening the functional interconnection of the landscape
(EAGRI 2014).
One of the financed agri-evnironmental measures are bio-belts. This measure supports
the establishment of non-productive areas on arable land. The main objective is to increase the food
supply for bird communities, as well as other animal species linked to agricultural landscape.
Bio-belts also form a significant contribution to the promotion of crop diversity. They have
a varied species composition compared to the edges of the convection fields. The reason is a different
way of farming, especially the restriction of pesticides and the application of fertilizers
(Walker et al. 2007).
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Bio-belts are considered as non-producing areas. Should they be treated the same way as field
crops, it could result in a negative influence on the species composition of plants of bio-belts.
Therefore, it is forbidden in the whole range of bio-belts to use fertilizers and plant protection
products. These conditions can discourage farmers from the establishment of bio-belts. If there is
a risk of spreading weeds from the bio-belts, the point use of herbicides is authorized with the written
approval of the phytosanitary measure by the Central Control and Testing Institute of Agriculture.
The occurrence of weeds, however, depends on many factors, one of which is, for example, the supply
of seeds in the soil. However, the composition of the mixtures for sowing bio-belts should be designed
to avoid excessive spreading of weeds outside the bio-belts.
Bio-belts create space for expansion of plant and animal species. However, weed also belongs
between plant species. Goal of our work is to evaluate the participation of plant species, which can
raise growing number of weed on land block with bio-belt and also on the neighbour land blocks.
MATERIAL AND METHODS
Characterization of selected area
7KHDUHDRILQWHUHVWLVORFDWHGLQWKHFDGDVWUDODUHDRI6REĤON\ +RGRQtQGLVWULFW in the South
Moravian Region (Czech Republic). The arable land is managed in this area by the agricultural
cooperative =HPDJUR 6WUiåRYLFH Inc. and by private farmers. Arable land is managed under
the conventional farming regime.
The geological bedrock is made up mainly of loess and loess clay, to a lesser extent
the geological bedrock is made of clay, sand and gravel. Main types of soils are cambisols,
chernozems, and leptosols (Inspire 2017). The territory is situated in warm, slightly dry region
characterized by long, warm and dry summer, very short transition period with warm to moderately
warm spring and autumn and short, slightly warm, dry to very dry winter with very short duration
of the snow cover. The warmest month of the year is July with an average temperature from 18 &
WR  C; on the other hand, the coldest month is January with average temperatures from -2 &
to -3 C (the climatic zone T2 according to Quitt 1971.
Characterization of bio-belts
Bio-belts can be characterized as stripes, 6±24 m wide and at least 30 m in length. It must be
based on the edge of the land block or inside the land block. The distance between two bio-belts
should be min. 50 m and it is also necessary to keep the same distance of 50 m from main roads
(motorways, roads of 1st and 2nd class). Land blocks with bio-belts were searched in LPIS (Public land
register). Bio-belts must be sown by the specified mixture of crops, with the minimal amount of seed
to the given date (SZIF 2014). Crops of selected bio-belts were sown of following crop mixture:
Hordeum vulgare, Panicum miliaceum, Phacelia tanacetifolia, Fagopyrum esculentum, Brassica
oleracea and Lupinus albus in the period from 1. 4. 2017 to 15. 6. 2017. The crops of land blocks
outside the bio-belts were winter wheat (Triticum aestivum; land block IDs 5503/4 and 5402/3)
and maize (Zea mays; ID 5301/15).
Evaluation of vegetation
Four or five vegetation plots were recorded in each bio-belt, depending on its size.
The vegetation plots were squared of an area 4 m2. Apart from the vegetation plots in bio-belts, other
plots were placed on the land block in crop in distance circa 3 meters from bio-belts. Furthermore, the
third subset of vegetation plots was recorded on opposite site of the land blocks (at a distance of 80
to 500 meters from bio-belts, depending of the size of land block). Simplified scheme of location
of vegetation plots is shown on Figure 1. List of plant species and their mean covers were recorded
in each of the vegetation plot. Cover was estimated in percentage scale.
3ODQWQDPHVXVHGLQWKLVWH[WIROORZ.XEiWHWDO  . Well-developed plants of Amaranthus
genus were determined as Amaranthus retroflexus, but due to the difficult determination of
Amaranthus species in young growth phases and due to more species occurring in similar habitats, we
present here only Amaranthus sp. on a genus level.
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Figure 1 Simplified scheme of vegetations plots on land block.

Legend: red squares ± vegetation plots in bio-belt; light blue squares ± vegetation plots in crop in distance circa 3 meters
from bio-belts, dark blue squares - vegetation plots on opposite site of the land block

RESULTS AND DISCUSSION
Following tables (Table 1, Table 2 and Table 3) show the average coverage of individual
species found on land blocks.
Land block with winter wheat (5503/4 - ID from LPIS)
A total of 18 plant species were found on this land block, including 11 species of weeds.
Of the weed species, the highest average coverage had Cirsium arvense and Helianthus tuberosus.
Cirsium arvense, Consolida regalis, Papaver rhoeas and Apera spica-venti are the most common
species which were found.
Table 1 Average coverage of species found on the land block with winter wheat
In wheat (plots close In wheat (plots distant
Land block ID 5503/4
In bio-belt
to bio-belt)
from bio-belt)
n=4
n=4
n=4
Species name
Average coverage (%)
Hordeum vulgare *
3.50
0.00
0.00
Panicum miliaceum *
5.75
0.00
0.00
Phacelia tanacetifolia *
39.00
0.00
0.00
Fagopyrum esculentum *
10.75
0.00
0.00
Lupinus albus *
0.25
0.00
0.00
Brassica oleracea *
0.17
0.00
0.00
Triticum aestivum (crop, winter
0.50
100.00
95.00
Reseda lutea
1.25
0.00
0.00
Cirsium arvense
5.00
0.75
0.00
Arctium lappa
2.50
0.00
0.00
Capsella bursa-pastoris
0.50
0.00
0.00
Chenopodium album
0.75
0.00
0.00
Helianthus tuberosus
4.75
0.00
0.00
Descurainia sophia
0.75
0.00
0.00
Consolida regalis
0.25
0.75
0.00
Papaver rhoeas
0.00
1.25
1.67
Apera spica-venti
0.00
3.50
2.00
Galium aparine
0.00
0.00
2.33
Legend: the sign * indicates the crops sown in bio-belts, LPIS - the public register of land, n= number of vegetation plots
(replications) for calculation the mean coverage

Land block with winter wheat (5402/3 - ID from LPIS)
A total of 9 plant species were found on this land block, including 6 weed species. Helianthus
tuberosus and Chenopodium album had the greatest cover of the weed species.
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Table 2 Average coverage of species found on the land block with winter wheat
In wheat (plots close In wheat (plots distant
to bio-belt)
from bio-belt)
In
bio-belt
Land block ID 5503/4
n=4

n=4
Species name
Fagopyrum esculentum *
Phacelia tanacetifolia *
Triticum aestivum (crop, winter
fHelianthus
)
tuberosus
Papaver rhoeas
Anthemis arvensis
Chenopodium album
Cirsium arvense
Galium aparine

3.25
4.50
0.00
83.75
0.00
0.00
12.50
1.25
0.00

n=4

Average coverage (%)
0.00
0.00
100.00
0.00
0.00
0.00
0.00
0.00
2.00

0.00
0.00
100.00
0.00
3.00
2.00
0.00
0.00
6.75

Land block with maize (5301/15 - ID from LPIS)
On this land block 10 plant species were found, including 5 species of weeds. Weed species
Chenopodium album reached the highest ground cover.
Table 3 Average coverage of species found on the land block with maize
In maize (plots close
In
bio-belt
to bio-belt)
Land block ID 5301/15
n=5

n=5

In maize (plots distant
from bio-belt)
n=5

Species name
Average coverage (%)
Hordeum vulgare *
4.00
0.00
0.00
Panicum miliaceum *
8.20
0.00
0.00
Phacelia tanacetifolia *
42.00
0.00
0.00
Fagopyrum esculentum *
12.00
0.00
0.00
Zea mays (crop)
0.00
21.00
27.00
Echinochloa crus-galli
0.00
2.00
5.60
Chenopodium album
24.40
35.00
17.40
Fallopia convolvulus
0.00
0.80
0.00
Cirsium arvense
0.80
0.00
0.00
Convolvulus arvensis
0.40
0.00
0.00
Polygonum aviculare
0.00
11.00
4.00
During the field observation, the most varied spectrum of species of plants was found in biobelts. Crops from bio-belts did not spread further on the land block. Crops on the land block was
already well connected, so crops from bio-belts could not be spreading into the crops on the land
block. On the other hand, crops from the land block in the near of bio-belt can be spread to bio-belt
(Table 1). Winter wheat was found in bio-belt (probably volunteer winter wheat from year 2016).
The weed species Helianthus tuberosus was found in bio-belts on land blocks, where winter
wheat was grown (Table 1 and Table 2). Mean cover of 83.75% was found in bio-belt on one
of the land blocks with wheat (ID 5503/4). $FFRUGLQJWR7|U|NHWDO(2003), Helianthus tuberosus is
easily propagated by tubers and rhizomes and is considered as invasive plant in numerous
environments and also as a significant weed of field crops. The origin of Helianthus tuberosus in biobelts can be due to previous cultivation near the field or spreading by animals.
Some of the found weed species are able to enrich the soil seed bank and it can cause a weed
infestation of the area in the coming years (Chenopodium album, Capsella bursa-pastoris). Other
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species of weeds can spread from bio-belts by anemochoria (Cirsium arvense). This may be the reason
why bio-belts pose a certain risk of an increase weed infestation.
Chenopodium album was found on all land blocks. This species is characterized by high seed
production and long seed life in the soil. The occurrence of Chenopodium album depends largely
on the seed supply in the soil in locality. The fact that Chenopodium album did not appear in winter
wheat could be due to the full involvement growth of winter wheat.
Echinochloa crus-galli and Polygonum aviculare are typical weeds of root crops, maize
and vegetables, our records from land block with maize confirm this assumption. Whereas Galium
aparine infests all crops, especially winter cereals and Papaver rhoeas winter cereals or winter rape.
Convolvulus arvensis can be included among species that can negatively affect crops and plants
in bio-belts. It has a deep root system and is resistant to most of herbicides.
Typical weeds of arable land (Papaver rhoeas, Galium aparine, Apera spica-venti, Echinochloa
crus-galli) did not grow in bio-belts and were present only in the cultivated crop, probably due
to the high cover and density of crops and weeds in bio-belts.
CONCLUSION
During the field observation, a total of 15 weed species were recorded. The species composition
of vegetation in bio-belts and adjacent plots differed significantly. The higher number of weed plants
was found in bio-belts. The most common weeds were Chenopodium album, Cirsium arvense
and Papaver rhoeas. Bio-belts perform many important functions in the landscape. In addition to soil
protection, they increase the food offer and thereby have a significant benefits for animals living
in agricultural landscape.
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Abstract: Influence of different straw management practices (SH ± straw harvested; SI ± straw
incorporated; SB ± straw burning) onto carbon stock and humic substances quality was studied.
Stationary long-term field experiment was conducted at the Mendel University School Enterprise
LQ äDEþLFH XQGer the guidance of Dept. of Agrosystems and Bioclimatology). Object of study was
Fluvi-Eutric Gleysol under spring barley monoculture carried out in the long-term field stationary
experiment since autumn 1969. Oxidimetric titration method was applied for organic carbon
determination (soil samples was obtained almost after 50 years of trial). Fractionation of humic
substances was determined by short fractionation method. Differences in total organic carbon content
under different straw management were found out. Humic substances quality was higher under straw
burning and incorporated to compare with straw harvesting. Statistically significant differences were
achieved at S
Key Words: long-term field experiment, spring barley monoculture, straw management, organic
carbon, humic substances
INTRODUCTION
Organic matter balance directly influence amount of organic carbon stock in soil. Crop
management practices can enhance soil organic matter by optimal crop rotation, organic matter
addition, optimal fertilization, and tillage systems. Sustainable agriculture and high productive soils
are therefore strongly depended on soil organic matter input (Torresen et al. 2003, Banwart et al.
2015). Soil management becomes very important and should provide improving not only soil
SURSHUWLHV DQG SURGXFWLRQ EXW DOVR KLJK FDUERQ VWRFN LQ VRLO $V TXRWHG +UXEê HW DO  
DQG 3URFKi]NRYi HW DO   FKDQJHV LQ HFRQRPLF FRQGLWLRQV ZHUH DFFRPSDQLHG E\ FKDQJHV
in the crop and livestock structure production. Concentration of cereals has been rising and a question
how to use a straw for direct fertilization by appropriate techniques became discussed and important.
Effect of various straw management practices was studied by Soon (1999) and under similar Czech
experimental coQGLWLRQV 'U\ãORYi   DQG 3URFKi]NRYi HW DO   7KH\ VKRZHG WKDW VWUDZ
fertilization often results in difficult establishment of stand and a higher amount of straw in the upper
layer, or on the soil surface has usually a negative effect onto seeds germination. The inhibition is
frequently combine with a negative biochemical effect, deficit of water, and water consumption
for straw decomposition (Christian and Bacon 1991, Thomson 1992).
The objective of this study was to evaluate the long-term effect of different straw management
practices (straw harvested, incorporated, and burning) on to organic carbon stock and humic
substances content and quality.
MATERIALS AND METHODS
Fluvi-Eutric Gleysol (äDEþLFH &]HFK 5HSXEOLF belongs to the maize-growing area. Average
DQQXDO WHPSHUDWXUH LV  & $YHUDJH DQQXDO SUHFLSLWDWLRQ  PP 7KUHH GLIIHUHQW VWUDZ
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managements were estimated: SH ± straw harvested; SI ± straw incorporated; SB ± straw burning. Soil
samples were taken by soil probe in 12 replications under each straw variant; upper layer of soil
profile (0±0.1 m) were used for fractional composition. Basic soil properties were determined
by standard methods. Soil reaction was determined by potentiometric method in distilled water
and in 1M KCl solution (1:2.5). Total organic carbon content was determined by oxidimetric titration
method (Nelson and Sommers 1996). Fractional composition of humic substances (HS), humic acids
(HA) and fulvic acids (FA) ratio (HA/FA) were determined according to Kononova and Beltchikova
PHWKRG   'HWDLOHG GHVFULSWLRQ RI PHQWLRQHG PHWKRGV LV JLYHQ LQ 3RVStãLORYi HW DO  
and PosStãLORYiDQG9OþHN  'DWDZHUHVWDWLVWLFDOO\HYDOXDWHGXVLQJRQHZD\$129$DQDO\VLV
followed by Tukey +6' WHVW S    Statistica CZ 12.0 software (StatSoft software Inc., Tulsa,
Oklahoma, USA) was used.
RESULTS AND DISCUSSION
Fluvi-Eutric Gleysol was heavy textured (55±65% of clay particles less than 0.01 mm), weakly
acid, with low humus content and middle substances quality. Studied soil is regarded as the medium
quality arable soil. Dynamic of total organic carbon (TOC) content during experiment is demonstrated
in Figure 1 (average value over all experiment treatments). TOC varied from 1 to 1.4% and obtained
average values were typical for this soil type. The dynamic of TOC is not only influenced by organic
matter input, fertilizing and tillage systems, but also by climatic conditions and sampling. Data
represented in Figure 1 were measured twice a year since 1970 till 2006 (spring and autumn) then
in cycle of 5 years. The decrease of TOC between 1995 and 1998 and its increase in 1998 and 2001
was affected by sampling and by the specific climatic conditions. The period from 1995 to 1996 was
very dry, which caused higher rate of mineralization and TOC decreasing. The summer in 1997
and the next years were wet, which caused TOC increasing. Accuracy of sampling and soil
heterogeneity also influenced the TOC dynamic. Statistically significant difference in TOC under
different straw management in 2017 are given in Table 1 and 2 (Tukey test, S  ). After straw
burning (SB) and straw incorporating is evident a statistically significant increase of TOC.
Figure 1 Total organic carbon dynamic in Fluvi-Eutric Gleysol (long-WHUPILHOGH[SHULPHQWäDEþLFH,
Czech Republic)

Results of HS fractionation are given in Figure 2 and 3. Prevalence of FA was detected only
under straw harvesting (SH) variant, which leads to lower values of HA/FA ratio. On the other hand,
variants SI and SB showed increasing amount of TOC, HS, HA and FA. Consequently HA/FA ratio is
higher. Results were statistically significant at S see Table 1± 4.
The similar positive effect of straw incorporation into the soil was published also E\ +UXEê
et al. (1996) and Christian et al. (1991). They showed the straw incorporation to compare with straw
harvesting caused increasing of humic substances content and humic substances quality. Soil
monitoring data from long-term field experiments are important and required not only for soil quality
evaluation but also for organic carbon protection. As it was stressed by Banwart et al. (2015) carbon
dynamic directly influence also nitrogen and nutrients cycles in the soil. These data are also important
for calculation of carbon stock and modelling. Suggested straw incorporation is one of the possibilities
of agricultural practice, how to increase carbon stock in soil.
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Figure 2 Average content of HA (long-WHUPILHOGH[SHULPHQWäDEþLFH&]HFK5HSXEOLF

Figure 3 Average content of FA (long-WHUPILHOGH[SHULPHQWäDEþLFH&]HFK5HSXEOLF

Table 1 Statistically significant differences in TOC content (long-WHUPILHOGH[SHULPHQWäDEþLFH
Czech Republic)
Straw variant
SI
SH
SB
Average

Value of TOC (%)
1.11 a
1.14 ab
1.25 b
1.17

Legend: Different letters (a, b) designDWHDVLJQLILFDQFHOHYHOS0.05

Table 2 Statistically significant differences in HS content (long-WHUPILHOGH[SHULPHQWäDEþLFH
Czech Republic)
Straw variant

Value of HS (%)

SH
SI
SB
Average

0.35 a
0.47 b
0.50 b
0.44

Legend: Different letters (a, b) desiJQDWHDVLJQLILFDQFHOHYHOS0.05

Table 3 Statistically significant differences in HA content (long-WHUPILHOGH[SHULPHQWäDEþLFH
Czech Republic)
Straw variant

Value of HA (%)

SH
SI
SB
Average

0.17 a
0.24 b
0.25 b
0.22

/HJHQG'LIIHUHQWOHWWHUV DE GHVLJQDWHDVLJQLILFDQFHOHYHOS
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Table 4 Statistically significant differences in FA content (long-WHUPILHOGH[SHULPHQWäDEþLFH
Czech Republic)
Straw variant

Value of HA (%)

SH
SI
SB
Average

0.18 a
0.23 b
0.24 b
0.22

CONCLUSION
Different straw management can directly influence soil organic carbon stock and content
and quality of humic substances. Statistically significant increasing of TOC accumulation after straw
incorporation (SI), straw burning (SB) was determined. Humic substances quality was higher under
straw burning (SB) and incorporated (SI) variants to compare with straw harvesting (SH).
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Abstract: Basic soil properties such as porosity, soil reaction and humic substances content and quality
ZHUH HYDOXDWHG LQ +DSOLF /XYLVRO 8KĜLFH &]HFK 5HSXEOLF  DIWHU FRQYHUVLRQ RI SORXJKLQJ VRLO
into permanent grassland and forest. Soil porosity was calculated from physical cores. Soil reaction
was measured by potentiometric method. Humic substances content was determined by short
fractionation method. Generally, Haplic Luvisol (arable soil) was assessed as a high productive
agriculture soil with good porosity, good humus content and quality, loamy textured, with weakly acid
reaction, and high in nutrients content. Under different management systems all of studied properties
have gradually changed. Three years of permanent grassland showed increasing of total organic carbon
and humic substances content, which means potential for organic carbon accumulation increased.
On the other hand there are some negative consequences of intensive soil exploitation
such as pedocompation, decreasing of porosity and acidification after conversion. Statistically
significant differences were found between arable soil and forest three years after conversion.
Key Words: organic matter, porosity, soil reaction, Haplic Luvisol, land-use change
INTRODUCTION
Content and quality of soil organic matter is a very important factor of sustainable agriculture.
Loss of humus leads to decreasing of crop yields and consequently to the soil degradation. Land-use
management can enhance soil organic matter by optimal crop rotation, organic matter addition,
and optimal fertilization and tillage systems, or by conversion into permanent grassland
(Banwart et al. 2015, GuimarmHVHWDO $FFRUGLQJWR'RUDQDQG3DUNLQ  DQG6iĖNDDQG
Materna (2004) healthy soil is defined as a soil, which is able to fulfil all of its functions (e.g. biomass
production and its safety, filtration and accumulation functions, transformation and hygienic
functions). Parameters of soil quality/health are usually divided into chemical physical and biological
'RUDQ DQG 3DUNLQ  3RVStãLORYi DQG 9OþHN   7KH PRVW LPSRUWDQW LQGLFDWRUV RI JRRG VRLO
chemical properties is appropriate soil reaction, buffering capacity, high cation exchange capacity
and stable soil colloidal complex. Soil reaction directly influence soil sorption capacity, plant growth
and nutrients regime, and others physical and biological soil properties (Thomas 1996). As quoted
Swift (1996) the main components of humic substances (HS) are fulvic acids (FA) and humic acids
(HA). Because of relatively long period of their decomposition their ratio (HA/FA) is regarded
as an important factor of soil quality/health. Healthy soils have also high porosity, appropriate
structure, water holding capacity, and are not compDFWHG 3RVStãLORYiDQG9OþHN 6RLOSRURVLW\
is closely connected with water regime, soil texture, structure, and directly influence soil chemical
and biological properties. Porosity limit for loamy soil is 45  /KRWVNê $OORIWKHVHSURSHUWLHs
are influenced by intensive agriculture and by land-use management. Biocorridors play an important
role in the landscape, because of elimination of soil erosion and improving life condition for animals.
Changes of soil properties after biocorridors constUXFWLRQDUHQRWZHOOVWXGLHG +RUiNRYi 
This study is focused on the effect of biocorridors onto selected soil chemical and physical
properties. Main aim is to show how man activities and land-use changes in positive and negative
ways affecting soil properties.
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MATERIAL AND METHODS
6WXG\ZDVORFDOL]HGLQELRFRUULGRU8KĜLFH .URPČĜtåUHJLRQ&]HFK5HSXEOLF 0RQLWRULQJZDV
carried out during 2014±2016. Soil properties were compared on arable soil, and after its conversion
into forest soil and permanent grassland. Following soil properties were observed: texture, soil
reaction, conductivity, humus content and quality, nutrient content, hydrophysical properties,
and penetrometric soil resistance. In this paper are estimated only selected parameters ± soil reaction,
humic substances content and quality and porosity.
Figure 1 /RFDOLW\8KĜLFH± \RXQJIRUHVW SKRWR(YD+RUiNRYi

+DSOLF/XYLVRO ORFDOLW\8KĜLFH EHORQJVWRWKHFURSJURZLQJDUHD$YHUDJHDQQXDOWHPSHUDWXUH
is &$YHUDJHDQQXDOSUHFLSLtation is 650 mm. Soil was sampled twice a year (spring and autumn)
during 2014±2016 in the depth 0±30cm. In Figure 1 is illustrated view on the locality after conversion
into forest soil. Basic soil properties were determine by standard method. Soil reaction was determined
by potentiometric method in distilled water and in 1M KCl solution (1:2.5). Total porosity was
calculated from physical cores (average from 3 replications, in the depth 0±30 cm). Total organic
carbon content (TOC) was determined by oxidimetric titration method (Nelson and Sommers 1996).
Fractional composition of humus was determined according to Kononova and Beltchikova method
  'HWDLOHG PHWKRGV GHVFULSWLRQV LV JLYHQ LQ 3RVStãLORYi HW DO   +$)$ UDWLR ZDV
calculated from data of humus fractionation. Humification degree was calculated as a ratio of HS/TOC
content multiply by 100. One way ANOVA analysis and t-test were used for statistical data evaluation.
RESULTS AND DISCUSSION
Studied soil was loamy textured, with good porosity, weakly acid, with middle content and low
quality of HS. Changes of total porosity after land-use management changing is given in Figure 2.
Figure 2. Average values of total soil porosity (P, %)
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Obtained porosity results showed that after conversion in some cases total porosity was lower
than the limit (45 %) for agricultural soils. Low porosity and pedocompaction during first year
of conversion into forest could be explain by biocorridor construction and using of machinery. We can
also conclude that permanent grassland soil (2016) is much more compacted to compare with arable
soil. On the other hand, total porosity in arable soil is less than 50 %, which is very close to limit
values (45 %) for agricultural soils. It was recommended to improve soil structure and increase soil
porosity by application of organic fertilizers.
Figure 3 Average content of humic substances (HS, mg.0.1/kg)

Statistically significant difference in porosity between variants were not found. Humic
substances content during studied period is given in Figure 3. Prevalence of FA was determined, which
indicate low quality of HS. HA/FA ratio was less than 1, which confirms low quality of HS.
Humification degree was middle (30 %). Conversion directly influence HS content.
Statistically significant differences were found between arable soil and forest three years
after conversion (LSD = 0.220), see Table 1. No differences were found between arable soil
and permanent grassland three year after conversion, but we can say that there is a tendency
of increasing of HS amount.
Table 1 Statistically significant differences in humic substances content
Source

No

Sum

Average

Variance

HS (mg/0.1kg; arable soil)

4

1.42

0.355

0.0008333

HS (mg/0.1kg; forest)

4

1.66

0.415

0.0005667

Source of variability

SS

Difference

MS

F

Between sources

0.0072

1

0.0072

All sources

0.0042

6

0.0007

Total

0.0114

7

LSD

0.220

P

Fcrit

10.28571 0.0184335 5.987378

Legend: one way ANOVA analysis, Fcrit = 3.182

Results of exchangeable soil reaction is given in Figure 4. Decreasing of soil reaction
and increasing of soil acidification is a result of intensive agriculture. Haplic Luvisol after land-use
conversion should be later carefully observed. Liming was advised for improving soil reaction in all
types of land-use.
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Figure 4 Average values of exchangable soil reaction (pH/KCl)

7KHUHVXOWVDUHWDNHQIURPWKHGLSORPDWKHVLVRI(YD+RUiNRYi2WKHUDXWKRUVGRQRWPHQWLRQ
this locality.
CONCLUSION
Different type of land-use directly influence content and quality of humic substances, soil
reaction and porosity. Statistically significant increasing of humic substances under forest soil, mainly
fulvic acids, was documented. Higher organic carbon accumulation potential is expected in forest soil
DQG XQGHU SHUPDQHQW JUDVVODQG EXW WKH UHVXOWV RI WKUHH \HDUV H[SHULPHQW ZHUH QRW VWDWLVWLFDOO\
significant. With respect to the soil type monitoring of soil physical and chemical properties
is recommended. Further it is suggested to control porosity, soil reaction, humic substances content
and quality and increasing of liming doses.
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Abstract: 7KLVSDSHUGHDOVZLWKWKHHYDOXDWLRQRIFKDQJHVLQODQGXVHLQWKHFDGDVWUDODUHDRI9ČWHĜRY
+RGRQtQ GLVWULFW . The aim was to find out how the use of land changed in the historical period
1845±1948±1990±2000±2015 7KH HFRORJLFDO VWDELOLW\ RI WKH FDGDVWUDO DUHD 9ČWHĜRY ZDV DOVR
evaluated in the article. An analysis of the data obtained from the Database of Long-term Changes
in land Use of the Czech Republic was carried out. Changes were observed in the development of land
use. A significant decrease of meadows occurred in the cadastral area of 9ČWHĜRY The area
of the meadows was 17.60 ha in 1845, whereas no meadows were recorded in the area in 1990, 2000
and 2015. In the case of permanent culture, pastures, water areas, built-up areas and other areas, there
was a slight increase in their area between 1845 and 2015. Ecological stability was determined using
the 0LNOyV   DQG 0tFKDO (1994) method. The results showed the differences between two
methodologies. 7KH FDOFXODWLRQ RI WKH HFRORJLFDO VWDELOLW\ FRHIILFLHQW DFFRUGLQJ WR 0LNOyV VKRZHG
almost no differences. The value of the ecological stability coefficient was same (0.46) for years 1845,
1990, 2000 and 2015 only in 1948 value of the ecological stability coefficient was 0.43. The results
RIWKH0tFKDOFDOFXODWLRQRIWKHHFRORJLFDOVWDELOLW\FRHIILFLHQWdecreased from 1845 to 1948, whereas
continual increasing was found for 1948 to 2015. Based on UHVXOWV RI 0tFKDO FDOFXODWLRQ is this
cadastral area above average mainly used large-scale agriculture. Self-regulation processes
of the ecosystem are considerably weakened. It causes ecological lability and requires high energy
inputs.
Key Words: arable land, ecological stability, landscape fragmentation
INTRODUCTION
7RGD\¶V Europe is a mosaic of landscapes, reflecting the evolving pattern of change that land
use has undergone in the past. This change continues to alter our landscape and environment today,
leaving large and often irreversible land-use footprints. Tensions are rising almost everywhere
DV VRFLHW\¶V QHHG IRU ERWK QDWXUDO UHVRXUFHV DQG VSDFH IRU VHWWOHPHQW DQG LQIUDVWUXFWXUH FRQIOLFWV
with the capacity of land to support and absorb these needs (EEA 2017).
Landscape fragmentation is important to all human activities that are related to the land (Forman
1995). In the last decades, the expansion of human needs has caused a dramatically higher
FRQVXPSWLRQRIWKHSODQHW¶VUHVRXUFHVZLWKWUHPHQGRXVLPSDFWVRQODQGXVHFKDQJHDQGDFRQVLGHUDEOH
loss of habitats and biodiversity (Foley et al. 2005, Foley et al. 2011).
The European landscape is largely dominated by agricultural land uses; in fact, more than 35%
of all land in the EU has an agricultural use. Thus agricultural land uses have a central role in terms
of the potential impacts of land uses on the sustainability of the wider European environment.
Land-use models can be used to capture the interactions between many factors that drive land-use
changes, and can be used to predict future changes in the land-use patterns (Ustaoglu et al. 2016).
Land use provides essential ecosystem services whose quantity and quality is changing according
to the socio-economic, political and cultural conditions defined by humans (Verburg et al. 2015)
and can therefore be considered a geo-manifestation of inherently spatial political, economic
and cultural transitions (Aspinall 2004).
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Land use is important for human life. Wu (2008) says, that land use is the backbone
of agricultural economics and it provides substantial economic and social benefits. Land use change is
necessary and essential for economic development and social progress.
Gutzler (2015) argues, that farmers' adaptation to growing demand may include changes
in crops, crop rotation, utilization of crops, and intensification of production. A simple focus
of agricultural management aimed solely at maximizing economic returns can lead to depletion
of groundwater resources, erosion, loss of water quality, biodiversity loss and a reduction of sociocultural services. Sustainable development therefore requires consideration of the balance between
the economic production functions of agriculture and environmental and social services. Policies are
implemented to incentivize farmers to respect this balance by remunerating for the provision of public
goods.
In the Czech Republic, arable land account for approximately 60% of the state¶s area.
The nature and character of the landscape are very significant in this way. That is why agriculture has
a very important and irreplaceable landscape-building function. At present, in the period of high
surplus agricultural products in Europe, the importance of the production function of agricultural
production is diminishing, while the importance of other (non-productive) functions of agricultural
farms is growing (%LþtN and -DQþiN .
In the second half of the 20th century, the destabilization and destruction trend prevailed
in the Czech Republic of landscape systems. The landscape has adapted itself to unified technological
processes of agricultural and forestry production and urbanization needs. This trend was reflected
by creating large blocks of arable land, creating what longest straightened sections of waterways
DQGFUHDWLQJIRUHVWPRQRFXOWXUH %XþHN2009).
This has led to the disruption of the ecological stability of the landscape, the devastation
of the agricultural land by water and wind erosion, the reduction of biodiversity and the disturbance
of the landscape. This contribution is focused on the change of land use and change ecological
stability between years 1848±2015 in the cadastral area of 9ČWHĜRY. This cadastral area is covered
mostly agricultural land and forests. :KROH+RGRQtQGLVWULFWLVDOVRcovered mostly agricultural land
and forests. &DGDVWUDODUHDRI9ČWHĜRYZDVFKRVHQIRUHYDOXDWLRQEHFDXVHUesults from cadastral area
RI9ČWHĜRYFDQEHJHQHUDOL]HGIRU+RGRQtQGLVWULFW
MATERIAL AND METHODS
Characterization of selected locality
&DGDVWUDO WHUULWRU\ RI 9ČWHĜRY OLHV LQ WKH GLVWULFW RI +RGRQtQ LQ WKH 6RXWK 0RUDYLDQ 5HJLRQ
in Czech Republic, about 6 km west of town Kyjov. The total area of the cadastral territory is 818 ha
(data from 2015, Regional information service). The territory lies at an average altitude of 264 meters
above sea level (Regional information service 2017). In the past (communist period) there was mining
activity in this area. This activity strongly influenced the landscape.
Main type of soils are chernozems, rendzinas and pararendzinas and fluvisols. The territory
belongs to the JHRPRUSKRORJLFDO XQLW .\MRYVNi SDKRUNDWina and the geomorphological subcelle
9ČWHĜRYVNi YUFKRYLQD (Inspire 2017). 7KH FDGDVWUDO DUHD RI 9ČWHĜRY OLHV DW WKH LQWHUVHFWLRQ RI WZR
climatic zones (T2 and T4 climatic zone). Climatic zone T2 is characterized by a long, warm and dry
summer, a very short transition period with a warm to moderately warm spring and autumn
and a short, slightly warm, dry to very dry winter with a very short duration of snow cover.
The warmest month of the year is July with an average temperature of 18 & WR&RQWKHRWKHU
hand, the coldest month is January with average temperatures from -2 & WR -3 &. A very long
summer is typical for T4, which is very warm and very dry. The transition period is very short
with warm spring and autumn. Winter is short, warm and dry to very dry with a very short duration
of snow cover (Quitt 1971).
Analysis of historical development in land use
Analysis of historical development of land use consisted in comparison of percentage
representation of various parts of the land in a historic row from 1845 to 2015 and evaluation
of the development of the landscape over time. The underlying data were obtained from the Database
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of long-term changes in land use of Czech Republic (%LþtN 2011). The underlying data for year 2015
were obtained from Czech Statistical Office. This year are also important in terms of landscape
change. The period before 1948 was a period of collectivization. The Czech Republic originated after
the end of socialism in 1990. After 2000, the Czech Republic joined the European Union.
Evaluation of ecological stability
The ecological stability coefficient (Ces) was calculated to assess ecological stability.
For the calculation of the ecological stability coefficient, was used the method according MtFKDO
(1994) DQG 0LNOyV (1986). 0HWKRG DFFRUGLQJ 0tFKDO (1994) expresses the ratio number
and determines the ratio of the areas of the so-called stable and unstable landscaping elements
in the studied area. The method is based on the unambiguous and final classification of a landscape
element into a stable and unstable group and does not allow the assessment of a specific state of these
elements 6NOHQLþND2003).
&DOFXODWLRQDFFRUGLQJWR0tFKDO (1994):
 
            
ୣୱ ൌ
ൌ
 
    
An explanation of the abbreviations is as follows: FA forest areas, WA watter areas, PC
permanent culture, Pa pastures, We wetlands, Or orchards, Vi vineyard, Al arable land, HA human
areas, Hg hopgarden.
MHWKRGDFFRUGLQJ0LNOyV was used for the next calculation. This methodology does not derive
from the division of areas into stable and unstable, but differentiates their ecological significance
by introducing numerical coefficients. The formulas for the calculation are as follows
6NOHQLþND :
&DOFXODWLRQDFFRUGLQJWR0LNOyV (1986): ୣୱ ൌ

σ ୮ ൈσ ୩౦
σ୮

An explanation of the abbreviations is as follows: pni ± acreage of individual area;
kpi ± the coefficient of ecologically significant areas; p ± acreage of the area.
RESULTS AND DISCUSSION
Analysis of the historical development of land use
The following table (Table 1) shows data about land use in the cadastral area of 9ČWHĜRY
in 1845, 1948, 1990, 2000 and 2015. The table and figure are divided according to particular areas
on permanent cultures (gardens, orchards, vineyards and hop gardens), different areas (built up, other,
water areas) and agricultural land (arable land, permanent culture, meadows and pastures).
Table 1 Change in land use over the year 1845±2015
Year

1845

1948

1990

2000

2015

Specific type of land
use

Size of area of specific land use (in ha)

Agricultural land
Arable land
Permanent culture
Meadows

523.2
469,2
32.1

538.3
499,9
22.1

512.4
442,5
46.1

511.8
440,8
47.2

512.0
439.0
45.0

17.6
4.3

0.7
15.6

0.0
23.8

0.0
23.8

28.0

Forest areas

274.8

257.9

258.2

258.9

260.0

Different areas
Built up areas
Other areas
Water areas

18.0
8.9
8.6
0,50

24.4
7.2
16.7
0,50

50.4
10.4
37.4
2,60

47.6
10.6
34.5
2,50

47.0
10.0
35.0
2.0

Sum

816.0

820.6

821.0

818.3

819.0

Pastures
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Analysis of historical land use data pointed to some differences. A significant decrease
in meadows areas occurred in the cadastral area of 9ČWHĜRY ,Q  Whe area of the meadows was
17.6 ha and in 1990 and 2000 no meadows were recorded in the area. A slight increase in the area can
also be observed in arable land between 1848 and 1948. Then the area of arable land decreased
between 1990 and 2015. In the case of permanent culture, pastures, water areas, built-up areas
and other areas, there was a slight increase in their area between 1845 and 2015.
Evaluation of ecological stability
Calculations of ecological stability coefficients showed difference between the two
methodologies (Table 2). The calculation of the ecological stability FRHIILFLHQW DFFRUGLQJ WR 0LNOyV
(1986) showed almost no differences. The value of the ecological stability coefficient was 0.46, except
for the year 1948 (value of the ecological stability coefficient was 0.43). This methodology evaluates
ecological stability on scale 0±1. The closer to value one, the territory is more stable. Based
on the calculations made, it can be stated that the territory ranks among the less stable ones
0LNOyV).
7KH UHVXOWV RI WKH 0tFKDO (1994) calculation of the ecological stability coefficient were
already different. Based on UHVXOWV RI 0tFKDO FDOFXODWLRQ LV WKLV FDGDVWUDO DUHD above average
mainly used large-scale farming. Self-regulation processes of the ecosystem are considerably
weakened. It causes to ecological lability. Coefficient of ecological stability (according
to both methodologies) of cadastral area of 9ČWHĜRY points to ecological lability due to the high
present arable land. In 2000 was average coefficient of ecological a stability according
to 0tFKDO in Czech Republic 1.03 (Czech Statistical Office, 2017). &DGDVWUDO DUHD RI 9ČWHĜRY
was stable less compare with Czech Republic average in 2000. In 2015 was average
coefficient of ecological a stability according to 0tFKDO in South Moravia region 0.73. Coefficient
RI HFRORJLFDO VWDELOLW\ RI FDGDVWUDO DUHD RI 9ČWHĜRY was comparable to this average (Czech
Statistical Office, 2017).
Table 2 Results of ecological stability coefficient calculations
Method according to:

0LNOyV

Year

0tFKDO

Results

1845

0.46

0.68

1948

0.43

0.57

1990

0.46

0.67

2000

0.46

0.68

2015

0.46

0.69

7KLV SDSHU GHDOV ZLWK WKH HYDOXDWLRQ RI FKDQJHV LQ ODQG XVH LQ WKH FDGDVWUDO DUHD RI 9ČWHĜRY
The assessed area is made up of more than 50% of the arable land. Data analysis of land use pointed
to certain changes. For example, a complete disappearance of grassland areas for the year 2000
and to rise in areas of pasture. In the case of permanent crops, pastures, water areas, built-up areas
and other areas, there was a slight increase in their area between 1845 and 2015. The ecological
stability calculations evaluated the area as stable less.
7KH HFRORJLFDO VWDELOLW\ RI WKH FDGDVWUDO DUHD 9ČWHĜRY ZDV DOVR HYDOXDWHG LQ WKH DUWLFOH
2QWKHEDVLVRIFDOFXODWLRQVRIWKHHFRORJLFDOVWDELOLW\FRHIILFLHQW 0tFKDODQG0LNOyV  the cadastral
WHUULWRU\ RI 9ČWHĜRY FDQ EH FRQVLGHUHG DV UHODWLYHO\ VWDEOH /RZHU HFRORJLFDO VWDELOLW\
could have practical impacts on agricultural activity in the area. The manifestations of these impacts
are mostly slow and unobtrusive, but they are manifested in increased soil erosion, which
leads to a reduction in the fertility of arable land as well as its prices. Therefore, the importance
of measures that can be implemented directly on arable land is growing. These include
a set of agri-environmental measures.
67

November 8–9, 2017, Brno, Czech Republic

24
years

CONCLUSION
Ecological stability can be defined according to Forman and Godron (1993) as landscape
resilience to disruption and its recovery after disruption. Each landscape component has its
degree of stability and the overall stability of the landscape reflects at the same time the ratio
of all represented landscape types. The assessed area is made up of more than 50% of the arable
land, which can be considered as ecologically unstable system. Arable land is dependent
on the supply of external inputs from farmers. To maintain ecological stability, territorial systems
of ecological stability are established. Agri-environmental measures can form part of the territorial
system of ecological stability in the agricultural landscape and thus contribute to increasing
its stability.
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Abstract: Actual evapotranspiration (ETa) determined by the Atmosphere-land Exchange Inverse
(ALEXI) model and water balance model SoilClim was compared for selected districts of the Czech
Republic. The ALEXI model uses the land surface temperature (LST) from remote sensing
and provides information on ETa and subsequently the surface moisture status. The SoilClim is
a dynamic model of water content in soil and represents a model based on water balance approach.
The current version of the model is able to estimate the value of ETa, as well as soil moisture content
in two layers of the soil profile. Investigated period of ETa comparison were years 2014 and 2015.
Especially the year 2015 had a special relevance due to the significant summer drought that occurred
in CR. Model performance was compared for the period when changes in vegetation are most
significant ± from April to August. Week sums of ETa from both models were compared at the district
level for 9\VRþLQD -LKRPRUDYVNê DQG 2ORPRXFNê UHJLRQV. The ETa values were generally higher
from ALEXI as compared to SoilClim. ALEXI values were in some cases even two or three time
higher. Moreover, the seasonal dynamics showed sometimes opposite trends. As this is a pilot testing
of ALEXI based ETa in the conditions of Central Europe and show large differences as compared
to well established methods, more detailed testing is required prior drawing any general conclusions.
Key Words: evapotranspiration, drought, remote sensing, land surface temperature, water balance
INTRODUCTION
Remote sensing can be very useful tool in the area of drought monitoring, providing valuable
spatiotemporal information about yield-limiting moisture conditions and crop response under current
climate conditions (Anderson et al. 2015). Water lost to the atmosphere through evapotranspiration
(ET) has the effect of cooling the surface of the Earth. ET can be mapped while using thermal-infrared
(TIR) remote sensing of land-surface temperature (LST). The LST is a valuable remote sensed
indicator of both ET and the surface moisture status (Moran 2003). Soil moisture deficit in the root
zone of vegetation (down to 1±2 m depth) lead to stomatal closure, reduced transpiration and higher
canopy temperatures. These processes can be effectively detected from space in thermal wavebands
(Anderson et al. 2007b). In comparison with standard water balance based approaches that model ET,
TIR remote sensing provides diagnostic assessments of surface moisture conditions without the need
to use precipitation data or information about soil texture and moisture holding capacity (Anderson et
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al. 2011). As current available moisture to vegetation is derived directly from remotely sensed LST,
this method can be used as a source that is not dependent on availability of information about soil
and precipitation. This method can be also used for calibration of approaches based on water balance.
One of such models is the Atmosphere-land Exchange Inverse (ALEXI) model developed
by Agricultural Research Service (ARS) in the United States Department of Agriculture (USDA)
(Anderson et al. 1997).
The goal of the paper is to investigate use of ALEXI in conditions of the Central Europe
as a global ALEXI ET model is relatively new and not yet well tested out of the United States. Results
of the study can be therefore used for ALEXI implementation in the conditions of the Central Europe
where landscape structure is more heterogeneous than in the United States. Important part of the study
is to compare different behavior of models, especially during sensitive parts of the growing season
or when a significant drought event was recorded.
MATERIAL AND METHODS
ETa estimation from two models based on different approaches was compared. ALEXI is
a model based on remotely sensed LST while SoilClim represents water balance based approach.
As it was previously mentioned, ET can be mapped while using TIR remote sensing of landsurface temperature (LST). TIR remotely sensed data can provide useful information about the surface
moisture conditions due to the fact that evaporation has influence on land surface temperature. This
approach is represented in this study by the ALEXI model that can provide data related to the surface
moisture status (Anderson et al. 2007a). The ALEXI model was specifically designed to minimize
the need for additional meteorogical data while still maintaining a physically realistic representation
of land-atmosphere exchange over various vegetation cover conditions (Anderson et al. 2011).
The ALEXI model uses measurements of the morning LST rise, typically provided by geostationary
satellites in order to map daily ET and other surface fluxes (Anderson et al. 2015). In this study, global
ET model at 5 km resolution was used. ALEXI is a two-source model of surface energy balance.
These two sources represent soil and vegetation. The model is based on principle that wetter surfaces
warm less rapidly during the morning hours (Anderson et al. 2015). The ALEXI model is able
to estimate evapotranspiration (ET) using LST maps retrieved from TIR imagery generated
from satellites (Anderson et al. 2015). Negative anomalies in ET can be a signal of drought or canopy
stress. The important product of the ALEXI model is the Evaporative Stress Index (ESI) that is
an indicator of agricultural drought. The ESI is expressed as standardized anomalies in the ratio
of actual-to-potential ET (fRET = ETa/ETref). It is retrieved by using LST based energy balance
algorithm (Anderson et al. 2011).
The SoilClim is a dynamic model of water content in soil and represents a model based on water
balance approach (Hlavinka et al. 2011, Trnka et al. 2013). It was developed in coordination of Global
Change Research Institute (CzechGlobe) and Mendel University. The SoilClim model is based
on the work of Allen et al. (1998, 2005) but it also includes many modifications and adaptations
to correspond with the conditions of the Czech Republic. The current version of the model is able
to estimate the value of ETa and reference evapotranspiration (ETr), as well as soil moisture content
in two layers of soil profile for 11 types of vegetation. The top layer includes the first 40 cm of the soil
profile (topsoil and subsoil adjacent) and the second layer includes soil from the depth of 40 cm
to 100 cm. The parts of the model are a dynamic crop model and a phenological model. Model
considers interception, as well as changes of land surface albedo during the growing season.
In the grid features, it also takes into consideration influence of slope orientation, inclination
or different snow distribution during winter. SoilClim model is at spatial resolution of 500 m
(www.intersucho.cz). Outputs of the model can be regularly followed on the website
www.intersucho.cz and are weekly updated. Various indicators dependent on soil moisture are
available on the website even for past months or years.
Comparison of ETa estimation from these two models was done at the district level. Model
behavior was compared for districts of three regions of the Czech Republic located in the eastern part
of the country ± 9\VRþLQD -LKRPRUDYVNê DQG 2ORPRXFNê regions (Figure 1). -LKRPRUDYVNê
DQG2ORPRXFNêUHJLRQs are located at low elevations of the country when intensive crop production
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prevails. Especially southern part of the -LKRPRUDYVNêUHJLRQ WKH=QRMPRGLVWULFW LVNQRZQIRULWV
sensitivity for severe drought HYHQWV =DKUDGQtþHN HW DO   The 9\VRþLQD region is located
at higher elevations and amount of precipitation is here higher than in other two regions.
ETa comparison was done for the years 2014 and 2015. In 2015, the significant summer drought
appeared in the Czech Republic. Week sums of ETa generated by models in mm were compared.
SoilClim ETa values were in mm while ALEXI values needed to be converted. Original units
of AXEXI model were MJ per m2. The analyzed period was from April to August, it covered ETa
values from 92th to 232nd day of the year (DOY). This part of the growing season represents the most
sensitive period when changes in vegetation development are most significant. Week ETa sums were
calculated by ArcGIS (ESRI, USA) and the area of the whole districts was used for calculation. There
ZDVQ¶WGRQHany land use distinction during calculation.
Figure 1 A map showing districts of 3 studied regions of the Czech Republic

RESULTS AND DISCUSSION
ALEXI and SoilClim ETa maps for particular days of the year 2015 can be seen in Figure 2
(for DOY 183, 204, 232). Upper pictures come from ALEXI and lower ones are from SoilClim. DOY
183 is the beginning of July, DOY 204 is the end of July and DOY 232 is the end of August. Both
models captured the drought event of 2015 in a different way. Differences are visible for all three
dates EXW PRVWO\ IRU  GD\ DQG  GD\ )RU  GD\ $/(;, GLGQ¶W FDSWXUH ORZHU (7D
in the southern part of Moravia. For 232 day, ALEXI showed lower ETa in the whole country
but SoilClim captured lower ETa mostly in western part of the Czech Republic. ETa maps shown
in Figure 3 represent the week sums in the range of 0 to 60 mm per week.
Extracted ETa values from both models were compared for individual districts. Figure 3
shows graphs for selected districts of three regions of the Czech Republic. In certain parts of the year,
ALEXI ETa values differed significantly from values obtained from SoilClim. In some cases, ALEXI
values were even tree times higher than values from SoilClim. Also, the course of curve during
the compared period (April to August) seemed to be quite different. In particular dates, ALEXI
and SoilClim ETa curves showed an opposite direction ± i.e. one was decreasing while another was
increasing. This phenomenon appeared for both compared years during different parts of the growing
season. However, both models captured certain parts of the growing season similarly, although
the magnitude of ETa differed. ALEXI and SoilClim ETa dynamcs agreed better for the dry year 2015
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than for the year 2014.
Figure 2 Comparison of ALEXI and SoilClim ETa during the part of the growing season of 2015
(for 183rd, 204th and 232nd day of the year). Upper maps come from ALEXI and lower ones
from SoilClim

Generally, there are various reasons for different model behavior. First, ALEXI values were
extracted from an ALEXI ET global product and this study represented its regional check. Each new
checked region presents unique challenges and requires fresh evaluation as showed previous studies
(e.g., in Brazil) (Anderson et al. 2015). This testing is valuable for further research and development
of the product. Secondly, higher ALEXI values might be partially caused by different model
resolution. ALEXI is at a spatial resolution of 5 km while SoilClim works at a resolution of 500 m,
therefore ALEXI can have difficulties to distinguish different landscape features that respond
differently to soil moisture while SoilClim can fail to have exact actual information about the surface
parameters that is modeling. Thirdly, the excision of land use (in the case of ALEXI) can also play
role because SoilClim considers runoff, deep percolation, simplified macropore water flow,
dynamically simulated vegetation cover and multiple vegetation cover types (e.g., spring and winter
field crops, permanent grasslands, evergreen and deciduous temperate forest) (Trnka et al. 2013).
SoilClim can be considered as a reliable tool for soil moisture simulations as it was developed,
calibrated and extensively validated in the conditions of Central Europe (Hlavinka et al. 2011, Trnka
et al. 2013). However, no detailed validation of ETa itself has been done and should be considered
in the next research activities.
CONCLUSION
Results of the study showed that further checking and calibration of ALEXI is needed because
it is a new model WKDW KDVQ¶W EHHQ \HW WHVWHG LQ FRQGLWLRQV RI &HQWUDO (XURSH. The next step should
include longer time period for comparison, as well as the year 2016. Employing a spatial flux
disaggregation technique derived from ALEXI (DisALEXI; Norman et al. 2003), which uses air
temperature diagnoses from ALEXI along with higher resolution TIR imagery, can be very useful
for further investigation.
Due to different behavior of models related to ETa, it seems that further investigation
and rigorous testing of both models is needed. ALEXI is a new model recently tested in conditions
of Central Europe while SoilClim is a well-tested and validated tool for predictions of the soil
moisture. Despite that, careful consideration is needed prior drawing general conclusions resulting
from this first comparison of ETa. The next step should include step by step testing of the particular
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assumptions present within both models. Employing a spatial flux disaggregation technique derived
from ALEXI (DisALEXI; Norman et al., 2003), which uses air temperature diagnoses from ALEXI
along with higher resolution TIR imagery, can be very useful for further investigation testing because
in this way the ALEXI approach can be tested by independent in-situ observation using e.g. eddy
covariance or scintillometer techniques.
Figure 3 Week ETa sums for selected districts of studied regions of the Czech Republic. Compared
period is from 92nd to 232nd day of years 2014 and 2015
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IN THE CENTRAL EUROPE
JANA KLIMESOVA, PETRA PROCHAZKOVA, TOMAS STREDA
Department of Crop Science, Breeding and Plant Medicine
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC
petraprochazkova88@seznam.cz
Abstract: The aim of this work was to evaluate the moisture conditions in growing season in the Czech
Republic for the period 1971±2010 by means of the P±E indicator. In all seasons during the monitored
period 1971±2010, the growing period was evaluated across 14 localities from the 61st to the 180th day
of the year (12 decades) using the percentile method. The ten±day indicator values were compared
with acquired 2nd, 15th, 45th, 55th, 85th, and 98th percentiles. Both the vegetation seasons with
unfavourable moisture conditions: 1976, 1993 and 2003, and the seasons with favourable moisture
conditions: 1987, 1995 and 2010 were determined. Trend analysis of ten±day indicator values across
all monitored localities was performed through the Mann-Kendall test. Statistically significant
decreasing trend (P < 0.05) was found for the VI decade (days 111 to 120), in which important
vegetative growth phases of agricultural crops take place in Central Europe. Unfavourable moisture
conditions in this decade could reduce crop yields. Information about the frequency and intensity
of drought contribute to the development and localization of appropriate adaptation measures.
Key Words: drought, growing season, P±E indicator, prediction
INTRODUCTION
According to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC), average annual precipitation totals at higher altitudes should be higher, while in subtropical
areas, particularly on the land, they should be lower. Furthermore, floods are supposed to be more
frequent as well as longer and more intensive drought periods (IPCC 2013).
Drought is a result of a number of factors and meteorological elements (precipitation,
vaporization, length and intensity of solar radiation, temperature, humidity, and air flow).
As a temporary climatic anomaly, drought can occur in all climatic zones (precipitation regimes).
According to Wilhite and Glantz (1985), the intensity and duration of drought periods can vary
from short term droughts to periods with low precipitation totals lasting several months or even years.
Drought can have different impact on different agricultural crops, based on time of occurrence,
the monitored crop and stage of its growth etc. Due to this fact, the methods of drought evaluation can
differ greatly and their outcomes can thus differ as well. Simple evaluation of precipitation totals is not
a sufficient indicator of moisture conditions. For the exact evaluation of moisture conditions, it is
advisable to use a costly direct herbage monitoring. Thus, it is necessary to use sophisticated models
concerning a wide range of meteorological elements and biological characteristics of the monitored
crop, in order to objectively evaluate the moisture conditions in the soil-plant-atmosphere system.
With the results applied, it is possible to directly design and localize adaptation agro-technical (Bodner
et al. 2015) or cultivation measures (Lazarova et al. 2016, Klimesova et al. 2015).
MATERIAL AND METHODS
Climate data and the study area
The data from the technical series of climatic elements were used to analyze moisture conditions
during the vegetation period of the localities concerned between days 61 and 180 of the year.
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The series is based on the data measured across the station network of Czech Hydrometeorological
Institute (CHMI). The outcome is a set of complete homogeneous station series, which were used
to calculate the series of climatic elements on a daily basis for grid points 10 km far from one another
âWČSiQHNHWDO . From the technical series database 14 representative grid points were selected
in order to evaluate moisture conditions in the vegetation period in a significant part of the area
of the Czech Republic for the period 1971±2010. Technical data series were created at the grid points
of the outcomes of the regional climatic model ALADIN-Climate/CZ. The characteristics
of the individual CHMI grid points are demonstrated in Table 1.
The P±E indicator
In order to evaluate moisture conditions, out of a number of characteristics the P±E indicator
was selected, which is expressed in mm. This drought indicator is calculated as a difference between
precipitation totals (P) and potential evapo-transpiration (PET). To assess the P±E indicator
for individual seasons at each grid point, it was crucial to calculate the potential evapo-transpiration,
which is calculated with the agro-meteorological model AVISO for each decade of the vegetation
period (days 61±180). The main phenological phases of the crops in the Central Europe take place
during this period). The AVISO model is based on the MORECS model (Hough et al. 1997), but
differs in the way meteorological data is collected, the outcoming sets, and in a number of program
adjustments, which were made on the basis of experimental measurements. Both models are based
on a combined Penman-Montei formula for calculating evapo-transpiration in a modified way.
The input meteorological data are variables (temperature, moisture in form of water vapour, the time
of solarification, speed of wind, and precipitation). AVISO was modified and adjusted
to the conditions in the Czech Republic and has regularly been perfected and optimized (Kohut 2007).
Table 1 Characteristics of all grid points from the network of CHMI
Long-term average Long-term average
Altitude
Locality
District
temperature t30
precipitation p30
(m)
&
(mm)
Brno-Chrlice
Brno±PČVWR
211
9.0
451
ýiVODY-Filipov
.XWQi+RUD
247
8.9
555
Hradec nad Svitavou
Svitavy
489
7.4
616
Chrastava
Liberec
434
8.0
738
-DURPČĜLFHQ5RN\WQRX 7ĜHEtþ
462
8.0
471
Lednice
%ĜHFODY
167
9.6
461
/tSD
+DYOtþNĤY%URG
515
7.5
594
3XVWp-DNDUWLFH
Opava
322
8.3
584
6WDĖNRY
'RPDåOLFH
417
8.1
537
8KHUVNê2VWURK
8KHUVNp+UDGLãWČ
208
9.1
521
9ČURYDQ\
Olomouc
219
8.7
502
9\VRNi
3ĜtEUDP
561
7.1
611
Znojmo-Oblekovice
Znojmo
233
9.3
435
äDWHF
Louny
250
9.0
439
Legend: t30 and p30 ± the long-term average temperature t30 and the long-term average precipitation p30 (1971±2000)

Evaluation of moisture conditions
The moisture conditions of the vegetation period between days 61 and 180 of the year
(12 decades) were evaluated for the period 1971±2010 across all the localities with the help
of the percentile method. This method supposes a gamma distribution of precipitation totals
and evapo-transpiration data. The moisture indicators can be well characterized by this asymmetrical
distribution. The moisture conditions were evaluated on the basis of comparison of the P±E indicator
values of each decade with the calculated 2nd, 15th, 45th, 55th, 85th, and 98th percentile. Decade P±E
indicators lower than 2nd percentile represent very dry conditions (VDC), lower than 15th percentile
represent moderately dry conditions (MDC) and lower than 45th percentile represent slightly dry
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conditions (SDC). Similarly, categories above 55th, 85th, and 98th percentile are characterized
as slightly humid conditions (SHC), moderately humid conditions (MHC) and very humid conditions
(VHC).
The trend analysis of the time lines was performed via a non parametric Mann-Kendall test
of statistical significance of the trend (MK test) using XLSTAT software (Mann 1945, Kendall 1976).
The trend was evaluated in all monitored decades of the vegetation period.
RESULTS AND DISCUSSION
Figure 1 shows in detail the evaluation of moisture conditions across the localities during
the vegetation period between days 61 and 180 of the year in the period 1971±2010. These decade P±E
indicator values were categorized the percentile values. They were calculated as average values of all
the localities situated at different altitudes. They represent the moisture conditions of the vegetation
periods, during which crucial growth and development phases take place, of the agricultural crops
grown in the Czech Republic. Nevertheless, it is possible to identify a significant variability
in moisture conditions in the individual decades of the vegetation period.
The maximum average long-term value of the P±E indicator was recorded in the decade
between days 171 and 180 in 2009 (47.20 mm), while the minimum average value was recorded
in the decade between days 171 and 180 in 1994 (-47.98 mm). The driest vegetation decade of all
the monitored period 1971±2010 was the VI decade (days 111±120), when the average value was
-11.82 mm. On the contrary, the most humid vegetation decade was the I decade (days 61±70), when
the average value was 1.45 mm. Dry vegetation periods were recorded in the seasons 1976, 1993,
and 2003, when the average value of the P±E indicator of the whole vegetation period was below
-10 mm. Humid vegetation periods were recorded in the seasons 1987, 1995, and 2010, when
the average value was above 1.5 mm.
Table 2 Trend analysis of P±E values for decades of growing season (* P < 0.05)
Decades (ten days)

P-value

Trend ± MK test

I
0.258
±
II
0.239
±
III
0.463
±
IV
0.213
±
V
0.522
±
VI
*0.015
negative
VII
0.152
±
VIII
0.121
±
IX
0.568
±
X
0.600
±
XI
0.159
±
XII
0.435
±
An analysis of the development trend of the decade values of the P±E indicator was carried out
using the Mann-Kendall test for the period 1971±2010 across all the experimental localities (Table 2).
A statistically significant decreasing linear trend at the level of reliability P < 0.05 was recorded
in the VI decade of the vegetation period, 111th±120th day of year (the second half of April). In this
time, the phenological phases emergence and tillering of the cereals take place in Central Europe.
According to Haberle et al. (2008), the occurrence of drought during sowing and the vegetative phases
of the growth of the cereals influences the emergence of the herbage and the following reduction
of the tillers. The phenophase of the tillering determines the number of spikes and the of secondary
roots. Spinoni et al. (2014) investigated the causes and mechanisms of the drought occurrence
in different parts of Europe, and discovered that the distribution of precipitation in Central Europe is
increasingly irregulDU ZKLOH WKH WHPSHUDWXUH RI DLU LV LQFUHDVLQJ DV ZHOO 3RGKUi]VNi HW DO  
DQG 6WĜHGRYi HW DO   GLVFRYHUHG DQ LQFUHDVH LQ SRWHQWLDO HYDSR-transpiration and thus a higher
risk of drought in areas of intensive farming in Central and South Moravia and Central Bohemiabe
in the period 1961±2010, compared to the average values between the years 1901 and 1950.
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Figure 1 Ten-day values of P±E indicator within the growing season during 1971±2010
I
II
III
IV
V
VI VII VIII IX
X
XI XII
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
Legend to Figure 1:
Colour

Range of percentiles



45 to 55

Abbreviation
VDC
MDC
SDC
NC

Categories
very dry conditions
moderately dry conditions
slightly dry conditions
normal conditions





SWC
MWC
VWC

slightly wet conditions
moderately wet conditions
very wet conditions
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CONCLUSION
On the basis of the P±E indicator a significant variability of the moisture conditions
in the individual decades of vegetation was recorded in the period 1971±2010. Dry vegetation periods
were recorded in the seasons 1976, 1993, and 2003, while humid vegetation periods were recorded
in the seasons 1987, 1995, and 2010. In the decade between days 111 and 120 of the year,
a statistically decreasing linear trend was discovered (P < 0.05), thus drier moisture conditions are
likely in a significant area of the Czech Republic. In this decade, important vegetative phases
of the growth of the agricultural crops take place in Central Europe, which can have a negative impact
on the crop yield.
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Abstract: Drought is one of the most serious abiotic stressors reducing the yield of cereal crops
worldwide. 3ODQWV FDQ GHIHQG ZDWHU VFDUFLW\ E\ ÄGURXJKW HVFDSH³ WKDQNV WR PRUH YLJRURXV VHHG
RUE\ÄGHK\GUDWLRQDYRLGDQFH³YLDGHYHORSPHQWRIODUJHUDQGGHHSHUURRWV\VWHPLQFUXFLDOYHJHWDWLRQ
stages. The root system size (RSS) and seed vigour of 14 winter wheat genotypes were tested
in a two-year field experiment. RSS was evaluated by measuring its electrical capacitance in three
YHJHWDWLRQ VWDJHV 7KH VHHG YLJRXU ZDV WHVWHG LQ FRQGLWLRQV RI FROG  &  DQG GURXJKW VWUHVV
(at -0.5 MPa). RSS was significantly affected by genotype in stem elongation phase (11.4%) and in the
average of vegetation period (8.2%). The seed vigour was significantly affected by the interaction
of the genotype with the year (40.4%) and genotype (37.3%). Correlation analysis of seed parameters
and RSS and grain yield respectively did not show a clear relationship of the monitored traits. However,
the grain yield was significantly affected by the root system size, especially in the heading phase in dry
conditions. Hence, larger root system could be responsible for improved drought tolerance of wheat.
Key Words: climate change, phenotyping, seed germination, wheat, grain yield
INTRODUCTION
The occurrence of drought and its effects have currently been widely discussed among
researchers, farmers and professionals. As the Assessment Report IPCC (2007) shows, the air
temperature has increase E\C in the 20th century, and according to the scenarios, it is possible
to expect its further rise. Similarly, it is possible to expect a change of the amount and distribution
of precipitation. In the Czech Republic, the amount of days without precipitation can rise from today's
79.9 up to 141.6 in the period 2071±2100, however the annual precipitation total should not
EH VLJQLILFDQWO\ DIIHFWHG 6SiþLORYi HW DO   7KH JOREDO ZDUPLQJ ZLOO SUHVXPDEO\ FDXVH D 
increase in the lack of water, not only in the areas with regular drought occurrence (de Almeida Silva
et al. 2012).
Breeding for the drought tolerance is complicated by a genetic disposition of this polygenic trait,
typical for its low heritability. Along with this, it is the time of the drought occurrence, its duration
and intensity, which prevent scientists from finding the traits characteristic for the tolerant plant
genotypes. The selection based on the traits determining high yield in stress conditions can only be
applied in those production areas, where a particular kind of stress occurs regularly every year
in the same phase of the vegetation period (Cattivelli et al. 2008). One of the aims is to create such
genotypes, which would be able to withstand drought during the vegetation period without lowering
of the yield potential in stress-free conditions. These genotypes should be characterized by a phenotypic
plasticity mirroring the interaction of the genotype with the environment. However, from the aspect
of plant physiology, the genotypes with high yield and effective nutrient uptake are often less tolerant
to the lack of resources (de Almeida Silva et al. 2012).
Out of many plant characteristics related to drought tolerance, such traits are selected,
which present clear information of the phenotype of an individual plant exposed to the lack of water.
Development of a large root system and seed vigour can represent tools of the stress avoidance strategy.
The genotypes with more vigorous seeds will supposedly increase their tolerance of drought.
More vigorous seedlings are more likely to resist potential drought in the initial vegetation phases
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(drought escape), will create a larger root system and will survive drought in the following vegetation
phases as well. Availability of soil moisture is essential for seed germination (Benett 2004). Water
potential of the soil lower than -2 MPa is a critical boundary for germination of the wheat seeds
(Lindstrom et al. 1976), however some genotypes experience stress even at -0.5 MPa. Bertholdsson
and Brantestam-Kolodinska (2009) discovered, that early vigour of the root system and development
of more fine roots is important for barley drought tolerance. The length of the germinal roots is used
for evaluation of the growth of the germinating seeds (Kakhki et al. 2008), hence the seed vigour
.OLPHãRYiHWDO 9LQWUOtNRYiHWDO 
Early development of the roots and their presence in deeper soil profile layers can be an advantage
in case of the drought stress. Wheat and barley varieties with a larger root system use the water
and nutrient resources more effectively than the varieties with a smaller root system, which results
in higher grain yield (Chloupek et al. 2010, 6WĜHGDHWDO, 6YDþLQDHWDO. 2014, +HĜPDQVNiHWDO
2015). For instance, when 12 barley populations crossbred with regard to the root system size were
selected, in the F3 generation, the root system grew by 3.9%, which was related to the increase
iQ\LHOGE\ 6YDþLQDHWDO 2014). Higher root length density in the soil profile layer of 30±50 cm
was statistically significantly related to higher barley grain \LHOG LQ GULHU FRQGLWLRQV .OLPHãRYi
DQG6WĜHGD 
The aim of this work was to (i) analyze the differences in the root system size in 3 phenological
phases, and in seed vigour or germination of selected wheat varieties, quantify the relationship between
(ii) the root system size and seed vigour, and (iii) RSS and seed vigour, respectively and grain yield
in a two-year field experiment.
MATERIAL AND METHODS
Root system size (RSS), seed vigour and germination were evaluated in 14 or 13 winter genotypes
of wheat (Table 1) in a field experiment at Branisovice locality (South Moravia, Czech Republic)
in 2015 and 2016. Root system size (nF) of 672 plants in 4 replications was measured using the electrical
capacitance method according to Chloupek (1972) in the stem elongation (BBCH 30), heading
(BBCH 50) and grain filling phase using the LCR device (Extech instruments, NH, USA)
at the frequency of 1 kHz. At the same time, germination and vigour of the seeds of the same genotypes
in laboratory conditions were tested. Vigour was established as a percentage of germinated seeds
in stress conditions: temperature of 10 &DQGSK\VLRORJLFDOGURXJKW -0.5 MPa in the water solution
of polyethylene glycol (PEG 6000). A control variant was established at the same time, with optimum
water regime at the temperature of 10 & JHUPLQDtion). Both variants were established in germination
chamber on the filter paper with 50 grains and replicated 3 times. Only the seeds with a sprout at least
as long as half of the grain and with at least 3 roots were considered properly germinated. The number
of germinated seeds were evaluated after 2 weeks. Grains were harvested in fully ripe phase
(BBCH 90). The analysis of variance S    DQG WKH FRUUHODWLRQ DQDO\VLV ZHUH SURFHVVed
with the STATISTICA 12 software (Statsoft Inc., Tulsa, OK, USA). The effect of experimental factors
(%) on the variability of data was quantified.
Table 1 Earliness of wheat genotypes tested for RSS, seed vigour and germination
Wheat
genotype
Earliness

501 502 504 507 509 510 517 523 527 528 530 531 533 538
L

E

E

E

E

E

L

E

L

L

L

E

E

E

Legend: Earliness: L (Late), E (Early)

RESULTS AND DISCUSSION
Root system size
Root system size of winter wheat was statistically significantly affected by the genotype
in the stem elongation phase (11.4%) and during the vegetation period on average (8.2%).
In the heading and grain filling phase, the differences between genotypes were not statistically
significant. A statistically significant effect of a year on the RSS values reached 76.2±84.5% in all
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the phenophases. The considerable effect of a year on the RSS is based on the measurement method,
hence it will not be considered further. Relative values of the root system size of the monitored
genotypes in 2015 statistically significantly correlated with the values in 2016 in the stem elongation
phase (r = 0.548) and on average during vegetation (r = 0.604). Thus, genotypes maintain a stable root
system size during the vegetative growth without a significant interaction with the environment
(6.5%). Higher RSS values of both years in the stem elongation phase were recorded mainly in late
genotypes, however in the grain filling phase this tendency did not occur. Statistically significantly
larger root system was developed by the genotypes 517 (2.45 nF), 527 (2.34 nF) and 501 (2.53 nF),
in comparison to 533 (1.55 nF) in the stem elongation phase. The genotype 538 (0.44±2.24 nF) showed
constantly higher values of RSS during all the vegetation, on the other hand, low values of RSS were
recorded in 523 (0.28±1.7 nF). Root system size was variable in some genotypes during
the vegetation.
Seed vigour and germination
Seed vigour and germination of 13 genotypes of wheat in the control variant was monitored
for two years. The genotype 538 was not included in the experiment in 2015. Natural conditions (drought
stress and cold stress) were simulated in order to evaluate the seed vigour during the germination.
A significant effect of a genotype (37.3%) and the interaction of a genotype and year (40.4%)
on the values of seed vigour was found, however the weather during the vegetation period influenced
neither germination, nor vigour (2.4%). The genotypes reached the germination/vigour of 99/87%
(in average). Seed germination was not affected by any experimental factor. The lowest vigour values
were during the two-year monitoring observed in the genotypes 527 (73%) and 510 (78%), statistically
significantly better seed vigour was typical for the genotype 530 (95%).
The relationship of the root system size and seed parameters
The relationship of a genotype earliness and vigour or germination values was not confirmed.
The relationship of seed vigour, germination and root system size is vague as well. In 2015, the lowest
seed vigour value was recorded in the genotypes with a small root system size (533 and 509), while
in 2016 these genotypes developed the most vigorous seeds. The genotype 527, typical for its large root
system size in the stem elongation and the grain filling phase developed the least vigorous seeds in both
years. The relationship of the RSS and seed vigour/germination has not been confirmed.
The relationship of the RSS and seed vigour of similar plants (the relationship of the parental RSS
and progeny germination) was not significant. What is remarkable, is the mostly negative relationship
of the monitored traits. Higher values of negative correlation coefficients were found for the relationship
of germination and RSS in both years (r = -0.249 to r = -0.436). A faster growth of a shoot
and germinal roots of the vigorous seedlings presumably does not relate to the root system size
in the latter phases of the wheat development. Contrary to these results, a positive relationship was
observed between RSS and seed vigour of barley, expressed by the length and surface area of the roots
DQGVKRRW .OLPHãRYiHWDO 
Figure 1 The root system size (nF) of 14 wheat genotypes in heading phase and during the vegetation
period (average from the three phenophases) in relation to grain yield (%) in 2015±2016
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Relationship of the grain yield, RSS and seed parameters
Wheat grain yield at the monitored locality with frequent drought occurrence during the two-year
observation was affected by the root system size. Especially in 2015, when wheat canopies was affected
by a short-term drought in May and June, more yield was provided by the varieties with larger root
systems in the heading phase (r = 0.533) (Table 2). RSS values in the heading phase affected mainly
the yield of the late varieties (r = 0.965), for the yield of the early varieties, RSS in the stem elongation
phase was important (r = 0.771). In 2015±2016, the higher grain yield was statistically significantly
related to higher RSS in the heading phase (r = 0.603), and average RSS during the vegetation period
(r = 0.581) (see Figure 1), mainly in the early genotypes (r = 0.784). Seed vigour and germination was
not related to the grain yield (Table 2). This may be caused by the long vegetation period of the winter
wheat, which is strongly affected by the course of weather in the winter months.
Table 2 Correlation coefficients of the relationship of the root system size of wheat genotypes (total:
n = 14; early: n = 9; late: n = 5) in two years in three vegetation phases (stem elongation, heading,
grain filling, average) and seed characteristics (vigour, germination) to grain yield
Root system size
Seed
Seed
Stem
Grain
vigour
germination
Heading
Average
elongation
filling
2015

2016

Both years

Total

0.499

0.533*

0.406

0.545*

0.045

-0.062

Late

-0.418

0.965**

0.866

0.285

0.393

-0.185

Early

0.771*

0.428

0.276

0.731*

0.084

-0.297

Total

0.378

0.513

-0.052

0.487

-0.200

-0.214

Late

-0.622

0.181

-0.581

-0.555

-0.367

0.001

Early

0.452

0.579

0.066

0.661

0.316

-0.278

Total

0.472

0.603*

0.362

0.581*

-0.297

-0.244

Late

-0.801

0.747

0.047

-0.685

-0.385

-0.163

Early

0.663

0.439

0.413

0.784*

-0.424

0.321

Legend: Statistically significant values of correlation coeffLFLHQWVDUHPDUNHGE\ DQG UHVSDWSDQGSUHVS
Correlation coefficients were determined for seed vigour and seed germination in 13 genotypes in total, and in 8 early
genotypes in 2015 and in both years.

CONCLUSION
The root system size and seed vigour of wheat vary across the genotypes. RSS in the stem
elongation phase was during the two-year observation significantly affected by the genotype. Hence
it is possible to select wheat genotypes by the root system size as soon as in the vegetative development
phases. In comparison to the germination values, seed vigour is significantly affected by the interaction
of genotype and year, and a genotype, which implies the possibility of selection of suitable genotypes
with a higher seed vigour on the basis of long-term experiments. Correlation analysis of the relationship
of the parameters of the seeds and RSS or grain yield did not confirm a clear connection of the monitored
traits. However, the grain yield was statistically significantly affected by the root system size mainly
in the heading phase. Hence, larger root system can be responsible for improved drought tolerance
of wheat.
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Abstract: The application of nitrogen fertilizers is a challenge both in environmental and economic
terms. The solution to the issue of rational nitrogen management is the variable rate application (VRA)
of nitrogen fertilizers, which respects site specific soil conditions and the nutrient status of plants.
The methodology of the work was based on the collection of data from the Isaria crop sensor system
(IRMI, IBI values and N rate), yield maps of winter wheat from the harvesters, Sentinel±2 NDVI image
and digital elevation model of the fields. All experimental work was carried out in Zdounky (Kromeriz)
during the year 2016. These data were processed and analyzed by using geographic information systems
and then statistically evaluated the relationships between variables. There was found a moderate positive
relationship between the Sentinel NDVI imagery and the IBI and IRMI indices in both application. Also,
high correlation between crop yield and N rate in second application confirmed the influence of N doses
for yield production. Furthermore, the negative effect of elevation on the crop yield was observed.
Key Words: crop sensing, variable rate application, precision agriculture, yield mapping
INTRODUCTION
The most important yield formation factor of cereals is nitrogen fertilizing. The application
of nitrogen fertilizers is a challenge both in environmental and economic terms, as fertilizer prices have
increased many times over the last twenty years. The solution to the issue of rational nitrogen
management is the variable rate application (VRA) of nitrogen fertilizers, which respects site specific
soil conditions and the nutrient status of plants. VRA of fertilizers should result in a higher efficiency
in the use of nitrogen, which is important for the environment (.OtU 2002). According to Heege (2013),
higher accuracy in application and increased efficiency of nitrogen utilization is required to achieve
a higher yield while decrease of nitrogen costs and water contamination by nitrates.
Nowadays, the VRA of nitrogen topdressing is based on the crop sensing by remote sensing, such
as aerial, unmanned or satellite survey, or by on-the-go proximal sensing. Crop sensors are mounted
on the machinery and use information about the reflectance of visible and near-infrared spectrum,
which is related to the crop parameters, such as LAI, chlorophyll content, aboveground crop biomass
and other.
Some of crop sensor systems can react not only to the actual crop status, but also to combine
that with the information about site specific productivity of soil ± in form of yield potential maps. Yield
potential maps are produced from time-series of yield maps and describes the spatial heterogeneity
of yield trends. Blackmore and Larscheid (1997) proposed a method for classification of yield zones
based on the normalized yield maps - the yield level and its stability. This method divides the field area
into three categories based on the variation of each site in recent years: (a) high and stable yields,
where the crop LQSXWVVKRXOGQ¶WOLPLWWKHFURS\LHOGV; (b) low and stable yields where the crop inputs
should be limited until the cause of low yield will be investigated and managed; and (c) areas
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with unstable yields, where the high intensity of crop management should be considered according
to the weather condition.
The aim of this study is to investigate the spatial variability of crop parameters measured by crop
sensing system Fritzmeier Isaria, the recommendation of N application and to evaluate its relation
to the crop yield heterogeneity.
MATERIAL AND METHODS
Study area
Input data of winter wheat were acquired during the year 2016 by mapping of fields with total
area 248 ha at farm company SALIX MORAVA a.s. (part of Spearhead Czech s.r.o. holding). Zdounky
area is located in the sugar beet production area in district Kromeriz. The climatic condition of the region
is slightly warm to warm and slightly damp. The long-WHUP DYHUDJH DQQXDO WHPSHUDWXUH LV  &
and the average precipitation is 550±700 mm. The fields are located at an altitude of 205±320 m a.s.l.
The soil types are Chernozem, Haplic Luvisol, Cambisol and Fluvisol with medium to deep soil depth.
The humus content is moderately high, equal to 2±3%. Soil pH value ranges between 6.6±7.2. Fields are
flat to moderately sloped.
Variable application of fertilizers by Fritzmeier Isaria
Application of nitrogen fertilizers to winter wheat crop during vegetation was carried out
as variable rate application (VRA) of Urea Stabil (N2±2nd application, BBCH 29±30) and ammonium
nitrate with dolomite (N3±3rd application, BBCH 44) by John Deere 6195R with the spreader Amazone
ZA-TS 4200 and crop sensing system Fritzmeier Isaria (Figure 1). Nutrient status of plants is evaluated
based on the spectral measurement of crops by active LED lighting in four spectral wavelengths
(660±780 nm). Two vegetation indices are calculated - Isaria Reflectance Measurement Index (IRMI),
which is related to chlorophyll content, and Isaria Biomass Index (IBI) related to crop biomass. Spreader
was under full control of CCI terminal with automatic detection of swath overlaps. Isaria system works
in various modes±for this study application of fertilizers under absolute mode with/without yield
potential maps was used.
Figure 1 Nitrogen application by Isaria system on the field (left) and board terminals in tractor cabin
(right). Photo by V. Lukas

The Isaria system uses the yield potential maps that are determined by spatial analysis
of the multi±temporal series of multispectral satellite data. It is the identification of yield above±average
and below±average area within the field and their percentage expression with respect to the average
value of the vegetation index sensitive to chDQJHV LQ ELRPDVV ěH]QtN HW DO 2016). The maps were
in two variants: (1) provided by Fritzmeier company and (2) calculated by Department of AgroSystems
and Bioclimatology of Mendel University in Brno according to their own algorithm.
Records of vegetation indices and applied N rates were downloaded from board computer
and processed in ArcGIS 10.3 application (ESRI. Redlands. USA). Files were merged based on the field
identification and interpolated by spatial interpolation techniques to continuous raster maps. In this
Empirical Bayesian Kriging (EBK) method was used to reach the most optimal results of interpolation.
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Crop yield mapping by harvesters
Yield data of winter wheat were recorded during the harvest 2016 carried out by Claas Lexion
670 harvesters. Each harvester was equipped by DGPS, grain flow and moisture sensors. The results are
point data with location, grain moisture, wet and dry yield, width and other parameters. The data were
processed in ArcGIS. In some cases where two harvesters were on the field, the records needed to be
additionally calibrated to obtain comparable results from both harvesters. Second step was to filter
outliers and error values and spatial interpolation. In this case ordinary kriging technique was applied
to smooth the differences at small scale level.
Figure 2 Example of histogram offset caused by combination of records from two harvesters. Map
on the left shows original values, on the right is yield map after correction

Other data used in the study
Additionally, NDVI image from satellite Sentinel±2 with spatial resolution of 10 m per pixel,
acquired in 23 May 2016 (BBCH 44±47), was used for estimation of crop variability. To obtain
information of field topography, the online available DMR4G provided by Czech Office for Surveying,
Mapping and Cadastre (CUZK) was analyzed in Geographic Information System (GIS).
RESULTS AND DISCUSSION
Mapping of crop and yield variability
The results of crop mapping by Isaria system in form of IRMI, IBI values and N rate for both
terms of application were analyzed by GIS. The results of winter wheat grain yield recorded
by harvesters and their basic statistics for observed fields are listed in the Table 1. Average yield varied
among the fields from 7.22 t/ha (Field 8102/1) to 10.47 t/ha (Field 4002/1). Although coefficient
of variability, considered as the indicator of within field yield heterogeneity, gains range which could
be considered according to Blackmore et al. (2003) as the lower spatial variability (8.32 to 13.98%, both
bellow threshold 30%), the whole dataset of yield starts at 3.65 t/ha and finishes at 12.39 t/ha.
Figure 3 Yield maps and box plot graph of grain yield ranges for observed fields
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Table 1 List of the observed fields and basic statistics of winter wheat grain yield recorded by harvester
Grain yield [t/ha]
Area
Sum
CV
Field ID
[ha]
Min
Max Range Average St. dev.
[t]
[%]
Variety
0402/1
41.23
3.94 10.50
6.56
7.58
0.82 312.59 10.80 Viriato
4002/1
20.01
6.65 12.20
5.55
10.47
0.96 209.47
9.15 Tobak VO
4003/1
6.47
4.84 12.39
7.55
9.44
1.15 61.11 12.15 Tobak VO
4107/1
7.12
4.35 11.41
7.05
9.33
1.13 66.45 12.12 Tobak VO
8101/2
21.61
5.86 10.92
5.06
9.21
0.78 199.13
8.49 Matchball E
8102/1
8.07
4.63 11.85
7.22
9.06
1.22 73.20 13.41 Matchball VO
8201/1
4.8
4.57
9.56
4.98
7.22
0.98 34.68 13.59 Rebel
8202/1
44.02
5.55 11.53
5.98
9.43
0.78 415.20
8.32 Rebel
9301/3
57.44
3.65 10.68
7.03
7.67
0.80 58.30 10.43 Matchball
9302/16
7.73
3.81 10.14
6.32
7.54
1.05 440.60 13.98 Rebel
Legend: St. dev. ± standard deviation; CV ± coefficient of variation

The map of crop yields and box plot graph in Figure 3 illustrates the yield heterogeneity
and ranges over each observed field. Coincidence of within field yield distribution to other measured
crop and site characteristics is presented and discussed in next section.
Evaluation of relationship among crop, yield and site parameters
The relationship among observed vegetation parameters, crop yields and topography
characteristics were evaluated based on the results of correlation and regression analysis. The variables
without normal distribution were calculated by Spearman correlation. The matrix of Spearman
correlation coefficients is shown in Table 2. All results were significant at 95% level due to the huge
number of records.
Table 2 Correlation matrix of Spearman correlation coefficient (r)
NDVI
(23
May)

Grain
yield

NDVI (23 May)

1.000

0.212

0.488

0.435

0.123

0.627

Grain yield

0.212

1.000

0.136

0.292

0.638

N2 IRMI

0.488

0.136

1.000

0.878

N2 IBI

0.435

0.292

0.878

N2 apl.N

0.123

0.638

N3 IRMI

0.627

N3 IBI

N3
apl.N

DEM

YP

0.620

-0.436

-0.013

0.285

0.528

0.485

-0.309

-0.624

0.059

0.070

0.704

0.768

-0.383

-0.176

0.254

1.000

0.244

0.688

0.752

-0.291

-0.324

0.229

0.070

0.244

1.000

0.368

0.334

-0.142

-0.541

0.168

0.528

0.704

0.688

0.368

1.000

0.952

-0.619

-0.409

0.226

0.620

0.485

0.768

0.752

0.334

0.952

1.000

-0.544

-0.350

0.227

N3 apl.N

-0.436

-0.309

-0.383

-0.291

-0.142

-0.619

-0.544

1.000

0.329

0.127

DEM

-0.013

-0.624

-0.176

-0.324

-0.541

-0.409

-0.350

0.329

1.000

0.027

0.285

0.059

0.254

0.229

0.168

0.226

0.227

0.127

0.027

1.000

Variable

YP

N2
IRMI

N2 IBI

N2
apl.N

N3
IRMI

N3 IBI

Legend: N2, N3 ± second and third nitrogen application; YP ± yield potential map (MENDELU); DEM ± digital elevation
model

Highest correlation to grain yield was reached by N rate values in second application (N2), while
the N3 application rates had negative relationship to crop yield. This confirms the effect of second
nitrogen application on the yield formation, while the third application aims on the grain quality
parameters.
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The Sentinel±2 NDVI reached highest level of correlation with the Isaria vegetation indices
(IRMI, IBI) at N3 application, which is in the same vegetation period (23 May 2016) and coincide
by spectral measurement. Lower correlation was found to the previous measurement of Isaria (N2).
Although relation to crop yield and yield potential maps (YP) was significant, it is very low to explain
the measured variability. Comparing of N2 and N3 Isaria indices shows good repeatability
of measurement and high sensitivity to the crop spatial variability.
The higher negative correlation of crop yield and field topography (r = -0.624), represented
by digital elevation model, claims the increased yields in the lower terrain elevation. This is confirmed
DOVR E\ VWXG\ RI .XPKDORYi   ZKHUH crop yields and topography derivate were analyzed.
Topographic parameters influence the soil parameters, such as water availability, soil texture
and organic matter content.
Figure 4 Scatter plot of crop yield and N rate by second nitrogen application

The scatterplot in Figure 4 shows the relationship between the yield and the applied amount
of nitrogen in the second application. The value of the correlation coefficient r = 0.62 indicates
a relatively high degree of direct dependence. Based on the linear regression equation (yield = 4.0388 +
0.0574 î N2_amount), increase of 10 kg N rate led to increase of yield 0.574 t/ha. Depending
on the index of determination, the model R2 explained 38.8% of the data variability. The vertical points
for some fields (402/1, 8101/2, 9302/16) indicate a constant N rate by non-optimal settings of Isaria.
Thriwakala et al. (1997) noted that on the high and moderate productive soil should be variable
application set to higher doses. 7KHVWXG\RI+UĤ]D(2008) showed an economic benefit of fertilizers
at less productive areas. As shown by *DODPERãRYi et al. (2015), variable nitrogen applications based
on the Isaria system together with yield potential maps brought a significant economic benefit
in the form of an increase in yield of 1.25 t/ha. The increase was due to higher doses of fertilizer by an
average of 49 kg N per ha, which was utilized by plants.
CONCLUSIONS
The evaluation of crop and yield mapping reveals significant spatial differences both
in the assessment of vegetation status and crop yields recorded by harvester. The crucial step is the high
quality of data pre-processing, which in the case of yield data can omit many errors. The analysis
of interdependencies has shown the connection between the observed characteristics of the crop stand,
yield and topographical properties of fields. A moderate positive relationship was found between
the Sentinel NDVI imagery and the IBI and IRMI indices in both application. Also, high correlation
between crop yield and N rate in second application confirmed the influence of N doses for yield
production. Furthermore, the negative effect of elevation on the crop yield was observed.
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Based on the results obtained, it can be stated that the precision farming system is able to provide
sufficient information on the field heterogeneity with the potential to optimize input control in crop
production. However, the economic effect is long-term and depends on the skills of the farm workers
to utilize the precision farming technologies.
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Abstract: For organic growers is very important to increase yield and quality of production by using
suitable bioadditives. Onion is the most economically significant member of the Asparagales. Also, it
is a good source of vitamins, minerals, polyphenols as well as carotenoids and antioxidants. The field
experiment with total size of 128 m2 was conducted to study the effect of three bioadditives on yield
and quality of two cultivars of onion Allium cepa L., Stuttgarter riesen, and Rote Laaer during 2016
in Lednice, Czech Republic. The experiment was set according to the Latin square system in four
repetitions including control. Bioaditives, B-Stimul, EkoBooster 2 and Vermifit A were used during
vegetation period. Bioaditives, B-Stimul contains Azotobacter, Azospirillum, Herbaspirillum, Bacillus,
Chlorella. EkoBooster 2 which contains organic matter, N, P, K stimulates, and Vermifit
A composition nutrients in immediately acceptable forms, plant hormones, enzymes, coenzymes,
sugars, extract of compost of Californian earthworm. The treatment Vermifit A was applied four times
during vegetation period, while B-stimul and Ekobooster 2 three times. The total and market yield
and the content of vitamin C and carotenoids were determined. The influence of the treatments
on those parameters was evaluated. The bioadditives treatments affected content of vitamin C,
carotenoids, as well as marketable yield. The results indicated in the cultivar Stuttgarter riesen
the highest content of vitamin C (46.05 mg/kg), and carotenoids (14.60 mg/kg) found in B-stimul.
In the cultivar Rote Laaer the highest content of vitamin C was found in control (17.47 mg/kg),
and the highest content of carotenoids in EkoBooster 2 (7.54 mg/kg). Also, this cultivar showed
the highest market yield in control (3.12 kg/m2), while cultivar Stuttgarter riesen the highest market
yield in EkoBooster 2 (3.48 kg/m2). The study showed that between cultivars and treatments there
were no statistically significant differences in total yield.
Key Words: bacteria, organic agriculture, vitamin C, carotenoids, yields
INTRODUCTION
The common onion (Allium cepa L.) is one of the most popular and important vegetable crops
worldwide. Onion production and consumption are steadily increasing globally (Hassan 2008), and it
is widely used as a vegetable by almost all classes of the society (FAOSTAT 2005).
Organic farming reduces the cost of production by utilization of organic wastes as fertilizers
which are said to be the potential source of pollution unless they are used in a productive and efficient
way (Banjare et al. 2015). For sustainable production and productivity as well as quality, organic
farming may be the alternative means. Only a few researchers like Yadav et al. (2004), Jha
et al. (2006), Balemi et al. (2007), studied the effect of bio-fertilizers on an onion. Yassen and Khalid
(2009) showed that all organic fertilizer treatments improved vegetative growth characters, some
of the main constituents of essential oil and N, P, K contents.
This experiment was based on an evaluation of organic onion performance with using different
additions containing bacteria (Azotobacter sp., Azospirillum, Herbaspirillum sp., Bacillus sp.,
Chlorella sp., Bacillus coagulans), compost (which contain earthworms) and organic matter
with content of N, P, K. For the production of biofertilizers and active cultures of bacteria were used,
Bacillus subtilis and Bacillus megatherium var. phosphaticus. These bacteria, produce vitamins
and other biologically active compounds which are stimulative for plant growth (Compant et al. 2010).
The compatible combination of selected bio-additives for a particular plant species or genotype can
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lead to numerous improvements of crop production including plantlet survival, increased plant health
and resistance to environmental factors, and yieOGLQFUHDVH 9RViWNDHt al. 2014). Compost addition is
also known to enhance microbial biomass and soil respiration (Bhattacharyya et al. 2003). Soil
microbial health can be related to soil enzyme activity which is enhanced by fermentation of compost
(Crecchio et al. 2001). The earthworms fragment the organic waste substrates, stimulate microbial
activity greatly and increase rates of mineralization, rapidly converting the wastes into humus-like
substances with a finer structure than composts but possessing a greater and more diverse microbial
activity, commonly referred to as vermicomposts (Atiyeh et al. 2000). There is a good scope
of increasing onion yield and quality for which nutrient management is one of the most important
considerations under organic production system (Patel et al. 2005).
The aim of this study was to evaluate the effect of selected bioadditives on content of vitamin C,
carotenoids and yield on different cultivars of onion.
MATERIALS AND METHODS
Experiment took place in 2016 on the experimental field of the Faculty of Horticulture
in Lednice, Mendel University in Brno, Czech Republic. The trials were conducted according
to the Latin square system in four repetitions including control. Sowing was done on 15 March on the
depth: 1.5±2 cm in a greenhouse in containers while transplanting was done on 4 May, respectively.
Each cultivar contained 16 plots with a size of each 4 Pð  x 2 m) per plot. The spacing was
î0.035 m (270 plants). Harvesting was done on 9 August.
Materials
For the experiment were used two onion cultivars: Stuttgarter riesen, yellow onion and Rote
Laaer, violet-red onion (Permaland, Czech Republic). Treatments B-Stimul, Ekobooster 2
and Vermifit A were used. B-Stimul (Rawat, Czech Republic) contains a mixture of the following
bacterial and algal cultures: Bacillus licheniformis, Bacillus megatherium, Azotobacter sp.,
Azospirillum, Azotobacter, Herbaspirillum sp. and Chlorella vulgaris at a concentration of 107 cfu/g.
EkoBooster 2 (Ekopatent, Serbia) with content of organic matter 7.8%, N-9%, P-1%, K-4%. Vermifit
A (Primrose, Czech Republic) is extract of compost from California earthworms and peat, contains
nutrients in immediately acceptable forms, plant hormones, enzymes, coenzymes, amino acids
and sugars. Composition is as follows: pH/H2O 8.2, total nitrogen N 1.9, total potassium as K2O 35.6,
total phosphorus as P2O5 2.8, dry matter 0.95%. The treatment Vermifit A was applied four times
during vegetation period while B-stimul and Ekobooster 2 three times. The application was foliar
for each treatment with dose for 1 m2: Vermifit A 0.4 ml dissolved in 39.6 ml of water, B-stimul
3.38 g dissolved in 3.38 l of water, Ekobooster 2 0.125 ml dissolved in 25 ml of water. Analyses
for internal quality and economic parametric were done at the laboratory of Faculty of Horticulture.
All bulbs for analyses were medium size, peeled and not damaged.
Vitamin C (ascorbic acid)
The concentration of vitamin C was determined by HPLC according to Arya and Mahajan
(2000) with slight modification. A fresh sample of onion bulbs (20 g) was homogenized in a blender
with 20 ml oxalic acid. Samples medium size, were taken from each repetition. The homogenate was
topped up with oxalic acid to the volume of 100 ml, filtered, centrifuged (3800 rt/min for 10 minutes
at room temperature) and the supernatant was used for measurement. The amount of ascorbic acid was
expressed as mg/kg fresh mass.
Chromatographic analysis: The analyses were performed by HPLC (ECOM, ECB 2000 Praha,
Czech Republic) at 254 nm using Knauer detector. Analytical column YMC - Triart C18 150 x 4.6
mm. D. S ± ȝO nm. TA12SO5 1546WT, pre-colonies CGC 3x30 Separon SGX 18.7 nm, isocratic
mode of mobile phase (tetrabutylammonium hydroxide), oxalic acid, distilled water, 10:20:70.
Column flow rate 0.5 ml/PLQLQMHFWLRQYROXPHȝOZDYHOHQJWKQP
Carotenoids
0.2 g dry weight of the aerial parts of onion was homogenized and extracted with acetone using
microwave extraction system (Start E, Milestone, Germany). 20 minutes was carried out the extraction
process. After cooling, each sample was kept in dark room for 24 hours. Spectrophotometric
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measurements were performed in cuvettes using a spectrophotometer (Specord 50 PLUS, Analytik
Jena, Germany). Absorbance was measured at the wavelength of 440 nm for carotenoids.
Determination of yields (total and marketable)
After harvest, the yield of each plot was kept under ambient conditions. Determination
of economic parameters by evaluating the total and marketable yields per plot was expressed as kg/m2.
Before determination onion was cleaned from roots and leaves. The quality of production was
HYDOXDWHG DFFRUGLQJ WR &]HFK TXDOLW\ VWDQGDUGV ý61    7KH RQLRQ EXOEV ZHUH JUDGHG
in different categories according to their bulb size: 0±20 mm for small bulbs, 20±40 mm for medium
bulbs, and 40±70 mm for big bulbs.
Statistical analysis
Data were evaluated by two-way analysis of variance (ANOVA) using PC software Statistica
Cz v. 12 (StatSoft). Differences in content levels among the varieties were estimated through Fisher's
LSD test at P=0.05.
RESULTS AND DISCUSSION.
Determination of internal quality
The results of the analysis of vitamin C and carotenoids content in the selected onion cultivars
are shown in Table 1 and Figure 1 and 2.
The vitamin C contents in Stuttgarter riesen ranged from 14.93 to 46.05 mg/kg. The lowest
content of vitamin C was found in control (14.93 mg/kg), while the highest content in B-stimul (46.05
mg/kg). The content of carotenoids in Stuttgarter riesen ranged from 2.80 to 14.60 mg/kg. The lowest
content of carotenoids was found in EkoBooster 2 (2.80 mg/kg), while the highest content in B-stimul
(14.60 mg/kg).
Table 1 Determination of Vitamin C and Carotenoids in onion (mg/kg)
Cultivar
Stuttgarter risen

Treartment
Control

Vitamin C mg/kg
14.93 ab

Carotenoids mg/kg
3.84 ab

Stuttgarter risen

EkoBooster 2

19.57 ac

2.80 b

Stuttgarter risen

Vermifit A

24.18 c

8.52 d

Stuttgarter risen

B-stimul

46.05 d

14.60 e

Rote Laaer

Control

17.47 ac

4.66 ab

Rote Laaer

EkoBooster 2

13.84 ab

7.54 cd

Rote Laaer

Vermifit A

14.88 ab

5.65 ac

Rote Laaer
B-stimul
8.55 b
5.86 ac
Legend: The letter indicates the significant difference according to the LSD test at P=0.05 between treatments and cultivars.
The lowest content of vitamin C in cultivar Rote Laaer contained in treatment B-stimul
(8.55 mg/kg), while the highest in control (17.47 mg/kg). The content of carotenoids in Rote Laaer
ranged from 4.66 to 7.54 mg/kg. The lowest content of carotenoids was found in Control
(4.66 mg/kg), while the highest in EkoBooster 2 (7.54 mg/kg). The content of vitamin C in both
cultivars was not higher compared to USDA (2017), where the content of vitamin C in raw onion is
7.40 mg/100g. At present, using organic manures and biofertilizers such as vermicompost
and nitrogen fixing bacteria contain Azotobacter and Azospirillum have led to a decrease in the
application of chemical fertilizers and has provided high-quality agricultural products (Migahed et al.
2004, Mahfouz and Sharaf Eldin, 2007). According to Gupta et al. ( as cited in Yohannes G. et al.
2017), there is a great scope for improving the yield, quality and shelf life of onion with integrated
nutrient management using organic fertilizer. Results showed that content of carotenoids was not
significantly different between both cultivars in control. The bioadditive comprising of Azotobacter,
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Azospirillum, Herbaspirillum, Bacillus, Chlorella showed significant differences on the quality
parameter of cultivar Stuttgarter riesen within the content of vitamin C and carotenoids.
Figure 1 Content of vitamin C in onion.

Figure 2 (right) Content of carotenoids in onion.
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Determination of yield (market and total)
The results of the analysis of marketable and total yield in the selected onion cultivars are
shown in Table 2. The study showed that between cultivars and treatments do not exist statistically
significant differences in total yield. In the experiment, results showed the highest market yield
in cultivar Stuttgarter riesen in EkoBooster 2 (3.48 kg/m2).The lowest market yield results showed
in Vermifit A (2.99 kg/m2) but it was not significantly different comparing to control and B-stimul.
The treatment EkoBooster 2 comprising of organic matter and N P K showed the best effect
on cultivar Stuttgarter riesen with 15% higher market yield comparing to Vermifit A, 13%, comparing
to control and 10%, comparing to B-stimul. The results indicated market yield of 38 tons per hectare,
which is more than 50% higher comparing to FAOSTAT 2014 results, which showed market yield
of onion per hectare averages 18.45 tons.
The cultivar Rote Laaer contained the highest market yield with control (3.12 kg/m2) but it was
not significantly different compared to Vermifit A. These results showed market yield in control 15%
higher comparing to EkoBooster 2.5% comparing to Vermifit A, and 20% comparing to B-stimul.
Table 2 Determination of market and total yield in onion (kg/m2)
Cultivar
Treatment
Market yield kg/m2 ࢄ
Total yield kg/ m2 ࢄ
Stuttgarter risen
Control
3.04 ab
3.14 a
Stuttgarter risen
EkoBooster 2
3.48 b
3.48 a
Stuttgarter risen
Vermifit A
2.99 ab
3.31 a
Stuttgarter risen
B-stimul
3.14 ab
3.16 a
Rote Laaer
Control
3.12 ab
3.37 a
Rote Laaer
EkoBooster 2
2.65 a
2.92 a
Rote Laaer
Vermifit A
2.98 ab
3.39 a
Rote Laaer
B-stimul
2.50 a
2.88 a
Legend: The letter indicates the significant difference according to the LSD test at P=0.05 between treatments and cultivars.
In both cultivars results showed that it was no significant difference between control
and Vermifit A in market yield. Magdi et al. (2009) reported that the yield and quality of onion were
significantly influenced by fertilizer types. In general, the significant improvement in yield attributes
of onion with organic nitrogen fertilization could be ascribed to an overall improvement in crop
growth. Increasing levels of organic nitrogen also increase onion bulb. However, the use of organic
fertilizer increases the height of the bulb, as reported by Jayathilake et al. (2003) and Akoun (2005).
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Similar result was also reported by Sharma et al. (2003). They found that animal manure applications
increased onion yield. In some studies, P fertilizer applied to onions provided a slightly positive effect,
resulting in an increase in bulb yield as compared with no P fertilization (Amin et al. 2007), whereas,
in others, there were no differences (Boyhan et al. 2007). In the cases of K fertilization levels, some
researchers (Aisha and Taalab 2008, El-Bassiony 2006), reported that the highest bulb yield
and quality were observed with increased potassium sulfate level in the clay or clay loamy soil
of Egypt.
CONCLUSIONS
For consumers, the most important thing for vegetables is how healthy they are
and which nutrients and vitamins they provide. The vitamin C content and carotenoids were studied
in two onion cultivars, using different treatments of bioadditives. According to year 2016, the cultivar
Stuttgarter riesen contained the highest content of vitamin C and the highest content of carotenoids
in treatment B-stimul. The cultivar Rote Laaer contained the highest content of vitamin C in control
and the highest content of carotenoids in treatment EkoBooster 2. Results showed that use
of bioadditives can be useful in the organic production of onion for the farmers in case of yields.
The study concluded that market yield in the cultivar Stuttgarter riesen was significantly increased due
to the application of EkoBooster 2, while in cultivar Rote Laaer the highest market yield was found
in Control. Also, the study showed that between cultivars and treatments there are no statistically
significant differences in total yield.
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Abstract: The most frequent technique used among the wheat (Triticum aestivum) growers, in order to
fight with fungal pathogens, is treating plants with fungicides. Unfortunately, due to the developed
resistance of those pathogens to some active ingredients of fungicides, this method is not always
effective. The aim of this study was to detect the resistance of Zymoseptoria tritici isolates collected
in the Czech Republic during the year 2017 to strobilurin, by laboratory agar dilution biotest and
molecular methods as a CAPS marker and qPCR. Resistance to strobilurin fungicides was found
in 54% of total 66 analysed isolates. The presence of G143A mutation in the resistant isolates was
confirmed.
Key Words: Septoria tritici blotch, Mycosphaerella graminicola, agar dilution method, quinone
outside inhibitors, cytochrome b
INTRODUCION
In agriculture, the main focus is on producing more food with better quality. Due to the climate
change and many other environmental factors, such are diseases and pests, this task became more
challenging. Wheat (Triticum aestivum) is produced for its grain so it is of great importance
to increase the yield. One of the main factors causing yield loss are plant diseases and it is essential
to find an effective method for disease control. Winter wheat is during different stages of its
development attacked by many infectious agents causing a disease. One of the most common
is Zymoseptoria tritici, the causal agent of Septoria tritici blotch (STB). Z. tritici, anamorph
of filamentous ascomycete (Wittenberg et al. 2009) with teleomorph stage Mycosphaerella
graminicola ((Fuckel) Schröter in Cohn) belongs to the genus Mycosphaerella (Quaedvlieg et al.
2011) and it is one of the best studied Mycosphaerella spp. fungi (Rudd et al. 2015). Z. tritici causes
significant yield losses worldwide (Eyal 1999), including the Czech Republic (Drabešová et al. 2013,
Matušinsky et al. 2011, TvarĤåHN et al. 2015, TvarĤåHN HW DO   7KLV IXQJDO SDWKRJHQ HYROYHG
resistance to some chemical compounds of fungicides.
The most frequently used fungicides in wheat disease management are quinone outside
inhibitors (QoIs or strobilurins) that are affecting the respiratory chain of phytopathogenic fungi. The
evolved resistance of Z. tritici isolates to strobilurins is linked to the point mutation in the
mitochondrial cytochrome b gene, resulting in the amino acid substitution from glycine to alanine
at codon 143 (G143A) of the cytochrome b (Fraaije et al. 2003). The G143A mutation is preventing
quinone outside inhibiting (QoI) fungicides to bind to the possible fungicide binding site (ubiquinol
oxidation (Qo) site), letting on fungi to continue mitochondrial respiration. In a population of Z. tritici
are thus two alleles, wild type (standard) allele with glycine (G143) and the resistant (mutant) allele
with alanine (A143). The strobilurins fungicides were introduced for the first time in 1996 (Morton
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and Staub 2008) and the first occurrence of this mutation in Z. tritici genes associated with abovementioned resistance was reported in Europe in 2001 (Fraaije et al. 2005).
Due to a frequent application of this group of fungicides on the territory of the Czech Republic,
the amount of QoI fungicide resistant populations highly increased during the years from 2005 to 2011
(Drabešová et al. 2013). The most recent significant increase of resistant Z. tritici isolates in the Czech
Republic was also detected in 2015, when it was confirmed in 47.3% of tested isolates
(TvarĤåHNHWDO 
MATERIAL AND METHODS
Sampling
Plant material was obtained from different locations, across the Czech Republic. Around 250
samples were collected during the April 2017, when a winter wheat is in the phase of its regeneration,
producing tillers (BBCH 21–29). One leaf sample for qPCR analysis was collected during stage
BBCH 85.
Obtaining isolates
The leaves parts with Z. tritici lesions with pycnidia (Figure 1) were selected from those
samples. After overnight incubation of symptomatic leaves in the wet chamber, pycnidium is releasing
mucus mass called cirrus, containing pycnidiospores. Cirry were transferred to a Petri dishes with
3.9% potato dextrose agar (PDA) with the sterile needle and incubated at 20 °C for 5 days in the dark.
Sixty-six monosporic isolates of Z. tritici were obtained from the collected leaves samples.
Figure 1 The leaf sample with black pycnidia, an asexual fructifications bodies

Biotest
When the mycelium was formed the agar was cut to 1.5 mm pieces with mycelium. Those
cuttings were transferred on the PDA agar containing streptomycin and azoxystrobin. Serial dilutions
of the azoxystrobin were 0.0, 0.01, 0.1, 1.0 and 10.0 μg/ml. Petri dishes with agar were incubated
for 14 days in the dark at 20 °C. After those days diameter of each colony was measured (see
Figure 2). Then the ED50 (μg/ml) value was calculated by probit analysis.
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Figure 2 Growth of Z. tritici (R) resistant (122 and 61) and (S) sensitive (90/1, 148/3 and 200/3)
isolates (in columns) on PDA (potato dextrose agar) with streptomycin and serial dilutions
of azoxystrobin (in rows)

Molecular analyses
DNA extraction
Plant tissue and mycelia of Z. tritici isolates were ground to a fine powder in liquid nitrogen
using a mortar and pestle. Homogenized, and total genomic DNA was extracted, using the DNeasy
Plant Mini Kit (Qiagene, Germany), according to the manufacturer’s instructions.
CAPS marker analysis
Cytochrome b sequences were selected in Gene Bank database (https://www.ncbi.nlm.nih.gov/)
under accession number AY247413.1. Based on these sequences, a set of primers marked
as STcytobF/R (Matušinsky et al., 2011) were designed. Firstly, part of cytochrome b was amplified
and then by specified restriction endonuclease, this section was digested. A total reaction volume of
PCR was 20 μl containing 0.2 mM of each nucleotide dNTP, 1U Taq polymerase, 2.5 mM MgCl2, 1 x
PCR buffer, 0.2 μM of each primer (STcytobF-TGAGGATTTGGAAGAGTCACC and STcytobRGATTTCCTGAACCCGCTGTA) and 10 ng of DNA isolated from mycelium of monosporic isolate
Z. tritici.
Reaction conditions
The reaction temperature is increased to 94 °C for 1 minute. Then 35 cycles of denaturation at
94 °C for 1 minute, annealing at 55 °C for 30 seconds and elongation at 72 °C for 40 seconds. Final
incubation lasted 5 minutes under 72 °C.
In order to proceed the digestion, we mixed 5 μl of final PCR product together with 1 U
of restriction endonuclease BseXI and particular buffer. Total volume was 20 μl. Then we incubated
a mixture at 37 °C for 16 hours. The final product of this analyses were fragments which are later
on separated by the method of horizontal electrophoresis in 1.7% agarose gel.
qPCR
Infected leaf with typical symptoms was tested for the presence of the G143A mutation,
conferring QoI resistance in Z. tritici. For the qPCR was used isolated DNA from that leaf sample,
together with two other samples of Z. tritici (one sensitive and second resistant) as a control. DNAs
of these two isolates were mixed 50:50 (see Figure 4).
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For the singleplex SYBR Green qPCR assays was used Bio-Rad CFX Connect™ real time
PCR
detection
system.
For
the
wild
type
allele
(G143)
was
used
5’-ACCTTATGGTCAAATGTCTTTATGATG-3’ primer and for the mutant allele (A143) was used
5’-ACCTTATGGTCAAATGTCTTTATGATC-3’. The corresponding reverse primer was
5’-AGCAAAGAATCTGTTCAATGTTGC-3’. Cycling conditions were 10 min at 95 °C, followed by
40 cycles of 15 sec at 95 °C, 30 sec at 60 °C and 30 sec at 71 °C (FRAC 2015).
RESULTS AND DISCUSION
The biotest results showed that resistance was found in 54% of collected isolates. Selected
resistant isolates in our test were undergone CAPS marker analysis (see Figure 3) and had G143A
mutation in cytochrome b, associated with QoI resistance.
Figure 3 Separated fragments of selected Z. tritici isolates DNAs in 1.7% agarose gel. M is 100bp
DNA Ladder, samples 1–5 were sensitive in biotest, samples 6–10 were resistant in biotest (DNA of
samples 1–5 is not digested (one band 627bp) which corresponds to standard (wild) allele G143, DNA
of samples 6–10 is digested to the two bands (438bp and 189bp) which corresponds to resistant
(mutant) A143 allele of cytochrome b)

The primers for amplification of wild type allele (WT) and mutant allele (MUT) were used
for distinguishing of sensitive and resistant cytochrome b allele in qPCR. The allele specific primers
amplified WT or MUT allele. They were used for identification of presence G143 (WT) and A143
(MUT) alleles in field sample (wheat leaf infected by Z. tritici) (see Figure 4). The melting analysis
showed that the used primers do not create any unspecific product, which could possibly interfere with
the results of qPCR. In the past 20 years, damages caused by Z. tritici in the Czech Republic increased
rapidly (Drabešová et al. 2013). The incidence and rapid increase in resistance to QoI fungicides have
previously been reported from Western Europe (Fraaije et al. 2005). In our study, a significant
proportion of studied isolates was found to be resistant to strobilurin azoxystrobin. If fungicides are
used repeatedly, the number of resistant populations will continue to grow. In order to avoid
resistance, it is of a high importance to follow anti-resistance strategies. Reducing of a number of the
application during vegetation, as well as using mixtures of fungicides with different modes of action,
will give good results. Good crop management and good host resistance are also essential.
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Figure 4 Identification of wild type (WT) and mutant (MUT) allele of cytochrome b in the field sample
by qPCR. Sensitive (WT) and resistant (MUT) DNA of Z. tritici isolates from mycelium mixed 50:50
were used as a control. The Y axis shows relative fluorescence units (RFU), the X axis shows the
number of cycles

CONCLUSION
In 2017, resistance to strobilurin fungicides was confirmed in 54% of total sixty six analysed
monosporic Z. tritici isolates. Molecular analysis confirmed the presence of G143A mutation
in the cytochrome b gene of selected resistant isolates, which explains their resistance to strobilurins.
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Abstract: Presented experiment was designed to determine the impact of using wastewater on soil
hydrophobicity and availability of mineral nitrogen for soil microorganisms. This impact was studied
by a pot experiment which was performed in control conditions of a greenhouse. The three types
of waste water (treated and untreated greywater, yellow water) and deionized water (control) were used
for irrigation of experimental containers (4.5 kg of soil) planted with Zea mays L. as an indicator.
The measured results confirmed significant effect (P < 0.05) of wastewater application on formation
of soil hydrophobicity and availability of mineral nitrogen for soil microorganisms due to composition
of individual wastewater. The highest level of soil hydrophobicity was found in a variant where
untreated greywater was applied, in comparison to control and other variants. Above all, application
of yellow water significantly increased mineral nitrogen content in soil (by about 20%)
and its availability for soil microorganisms in comparison with (un)treated greywater and control
variant.
Key Words: yellow water, treated greywater, untreated greywater, fertilization, mineral nitrogen, soil
hydrophobicity
INTRODUCTION
Over the last 20 years, drought has been the biggest "climatic threat" for farmers
in the Czech Republic. The largest number of dry episRGHVZDVUHFRUGHGLQäDWHFNRWKH/DEVND3ODLQ
and the South Moravian Region (Potop et al. 2012). Therefore, it can be assumed the impact of drought
on agricultural ecosystems will grow in the near future not only in the Czech Republic but also globally
(Potop et al. 2012, Wilhite et al. 2014). The decrease in soil fertility due to lack of water and nutrients
in soil ± main negative phenomenon of drought can be affected only by using new technologies and
procedures in agriculture, such as changes in land management or new methods of irrigation (%LPOOHU
et al. 2014, Geng et al. 2014). On the other hand, lack of irrigation resources represents the major limiting
factor for the use of irrigation in arid area. Anyway, current sources can be replaced by wastewater
with its EHQHILWVDQGDOVRSRWHQWLDOULVNV %LPOOHUHWDO  The use of wastewater in agriculture
represents new opportunity to the recycling of nutrients and improvement in biological and chemical
properties of soil. The application of wastewater on arable land has to be monitored, because there
are potential risks: contamination of soil by heavy metals, saturation of soil by nitrogen and leaching
of nutrients from soil (Hanjra et al. 2012).
The main objectives of this experiment were as follows: (a) to describe and investigate
the potential
influence
of
wastewater
irrigation
on
availability
of
mineral
nitrogen in soil; and (b) to investigate the interconnection of fertilization and formation of soil
hydrophobicity.
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MATERIAL AND METHODS
Design of laboratory experiment
Laboratory experiment was used to investigate presented objectives from 29th January
th
to 7 May 2014. Twelve experimental plastic (PVC) containers (height = 400 mm; width = 100 mm)
were filled with arable soil (4.6 kg per one container) which was taken (upper layer; 0±30 cm)
in the protective zone of underground source of drinking water ³%ĜH]RYi QDG 6YLWDYRX´
(Lat: 1/RQJ() according ISO 10 381-6. Above all, Zea mays L. was used
as indicator plant (one per a container) and grown under controlled conditions in an experimental
greenhouse (&GD\WHPSHUDWXUH&QLJht temperature, air humidity 75% for all 24 h with a day
length of 12 h with light intensity 4 000 lx).
Table 1 Overview of the laboratory experiment
Treatment
Designation
Characteristic
1
TG
Treated greywater
2
UG
Untreated greywater
3
YW
Yellow water
4
DW
Deionized water (control)
To demonstrate effect of wastewater irrigation on availability of mineral nitrogen (Nmin) in soil
and formation of soil hydrophobicity, four variants of experiment with different kinds of wastewater
irrigation were established (see Table 1), each one in three repetitions. The individual samples
of wastewater were taken from wastewater treatment plant (un/treated greywater) and public restroom
(yellow water). The indicator plant was sown as a germinated seed and the first application of wastewater
was performed after 12 days when the indicator plant had two leaves. Irrigation regime was selected
on the basis of the actual soil moisture which was maintained at 70% of water holding capacity. Total
irrigation dose for all variants and experimental container was 8 340 ml.
Chemical analyses of the used wastewater
The individual samples of wastewater (WW) were analysed according ISO 11905-1:1997
for the determination of nitrogen, ISO 10523 for potential pH measurement and ISO 15705:2002
was used for determination of the chemical oxygen demand index (COD). The measured results
are presented in Table 2.
Table 2 The chemical analysis of used wastewater
Sample of
water

pH

TG
UG
YW

8.45
8.49
8.63

COD
164
143
2 701

Ntot
2.11
5.25
761

mg/kg
Ninorg
NH4-N
0.39
0.15
2.26
0.13
750
749

NO2-N
0.01
1.56
0.12

NO3-N
0.23
0.56
0.95

Water drop penetration time test ± determination of soil hydrophobicity level
The Water Drop Penetration Time Test (WDPT) was used for the quantification of soil
hydrophobicity at individual variants of experiment. WDPT was performed according Doerr (1998):
five GURSV RQH GURS   O  RI GLVWLOOHG ZDWHU ZHUH DSSOLHG onto soil surface using micropipette
(Eppendorf, Germany). Subsequently, penetration time (PT) of individual drops was measured
and recorded. Finally, only median of PT was used as an indicator of soil hydrophobicity or soil water
repellence (SWR) for every replicate of all variants (for example TG a; TG b; TG c; etc.) and it was used
for statistical analysis of whole variant (a, b, c → TG). Level of SWR was classified on the basis
of Table 3. Individual terms of measurement were expressed by growth scale according
to Berglund et al. (2014).
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Table 3 Different classes of SWR on the basis of WDPT according different authors (Doerr 1998)
Adams et al.
Bisdom et al.
Doerr et al.
Classification
(1970)
(1993)
(1996)
Hydrophilic
< 10
<5
< 60
Slightly hydrophobic
10±60
5±60
±
Strongly hydrophobic
±
60±600
±
Severely hydrophobic
> 60
600±3600
±
Extremely hydrophobic
±
> 3600
> 3600
Determination of mineral nitrogen availability for soil microorganisms ± Index of nitrogen
availability
Mineral nitrogen (Nmin consists of ammonium and nitrate N) availability
in soil for microorganisms was measured as amount of N which was stored in the microbial biomass
and therefore indicated availability of ammonium and nitrate N for microbes. Firstly, Nmin availability
was described by Bundy a Meisinger (1994). Authors used this method for example in studies Elbl et al.
(2014): availability of Nmin for soil microbes was determined on the basis of ammonium N production
during 7 day waterlogged production. The analysis consists of two sub-steps: (a) determination
of Nmin content in soil samples before incubation and (b) determination of ammonium N
which is released from microbial bodies (cells) after 7 day incubation.
First step (a): solution of 2M KCl was used for extraction of N min from soil sample
before incubation according to Bundy and Meisinger (1994). Subsequently, the concentration
of released Nmin in extraction solution was determined by distillation-titration method according
to Peoples et al. (1989). Second step (b): a 20 g of soil sample and 50 cm3 of distilled water were placed
into airtight incubation bottle and placed into a thermostat (40 &IRUGD\V $IWHULQFXEDWLRQ, only
concentration of ammonium N was determined by the same method as total Nmin, because concentration
of nitrate N was unchanged.
Statistical analysis
The one-way analysis of variance (ANOVA; P < 0.05) in combination with LSD Fischer test
was used to determine significant differences in availability of N min in soil and level of SWR
between individual variants.
RESULTS AND DISCUSSION
Developed hydrophobicity
The values of WDPT were measured four times during indicator plant growth. Individual terms
of measurement were expressed by vegetative corn growth scale according to Berglund et al. (2014).
The complete overview of measured values is presented in a bar chart supplemented with results
of statistical analysis (Figure 1).
Figure 1 Results of water drop penetration test (WDPT)

Legend: Different letters indicate significant differences at level of P < 0.05 separately for individual Vegetation Corn Growth
(V3, V5, V8, and VT).
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The measured values indicate potential impact of WW application on formation of SWR
on soil surface. Results of the first measurement (V3 ± start of experiment) showed only small
differences between individual variants. These results showed the level of soil hydrophobicity
was similar among individual variants TG, UG and YW. Only one significant difference (P < 0.05)
was found between variant TG, UG and YW, anyway all results were smaller than 20 s which indicates
low level of soil hydrophobicity (Doerr 1998) at the beginning of the experiment.
The significant differences between control and variant with WW application were found
before the second measurement (V5 ± WW was already applied). On the other hand, this data are not
clear because WDPT was lower in variant TG, UG and higher in variant YW in comparison with control
variant DW. Above all, measured values were lower than 60 s, which indicates low level of soil
hydrophobicity according (Doerr 1998). Different situation was observed during the third (V8)
and fourth (VT) measurement in comparison to the first two (V3 and V5). The application of UG had
significant impact on formation of SWR because WDPT was higher than 120 s during the third
measurement and then 60 s during the fourth one. This data, according Bisdom et al. (1993) and Doerr
et al. (1996), indicate strongly hydrophobic soil. This situation was probably caused by organic
(hydrophobic) matter, which was present in UG. The effect of organic compounds or hydrophobic
components of organic matter was confirmed by Doerr (1998), Piccolo and Mbagwu (1999)
and Tarchitzky et al. (2007) state the soil irrigated by fresh water was hydrophilic, and conversely soil
irrigated by WW hydrophobic. The above authors also used the WDPT test. Moreover, Travis et al.
(2010) compared three types of irrigation water (fresh water, treated and raw greywater) and their impact
on SWR: the highest WDPT was seen on the surface of raw greywater irrigated soil versus soil irrigated
with freshwater or treated greywater.
SWR represents an important parameter as it affects infiltration as well as stability
of soil aggregates and retention of water in soil 0OOHU DQG 'HXUHU 2011). The presented results
indicated the application of UG can be used as remediation strategy for soil with low level of SWR.
However, it is necessary to realize application of WW on the soil with high content of hydrophobic
compounds can result in increase in level of SWR and subsequently some negative consequences
may occur, for example decrease in ability to infiltrate and retain water.
Availability of mineral nitrogen for soil microorganisms
After end of the experiment, the concentration of Nmin in soil of individual variants
and its availability were measured. The following Figure 2 and Table 4 provide information on obtained
results. The availability of Nmin for soil microorganisms is expressed as the quantity
of N which organisms were able to use and release from their cells. The measured results show
that the application of TG or UG did not have effect on availability of N for soil microbes in comparison
to control variant DW. Conversely, application of YW resulted in significant increase in availability
of N for microorganisms in soil (Figure 2), by about 20% in comparison with other variants. This result
clearly shows that composition of individual types of WW had direct impact on availability of N in soil
and its content (consider Table 2 and 4). The YW contained more than five hundred times larger amount
of nitrogen in comparison to other types of WW. The measured results are consistent with findings
of Dimitriou and Aronsson (2004) and Sparling et al. (2005) who confirmed the application of WW
affects content of nutrients in soil, especially N, depending on composition of individual types of WW.
Except the availability of Nmin for soil microorganisms, the content of ammonium and nitrate N
in soil samples after end of the experiment was measured as they represent the main two components
of soil Nmin. There were found significant differences in content of both, ammonium and nitrate N,
between individual types of WW irrigation (Table 4). The highest content of individual Nmin forms
has always been found in variant where YW was applied. On the other hand, only small differences
were found between variant, where TG or UG was applied, and the control variant (DW). This result
indicates there is a relationship between composition of WW (see Table 2 ± the highest content of Ntot
was found in yellow water) and content of Nmin in soil. The remaining nitrogen was washed away due
to soil saturation (data not published).
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Figure 2 Availability of Nmin for soil microorganisms

Legend: The amount of ammonium N released from microbial cells after 7 day incubation in mg/kg of soil sample. Mean value
 standard deviation (presented by error bars) are shown. Different letters indicate significant differences at level of P < 0.05.

The effect of WW irrigation on content of Nmin in soil is very important because there is a direct
connection between presence of N in soil and soil fertility. Moreover, there is a potential risk
of saturation of soil system by reactive N (Sutton 2011). Above all, Singh et al. (2012) confirmed
the application of WW affects soil chemical properties depending on its composition.
Table 4 Content of ammonium (mg/kg) and nitrate N (mg/kg) in soil samples
Variants
Ammonium N
LSD
Nitrate N
TG
1.87  0.48
a
2.37 
UG
1.59  0.47
a
3.78 
YW
4.09  0.64
b
51.08 
DW
2.97  0.55
a,b
3.44 

LSD
a
a
b
a

Legend: The content of ammonium N and nitrate N in soil samples after end of the experiment, i.e. before 7 day incubation.
0HDQYDOXHVWDQGDUGGHYLDWLRQDUHSUHVHQWHG'LIIHUHQWOHWWHUVLQGLFDWHsignificant differences at level of P < 0.05.

CONCLUSION
The presented experiment confirmed different effects of individual types of WW on SWR
and availability of Nmin for soil microorganisms. There is a big potential for the use of WW in agriculture,
on the other hand presented results revealed the importance of monitoring the selected parameters
of WW intended for irrigation. Irrigation by WW can affect content of N in soil, availability of N for soil
microbes, and SWR which are important and necessary factors for soil fertility and quality in a case
it contains necessary nutrients and substances.
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Abstract: Introduction new methods for analysing samples is associated with comparison with standard
methods. Thermogravimetry (TG) works on principle of monitoring thermal mass losses (TML)
of samples in depended on temperature or on time during heating up, e.g. Determination of SOC content
at 550 &LQ muffle furnace during several hours. More detailed analyses of TML dynamics can provide
more accurate and reliable data. Here are presented results of SOC content determined by TG
(TML320±330 which correspondent tHPSHUDWXUH EHWZHHQ  WR  &) compared with results
determined by standard method (Walkley-Black, WB) on the samples from field experiment
with biochar addition (0, 15, 30, 45 t/ha) in combination with mineral and organic fertilizer. The soil
samples were sampled in 2 depths (0±0.1 and 0.1±0.2 m) in autumn 2016. The results determined
by TG show significant underestimation of SOC content comparison with WB method. Biochar addition
records TG at higher temperatures (for our samples by TML DURXQGWRC for both fertilizer
management).
Key Words: soil organic carbon content, thermogravimetry, Walkley-Black method, mass loss ignition,
mineral fertilizer, manure, biochar, field experiment
INTRODUCTION
Soil organic matter (SOM) is an important chemical soil property (Eleki et al. 2014) with positive
impact on physical, hydrological, chemical, biochemical soil properties and crop yield (Bertora et al.
2009, Reijneveld et al. 2010). The SOM is assessed by soil organic carbon (SOC) content (Haynes and
Naidu 1998).
The renewable energy sources is constantly increasing last years (Galvez et al. 2012).
Among them pyrolysis which its by-product is biochar. Biochar is the solid material produced
by thermochemical conversion of biomass including such as agricultural waste, animal manure
or industrial wood by-products in an oxygen-limited environment etc. (Lehmann and Joseph 2015).
It has an aromatic structure, which resulted in stable and highly resistant to chemical and biological
degradation in soil (Atkinson et al. 2010). Atkinson et al. (2010) and Cayuela et al. (2014) point out its
potential application for long-term C sequestration and climate change mitigation because biochar is
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a C-rich material, primarily stabilized C (Ciais et al. 2013). Most studies focus on biochar impact on soil
properties, which were conducted in pot experiments ('HYHUHX[HWDO&DVWHOOLQLHWDO*áDE
et al. 2016). In contrast, Sandhu et al. (2017) recommend testing across a broad spectrum of soil-crop
combinations, biochar sources and different management aspects before largescale application.
The Walkley-Black method is one of the standard method for SOC determination citied in state
methodologies and various modifications were generated according to the needs of users over time
=EtUDO et al. 2011, Gelman et al. 2012, Mylavarapu 2014).
Thermogravimetry monitors mass losses (TML) of samples in dependency on temperature
or on time during heating up. In soil science, this method is known from traditionally use for SOM
determination via mass losses on ignition (MLI) of absolute dried samples by burning at 550 &
in muffle furnace during several hours (Peikert et al. 2015). More detailed analyses of TML dynamics
LQ  & WHPSHUDWXUH LQFUHDVH VWHSV DIWHU VWDQGDUGL]HG VDPSOH SUHSDUDWLRQ SURYLGH more accurate
and reliable data as content of organic carbon, total organic nitrogen, clay or carbonates. Most of these
findings, however, are applicable to ordinary soils, not to those containing mixtures of organic
and geological parent material (e.g. composts, gardening muds, technosols, and soils with high amount
of fresh organic residues, debris, soot, cinder, or carbon from geological sources) (Siewert 2004).
The aim of this work is the detection of changes in SOC after adding different biochar amount
(0, 15, 30, 45 t/ha) after first year field experiment using Walkley-Black and thermogravimetric method.
MATERIAL AND METHODS
7KH ILHOG H[SHULPHQW ZDVHVWDEOLVKHG RQWKH DUHD RI³9\]NXPQD SLFQLQDUVND VWDQLFH 9DWLQ´ ±
Faculty of Agronomy, Mendel University in Brno (the Czech Republic) in the autumn of 2015 by plough
of manure (depth 0.25 m). Vatin is located around 60 km NW of Brno (exactly Lat:  1
DQG/RQJ ( and the elevation of the research station is 540 m above the sea level. Soil
type by soil classification FAO (2014) is Cambisol and soil texture by World Reference Base is sandy
loam (content of clay 11.80%, silt 33.52% and sand 54.68%) (USDA 2017).
The field experiment compares influence of organic (30 t manure/ha) and mineral
(200 kg superphosphate/ha) fertilizers in combination with different quantities of biochar application
(0, 15, 30, and 45 t/ha). The total number of variants are 16 (2 types of fertilizers, 4 quantities of biochar,
2 depths of sampling). Each plot had 12 m2 with each of 3 field repetitions (24 plots). Growing crop
in year 2016 was corn (Zea mays L.).
Biochar comes from the Czech Republic, the company BIOUHEL.CZ s.r.o. based by Zlin.
The input material for pyrolysis process was digestate (ca 80%) and cellulose fiber (ca 20%),
the temperature of pyrolysis & After application in spring 2016 the soil was cultivated at depth
of 0.2 m as mixing by hand (shallow inserter).
The sampling and data for carbon determination based on sampling for physical properties.
The sampling depths were 0±0.1 m and 0.1±0.2 m. The samples were taken from one (a) field repeating
as disturbed samples in October 2016 in order to limit the impact of sampling on the field experiment.
Next sampling will be carried out on other field repetitions in next years what should allow a series
of sample collections over the time.
The soil samples were processed on the standard method with air drying and sieving across 2 mm
mesh (=EtUDO ). For SOC content determination with Walkley-Black (WB) method modified
E\ 1RYiN-3HOtãHN (Klika et al. 1954) samples were subsequently grounded to size < 0.25 mm.
The sample mass was 0.2 g with added 5 ml K2Cr2O7, 10 ml H2SO4, 100 ml distilled H2O and titrated
ZLWK0RKUVVDOWWRFRQVWDQWUHG-brown colour (-DQGiNHWDO).
For SOC content determination by thermogravimetry (TG) samples were additionally stored
at 76% relative air humidity to equilibrate the water content and analysed with thermoscale
from Mettler-Toledo TGA/SDTA 851e. The sample mass was 0.8±1.0 g and the samples were heated
up from 25 WR& with heating rate of &SHUPLQXWH and a data capturing of 1 reading per 4 seconds
(one value per 0.3 & temperature increase). During the analytical procedure, the furnace
with the sample was purged with a stream of air enriched by 76% relative humidity (related to &)
with a flow rate of above 200 ml/min. The evaluation of results started with recalculation of mass losses
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to 1 g of soil for comparability of analyses that were carried out with different sample weights.
6XEVHTXHQWO\WKHQXPEHURIGDWDSRLQWVZDVUHGXFHGWRWKHUPDOPHDQPDVVORVVHVPHDVXUHGLQ&
temperature increase intervals. For SOC content determination, we used thermal mass losses
from WR&RQO\ Siewert 2004).
The results were processed by multiple analysis of variance (ANOVA; P < 0.05) in combination
with Tukey test to determine significant differences between used laboratory methods for SOC
determination (STATISTICA 12 program ± StatSoft, USA). Once after first year the sampling
was limited to one repetition, the statistical evaluation uses sampling from second layer as repeating.
RESULTS
Figure 1 describes the influence of fertilizers and biochar application on soil organic carbon
(SOC) content determined by both WB and TG method. Statistical analysis did not reveal significant
influence of different quantities of biochar and fertilizers on SOC content. However, differences
between SOC content obtained from both WB and TG method are significant (P < 0.001) and higher
by WB method.
Figure 1 Comparison of organic carbon content determination with Walkley-Black method (WB)
and thermogravimetry (TG)

The Figure 2 shows the dynamics of thermal mass losses of plots with different quantities
of biochar for plots with mineral (Figure 2A) and organic (Figure 2B) fertilizers.
Figure 2 Thermal mass losses of samples with the different amount of biochar for plots with mineral (A)
and organic (B) fertilizers for soil samples from depth 0±0.1 m
A)

Mineral fertilization
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B) Organic fertilization

Results of statistical analyses reveal significant changes in TML (P < 0.001) around 400±&
with increasing quantity of added biochar in all plots with mineral fertilization. In case of organic
fertilization the TML around 400±& changes as well with increasing quantity of added biochar.
In addition, plots with 15 and 30 t biochar/ha show significant increased mass losses (P < 0.001)
at temperature around 250± &. This area corresponds to addition of labile organic substances
and SOC content. Plot with 45 t biochar/ha do not differ from plot without biochar addition in
temperature range around 250±&.
DISCUSSION
Many authors refer to influence of organic fertilizers on carbon content. The impact on carbon
content depends from the amount of applied fertilizers, their type and sampling depth (Xie et al. 2014,
Schlegel et al. 2017, Wei et al. 2017). In case of same amount of fertilizers, biochar has usually higher
and long-term impact on C content (Wang et al. 2015, Moreno-Barriga et al. 2017) what can be
explained by higher carbon content and with higher biological stability (Hilscher et al. 2009, Bruun
et al. 2011, Ciais et al. 2013, Zhao et al. 2013, Wang et al. 2015, Moreno-Barriga et al. 2017).
Organic fertilizers frequently increase not only carbon content but variability of results as well
what hampers evaluation due to significant differences (.|UVFKHQVHWDO). It could be explained
by possible errors during sampling and soil preparation for laboratory analysis. This could explain
the limited ability to detect differences in carbon content in these experiments. Another reason could be
the quality of field repeating. Here we used the second soil layer because it was mixed with the first
layer after adding biochar and fertilizers. However, the impact of fertilizers could be different in first
and second layer because of different conditions (density, oxygen availability, water content etc.).
We aspect improvement of accuracy and significance with including all field repetition during next
sampling what will allow layer as an impact factor on SOC content.
TG is known for limited ability to detect organic carbon content of extraneous sources such
as fresh plant material, black carbon, biochar, ashes, cinder etc. (Siewert 2004). However, the dynamics
of TML clearly reveal the qualitative changes on SOC influence of added biochar in plots with mineral
and organic fertilizer (what confirms results of Tokarski et al. ± submitted). These open new
opportunities for detection of changes in SOM composition. For example, high quantity of biochar
application seems to change the impact of organiFIHUWLOL]HUVRQWKHUPDOPDVVORVVHVDURXQG&
This could be a result of increased microbiological decomposition of organic fertilizers caused by high
quantity of biochar.
CONCLUSION
The limited ability of TG to capture the whole SOC content included extraneous carbon
was confirmed and reveals in lower SOC content comparing with WB method. The disadvantage reverse
to an advantage to detect different quality and quantity of extraneous carbon if consider dynamics
of mass losses at higher temperature around &. Further experiments should show to which extend
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the reliability and accuracy of such approach allows practical application and investigation of interaction
between different organic fertilizers as an impact factor for carbon content regulation in soil.
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Abstract: The aim of this study was the determination of the effect of nitrogen and sulphur fertilization
on plants height, maturation of inflorescence and seed production of milk thistle. The study was
conducted as small-SORW ILHOG H[SHULPHQW LQ H[SHULPHQWDO SORWV ORFDWHG LQ âXPSHUN the Czech
Republic). The following treatments influenced the experiment: 1) N50S0; 2) N100S0; 3) N50S25;
4) N100S50; 5) N25S12.5+N25S12.5 and 6) N50S25+N50S25 (dose in kg/ha). Fertilizers (calcium ammonium
nitrate and ammonium sulphate nitrate) were applied in a single (treatments 1±4) and split doses
(treatments 5 and 6). The positive effect of nitrogen fertilization on plants height was found.
Significantly the highest plants height was found in the variant with application of 100 kg nitrogen
before sowing. The highest number of flower heads was found in the variant with nitrogen fertilization
without sulphur. Higher dose of nitrogen applied before sowing prolonged development of milk thistle
maturing. Although no significant effect of nitrogen and sulphur fertilization on achenes production
was found, the results of this experiment showed positive effect of application of nitrogen before
sowing on growth and development of milk thistle plants.
Key Words: milk thistle, nitrogen, sulphur, height of plants, yield of achenes
INTODUCTION
Although milk thistle [Silybum marianum L. (Gaernt.)] is not regularly cultivated plant
in the Czech Republic, it is the most often cultivated crop from the group of medicinal and aromatic
plants and spices. The area of cultivation is approximately 5 000 hectares and the average yield of seed
is 0.7 t/ha. The area is only estimated, because Czech Statistical Office does not monitor area of milk
thistle 3ĜLE\ORYi The production of achenes is the main reason why milk thistle is cultivated.
The achenes contain flavonolignan compounds silymarin which is used as medicinal substance
(Pradhan, Girish 2006). Silymarin complex is a mixture of flavonolignans (silybin A and B, isosilybin
A and B, silychristin and silydianin) and also flavonolignan taxifolin (Abbasi et al. 2010, Abenavoli
et al. 2010, Elwekeel et al. 2013). The high-quality oil (approx. 25±30%) is also an important
compound of achenes, it contains 43.5±64.4% linoleic acid, 20.8±29.8% oleic acid, 7.2±9.7% palmitic
acid and 2.0±6.6% stearic acid (Khan et al. 2007, Afshar et al. 2014, Zhelev et al. 2014). Silymarin
complex is used in human medicine, especially as a treatment of liver and spleen diseases (Cardile
and Mbuy 2013).
One of macronutrients, that have important impact on milk thistle production, is nitrogen (N).
It involves the growth and the height of vegetation (Omidbaigi and Nobakht 2001, Estaji et al. 2016),
inflorescence development (Stancheva et al. 2008) and yield of achenes (Omer et al. 1993, Warren
and Samsa 2011, Cwalina-Ambroziak et al. 2012, Estaji et al. 2016). Sulfur (S) is also a significant
nutrient in plants nutrition, but the effect of sulphur on the production of milk thistle is not fully
clarified. Also the effect of nitrogen and sulphur interaction on milk thistle growth and production has
not been known yet. The literature only mentions the effect of S fertilization on fatty acid proportion
in milk thistle oil (Wierzbowska et al. 2012), nitrogen utilization in achenes (Wierzbowska 2013)
and length of phenological stages (Nasrabadi et al. 2014). The aim of this study was the evaluation
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of the effect of combination of nitrogen and sulphur fertilization on milk thistle growth, inflorescence
development and achenes production.
MATERIAL AND METHODS
The effect of nitrogen and sulphur fertilization on the growth of milk thistle was observed
in the precise small-plot experiment. Experiment was established on the land of Agritec Research,
Breeding and Services, Ltd. LQ âXPSHUN, field %UDWUXãRY *36 ƍƎ1 ƍƎE).
Milk thistle (variety Mirel, germination 93%, sowing rate 8 kg/ha) was seed on April 22, 2016.
Fertilizers were applied in single doses (two days before sowing) and split doses (before sowing
and during vegetation in the beginning of the elongation growth during elongation and branching
of plants) according to the scheme in Table 1. All the variants were conducted in four repetitions.
Table 1 Diagram of small-plot experiment
Variant of
Dose of N
fertilization
(kg/ha)
1 N50S0
50
2 N100S0
100
3 N50S25
50
4 N100S50
100
5 N25S12.5 + N25S12.5
25 + 25
6 N50S25 + N50S25
50 + 50

Dose of S
(kg/ha)
0
0
25
50
12.5 + 12.5
25 + 25

Fertilizer

Term of application

CAN
CAN
DASA
DASA
DASA
DASA

20. 4. 2016
20. 4. 2016
20. 4. 2016
20. 4. 2016
20. 4. + 24. 6. 2016
20. 4. + 24. 6. 2016

Legend: CAN - Calcium ammonium nitrate, DASA - ammonium sulphate nitrate.

Calcium ammonium nitrate (27% N) and ammonium sulphate nitrate (fertilizer DASA ± 26% N
and 13% S) were used as nitrogen and sulphur fertilizer. The height of plants, number of inflorescence
(with mature achenes, with immature achenes, flowering), yield of mature achenes were determined
in phase of terminal flower heads maturity (August 4, 2016) using 10 plants were randomly selected
in each plot (40 plants per variant).
Statistica CZ 12 programme was used for the determination of the overall characteristics.
To elaborate the significance of differences among the arithmetic means of each characteristic, we
used the monofactor analysis of variance (ANOVA) followed by testing at a 95% (p < 0.05) level
RIVLJQLILFDQFHXVLQJ)LVFKHU¶V/6'WHVW
RESULTS AND DISCUSSION
Nitrogen and sulphur fertilization significantly influenced milk thistle habit. Table 2 shows that
height of plants was significantly increased after application higher doses of nitrogen compared
to lower doses of nitrogen. Dose of 100 kg nitrogen increased the height of cover by 13.8 cm.
The positive effect of nitrogen fertilization on plants height was also noticed by Omidbaigi
and Nobakht (2001). The significantly highest height of plants was found after the application of 100
kg nitrogen, similar results are also reported by Estaji et al. (2016). The significant effect of mineral
and organic fertilization on height of milk thistle plants was also presented by Hendawy et al. (2013).
Table 2 Height of milk thistle plants grown at different fertilization
Variant of fertilization
height of plants (cm)
SE (cm)
1
N50S0
185.1

2
N100S0
198.9

3
N50S25
194.3

4
N100S50
187.9

5
N25S12.5 + N25S12.5
193.3

6
N50S25 + N50S25
195.2


p < 0.05
a
b
ab
ab
ab
ab

Legend: Means with same letter are not significantly different (P<0.05).

The effect of sulphur fertilization on plants height was different and it depends on nitrogen
doses. The doses of 25 kg S/ha and 50 kg N/ha increased the height of plants almost about 5%
in contrast to the variant only with nitrogen fertilization. Table 2 also shows that sulphur fertilization
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in combination with 100 kg doses of nitrogen reduced the height of plants (187.9 cm) in contrast
to only nitrogen fertilization (198.9 cm). Split nitrogen dose did not significantly influence the plants
height. Likewise Omidbaigi and Nobakht (2001) did not note higher height of milk thistle plants
after split doses of nitrogen.
The effect of nitrogen and sulphur fertilization on number of inflorescence was not proved
in this experiment. The highest number of flower heads was found on nitrogen fertilized plants
without sulphur application, while sulphur fertilization before sowing reduced the number of flower
heads (Figure 1). Higher dose of nitrogen applied before sowing postponed milk thistle senescence.
The number of mature flower heads was lower by 0.67 after the application of 100 kg N (var. 2)
compared to the variant with 50 kg N/ha, but the number of immature flower heads was increased
in the variant with higher dose of N. The reduction of mature flower heads caused by nitrogen
application before sowing was bigger in the variants with sulphur fertilization (var. 3 and 4). Similarly
in experiment of Nasrabadi et al. (2014) sulphur application postponed the start of elongating
and flowering stages, which might be associated with the availability of higher N during crop growth.
The opposite effect had split doses of nitrogen and sulphur. The higher doses of fertilizers increased
the production of mature achenes and the production was similar to variant N50S0.
Figure 1 Number and type of inflorescence of milk thistle plants grown at different fertilization
14,0

flower heads number

12,0

11.75
a

11.75
a

Total number

Flowers

10.17
a

10,0

Immature flower heads
11.33
a

Mature flower heads

8.92
a

10.50
a

8,0
6,0
4,0

5.17
3.92 a
a
2.67
a

4.50
3.92
3.33 a a
a

4.17
3.67
a
a
2.33
a

3.08 3.50
a
3.00 a
a

5.17
a

4.67
4.00
a
a
2.67
a

3.58
a
1.75
a

2,0
0,0

N50 S0

N100 S0

N50 S25

N100 S50

N25 S12.5+N25 N50 S25+N50
S12.5
S25

Legend: Means with same letter are not significantly different (P<0.05).

The yield of achenes from mature flower heads presents Table 3. The results show that
the effect of fertilization on achenes production (g/plant) was not significant. The reason of high
variability of observed characteristics is probably lower uniformity of plant habit which could be
caused by low breeding level of milk thistle variety. Even though the results in Table 3 are not
significant, it is obvious that single and split doses of fertilizers with nitrogen and sulphur had positive
effect on average yield of achenes. The results of achenes yield (g/mature heads) are not significant,
nevertheless the variants with higher doses of fertilizers show positive response to the fertilization
(Estaji et al. 2016).
Table 3 Yield of achenes of milk thistle mature heads/plants grown at different fertilization
Variant of
Yield of SE
p < 0.05 Yield of achenes
SE
fertilization
(g/mature heads)
(g/heads)
achenes (g/plant)
(g/plant)
1 N50S0
9.28

a
1.84

2 N100S0
9.92

a
2.21

3 N50S25
10.55

a
2.50

4 N100S50
9.10

a
2.61

5 N25S12.5 + N25S12.5 12.19

a
2.67

6 N50S25 + N50S25
12.26

a
2.55


p < 0.05
a
a
a
a
a
a

Legend: Means with same letter are not significantly different (P<0.05).
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CONCLUSION
Although the nitrogen and sulphur fertilization significantly influenced only the height of plants,
we could say that the application of nitrogen before sowing had positive effect on milk thistle habit
and growth. The variants with nitrogen and sulphur fertilizers had higher positive effect on the achenes
yield than the variants with nitrogen and without sulphur. When we observed inflorescence (immature
and mature flower heads), the results showed that higher nitrogen and sulphur doses contributed
to postpone senescence and the production of achenes was higher at the same time.
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Abstract: The aim of this hydroponic experiment was the determination of the effect of deficient
nutrition in combination with Pseudomonas syringae pv. tomato infection on tomato (Solanum
lycopersicum L.) root system. Variants with deficient nutrition (nutrition solutions without nitrogen,
phosphorus, potassium, calcium and magnesium) and one variant with complete nutrition (control
variant) were observed. Plants were split in two groups, the first group was cultivated
without inoculation, the second group was inoculated by bacteria Pseudomonas syringae pv. tomato
which causes bacterial speck disease on tomato. The development and growth of root system were
evaluated by using root electrical capacitance (REC) method which was measured by LCR meter.
The highest REC of non inoculated group had plants with magnesium deficiency (0.766 nF).
Inoculated plants with highest REC were plants from K-deficiency solution (0.406 nF). The length and
area of root system were evaluated by program WinRhizo. According to these parameters,
the biggest root system had plants with P deficiency from non inoculated group and plant cultivated
without N from inoculated group. Bacterial infection caused the reduction of all observed parameters
in contrast to the plants from non inoculated group, so the infection had negative effect on root growth
and development.
Key Words: tomato, deficient nutrition, Pseudomonas syringae pv. tomato, root electrical capacitance
INTRODUCTION
Tomato (Solanum lycopersicum L.) is an important plant for human diet. The mineral nutrition
of it is one of critical factors for plant development, growth and yield (Baligar et al. 1998). Tomato has
different demands on nutrition during vegetation, but it belongs to the fruit vegetable with high
demands on nutrients 9DQČN et al. 2012). Root system has important function for right nutrition
and water uptake. The growth, size and activity of root system are involved by bioavailability
of nutrients in the soil solution. Bioavailability of nutrients involves root morphology, density
of lateral root and also number of root hair (Fageria 2013). Zhu et al. 2005, Wissuwa et al. 2005,
Hawkesford et al. 2012, Kellermeier et al. 2013 present nitrogen (N), phosphorus (P) and potassium
(K) as important nutrients for alter post±embryonic root developmental processes. Calcium (Ca) is
an essential nutrient for growth of root system (Rahman and Punja 2009). Magnesium (Mg) has
an important function in enzymatic reaction (Cowan 2002) and it has also an effect on initiation,
density and length of root hair (Zhang et al. 2014).
The health of plant has also a great effect on growth and development of root system. Bacterium
Pseudomonas syringae pv. tomato (Pst) causes bacterial speck disease and the main symptoms are
small spots on the leaves. Spots are brown in the middle and they are surrounded by yellow rings.
They could spread to the fruit in some cases (Goode and Sasser 1980). Varieties grown in the Czech
Republic started to be susceptible to the pathogen of bacterial speck, so incidence of this disease
increased .RNRãNRYiDQG3RXYRYi 
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The aim of this work was to determine the effect of nutrients deficiency and infection caused
by Pseudomonas syringae pv. tomato on growth and function of tomato root system in the earliest
stages of development.
MATERIAL AND METHODS
Vegetation pots experiment was established in the form of an aqueous culture with tomato
(Solanum lycopersicum L.) and it was placed into growth chambers of the Department
of Agrochemistry, Soil Science, Microbiology and Plant Nutrition, Faculty of AgriSciences, Mendel
University in Brno in 2016. Tomato bush variety Darinka was used as model crop. The seeds were
sown into a nutrient±free substrate and when the plant roots reached approximate length 8 cm (14 days
after beginning of germination), they were put into vegetation pots with complete nutrient solutions.
After 14 days, plants were split into two groups, one of them was inoculated by the bacterial
suspension (concentration 106 cfu/ml) which was composed of Pst isolates 111 and 214
from the bacterium collection in the Research Institute of Plant Production, Praha-5X]\QČ The second
group was not inoculated and it was considered as control group. Both the groups of plants were put
into solutions of different composition (Table 1). The solutions had been prepared by the method
of Hoagland (Hoagland and Arnon 1938). The non-transparent plastic boxes (volume 45 l) were used
as vegetation pots. The nutrient solutions were aerated at regular time terms (30 minutes in each
2 hours). The vegetation pots were situated in growth chambers (PlantMaster, CLF Plant Climatics
GmbH, Germany) in controlled temperature, humidity and light mode (12 h day length, photosynthetic
SKRWR IOX[ GHQVLW\ RI  PROP2/s, temperature of 23/18 & GD\QLJKW  DQG UHODWLYH KXPLGLW\
of 55/70%). When the experiment was set up, 0.5% solution of iron (ferric chloride) was added to all
VROXWLRQV /DãWĤYND DQG 0LQiĜ   The pH value of all the solutions was monitored and it was
constant during the entire experiment.
Table 1 Treatments of the experiment and weights of chemicals (g per 1 litre of nutrition solution)
according to Hoagland and Arnon (1938)
Chemicals
Nutrient
solutions
Ca (NO3)2
KNO3
K2SO4
KH2PO4 Ca(H2PO4)2 CaSO4.2H20 MgSO4
Complete
Without N
Without P
Without K
Without Ca
Without Mg

0.821
±
1.231
1.231
±
0.821

0.506
±
±
±
1.518
0.506

±
0.871
0.861
±
±
0.436

0.136
±
±
±
0.136
0.136

±
0.117
±
0.117
±
±

±
0.344
±
±
±
±

0.120
0.060
0.241
0.241
0.241
±

The evaluation of monitored parameters (level of Pst infection, root electrical capacitance,
length and area of root system) was performed 7 days after splitting into inoculated and non inoculated
group. Plants cultivated in complete nutrient solution were considered as control plants.
First, the level of infection was visually evaluated by 4-level scale: 1st level ± without
symptoms, 2nd level ± 3±5 spots on the leaves, 3rd level ± ѿ of leaf area with spots, 4th level ± ôof leaf
area with spots (9tFKRYi . Then the size of root system was detected by measuring root electrical
capacitance (Chloupek 1977, Dalton 1995). REC was measured by LCR meter ELC±131D
at frequency of 1 kHz in nanofarads (nF) in distilled water of constant composition (in Woulf bottle).
One electrode was inserted in constant position at the bottom of the bottle and the second electrode
was attached to plant hypocotyl. Due to position of electrodes, the electric circuit was created and the
alternating current passes between the root system and water. Living parts of root are electric active
because of polarization of living cells or membranes 6WĜHGD DQG .OLPHãRYi  
After determination of REC, the plants were divided into root and aboveground part. Root system was
scanned and the length and area were analysed by program WinRHIZO YHUVLRQ %DVLF 5pJHQW
Instruments Inc., Quebec, Canada). These parameters were evaluated in 5 repetition and Statistica
12 CZ programme was used for statistical evaluation of these parameters. The effect of the deficient
nutrient and Pst infection on leaves and development of the root system was evaluated by ANOVA
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analysis of variance. 5HVXOWVDUHH[SUHVVHGDVDPHDQVWDQGDUG error (SE). The differences among
the treatments were evaluated by follow±up tests according to Fisher (LSD test) at 95% (P<0.05) level
of significance.
RESULTS AND DISCUSSION
Deficient nutrition significantly involved the level of infection in variant with P, K and Ca
deficiency (Table 2). The plants with P and Ca deficiency had significantly (P<0.05) higher level
of infection in comparison with plants cultivated in complete nutrient solution. Calcium provides
strength of cell wall (Huber et al. 2012) and inhibits enzymes which help pathogens to penetrate plant
cells (Huber 1980), so the plants with the lack of Ca were less resistant to infection. Plants with K
deficiency had also significantly (P<0.05) higher level of infection than control plants. Amtmann et al.
(2008) present that potassium involves resistance to fungi and bacterial pathogens. Huber et al. (2012)
also present that plants with K deficiency have not right protein synthesis and nitrogen compounds
accumulate in cells. The pathogen uses these nitrogen compounds and it could cause higher level
of infection.
Table 2 Determination of Pseudomonas syringae pv. tomato infection
Nutrient solution

Level of infection 6(

Complete

1.8a 24

Without N

2.2ab 

Without P

3.4c 40

Without K

2.8bc .20

Without Ca

3.4c 40

Without Mg

2.4ab 

Legend: Means with same letter are not significantly different (P<0.05).

Figure 1 Electrical capacitance of tomato root system (nF). Electrical capacitance of non inoculated
and inoculated group was statistically evaluated separately. Means with same letter are not
significantly different (P<0.05).
0,9
0,8
electrical capacity (nF)

0,7
0,6
0,5
0,4

d
0.766

d
0.733
c
0.617
c
0.408

b
0.464

bc
0.544
c
0.409
b
0.300

0,3

c
0.406
a
0.240

0,2

a
0.208

b
0.295

0,1
0,0
complete

without N

without P
non inoculated

without K

without Ca

without Mg

inoculated

From Figure 1 is obvious the difference in REC between non inoculated and inoculated plants.
Plants with Mg deficiency show the highest difference between REC of non inoculated and inoculated
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groups, electrical root capacitance of inoculated plant is lower by 61.5%. High difference between
REC of non inoculated and inoculated plants was also found in the variant with P deficiency.
Phosphorus contributes to resistance to infection (Prabhu et al. 2007), so plants with P deficiency were
more attacked by Pst and this also could be reason for lower electrical capacitance of root. Zhu
and Lynch (2004) and Dubrovsky (1997) reported when plants grow in low P conditions, the amount
of root hair is increased. This change increased absorptive surface and it could cause higher electrical
capacitance. This could be explanation for the fact that non inoculated plants with P deficiency had
higher value of REC than control plants. The lowest difference between REC of non inoculated
and inoculated plants was found in the variant with lack of calcium. These plants had also significantly
the lowest electrical capacitance in contrast to control plants.
Table 3 The length (cm) of root system. Length and relative percent of non inoculated and inoculated
group were statistically evaluated separately.
LSD test between
Non inoculated
Inoculated
Nutrient solution
non inoculated and
length cm
rel %
length cm
rel %
inoculated plants
Complete

682.6b .55

100.0

412.0b 65.95

100.0

b/a

Without N

739.6b 

108.4

567.8c 

137.8

a/a

Without P

1564.5c .90

229.2

463.9bc 57

112.6

b/a

Without K

867.0b 46

127.0

505.4bc 68

122.7

b/a

Without Ca

893.4b .83

130.9

317.9ab .97

77.2

b/a

Without Mg

115.3a 

16.9

124.1a 

30.1

a/a

Legend: Means with same letter are not significantly different (P<0.05).

Plants with P deficiency had the longest root system of non inoculated group, the length of these
roots was significantly longer in comparison with control variant. The lack of phosphorus did not have
negative effect on lenght and area of root system /RSp]-Bucio et al. 2003). Roots of inoculated plants
were significantly shorter in variants with P, K and Ca deficiency and also in control variant
in contrast to non inoculated variants (Table 3). Plants with N deficiency had the significantly longest
root system from inoculated group. When a plant suffers from nitrogen deficiency (especially nitrate),
the lenght and area of root hair increases ()ऺKVH DQG-XQJN   DQGWKH HORQJDWLRQ RIODWHUDO URRW
starts (Linkohr et al. 2002).
Table 4 The area (cm2) of root system. Area and relative percent of non inoculated and inoculated
group were statistically evaluated separately.
Non inoculated
Nutrient solution

Inoculated
area cm2

LSD test between
non inoculated and
rel % inoculated plants

area cm2

rel %

Complete

25.0b 

100.0

14.4bc 

100.0

b/a

Without N

25.5bc 

103.7

18.6c 

129.1

a/a

Without P

54.3d 

216.7

16.1bc 

112.0

b/a

Without K

32.5bc 

129.6

16.6c 

115.3

b/a

Without Ca

4.3a 

17.2

4.1a 

28.5

a/a

Without Mg

36.3c 

145.2

10.7b 

74.3

b/a

Legend: Means with same letter are not significantly different (P<0.05).

Phosphorus deficient plants of non inoculated group had significantly the largest area of root
in contrast to control. The lack of phosphorus could increase the area of root because the plant tries
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to increase the possibility of phosphorus uptake (Hawkesford et al. 2012). The largest root area of Pst
infected plants was found in plant with N deficiency. Table 4 shows that significantly the smallest area
of root system was detected in plants with Ca deficiency (non inoculated and also inoculated). The Pst
infection had also negative effect on the area, the inoculated variants (complete, without P, K and Mg)
had significantly smaller area of root system than non inoculated plants.
CONCLUSION
The infection caused by Pseudomonas syringae pv. tomato and deficient nutrition had
significant effect on root growth and development. Deficient nutrition had more negative effect
on inoculated plant root system. Root electrical capacitance, length and area of root system were
decreased in contrast to non inoculated plants. The highest level of Pst infection was found
in the variants with P and Ca deficiency, control plants and N deficient plants had the least symptoms.
Knowledge of interaction between infection and deficient nutrition can be useful for better health
condition of plants which leads to higher production and better quality of tomatoes.
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Abstract: Drought is considered one of the most important factors influencing plant growth.
The severity of drought is unpredictable because it depends on many factors (for example, occurrence
and distribution of rainfall, temperature, evaporation and moisture storing capacity of soil).
It is therefore important that the breeding of new crop varieties aims to achieve greater drought
tolerance. One of the parameters contributing to greater drought tolerance is larger root system size.
The root system plays an important role in nutrients uptake, which influences crop quality and yield.
In this experiment, root system size was determined using DQ/&5PHWHUWRPHDVXUHURRWV¶electrical
capacity. The electrical capacity gradually increased over time for all genotypes of the species
Trifolium vesiculosum (No. 132, 99±48, 90±113, Tifclo-1) in relation to gradual development
of the root system. Parental components which had mean root system size in all measuring intervals
greater than 0.6 nF were selected within each genotype. Plants with the greatest root system electrical
capacities were further crossed, and the resulting F1 generation will be similarly selected
Key Words: drought, electrical capacity, Trifolium vesiculosum, root system size
INTRODUCTION
An increase in the frequency of extreme weather events may be expected in connection
with climate change 6WĜHGD HW DO   Drought is the most prevalent such extreme manifestation
(Basu et al. 2016). It is defined as a recurring extreme weather event over land characterized
by below-normal precipitation over a period of months to years (Dai 2010). Drought significantly
affects the yield and quality of crops. The breeding of new varieties, therefore, focuses on increasing
tolerance to drought. One of the parameters contributing to stronger drought tolerance is larger plant
root systems.
One method of determining root system size (RSS) is that of measuring the electrical capacity
of the roots. An advantage of this method is that it is an easy, rapid and non-destructive approach
to estimating root system size based on a correlation between root mass and electrical capacitance
of the whole root system (Aulen and Shipley 2012, Chloupek 1977, Dalton 1995). This method makes
it possible to identify only the active (live) parts of a root system because the polarization of live
membranes or cells is occurring there, and that means the live parts are electrically active
(âNROQtNRYi DQGâNDUSD9LQWUOtNRYiDQG6WĜHGD). The method for measuring the electrical
capacity of roots has been used with many plants, including tomato (van Beem et al. 1998), poplar
(Preston 2004), maize (McBride et al. 2008) and bean (Ellis et al. 2013).
The aim of this work was to evaluate root system size for various genotypes of the species
Trifolium vesiculosum. Based on the results, plants with higher electrical capacity values will
be selected and these plants will be used for crossing and creating a new variety with stronger drought
tolerance.
MATERIAL AND METHODS
Experimental design, measurement method and genotype selection
Genotypes (No. 132, 99±48, 90±113, Tifclo-1) of the species Trifolium vesiculosum (Figure 1)
were studied in a pot experiment. The genotypes were obtained from Plant Genetic Resources
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Conservation Unit, Griffin, Georgia, United States of America. The pot experiment was commenced
under greenhouse conditions in the spring of 2016. Plants were grown in pots with horticultural
substrate. Five plants were measured from each genotype.
Root system size was determined using a method that measures electrical capacity
(Chloupek 1972). Electrical capacity was measured using a VOLTCRAFT LCR 4080 instrument
at a frequency of 1 kHz in nanofarads (nF). One electrode (clamp ± cathode) was attached to the plant
hypocotyl and the other electrode (needle ± anode) was inserted into the soil. The electrical capacity
was measured in the electrical circuit through which the alternating current passes between the root
system and soil. Seven RSS measurements were taken overall in 7-day intervals. The measurement
was in progress at the BBCH 19±49 developmental stage. The data thus obtained were evaluated
as arithmetic mean and standard deviation. Data were processed in Microsoft Excel.
Figure 1 Photographs of the genotypes of species Trifolium vesiculosum: No. 132, 99±48, 90±113,
Tifclo-1

RESULTS AND DISCUSSION
Mean electrical capacities of root systems of Trifolium vesiculosum genotypes
Table 1 Mean root system size as measured by electrical capacity (nF) of the root systems
for genotypes No. 132, 99±48, 90±113 and Tifclo-1 in 7-day measurement intervals
Genotype Parameter
No. 132
99±48
90±113
Tifclo-1

Mean RSS

SD
Mean RSS

SD
Mean RSS

SD
Mean RSS

SD

1st
week
0.622
0.116

2nd
week
0.867
0.096

Measuring date
3rd
4th
week
week
0.664
0.983
0.273
0.255

0.417
0.096

0.523
0.322

0.551
0.154

0.876
0.364

0.763
0.322

0.888
0.207

0.751
0.173

0.670
0.269

0.833
0.327

0.514
0.166

0.598
0.151

0.541
0.161

0.730
0.274

0.675
0.282

0.927
0.412

0.980
0.261

0.604
0.215

0.760
0.199

0.807
0.314

0.811
0.281

0.680
0.226

5th
week
0.966
0.193

6th
week
1.203
0.128

7th
week
0.947
0.183

Legend: SD ± standard deviation, RSS ± root system size

Table 1 shows the mean and standard deviation values for the electrical capacities (nF) of root
systems for the genotypes No. 132, 99±48, 90±113 and Tifclo-1 in 7-day measurement intervals.
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The values in the table show that electrical capacity in 7-day measurement intervals gradually
increased over time. The increased electrical capacity is related to the progressive development
of the root system. Kendall el al. (1982) also found in red clover and alfalfa that electrical capacity
grew with the development of the root system.
Figure 2 shows a graph of the mean values for electrical capacity (nF) of root systems
for the four genotypes. The graph shows that mean values of electrical capacity differed among
genotypes. Genotype No. 132 reached the highest electrical capacity values. Genotype 90±113,
on the other hand, exhibited the lowest values. Significant differences between plants
within a genotype were also observed, wherein some plants had electrical capacities significantly
greater or lesser than the mean genotype. Chloupek et al. (1999) had previously found that alfalfa
plants had electrical capacities significantly larger or smaller than the mean genotype. In the third
week was decreased in the electrical capacity due to the high temperature period. High temperature
period reduces root growth, number, and mass (Huang et al. 2012). Subsequent regeneration processes
in the roots have led to an increase in RSS. Significant differences in electrical capacity between plants
within a genotype are associated with higher standard deviations (Table 1).
Figure 2 Graph of mean values of electrical capacity (nF) of root systems for genotypes No. 132,
99±48, 90±113 and Tifclo-1 in 7-day measurement intervals

Table 2 shows mean electrical capacity (nF) values for the root systems of individual plants
of genotypes No. 132, 99±48, 90±113 and Tifclo-1 for all measurement intervals. The table shows that
electrical capacity differed even among plants within a single genotype. On average across plants 1±5
for each genotype, the best (highest) values were found in plants of genotypes No. 132 and Tifclo-1.
Table 2 Mean values of electrical capacity (nF) of the root systems of individual plants of genotypes
No. 132, 99±48, 90±113 and Tifclo-1 for all measurement intervals
Plant number
1
2
3
4
5
Column average

No. 132
0.825
0.936
0.846
1.086
0.773
0.8932

Genotypes
Tifclo-1 90–113
0.968
0.744
0.313
0.545
0.907
0.384
0.676
0.677
0.798
0.907
0.7324
0.6514

99–48
0.897
0.933
0.611
0.453
0.511
0.681
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CONCLUSION
Root system size was determined by measuring electrical capacity for genotypes No. 132,
99±48, 90±113 and Tifclo-1. The results were used as a guide for negative selection, and parental
components suitable for further crossing were selected.
Parental components having mean root system size in all measuring intervals greater than 0.6 nF
were selected within each genotype. For genotype No. 132, all plants exhibited mean electrical
capacity greater than 0.6 nF. For genotype 90±113, only plants 1, 4 and 5 had mean electrical capacity
greater than 0.6 nF. For genotype Tifclo-1, plants 1, 3, 4 and 5 exhibited mean electrical capacity
greater than 0.6 nF. For genotype 99±48, only plants 1, 2 and 3 had mean electrical capacity greater
than 0.6 nF.
Plants with the greatest root system electrical capacities were further crossed, and the resulting
F1 generation will be selected for its larger root system.
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Abstract: Barley grain yields and values of the effective drought index (EDI) in the critical period
in terms of yield formation of spring barley in the Czech Republic were evaluated for the period
1975±2015. The EDI was calculated for four different experimental localities. The EDI is based
on the calculation of effective precipitation using only daily precipitation. Both kind of the years with
unfavourable precipitation conditions: 1976, 1984, 2004 and 2015, and the years with favourable
precipitation conditions: 1975, 1979, 2006 and 2010 were determined. The historical grain yield range
from the experimental localities for the barley was correlated with the values of the EDI at each locality
for each decade (ten days). At most areas there were statistically significant relationships between grain
yield and the EDI in different stages of vegetation; at some locations highly significant relationship.
The statistically significant correlations (Į Į  were found in 2nd, 4th, 6th, and 7th decade
of vegetation.
Key Words: barley, yield, drought, the effective drought index
INTRODUCTION
One of the most common limiting factors affecting plant yield is the drought stress, which causes
a number of metabolic as well as mechanical changes and initiates physiological, biochemical and
molecular reactions. Based on the intensity and period of drought, with the interaction of other stress
factors and considering the phase of development and genotype, these reactions ensure
the adaptability to limited environmental conditions (Kalefetoglu and Ekmekci 2005).
Drought is a period of constant hydrometeorological imbalance caused by a cumulative
occurrence of dry periods with low or non-measurable precipitation. Generally, drought is classified
from meteorological, hydrological, agricultural and social-economical aspect (Botterill and Wilhite
2006). According to Palmer (1965), drought is a significant deviation from normal hydrological
conditions of a particular area. However, drought is a result of many factors and meteorological
elements, and as a temporary climatic anomaly can occur in all climatic zones.
The lack of water is one of the world's most important stress factors for plant production
and can have a significant impact not only on volume, but also on the quality of the produce. Farooq
et al. (2014) claims that during the vegetation plants need different amounts of water. Majority of plant
species is very sensitive to the lack of water in the flowering stage and at the time when the growth
of vegetative organs is the most intensive. The impact of individual episodes of meteorological drought
in the form of the decrease of crop yield, is affected not only by the length and intensity
of the meteorological drought, but also by the time of the occurrence (in the key phenological phases of
the crops or when the water demand is higher). Therefore, the course and effects of each drought episode
are unique %Ui]GLODQG Kirchner 2007).
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MATERIAL AND METHODS
The aim of this work was to quantify the relationship between the EDI and barley grain yield. As
a model crop for characterization of the relationship the spring variety of barley (Hordeum vulgare L.)
was selected. Relationship was found between the EDI (the effective drought index)
and barley grain yield at 4 experimental localities of Central Institute for Supervising and Testing
in Agriculture (CISTA) in the period between 1975±2015, while the years 1977, 1991, 1992, 1993
and 1994 were not concerned due to the absence of yield data.
The experimental localities are located in different agro-climatic areas in the altitude between 295
and 465 meters above sea level ZLWK WKH DYHUDJH DQQXDO WHPSHUDWXUH EHWZHHQ  DQG  &
and total annual precipitation between 537 and 616 mm (Table 1 and Table 2). Unified agricultural
engineering was applied at the monitored localities (pre-crop, fertilization), and the varietal composition
for the CISTA experiments in the particular year was similar. Only the yields after a good pre-crop
(mostly legume) from the growing system at the optimum fertilization intensity level and plant
protection following CISTA method for experiment management were evaluated.
Table 1 Basic CISTA experimental localities characteristics
Long-term
average
Locality
Altitude (m)
temperature t30
&
Hradec n. Svitavou
465
7.4
Chrastava
345
8.0
3XVWp-DNDUWLFH
295
8.3
6WDĖNRY
370
8.1

Long-term
average
precipitation p30
(mm)
616
738
584
537

Soil type
1ČPHþHNHWal.
2011)
HMl±jh
HMl±ph
HMl±h
HMm±h

Legend: HMm ± orthic luvisol, HMl ± illuviated brown soil (no FAO term), h ± loamy soil (medium), jh ± clayey-loam (heavy),
ph ± sandy-loam (medium), t30 and p30 ± the long-term average temperature t30 and the long-term average precipitation p30
(1971±2000)

Table 2 Agro-climatic characteristics of CISTA experimental localities .XUSHORYiHWDO
Agroclimatological
Agroclimatological
Agroclimatological
Station
macroarea
area
subarea
Hradec n. Svitavou
mildly warm
slightly warm
mildly humid
Chrastava
mildly warm
slightly warm
mildly humid
3XVWp-DNDUWLFH
warm
mildly warm
mildly dry
6WDĖNRY
mildly warm
relatively mildly warm
mildly dry
In this work, a sophisticated method of effective precipitation by Byun and Wilhite (1999) was
used, which shows a number of drought indicators including the standardized EDI. The final EDI value
is represented by a non-dimensional number. It is a standardized value of currently usable water sources,
which allows a comparison of different locations regardless of their climatic characteristics. The EDI
allows us to determine the beginning and end of the dry periods, since it uses the daily precipitation data
of the last 365 days. But the EDI is calculated for the whole precipitation period
and monitors the continuity of the drought period during all the calculating process. Thus it is different
from all other drought indexes, which only offer the calculation for a limited drought period
(for example 12 months), and it is also able to diagnose long-term drought periods, which may even last
a few years. Another advantage of this index is its low demand of entry data. It only needs a long time
line of precipitation totals, which is more available than other meteorological data.
Barley grain yields were confronted with the EDI values of days 111 to 180 of the year
in the monitored period 1975±2015. The relationship was expressed via correlation coefficient.
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RESULTS AND DISCUSSION
On the basis of the effective precipitation method, the EDI was calculated in the individual
decades (ten-day periods) of the monitored period 1975±2015 for each of the experimental localities.
The EDI values below 0 mark unfavourable precipitation conditions, while values above 0 mark
favourable precipitation conditions. Average seasonal EDI value of the period 1975±2015 at 4 selected
localities oscillates between -0.004 and -0.041. The most favourable long-term EDI value for all decades
was measured for Hradec nad Svitavou locality (-0.004) at higher altitude, while the less favourable
average value was found out for 3XVWp Jakartice locality (-0.041), which is situated at lower altitude.

EDI value

Figure 1 Average values of EDI at CISTA localities in 1975±2015
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6WDĖNRY
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Maximum average EDI value of the monitored period 1975±2015 was reached in the decade
between days 71 and 80 at Hradec nad Svitavou locality (0.045) and the lowest average EDI value was
UHDFKHG DW 6WDĖNRY ORFDOLW\ -0.096) in the decade between days 171 and 180 (see Figure 1).
With the help of the EDI all the years in all the stations were evaluated. Very poor precipitation
conditions were recorded in 1976, 1984, 2004, and 2015, when the average annual EDI value of all
decades was below -0.2. The highest EDI values (above 0.1) were reached in 1975, 1979, 2006,
and 2010, so these years were rich in precipitation.
Concerning the grain yield (Table 3), the year 2014 appears to be the best, for at 2 localities
the highest yield was recorded, despite the average annual EDI value was only (-0.065). The yield
in 2008 was the poorest, for at 2 localities the lowest yield was recorded. Low average annual EDI value
was measured in this year (-0.018). The highest average yield between 1975 and 2015 was reached
DW 3XVWp Jakartice locality (6.73 t/ha). The lowest average yield was recorded at Chrastava locality
(5.81 t/ha), where the average EDI values of the decades were mostly negative, especially in the last
decades of the vegetation period (days from 131 to 180; see Figure 2), including flowering
phase ± i.e. the most critical period for the grain production (.OLPHãRYiHWDO). The lowest barley
yield was again recorded at Chrastava locality (3.53 t/ha) in 2008. The highest yield was recorded
DW3XVWp Jakartice locality (9.35 t/ha) in 2014, which is located at lower altitude.
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Table 3 Average, highest and lowest yields of spring barley grain at selected localities in 1975±2015
(t/ha)
Stations
Altitude (m)
MAX
Year
MIN
Year
Average
Hradec n. Svitavou
465
8.47
2003
4.70
2008
5.97
Chrastava
345
8.03
2015
3.53
2008
5.81
3XVWp-DNDUWLFH
295
9.35
2014
4.45
1981
6.73
6WDĖNRY
370
9.07
2014
4.65
1983
6.50
Figure 2 Average ten-day values of EDI index at Chrastava for the period 1975±2015
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In this analysis the relationship of the EDI values of all decades (days 111±180) and the grain
yield was evaluated within the period 1975±2015 (Table 4). The relationship was characterized
by the correlation coefficient. Statistically significant Į    RU VWDWLVWLFDOO\ KLJKO\ VLJQLILFDQW
Į  relationship was recorded in 2nd,4th, 6th, and 7th decade of the vegetation period. Highly
VLJQLILFDQW UHODWLRQVKLS Į   Q    ZDV UHFRUGHG DW 3XVWp -DNDUWLFH DQG 6WDĖNRY localities
in the 4th decade of vegetation (days 141±150), and at Chrastava locality in the 7th decade
of vegetation (days 171± 6WDWLVWLFDOO\VLJQLILFDQWUHODWLRQVKLS Į  ZDVUHFRUGHGDW+UDGHF
nad Svitavou, Pustp-DNDUWLFHDQG6WDĖNRYORFDOLWLHs in 2nd and 6th decade of vegetation period.
Table 4 Relationship between EDI and barley grain yield expressed by the correlation coefficient
at selected localities during 1975±2015
Decade
(ten days)
111±120
121±130
131±140
141±150
151±160
161±170
171±180

HRA

CHT

PJA

STV

0.271
*0.410
0.054
-0.303
-0.180
-0.106
-0.294

0.144
0.260
-0.134
-0.061
-0.223
0.118
**-0.502

0.043
-0.172
0.111
**0.513
-0.133
*-0.350
-0.067

-0.315
*-0.354
0.121
**0.457
-0.233
*-0.400
-0.007

Legend: ** statistically highly significant relationship, * statistically significant relationship, HRA ± Hradec n. Svitavou, CHT
± Chrastava, PJA ± 3XVWp-DNDUWLFH679 ± 6WDĖNRY

Spring cereal varieties are known to be less tolerant to the lack of water, because the winter
varieties grow a larger root system. According to Haberle et al. (2008) the occurrence of drought during
seeding and the vegetative growth stages affects the herbage emergence and the reduction
of the offshoot. Drought in some growth stages can have a positive effect on the development
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RIWKHURRWV\VWHPDQGFRQVHTXHQWO\RQWKHJUDLQ\LHOG 6YDþLQDHWDO 'URXJKWRFFXUULQJGXULQJ
the generative growth phases affects on the reduction of number of spikelets and grains. Flowering is
a critical stage, because a lack of water during this stage has a worse impact than during other growth
stages. Another critical period is the beginning of the grain formation stage, which determines
the number of cells in the endosperm (Haberle et al. 2008).
CONCLUSION
For four selected CISTA experimental localities average, maximum, and minimum yields
of spring barley grain were evaluated for the period 1975±2015. Oscillation of the EDI values
in individual decades of the critical period for development and yield formation of spring barley was
also evaluated (days 111±180) in the Czech Republic. Significant variability of precipitation conditions
at individual localities during the vegetation period of the observed years was recorded. With the EDI
value < 0, the years 1976, 1984, 2015 and 2004 (sorted from the driest) are considered dry. The years
rich in precipitation were (sorted from the moistest) 1979, 2010, 1975 and 2006.
The relationship between the course of weather and yield was proven on the basis of correlation
of the EDI values with yields of the spring barley per ha. Statistically significant relationships were
recorded at all the experimental localities with 99% or 95% probability in certain stages
of the vegetation period (2nd, 4th, 6th, and 7th decade of the vegetation). This implies the use of the EDI
for modeling of the impact of weather on the yield formation in a significant area of the Czech Republic
and the possibility to use it for modeling yields on the basis of scenario data.
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Abstract: The purpose of this work is to compile a list of species growing in vineyards of two wine
YLOODJHV%UDWþLFHDQG6\URYLFH Znojmo wine VXEUHJLRQ:LWKLQWKHZLQHYLOODJHRI%UDWþLFH, vine line
âLURNp NOLQN\ :LWKLQ WKH wine village of Syrovice there were evaluated  YLQH OLQHV 6WDUi KRUD
DQG 1DG POêQHP In âLURNp NOtQN\ (wine YLOODJH RI %UDWþLFH was the most species rich vegetation
within evaluated vine lines, 46 plant species were found. Whereas 40 plant species were found iQ6WDUi
hora vine line (wine village of Syrovice) and only  VSHFLHV ZHUH IRXQG LQ 1DG POêQHP YLQH OLQH
(wine village of Syrovice). The most frequently occurred species were grasses as: Lolium perenne,
Festuca rubra, Festuca pratensis, Arrhenatherum elatius.
Key Words: vegetation, viQH\DUGVSODQWVSHFLHV%UDWþLFH6\URYLFH
INTRODUCTION
The grapevine cultivation in our country is known since the 3rd century AD. The roman emperor
0DUN $XUHOLXV KDG SODQWHG WKH YLQH\DUGV QHDU WKH YLOODJH RI 0XãRY QRZ QR ORQJHU H[LVW
under the 3iODYDhills)URPWKHILUVWYLQH\DUGVWKHYLQHVSUHDGDOORYHU6RXWK0RUDYLD 3iWHN 
,QWKHWRWDOYLQH\DUGDUHDDPRXQWHGWRKD %XEOtNRYi 2IWKLVWRWDOWKHRUJDQLFDOO\
IDUPHGKHFWDUHV (NRORJLFNp]HPČGČOVWYtY ý5 
The basic nature of viticulture in the 21st century is to maintain and above all the increase
in the natural fertility of the soil. Soil fertility is determined by the positive interaction of matter rock,
humus, soil organisms and organic matter. Soil fertility is the soil's ability to supply higher plants
enough of air, water, nutrients and they create an environment to fixing roots. The complete exclusion
or minimal application of pesticides that are toxic to individual components of soil edaphone
and the greening of vineyard interconnections are very important elements of soil care (PavloXãHN
2007). The greening of the vineyards is closely related to the expansion of organic vine farming
and expanding integrated production (+UDEDORYi2016).
$FFRUGLQJ WR 3DYORXãHN   ZH XVH D ZLGH VSHFWUXP RI SODQW VSHFLHV WR SODQW YLQH\DUGV
Appropriate species used for planting the vineyard are sought according to pH, soil structure, humus,
exposition, planting space, vine varieties, cutting, planting time and passage frequency (Sedlo 1994).
The structure of the soil in the vineyards is permanently distorted one-sided treatment of the soil
in the long term and leads to soil compaction. Significant problems are caused by the lack of humus.
Looking at these aspects, new greenhouse compounds are mixed. It is contain a rich representation
of individual families. These are families of Brassicaceae, Fabaceae, Poaceae)
and other dicotyledonous flowering herbs (Ziegler 2004).
The main principles of the seed mixtures include representations of at least three kinds
of different genera. Another principle is that grass species can not be dominant (less than 50%).
At least 33% must be leguminous plants. The mixture must also appear 1±2% deep rooting plants.
Sufficient space must be left with natural flora (Ziegler 2004).
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The purpose of this work is to compile a list of species growing in vineyards of the wine
villages %UDWþLFH DQG 6\URYLFH 2WKHU SXUSRVH RI WKLV ZRUN LV WR HYDOXDWH WKH LPSRUWDQFH RI SODQW
species in terms of vine growing and ecosystem.
MATERIAL AND METHODS
Characteristics of the interest territory %UDWþLFH
7KH FDGDVWUDO DUHD RI %UDWþLFH LV ORFDWHG LQ WKH 6RXWK 0RUDYLDQ 5HJLRQ DERXW  NP VRXWK
of Brno. The altitude is approximately 215 m a.s.l. The area falls into a very warm and dry climatic
region within the Czech Republic.
7KH WRWDO DUHD RI WKH %UDWþLFH FDGDVWUDO DUHD LV  KD RI ZKLFK WKH DJULFXOWXUDO ODQG
is 505.9 ha. Within agricultural land, arable land is 484.8 ha, meadows and pastures 8.1 ha, orchards
0.3 ha and vineyards 1.9 ha.
7KH %UDWþLFH YLOODJH LV JRYHUQHG Ey the wine law as a wine village belonging to the Znojmo
wine subregion and the wine region of Moravia. Within the wine village there are 2 vine lines
RIWKH6WDUpKRU\DQGâLURNpNOLQN\6WDUpKRU\LVQRWFXUUHQWO\SODQWHGZLWKYLQH\DUGVDQGWKHUHIRUH
have not been evaluated.
Characteristics of the interest territory Syrovice
The cadastral area of Syrovice is located in the South Moravian Region, about 20 km south
of Brno. The altitude is approximately 202 m a.s.l. The area falls into a very warm and dry climatic
region within the Czech Republic.
The total area of the Syrovice cadastral area is 881.5 ha, of which the agricultural land is
707.9 ha. Within agricultural land, arable land is 673.2 ha, meadows and pastures 1.1 ha, orchards
1.6 ha and vineyards 11.8 ha.
The Syrovice village is governed by the wine law as a wine village belonging to the wine region
of Moravia and the Znojmo wine subregion. Within the wine YLOODJHWKHUHDUHYLQHOLQHVRIWKH6WDUi
KRUDDQG1DGPOêQHP
Methodology of evaluation of vegetation species composition
Evaluation of vegetation was made using a floristic list of the found species. Evaluation was
PDGHLQ-XO\6FLHQWLILFQDPHVRILQGLYLGXDOSODQWVSHFLHVZHUHXVHGDFFRUGLQJWR.XEiWHWDO
(2002), categories of plant rarity and endangerment follow redlist of Grulich (2012). Inspection routes
were determined on the selected territories within the wine lines. The found species were registered
during the 3 inspections. Occurrence of each recorded species was evaluated using a simple
three-point scale after completion of the inspections.
Scale evaluating occurrence of species:
x
3 ± very frequently occurring species with dominant occurrence (dominant species)
x
2 ± common species with frequent occurrence on some parts on the vineyard only
(sub-dominant species)
x
1 ± rare species with rare and sporadic occurrence
RESULTS AND DISCUSSION
List of plant species found on rated vineyards
7KH ILUVW HYDOXDWHG DUHD ZDV WKH YLQH OLQHV âLURNp NOtQN\ ZLQH YLOODJH %UDWþLFH  0RVW
of the line area is consist of arable land and there are small parts of vineyards. A similar cultivation
method is applied to the entire vineyard. On this plot is used alternating cultivated and grassed
inter-rows. During the monitoring, 46 plant species were found on this track.
Among the species with very abundant occurrence on this track belong (level 3 according
to the scale): Achillea millefolium, Amaranthus retroflexus, Convolvulus arvensis, Conyza canadensis,
Hordeum murinum, Lolium perenne, Mercurialis annua and Trifolium repens.
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The common occurrences on this track were (level 2 according to the scale): Atriplex patula,
Bromus hordeaceus, Cirsium arvense, Consolida regalis, Dactylis glomerata, Echinochloa crus-galli,
Euphorbia helioscopia, Festuca pratensis, Festuca rubra, Chenopodium album, Lamium album,
Lathyrus tuberosus, Malva neglecta, Setaria viridis, Stellaria media and Tripleurospermum inodorum.
Species with a rare or rare occurrence on this track were (level 1 according to the scale): Avena
fatua, Bromus tectorum, Carduus acanthoides, Carex hirta, Elytrigia repens, Galium aparine, Geum
urbanum, Humulus lupulus, Panicum miliaceum, Papaver rhoeas, Pastinaca sativa, Plantago
lanceolata, Plantago major, Reseda lutea, Robinia pseudacacia, Senecio vulgaris, Taraxacum sect.
Ruderalia, Tragopogon orientalis, Triticum aestivum, Urtica dioica, Urtica urens and Veronica
persica.
7KHVHFRQGHYDOXDWHGDUHDZDVWKHYLQHOLQHV6WDUiKRUD ZLQHYLOODJH6\URYLFH 2QWKHWHUULWRU\
of this line, the vineyards are also only partially and most of the area is used in a different way. These
are mainly vineyards that are part of gardens or small plots and are mostly managed by small breeders.
On this plot is used cultivated inter-rows with intensive regulation of vegetation. During
the monitoring, 40 plant species were found on this track.
Among the species with very abundant occurrence on this track belong (level 3 according
to the scale): Amaranthus retroflexus, Cirsium arvense, Convolvulus arvensis, Elytrigia repens,
Festuca pratensis, Festuca rubra and Lolium perenne.
The common occurrences on this track were (level 2 according to the scale): Agrostis capillaris,
Apera spica-venti, Artemisia vulgaris, Bromus tectorum, Conyza canadensis, Erigeron annuus,
Chenopodium album, Plantago lanceolata, Setaria viridis, Securigera varia, Trifolium repens
and Tripleurospermum inodorum.
Species with a rare or rare occurrence on this track were (level 1 according to the scale):
Achillea millefolium, Arrhenatherum elatius, Carduus acanthoides, Cornus sanguinea, Echinochloa
crus-galli, Echinops sphaerocephalus, Eryngium campestre, Galeopsis tetrahit, Geranium pusillum,
Chenopodium strictum, Juglans regia, Lamium purpureum, Lappula squarrosa, Mercurialis annua,
Rosa canina, Silene vulgaris, Taraxacum sect. Ruderalia, Thlaspi arvense, Trisetum flavescens, Urtica
dioica and Verbascum austriacum.
7KH WKLUG HYDOXDWHG DUHD ZDV WKH YLQH OLQHV 1DG POêQHP ZLQH YLOODJH 6\URYLFH  0RVW
of the line area is consist of arable land, orchards, gardens and vineyards. During the monitoring, 17
plant species were found on this track.
Among the species with very abundant occurrence on this track belong (level 3 according
to the scale): Arrhenatherum elatius, Bromus tectorum, Dactylis glomerata, Festuca pratensis,
Festuca rubra and Trisetum flavescens.
The common occurrences on this track were (level 2 according to the scale): Aethusa cynapium,
Achillea millefolium, Erigeron annuus, Fragaria moschata, Medicago lupulina, Reseda lutea, Robinia
pseudacacia and Trifolium repens.
Species with a rare or rare occurrence on this track were (level 1 according to the scale):
Cirsium arvense, Erigeron acris and Medicago minima.
Evaluation of plant species occurrence in monitored vine lines
Of the plant species found, some effectively prevent erosion. Such species belong Lolium
perenne, Festuca rubra, Festuca pratensis, Elytrigia repens, Securigera varia, Trifolium repens,
Agrostis capillaris, Arrhenatherum elatius, Achillea millefolium, Dactylis glomerata and Trisetum
flavescens.
Some species bind atmospheric nitrogen and thus enrich the soil. Such species belong Trifolium
repens, Securigera varia, Lathyrus tuberosus, Robinia pseudacacia, Medicago minima and Medicago
lupulina.
Some species are very attractive to insects as a food source. Such species belong Securigera
varia, Tripleurospermum inodorum, Trifolium repens, Plantago lanceolata, Plantago major, Artemisia
vulgaris, Erigeron annuus, Erigeron acris, Conyza canadensis, Echinops sphaerocephalus, Carduus
acanthoides, Verbascum austriacum, Lamium album, Lamium purpureum, Geranium pusillum,
Galeopsis tetrahit, Eryngium campestre, Taraxacum sect. Ruderalia, Rosa canina, Achillea
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millefolium, Silene vulgaris, Lappula squarrosa, Fragaria moschata, Reseda lutea, Medicago
lupulina, Medicago minima, Robinia pseudacacia, Cirsium arvense, Lathyrus tuberosus, Consolida
regalis, Stellaria media, Tragopogon orientalis, Papaver rhoeas, Aethusa cynapium, Pastinaca sativa,
Veronica persica and Senecio vulgaris.
Some species have very deep roots and can compete with grapevine. Such species belong
Convolvulus arvensis, Securigera varia, Humulus lupulus, Juglans regia, Cirsium arvense, Artemisia
vulgaris, Robinia pseudacacia, Taraxacum sect. Ruderalia, Rosa canina, Lathyrus tuberosu
and Pastinaca sativa.
Some species quickly produce a large amount of biomass, which complicates the work
in the vineyard. Such species belong Hordeum murinum, Amaranthus retroflexus, Setaria viridis,
Tripleurospermum inodorum, Echinochloa crus-galli, Atriplex patula, Chenopodium album,
Chenopodium strictum, Bromus tectorum, Bromus hordeaceus, Avena fatua a Galium aparine.
CONCLUSION
During the monitoring of vineyard vegetation of selected wine villages, most species were
IRXQGLQYLQHOLQHRIâLURNpNOtQN\ wine YLOODJHRI%UDWþLFH ,WZDVIRXQGSODQWVSHFLHV,QYLQH
OLQHRI6WDUiKRUDwere found 40 SODQWVSHFLHV7KHOHDVWVSHFLHVZDVIRXQGRQWKH1DGPOêQHPYLQH
line (wine village of Syrovice). It was found 17 plant species.
The most frequently occurring species of weed were: Lolium perenne, Festuca rubra, Festuca
pratensis, Arrhenatherum elatius, Trisetum flavescens, Elytrigia repens, Hordeum murinum, Dactylis
glomerata, Bromus tectorum. The other most frequently occurring species of herbaceous perennial
plant were: Trifolium repens, Achillea millefolium, Cirsium arvense, Convolvulus arvensis, Conyza
canadensis. And from annual herbs were the most frequently occurring species: Mercurialis annua
and Amaranthus retroflexus.
At present, the vineyards are perceived as a plant association, where other plant species grow
next to the grapevine. Occurrence of many species of plants prevent erosion, provide food insects
and vertebrates, and enriches the soil with nitrogen.
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Abstract: The vegetation at a recultivated landfill create a continuous succession of vegetation in order
to prevent the erosion of the soil brought. And the roots of the vegetation must not grow into the body
of the landfill itself and should form a limited amount of biomass so that it is not demanding in terms
of maintenance. The aim of the thesis was to determine the species composition of plants that are able
to sustain themselves in an active landfill in 1ČWþLFH (sites are located in =OtQ Region, Czech
Republic). Three habitats were selected on the land with the recultivated part of the landfill.
The landfill was recultivated in 2010, 2011or 2012. The evaluation of the vegetation was carried out
using the recording phytosociological methods. Coverage of the species found in the selected sites.
Altogether 50 plant species were found. The data were performed using a redundancy analysis (RDA).
The plant species found whose roots can grow into the body of the landfill are mainly Convolvulus
arvensis, Cirsium arvense, Melilotus albus, Melilotus officinalis, Securigera varia. The species
Calamagrostis epigejos is a useful component of the recultivated habitats. It forms a continuous string
of dense vegetation that prevents erosion and inhibits the growth of other plant species and is therefore
a welcome component of these habitats.
Key Words: vegetation, landfill, landfill recultivation, Calamagrostis epigejos
INTRODUCTION
Vegetation is one of the most important components of ecosystems. It is important both in terms
of how the ecosystem functions and in terms of animal life preservation. Plants serve as a shelter
and a source of food for creatures ranging from insects to vertebrates (Laflamme 2007).
A change in the vegetation at a certain place over a period of time is called
succession. A process called secondary succession takes place in locations where
vegetation was already present but was partially or completely eliminated as a result of anthropogenic
activities (the extraction of mineral resources, forest felling, etc.) (JHKOtN 1998). According
to Connela and Slatyer (1977), the process of succession is based on the relationships
between the plant populations in the given habitat. According to Bastl et al. (1997),
the earlier succession stages are generally more prone to disruption than the later stages.
The period for which dominant non-native species survive in specific habitats may be
very long. The succession stages are generally less affected for habitats in stress conditions.
At later succession stages, the involvement of invasive communities is restricted by the competition
of a canopy of plants that are already growing on the place.
We can see the process of succession in municipal waste landfills as well. Landfills or parts
of landfills that are already closed (no further waste is brought) are recultivated. Their surface is
covered with special foils followed by a layer of soil, and vegetation is then planted. The task
of the vegetation is to create a continuous stand so as to prevent the erosion of the soil brought

141

November 8–9, 2017, Brno, Czech Republic

24
years

to the landfill. Furthermore, the roots of the vegetation must not grow into the body of the landfill
itself and should form a limited amount of biomass so that it is not demanding in terms
of maintenance.
MATERIAL AND METHODS
Characterization of growing locality
The work was conducted in the cadastral area 1ČWþLFH =OtQ region). It is a sanitary
landfill incorporated with multilayer composite bottom liner, leachate and landfill gas collection
system, and a final cover system. In terms of maintenance, the landfill is classified
in the S-category - other waste, sub-category S-OO3. Up to now, Stage I of 19 200 m2 has been
constructed together with parts of Stage II (5 500 m2) and Stage III (7 500 m3). The facility receives
waste (category of other waste) from a catchments area with the population of ca. 75 000 residents.
The approved landfill sector for waste of sub-category S-OO1 has not been opened yet. The sector
will be intended for the disposal of waste (category of other waste) with the low content
of organic biologically degradable substances. A sector of the landfill will be intended largely
for the disposal of asbestos-containing wastes, gypsum-based waste, stabilized waste, waste
with the high sulphur content and waste with the increased content of metals. Waste
with the substantial content of organic biologically degradable substances must not be stored
in that sector.
The area belongs in the .RMHWtQ bioregion (Culek 1996) situated in central Moravia
and occupying the geomorphological subunit of Central Moravia Floodplain. The bioregion
is formed by a broad alluvial plain with regulated rivers. Biota is of azonal character and dominated
by agrocoenoses, preserved floodplain forests, remainders of meadows and ponds with abundant fauna
9DYHUNRYi et al. 2012).
According to Quitt (1971), the entire region lies in the warm zone T2. Weather is warm, poor
to precipitation.
Methodology for evaluating vegetation and processing statistics
Three habitats that differ in terms of the time at which the recultivation was carried out were
selected on the land with the recultivated part of the landfill. The landfill was recultivated in 2010
at the site of the first habitat, in 2011 at the site of the second habitat and in 2012 at the site
of the third habitat.
The evaluation of the vegetation was carried out using the phytosociological plots
of size 20 m2. The coverage was estimated as a percentage. The monitoring took place
in July 2017. Eight phytosociological images were recorded at each habitat (together
twenty four). The scientific names of each weed species were used according to .XEiW
.XEiW et al. 2002).
The evaluation of the coverage of the species found at the selected habitats with different waste
was carried out by means of multidimensional analyses of ecological data. A redundancy analysis
(RDA) based on the linear response model was finally used.
RESULTS AND DISCUSSION
Altogether 50 plant species were found. The average coverage of species found in the monitored
habitats with different recultivation periods is specified in Table 1.
The results of the RDA analysis, which evaluated the relationship of the habitat
to the different types of waste and plant species, are significant for first canonical axes
at the significance level Į = 0.011 and are therefore statistically conclusive. The ordination
diagram (Figure 1) represents the graphical visualisation. Based on the results, the species
can be divided into four groups.
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Table 1 The average coverage of species on the observed habitats with different waste
Habitats
(average coverage in %)
Species
Abbreviations
Recultivation
Recultivation
Recultivation
in 2010
in 2011
in 2012
Acer negundo
Ace negu
0.3
Achillea millefolium
Ach mill
0.1
0.3
0.7
Allium rotundum
All rotu
0.3
Arctium tomentosum
Arc tome
0.1
Arrhenatherum elatius
Arr elat
13.8
23.1
27.9
Artemisia vulgaris
Art vulg
0.8
1.2
0.3
Astragalus glycyphyllos
Ast glyc
0.6
Calamagrostis epigejos
Cal epig
2.4
14.2
14.0
Campanula rapunculoides
Cam rapu
0.1
0.1
Carduus acanthoides
Car acan
0.1
0.8
0.4
Cirsium arvense
Cir arve
13.9
5.9
4.0
Convolvulus arvensis
Con arve
0.4
1.0
2.1
Dactylis glomerata
Dac glom
0.4
2.7
3.0
Daucus carota
Dau caro
0.3
0.2
Dipsacus fullonum
Dip full
0.3
0.1
Elytrigia repens
Ely repe
1.3
1.1
5.7
Euphorbia esula
Eup esul
2.1
0.3
Festuca pratensis
Fes prat
13.5
5.6
2.9
Festulolium
Festuloli
21.9
15.9
9.3
Galium album
Gal albu
2.1
14.1
20.0
Hypericum perforatum
Hyp perf
4.6
0.2
Lathyrus pratensis
Lat prat
24.0
7.0
0.1
Lathyrus tuberosus
Lat tube
0.6
Linaria vulgaris
Lin vulg
0.1
Lolium perenne
Lol pere
9.1
5.6
2.9
Melilotus albus
Mel albu
5.6
7.8
Melilotus officinalis
Mel offi
0.6
0.6
Phleum pratense
Phl prat
1.0
3.6
Phragmites australis
Phr aust
0.6
Picris hieracioides
Pic hier
0.4
0.7
Poa pratensis
Poa prat
2.6
10.0
Ranunculus acris
Ran acri
0.1
Rosa canina
Rosa canin
0.1
0.4
Rubus sp.
Rub sp.
3.5
0.6
0.7
Rumex crispus
Rum crisp
0.3
Salix caprea
Sali capr
0.1
Sanguisorba officinalis
San offi
0.4
Securigera varia
Sec vari
6.0
8.3
0.9
Sisymbrium officinale
Sis offi
0.1
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Figure 1 Ordination diagram (RDA) expressing the relationship of the plant species found
and different recultivation habitats

Legend: ³First re³ habitat with recultivation that took place in 2010. ³Second re³ habitat with recultivation that took place
in 2011. ³Third re³ habitat with recultivation that took place in 2012.

The first group of species was more common in the first habitat, where recultivation is the most
recent. The group included the following species: Cirsium arvense, Convolvulus arvensis, Elytrigia
repens, Euphorbia esula, Festuca pratensis, Festulolium, Hypericum perforatum, Lathyrus pratensis,
Lathyrus tuberosus, Lolium perenne, Melilotus albus, Melilotus officinalis, Phragmites australis,
Rubus sp., Securigera varia, Symphytum officinale and Tussilago farfara. Twenty-eight species were
found in this habitat.
The second group of species was more common in the second habitat, where the recultivation
was carried out in 2011. The group included the following species: Acer negundo, Allium rotundum,
Arctium tomentosum, Artemisia vulgaris, Astragalus glycyphyllos, Calamagrostis epigejos,
Campanula rapunculoides, Carduus acanthoides, Dactylis glomerata, Daucus carota, Dipsacus
fullonum, Linaria vulgaris, Picris hieracioides, Ranunculus acris, Rosa canina, Rumex crispus, Salix
caprea, Sisymbrium officinale, Tanacetum vulgare, Tragopogon dubius, Trifolium aureum, Trifolium

144

November 8–9, 2017, Brno, Czech Republic

24
years

hybridum, Trifolium pratense Tripleurospermum inodorum, Urtica dioica and Vicia cracca. Thirtyfive species were found in this habitat.
The third group of species was more common in the third habitat, where the first recultivation
took place. The group included the following species: Achillea millefolium, Arrhenatherum elatius,
Galium album, Phleum pratense, Poa pratensis and Sanguisorba officinalis. Thirty-five species were
found in this habitat.
CONCLUSION
In the habitat where recultivation took place the most recently, there is a predominance
of species that can be considered as field weeds (Elytrigia repens, Convolvulus arvensis) and species
that expand (Arrhenatherum elatius, Calamagrostis epigejos). In habitats recultivated in 2010, field
weed species and species that expand are slowly disappearing and local species are starting to appear.
Local species (Lathyrus pratensis, Melilotus albus) or sown species (Festulolium, Festuca pratensis,
Lolium perenne) are predominant in the habitats that have been recultivated the earliest.
Plant species with deep roots pose a certain risk. Their roots can grow into into the actual body
of the landfill and receive substances that they can then transport to the parts above the ground
and thereby release them into the food chain. Furthermore, the roots can disrupt the protective layer
of the landfill's body and thus release dangerous substances and contaminate groundwater. Especially
the species Convolvulus arvense, Cirsium arvensis, Melilotus albus, Melilotus officinalis
and Securigera varia can be problematic in this regard. The species Calamagrostis epigejos is
a usefull component of the recultivated habitats. It forms a continuous string of dense vegetation
that prevents erosion and inhibits the growth of other plant species and is therefore a welcome
component of these habitats.
Recultivated landfills are an interesting ecosystem where succession takes place. It is, therefore,
necessary to monitor the changes in vegetation and influence this development if necessary.
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Abstract: Milk thistle [Silybum marianum (L.) Gaertn.] is currently a sought-after plant commodity,
but the problem of herbicide protection, which is a limiting factor in its cultivation, has not been
solved yet. Milk thistle achenes can be used in a variety of ways (as dietary supplements, livestock
feeding etc.), but above all they are an important raw material for processing in the pharmaceutical
industry. The aim of this work was to evaluate the phytotoxicity and the suitability of selected
herbicides in small-scale experiments during the years 2014, 2015 and 2016. The results indicate
that the preparations used in the study have sufficient selectivity for the milk thistle plants. According
to the results, the preparations TARGA SUPER 5 EC and GALLANT SUPER can be recommended
during the cultivation.
Key Words: milk thistle, herbicide, weeds
INTRODUCTION
Milk thistle [Silybum marianum (L.) Gaertn.] is an annual cultural crop belonging
to the Asteraceae family, originating from the Mediterranean. Since the ancient times it has been
known for its positive effect in the treatment and prevention of hepatic tissue diseases (Kroll et al.
$EHQDYROLHWDO+DEiQHWDO&DODQLHWDO ,QWKH&]HFK5HSXEOLFWKHPLON
thistle takes the first place as for the area of cultivation of all the MAPs (medicinal, aromatic and spice
SODQWV  3ĜLE\ORYiHWDO 0LONWKLVWOHDFKHQHVDUHWKHSURGXFWRISDUWLFXODULQWHUHVWEHFDXVHWKH\
contain the silymarin complex, which is a mixture of flavolignans, including silybin A, B (50±60%),
isosilybin A, B (5%), silydianin (10%), silychristin (20%) a flavonoid taxifolin (Stancheva et al. 2008,
$EEDVL HW DO  dD÷GDú HW DO  $ERX=LG 12). The total content of the silymarin complex
in achene dry matter varies in the range of 1±3% (Andrzejewska et al. 2011, Katar et al. 2013).
According to Nasrabadi et al. (2014) the silymarin complex is contained in the whole plant, but it is
only advantageous to isolate it from the achenes. The milk thistle achenes contain also high quality oil
(15±30%), its main components being linoleic acid (60%), oleic acid (30%) and saturated palmitic
acid (about 9%). The achenes contain also proteins (30%), carbohydrates (mostly arabinose, glucose,
xylose and rhamnose), tocopherol (0.038%), sterols (0.063%) and last but not least, flavonoids
(quercetin, taxifolin) (Abenavoli et al. 2010).
The optimum growth conditions, especially in the phase of flowering and ripening, affect
the yield enhancement (Stancheva et al. 2008). From an agronomic point of view, milk thistle is
considered to be an undemanding crop adaptable to the different conditions. It can be grown on sandy
VRLOVEXWDOVRRQKHDY\DQGFOD\VRLOV 9HUHãDQG7êU$IVKDUHWDO 
One of the limiting factors during the milk thistle cultivation is the weeds infestation
and interference. From the crop rotation point of view, the milk thistle is a suitable precursor for corn
LQ D VXVWDLQDEOH IDUPLQJ V\VWHP 7êU DQG 9HUHã  .DUNDQLV HW DO   $FFRUGLQJ
to Zheljazkova et al. (2006) milk thistle is sensitive to a wide range of herbicides used for other
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cultural crops. Defining capability is an important agronomic characteristic of milk thistle thanks
to the rapid creation of leaf rosette and a large amount of leaf matter. However, at the beginning
of the vegetation period, especially in the germination stage and during the extensive growth,
the competitiveness of milk thistle to weeds is relatively low (Delchev 2016).
Most common weeds found in milk thistle stands are: Sonchus arvensis L., Agropyron repens
Beauv., Cirsium arvense Scop., Convovulus arvensis L., Raphanus raphanistrum L., Sinapis arvensis
L., Galium aparine L., Chenopodium album L., Mentha crispa L., Stachys arvensis L. and Atriplex
patula L. (Delchev 2016). In Bulgaria, in the Plovdiv region, where Zheljazkov et al. (2006) carried
out their research during the years 1995 and 1996, typical weed representatives were Amaranthus
retroflexus (L.), Setaria viridis (L.) Beauv., Cynodon dactylon (L.) Pers., as well as Amaranthus
blitoides S. Wats., Chenopodium album L., Datura stramonium L., Polygonum convolvulus L.,
Polygonum aviculare L., Solanum nigrum L., Xanthium strumarium L., Abutilon theophrasti Medik.,
Digitaria sanguinalis L., from the biennial species also Convolvulus arvensis L., Leonurus cardiata
L., Cirsium arvense L. and Sorghum halepense (L.) Pers.
MATERIAL AND METHODS
Characterization of growing locality, experimental design
The herbicidal experiments were established in the form of randomized blocks, each in 3
replicates on experimental plots of the Agritec Plant Research, Ltd., in the years 2014, 2015 and 2016.
All variants and their designations are given in the Table 1. The size of the plots was 12.5 m2 of which
10 m2 were harvested. Application of the herbicide was carried out on June 23rd, 2014; June 4th, 2015
and June 19th, 2016. A small-scale sprayer HEGE 32 was used for the application.
In all experimental years were found following annual dicotyledonous weeds in the trials:
THLAR (Thlaspi arvense L.), CAPBP (Capsella bursa-pastoris (L.) MED.), VERHE (Veronica
hederifolia L.), LAMPU (Lamium purpurea L.), MATMA (Matricaria discoidea DC.), MATCH
(Matricaria recutita L.), VIOAR (Viola arvensis MURRAY), CHEAL (Chenopodium album L.), and
others. From monocotyledons then: ECHCG (Echinochloa crus-galli (L.) P.B.) a AGRRE (Elytrigia
repens (L.) NEVSKI) ± persistent weed. In 2014, 2015 also annual weed AVEFA (Avena fatua L.).
Evaluation of the phytotoxicity of individual preparations was carried out in three terms (7, 14
and 28 DPA - days after application) according to the Methodology for the determination
of the phytotoxicity of preparations [EPPO No. 135/1988].
The small-scale combine harvester SAMPO was used for the harvest. The experimental plots
were harvested on October 15th, 2014, August 1st, 2015 and September 7th, 2016. After the harvest, the
yield from the area unit was determined.
The evaluation of results was performed by the analysis of variance (ANOVA) using the
statistical program STATISTICA (data analysis software system), StatSoft, Inc. (2013), version 12.
)LVKHU¶s test at a significance level of P=0.05 was chosen for subsequent testing.
Table 1 Overview of the herbicide treatment variants in the years 2014, 2015 and 2016
No. Preparation
Active compound
Amount
1 CONTROL
2 STOMP 400 SC
pendimethalin
2.5 l
3 BETANAL MAXX PRO desmedipham+ethofumesate+phenmedipham+lenacil 1.5 l
4 REFINE 50 SX
thifensulfuron-methyl
20 g
5 BUTISAN STAR
qinmerac+metazachlor
1.5 l
6 TARGA SUPER 5 EC quizalofop-P-ethyl
2.0 l
7 GALLANT SUPER
haloxyfop-R methylester
1.0 l
8 GLEAN 75 WG
chlorsulfuron
10 g
9 STARANE 250 EC
fluroxypyr
0.5 l
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RESULTS AND DISCUSSION
In all experimental years, the phytotoxicity of the herbicide preparations used for milk thistle
was evaluated in three terms.
The phytotoxicity evaluation in the year 2014
7 DPA (BBCH 16±19)
STOMP 400; BETANAL MAXX PRO; REFINE 50 SX - Phytotoxicity > 5%. Slight growth delay
compared to control, mild necrosis of the leaves that had already been developed when applying the
herbicide.
BUTISAN STAR - Phytotoxicity 5±10%. Growth delay, mild necrosis of the leaves that had already
been developed when applying the herbicide.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only
on monocotyledonous and perennial weeds.
GLEAN 75 WG, STARANE 250 EC - Phytotoxicity 20±30%. Compared to untreated control,
chlorotic plants were observed, retardation and slower growth. Necrotic stains on leaves. Death
of plants, especially the weaker ones.
14 DPA (BBCH 19±32)
STOMP 400 SC; BETANAL MAXX PRO; REFINE 50 SX - Phytotoxicity 0%. Phytotoxicity has
subsided.
BUTISAN STAR - Phytotoxicity 5%. Growth inhibition, with no noticeable necrosis or color changes
on leaves.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only on
monocotyledonous and perennial weeds.
GLEAN 75 WG; STARANE 250 EC - Phytotoxicity 20 %. Necrotic stains on newly growing leaves
are no longer observed. Growth retardation of milk thistle plants, i.e. the delay of the onset of the
individual growth phases compared to the untreated control. Death of plants observed, especially the
weaker ones.
28 DPA (BBCH 37±61)
STOMP 400 SC; BETANAL MAXX PRO; REFINE 50 SX; BUTISAN STAR - Phytotoxicity 0%.
Phytotoxicity has subsided.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only
on monocotyledonous and perennial weeds.
GLEAN 75 WG - Phytotoxicity 15%. Necrotic stains on newly growing leaves are no longer
observed. Growth retardation of milk thistle plants, i.e. the delay of the onset of the individual growth
phases compared to the untreated control.
STARANE 250 EC - Phytotoxicity 10%. Necrotic stains on newly growing leaves are no longer
observed. Growth retardation of milk thistle plants, i.e. the delay of the onset of the individual growth
phases compared to the untreated control.
The phytotoxicity evaluation in the year 2015
7 DPA (BBCH 15±18)
STOMP 400 SC; BETANAL MAXX PRO; REFINE 50 SX - Phytotoxicity to 5%. Slightly delayed
growth, slight necrosis of leaves that were already developed at the time of application.
BUTISAN STAR - Phytotoxicity 5%. Delayed growth, slight necrosis of leaves that were already
developed at the time of application.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only
on monocotyledonous weeds.
GLEAN 75 WG - Phytotoxicity 10%. Compared with the untreated variant, chlorotic plants were
observed, as well as retardation and slower growth. Necrotic stains on leaves. Minimal mortality,
especially of weaker plants.
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STARANE 250 EC - Phytotoxicity 5%. Delayed growth, slight necrosis of leaves that were already
developed at the time of application.
14 DPA (BBCH 18±31)
STOMP 400 SC; BETANAL MAXX PRO; REFINE 50 SX - Phytotoxicity 0%. Phytotoxicity has
subsided.
BUTISAN STAR ± Phytotoxicity 3% - Growth inhibition, with no apparent necrosis or color changes.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only
on monocotyledonous and perennial weeds.
GLEAN 75 WG - Phytotoxicity 5%. Necrotic stains on newly growing leaves are no longer observed.
Growth retardation of milk thistle plants, i.e. the delay of the onset of the individual growth phases
compared to the untreated control. Death of plants observed, especially the weaker ones.
STARANE 250 EC - Phytotoxicity 3%. Growth inhibition, with no apparent necrosis or color
changes.
28 DPA (BBCH 37±59)
STOMP 400 SC; BETANAL MAXX PRO; REFINE 50 SX; GLEAN 75 WG; STARANE 250 EC;
BUTISAN STAR - Phytotoxicity 0%. Phytotoxicity has subsided.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only
on monocotyledonous and perennial weeds.
The phytotoxicity evaluation in the year 2016
7 DPA (BBCH 16±31)
STOMP 400 SC; BETANAL MAXX PRO; REFINE 50 SX - Phytotoxicity > 5%. Slightly delayed
growth, slight necrosis of leaves that were already developed at the time of application.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only
on monocotyledonous and perennial weeds.
GLEAN 75 WG - Phytotoxicity 7%. Compared with the untreated variant, chlorotic plants were
observed, a well as retardation and slower growth. Necrotic stains on leaves. Minimal mortality,
especially of weaker plants.
STARANE 250 EC - Phytotoxicity 5%. Delayed growth, slight necrosis of leaves that were already
developed at the time of application.
14 DPA (BBCH 31±35)
STOMP 400 SC; BETANAL MAXX PRO; REFINE 50 SX - Phytotoxicity 0%. Phytotoxicity has
subsided.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only
on monocotyledonous and perennial weeds.
GLEAN 75 WG - Phytotoxicity 3%. Necrotic stains on newly growing leaves are no longer observed.
Growth retardation of milk thistle plants, i.e. the delay of the onset of the individual growth phases
compared to the untreated control.
STARANE 250 EC - Phytotoxicity 3%. Growth inhibition, with no apparent necrosis or color
changes.
28 DPA (BBCH 39±67)
STOMP 400 SC; BETANAL MAXX PRO; REFINE 50 SX; - Phytotoxicity 0%. Phytotoxicity has
subsided.
TARGA SUPER 5 EC; GALLANT SUPER - Phytotoxicity 0%. Herbicidal effect only
on monocotyledonous and perennial weeds.
GLEAN 75 WG; STARANE 250 EC - Phytotoxicity 0%. Phytotoxicity has subsided.
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Table 2 Average yield of milk thistle achenes in g/m in the years 2014, 2015 and 2016
Herbicide
CONTROL
STOMP 400 SC
BETANAL MAXX PRO
REFINE 50 SX
BUTISAN STAR
TARGA SUPER 5 EC
GALLANT SUPER
GLEAN 75 WG
STARANE 250 EC

2014
108.3
114.5
133.4
105.5
114.3
118.7
121.7
68.4
93.7

cd
cd
e
bc
cd
cd
de
a
b

2015
143.9
177.9
156.9
169.5
149.5
153.9
151.6
168.9
157.8

a
c
b
c
ab
ab
ab
c
b

2016
154.3
168.5
163.5
171.0
161.8
166.0
156.3
164.0
161.8

a
a
a
a
a
a
a
a
a

From the table 2 is evident, that in 2014 the highest yield of the achenes was in the variant
treated with herbicide BETANAL MAXX PRO, the lowest yield was in the variant treated
with herbicide GLEAN 75 WG, where yield was one half lower compared to the highest yield
achieved. In 2015 year the highest yield was get in the variant treated with herbicide STOMP 400 SC,
the lowest yield was in the control variant. In 2016 statistically significant differences between
the yields of the achenes were not found.
CONCLUSION
The monitoring of phytotoxicity of the herbicide treatment in three experimental years shows,
that some included herbicides proved high selectivity against the plants of the milk thistle and in years
2014 and 2015 also the positive effect of their application on the achenes yield.
In 2014, these were TARGA SUPER 5 EC, STOMP 400, BETANAL MAXX PRO, but also
GALLANT SUPER and BUTISAN STAR. In 2015, these were mainly preparations: TARGA SUPER
5 EC, GALLANT SUPER, REFINE 50 SX a STOMP 400. Similar results were achieved in 2016.
The application of these herbicides had primarily effect on monocotyledonous and perennial weeds.
From the point of view of phytotoxicity the application of these herbicides was the best during
the experimental years: TARGA SUPER 5 EC a STOMP 400, and next already registered herbicide
REFINE 50 SX. There was no phytotoxicity for products TARGA SUPER 5 EC and GALLANT
SUPER in the first term. Phytotoxicity up to 5% was monitored for STOMP 400 and REFINE 50 SX.
The use of herbicides also corresponds to the yields of the achenes. In 2014, the highest yields
were obtained after the application of BETANAL MAXX PRO and GALLANT SUPER. In 2015,
the highest yield was obtained after the application of STOMP 400 SC, GLEAN 75 WG and REFINE
50 SX. Comparable yields were harvested also in 2016. However, as already stated in previous papers,
the yields are affected by the course of weather in the given growing year, especially.
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Abstract: Milk thistle is cultivated on an area of almost 5000 hectares for the production of achenes,
which are used as an important source of silymarin complex. Milk thistle is a plant sufficiently
resistant to and competitive against most of the weeds, but also cultivated plants. One of the main
obstacles that hinders the expansion of its area of cultivation for various usage is the fact that
the subsequent crop, milk thistle becomes a difficult weed that is hard to dispose. Thanks to the use
of certain preparations, like Lontrel 300 - active compound clopyralid - and Butoxone 400 - active
compound MCPB (4-(4-chloro-o-tolyloxy) butanic acid), significant regulation of milk thistle plants
was achieved.
Key Words: milk thistle, weeds, subsequent crop, herbicide
INTRODUCTION
Milk thistle is an annual or biennial plant of the Asteraceae family, which is widely used,
among others things, in natural medicine (Khan et al. 2007, Alemardan et al. 2013). It is grown
in Europe, Egypt, China and Argentina as a cultural and especially medicinal plant. According
to different surveys it grows in the wild in some states and continents (North Africa, Australia,
$PHULFD DQGLWLVDWURXEOHVRPHZHHG %DUUHWR9HUHãDQG7êU 
Martinelli et al. (2014) states that this plant species is widely used in both human and veterinary
medicine, but also in the food industry, where - among other things - high quality milk thistle oil is
used. According to this author, milk thistle is useful in animal feed, phytoenergetics and many other
fields of application. In the crop rotation it can be used for example as a suitable raw material
IRU VLODJH PDL]H +DEiQ HW DO   7KH XVH RI PLON WKLVWOH IRU HQULFKPHQW RI WKH IHHG UDWLRQV
especially for highly productive animals, is a new trend. Either full achenes or oil cake are used
for feeding (Sadowska et al. 2010, Wierzbowska 2013).
Milk thistle is a 20±150 cm tall, sturdy plant with an upright stalk that branches. Another
characteristic feature is the massive leaf rosette of dark green colored leaves with white spots along
the veins and sharp thorns at the edges. Thorns are also on the bracteae under the anthodia (AbouZid
2012, Elwekeel et al. 2013). The main stalk and the branches bear a violet-colored anthodia. Milk
thistle fruit, that is the object of interest of the growers, is a grayish-downy, glossy black-brown
achene. Thanks to the pappus it spreads through the wind, and not only during the harvest.
The achenes germinate in a subsequent crop where they cause unwanted weed infestation (Zheljazkov
et al. 2006, Abenavoli et al. 2010). According to DiTomaso et al. 2013, the achenes spread for short
distances using the pappus and wind spontaneously after falling off the anthodia, but at longer
distances in particular by human activity. These ways include the expansion in blends with other
crops, mechanization or contaminated feed. Milk thistle plants reproduction occurs only via the seeds.
The seeds can germinate either during the first rainfall or they hibernate in the seed phase
and germinate early in the spring. Milk thistle achenes keep their germination ability for over 9 years.
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The achenes are characterized by low or almost no dormancy (Karkanis et al. 2011). Milk thistle can
be disposed of in a subsequent crop by mechanical or chemical means (DiTomaso et al. 2013).
One of the other aspects that discourage the growers due to unwanted weed infestation
of subsequent crops is the uneven ripening of the anthodia, which makes the seeds fall
from the anthodia before the harvest. The optimal harvest time must therefore be chosen in such a way
DVWRDYRLGKLJKKDUYHVWORVVHVDQGZHHGLQIHVWDWLRQRIVXEVHTXHQWFURSV +DEiQHWDO'HOFKHY
2016).
Milk thistle is a plant very tolerant to various cultivation and mainly soil conditions. Its
adaptability to soil is given mostly by the massive root system, which allows to grow milk thistle even
at dry conditions (Karkanis et al. 2011, Marinelli et al. 2014). Milk thistle that has enough
precipitation, especially during the summer months, produces a large amount of green matter
including gradually maturing anthodia. This fact can have fatal consequences for the subsequent crop
(Andrzejewska et al. 2011). According to Serima et al. (2012), effective herbicide mixtures containing
trisulfuron (25%) and the Dicamba preparation (50%) are used to eliminate wide-leaf weeds, like milk
thistle (Silybum marianum), iberis (Bifora radians Bieb.), rough cocklebur (Xanthium strumarium L.)
and black nightshade (Solanum nigrum L.) in extensively grown wheat or maize. It can be expected
that the weed infestation of the subsequent crop by milk thistle will be reduced by the means
of suitable herbicide preparations.
MATERIAL AND METHODS
The experiments with the response of milk thistle to the selected herbicides that would result
in its destruction in the succeeding crop were carried out in 2014±2016 on Agritec Plant Research,
/WGSORWVLQâXPSHUN7KHH[SHULPHQWVZHUHEDVHGRQ0LUHOVHHGVLQWKHIRUPRIUDQGRPL]HGEORFNV
each in four replicates. The size of the plots was 12.5 m2, the seed rate was 8 kg/ha. The number
of plants/m2 was determined after complete emergence and during each selectivity evaluation.
Following herbicides were used for the experiments: LONTREL 300, active compound:
clopyralid, amount: 0.3 l/ha in 312.5 l of water/ha, and BUTOXONE 400, active compound: MCPB
(4-(4-chloro-o-tolyloxy) butanic acid), amount: 3.0 l/hain 312.5 l water. Effectiveness
of the application was compared to untreated control. HEGE 32 sprayer was used for application.
The evaluation of the effectiveness was carried out in all experimental years in 3 terms: 7, 14
and 28 DPA (days after application). The effectiveness of preparation was determined by the means
of counting the plants in the plot.
The evaluation of results was performed by the analysis of variance (ANOVA) using the statistical
program STATISTICA (data analysis software system), StatSoft, Inc. (2013), version 12. Fisher¶s test
at a significance level of P=0.05 was chosen for subsequent testing.
Table 1 Overview of the applications and selectivity evaluations in the years 2014, 2015 and 2016
Selectivity evaluation
Beginning End of Herbicide
Year Sow
of
emerappli- BBCH 7 BBCH 14 BBCH 28
emergence gence cation
DPA phase DPA phase DPA

BBCH
phase

2014 23.5.

29.5.

1.6.

23.6.

14±16 30.6. 16±19

37±61

2015 28.4.

7.5.

11.5.

4.6.

14±16 11.6. 15±18 18.6. 18±31

2.7.

37±59

2016 20.4.

30.4.

7.5.

16.6.

15±18 23.6. 16±31 30.6. 31±35 14.7.

39±67

7.7.

19±32 21.7.
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RESULTS AND DISCUSSION
The effect of the investigated herbicides was apparent on the treated crops in all experimental
years. Their effectiveness was evaluated in three terms every year.
The effectiveness evaluation in the year 2014
7 DPA (BBCH 16±19)
LONTREL 300: Significant effectiveness. Leaves and de facto whole plants were yellow to necrotic,
likely with a subsequent death scenario.
BUTOXONE 400: Significant effectiveness. Leaves and de facto whole plants were yellow
to necrotic, likely with a subsequent death scenario.
14 DPA (BBCH 19±32)
LONTREL 300: Significant mortality of plants. Leaves and whole plants were necrotic. Surviving
plants were weaker and lower compared to untreated control.
BUTOXONE 400: Significant mortality of plants. Leaves and whole plants were necrotic. Surviving
plants were weaker and lower compared to untreated control.
28 DPA (BBCH 37±61)
LONTREL 300: Significant mortality of plants. Leaves and whole plants were necrotic. Surviving
plants were weaker and lower compared to untreated control.
BUTOXONE 400: Significant mortality of plants shortly after the application. Surviving plants were
weaker and lower compared to untreated control.
The effectiveness evaluation in the year 2015
7 DPA (BBCH 16±19)
LONTREL 300: Significant mortality of plants. Leaves and whole plants were necrotic. Surviving
plants were weaker and lower compared to untreated control.
BUTOXONE 400: Significant effectiveness. Leaves and de facto whole plants were yellow
to necrotic, likely with a subsequent death scenario.
14 DPA (BBCH 19±32)
LONTREL 300: Significant mortality of plants. Leaves and whole plants were necrotic. Surviving
plants were weaker and lower compared to untreated control.
BUTOXONE 400: Significant mortality of plants. Leaves and whole plants were necrotic. Surviving
plants were weaker and lower compared to untreated control.
28 DPA (BBCH 37±61)
LONTREL 300: Significant mortality of plants shortly after the application. Surviving plants were
weaker and lower compared to untreated control.
BUTOXONE 400: Significant mortality of plants. Leaves and whole plants were necrotic. Surviving
plants were weaker and lower compared to untreated control.
The effectiveness evaluation in the year 2016
7 DPA (BBCH 16±19)
LONTREL 300: Significant effectiveness. Leaves and de facto whole plants were yellow to necrotic,
likely with a subsequent death scenario.
BUTOXONE 400: Significant effectiveness. Leaves and de facto whole plants were yellow
to necrotic, likely with a subsequent death scenario.
14 DPA (BBCH 19±32)
LONTREL 300: Significant effectiveness. Leaves and de facto whole plants were yellow to necrotic,
likely with a subsequent death scenario.
BUTOXONE 400: Significant mortality of plants. Leaves and whole plants were necrotic. Surviving
plants were weaker and lower compared to untreated control.
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28 DPA (BBCH 37±61)
LONTREL 300: Significant mortality of plants shortly after the application. Surviving plants were
weaker and lower compared to untreated control.
BUTOXONE 400: Significant mortality of plants shortly after the application. Surviving plants were
weaker and lower compared to untreated control.
As can be seen in Table 2 and Table 3, the differences between herbicide-treated variants
and the control were very high. It was also clear that the milk thistle cultivation was highly
significantly affected by a growing year; this was in good accordance with the work of many other
DXWKRUV +DEiQ et al.  9DFXOtN   7KLV FRQILUPed, among other things, the highly
conspicuous interaction between the growing year and the treatment method.
Table 2 Variance analysis for the number of plants/m2 after the application of herbicides
n-1 No. of plants in pc/m2

Source of variance
Year

2

31.3***

Treatment

2

2489.8***

evaluation term after 7, 14 and 28 days

2

24.8***

year*treatment

4

52.0***

year*evaluation term after 7, 14 and 28 days

4

4.7**

treatment*evaluation term after 7, 14 and 28 days

4

17.0***

year*treatment*evaluation term after 7, 14 and 28 days

8

7.6***

Deviation

81

1.0

Legend: * - S - S0,01; *** - S

Table 3 Average effectiveness of the preparations in the terms 7, 14 and 28 DPA expressed as number
of plants/m2
Herbicide

Control

LONTREL 300

BUTOXONE 400

DPA

Experimental year
2014

2015

2016

7

15.8 e

18.3 g

17.3 fg

14

9.8 c

21.0 h

16.0 ef

28

9.5 c

15.5 e

13.3 d

7

1.0 ab

0.8 ab

0.3 ab

14

1.5 b

0.3 ab

0.3 ab

28

1.3 ab

0.3 ab

0.0 a

7

1.0 ab

1.3 ab

1.0 ab

14

1.0 ab

0.8 ab

0.8 ab

28

1.0 ab

0.5 ab

0.5 ab

Legend: The average values marked with different letters in the columns differ statistically significantly at p = 0.05
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Figure 1 Average number of plants/ m2 in individual experimental years after the application of
herbicides

No. of plants in pc.m-2

control
herbicide LONTREL
herbicide BUTOXONE
22
20
18
16
14
12
10
8
6
4
2
0

2014

2015

2016

year

In the case of two preparations (LONTREL 300 and BUTOXONE 400) that are intended
to control the eventual occurrence of milk thistle in the subsequent crop, there has been a significant
diminishing of the milk thistle plants number and it can be assumed that in combination
with the competitive effect of the crop the overall herbicidal effectiveness would be excellent, i.e.
95±100%. Herbicides that are made for the disposal of broad-leaved annual and persistent weeds, such
as Dicamba or herbicides containing trisulfuron, which are registered for cereals, would also be very
useful. Their use for milk thistle should be a subject of a further monitoring study.
CONCLUSION
In conclusion it can be clearly stated that herbicides intended for the regulation
of dicotyledonous weeds LONTREL 300 and BUTOXONE 400 are highly significantly capable
to control the milk thistle infestation in a subsequent crop, most often cereal. Besides the overall
herbicidal effectiveness of the above-mentioned plant protection products, the synergistic effect
of the crop should be taken into the account, because the crops further strengthen the herbicidal
effectiveness of given herbicides.
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Abstract: In the conditions of the Czech Republic, winter wheat is one of the most widely grown crops
as well as cereals on arable land. The aim of the contribution was to find out the influence of different
agronomic factors (pre-crop, soil tillage) as well as the year on the subsequent winter wheat grain yield
in the conditions of dry land of Southern Moravia. The field experiment was conducted at the Field
Trial 6WDWLRQ LQ äDEþLFH (Czech Republic) in 2015±2017, located in the maize production area.
The pre-crops for winter wheat included winter wheat, pea, alfalfa and silage maize. Two ways of soil
tillage were used in the experiment, namely ploughing (to a depth of 0.24 m) and shallow loosening
(to a depth of 0.15 m). From the results obtained in three years it was found that winter wheat grain
yield was influenced especially by the year, the pre-crops and by combination of these two factors
with soil tillage. On the other hand, statistical significance for the influence of soil tillage was not
found. The yield difference between both methods of soil tillage amounted to negligible 0.11 t/ha.
In terms of pre-crop, the highest winter wheat grain yields were achieved after alfalfa as a pre-crop
(10.60 t/ha), the lowest yields were after winter wheat as a pre-crop (9.53 t/ha). Statistical significance
was found among the pre-crops. The results from 2015±2017 also showed that the year is one
of the generally most unpredictable factors which can cause different results and play an important
role in generating yields. Statistical significance among individual interactions was also confirmed.
Key Words: maize production area, winter wheat, yield, pre-crop, soil tillage
INTRODUCTION
Winter wheat is one of the most widely grown crops not only in the world but also in the Czech
Republic. It is our most significant as well the most grown cereal. In the Czech Republic, it takes
up almost a quarter of arable land and a half of the cereals areas (Zimolka 2005). Due to the high
production potential, it has gradually begun to expand significantly to higher locations, replacing
the constantly reduced areas of rye and oats. Currently, it is grown virtually in all production areas
%DGDOtNRYiDQG%DUWORYi1). Despite being grown in all production areas, locations in the maize
production area can be considered the most suitable conditions for growing the winter wheat. In these
areas, there is a higher probability of drier periods at the time of ripening which is necessary in order
to achieve the food quality. In terms of yield generation, there is, however, the risk occurrence of drier
periods in the spring period. A properly chosen growing technology consisting of different agronomic
interventions can eliminDWHWKHVHULVNVWRDFHUWDLQH[WHQW 6PXWQêHWDO 
In order to achieve high yields when growing winter wheat, it is necessary to pay enough
attention to agronomic factors whereby certain higher production ability can be achieved.
The agronomic factors can include a suitable crop sequence in the crop rotation (pre-crops),
in addition a suitable method of soil tillage in the particular locality conditions, the date of sowing,
a suitable selection of the variety as well as sufficient fertilisation, nutrition and treatment of the stand.
For instance, it has been the found that the yield can be significantly influenced under the joint action
of a suitable crop and the soil tillage method (Ercoli et al. 2017). In addition to the properly used crop
management practices also the soil-climate conditions of the given location as well as a particular
course of the weather in the particular year are to be respected.
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MATERIAL AND METHODS
The influence of agronomic factors (pre-crop, soil tillage) on winter wheat grain yields was
evaluated at the Field Trial 6WDWLRQLQäDEþLFH(Czech Republic) in 2015±2017, in the conditions of dry
Southern Moravia. This station is located in the maize production area, which is one of the warmest
and driest areas in the Czech Republic, in an altitude of 179 m and is located 25 km south
from the city of Brno. The average annual precipitation for thirty years in this location amounts
to 480 mm and the average yearly temperature amounts here to 9.& 7DEOH Four pre-crops for
winter wheat were used: winter wheat, pea, alfalfa and silage maize. Two soil tillage methods were
used in the experiments: ploughing (to a depth of 0.24 m) and shallow loosening (to a depth
of 0.15 m).
In 2015 and 2016, the grown variety of winter wheat was Sultan. In 2017, already the Rumor
variety. The sowing rate amounted to 4 MGS/ha (millions of germinating seeds per hectare)
and the sowing was done to a depth of 3 cm in the agronomic date. The total applied nitrogen dose
amounted to 170 kg N/ha. In addition, P and K mineral fertilizers (90 kg P2O5/ha and 120 kg K2O/ha),
î herbicide, î insecticide î fungicide and 2î growth regulators were applied. The harvest
in 2015±2017 was carried out in the first half of the month of July, using small-plot SAMPO
Rosenlew SR 2010 combine harvester. The achieved yields from the harvest areas with a size
of 22.5 m2 (in four repetitions in each variant) were recalculated per hectare at the grain moisture
of 14%.
Table 1 The average air temperatures and sum of precipitation in years 2014±2017, compared
with temperature and sum of precipitation normal (1961±1990) at the Field Trial 6WDWLRQLQäDEþLFH
Month

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

I-XII

Average temperature &

1.1

2.7

8.5

11.8

14.5

18.8

21.5

17.9

15.6

11.5

7.5

2.4

11.2

Sum of precipitation (mm)

22.0

12.6

5.6

11.2

62.8

43.4

85.0

113.6

116.2

46.4

29.2

28.7

576.7

$YHUDJHWHPSHUDWXUH &

1.8

1.6

5.5

10.1

14.7

19.1

22.9

23.6

15.9

9.6

6.2

2.9

11.2

Sum of precipitation (mm)

20.0

7.4

28.0

9.4

33.8

22.4

22.4

106.0

23.8

48.0

24.8

17.2

363.2

2014

2015

2016
$YHUDJHWHPSHUDWXUH &

-1.2

5.1

5.5

9.8

15.7

19.8

21.3

19.5

17.9

9.0

3.9

-0.5

10.5

Sum of precipitation (mm)

25.6

64.7

30.4

41.6

42.0

34.8

149.2

65.0

10.0

54.4

24.9

7.2

549.8

$YHUDJHWHPSHUDWXUH &

-4.9

2.0

8.0

9.2

16.0

21.0

21.4

-

-

-

-

-

-

Sum of precipitation (mm)

0.3

2.1

2.3

58.7

24.6

33.9

96.1

-

-

-

-

-

-

7HPSHUDWXUHQRUPDO &

-2.0

0.2

4.3

9.6

14.6

17.7

19.3

18.6

14.7

9.5

4.1

0.0

9.2

Sum of precipitation normal (mm)

24.8

24.9

23.9

33.2

62.8

68.6

57.1

54.3

35.5

31.8

36.8

26.0

479.7

2017

1961±1990

RESULTS AND DISCUSSION
The achieved results of winter wheat grain yields were statistically evaluated using
ANOVA±analysis of variance (Table 2) followed by testing of mean value differences
by the confidence intervals method in the statistical programme Statistica 12.0 (StatSoft software Inc.,
Tulsa, Oklahoma, USA).
The influence of the year was statistically demonstrated on the amount of winter wheat grain
yield (Figure 1). The lowest yield was achieved in 2017, namely 8.60 t/ha. On the other hand,
the highest winter wheat grain yield was in 2016 (10.74 t/ha), when the difference against 2015
amounted to the negligible amount of 0.03 t/ha and 2.14 t/ha more in comparison with 2017.
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Table 2 ANOVA (Analysis of variance) ± grain yield of winter wheat
Source of variability

Degrees of freedom

year
pre-crop
soil tillage
year*pre-crop
year*soil tillage
pre-crop*soil tillage
year*pre-crop*soil tillage
error

2
3
1
6
2
3
6
216

Average square
yield
87.14**
10.25**
0.49
5.68**
0.97*
1.57**
0.49
0.27

Legend: * Statistically significant difference (P = 0.05), ** Statistically highly significant difference (P = 0.01)

Figure 1 The influence of the year on the winter wheat grain yield
11.50
11.00

Yield (t/ha)

10.50
10.00
9.50
9.00
8.50
8.00

2015

2016

2017

Year

Within the influence of the pre-crops on winter wheat grain yield it was found that the highest
yield was achieved after alfalfa as a pre-crop (10.60 t/ha). The lowest yield was after winter wheat
as a pre-crop (9.53 t/ha). The difference between these two pre-crops amounted to 1.07 t/ha.
At the same time, there was found a statistically significant difference between winter wheat
and alfalfa (Figure 2) as well as between these pre-crops and silage maize and pea. Not between
the pre-crops of silage maize and pea.
Figure 2 The influence of a pre-crop on the winter wheat grain yield
11.00
10.80
10.60

Yield (t/ha)

10.40
10.20
10.00
9.80
9.60
9.40
9.20

winter wheat

pea

alfalfa

silage maize

Pre-crop

No statistical significance between ploughing and shallow loosening was found for the influence
of soil tillage on the subsequent winter wheat grain yield (Figure 3). The difference between two
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methods of soil tillage was only 0.11 t/ha, when a slightly different winter wheat grain yield was
after shallow loosening (10.15 t/ha).
Figure 3 The influence of soil tillage on winter wheat grain yield
10.40

10.30

Yield (t/ha)

10.20

10.10

10.00

9.90

9.80

ploughing

shallow loosening
Soil tillage

In the interaction with the year with pre-crops, the highest winter wheat yield was achieved
after alfalfa in 2015 (11.53 t/ha). In the same year, the difference in comparison with silage maize was
by 1.34 t/ha more, in comparison by 0.3 t/ha more and winter maize even by 1.41 t/ha more.
On the other hand, the lowest yield was after winter wheat (7.65 t/ha) in 2017. It has been also found
that out of all three years, the lowest winter wheat lowest yields were achieved in 2017 (Figure 4).
At the same time, statistical significance was found by all four pre-crops in all three years.
Figure 4 The influence of interaction of the year with the pre-crop on winter wheat grain yield
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In the interaction between the year and soil tillage it has been found that statistically significant
differences after both methods of soil tillage were found between the years of 2015 and 2017
and between the years of 2017 and 2016. Whereas, between the years of 2015 and 2016, the values did
not differ statistically (Figure 5). Conclusively highest grain yields were in 2016 after ploughing
(10.81 t/ha), on the other hand, the lowest yields were in 2017 after ploughing (8.30 t/ha). It has been
also found that in the years of 2015 and 2017, grain yield was higher after shallow loosening
in comparison with ploughing, namely in 2015 by 0.10 t/ha and in 2017 by 0.11 t/ha. While in 2016,
the yield after shallow loosening was lower by 0.14 t/ha in comparison with ploughing.
In the interaction of soil tillage with a pre-crop it was found that the highest yield in both soil
tillage methods was achieved after alfalfa, 10.48 t/ha after ploughing and 10.73 t/ha
after shallow loosening. The difference of the yield after alfalfa between these two soil tillage methods
was 0.25 t/ha. Further it was found that there had been found a statistically significant difference
between winter wheat as a pre-crop in both soil tillage methods and alfalfa after shallow loosening
(Figure 6).
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Figure 5 The influence of the year with soil tillage on winter wheat grain yield
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Figure 6 The influence of a pre-crop with soil tillage on winter wheat grain yield
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The field experiment results from 2015±2017 showed that winter wheat grain yield is influenced
not only by agronomic factors (pre-crop, soil tillage) but also by the year. Thus, high significance
as well as statistical significance have been confirmed, as confirmed also by the results of KunzoYi
(2007) and Jug et al. (2011). It has also turned out that out of all three years, the lowest winter wheat
yields were in the interaction of the year with a pre-crop. These yield differences among years could
be linked with lower temperatures in winter 2016/17, when some days with frosts caused worse
and slower regeneration of plants. It was negative, especially in dry condition in spring 2017. It is
in opposite with warm winters in 2014/15 and 2015/16, when the plants can growth practically whole
winter time. In 2016 the weather conditions were very suitable for grain formation in winter wheat.
In 2015 there was lower amount of precipitation but very well distributed in time and it was
effectively used for plants. But in 2017 there was typical uneven distributed precipitation whole
vegetation period in combination with more frequent occurrence of hot days when evaporation
increased. Less available soil moisture caused probably lower yield level in this year. As a result,
this may indicate the cause of different yield results between the years of 2015 and 2017 and the years
of 2016 and 2017 and the effect of the year and pre-crop factors. This is confirmed also
by Neugschwandtner et al. (2015). High importance for the achieved winter wheat results can be also
attributed to a suitable pre-crop which was confirmed also by Piekarczyk (2010). Our results show that
the highest yield was achieved after the pre-crop of alfalfa and other two pre-crops (pea, silage maize)
in comparison with winter wheat as a cereal. Similar results were found also by +HMFPDQDQG.XQ]RYi
(2010) based on their long-term experiments. The main finding was that there was found no statistical
significance in the influence of soil tillage, thus between both soil tillage methods (ploughing
and shallow loosening). 6LPLODUO\DOVR0LNDQRYi et al. (2012) indicated the same results. In addition,
Rieger et al. (2008) claims that the different results of winter wheat grain yield may not always be
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caused by the different soil tillage. According to WRĨQLDN  WKHGLIIHUHQWVRLOWLOODJHPHWKRd has
rather a lower influence on the amount of yield, while the influence of the weather (the year) is bigger.
He also points out that if there is a higher total rainfall during the vegetation period the yield is higher
after ploughing than after shallow loosening. On the contrary, after a lower rainfall, the yield is higher
after shallow loosening than after ploughing. Which has been also confirmed in our results,
in the interaction of the year with soil tillage. Nevertheless, confirming of the influence of different
soil tillage method on the winter wheat grain yield remains difficult.
CONCLUSION
The three years results show that winter wheat grain yield in the conditions of dry maize
production area is influenced especially by the year (weather), the pre-crop and partly by soil tillage.
This confirms not only the significance of the influence of agronomic factors, mainly the pre-crop,
but also the influence of the year (the weather) not only separately, but also in the interaction
with a pre-crop and in the interaction with soil tillage.
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Abstract: The aim of the experiment was to compare the change of physical soil processes
in different soil tillage towards different crops. There was conducted a field experiment at the Field
Trial 6WDWLRQ LQ äDEþLFH LQ  ZLWKLQ a model field experiment which is focused
the management on the soil with livestock production. There were compared three different soil tillage
technologies, namely ploughing (to a depth of 0.24 m), shallow loosening (to a depth of 0.15 m) and
direct sowing, with winter wheat after two pre-crops (silage maize and alfalfa) and with spring barley
after the pre-crop sugar beet. The evaluative physical soil properties included bulk
density (g/cm3), the total porosity (%), the minimum air capacity (%) and the maximum capillary
FDSDFLW\   7KH PRGLILHG .RSHFNê-1RYiN PHWKRG RI VDPSOLQJ RI XQGLVWXUEHG VRLO VDPSOHV
was used for the analyses. The depth of sampling was 0±0.10 m, 0.10±0.20 m and 0.20±0.30 m
in five repetitions. Based on the achieved results it was found that the traditional soil
tillage, thus ploughing has a more favourable influence on the bulk density, the total
porosity and minimum air capacity than soil tillage with lower intensity (shallow loosening and direct
sowing).
Key Words: soil tillage, physical soil properties, bulk density, total porosity, minimal air capacity
INTRODUCTION
Soil tillage plays an important role as well as an integral part of agro-technical intervention.
Since soil tillage has an influence on the soil properties and plant production (Husnjak et al. 2002).
However, it cannot be omitted that it is also a significant mean in the fight against weeds, pests
and diseases.
Significant soil properties include the physical state of soil, on which the water, air, biological
and thermal soil regime (Czyz 2006) is immediately depended. And they are the different soil tillage
systems that considerably influence the physical properties of soils and the growth of crops
(Mosaddeghi et al. 2009) and ultimately can also significantly influence the achieved crop yields.
The changes induced by soil tillage most significantly relate to reduced bulk density which has
an influence on the entire complex of soil physical properties, i.e. porosity, air and water capacity,
thermal conductivity etc. (Czyz 2006).
It has been found that a deeper soil tillage decreases the soil strength and the soil
bulk density (Laddha and Totawat 1997) but improves water storage in the soil, increases
the growth of roots (Holloway and Dexter 1991) and even increases the crop production (Ghosh et al.
2006). While Mosaddeghi et al. (2009) have found that there are better physical soil
properties in the system without soil tillage than in the conventional system, especially
in dry and semi-dry areas. Thus we must realize that the changes of soil properties due
to different soil tillage are also different depending on the soil and climate conditions of the particular
areas.
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MATERIAL AND METHODS
The monitoring was carried out within the rotation of crops for livestock production
management in a model field experiment called AGRO 2 (7-crop rotation ± alfalfa 1st year, alfalfa 2nd
year, winter wheat, silage maize, winter wheat, sugar beet, spring barley), based
on the Field Trial Station in äDEþLFH 7KH ORFDWLRQ LV IRXQG DW DQ DOWLWXGH RI  P LQ D PDL]H
production area, in a South Moravian dry area with typical inland climate. The dryness of the climate
is increased by winds causing a large evaporation of soil moisture. The average annual air temperature
reaches here 9.&DQGWKHDYHUDJHUDLQIDOODPRXQWVWRPP7KHUHLVDIOXYLVRl type and heavier
soil texture.
Three variants of soil tillage, namely ploughing (to a depth of 0.24 m), shallow loosening
(to a depth of 0.15 m) and direct sowing, in winter wheat after the pre-crop silage maize and alfalfa
and in spring barley after pre-crop sugar beet were chosen for the monitoring of physical soil
properties in 2017.
Determining the physical soil properties was based on the sampling of undisturbed soil samples
(in natural storage) and their following laboratory analysis. The sampling of soil samples to the so
FDOOHG .RSHFNê physical rolls (with a volume of 100 cm3) was done in April 2017. The evaluative
physical soil properties included bulk density (g/cm3), the total porosity (%), the minimum air capacity
(%). As these main physical soil properties reflect very well each mechanical intervention to the three
phase soil system (solid soil matter, water and air). In addition, the maximum capillary capacity (%)
was determined. These physical properties were determined at a sampling depth of 0±0.10 m,
0.10±0.20 m and 0.20±0.30 m always in five repetitions.
The Kopeckê-Novak modified method used at the Department of Agrosystems
DQG %LRFOLPDWRORJ\ RI 0HQGHO 8QLYHUVLW\ LQ %UQR .RVWHODQVNê   ZDV XVHG IRU WKH DQDO\VHV
Statistic software Statistica 12.0 (StatSoft software Inc., Tulsa, Oklahoma, USA) was used for statistic
evaluation.
RESULTS AND DISCUSSION
In the monitored year of 2017, there were found differences among the physical properties in
the assessed experimental variants. In statistical evaluation done by analysis of variance (ANOVA)
and the subsequent Tukey HSD test at a significance level 3  0.05, a statistically significant
difference was found. The statistically significant difference is shown in the following tables 1 and 2.
Different letters (a, b, c) designate significant difference at the significance level 3 0.05. Values of
physical properties are mentioned in in these tables as averages after both pre-crops and all variants of
soil tillage.
Winter wheat after silage maize
There were recorded statistical differences among individual variants when growing winter
wheat after silage maize. As for bulk density and the total porosity, a statistically significant difference
was found in all soil tillage variants (Table 1). As for minimal air capacity, there was a statistically
significant difference between ploughing and direct sowing and between shallow loosening and direct
sowing. There was no statistically significant difference between ploughing and shallow loosening.
As for the maximal capillary capacity, there was found no statistically significant difference between
ploughing, shallow loosening and direct sowing.
Winter wheat after alfalfa
When growing winter wheat after alfalfa, there were found statistically significant differences
between ploughing and direct sowing and between shallow loosening and direct sowing both in bulk
density and the total porosity, the minimum air capacity and the maximum capillary capacity
(Table 1). On the contrary, there was found no statistically significant difference between ploughing
and shallow loosening in all four evaluated physical soil properties.
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Table 1 Average values of physical soil properties in individual soil tillage variants when growing
winter wheat after the pre-crop silage maize
Minimum
Maximum
Bulk
Total
air capacity capillary capacity
density
Pre-crop
Soil tillage variant
porosity (%)
(%)
(%)
(g/cm3)
Silage maize

ploughing

1.34 a

48.72 a

10.57 a

38.14 a

shallow loosening

1.37 b

47.68 b

10.77 a

36.90 a

direct sowing

1.42 c

45.86 c

7.87 b

37.98 a

1.38

47.42

9.74

37.67

ploughing

1.20 a

54.15 a

22.83 a

31.32 a

shallow loosening

1.19 a

54.57 a

22.67 a

31.90 a

direct sowing

1.36 b

48.18 b

11.73 b

36.45 b

1.25

52.30

19.08

33.22

Average
Alfalfa

Average

Legend: 'LIIHUHQWOHWWHUV DEF GHVLJQDWHDVLJQLILFDQWGLIIHUHQFHLQWKHVLJQLILFDQFHOHYHO3 0.05.

Spring barley after sugar beet
When growing spring barley after sugar beet, there was found a statistically significant
difference in all soil tillage variants in bulk density (Table 2). As for the total porosity, the minimum
air capacity and the maximum capillary capacity, there was found a similar statistically significant
difference as in growing winter wheat after alfalfa, thus only between ploughing and direct sowing
and between shallow loosening and direct sowing. No any difference was found out between
ploughing and shallow loosening.
Table 2 Average values of physical soil properties in individual soil tillage variants when growing
winter wheat after the pre-crop sugar beet
Bulk
Maximum
Total
Minimum air
Pre-crop
Soil tillage variant
density
capillary
porosity (%) capacity (%)
(g/cm3)
capacity (%)
ploughing
1.35 a
48.36 a
10.53 a
37.83 a
Sugar beet shallow loosening
1.38 b
47.40 a
10.04 a
37.35 a
direct sowing
1.57 c
39.96 b
6.14 b
33.82 b
Average
1.43
45.24
8.90
36.33
Legend: Different letters (a, b, c) designate a significant difference in the significance OHYHO3 0.05.

The field experiment results have shown that as the intensity of soil tillage decreases,
in our case shallow loosening and direct sowing, there is a statistically significant increase of bulk
density and at the same time the reduction of the total porosity of soil. This is confirmed by most
DXWKRUV 6SUDJXH DQG 7ULSOHWW  $]RR] DQG $UVKDG  5DXV  +ĤOD Dnd 3URFKi]NRYi
2008). The highest bulk density values were found after direct sowing whether in case of winter wheat
after the pre-crops silage maize (1.42 g/cm3) and after the pre-crops-alfalfa (1.36 g/cm3) and in spring
barley after the pre-crop sugar beet (1.57 g/cm3). Horne et al. (1992) and Alegre et al. (1991) have also
found, on the basis of their results, that the soil bulk density is higher in zero tillage system
if compared to the traditional conventional technology (ploughing). On the contrary, the total porosity
was highest in soil tillage technology by ploughing. This confirms that the total porosity is a mirror
image of bulk density as claimed also by +RXãĢ HW DO   7KH WRWDO SRURVLW\ ZDV KLgher
after shallow loosening (54.57%) in comparison with ploughing by 0.42% only when growing winter
wheat after the pre-crop alfalfa. At the same time, the direct sowing variant had a significant decrease
of the minimum air capacity values in comparison with the variant with ploughing and shallow
loosening of soil. The results also pointed out to a partial tendency to increase the maximal capillary
soil capacity while increasing the intensity of its processing.
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In spring barley, the results show that soil tillage influence values of some soil physical
properties. In some cases, OLPLWV DFFRUGLQJ WR /KRWVNê methodology (1984) were obtained. Direct
sowing variant had the highest values of bulk density and the lowest minimum air capacity which
could be limited for root development and caused decrease of yield. It was confirmed by yield data
when yield was 1.7 t/ha lower at this variant in comparison with ploughing and shallow loosening.
In winter wheat, the results show that soil tillage in interaction with pre-crop influence values
of some soil physical properties, as well. In general, much more suitable values of physical parameters
were obtained after alfalfa. There are significant differences among soil tillage variants, but still all
values are in acceptable range. Direct sowing variant had the highest value of maximal capillary
capacity. This fact was positive in dry vegetation period of year 2017 and the yield was 0.51 t/ha
higher in comparison with ploughing. But this conclusion is valid only after alfalfa, when soil is in
good structural staff. On the other hand, after silage maize, the grain yield of winter wheat was in this
variant the lowest (difference 1.01 t/ha).
CONCLUSION
The achieved results have mostly confirmed the anticipated effects of the effects of individual
soil tillage methods on the physical soil properties. When comparing the changes of physical soil
properties in different soil tillage to different crops, it has turned out that the traditional soil tillage
(ploughing) has a more favourable effect on bulk density, the total porosity and the minimum air
capacity than low intensive soil tillage (shallow loosening and direct sowing). One-year results have
shown how interact the effect of soil tillage in combination with pre-crop. When winter wheat is
grown after alfalfa, soil is in good structural staff and direct sowing can be suitable variant. Especially
in dry years, there is water saving effect.
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Abstract: The field experiments based on manipulating the crop environment are critical for determining
WKHFURS¶VUHVSRQVHWRWKHclimatic conditions expected in the future. An experimental site in 'RPDQtQHN
is located by  1  ( at an altitude of 560 m (potato production area). The field
experiment using rain-out shelters for soil water availability reduction was conducted in 2015/2016.
The main aim of this study was to assess the impacts of different water availability (rain-out shelters
vs. control) on the performance of selected field crops (spring barley, winter wheat, winter rape
and silage maize). Reduction of precipitation in treatment with rain-out shelters was confirmed
by measuring soil water content. The amount of precipitation during growing period was reduced
by 251 mm, 277 mm, 217 mm and 240 mm for the spring barley, winter wheat, winter rape and silage
maize, respectively. As a consequence, leaf area index and yields declined, however the crop responses
were not consistent.
Key Words: ANOVA, drought stress, field trial, LAI, rain-out shelter, water shortage
INTRODUCTION
Long term field experiments are considered to be an irreplaceable source of information
on the long-term effects of agro-technical measures on the soil environment, provide material
for assessing the relationship between crop yields and weather patterns. They provide information about
effects of soil management various in time and the response to changed environmental condition
/LSDYVNê HW DO  . $FFRUGLQJ WR 5KOPDQQ DQG YRQ *DJHrn (2009) dealing with the evaluation
of the results of long-term field experiments, for example, different climatic conditions and different
crops and crop rotations have an impact on the mechanisms of yield generation, nutrient balance, soil
organic matter dynamics, nutrient release, nutrient intake, soil organic matter, soil biodiversity and soil
biological properties.
Drought as a period of abnormal dry weather causing hydrological imbalance is the consequence
of reduced precipitation and snowfall as well as increased evapotranspiration due to higher temperatures.
(Konikow and Kendy 2005). It is expected that the number of drought episodes will increase äDOXG
et al. 2009) and it is critical to explore how drought will affect food security in the future. The present
study is focused on the impacts of the reduction in available soil moisture, which is one of the most
important prerequisite for plant production. The main aim of this study was to quantify the impacts
of precipitation reduction under leaf area index (LAI) and dry matter yields. Simultaneously,
the applicability of experimental rain-out shelter was verified.
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MATERIAL AND METHODS
Field experiment characterization
The field experiment was set up LQ %\VWĜLFH QDG 3HUQãWHMQHP DW 'RPDQtQHN H[SHULPHQWDOVite
which is situated at the altitude of 560 m. Dystric cambisol is typical soil type for this area. Other soil
properties are shown in Table 1. The annual precipitation fluctuates around 610 mm and the average
annual air WHPSHUDWXUH DURXQG  &. Basics meteorological parameters such as air temperature
and relative humidity, global radiation, total precipitation or wind speed are measured at the station.
Table 1 Soil parameters in depth 0.0±0.3 m
Soil hydrolimits
wilting point (%)
field capacity (%)
Silty-loamy sand
44
8
24
The present study is focused on assessing the experiment during the 2015/2016 growing season.
The selected crops have involved spring barley (variety Bojos), winter wheat (variety Bohemia), winter
rape (variety Rohan) and silage maize (hybrid FAO 220 ± DKC 3301). Date of sowing, harvesting
and date of duration of using rain-out shelters are shown in Table 2. The crops were subsequently
exposed to water deficit using mobile rain-out shelters (see :LPPHURYi et al. 2016) and then these
variants were compared with control plots in three repetitions. Dimensions of the rain-out shelter
and control plot is depicted on the Figure 1.
Soil texture

Field porosity (%)

Table 2 Significant dates of selected crops (sowing, harvesting, sheltering) and the total and reduced
amount of precipitation on individual plots and dry matter yields of selected crops
Precipitation
Yield average
Rain-out
Selected
(mm)
(t/ha)
Parcel
Sowing Harvesting shelters (2016)
crop
total
reduced Control shelter
from
to
spring
5. 4.
15. 8.
23. 5. 15. 8.
308
251
4.94
0.97
1
barley
2016
2016
winter
25. 9.
15. 8.
21. 4. 15. 8.
536
277
6.81
4.85
2
wheat
2015
2016
winter
26. 8.
26. 7.
217
2.42
1.86
3
25. 4. 26. 7.
507
rape
2015
2016
silage
11. 5.
29. 9.
4
23. 5. 3. 8.
292
240
22.71
16.49
maize
2016
2016
Figure 1 Dimensions of the rain-out shelter and control plot. The rectangles inside of sheltered
and controlled plot depict harvest area, 2016

Methods of measurement
Weather data, especially precipitation (Table 2), was acquired from an automatic rain gauge
located in the immediate vicinity of the field trial at 'RPDQtQHNH[SHULPHQWDOsite.
Length of the growing season, LAI (plant canopy analyser SunScan, Delta-T Device, UK), soil
moisture from integrating depth of 0.0 to 0.3 m (time domain reflectometry sensor ± TDR, CS 616,
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Campbell Scientific Inc., UK), yields and effects of sheltered and control treatments were considered
for this study. Measurements using soil moisture sensors were done only on the parcels of spring barley,
winter wheat and winter rape.
Statistical evaluation
In addition to arithmetic averages, calculation of the deviations and maximum values list,
the analysis of variance (ANOVA) was applied on LAI and yields by using R software and agricolae
package (Felipe de Mendiburu 2017).
RESULTS AND DISCUSSION
Total precipitation in the crop rotation
The amount of precipitation varied depending on the variant (sheltered vs. control) and field crop.
The largest reduction of precipitation was in the case of silage maize and spring barley ± 240 mm
and 251 mm in 72 days and 84 days, respectively. The smallest reduction of precipitation was
in the case of winter rape and winter wheat ± 217 mm and 279 mm of precipitation in 92 days
and 116 days, respectively. Mentioned data can be found in Table 2.
Soil moisture
According to Figure 2, differences between control and rain-out shelter plots are evident in all
crops under investigation (red line below black line). In addition, the red curve is basically a horizontal
flat line and proved the waterproofness of the rain-out shelters. An average deviation in soil moisture is
6.9%, 6.7% and 13.1%, respectively. Soil moisture was observed in the VWXG\ E\ :LPPHURYi
et al. (2016) with similar results, when control and sheltered treatment of winter wheat were compared
in the year before (i.e. 2015).
Figure 2 Soil moisture content (%) in the controls (3î) and under rain-out shelters (3î) from 0.0±0.3 m.
A dotted box depict sheltered period. DOY represents the day of the year 2016

Leaf area index and yields
LAI values were compared using ANOVA (Figure 3 and Table 3). According to P values (Table
3), the crop, treatment (rain-out shelter and control) and their interaction were all statistically significant
(P<0.05) factors. Figure 3 shows differences among individual crops and rain-out shelter and control
variant in more detail. Despite the fact that spring barley showed statistically significant differences
between control and rain-out shelter treatments ± 51% (1.76 m2/m2), sheltered spring barley plants were
cut by hares. The effect of treatment was also statistically significant in the case of winter wheat showing
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22% (1.54 m2/m2) decline due to rain-out shelter. The standard deviation (0.21 m2/m2) was consistent
for both treatments.
Table 3 Statistics relevance of monitored
Figure 3 Maximum mean values of the control
parameters under maximum mean LAI
LAI compared with maximum mean values
measurements. Treatment includes rain-out
of the sheltered LAI under selected field crops.
shelter and control variants
Error bars depicted standard deviation
LAI
Crop
Treatment
Crop:Treatment

Df
3
1
3

F value
199.631
39.471
8.880

P value
<0.0001
<0.0001
0.00107

Legend: Df ± degree of freedom

Regarding mean yields as well as mentioned above, the P value for all three monitored groups
(crop, treatment and crop:treatment) was less than 0.05 for yields (Table 4). Silage maize with standard
deviations of 1.65 t/ha (control) and 2.51 t/ha (rain-out shelter) had showed the most statistically
significant differences of all crops and treatments. On average, silage maize yields decreased by 27%
(6.22 t/ha) due to precipitation reduction of 240 mm/72 days (Figure 4, Table 2). Other crops had
the following results ± spring barley yields in rain-out shelter variant decreased on average by 80%
(3.97 t/ha) in comparison with mean control variants, precipitation reduction was 251 mm/84 days;
winter wheat yields in rain-out shelter treatments decreased on average by 64% (1.70 t/ha) in comparison
with mean control variants, precipitation reduction was 277 mm/116 days; and winter rape yields was
reduced on average by 23% (0.56 t/ha) for sheltered variants, precipitation reduction was 217 mm/92
days. The number of mean yields are mentioned in Table 2.
Table 4 Statistics relevance of monitored
Figure 4 Mean yields of the control variants
parameters under mean yields. Treatment
compared with mean yields of rain-out shelter
includes rain-out shelter and control variants
variants. Error bars depicted standard
deviation.

Yields
Crop
Treatment
Crop:Treatment

Df
3
1
3

F value
313.851
47.802
7.202

P value
<0.0001
<0.0001
0.002825

Legend: Df ± degree of freedom

Although soil moisture has been decreased in rain-out shelter treatment, UV radiation, type
of crop and variety, horizontal water flow in deeper soil layers could influence individual differences
between rain-out shelter and control treatments.
CONCLUSION
In general, effective differences between rain-out shelter and control treatments can only be
achieved after rainy periods. This condition was realized and demonstrated with using TDR sensors
therefore the soil moisture in all crops was lower than in control treatments. When the leaf area index
(LAI) and yields were evaluated separately, the most significant difference was found out between
rain-out shelter and control treatments for spring barley and winter wheat field crops, namely 51%
(1.76 m2/m2) and 22% (1.54 m2/m2), respectively, for LAI. However, it must be taken into account that
the sheltered spring barley plants were cut by hares. Within yields, the most difference was recorded
among rain-out shelter and control treatments for silage maize where yield differences reached
up to 27% (i.e. 6.22 t/ha).
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To get the most trusted data, it is continually worked on improving the experiment. However, it
is not always possible to control all biotic and abiotic factors.
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COMPARISON OF LAYING INTENSITY AND EGG
QUALITY THE EFFECT OF JAPANESE QUAILS (COTURNIX
JAPONICA) WITH DIFFERENT FEATHER COLOR
VOJTECH ANDERLE, MARTINA LICHOVNIKOVA, LUCIE KUPCIKOVA
Department of Animal Breeding
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC
vojtaanderle@seznam.cz
Abstract: The aim of the study was to evaluate the effect of genotype on laying intensity and egg
quality in Japanese quails Coturnix japonica L. Four genotypes were different in plumage color,
twelve quails of the same age of each genotype were included in the experiment, 48 birds in total. The
observation lasted 90 days. Quails were housed in individual cages. Egg number was recorded daily,
egg quality was done in two weeks intervals. Laying intensity was high in all genotypes (92.2±94.4%)
without significant differences, however the highest laying intensity was in quails with aguti and
mahogany types of plumage. Egg weight was significantly the highest in mahogany type (13.7 g, P <
0.05). Eggshell weight was significantly the lowest in quails white type plumage (P < 0.05), which was
associated with the lowest strength of eggshell (P > 0.05). Albumen proportion was significantly the
highest in mahogany type plumage (P < 0.05). On the other hand Haugh units were the highest in
quails with aguti type plumage. Yolk weight was the highest in gold type and the lowest in mahogany
type plumage (P > 0.05). Yolk colour was similar in all genotypes. The highest body weight was in
mahogany type (303 g), the lowest in gold type quails (263 g).
Key Words: Japanese quail, plumage, laying intensity, egg quality
INTRODUCTION
Breeding of Japanese quails has increased due to increasing popularity of both quails meat and
eggs. From former luxury delicacy has become even in Europe commonly available food. Main and
traditional producers are mainly in Asia, namely China, Japan, Korea and Taiwan and in Europe they
are mainly in France, Italy and Germany. There is several colour mutations, described as different
plumage quail types. These quails are mainly kept as game birds in aviaries for their attractive
plumage. There are very few publication reporting on performance of these plumage types. The basic
feather colour in quails is aguti, which is original for wild quails and it is typical for commercial both
egg and meat or dual quails. Anyway there are others plumages mainly in backyard or hobby poultry.
There is recessive white plumage, dominant mahogany plumage, relatively complicated gold plumage,
silver, redhead plumages or bicolor tuxedo plumage. In the world literature (Shitara et al. 1980, Tarata
et al. 2016) quails are mainly divided on the basis of live body weight into egg type, dual type, meat
and super meat type. Plumage mutation occurs in all these types. There is a lot of studies dealing with
egg quality (Sari et al. 2016, Ghayas et al. 2017), however information about the effect of plumage
mutation on egg quality are missing. Quail eggs contain 33% of yolk, 59% of albumen and 8% of
eggshell. Thickness of eggshell is about 0.2 mm. Chemical composition is as follow: water 74.6%,
protein 13.1%, fat 11.2% and ash 1.1%, content of energy is 632 J/egg. Concerning breeding of quails,
except egg and meat production, there are research groups aiming to lower cholesterol content in the
eggs by selection (Baumgartner and +HWpQ\L , Shitara et al. 1980, +\iQNRYi and Hort 1999,
Yilmaz et al. 2011).
The aim of the study was to find the effect of genotype, plumage mutations, on laying intensity
and egg quality in four different plumage types of quails.
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MATERIAL AND METHODS
Birds
In total forty eight females of Japanese quails were used in the experiment. There were four
different plumage types of the quails, twelve of each genotype at the same age of seventy-eight days,
all quails at the beginning of the experiment were already laying eggs. There were aguti type with
genotype e+/e+ (similar plumage as in Coturnix coturnix), gold type with genotype Y/y+, mahogany
type E/E and white type wh/wh. The main criteria for ELUGV¶ selection were as follow: balanced weight
among the plumage types and colour feather purity in pedigree at least in five previous generations.
Egg number was recorded daily and evaluated in week intervals as laying intensity.
Housing and feeding
Experiment took place in the experimental room of FA at MENDELU in Brno. Quails were
housed in individual cages. Temperature was stable during whole experiment and ranged from 17 to
20 oC. Day light was artificial 14 h with 10 h of dark period. The diet for parent stock (11.5 MJ ME,
16% CP) was fed ad-libitum. Cages were equipped with nipple drinkers.
Egg quality
Following characteristics of eggs quality were observed: egg weight, egg index, weight of yolk,
albumen and eggshell, Haugh units, yolk colour, eggshell thickness and strength, proportion of
eggshell, yolk and albumen of egg weight. Egg analysis were done in two weeks intervals when eggs
were collected three consecutive days, in total about 120 eggs were analysed.
All characteristics were expressed by mean value and standard error. The effect of genotype,
plumage mutation, on egg quality was analyzed using one way ANOVA and Scheffe-test, laying
intensity was analyzed by Kruskal-Walliss ANOVA using the software package Unistat 5.1
(UNISTAT Ltd, ENGLAND).
RESULTS AND DISCUSSION
There was relatively high variability in live body weight of quails (Table 1). Significantly
lowest weight was in gold type quails (P < 0.05, 263 g). The highest weight was found in mahogany
type (303 g). +\iQNRYi HW DO (2002) studied heritability of live body weight in quails and its
steadiness in different lines.
Laying intensity is shown in Table 2. According to Shitara et al. (1980) the top of laying
intensity in quails is between 12 and 18 weeks of age, when the laying intensity reaches 90% or even
more in some flocks (99%). Since 36 weeks of age laying intensity sharply decreases (Shitara et al.
1980), however Baumgartner and +HWpQ\L (2001) reported laying intensity in 52 week of age more
than 50%. Hyinkova et al. (2002) published the highest laying intensity in aguti type quails. In this
experiment quails with aguti plumage also reached the highest laying intensity (94.39%). Mahogany
type achieved 94.05%, gold type 92.20% and white type 92.26%. Total laying intensity in all plumage
types was 93.22%.
Egg weight (Table 3) in different plumage types ranged from 12.7 to 13.7 g. The highest weight
was found in mahogany type quails (P < 0.05), the lowest weight was found in white type quails. Egg
weight is connected with live body weight of the birds. There is no negative correlation between egg
and body weight as it is in chickens (HyiQNRYi and Hort 1999). The similar situation is also in
partridge (Alectoris graeca L.), which is close relative to quails, Kirikci et al. (2007).
Indexes of eggs were very balanced and similar in all plumage types and ranged from 1.28 to
1.34. The difference among the types were no significant. On the other hand Yilmaz et al. (2011)
published significant differences in egg index among mahogany, silver and white plumage types.
Yolk weight was significantly the lowest in mahogany type (P < 0.05) and the highest in gold
type quails. Proportion of yolk (Table 4) was significantly the lowest in mahogany type quails (P <
0.05, 28.7%), despite the highest egg weight in this type. It means that high egg weight was caused by
higher albumen weight. The highest yolk proportion was founded in white and gold plumage types
(32.0%, P < 0.05). Yolk colour was very similar in all types (Table 4) and it reached 5, using DSM
colour fan. Yolk colour is affected mainly by pigments in feed and partly by genotype (Nelson 1968),
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all plumage types fed the same diet. There was no double yolk eggs, although quails were at the
beginning of laying period.
Albumen quality is shown in Table 5.
Weight of albumen was the highest in mahogany type (8.7 g) and the lowest in aguti and white
types (7.7 g, P > 0.05). Proportion of albumen (Table 5) was the highest in mahogany type (63.9%, P <
0.05), which was connected with the highest egg weight in this type. The lowest albumen proportion
was found in aguti type quails (60.6%). Haugh units (tab. 4) express albumen quality and there was no
significant difference among the plumage types. On the other hand Yilmaz et al. (2011) published
significant effect of plumage on Haugh units.
Parameters of eggshell quality are shown in Table 6. Characteristics and heritability of eggshell
quality and the effect of genotype on eggshell quality deeply studied Narinc et al. (2015), Tarata et al.
(2016) and Jatoi et al. (2013). These authors confirmed high heritability of eggshell quality and
correlation between eggshell weight and strength. Eggshell weight was relatively balanced in this
experiment. Significantly the highest weight was observed in mahogany type (P < 0.05) and very high
weight was also recorded in aguti type quails.
The lowest eggshell weight was found in white type quails (P < 0.05). Proportion of eggshell
was the lowest in white and gold types, however there was no significant difference among the types.
Significantly the lowest eggshell thickness was found in gold type quails (P < 0.05).
Table 1 Live body weight of quails (g)
Genotype
Aguti
Mahogany
Gold
White
Table 2 Laying intensity (%)
Genotype
Aguti
Mahogany
Gold
White

Weight of quails
0HDQ6(
296 a
303 a
263 c
277 b

Legend: SE* ± standard error; a, b ± means of the
same order designated by different letters are
significantly different (P < 0.05)

Laying intensity (%)
94.4a
94.1a
92.2a
92.3a

Table 3 Egg weight and egg index in quails
Genotype
Egg weight (g)
Egg index
Mean 6(
Mean 6(
Aguti
06b
005a
a
Mahogany
05
005a
b
Gold
07
006a
b
White
05
004a
Legend: SE* ± standard error; a, b ± means of the same order designated by different letters are significantly different (P <
0.05)

Table 4 Yolk parameters RITXDLO¶VHJJV
Genotype
Yolk weight (g)
Yolk proportion (%)
Yolk color
Mean 6(
Mean 6(
Mean 6(
Aguti
03a
14b
4.a
Mahogany
02a
13a
5.a
a
b
Gold
03
15
4.a
a
b
White
02
11
5.a
Legend: SE* ± standard error; a, b ± means of the same order designated by different letters are significantly different (P <
0.05)
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Table 5 Albumen parameters RITXDLO¶VHJJV
Genotype
Albumen weight (g)
Albumen proportion (%)
Haugh units
Mean 6(
Mean 6(
Mean 6(
Aguti
08a
15b
87a
Mahogany
06a
14a
74a
a
b
Gold
08
17
17a
a
b
White
15
12
56a
Legend: SE* ± standard error; a, b ± means of the same order designated by different letters are significantly different (P <
0.05)

Table 6 Eggshell parameters RITXDLO¶VHJJV
Genotype
Eggshell weight
Eggshell
Eggshell
Eggshell strength
(g)
proportion (%)
thickness (mm)
(N)
Mean 6(
Mean 6(
Mean 6(
Mean 6(
Aguti
0067ab
05a
001a
a
a
a
a
Mahogany
1007
05
001
a
ab
a
b
Gold
0008
06
001
a
White
0..006b
04a
001ab
a
Legend: SE* ± standard error; a, b ± means of the same order designated by different letters are significantly different (P <
0.05)

CONCLUSION
The main difference among the different plumage mutations were found in egg weight and
proportion of egg yolk, albumen and eggshell. Egg weight was significantly the highest in mahogany
type (13.7 g, P < 0.05), however yolk proportion was the lowest in this type (28.7%, P < 0.05). There
was no significant difference in laying intensity (92.2±94.4%), although aguti type of quails is the
most extended. The highest body weight was in mahogany type (303 g), the lowest in gold type quails
(277 g).
ACKNOWLEDGEMENT
The authors would like to thank the project IGA FA IP 2017/073 for financial support. The experiment
was done thanks equipment financed by project OP VaVpI CZ.1.05/4.1.00/04.0135.
REFERENCES
%DXPJDUWQHU - +HWpQ\L /  3UHSHOLFD MDSRQVNi.  Y\G 1LWUD 9êVNXPQê ~VWDY åLYRþtãQHM
YêURE\1LWUD
Ghayas, A., Hussain, J., Mahmud, A., Javed, K., Rehman, A. 2017. Produktive performance, egg
quality, and hatching traits of Japanese quail reared under different levels of glycerin. Poultry Science,
in press.
Hagger, C. 1994. Genetic correlation between body weight of cocks and production traits in laying
hens and their possible use in breeding schemes. Poultry Science, 73(3): 381±387.
+\iQNRYi/'ČGNRYi/.QtåHWRYi++RUW-+HWHURVLVLQERG\ZHLJKWUHODWHGWRJURZWK
performance of parental lines of Japanese quail and to heterosis in lay. British Poultry Science, 43(4):
508±517.
+\iQNRYi/+RUW-6WUXþQêSUĤYRGFHSUR]DþtQDMtFtFKRYDWHOHMDSRQVNêFKNĜHSHOHNPDVQpKR
typu. Y\G3UDKD9Òä93UDKD-8KĜtQČYHV
Jatoi, A. S., Sahota, A.W., Akram, M., Javed, K., Jaspal, M. H., Hussain, J., Mirani, A. H., Mehmood,
S. 2013: Effect of different body weight categories on the productive performance of four close-bred
flocks of japanese quails (Coturnix coturnix japonica). The Journal of Animal & Plant Sciences,
23(1): 7±13.
Kirikci, K., Gunlu, A., Cetin, O., Garip, M. 2007. Effect of hen weight on egg production and some
egg quality characteristics in the partridge (Alectoris graeca). Poultry Science, 86(7): 1380±1383.
178

November 8–9, 2017, Brno, Czech Republic

24
years

Narinc, D., Aygun, A., Karaman, E., Aksoy, T. 2015. Egg shell quality in Japanese quail:
characteristics, heritabilities and genetic and phenotypic relationships. Animal, 9(7): 1091±1096.
Nelson, T.S., Baptist, J.N. 1968. Feed Pigments: 2. Influence of Feeding Single and Combined
Sources of Red and Yellow Pigments on Egg Yolk Color. Poultry Science, 47(3): 924±931.
Sari, M., Tilki, M., Saatci, M. 2016. Genetic parameters of egg quality train in long-term pedigree
recordet Japanese quail. Poultry Science, 95(8): 1743±1749.
Schmid, I., Wechsler, B. 1997. Behaviour of Japanese quail (Coturnix japonica) kept in semi-natural
aviaries. Applied Animal Behaviour Science, 55(1): 103±112.
Tarata, M. R., Charuta, A., Krupski, W., àXV]F]HZVND-Sierakowska, I., Korwin-Kossakowska, A.,
6DUWRZVND . 6]SHWQDU 0 +RUEDĔF]XN J. O. 2016. Interrelationships between Morphological,
Densitometric and Mechanical Properties of Eggs in Japanese Quails (Coturnix Japonica). Journal of
Poultry Science, 53(1): 51±57.
Yilmaz, A., Tepeli, C., Caglayan, T. 2011. External and internal egg quality characteristics in Japanese
quails of different plumage color lines. Journal of Food Agriculture & Environment, 9(2): 375±379.

179

November 8–9, 2017, Brno, Czech Republic

24
years

GROWTH PERFORMANCE IN LABORATORY RATS
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PARTS OR MYCOTOXIN CONTAMINATED FEED RATION
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Abstract: Growth performance is affected by many different factors and this impact can be positive
or negative. The presence of mycotoxins in feedstuff count among negative factors, at the same time
mycotoxins damage health status, especially liver. Liver have essential importance in metabolism
and detoxification of organism. This article applies oneV PLQG WR relation to feeding components
with hypothetic positive (milk thistle, Silybum marianum) and negative (mycotoxins) impact
on growth performance in laboratory rats. Experimental design was focused on comparison of three
types of diet. The first type of diet was barley monodietus intended for control group, the second type
of diet was addition of milk thistle pressed parts, that is known for its hepatoprotective effect (content
of active substance ± silymarin was 26.2 g/kg), and the third type of diet was addition of barley
contaminated by mycotoxins (content of '21 ZDV  JNJ DQG =(1 ZDV  JNJ  *URXSV
with part of mouldy barley and milk thistle pressed parts on top of that were invited based on content.
The experiment was tested by 25 pieces of laboratory rats divided into 5 groups. The rats in group 1
(G1) were classified like the control and were fed only with scraped barley, in group 2 (G2) and 3
(G3) fed with addition of milk thistle pressed parts (part of milk thistle in G2 was 10% and in G3 was
20%) and in group 4 (G4) and 5 (G5) fed with part of mouldy barley (part of mouldy barley in G4 was
30% and in G5 was 60%). Among these groups were discovered statistically significant differences.
Higher average daily gains were occurred in groups fed with addition of milk thistle pressed parts
and opposite lower average daily gains were occurred by groups fed with part of mouldy barley.
Key Words: growth performance,
deoxynivalenol, zearalenone

Silybum

marianum,

silymarin,

Fusarium,

mycotoxin,

INTRODUCTION
Growth performance is one of the most important indicators of dietary adequacy (National
Research Council 1995). The presence of mycotoxins in animal feed can cause health disorders
and can also contribute to other factors such as stress, lack of nutrition, infection by pathogenic agents
etc. Negative effects of mycotoxins may particularly affect the liver, kidney, nervous system,
endocrine system and immune system (Malhotra et al. 2014). Several Fusarium species can produce
harmful mycotoxines, mainly deoxynivalenol (DON), zearalenone (ZEN), T-2 toxin, HT-2 toxin and
diacetoxyscirpenol in cultivated cereals all over the world. This experiment was focused on content
of DON and ZEN.
The most common mycotoxin in cereals DON is present worldwide and has relative low toxicity
compared to other trichothecene mycotoxins (Kachlek et al. 2017) and a full clarification
of the hepatic damage by DON has not been done yet. Some studies already demonstrated hepatic
damage caused by DON and some articles presents opposite (Peng et al., 2017). ZEN is particularly
known for its reproduction toxicity (Kovacs 2012) and liver toxicity (Stadnik and Borzecki 2009,
Long et al. 2016).
Instead of this the feeding of milk thistle, like hepatoprotective component, could improve
negative effects on performance. Complex of Silybummarianum agents is known like silymarin and is
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able to stabile membranes of hepatocytes and improves hepatocytes resistance to toxins. Silymarin is
usually used for treatment of acute or chronic disorders (Zhu et al. 2016). Milk thistle active
substances appear to be safe and well tolerated (Dhiman et al. 2005). Silybummarianum constituents
to the animal feed ration could promise for conventional methods of animal breeding (Kosina et al.
2017) and be a promising natural feed additive to improve the health condition (Cullere et al. 2016).
Results of different researches indicate positive effect of feeding Silybum marianum on growth
performance but by way of contrast this exist some researches with different ambiguous results.
Diet for laboratory animals used in this experiment formulated with scraped barley is rich
in energy and may cause decreasing food consumption and can change ration of nutrients, such
as competition for absorption sites among certain minerals that share common active transport systems
(National Research Council 1995). Interactions between disproportionate diet and environmental
factors set amplifying mechanism for liver damage (Larter 2010). This monodietus was purposed
to induce health stress to reinforcement of effect of negative effect of mycotoxins and possible positive
effect of milk thistle pressed parts.
The aim of this study was to determine the effect of diet with part of mouldy barley
and with addition of milk thistle pressed parts in comparison with them and control group (barley
monodietus). The question sounds: Will have addition of milk thistle pressed parts positive effect
on weight performance? Will have diet with part of barley with high concentration of DON and ZEN
negative effect on weight performance?
MATERIALS AND METHODS

Experimental design
The experiment was established by 25 pieces of laboratory rats divided into 5 groups (G1, G2,
G3, G4, and G5) in experimental facilities of Department of Animal Nutrition and Forage Production
in Mendel University. The rats in group G1were fed with scraped barley, the rats in G2 and G3 were
fed with scraped barley with addition of milk thistle pressed parts, part of milk thistle in G2 was
namely 10% and in G3 20%. The rats in groups G4 and G5 were fed with scraped barley with part
of mouldy barley, part of mouldy barley in G4 was namely 30% and in G5 60%. Content of silymarin
in milk thistle pressed parts was 26.2 g/kg, Content of DON in mouldy barle\ ZDV  JNJ
and content of =(1ZDVJNJ Served milk thistle pressed parts had flour-like structure and was
mixed equally with scraped barley also the rats could not prefer any feeding component. Milk thistle
variety MIREL was used. The feeding mixture and water were available ad-libitum. Water and feed
ration were daily served and rests were removed. The length of this experiment was 28 days. Starting
DYHUDJHUDWVZHLJKWZDVJ7KHUDWVZHUHZHLJKWHG in 0±7±14±21±28. The rats were sacrificed
by inhalational anaesthetic Isofuran way on 28th day and liver samples were taken to histological
analyse.
Determination of silymarin
The content of silymarin was performed with HPLC method in Department of Chemistry
and Biochemistry at Mendel University in Brno. Analysis of silymarin was performed on a HPLC-UV
/ VIS instrument (Dionex Ultimate 300). Chromatography column Hypersil GOLD Dim (150 x 4.6)
was used for separation by temperature 30 & ޒ7KHVDPSOH O ZDVLQMHFWHGE\DXWRVDPSOHU)ORZ
rate was 1 ml/min. Content of mobile phase was: A: 0.1% formic acid, B: 100% methanol.
The substances were leaved to infuse in an isocratic elution way (mobile phase A was 65% and mobile
phase B was 35%). Detection of separated substances was in motion under circumstances
of wavelength 288 nm.
Determination of Mycotoxins
A 2 g sample was weighed to PTFE centrifuge tubes (50 ml) followed by the addition of 10 ml
of distilled water acidified (0.2% formic acid). The sample was shaken then, closed and left
for 30 minutes due to the wetting of the matrix. A 10 ml of acetonitrile was added in the sample
with water followed by the extraction on the laboratory mixer for 30 minutes (240 RPM). The 4 g
of MgSO4 and 1 g of NaCl were put in the cuvette and shaken vigorously for 1 minute. The prepared

181

November 8–9, 2017, Brno, Czech Republic

24
years

sample was centrifuged for 5 minutes (10,000 RPM). After centrifuging, the sample was taken
(approx. 1.5 ml) for purification using amicrofilter with porosity of 0.P (centrifugation for 2 min.,
5000 RPM). The sample was transferred to the vials and prepared for analysis. The samples were
stored at -&LQJODVVYLDOVEHIRUHWKHDQDO\VLV)RUWKHLGHQWLILFDWLRQDQGTXantitative determination
of the mycotoxins, Acquity UPLC System (Waters, Milford, MS, USA) in a connection with tandem
mass spectrometer QTRAP (AB Sciex, Toronto, ON, Kanada) is used for ultra-efficient liquid
chromatograph Acquity UPLC System (Waters, Milford, MS, USA). The program Analyst (Thermo
Fisher Scientific) is used for data processing.
Statistics
The data were statistically processed using STATISTICA.CZ, version 10.0 (the Czech
Republic). The results were expressed as average values (weight) with standard deviation (SD).
Statistical significance was determined by the examining the basic differences between control groups
and G2, G3, G4, G5 by $129$DQG6FKHIIp VWHVW RQH-way analysis). The differences with P < 0.05
were considered to be significant.
RESULTS AND DISCUSSION
Growth performance (average daily gain)
Table 1 The average daily gain of rats consumed different diets (control group ± fed with scraped
barley. G2 ± fed with scraped barley with 10% part of milk thistle pressed parts. G3 ± fed
with scraped barley with 20% part of milk thistle pressed parts. G4 ± fed with scraped barley
with 30% part of mouldy barley. G5 ± fed with scraped barley with 60% part of mouldy barley.)
Day

Control group(g)

G2 (g)

0

0

0
a

3.6

G3 (g)

G4 (g)

0
b

3.0.3

G5 (g)

0
b

3.0 

0
a

3.0 a

7

2..5

14

2.4a

2.3a

2.4a

a

a

21

1.4a

1..5a

27a

3.0 .0a

a

28

1.5a

1.6a

3..6b

a

a

Change in index a,b shows significant difference at the level (P < 0.05)

The results show that the weight gain of the rats fed with mixtures of 10% the milk thistle was
higher compared to rats of the control group. The highest average daily gains were found in rats fed
by mixtures of 20% milk thistle. On the seventh day of the experiment, the difference between control
group and G2 and G3 was found to be statistically significant, same as the difference between control
group and G3. These results conclude that the addition of milk thistle pressed parts increased
the growth performance. Statistically significant difference between control group and group fed
with 20% part of milk thistle (G3) were observed on the 28th day too.
As far as relation between control group and groups fed with parts of mouldy barley is
concerned, there were not any statistically significant differences.
Rats receiving the addition of milk thistle in their feed dose grew more intensely
than the control group. Kosina (2017) describes the positive effect of the milk thistle on the growth
potential of experimental animals (rabbits in this case). Therefore, the addition of the milk thistle
in the feed dose could have a positive effect on the growth potential of animals. Feng (2016) states
that silymarin significantly affected weight gain in mice. This trend was also observed in our
experiment.
In case of mycotoxins in diet, it can be concluded that the presence of mycotoxins in the feed
GLG QRW DIIHFW UDWV¶ ZHLJKW JDLQV 7hanh et al. (2016) state the DON ± ZEN ingestion did not affect
growth performances, average daily gain, average daily feed intake, and feed efficiency. Similar
results were found by Kachlek et al. (2017).
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CONCLUSION
According to our results, it is possible to draw that the growth performance was significantly
higher in groups fed with addition of milk thistle pressed parts. The highest average daily gains were
observed in group fed with 20% part of milk thistle (G3). Yet statistically significant differences
between control group and groups fed with part of mouldy barley were not proved among the groups
as individual differences in the framework of groups G4 and G5. Statistically significant differences
were not proved too between groups fed with part of mouldy barley and control group. These results
correspond WRVXSSRVLWLRQDQGWRRWKHUDXWKRU¶VUHVXOWV.
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JITKA DOSEDLOVA, GUSTAV CHLADEK
Department of Animal Breeding
Mendel University in Brno
Zemedelska 1, 61300 Brno
CZECH REPUBLIC
DosedlovaJitka@seznam.cz
Abstract: The aim of this study was evaluating the influence of milking period on the intensity of lying
behavior of dairy cows kept in boxes. This study contains also an experimental part which has been
done in the farm of dairy cRZV *HQ$JUR ětþDQ\ DV LQ ětþDQ\ QHDU %UQR ,Q WKLV IDUP WKH\ DUH
breeding czech fleckvieh cattle. We had mainly observed the intensity of the average time of lying in
a boxLQJEHGDIWHUGDLU\FRZ¶VDUULYDOIURPDPLONLQJSDUORUGHSHQGLQJRQPLONLQJWLme. During the
annual observation, these effects were monitored, the average lying time in the individual lactation
phases and in each row of boxes, then was observed, another effect was average lying time of the
monitored cows and intensity of lying to the boxes. As supplementary information was monitored
daytime pleasure during the year and milk composition. We have found out that influence on intensity
and time of lying has year season and age of dairy cows. With regard to results, after return from the
milking parlor was dairy cows from group 2 (youngest cows) searching for another activity and lain in
the longest time. In warm months, dairy cows lain in largest amount (July, 122 pcs) These cows lain
down in the longer time (May, 43.6 minutes) than cows in cold months. (November, 87 pcs).
Key words: rest, dairy cows, boxing bed, milking, lying cows
INTRODUCTION
To dairy cows must be allowed a sufficient time to lying and resting. That is important for
maximal milk production. Equally important is comfort and tranquility in stable (Leonard et al. 1994).
If dairy cows are not stable in optimal conditions, are they developing different activity than lying.
And that has got negative influence on rumination and milk production (DROHåDO and SWDQČN 2015).
There are many various activities that cows can do during a day, but the most important for them are
rest and lying (Munksgaard and Simonsen 1996).
MATERIAL AND METHODS
For this study was chosen behavioral observation of production stables for dairy cows. The
obVHUYDWLRQWRRNSODFHLQIDFLOLW\*HQ$JURětþDQ\DVIn this production stables were housed 400 pcs
of dairy cows of czech fleckwieh cattle, which was divided in 4 groups according the performance.
Group 1 was dairy cows in first phase of lactacion. Goup 2 was youngest cows on firs lactation and
groups 3 and 4 on second and third phase of lactation. Each of groups went to milking parlor
separately. Dairy cows from group 1 went first and from group 4 went last. Dairy cows were observed
from arriving from milking parlor to laying down of first 20 cows.
Observations were made during one calendar year, from December 2015 to November 2016. In
total were made 12 observations. Every observation was made at the end of the month and always
during the morning milking of cows (from 4:30 AM to 11:00 AM) Every group was going for milking
separately. For a start of observation was important arrival of first cow from the milking parlor, then
each group was observed for one hour. For our study was most important time interval, from arrival of
individual cows to lay down to one of the boxes. This time interval has been written into the sheet and
statistically evaluated. Time interval and intensity of lying were main aim of our study.
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RESULTS AND DISCUSSION
In Table 1 we can see number of cows that lain down to the boxing bed during the year. Most
cows lain down in period from May to September, largest number of cows lain in July (122 pcs). The
largest intensity of lying was in group 1 in September (37 pcs) and the least intensity of lying during
the observation was in April in group 4 (16 pcs).
Table 1 Intensity of lying of dairy cows ± number of cows in individual groups (pcs)
Month/group
December
January
February
March
April
May
June
July
August
September
October
November

Totally

Group 1

Group 2

Group 3

Group 4

pcs
95
98
93
99
91
118
105
122
116
115
95
87

pcs
25
27
24
28
30
29
27
29
30
37
25
21

pcs
24
23
22
24
22
28
28
30
31
30
22
24

pcs
18
21
29
24
23
31
27
36
28
27
27
20

pcs
28
27
18
23
16
30
23
27
27
21
21
22

Menke et al. (2015) stated in their study that cows which are on the top of group hierarchy lies
more than cows which are lower in hierarchy. PHWĜtþNRYi (2012) found out that lying is the most
fluctuating behavior during a day. The most were cows lying from 11:00 PM to 12:00 PM and from
2:00 AM to 3:00 AM and other important period of lying author observed at noon in time of stable
tranquility. The author also states that dairy cows lay more in summer than in Autumn and least in
Spring. This statement is identical with results of our study.
From Table 2 is obvious that dairy cows in group 1 lain down fastest in December. On average
29.6 minutes from arrival from the milking parlor. On the other side longest time to lay down was
measured in April (45.0 minutes).
Table 2 Average time to lying down of all monitored cows (minutes)
Month/group
December
January
February
March
April
May
June
July
August
September
October
November
Totally [ࡃ

Totally
minutes
41.5
38.1
40.7
39.8
42.3
41.6
42.6
39.8
34.8
43.2
34.0
32.9
39.3

Group 1
minutes
37.6
36.3
35.5
36.7
45.0
43.9
41.9
36.3
43.1
41.4
34.8
29.6
38.5

Group 2
minutes
50.8
40.3
47.9
50.3
54.3
54.4
46.5
56.5
48.4
55.0
45.5
36.5
48.9

Group 3
minutes
30.1
31.4
45.4
41.2
35.4
37.1
44.3
37.2
36.8
39.1
32.8
31.5
36.8

Group 4
minutes
45.1
43.1
31.0
31.0
30.8
32.7
36.8
35.7
34.8
34.6
22.7
33.5
34.3

In group 2 fastest of dairy cows lain down to the boxes again in November in 36.5 minutes after
first cow arrive from the milking parlor. In this group dairy cows lain slowest in July in 56.5 minutes.
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Dairy cows from group 3 lain to the boxes slowest in February (45.4 minutes) and fastest in December
(30.1 minutes). In group 4 lain cows in October in 22.7 after first cow arrive from the milking parlor
and slowest in December (45.1 minutes). On average from groups lain cows fastest in November
(32.9 minutes) and slowest in September (43.2 minutes). Dairy cows went to the milking parlor before
feed intake and therefor their priority was different than lying down. In group 2 was housing cows on
first lactation and therefor their time to lay down was longest even if they were fed, because they were
very active. Shortest time from arrive of cows from the milking parlor was in group 4. In our opinion,
it was caused by cows leaving group fed. After they arrive from the milking parlor these cows found
box for UHVW7KH\GLGQWwant to intake food.
Table 3 Average time of lying of first 20 monitored cows (minutes)
Month/group
Totally
Group 1
Group 2
minutes
minutes
minutes
December
41.7
40.6
50.2
January
38.1
36.5
40.8
February
40.8
36.6
49.0
March
39.8
37.3
52.6
April
42.5
45.5
54.4
May
43.6
45.7
57.5
June
41.4
39.5
47.4
July
39.0
35.2
55.0
August
40.0
44.3
44.3
September
41.3
39.7
53.0
October
33.3
33.8
44.7
November
33.1
31.4
35.3
Totally [ࡃ
39.6
38.8
48.7

Group 3
minutes
29.7
30.1
45.9
41.6
37.2
39.4
41.7
31.3
37.8
38.7
32.2
31.5
36.4

Group 4
minutes
46.2
44.4
31.0
31.4
30.8
31.8
36.9
34.7
34.0
33.9
22.6
34.1
34.3

In Table 3 was included first 20 cows which in every section lain fastest. Out of these 80 cows
lain fastest cows from group 4 in October (22.55 minutes). The slowest cows was from group 2 in
May (57.50 minutes). On average cows lain slowest in May (43.60 minutes) and fastest in December
(33.30 minuteV +RZFDQZHVHHLQÄ7RWDOO\´FROXPQ in Table 3, cows from group 2 lain down in the
longest time. In our opinion, this fact could be caused by that in section 2 was housed primary dairy
cows on first lactation (youngest cows in stable). Against older cows, young cows walked in a section
for longer before lying down to the box. Shortest time to lay down was observed in the group 4. In our
opinion lain this group fastest because they went for milking already fed and after returning from the
milking parlor they were directly looking for the boxing bed.
Resting time of dairy cows is influenced by many factors, for example nutrition, type and size of
boxing bed, quality of used bedding in boxes, number of cows in group and season (DROHåDO and
SWDQČN 2015). Out of research Brzozowska et al. (2014) has season got significant influence on dairy
cows lying. In spring has been observed decline of lying down and very sharp decline of lying in
summer months. In winter cows spend more time by lying than in different seasons. This statement
matches with our results. Same results published Uzal Seyfi (2013) in their study.
CONCLUSION
In summary, more dairy cows lain down in summer months and less in winter. This result
manifested itself in each of groups. Most cows from group 1 lain down in April and August and least
in November. In group 2 most in August and least in October. In group 3 most in July and least in
December. And in group 4 most in May and least in April.
Average time to lay down of all cows was longest in warmest months of the year. Dairy cows
were lying in larger amount, but in longer time interval. Fastest time to lay down was observed in
November and slowest in June. This trend was similar in all observed groups. In group 1 lain dairy
cows fastest in November and slowest in April. In group 2 slowest in July and fastest in November. In

186

November 8–9, 2017, Brno, Czech Republic

24
years

group 3 fastest in December and slowest in February. And in group 4 fastest in October and slowest in
December. If we consider only first twenty cows from each group, slowest cows were from group 4
and fastest from group 2 (youngest cows). Studies in this area are very different, results of some of
them are similar to ours. To confirm our results is required to develop more studies in this area.
REFERENCES
Brzozowska, A., àXNDV]HZLF], M., Sender, G..RODVLĔVND, D., 2SU]ąGHN, J. 2014. Locomotor activity
of dairy cows in relation to season and lactation. Applied Animal Behaviour Science [Online], 6±11.
Available at: http://www.sciencedirect.com/science/article/pii/S0168159114001129. [2017-09-08].
'ROHåDO26WDQČN, S. 2015. 6WUXþQČRFKRYiQtVNRWX. In &KRYGRMHQpKRVNRWX. Praha: Profi Press, pp.
35±44.
Leonard, F.&2&RQHOO-, 2)DUUHOO, K. 1994. Effect of different housing conditions on behaviour
and foot lesions in friesian heifers. Veterinary Record [Online], 134/19: 490±494. Available at:
http://veterinaryrecord.bmj.com/content/134/19/490. [2017-09-08].
Menke, C., Peer, M., Schneider, C., Spengler, A., Waiblinger, S. 2015. Introducing structural elements
into the free resting area in loose-housing systems with horned dairy cows: effects on lying behavior
and cleanliness. Livestock Science [Online], 179: 38±46. Available at: http://www.sciencedirect.com/
science/article/pii/S1871141315002449. [2017-09-08].
Munksgaard, L., Simonsen, H.B., 1996. Behavioral and pituitary adrenal-axis responses of dairy cows
to social isolation and deprivation of lying down. Journal of Animal Science [Online], 74: 769±778.
Available at: http://www.sciencedirect.com/science/article/pii/S1871141315002449. [2017-09-08].
PHWĜtþNRYi D. 2012. BLRU\WPXV X VWiGD GRMQpKR VNRWX. DLSORPRYi SUiFH -LKRþHVNi XQLYHU]LWD
v ýHVNêFK%XGČMRYLFtFK.
Uzal Seyfi, S. 2013. Hourly and seasonal variations in the area preferences of dairy cows in freestall
housing. Journal of Dairy Science [Online], 96/2: 906±912. Available at:
http://www.sciencedirect.com/science/article/pii/S002203021200865X. [2017-09-08].

187

November 8–9, 2017, Brno, Czech Republic

24
years

ANALYSIS OF BREEDING AND PERFORMANCE OF
HORSES IN THE CZECH REPUBLIC BASED ON EVENTING
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Abstract: This work deals with riding competitions ± eventing and includes statistical evaluation of the
effect of the breed, age, year of start and sex on the performance of the horses. Data were taken from
the Survey of Sport Horses of 2005 and 2015. These data are issued by the Czech Equestrian
Federation. Data were further processed and statistically analysed using the program STATISTICA
2012. Evaluation of the sport performance was based on the auxiliary points (AAP). The breed, age
and year of start have a statistically significant effect on performance. The breed with the highest
performance was the Irish sport horse with 17.4 AAP. The best results were achieved by horses of 13
to 16 years of age (AAP 11.81). The most frequently used breeds in the Czech Republic are the Czech
warm-blood and the English Thoroughbred. The performance of imported breeds was better than of
horses born in the Czech Republic. The performance of horses in 2015 was better than in 2005. We
can see an increasing tendency in the performance. In conclusion we compared the situation in the
Czech Republic over the past ten years by comparing the gradual change in their representation of the
sex, breeding and country of birth.
Key words: eventing, sports breeds of horses, performance
INTRODUCTION
The popularity of riding ± eventing is steadily increasing. It is an attractive discipline which has
its roots in the military. Although it is not so widespread as show jumping, it is still the most attractive
and most popular riding discipline and its popularity is continuously increasing.
Eventing is made up of three completely different parts, i.e. dressage, cross-country and show
jumping (3HOODURYi et al. 2015). These three phases take place on separate consecutive days during
which a competitor rides the same horse throughout (FEI 2017).
In this three-day event the jumping test takes place on the last day after a veterinary inspection
(FEI 2017). The dressage test is executed on the first day of eventing. The starting pair executes the
prescribed movements on the dressage rectangle (usually measuring either  î 60m or  î 40m).
For deviations in the respective movements the judges allot penalty points (Grodl 2009). They
evaluate the correct sitting position and precise execution of the respective movements 0RW\JLQRYi
2001). Cross-country is the most demanding phase of the entire three-day event. It is a test of
endurance and speed (Micklem 2004). The cross country test constitutes the most exciting and
challenging all-round test of riding ability and horsemanship. This part of the competition focuses on
the ability of athletes and horses to adapt to different and variable conditions of the competition
(weather, terrain, obstacles, etc.) showing jumping skills, harmony and mutual confidence (FEI 2017).
After the rider and horse successfully master the cross-country test they are faced with the final test ±
show jumping 3HWUPDQQRYi 2013). The show jumping test is executed on the last day of the classical
three-day event. It is a test of willingness and concentration of the horse, psychic resistance of the rider
and his art of strategy. It puts to test the ability of the horse to regenerate. The winner is the rider with
the fewest penalty points for all the three tests (Grodl 2009).
When choosing the horse preference is given to a young, healthy and well-bred horse. Important
is also the type of the horse and the body conformation 'XãHN 1999). According to 0LVDĜ and
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-LVNURYi (2001) when choosing a horse for eventing it is important that the horse has an extended and
smooth gait, deftness and courage to master difficult natural fences. The speed of the horse must be
sufficient, the constitution hardy and the horse tenacious. The horse of choice should be able to make
decisions for himself. Although this is not a prerequisite it helps the horse cope with pitfalls of the
course much better (Dillon 2012). Lerche (1956) pointed out the importance of conformity of the body
conformation of the horse to prevent unbalanced straining. The greatest emphasis is on the limbs of
the horse (Paalman 1998).
Horses of any kind of breed intended for sporting activities can be used in the discipline. In the
Czech Republic it is mostly the Czech warm-blood, the Slovakian warm-blood bred in the Czech
Republic and the English Thoroughbred ý-) 2015). In general a very good horse for this discipline is
a horse with a greater proportion of blood of the English Thoroughbred.
MATERIAL AND METHODS
Determination of the comparative base
Here we used the Survey of Sport Horses of 2005 and 2015. From the database of the ý-)we
selected the horses that started in the respective year at least three times, of which minimally one start
was in eventing; 529 horses in total. We also used data from charts of the best horses in eventing
competitions in the respective years.
Methods of determination of average auxiliary points (AAP)
The horses in the charts are arranged according to the AAPs per one start. Auxiliary points are
obtained by conversion of the actual result of the horse in eventing competitions converted by means
of the following matrices, see Table 1.
Table 1 Matrices of calculations of horses in eventing (ý-) 2015)
Difficulty
code
37
36
35
34

CCI4*
CNC/C
CN/CIC
/CCI 3*
CNC/C
CN/CIC
/CCI 2*
CNC/C
CN/CIC
/CCI 1*

Penalty points

Disability
Is
subtracted

<45

45.01
±55

55.01
±65

65.01
±75

75.01
±85

85.01
±110

110.01
±150

>150

T
T

0

34

33

32

31

30

29

27

25

T
T

0

30

29

28

27

26

25

23

21

S
T

-1

26

25

24

23

22

21

19

17

S
T

-2

22

21

20

19

18

17

15

13

Degree of
competition

33

L

L

-3

18

17

16

15

14

13

11

9

32

ZL

Z
L

-2

14

13

12

11

10

9

7

5

31

Z

Z

-1

11

10

9

8

7

6

4

2

Statistical analysis
The data were evaluated statistically using the programme STATISTICA 2012.
Descriptive statistics of the AAPs in 2005 and 2015
The following were evaluated: arithmetical mean, modus, median, maximum, minimum and
standard deviation.
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Statistical analysis using the ANOVA method (Analysis of Variance) and following tests
We used multi-factorial analysis. When the effect was statistically significant we assessed
the differences among the age groups, sexes, breeds and years of start using the method of
Scheffe's multiple comparisons.
Factors followed:
Age
x Group 4±6 years ± 140 horses
x Group 7±12 years ± 329 horses
x Group 13±16 years ± 54 horses
x Group 17 and more years ± 6 horses
Breed
x Czech warm-blood ± 284 horses
x Slovakian warm-blood + .LQVNêhorse ± 33 horses
x English Thoroughbred ± 107 horses
x Irish sports horse ± 11 horses
x German warm-blood breeds + Swedish warm-blood + Danish warmblood ± 23 horses
x Dutch warm-blood + French riding horse ± 13 horses
x Horse of the warm-blood type ± 14 horses
x Horses with no pedigree ± 23 horses
x Arabian thoroughbred + Shagya Arab ± 3 horses
x Hafling ± 3 horses
x Others (**) ± 15 horses
(**) Wielkopolska and Malopolska horse, Polish noble half-bred horse,
Ukrainian riding horse
Sex
x Stallions ± 53 horses
x Mares ± 203 horses
x Geldings ± 273 horses
Year of start
x 2005 ± 233 horses
x 2015 ± 296 horses
RESULTS AND DISCUSSION
The average AAP points of horses starting in eventing competitions were 10.75 in 2015 and
7.80 in 2005. In 2015 the average AAP points were by 2.95 higher than in 2005. Also the mean values,
the minimum and maximum were higher than in 2005. The minimum value was -0.3 in 2005 and 0 in
2015. The value of the maximum value was 22.20 in 2005 and 25.33 in 2015, see Table 2. The higher
value of AAP points in 2015 demonstrates that the present-day performance of horses is higher. The
same results were achieved by +RUNi (2016) who evaluated the jumping performance of horses. She
stated that from 2005 to 2014 the performance increased by 3.14 points. The results of Ricard and
Chanu (2000) suggest that selection on jumping performance will lead to some positive correlated
response for eventing performance.
The results of the effect of the respective factors for AAP are presented in Table 3, where the
factors were: age, sex, breed and year of start.
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Table 2 Descriptive statistics of evaluations of the performance of horses in eventing competitions in
2005 and 2015
AAP
Modus
Standard
Mean
Median
Modus
Minimum
Maximum
variable
frequency
deviation
2005
7.80
7.83
8.00
11.00
-0.30
22.20
4.27
2015
10.75
10.39
9.00
13.00
0
25.33
5.07
Table 3 Effect of the respective factors on the performance of horses in eventing competitions
Performance
Age
Sex
Breed
Year of start
AAP
**
**
**
6LJQLILFDQFH3

VWDWLVWLFDOO\KLJKO\VLJQLILFDQW3 

VWDWLVWLFDOO\VLJQLILFDQW

The effect of the breed, age and year of start had a statistically highly significant effect on the
performance of the horses. The statistically significant effect of the sex was not proved.
Following tests using Scheffe's test
In following tests of the age by means of Scheffe's test it was discovered that performance of the
category of horses of the age of 13±16 years was statistically highly significant compared to the
youngest age category of 4±6 years and age category of 7±12 years; see Figure 1.
Figure 1 Average values of AAP in the respective age categories

In subsequent tests of the year of start we discovered that performance had increased. In 2005
AAP was 7.8. In 2015 performance increased (by 3 AAP) to AAP 10.8.
$OVR 'LEDORYi (2009) confirmed that the performance of horses in eventing competitions
increased; she reported that performance increased gradually from 2000 to 2007, i.e. by 5.99 points,
corresponding with our results and proving the gradual increase in performance.
It was discovered on the base of factor breed that the performance of the Irish sport horse was
statistically highly significantly higher than that of the Czech warm-blood (by 8.13 AAP), the English
Thoroughbred (by 9.03 AAP) and of horses that had no pedigree (by 11.79 AAP) and was statistically
significantly higher than of horses of other breeds (by 8.11 AAP). The performance of the Czech
warm-blood was statistically highly significantly higher than of horses that had no pedigree.
The performance of the Irish sport horse was unbeatably the best (AAP 17.4). 'LEDORYi (2009)
concluded that worldwide this breed is the most successful breed in eventing competitions due to its
high performance and in the Czech Republic its popularity is constantly increasing.
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Figure 2 Average values of auxiliary points of the respective breeds

Overall evaluation of eventing competitions in the Czech Republic and across the world
The graphs below show the proportional representation of sex of horses starting in eventing
competitions in the Czech Republic in 2005 and 2015. In this competition preference is given to
geldings over mares and stallions. The reason for the popularity of geldings is that their temperament
is calmer, they are even-tempered and better manageable.
DLEDORYi (2009) added that geldings are used more frequently for eventing competitions
because they are mentally more balanced thanks to which their performance is more stable.
Performance of stallions is considerably better than both that of mares and geldings (Whitaker et
al. 2008). However, stallions are used least of all, possibly because they are not manageable easily.
According to KUþRYi (2013) stallions require specific handling and for inexperienced riders they might
be dangerous.
Figures 3 and 4 Sex representation of horses starting in eventing competitions

54%

In 2015

In 2005

9%

11%

50%
37%

39%

Stallions

Mares

Geldings

CONCLUSION
The objective of the present study was to evaluate the effects of the individual factors on the
performance of horses in eventing competitions. We monitored the results of the individual factors for
AAP, they were the following: age, sex, breed and year of start. Other factors in the competitions were
country of origin of the horses, the breed and the effect of stallions imported from abroad. We
compared a period of ten years (2005±2015) and we found that performance was influenced by the
breed, age of horse and year of start.
It was also discovered that at present the reigning horses in eventing competitions are the Irish
sport horses. Although these horses do appear in the Czech Republic they are in a minority. The most
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easily available horses for Czech breeders are Czech breeds, such as the Czech warm-blood and the
Slovakian warm-blood bred in the Czech Republic, followed by the English Thoroughbred.
In terms of the age of the horses the highest performing horses were horses from 13 to 16 years
of age (11.81 AAP). Their performance gradually increased up to the age of 15 years (15.01 AAP) and
then began to decline. The highest performing breed was the Irish sport horse (17.4 AAP). The
performance of the horses increased in 2015 as compared to 2005. Germany has progressed
considerably in breeding. Surprising results were achieved with the Czech warm-blood; its
performance over the studied period increased ranking it immediately after the German warm-blood
breeds and confirming the great progress in breeding of the Czech warm-blood for sports performance.
Another finding (based on our tests) was that sex had no effect on performance. In both of the
above mentioned years geldings were the most frequently used horses in eventing competitions,
followed by mares and least of all stallions. The other factor was the country of origin of the horse.
The overwhelming majority of starting horses was born in the Czech Republic. The number of horses
imported to the Czech Republic is increasing. During the monitored period the number of imported
horses increased by 8%.
In conclusion I would like to add that if the Czech Republic wants to compete in eventing
competitions with riders from abroad, I recommend that they either acquire an imported horse
(primarily an Irish sport horse or a German warm-blood breed) or one of our Czech sport breeds
(Czech warm-blood). However, a horse competing in an eventing competition must also show speed
and stamina. That is the reason why breeders frequently tend to the English Thoroughbred.
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Abstract: This work is targeted on influence of various factors on biochemical blood parameters of
horses, especially physical activity, or stress. The main goal is to evaluate knowledge about blood
content and use of biochemical indicators in horse diagnostics. Sixteen Czech Warmblood horses were
used in experiment. All of this horses were stallions in age 3 years. They were divided on the basis of
their stabling and training status. Group A, free range stabled, trained only easily before the blood
sampling, and group B, in a box stabled, with intensive training, jumping and dressage six times in
a week. Lower glucose and Alanine Aminotransferase (ALT) levels were determined in blood of
easily trained horses (group A). Differences between the observed groups were significant only for
glucose. The moderate negative correlation between ALT and glucose was found in group B (r =
-0.405). This correlation was very low in group A.
Key Words: horse, glucose, ALT, stress, biochemical parameters
INTRODUCTION
The information about biochemical response of horses submitted to physical exercise such as
dressage and jumping is limited and controversial. The training of horse involves periodic exercises
that cause structural, functional and behavioral changes (Lindner 2000). These exercises prepare
horses for the competitions. High performance of the athlete horse is determined by many complicated
interdependent physiological and hematochemical processes (Warwick 2004). Analyzes and study the
modifications of blood parameters is very important for understanding of horse physiology, function
and types of energy utilized (De Miranda et al. 2009). Biochemical and hematological parameters have
been studied during different kinds of physical effort, such as trot races (Piccione et al. 2009), or
130 km long endurance ride (Noleto 2016)$IWHUWKHZDUPXSWKHJOXFRVHYDOXHVVKRZHGDVLJQL¿FDQW
GHFUHDVH DQG D VLJQL¿FDQW LQFUHDVH DIWHU WKH VKRZ MXPSLQJ WHVW Fazio et al. 2014). Glucose
significantly decreased also during endurance race for 120 km in Scandinavian studies (Larsson et al.
2013).
Alanine Aminotransferase (ALT), formerly known as glutamic pyruvic transminase is not
specific to liver. Increases in ALT may by caused by acute liver failor, but also by myositis; therefore
ALT is not useful for predicting liver diseases of horses. (Reeder et al. 2009). Normal range of ALT is
between 0.08±0.25 NDWO (Inlab Medical 2001)
The aim of the study was to evaluate glucose and ALT concentration in blood of horses with
different training levels. And to determine whether there is a corelation between concentration of ALT
and glucoses of low and high intensity training horses.
MATERIALS AND METHODS
Animals and breeding conditions
Sixteen Czech Warmblood horses (stallions) in age 3 years were used in this experiment. Two
groups were formed, eight horses each. This division was based on stabling and training status: group

195

November 8–9, 2017, Brno, Czech Republic

24
years

A, free range stabled, trained only easily before the blood sampling, and group B, in a box stabled,
with intensive training, jumping and dressage six times in a week.
All horses were stabled in 3URYLQFLDO6WXG)DUP7OXPDþRY. The area was located in altitude
200 meters above sea level. During the experiment was average air temperature 7.6 &
Collection of blood samples
Blood was sampled from vena jugularis externa. During sampling there waseffort of avoiding
horse excessive excitation. ALT and glucose was analysed from blood serum spectrophotometrically
using XT20i automatic analyser (Thermo Fisher Scientific, Finland). Currently available commercial
kits by Biovendor-laboratory medicine were used for analysis.
Statistical evaluation
The GDWDZHUHH[SUHVVHGDVPHDQV6(0)RUFomparisons Student's t-test was used. Statistica
8.0 statistical software (StatSoft Inc., Tulsa, USA) was used to analyse all data from this experiment.
The level of statistical significance was defined as P=0.05. Correlations among the glucose and ALT
FRQFHQWUDWLRQRIWKHDQLPDOVEORRGZHUHHYDOXDWHGE\PHDQVRIWKHFRUUHODWLRQFRHIILFLHQW at the level
of probability (P=0.05).
RESULT AND DISCUSSION
Lower glucose and ALT levels were determined in blood of horses easily trained (5.74  0.23
mmol/l and 0.19  0.02 NDWO) compared with intensive trained horses (7.51  0.22 mmol/l and 0.21 
0.02 NDWO). Based on the statistical analysis, differences between the observed groups were
significant with glucose (p = 0.00002), but not significant with ALT (p = 0.50851).
Table 1 glucose level in blood of both groups (mmol/l)

Average

Min

Max

sx

Vx

Group A

5.74

5.26

6.22

0.23

4.01

Group B

7.51

7.06

7.98

0.22

2.93

Legend: Group A ± free range, easy training;
Group B ± box stable, intensive training; Sx ±
standard deviation; Vx ± coefficient of
variation; Min ± minimum value (mmol/l); Max
± maximum value (mmol/l)

7DEOH$/7OHYHOLQEORRGRIERWKJURXSV NDWO

Average

Min

Max

sx

Vx

Group A

0.19

0.17

0.25

0.02

10.53

Group B

0.21

0.17

0.25

0.02

9.52

Legend: Group A ± free range, easy training;
Group B ± box stable, intensive training; ALT
± Alanine Aminotransferase; Sx ± standard
deviation; Vx ± coefficient of variation; Min ±
minimum value (NDWO 0D[± maximum
YDOXH NDWO

The correlation between Glucose and ALT in the group of easily trained horses was not
existent (r = 0.067) as can be seen on Figue 1. Very low correlation was determined in the group of
intensive trained horses (r = -0.405) as can be seen on Figure 2.
+DQiN DQG 2OHKOD   FODLPHG WKDW WUDLQLQJ RI \RXQJ KRUVHV FDXVHG JOXFRVH LQFUHDVH LQ
blood. This statement agrees with result of this work. Ferraz (2010) also proved, that concentration of
glucose was raised with intensive training and higher glucose concentration could be an indicator of
performance and readiness for the competition. Malinowski (2004) reported, that higher glucose level
may also be an indicator of horse stress. Cortisol, glucocorticoid of the adrenal gland, acts to assist the
animal in relieving stress by increasing glucose to provide energy which enables the horse to escape
from the stressor.
Results of ALT agree with normal reference ranges for horses as same as concentration of
glucose (Cit VFU 2007, Cal Vet 2013, Laboklin 2016, Inlab Medical 2001). Higher ALT levels in
blood of intensive trained horses compared with easily trained horses corresponds to the results of the
study made by Larson (2013) The possible explanation of this increase would be the greater muscle
growth which is related to more intensive cell changes.
In the Gudasheva (2016) study, it was found that jumping exercise induce changes not only in
ALT but also increases of biochemical parameters: creatin kinase (CK), aspartate aminotransferase
(AST), triacylglycerols, total cholesterol and creatinine within the reference ranges. Gudasheva (2016)
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claimed, that changes in these parameters reflects the changes in skeletal muscle and kidney functions
as well as alterations in the type of used energy.
Figure 1 The correlation between the concentration of blood glucose and ALT in the group of easily
trained horses

Figure 2 The correlation between the concentration of blood glucose and ALT in the group of
intensive trained horses

CONCLUSION
Lower glucose and ALT levels were determined in blood of easily trained horses, than in blood
of intensive trained horses. Differences between the observed groups was significant for glucose but
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was not significant for ALT. In of intensive trained horses, there was found very low correlation
between ALT and glucose (r = -0.405). This correlation was not found in of easily trained horses.
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Abstract The purpose of this study was to evaluate the growth intensity on the basis of weight gains and
live weight of the Suffolk and Charollais breeds. The experiment also included the assessment of the fat
and muscle depth of meat breeds. All the monitored indicators were evaluated depending on the breed,
sex and litter frequency. Selected meat breeds were reared in â=3äDEþLFH7KH lambs were weighed
4 times and the weight was recalculated to 30, 70, 100 and 200 days of age. Measured parameters of
muscle and fat depth were statistically significant (P  ޒ0.01) in lambs divided by breed and sex. While
control weighing, no statistical differences were found (P ޓ0.05) during evaluation of the intensity of
growth using average daily increments and weights. The biggest depth of the muscle had ewe lamb of
the Suffolk breed (2.94 cm), followed by the rams of the same breed (2.74 cm). The muscle and fat
depth of the studied breeds was significantly (P  ޒ0.5) higher for the Suffolk breed than for the Charollais
breed.
Key Words: lamb, Suffolk, Charollais, weight, growth
INTRODUCTION
According to Czech Statistical office, 232 000 sheep were bred in 2015. Nevertheless, only 24
118 ewes were in yield control. Of this number, 5716 Suffolk ewes and 436 Charollais ewes were in
yield control. Favorable situation has arisen in the sale of animals to abroad. On the other hand, the
consumption of lamb meat has been very low in a long-term, 0.4 kg per person a year. The world average
consumption of lamb meat has reached NJSHU\HDU +RUiN et al. 2012).
There is a number of factors which influence animal growth. External factors (nutrition, veterinary
care, environmental conditions, etc.), as well as internal factors (breed, sex, litter frequency, genotype,
etc.). Growth can be assessed by daily gain or by measuring individual body parts. In this study, growth
will be evaluated through daily gains. The same issue has been addressed by Gutierrez et al. (2005) and
Analla et al. (1998).
MATERIAL AND METHODS
Breeding conditions
Evaluation of growth ability was performed in school farm (SF) of Mendel UQLYHUVLW\LQäDEþLFH
The study included 79 animals of breed Suffolk and Charollais. In the winter, sheep are stabled on deep
litter. During summer time, sheep with their lambs are stabled on the pasture, where water and shelter
from bad weather are available. The sheep breeds had the same breeding conditions including matter
rations.
The yield control (YK) at school farm was conducted by a breeder of the Association of breeders
of sheep and goats. Weighing was performed with a precision of 0.1 kg. In framework yield control of
meat sheep breeds was done using 100 daily weighing and ultrasonographic measurement of depth of
musculus longissimus lumborum et thoracis (m.l.l.t.) and depth of fat.
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Methodology of experiment
Average weight gains were calculated from the weights measured at following intervals:
- 30±70 days
- 30±100 days
- 30±200 days
- 70±100 days
- 70±200 days
- 100±200 days of age
The model equation for evaluating the weights and average weight gains of lambs:
Yijkl = ȝ + PVi + POj + PLk + PLk x POj + eijk
Yijkl ± measured value
ȝ ± overall average
PVi ± effect i±th litter size (singles, twins, triplets)
POj ± effect j±th sex (ram, ewe lamb)
PLk ± effect k±th breed (Suffolk, Charollais)
eijk ± residue
RESULTS AND DISCUSSION
The growth of lambs was evaluated according to litter size, sex and breed. Very notable statistical
differences (P  ޒ0.01) between sexes and breeds were recorded while measuring m.l.l.t and fat on
100 days of age. Table 1 and Table 2 shows that the influence of breed, sex and litter frequency on daily
gains and weights of lambs was not statistically conclusive (P  ޓ0.05). During weighing on 30 days of
age the weight of singles was 14.66 kg, individuals amongst twins were 13.9 kg and individuals amongst
triplets were 10.76 kg. These results are identical to results of studies conducted by 'REHã (2007). This
trend was similar in all other weightings.
The singles had the most notable depth of the m.l.l.t. (2.34 cm) then the twins (2.25 cm) and the
lowest was the depth of the muscle of triplets (1.02 cm). Daily gains of rams at intervals 30±70 days,
30±100 days and from 100 to 200 days were higher than daily gains of ewe lambs. Ewe lambs had higher
daily gains from 30 to 200 days and from 70 to 100 days. While comparing sexes, there were no
significant differences (P ޓ0.05) amongst all recorded weights in concrete intervals. Charollais breed
reached the highest daily gains on all control periods. The only exception was period of 70±100 days,
where bigger daily gains were achieved by lambs of Suffolk breed. A similar result was also measured
E\+RãHN et al. (2008). These increases were not statistically significant (P ޓ0.05).
The biggest weights of animals on 30, 70 and 100 days had Suffolk breed. The individuals of
Charollais breed had bigger weight than individuals of Suffolk breed while weighing on 200 days. The
significantly bigger depth of muscle (2.36 cm) and fat (0.37 cm) on 100 days of age was measured for
Suffolk. Lambs of Charollais had the depth of muscle 1.43 cm and depth of fat 0.19 cm. The most
notable daily gains on 30±100 days had rams of Charollais breed (345.33 g/day) the second one was
ewe lambs of Suffolk breed (331.48 g/day) and the third highest daily gains had rams of Suffolk breed
(317.13 g/day).
The significant differences (P  ޒ0.01) in depth of muscle (m.l.l.t.) and fat were measured between
breeds and sexes. The biggest depth of muscle had females of Suffolk breed (2.94 cm) followed by
significantly (P  ޒ0.01) lagged rams of Suffolk breed (2.74 cm). The rams and ewe lambs of Charollais
breed had depth of muscle of 2.67 cm and 2.6 cm. Notable difference (P  ޒ0.5) occurred while comparing
the depth of fat between breeds. The lambs of Suffolk breed had the depth RIIDWFPDQGWKH
lambs of Charollais EUHHGFP0LOHUVNL  UHSRUWHGVLPLODUUHVXOWV in his study.
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CONCLUSION
The purpose of this thesis was to evaluate the influence of breed, gender and litter size on the
intensity of growth. The depth of musculus longissimus lumborum et thoracis and fat was measured as
well. The observation did not provide proof of significant influence (P ޓ0.05) of the monitored breeds
on the intensity of growth but notable differences (P  ޒ0.05) were detected when measuring depth of
muscle (m.l.l.t.) and fat between the breeds. The Suffolk had bigger depth of muscle and fat than
Charollais.
The influence of gender on the growth ability was not significantly demonstrated. The depth of
muscle was notably (P  ޒ0.01) the most significant amongst rams of Suffolk breed. Notable difference
was found between sexes within the breeds, measuring the depth of fat. The difference in weights and
weight gains amongst the lambs from different litter of size was not demonstrated (P ޓ0.05).
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Abstract: The aim of the study was to estimate the pasture intake in different genotypes and to evaluate
the effect of genotype on carcass quality and digestive tract development. Three different genotypes
were involved in the experiment; fast growing Ross 308 both sexes, slower growing JA 757 both sexes
and layer-type cockerels ISA Dual, fifty chickens of each genotype. From ten days of age all hybrids
were fed on fresh pasture in separate feeders to accustom this feed. Since day eighteen in Ross 308 and
JA 757 and since day twenty-seven in ISA Dual daily pasture intake was observed. The experiment was
finished when pasture intake plateau was achieved in each hybrid. Consequently, chickens were
slaughtered at the age 49 in Ross 308, 64 in JA 757 and 90 in ISA Dual. The maximal daily pasture
intake was significantly the highest in ISA Dual cockerels 25.8g in comparison with JA 757 and Ross
308 (16.1, 13.1 g/d respectively, P < 0.05). Both length of intestine and caeca were shorter in ISA Dual
in comparison with JA 757 and Ross 308 (P < 0.05). The lowest weight of gizzard was found in Ross
308. Carcass quality was the best in Ross 308 including the lowest proportion and weight of abdominal
fat (P < 0.05). Intake of pasture improve feed conversion ratio (Ross 308 1.50, JA 757 1.86, ISA Dual
2.49).
Key Words: ISA Dual, Ross 308, JA 757, carcass quality, length of gut
INTRODUCTION
In the European Union the number of organic and free range chicken production has been
increased, between years 2012 and 2016 it was about 43.3% (Eurostat 2017). According to the
legislation (Commission Regulation (EC) No 889/2008) access to free range with grassland is one of
the basic requirements for organic or free range production. In USA the use of mobile processing units
for pasture poultry is growing rapidly too (Angioloni et al. 2016).
According to some authors intake of plant particles can be regarded as a valuable feed supplement
(Ponte et al. 2008a). Lorenz et al. (2013) estimated that green fodder could cover about 10±15% of total
daily dry matter intake in broilers. Similarly, Fanatico (1998) stated keeping broilers at pasture, and
then, allowing the birds to forage on plants, seeds, insects and worms, can reduce the costs of feed by
30%.
The intake of pasture can be affected by many factors: genotype, age, technology, pasture quality,
season or soil quality +|UQLQJHWDO+RUVWHGHWDO Dal Bosco et al. 2014). According to
SkĜivan (2015) fast growing chickens are also suitable for grazing mainly because of meat enrichment
by unsaturated fatty acids and vitamin E. On the other hand due to high growth intensity and breeding
goals broilers have lower movement activity (SkĜivan 2015). Ponte et al. (2008b) recommend
on the basis of detected etiological observations, movement activity and adaptability for free range
chicken meat production mainly slow growing genotypes or even layer-type cockerels.
The aim of the study was to estimate the pasture intake in different genotypes and evaluated the
effect of genotype on carcass quality and digestive tract development. The hypothesis was that
depending on the birds age the pasture intake has increased, therefore prolonged fattening period was
used.
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MATERIAL AND METHODS
The experiment took place in the building M of FA MENDELU in Brno. Three different hybrids
were used; fast growing Ross 308 both sexes, slower growing JA 757 both sexes and layer-type
cockerels ISA Dual, fifty chickens of each genotype. All chickens were in the same room, in twelve
boxes with litter, nipple drinkers and pan feeders, four replications for each hybrid. Access to feed and
water was at libitum. Light day was 18h. Three feed mixtures were used during the experiment BR1
(crude protein 19.3%, crude fat 5.3%, crude fibre 3.3%), BR2 (crude protein 19.0%, crude fat 5.3%,
crude fibre 3.5%) and BR3 (crude protein 17.7%, crude fat 6.0%, crude fibre 4.0%).
From ten days of age all hybrids were fed on fresh pasture in separate feeders to accustom this
feed. Since day eighteen in Ross 308 and JA 757 daily pasture intake was observed. Due to very low
intake of pasture in ISA Dual the beginning of measurement started at age twenty-seven days. The
average pasture intake was evaluated on weekly basis. When there was no significant increase in amount
of pasture intake between consecutive weeks, recognized as maximum at libitum intake, the experiment
in the hybrid was ended. Consequently, chickens were slaughtered at the age 49 in Ross 308, 64 in JA
757 and 90 in ISA Dual. Ross 308 fed BR1 till 9d, BR2 till 42d and BR3 till 49d of age. JA 757 fed
BR1 till 22d, BR2 till 56d and BR3 till 64d of age. ISA Dual fed BR1 till 35d, BR2 till 83d and BR3 till
90d of age.
The composition of pasture was as follow: 50% of genus Trifolium with majority of Trifolium
repens L., 40% of genus Poaceae with majority of Lolium perenne L. and 10% of herbs namely Bellis
perennis L. and Ajuga reptans L. Fresh pasture was weighted and supplied to the chickens in all boxes
each morning in sufficient quantity and after 12h the residues were weighted. Daily feed pasture intake
was calculated. At the end of experiment ten males and ten females in Ross 308 and JA 757 and ten
cockerels of ISA Dual were slaughtered. Yields of carcass, breast meat without skin, legs with bones
and skin and abdominal fat were evaluated. Digestive tract development was assessed based on weight
of empty gizzard including cuticle and length of intestine and caeca.
The effect of hybrids on observed characteristics was analysed using one way ANOVA and LSDtest using the software package Unistat 5.1 (Unistat Ltd, England).
RESULTS AND DISCUSSION
The pasture intake and characteristics of genotypes performance including carcass quality are
shown in Table 1. Both the average and maximal pasture intakes were significantly the highest in ISA
Dual (P < 0.05). Regardless prolonged feeding of BR1 and prolonged fattening period in ISA Dual till
90 days of age and in JA 757 till 64 days of age the live body weight was significantly the highest in
Ross 308 (P < 0.05). There was significant difference in carcass weight in ISA Dual in comparison with
JA 757 and Ross 308 (P < 0.05). Significant difference in carcass weight between Ross 308 and
Lohmann Dual also observed Habig et al. (2016).
FCR was the worst in ISA Dual (P < 0.05), however the FCR are interestingly low, which confirm
hypothesis of Fanatico (1998) that keeping broilers at pasture can reduce the costs of feed by 30%.
Although there was no significant difference in carcass weight between JA 757 and Ross 308, the carcass
yield was the highest in Ross 308 (P < 0.05). Both weight and yield of abdominal fat was the highest in
ISA Dual (P < 0.05). High yield of breast meat is one of the breeding aim in fast growing chickens,
consequently breast weight as well as and yield were the highest in Ross 308 (P < 0.05). On the other
hand leg yield was the highest in ISA Dual (P < 0.05), however the weight of legs was the lowest in this
genotype (P < 0.05).
Table 2 shows the digestive tract development. Despite the lower growth intensity in ISA Dual,
there was no significant difference in gizzard weight between ISA Dual and Ross 308 and the proportion
of gizzard from carcass weight was even significantly higher in ISA Dual (P < 0.05). On the other hand
Ross 308 and JA 757 had significantly longer both intestine and caeca in comparison with ISA Dual
(P < 0.05). Kokoszynski et al. (2017) also reported the highest length of intestine in Ross 308 in
comparison with hybrids Hubbard Flex or Hubbard F15.
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Table 1 Characteristics of hybrids performance and carcass quality
Hybrid
Age at slaughter (days)
Daily pasture intake [g/day]
Maximal pasture intake [g/day]

ISA Dual
90
MHDQSE*
b
e

JA 757
64
MHDQ6(*
a
d

ROSS 308
49
MHDQ6(*
a
c

Live body weight [kg]

a

b

c

Feed conversion ratio

c

b

a

Carcass weight [kg]

a

b

b

Carcass yield [%]

a

b

c

Breast weight [g]

a

b

c

Leg weight [g]

a

b

b

Abdominal fat weight [g]

b

b

a

Breast yield [%]

a

b

c

Leg yield [%]

c

b

a

Abdominal fat yield [%]

c

b

a

Legend: SE* ± standard error; a, b ± means of the same order designated by different letters are significantly different
(P < 0.05)

Table 2 Characteristics of digestive tract development
Hybrid
Age at slaughter (days)
Length of intestine [cm]

ISA Dual
90
Mean  SE*
160.00  2.24a

JA 757
64
Mean  SE*
181.40  4.63b

ROSS 308
49
Mean  SE*
184.80  3.76b

Length of intestine [cm/100g carcass]

9.08  0.11b

7.59  0.22a

7.81  0.14a

Length of caeca [cm]

16.90  0.26a

19.40  0.27b

19.70  0.23b

Gizzard weight [g]

34.00  1.55ab

34.70  1.39b

30.00  1.09a

Gizzard yield [%]

1.93  0.09c

1.45  0.06b

1.28  0.05a

Legend: SE* ± standard error; a, b ± means of the same order designated by different letters are significantly different
(P < 0.05)

CONCLUSION
The maximal daily mean pasture intake was significantly the highest in ISA Dual cockerels
25.8 g in comparison with JA 757 and Ross 308 (16.1, 13.1 g/d respectively, P < 0.05). Both length of
intestine and caeca were shorter in ISA Dual in comparison with JA 757 and Ross 308 (P < 0.05). The
lowest weight of gizzard was found in Ross 308. Carcass quality was the best in Ross 308 including the
lowest proportion and weight of abdominal fat (P < 0.05). Intake of pasture improve feed conversion
ratio (Ross 308 1.50, JA 757 1.86, ISA Dual 2.49).
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Abstract: The aim of this study was to assess the incidence of pathological changes of spermatozoa in
breeding boars with special focus on character of changes during the activity of boars in insemination
centre. A total of 1200 semen samples from 150 boars aged 9±36 months were analysed. The
experiment was carried out from January to April 2017. Abnormalities of spermatozoa were assessed
microscopically on stained native semen smears on glass slides. The percentage of spermatozoa with
pathological defects differed among age categories. Total proportion of spermatozoa with
morphological defects decreased with age. The highest proportion of spermatozoa with abnormal size
and shape of head, proximal droplet and folded tail was recorded in younger boars (bellow 18 months
of age). More frequent defects of acrosome were observed in the semen of boars older than 25 months.
Also positive and negative correlations were found among individual groups of morphological
abnormalities.
Key words: boar, ejaculate, age of boar, spermatozoa, defects of spermatozoa
INTRODUCTION
One of the basic factors, that determine profitability of animal production, is fertility of sows
and boars. Numerous and balanced litters, as same as numbers of weaned piglets significantly
influence efficiency of pig production (Gadea 2005). Exploitation of potential fertility of sows
depends to a large extent on boars (Tsakmakidis et al. 2010). Fertilization is a result of many mutually
determined events occurring in strict order and a normal course of each phase depends on full maturity
of gametes. Besides high level of sexual activity, breeding boars should also reach production of large
amounts of high quality semen (Frydrychova et al. 2011). Morphological evaluation of semen in terms
of changes in spermatozoa which occur in boars with age, can be useful for prediction of fertility in
boars (Lipensky et al. 2014). Morphologically abnormal spermatozoa can decrease fertilization rate
and embryonic development.
Regarding the fact that spermatogenesis in boars lasts nearly 45 days, which are followed by
approximately 10±12 days of maturation, most of the abnormalities in spermatozoa arise during this
period (Vogler et al. 1991). In this respect, the morphology of spermatozoa reflects the health of
seminal tubules and to a lesser extent also of epididymis. Abnormalities of sperm morphology are
traditionally classified according to localization of defect (head, midpiece, tail) or the place where the
defect originated (primary: testes, secondary: epididymis, tertiary: accessory glands/after ejaculation).
The aim of this study was to assess the extent of changes in incidence of pathological
spermatozoa in breeding boars of different age categories.
MATERIAL AND METHODS
The experimental population consisted of Duroc boars from insemination centre 9HONp0H]LĜtþt
(Czech Republic). The boars were subjected to analysis of sperm morphological changes from January
to April 2017. Morphological evaluation of spermatozoa was performed in 150 randomly selected
boars, 30 individuals of each age category. All the selected boars were in good health, without visible
malformations and showed a normal level of libido. Semen collection was realized manually in a
sampling room once per week in all the categories (King and Macpherson 1973). Twice per month,
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semen smears from native ejaculates were made for sperm morphology evaluation. The dried smears
were stained according to Cerovsky (1976), in saturated solution of Congo red and 0.5% aqueous
solution of crystal violet. Morphological examination was performed on light microscope with an
objective for oil immersion at 1500 î PDJQLILFDWLRQ 7KH UHVXOWV RI PRUSKRORJLFDO HYDOXDWLRQ ZHUH
recorded using DeSMA software. For each spermiogram, a total of 500 sperm cells were evaluated, of
which percentage share with pathological defects was calculated subsequently. The defects of
spermatozoa were divided as follows: defects in head size (macrocephaly, microcephaly), defects in
head shape (tapered, pyriform, amorphous, round, pin, crest, malformed basis), free heads, acrosomal
defects (condensation, vacuolization, released acrosome, no acrosome), abnormal tail insertion
(abaxial, paraxial, retroaxial), proximal cytoplasmic droplet, bent tail, folded tail, primary coiled tail
(dag effect) and other abnormalities (double head, diadem defect, persistent acroblast, broken tail,
duplicate tail, agenesis).
The data were divided into 5 categories according to the age of boars (8±12, 13±18, 19±24, 25±
30 and 31±36 months). Overall number of the analysed ejaculates was 1200; 240 ejaculates from each
age category.
The recorded data were processed and statistically evaluated using STATISTICA CZ software,
version 12.0. Statistical differences among categories were determined by t-test and correlations by
6SHDUPDQ¶VFRHIILFLHnt.
RESULTS
The incidence of pathological defects in spermatozoa depended on the age of boars. Increasing
and decreasing trends were observed for individual morphological changes with increasing age and in
some cases the proportions of abnormalities stayed without statistically significant changes for the
whole time of observation.
Table 1 and Figure 1 document that overall percentage of pathological spermatozoa decreased
significantly with age of boars, from 11.15% in boars < 12 months of age to 8.58% in boars between
31±36 months of age (p < 0.01). Proportion of spermatozoa with defects in head size ranged from
0.72% to 0.65% till the age of 18 months, in boars between 19 and 24 months it decreased to 0.27%
(p < 0.01). From the 25th month of age the number of these abnormalities grew again up to the level of
0.51%, nevertheless this increase was not statistically significant. The highest proportion of
spermatozoa with head shape defects was also found in the youngest boars, it was 1.14% in the age
category bellow 12 months and 1.08% in the age category from 13 to 18 months. The proportion
decreased to 0.64% between 19 and 24 months (p < 0.01) and there were no significant changes in this
proportion in later age categories. The percentage of free heads in semen of boars before the 30th
month of age ranged from 0.17% to 0.31%, in boars from 31 to 36 months it increased significantly to
0.51% (p < 0.01). The acrosomal defects showed an increasing trend. Before the age of 24 months the
proportion of spermatozoa with problematic acrosome was 0.48±0.63% and then it decreased from
0.78% in the category 25±30 months (p < 0.05) to 1.01% in the category 31±36 months (p < 0.01).
There was a highly statistically significant decrease of proportions of spermatozoa with proximal
cytoplasmic droplet with increasing age. The semen of boars younger than 12 months contained 5.47%
of sperm cells with proximal droplet. In boars from 13 to 18 months the proportion decreased by 1%,
to 4.47% (p < 0.01). The value decreased again to 3.76% in boars from 19 to 24 months (p < 0.01) and
in the next age category (from 25 to 30 months) the value decreased only insignificantly, to 3.41%.
The lowest percentage of spermatozoa with proximal droplet (p < 0.01) was recorded in boars between
31 and 36 months of age (2.84%). The incidence of spermatozoa with bent tail in boars younger than
12 months reached 1.31%, then it decreased to 1.93% in the age category 13±18 months, however this
increase was not statistically significant (p  ޓ0.05). At the age of 19±24 months it increased
significantly again to the level of 3.76% (p < 0.01). The proportion of sperm cells with bent tail
decreased gradually again to the level of 1.88% in the age category 31±36 months (p < 0.01). The
highest percentage of spermatozoa with folded tail was found in younger boars, in the category bellow
12 months it was 0.97% and in the category between 13±18 months it was 0.73%. It decreased to
0.31% later, in boars between 19±24 months (p < 0.01). There were no statistically significant changes
in boars older than 24 months, their semen contained 0.29±0.31% of sperm cells with folded tail. On
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the contrary, the youngest age category showed the lowest proportion of spermatozoa with coiled tail,
the value was 0.27% and it increased gradually up to the level of 0.78% in boars between 19±24
months of age (p < 0.01). Subsequently the percentage of sperm cells with this defect decreased from
0.54% in the age category between 25±30 months to 0.40% in the age category between 31±36 months
(p < 0.01). There were no statistically significant differences observed in the case of spermatozoa with
abnormal insertion of tail. This defect occurred in 0.12% (age 19±24 months) to 0.37% (age 25±30
months) of sperm cells. Similarly, no increasing or decreasing trend was found for other defects, their
proportions varied from 0.20% (age 31±36 months) to 0.32% (age < 12 months).
Table 1 Morphological changes in spermatozoa of boars from observed age categories
Age of boars (months)
Defects
DYHUDJH6(

 ޒ12

13±18

19±24

25±30

31±36

30

30

30

30

30

Total proportion
of
pathological
sperm cells
Defects in head
size

11.15
C

10.88
BC

10.79
B

9.89
AB

8.58
A

0.72
B

0.65
B

0.27
A

0.45
AB

0.51
AB

Defects in head
shape

1.14
B

1.08
B

0.64
A

0.82
A

0.69
A

Free heads

0.31
A

0.27
A

0.17
A

0.25
A

0.51
B

Acrosome defects

0.48
A

0.59
A

0.63
Aa

0.78
bC

1.01
D

Abnormal
insertion of tail

0.16


0.21


0.12


0.37


0.22


Proximal droplet

5.47
D

4.47
C

3.76
B

3.41
B

2.84
A

Bent tail

1.31
A

1.93
A

3.85
C

2.74
B

1.88
A

Folded tail

0.97
B

0.73
B

0.31
A

0.29
A

0.32
A

Coiled tail

0.27
A

0.47
AB

0.78
B

0.54
AB

0.40
A

Other
abnormalities

0.32


0.21


0.26


0.24


0.20


n

Legend: SE*± standard error; A,B,C,D ± values with different superscripts within a row are highly significantly different
(p < 0.01); a,b, ± values with different superscripts within a row are significantly different (p < 0.05)

Table 2 presents correlation coefficients among the observed morphological abnormalities. High,
moderate, weak and very weak correlations, both positive and negative, were found between the
morphological changes. A high positive correlation was found between the defects of head size and
head shape (0.89) and between the defects of head size and folded tail (0.84), between the defects of
head shape and folded tail (0.73), between the folded and coiled tail (0.89), between the proximal
cytoplasmic droplet and other defects (0.73), between the proximal droplet and total proportion of
pathological spermatozoa (0.85) and between other defects and the total proportion of pathological
spermatozoa (0.72) (p < 0.01). A high negative correlation was recorded between the defects of head
size and the folded (-0.86) and coiled (-0.88) tail (p < 0.01). A negative correlation was observed also
between the proportion of free heads and the folded (-0.84) and coiled tail (-0.81) (p < 0.01). The
defects of acrosome were in a negative correlation with the defects of head shape (-0.71), the proximal

210

November 8–9, 2017, Brno, Czech Republic

24
years

droplet (-0.82) and the total proportion of pathological spermatozoa (-0.85) (p < 0.01). The folded tail
was in a high negative correlation with the bent (-0.74) and coiled tail (-0.76) (p < 0.01).
Figure 1 Morphological changes in spermatozoa of boars from observed age categories
%
12

%
6

Defects in head size
Defects in head shape

5

10

4

8

Free head
Acrosome defect
Abnormal insertion of tail

3

6

2

4

1

2

Proximal droplet
Bent tail
Folded tail
Coiled tail
Other abnormalities

0

0
ޒ

Total proportion of
pathological sperm cells

13±18 19±24 25±30 31±36
Age of boars (months)

Table 2 Correlation coefficients between observed morphological abnormalities of spermatozoa
Defects
DHSh
DHSi
DHSh
FH
AD
AIT
PD
BT
FT
CT

0.89

**

FH
0.68

**

0.37*

AD

AIT

PD

FT

0.61

-0.71**

0.08

0.65**

-0.63*

0.73**

-0.65**

0.29*

0.66**

0.11

0.29

0.10

-0.84**

0.54**

-0.81**

0.36*

-0.09

0.57**

-0.82**

0.27*

-0.64**

0.31*

-0.68**

-0.85**

-0.55**

-0.08**

-0.37*

-0.12

-0.57**

-0.56**

-0.31*

0.68**

-0.28*

0.73**

0.85**

-0.74**

0.89**

0.13

-0.25*

-0.76**

0.20*

0.66**

0.08

-0.29**

-0.88

**

A
0.55**

0.84

**

OA
*

-0.86

**

CT

0.03

-0.60

**

BT

**

0.09

0.72**

OA

Legend: DHS ± defects in head size, DHSh ± defects in head shape; FH ± free heads, AD ± acrosome defects, AIT ±
abnormal insertion of tail, PD ± proximal droplet, BT ± bent tail, FT ± folded tail, CT ± coiled tail, OA ± other
abnormalities; ** ± correlations are statistically highly significant, with p < 0.01; * ± correlations are statistically significant,
with p < 0.05.

DISCUSSION
The results of the present study indicate that the incidence of morphological abnormalities in
spermatozoa depends on the age of boars. In insemination, most boars produce semen with values in
normal range, but in some cases the fertility of boars is decreased without an evident reason. A total
proportion of spermatozoa with morphological defects in boars at the age of 8 to 36 month was within
the standard range accepted for boars utilized in breeding. The same findings were described by
Wierzbowski (1999) and Strzezek (2002). Based on the results of this study it can be stated that the
semen obtained from younger boars can contain higher proportion of sperm cells with morphological
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defects than the semen of older boars. These conclusions correspond to the findings of Bazaszewska et
al. (2014) and Stostak and Burys (2011). The question arises whether this is related to sperm
concentration, because younger boars reach higher values of sperm concentration than older boars
(Kamanova et al. 2016) and according to Bazaszewska et al. (2014) the sperm cells have less
favourable conditions for development after the release from seminal tubules in semen with high
sperm concentrations. Semen of young boars also contained high proportions of sperm cells with
proximal droplet. During the passage of sperm cells to epididymis and their maturation, the droplet
normally shakes and flows away. High frequency of sperm cells with proximal droplet in semen can
indicate a spermatogenesis disorder (Johnson 1997). The sperm cells with droplets are essentially not
matured (Lewis 2014) and a high proportion of spermatozoa with this defect leads to fertility
disorders. Some authors suggest that impaired maturity of spermatozoa is associated to anomalies of
head shape (Huszar et al. 1994). Our research revealed a moderate correlation between the incidence
of proximal droplets and the defects of head shape. Stostak and Burys (2011) state that semen of
young boars is characterized by lower concentration of free heads when compared to older boars (25±
36 month of age). The present study documented that this defects is most problematic in the boars
between 31±36 months of age. According to Blom (1981), abnormalities of head size and shape and
midpiece defects, proximal cytoplasmic droplet and individual pathological changes present in high
proportion affect fertility more than defects of tail.
CONCLUSION
Thorough detection of morphological defects and elimination of their causes are necessary
prerequisites for obtaining semen of a high quality with high fertilizing ability. The results of
morphological evaluation of semen in this study suggest that the incidence of pathological
spermatozoa changes with the age of boars. Also the character of defects changes. The semen obtained
from younger boars contains higher proportion of pathological spermatozoa than the semen of older
boars (older than 19 months). The sperm cells of younger boars are characterized by higher incidence
of the defects in head size and shape and the proximal cytoplasmic droplet. On the contrary, the boars
older than 25 months are more prone to the acrosomal defects. In conclusion, the percentage of
pathological spermatozoa in ejaculate decreases with increasing age of boars.
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Abstract: The effect of monensin (intraruminal bolus, 32.4 g) on the copper (Cu), zinc (Zn) and iodine
(I) contents in milk of Holstein dairy cows (10,200 liters per lactation) was observed during three
experiments (E group: monensin, n = 8, C group: n = 8). Milk was examined twice between the 2nd
and 8th week of lactation. The positive effect of monensin resulted in a lower level of betahydroxybutyric acid in milk and the higher Cu contents (15.8 % to 28.2 % higher) and Zn (1.8% to
14.4 % higher) in milk. No difference was observed in the iodine (I) content in milk.
Key Words: copper, zinc, iodine, milk, ketosis
INTRODUCTION
Ketosis ranks among the frequent production diseases in the ascending phase of lactation. This
disease is associated with the deposit fat reduction in relation to energy deficiency and increased
ketogenesis (Duffield 2000 and Litherland et al. 2011). A subclinical form of the disease is manifested
by an increase in ketone bodies in body fluids, by a decline in milk production, an increase in a milk
fat content, and by a decline in the non-fat dry matter (Suthar et al. 2013). The data on changes in
minerals in milk of cows with ketosis is not very common. The statistically insignificant decline was
stated, for example, by King (1979). Changes in the content of trace elements in connection with
ketosis are measured in blood serum. As an example, the lower copper (Cu), cobalt (Co) and
manganum (Mn) contents in blood serum of cows with clinical ketosis were discovered by Kaya et al.
(2016). The statistically significant lower zinc (Zn) content in blood serum in dairy cows with
subclinical ketosis was established by Zhang et al. (2010). Trace elements are characterized by
unequal ability of transition from feed to milk. For example, the Cu content in milk does not correlate
with the content in a feed ration (Kinal et al. 2007). On the other hand, the iodine (I) content correlates
positively wiWKLWVLQWDNH 7UiYQtþHNHWDO 2010).
As for the efficiency aspect of anti-ketogenetic profylaxation, monensin ionophore in the form
of intraruminal boluses is the most cRPPRQO\ XVHG âORViUNRYi HW DO 2015). Monensin positively
affects fermentation in the rumen to produce propionic acid (Duffield et al. 2008).
The aim of the study was to evaluate the submitted Zn, Cu and I contents in milk of dairy cows
with subclinical ketosis and cows treated with ionophore monensis.
MATERIAL AND METHODS
The intraruminal bolus containing monensin (32.4 g) was validated during 3 experiments using
dairy cows (Holstein-Friesian breed) with an average production of 10,200 litres of milk during
lactation. Both the experimental group (E) (n = 8, monensin was applied 3 weeks before parturition)
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and control group (C) (n = 8) were used during each experiment. Each group composed of 4 dairy
cows for the 1st lactation and 4 dairy cows for the 2nd to 5th lactation was examined twice between the
2nd and 8th week after parturition. The milk was examined twice during the experiments: between the
2nd and 4th week of lactation and between the 5th and 8th week of lactation. The feed ration was
identical in the control and experimental groups. The contents of trace elements per 1 kg of dry matter
of fodders were: copper (Cu) 12.2 mg, zinc (Zn) 63.0 mg and iodine (I) 1.3 mg. The presence of betahydroxybutyric acid in milk (BHB) was determined by the infra-red spectroscopy (FT-MIR) method.
The atomic absorption spectrophotometry (AAS) method was applied to determine the content of Zn
and Cu in milk while using a UNICAM 969 AA spectrometer. Iodine in milk was determined on the
basis of alkaline ashing by a spectrophotometric method according to Sandell-Kolthoff. The analysis
was compared to a reference sample. All data was analyzed through the Statistica Program.
RESULTS AND DISCUSSION
The average concentration of beta-hydroxybutyric acid (BHB) and tracked elements in milk are
included in Table 1. The intraruminal administration of monenzin 3 weeks before parturition
influenced positively a reduction of the BHB concentration in milk during all three experiments. The
average BHB content in milk of dairy cows within the experimental groups ranged from 0.078 to
0.144 mmol/l and from 0.222 to 0.328 mmol/l (P < 0.01) in milk of dairy cows within the control
groups. The BHB concentration over 0.200 mmol/l in milk of dairy cows in the control groups already
corresponds to the subclinical ketosis (Geishauser et al. 2000).
Milk of dairy cows in the experimental groups contained the higher average Cu and Zn content
(Cu: higher by 15.8 % to 28.2%, Zn: higher by 1.8 % to 14.4%) compared to the control groups. The
iodine content in milk was higher in dairy cows treated with monensin only during the second
experiment. The average content of elements in milk of dairy cows in the first lactation is shown in
Table 2. The biggest differences between the experimental and control groups were also identified in
the Cu content (24.8 %). The difference in the Zn content was only 6.3% and 4.2% for the I content.
Figures 1 to 3 show the dynamics of elements during the first 8 weeks of lactation. The Cu and
Zn contents in milk were higher in all three attempts between the 2nd and 4th week of lactation as
compared to the 5th and 8th week of lactation. The most significant difference in the Cu and Zn
contents (Cu: higher by 19% to 41%, Zn: higher by 3% to 19 %) was observed between the 2nd and 4th
week of lactation. The iodine content in milk did not show similar trends (Figure 3).
Table 1 Contents of beta-hydroxybutyric acid and copper, zink and iodine in milk of dairy cows
Experiment

Iodine
(mg/1)

Fat1
(kg)

Protein1
(kg)

Group

n
analysis

BHB
(mmol/1)

Copper
(mg/l)

Zinc
(mg/1)

E

16

a

d









C

16

a

 d









E

16

b

g

f





116.4 

C

16

b

g

f







E

16

c

e









C

16

c

e





130.8. 



1.

2.

3.
P Ҹ 0.01
Legend: E ± experimental group; C ± control group; BHB ± beta-hydroxybutyric acid; 1 ± 100 days lactation
a:a, b:b, c:c, d:d,e:e, f:f

Subclinical ketosis is associated with significant changes in the composition and production of
milk (Suthar et al. 2013). Ketosis was accompanied by a decline in the Cu and Zn contents in milk
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(Tables 1, 2; Figures 1±3) during the given experiments. This statistically significant lower Cu content
in milk of dairy cows in the control groups can be related to the metabolic liver congestion in
connection with ketogenesis. The liver is an important depot and metabolic organ for Cu contrary to
Zn (Lech and Sadlik 2007, 2011). The iodine content in milk of dairy cows in the control groups was
not different from the experimental groups. It is concentrated in the body outside the liver, especially
in the thyroid gland (Peksa et al. 2013). As opposed to Cu and Zn, the iodine content in milk also
corresponds wiWKLWVLQWDNH 7UiYQtþHNHWDO 2010). 'XHWRWKHIDFWWKDW&XLVSDUWRIFDVHLQ 21HLOOHW
al., 1989), its decline in milk of the control groups may be combined with a decline in the milk protein
content in connection with ketosis (Suthar et al. 2013). Lower milk protein production during the first
100 days of lactation was also found in dairy cows with subclinical ketosis (control groups) in our
experiments (protein reduction of 1.81% to 5.4%). There was also a decline in milk and fat production.
The results have already been published (HladkêHWDO 2016).
Table 2 Contents of beta-hydroxybutyric acid and copper, zink and iodine in milk dairy cows (1st
lactation)

a:a

Group

n
analysis

BHB
(mmol/1)

Copper
(mg/1)

Zinc
(mg/1)

Iodine
(mg/1)

E

24

0.123  0.066a

0.392  0.083b

3.290  0.480

0.224  0.083

C

24

0.323  0.125a

0.314  0.071b

3.093  0.422

0.215  0.060

P Ҹ 0.01, b:b P Ҹ 0.05

Legend: E ± experimental group; C ± control group; BHB ± beta-hydroxybutyric acid

Figure 1 Dynamic of copper content in milk (mg/l)
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Figure 2 Dynamic of zinc content in milk (mg/l)
5

Zn content in milk (mg/l)

Experiment
Control

4

3

2

1

0
24 to 34

52 to 65

38 to 46

69 to 76

44 to 56

70 to 80

Days of lactation

Days of lactation

Days of lactation

Experiment 1

Experiment 2

Experiment 3

Figure 2 Dynamic of iodine content in milk (mg/l)
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CONCLUSION
The intraruminal administration of monensin (32.4 g) 3 weeks before parturition had a positive
effect on a reduction of subclinical ketosis and on a higher Cu content in milk.
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Abstract: The goal of this study is to evaluate the influence of the stable environment temperature on
the successful conception of Holstein cattle cows. Cows (n = 292) were divided into two groups, cows
inseminated during the natural heat period and cows included into synchronization programme
Ovsynch. The experiment was performed at a school farm in äabþice. Data were collected in the
period from June 2016 to February 2017. The results of the study proved the influence of the
temperature of the environment on the conception of the cows. The analysis showed that cows in the
synchronization programme had the best (p < 0.01) conception rates in February (45.46%). Very
similar conception rates were also detected in cows with natural heat (50.00%). The further important
finding was the different sensitivity of the animals to the temperature of the environment. The
difference between the decrease or increase of conception rates in the group of cows with natural heat
and the cows with synchronized heat was 2 months.
Key Words: Holstein cattle, reproduction, Ovsynch, air temperature
INTRODUCTION
Higher milk production negatively influences reproduction in the herd. Therefore problems with
a conception of cows appear more often. These problems express themselves by an increase in silent,
indistinctive heats and cessation in reproduction cycles of the cows. The problems with conception
lead to elongation of service intervals, increase in usage of insemination doses and higher
consumption of hormones necessary for regular reproduction cycle.
In the herds, the cows are monitored and the first heat is being detected. The cows in which the
heats are not distinctive are included in the synchronization programmes. The presence of "phantom
cows" (cows, which are not in the gestation period and their oestrous cycle has ceased) represents a
challenge for synchronization programmes to restore their oestrous cycle (Lucy et al. 2004). When the
ovarium acyclia appears it is necessary to use GnRH and PGFĮfor the correct function of the oestrous
cycle. Currently, synchronization protocols are used for that. These protocols are used for heat
synchronization and timing of insemination of cows (Pursley et al. 1997). Synchronization protocol
Ovsynch can be used both for the first insemination of the cows and for repeated insemination of the
cows in which pregnancy was not proved (Sterry et al. 2006). Incorrect timing of the beginning of the
heat synchronization can lead to ovulation of premature follicles, which are a result of improper
synchronization of the follicular wave after the first GnRH injection (Lucy et al. 2004).
Synchronization protocol Ovsynch consists of an application of GnRH (day 0), which
eliminates current follicular wave, application (day 7), which causes luteolysis and the following
insemination (8 to 18 hours after application of PGFĮ).
As the reproduction has a low heritability (h2 = 0.05 - 0.2), it is significantly influenced by
external factors such as stable, climate, environment etc. (Louda et al. 2008). Climate conditions play
an important role in the conception of cows. High temperatures can influence the reproductive cycle
(De Rensis and Scaramuzzi 2002). Thermal stress also influences the ability of the cows to conceive
(Lucy 2002). Thermal stress is the main factor which contributes to low conception rates of the cows,
which are inseminated in the summer months (Al-Katanani et al. 1999). The decrease in conception
rates can be 20–30% in the summer months compared to the winter months. (De Rensis et al. 2002).
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The aim of this paper is to evaluate the influence of stable environment temperatures on
conception rates of high-producing dairy cows.
MATERIAL AND METHODS
7KHH[SHULPHQWZDVFDUULHGRXWDWDIDUPLQWKH6RXWK0RUDYLDQ5HJLRQ VFKRROIDUPäDEþLFH 
In the experiment cows inseminated in so-called natural heats and cows included in the Ovsynch
programme were observed. The average length of a service period (SP) in the monitored population
was about 150 days. The experiment took place from June 2016 to the end of February 2017. The
study included 292 cows of Holstein cattle. Natural heats were detected based on the visual evaluation
of the heat signs of the cows and consequently confirmed by ultrasonographic examination of the
ovaries. The breeding cows included in the Ovsynch programme were inseminated based on a time
schedule of the given synchronization programme. Before the insemination itself, ovaries of those
cows were also ultrasonographically examined for the confirmation of follicle size. Insemination was
performed using a rectal technique. The pregnancy of the cows was checked ultrasonographically
30 days after the insemination. The cows were kept in a free stall pens, fed by unified rations. Data
DERXW WKH RXWVLGH WHPSHUDWXUH ZHUH FROOHFWHG IURP WKH ZHDWKHU VWDWLRQ LQ äDEþLFH, in the stable, the
temperature was measured using HOBO sensors located in the central part of the stable in the height
of a cow's head. Data were processed using STATISTICA 12.0 program.
RESULTS AND DISCUSSION
Influence of a stable environment temperature and success rates of the conception in the period
between June 2016 and February 2017 are provided in Table 1. Conception rates for the cows without
the synchronization and for those using the synchronization protocol Ovsynch were evaluated. It is
evident, that the cows included into the synchronization programme Ovsynch had the best (p < 0.01)
conception rates in February (45.46%), at the average stable temperature 8.23   & 6LPLODU
results were also observed in the cows which were not included in the synchronization programme.
They also had the best (p < 0.01) conception rates in February (50.00%). From the collected data it is
possible to observe a difference in the values of the worst conception rates, where the cows from the
synchronization programme had the worst (p < 0.01) conception rates in November (7.41%), at the
average temperature of  &. Compared to that, the breeding cows without synchronization
protocol had the worst (p < 0.01) conception rates in September (6.25%) at the average temperature
20..94 &6DPEUDXV  DQG9RNĜiORYiHW al. (2007) state that the optimal temperature span
for the cows is between 0 and 20 & ZKHQ WKLV WHPSHUDWXUH LV H[FHHGHG WKH FRZV VXIIHU IURP the
thermal stress. The temperature has to be measured inside the stable because there is a rather
significant difference between the inside and outside temperature (Table 1). Dirandeh et al. (2014)
carried out an experiment where synchronization programme Ovsynch was tested in two groups of
cows in the period of thermal stress. The first group was given GnRH on the 6th day after ovulation
(O6), the second group was given GnRH randomly, without detecting the ovulation. Better conception
rates appeared in the group O6 (31%) compared to the second group (25%). Vasconcelos et al. (1999)
state, that the correct time of GnRH application influences the conception rates of the cows. In their
study, they found out that the cows in the middle part of the heat cycle (5th - 9th day of the cycle)
have a higher probability of ovulation than the cows in another part of the heat cycle. That means that
there is a higher possibility of conception. Lucy et al. (2004) came to the same results and they state
that the incorrect time of the GnRH application can lead to ovulation of premature follicles. Premature
follicles release a low amount of estradiol, which means a higher probability of embryonic mortality
(Perry et al. 2005). Stevenson and Phatak (2005) did not identify any differences in the conception
rates between the PreSynch and Ovsynch.
According to Lucy (2002), the thermal stress leads to the increase of body temperature of an
individual. Increased body temperature influences function of the ovaries, embryos quality and the
embryo development in general. The organism is able to regulate the necessary physiological
processes with minimum energy consumption only in the zone of thermal neutrality, which is
LQGLYLGXDOIRUHDFKFRZ 'ROHMãHWDO 7KHVHWHPSHUDWXUHGLIIHUHQFHVFDQQHJDWLYHO\LQIOXHQFH
the heat of the breeding cows. De Rensis and Scaramuzzi (2002) state that the thermal stress can
influence the course of oestrous cycle and conception. This finding corresponds with the results of our
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experiment. The thermal stress does not affect the follicles development and the heat cycle on the very
day, but with a delay as long as several months. In the cows with natural heat, the decrease is visible
from September (6.25%), compared to the cows with synchronized heat, where the decrease in
conception is visible from November (7.41%). The increase can be detected in the first group (with
natural heat) from December (39.40%) and in the second group (with synchronized heat) from January
(22.65%). In February the results of the conception are similar. What is interesting is, that the decrease
an increase in conception rates in cows with heat synchronization is two months delayed. The decrease
in the conception rates in cows with natural heat is visible in September (6.25%). In the cows with
synchronized heat, the decrease showed up in November (7.41%). The same trend could be also
identified also in an increase of conception rates. In the cows with natural heat, the increase in
conception rates appears in November (15.82%) and in the cows with synchronized heat in January
(22.65%).
Table 1 Influence of the temperature on the successful conception in individual months

Period

Number of
cows (pcs)

June
July
August
September
October
November
December
January
February

42
34
16
32
33
27
33
53
22



292

Average outside Average stable
Number of
Number of
temperature on
temperature on
pregnancy cows
pregnancy cows
days of
days of
after ovsynch
(pcs)
LQVHPLQDWLRQ & LQVHPLQDWLRQ &
(pcs)





3.09

-


25..55
25..43
22..13
20..94
10..10
7..61
3..15
-0..16
8..85

23.81AB
29.42B
43.75C
6.25D
11.12DE
15.82ADE
39.40C
20.76ABE
50.00C

23.81AE
38.24BC
31.25CE
15.63A
18.19A
7.41D
10.7D
22.65AC
45.46B

* A, B, C, D, E = significant differences p < 0.01

CONCLUSIONS
Based on the results of our experiment, it can be stated that the temperature of the stable
environment significantly influences the conception of the dairy cows of the Holstein cattle. The
analysis showed that both cows with the natural heat and the cows in synchronization programme
Ovsynch had best conception rates in February. The decrease in the conception rates in the cows with
natural heat is visible in September (6.25%). The group of cows with synchronized heat showed
a reaction to the thermal stress in November when the conception rates fell to 7.41%. The increase in
conception rates again appeared with two months delay. In the group of cows with natural heat the
conception rates increased in November (15.82%) and in the second group of cows, with synchronized
heat, the conception rates increased in January (22.65%). These results support the theory that cows
better cope with the lower temperatures and that the high temperatures negatively influence heat cycle
and the correct development of follicles in general.
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Abstract: The target of the work was to make a database of the Best 3yo english thoroughbred horses
done by the IFHA and analysed their performance by rating with the choosen effects :HYH EHHQ
analysing 1284 3yo horses with the minimum rating of 115 racing in the years 2000 to 2016. We
chose the seven main effects which were Year of racing, country of origin, country of training, sex,
GLVWDQFHVLUHOLQHDQGOLQHRIWKHPDWHUQDOVLUH:HYHEHHQDQDO\VLQJZKROHGDWDEDVHE\WKHDQDO\VLVRI
variance by the UNISTAT, 6.5 and then we checked the proven differencies by the multiple analysis by
Scheffe method. We found as highly influential to the performance of the horses effects country of
training, sex and distance. We found out the high differences between horses trained in Ireland and
horses trained in non European countries in case of effect country of training. Then we found out the
differencies between colts (with the best average rating) and fillies. Another differencies we found out
between the groups of intermediares, millers and sprinters as well as between millers and long distance
runners. We cannot prove the differencies in other chosen effects.
Key words: English thoroughbred, rating, IFHA
INTRODUCTION
English thoroughbred horses are the fastest horses aroXQG WKH ZRUOG $V 'XãHN  
published, the most important stallions of the breed was Byerley Turk, born in 1680, Darley Arabian,
bought in Syria in 1712 and finally Godolphin Barb, born in 1724. These three stallions are considered
to be the founders of the breed. Although it had been a sporting activity for hundreds of years, British
horseracing really began to get organised in the second half of the 18th century. An essential part of
that was the establishment of formal rules of racing. Detailed recording of the horses competing, the
results, and their pedigrees was started at this time (Weatherbys.co.uk 2015). As Varola (1981)
published, and the Schulmann (2011) after thirty years too, the main role in the thoroughbred breed are
not the genetics but alPRVWWKHVRFLDODQGHFRQRPLFDOIDFWRUV9OþHNSUHVHQWHGWKDWWKHEUHHGHUVLGHDO
horse had to be the horse with good performance as 2yo and with increasing performance at 3yo and
hold the performance at 4yo and older in the 30 to 50th years of the 20th century. The best stallion
could cover about 40-PDUHVSHUVHDVRQDQGHYHQWKHEHVWRQHFRXOGQWVHSDUDWHIURPWKHRWKHUVDQG
cover most of mares so this maintained the full range of the sirelines (Schulmann 2011). The
internationalisation and mostly commercial thoughts in the breeding of the thoroughbreds have shown
the new wave of breeding for faster runners and early runners. The british most wanted sire Soldier of
Fortune covered 304 mares in 2016 as well as french sire Rajsaman covered 219 mares in 2016
%ODFNW\SHSHGLJUHHFRP $QGRWKHUPRVWGHVLUHGVLUHVFRYHUHGVLPLODUQXPEHURIPDUHV 9OþHN
2016). That means that the most mares were covered by only a few most wanted and best sires and the
RWKHUVPD\EHVDPHTXDOLW\VLUHVFDQWJHWPRUHFKDQFHWo have a good offspring at all because of the
great marketing pressure from the biggest studfarms. These are the goals that have a role in the
construction of the blood lines in the thoroughbred breed (Schulmann 2011).
The main goal of this article was to analyse the influence of the chosen effects (sireline, line of
the maternal sire, year of racing, country of origin, country of training, sex and distance) on the
performance of the best 3yo thoroughbred horses by the rating from the IFHA (International
Federation of Horseracing Authorities). The ratings are compiled under the auspices of The
International Federation of Horseracing Authorities (IFHA) by racing officials & handicappers
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representing the five continents who compile the ranking order by agreeing on the rating for each
horse. The ratings are based on the performance of horses in elite races held during the designated
period which takes in account the quality of opposition and achievements of each horse. Throughout
the year the Longines Rankings are published at regular intervals and the consolidated annual rankings
are released in January. The annual rankings denote the champions in the various distance categories
for example sprint or mile, surface either turf or dirt/artificial and also the fillies & mares category
(IFHA 2017)
MATERIAL AND METHODS
:HPDGHWKHGDWDEDVHRIWKHEHVW\RWKRURXJKEUHGKRUVHVIURPWKHDQQXDOÄ%OXH%RRNV³IURP
IFHA in the 2000 to 2016. We record the rating, name, sex, sire, dam, dam sire, sireline and line of the
maternal sire, country of origin, country of training, trainer and distance for each horse from the
database made on www.pedigrequery.com. We had already 1284 thoroughbred horses. As the next step
we divided the database by the chosen effects:
- Year of Racing ± 2000 (90), 2001 (85), 2002 (67), 2003 (69), 2004 (53), 2005 (51), 2006 (64),
2007 (76), 2008 (68), 2009 (92), 2010 (88), 2011 (99), 2012 (80), 2013 (72), 2014 (89), 2015
(74), 2016 (77)
- Country of origin ± ARG (15), AUS (46), FR (89), GB (185), GER (40), IRE (297), SA (BRZ +
CHI + PER + URU, 13), JPN (86), NZ (11), OTH (CAN + ITY + SAF + SPA, 8) and USA
(494)
- Country of training ± AUS (49), FR (212), GB (267), GER (46), IRE (153), ITY (15), JPN (91),
SA (ARG + BRZ + CHI + PER + URU, 29), OTH (CZ + HUN + SPA + CAN + NZ + SAF +
SIN + UAE, 15) and USA (402)
- Sex ± F (296), C (943), G (45)
- Distance ± S (109), M (440), I (326), L (360), E (49)
- Sireline ± %ODQGIRUG  'MHEHO  0DQ2:DU  3KDURV  6LFNOH  2WKHU'$
(38)
- Line of the maternal sire ± Blandford (18), Djebel (19), Fairway (13), Gainsborough (27),
+HUROG   0DQ 2:DU   3KDURV   5LERW   6LFNOH   6XQ7HGG\   2WKHU
DA (27)
We registered the influence of each of the effect on the rating by the analysis of variance by the
UNISTAT, 6.5 and then we checked the proven differencies by the multiple analysis by Scheffe
method.
RESULTS AND DISCUSSION
We had 1284 horses which run in years 2000 to 2016 in database. The horse performance, in
this case racing performance, is tKH PXOWLIDFWRULDO FKDUDFWHULVWLFV :HYH EHHQ DQDO\VLQJ WKH KRUVH
performance with seven chosen effects.
You can find the main numbers of chosen and tested effects in Table 1. Every horse got the
rating by their performance in the best races around the world and in the international database are
written horses with rating not less than 115. We found out as highly influential to the performance of
the horses effects country of training, sex and distance. We cannot prove the differencies in other
chosen effects. Then we checked the proven differencies by the multiple analysis of each effect by the
Scheffe method.
Evaluation of the effect Country of training
As the highly provable diferency we evaluated the effect country of training. We found out the
high differences between horses trained in Ireland (average rating 119.18) and horses trained in non
European countries (such was JPN, AUS, USA and the countries of South America) as you can find in
Table 2. The Great Britain had the second highest average rating (118.29), followed by french trained
horses (117.86) and after them the most numerous group of horses trained in USA (117.84). These
results show the most common known facts that the best horses are bred and trained in Ireland, GB
and USA. This is caused by the long history of breeding and training of the thoroughbred horses, their
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perfection in managing the stud and training yards and as the last not least the quality of the trainers.
The lowest average rating numbers have hoUVHVWUDLQHGLQ,WDO\WKDWVEecause of the lost of the best
trainers there.
Table 1 Analysis of variance
Variability

Sum of the
squares

Deg. freed.

Average
square

Stat F

Prob

Main efects

1710.906

56

30.552

2.895

0.0000

Year of racing

244.621

16

15.289

1.449

0.1113

Country of origin

22.207

10

2.221

0.210

0.9954

Country of training

339.998

9

37.778

3.579

0.0002

Sex

287.146

2

143.573

13.603

0.0000

Distance

428.965

4

107.241

10.161

0.0000

Sireline

78.061

5

15.612

1.479

0.1937

Line of the maternal sire

66.056

10

6.606

0.626

0.7927

2.895

0.0000

Explained

1710.906

56

30.552

Mistake

12950.502

1227

10.555

Total

14661.408

1283

11.427

7DEOH6FKHIIHVPXOWLSOHDQDO\VLVIRUHIIHFW&RXQWU\RItraining
Groups

No.

Average

ITY

SA

AUS

OTH

JPN

GER

USA

FR

GB

IRE

15 115.9333
ITY
29 115.9655
**
SA
49 116.7755
**
AUS
20 116.8000
OTH
91 117.3626
**
JPN
46 117.3696
GER
**
USA 402 117.8433
FR 212 117.8632
GB 267 118.2996
**
**
**
**
IRE 153 119.1830
Shorts: ITY (Italy), SA (South America), AUS (Australia), OTH (Others), JPN (Japan), GER (Germany), USA (United States
of America), FR (France), GB (Great Britain), IRE (Ireland)

You can find the range of rating points of the horses trained in Ireland and GB was wider
(21 points) than for the most numerous group of horses trained in USA (19 points) as well as wider
range of rating points of the horses trained in Germany, where the only 49 horses in database had
rating range of 13 points.
Table 3 Main characteristics for effect Country of training
No.

Average

Median

Varriation
coefficient

Minimum

Maximum

Range

49
116.7755
116.0000
0.0179
115.0000
123.0000
8.0000
AUS
212
117.8632
117.0000
0.0295
115.0000
132.0000
17.0000
FR
267
118.2996
117.0000
0.0295
115.0000
136.0000
21.0000
GB
46
117.3696
116.0000
0.0256
115.0000
128.0000
13.0000
GER
153
119.1830
118.0000
0.0352
115.0000
136.0000
21.0000
IRE
15
115.9333
115.0000
0.0124
115.0000
120.0000
5.0000
ITY
29
115.9655
115.0000
0.0116
115.0000
120.0000
5.0000
SA
91
117.3626
116.0000
0.0223
115.0000
125.0000
10.0000
JPN
20
116.8000
116.5000
0.0146
115.0000
121.0000
6.0000
OTH
402
117.8433
117.0000
0.0276
115.0000
134.0000
19.0000
USA
Shorts: ITY (Italy), SA (South America), AUS (Australia), OTH (Others), JPN (Japan), GER (Germany), USA (United States
of America), FR (France), GB (Great Britain), IRE (Ireland)
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Evaluation of the effect Sex
As the second effect we found as highly conclusive on the performance was the effect Sex. We
evaluated 943 colts, which were with the average rating of 119.19 highly different than 296 evaluated
fillies with the average rating 117.20 written to Table 4. The last 45 horses were geldings with average
ratinJRI,WVFRPPRQNQRZQIDFWWKDWWKHSHUIRUPDQFHRIFROWVDUHKLJKHUWKDQRIILOOLHVZKLFK
we proven in our research over the database of 3yo thoroughbred horses. We should think about the
number of horses in the each sex category which in fact has the influence to the performance too. We
had about 75% less fillies than colts. This is caused by the big presure to the colts to became sires at
studs and need to have highest performance to be chosen into stud and be wanted by other breeders
and owners RIEUHHGLQJPDUHV7KDWVZK\FROWVKDYHPXFKPRUHUXQQLQJLQWKHFODVVLFDO\HDURI\R
and have highest performance. Instead of this mares have to be managed to get into stud as early as
possible. So their performance is lower and they have less races run than colts.
Table 4 6FKHIIHVPXOWLSOHDQDO\VLVIRUHIIHFW6H[
Groups

No.

Average

G

F

45
117.1778
G
296
117.1959
F
943
118.1941
C
Shorts: G ± Gelding, F ± Filly, C ± Colt

C
**

**

We can see the range of the rating for group of colts are wide as well as the range of rating for
group of fillies even they have only 296 horses and the range is 15 points written in Table 5.
Table 5 Main characteristics for effect Sex
No.
943
C
296
F
45
G
Shorts: G ± Gelding, F ± Filly, C ± Colt

Average
118.1941
117.1959
117.1778

Median
117.0000
116.0000
116.0000

Varriation
coefficient
0.0305
0.0217
0.0194

Minimum
115.0000
115.0000
115.0000

Maximum
136.0000
130.0000
123.0000

Range
21.0000
15.0000
8.0000

Evaluation of the effect Distance
The last effect we evaluated as highly influenced on the performance was the effect distance of
the races. We found out the highly differences between the group of Intermediaters (with average
rating 118.57), sprinters (with average rating 117.18) and group of millers (with average rating 117.45)
see in Table 6. Then we proven the differencies between group of millers (117.45) and group of long
distance runners (118.26) written in Table 6. The highest average rating we found in the group of
intermediaters 118.57 and group of long distance runners 118.26, which are the distances of the main
classical races for 3yo horses. These are the most important races for the breeding career of the
(QJOLVKWKRURXJKEUHGVDWKDWVWKHUHDVRQWKH\KDYHWKHKLJKHVWUDWLQJRYHUWKH other races. The lowest
average rating we found in the group of extra long distance runners (117.12). Extra long distance
runner are horses performed in races with the distance more than 2700 m so not every horse could
reach such a long distance as they are 3yo. We had lower number of participants in this group as well.
0RVWO\ WKH ROGHUKRUVHVUHDFKWKH H[WUDORQJ GLVWDQFH UDFHV DQG WKH\ UXQOHVV RIWHQWKDWV ZK\ WKHUH
DUHQWVRPXFKKRUVHVLQWKHJURXSDV\R
Table 6 6FKHIIHVPXOWLSOHDQDO\VLVIRUHIIHct Distance
Groups

No.

Average

E

S

M

L

49
117.1224
E
109
117.1835
S
440
117.4523
**
M
360
118.2611
**
L
326
118.5736
**
**
I
Shorts: S ± sprinters, M ± millers, I ± intermediares, L ± long distance runners, E ± extra long distance runners

226

I
**
**

November 8–9, 2017, Brno, Czech Republic

24
years

We can see the wide range of rating in the group od millers (21 points) as well as in
intermediares and long distance runners (17 points). These are the most numerous groups in database
so the range could be wider than in other once. In these groups we can find the best representatives of
the breed as well as the medium quality horses. We can see smaller range of rating points in groups of
millers and extra long distance runners (Table 7).
Table 7 Main characteristics for effect Distance
No.

Average

Median

Varriation
coefficient

Minimum

Maximum

Range

S

109

117.1835

116.0000

0.0210

115.0000

126.0000

11.0000

M

440

117.4523

116.0000

0.0255

115.0000

136.0000

21.0000

I

326

118.5736

117.0000

0.0325

115.0000

136.0000

21.0000

L

360

118.2611

117.0000

0.0302

115.0000

132.0000

17.0000

49
117.1224
117.0000
0.0215
115.0000
125.0000
E
Shorts: S ± sprinters, M ± millers, I ± intermediares, L ± long distance runners, E ± extra long distance runners

10.0000

We cannot prove the statistical diferrencies between groups of the effects Country of origin,
Sireline, Line of the maternal sire and Year of racing. There are significant representatives of the
decendant sire Darley Arabian, resp. Pharos and Sickle, in the groups of Sirelines and Lines of
maternal sire. Other lines are in minority. So we think about the way of breeding of English
thoroughbreds, their shorter breeding base and the usage of the sires and breeding mares form only
one descendant sireline.
CONCLUSION
:HYHEHHn analysing 1284 3yo horses with the minimum rating of 115 during the years 2000 to
2016. We divided the whole database into groups of seven choose effects which are Year of racing,
country of origin, country of training, sex, distance, sireline and line oIWKHPDWHUQDOVLUH:HYHEHHQ
analysing whole database by the analysis of variance and then we check the proven differencies by the
multiple analysis by Scheffe method. We found as highly influential to the performance of the horses
effects country of traning, sex and distance. We found out the high differences between horses trained
in Ireland (average rating 119.18) and horses trained in non European countries in case of effect
Country of training. Then we found out the differencies between stallions (118.19) beside mares
(117.20). Another differencies we found between the groups of intermediares (118.57), millers
(117.45) and sprinters (117.18) as well as between millers (117.18) and long distance runners (118.26).
We cannot prove the differencies in other chosen effects.
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Abstract: The aim of this thesis was to evaluate the importance of the stud stallion Scyris in the
breeding of the Czech Warmblood. To evaluate the stud horse we used his offspring born in the years
2011í2016. Two underlying databases were then created in the programme Microsoft Office Excel
2007. The first was used to assess linear regression and the second to assess correlation using the
Pearson correlation coefficient. On the basis of aggregate statistics from these measurements, it can be
stated that the dams are unbalanced in exterior terms, and stallion 606 Scyris (POL) did not
completely succeed in balancing out this variability in his daughters. In the next step, the correlation
dependence of individual body measurements was assessed in daughters and dams. It was determined
that there is medium correlation dependence between the attributes TWH (tape withers height), SWH
(stick withers height) and CBC (cannon bone circumference), so it can be said that the influence of
dams on the bone mass and withers height of daughters is probable but is not conclusive. With the
attribute ChC (chest circumference) low correlation dependence between dams and daughters was
recorded. This suggests that the dams have a lesser influence on the bulkiness of daughters. When
assessing the linear regression, we recorded a decreasing tendency of the regression coefficient with
regard to offspring class which exhibits 16% reliability and according to our test emerges as
statistically conclusive. So the assessed class of daughters of the sire 6062 Scyris (POL) does not
improve ± on the contrary, it decreases slightly. A high value for the downward trend was recorded
with the jump index of the dams and is documented by 21.66% reliability. Our test emerged as highly
statistically conclusive and we can conclude that the mares mated with stallion 6062 Scyris (POL)
stallions are, in the course of years, breeders selected for lesser quality mares.
Key words: Czech Warmblood, Thoroughbred, stallion, offspring
INTRODUCTION
The main aim of this thesis was to evaluate the importance of the stud horse 6062 Scyris (POL),
which belongs to the English Thoroughbred breed, in the breeding of the Czech Warmblood.
His importance in breeding was evaluated by performing a comparison of his 48 descendants,
where we assessed and compared their exterior variability and the variability of the mated dams. The
next step in evaluating the offspring was to carry out linear regression, correlation between the dams
and daughters, and comparison of offspring colour with the aim of determining whether stallion 6062
Scyris (POL) carries a certain gene that influences colouring.
At present, the main point of breeding horses is to create a high-quality partner for sporting and
recreational purposes. Sporting performance has become one of the main assessment criteria in the
breeding of horses. The aim of improving individual breeds is to create the best possible athlete for the
type of competition for which the breed is destined. This makes the correct choice of horses for
breeding very important.
Horse breeding very often involves crossing different breeds, which serves to mate individuals
with a different genotype with the aim of creating new breeds (NQRZQDV³DQLQIXVLRQRIEORRG´) and is
used mainly with warmbloods to improve or refine their build.
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Characteristics of the Czech Warmblood breed
DXãHN (2011) states that the rather variable conformation and the existence of quite a diverse
range of colours are due to the relatively short period of improvement and the number of breeds used.
The Association of Czech Warmblood Breeders, which is in charge of the breed registry in the
Czech Republic, defines the breeding objective in its breeding programme and rules thus: The aim of
improving the Czech Warmblood is to produce a noble, sound and easy-to-ride horse whose
temperament, character, spacious and elastic mechanics of movement, and sound health make it
suitable for all types of performance-related equestrian sport within the FEI disciplines as well as for
leisure activities.
The adult horse has a medium body frame with good lines, a solid foundation and no obvious or
genetically determined faults or diseases (6&+ý7 2017).
Table 1 Body measurements according to the standard for the Czech Warmblood
Body measurements

Mares

Stallions

Stick withers height (cm)

161±167

162±170

Cannon bone circumference (cm)

19.5±22

21±22.5
(6&+ý7 2017)

Characteristics of the English Thoroughbred breed
As Koubek et al. (1957) state, the forms of the English Thoroughbred are sometimes quite
divergent.
According to Hermsen (2002), the Thoroughbred is a generally noble and elegantly built horse.
SFKPLHGRYi (2012) then states that the English Thoroughbred is now very different in outward
appearance from the horses from which it originated. It has a medium to large, rectangular frame. This
was achieved through selecting the fastest individuals for breeding purposes. The average height of the
English Thoroughbred is now around 160 cm measured by stick.
Edwards (1992) writes that the head of the English Thoroughbred is noble, dry and very fine
and the profile is straight. The cheeks must not be fleshy or the jaw coarse. The ears are fairly long and
very mobile.
According to Hermsen (2002), the neck is long and slightly arched and passes into pronounced
withers.
SFKPLHGRYi (2012) states that the chest must be capacious in order to allow for sufficient
development of the heart and lungs.
According to DXãHN (2011), the top line is relatively long, straight and well linked. The
hindquarters are long, sloping and muscular; according to Edwards (1998), they must be strong,
because they provide the strength required for speed.
Edwards (1998) describes the shoulder blade of the English Thoroughbred as long and angled.
In combination with the pronounced withers, it determines the long, low and economical movement.
The cannon bone of the English Thoroughbred is relatively short and strong enough to support
the body at high speeds. The strength of the cannon bone is genetically determined, but its firmness is
influenced by the conditions of rearing and training. The pastern is relatively long and should be
sufficiently firm and flexible with the correct bend. The hooves should, of course, be regular
(6FKPLHGRYi 2012).
The colouring of the English Thoroughbred is also very variable. The most frequent colours are
bay, brown, chestnut, black and grey. It can very often be found with markings, both on the head and
on the limbs (Stead 2015).
Berns (2001) writes that the English Thoroughbred is a horse born for speed.
Zuda (1969) cited in B\UWXVRYi (2007), states that a constant property acquired through the
environment is early maturity. It is the earliest maturing breed. The most characteristic property is its
hard constitution, expressed by its respiratory system, disproportionately spirited temperament and
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generally high responsiveness of the nervous system, which mainly comes into play during
performance.
Importance of the English Thoroughbred in breeding warmblood sporting breeds
.RSHFNêHWDO. (1977) state that because of its outstanding qualities the English Thoroughbred
was used to improve other breeds of horses or directly contributed to their creation. Due to the
spacious mechanics of movement of the hard constitution and exterior, the English Thoroughbred
became the corrector of the properties of a large proportion of other warmblood utility types and
breeds.
HDQXãRYi (2007) cited in MOOHURYi (2010), claims that even today warmblood breeding still
needs to be improveGRWKHUZLVHDVDUHVXOWRIWKHVWURQJHULQIOXHQFHRIWKHGDP¶VJHQHWLFSRWHQWLDO it
will gradually revert to the original heavier working type. The negative aspects which the
Thoroughbred often brings to breeding are: poor foundation; insufficient mechanics of movement in
walk and trot; small, undistinguished joints; excessive sensitivity, nervousness, etc.
Specific aspects of selecting an English Thoroughbred suitable for improving the Czech
Warmblood
=HOQtN HW DO. (1958) write that breeding stallions are correctors of breeding material in local
breeding, which is why they must always have more perfect conformation than mares. The chosen
stallion must above all be suitable for the relevant area in which he is to be used for breeding. His
origins should be such as to improve the quality of breeding in this area. A newly classified breeding
stallion intended for improvement should not have exterior or character flaws which are already
present in the breed.
An important aspect which needs to be taken into account is that the English Thoroughbred¶V
influence on offspring in warmblood breeding is very individual. This is particularly true with regard
to individual heredity from the stallion. With a certain type of mare or even just with a certain breed,
only some stud horses will assert their influence.
MATERIAL AND METHODOLOGY
Selection of offspring by the stud horse in question
The underlying database was created using data published on the internet site of the Association
of Czech Warmblood Breeders. On this website we determined that in the years 2011±2016 a total of
48 foals born by the breeding stallion 6062 Scyris (POL) were recorded in the breed registry for the
Czech Warmblood. All the data available there were then used to create the database and statistics. For
ease of reference we created tables and graphs expressing the number and percentage of foals by sex in
the given years and the distribution of offspring by sex.
Database creation and selection of a suitable statistical processing method
The database of offspring was created in the programme Microsoft Office Excel 2007. The data
acquired were then processed using the Pearson correlation coefficient and the linear regression
function in the programme UNISTAT 6.5.
Selection of characteristics for evaluating the offspring of stallion 6062 Scyris (POL)
The underlying database for evaluating linear regression includes the following data for each
horse: name, sex, year of birth, colour, class, jump index, GDP¶V QDPH, GDP¶V FRORXU, GDP¶V FODVV,
GDP¶Vbreed, year of birth, jump index, damsire¶VQDPH, damsire¶VFRORXU, damsire¶V class, damsire¶V
breed, damsire¶V\HDURIELUWK, GDPVLUH¶Vjump index.
We observed how the class of all 48 descendants changes dependent on their year of birth. We
also observed a change in the dependence of the class of the 14 assessed daughters on their year of
birth. We then evaluated how the dependence of the jump index of the 48 descendants¶GDPV on their
year of birth changes. And finally we evaluated the change in the dependence of the class of the
48 descendants¶GDPV on their year of birth.
We evaluated the Scyris stallion on the basis of 48 offspring who are enrolled in the breed book
of the Czech warmblood. In a linear regression, we evaluated Scyris's offspring according to their year
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of birth in order to take into account the external environmental influences that did not affect the
genotype acquired by the father, however, it would affect the phenotypic expression of the sign.
The underlying database for evaluating the Pearson correlation coefficient includes the
following data for each horse: GHVFHQGDQW¶V name, GHVFHQGDQW¶V SWH, GHVFHQGDQW¶V TWH,
GHVFHQGDQW¶V ChC, GHVFHQGDQW¶V CBC, GDP¶V name, GDP¶V SWH, GDP¶V TWH, GDP¶V ChC, GDP¶V
CBC.
RESULTS AND DISCUSSION
Characteristics of the comparative base
The database contains 48 descendants of the stallion 6062 Scyris (POL) which were born in the
years 2011±2016, although no foals were born in a Czech Warmblood stud farm in 2015. The reason
for this is that in 2014 the stallion was acting as a stud horse in Germany. The stallion 6062 Scyris
(POL) was most favoured by Czech Warmblood breeders in the year 2013. There was then a decline in
the rate of his offspring in the years that followed.
Monitoring variability in mated dams and their offspring
The class and basic measurements were determined for 14 daughters of 6062 Scyris (POL) and
their dams. These measurements were then used to evaluate the minimum, maximum and mean
values. The mean values obtained were then rounded off in accordance with the standard recording of
body measurements in horses, where the cannon bone circumference (CBC) is rounded off to one
decimal place and the remaining values (chest circumference ± ChC, stick height at withers ± SWH,
tape height at withers ± TWH) were rounded off to whole numbers. The mean values of the dams and
daughters were then compared, and according to the results it can be stated that:
- average SWH value of daughters (164 cm) is the same as in dams (164 cm)
- average TWH value of daughters (173 cm) is 2 cm lower than in dams (175 cm)
- average ChC value of daughters (190 cm) is 6 cm lower than in dams (196 cm)
- average CBC value of daughters (20.4 cm) is 0.6 cm lower than in dams (21.2 cm)
From this we concluded that stallion 6062 Scyris (POL) reduces the shin circumference of his
daughters, which is demonstrated by the lower CBC values for daughters than is the case with the
dams. Which is undesirable for the breeding of the Czech warmblood, according to a member of the
studbook.
Table 2 Of variability basic body measurements from aggregate statistics
SWH of TWH of
ChC of
CBC of SWH of TWH of ChC of CBC of
daughter daughter daughter daughter
dam
dam
dam
dam
Diameter
164,071 173,357 190,214
20,414 164,142 175,214 195,714 21,200
Dispersion
Standard
deviation
Variation
coefficient

18,071

17,478

43,565

0,349

18,285

17,873

71,912

0,650

4,251

4,180

6,600

0,590

4,276

4,227

8,480

0,806

0,025

0,024

0,034

0,028

0,026

0,024

0,043

0,038

After establishing the variability from aggregate statistics, we determined that dams and their
daughters are highly variable, which is confirmed both by the values of the variation coefficient and by
the values of variance and standard deviation. This variability can be seen most clearly with the values
ChC of daughter and ChC of dam. The values obtained confirm that the stud horse 6062 Scyris (POL)
did not level out the variability in the properties of the mated mares, as the breed's advice wanted to.
Correlation
According to the correlation dependence of individual body measurements in daughters and
dams, it was determined that there is medium correlation dependence between the attributes TWH,
SWH and CBC, and according to this finding it can be stated that the influence of dams on the bone
mass and withers height of daughters is probable but not conclusive. With the attribute ChC, low
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correlation dependence between dams and daughters was recorded. This suggests that the dams have a
lesser influence on the bulkiness of daughters.
Table 3 Correlation dependence of individual body measurements between daughters and dams
CBC of daughter ChC of daughter SWH of daughter TWH of daughter
CBC of dam 0.531
0.408
0.457
0.567
ChC of dam -0.003
0.170
-0.242
-0.083
SWH of dam 0.364
0.154
0.494
0.539
TWH of dam 0.301
0.195
0.480
0.543
Linear regression
Table 4 Results of linear regression of mother class, class of daughters, offspring classes and mother's
jump index, depending on the year of birth of the offspring
Reliability value
Dependent variable
Regression coefficient
Probability F
(%)
Class of dams
0.003
0.28
0.718
Class of daughters
-0.094
15.48
0.163
Class of offspring
-1.243
16.00
*
Jump index of dams
-4.986
21.66
**
:KHQHYDOXDWLQJWKHOLQHDUUHJUHVVLRQRIWKHGDPV¶FODVV we record an increasing tendency of
the regression coefficient, although this exhibits a very low reliability value. This dependent variable
also emerged as inconclusive in the test.
In the case of the GDXJKWHUV¶class, the regression coefficient decreases, with explanatory power
of 15.48%, and here the test is again inconclusive.
With the offspring¶V FODVV, we again recorded a decreasing tendency of the regression
coefficient, which exhibits 16% reliability and according to our test emerges as statistically
conclusive. Based on this, it can be stated that the assessed class of RIIVSULQJ¶V of the sire 6062 Scyris
(POL) does not improve ± on the contrary, it decreases slightly.
The jump index of dams exhibits a high value for the downward trend (-4.9860) which is
documented by 21.66% reliability. In this case, the test emerged as highly statistically conclusive.
Based on this, it can be concluded that the mares mated with stallion 6062 Scyris (POL) are of
relatively low quality in performance terms.
Analysis of the colouring of the offspring of stallion 6062 Scyris (POL)
It was determined that a total of 10 out of the 48 descendants had a grey dam and the remaining
38 were of other colouring. It was also established that 28 out of the 48 descendants are of grey
colouring and the remaining 20 are of other colouring. Expressed in percentages, 21% were from grey
dams and 79% from dams of another colour, and with the offspring 58% are grey and 42% of the
offspring are of a different colour. From what has been established here, it can be stated that the
breeding stallion 6062 Scyris (POL) carries a heterozygous allelic pair of G genes (Gg). Although in
the heterozygous assembly this gene does not have a 100% influence on grey colouring, if it
encounters a heterozygous set of the G gene in the dam, their offspring will be grey in colour.
CONCLUSION
The main aim of this thesis was to evaluate the importance of the stud horse 6062 Scyris (POL),
which is a member of the English Thoroughbred breed, in the breeding of the Czech Warmblood. Two
databases were compiled from all the background information on the descendants. The first was used
to evaluate linear regression, where we observed changes in the class of all 48 descendants and
a change in the dependence of the class of the 14 assessed daughters, and we evaluated a change in the
dependence of the jump index and class of the dams of all 48 descendants ±all of this depending on
their year of birth. The second database was used to evaluate the Pearson correlation coefficient, where
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we observed and assessed the correlation dependence of the individual body measurements in the
14 daughters that had been assigned a class and their dams. In this thesis we also recorded the
minimum, maximum and mean values of the individual body measurements of the 14 daughters and
their dams, and the numbers belonging to either sex, and we also performed an analysis of colouring.
From all the information ascertained, we came to the conclusion that stallion 6062 Scyris (POL) did
not balance out his offspring in exterior terms as expected and carries a heterozygous set of alleles in
the G chromosome, which influences grey colouring. In the coming years it would be interesting to reexamine the results and conclusions that we have reached in this thesis.
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Abstract: The experiment was conducted in the stud farm of our choice. In the first phase we assessed
the prosperity of the foals based on the effect of the month of birth. For this purpose, we selected
14 high-pregnant mares which were monitored from 1 March 2017 until 26 August 2017. After foaling
the born foals were monitored individually. The foundation database was made out using the
Microsoft Excel programme. The General Linear Model GLM, Unistat 6.5. programme was used to
process the results. If the effect was statistically significant, the differences among the effects were
determined using multiple comparisons by means of Scheffe's test. The test was conducted at levels of
significance of P < 0.05 and P < 0.01. The dependent variables were the following: body temperature,
incidence of defects and weight gains of the individual foals. The sources of variability were the
following: effect of the month of birth, effect of sex, effect of the outdoor temperature. We found that
the outdoor temperature had a statistically significant effect on their body temperature and incidence
of defects (health problems). The other effects were statistically insignificant.
KeyWords: foals, temperature, horse, prosperity, environment
INTRODUCTION
The present situation in horse breeding in the Czech Republic is relatively good. The numbers
of horses are continuously increasing, interest in horse breeding as well as working in this area is also
on the rise. It is important for the breeders and owners of horses to be well informed about the optimal
conditions they must provide for the horses. Only a few studies deal with the effect of temperature on
the ethology of horses and the prosperity of foals.
Newborn foals are growing very fast initially, although direct selection for this property has
never been done. In medium sized breeds, the daily flock is 1.5 kg during the first month of life. The
birth weight of the foal will double within 30±35 days and will increase to two months. Its further
increase is slower. (Meyer and Coenen 2003). In the newborn foals, the percentage of suction time is
12.3% within 24 hours. The average suction frequency in the monitored period is 115 times. This
means that the foals are sampled 4.8 times in each hour of the observed period (Duruttya 2005).
Regular control of the health of the foals is very important during the intake period. Especially in large
breeds there are often respiratory diseases in this period. Therefore, it is important to measure the
temperature regularly, preferably daily and follow the WHPSHUDWXUHFXUYH -LVNURYiDQG0LVDĜ 
Weaning is stressful both for the foal and the mare. The mare usually gets over this period
quickly, but for the young foal weaning is more often than not a great strain. Stress may cause the foal
to temporarily lose its appetite, it impairs its condition and increases its susceptibility to parasitic and
virus infections (+RãiN 'XãHN  pointed out that stress as a marked change in the optimal
environment, particularly if it is sudden, greatly strains the organism of the foal. Stress may also affect
the behaviour and body temperature of the horse. The changes may be sudden or may be the result of
a long term effect of stressors. These stressors differ and may be the following: effects of the
environment ± e.g. thermal effects; transport; micro or macro climate; nutritional effects; effects of
infectious diseases; psychological effects.
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In order to provide satisfactory and sufficiently conclusive information on this issue and to
monitor the thermal indicators in the stable we chose a closed herd turnover stud farm counting 140
horses of the Czech warmblood breed of all age categories.
MATERIAL AND METHODS
The experiment was conducted at the stud farm of our choice. â&+. ± .XELãWD QHDU +UDGHF
.UiORYp 7KLV stud farm has approximately thirty-one horses of breed Czech warm-blooded. The
horses are hunted here in a combined way (in the stable and pasture). There are 4 categories of horses
in the stud. Mares with foals, mares that are empty, young stallions in training and young mares in
training, mares in rearing and stallions in rearing. In the first phase we evaluated the prosperity of the
foals based on the effect of month of birth. For this purpose, we selected 14 high pregnant mares
before foaling which were monitored from 1 March 2017 until 26 August 2017. After the mares gave
birth the foals were monitored individually from their birth to weaning, i.e. from March to October.
7KHERG\WHPSHUDWXUHZDVPHDVXUHGDWDPELHQWWHPSHUDWXUHIOXFWXDWLRQVDERYH& The temperature
and relative humidity of the environment in stable were measured with a thermohydrograph in two
hour intervals over the entire experiment; for statistical evaluations we used the highest and lowest
temperatures during the respective days.
The dependent variables were as follows:
x

The body temperature, ± the body temperature of the foals was measured when the outdoor
tHPSHUDWXUHIOXFWXDWHGDERYHC at 18:00 in the stable.

x

Incidence of defects ± health problems. After consultation with a veterinarian health problems
were categorized as follows:
- No problems = 0
- Enlarged lymphat degree 1 = 1
- Enlarged lymphat degrees 2 = 2
- Enlarged lymphat degrees 3 = 3
- Brittle hoof horn = 4
- Contracted hooves on pastures = 5

x

Growth were monitored on the basis of beneficial growth by means of the weight index =
KHDUWJLUWKð[OHQJWK ZHLJKWRIKRUVH7KHZHLJKWRIWKHIRDOZDVPRQLWRUHGDWWKH
end of every month. Since the horse is characterized by its sporting performance and not by
meat production, it has been determined to measure the increment only once a month.
The sources of variability were the following:
x

Effect of the month of birth ± Selected foals were born between the months of March and
April. These foals were compared to each individual increment.

x

Effect of the temperature environment ± the temperature environment was measured by
a thermohydrograph from COMET SYSTEM. The thermohydrograph was placed in a herd of
mares with foals. Temperature measurement was set every two hours during the mares in the
stable. From each measured day, the lowest and highest temperatures were selected. These
data were subjected to static analysis of the General Linear Model GLM and subsequently
evaluated by Schefe's test.

x

Effect of sex ± Total were observed 14, 9 of which were colts and 5 were fillies
The database was made out using the Microsoft Excel programme. The General Linear Model
GLM, Unistat 6.5. programme was used to process the results. If the effect was statistically significant,
the differences in the values were determined using multiple comparisons by means of Scheffe's test.
The test was conducted at the levels of significance of P < 0.05 and P < 0.01.
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RESULTS AND DISCUSSION
Monitoring the prosperity of foals based on the month of birth and the temperature of the
environment.
Table 1 The effect of outdoor temperature on the dependent variable ± Body temperatures of the
individual foals based on the general linear model
Source of variability

Probability

Month of birth
Sex
Outdoor temperature

0.2307
0.0989
0.0128

Legend: Red figures = P < 0.05

Table 1 shows that the outdoor temperature had a statistically significant effect on the body
temperature of the foals. These results confirm our practical breeding experiences that the body
temperature of foals increases when the changes in temperatures are high. Therefore, we recommend
regular health examinations to be carried out in the case that a higher body temperature causes changes
in the health condition of the foal.
Table 2 The effect of outdoor temperature on the dependent variable ± Incidence of defects = health
problems based on the general linear model
Sources of variability

Probability

Month of birth
Sex
Outdoor temperature

0.1521
0.9065
0.0310

Legend: Red figures = P < 0.05

Table 2 shows that the outdoor temperature had a statistically significant effect on the incidence
of defects. The results of this table confirm our previous assertions and recommend the breeder to
check the health condition on a regular basis. It is important to note that the incidence of an enlarged
lymph increases when the outdoor temperature exceeds  & 'UDåDQ   VKRZV WKH RSWLPXP
temperature for horses between 8±C. The horse's ability to adapt to cold depends on the duration
of the cold weather and on the horse's energy intake. The latter factor, energy intake, is the most
critical in determining how readily a horse develops a tolerance for cold. Horses lose weight if they do
not eat enough energy to offset the heat loss to the cold surrounding air. Enough feed and good-quality
feed are needed to supply adequate energy intake for the horse (Cymbaluk and Manitoba 2001). +RãiN
(2009) maintains that enough energy in the feed ration is very important for the correct development
of the growing organism; on the other hand, a great surplus is not suitable either. Over feeding the
growing foals is not desirable because it increases the risk of developmental orthopaedic disorders.
Hence the breeder is recommended to allow the foal or weaned young animal sufficient and adequate
movements and energy release.
Table 3 The effect of month of birth and sex on the dependent variable ± Weight gain of the foals,
based on the general linear model
Source of variability

Probability

Month of birth
Sex

0.0698
0.8996

Legend: Red figures = P < 0.05

Table 3 shows that the month of birth and sex had statistically insignificant effect on the weight
gain of the foals.
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CONCLUSION
The effect of the outdoor temperature on, their body temperature and incidence of defects
(health problems) was statistically significant. The other monitored effects were statistically
insignificant. The breeder is recommended the following: the breeder should see to the proper
technology of rearing, ensure that the foal has a sufficient supply of roughage and concentrates,
provide a sufficiently long period of time on the pasture with corresponding equipment. The stable
must be equipped with ventilation to allow air circulation for the high number of animals housed on
deep litter. In the summer months the deep litter must be removed every month and after each removal
the stable must be disinfected. The farmer should check the animals on a regular basis.
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Abstract: This study is aimed on the effect of sum of effective temperature (SET) on the yield of Czech
Fleckvieh-Simmental 7KH VWXG\ ZDV PDGH RQ D SULYDWH IDUP LQ &]HFK 5HSXEOLF  1
 ( EHWZHHQ0D\DQG-XO\7KHFRZVZHUHVWDEOHG in free-stall permanently open-sided
barn. There were 114 cows in total present during the whole duration of experiment. Data were collected
via data logger placed in the middle of the barn. For this particular experiment, the section with a largest
yield was chosen. The cows in this section were divided into three groups: A (25 and more kg of milk
per day), B (20.1±24.9 kg of milk per day) and C (20 and less kg of milk per day). The results shows
that there is a significant negative correlation between SET and yield of all cows (r = -0.535). Also for
groups A (r = -0.304), B (r = -0.178) and C (r = -0.355) there is a significant negative correlation. Our
results could indicate, that SET is more appropriate for assessing a heat stress than a temperature itself.
Key Words: SET, Czech fleckvieh-simmental, heat stress, yield, cattle
INTRODUCTION
Internal and external factors have a big influence on yield and milk quality (Cimen et al. 2010,
Bayram et al. 2009). Factors like stage of lactation and parity (Summer et al. 2003) and feed (Davies
and White 1958) are also relevant factors of milk production. Temperature of environment belongs
between these factors. The high temperature can be a factor, that lowers the quality and quantity
of commercially sold animal products (Fuquay 1981, Morrison 1983). According to Purwanto et al.
(1990) the cows with bigger yield suffers from heat stress more that those with lower milk production.
Fans and showers can be a way to alleviate the effects of high environmental temperature (Her et al.
1988). According to West et al. (2003) hot weather has larger impact on yield in comparing to cold
temperature which had a little effect on milk production.
The effective microclimate in barn is essential for achieving the competitive milk production
through good animal welfare 9HOHFNi HW DO 2014). According to Berman et al. (1985) the amount
of heat that animal receives could be affected by factors like housing system, location of animal
and social rank. When high humidity and temperature are both present at the same time, the feed intake,
reproduction and milk production are affected negatively (UEH]HWDO 9RNĜiORYiHWDO (2007)
claims, that the thermosneutral zone of cattle ranges between -5 &WR &.
Phase of lactation also alters the level of heat stress toleration. According to %RXþHNHWDO (2009)
the ability to cope with temperature stress is worse during the first stage of lactation and right
after calving.
Also, the financial losses are present when heats stress in in effect. St-Pierre et al. (2003) claim,
that the losses in USA were $728 million annually. That is 43% of all national losses.
Sum of effective temperatures (SET) could be used for many purposes. Lin et al. (2007) it
for assessing the seahorse egg development. SET is a sum of temperatures, that are crucial
for development, growing and other processes in organisms. Finch et al. (1986) in their work claim
that if the intake of heat is greater than heat output, heat can be stored in the body. A number of studies
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using SET were made on fruit or insect. But very little is known about SET effects on cattle and milk
production. That is why SET calculation was used to assess the effect of SET on milk production
of Czech Fleckvieh-Simmental.
MATERIAL AND METHODS
For those ZRUN DQ H[SHULPHQW ZDV H[HFXWHG RQ SULYDWH IDUP *HQDJUR ětþDQ\  1
 .1"E) in Czech Republic. The experiment lasted three months (May±July) of 2016. The section
with the highest milk production was chosen for experiment. According to other authors, the impact
on this section should had been the highest. The cows were divided to 3 groups according to yield
for experimental purposes: A (25+ kg of milk per day), B (20.1±24.9 kg of milk per day) and C (20 and
less kg of milk per day).
In total, there were 114 cows included in this experiment. The feed ration was same for all cows
and constant during the experimental period. It included: 22 kg of maize silage, 13 kg of lucerne silage,
0.7 kg of cut straw, 4 kg of sugar beet pulp, 4 kg of molasses, 3 kg of brewing dough, and 8 kg of special
mix for high-yield cows mix. This mix is specially designed for the high production cows. It contains
57% of barely and whey, 20% of extracted rapeseed grind, 15% of extracted soybean grind 7%
of mineral premix and 1% of feeding urea. Cows were stabled in unusual barn, because the sides of it
are opened for whole year.
Temperature data collection was provided by data logger placed in the middle, between
the sections in height of withers. Data logger collected temperature data every 30 minutes for duration
of whole experiment. Milk yield data were extracted from milk parlor. All data were analyzed
in programs STATISTICA 12 and MS Excel 2016. The SET was used to analyze the heat load received
above certain level and its cumulation effect. From data we selected temperatures above 23 &. Some
authors claim that a heat stress limit for cattle is 21 & (Bernabucci et al. 2014, Igono et al. 1992).
Nevertheless, it was decided to adhere to the 23 & limit because this was already proven by other
DXWKRUV 3ROiN et al. 2011, 9HþHĜD et al. 2016). The SET value was calculated daily according
to following formulas:
K = T - 23
SET = K1 + Kn
K
SET

Effective temperature
Sum of effective temperatures

T

Temperature above 23 &

K1

First effective temperature of a day

Kn

Every other effective temperature of a day

The Monthly SET values were calculated as a mean of whole month.
Data logger also measured a humidity inside of a barn =HMGRYi HW DO (2014) claim,
that the correlation between temperature and temperature-humidity index (THI), which is traditionally
used to assess heat stress, is high (r = 0.998). Therefore, in Czech Republic, there is almost no reason
to use THI for evaluation of heat stress. This statement is supported by findings of 3DOGXVRYi HW DO
(2014), who claim that THI is not ideal for assessing of heat stress in Czech Republic due to weather
conditions without sudden changes.
RESULTS AND DISSCUSION
The relationship between mean yield of cows in all groups and SET is presented in Figure 1. As
can be seen there is a moderate correlation between yield and SET (r = -0.535). This figure shows that
with more heat received DERYHWKHKHDWOLPLW &LQFDVHRIWKLVH[SHULPHQW WKHDPRXQWRIPLONLV
decreasing. The correlation was highly statistically significant (p = 0.000).
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Figure 1 Relationship between set and all groups yield
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The relationship between SET and yield of group A (25 and more kg of milk
per day) is presented in Figure 2. Correlation was found here as well (r = -0.304, p = 0.021) as same as
in the previous figure.
Figure 2 Relationship between SET and yield of group A

The relation between SET and yield of group B (between 20.1 and 24.9 kilograms of milk per
day) is presented in Figure 3. As well as in the previous figures, the negative correlation (r = -0.178)
between SET and yield is apparent. Nevertheless, this group had a weakest correlation of all. This
correlation was not significant (p = 0.185).
The relationship between the SET and yield of group C (20 and less kilograms of milk per day)
can be seen in Figure 4. As on all previous figures, the correlation (r = -0.355, p = 0.007) is negative.
The correlation is stronger than in Figure 3. This mean, that group C is more affected by SET.
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Figure 3 Relationship between SET and yield of group B

Figure 4 Relationship between SET and yield of group C

On all four Figures 1±4 can be seen that a temperature and SET is in a negative correlation.
The group A with a biggest yield is the most affected by a SET changes. Therefore, it can be said, that
a cowswith higher yield are affected by SET more. This is also supported by statement of West (2003)
and Kadzere et al. (2002) that claims that a cows with bigger yield are affected by temperature more.
Purwanto et al. (1990) claims that the sensitivity to a high temperature is conditioned by a higher heat
production caused by intensive metabolism. Araki et al. (1984) claim, that a body temperature of cattle
is very sensitive to environmental temperature and its changes. This also supports the previous
statement. The correlation between SET and yield of group B was lower that the one of group C.
This seems like it is in a contrary with our statement, but this correlation was not significant. 7RXãRYi
et al. (2017) claim, that an overall production in summer is higher. It could be caused by overall higher
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production in summer period, but during the heat waves the yield should decrease. This hypothesis could
be supported by our findings.
Table 1 Relationship between SET and month
Mean

Min

Max

Sx

Vx

V.

17.12

0.24

54.25

14.57

372.24

VI.

62.24

0.63

296.42

83.11

356.68

VII.

67.93

0.24

216.6

54.04

400.79

On Table 1 and 2 we can see the relationship of month and SET and yield. As is shown
on Table 1, there is a visible difference between SET in each month. Especially between May and rest
of the experimental period. Nevertheless, this difference was not significant. Same case is shown
on Table 2. There is a difference between yield of groups and each month. Although this difference is
perspicuous, it was not significant.
Table 2 Relationship between yield and month of all three groups
Month
V.
VI.
VII.

Mean Min
30.70 30.00
30.24 29.47
29.55 28.87

Month
V.
VI.
VII.

Mean Min
22.85 22.42
22.68 22.29
22.57 22.32

Month
V.
VI.
VII.

Mean Min
16.53 14.47
15.55 12.49
16.08 13.20

A (25 and more kg of milk)
Max
Sx
31.07
0.30
30.80
0.37
30.31
0.44
B (20.1±24.9 kg of milk)
Max
Sx
23.25
0.24
23.24
0.20
23.03
0.18
C (20 and less kg of milk)
Max
Sx
18.48
0.92
17.52
1.65
17.06
0.98

Vx
10587.04
8046.50
6773.26
Vx
9481.61
11239.45
12591.31
Vx
1803.83
940.03
1640.89
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Abstract: The aim of the study was to determine the dry matter and protein degradability in untreated
ground soybean (S) and solvent-extracted soybean meal (SSBM) using the in sacco method.
The experiment was carried out on two ruminally cannulated sheep that were fed twice a day a diet
consisted of hay and a supplemental mixture. The nylon bags with feed samples were incubated in
the rumen for 0, 2, 4, 8, 16 and 24 h. The effective degradability (ED) of dry matter (DM) and crude
protein (CP) was calculated at outflow rate of 0.05 h. The ED of DM in S was 79.1% and was higher
than in SSBM being 73.2%. Higher ED of CP was also observed in S (79.9%) compared to SSBM
(69.4%). SSBM had a lower soluble fractions and a lower rates of degradation of DM and CP than
untreated soybean (S).

Key Words: in sacco, rumen degradation, protein, untreated soybean, solvent-extracted
soybean meal
INTRODUCTION
The main objective of each nutritionist is to estimate the nutritional value of feed for the
purpose of properly creating feed ration. In this case, knowledge of the specific chemical composition
of feed is a basic requirement. In the area of ruminant nutrition, other findings are also being used,
such as kinetics of feed degradation in the rumen, which significantly influences the nutritional value
of the feed and is an important factor in creating the diet (Belanche et al. 2014). Many in vitro
methods have been developed to determine the feed degradability (Deaville et al. 1997), but the use
of rumen fluid is irreplaceable in some cases (Chaudhry 2007, Schadt et al. 2014). The in sacco
method still remains the popular method (Hristov 1992, Homolka et al. 2007). Using nylon bags, the
feed is placed in the rumen and incubated for a certain time. In the final phase, progressive
disappearance of feed is evaluated (Belanche et al. 2014). This method is costly due to the use
of cannulated animals, but its results are a source of valuable information which can not be always
detected by in vitro methods (Chaudhry 2007).
Soybean is an important component in the diet of ruminants. In terms of nutritional value, it is
an important source of protein, but the specific composition varies depending on soybean processing.
Soybean can be fed as untreated or in the form of heat-treated soybean components, from which
solvent-extracted soybean meal (SSBM) or extruded soybean meal (ESBM) are used most frequently.
In the case of SSBM, soybean is deffated, so SSBM differs from ESBM mainly in lower fat content
and higher protein content (5DGLYRMHYLü et al. 2011, Giallongo et al. 2015)
The aim of the study was to determine the dry matter and protein degradability in untreated
ground soybean and solvent-extracted soybean meal using the in sacco method.
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MATERIAL AND METHODS
Samples
Soybean (S), full fat, ground to pass through a 2-mm screen. Solvent-extracted soybean meal
(SSBM), by-product of the production of soybean oil, obtained by the solvent extraction of soybean,
ground to pass through a 2-mm screen. The chemical composition of these feed samples is given in
Table 1.
Table 1 Chemical composition of soybean (S) and solvent-extracted soybean meal (SSBM)
Items
Crude protein (CP)
Fat
Crude fiber (CF)
Acid detergent fiber (ADF)
Neutral detergent fiber (NDF)
Ash

Units
g/kg
g/kg
g/kg
g/kg
g/kg
g/kg

S
402.3
192.5
81.4
104.9
188.8
56.4

SSBM
482.0
16.5
59.0
89.7
156.6
75.0

Animals
All animal procedures were in accordance with the Czech legislation (Approval No.
28987/2017-MZE-17214).
Two ruminally cannulated sheep were used in this study to determine ruminal degradability of
dry matter and crude protein using in situ method. The sheep were fed twice a day and their daily feed
rations consisted of hay (0.95 kg) and supplemental mixture (0.65 kg) containing in g/kg: barley 200,
malt sprouts 100, solvent-extracted sunflower meal, unpeeled 300, lucerne meal 300, grain germs 30,
molasses 5, feeding salt 5, limestone 25, monocalcium phosphate 20, microminerals and vitamin
premix 3, PROBIOSTAN E10 12). The sheep had free access to fresh drinking water and were
adapted to the diet for more than two weeks before starting the incubations. Two-gram samples were
ZHLJKHG LQWR EDJV  î  FP RI  P SRUH VL]H 8KHORQ  7 6LON DQG 3URJUHVV 0RUDYVNi
&KUDVWRYi 7KHEDJVZLWKIHHGZHUHLQVHUWHGLQWRWKHUXPHQDQGLQFXEDWHGIRUDQGK
After rumen incubation, except for the zero incubation interval, all bags were rinsed in cold tap water
for 1 min to remove the coarse content of the rumen from the bag surface and subsequently washed
three times in a washing machine (without the spinning programme) for 10 min. Zero-hour bags were
only pre-VRDNHG LQ ZDUP ZDWHU  &  PLQ DQG PDFKLQH ZDVKHG $IWHU washing the bags were
GULHGDW&IRUKWRGHWHUPLQH'0GHJUDGDELOLW\7KHUHVLGXHVIURPWKHEDJVZHUHDQDO\VHGWR
determine the CP content.
The disappearance parameters and the effective degradability (ED) were calculated as described
E\UVNRYDQG0F'RQDOG  ZLWKUXPHQSDUWLFXODWHRXWIORZUDWH N RI5 h. No corrections for
microbial contamination were made.
RESULTS AND DISCUSSION
Results presented herein are preliminary results of the project focused on the rumen
degradability of isoflavones and amino acids in two soybean feedstuffs, untreated ground soybean (S)
and solvent-extracted soybean meal (SSBM).
The content of nutrients of both feedstuffs described in Table 1 is in agreement with the
characteristics of these feeds reported by e.g. Sauvant et al. (2004), Akbarian et al. (2014) or Schadt et
al. (2014) but lower than values mentioned by Gonzales et al. (2002), Mjoun et al. (2010) or Giallongo
et al. (2015).
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The effective degradability of DM and CP was calculated at rumen particulate outflow rate (k)
of 0.05 based on k values determined for concentrate feedstuffs (Homolka et al. 2007) considered to
be representative of medium feed intake levels (ARC 1984).
The degradation kinetics and ED of DM in S and SSBM are presented in Table 2 and Figure 1.
The DM of both studied feedstuffs was extensively degraded in the rumen in situ. Higher degradability
of DM was found in S (79.1%) than in SSBM (73.2%). Compared to our results Wulf et al. (2005)
reported lower values of ED (k = 0.05 h) in ground untreated soybean (69%). The degradation
parameters in their study were as follows: soluble fraction (a) 34.1%, potentially degradable
fraction (b) 61.9% and rate of degradation (c) 0.083 h. Maxin et al. (2013) calculated ED of DM for
soybean meal of 72.6% at outflow rate of 0.074. In agreement with Wulf et al. (2005) SSBM in our
study had a lower soluble fraction (a) and a lower rate of degradation (c) of DM than untreated
soybean (S).
The degradation kinetics and ED of CP in S and SSBM are presented in Table 2 and Figure 1.
Rumen degradation of CP was extensive in both samples, however a lower degradability of CP was
observed in SSBM reaching 69.4% while the ED found in S was 79.9%. Borucki Castro et al. (2007)
reported lower value of ED of solvent-extracted soybean meal, 58%, with an outflow rate of 0.08 h
while Maxin et al. (2013) found that ED of CP was 66.0% at outflow rate of 0.074 h. Lower ED (k =
0.06 h) for untreated soybean of 67.4% mentioned Wulf et al. (2005). These discrepancies could be
caused by various outflow rates and by different feed particle sizes.
Table 2 Rumen degradation parameters and effective degradability of dry matter (DM) and crude
protein (CP) for untreated (S) and solvent-extracted soybean meal (SSBM)
Disappearance parameters

Units

Soluble fraction, a
Potentially degradable fraction, b
Rate of degradation, c
Effective degradability, ED*

%
%
h
%

DM
S
28.8
69.6
0.13
79.1

CP
SSBM
21.4
73.8
0.12
73.2

S
26.6
73.2
0.13
79.9

SSBM
9.7
87.8
0.11
69.4

* ED calculated at rumen particulate outflow rate k = 0.05

Figure 1 Rumen degradation of dry matter (DM) and crude protein (CP) for untreated (S) and
solvent-extracted soybean meal (SSBM)
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While degradation parameters of CP in S were higher than those calculated by Akbarian et al.
(2014), the disappearance parameters a, b and c of CP determined in our study for SSBM are in
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agreement with values reported by Borucki Castro et al. (2007) for solvent-extracted soybean meal
being a = 9.9%, b = 87.0% and c = 0.105 h and close to values given by Mjoun et al. (2010) for the
same feedstuff being a = 8.1, b = 91.9 and c = 0.12 h. On the other hand, values determined by
Maxin et al. (2013) were considerably higher. As mentioned above the ED can be influenced by
various outflow rates and by different feed particle sizes. Furthermore, the degradation profile can also
be affected by variability in the composition of original grain or by variability in technological
processing of feedstuff.
CONCLUSION
Preliminary results of our in situ study suggested that ruminal dry matter (DM) and
crude protein (CP) degradability was lower for the solvent-extracted soybean meal compared to
untreated ground soybean. The solvent-extracted soybean meal had a lower soluble fractions (a) and
lower rates of degradation (c) of DM and CP than untreated soybean.
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Abstract: Current and regular knowledge of the milk composition and properties is important for
controlling the dairy herd health status, prevention of the occurrence of their production disorders and
promoting of milk quality. Therefore, the validation of the result reliability of milk analyses by system
of real milk analyses (RTA) in the automated milking system (AMS) was performed. Fat (F), crude
protein (P), lactose monohydrate (L), solids-non-fat (SNF) contents and somatic cell count (SCC)
were determined. This was done by a direct statistical comparison of the parallel measured results, i.e.
RTA and relevant reference ± infrared spectroscopy (MIR; F, P, L, SNF) and flow cytometry (FC;
SCC) in 30 individual cow milk samples. The results of RTA reliability in AMS as coefficients of
determination (R) and correlation (r) of results between methods (RTA and reference) were as follows:
r between MIR î RTA methods for F, P, L and SNF 0.524 (P < 0.01), 0.744, 0.701 and 0.731 (P <
0.001); R explains 27.5, 55.3, 49.2, and 53.5% of the RTA variability by reference method (MIR). For
SCC it was 0.758 (P < 0.001) and 57.4% variations in RTA values can be explained by FC variability.
The reliability of the results of RTA milk analyses in the AMS has been found to be suitable for the
above mentioned purposes after appropriate comparison.
Key Words: cow, milk fat, crude protein, somatic cell count, correlation
INTRODUCTION
The regular knowledge of the composition and properties of individual cow milk is essential for
managing of animal health preventing the occurrence of their production disorders and ensuring of
their milk quality. This is important for the good level of dairy cattle rearing and the operational safety
of farmers. Today the various modern automated systems for milking (automated milking system,
milking robot, AMS) and milk analyses (indirect real-time analysis methods, RTA) are used. This
combination is highly advanced and has been made possible by the development of hardware and
software for milking and physico-chemical-analytical techniques (Kawasaki et al. 2008) recently. The
reliability of these analytical results of milk composition and properties is important for proper
operational decision-making about dairy herd.
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Reference (direct, calibration) and routine (indirect, calibrated) dairy analytical methods are
now incorporated into a system of relevant standards and nationally and internationally controlled
networks (Leray 2007, +DQXãet al. 2011, 2014). In the RTA systems, the fat (F), protein (P), lactose
(L) and solids-non-fat (SNF) contents, conductivity and somatic cell counts (SCC) are most often
determined on the dairy farms. The RTA method is based on NIR-FT (near infra-red analysis with
Fourier transformations; .XNDþNRYi et al. 2000, Tsenkova et al. 1999, 2000, -DQNRYVNiDQGâXVWRYi
2003, âXVWRYiet al. 2007) procedure which must cope with unfavourable measurement conditions in
the flow analysis, e.g. with milk flow and foaming. The RTA method (AfiLab) and its result reliability
in the evaluation of milk quality have been studied by some authors (Ishay et al. 2011, Arazi et al.
2012, Kaniyamattam and de Vries 2014, +DQXãHWDO DVZell as the practical interpretation of its
results (Katz 2007, Katz and Pinski 2008, Karp and Petersson-Wolfe 2010). In the first place, the RTA
method has been used and evaluated in classical milking parlours (Katz 2007, +XORYi et al. 2014,
+DQXãet al. 2016) and now is increasingly combined with AMS (Kamphuis et al. 2008, Kawasaki et
al. 2008) to achieve highly sophisticated and effective milk obtaining systems. Therefore, it is also
necessary to evaluate this combination of RTA with AMS for the application of the results to control
of dairy herds.
The paper aim was to evaluate the result reliability of the indirect determination of cow milk
composition in an automated milking system (AMS) using a real time analytical method (RTA) after
its calibration to conventional methods of milk recording for the methodological purposes of sample
selection to study milk fat composition with respect to its fatty acid profile under FAMAS project
conditions.
MATERIAL AND METHODS
Experimental design
One 30 individual milk samples were automatically collected in one day. This dairy farm with
free housing currently nurses 57 Holstein cows. These are milked several times a day via a milking
robot (AMS, Automatic Milking System, Lely Astronaut, Lely Industries NV, Netherlands). The
average daily milk yield of sampled dairy cows per day and AMS visit was: 27.87  7.51 kg/day; 9.54
 2.93 kg/visit. Similarly, the average lactating days were 137.3  92.8 and average lactation was 2.3 
7KHGDLU\IDUP *36ƍƎHOƍƎQZ LVORFDWHGDWDQDOWLWXGHRIP
The cows are reared in ecology regime for production of organic milk. These were fed in green
belt by legume-grain mixture (triticale, pea, clover) with concentrates in the given summer season.
Individual milk samples were at the AMS during an accidental milking of cows during one day in
July. These were preserved with bronopol (0.03%) and stored in a refrigerator. Then, the samples were
transported to the laboratory and analysed. 30 milk samples were collected by one RTA unit (Lely
Astronaut). Data on the milk composition were taken from the RTA equipment.
Chemical and statistical analysis
The instrument calibrations (indirect methods) on the F, P, L SNF and SCC in the milk
recording laboratory (the LRM BuãWČKUDG DQGDWWKH9Ò03UDKD ZRUNSODFHâXPSHUN ZHUHFDUULHG
RXWLQDFFRUGDQFHZLWKSUHYLRXVZRUNV +DQXãHWDO 7KHLQGLUHFWPHWKRGV0,5±FT
and MIR (F, P, L and SNF; with Fourier transformation (FT) and interferometer and without FT and
with optical filter technology; CombiFoss FT  DQG 0LONR6FDQ  % )RVV (OHFWULF +LOOHU|G
Denmark) and flow cytometry (FC; SCC; CombiFoss FT  )RVV (OHFWULF +LOOHU|G 'HQPDUN
Somacount 300, Bentley Instruments, Chaska, Minnesota, USA) were in the position for creation of
reference values for RTA calibration and reference values for RTA validation.
The MilkoScan 133 B used for validation was regularly included in the performance of
analytical proficiency testing (PT) with successful results. The combined enlarged uncertainties (CEU)
RIWKHPHDVXUHPHQWUHVXOWVZHUHUHODWLYHO\IRU) IRUWKHRULJLQDOXQLWV  
UHOIRU3 RULJ UHOIRU/ RULJ ,QERWKFDVHV0,5DQG57$WKH61)
content (%) was determined by the calculation, i.e., P + L + mineral bias (0.61%). The RTA values for
validation (F, P, L, SCC) were means from last 5 milk measurements of cow according to relevant
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software. The Somacount used for validation was also included in the performance of PT with
VXFFHVVIXOUHVXOWV7KH&(8RIWKHPHDVXUHPHQWUHVXOWVZDVDW6&& 900 103/ml.
To evaluate the results and compare the methods a linear regression model was used which is
central in the evaluation of milk indirect analyses, all in MS Excel (Microsoft, Redmond, USA). With
regard to the starting practical application of the RTA in the AMS in the relevant herd the
determination coefficients and their relevant correlation coefficients were evaluated for the reliability
of the analytical results including variability of individual result differences. These express the
relationships between results of methods in right way. Possible average value shifts are easy to solve
by calibration.
RESULTS AND DISCUSSION
Comparison of mean differences and relationships between milk analytical methods
The advantage of this evaluation as compared to other papers (Katz and Pinski 2008, Ishay et al.
2011, +XORYiet al. 2014, +DQXãet al. 2016) was higher number of samples per RTA unit. This was
done by direct comparison of the results measured in parallel arrangement. In previous comparisons
more measuring units were included in milking parlours and thus, as a rule, fewer number of
validation samples per unit. Reducing the influence of the variability of the measuring units makes it
possible to statistically prove the own measurement potential of the method in better way. How the
57$FDOLEUDWLRQDQGWKHQDOVRYDOLGDWLRQZHUHSHUIRUPHGLQRQH +DQXãet al. 2007, 2008, 2011, 2014)
laboratory network (Leray 2007) which was important experimental principle. At group and herd level
the RTA instrument can be used as a reliable cow nutrition detector (Arazi et al. 2012). Small
differences in daily fat and protein content were between RTA and reference data (-0.05  0.28% and
+0.01  0.05%).
The mean differences between the RTA²MIR methods (Table 1) were: 0.04  0.6% for F; 0.14  0.32% for P; -0.17  0.12% for L; -0.32  0.32% for SNF. These are significant (P < 0.001),
however, they can be corrected by calibration and are therefore less relevant for the relationship of
methods. The MIR î RTA correlations between methods were: 0.524 (P < 0.01); 0.744 (P < 0,001);
0.701 (P < 0.001). The correlation for the F was slightly lower compared to the previous observation
(0.524 and 0.733 or 0.787), comparable for P (0.744 and 0.785 or 0.788) and significantly higher for L
DQGZLWKRXWUHODWLRQVKLS+DQXãHWDO+XORYiHWDO $W)3DQG/WKHH[SODQDWLRQ
of RTA variability includes 27.5, 55.3 and 49.2% of the variability of the values of reference methods
(MIR). The MIR î RTA correlation for SNF determination was 0.731 (P < 0.001). Here the
explanation of RTA variability includes 53.5% of MIR variability.
The mean difference between RTA±FC was -9  66 103/ml and significant (P < 0.001) for SCC.
However, the shifts are easily solved by a subsequent constant bias in the next calibration (RTA) and
do not substantially interfere with the principle relationship of the methods. Here in RTA a better
relationship was to the reference results (0.758, P < 0.001) than in the previous observations (+XORYi
HW DO  +DQXã HW DO ), where was not found. 57.4% of variations in SCC RTA values are
explainable by variability in SCC FC values. This correlation can already be compared to the previous
correlation results (0.48 bulk milk, P < 0.01, 0.78 individual milk, P < 0.01) between mastitis test NK
DQG UHIHUHQFH 6&& +DQXã HW DO   7KH 6&& ORJDULWKPLF WUDQVIRUPDWLRQ GLG QRW LPSURYH WKH
relation of the methods. These good results were achieved at relatively low SCC values and their low
original variability (69  85 103/ml, v = 123%, xg = 33 x 103/ml). In the case of work with a higher
SCC mean and variability a better result comparable to the correlation values between other respected
GLUHFWDQGLQGLUHFW6&&PHWKRGVFDQEHOHJLWLPDWHO\H[SHFWHG +DQXãHWDODQGDERYH3 <
0.001).
From the rHJUHVVLRQ HYDOXDWLRQ +DQXã HW DO   WKH IROORZLQJ FRUUHODWLRQ FRHIILFLHQWV
between RTA and infrared spectroscopy (MIR²FT and MIR) were obtained: for F from 0.733 to
0.743 (P < 0.001); for P from 0.785 to 0.787 (P < 0.001). Therefore, for F and P the explanation of the
variability of the RTA method values includes 53.8 and 61.9% of the variability of the confronted
reference (validation) methods. However, the relationship for L was not found.
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v%
18.3
8.7
1.4
3.3
47.6
-

d  s dd
0.04  0.6
-0.14  0.32
-0.17  0.12
-0.32  0.32
-9  66
0.21  0.467

Differences
P
***
***
***
***
***
***

R2
0.275
0.553
0.492
0.535
0.574
-

r
0.524
0.744
0.701
0.731
0.758
-

Correlation
P
**
***
***
***
***
-

relationships (correlations) between results of methods MIR î RTA (in

Legend: n ± number of cases, x ± arithmetic mean, sdx ± standard deviation of x, xg ± geometric mean, v% ± variation coefficient (v% = (sdx/x) î100), P ± probability (** P < 0.01, *** P <
0.001),d ± mean difference, sdd ± standard deviation of d, R2 ± determination coefficient, r ± correlation coefficient, MIR ± infra-red spectroscopy in middle range with technology of optical
filters, RTA ± real time analyse (NIR infra-red (IR) spectroscopy in range near IR), SCC ± somatic cell count, log ± decadic logarithm log10

Table 1 Basic statistical parameters (difference statistic) of validation data set and
automated milking system) at analyse of individual cow milk samples
Method
MIR (n=30)
RTA (n=30)
x  sdx
xg
v%
[Vdx
xg
Fat (%)
3.75  0.47
12.5
3.79  0.69
Protein (%)
3.18  0.47
14.7
3.03  0.26
Lactose (%)
5.02  0.16
3.2
4.85  0.07
Solid-non-fat (%)
8.81  0.46
5.2
8.49  0.28
3
SCC (10 /ml)
69  85
33
123
60  29
54
log SCC
1.5239  0.5417
1.7335  0.2025
-
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These values confirm the data mentioned by Karp and Petersson-Wolfe (2010: 64 and 76% for
F and 45 and 52% for P), of course, these were obtained over a longer time period. These authors
reported for L a variation in the methodological explanation of the variability of the RTA measured
YDOXHV E\ D GHWHUPLQDWLRQ IURP  WR  2YHUDOO PHDQV  VWDQGDUG GHYLDWLRQV RI WKH PRQWKO\
correlations between RTA and MIR were 0.59  0.09 for F, 0.67  0.04 for P and 0.46  0.08 for L
.DQL\DPDWWDP DQG 'H 9ULHV   +XORYi HW DO   IRXQG VLJQLILFDQW 3 < 0.001) correlation
coefficients between results obtained from RTA and infrared spectroscopy: 0.787 (F); 0.788 (P).
However, correlations for L and SCC were not significant (P > 0.05). Kawasaki et al. (2008)
introduced very significant determination coefficients for prediction of milk components to a specific
model of NIR spectroscopy in AMS. These were 0.95 for F, 0.72 for P and 0.83 for L, which were by
far the highest. However, the device apparently represented the classic NIR construction more than its
low-cost RTA modification here described.
Comparison of variability of individual differences between milk analytical methods
The variability of individual differences (F, P, L) between infrared spectroscopy (MIR and
MIR²FT) and RTA methods was much higher than between direct and indirect methods or indirect
MIR and MIR²FT methods in thiVSDSHU7KLVZDVVLPLODU +DQXãHWDO PRUHWRYDULDELOLW\RI
the differences between MIR or MIR²FT methods and other indirect methods (e.g. ultrasound). From
the analytical point of view these variability values of individual differences probably would not meet
the standard requirements for milk payment or breeding purposes. This is explicitly confirmed by Katz
(2007), Katz and Pinski (2008) or Ishay et al. (2011). However, they are perfectly correct for
controlling the milk composition and properties for purposes of herd management, animal health,
prevention of their production disorders (mastitis, ketosis) or technological selection of milk as a raw
material.
CONCLUSION
The values of the RTA result reliability in the AMS were comparable with these in milking
parlours in previous works. The results demonstrated the suitability of the combination of RTA and
AMS for controlling the milk composition and properties to produce the results useful for controlling
of dairy herds in order to promote animal health, prevent their production disorders and improve milk
quality.
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Abstract: The objective of this study was to find out whether the daily supplementation of l-carnitine
had an effect on the quality of the ejaculate of duroc boars. L-carnitine was supplemented for 60 days,
which were divided into 3 periods (n = 30 days). For the experiment were selected 12 duroc boars and
were divided into two groups. Control group (n = 6) was fed by basic feed mixture only. Experimental
group (n = 6) was fed by basic feed mixture with the addition of 500 mg of L-carnitine/kg of the basic
mixture. The monitored ejaculate parameters included volume of ejaculate, sperm concentration, total
rate of sperm, motility and percentage of morphologically abnormal sperm. Amount of L-carnitine in
ejaculate was monitored as well.
By the results we confirmed the hypothesis, that L-carnitine has a positive effect on quality of
ejaculate. Statistically significant effect was determined in sperm motility and in amount of
morphologically abnormal sperm. In sperm motility there was insignificant increase in experimental
group, but there was statistically significant difference between groups (P < 0.05). In the amount of
morphologically abnormal sperm, there was statistically significant increase in experimental group
(P < 0.05) and as well statistically significant difference between groups (P < 0.05).
Keywords: L-carnitine, semen, boar, antioxidant
INTRODUCTION
In literature, there is a lot of information about the positive effect of L-carnitine on
spermatogenesis (Jacyno et al. 2007). L-carnitine is the vitamin-like amino acid synthesized from lysine
and methionine in liver, kidney and brain (Vaz et al. 2002, Jeulin et al. 1994). L-carnitine plays a very
important role in lipid metabolism and cellular energy metabolism (Hoppel 2003). It brings long-chain
fatty acids into the mitochondria for beta-oxidation, thus producing the energy (ATP) necessary for
proper sperm functioning (Hoppel 2003, Horky et al. 2012). It is also very important for detoxification
of the organism, because it eliminates acetyl-CoA from mitochondria, excess of which has a toxic effect
and it protects the cell membranes from the oxidative damage caused by peroxidation of polyunsaturated
fatty acids (Arrigoni-Martelli and Caso 2001, Kalaiselvi and Panneerselvam 1998, Horky et al. 2014).
L-carnitine is absorbed during sperm maturation in the epididymis and its concentration varies in the
range of 200±300 nmol î mg-1 of protein (Agarwal and Sait 2004, Jeulin et al. 1987). While sperm is
SDVVLQJWKURXJKWKHHSLGLG\PLV íGD\V WKH\DFFXPXODWHDKLJKFRQFHQWUDWLRQRI/-carnitine from
the epididymal plasma, thus conferring motility upon the flagellum (Jeulin et al. 1994). L-carnitine
improves qualitative parameters of ejaculate, especially an increase of concentration of sperm and
motility (Vitali et al. 1995). High concentration, motility and viability of sperm is the key to create more
AI doses form one ejaculate.
Artificial insemination clearly augments the rate of genetic improvement, but could be further
enhanced by increasing the total number of spermatozoa per ejaculate produced to increase the
distribution of genetic material from superior boars. Currently, a single 80±100 ml dose of extended
semen contains 2±3 × 109 spermatozoa (Krueger et al. 1999). Total volume of an ejaculate ranges from
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75±400 ml containing 20±100 × 109 spermatozoa (Leman and Rodeffer 1976). Therefore, a single boar
ejaculate yields approximately 6±33 AI doses. It would be beneficial to the swine industry to maximize
the number of AI doses produced by boars. The increase in usage of artificial insemination will fuel the
demand for quality semen from boars trained to mount artificial sows for semen collection (Kozink et
al. 2004).
MATERIAL AND METHODS
7KHH[SHULPHQWZDVUXQQLQJLQWKHERDULQVHPLQDWLRQVWDWLRQLQ9HONp0H]LĜtþt 1  23.46667',
E  7KHH[SHULPHQWODVWHGIRU60 days, which were divided into 3 periods (period 1 = day
0, period 2 = day 30, period 3 = day 60). 12 boars of the Duroc breed, weighing 255  NJDQG
years old, were selected for the experiment. The boars were housed individually in pens (2.5 × 2.5 m).
The feed mixture (MEp 12.6 MJ/kg) was fed at a dose of 3.5 kg; the boars had ad libitum access to
water. The boars were divided into two groups, where the control group (n = 6) was fed by the basic
feed mixture only and the experimental group (n = 6) was fed by the basic feed mixture with addition
of 500 mg of L-carnitine per kg of the feed ration.
The ejaculate was taken once a week by using a jump phantom. Methodology of ejaculate analysis
was determined by Lovercamp et al. (2013).
Determination of ejaculate volume – volume of the ejaculate was determined by weighing each
ejaculate, with 1 g to 1 ml conversion.
Determination of sperm concentration ± concentration of the sperms was determined using
a self-calibrating photometer (SpermaCueTM, Minitube of America, Verona, WI).
Determination of sperm motility – PRWLOLW\ZDVGHWHUPLQHGXVLQJWKH6SHUP9LVLRQVRIWZDUH
(Minitube of America, Verona, WI) with digital camera connection to a contrast microscope (Olympus
microscope IX 71 S8F-3; Tokyo, Japan).
3ULRU WR DQDO\VLQJ  ȝO RI HDFK VDPSOH ZDV GLOXWHG ZLWK  ȝO RI $QGURKHS GLOXHQW DQG
LQFXEDWHGIRUPLQXWHVDW&
Determination of morphologically abnormal sperms – the phase contrast microscope (Zeiss,
Germany) was used for determination of the morphologically abnormal sperms).
Subjective assessment was performed by a single qualified person.
Determination of the total sperm count – determined by calculation (sperm concentration x
ejaculate volume).
Biochemical analysis – determination of free L-carnitine in ejaculate: One sample was taken
once a month from all boars for the biochemical analysis and frozen for later analysHVȝORIS+ = 7
SKRVSKDWHEXIIHUZDVDGGHGWRȝORIGHIURVWHGERDUVSHUPDQGWKHVROXWLRQZDVSRXUHGRYHUE\PO
of liquid nitrogen. The mixture was homogenized for 2 minutes at 3000 rpm in ice. 1 ml of phosphate
EXIIHUZDVDGGHGDQGWKHPL[WXUHZDVVKDNHQIRUPLQXWHVDW&DQGFHQWULIXJHGDW rpm for
15 PLQXWHVDIWHUZDUGV$IWHUFHQWULIXJDWLRQWKHVXSHUQDWDQWZDVUHPRYHGZKLFKȝORI7FA
was added to. The sample was re-centrifuged and the supernatant taken for analysis using AAA 400.
Statistics – the data were statistically analysed using STATISTICA.CZ version 10.0 (Czech
5HSXEOLF  7KH UHVXOWV ZHUH H[SUHVVHG DV WKH PHDQ  VWDQGDUG YDULance. Statistical significance was
observed between the groups using ANOVA and Scheffe's test ± the two-factor analysis (the first factor
was the animal group, the second one ± the sampling factor) for parameters of L-carnitine ejaculate
volume, sperm concentration and motility, percentage of pathological sperms. The difference (P < 0.05)
was considered as significant.
RESULTS AND DISCUSSION
Table 1 shows the effect of L-carnitine supplementation on qualitative ejaculate parameters of
each group and in each period RIWKHH[SHULPHQW)URPWKHUHVXOWVLW¶VREYLRXVWKDWDGGLWLRQRIPJ
of L-carnitine had insignificant effect on volume of ejaculate, concentration of sperm and total rate of
sperm. On the contrary, the control group reached better values of these parameters than the
experimental group. The difference between groups reached a peak in the 3. period in concentration of
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sperm (about 131 × 106/ml) and total rate of sperm (about 26.06 × 109), but these results are not
statistically significant. Statistically significant effect of supplementation of L-carnitine has been proven
in motility and the amount of morphologically abnormal sperm. Already after 30 days of
supplementation there was statistically significant difference between groups in motility of sperm (about
6.46%), (P < 0.05). In the 3. period there were significant differences in motility (8.54%) and the amount
of morphologically abnormal sperm (about 9.25%), (P < 0.05).
Table 1 Average values of analysed parametres in each period
Period

1

2

3

Control
group

Experimental
group

Control
group

Experimental
group

Control
group

Experimental
group

Volume of
ejaculate

168.33


150


192.22


173.06


186.42


175.42


Concentration of
sperm
Total rate of
sperm

515.83

85.26

71.67

9.83


492.5

76.78

71.67

7.17


514.86

97.52

67.85*

9.22


464.31

81.87

74.31*

7.83


594

110.11

66.46*

17.83*


463

84.05

75*

8.58*


Motility
Morphologically
abnormal sperm

After biochemical analysis, it was found that statistically significant increase of L-carnitine
concentration in experimental group was occurred already after 30 days (about 5.02 ȝJPO DQGDIWHU
60 GD\V DERXWȝJPO of supplementation (P < 0.05). Statistically significant differences between
groups were occurred after 30 days (about 6.78 ȝJPO and 60 days (about 18.55 ȝJPO  of
supplementation (P < 0.05) (Figure 1).
Figure 1 Concentration of L-carnitine in ejaculate

Cerovsky et al. (2009) in his research states that the addition of L-carnitine has no positive effect
on the quality of the ejaculate of boars. On the other hand, Jacyno et al. (2007) recorded improvement
of qualitative markers of ejaculate after supplementation of 500 mg of L-carnitine in Pietrain boars,
especially in decrease of the amount of morphologically abnormal sperm and in increase of the total

257

November 8–9, 2017, Brno, Czech Republic

24
years

sperm count in the ejaculate. In our experiment, we have recorded a decrease of amount morphologically
abnormal sperm as well, the difference between groups was about 9.25% (P < 0.05). Vitali et al. (1995)
in their experiment argue that addition of L-carnitin into boars diet positively affected the motility and
the sperm concentration. We could not approve the influence of L-carnitine on concentration of sperm,
but in motility we have recorded a statistically significant increase (difference between groups about
8.54%), (P < 0.05). Baumgartner (1998) claims that after supplementation of L-carnitine it could be
produced more insemination doses form one ejaculate. By the increase of volume of ejaculate and total
amount of sperm it is possible to prepare more insemination doses (Jacyno et al. 2007). The increase of
total number of sperm in ejaculate could be due to the fact, that L-carnitine is protecting the sperm cells
and less dead sperm is absorbed in epididymis (Jeulin and Lewin 1996). As we have recorded no
significant increase of volume of ejaculate and concentration sperm, we cannot stand that L-carnitine
can uplift the total amount of sperm in ejaculate.
CONCLUSION
The aim of the study was to confirm the hypothesis, that daily supplementation of L-carnitine
have a positive effect on quality of ejaculate. We confirmed it in observed parameters: motility of sperm,
the amount of morphologically abnormal sperm and concentration of L-carnitine in ejaculate. In volume
RIHMDFXODWHFRQFHQWUDWLRQRIVSHUPDQGWRWDOUDWHRIVSHUPWKHUHZHUHQ¶WQRWLFHGDQ\SRVLWLYHFKDQJHV
during the experiment.
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Abstract: The main objective of the performed experiments was to monitor acaricidal activity of
selected plant essential oils against poultry red mites (Dermanyssus gallinae) and the second objective
was to define the lethal doses (LD50 a LD90) of selected essential oils. Effect of six plant essential oils
as acaricides against poultry house-collected red mites was examined using direct contact method ± by
glass vial bioassay. All used essential oils caused mortality of poultry red mites in all their stages
of development. Essential oils derived from clove buds and cinnamon have been shown to be effective
acaricLGHVDJDLQVWWKHSRXOWU\UHGPLWHVDWFRQFHQWUDWLRQVDQG/FP2, when tested over a 24 h
period. The average mortality in the negative control was 2%. Clove bud, lavender and cinnamon
essential oils in merit further study as potential poultry red mites control agents.
Key Words: natural botanical pesticides, plant essential oils, poultry red mites, Dermanyssus gallinae
INTRODUCTION
The poultry red mite (Dermanyssus gallinae) is a huge economic problem in domestic poultry
flocks all across the Europe, USA, Japan and China. It is haematophagous ectoparasite of birds (Kim
et al. 2004).
Its abundance in poultry houses is a major source of irritation and disturbs egg-laying hens,
which are more aggressive feather-pecking themselves and have cannibalistic behaviors. Infestation by
this parasite can lead to anemia and in some cases there is causal association with host death
syndrome. Infestation can lead to decrease in egg production, egg quality (through shell thinning and
spotting) and egg venality (Dohnal 2009). The poultry red mite may also serve as a possible vector of
a variety of poultry pathogens. The cost expends on fight with poultry red mite and production losses
are calculated on 130 million EUR per year only in the EU (Sparagano et al. 2014).
Poultry red mite's life cycle is very fast and it is becoming increasingly resistant against
commercial acaricides, for this reasons the fight with it is very difficult. These problems have
highlighted the need for the development of selective poultry red mite control alternatives. It is also
necessary to monitor infestation on poultry houses (Sparagano et al. 2014, Mul et al. 2009). Plant
essential oils may be an alternative source of materials for mite control because they constitute a rich
source of bioactive chemicals and they have little or no harmful effects on non-target organisms
(Isman 2006).
MATERIAL AND METHODS
The acaricidal activity of six plant essential oils against poultry red mites was examined using
direct contact method ± by glass vial bioassay.
The essential oils and all other chemicals were of reagent grade. There were used six essential
oils derived from clove bud, lavender, cinnamon, rosemary, skin of Brazilian oranges and peppermint.
The active ingredient in clove bud is eugenol (C10H12O2), in lavender is linalool (C10H18O),
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in cinnamon is cinnamaldehyde (C9H8O), in rosemary is eukalyptol (C10H18O), in skin of Brazilian
oranges is limonen (C10H16) and in peppermint is menthol (C10H20O). Oils were dissolved in methanol
or distilled water or Tween 85 with water. Each of the essential oils was applied on two circles of filter
paper (Whatman No. 3; 22 mm diameter) at the bottom of the glass vial at concentrations 0.5; 0.25;
    /FP2 LQ DPRXQW RI  / VROXWLRQ 7KH solvent of solution was then
evaporated. Always eleven glass vials per each concentration and oil and negative control were used.
Negative control contained no essential oil on filter paper.
Colonies of poultry red mites (Dermanyssus gallinae) were collected from crevices of poultry
houses in the Czech Republic in 2016 and 2017. For trapping these parasites were used plastic
containers filled with rolled cardboard attached to the constructions in poultry houses. The plastic
containers with collected poultry red mites were closed by lids and transferred to the laboratory.
Poultry red mites were tested within two days after collection (Kim et al. 2004). Twenty movable
poultry red mites all their stages of development were placed on the filter paper impregnated by
essential oil at the bottom of the glass vials. Each glass vial was then closed with lid. The mortality of
the poultry red mites in the glass vials was measured 24 h after the treatment. Poultry red mites were
considered dead if their appendages did not move when parasites were prodded with a fine pin. Data
were processed using software MS Excel, XLSTAT (XLSTAT-Dose) and Unistat 5.1 (Unistat Ltd,
ENGLAND) (Hubert et al. 2015).
RESULTS AND DISCUSSION
Influence of selected essential oils on mortality poultry red mites
Comparison of the acaricidal activity of six plant essential oils at a dose of 0.5; 0.25; 0.12; 0.06;
  /FP2 with solvents of methanol, distilled water and Tween 85 with water, against
poultry red mites to all their stages of development is shown in Table 1±3. Out of used essential oils,
three gave more than 90% mortality against poultry red mites (clove bud, lavender and cinnamon with
all solvents at concentration 0.5 /FP2), it was measured after 24 h.
Rosemary essential oil with distilled water at all concentrations caused less than 50% mortality,
therefore this oil was tested with methanol and Tween 85 with water only at the highest concentration
ȝL/cm2). Essential oils derived from skin of Brazilian oranges and peppermint were tested only
with distilled water at concentration 0.5 /FP2 because of low mortality of poultry red mites. For this
reason rosemary, skin of Brazilian oranges and peppermint essential oils were not tested at other
concentrations with methanol and water and Tween 85. The average mortality in controls was 2%.
Many essential oils are known to possess various bioefficacies such as ovicidal, repellent,
antifeeding and biocidal activities against various arthropod pests. Essential oils are volatile, so their
environmental performance is limited (Pavela 2011). Chemical differences between seemingly similar
oils can result from variations in a number of factors, including environmental conditions, harvesting
regimens, and extraction protocols. This problem might be resolved by isolating active components
from plant products and developing them for use as acaricides; geraniol and several forms of
cinnamaldehyde are toxic to poultry red mites (Isman 2006). As a benefit of plant pesticides would
be that the numerous active compounds in essential oils would make development of pest
resistance to any essential oil-based product extremely difficult (Miresmailli et al. 2006).
Influence of essential oils diluted with distilled water on mortality of poultry red mites
Statistically significant the most effective essential oil with dissolved water as solvent was clove
bud, which caused 99% mortality of poultry red mites at concentrations of 0.5 and 0.25 /FP2 and
more than 95% mortality at concentration of 0.1ȝ/Fm2 and at 74.5% mortality still at concentration
0.06 ȝ/Fm2, which was statistically significantly the highest mortality at the same concentration from
all tested oils (P < 0.001). At concentrations 0.12 and 0.06 /FP2 the mortality was significantly the
highest at using clove bud essential oil (P < 0.001).
Lavender and cinnamon caused higher than 99% mortality only at concentrations 0.25 and
 ȝ/FP2. At these concentrations, there were significant difference (P < 0.001) between the
efficiency of these three oils in comparison with the efficiency of rosemary, skin of Brazilian oranges
and peppermint essential oils.
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Excepting clove bud all oils caused less than 50% mortality at concentrations 0.12; 0.06 and
0.03 ȝ/FP2 (here clove bud too). At these concentrations, there were significant differences between
the oils (P < 0.001, see Table 1).
Essential oil derived from skin of Brazilian oranges caused 55.5% mortality at concentration
RIȝ/FP2, other concentrations caused lower than 50% mortality. Rosemary as well as peppermint
caused less than 50% mortality even at the highest concentration (see Table 1).
Table 1 Influence of essential oils with distilled water to mortality poultry red mites
Average mortality poultry rHGPLWHV6( 
'RVH /FP2)
0.5
0.25
0.12
0.06
b
b
c
Clove bud



b
b
b
ab
Lavender



a
Cinnamon
b b
b
 2.5a
Rosemary
a
a
a
a
a
a
ab
Skin of Brazilian oranges 


a
Peppermint
a
a
ab
a
P
P < 0.001
P < 0.001
P < 0.001
P < 0.001
Essential oil + ddH2O

0.03
c
ab
bc
ab
a
ab
P < 0.001

a, b ± between the values marked with different letters is statistically significant difference between the essential oils at
specific concentration; SE ± standard error.

Influence of essential oils diluted with methanol on mortality of poultry red mites
Significantly the most effective essential oil with methanol as solvent was clove bud, which
caused 99% mortality of poultry red mites at concentrations 0.5; 0.25 and 0.12 /FP2 and more than
90% mortality at cRQFHQWUDWLRQȝ/Fm2 DQGPRUWDOLW\DWFRQFHQWUDWLRQȝ/Fm2.
Lavender and cinnamon essential oils caused more than 90% mortality at concentrations
ȝ/FP2 and 0.25 ȝ/FP2. The lavender caused 69.5% mortality at concentration ȝ/Fm2 and
cinnamon more than 50% mortality at concentration ȝ/Fm2.
At concentrations 0.25; 0.12; 0.06 and 0.03 ȝ/Fm2 there was no significant difference between
the efficiency of clove bud and lavender. At concentration 0.015 ȝ/Fm2 there was significant
difference in the efficiency of clove bud and lavender oils (P < 0.05) (see Table 2).
Rosemary essential oil caused only 14.4% mortality at concentration ȝ/Fm2, for this reason
it was no tested at other concentrations. At concentration 0.5 ȝ/Fm2 there was significant difference
(P < 0.001) between the efficiency of clove bud, lavender and cinnamon considering to the efficiency
of rosemary oil.
Table 2 Influence of essential oils with methanol to mortality poultry red mites
Essential oil + CH3OH
Clove bud
Lavender
Cinnamon
Rosemary
P

AveraJHPRUWDOLW\SRXOWU\UHGPLWHV6( 
'RVH OFP2)
0.5
0.25
0.12
0.06
b
a
b



b
b
a ab ab
b
0.2a a
a
a

P < 0.001
P > 0.05
P < 0.01
P < 0.05

0.03
a
a
P > 0.05

a, b ± between the values marked with different letters is statistically significant difference between the essential oils at
specific concentration; SE ± standard error.

Influence of essential oils diluted with Tween 85 with water on mortality of poultry red mites
The most effective essential oils with Tween 85 with water as solvent were clove bud and
cinnamon, which caused more than 99% mortality of poultry red mites at concentrations 0.5; 0.25;
0.12 and 0.06 /FP2. Cinnamon caused more than 90% mortality and clove bud caused 81.8%
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PRUWDOLW\DWFRQFHQWUDWLRQȝ/Fm2, there was no significant difference (P < 0.05) between these
two oils. Both oils were significantly more effective considering to the efficiency of lavender at
concentrations 0.25; 0.12; 0.06 and 0.03 ȝ/Fm2.
Lavender essential oil caused more than 99% mortality DW FRQFHQWUDWLRQ  ȝ/FP2.
At concentration 0.5 ȝ/Fm2 there was no significant difference between the efficiency of lavender,
cinnamon and clove bud. Lavender caused less than 50% mortality at other concentrations.
Rosemary essential oil caused only 22.1% mortality at concentration ȝ/Fm2, for this reason
it was not tested at other concentrations. At concentration 0.5 ȝ/Fm2 was activity of this oil
significantly the lowest (P < 0.001).
At concentration 0.15 ȝ/Fm2 there was significant difference between the efficiency of clove
bud and lavender, however both caused less than 10% mortality (see Table 3).
Table 3 Influence of essential oils with Tween 85 with water to mortality poultry red mites
Essential oil +
Tween 85
Clove bud
Lavender
Cinnamon
Rosemary
P

0.5
b
b
b
.7a
P < 0.001

$YHUDJHPRUWDOLW\SRXOWU\UHGPLWHV6( 
'RVH OFP2)
0.25
0.12
0.06
0.03
b
b
b
   b
a a
a
a
b b b b
P < 0.001
P < 0.001
P < 0.001
P < 0.001

0.015
b
a
P < 0.05

a, b ± between the values marked with different letters is the statistically significant difference between the essential oils at
specific concentration; SE ± standard error.

Lethal doses of the essential oils for poultry red mites
Table 4 shows the concentrations of the essential oil (/FP2) necessary for 50 and 90%
mortality of poultry red mites. R2 coefficient (Nagelkerke) is in the range between 0 and 1 and shows
how well the model fit data. Significant differences were observed in essential oils toxicity and used
solvents. For the fitted model parameters, i.e. LD50 and LD90 are given fit 95% confidence interval in
round brackets (Hubert et al. 2015).
Clove bud essential oil was the most effective with Tween 85 with water as solvent for the
lethal doses LD50 and LD90 of poultry red mites, when there was necessary to be applied on the filter
paper for LD50 0.02 /FP2 and for LD90 0.03 /FP2. On the other hand clove bud was necessary to
be applied on the filter paper in the biggest concentration with distilled water, for LD50 0.04 /FP2
and for LD90 0.08 /FP2.
Lavender essential oil was the most effective with methanol as solvent for the lethal doses LD50
and LD90 of poultry red mites, when there was necessary to be applied on the filter paper for LD50 0.02
/FP2 and for LD90 0.19 /FP2. On the other hand lavender was necessary to be applied on the
filter paper in the biggest concentration with Tween 85 with water for LD50 0.55 /FP2 and for LD90
6.20 /FP2.
Cinnamon essential oil was the most effective with Tween 85 with water as solvent for the
lethal doses LD50 and LD90 of poultry red mites, when there was necessary to be applied on the filter
paper for LD50 0.004 /FP2 and for LD90 0.02 /FP2. On the other hand lavender was necessary to
be applied on the filter paper in the biggest concentration with distilled water for LD50 0.11 /FP2
and for LD90 0.28 /FP2.
Rosemary essential oil, essential oil derived from skin of Brazilian oranges and peppermint
essential oils were tested only with distilled water as solvent. From their comparison ensue, that the
most effective was skin of Brazilian oranges for the lethal doses LD50 and LD90 of poultry red mites,
when there was necessary to be applied on the filter paper for LD50 0.45 /FP2 and for LD90
1.82 /FP2. On the other hand rosemary was necessary to be applied on the filter paper in the biggest
concentration, for LD50 0.66 /FP2 and for LD90 5.93 /FP2.
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Table 4 Dependence of the amount of the essential oil (/FP2) on the mortality of poultry red mites
Solvent

R2

LD50

LD90

ddH2O
CH3OH
Tween 85
ddH2O

0.57
0.64
0.8
0.71

0.04 (0.04/0.04)
0.03 (0.02/0.03)
0.02 (0.02/0.02)
0.13 (0.12/0.17)

0.08 (0.07/0.09)
0.05 (0.05/0.06)
0.03 (0.03/0.04)
0.22 (0.17/0.38)

Rosemary

CH3OH
Tween 85
ddH2O
CH3OH
Tween 85
ddH2O

0.23
0.17
0.57
0.45
0.19
0.15

0.02 (0.01/0.02)
0.55 (0.39/0.89)
0.11 (0.10/0.12)
0.03 (0.03/0.03)
0.004 (0.00001/0.01)
0.66 (0.50/0.98)

0.19 (0.15/0.24)
6.20 (3.03/17.91)
0.28 (0.25/0.32)
0.07 (0.07/0.09)
0.02 (0.002/0.03)
5.93 (3.02/18.23)

Skin of Brazilian oranges

ddH2O

0.32

0.45 (0.39/0.53)

1.82 (1.35/2.72)

Peppermint

ddH2O

0.17

0.49 (0.40/0.66)

4.97 (2.89/10.90)

Essential oil
Clove bud

Lavender

Cinnamon

For the fitted model parameters, i.e. LD50 and LD90 are given fit 95% confidence interval in round brackets.

Figure 1 Dependence of the concentration of the lavender essential oil with methanol as solvent for
the lethal doses of poultry red mites on cm2

Figure 1 shows the correlation between the amount of lavender essential oil with methanol
DV VROYHQW ȝ/FP2) and the mortality of the poultry red mites population, which is represented by
a black curve in the graph. Gray curves show confidence intervals and blue points measurements. It
was necessary to be applied on the filter paper for LD50 0.02 /FP2 and for LD90 0.19 /FP2.
CONCLUSION
The results of these experiments suggest that certain essential oils may make effective natural
botanical pesticides against poultry red mites. The highest mortality was observed with clove buds and
cinnamon essential oils. For practical usage may enough exerting more than 50% mortality. Plant
essential oils have little or no harmful effects on non-target organisms. Perhaps the greatest constraint
to the use of essential oils like effective natural botanical pesticides in poultry red mites control is their
relative lack of standardization and consequent inconsistent efficacy.
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Abstract: Blue wheat contain the higher content of anthocyanins than common wheat cultivars. The
aim of this study was to evaluate the influence of feeding wheat with blue aleurone on broiler
FKLFNHQ¶V biochemical parameters, antioxidant activity and performance parameters. The study was
conducted on 60 hybrid broiler chickens Ross 308. They were fattened on deep litter system. The
experimental period lasted from day 12 to day 36 of chickens ages. The broilers were randomly
divided on 2 groups. The first group (n = 30) was fed experimental feed mixtures containing 38.2% of
blue wheat UC66049 and second group (n = 30) was fed control feed mixtures containing 38.2% of
common wheat 9iQHN (C). At the end of the experiment was collected the blood samples (n = 8 in the
both groups). In the blood were determined the enzymes activities (aspartate aminotransferase,
gamma-glutamyl transferase, alanine aminotransferase, lactate dehydrogenase), concentrations of
albumin, total protein, cholesterol, triglycerides, bilirubin, uric acid, urea, and antioxidant activity.
During the trial were not observed significant differences (P > 0.05) between both groups in blood
biochemical parameters, antioxidant activity, feed intake, feed conversion, weight, and carcass
indicators.
Key Words: anthocyanins, poultry nutrition, metabolism, liver enzymes, poultry nutrition
INTRODUCTION
The colours of wheat grains are caused different pigments. Pigments include for example
carotenoids and anthocyanins. The carotenoids and anthocyanins have a positive effect on human
health (Donatella et al. 2014). Blue colour is caused mainly by delphinidin (Abdel-Aal and Hucl
2003). In cultivars with blue grains content of anthocyanins ranges within the range 106±153 ȝJ/g
&KĖDSHNHWDO  A positive influence on the organism is a reason to think about including nontraditional wheat cultivating human food as a functional food. Functional food is a food that has
a demonstrably positive effect on real health human or animals it also helps the good physical and
mental staWH RI DQ LQGLYLGXDO .DODþ   Many sources describea anthocyanins that they have
antibacterial and anti-carcinogenic effects, they report antioxidative activity which is prevention of
retinal degeneration and heart disease (Abdel-Aal and Hucl 2003; DonDWHOODHWDO.DODþ).
Anthocyanins are involved in the repair of proteins in trombocytes wall ĆXUDþNRYi  
Anthocyanins increase the resistance of hepatocytes to oxidation (Mazza 2000). They are possible
bind the free radicals (Li et al. 2005). The aim of this study was to evaluate the influence of feeding
wheat with blue aleurone on broiler FKLFNHQ¶V biochemical parameters, antioxidant activity and
performance parameters. The assumption was whether the intake of anthocyanins contained in
coloured wheat positively/negatively affects the metabolism and the monitored biochemical
parameters, or the performance parameters of the chickens.
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MATERIAL AND METHODS
The 60 chickens of hybrid Ross 308 were fattened on deep litter system. The first 10 days of age
chickens were fed by commercial starter. The broilers were adapted to experimental diets for 2 days.
The trial was conducted from day 12 to day 36 of age of chickens. Room temperature and humidity
was set and controlled by technological instructions Ross 308 (Aviagen group 2014). Lighting system
was 16 hours light and 8 hours dark with a maximum light intensity of 20 luxuries. The broilers were
randomly divided on 2 groups. The first group (n = 30) was fed experimental feed mixtures containing
38.2% of blue wheat UC66049 (Blue wheat) and second group (n = 30) was fed control feed mixtures
containing 38.2% of common wheat 9iQHN &ontrol).
Chemical analyses of used experimental wheats are shown in Table 1. The compositions of
experimental rations are shown in table 2. The feed mixtures were calculated according to the
recommended nutrient content in feed mixture for poultry (Zelenka et al. 2007). Table 3 show
chemical composition of experimental feed mixtures.
Table 1 Chemical compositions of diets
Control
886.6
169.5
19.4
18.4
13.3
5.1

Dry Matter (g/kg)
Crude Protein (g/kg)
Crude Fat (g/kg)
Crude Fiber (g/kg)
Crude Ash (g/kg)
Cyanidin-3-glucoside (mg/kg)

Blue wheat
886.8
165.8
14.3
22.4
19.5
47.6

Table 2 Composition of feed mixture (%)
Component
Wheat
Maize
Soybean extruded
Soyabean meal
Premix VBR3*
Rapeseed oil
Monocalciumphosphate
Limestone milled
Wheat gluten

Control (%)
38.2
27.2
19.0
9.5
3.0
2.0
0.7
0.4
0.0

Blue wheat (%)
38.2
24.7
19.0
10.5
3.0
2.0
0.7
0.4
1.5

*Premix contains (per kg): lysine 60 g; methionine 75 g; threonine 34 g; calcium 200 g; phosphorus 65 g; sodium 42 g;
copper 500 mg; iron 2500 mg; zinc 3400 mg; manganese 4000 mg; cobalt 7 mg; iodine 30 mg; selenium 6 mg; tocopherol
450000 mg; calciferol 166700 IU; phylochinon 350 mg; thiamine 140 mg; B2 230 mg; B6 200 mg; cobalamine 1000 mg;
biotin 7 mg; niacinamid 1200 mg; folic acid 57 mg, calcium pantothenate 450 mg; choline chloride 6000 mg; salinomycin
sodium 2333 mg.

Table 3 Chemical composition of feed mixture (in dry matter)
Crude protein (%)
AME (MJ/kg) *
Ether extract (%)
Crude ash (%)
Crude fibre (%)

Control
21.29
12.81
8.09
5.89
3.27

Blue wheat
21.63
12.87
8.15
6.33
3.03

*

AME ± apparent metabolizable energy (calculated value)

The chickens were fed ad-libitum. Health status was evaluated daily and live weight measured
every week during the trial. Body weight gain was measured individually. At the end of the
experiment 8 birds were selected randomly from each group, weighed and slaughtered by decapitation.
Blood was collected into the heparinized tubes and centrifuged for 15 minutes at 3.000 rpm. The
267

November 8–9, 2017, Brno, Czech Republic

24
years

separated blood plasma was frozen (-20 &  XQWLO ELRFKHPLFDO H[DPLQDWLRQ At the end of the
experiment six birds were selected randomly from each group, weighed and slaughtered by
decapitation. Feathers were removed and chickens were eviscerated. Carcass yield was calculated.
Breast and thigh meats without skin were separated from carcasses after cooling. All visible external
fat was removed from sample meats. The breast and thigh meat was weighed and their percentage of
live body weight was calculated.
The biochemical indicators of blood plasma were analysed with the use of Ellipse (AMS Spa,
Italy) analyser. Blood parameters were analysed using individual tests produced by Erba Lachema
(Brno, CZ): albumin (Alb 500); total protein (TP 500); AST ± aspartate aminotransferase (AST/GOT
500); GGT ± gamma-glutamyl transferase (GGT 250); ALT ± alanine aminotransferase (ALT/GPT
500); LD ± lactate dehydrogenase (LDH±L 100); cholesterol (CHOL 250); TG ± triglycerides (TG
250), and by company Randox, UK: Urea (Urea, cat. No. UR 107). Total antioxidant capacity was
determined from blood plasma samples by the method FRAP (Ferric reducing/antioxidant power
assay) described in the publication by Benzie and Strain (1996). The FRAP reagent containing 2,4,6tripyridyltriazine (TPTZ)/ferric chloride/acetate buffer was prepared by mixing ten volumes of acetate
buffer (300 mM, pH 3.6) with one volume of TPTZ (40 mM dissolved in 40 mM HCl) and one
volume of ferric chloride (20 mM in water). For determination of the antioxidant capacity, 96-well
PLFURWLWHUSODWHZDVXVHG7RHDFKZHOOȝORIVDPSOHZDVDGGHGWRȝORI)5$3UHDJHQW7KH
mixture was vortexHGDQGLQFXEDWHGIRUPLQDW&7KHQWKHDEVRUEDQFHDWQPZDVPHDVXUHG
using Tecan Infinite M200 PRO microplate reader (Tecan; Mannedorf, Switzerland). All samples were
run in triplicate. Results were calculated using the standard curve with ascorbic acid. All chemicals
were purchased from Sigma-Aldrich (Prague, Czech Republic). Data has been processed by Microsoft
Excel (USA) and Statistica version 12.0 (CZ). We used one-way analysis (ANOVA). To ensure
evidential differences Scheffeғs test was applied and P < 0.05 as regarded as statistically significant
difference.
RESULTS AND DISCUSSION
Results of the biochemical analysis are presented in table 4. The analysed parameters AST,
GGT, ALT, ALP and LD showed liver tissue status. The TG and concentrations of cholesterol
characterized fat metabolism. The concentrations of urea, TP, and albumin indicate nitrogen
PHWDEROLVPRIFKLFNHQ¶VRUJDQLVPThe activities of most analysed enzymes were higher in the control
group but differences are not significant. Our expectation was that the content of anthocyanins in blue
wheat UC66049 may affect on liver enzymes and other biochemical indicators. The table 4 showed
that this effect was not discovered in our trial and differences between groups were non-statistically
significant (P > 0.05).
Table 4 Biochemical parametres

Parameters
$67 ȝNDWO 
**7 ȝNDWO 
$/7 ȝNat/l)
/' ȝNDWO 
Bilirubin (PRO/l)
Uric acid (mmol/l)
Urea (mmol/l)
Chol (mmol/l)
TG (mmol/l)
TP (g/l)
Albumin (g/l)

Control

Blue wheat

n=8
0HDQVWDQGDUGHUURU
5.7 
0.4 0.05
0.2 0.02
28.2 4.14
1.4 0.22
235.8 27.90
1.2 0.15
2.7 0.18
0.5 0.03
33.3 
12.3 0.66

n=8
0HDQVWDQGDUGHUURU

0.4 3
0.3 0.04
22.5 7
1.2 0.16
212.98 
1.1 0.08
2.7 0.09
0.5 0.04
31.9 
12.4 0.31

268

November 8–9, 2017, Brno, Czech Republic

24
years

These results may be due to short life of broiler chickens. The same result of biochemical analysis is
reported in study by Abadi eW DO   âĢDVWQtN HW DO   2Q the other side, significant
GLIIHUHQFHVZHUHVKRZHGLQVWXG\ZLWKEOXHZKHDWLQUDWVE\âĢDVWQtNHWDO  ,QWKHLUVWXG\ZDV
analyzed lower plasma cholesterol concentration in experimental rats group.
Figure 1 show results of antioxidant activity analysis. There were observed no significant
differences (P > 0.05), but the UC6609 group tends to have higher antioxidant activity.
Figure 1 Antioxidant activity (FRAP method)

There were no statistically significant differences between groups, the same as in one study by
.DUiVHNHWDO  ,QDQRWKHUVWXG\.DUiVHNHWDO  describes a higher antioxidant activity in
H[SHULPHQWDOJURXSZKLFKZDVIHGFRORXUFXOWLYDUZKHDW6LPLODUUHVXOWVDUHGLVFXVVHGE\0UNYLFRYi
et al. (2016) on feeding purple wheat Konini. The positive effect of blue wheat Skorpion and
UC66049 wheat is described by âĢDVWQtN HW DO   Comparing the results of individual studies
assumed to the feeding coloured cultivars wheat does not have a negatively affect on our monitored
parameters during chickens fattening and have positively effect on health parameters organism of
chickens.
The mean bodyweight of chickens during the trial is present in table 5. The differences in the
body weight were not significant (P > 0.05), but in the control group has body weight tendency to
higher value. The statistically significant (P < 0.05) difference between groups was determined only in
29 days of age but no difference was found at 36 days of age. Many previous studies had the same
results âĢDVWQtNHWDO.DUiVHNHWDO0UNYLFRYiHWDO 
Table 5 Body weight of chickens during the experiment and total increment in grams

Day of age
8 day
12 day
15 day
22 day
29 day
36 day
BWG *
Feed consumption *
Conversion *

Control
n = 30
0HDQVWDQGDUGHUURU
171.8  1.97a
289.6  3.46a
475.9  6.77a
957.3  72.03a
1578.0  18.60a
2333.5  19.91a
2043.9  18.15a
3320.0
1.63

Blue wheat
n = 30
0HDQstandard error
169.6  1.62a
284.5 a
464.6 a
938.1 a
1475.1 b
a
a
3480.0
1.79

BWG ± body weight gain* = Total body weight gain for trial period. a,b ± the values with different letters are statistically
significant difference (P < 0.05). Feed consumption * = mean feed consumption on chicken per experimental period (12±36
days of age). conversion * = mean feed consumption on unit of increment per experimental period (12±36 days of age).
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The chickens had a lower mean body weight at the 12th day of age in our experiment opposite
body weight in manual for FKLFNHQ¶V hybrids Ross 308 by Aviagen (2014). The slaughter indicators
show table 6. The highest leg meat (Table 6) was found in the experimental group ) but
differences between groups were not significant (P > 0.05). Our result of breast meat yield is
consistent with statement that in normal broilers the yield of breast muscle is about 20% and in elite
breeds ranging from 21 to 24% (Zelenka 2014).
Table 6 Slaughter indicators of chickens in 36 day of age calculated as a percentage of live weight

indicator
Live weight (grams)
Carcass (%)
Breast meat (%)
Leg meat (%)

Control
n=6
Mean  standard error
2356.7  88.27
76.0  1.41
23.7  0.52
15.6  0.57

n=6
Mean  standard error
2298.5  104.80
75.6  0.99
22.6  0.94
15.6  0.79

Differences between groups are not statistically significant (P > 0.05).

CONCLUSION
In conclusion, based on results of analyzed biochemical characteristics and antioxidant activity
the blue wheat UC66049 feeding at dose 38.2% does not show positive or negative effect RQDQLPDO¶V
health. In addition, was not observed any influence on performance parameters of broilers in our
experiment.
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Abstract: The objective of this study was to determine the effects of feeding protein-iron chelates
complexes in milk replacers for cattle. Milk replacer formulation with addition of protein-mineral
chelates for were used in nutrition of Holstein-Friesian calves aged between of 7 and 35 days.
Preparation of the protein complex involved enzymatic hydrolysis of milk casein and binding iron
chloride. There were created two experimental groups (lower and higher dose of the complex) and the
control group. Addition of protein-mineral chelate admitted to higher body weight gain by lower feed
conversion rates. Nevertheless, the dose, the complex has not a significant impact on carbohydratelipid parameters. Changes of activity of enzymes resulted from the age of the cattle, not from applied
supplementation.
Key Words: calves; chelates; blood parameters, growth
INTRODUCTION
Improvement of properties of milk replacers might be achieved by using a number of functional
supplements, to which there can be include: prebiotics, probiotics, non-protein nitrogenous
compounds, essential amino acids, nucleotides, lactoferrin, immunoglobulin, sodium butyrate, organic
acids, chelates or selected herbs (Hill et al. 2008, Fokkink et al. 2009, .XSF]\ĔVNLHW al. 2017). Metaanalysis shows that growth of neonatal dairy calves appears to be more controlled by nutrient intake
and their interactions than by surrogates for health status of the calves or environmental temperature
(Beteman et al. 2012). Application of various supplements is associated with not only with influence
on increase of body mass, but also affection on immune system and metabolism. Bioactive peptides
originating from cow milk, due to their specific properties (not only immunomodulatory, but also
antibacterial, antiviral and antifungal) can be applied for humans, but also in animals breeding
(Szwajkowska et al. 2011). The objective of this study was to determine the effects of feeding proteiniron chelates complexes in milk replacers for cattle.
MATERIAL AND METHODS
The study was carried on 18 Polish Holstein-Friesian calves of black-white variety. The study
was carried out with the consent of the 2nd Local Ethical Committee for Experiments on Animals in
Wroclaw (No 63/2013). Animals were put into randomized groups taking into account the age (7 day
of age), body weight and sex. Division into groups included the applied supplementation of proteiniron chelates complex:
 Control group: fed with standard milk replacer (n = 9);
 Treatment group: receiving a supplement of protein - mineral chelates in the amount of 1% of
dry matter (n = 9).
The calves were kept during the experiment in the individual pens of 2.3 sqm area. Each pens
was provided in automatic water bowl and container for starter forage. The calves were fed by milk272
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replacer preparation (Polmass, Poland) and ad libitum full portion, granulated feed (Cargill Poland Sp.
z o.o.). Method of production of preparation and its chemical composition was described in earlier
surveys .XSF]\ĔVNLHWDO Vitality, dehydration and fecal score were described on the basis of
clinical trial and observations conducted in 7th, 14th, 28th i 35th day of life according to methodology
given by Sunderland et al. (2003). From all calves the blood was taken from the external jugular vein
(vena jugularis externa) in 7th, 14th, 28th i 35th day of age. Seven days of age was treated as the starting
point of the experiment. In all the terms the blood was taken into a tube containing K2EDTA, a tube
containing sodium heparin, and into a tube without anticoagulant (Sarstedt, Warsaw, Poland). The
blood samples for serum and plasma were centrifuged at 3000 îg for 10 min at a room temperature
(2 hour from collection), and the serum samples were frozen (-20 &) until the analysis. The
laboratory analyses in blood serum were done using Pentra 400 biochemical analyser (Horiba ABX,
France). The following parameters were estimated:
 biochemical parameters of the blood: glucose, triglycerides (Tg), non-esterified fatty acids
(NEFA), ȕ-Hydroxybutyric acid (BHBA), total protein (TP), albumins, total cholesterol;
 asparagine
aminotransferase
(AST),
alanine
aminotransferase
(ALT),
Jglutamylotranspephethydase (GGT).
During the experiment period production parameters such as: feed intake, average daily gain
(ADG), growth rate (GR) and feed conversion rates (FCR) were investigated (Szymanska-Czerwinska
i Bednarek 2011). Measurement of the body mass was performed in 7th, 14th, 28th i 35th GD\RIFDOYHV¶
life. The above mentioned production parameters were calculated in accordance with the following
formulas:
ADG = (Bk - Bo) / (Wk - Wo) x 1000
FCR = Px(Bk - Bo)
GR = (Bk - Bo) / ò (Bo + Bk) x 100%
where: P ± quantity of feed intake (kg), Bo ± initial body mass, Bk ± final body mass (kg), Wk ± final
age of animal, Wo ± initial age of animal.
Results obtained were further subjected to statistical analysis using STATISTICA 10.0 software
(Statistica, Tulsa, OK, USA). Data were analysed using a general linear model for repeated measures
ANOVA with dietary treatments (D) and sampling time (T) as fixed effects and their interactions (D î
T). Differences between treatment group means were analysed for significance (P < 0.05) using the tstudent test. Production and health data were subjected to the nonparametric Wilcoxon test. The data
are presented as average values and accompanied by standard error of the means.
RESULTS AND DISCUSSION
Casein protein, as by-products of dairy industry, can be used as a low-cost source of protein for
food fortification or as animal supplements (Kupcz\ĔVNL et al. 2016, 2017). In our study, protein
supplementation increase average daily gain in comparison to the control group (Table 1). Increased
body weight in response to higher dose of protein feeding was observed by Brown et al. (2005),
Quigley et al. (2006) and 1LZLĔVND DQG %LOLN (2012). In our study, protein supplementation did not
significantly increase of GR and FCR in comparison to the control group.
During the experiment period the number of digestive system diseases was similar in
experimental groups and presented decreasing tendency in the course of the survey. In the control
group the number of calves with diarrhoea syndrome was the lowest at the end of experiment.
Dehydration in the control group was highest (1.00) at the day of completion of the survey and this
result has significantly distincted to the value obtained at the beginning of the survey (7th day).
Experimental groups have not shown statistically significant differences between the day of
commencement and completion of the survey. Parameters describing the general condition, i.e. the
number of breaths and inside temperature have not represent significant differences between particular
stages of the survey. Many authors (Diaz et al. 2001, Ballard et al. 2004, Brown et al. 2005, Bednarski
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et al. 2015) point that feeding additional may increase number of cases of diarrhoeas in prevented
calves which was not observed in our study.
Table 1 Mean of average daily gains, feed conversation rate (FCR) and growth rate (GR) of calves
Item
1

ADG (g/day)
GR2 (%)
FCR3 (kg/kg)

Feeding groups
Control
Treatment
583.90
632.02
1.97
1.82
1.59
1.45

SEM5
16.31
0.11
0.07

D
0.07
0.43
0.14

P ± value4
T
0.01
0.18
0.25

DxT
0.35
0.27
0.48

1
Average daily gain, 2Growth rate, 3Feed conversation rate, 4Significant effect of experimental diet (D), time on diet (T), and
WKHLULQWHUDFWLRQ 'î7 , 5Standard error of the means.

Table 2 Mean values of selected parameters in calf blood
Item

Parameters

Lipid and
carbohydrate
parameters

Glucose (mmol/L)
NEFA (mmol/L)
BHBA (mmol/L)
Cholesterol
(mmol/L)
TG (mmol/L)

Protein
indicators

Enzymes

Groups
Control Treatment
5.72
5.21
0.24
0.27
0.10
0.12

0.45
0.13
0.23

D
0.01
0.45
0.05

P ± value1
T
0.01
0.12
0.05

DxT
0.01
0.08
0.15

SEM2

2.32

2.15

0.36

0.28

0.01

0.34

0.29

0.31

0.27

0.21

0.70

0.19

TP (g/L)

52.20

60.15

0.27

0.01

0.05

0.01

Albumin (g/L)

27.60

29.75

0.68

0.34

0.41

0.36

Urea (mmol/L)

1.89

2.23

0.45

0.01

0.10

0.10

AST (IU/L)
AST (IU/L)
GGT (IU/L)

50.89
10.23
65.20

54.02
10.43
60.02

1.72
0.32
8.34

0.18
0.23
0.23

0.05
0.13
<0.01

0.11
0.35
0.72

Significant effect of experimental diet (D), time on diet (T), anGWKHLULQWHUDFWLRQ 'î7 , 2Standard error of the means.

1

Plasma glucose concentrations was lower in calves fed protein supplements (Table 2) and was
affected by a day x treatment interaction. More, there were differences in the ages of the animals at
which blood samples were collected. Differences in glucose uptake in calves are largely due to the
type of diet. With milk replacers (MR) feed vs. colostrum or milk, insufficient glucose uptake was
observed (Hammon et al 2013, .XSF]\ĔVNL et al. 2017). Quigley et al. (2006) observed the opposite
trend: glucose in calves receiving higher protein dose was significantly higher in comparison to the
control group, which suggests that some part of protein was used for energy. Similar to other study
(Quigley et al. 2006) plasma concentration of NEFA were unaffected by dietary treatment.
Our investigations showed a statistically significant increase of BHBA in the in the groups
where the protein supplement was administered. Concentration of blood BHBA increased as starter
intake increased and then increased and was related rumen development (Quigle 19996XiUH]et al.
2006).
Significant differences were observed in total protein concentration between groups for the
entire study period, but there were differences in the ages of the animals at which blood samples were
collected. The urea concentration showed similar dependence. TP is used to affected by dietary
treatment, can increase in dehydration or decreased in prolonged diarrhoea (Bednarski et al. 2015a,
2015b). In other study (Quigley et al. 2006) TP were unaffected by dietary treatment, while protein
dose in feed correlates with higher urea concentrations. Higher urea concentration in protein rich
feeding related to deamination process. This is used to break down amino acids for energy and is used
to related to increase of glucose blood concentrations, which was not observed in current study, and
previous one (KupF]\ĔVNLet al. 2017).
No statistically significant differences were observed in mean AST, ALT and GGT activity
between groups. These parameters are commonly used to evaluate liver function and their levels
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indicate the degree of dysfunction of this organ like intoxication, inflammation, cholestasis etc. (Mohri
et al. 2007). These results indicate no toxic effect of protein supplement.
CONCLUSION
Supplementation with protein - mineral chelates had a benefit of the growth rate of the calves.
BHBA concentration in blood confirms the better development of rumen of experimental calves in
compare to the control group. Activity of surveyed enzymes has not significantly distincted between
the groups (experimental vs. control), what indicates lack of negative impact of applied preparations to
WKHOLYHU¶IXQFWLRQV,QWKHIXWXUH the surveys shall be orientated on estimation of particular doses of
preparation applied for calves.
ACKNOWLEDGEMENT
Project POIG.01.03.01-02-080/12 "Y. lipolytica and D. hansenii yeast, enzymes and toxin killers used
for preparation of preparations useful in industry and agrotechnics" co-financed by the European
Regional Development Fund under the Operational Program Innovative Economy 2007±2013. Project
supported by Wroclaw Centre of Biotechnology, programme The Leading National Research Centre
(KNOW) for years 2014±2018.
REFERENCES
Bateman, H.G., Hill, T.M., Aldrich, J.M., Schlotterbeck, R. L., Firkins, J. L. 2012. Meta-analysis of
the effect of initial serum protein concentration and empirical prediction model for growth of neonatal
Holstein calves through 8 weeks of age. Journal of Dairy Science, 95(1): 363±369. Available at:
http://www.sciencedirect.com/science/article/pii/S0022030211007077 [2011-12-19].
Bednarski, M., Kupczynski, R. 2015. Analysis of Acid-base Disorders in Calves With Lactic Acidosis
Using a Classic Model and Strong Ion Approach. Turkish Journal of Veterinary and Animal Sciences,
[Online], 39(5): 615±620. Available at: http://journals.tubitak.gov.tr/veterinary/issues/vet-15-39-5/vet39-5-17-1502-42.pdf. [2016-09-12].
Bednarski, M., Kupczynski R., Sobiech P. 2015. Acid-base Disorders in Calves With Chronic
Diarrhea. Polish Journal of Veterinary Sciences, [Online], 18(1): 207±215. Available at: http://pjvs.cz
asopisma.pan.pl/images/data/pjvs/wydania/No_1_2015/26-20pjvs-2015-0026.pdf. [2016-09-12].
Brown, E.G., Vandehaar, M.J., Daniels, K.M., Liesman, J.S., Chapin L.T., Keisler, D.H., Nielsen,
M.W. 2005. Effects of increasing energy and protein intake on body growth and carcass composition
of heifer calves. Journal of Dairy Science, 88(2): 585±594. Available at:
https://www.researchgate.net/profile/Michael_Vandehaar/publication/8076970_Effect_of_Increasing_
Energy_and_Protein_Intake_on_Body_Growth_and_Carcass_Composition_of_Heifer_Calves/links/5
7a3bab608ae455e853289d0.pdf [2010-03-12].
Diaz, M.C., Van Amburgh, M.E., Smith, J.M., Kelsey J.M., Hutten E.L. 2001. Composition of growth
of Holstein calves fed milk replacer from birth to 105 ± kilogram body weight. Journal of Dairy
Science, 84(4): 830±842. Available at:
http://www.sciencedirect.com/science/article/pii/S0022030201745419 [2010-04-02].
Fokkink, W.B., Hill, T.M., Bateman, H.G., Aldrich, J.M., Schlotterbeck, R.L. 2009. Selenium yeast
for dairy calf feeds. Animal Feed Science and Technology, 153(3): 228±235. Available at:
http://www.sciencedirect.com/science/article/pii/S0377840109002090 [2009-7-11].
Hammon, H.M., Steinhoff-:DJQHU-)ORU-6FK|QKXVHQ80HWJHV&&/DFWDWLRQ%LRORJ\
Symposium: role of colostrum and colostrum components on glucose metabolism in neonatal calves.
Journal of Animal Science, 91(2): 685-695. Available at:
http://www.agrilabs.com/media/documents/HDC-Resources/ColostrumGlucoseMtabolismNeonatal
Calves.pdf [2012-10-16].
Hill, T.M., Bateman, H.G., Aldrich, J.M., Schlotterbeck, R.L., Tanan, K.G. 2008. Optimal
concentrations of lysine, methionine, and threonine in milk replacers for calves less than five weeks of
age. Journal of Dairy Science. 91(6): 2433±2442. Available at:

275

November 8–9, 2017, Brno, Czech Republic

24
years

http://www.sciencedirect.com/science/article/pii/S0022030208711949 [2010-2-6].
Hill, T.M., Quigley, J.D., Bateman, H.G., Suarez-Mena, F.X., Dennis, T.S., Schlotterbeck, R.L. 2016.
Effect of milk replacer program on calf performance and digestion of nutrients in dairy calves to 4
months of age. Journal of Dairy Science. 99(10), 8103±8110. Available at:
http://www.sciencedirect.com/science/article/pii/S0022030216304945 [2016-8-4].
-HåHN - 1HPHF 0 6WDULþ - .OLQNRQ 0  $JH UHODWHG FKDQJHV DQG UHIHUHQFH LQWHUYDOV RI
haematological variables in dairy calves. Bulletin of the Veterinary Institute in Pulawy, 55: 471±478.
Available at: http://www.piwet.pulawy.pl/jvetres/images/stories/pdf/20113/20113471478.pdf
.XSF]\ĔVNL 5 %HGQDUVNL 0 ĝSLWDOQLDN . 3RJRGD-Sewerniak, K. 2017. Effects of Protein-Iron
Complex Concentrate Supplementation on Iron Metabolism, Oxidative and Immune Status in
Preweaning Calves. International Journal of Molecular Sciences, 18(7): 1501. Available at:
http://www.mdpi.com/1422-0067/18/7/1501/htm [2017-7-12].
.XSF]\ĔVNL 5 6]RáW\VLN 0 'ąEURZVND $ ĝSLWDOQLDN . %XGQ\-:DOF]DN $ %XG]LĔVND .
 2FHQD IL]MRORJLF]QD ]DVWRVRZDQLD FKHODWyZ ĪHOD]RZ\FK Z Ī\ZLHQLX ]ZLHU]ąW 3U]HP\Vá
Chemiczny, 95(8): 1607±1610.
Mohri, M., Sharifi, K., Eidi, S. 2007. Hematology and serum biochemistry of Holstein dairy calves:
Age related changes and comparison with blood composition in adults. Research in Veterinary
Science, 83: 30±39. Available at:
http://www.sciencedirect.com/science/article/pii/S0034528806002025 [2006-12-6].
1LZLĔVND, B. Bilik, K. 2012. Effect of protein and energy concentration in milk replacers on rearing
performance of heifer calves. Annals of Animal Science. 12(4): 525±537. Available at:
https://www.degruyter.com/view/j/aoas.2012.12.issue-4/v10220-012-0044-0/v10220-012-0044-0.xml
[2017-8-25].
Quigley, J.D., Bernard, J.K., Tyberendt, T.L., Martin, K.R. 1994. Intake, Growth, and Selected Blood
Parameters in Calves Fed Calf Starter via Bucket or Bottle1. Journal of Dairy Science. 77(1): 354±
357. Available at: http://www.sciencedirect.com/science/article/pii/S0022030294769629 [2010-7-4].
Quigley, J.D., Wolfe, T.A., Elsasser, T.H. 2006. Effects of additional milk replacer feeding on calf
health, growth, and selected blood metabolites in calves. Journal of Dairy Science. 89(1): 207±216.
Available at: http://www.sciencedirect.com/science/article/pii/S0022030206720859 [2010-5-5].
6XiUH]%-9DQ5HHQHQ&**HUULWV:--6WRFNKRIH19DQ9XXUHQ$0'LMNVWUD-
Effects of supplementing concentrates differing in carbohydrate composition in veal calf diets: II.
Rumen development. Journal of Dairy Science. 89(11): 4376±4386. Available at:
http://www.sciencedirect.com/science/article/pii/S0022030206724845 [2010-2-26].
6]ZDMNRZVND0:RODQFLXN$%DUáRZVND-.UyO-/LWZLĔF]XN=%RYLQHPLONSURWHLQV
DV WKH VRXUFH RI ELRDFWLYH SHSWLGHV LQIOXHQFLQJ WKH FRQVXPHUV¶ LPPXQH V\VWHP - a review. Animal
Science Papers and Reports, 29(4): 269±280. Available at:
http://www.ighz.edu.pl/uploaded/FSiBundleContentBlockBundleEntityTranslatableBlockTranslatable
FilesElement/filePath/459/strona269-280.pdf

276

November 8–9, 2017, Brno, Czech Republic

24
years

PHOSPHORUS RETENTION FROM BARLEY-TYPE DIETS
WITH DIFFERENT LEVELS OF ENDO-PHYTASE IN
BROILERS
ONDREJ STASTNIK, EVA MRKVICOVA, JIRI ZELENKA
Department of Animal Nutrition and Forage Production
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC
ondrej.stastnik@mendelu.cz
Abstract: The efficacy of low-phosphorus diets with 0.20% of available phosphorus and two levels of
phytase on growth rate, feed conversion ratio and phosphorus retention was examined in broiler chickens
using eight replicates per treatment. The diets contained 40% of spring barley with 201 or 305 phytase
activity units per kg. Chromic oxide was included in the diets as an indigestible marker. Excreta were
collected during four consecutive three-day balance periods from the 12th to the 23rd day of age. No
difference was observed for body weight gain between the dietary treatment groups but feed conversion
ratio was better (P < 0.05) when higher phytase barley was used. The contents of total phosphorus was
4.56 and 4.72 g/kg in low and high phytase diets, respectively. In spite of the higher level of
phosphorus, the coefficient of apparent phosphorus retention was higher (P < 0.01) in higher than in
lower phytase group. The retention of phosphorus increased (P < 0.01) with duration of feeding in both
low-phosphorus dietary groups.
Key Words: plant phytase, low-phosphorus diet, chicken
INTRODUCTION
Phytate, i. e. myo-inositol 1,2,3,4,5,6-hexakis dihydrogen phosphate serves as a storage form of
phosphorus (P) in plant seeds (Reddy et al. 1982). About 70% of the P in barley is bound as phytate
(Lott et al. 2000).
Phytase is a naturally occurring enzyme that can degrade phytate to yield inositol and P (Liu et
al. 1998). One unit (1 U) of phytase activity is defined as the amount of enzyme ZKLFKUHOHDVHVȝPRO
of inorganic phosphate from sodium phytate per minute at pH 5.5 and 37 oC. Feedstuffs of plant origin
contain their own endo-phytases which can hydrolyze a part of total plant phosphorus. It was
demonstrated that the plant phosphorus availability for young chicks, estimated by bone mineralisation,
was rather high (between 50 and 70%) in wheat, triticale and barley but less than 25% in corn,
leguminous grains, soya meal and rapeseed meal (Hoshii and Yoshida 1977, Sauveur 1983). Li et al.
(2001) reported that in their experiment the bioavailability of phosphorus in barley was between 28 and
49%.
Denbow et al. (1995) studied the supplements of phytase to broiler diets containing different
levels of P. They observed improved body weight gain (P < 0.01) at all P levels, but the magnitude of
response was greatest at low dietary level. Feed efficiency was unaffected by phytase addition.
The aim of the present experiment was to study the effect of a low-P barley-soyabean meal-maize
diets containing two different cultivars of barley with different content of phytase activity on growth
rate, feed efficiency and phosphorus retention in broiler chickens.
MATERIALS AND METHODS
The effects of phytase content and time of feeding upon the apparent P retention of diet were
investigated in balance experiments with chickens during the fattening from the 12 th to the 23rd day of
age.
The animal procedures were reviewed and approved by the Animal Care Committee of Ministry
of Education, Youth and Sports of the Czech Republic. The first 8 days of age chickens were fed by
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commercial starter. Eight-day-old male Ross 308 broiler chickens were distributed according to body
mass into two dietary treatments with eight replicates per treatment. There were 8 chickens per replicate
pen. The animals were kept in balance cages in an air-conditioned room. Heating and lighting
programmes were in accordance with the Ross Broiler Management Handbook (2014). The birds were
adapted to cages and experimental diets for 3 days. On day 12, four subsequent three-day balance periods
started, during which excreta were collected daily. In each period, weight gain individually and feed
consumption per pen were recorded. The coefficients of apparent P retention were estimated using the
chromic oxide indicator method.
During the whole experiment, all chickens were fed on a non-pelleted grower diet (Table 1)
containing 13.20 MJ nitrogen-corrected metabolisable energy and 210 g crude protein per kg. Except
for phosphorus, two isocaloric barley-soybean meal-maize diets (40-31-15) were formulated to be in
line with the Ross Nutrition Supplement (2009). To enable sensitive detection of changes in phosphorus
retention, the diets were calculated to contain 0.20% of available phosphorus rather than the
recommended value of 0.45%. The diets comprised 40% spring barley, either with a low (LPB) or a high
(HPB) phytase activity. The diets were supplied ad libitum.
Table 1 Composition of diet (as fed basis)
Ingredients, %
Barley
Soybean meal 48
Maize
Soybean oil
Calcium carbonate
Monocalcium phosphate
Sodium chloride
DL-Methionine 99%
L-Lysine.HCl 78% Lys
L-Threonine 98%
Supplementary premix1)
Chromic oxide
Calculated composition
AMEn (MJ/kg)
Crude protein, %
SID Lysine, %
SID Met+Cys, %
SID Threonine, %
SID Valine, %
SID Isoleucine, %
Ca, %
Available P, %

40.00
31.40
15.00
9.90
1.97
0.33
0.33
0.27
0.13
0.07
0.30
0.30
13.20
21.00
1.10
0.84
0.73
0.84
0.75
0.90
0.20

SID standardised ileal digestibility; 1)The premix
supplied (mg/kg diet): retinyl acetate 4.13;
cholecalciferol 0.128; DL-Į-tocopherol acetate
56; menadione 3; thiamine 3; riboflavin 6;
pyridoxine 4.1; hydroxycobalamine 0.015; niacin
amide 50; pantothenic acid 18; biotin 0.2; folic
acid 1.7; choline chloride 240; betaine 100;
Narasin 70; copper 17; iron 50; zinc 80;
manganese 100; iodine 1; cobalt 0.4;
molybdenum 0.5; selenium 0.3; Endo-1,3(4)-betaglucanase, Endo-1,4-beta-xylanase

The activity of barley phytase was determined according to ISO 30024:2009 (Animal feeding
stuffs ± Determination of phytase activity). The content of chromic oxide in food and freeze-dried
excreta was estimated iodometrically (Mandel et al. 1960). Phosphorus was estimated after wet
mineralization by sulphuric acid and hydrogen peroxide spectrophotometrically as vanadate yellow
using Unicam 8625 UV/VIS Spectrophotometer (LabX, Midland, ON, Canada) at a wavelength of
442 nm.
The activity of phytase in LPB was 201 U/kg, i. e. 34% lower than that in HPB (305 U/kg). The
intrinsic phytase activity in soybean meal used to prepare diets was not detected (heat treatment destroy
phytase), and in maize it was 8 U/kg. The contents of total phosphorus was 4.56 and 4.72 g/kg in LPB
and HPB diets, respectively.
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Experimental data were analyzed as a completely randomized block design using ANOVA
procedure of Statgraphics Plus package (Version 3.1, 1994). When a significant value for treatment
effect (P < 0.05) was observed, the differences between means were assessed by Tukey HSD test. The
experimental unit was a replicate pen.
RESULTS AND DISCUSSION
The average body weLJKWV PHDQVWDQGDUG HUURU RI WKH PHDQ) of HPB and LPB chickens at
11 GD\VRIDJHZHUHJDQGJUHVSHFWLYHO\,QFRQWUDVWWRWKHILQGLQJVRI'HQERZHW
al. (1995) with chickens fed on 0.26% of available P and 0 or 200 U/kg diet of added phytase in the first
3 weeks of age, in this experiment when animals were fed with LPB, weight gains were slightly lower
and the feed conversion ratio was significantly (P < 0.05) worse when compared with HPB (Table 2).
Table 2 Effect of phytase on weight gains and feed conversion ratio
Parameter
Weight gain (g)

Feed conversion ratio
a,b

Barley

11±14 d

15±17 d

18±20 d

21±23 d

11±23 d

HPB

108.4a

140.2a

159.4a

158.9a

566.8a

LPB

111.2a

132.2a

152.1a

145.5b

540.0a

HPB

1.607a

1.491a

1.555a

1.534a

1.553a

LPB

1.586a

1.578b

1.624a

1.686a

1.647b

Means of HPB and LPB not sharing a common superscript were significantly different (Tukey HSD test, P < 0.05).

Juanpere et al. (2004) used a low-P diet with untreated (191 Phytase U/kg) or autoclaved barley
in an experiment with broilers. Destruction of endogenous phytase had only a little negative influence
(P > 0.05) on the total P retention coefficient. Similar results with different intrinstic phytase activity of
cereal grains (16±99 U/kg) was reported by Leytem et al. (2008). In contrast, the effect of endogenous
phytase was significant (P < 0.05) in the present study. An average apparent phosphorus retention in the
LPB and HPB diets was 38.6% and 45.1%, respectively. In spite of slightly higher level of phosphorus
in the HPB group, the coefficient of apparent P retention was relatively 16.8% and absolutely 6.5%
higher than in the LPB group (Table 3).
Table 3 Effect of phytase on phosphorus retention
Parameter
P-retention
(% of intake)
a,b

Diet

11±14 d

15±17 d

18±20 d

21±23 d

11±23 d

HPB

37.81a

41.28a

48.98a

52.51a

45.14a

LPB

31.00b

37.97b

38.16b

47.29b

38.61b

Means of HPB and LPB not sharing a common superscript were significantly different (Tukey HSD test, P < 0.05).

The effect of duration of feeding of low-phosphorus diet on apparent phosphorus utilization was
highly significant (P < 0.01). The feeding of the low-phosphorus diet resulted in a linear increase in
P retention after equations
yHPB = 13.19 + 1.727x; R2 = 0.612
yLPB = 8.35 + 1.635x; R2 = 0.629
i. e. by 1.6±1.7% for each day. These results demonstrate that the organism adapts itself gradually to an
insufficient supply of this element.
McDowell (1992) reported that the utilisation of P could be increased through active transport. In
our previous experiment (Zelenka and Fajmonovi 2001) on chickens from 1st to 21st day of age fed a diet
with sufficient level of P, coefficients of apparent retention of P highly significantly decreased as the
phosphorus requirement decreased with increasing age. On the other hand, the utilisation of P from
a diet with a suboptimum level of P increased gradually with the time of feeding. Similarly, Olukosi et
al. (2007) found in a 21-day experiment with a diet marginally deficient in P that the apparent total tract
retention of P increased (P < 0.05) with the time of feeding as the chicks grew from 1 to 3 weeks old.
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The ability of the chicks to extract P increased by 120% from week 1 (15.7%) to 2 (35.1%) but the
increase from week 2 to 3 (48.1%) was only 40%.
CONCLUSION
In our experiment the higher level of plant endo-phytase in barley was very efficacious for
improving phosphorus utilization in fattening chickens. Retention of P from the diet with the
suboptimum level of P increased gradually with the duration of feeding.
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Abstract: The goal of the study is to monitor the biochemical parameters of energy metabolism
in goats in periparturient period and evaluating their correlation with biochemical parameters of liver
function. The study is conducted on 10 pregnant white shorthaired goats. Blood samples are collected
before parturition (3, 2 and one week), on the day of parturition (day 0) and after parturition (2nd day
and 1st, 2nd, 3rd and 4th week). In the blood samples selected biochemical parameters are analysed
(glucose ± GLU; triglycerides ± TGs; cholesterol ± CHOL; non-esterified fatty acids ± NEFA; betahydroxybutyrate ± BHB; total bilirubine ± TBIL; aspartate aminotransferase ± AST; gamma-glutamyl
transferase ± GGT). The results show that negative energy balance ± NEB (characterized by increasing
NEFA and BHB concentration and decreasing of TGs concentrations) developed in the postpartum
period. The NEB was accompanied by the alteration of liver function parameters indicated by
an increase of AST and GGT activity and TBIL concentration. The concentration of CHOL was not
significantly changed. On the day of parturition, enormous increase of glucose was followed by
a rapid decrease in the following days. The results of the correlation analysis showed a significant
correlation between the liver damage parameters (TBIL, AST, and GGT) and the parameters of energy
metabolism (TGs, NEFA, BHB) in JRDW¶V blood plasma.
Key Words: ketosis, negative energy balance, liver, peripartum period, biochemical profile
INTRODUCTION
Ketosis is an acute metabolic disorder of carbohydrates metabolism that is caused by the
inadequate intake of energy. Significant signs of ketosis are hyperketonemia, hyperketolactia,
hypoglycaemia and liver steatosis (Hofirek et al. 2009).
During the increase of milk production and reduced feeding of energy, body fat reserves are
mobilized to support milk production. Lipids are degraded into non-esterified fatty acids (NEFA) and
glycerol. The increase of these parameters show disproportion between intake and output of energy.
In normal course, glycerol is transported to the liver by the blood and reused for gluconeogenesis.
At the beginning of lipomobilisation, NEFA can be utilised for synthesis of milk fat. But most of
components of the lipids degradation go to liver, where they are metabolised on acetyl-CoA as a result
of beta oxidation. If there is a small amount of oxalacetate in hepatocytes, ketones as acetoacetate,
beta-hydroxybutyrate (BHB) and acetone are made (Murray et al. 1998). These products when
produced in excess such that organism is not able to utilise proves to be toxic. Hence it should be
possible to examine liver function by monitoring the energy metabolism parameters. The current study
aims to prove this hypothesis.
MATERIAL AND METHODS
Animals
The study was performed on white shorthaired pregnant goats (n = 10) kept at stalls in groups
with straw litter. None of these animals showed any clinical signs of illness. They were fed with
the identical ration of feed. The daily dose of feed contained 1.2 kg of meadow hay and 0.6 kg of
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supplementary diet per animal. They had ad libitum access to water and minerals in the form of salt
block. The supplementary diet was composed of barley (30%), wheat (20%), Lucerne meal (18%),
unpeeled sunflower extracted meal (10%), wheat bran (10%), corn (5%), malt sprouts (5%), dicalcium
phosphate (1.1%), sodium chloride (0.7%) and calcium carbonate (0.2%). The addition of 0.15 to
0.5 kg of oat was given to goats after kidding. The amount of kids ranged from one to three.
Clinical biochemistry
The blood samples of 10 chosen animals were collected in regular intervals for 7 weeks.
The first and last samplings were made 4 weeks before parturition and third week after parturition,
respectively. Every week the blood was collected from each. The blood was also collected on the day
of delivery. The blood was taken from vena jugularis and collected into heparinized tubes. Within
2 hours, the samples of whole blood were centrifuged at 3000 revolutions per minute for 10 minutes.
The biochemical parameters determining energy and liver metabolism (glucose ± GLU; triglycerides ±
TGs; cholesterol ± CHOL; non-esterified fatty acids ± NEFA; beta-hydroxybutyrate ± BHB; total
bilirubine ± TBIL; aspartate aminotransferase ± AST; gamma-glutamyl transferase ± GGT) were
calculated from the blood samples according to the standard biochemical sets.
Statistical analysis
Data has been processed by Microsoft Excel (USA) and Statistica version 12.0 (CZ). We used
one-way analysis (ANOVA). To ensure evidential differences Scheffeғs test was applied and P < 0.05
was regarded as statistically significant difference. The relationship of the set parameters was tested by
correlation analysis. For the relationship of values, the correlation coefficient (r) was calculated.
RESULTS AND DISCUSSION
The results of biochemical HYDOXDWLRQ RI JRDW¶V SODVPD DUH Sresented in tables 1 and 2.
The relationship between individual biochemical parameters are presented in table 3.
According to the results presented in table 1, glycaemia is relatively constant (3 weeks before
parturition (b.p.) 3.15  0.45, 2 weeks b.p. 3.13  0.44, 1 week b.p. 3.14  0.3 and 1 week after
parturition (a.p.) 2.96  0.35, 2 weeks a.p. 2.87  0.34, 3 weeks a.p. 3.38  0.46, and 4 weeks a.p. 3.32
 0.59 mmol/l). A notable peak was recorded on the day of delivery. The highest average
concentration of glucose was 12.75 mmol/l on the day of parturition and the lowest was 1.75 mmol/l
on the next day. Since the second week after parturition, glycaemia rises slowly in reference range
until the last day of the trial. Similar observations are reported in Sadjadian et al. (2013) and Manat et
al. (2016). Moreover, the level of glucose rises in organisms due to the stress of parturition 'ROHåHOet
al. 2000). Insulin is necessary for utilisation of glucose for the peripheral tissue. It stimulates enzymes
to gluconeogenesis and lipogenesis in the liver and inhibits glycogenolysis. As a consequence of that,
glycaemia is decreased whereas glucagon plays the opposite role (Reece 1998).
Table 1 Biochemical profile (mean VWDQGDUGGHYLDWLRQ) in goats (n = 10) during peripartum period ±
glucose (GLU), total bilirubine (TBIL), AST, GGT
Days
relating to
parturition
-21
-14
-7
0
+2
+7
+14
+21
+28
a, b, c

GLU
[mmol/l]
3.15
3.13
3.14
12.75
1.75
2.96
2.87
3.38
3.32











0.45
0.44
0.33
4.22
1.00
0.35
0.34
0.46
0.59

TBIL
>PROO@
a
a
a
b
a
a
a
a
a

4.79
5.33
6.42
7.17
6.03
7.66
7.76
7.89
7.91











0.82
1.13
1.10
1.06
2.35
1.20
0.88
0.90
0.78

AST
>NDWO@
b
bc
abc
ac
abc
a
a
a
a

1.45
1.38
1.39
1.33
1.95
1.89
2.04
2.18
2.16











0.22
0.19
0.19
0.24
0.25
0.30
0.32
0.32
0.35

GGT
>NDWO@
bc
b
b
b
a
ac
a
a
a

0.65
0.62
0.63
0.62
0.65
0.72
0.89
0.97
0.99











0.11
0.10
0.12
0.16
0.10
0.11
0.13
0.16
0.14

± different letter in column means statistically significant difference P > 0.05
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An alteration of the ketones (BHB) in blood after parturition was established. The average value
of BHB was observed to increase since the second week after delivery. The values progressively grew
with increasing lactation and rising negative energy balance. The highest value of BHB was noticed in
the blood sample of last day. The observed value of BHB (1.26  0.55 mmol/l) is much higher than the
reference value (under 0.6 mmol/l) (LABOKLIN 2014). According to the study of the Sannen goats
(Albay et al. 2014), the reference range of values is wider. The signs of pregnancy toxaemia are seen
in the goats with BHB concentration over 0.86 mmol/l. The animals with BHB value that is equal or
lower than mentioned number are classified as having subclinical ketosis. The lowest concentration
was recorded during parturition (0.39 mmol/l). That may be due to the highest level of glucose.
In view of ongoing lipolysis, low level of the triglycerides and high level of non-esterified fatty acids
were observed. The main three parameters that attest to lipolysis are triglycerols, ketone bodies (like
BHB) and NEFA. These represent important indicators of health condition in ruminants. The
correlation of these parameters can be seen in table 3. An increased NEFA value indicates starving,
lipolysis or disruption of liver function.
In ketones the highest significant difference was observed between the level of BHB before and
during parturition (0.44  0.12; 0.46  0.19; 0.39  0.09 mmol/l) and the last blood collection done at
the 4th week after delivery (1.26  0.55 mmol/l). NEFA are significantly lower before parturition than
during parturition and in the first week after parturition. The decrease of the NEFA values after birth is
in agreement with the report by Manat et al. (2016).
As seen in table 3, the observed values of liver enzymes (AST, GGT) and the level of total
bilirubine (TBIL) testify presence of liver damage. With increasing level of NEFA and BHB (the signs
of lipolysis and follow-up ketosis) liver damage rises too. That is seen with increasing level of TBIL,
AST and GGT. On the other hand the level of triglycerides goes down. Bilirubine concentration was
observed to increase almost for whole duration of the trial. At the beginning of the experiment it was
on the top of the references. Since the second week the level of bilirubine is over reference value with
the positive trend. Liver enzymes like AST and GGT rises in the postpartum period. The highest
concentrations of these parameters are noticed in the 2nd, 3rd and 4th week after delivery.
The level of triglycerides (TGs) is mildly rising to the parturition (0.53  0.25, 0.63  0.20 and
0.74  0.25 mmol/l). On the day of delivery there is rapid decrease in TGs level (from the value 0.74 
0.25 to 0.17  0.11 mmol/l). As it can be seen, the observed TAG levels are over the reference values
in the prepartum blood samples. After the parturition, the values rapidly dropped under the influence
of lipolysis due to supply of energy for milk synthesis. This is different than the observations of Manat
et al. (2016), where a mild decline of TGs was reported, however with levels over the reference value
too.
Table 2 Biochemical profile (mean standard deviation) in goats (n = 10) during peripartum period triglycerides (TGs), cholesterol (CHOL), non-esterified fatty acids (NEFA), beta-hydroxybutyrate
(BHB)
Days
TGs
CHOL
NEFA
BHB
relating to
[mmol/l]
[mmol/l]
[mmol/l]
[mmol/l]
parturition
- 21
0.53  0.25 b
2.11  0.34 a
0.21  0.07 a
0.44  0.12 a
b
a
a
-14
0.63  0.20
2.14  0.25
0.11  0.03
0.46  0.19 a
b
a
a
-7
0.74  0.25
2.02  0.20
0.16  0.09
0.54  0.16 ab
0
0.17  0.11 a
1.91  0.27 a
0.94  0.25 b
0.39  0.09 a
a
a
ab
+2
0.16  0.17
1.85  0.27
0.59  0.16
0.53  0.18 ab
a
a
b
+7
0.16  0.06
2.18  0.27
0.91  1.03
0.51  0.26 ab
a
a
ab
+14
0.19  0.06
2.12  0.32
0.40  0.16
1.14  0.59 bc
a
a
ab
+21
0.20  0.12
2.32  0.36
0.45  0.33
1.15  0.59 bc
a
a
ab
+28
0.12  0.04
2.44  0.55
0.34  0.15
1.26  0.55 c
a, b, c

- different letter in column means statistically significant difference P > 0.05

Cholesterol levels in prepartum period were at the bottom of reference value with a negative
trend to the delivery. The lowest level of cholesterol was measured on the 3rd day of the kidding
(1.85 mmol/l). Afterwards the levels of cholesterol increase with the highest value in the 3rd week after
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parturition (2.44 mmol/l). This is in agreement with results of Sadjadian et al. (2013). The low level
cholesterol during the last week of pregnancy can be explained with need of the foetus and also the
utilisation of cholesterol for the synthesis of steroid hormones.
Table 3 Correlation (r) in all blood samples (n = 90)
Correlation GLU
GLU
TBIL
AST
GGT
TGs
CHOL
NEFA
BHB

TBL

AST

GGT

TGs

0.06 -0.36** -0.10
-0.14
0.61** 0.45** -0.46**
0.51** -0.47**
-0.31**

CHOL

NEFA

BHB

-0.06
0.27**
0.37**
0.14
-0.04

0.25*
0.42**
0.25*
-0.02
-0.36**
0.01

-0.18
0.39**
0.45**
0.67**
-0.25*
0.16
-0.15

*P < 0.05; **P < 0.01

CONCLUSION
The results of this research testify that a development of negative energy balance commenced in
goats in postpartum period. This was accompanied by weight loss and production of keton bodies.
Ketosis development was also followed by increasing liver enzyme activity and concentration of total
bilirubine. The research also proves the existence of correlation between ketosis and lipomobilisation
in goats and liver cell damage. These biochemical parameters imply that they are suitable for
monitoring of energy metabolism as well as diagnosis of liver damage. However, no significant
influence of negative energy balance on glucose concentration is observed. Hyperglycaemia on the
day of parturition is related to stress load which is a consequence of parturition.
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Abstract: The aim of the experiment was to determine the influence of different forms of selenium
(sodium selenite, selenium nanoparticles) on the antioxidant status of laboratory rats. The male of
Wistar albino rats strain were sorted into 4 groups. The first group (n = 5) served as control with no
selenium (Se) administration. The second group was fed with mixture containing 1.2 mg/kg/diet of
sodium selenite (Na2SeO3). The third (n = 5) and the fourth group (n = 5) were fed with different
forms of selenium nanoparticles containing 1.2 mg Se/kg/diet. Selenium nanoparticles were modified
by poly(vinylalcohol) (PVA 49 kDa, PVA 100 kDa). After 30 days of experiment, the rats were
slaughtered and the total content of selenium in liver and blood tissue and also changes in
concentration of reduced (GSH) and oxidized (GSSG) form of glutathione were measured. In liver
samples, a statistically significant increase in the amount of selenium was found only in the Na2SeO3
group (by 59%), although the increase occurred in all of the experimental groups. In the blood, the
amount of selenium increased for Na2SeO3 and Se-100. These results were statistically significant.
GSH and GSSG were statistically significant only in blood samples where GSH was decreased in all
the experimental groups (Na2SeO3 by 60%, Se-49 by 56%, Se-100 by 83%) and increased only in the
Na2SeO3 group (by 96%).
Key Words: rats, nanoparticles, liver, blood, antioxidant status
INTRODUCTION
Selenium (Se) is an essential microelement influencing the state of health of animals, humans
and plants and is used in the prevention and treatment of the disease (Klusonova et al. 2015). It is part
of the antioxidant defense system of the liver and is important as protection against oxidative stress
during which cells and tissues may suffer damage (Fernandez et al. 2008, Horky et al. 2014, Zhai et al.
2017). Epidemiological and laboratory studies observed an inverse relationship between Se status and
the incidence of various disease. This has led to the hypothesis that Se supplementation may be useful
in the prevention of disease (Weekly et al. 2013). However, the narrow range between the effective
and toxic dose limits its use (Zhai et al. 2017). The concentration of Se in plants is dependent from its
content in the soil. In European Union the Se content is relatively low, therefore it is necessary to
supplement it into the diet of farm animals. (Horky et al. 2014, Kursa et al. 2010, Polakova 2010).
Selenium in organic form is poorly soluble in water and easily converts to a grey analoque that
is thermodynamically stable but biologically inert. By increasing the specific surface area and
reducing size by appropriate nanotechnology, the solubility of an insoluble substance can be greatly
improved (Zhai et al. 2017). By transforming the material into a nanomaterial, there changes in its
chemical and biological properties and catalytic activity. Selenium nanoparticles are referred to as
compounds with excellent antioxidant properties and lower toxicity compared to other selenospecies
(Estevez et al. 2014). It should be noted that informations on the action of nanoparticles in the
antioxidant system are still incomplete, especially the relationships between the microstructures and
biological activities of whole system in vitro and in vivo (Zhai et al. 2017).
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MATERIAL AND METHOD
Animals
The feeding experiment was carried out in the experimental facility of Department of Animal
Nutrition and Forage Production of Mendel University in Brno, in accordance with the act on the
protection of animals against cruelty No. 246/1992 Coll. Throughout the whole experiment,
microclimatic conditions were measured and controlled at 23 &DWconstant humidity of 60%. The
light regime was maintained at 12 hour of light and 12 hours of darkness with a maximum
illumination of 200 lx.
Laboratory rats of the outbreed strain Wistar albino were selected as model animals in number
of 20 pieces with an DYHUDJH LQLWLDO ZHLJKW RI    J 7KH UDWV were divided into 4 groups of 5
pieces. The first group was a control with no addition of selenium in their feed. The second group was
supplemented with selenium in the form of Na2SeO3 at a dose of 1.2 mg/kg/diet. The third and fourth
group were fed with selenium in form of Se-49 and Se-100 nanoparticles at a dose of 1.2 mg/kg/diet.
All groups were fed with monodiet containing 0.03 mg Se/kg/diet. The experiment duration was 30
days. The animals had an access to feed and drinking water ad libitum. At the end of the experiment,
the animals were sacrificed and samples of blood and liver were collected and subjected to
biochemical analyses. Reduced and oxidized glutathione was determined using high performance
liquid chromatography with electrochemical detection (HPLC-ED) and total content of selenium was
measured by atomic absorption spectrometry (AAS).
Preparation of selenium nanoparticles
Se-49
Poly(vinyl alcohol) (PVA 49 kDa) (0.19 g) was added to a solution of 1.88 ml Na2SeO3 ×5H2O
(2.63 g/50 ml) in water (80 ml). Cysteine (9 mg/1 ml) was added with mixing and left for 2 h. The
colour turned to light orange and water was added to final 100 ml volume.
Se-100
The preparation was the same as in previous case, only Poly(vinyl alcohol) (PVA 100 kDa) was used.
Undissolved PVA was filtered off. After addition of cysteine, the colour turned to orange and water
was added to 100 ml.
Preparation of samples for HPLC analysis
Liver: Two grams of samples from each variant were homogenized in a fritted bowl with the addition
of liquid nitrogen and 1.5 ml of water. After homogenization, each sample was sonicated using an
ultrasound needle for 2 minutes, shaken for 10 minutes, and centrifuged for 20 minutes at 25 000 g
DQG DW  &  ȝO RI VXSHUQDWDQW ZDV WDNHQ IURP HDFK VDPSOH DQG PL[HG ZLWK  ȝO RI 
trifluoroacetic acid and centrifuged again for 20 minutes at 25  J DQG  & $IWHU WKH
centrifugation, the supernatant was taken and analyzed by HPLC.
Blood: 6DPSOHSURFHVVLQJZDVSHUIRUPHGE\SLSHWWLQJȝORIVDPSOHIURPHDFKYDULDQWSODFLQJLW
LQWR OLTXLG QLWURJHQ IRU  PLQXWHV DQG DGGLQJ  ȝO RI ZDWHU (DFK VDPSOH ZDV VRQLFDWHG ZLWK DQ
ultrasound needle for 2 minutes, shaken for 1 minute, and centrifuged for 20 minutes at 25 000g and at
&ȝORIVXSHUQDWDQWZDVWDNHQIURPHDFKVDPSOHDQGPL[HGZLWKȝORIWULIOXRURDFHWLF
acid. The samples were again centrifuged for 20 minutes at 25 JDQG&$IWHUFHQtrifugation, the
supernatant was analyzed by HPLC.
Preparation of samples for AAS analysis
Samples of liver weighting 0.3 g and samples of blood weighting 0.5 g were disintegrated by
dry method in a muffle furnace (LAC, Czech Rep.) and mineralized in 2.5 ml concentrated nitric acid
Suprapure.
Determination of reduced and oxidized glutathione
The chromatographic system consisted of two solvent delivery pumps operating in the range of
0.001±9.999 ml/min (Model 582 ESA Inc., Chelmsford, MA, USA), Zorbax HFOLSVH$$$& î
  P SDUWLFOH VL]H $JLOHQW 7HFKQRORJLHV 6DQWD &ODUD &$ 86$  DQG D &RXO$UUD\
electrochemical detector (Model 5600A, ESA). The electrochemical detector includes three flow cells
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(Model 6210, ESA). Each cell consists of four working carbon porous electrodes, each one with
auxiliary and dry Pd/H2 reference electrodes 7KH VDPSOH  ȝO  ZDV LQMHFWHG using autosampler
0RGHO+3/&(6$ 6DPSOHVZHUHNHSWLQWKHFDURXVHODW&GXULQJWKHDQDO\VLV7KHFROXPQ
was thermostatHG DW  & 0RELOH SKDVH FRQVLVWHG RI  P0 7)$ $  DQG PHWKDQRO %  7KH
compounds of interest were separated by the foOORZLQJOLQHDUJUDGLHQWĺPLQ % ĺ
PLQ % ĺPLQ % ĺPLQ % 0RELOHSKDVHIORZUDWHZDV of 1 ml/min,
working electrode potential 900 mV. Time of analysis was 31 min (Kominkova et al. 2015).
Determination of selenium by atomic absorption spectrometry
Selenium was determined on 280Z Agilent Technologies atomic absorption spectrometer
(Agilent, USA) with electrothermal atomization. Selenium ultrasensitive hollow cathode lamp
(Agilent) was used as the radiation source (lamp current 10 mA). The spectrometer was operated at
QPUHVRQDQFHOLQHZLWKVSHFWUDOEDQGZLGWKRIQP7KHVDPSOHYROXPHOZDVLQMHFWHG
into the graphite tube. The flow of argon inert gas was 300 ml/min. Zeeman background correction
was used with field strength 0.8 Tesla. Selenium was determined in the presence of palladium
chemical modifier.
Statistics
The data were processed statistically using STATISTICA.CZ, version 10.0. Results were
H[SUHVVHGDVPHDQIURPPHDVXUHPHQWVVWDQGDUGGHYLDWLRQ6WDWLVWLFDOVLJQLILFDQFHZDVGHWHUPLQHG
by examining the basic differences among groups XVLQJ$129$DQG6FKHIIp¶VWHVW for the parameters
GSH; GSSG; Se. Differences with P < 0.05 were considered significant.
RESULTS AND DISCUSSION
In the experiment the effect of two forms of selenium (Na2SeO3, Se NPs), included in the feed
ration for rats on the antioxidant status of organism was monitoring. In blood and liver samples the
total selenium level was determined. Another measured value was concentration of glutathione as one
of the markers of oxidative stress in the body.
The level of selenium in liver was increased in all experimental groups compared with control
(Figure 1A). For the Na2SeO3 group, the increase (by 59%, P < 0.05) was statistically significant. In
the blood samples increasing amount of selenium was measured, especially in the Na2SeO3 group,
where the level was nearly twice as high, and in the Se-100 group, which increased by 68% (P < 0.05)
(Figure 1B). Both of these differences showed statistical significance. These results are in agreement
with results of Horky et al. (2016) and show that the addition of selenium to the feed dose has an
effect on increasing the amount of selenium in the liver and blood tissues.
Figure 1 Influence of sodium selenite and selenium nanoparticles on selenium concentration in (A)
liver, (B) blood
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The level of GSH and GSSG is a parameter which has a direct correlation with selenium and
indicates antioxidant potential of organism. In the Figure 2A are shown a concentrations of GSH and
GSSG in liver. No statistically significant difference were detected. The GSH level was almost equal
for all groups and the GSSG showed a slight decrease in groups with selenium nanoparticles (Se-49,
Se-100). The concentration of GSH and GSSG in blood is shown in the Figure 2B. The significant
decrease of GSH was observed in all experimental groups (Na2SeO3 by 60%, Se-49 by 56%, Se-100
by 83%, P < 0.05). On the other hand the increase of GSSG by 96% (P < 0.05) in the Na2SeO3 group
with statistical significance was measured. Kominkova et al. (2015) states that the optimum ratio of
GSH and GSSG is 90 : 10. The results of our experiment were in contradiction with the results of
Horky et al. (2016), which was probably caused due to the intentional use of higher selenium doses
and stress.
Figure 2 Influence of sodium selenite and selenium nanoparticles on GSH and GSSG concentration in
(A) liver, (B) blood

CONCLUSION
The experiment was focused on the influence on selenium nanoparticles and sodium selenite on
the antioxidant status of animals. Total content of selenium and the concentration of reduced and
oxidized glutathione in a liver and blood was observed. Both forms of selenium had the effect of the
level of monitored indicators. The concentration of selenium was increased in liver and also in blood
compared with the control group. The results shows that selenium nanoparticles may be an alternative
to dietary selenium for organism. However, it would be advisable to test these sources of selenium
even at lower concentrations in order to avoid potential toxicity.
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Abstract: The aim of the experiment was to determine the effect of zinc nanoparticles (Zn NPs) on the
antioxidant status of rats. The male of outbred Wistar albino rats were used in this experiment. The
rats were divided into four groups. In each of group were stabled 5 males. The first group (Control) of
rats served as control one without zinc administration. The second group (Zn-Phe) and the third group
(Zn-Tyr) were administrated by zinc nanoparticles. In the fourth group of rats zinc oxide (ZnO) was
dosed. After 30 days of the experiment, rats were sacrificed and the samples of blood and liver were
analysed. Reduced (GSH) and oxidized (GSSG) form of glutathione was determined using high
performance liquid chromatography with electrochemical detection (HPLC-ED) and total content of
zinc was determined by atomic absorption spectrometry (AAS). In the analysis of liver, decrease of
GSSG in all groups was observed. Statistically significant was decrease by 54% (P < 0.05) for ZnO
group compared with control. The level of GSSG and total content of zinc in liver was without
significant difference. In the whole blood, a significant decrease of GSH by 94% in the ZnO and by
65% in the Zn-Phe group was observed, compared with control group. The level of GSSG and total
content of zinc in blood was without significant difference.
Key words: zinc, antioxidant status, rats, blood, liver
INTRODUCTION
Zinc (Zn) is an important essential trace mineral found in numerous enzymes, structural
proteins, transcriptions factors and ribosomal proteins. It is involved in many physiological processes
such as protein synthesis, carbohydrate metabolism and other biological reactions, which affects
cellular functions (Zhao et al. 2016). Zinc deficiency is considered to cause an increased oxidative
stress that leads to damage of biomolecules including DNA (Stenclova et al. 2016). The most often
source of zinc is zinc oxide (ZnO). Due to its wide application, in cosmetics (UV-protection in
sunscreens), in paints or as anticorrosive, antibacterial and antifungal agents, further increase of Zn
nanoparticles use can be anticipated (Vankova et al. 2016).
Compared with ZnO, Zn NPs has a stronger chemical activity, oxidation reactions and the
permeability on Zn NPs can help avoid adverse gastrointestinal reactions (Zhao et al. 2014). It may be
used at lower doses in animal feed to provide better results than conventional Zn sources (Swain et al.
2016). Due to their small size, Zn NPs are readily absorbed and easily cross biological barriers, which
make them promising candidates as diet additives. However, some studies have reported that Zn NPs
cause toxicity, therefore, their safety and potency as diet additives for farm animals should be
established (Zhao et al. 2016).
MATERIAL AND METHODS
Animals
The experiment was carried out in experimental facility on the Department of Animal Nutrition
and Forage Production, Faculty of AgriSciences Mendel University in Brno. All tests were done in
accordance with the act to protect animals against cruelty (No. 246/1992). Microclimatic conditions in
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laboratory limited by temperature were measured using DATALOGER S 3120 (Comet system, Czech
5HSXEOLF 7KHWHPSHUDWXUHZDVNHSWDW &7Ke same device was used for the monitoring of
constant humidity. The air conditioning unit was set at a level of 60%. The photoperiod was driven
according to scheme: 12 h per day and 12 h per night with maximal intensity 200 lx. The male of
outbred Wistar albino rats strain were used in this experiment. The average weight of each animal was
 g.
The experimental animals were stabled on plastic cages with grates. The rats had free access to
food and water ad libitum. The rats were sorted out to four groups. In each group were stabled
5 males. The first group (Control) of rats served as control one without zinc administration. The
second group (Zn-Phe) and the third group (Zn-Tyr) were administrated by zinc nanoparticles
(200 mg/kg of diet). In the fourth group of rats, ZnO (200 mg of zinc/kg of diet) was dosed. All groups
were fed with monodiet (kibbled wheat) containing 32.2 mg of zinc per kg of body weight per day.
The rats were sacrificed after 30 days of the experiment. The samples of whole blood and liver were
obtained from animals and immediately subjected to the appropriate sampling analysis.
Preparation of liver and blood samples
Liver: A sample (2 g of liver, fresh weight) was deeply frozen by liquid nitrogen and 1.5 ml water.
After that, sample was homogenized and vortexed for 10 min and centrifuged at 16 400 rpm (20 min,
& $YROXPHRIORIVXSHUQDWDQWZDVWDNHQDQGPL[HGZLWKORI% trifluoroacetic acid
(TFA). Subsequently the sample was centrifuged (20 min, 16 400 USPC). Supernatant was used
for analysis.
Blood: $ VDPSOH  O RI EORRG IUHVK ZHLJKW  ZDV GHHSO\ IUR]HQ E\ Oiquid nitrogen and 500 ml
water. Sample was vortexed for 1 min and centriIXJHGDWUSP PLQC). A volume of 200
O ZDV WDNHQ DQG PL[HG ZLWK  O RI % trifluoroacetic acid (TFA). After that, samples were
centULIXJHG PLQUSPC). Supernatant was used for analysis. Samples were stored on the
ice all the time.
Determination of reduced and oxidized glutathione
Reduced and oxidized glutathione was determined using high performance liquid
chromatography with electrochemical detection (HPLC-ED). The chromatographic system consisted
of two solvent delivery pumps operating in the range of 0.001±9.999 ml/min (Model 582 ESA Inc.,
&KHOPVIRUG 0$ 86$  =RUED[ HFOLSVH $$$ &  î   P SDUWLFOH VL]H $JLOHQW
Technologies, Santa Clara, CA, USA) and a CoulArray electrochemical detector (Model 5600A,
ESA). The electrochemical detector includes three flow cells (Model 6210, ESA). Each cell consists of
four working carbon porous electrodes, each one with auxiliary and dry Pd/H2 reference electrodes.
%RWK WKH GHWHFWRU DQG WKH UHDFWLRQ FRLOFROXPQ ZHUH WKHUPRVWDWHG 7KH VDPSOH  ȝO  ZDV LQMHFWHG
using autoVDPSOHU 0RGHO  +3/& (6$  6DPSOHV ZHUH NHSW LQ WKH FDURXVHO DW  & GXULQJ WKH
DQDO\VLV 7KH FROXPQ ZDV WKHUPRVWDWHG DW  & 0RELOH SKDVH FRQVLVWHG RI  P0 7)$ $  DQG
methanol (B). The compounds of interest were separated by the following linear gUDGLHQWĺ
min (4% B), 14.ĺPLQ % ĺPLQ % ĺPLQ % 0RELOHSKDVHIORZ
rate was of 1 ml/min, working electrode potential 900 mV. Time of analysis was 31 min (KomiQNRYi
et al. 2015).
Determination of zinc
$  O RI Elood were pipetted into digestion vials and 10 mg of homogenized liver were
weighed into digestion vials. Nitric acid suprapure and hydrogen peroxide (30%) were used as
GLJHVWLRQPL[WXUH$ORIYROXPHRIGLJHVWLRQPL[WXUHZDVXVHG O+123 and 20O+2O2).
The samples were digested by Microwave 3000 (Anton Paar GmbH, Austria) rotor MG-65.
Microwave power was 100 W in the main part of WKH SURJUDPV IRU  PLQ  C). Zinc was
determined by ContrAA 700 (Analytik Jena, Germany) atomic absorption spectrometer for flame and
hydride technique. The spectrometer was operated at 213.83 nm resonance line (Horky et al. 2016,
Horky et al. 2013).
Statistic
The data were processed statistically using STATISTICA.CZ, version 10.0 (Czech Republic).
Significance was determined by examining the basic differences among groups using ANOVA and
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6FKHIIp¶V WHVW for the parameters GSH; GSSG; Zn. Differences with P < 0.05 were considered
significant.
RESULTS AND DISCUSSION
In the experiment, the influence of different forms of zinc (ZnO, Zn-Phe NPs, Zn-Tyr NPs) on
the antioxidant status of rats was observed. Samples of whole blood and liver were analysed. The first
observed parameter was the total level of zinc. No statistical significant differences were detected. In
the liver, concentration of zinc was similar in all groups (Figure 1A). In the whole blood, there was
increase by 21% in ZnO group and both groups with Zn NPs were decreased compared with control
group (Figure 1B). The results of liver samples are in agreement with Horky et al. (2016) and
SWHQFORYiHWDO  EXWLQWKHLUH[SHULPHQWVWKHFRQWHQWRI]LQFLQEORRGZDVGHFUHDVHGLQJURXSV
with Zn NPs. This could be caused by the use of different zinc modifications and shorter time of
experiment.
Figure 1 The influence of Zn nanocomplexes in (A) liver, (B) blood on zinc concentration.

Another parameter, which indicates the antioxidant potential of the organism, was level of GSH
and GSSG. In the liver a significant increase in the GSH level by 3% (P < 0.05) was found in the ZnPhe group compared with control. In the case of GSSG, decrease by 54% in ZnO group with
significant evidence was observed. On the other hand a decrease was observed for all experimental
groups (Figure 2A).
Figure 2 The influence of Zn nanocomplexes in (A) liver, (B) blood on the level of reduced (GSH) and
oxidized (GSSG) form.

In the analyses of whole blood, a significant decrease of GSH was measured in the ZnO group
(by 94%, P < 0.05) and Zn-Phe group (by 65%, P < 0.05) compared with control. Lower level of GSH
was also observed in the Zn-Tyr group (by 41%) but without statistical significance. The whole blood
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samples showed increase in the GSSG concentration but not statistically significant (Figure 2B).
KominkoviHWDO  LQGLFDWHVWKHRSWLPDO*6+ : GSSG ratio is 90 : 10%. In our experiment, in
liver, increase of GSH and decrease of GSSG in both groups with zinc nanoparticles was measured.
CONCLUSION
The experiment was focused on the use of zinc nanoparticles and zinc oxide in the diet of rats.
The antioxidant status was observed by GSH and GSSG determination. Both forms of zinc had the
effect on the level of reduced and oxidized glutathione in a whole blood and the liver. The total level
of zinc was decreased in liver and also blood samples, but without significant difference.
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Abstract: The aim of this study was to determinate the effect of high barn temperature on animal
behaviour in Holstein dairy cows. The experiment was conducted on UniversiW\ VIDUPLQäDEþLFHIURP
27th June to 27th -XO\DWDQDYHUDJHRXWVLGHDLUWHPSHUDWXUHRI&DQG &WHPSHUDWXUH
inside the barn. Two groups of dairy cows (72 animals each group) were included in the experiment.
Dairy cows were housed in free stall bedded barn. Ethological manifestations (presence of dairy cows
inside the stall ± lying down or standing, presence of dairy cows outside the stall ± in corridor or in
feeding area) were recorded for each group three times a day (in the morning, at the noon, before leaving
for the parlor), two consecutive days a week. The bioclimatic parameters were measured concurrently ±
outside and inside the barn (in the living area of both groups). Monitored dairy cows were fed during
the entire monitoring period identical TMR. Results of our study demonstrated the effect of high barn
temperature on dairy cows behaviour. Overall, dairy cows were standing more than lying down, by 4%.
However, while sections 1 and 9 did not have a more significant impact on ethological manifestations
of dairy cows (dairy cows in both section acted the same way ± they were lying down more than
standing, except for slight variations), we found out significant differences in dairy cows behaviour in
assessing the preferences of the individual rows of stalls. The highest number of dairy cows were in the
middle row (B) compared to the row A (row closer to the feeding area) and the row C (row at the
perimeter wall). Nevertheless, the proportion of individual dairy cow ethological manifestations in the
individual rows (A, B, C) was comparable.
Key Words: barn temperature, behaviour, dairy cows, heat stress, Holstein
INTRODUCTION
Nowadays, when the prognoses of constant global warming are not very positive, it can be
assumed that the heat stress in livestock will be an increasing problem that farmers will have to deal
wiWKHYHQPRUHLQWHQVHO\ 'ROHåDO 2010). According to the latest findings, the thermoneutral zone of
dairy cows ranges from 0 to 20 & 3UêPDV 2006), but as soon as the temperature exceeds 20 &GDLU\
cows begin to show symptoms of heat sWUHVV 3UêPDV0LFKDO). Such symptoms can be, for
example, reduced fHHGLQWDNH 1RYiNDQG5RåQRYVNê 2008), reduced rumination (Colturato 2012) and,
among other things, searching for places with greater air flow, UHGXFHGO\LQJLQER[HV .DGHþND 2012)
and especially reduced time spent lying down ('ROHåDO 2010). The exact value of thermoneutral zone
cannot be said, because it always depends on the actual performance of dairy cow, their individuality,
health status and also values of other microclimatic parameters ± relative air humidity, cooling velocity,
airfloZYHORFLW\DQGRWKHUV =HMGRYi2014). Cattle farmers are more and more aware of the fact that heat
stress caused by high ambient temperatures is one of the mojer factors influencing the economics of
their farm, however, despite a great deal of information on the negative impact of heat stress, the choice
of a suitable method of protection against the heat stress is still a big problem 'ROHåDO   ,W V
important to realize that while the effect of high temperature on reproduction and production indicators
shows up with certain time offset, the effect of heat stress on overall cow behaviour can be seen in very
short time.

294

November 8–9, 2017, Brno, Czech Republic

24
years

MATERIAL AND METHODS
For the purposes of this experiment, ethological monitoring of high producing Holstein dairy
cows was carried out form 27th June to 27th -XO\RQWKH8QLYHUVLW\ VIDUPLQäDEþLFH7ZRJURXSVRI
dairy cows were included in the experiment (72 animals each group). Ethological manifestations
(presence of dairy cows inside the stall ± lying down or standing, presence of dairy cows outside the
stall ± in corridor or in feeding area) were recorded for each group three times a day (in the morning, at
the noon, before leaving for the parlor), two consecutive days a week. The bioclimatic parameters were
measured concurrently ± outside and inside the barn (in the living area of both groups). Specifically,
these were the parametersDLUWHPSHUDWXUH & UHIULJHUDWLRQTXDQWLW\ W/m2), air flow (m/s) and light
intensity (lx). Monitored dairy cows were fed during the entire monitoring period identical TMR. Dairy
cows were housed in free stall barn with three rows of boxes ± A (close to the feeding area), B (in the
middle), C (at the perimeter wall). All bioclimatic parameters were always measured on the day of
observation, three times a day, concurrently with the recording of the ethological manifestation. The
results of the ethological monitoring were processed by common mathematical and statistical methods.
RESULTS AND DISCUSSION
The influence of bioclimatic parameters on the behaviour of dairy cows is shown in Table 1. The
WDEOHVKRZVWKDWWKHDYHUDJHEDUQWHPSHUDWXUHZDV&ZKHUHLQWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQ
the sections not being demonstrated. Other bioclimatic parameters in the barn had values: air flow 0.7
(m/s), wherein the difference between sections 1 and 9 being 0.2 (m/s), light intensity 2811 (lx) with
difference between sections of 52 (lx) and refrigerating quantity 75.2 (W/m2), difference between
sections being 10.2 (W/m2). Overall number of standing cows was 52%. As for lying cows it was 48%.
The difference between the number of standing and lying cows in the sections is, except for negligible
variations (1%), the same as the difference between the number of standing and lying cows in the barn.
Table 1 The effect of bioclimatic parameters on behaviour in dairy cows
ݔҧ
Bioclimatic parameters
7HPSHUDWXUH &
Air flow (m/s)
Light intenzity (lx)
Refrigerating quantity (W/m2)

Outdoor

In the stall

25.9
1.0
39046
73.5

25.5
0.7
2811
75.2

Section
1
25.3
1.0
1598
70.2

Difference
1x9
0
0.2
52
10.2

9
25.3
0.8
1650
80.4

ݔҧ (%)
Etological parameters
Standing cows ± total number
Lying cows ± total number
6WDQGLQJLying cows


In the stall
52
48
100

1
53
47
100

9
53
47
100

Cows in the box
Cows in the box ± standing
Cows in the box ± lying

68
20
48

68
20
48

67
20
47

Cows outside the box
Cows in the corridor
Cows in the trought
&RZVLQoutside the box

32
15
17
100

32
16
16
100

33
15
18
100

Section
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7KLVIDFWLVEHLQJFRQILUPHGE\ 'ROHåDO=HMGRYi 7KHGLIIHUHQFHEHWZHHQWKHVHFWLRQVLQ
the case of standing and lying did not uccur, which could be assumed with the same average
temperatures in sections 1 and 9. Both overall and also in each section (1 and 9), dairy cows were more
inside the box than outside (in the corridor or in the feeding area) and they were lying down more than
VWDQGLQJGHVSLWHWKHIDFWWKDWWKHDLUWHPSHUDWXUHZDVKLJK$FFRUGLQJWR'ROHåDO  DQG=HMGRYi
(2014), dairy cows should be standing more than being inside the box in these conditions. However this
barn was enriched with the fans and thanks to this it can be assumed that dairy cows were cooled better
and therefore they were more iQVLGHWKHER[DQGO\LQJGRZQPRUH 0LFKDO.DGHþND 
In Table 2 the preference of row of box in dairy cows for the whole barn is displayed. In Table 3
the preference of row of box in dairy cows is displayed for each section (1, 9). In both tables we can see
that in all three rows dairy cows were lying more than standing despite the high average temperature in
EDUQ & DQGLQVHFWLRQV & (YHQLQWKLVFDVHZHPXVWQRWIRUJHWWKHDIRUHPHQWLRQHGIDFWV
that the barn has been enriched with fans, so it can be assumed that dairy cows were cooled better and
WKDQNVWRWKLVWKH\ZHUHO\LQJGRZQPRUH7KLVLVEHLQJFRQILUPHGE\WKHILQGLQJRI.DGHþND  
0LFKDO  .LF  .QtåNRYiHWDO  )URPWKHWDEOHLWLVFOHDUWKDWLQWKe context of the
preference of each row of boxes in dairy cows, they generally preferred boxes of B ± row. As mentioned
several times, barn was equipped with fans. These fans were situated above the B ± row of boxes and
therefore it can be assumed that the largest air flow was there and therefore dairy cows in that area were
FRROHGWKHEHVW7KLVLVDOVRFRQILUPHGE\0LFKDO  .DGHþND  =HMGRYi  'ROHåDO
 1RYiNDQG5RåQRYVNê  &KORXSHNDQG6XFKê  
Table 2 Preference of line of box in dairy cows ± in the stall
ݔҧ (%)
Line of box

Cows - total
number

A
B
C


30
43
27
100

Standing cows

Lying cows



30
29
28

70
71
72

100
100
100

Table 3 Preference of line of box in dairy cows ± in the section
ݔҧ (%)
Section

1

9

Line of box

Cows - total
number

Standing
cows

Lying
cows



A
B
C

A
B
C


30
44
26
100
31
42
27
100

30
31
31

70
69
69

100
100
100

31
30
27

69
70
73

100
100
100

CONCLUSION
From the results of our research it can be stated that the influence of high barn temperature on the
behaviour of dairy cows was proved. In this barn, which has been enriched with fans, dairy cows were
standing (52%) more than lying (48%). When comparing the preference of individual row of boxes,
both in the whole barn and in sections (1, 9), it was found that dairy cows preferred the B ± row the
most. For the whole barn it was 43% in the B ± row, compared to 30% in the A ± row and 27% in the
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C ± row. In section 1 the preference in dairy cows was 44% in the B ± row, 30% in the A ± row and
26% in the C ± row. In section 9 compared to section 1 the values between the individual rows were
only slightly different. This was in the B ± row by 2%, in the A ± row by 1% and in the C ± row also by
1%.
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Abstract: The aim of this study was to evaluated addition of herbal extracts on performance, quality of
meat and blood parameters in broilers affected by heat stress. Both sexes (135 broilers) of COBB 500
hybrids, were used in the experiment. Broilers were divided into two groups with six replications;
control group (CG) and experimental group (EG). Both groups were fed the same diets till 28 days of
age. From this age CG fed control diet and EG fed the same diet only supplemented with 0.1% herbal
additive based on Baical Skullcap root (Scutellaria baicalensis L.) containing glycoside baicalin. Both
groups were fed ad libitum. At the age 30 days temperature was increased to 27 & and kept the same
till the end of experiment at 34 days of age. Live body gain and live body weight were higher in EG, but
the difference were no significant. Feed conversion ratio was better in EG, but there was no significant
difference between the groups and feed intake was almost the same in both groups. Weight of abdominal
fat, liver, bursa fabricii and spleen was the same in both groups. Weight of heart was significantly higher
in EG (P < 0.05). pH of meat after 1 hour and 24 hours after slaughter were almost the same in both
groups. Drip loss was slightly higher in EG. Blood parameters such as alkaline phosphatase, alanine
transaminase, aspartate transaminase, glucose, gamma-glutamyl transpeptidase, glutathion peroxidase
and concentration of urea were not influenced by herbal additive added to the diet.
Key Words: herbal additive, heat stress, broilers performance, baicalin, Scutellaria baicalensis L.
INTRODUCTION
Negative impacts of heat stress on broilers are objects of interest for breeders and researchers.
The danger of heat stress has increased every year. The growth performance of broilers is steadily
increasing too. On one hand rapid metabolism produces a lot of heat and on the other hand broilers do
not have sweat glands. These reasons cause sensitivity to heat stress in broilers, which increases with
the age of birds. Heat stress is a serious problem on broilers farms, especially during the summer months.
A negative influence on the growth performance was demonstrated by several studies (QuinteiroFilho et al. 2010, Azad et al. 2010, Moura et al. 2015). Heat stress also impairs the conversion of feed
and reduces carcass yield (Jahejo et al. 2016). Qualitative indicators of meat are also negatively affected
by heat stress. Heat stress before the slaughter affects the metabolism of the muscles and disturbs the
integrity of the membranes (Tang et al. 2013). There is also a decrease in pH of meat and may cause
PSE incidence (Fernandes et al. 2016). The immune system is also negatively affected. Heat stress
increases blood corticosterone levels (Sohail et al. 2012). An increase in plasma corticosterone
concentration induced lymphoid tissue involution, thereby reducing the weight of thymus and bursa
fabricii (Yang et al. 2016). Heat stress also has a deleterious effect on the organism by producing free
radicals and reactive oxygen species (ROS). Increased production of free radicals and ROS compounds
can cause damage to the constituents of various biological tissues including lipids, proteins and
deoxyribose nucleic acid (Jahejo et al. 2016).
The large number of negative impacts of heat stress on broilers stimulate researchers to eliminate
its negative impacts through feed additives. Nowadays, the use of various herbs and herbal extracts as
feed additives is very actual. The aim of this study was to investigate the effect of the addition of herbal
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additive based on Baical Skullcap root (Scutellaria baicalensis L.) containing glycoside baicalin to
eliminate the negative effects of heat stress in broilers.
MATERIAL AND METHODS
Both sexes (135 broilers) of COBB 500 hybrids were fed in 12 littered floor boxes. They were
divided into two groups with six replications: control group (CG) and experimental group (EG). The
average weight of day old broilers was 42 g and broilers were fed till 34 days of age, when the
experiment was finished. Temperature in the room was 30 & at the start of experiment and gradually
decreased to 20 & according to guidelines for the hybrid. The light regime was as follow: in the first
week of experiment 23 hours of light and 1 hour of darkness and after the first week 18 hours of light
and 6 hours of darkness.
The water intake was supplied with nipple drinkers and feeding was manually submitted from
tube feeders. The water and feed were available ad libitum. The hybrids were fed on broiler diets meeting
the requirements for COBB 500. Starter BR 1 (crumble pellets) was fed from 1 to 10 days of chicken
age, grower BR 2 (pellets) from 10 to 28 days. Composition of BR 1 and BR 2 were the same in both
groups on maize, wheat, soybean extraction meal, soybean toasting meal, expanded rapeseed meal,
calcium carbonate, calcium dihydrogen phosphate, animal fat and sodium chloride. Finisher BR 3
(pellets) was fed from 28 days to 34 days. Composition of BR 3 was based on crushed wheat, maize,
soybean extraction meal, soybean toasting meal, expanded soybeans, wheat, rapeseed, animal fat,
calcium carbonate, sodium chloride, monocalcium phosphate and sodium sulfate. Content of nutrients
in the diets is shown in the Table 1. Both groups fed the same diets till 28 days of age. From this age
CG fed control diet BR3 and EG fed the same diet BR3 only supplemented with 0.1% herbal additive
Axion feedstim based on Baical Skullcap root (Scutellaria baicalensis L.) containing glycoside baicalin.
The broilers were marked individually by the wing tags and weighted at 10, 17, 24, 28 and 34 day
of experiment. The amount of feed was recorded and feed conversion ratio was evaluated on weighting
days.
Table 1 Content of nutrients in the diet
Content of nutrients [g/kg]

BR 1

BR 2

BR 3

Crude protein

196

187.0

198

Crude oils and fats

40

48

85

Crude fiber
Crude ash

29
53

33
43

35
46

Lysine

11.7

10.9

11.8

Methionine

4.9

4.7

3

Calcium

9

6.0

5.1

Phosphorus

5.5

4.4

4.4

Sodium

1.4

1.3

1.6

At the age 30 days temperature was increased to 27 & and kept the same till the end of
experiment, consequently exposure to heat stress ran from 31 to 34 days. Temperature humidity index
(THI) was as follow: 28 day: 66; 32 day: 74±75; 33 day: 73±74; 34 day: 74±75 (Burgos-Zimbelman and
Collier 2011).
At the age 28 days there were no significant difference in weight, weight gain and feed conversion
ratio between CG and EG (P < 0.05). At 28th day, blood was collected from 20 broilers (10 from EG,
10 from CG) and alkaline phosphatase, alanine transaminase, aspartate transaminase, glucose, gammaglutamyl transpeptidase, glutathion peroxidase and content of urea were recorded. On the 34th day, blood
was collected again from the same 20 broilers and the same analysis was performed. Subsequently, the
broilers were slaughtered and the weight of the abdominal fat, heart, liver, bursa fabricii and spleen was
recorded. At 1 and 24 hours after slaughter pH of breast muscles from 20 broilers (10 from EG, 10 from
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CG) were recorded. Water holding capacity was determined by a modified method (Grau and Hamm
1952) expressed as drip loss.
The observed characteristics were analyzed using one way ANOVA and LSD-test using the
software package Unistat 5.1 (UNISTAT Ltd, ENGLAND).
RESULTS AND DISCUSSION
Live weight, daily feed intake and feed conversion ratio of broilers at the beginning of the
experiment (28th day) are shown in Table 2.
Table 2 Broilers performance till 28 days of experiment
Live weight [g]

Feed intake [g]

Feed conversion ratio

Experimental group

1699

168

1.625

Control group

1707

169

1.575

Performance parameters of broilers are shown in Table 3. At the end of experiment live body
weight was slightly higher in experimental group, live weight gain was also slightly higher in
experimental group, but there were no significant differences between experimental and control group.
Feed conversion ratio (FCR) was almost the same in both groups. The daily feed intake was the same in
both groups.
There was no significant difference in qualitative parameters of meat between the groups. pH of
meat 1 hour and 24 hours after slaughter was same and drip loss was slightly higher in experimental
group (Table 4).
Between experimental and control group was no significant difference in weight of abdominal
fat, liver, bursa fabricii and spleen, but weight of heart was significantly higher (P < 0.05) in
experimental group (Table 5).
The results of blood tests are shown in Table 6. No significant difference between the
experimental and the control group was demonstrated in all parameters.
Table 3 Parameters of broiler performance
Parameter

Experiment
0HDQ6(

Live body weight [g]
Live weight gain [g]
Feed conversion ratio
Daily feed intake [g]

a

2298 
600a 
1.628a 
155a 

Control
vx** [%]
10.32
21.61
6.08
4.49

0HDQ6(
a

2282 
579a 
1.637a 
153a 

vx** [%]
9.86
16.94
3.46
3.36

a, b ± different letters on one line ± statistically significant differences (P < 0.05); SE* ± standard error; vx** ± coefficient of
variation

.UyOLF]HZVND HW DO   HYDOXDWHG DGGLWLRQ RI Scutellaria baicalensis L. extract (SBE) on
growth performance of Hubbard Hi-Y broilers. In contrast of our results their results shown significantly
higher live body weight and weight gain in experimental groups. Feed conversion ratio was slightly
better in experimental groups. Feed intake was higher only in experimental group with highest
concentration of SBE in diet. In their experiment broilers were not exposed to heat stress.
Positive effect on weight gain and feed conversion ratio with feeding SBE was also demonstrated
by Park et al. (2016), in their study. They also studied effect on blood parameters like aspartate
transaminase, alanine transaminase, gamma-glutamyl transpeptidase, alkaline phosphatase and glucose
and they also did not found significant differences between control and experimental groups. Drip loss
increased linearly in experimental groups, so feeding with SBE caused worse water holding capacity.
.UyOLF]HZVNDHWDO  VWXGLHGWKHHffect of the addition of SBE on selected organs of broilers
(liver, bursa fabricii and spleen). Addition of SBE to the diet did not influence on relative weight of the
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liver, but caused linear decrease in the relative weight of spleen and bursa fabricii with increasing SBE
dose.
Table 4 pH of meat 1 hour and 24 hours after slaughter and drip loss of meat
Parameter

Experiment
0HDQ6(

pH 1
pH 24
Drip loss [%]

Control

vx** [%]

a

6.21 
5.97a 
18.56a 

3.97
2.78
2.36

0HDQ6(

vx** [%]

a

6.29 
6.06a 
16.88a 

2.25
2.58
3.58

a, b ± different letters on one line ± statistically significant differences (P < 0.05); SE* ± standard error; vx** ± coefficient of
variation

Table 5 Weight of selected organs and abdominal fat (g)
Parameter

Experiment
0HDQ6(
a

Control

vx ** [%]

0HDQ6(

vx ** [%]

a

Abdominal fat

20.4 

27.70

20.9 

36.35

Heart

12.8a 

15.47

11.5b 

14.16

a

Liver

45.2 

Bursa fabricii
Spleen

a

3.2 
a

1.8 

13.16
28.04
25.33

a

44.4 

17.11

a

27.82

a

32.06

3.5 
1.7 

a, b ± different letters on one line ± statistically significant differences (P < 0.05); SE* ± standard error; vx** ± coefficient of
variation

Table 6 Selected blood parameters of broilers from 28th and 34th days of experiment
28th day
34th day
Parameter
Experiment

Control

Experiment

Control

Alkaline phosphatase [ukat/l]

89.88a

80.59a

107.29a

58.76a

Alanine transaminase [ukat/l]

0.02a

0.04a

0.11a

0.04a

Aspartate transaminase [ukat/l]

3.94a

4.32a

0.44a

2.10a

Glucose [mmol/l]

9.76a

9.62a

8.19a

8.41a

Gamma-glutamyl transpeptidase [ukat/l]

0.24a

0.26a

0.25a

0.26a

Glutathion peroxidase [ukat/l]

26.2a

26.4a

25.9a

24.78a

Urea [mmol/l]

0.48a

0.36a

0.53a

0.5a

a, b ± different letters on one line ± statistically significant differences (P < 0.05)

CONCLUSION
The addition of herbal additive to the diet of broilers subjected to heat stress had no significant
effect on live body weight, live body gain, feed conversion ratio and daily feed intake. Meat quality
parameters was not affected by feeding herbal additive. Weight of abdominal fat, liver, bursa fabricii
was almost the same in both groups and weight of heart was significantly higher (P < 0.05) in
experimental group. Blood tests did not show significant differences between the groups in observed
parameters. The results of the experiment show that the addition of 0.1% herbal additive does not reduce
negative impacts of heat stress neither negatively affect meat production. The recommendation is to
increase the dose of herbal additive.
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'5$*21)/< ,16(&7$2'21$7$ 
$66(0%/$*( 2)7+5((7<3(62)+$%,7$76
,17+(6287+2)&(175$/6/29$.,$
$77,/$ %$/$=6
'HSDUWPHQW RI=RRORJ\ )LVKHULHV+\GURELRORJ\DQG$SLFXOWXUH
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
EDOD]VDHNR#JPDLOFRP
$EVWUDFW 6HYHUDO ILHOG ZRUNV EHWZHHQ  DQG  ZHUH XQGHUWDNHQ RQ WKH VRXWK RI &HQWUDO
6ORYDNLD 7KUHH GLIIHUHQW W\SHV RI ELRWRSHV EDVHG RQ WKHLU VSHFLHV ULFKQHVV DQG DEXQGDQFH IORRGHG
TXDUU\ ILVKSRQG DQG SHDW ERJ  ZHUH GLVWLQJXLVKHG DQG FRPSDUHG LQ &HURYi YUFKRYLQD 8SODQG
DQG -XKRVORYHQVNi NRWOLQD /RZODQG 7KH PRVW GLYHUVH ORFDOLW\ ZDV IORRGHG TXDUU\ ZLWK  VSHFLHV
IROORZHG E\ ILVKSRQG ZLWK  VSHFLHV ZKLOH WKH ORZHVW GLYHUVLW\ KDGSHDWERJ ZLWKVSHFLHV$WRWDO
RI  VSHFLHV ZHUH REVHUYHG $PRQJ WKHP  OHVWLGV  SODW\FQHPLG  FRHQDJULRQLGV  DHVKQLGV
 FRUGXOLG DQG  OLEHOOXOLGV ZHUH SUHVHQWHG $W  RI WKHP ODUYDO VWDJH ZDV UHFRUGHG $FFRUGLQJ
WR WKH DFWXDOLVHG &]HFK 5HSXEOLFV 5HG /LVW RI GUDJRQIOLHV  VSHFLHV EHORQJV WR &ULWLFDOO\ HQGDQJHUHG
 WR (QGDQJHUHG  WR 9XOQHUDEOH DQG  WR 1HDU 7KUHDWHQHG FDWHJRU\ 1HZ DGGLWLRQV WR WKH &HURYi
YUFKRYLQD 8SODQGV VSHFLHV OLVW ZHUH DGGHG LH &RHQDJULRQ SXOFKHOOXP $QDFLDHVKQD LVRFHOHV
$HVKQD JUDQGLV DQG /LEHOOXOD IXOYD 1HZ ORFDOLW\ RI (SLWKHFD ELPDFXODWD LQ WKH 6SHFLDO 3URWHFWHG
$UHD 3RLSOLH LV JLYHQ 7KH PRVW VLJQLILFDQWUHVXOWLV UHFRUG RI 6\PSHWUXPGHSUHVVLXVFXOXPDIWHUDOPRVW
WZRGHFDGHVLQ6ORYDNLD
.H\ZRUGV ZDWHULQVHFWV63$&HURYiYUFKRYLQD ± 3RULPDYLH 63$3RLSOLH FRQVHUYDWLRQ
,1752'8&7,21
7KH PDLQ SUREOHP RI WKH ZHWODQGV LV WKH PHOLRUDWLRQV LQ WKH  WK FHQWXU\ DQG WKH GHVLFFDWLRQ
LQ WKH WK FHQWXU\ ,W¶V FOHDU LQDGHTXDWH PDQDJHPHQW DSSURDFKHV ODUJHVFDOH ODQG FRQYHUVLRQ
LQ FRQMXQFWLRQ ZLWK JURZLQJ SRSXODWLRQ KDYH V\QHUJHWLF HIIHFWV RQ IUHVKZDWHUV ZLWK LWV EUHDNDEOH
ZLOGOLIH .DONPDQ   'HJUDGDWLRQ RI ZHWODQGV GLUHFWO\ DIIHFWV ZHWODQGGHSHQGHQW VSHFLHV EHFDXVH
RI WKH GHFUHDVHG ELRWRSH DYDLODELOLW\ DQG FRPSHWLWLRQ IRU OLPLWHG UHVRXUFHV 2Q WKH FRQWUDU\ VHQVLWLYH
RUJDQLVPV VXFK DV GUDJRQIOLHV KHOS XV WR LQGLFDWH WKH TXDOLW\ DQG LQWHJULW\ RI IUHVKZDWHU HFRV\VWHPV
::) 
'UDJRQIOLHV DUH ZHOO VXLWHG IRU ELRDVVHVPHQW IRU PDQ\ UHDVRQV 7KH\ RIWHQ UHTXLUH VSHFLDO
KDELWDW FRQGLWLRQV WKH\ FDQ EH UHODWLYHO\ HDVLO\ UHFRJQL]HG LQ WKH ILHOG DQG WKH\ FRQVWLWXWH NH\VWRQH
VSHFLHVEHFDXVHWKH\DUHDOUHDG\WKHEHVWVWXGLHG JURXSDPRQJ ZDWHULQVHFWV 2HUWOL  
7KHUH DUH QRW WRR PDQ\ GU\ UHJLRQV LQ 6ORYDNLD VXFK DV &HURYi YUFKRYLQD 8SODQG
DQG -XKRVORYHQVNi NRWOLQD /RZODQG :DWHU GDPV DQG DUWLILFLDO FDQDOV FRQVWLWXWH WKHGRPLQDQWZHWODQGV
LQ WKLV UHJLRQ ZLWK XQLIRUP VSHFLHV DVVHPEODJH 9DOXDEOH KDELWDWV DUH RIWHQ VLWXDWHG XQGHU FRPSHWHQFH
RI VSHFLDO SURWHFWHG DUHDV ZKHUH WKH PDQDJHPHQW HIIRUWV FRXOG FRPH WKURXJK
2QO\ D IHZ VWXGLHV ZHUH FRQGXFWHG RQ WKH IDXQD LQ WKLV SDUW RIWKHFRXQWU\DQGMXVWDFRXSOHRIWKHP
SHUWDLQ WR ZHWODQGV $GDPHF HW DO  %XUDL HW DO   7KXV WKH NQRZOHGJH RI ZDWHU
LQYHUWHEUDWHV LQ WKHVHUHJLRQV VWLOO UHPDLQV SUDFWLFDOO\ XQNQRZQ
$W ILUVW ZH PXVW REWDLQ DGHTXDWH GDWD WR HVWDEOLVK GHVLUHG PDQDJHPHQW PHDVXUHV
IRU ZHWODQG ± GHSHQGHQW VSHFLHV SURWHFWLRQ ,Q FDVH RIGUDJRQIOLHVWKHYDOXDEOHGDWDFRQVLGHUVH[XYLDH
GLVFDUGHG H[RVNHOHWRQ WKDW LV OHIW DIWHU D ODUYD KDV PRXOWHG  RU ODUYDHV )RU WKDW UHDVRQ LQWHQWLRQ
RI WKLV ZRUN ZDV WR FODULI\ WKH VSHFLHV ULFKQHVV DW HDFK VWXGLHG ORFDOLW\ PRVWO\ EDVHG RQ WKHLU ODUYDO
VWDJHDQGWKHQHVWLPDWH WKHLUDEXQGDQFH
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0$7(5,$/6 $1'0(7+2'6
6DPSOLQJ
7KLV VWXG\ ZDV FRQGXFWHG RQ &HURYi YUFKRYLQD 8SODQG DQG -XKRVORYHQVNi NRWOLQD /RZODQG
)LJXUH   ZKLFK DUH WKH SDUWV RI ZDUP FOLPDWLF UHJLRQ ZLWK PRGHUDWH GU\ FOLPDWH DQG FROG ZLQWHU
ZKHUH WKH QXPEHUV RI VXPPHU GD\V DUH RYHU  $QQXDO DYHUDJH SUHFLSLWDWLRQ LV ± PP
DQG WKH DQQXDO DYHUDJH WHPSHUDWXUH UDQJHV IURP ± & â23 65   $Q HQWRPRORJLFDO QHW ZDV
XVHG DORQJ  P WUDQVHFW WR FDSWXUH DGXOW LQVHFWV 2EVHUYDWLRQVZHUHPDGHE\FDSWXULQJDQH[HPSODU
DQG GHWHUPLQHG XVLQJ :DOGKDXVHU DQG ýHUQê   :KLOH IRU ODUYDH D NLFN QHW ZDV XVHG H[XYLDH
ZHUH FROOHFWHG PDQXDOO\ 6SHFLPHQV GLIILFXOW WR LGHQWLI\ ZHUH GHWHUPLQHG LQ WKH ODERUDWRU\ WKURXJK
%URFKDUG HW DO   6KDQQRQ:LHQHU LQGH[ ZDV XVHG WR FDOFXODWH WKH GLYHUVLW\ DQG HYHQQHVV
'RPLQDQFH ZDV HYDOXDWHG DFFRUGLQJ WR /RVRV HW DO   $W SUHVHQW WKH QDWLRQDO UHG OLVW
RI GUDJRQIOLHV LV RXW RI GDWH FRQVHTXHQWO\ WKH 5HG OLVW RI 'UDJRQIOLHV RI &]HFK 5HSXEOLF ZDV DGDSWHG
'ROQê HW DO   3K\VLFRFKHPLFDO SDUDPHWHUV ZHUH PHDVXUHG E\ +, WHVWHU &ROOHFWHG
PDWHULDOV ZHUHGHSRVLWHG DWWKHDXWKRU¶V FROOHFWLRQ
6WXG\DUHD
6LWH  ± )ORRGHG TXDUU\ .RQUiGRYFH 1   (    P DVO
S+ ±  6 ±  SSP ±   2Q WKH SUHVHQW LQDFWLYH EDVDOW TXDUU\ ZKHUH WKH GHSUHVVLRQV
DUH ILOOHG ZLWK UDLQ ZDWHU 7KH UDUH 7\SKHWXP OD[PDQQL 8EUL]V\   1HGHOFX  DVVRFLDWLRQ FDQ
EH IRXQGKHUH6XEVWUDWXPLVFRPSRVHGZLWKILQHPXGURFNVDQGEORFNV )LJXUH  
6LWH  ± )LVKSRQGV +ROLãD 1   (    P DVO S+ ± 
6 ± SSP ±  /DUJHSHUPDQHQWHXWURSKLFVWLOOZDWHUVZLWKUHHGEHGVRQPXGJUDYHODQGURFN
VXEVWUDWHV
6LWH  ± 3RNRUDG]VNp MD]LHUND SHDW ERJV 9\ãQi 3RNRUDG] 1   ( 
 P DVO S+ ±  6 ±  SSP ±   6KDOORZ VPDOO DUHDV ZLWK VWLOO ZDWHUV RYHUJURZQ
E\ %DWUDFKLXP VS&DUH[ VSDQG3KHOODQGULXPDTXDWLFXP / 3RLU  GU\LQJ LQODWHVXPPHU
)LJXUH /RFDOLWLHVLQYHVWLJDWHGLQWKLVVWXG\

)LJXUH 3KRWRVRIVWXGLHGORFDOLWLHV ± VLWH± VLWH± VLWH
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5(68/76
$OWRJHWKHU  VSHFLHV EHORQJLQJ WR  JHQHUD DQG  IDPLOLHV  =\JRSWHUDDQG$QLVRSWHUD 
ZHUHUHFRUGHGLQDQGDWWKUHHW\SHVRIOHQWLF ELRWRSHV 7DEOH 
7DEOH /LVWRIUHFRUGHGVSHFLHVDWHDFKVLWHGXULQJ\HDUV±

=\JRSWHUD
/HVWLGDH
&KDOFROHVWHVYLULGLV
/HVWHVEDUEDUXV
/HVWHVYLUHQV
6\PSHFPDIXVFD
3ODW\FQHPLGLGDH
3ODW\FQHPLVSHQQLSHV
&RHQDJULRQLGDH
&RHQDJULRQSXHOOD
&RHQDJULRQSXOFKHOOXP
&RHQDJULRQVFLWXOXP
(U\WKURPPD QDMDV
(U\WKURPDYLULGXOXP
(QDOODJPDF\DWKLJHUXP
,VFKQXUDHOHJDQV
,VFKQXUDSXPLOLR
$QLVRSWHUD
$HVKQLGDH
$HVKQDF\DQHD
$HVKQDDIILQLV
$QD[LPSHUDWRU
&RUGXOLGDH
(SLWKHFDELPDFXODWD
/LEHOOXOLGDH
/LEHOOXOD
TXDGULPDFXODWD
/LEHOOXODGHSUHVVD
2UWKHWUXPFDQFHOODWXP
2UWKHWUXPDOELVW\OXP
2UWKHWUXPEUXQQHXP
&URFRWKHPLVHU\WKUDHD
6\PSHWUXPVDQJXLQHXP
6\PSHWUXP
GHSUHVVLXVFXOXP
6\PSHWUXPYXOJDWXP
6\PSHWUXPVWULRODWXP
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$Q DGGLWLRQDO  QHZ VSHFLHV IRU WKHVHDUHDV ZHUHREVHUYHGEXWLQWKLVFRPSDULVRQZHUHRPLWWHG
EHFDXVH RI WKH LQVXIILFLHQW ILHOG GDWD VHH FKDSWHU 'LVFXVVLRQ  2QWKHZKROHWKHGHYHORSPHQWSURFHVV
ZDV FRQILUPHG DW  VSHFLHV 7KH PRVW FRPPRQ HQFRXQWHUHG VSHFLHV DW HDFK ORFDOLW\ZDV 6\PSHWUXP
VDQJXLQHXP ZLWK WRWDO  LQGLYLGXDOV   )LJXUH   2Q WKH VHFRQG SODFH DW VLWH  ZDV
LWV FRQJHQHULF VSHFLHV 6\PSHWUXP VWULRODWXP   DQG DW WKH VLWHV  DQG  ZHUH WKH FRPPRQHVW
=\JRSWHUD VSHFLHV ,VFKQXUDHOHJDQV  DQG&RHQDJULRQSXHOOD  UHVSHFWLYHO\$IXUWKHU
RIDOO VSHFLHVRFFXUUHGLQORZDEXQGDQFH   DQGZHUHFRQVLGHUHG DVUDUHRQHV
7KH KDWFKLQJ SHULRG RI 6\PSHWUXP VDQJXLQHXP DQG 6 VWULRODWXP ZDV UHFRUGHG 7KH ILUVW
GHWHFWHG VSHFLPHQV KDYH EHHQ IRXQG RQ WKH QG -XO\  WKH ODVW RQ WK $XJXVW  7KH ELJJHVW
QXPEHUV RI H[XYLDH   RI 6\PSHWUXP VDQJXLQHXP ZHUH IRXQG RQ WK -XO\  ZKLOH RQ UG -XQH
ZDVFROOHFWHG WKHPRVWHVW  H[XYLDH RI6VWULRODWXP
)LJXUH 2YHUDOOGRPLQDQFHRIGUDJRQIOLHVDWHDFKVLWHV
400

Abundance

300

200
100
0

5HJDUGLQJ WR ]RRJHRJUDSKLFDO HOHPHQWV  VSHFLHV EHORQJV WR +RORPHGLWHUUDQHDQ UHDOP
 WR 3RQWR0HGLWHUUDQHDQ  WR 3RQWR&DVSLDQ  WR 6LEHULDQ  WR (XURVLEHULDQ DQG  VSHFLHV
LQGLYLGXDOO\ WR $IURWURSLFDO (DVW0HGLWHUUDQHDQ DQG $QWODQWR0HGLWHUUDQHDQ UHDOPV
7KH PRVW GLYHUVH ORFDOLW\ ZDV IORRGHG TXDUU\  VSHFLHV  SUREDEO\ GXH WR DGYDQFHG GHFD\
RI VXFFHVVLRQ ZLWK DOPRVW ]HUR SUHVVXUH RI ILVK SUHGDWLRQ )LVKSRQGV VSHFLHV OLVW   VKRXOG LQFUHDVH
ZLWK QRW UHFRUGHG EXW LQ &HQWUDO (XURSH PRVW FRPPRQ VSHFLHV VXFK DV &KDOFROHVWHV YLULGLV
&RHQDJULRQ SXHOOD 3\UUKRVRPD Q\PSKXOD (QDOODJPD F\DWKLJHUXP $HVKQD F\DQHD DQG /LEHOOXOD
GHSUHVVD 7KH VSHFLHV GLYHUVLW\ OLVW DW VLWH  ZLWK  VSHFLHV KDV VHHPHGWREHFRPSOHWH\HWEXWWKHUH
KDV VWLOO EHHQ D FKDQFH WKDW DQRWKHU VSHFLHV /HXFRUUKLQLD SHFWRUDOLV  PLJKW DSSHDU $FFRUGLQJ
WR 'UDJRQIO\ %LRWLF ,QGH[ DGDSWHG IURP 'ROQê HWDO  WKHVLWHKDVWKHKLJKHVW '%,YDOXHV  
'HVSLWH RI VLWH V ORZHU GLYHUVLW\ WKH WRWDO '%, ZDV KLJKHU  WKDQ DW VLWH    GXH WR UHFRUGHG
HFRVR]RORJLFDOO\ LPSRUWDQW VSHFLHV VXFK DV /HVWHV YLUHQV $HVKQD DIILQLV DQG 6\PSHWUXP
GHSUHVVLXVFXOXP
',6&866,21
&RPPHQWVWRVRPHUDUH VSHFLHV
,Q YLHZ RI RGRQDWRORJLFDO H[SORUDWLRQ 6ORYDNLD GRHVQ¶W EHORQJ WR WKH ZHOOUHVHDUFKHG FRXQWULHV
7KHUH DUH VWLOO PDQ\ UHJLRQV ZKHUH VXUYH\V DUH QRW FRQGXFWHG ,W LV WKH FDVH RI WKLV VWXG\
ZKLFK IRFXVHV RI WKH VRXWKHUQ SDUWV RI &HQWUDO 6ORYDNLD %HWZHHQ \HDUV ± ILUVW IDXQLVWLFDO
UHVHDUFK KDYH EHHQ GRQH RQ &HURYi YUFKRYLQD 8SODQG %DOi]V HW DO   7KLV ZRUN VXSSOHPHQWV
SUHYLRXV UHVHDUFK ZLWK DGGLWLRQDO ILUVW ILQGLQJV WR FRPSOHWH VSHFLHV ULFKQHVV RI &HURYi YUFKRYLQD
8SODQG DQG QRZ-XKRVORYHQVNi NRWOLQD /RZODQG DVZHOO
7KUHH VSHFLHV RI GUDJRQIOLHV ZHUH GLVFRYHUHG DW WKUHH GLIIHUHQW W\SHV RI ELRWRSHV ZKLFK KDYH
QHYHU EHHQ REVHUYHG LQ WKHVH UHJLRQV ,W ZDV D &RHQDJULRQ SXOFKHOOXP DW VLWH  ZKHUH D VLQJOH DGXOW
PDOH ZDV FDXJKW RQ WK $XJXVW  DV D QHZ VSHFLHV IRU &HURYi YUFKRYLQD 8SODQG ,W LV DOVR QRW
FRPPRQ VSHFLHV RQ WKH RWKHU SDUWV RI WKH FRXQWU\ %LJJHU SRSXODWLRQV KDYH EHHQ IRXQG RQO\
RQ WKH VRXWKHUQ SDUWV RI 6ORYDNLD OHQJWKZLVH RI 'DQXEH ,SHĐ DQG /DWRULFD ULYHUV 6XUYH\V FRQGXFWHG
DW KLJKHU HOHYDWLRQV RQ WKH QRUWKHUQ SDUW RI WKH FRXQWU\ GLGQW FRQILUP DQ\ DGXOWV MXVW ODUYDHV
$W DGMRLQLQJ 3URWHFWHG /DQGVFDSH $UHD .DUDQFV0HGYHV LQ +XQJDU\ LW LV NQRZQ RQO\ IURP IHZ
ORFDOLWLHV 2QO\ IURP KHUH LV NQRZQ WKH DOVR UDUH &RHQDJULRQ VFLWXOXP 6HYHUDO SRVWPLQLQJ TXDUULHV
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DUH SUHVHQW LQ WKHVH UHJLRQV ZLWK WKH ULJKW GHFLVLRQV RI UHFXOWLYDWLRQ YDOXDEOH KDELWDWV FRXOG DULVH
QRWRQO\ IRUUDUHVSHFLHV RIGUDJRQIOLHV
7KH VHFRQG QHZO\ UHFRUGHG VSHFLHV LV (SLWKHFD ELPDFXODWD ,W ZDV IRXQG RQ WK $XJXVW
DW VLWH  DV ODUYDH ZKLFK UHVWHG RQ VXEPHUJHG YHJHWDWLRQ 1HYHUWKHOHVV DGGLWLRQDO LQYHVWLJDWLRQV
IRU ODUYDHV DW WKLV ORFDOLW\ ZHUH XQVXFFHVVIXO 7KH ORFDOLW\ ZKHUH WKH VSHFLPHQ ZDV IRXQGFRUUHVSRQGV
ZLWK WKH HFRORJLFDO GHPDQGV RI WKH VSHFLHV IXUWKHUPRUH LQ WKH VXUURXQGLQJV D IHZ VXLWDEOH VLWHV ZHUH
UHFRJQL]HG 7KLV VSHFLHV LV RQH RI WKH UDUHVW GUDJRQIO\ LQ ZHVWHUQ 3DOHDUFWLF UHDOP %RXGRW  
,W LV SURWHFWHG E\ WKH ODZ RI WKH$FWRQ1DWXUH3URWHFWLRQQR&ROODQGOLVWHGLQ$QQH[HV%
DQG % ,Q WKH XSGDWHG 5HG /LVW RI 'UDJRQIOLHV RI &]HFK 5HSXEOLF LV UDQNHG LQ &ULWLFDOO\ HQGDQJHUHG
&5 FDWHJRU\ 'ROQê HWDO ,QWKHSDVWVSHFLPHQVZHUHIRXQGPRVWO\RQWKH3RGXQDMVNiQtåLQD
DQG 9êFKRGRVORYHQVNi QtåLQD /RZODQGV +RZHYHU WKLV SRRU NQRZOHGJH PRVW OLNHO\ GRHV QRW UHIOHFW
WR DFWXDODEXQGDQFHRIWKLVVSHFLHV LQ6ORYDNLD
)LQDOO\ DW VLWH  6\PSHWUXP GHSUHVVLXVFXOXP ZDV FRQILUPHG RQ WK -XQH  8QUHYLVHG
PDWHULDOV IURP  DQG  DUH WKH ODVW NQRZQ UHFRUGV RI WKLV KDELWDW VSHFLDOLVW IURP 6ORYDNLD
.~GHOD  âtEO HW DO    &RQILUPHG PDWHULDOV LQYROYH LQGLYLGXDOV RQO\ IURP WKH V
DQG V RI WKH WK FHQWXU\ 7USLã    )XUWKHU ILHOGZRUNV KDYH WR EH GRQH LQ WKH IXWXUH
WR FRQILUP LWV VWDWXV DW WKHVH VLWHV &ORVHVW ORFDOLWLHV RI WKLV H[WUHPHO\ UDUH GUDJRQIO\ DUH LQ WKH QRUWK
RI 0RUDYLD LQ &]HFK 5HSXEOLF DQG DW WKH +RUWREiJ\ 1DWLRQDO 3DUN LQ +XQJDU\ *ĘUL  
$W WKLV SRLQWLWLVLPSRUWDQWWRQRWH DSSURSULDWHFRQVHUYDWLRQPHDVXUHVDUHUHTXLUHGIRUWKHVHSHDWERJV
ZKHUHUDUHDQLPDOV EUDYLQJ DJDLQVW KXJHHXWURSKLF SUHVVXUHRYHUJURZLQJ DQGGHVLFFDWLRQ
$GGLWLRQDOILUVWILQGLQJVIRU&HURYiYUFKRYLQD8SODQG
7KUHH QHZ VSHFLHV ZHUH FDXJKW IRU &HURYi YUFKRYLQD 8SODQG ZKLFK ZHUH QRW LQFOXGHG
LQ WKLV VWXG\ EXW ZHUH GLVFXVVHG KHUH 7KH ILUVW LV DQ DGXOW PDOH RI $QDFLDHVKQD LVRFHOHV FDXJKW
RQ EUHHGLQJ SRQG DW YLOODJH FDOOHG 7DFKW\ DW WK -XQH  ,W LV D UDUH VSHFLHV DFURVV WKH FRXQWU\
ZLWK D ORFDO RFFXUUHQFH LQ 6ORYDNLD 6SHFLHV LV EHFRPLQJ PRUH IUHTXHQW ZLWK WKH GHFUHDVLQJ ORQJLWXGH
2Q WKHWHUULWRU\ RI3/$.DUDQFV0HGYHVLQ+XQJDU\ LWKDVPRUHFRPPRQRFFXUUHQFH
7KH VHFRQG VSHFLHV LV $HVKQD JUDQGLV ZKLFK KXQWLQJ LQGLYLGXDOV ZHUH VHHQ DERYH IRUHVW
FOHDULQJV DW UXUDO DUHD RI YLOODJH +DMQiþND RQ WK $XJXVW  7KHUH DUH DOVR ILUVW ILQGLQJV
IRU WKH ELODWHUDO 3/$ .DUDQFV0HGYHV WHUULWRU\ :KLOH WKH SUHYLRXV VSHFLHV RFFXUV PRUH
LQWKHVRXWKHUQSDUWVRI(XURSHDQGLWVRFFXUUHQFHLVSDWFK\WKHUDQJHRI$HVKQDJUDQGLV LVZLGHVSUHDG
DQG H[WHQG DFURVV QRUWKHUQ (XURSH XQWLO %DLNDO UHJLRQ LQ 6LEHULD,WPHDQV WKHLU]RRJHRJUDSKLFERUGHUV
MXVW VOLJKWO\ WRXFK WKHVH UHJLRQV RI 6ORYDNLD DQG +XQJDU\ +RZHYHU GXH WR FOLPDWLF FKDQJHV
WKLV ERUGHUOLQH LV VKDSLQJ WKH $QDFLDHVQD LVRFHOHV LV H[WHQGLQJ KLV UDQJH WR WKH QRUWK DQG FRXOG
EH PRUHFRPPRQ 'ROQê HWDO 
7KH ODVW LPSRUWDQW VSHFLHV IRU WKH UHJLRQ RI &HURYi YUFKRYLQD 8SODQG LV WKH FULWLFDOO\
HQGDQJHUHG/LEHOOXODIXOYDFRQILUPHGE\WZRDGXOWPDOHVUHFRUGHGRQWK DQGWK -XO\ ,WZDVVHHQ
DW IRU WKLV VSHFLHV XQVXLWDEOH KDELWDW ZKLFK ZDV D GUDLQDJH FDQDO ZLWK FREEOHVWRQH SDYHPHQW DOPRVW
ZLWKRXW YHJHWDWLRQ XQGHU ZDWHU UHVHUYRLU FDOOHG 3HWURYFH 1HYHUWKHOHVV LQ WKH ORZHU SDUWV
RI WKLV VWUHDP IDYRXUDEOH PLFURKDELWDWV DUH NQRZQ ZKHUH ODUYDHV ZRXOG EH DEOH WR ILQLVK
WKH GHYHORSPHQW SURFHVV
&21&/86,21
$V H[SRVHG DERYH WKHVH UHJLRQV VWLOO KROG VXUSULVHV HYHQ DW WKH QDWLRQDO VFDOH 5HODWLYHO\ KLJK
SURSRUWLRQV RI UDUH VSHFLHV ZHUH IRXQG IRU 6SHFLDO 3URWHFWLRQ$UHD3RLSOLHDQG63$&HURYiYUFKRYLQD
± 3RULPDYLH ,Q 6ORYDNLD WKH VL[ IROORZLQJ LQ WKLV VWXG\ FRQILUPHG VSHFLHV VXFK DV $QDFLDHVKQD
LVRVFHOHV $QD[LPSHUDWRU &RHQDJULRQ VFLWXOXP (SLWKHFDELPDFXODWD /LEHOOXODIXOYD DQG 6\PSHFPD
IXVFD DUH SURWHFWHG E\ ODZ &XUUHQWO\  VSHFLHV RI GUDJRQIOLHV DUH GHVFULEHG IRU &HURYi YUFKRYLQD
8SODQG ZKLFK SUHVHQW  RI RYHUDOO VSHFLHV GLYHUVLW\ RI 6ORYDNLD 7KH UHVXOWV DOVR FRXOG
VHUYH DV D EDFNJURXQG IRU HVWDEOLVKLQJ GHVLUDEOH PDQDJHPHQW PHDVXUHPHQW LQ WKHVH UHJLRQV
$LP RI WKHVH ORQJWHUP UHVHDUFKHV LV WR VXSSRUW WKH ELRGLYHUVLW\ RQ D ORFDO VFDOH DQG HVWDEOLVK
FRQVHUYDWLRQ DWWLWXGH DJDLQVW SUHVVXUHRIQHJDWLYH DQWKURSRJHQLF DFWLYLWLHV
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$&.12:/('*(0(176
7KLV UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH JUDQW ,*$ )$ 0(1'(/8 1R ,3B Ä)DXQLVWLF
DQG HFRORJLFDO DVVHVPHQW RI VSHFLHV RI JHQXV &RUGXOHJDVWHU DQG 6\PSHWUXP ,QVHFWD 2GRQDWD 
LQ VHOHFWHGDUHDVRI6ORYDNLD´
5()(5(1&(6
$GDPHF 0 %RULFV * %XUDL 3 &VLSNpV 5 'XGiV * *XO\iV * +DUPRV . +RUYiWK 5
-XKiV] 3 .LVV %.RURPSDL 70iOQiV .0OOHU =6FKRW]HU $6RyV 1 5LHNDNWRUi
VSiMDNRPSOH[QêYêVNXPPRNUDGtYSRYRGtULHN\,SHĐ VWHG(JHU %NNL 1HP]HWL3DUN,JD]JDWyViJ
%DOi]V $ 'DYLG 6 +ROXãD 2  9iåN\ ,QVHFWD 2GRQDWD  &HURYHM YUFKRYLQ\ QD 6ORYHQVNX
$FWD0XVHL%HVNLGHQVLV±
%RXGRW -3 (SLWKHFDELPDFXODWD >2QOLQH@ $YDLODEOH DWKWWSZZZLXFQUHGOLVWRUJGHWDLOV
 >@
%URFKDUG &-( *URHQHQGLMN ' YDQ GHU 3ORHJ ( 7HUPDDW 7  )RWRJLGV ODUYHQKXLGMHV
YDQOLEHOOHQ VWHG=HLVW .119 8LWJHYHULM
%XUDL 3&VLSNpV 5*XO\iV *+DUND $+DUPRV .+ĘG|U ,-XKiV] %.LVV %/XGiQ\L 0
0iOQiV . 0HVWHUKi]\ $ 0LKDOLF]NX ( 0OOHU =3RO\iN / 6]DEy 7 3ULHVNXP6ODQHM
D MHKRSUtWRNRY] KĐDGLVNDRFKUDQ\SUtURG\ VWHG(JHU $JJWHOHNL 1HP]HWL3DUN,JD]JDWyViJ
'ROQê $+DUDELã )%iUWD '  9iåN\ ,QVHFWD2GRQDWD ýHVNp5HSXEOLN\3UDKD$FDGHPLD
.DONPDQ 9- %RXGRW -3 %HUQDUG 5 &RQ]H .- 'H .QLMI * '\DWORYD ( )HUUHLUD 6
-RYLü 0 2WW - 5LVHUYDWR ( 6DKOpQ *  (XURSHDQ UHG OLVW RI GUDJRQIOLHV >2QOLQH@ VWHG
/X[HPERXUJ
3XEOLFDWLRQV
2IILFH
RI
WKH
(XURSHDQ
8QLRQ
$YDLODEOH
DW
KWWSHFHXURSDHXHQYLURQPHQWQDWXUHFRQVHUYDWLRQVSHFLHVUHGOLVWGRZQORDGV(XURSHDQBGUDJRQIOLHV
SGI>@
.~GHOD 0  . YêVN\WX QLHNWRUêFK YiåRN 2GRQDWD  QD 3RGXQDMVNHM URYLQH (QWRPRIDXQD
&DUSDWKLFD  ±
/RVRV % *XOLþND - /HOOiN - 3HOLNiQ -  (NRORJLH åLYRþLFKĤ VW HG 3UDKD 6WiWQt
SHGDJRJLFNp QDNODGDWHOVWYt
2HUWOL %  7KH XVH RI GUDJRQIOLHV LQ WKH DVVHVVPHQW DQG PRQLWRULQJ RI DTXDWLF KDELWDWV
,Q 'UDJRQIOLHV PRGHO RUJDQLVPV IRU HFRORJLFDO DQG HYROXWLRQDU\ UHVHDUFK 2[IRUG 2[IRUG
8QLYHUVLW\ 3UHVV SS±
âtEO -6HJLQNRYi $ %XODQNRYi (  3UtVSHYRNN SR]QDQLXIDXQ\YiåRN 2GRQDWD 3RGXQDMVNHM
URYLQ\(QWRPRIDXQD &DUSDWKLFD±
âtEO - 6HJLQNRYi $ %XODQNRYi (  9iåN\ 2GRQDWD  0DOpKR 'XQDMD .OiWRYVNpKR UDPHQD
D 9iåVNHKR 'XQDMD(QWRPRIDXQD &DUSDWKLFD±
â23 65  3URJUDP 6WDURVWOLYRVWL &KUiQHQp 9WiþLH Ò]HPLH &HURYi 9UFKRYLQD ± 3RULPDYLH
± >2QOLQH@ VW HG %DQVNi %\VWULFD âWiWQD RFKUDQD SUtURG\ 6ORYHQVNHM UHSXEOLN\
$YDLODEOH DW KWWSZZZVRSVUVNSVFKYXILOHV&HURYDYUFKRYLQD3RULPDYLHSGI >@
*ĘUL 6]  (J\HN ± 3XV]WDNyFVL ± 0RFVDUDN ,Q $ PDJ\DURUV]iJL YDGYL]HN YLOiJD +D]iQN
UDPVDUL WHUOHWHL 3pFV$OH[DQGUD SS±
7USLã 0  3UHGEHåQê SUHKĐDG YiåRN 2GRQDWD  äLWQpKR RVWURYD %LROyJLD %UDWLVODYD 
  ±
7USLã 0  9iåN\ 2GRQDWD  YêFKRGQpKR 6ORYHQVND $FWD 5HUXP 1DWXUDOLXP 0XVHL 6ORYDFL
   ±
:DOGKDXVHU 0 ýHUQê 0  9iåN\ ýHVNp UHSXEOLN\ ± 3UtUXþND SUR XUþRYiQt QDãLFK GUXKĤ
D MHMLFKODUHYGRSOQČQp Y\GiQt9ODãLP ýHVNêVYD]RFKUiQFĤSĜtURG\
::)  /LYLQJ 3ODQHW 5HSRUW  5LVN DQG UHVLOLHQFH LQ D QHZ HUD
>2QOLQH@
VW
HG
*ODQG
::)
,QWHUQDWLRQDO
$YDLODEOH
DW
KWWSDZVDVVHWVSDQGDRUJGRZQORDGVOSUBBIXOOBUHSRUWBORZBUHVSGI >@
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THE METHODOLOGY OF BRYOZOA CULTIVATION
IN THE LABORATORY CONDITIONS
VERONIKA BRUMOVSKA, LUKAS MARES, JAN MARES
'HSDUWPHQW RI=RRORJ\ )LVKHULHV+\GURELRORJ\DQG$SLFXOWXUH
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
EUXPRYVNDYHURQLND#VH]QDPF]
$EVWUDFW 7KH PDLQ DLP RI WKH VWXG\ ZDV WR GHYHORS DQG YHULI\ D PHWKRGRORJ\ IRU WKH FXOWLYDWLRQ
RI EU\R]RDQV LQ ODERUDWRU\ FRQGLWLRQV )RU WKH H[SHULPHQW WKH EU\R]RDQ RI WKH VSHFLHV 3OXPDWHOOD
HPDUJLQDWD ZDV XVHG 7KH FRORQLHV FDPH IURP WKH UHFLUFXODWLQJ V\VWHP RI FLUFXODU WDQNV ORFDWHG
DW 0HQGHO 8QLYHUVLW\ 7KH FRORQLHV RI 3 HPDUJLQDWD ZHUH SODFHG LQWRDTXDULDLQDGMXVWHG3HWULGLVKHV
DQG VWDUWHG WR DWWDFK WR WKH GLVK ZDOOV DIWHU ± GD\V $ WRWDO RI  DGMXVWHG 3HWUL GLVKHV ZHUH XVHG
LQ  WDQNV 0DMRULW\ RI FRORQLHV  ZHUH DWWDFKHG DIWHU  GD\V 7KH FRORQLHV ZHUH QRW IHG GXULQJ
WKH ILUVW WULDO ZKLOH D PL[WXUH RI JUHHQ DOJDH ZDV RIIHUHG WR WKHP GXULQJ WKH VHFRQG WULDO $OWKRXJK
WKH FRORQLHV ZHUH FXOWLYDWHG LQ RSWLPLVHG FRQGLWLRQV WKH\ GLG QRW JURZ DQ\ IXUWKHU DQG DOO FRORQLHV
LQ ERWK WULDOV GLHG DIWHU RQH PRQWK :H GLG QRW VXFFHHG LQ GHYHORSLQJ DQG YHULI\LQJ D PHWKRGRORJ\
IRU WKHFXOWLYDWLRQ RIEU\R]RDQVLQODERUDWRU\ FRQGLWLRQV
.H\:RUGV %U\R]RD3OXPDWHOODHPDUJLQDWDFXOWLYDWLRQ ODERUDWRU\ FRQGLWLRQ
INTRODUCTION
5HFHQWO\ WKHUH KDV EHHQ PXFK DGYDQFHPHQW LQ WKH IUHVKZDWHU DTXDFXOWXUH
LQ WKH &]HFK 5HSXEOLF 7KLV PDLQO\ FRQVLVWV RI WKH FRQVWUXFWLRQ RI VSHFLDOL]HG V\VWHP
HJ UHFLUFXODWLQJ DTXDFXOWXUH V\VWHPV  ZKLFK DUH IRFXVHG SUHGRPLQDQWO\ RQ VDOPRQLG ILVK IDUPLQJ
0=H ý5   7KHVH V\VWHPV DUH XVXDOO\LQKDELWHGE\RWKHURUJDQLVPVZKRVHRFFXUUHQFHLVPDLQO\
DIIHFWHG E\ ORFDO FRQGLWLRQV $TXDWLF LQYHUWHEUDWHV FDQ EH DEXQGDQW DQG WKHLU HIIHFWV RQ WKH V\VWHP
GLIIHU DPRQJ WD[D 6RPH VSHFLHV KDYH QR HIIHFW RQ WKH UHFLUFXODWLQJ DTXDFXOWXUH V\VWHPV EXWWKHUHDUH
DOVR VRPH VSHFLHV ZKRVH SUHVHQFH LV XQGHVLUDEOH %U\R]RDQV PD\ FDXVH VHULRXV SUREOHPV LQ LQWHQVLYH
ILVK IDUPLQJ ERWK E\ EORFNLQJ WKH SLSLQJ ZLWK WKHLU JURZWK DQG E\ EHLQJ LQWHUPHGLDWH KRVWV WR ILVK
SDUDVLWHV /DERUDWRU\ EUHHGLQJ RI EU\R]RDQV VHUYHV WR GHILQH RSWLPXP FRQGLWLRQV IRU WKHLU RFFXUUHQFH
DQGGHYHORSPHQW &KDQJHV WRWKHVHFRQGLWLRQV PLJKW OHDGWRWKHLUSDUWLDO RUWRWDOHOLPLQDWLRQ
&XOWLYDWLRQ RI EU\R]RDQV LQ ODERUDWRU\ FRQGLWLRQV LV JHQHUDOO\ YHU\ GLIILFXOW %U\R]RDQV
RI WKH JHQXV &ULVWDWHOOD DQG 3HFWLQDWHOOD ZHUH NHSW DOLYH RQO\ IRU VHYHUDO GD\V :RRG  
2Q WKH RWKHU KDQG :D\VV   ZDV DEOH WR NHHS D OLYLQJ FRORQ\ RI 3OXPDWHOOD UHSHQV IRU \HDUV
+H XVHG VHYHUDO GLIIHUHQW VLQJOHFHOOHG JUHHQ DOJDH LQ D PL[WXUH RI .QRS¶V QXWULHQW VROXWLRQ DQG VRLO
LQIXVLRQ DW D UDWLR RI+RZHYHURQHRIWKHPRVWHIIHFWLYHDQGOHDVWSUREOHPDWLFFXOWLYDWLRQV\VWHPV
WKDW KDV EHHQ XVHG IRU PDQ\ \HDUV LV XVLQJ RI ILVKFRQGLWLRQHG ZDWHU )LVK DUH SODFHG LQ ODUJH DTXDULD
LQ ZDWHU WKDW QHYHU JHWV ILOWUDWHG RU FKDQJHG 7KH DTXDULD DUH ZHOO OLW DQG WKH ILVK DUH ZHOO IHG
7KH ZDWHU IURP WKHVH ODUJH DTXDULD LV WKHQ XVHG WR ULQVH VPDOOHU GDUN WDQNV ZKHUH EU\R]RDQV JURZ
:RRG 
0RUULV HW DO   GHVFULEHG DQRWKHU SRVVLELOLW\ RI FXOWLYDWLQJ EU\R]RDQV LQ SODVWLF DTXDULD
ZLWK FRORQLHV RI 3 UHSHQV DOUHDG\ DWWDFKHG RQ YHUWLFDOO\ SRVLWLRQHG 3HWUL GLVKHV 7KH DTXDULD
DUH ILOOHG ZLWK DUWLILFLDO IUHVKZDWHU RI PHGLXP KDUGQHVV  P0 &D62  +2   P0 .&O
P00J62 +2 P01D+&2 7KH\ DUHLQWHQVLYHO\DHUDWHGDQGPDLQWDLQHGDWDFRQVWDQW
WHPSHUDWXUH RI  & XVLQJ ZDWHU ZDUPHUV :DWHU LQ WKH DTXDULD LV FKDQJHG ZHHNO\ %U\R]RDQ
FRORQLHV DUH IHG GDLO\ ZLWK D PL[WXUH RI JURZQ DOJDO FXOWXUHV E\ VXVSHQVLRQ WKHP GLUHFWO\ LQ WKH WDQN
7KH PL[WXUH LV FRPSRVHG RI &U\SWRPRQDV RYDWD 3ULQJVKHLP  PO  6\QHFKRFRFFXV OHRSROLHQVLV
.RPiUHN  PO  DQG 3HGLDVWUXP ERU\DQXP 0\HQ  PO  &XOWXUHV RI &KLORPRQDV SDUDPHFLXP
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(KUHQEHUJ DQG &ROSLGLXP VWULDWXP 6WRNHV  PO HDFK DUH DOVR DGGHG WR WKH ZDWHU LQ WKH ILUVWZHHN
WR LQRFXODWH WKHDTXDULDZLWKSURWR]RDQV
,W LV LPSRUWDQWWRSURWHFWEU\R]RDQVIURPSDUWLFOHVVHWWOLQJRQWKHLUVXUIDFH7KHHDVLHVWZD\ KRZ
WR DFKLHYH WKDW LV WR OHW WKH FRORQLHV JURZ RQ WKH ERWWRP VLGH RI WKH DUWLILFLDO VXEVWUDWH )RU H[DPSOH
LQGLYLGXDO SODVWLF 3HWUL GLVKHV FRQWDLQLQJ EU\R]RDQV PD\ EH LQVHUWHG LQWR JODVV WXEHV JOXHG WR WKHLQQHU
ZDOO RI WKH FXOWLYDWLRQ DTXDULXP RU JODVV 3HWUL GLVKHV FRQWDLQLQJ WKH FRORQLHV PD\ EH SODFHG
ERWWRP XS RQ VWDQGV LQ WKH DTXDULD 7KHWKLUGSRVVLELOLW\± VXLWDEOHIRUPDVVFXOWLYDWLRQ± LVWKHFRORQ\
JURZLQJ RQ WKH ERWWRP VLGHV RI JODVV VKHHWV WKDW DUH WLOWHG DQG SODFHGSDUDOOHO\ WRHDFKRWKHULQDURZ
MXVWDV KRQH\FRPEVLQDEHHKLYH :RRG 
7KH WUDQVIHU RI FRORQLHV RI WKH JHQHUD /RSKRSRGHOOD /RSKRSXV DQG &ULVWDWHOOD LV UHODWLYHO\
HDV\ 7KH\ DUH VLPSO\ WDNHQ IURP WKH RULJLQDO VXEVWUDWH DQG SODFHG GLUHFWO\ RQWR WKH QHZ VXEVWUDWH
ZKLFK WKH\ DWWDFK WR ZLWKLQ ± KRXUV %UDQFKLQJ FRORQLHV DWWDFK WR WKH QHZ VXEVWUDWH
RQO\ E\ WKH DFWLYHO\ JURZLQJ EUDQFK HQGLQJV )UHH EUDQFKHV RI EU\R]RDQV RI WKH JHQXV )UHGHULFHOOD
DQG VRPH VSHFLHV RI WKH JHQXV 3OXPDWHOOD PD\EHOHIWXQGLVWXUEHGIRUDSHULRGRI±GD\VE\OHDYLQJ
WKH EUDQFK HQGLQJV LQ FRQWDFW ZLWK WKH GHVLUHG VXEVWUDWH ,W LV DOVR SRVVLEOH WR ZHLJK WKH EUDQFKHV
JHQWO\ GRZQ ZLWK JODVV VWLFNV XQWLO WKH\ KROG RQWR WKH QHZ VXEVWUDWH RQ WKHLU RZQ *HQHUDOO\ LW KROGV
WUXH WKDW WKRVH EUDQFKHV WKDW DUH ILUPO\ DWWDFKHG WR WKH VXEVWUDWH DORQJ WKHLU ZKROH OHQJWK DUH VHOGRP
VXFFHVVIXOO\ WUDQVIHUUHG WR DQRWKHU SODFH :KHUH KRZHYHU LW LV SRVVLEOH WR SODFH D SDUW RI WKH ROG
VXEVWUDWH ZLWK WKH FRORQ\ RQWR D JODVV SODWH ZLWK ZHGJHV RU UXEEHU EDQGV WKH FRORQ\ FDQ JURZ
RYHU WR WKHJODVV 7KHQWKHROGVXEVWUDWHPD\EHUHPRYHG :RRG 
%U\R]RDQV FDQ DOVR EH FXOWLYDWHG RQ DUWLILFLDO VXEVWUDWH LQ VLWX :|VV   
WUDQVIHUUHG EU\R]RDQ FRORQLHV RQWR SODWHV RI ZRRGDQG 3HUVSH[KDQJLQJ YHUWLFDOO\XQGHUDIORDWLQJUDIW
:RRG   VXFFHVVIXOO\ XVHG JODVV DQG JURRYHG SRO\HWK\OHQH VXEVWUDWH 2QO\ YHU\ VPDOO FRORQLHV
ZHUHIRXQGRQYLQ\O RUUXEEHUIRLO
MATERIAL AND METHODS
)RXUJODVVDTXDULD $%&DQG' RIWKHGLPHQVLRQVRI îîFPDQGWKHYROXPHRI
OLWUHV ZHUH XVHG IRU WKH WULDO 7KHZDWHUFROXPQKHLJKWUHDFKHGFP7KHDTXDULDZHUHDHUDWHGXVLQJ
DHUDWLQJ URFNV 7KH VSDFH RI WKH DTXDULD ZDV GLYLGHG E\ D SRO\VW\UHQH SDUWLWLRQ LQ RUGHU WR SUHYHQW
H[FHVVLYH ZDWHU VZLUOLQJ 7R VLPXODWH WKH GDUN HQYLURQPHQW LQ ZKLFK EU\R]RDQV DUH FRPPRQO\IRXQG
WKHDTXDULDZHUHVKLHOGHG XVLQJ FDUGERDUGER[HV
7KH DTXDULD ZHUH ILOOHG ZLWK ZDWHU IURP WKH UHFLUFXODWLQJ V\VWHP RI FLUFXODU WDQNV ORFDWHG
DW 0HQGHO 8QLYHUVLW\ 7KH FRORQLHV RI WKH EU\R]RDQ 3 HPDUJLQDWD ZHUH DOVR WDNHQ IURP WKH VDPH
V\VWHP 7KH ILUVW VDPSOLQJ VLWH ZDV WKH ILOWUDWLRQ HTXLSPHQW WKH VHFRQG VLWH ZDV WKH SLSLQJ
DW WKH RXWIORZ IURP WKH FLUFXODU WDQNV 7KH FRORQLHV ZHUH WDNHQ XVLQJ D VFDOSHO 7KLV PHWKRG
RI VDPSOLQJ WXUQHGRXWWREHWKHPRVWJHQWOH RQHDQGWKHOHDVW GDPDJLQJ WRWKHVWUXFWXUHRIWKHFRORQ\
7KH VDPSOHG FRORQLHV ZHUH GLYLGHG LQWR VPDOOHU SDUWV RI WKH VL]H RI DSSUR[LPDWHO\ ± FP
7KHVH SDUWV ZHUH WKHQ LQVWDOOHG RQ D VSHFLDOO\ DGMXVWHG 3HWUL GLVK RI  FP LQ GLDPHWHU $ WHVW WXEH
ILOOHG ZLWK VDQG ZDV JOXHGWRWKHFHQWUHRIHDFKGLVK7KLVFDXVHGWKHGLVKHVWRUHPDLQVWDELOL]HGXQGHU
ZDWHU ZKHQ VXEPHUJHG LQWR WKH ZDWHU ERWWRP XS ,Q RUGHU WR NHHS WKH FRORQ\ LQ WKH GLVK EHIRUH
LW DWWDFKHGHDFKGLVKZDVHTXLSSHG ZLWKDSODVWLF JULG
7KLV WULDO ZDV FRQGXFWHG LQ WZR UHSOLFDWHV 'XULQJ WKH ILUVW WULDO ILYH 3HWUL GLVKHV ZHUH LQVHUWHG
LQWR HDFK DTXDULXP ZLWK D SDUW RI WKH FRORQ\ 7KH FRORQLHV UHFHLYHG QRXULVKPHQW RQO\
IURP WKH RUJDQLVPV FRQWDLQHG ZLWKLQ WKH DTXDWLF HQYLURQPHQW DQG ZHUH QRW OHW WR IHHG RWKHUZLVH
'XULQJ WKH VHFRQG UHSOLFDWLRQ RQO\ WZR DTXDULD $ DQG %  ZLWK IRXU 3HWUL GLVKHV ZHUH XVHG
IRU WKH FXOWLYDWLRQ RI EU\R]RDQV $JDLQ IRRG FRQVLVWHG RI WKH RUJDQLVPV FRQWDLQHG ZLWKLQ WKH ZDWHU
DQG IXUWKHUPRUH ZH DGGHG  PO RI FRQFHQWUDWHG PL[WXUH RI JUHHQ DOJDH &KORUHOOD NHVVOHUL
$FXWRGHVPXV REOLTXXV DQG 5DSKLGRFHOLV VXEFDSLWDWD  HYHU\ WKLUG GD\ 7KH K\GURFKHPLFDO SDUDPHWHUV
RI WKH ZDWHU ZHUH FRQWLQXRXVO\ PRQLWRUHG DQG WKH FROOHFWHG ZDWHU ZDV VXSSOHPHQWHG ZLWK ZDWHU
IURP WKHV\VWHP
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RESULTS AND DISCUSSION
Hydrochemical properties of water
%DVLF SK\VLFDO DQG K\GURFKHPLFDO PHDVXUHPHQWV ZDWHU WHPSHUDWXUH FRQWHQW RI GLVVROYHG
R[\JHQ LQ ZDWHU R[\JHQ VDWXUDWLRQ RI ZDWHU DQG S+  ZHUH GRQH XVLQJ D PXOWLSDUDPHWHU SUREH
+$&+
7DEOH :DWHUWHPSHUDWXUH &
$TXDULXP
$
%
&
'

0HDQWHPSHUDWXUH
&





/RZHVWWHPSHUDWXUH
&





+LJKHVW WHPSHUDWXUH
&





:DWHU WHPSHUDWXUH ZDV UHODWLYHO\ EDODQFHG LQ DOO WKH DTXDULD 7DEOH   ,W IROORZV
IURP 7DEOH  WKDW WKH ZDWHU WHPSHUDWXUH ZDV UHODWLYHO\ EDODQFHG LQ DOO WKH DTXDULD 7KH GLIIHUHQFHV
LQ WKH ORZHVW DQG KLJKHVW PHDVXUHG YDOXHV DUH GXH WR WKH IDFW WKDW ZDWHU ZDV DGGHG WR WKH DTXDULD
IURP WKH UHFLUFXODWLQJ V\VWHPDOZD\V VOLJKWO\ FRROLQJ WKHHQYLURQPHQW GRZQ
7KH VSHFLHV 3 HPDUJLQDWD LV FRPPRQO\ IRXQG LQ VWDQGLQJ ZDWHUV LQ ZDUP HXWURSKLF DUHDV
ZLWKLQ WKH GHSWK RI  P ,W LV PDLQO\ IRXQG LQ FDOP VWDJQDQW ZDWHUV RI ODNHV DQG ULYHUV ZKHUH
LW KDV VXIILFLHQW DWWDFKLQJ PDWHULDO SODQWV ZRRG URFNV  )RU H[DPSOH LQ WKH WHPSHUDWH DUHDV
RI 1RUWKHUQ $PHULFD WKH\ RFFXU WR WKH ODUJHVW H[WHQW DW WKH HQG RI VSULQJ ZKHQWKHZDWHUWHPSHUDWXUH
ULVHV DERYH  & :RRG   ,Q ODERUDWRU\ FRQGLWLRQV LW KDV EHHQ SURYHG VXFFHVVIXO SODFLQJ
RI WKH FRORQLHV LQ DQ DTXDULXP ZLWK PHGLXP KDUG LQWHQVLYHO\ DHUDWHG ZDWHU RI & PDLQWDLQHG
E\ ZDWHUZDUPHUV 0RUULVHWDO 
7DEOH'LVVROYHGR[\JHQFRQFHQWUDWLRQ PJO DQGR[\JHQVDWXUDWLRQ 
$TXDULXP
$
%
&
'

0HDQ
FRQWHQWRI
2 PJO





/RZHVW
FRQWHQWRI
2 PJO





+LJKHVW
FRQWHQWRI
2 PJO





0HDQ
VDWXUDWLRQ






/RZHVW
VDWXUDWLRQ






+LJKHVW
VDWXUDWLRQ






1R PDUNHG IOXFWXDWLRQV LQ WKH R[\JHQ FRQWHQW RFFXUUHG GXULQJ WKH WULDO 7DEOH   3RWHQWLDO
IOXFWXDWLRQV PLJKW QHJDWLYHO\ DIIHFWWKHOLIHVSDQ RIWKHVWRFNHGEU\R]RDQFRORQLHV
7DEOH S+YDOXHV
$TXDULXP
$
%
&
'

0HDQS+





/RZHVWS+





+LJKHVWS+





7KH S+ YDOXHV UHFRUGHG DUH YHU\ EDODQFHG LQ LQGLYLGXDO DTXDULD SRLQWLQJ RXW WR D VOLJKWO\
DONDOLQH HQYLURQPHQW 7DEOH   :RRG   GHVFULEHG SODFHV ZKHUH EU\R]RDQV LQ RSHQ ZDWHUV
DUH QRW FRPPRQO\ IRXQGHG 7KH\ DUH ORZ R[\JHQ VLWHV ZLWK S+ YDOXHV EHORZ  IDVW IORZLQJ ULYHUV
DQG VWUHDPV ZKHUH VPRRWK DQG URXQGHG VWRQHV GLG QRW DOORZ WKH ERXOGHUV WR VQXJO\ DGKHUH WR WKH
VXEVWUDWH DQG ZHUH FDUULHG DZD\ E\ WKHVWUHDP /LNHZLVHZHZRXOG QRWILQGWKHPRQJUHDV\ GHFD\HG
RU DFWLYHO\ FRUURGLQJ VXEVWUDWHV
Results of cultivating Plumatella emarginata in laboratory conditions
&RORQLHV RI 3 HPDUJLQDWD VWRFNHG LQ VSHFLDOO\ DGMXVWHG 3HWUL GLVKHV LQWR WKH DTXDULD VWDUWHG
WR DWWDFK WR WKH GLVK ZDOOV DIWHU ± GD\V $IWHU  GD\V  RI FRORQLHV ZHUH DWWDFKHG WR WKH EDVH
+RZHYHUWKHVHFRORQLHV GLGQRWJURZDQ\IXUWKHUDQGDIWHURQH PRQWKDOO FRORQLHV LQERWKWULDOV GLHG
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8QVXLWDEOH WHPSHUDWXUH GLVVROYHG R[\JHQ FRQWHQW DQG S+ PD\ EH H[FOXGHG DV WKH FDXVH
RI WKH GLHRII 7KH WHPSHUDWXUH ZDV PDLQWDLQHG DURXQG  & ZKLFK LV LQ DJUHHPHQW ZLWK WKH VWXG\
E\ 0RUULV HW DO   7KH ZDWHU ZDV DOVR VXIILFLHQWO\ R[\JHQDWHG DQG S+ GLG QRW GHFUHDVH EHORZ
WKH FULWLFDO YDOXH RI  2QH RI WKH SRVVLEOH UHDVRQV IRU WKH IDLOXUH ZDV WKH SRVVLELOLW\ RI GDPDJLQJ
WKH FRORQLHV GXULQJ VDPSOLQJ $QRWKHU SUREOHP PD\ KDYH EHHQ DQ LQVXIILFLHQW DPRXQW RI DGHTXDWH
IRRG WKDW WKH FRORQLHV QHHG RU DOVR WKH LQVWDELOLW\ RI WKH VXUURXQGLQJ HQYLURQPHQW IUHTXHQW OLJKWLQJ
UHJLPH FKDQJHV LQ WKH ODERUDWRU\ GXULQJ WKH ZDWHU PHDVXUHPHQWV DQG PDQLSXODWLRQ ZLWK 3HWUL GLVKHV 
DVWKHFRORQLHVSUHIHUVKDG\SODFHV /XNHãRYi 7KHSUHVHQFHRIDQDTXDULXPZLWKILVKDOVRQHHGV
WR EH WDNHQ LQWR FRQVLGHUDWLRQ DV WKH\ PD\ SRVLWLYHO\ DIIHFW WKH JURZWK DQG GHYHORSPHQW RI EU\R]RDQ
FRORQLHV DVUHSRUWHGE\:RRG  
CONCLUSION
$WWHPSWV WR FXOWLYDWH EU\R]RDQV RI WKH VSHFLHV 3 HPDUJLQDWD LQ ODERUDWRU\ FRQGLWLRQV ZHUH QRW
VXFFHVVIXO )RXUWHHQ GD\V DIWHU VWRFNLQJ WKH FRORQLHV LQWR WKH DTXDULD WKH\ EHFDPH DWWDFKHG
WR WKH EDVH +RZHYHU WKH FRORQLHV ZHUH XQDEOH WR JURZ DQ\ IXUWKHU DQGDIWHURQH PRQWKDOOFRORQLHV
GLHG %HVLGHV WKH PRQLWRUHG ZDWHU SURSHUWLHV WHPSHUDWXUH GLVVROYHG R[\JHQ FRQWHQW S+  LW LV DOVR
QHFHVVDU\ WR PRQLWRU RWKHU YDULDEOHVWKDWPD\KDYHLQIOXHQFHGWKHUHVXOWVRIWKHWULDOHJWKHFRQWHQWV
RI RWKHU VXEVWDQFHV LQ WKH ZDWHU VXFK DV SKRVSKDWHV FKORULGHV QLWULWHV DQG QLWUDWHV  WKH DPRXQW
DQG FRPSRVLWLRQ RIIRRGOLJKW LQWHQVLW\ DQGSRVVLEO\ HYHQLQFOXGLQJ WDQNVZLWKVWRFNHGILVK
ACKNOWLEDGEMENTS
7KH UHVXOWV DQG RXWSXWV ZHUH SURFHVVHG XVLQJ WKH HTXLSPHQW ILQDQFHG E\ WKH SURMHFW 23 9D9S,
&= 7HDFKLQJ DQG UHVHDUFK FDSDFLWLHV IRU ELRWHFKQRORJ\ GLVFLSOLQHV
DQG LQIUDVWUXFWXUH H[SDQVLRQ 7KH VWXG\ ZDV SURFHVVHG ZLWK WKH VXSSRUW RI WKH SURMHFW 1$=9
4- ,QFUHDVLQJ DQG LPSURYLQJ VDOPRQLG ILVK SURGXFWLRQ LQ WKH &]HFK 5HSXEOLF XVLQJ WKHLU
JHQHWLF LGHQWLILFDWLRQ
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INTRASPECIES VARIABILITY OF THE CHUB
(SQUALIUS CEPHALUS L.) IN THE CZECH REPUBLIC
AND POSSIBILITIES OF ITS MORPHOLOGICAL
DETERMINATION
LUKAS JUREK
Department of Zoology, Fisheries, Hydrobiology and Apiculture
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC
xjurek@node.mendelu.cz
Abstract: The aim of the study was to find whether it might be possible to discover individual lines
of selected fish species, in our case the chub (Squalius cephalus), using meristic and plastic traits.
The lines were detected using genetic methods; in particular, using analysis of mitochondrial (COI)
as well as nuclear (RP1S7) markers. The studied fish originated from all river basins within the Czech
Republic. A total of 30 plastic and 20 meristic traits were determined in 18 samples. Only in three
traits, the level of significance was found to be lower than P = 0.05. In practice, however, not even
these three traits can categorize particular individuals into the given lines. Therefore, no trait was
found that would clearly define the morphological differences between the studied lines of the chub.
Key Words: chub, Squalius cephalus, morphometric characteristics, plastic traits, intraspecies
variability
INTRODUCTION
With the advent of genetic methods and their increasing availability, molecular methods have
collided with classical ichthyology based on morphological traits. For the needs of taxonomy,
however, we need to find a common language for both these methods.
We are interested in understanding the intraspecies diversity mainly for the sake of a more
efficient protection of the biodiversity of our ichthyofauna.
The genus Squalis is a relatively variable group of fish; its taxonomy and exact number
of species in Europe have not yet been completely determined. This is supported by the fact
that presently new species are being found, such as Squalius janae reported by Bogutskaya
and =XSDQþLþ 2010) from SloYHQLD%RJXWVND\DDQG=XSDQþLþ 2010).
A number of authors have studied the genus Squalis; for example, Sanjur et al. (2003),
and 'RDGULD DQG &DUPRQD   RQ WKH ,EHULDQ 3HQLQVXOD =XSDQþLþ HW DO   LQ &URDWLD
6HLIHUWRYiDQGâLPNRYi  LQ(XURSH/HUFK  LQWKH%DONDQVDQG6DOHKHW al. (2017)
in Iran.
The chub is an omnivorous fish species, commonly found in all types of running and sometimes
even stagnant waters within the Czech Republic.
Historically, no lines/subspecies of chub have been reported on the territory of the Czech
ReSXEOLFRUIRUPHUO\&]HFKRVORYDNLD+UDEČHWDO  ZKRRWKHUZLVHPHQWLRQVXEVSHFLHVLQILVK
GR QRW GHVFULEH DQ\ VXEVSHFLHV LQ WKLV SDUWLFXODU VSHFLHV %DUXã DQG 2OLYD   QRWH PLQXWH
differences in the branched rays in the dorsal and anal fins in individual fish from the Danube, Odra,
and Elbe rivers, however, without defining specific subspecies.
Using genetic methods, the study Molecular biodiversity inventory of the ichthyofauna
of the Czech Republic (Mendel et al. 2012) revealed that at least three chub lines inhabit the territory
of the Czech Republic. My aim was to determine whether any differences can be found among
these lines at the level of morphology, and thereby, whether the lines can be reliably distinguished
without using DNA analysis.
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MATERIAL AND METHODS
The material used came from samplings collected within the study Molecular biodiversity
inventory of the ichthyofauna of the Czech Republic (Mendel et al. 2012). Captured individuals
(n = 18) originated from all major river basins in the Czech Republic. The genetically-determined lines
GLGQt correlate with the origin of the ILVK7KHVH[RIWKHILVKZDVQt known. This material was fixed
using formaldehyde and subsequently transferred into 70% alcohol. It was stored in the depository
of the National Museum in Prague, from where it was loaned for the purpose of my study.
The PHWKRGVZHUHEDVHGRQWKHVWXGLHVRI+UDEČHWDO  %DUXãDQG2OLYD  DQG Kottelat
and Freyhof (2007). A set of a total of 15 meristic and 28 plastic traits was evaluated in the fixed fish.
Subsequently, biometric coefficients were calculated from the plastic traits. Meristic values were
evaluated as numbers of hard and soft rays on all fins, and as numbers of scales at several levels
of the body. The number of gill rakers on the first branchial arch was not determined due to protection
of the museum material from damage, and WKHQXPEHURIYHUWHEUDHZHUHQt determined for technical
reasons.
The size of studied fish ranged from 118 to 241 mm total length, or from 95 to 192 mm standard
length. For biometric measurements, a digital calliper (Digital Calliper Powerfix Profi)
with the accuracy to a tenth of a millimetre was used. In larger fish, some longitudinal dimensions
(> 150 mm) were determined on the measuring board. Smaller fish were examined under a magnifying
DSSDUDWXV 0DQWLV 6WHUHR 0LFURVFRSHV 9LVLRQ (QJLQHHULQJ  DW D î RU î PDJQLILFDWLRQ
Measurements were done manually, and all horizontal dimensions were measured horizontally
with the craniocaudal axis of the body. The determined values were processed statistically
with the program Statistica 12 using the method of one-factor ANOVA and Canoco 5.04.
RESULTS AND DISCUSSION
Meristic traits
Of the total number of 15 studied traits, only one was found to be statistically significant. It was
the number of soft rays in pectoral fins, where the P value = 0.036.
Practically speaking, however, even this trait is non-significant, as the minimum number
of 16 soft rays occurred across all three lines, and therefore it cannot be used to distinguish among
individual fish (Table 1).
Table 1 Meristic traits by three lines of chub
Feature
Min

line 1 (n = 8)
Max
Median

Min

line 2 (n = 7)
Max
Median

Min

line 3 (n = 3)
Max
Median

Scale counts above lat. line

7.0

8.5

8.0

6.5

8.0

8.0

7.5

8.0

8.0

Lateral line scales min

43.0

47.0

44.0

44.0

45.0

44.0

44.0

46.0

45.0
46.0

Lateral line scales max

44.0

48.0

45.5

44.0

45.0

45.0

45.0

46.0

Scale counts below lat. line

3.0

3.5

3.0

3.0

4.0

3.0

3.0

3.0

3.0

Circumpeduncular scales

14.0

15.0

14.0

14.0

15.0

14.0

14.0

15.0

14.0
19.0

D
C
A
V
P

Predorsal scales

18.0

24.0

20.0

19.0

22.0

21.0

19.0

20.0

Postdorsal scales

19.0

23.0

20.5

19.0

21.0

20.0

20.0

23.0

22.0

Preventral scales

26.0

31.0

28.0

23.0

29.0

28.0

26.5

27.0

27.0

Preanal scales

7.0

10.0

8.3

7.0

9.0

8.0

7.0

9.0

9.0

Scales A ± C fin

9.0

13.0

11.0

11.0

11.5

11.0

10.0

11.0

11.0

hard

3.0

3.0

3.0

2.0

3.0

3.0

3.0

3.0

3.0

soft

8.0

8.0

8.0

8.0

8.0

8.0

8.0

8.0

8.0
19.0

{}

19.0

20.0

19.0

19.0

21.0

19.0

19.0

19.0

hard

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

soft

8.0

9.0

8.0

7.0

8.0

8.0

8.0

9.0

8.0

hard

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

soft

8.0

8.5

8.0

8.0

8.0

8.0

7.5

8.0

8.0

hard

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

soft

16.0

18.0

17.0

16.0

17.0

16.0

16.0

16.0

16.0

Legend: D ± dorsal fin, C ± caudal fin, A ± anal fin, V ± ventral (pelvic) fin, P ± pectoral fin, lat. line ± lateral line
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Plastic traits
Were found to be similarly non-significant. Of the 36 relative indices (Table 2), only two were
found to be significant; the snout length in percentage of head length P = 0.002. The smallest snout
length relative to head length was found in line no. 1 (on average 26.95%), followed by line
2 (28.32%), and the longest snout length on average was found in line 3 (28.69%). The other trait was
the depth of caudal peduncle in percentage of body length, where P = 0.020. On average, the first
group had 11.00%, the second 11.71%, and the third group 11.42%.
Table 2 Plastic trait indexes by three lines of chub
Feature
%
BD/SL
BD/BW
BW/SL
PD/ TL
PD/ SL
PD/PT
PT/TL
PT/SL
PVL/SL
PAL/SL
V-A/SL
LCP/SL
Von/SL
DCP/BD
WCP/BW
HL / TL
HL / SL
HL/BD
HL/PD
HW/BD
HW/BW
RL/HL
PL/HL
IW/HL
IW/HW
ED/SL
ED/HL
ED/RL
ED/IW
dD/SL
dC/SL
dA/SL
dV/SL
dP/SL
dD/BD
dA/BD

Min
24.1
53.5
14.0
42.8
53.2
50.8
23.3
28.9
48.7
70.1
19.9
17.1
10.3
41.3
13.9
19.6
24.0
91.9
43.8
64.3
86.5
25.8
48.7
41.1
69.0
5.0
19.8
74.3
47.8
17.1
22.3
12.8
13.6
16.4
66.7
49.1

line 1 (n = 8)
Max
27.3
64.5
16.9
46.5
57.0
65.2
29.2
35.4
52.0
75.9
23.8
19.2
11.6
44.3
19.8
21.3
26.6
107.3
48.9
73.6
105.5
28.2
52.8
44.6
78.4
5.7
21.9
80.2
52.1
19.4
26.4
15.9
16.3
19.5
77.8
64.5

Average

Min

line 2 (n = 7)
Max

Average

Min

25.6
59.0
15.1
44.4
54.9
61.9
27.5
34.0
50.6
71.8
21.7
17.8
11.0
43.0
16.5
20.5
25.3
98.4
46.1
69.0
94.8
27.0
51.5
42.1
74.6
5.3
20.9
77.5
49.6
18.0
24.8
14.9
15.4
18.0
70.4
58.3

25.2
51.4
14.7
43.2
54.1
57.4
24.8
31.2
49.8
71.6
20.6
15.5
11.3
39.5
11.2
18.6
23.5
82.2
42.2
62.6
87.6
27.6
46.8
42.3
71.5
5.0
19.8
71.3
46.6
16.6
23.6
13.6
13.9
16.3
63.0
52.5

28.6
63.2
16.8
46.7
58.3
68.4
29.8
37.0
51.7
74.5
22.9
19.4
12.3
45.4
19.6
21.1
26.2
100.2
47.2
70.7
100.0
29.4
54.7
46.9
77.1
5.9
23.9
86.5
55.2
19.8
26.8
16.3
16.4
18.9
72.6
60.3

27.0
58.7
15.8
44.6
55.8
60.9
27.2
34.0
50.9
72.6
22.3
17.7
11.7
43.4
16.1
20.0
25.0
92.6
44.7
67.2
92.7
28.3
50.6
43.8
74.5
5.4
21.8
76.9
49.8
18.3
25.0
15.1
15.5
17.5
67.9
55.9

25.8
58.0
15.5
43.3
54.0
62.1
27.4
34.4
50.0
72.1
21.8
16.5
11.1
41.8
15.2
19.4
24.2
86.6
44.9
62.6
88.6
28.3
46.3
41.5
72.9
5.0
20.4
69.8
45.4
17.8
24.5
14.3
14.4
17.3
64.5
52.4

line 3 (n = 3)
Max
28.0
62.5
16.5
44.5
55.9
64.0
28.2
35.5
51.9
75.3
23.8
19.3
11.7
43.1
20.6
21.5
27.1
104.9
48.4
74.9
102.1
29.3
52.5
45.8
75.9
6.2
22.9
80.2
51.7
18.1
26.4
15.4
16.1
19.1
69.3
59.7

Average
26.9
59.8
16.0
44.0
55.1
63.2
27.8
34.8
51.2
73.4
23.1
18.2
11.4
42.6
18.4
20.7
26.0
97.1
47.2
67.6
95.1
28.7
50.1
43.9
74.7
5.6
21.4
74.5
48.7
17.9
25.4
14.8
15.1
17.9
66.7
55.2

Legend: dD ± depth of dorsal fin, dC ± depth of caudal fin, dA ± depth of anal fin, dV ± depth of ventral (pelvic) fin,
dP ± depth of pectoral fin,dD ± depth of dorsal fin, TL ± total length, SL ± standart length, BD ± maximum body depth,
BW ± body width, HW ± head width, PD ± predorsal distance, PT ± postdorsal distance, HL ± head length,
RL ± snout length, PL ± postorbital length, IW ± interorbital width, ED ± eye diameter, DCP ± depth of caudal peduncle,
WCP ± width of caudal peduncle, LCP ± legth of caudal peduncle, PVL ± preventral length, PAL ± preanal length,
V-A ± distance between the ventral and anal fin

All the other traits we statistically non-significant. For meristic traits, the value
of P = 0.124 to 0.880; for plastic traits, the value of P = 0.066 to 0.994. It can therefore be stated
that of the 55 plastic and meristic traits, only two statistically significant traits and one highly
significant trait were found that might in theory help distinguish the three chub lines in the Czech
Republic based on morphology. It must be added, however, that a relatively small number of fish were
used for the analyses (n = 18), and that all lines slightly overlap in these traits. The results
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of non-metric multidimensional scaling (NMDS) did not show significant differences among
the population of Chub (Figure 1).
This issue is further complicated by the fact that the chub is the focus of sport fishermen
and belongs among the rheophilic fish species which are the subject of fish stocking plans for running
waters. In other words, with the transfer of stock material, mixing of the individual lines
within the river basin and their mutual cross-breeding occur.
Figure 1 Non-metric multidimensional scaling of biometric (A) and meristical signs (B)
of Squalius cephalus.

Legend: line 1 ± empty circles, solid line; line 2 ± full circles, dashed line; line 3 ± shaded squares, dotted line

CONCLUSION
It may be concluded based on the study that for a reliable detection of individual chub lines
in the Czech Republic, the use of genetic methods is necessary which, unfortunately, has so far been
impractical for field ichthyology. Although some morphometric coefficients were found
to be statistically significant, they cannot be used in practice as the values overlap within the lines.
For further verification, a multiple number of chub samples need to be analysed.
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FROM FEED MIXTURES IN CARP BREEDING BY USING
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Abstract: The aim of the study was to verify the effect of phytase and citric acid addition on increased
phosphorus digestibility from feed mixtures in carp breeding. Feed mixtures have many purposes
in carp breeding, but can also be a potential source of water pollution by phosphorus. Five diets were
used in this study. Their basis was a commonly used feed mixture KP1. The first mixture was also
the control, and the subsequent ones were with the addition of 500 FTU (phytase unit), 1000 FTU,
500 FTU and 3% of citric acid and the last one was with the addition of 1000 FTU and 3% of citric acid.
Six tanks, with seven pieces of common carp in each, were prepared for the study. The test was conducted
in two repetitions. Excreta samples were collected during the test, and later analysed for phosphorus
content. The obtained result have shown a significantly high influence of phytase and citric acid
addition on phosphorus digestibility (factorial ANOVA: F = 51.4, d.f. = 2, p < 0.001), where digestibility
of phosphorus increased by almost 30%. Furthermore, the amount of phytase in diets had no positive effect
on the quantity of the digested phosphorus.
Key Words: phosphorus, phytase, citric acid
INTRODUCTION
Complete feed mixtures have many uses in carp breeding, especially in supplementary feeding
of fry and stocked carp+ĤGD  UHSRUWVWKDW5\EiĜVWYt7ĜHERĖDVuses for carp production almost
20% feed mixture. 6FKlSHUFODXV and Lukowicz (1998) recommend the use of quality feed mixtures
in the second phase of fry breeding, while in the first phase they recommend shredded glycid feeds.
Feed mixtures are also used for winter breeding of carp fry in warming water using recirculation
systems, or for market carp production in waste warming water (Filipiak et al. 1998,
Guziur et al. 2003). In addition to the carp production, the mixtures are also used to improve their
condition or health state. 0DUHã DQG %DUDQHN   UHFRPPHQG VXSplementary feeding of carp
fry condition feed mixture (2022% ML, 10 MJ/kg) at the end of the summer. Further possibilities
for using complete feed mixtures in carp nutrition are in the period of possible occurrence
of the disease, when drugs, probiotics and vitamins are added to the feed mixture. In that case
the feeding of fry takes place within a short interval of several days or weeks
(Hartman and Regenda 2014).
Complete feed mixtures are composed mainly of plant and animal sources, supplemented
with substances for improving the feed stability, digestibility of individual components or reducing
its impact on the environment. Due to the limited availability of fishmeal or the prohibition on the use
of other animal components, the importance of the feed of a plant origin is increasing
0DUHãHWDO 2015). In addition to reducing the cost of feed production, a significant aspect when using
the feed is environmental loading. Fish meals contain high amounts of organic phosphorus,
but digestibility reaches oQO\DURXQG -LUiVHNHWDO 7KHSODQW ingredients form the basic
component of feed mixtures for omnivorous and herbivorous fish. Their importance is mainly found
in the substitution of other nutrient sources (when the combination is correct), and also
in the reduction of feed prices, as energy source and last, but not least, as a technological component
0DUHã HW DO   However, phosphorus in plants is stored in the form of phytic acid or phytate,
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which is, due to its complex structure very hard to digest for fish. Therefore, the phosphorus stored
in it is unavailable to the fish organism (Kumar et al. 2011).
Digestibility of phytate can be influenced in several ways. One of the possibilities is the use
of special cereal hybrid lines, with genetically reduced phytate content, but preserved with the same
amount of total phosphorus. This fact was also confirmed E\ 0DOê HW DO  . Furthermore,
the content and phytate digestibility from the plant components, depending on the plant species,
the conditions of cultivation of the individual components and above all, the adjustment
of the individual commodities. In general, the digestibility of nutrients can be enhanced
by WHFKQRORJLFDO PRGLILFDWLRQ RI FRPSRQHQWV 0DUHã HW DO   )XUWKHU possibility for affecting,
i.e. increasing phytate digestibility is the use of phytate enzymes.
In nature, phytases are abundantly present in plants, as endogenous phytase, and also
in microorganisms and through microorganisms, it is also present in animals, and animals. Especially
in ruminants, the presence of microorganisms of the rumen microflora is very important in terms
of enzyme production. Due to very low presence of microorganisms in the fish digestive tract,
production of phytase enzymes is very limited; almost zero (Simmons et al. 1990). Nowadays,
phytases are commonly added to fish feeds. These enzymes are industrially produced by genetically
modified microorganisms, mainly yeasts and bacteria (Cao et al. 2007). The use of phytase enzymes
by animals is affected by many factors, of which the ambient temperature and pH of WKH DQLPDO¶V
digestive tract are the most important (Simmons et al. 1990). The majority of industrially produced
enzymes show the highest activity in acidic environments (2.5±5.5). The use of phytase
is not problematic in case of fish with a stomach. However, in the case of carp breeding,
there is a problem, because of neutral pH values in the digestive tract and a zero use of enzymes
(Ji 1999, Cao et al. 2007). Temperature is another limiting factor in the phytase utilization.
The majority of microorganism-produced phytases tolerate maximum temperatures in the range
of 40& ,Qthe production of granulated feed mixtures by granulation or extrusion, the mixture
is very often heated to PRUHWKDQ&$Wthis point the denaturation of the enzyme proteins occurs,
and the enzyme becomes unusable (Cain and Garling 1995, Lei and Stahl 2000, Cao et al. 2007).
However, procedures which allow the use of phytases even in the feed mixtures treated in this way are
known. For example, Vielma et al. (2004) has presented a method of spraying a liquid form of phytase
on to the surface of the produced granules. Another option is to modify the feed mixture before
pelleting, by adding some of the organic acids, most often citric. In that way, the pH value of the feed
mixture decreases, and thereby the phytase activates in the neutral pH of the FDUS¶V digestive tract
(Baruah et al. 2005).
In the presented experiment, the hypothesis of increasing the phosphorus retention from the feed
mixture with the addition of phytase and citric acid in the carp breeding was confirmed. By adding
the acid to the carp feed mixture, it activates the phytase added to the feed mixture, and thus releases
the phosphate bounded to the phytic acid molecule. Increasing the digestibility of the phosphorus
from the plant component of the feed mixture reduces the loading of the environment and the need
for the addition of monocalcium phosphate to the feed.
MATERIAL AND METHODS
Characteristics of the experimental diets
Used enzymes
The digestibility of phosphorus from the feed mixture by using phytase enzyme and citric acid
was monitored in this study. Phytase Phyzyme XP 10.000 TPT, (10.000 FTU/g) was chosen
for this experiment. The phytase is produced by the Danisco Animal Nutrition company
(Du Pont concern). It is produced using E. coli and it is available in liquid and powder form. Increased
resistance to proteolytic enzymes, high relative activity over a wide pH range and thermostability
(owing to Thermo Protective Technology) XSWRC are the most important properties of the chosen
enzyme.
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Base of feeding mixture
Granulated complete feed mixture for carp KP1 produced in the IDFWRU\DW6WĜtEUQp+RU\ was
used as a base for the feed mixture. KP1 was shredded and subsequently the mixture
for the experiment was produced. The composition of KP1 is shown in the Table 1. Due to low protein
content, the experimental mixture was enriched with 10% of extracted soy meal. The extracted meal
was added to the mixture to increase its crude protein content.
Table 1 Basic composition of KP1
Composition
Analytical characteristics
%
wheat, wheat flour meal, rapeseed
moisture
14.00
crude protein
17.89
expeller, wheat bran, extracted soy
meal, maize, Ca(CO3)2-, NaCl,
crude fibre
4.81
total phosphorus
0.57
soybean oil
Experimental diets
The individual components (Table 2) were mixed for 2 hours using a food processor
(KitchenAid Heavy Duty 5kpm5) in order to thoroughly homogenize the mixture. After mixing, water
was added and dough was made. Granules were made from dough using the food processor. Granules
were dried in the hot-air sterilizer STERICELL 111 (BMT Medical Technology s.r.o.)
DW& temperature, and placed in plastic boxes after drying.
Table 2 Composition of experimental diets
Control
F500
KP1
90%
90%
extracted soy meal
pellet-dur
phytase
500 FTU
citric acid
-

F1000
90%
10%
0.5%
1000 FTU
-

F500C3
87%

F1000C3
87%

500 FTU
3%

1000 FTU
3%

Characteristics of the equipment
Six tanks of the 106 litres volume were used in this study. Tanks were divided in two unequal
parts, where the bigger one was used for breeding. The smaller part was with a conical bottom
and partially separated from the bigger one using plastic partition. This part was used
for the sedimentation of excreta and samples collection. Adequately adjusted inflow and aeration
provided the water circulation and discharging of excreta into the smaller sedimentation part
of the tank. Tanks are connected to biological filter NEXUS 310, where water is purified.
Characteristics of the tests
A total of 42 pieces of common carp of the average weight of    g were chosen
for the feed tests. Fish were stocked in six tanks, each with seven pieces. Before initiating the test,
fish were left for four weeks to acclimate to the environment and a further week to adapt to the new
feed. Throughout the tests, fish were fed ad libitum amount of feed.
During the experiment, two tests lasting 14 days were carried out. After the termination
of the first test, fish were left for one week to adapt to the new feed used in the following test.
In the first test, mixtures with no citric acid, i.e. control mixture, mixture with 500 FTU and mixture
with 1000 FTU were used. In the second test, fish were fed a control mixture, and mixture F500
and F1000 with addition of citric acid.
Basic physicochemical (water temperature, oxygen content (mg/l), oxygen saturation (%)
and pH) were measured by multimeter HachLange HQ40d, Germany. Concentrations of ammonia
ions, nitrites and chlorides were analysed using spectrophotometer WTW photoLab 6600 UV.VIS,
*HUPDQ\ DFFRUGLQJWR+RUiNRYi 
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Characteristics of the sample collection and analyses
Analyses of the experimental diets
The samples of feeds were analysed for phytase activity. The analyses were done by the Central
Institute for Supervising and Testing in Agriculture, according to EN ISO 30024.
Additionally, the content of phosphorus and fibres in feed was determined by the methods
in MaOê  
Sample collection and analyses
Excreta samples were collected regularly every day, prior to the morning feeding. Samples were
sucked using a pipette and filtrated through the filtration paper. Filtrated samples were deposited
in sample containers, separately for each tank. After collecting a sufficient amount of excreta,
the collected samples were homogenized and dried at  & Dried samples were grinded and sent
for subsequent analyses. The phosphorus and fiber content were determined.
Phosphorus digestibility was determined using an LQGLFDWRUPHWKRG 0DOê (QGRJHQRXV
fiber naturally occurring in feed was chosen as an indicator.
RESULTS AND DISCUSSION
Phytase activity
In the control diet, phytase activity was detected at 257 FTU/kg. Phytase activity in feed
mixture is due to a naturally occurring phytase in plant feed components. In mixtures with the addition
of 500 FTU, an activity of 961 FTU/kg was determined on average. In the mixtures containing
1000 FTU, 1350 FTU/kg on average was documented. According to these results, we can assume
there was a variance or error when weighing a very small amount of enzyme, which was subsequently
mixed into the mixture. However, the trend of increase in the phytase content in feeds F500,
when compared to the control and in F1000 when compared to F500 was attained.
The content of crude fiber and phosphorus
Table 3 Content of crude fiber and phosphorus in diets and excreta samples (%)
Feed
Test 1 without citric acid
Test 2 with citric acid
CF
P
CF
P
CF
P
control
5.60
0.6542
control1
24.36
1.0271
control1
25.94
1.0849
F500
5.08
0.6093
F5001
21.90
1.1033
F500C31
24.94
0.3143
1
1
F1000
4.98
0.6086
F1000
21.44
1.0977
F1000C3
25.14
0.4196
F500C3
5.00
0.6143
control2
25.82
0.9718
control2
25.48
1.1482
F1000C3
5.19
0.5931
F5002
24.06
1.1482
F500C32
27.78
0.3369
F10002
23.47
1.0909
F1000C32
26.45
0.2555
Legend: CF ± crude fiber, P ± phosphorus, 1 ± first repetition, 2 ± second repetition

The fiber content in used diets is within the range of 4.98±5.6%. Producer of KP1 reports 4.81%
of crude fiber content. An increased fiber content in the experimental diets was most likely due
to the addition of 10% of extracted soy meal. The amount of fibres found in diets used corresponds
to the research of -LUiVHN et al. (2005), who has reported the need for fiber in carp feeds
to be maximally up to 6%. A higher fiber content negatively affects the digestibility of other nutrients.
Phosphorus content in diets used is within the range of 0.59±0.65%. Producer of feeds reports
that 0.57% of phosphorus was registered in KP1. Therefore, the phosphorus content is consistent
with the study by -LUiVHNHWDO  ZKHUHWKHQHHGIRUSKRVSKRUXVLQWKHIHHGIRUFDUSwas reported
to be ranging from 0.6±0.7%.
Digestibility of phosphorus
Phosphorus digestibility is significantly higher in diets with the addition of 3% of citric acid,
which can be evidently seen when comparing Figure 1 and Figure 2.
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Figure 2 digestibility of phosphorus (%)

The digestibility of phosphorus for the control diet was at the level of 65.84% and 62.81%.
A YHU\ VLPLODU UHVXOW ZDV DWWDLQHG E\ 0DOê   ZKR UHSRUWed the digestibility of phosphorus
of 63.89% in the control diet, composed only of KP1. In the same study, there was no increase
in the phosphorus digestibility in diets with the addition of phytase enzyme Natuphos. A significant
increase (27.13% and 25.66%) of phosphorus digestibility occurred in the case of two diets with
the addition of citric acid. The digestibility of phosphorus was found to be positively influenced
by an addition of 3% of citric acid and phytase (factorial ANOVA: F = 51.4, d.f = 2, p < 0.001).
The same effect was recorded by Baruah et al. (2005), who established an increase in phosphorus
digestibility in diets with an addition of 500 FTU and 3% of citric acid for Labeo rohita
(Hamilton 1822). Phromkunthong et al. (2010) reported an increase in phosphorus digestibility in feed
tests with common carp, when phytase in combination with citric acid and monosodium phosphate
was used. Nwanna and Schwarz (2007) have reported a significantly higher digestibility of phosphorus
in diets with 1000 and 4000 FTU. In the following year the same authors have again mentioned
an increased digestibility of phosphorus when using phytase. In both studies, they reported positive
results without the addition of citric acid.
CONCLUSION
Fish breeding in fishponds is certainly one of the potential sources of water pollution
by excessive phosphorus. However, this is not the only problem in fishponds. The great part of fish
production comes from recirculation systems, where fish are fed granulated feed mixtures. This way
of breeding can partly extend into the carp breeding. In this study, the focus was on influencing
phosphorus digestibility from feed mixtures designed for breeding of common carp. Five diets were
evaluated: control, two diets with the addition of 500 FTU and 1000 FTU and two with the addition
of 500 FTU and 1000 FTU and 3% of citric acid. After finishing the experiment, a positive effect
(p < 0.001) of the addition of citric acid in combination with phytase on phosphorus digestibility
was found. Digestibility increased by almost 30%, with no difference in the enzyme dose.
The addition of just the enzyme had no effect on the phosphorus digestibility, when compared
to the control. In conclusion, it can be said that the use of phytase enzymes with the addition of citric
acid leads to a very significant increase in phosphorus digestibility. This data is important, not only
from an economical point of view, but especially from an ecological point of view. The use of these
products leads to a significant reduction in the amount of phosphorus released from fish breeding
systems.
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6(&21'<($52)021,725,1*2)$48$7,&
,19(57(%5$7(6,1$1,17(16,9(),6+
)$50,1*6<67(0
/8.$60$5(69(521,.$%580296.$-$10$5(6
'HSDUWPHQWRI=RRORJ\)LVKHULHV+\GURELRORJ\DQG$SLFXOWXUH
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND%UQR
&=(&+5(38%/,&
[PDUHV#HPDLOF]
$EVWUDFW 7KH DLP RI WKH VWXG\ ZDV D \HDURQ\HDU FRPSDULVRQ RI GHWDLOHG UHVHDUFK RI DTXDWLF
LQYHUWHEUDWHV LQ LQWHQVLYH VDOPRQLG ILVK IDUPLQJ GHWHUPLQDWLRQ RI WKH WD[RQRPLF FRPSRVLWLRQ
RI WKH FRPPXQLW\ DQG VSHFLILFDWLRQ RI VSHFLHV WKDW PD\ EH KRVWV WR VRPH SDUDVLWLF GLVHDVH DJHQWV
7KH PRQLWRULQJ ZDV GRQH RQ D 'DQLVK PRGHO UHFLUFXODWLQJ V\VWHP QHDU WKH 3UDYtNRY PXQLFLSDOLW\
LQ WKH &]HFK0RUDYLDQ+LJKODQGV$WRWDORIVHULHVRIVDPSOHVZHUHWDNHQLQWKHYHJHWDWLRQSHULRGV
RI WKH \HDUV  DQG  ,Q EHWZHHQ WKH YHJHWDWLRQ SHULRGV WKH ZKROH V\VWHP ZDV GUDLQHG
DQG GLVLQIHFWHG ZKLFK KDGD PDMRU LPSDFW RQ WKH DTXDWLFLQYHUWHEUDWHV$WRWDO RI  WD[D RI DTXDWLF
LQYHUWHEUDWHVZHUHUHFRUGHG,QWKHPHDQDEXQGDQFHZDVLQGP,QDIWHUGLVLQIHFWLRQ
PDUNHGFKDQJHVRFFXUUHGLQWKHWD[RQRPLFFRPSRVLWLRQWKHPHDQDEXQGDQFHKHUHZDVSFVP
.H\:RUGVLQWHQVLYHILVKIDUPLQJPDFURLQYHUWHEUDWHVILVKSDUDVLWHV
,1752'8&7,21
$TXDFXOWXUHLQWKH&]HFK5HSXEOLFFRQVLVWVPDLQO\RISRQGILVKEUHHGLQJQRZDGD\VKRZHYHU
WKHUHLVDQLQFUHDVLQJQXPEHURIVSHFLDOL]HGPRGHUQV\VWHPVGHVLJQHGPDLQO\IRULQWHQVLYHVDOPRQLG
ILVKIDUPLQJ 0LQLVWU\RI$JULFXOWXUH&=( 6XFKV\VWHPVDUHRIWHQLQKDELWHGE\YDULRXVVSHFLHV
RI LQYHUWHEUDWHV WKURXJK WKH ZDWHU VRXUFHV XVHG E\ WKH VWRFNLQJ RI ILVK RI YDULRXV RULJLQV DQG DOVR
E\ QDWXUDO SDWKZD\V 7KH UROH RI WKH LQYHUWHEUDWHV ZLWKLQ WKH V\VWHP DQG WKHLU SRVVLEOH HIIHFW
RQ WKH IDFLOLW\LVGHWHUPLQHGPDLQO\E\WKHHFRORJLFDODQGELRORJLFDOSURSHUWLHVRILQGLYLGXDOVSHFLHV
&RORQLVDWLRQRIWKHILVKIDUPLQJIDFLOLW\LQ3UDYtNRYE\DTXDWLFLQYHUWHEUDWHVLVSRVVLEOHE\VHYHUDO
SDWKZD\V 7KH SUHPLVHV DUH QRW URRIHG WKHUHIRUH WKH ILUVW SRVVLELOLW\ IRU VRPH LQVHFW VSHFLHV
LVWKHLPPLJUDWLRQRIDGXOWVIURPDQHDUE\SRQG DSSUR[PDZD\ ,QYHUWHEUDWHVWKDWDUHFDSDEOH
RI FRORQLVLQJ QHZ KDELWDWV LQ WKLV ZD\ LQFOXGH HJ GUDJRQIOLHV PD\IOLHV GLSWHUDQV KHWHURSWHUDQV
DQG DTXDWLF EHHWOHV $QGHUVRQ HW DO  $QRWKHU SRVVLELOLW\ RI D FRORQLVDWLRQ LV D QHDUE\ EURRN
WKDW VHUYHVDVWKHZDWHUVRXUFHIRUWKHV\VWHP:DWHULVVXSSOLHGWRWKHV\VWHPSULPDULO\IURPDERUHKROH
LQ WKH VXPPHU PRQWKV GXH WR LQFUHDVHG HYDSRUDWLRQ WKLV VRXUFH EHFRPHV LQVXIILFLHQW DQG ZDWHU
LV VXSSOLHGIURPWKHEURRN7KLVZDWHUVXSSO\LVQRWVHFXUHGE\DVXIILFLHQWO\GHQVH PHVKWKDWZRXOG
SUHYHQWLQYHUWHEUDWHVIURPLQILOWUDWLQJWKHV\VWHP7KHLQYHUWHEUDWHVFDQDOVRHQWHUWKHV\VWHPDORQJVLGH
WKHILVKVWRFN
6RPHVSHFLHVRIDTXDWLFLQYHUWHEUDWHVPD\EHKRVWVWRDZLGHUDQJHRIILVKSDUDVLWHVFDXVLQJILVK
GLVHDVHV3DUDVLWHVPD\FDXVHVHULRXVSUREOHPVLQILVKIDUPLQJHVSHFLDOO\LIWKHUHDUHVXLWDEOHFRQGLWLRQV
IRU GHYHORSPHQW RI WKHLU ZKROH OLIH F\FOH 7KHUHIRUH WKHLU SUHVHQFH LQ WKH V\VWHP LV XQGHVLUDEOH
3DOtNRYiHWDO 
3UROLIHUDWLYH NLGQH\ GLVHDVH 3.'  LV RQH RI WKH PRVW VHULRXV SDUDVLWLF GLVHDVHV7KHLU DJHQWV
DUH FRQQHFWHG ZLWK WKH LQYHUWHEUDWHV WKURXJK WKHLU GHYHORSPHQW F\FOH DQG PD\ RFFXU LQ LQWHQVLYH
VDOPRQLGILVKIDUPLQJV\VWHPV3.'LVDWKUHDWWRVDOPRQLGILVKIDUPLQJLQ(XURSHDQG1RUWK$PHULFD
2NDPXUDDQG:RRG 7KHDJHQWLVWKHP\[R]RDQ7HWUDFDSVXORLGHVEU\RVDOPRQDHLWVLQYHUWHEUDWH
KRVWV DUH EU\R]RDQV %U\R]RD  7RSV DQG 2NDPXUD   6HULRXV SUREOHPV DUH DOVR FDXVHG
E\ WKH VDOPRQLG ZKLUOLQJ GLVHDVH P\[RERORVLV  WKH DJHQW RI ZKLFK LV WKH P\[R]RDQ 0\[REROXV
FHUHEUDOLV ZLWK SDUW RI WKH GHYHORSPHQW F\FOH RFFXUULQJ LQ EORRG ZRUPV 7XELILFLGDH  6YRERGRYi
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 :HIXUWKHUPRUHHQFRXQWHUWKHQHPDWRGH5DSKLGDVFDULVDFXVLQLQWHQVLYHVDOPRQLGILVKIDUPLQJ
3DOtNRYi HW DO   ZKRVH LQWHUPHGLDWH KRVW PD\ EH WKH DPSKLSRG *DPPDUXV IRVDUXP
0RUDYHFD 6DOPRQLGILVKSURGXFWLRQLVDOVRDIIHFWHGE\WUHPDWRGHVSUHGRPLQDQWO\'LSORVWRPXP
VSDWKDFHXPDQG&UHSLGRVWRPXPVS 6YRERGRYi ZKRVHGHYHORSPHQWF\FOHLVERXQGWRIUHVKZDWHU
VQDLOV %UDVVDUG HW DO  6YRERGRYi   ,VRSRG $VHOOXV DTXDWLFXV LV DQ LQWHUPHGLDWH KRVW
RI WKRUQ\KHDGHGZRUPV $FDQWKRFHSKDOD WKHUDLQERZWURXWLVDKRVWRIWKHVSHFLHV$FDQWKRFHSKDOXV
DQJXLOODHRU$OXFLL 0RUDYHFE 
0$7(5,$/$1'0(7+2'6
6DPSOHV RI ZDWHU ELRWD ZHUHWDNHQ LQ WKH UHFLUFXODWLQJ IDFLOLW\ IRUVDOPRQLGILVK IDUPLQJ QHDU
WKH 3UDYtNRY PXQLFLSDOLW\ LQ WKH &]HFK0RUDYLDQ +LJKODQGV 7KH SUHPLVHV DUH PDQDJHG
E\ WKH FRPSDQ\ %LRILVK VUR 6DPSOHV ZHUH WDNHQ DW PRQWKO\ LQWHUYDOV LQ WKH \HDUV  DQG 
$ WRWDO RI  VHULHV RI VDPSOHV ZHUH WDNHQ 7KUHH VDPSOLQJ VLWHV ZH VHOHFWHG ZLWKLQ WKH V\VWHP
ZLWK GLIIHUHQWFRQGLWLRQVQDPHO\WKHERWWRPRIWKHGUDLQDJHFDQDOIURPWKHEUHHGLQJJXWWHUV RXWIORZ 
WKH ERWWRPRIWKHLQIORZFDQDOLQWRWKHEUHHGLQJJXWWHUV LQIORZ DQGWKHZDOORQWKHLQIORZWRWKHV\VWHP
ZDOO 
6DPSOHV RI DTXDWLF LQYHUWHEUDWHV DUH PRVW IUHTXHQWO\ WDNHQ XVLQJ WKH EHQWKLF QHW
1LHGRERYi DQG ěH]QtþNRYi   &RQVLGHULQJ WKH VSHFLILF FKDUDFWHU RI WKH UHFLUFXODWLRQ V\VWHP
WKH VDPSOLQJGHYLFHQHHGHGWREHDSSURSULDWHO\DGMXVWHG$VROLGDQGVKDUSFXWWLQJHGJHZDVZHOGHG
WR WKHULPRI WKH EHQWKLFQHWRIWKHGLPHQVLRQVîFP ZKLFKDOORZHGIRUVDPSOLQJIURPDVROLG
VXUIDFH$W WKH VDPHWLPHDORQJKDQGOHZDVIDVWHQHGWRWKHQHWEHFDXVHRIWKHDSSUR[LPDWHO\PGHSWK
RI ZDWHU LQ WKH V\VWHP ,Q FDVHV RI RXWIORZ DQG LQIORZ WKH VDPSOLQJ ZDV GRQH E\ WUDFWLRQ DORQJ
WKH ERWWRP WKH OHQJWK RIWUDFWLRQ ZDV  P LQ WRWDO 6DPSOHV IURP WKH ZDOO ZHUH WDNHQ E\ VFUDWFKLQJ
RII WKHEU\RSK\WHJURZWK7KHVXEVWUDWHFRQWDLQLQJWKHDQLPDOVZDVWKHQFDXJKWLQWRWKHQHWZLWKDPHVK
VL]HRIPP)L[HGVDPSOHVZHUHSURFHVVHGDQGHYDOXDWHGGXULQJWKH\HDUDFFRUGLQJWRVWDQGDUG
PHWKRGRORJ\ ý61 
7KHIROORZLQJSK\VLFRFKHPLFDOSURSHUWLHVRIZDWHUZHUHPHDVXUHGLQWKHV\VWHPWHPSHUDWXUH
S+ FRQGXFWLYLW\ DQG GLVVROYHG R[\JHQ FRQFHQWUDWLRQ &RQGXFWLYLW\ ZDV PHDVXUHG XVLQJ
WKH FRQGXFWRPHWHU +$11$ &RPER +,  RWKHU SDUDPHWHUV ZHUH PHDVXUHG XVLQJ
WKHPXOWLSDUDPHWHUSUREH+$&++4G
,QGLYLGXDO VDPSOHV ZHUH HYDOXDWHG EDVHG RQ WKH GDWD RQ WKH WD[RQRPLF FRPSRVLWLRQ
DQG DEXQGDQFH RI PDFUR]RREHQWKRV 'XH WR WKH ODUJH QXPEHU RI VDPSOHV DQG FRPSOH[ WD[RQRP\
WKLV VWXG\GRHVQRWLQFOXGHWKHPLGJHV &KLURQRPLGDH WKH\GRQRWSOD\DUROHDVLQWHUPHGLDWHKRVWV
RI ILVKSDUDVLWHVHLWKHU
5(68/76$1'',6&866,21
7KH DEXQGDQFH DQG WD[RQRPLF FRPSRVLWLRQ RI PDFUR]RREHQWKRV DUH DIIHFWHG SUHGRPLQDQWO\
E\ DELRWLFHQYLURQPHQWDOFRQGLWLRQVDQGE\WKHOLIHF\FOHRIDTXDWLFLQYHUWHEUDWHV7KHDELRWLFFRQGLWLRQV
RYHUWKHPRQLWRUHGSHULRGDUHVXPPDUL]HGLQWKH7DEOH
7DEOH  0LQLPXP PD[LPXP DQG WKH PHDQ YDOXHV RI DELRWLF SDUDPHWHUV RI ZDWHU LQ WKH V\VWHP
RYHUWKHPRQLWRUHGSHULRGLQWKH\HDUVDQG

'LVVROYHGR[\JHQ>PJO@
S+
7HPSHUDWXUH>&@
&RQGXFWLYLW\>6FP@
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2XWIORZ
PD[





PHDQ





'XHWRPLQLPXPGLIIHUHQFHVRIWKHPHDVXUHGYDOXHVEHWZHHQORFDOLWLHVWKHV\VWHPLVHYDOXDWHG
DV D ZKROH 7KH R[\JHQ FRQFHQWUDWLRQ RYHU WKH PRQLWRUHG SHULRG UDQJHG ZLWKLQ ± PJO
S+ UDQJHGIURPWR:DWHUWHPSHUDWXUHLQWKHV\VWHPGHFUHDVHGWR&LQWKHZLQWHUPRQWKV
WKH KLJKHVW WHPSHUDWXUH PHDVXUHG ZDV  & &RQGXFWLYLW\ UDQJHG ZLWKLQ WKH YDOXHV
RI ± 6FP %UHJQEDOOH   UHSRUWV WKH RSWLPDO YDOXHV RI K\GURFKHPLFDO SURSHUWLHV
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IRU WKH 'DQLVK PRGHO UHFLUFXODWLQJ V\VWHPV WR EH ± IRU R[\JHQ VDWXUDWLRQ RI ZDWHU
DQG ± IRU S+ 6YRERGRYi   UHSRUWV WKH RSWLPDO WHPSHUDWXUH IRU VDOPRQLG ILVK VSHFLHV
WR EH ± & $OO WKH PHDVXUHG YDOXHV FRUUHVSRQG ZLWK WKH UHFRPPHQGHG UDQJHV H[FHSW
IRU S+ PHDVXUHG LQ 6HSWHPEHU  ZKLFK GHFUHDVHG WR  PHDQZKLOH LW LV UHFRPPHQGHG
IRUS+QRWWRGURSEHORZ %UHQJEDOOH 
0DFUR]RREHQWKRVFRPPXQLWLHVLQUHFLUFXODWLQJV\VWHPVDUHRIWHQDOVRDIIHFWHGE\WHFKQRORJLFDO
LQWHUYHQWLRQV)UHTXHQWO\S+YDOXHVDUHDGMXVWHGXVLQJVRGLXPFDUERQDWHDVS+LVDGMXVWHGWRDSSURDFK
 VXFK LQWHUYHQWLRQ GRHV QRW LQWHUIHUH ZLWK WKH LQYHUWHEUDWHV LQ DQ LPSRUWDQW ZD\ 7KHUDSHXWLF
LQWHUYHQWLRQVPD\DOVREHGRQHZLWKLQWKHV\VWHPKDYLQJDPDMRULPSDFWRQWKHELRILOWHU¶VIXQFWLRQ
)RU H[DPSOHWKHXVHRIDQWLELRWLFVFDQFRPSOHWHO\NLOORIIWKHELRILOWHUEDFWHULD 3DOtNRYiHWDO 
FDXVLQJ PDMRU FKDQJHV WR WKH FKHPLFDO VWDWXV RI ZDWHU 2WKHU IUHTXHQWO\ XVHG WKHUDSHXWLF WRROV DUH
IRUPDOGHK\GHDQGVRGLXPFKORULGH 6YRERGRYi $OOWKHUDSHXWLFLQWHUYHQWLRQVKDYHDPDMRULPSDFW
RQWKHFRORQLVDWLRQRIWKHV\VWHPE\PDFUR]RREHQWKRV
&RPSRVLWLRQRIWKHPDFUR]RREHQWKRVFRPPXQLW\
,QWKHWZR\HDUPRQLWRULQJRIWKHILVKIDUPLQJIDFLOLW\SHUPDQHQWJURXSVRIDTXDWLFLQYHUWHEUDWHV
GRPLQDWHG XQHTXLYRFDOO\ LH VXFK PDFUR]RREHQWKRV WKDW DUH SHUPDQHQWO\ ERXQG WR WKH DTXDWLF
HQYLURQPHQW,QWKH\HDUWKHPRVWDEXQGDQWJURXSZDVWKHVXESK\OXP&UXVWDFHDZLWKWKHKLJKHVW
SHUFHQWDJH LQ PRVW VDPSOLQJV &UXVWDFHDQV ZHUH UHSUHVHQWHG RQO\ E\ RQH VSHFLHV $VHOOXV DTXDWLFXV
ZKLFKDWWKHHQGRI-XQHDQG1RYHPEHUUHSUHVHQWHGXSWRDQGUHVSHFWLYHO\RIDOOWKHDTXDWLF
LQYHUWHEUDWHV,QWKH\HDU$DTXDWLFXVDSSHDUHGLQPDUNHGO\ORZHUDEXQGDQFHVZLWKWKHORZHVW
SHUFHQWDJH RI RQO\  LQ 6HSWHPEHU DQG WKH KLJKHVW SHUFHQWDJH RI  LQ 0DUFK )LJXUH  
7KLV VSHFLHVLVQRWVHQVLWLYHWRZDWHUSROOXWLRQIHHGLQJRQRUJDQLFUHPDLQVGHWULWXVRUIDOOHQOHDYHV
DQG GXH WR WKH KLJK ILVK EUHHGLQJ LQWHQVLW\ LW KDV VXIILFLHQW QRXULVKPHQW KHUH ,W PD\ DOVR EHFRPH
D SUREOHPZKHQZDWHUOLFHHQWHUWKHVSDFHRIWKHELRILOWHU7KH\IHHGRQWKHEDFWHULDOJURZWKDQGPD\
WKXVGHFUHDVHLWVHIILFLHQF\
7KHHIILFLHQF\RIELRORJLFDOILOWUDWLRQRIWKHEDFWHULDOJURZWKPD\DOVREHGHFUHDVHGE\IUHVKZDWHU
PROOXVFV,QWKH\RFFXUUHGDVWKHVHFRQGPRVWDEXQGDQWJURXSSHDNLQJDWWKHEHJLQQLQJRI-XQH
DQGLQ$XJXVWZLWKDQGUHVSHFWLYHO\LQWKHUHODWLYHUHSUHVHQWDWLRQ7KHPRVWDEXQGDQWVSHFLHV
ZDVWKHPROOXVF/\PQDHDSHUHJUD,Q/SHUHJUDRFFXUUHGLQWKHSHUFHQWDJHVRILQ6HSWHPEHU
XSWRLQ$SULO7KHPRVWDEXQGDQWPROOXVFJHQXVZDV3LVLGLXPVS0ROOXVFVRIWKHJHQXV/\PQDHD
PD\ EH LQWHUPHGLDWH KRVWV RI XS WR VHYHUDO VSHFLHV RI WUHPDWRGHV ,Q WKH F\SULQLG ILVK EUHHGLQJ
LW LV SUHGRPLQDQWO\ 3RVWKRGLSORVWRPXP FXWLFROD ZKRVH PHWDFHUFDULDH SDUDVLWL]H RQ ILVK VNLQ
DQG K\SRGHUPLV 6YRERGRYi   7KLV WUHPDWRGH PDWXUHV VH[XDOO\ LQ WKH LQWHVWLQHV RI ZDWHUIRZO
2QGUiþNRYiHWDO EXWWKRVHDUHSUHYHQWHGIURPHQWHULQJWKHILVKIDUPLQJIDFLOLW\GXHWRWKHXVH
RI QHWWLQJ / SHUHJUD PD\ EH D KRVW RI WKH WUHPDWRGHV &UHSLGRVWRPXP PHWRHFXV DQG 'LSORVWRPXP
VSDWKDFHXP +RVWV RI &UHSLGRVWRPXP IDULRQLV FDQ EH WKH SHD FODPV 3LVLGLXP VS 2OVHQ  
ZKLFK ZHUHDOVRQRWHGLQWKHV\VWHP
,QDQDEXQGDQWO\UHSUHVHQWHGJURXSZDVDOVRWKHFODVV+LUXGLQHDLQ2FWREHUOHHFKHVPDGH
XSWRDQGZHUHWKXVWKHVHFRQGPRVWDEXQGDQWJURXS,QOHHFKHVRFFXUUHGLQDPDUNHGO\
ORZHUSHUFHQWDJHRQO\LQ)HEUXDU\WKH\PDGHWKXVEHLQJWKHPRVWDEXQGDQWJURXS,QWKHRWKHU
PRQWKV WKH SHUFHQWDJH UDQJHG ZLWKLQ ± ,Q WKH OHHFK GLJHVWLYH V\VWHP UHSURGXFWLRQ RI PRQDGV
RI WKH JHQXV 7U\SDQRVRPD DQG 7U\SDQRSODVPD RFFXUV /RP HW DO  2YHUDWK HW DO 
6YRERGRYi 7KHVHPRQDGVOLYHLQWKHEORRGFLUFXODWLRQRIPDLQO\F\SULQLGILVKVSHFLHVIUHTXHQWO\
FDXVLQJPDVVLYHLQIHFWLRQV 6YRERGRYi $WWKHPRQLWRUHGIDFLOLW\RQO\WZROHHFKVSHFLHVZHUH
IRXQGDQG QHLWKHURQHRIWKHPLVDILVKHFWRSDUDVLWHDQGQHLWKHURQHVHUYHVDVDKRVWRIEORRGPRQDGV
(USREGHOODRFWRFXODWDIHHGVRQVPDOODTXDWLFLQYHUWHEUDWHVDQG*ORVVLSKRQLDFRPSODQDWDE\VXFNLQJ
RQWKHKDHPRO\PSKRIPROOXVFVDQGDQQHOLGV %XFKDUHWDO 
$QLQWHUHVWLQJJURXSZHUHWKHHQFK\WUDHLGZRUPV 2OLJRFKDHWD ZKLFKLQWKH\HDURFFXUUHG
UDWKHUVSRUDGLFDOO\DQGPDGHDPD[LPXPRIDWWKHHQGRI-XQH7KH\ZHUHUHSUHVHQWHGE\RQO\ILYH
WD[D ,Q  WKH JURXS 2OLJRFKDHWD ZDV WKH PRVW DEXQGDQW JURXS RI LQYHUWHEUDWHV WKHLU UHODWLYH
UHSUHVHQWDWLRQUHDFKHGXSWRLQWKHPRQWKRI6HSWHPEHUDQGWKHVSHFLHVUDQJHH[WHQGHGWRLQFOXGH
WD[D
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2WKHUJURXSVRISHUPDQHQWIDXQDIRXQGLQWKHUHFLUFXODWLQJV\VWHPLQERWKYHJHWDWLRQSHULRGV
ZHUH 7XUEHOODULD UHSUHVHQWHG RQO\ E\ WKH JHQXV 3RO\FHOLV VS DQG &QLGDULD DOVR UHSUHVHQWHG
E\RQHJHQXV+\GUDVS
)URPDPRQJUHSUHVHQWDWLYHVRIWHPSRUDU\IDXQDLHWKHRQHWKDWXQGHUJRHVRQO\DSDUWRILWVOLIH
F\FOH LQ WKH DTXDWLF HQYLURQPHQW D YHU\ DEXQGDQW JURXS ZHUH WKH PLGJHV &KLURQRPLGDH  ZKLFK
FRPPRQO\RFFXULQDOOW\SHVRIVXUIDFHZDWHUV+RZHYHUWKH\KDYHQRWEHHQHYDOXDWHGLQWKLVVWXG\
DQG WKH\ DUH QRW LPSRUWDQW DV LQWHUPHGLDWH KRVWV RI ILVK SDUDVLWHV HLWKHU )URP DPRQJ RWKHU
UHSUHVHQWDWLYHV RI WHPSRUDU\ IDXQD LQ ERWK YHJHWDWLRQ SHULRGV WKH IROORZLQJ JURXSV RFFXUUHG
(SKHPHURSWHUDHVSHFLDOO\%DHWLVUKRGDQL&ROHRSWHUDHVSHFLDOO\%U\FKLXVVS'LSWHUDPRVWIUHTXHQWO\
/LPQRSKRUDVSDQGIXUWKHUPRUHWKHJURXSV3OHFRSWHUDDQG7ULFKRSWHUDLQQHJOLJLEOHQXPEHUV6LDOLV
IXOLJLQRVD 0HJDORSWHUD RFFXUUHGLQ
)LJXUH5HODWLYHUHSUHVHQWDWLRQRIJURXSVLQDQG
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&21&/86,21
&RORQL]DWLRQ RI 'DQLVK W\SH UHFLUFXODWLRQ IDFLOLWLHV E\ DTXDWLF LQYHUWHEUDWHV LV QRW EHLQJ
VWXGLHG DW DOO LQ WKH &]HFK 5HSXEOLF DW SUHVHQW $V SUHVXPHG PDUNHG GLIIHUHQFHV ZHUH IRXQG
LQWKHLQFLGHQFHRILQYHUWHEUDWHVLQWKH\HDURQ\HDUFRPSDULVRQ
,QEHWZHHQYHJHWDWLRQSHULRGVWKHV\VWHPZDVGUDLQHGDQGWKHIDFLOLW\FRPSOHWHO\GLVLQIHFWHG
KDYLQJDPDMRULPSDFWRQWKHRFFXUUHQFHRILQYHUWHEUDWHV,QDEXQGDQWEU\RSK\WHJURZWKRFFXUUHG
KHUHSURYLGLQJWKHLQYHUWHEUDWHVZLWKDVXLWDEOHHQYLURQPHQWIRUVKHOWHUDQGDODUJHDPRXQWRIIRRG
7KH JURZWKZDVUHPRYHGGXULQJWKHFOHDQLQJDQGZDVQRWUHVWRUHGGXULQJWKHIROORZLQJVHDVRQ
3HUPDQHQW IDXQD SUHGRPLQDWHG DW WKH IDFLOLW\ RYHU WKH PRQLWRUHG SHULRG WHPSRUDU\ IDXQD
UHSUHVHQWDWLYHV PDGH DSSUR[LPDWHO\ D WKLUG RI DOO WKHLQYHUWHEUDWHV7KH PRVW DEXQGDQW JURXSV ZHUH
&UXVWDFHD 0ROOXVFD 2OLJRFKDHWD DQG +LUXGLQHD &KLURQRPLGDH ZHUH QRW HYDOXDWHG LQ WKLV VWXG\
DQG WKH\GRQRWKDYHLPSRUWDQFHLQWHUPVRILQWHUPHGLDWHKRVWVRIILVKSDUDVLWHV)XUWKHUPRUHWKHJURXSV
&QLGDULD7XUEHOODULD7ULFKRSWHUD(SKHPHURSWHUD'LSWHUD&ROHRSWHUDHWFZHUHREVHUYHG
8SRQHYDOXDWLQJWKHHIIHFWRIWKHIRXQGWD[DRILQYHUWHEUDWHVRQWKHIXQFWLRQDOLW\RIWKHV\VWHP
DQGWKHKHDOWKFRQGLWLRQRIILVKVHYHUDOSRWHQWLDOO\GDQJHURXVVSHFLHVZHUHGHWHUPLQHG7KHFUXVWDFHDQ
$VHOOXV DTXDWLFXV LV DQ LQWHUPHGLDWH KRVW RI WKRUQ\KHDGHG ZRUPV $FDQWKRFHSKDOD  IXUWKHUPRUH
LW GHYRXUVEDFWHULDOJURZWKDQGRQFHLWHQWHUVWKHELRILOWHUVSDFHLWPD\GHFUHDVHLWVHIILFDF\VLPLODUO\
DV WKH IUHVKZDWHU PROOXVFV SUHVHQW LQ ODUJH QXPEHUV 7KH PROOXVF /\PQDHD SHUHJUD LV D KRVW
RI WKH WUHPDWRGHV &UHSLGRVWRPXP PHWRHFXV DQG 'LSORVWRPXP VSDWKDFHXP WKH JHQXV 3LVLGLXP VS
LVDKRVWRI&UHSLGRVWRPXPIDULRQLV7KHRWKHUVSHFLHVGRQRWSRVHDSRWHQWLDOWKUHDWWRWKHV\VWHPDV WKH\
DUHQRWKRVWVWRILVKSDUDVLWHVDQGRFFXULQYHU\VPDOOQXPEHUV
$&.12:/('*(0(176
7KHUHVHDUFKZDVILQDQFLDOO\VXSSRUWHGE\WKHSURMHFW1$=9,QFUHDVLQJDQGLPSURYLQJWKHVDOPRQLG
ILVKSURGXFWLRQLQWKH&]HFK5HSXEOLFXVLQJWKHLUJHQHWLFLGHQWLILFDWLRQ>4-@
5()(5(1&(6
$QGHUVRQ-76PLWK/03HUVLVWHQFHDQGFRORQL]DWLRQVWUDWHJLHVRISOD\DZHWODQGLQYHUWHEUDWHV
+\GURELRORJLD ± ±
%UDVVDUG 3 &XUWLV 0$ 5DX 0(  6HDVRQDOLW\ RI 'LSORVWRPXP VSDWKDFHXP 7UHPDWRGD
6WULJHLGDH WUDQVPLVVLRQWREURRNWURXW 6DOYHOLQXVIRQWLQDOLV LQQRUWKHUQ4XHEHF&DQDGLDQ-RXUQDO
RI =RRRJ\  ±
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%UHQJEDOOH-$JXLGHWRUHFLUFXODWLRQDTXDFXOWXUH&RSHQKDJHQ)$2DQG(XURILVK
%XFKDU-'XFKiþ9+ĤUND./HOOiN-.OtþN XUþRYiQtEH]REUDWOêFKY\G3UDKD6FLHQWLD
/RP-'\NRYi,0DFKiþRYi%([SHULPHQWDOHYLGHQFHRISDWKRJHQLFLW\RI7U\SDQRSODVPD
ERUUHOL DQG 7U\SDQRVRPD GDQLOHZVNL IRU FDUS ILQJHUOLQJV %XOOHWLQ (XURSHDQ $VVRFLDWLRQ RI )LVK
3DWKRORJLVWV–
0LQLVWHUVWYR]HPČGČOVWYtýHVNpUHSXEOLN\(YURSVNêU\EiĜVNêIRQG9tFHOHWêQiURGQtVWUDWHJLFNê
SOiQSURDNYDNXOWXUX3UDKD0=Hý5
0RUDYHF)D2EVHUYDWLRQVRQWKHWUDQVPLVVLRQDQGWKHVHDVRQDOLW\RIWKHQHPDWRGH5DSKLGDVFDULV
DFXVLQ6DOPRWUXWWDIDULRLQDVPDOOWURXWVWUHDPLQ1RUWK%RKHPLDWKH&]HFK5HSXEOLF+HOPLQWRORJLD
  ±
0RUDYHF)E0HWD]RDQSDUDVLWHVRIVDOPRQLGILVKHVRI(XURSH1st ed.3UDKD$FDGHPLD
1LHGRERYi - ěH]QtþNRYi 3  2GFK\WRYp D RGEČURYp PHWRG\ EH]REUDWOêFK %UQR 0HQGHO
XQLYHUVLW\LQ %UQR
2NDPXUD%:RRG76%U\R]RDQVDVKRVWVIRU7HWUDFDSVXODEU\RVDOPRQDHWKH3.;RUJDQLVP
-RXUQDORI)LVK'LVHDVHV±
2OVHQ2:$QLPDO3DUDVLWHV7KHLU/LIH&\FOHVDQG(FRORJ\/RQGRQDQG7RN\R8QLYHUVLW\
3DUN3UHVV%ODWLPRUH
2QGUiþNRYi 0 âLPNRYi$ *HOQDU 0 -XUDMGD 3  3RVWKRGLSORVWRPXP FXWLFROD GLJHQHD
GLSORVWRPDWLGDH  LQ LQWHUPHGLDWH ILVK KRVWV IDFWRUV FRQWULEXWLQJ WR WKH SDUDVLWH LQIHFWLRQ DQG SUH\
VHOHFWLRQE\WKHGHILQLWLYHELUGKRVW3DUDVLWRORJ\  ±
2YHUDWK 3 +DDJ - 0DPH]D 0 * /LVFKNH$  )UHVKZDWHU ILVK WU\SDQRVRPHV GHILQLWLRQ
RI WZRW\SHVKRVWFRQWUROE\DQWLERGLHVDQGODFNRIDQWLJHQLFYDULDWLRQ3DUDVLWKRORJ\  ±
3DOtNRYi 0 1DYUiWLO 6 ýtåHN$ 6RXNXSRYi = /DQJ â .RSS 5 0DUHã -  6HDVRQDO
RFFXUUHQFHRIGLVHDVHVLQVDOPRQLGUHFLUFXODWLRQV\VWHPLQWKH&]HFK5HSXEOLF$FWD9HWHULQDULD%UQR
  ±
3DOtNRYi01DYUiWLO60DUHã-3UHYHQWLYQtSURI\ODNWLFNpDOpþHEQp]iVDK\QDVQtåHQtUL]LND
YêVN\WXDSURSXNQXWtRQHPRFQČQtY UHFLUNXODþQtFKV\VWpPHFKGiQVNpKRW\SX0HWRGLFV5%UQR
0HQGHOXQLYHUVLW\LQ %UQR
6YRERGRYi=1HPRFLVODGNRYRGQtFKDDNYDULMQtFKU\EY\G3UDKD,QIRUPDWRULXP
Ò10=  .YDOLWD YRG ± 1iYRG SUR YêEČU PHWRG D ]DĜt]HQt SUR RGEČU Y]RUNĤ VODGNRYRGQtKR
PDNUR]RREHQWRVXý61(1,62  3UDKDÒĜDGSURWHFKQLFNRXQRUPDOL]DFLPHWURORJLL
VWiWQt]NXãHEQLFWYt
7RSV 6 2NDPXUD %  0DODFRVSRUHDQ SDUDVLWHV 0\[R]RD 0DODFRVSRUHD  RI IUHVKZDWHU
EU\R]RDQV %U\R]RD3K\ODFWRODHPDWD DUHYLHZ'HQLVLD  ±
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Abstract: The lymphocyte transformation test is a functional immunological assay commonly used
in mammals, but in fish, there are some obstacles, making the optimization necessary (including
determination of optimal samples, anticoagulants, mitogens and their concentration, serum type,
temperature during incubation and its length). Samples obtained from rainbow trout
(Oncorhynchus mykiss) included organs (head kidney and spleen) and blood collected using different
anticoagulants (heparin, EDTA). The highest levels of cell proliferation were observed after 6±7 days
of incubation. Peripheral blood lymphocytes showed the best results with pokeweed mitogen
 Jml), while head kidney lymphocytes were most stimulated by phytohaemagglutinin
(100 Jml). Compared with trout serum, FBS provided higher proliferation levels. Best results were
obtained at 15 &ZLWKSHULSKHUDOEORRGO\PSKRF\WHVWKRXJKRQO\VPDOOGLIIHUHQFHVZHUHPHDVXUHG
between different incubation temperatures with head kidney lymphocytes. Heparinized blood
was proven to be an optimal sample, providing the best results. Optimization of this test improves
possibilities for examining the health status of salmonid fish in trials as well as in practice.
Key Words: mitogen, LTT, thymidine, Oncorhynchus mykiss, lymphoblast, stimulation
INTRODUCTION
There are many factors (rearing conditions, stress, various pathogens and pollutants)
with the ability to negatively affect health and meat quality of fish. Considering the worldwide growth
of aquaculture and increasing demand for fish meat, requirements for disease diagnosis and prevention
are also rising. As competence of the fish immune system is directly proportional to their general
health status, immunological parameters can be used for its evaluation (3DSHåtNRYi HW DO  
There are many applied immunological methods; however, functional immunological assays are
the most effective ones, telling us not only the current state of the fish immune system
but also its ability to actively react to stimulants. The lymphocyte transformation test (LTT)
is commonly used in mammals, but in fish, there are some differences, making the optimization
necessary. Using mitogenic stimulation, lymphocytes are transformed into lymphoblasts
(Scapigliati 2013). Mitogens selectively stimulate T cells (PHA, ConA), B cells (LPS) or both (PWM)
(Kehrer et al. 1998). After several days of cultivation, labeled thymidine (radioactive 3H) is added,
incorporated into newly formed DNA and subsequently measured by a liquid scintillation counter
in counts per minute (CPM). Overall, this test examines the ability of the immune system to respond
to the above-mentioned negative factors (Ottinger et al. 2014) or to prophylactic and therapeutic
interventions. Thus, reduced lymphocyte proliferation may be observed in case
of immunosuppression. However, there are significant differences between fish species (and also
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individuals) which should be taken into account. One of the facts we need to consider is a different
temperature optimum (in salmonids 8±16 &). Serum inactivation is also carried out at a lower
temperature than normal in mammals and thermophilic fish (Sakai 1981). According to some authors
(DeKoning et al. 1991), it is necessary to use homologous plasma in rainbow trout (Oncorhynchus
mykiss) instead of FBS (fetal bovine serum, commonly used in mammals). The optimization
comprises determination of optimal samples, anticoagulants, mitogens and their concentration, serum
type, temperature during incubation and its length.
MATERIAL AND METHODS
Fish and rearing conditions
Rainbow trout (average weight 194.77  68.44 g, total length 24.14  2.64 cm) were kept
in three breeding tanks with a volume of 1000 l and one tank with a volume of 1270 l (Mendel
University in Brno, Czech Republic). The water was saturated with oxygen at an average value
of 8.11 mg/l (i.e. 87.1%), while average temperature was maintained at 17,6 &
pH at 7.10, N-NH4+ at 0.36 mg/l, N-NO2- at 0.14 mg/l and Cl- at 140.40 mg/l. A Nexus 310 biofilter
was used to filter the water, while a UV-C lamp was used for disinfection. The diet used in this
experiment was BioMar EFICO Enviro 920, a standard extruded feed for salmonid fish rearing.
All fish were fed two times a day, feeding intensity was based RQWKHVXSSOLHU¶V recommendations.
Sample collection, isolation of mononuclear cells
Samples obtained from rainbow trout (Oncorhynchus mykiss) included organs (head kidney
and spleen) and blood collected from the caudal vein using different anticoagulants (heparin, EDTA).
The organs were cut, forced through a mesh and washed twice by centrifugation in phosphate-buffered
saline ± PBS (10 min, 450 g). Blood was diluted by RPMI-1640 medium (1 : 2). Subsequently,
mononuclear cells were isolated by density gradient centrifugation (Histopaque, 1077 g/ml; 40 min,
800 g). After centrifugation, a layer of mononuclear cells (lymphocytes and a small amount
of monocytes) was formed above the density medium. After collection, the cells were washed
repeatedly in PBS (10 min, 450 g), counted (Mindray, China) and resuspended in L-15 medium
(Leibovitz) WRWKHUHTXLUHGFRQFHQWUDWLRQ î5 cells per well).
Lymphocyte transformation test
The cell suspension O) was dispensed in triplicates into wells of 96-well plates together
with mitogens (20 O) and heat inactivated trout serum or FBS (O). The mitogens comprised plant
mitogens (polyclonal activation): PWM ± pokeweed mitogen J/ml), ConA ± concanavalin
A J/ml), PHA ± phytohaemagglutinin (25, 50, J/ml) and LPS ± lipopolysaccharide
(1, 50,  J/ml; Actinobacillus pleuropneumoniae). After the incubation period (2±8 days,
10±20 &  ODEHOHG WK\PLGLQH UDGLRDFWLYH 3H) was added and the cells were harvested in the next
20 hours (Packard, USA). The amount of thymidine incorporated into DNA was measured by a liquid
scintillation counter (Packard, USA) in counts per minute (CPM).
RESULTS AND DISCUSSION
The highest levels of cell proliferation were observed after 6 days of incubation with peripheral
blood lymphocytes (= PBL) and 7 days with head kidney lymphocytes (= HKL, Figure 1). However,
shorter incubation period is usually used in other studies (Harford et al. 20070OOHUHWDO). PBL
VKRZHGWKHEHVWUHVXOWVZLWK3:0 J/ml), while HKL were most stimulated b\3+$ J/ml).
The lowest levels were recorded with ConA (Figure 2, 3). In the following experiment, however,
PWM (10 J/ml) showed best results with HKL (Figure 4). Due to insufficient amount of isolated
cells, stimulation with LPS had to be examined separately (Figure 5, 6). Similarly to heparinized
EORRG ('7$ ZDV ZHOO VWLPXODWHG E\ 3:0  J/ml), with no stimulation observed with PHA
(100 J/ml) (Figure 7). Different results were described by various authors (Chilmonczyk 1978,
Tillitt et al. 1988, Agbede et al. 2005). In contrast with other findings (DeKoning et al. 1991),
FBS provided higher proliferation levels than trout serum (Figure 8). Best results were obtained
at 15 & ZLWK 3%/ Figure 9, 10), though only small differences were measured between different
incubation temperatures with HKL. Heparinized blood (diluted by RPMI) was proven to be an optimal
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sample, providing the best results (Figure 11). The spleen could not have been examined due to very
low numbers of isolated cells.
Figure 1 Length of incubation (HKL/PBL-heparin, 15 &3:0)%6Q 

Figure 2 Mitogens ± standard (c), lower (c-) and higher (c+) concentration (PBL-heparin, 7 days,
15 &)%6Q 

Legend: NS ± non-stimulated cells

Figure 3 Mitogens ± standard (c), lower (c-) and higher (c+) concentration (HKL, 7 days, 15 &
FBS; n = 6)
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Figure 4 Mitogens ± PWM, PHA (HKL, 6 days, 15 &)%6Q 

Figure 5 Mitogens ± LPS (PBL-heparin,
7 days, 15 &)%6Q 

Figure 6 Mitogens ± LPS (HKL, 7 days, 15 &
FBS; n = 8)

Figure 7 Mitogens ± PWM, PHA (PBL-EDTA, 6 days, 15 &)%6Q 
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Figure 8 FBS, autologous and homologous trout serum (HKL, 7 days, PHA100, 15 &Q +6

Figure 9 Incubation temperature
(PBL-heparin, 7 days, PWM50, FBS; n = 8)

Figure 10 Incubation temperature
(HKL, 7 days, PHA100, FBS; n = 8)

Legend: stimulation index (SI) = stimulated/non-stimulated cells

Figure 11 HKL, PBL-heparin and EDTA (7 days, 15 &)%6Q 
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CONCLUSION
There are many variables involved in the lymphocyte transformation test and studies show
different findings. Heparinized blood was proven to be an optimal sample during this experiment.
Maintaining the correct temperature when handling fish cells is essential (even during serum
inactivation) and natural variability also needs to be taken into account. Optimization of this test
improves possibilities for examining the health status of salmonid fish in trials as well as in practice.
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Abstract: Accumulation of sediments in fishponds is a big problem in the Czech Republic.
Most owners of fishponds are not able to manage this problem financially, organizationally
or professionally. A product that could degrade organic depositions at the bottom and in the water
column using natural unmodified bacteria could be an excellent and innovative solution to the problem
of silt removal in fishponds. The aim of the project was to examine the ability of bacterial-enzymatic
mixture to decompose pond sediments and the effect of these products on the quality and composition
of sediments. The experiment was conducted in laboratory conditions, so the results of this experiment
do not match the results that could be achieved in ponds under natural conditions. The degradation
of pond sediments was not confirmed during the course of the experiment. However, the influence
of the product on the change in sediment composition and the increase in oxygen content in water was
confirmed.
Key Words: sediment, water extraction, Mehlich extraction, bio-enzymatic preparations
INTRODUCTION
A significant change in strategy management of fishpond ecosystems occurred during
the second half of the 20th century, especially in connection with the intensification of carp breeding
DQGRYHUDOOLQWHQVLILFDWLRQRIDJULFXOWXUH 9UiQD ,QFUHDVHLQVHGLPHQWGHSRVLWLRQVDWWKHERWWRP
of ponds is occurring due to increased erosion in the catchment area, which is caused by an inadequate
management practise of agricultural land. As a result, not only fish production, but also the function
of ILVKSRQGVLQWKHSURFHVVRISROOXWLRQHOLPLQDWLRQLVUHGXFHG .XEtN3ODVWHU 
Sediments from fishponds are often removed and deposited in piles, and recorded as pond mud
+DYOtþHN 1969). Dredged sediments from fishponds, water reservoirs and water courses do not have
to be regarded as waste, if the quality of sediment complies with the requirements listed in the Annex
no. 9 of Act no. 185/2001 Coll. on waste, as amended (after adoption of amendment no. 9/2009 Coll)
.XEtN   6HGLPHQWV IURP ILVKSRQGV DQG UHVHUYRLUV FRQWDLQ KLJKHU FRQWHQW RI QXWULHQWV
and organic material when compared to arable land. Considering the conditions of our soil
and deposits of pond material, whether still in ponds or removed to fishpond dam, their use
in agriculturH LV YHU\ VPDOO +DYOtþHN 1969). The amount of allochthonous material getting
into the water increases risk of sediment contamination, which entails tightening of the legislative
requirements for the use of sediments in agriculture. Nowadays, interest in the reuse of sediments
is minimal and excavation from ponds and reservoirs is more expensive and more difficult.
A product, which should decompose organic parts of sediments in fishponds and reservoirs, can
be purchased on the market. It is a bacterial-enzymatic mixture containing concentrate of spores
and endospores of specially selected and purposefully cultivated strains of native soil bacteria.
One of the specific properties of those bacteria is the ability to increase the production of the desired
enzyme. All strains of bacteria should be non-pathogenic and naturally occurring in natural
environment. These strains of soil bacteria were selected for specific efficiency and should
not be genetically altered or modified. After introducing the mixture to water environment, spores
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and endospores should revive in a short time, produce specific enzymes and consume the present
organic sediment.
Regular use of PTP Plus should lead to the reproduction of bacteria, followed by continual
cleaning of fishponds. Producers of the mixture further state that biological balance in fishponds
occurs after couple of weeks of using this product. The amount of organic deposition, as well
as turbidity at the bottom and in the water column, should be significantly reduced. The result should
be a clear and transparent fishpond. Furthermore, a significant reduction in chlorophyll a, which
is a measure of algal biomass, should be achieved, as well as an increase in the oxygen content
in the water. The product should be safe for animals and cannot be overdosed (Baktoma 2017).
MICROBE-LIFT/Sludge-Away from USA company Ecological Laboratories, Inc is a similar
product available on the market. This product has organic and microbial base and it is formulated
specifically for the removal of organic bottom solids that are slow to degrade. It works faster at warm
temperatures; however, it may be used effectively at any temperature year-round. The product may
slightly discolour pond water for a short while. Company also states that product precipitates
phosphorous, improves transparency of fishpond and it is safe for fish, plants and environment.
It will accelerate the solubilisation and biological digestion of organic solids in pond. As a result
of this increased oxygen demand, the oxygen uptake rate in the pond will increase in the process,
DORQJ ZLWK WKH DTXDWLF OLIH¶V QHHG IRU R[\JHQ 7KH ILVKSRQG PXVW EH VXIILFLHQWO\ R[\JHQDWHG ! 
mg/l of dissolved oxygen) during the time of use of this product (MIKROBELIFT 2017).
MATERIAL AND METHODS
6HGLPHQWVIURPHXWURSKLFILVKSRQGV%RKXVODYLFNê,DQG%RKXVODYLFNê,,,VLWXDWHGLQFDGDVWUDO
area of municipality Bohuslavice u Konice in Olomouc Region, were used in this study. Sediments
were collected during the vegetative period on 9. 5. 2017 from the surface layer (0±15 cm).
Sediments were deposited in six graduated cylinders. Height of sediments layer was 20 cm,
and 30 cm of tap water was added. All cylinders were placed in a room with a constant temperature
(12 &  DQG OLPLWHG OLJKW DFFHVV %LR-enzymatic mixture PTP Plus was applied in two of graduated
cylinders with the mixture of sediment and water. In the first one the applied concentration was
according to the instructions of the producer and in the second one 100 times greater. The third
cylinder was without any product, and it was used as a control. The dosing according
to the instructions recalculated on the water surface of the cylinders was following:
1st week ± application of 9.5 mg
2nd and 3rd week ± application of 4.8 mg
4th and 5th week ± application of 3.2 mg
6th and 7th week ± application of 1.6 mg
Other product (MICROBE-LIFT/Sludge-Away from USA company Ecological Laboratories,
Inc) available on the market has been tested for comparison with the effect of PTP Plus.
MICROBE-LIFT was applied in two graduated cylinders (fourth and fifth) with prepared water
and sediment. One was with concentration recommended by producer and the other with hundred
times higher concentration. The last cylinder was used as a control, so it was without application.
The product was applied every week, for five weeks, according to the instructions, recalculated
to the volume of the cylinder, i.e. 0.12 ml of product every week.
Basic hydrochemical parameters: dissolved oxygen, water temperature, pH (Hach HQ40d)
and ZDWHUFRQGXFWLYLW\ +DQQDFRPER ZHUHPHDVXUHGLQF\OLQGHUVHYHU\ZHHNGXULQJWKHSURGXFWµV
application. PTP Plus and MICROBE-LIFT were applied for the first time on 15 May 2017 according
to the above-mentioned instructions. Eleven weeks (31. 7. 2017) after the first application,
all sediments were analysed. Dry matter of the sample was determined and water extraction according
WR VWDQGDUG ý61 (1 -4 and according to Mehlich III was done. The content of available
nutrients (N, P) in sediments was determined in both extracts. At the same time, the loss of sediment
in cylinders was monitored and the share of organic matter before and after the application of products
was measured. Chemical parameters from the extract were analysed using standard methods according
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WR +RUiNRYi   DQG =EtUDO (2016). The results are expressed in dry weight units of the used
sediments.
RESULTS AND DISCUSSION
Figure 1 Dissolved oxygen content
A) PTP plus application

B) Microbe-lift application

Dissolved oxygen content was higher in cylinders where PTP plus was applied than in cylinder
without mixture, with the exception of the first application (15. 5. 2017). During the almost entire
period of PTP plus application, the highest oxygen content was measured in cylinder where
a hundredfold dose of the product was applied, and the lowest in the cylinder with control, i.e. without
application (Figure 1A). On the other hand, in case of Microbe-lift, the lowest values of dissolved
oxygen were in the cylinder with a hundredfold dose. The highest values were documented
in the cylinder where the product was applied in recommended dose (Figure 1B).
The amount of dissolved oxygen actually increases during the application of both products,
when compared to the control. In the case of Microbe-lift, where an oxygen content of more than
4 mg/l is necessary for the functioning of the product, it is important to keep accurate dosing.
Other measured hydrochemical parameters (temperature, pH, conductivity) were relatively balanced
in the cylinders with PTP plus product. Significantly increased values of conductivity were detected
in the cylinder with hundredfold dosage of Microbe-lift. The other measured hydrochemical
parameters were again relatively balanced.
Figure 2 A) Content of organic matter and B) concentration of total nitrogen in water extraction
A)

B)

Content of organic matter in sediments from fishponds BohuslaviFNê , DQG %RKXVODYLFNê ,,,
is SUHVHQWHG LQ )LJXUH $ 9DOXHV ³LQSXW´ DUH YDOXHV RI VHGLPHQW ZKLFK ZDV analysed immediately
after the sampling, i.e. 9. 5. 2017. Other values are from analyses conducted after eleven weeks
(31. 7. 2017). PTP plus was applieGWRWKHVHGLPHQWVIURPWKH%RKXVODYLFNê,SRQGIURP
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to 26. 6. 2017 and Microbe-lift/sludge-DZD\ ZDVDSSOLHGWRWKHVHGLPHQWIURPWKH%RKXVODYLFNê,,,
pond from 15. 5. 2017 to 12. 6. 2017. The values in graduated cylinders with recommended dosage
DQG KXQGUHGIROG KLJKHU GRVDJH WKDQ UHFRPPHQGDWLRQ RI SURGXFHUV ZHUH UHFRUGHG ³&RQWURO´
represents the values of sediments taken from cylinders without any application (only sediment
and tap water), eleven weeks after the beginning of the test.
The highHVW DPRXQW RI RUJDQLF PDWWHU LQ VHGLPHQWV IURP %RKXVODYLFNê , ILVKSRQG ZDV
in the control (Figure 2A). A slight decrease in the amount of organic substances occurred
in sediments treated with PTP plus; but the lowest values were in the sediment analysed on the day
of the sampling (input). A similar trend is also shown in the second curve presenting the effect
of Microbe-lift. The lowest value was documented in the sediment where a hundredfold higher dosage
of the product was applied. However, the values do not differ by more than 2%, so in this case, neither
one product is evidently functional.
Concentration of the total nitrogen in sediments decreased in cylinders with recommended
dosage of both products, when compared to the control. However, an increase in values was detected
in the sediment treated with the hundredfold dosage; values of the sediment treated with PTP plus
exceeded and the control values. It is clear from Figure 2B that the lowest total nitrogen concentration
was measured in fresh sediments, i.e. those analyzed on the day of the collection.
Figure 3 Concentration of total phosphorous in sediments determined in extract according to standard
ý61(1-4 and according to Mehlich III
A) PTP plus application

B) Microbe-lift application

The amount of total phosphorus declined with an increased concentration of the PTP plus
product (Figure 3A). The value of total phosphorous also decreased in control, when compared
to the input. In this case, we can evaluate that the PTP plus slightly decreases the phosphorus
concentration in sediments. Concentration of the total phosphorus also decreased significantly
in the control sample when compared to the input sample, in sediment from Bohuslavice III treated
with Microbe-lift, as can be seen in Figure 3B. In this Figure, the differences in values obtained
from different methods of extraction were recorded. According to Mehlich extraction, the product has
no effect on the change in phosphorus concentration. Values obtained by standard
ý61 (1 -4 show a decreased concentration of phosphorous in sediments treated
with recommended dosage. However, increase occurs at higher dosage. In this case, the effect
of the product on the sediment cannot be evaluated.
Amount of calcium in water extract increased after PTP plus application; the value in control
also was slightly higher, when compared to the input analyses (Figure 4A). Therefore,
in this treatment, the product had influence on the increase in the amount of available calcium
in the sediments. In case of Microbe-lift (Figure 4B), more distinctive increase was documented
in control when compared to the input value. Values obtained from different methods of extraction
have differed. According to Mehlich analyses values increased and acFRUGLQJ WR WKH VWDQGDUG ý61
values are more balanced, with a slight decline. The influence of Microbe-lift product is minimal.
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Figure 4 Concentration of calcium in sediments determined in extract according to standard
ý61(1-4 and according to Mehlich III
A) PTP plus application

B) Microbe-lift application

Figure 5 Concentration of iron in sediments determined in extract according to standard
ý61(1-4 and according to Mehlich III
A) PTP plus application

B) Microbe-lift application

Concentration of total iron declined in sediments from Bohuslavice I with a higher
concentration of PTP plus (Figure 5A). In that case, there was a slight decline in concentration of iron
in sediments. The value of total iron was lower in control, when compared to the input. In Microbe-lift
treatment, values of total iron vary, depending on the type of the extraction method used. According
to Mehlich, there is an increase in the values of the treated sediments, and only in control the value
is lower than in the analysed fresh sample (Figure 5B). Values in the water extract prepared according
to the standard ý61(1-4 are more balanced. A slight decline of iron concentration occurred
in the graduated cylinder with recommended dosage, but the concentration rises again at a hundredfold
higher dose. In this case, the effect of the product on the sediment again cannot be clearly assessed.
CONCLUSION
PTP plus producer states that this mixture should decrease the amount of organic sediment,
and thereby also the turbidity at the bottom and in the water column. Furthermore, a decrease
of phosphates and increase in oxygen content in the water should occur. The product does not decline
the amount of organic sediment according to the conducted laboratory experiment. The height
of sediment layer was the same in graduated cylinders during the entire period of application and four
weeks after the application. ValuHV RI RUJDQLF PDWWHU VOLJKWO\ GHFUHDVHG GXULQJ WKH SURGXFW¶V
application, but only in a negligible amount. The content of dissolved oxygen in water actually
increases with an increasing concentration of the product. Concentration of phosphorus
in the sediments slightly decreased with the higher concentration of the product. The amount
of available calcium in sediments is influenced by the PTP plus treatment; higher values in cylinders
with higher dosage. Concentration of total nitrogen in water extraction was reduced when the product
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was applied at the recommended dose. Total iron in extractions was also analysed
and as with phosphorus, its concentration decreased with an increasing concentration of the product.
Concurrent product Microbe-lift should also decrease the amount of organic sediments
and precipitate phosphorous. A condition for the functioning of this product is sufficiently oxygenated
water (> 4.0 mg/l of dissolved oxygen), but this condition has not always been met. Values
of dissolved oxygen increased in cylinder with the recommended dosage of the product, but decreased
in sediment treated with a hundredfold concentration. The amount of organic matter slightly decreased
during the application of the product, but also at a negligible quantity. The amount of total nitrogen
also slightly decreased in cylinder with a recommended dosage. Other parameters cannot be clearly
HYDOXDWHG 8VHG H[WUDFWLRQ PHWKRGV DFFRUGLQJ WR 0HKOLFK DQG VWDQGDUG ý61 (1 -4) show
different values in order of magnitude in both products. In sediments treated with Microbe-lift,
different tendency of increasing and decreasing was noticed in each of the methods. In PTP plus
the treatment values are different, but the curves in figures are with the same or similar tendency
of ascending and descending.
The results of our experiment show that none of the products fulfilled all of the producers
claims. However, the experiment conducted under laboratory conditions does not fully correspond
with natural conditions in fishponds. For the best possible functioning of the products, sufficient
oxygenation and mixing of water in the cylinders should be provided. In fishponds, weather conditions
and fish stocks contribute to water and sediment movements, and in addition, there is a number
of other factors, which can have influence on the efficiency of the products.
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Abstract: Qualitative and quantitative analyses of phytoplankton community were carried out
in fishponds Bohuslavice 1, Bohuslavice 2 and Bohuslavice 3 situated in the District 3URVWČMRY, during
the period from April to August 2017. In Bohuslavice 2 and 3 bacterial product PTP PLUS was
applied in several repetitions in April and May with the aim of decomposing the organic sediments
at the bottom and improving the oxygen regime. At the same time, selected hydrochemical parameters
were measured. The highest values of oxygen saturation were documented at the beginning
of the season, after which they continuously decreased. Taxa from eight divisions were recorded
in the phytoplankton community. In terms of diversity, Chlorophyta was the most diverse group,
followed by Bacillariophyta and Euglenophyta in each of the studied fishponds. The highest
abundance in Bohuslavice 1 and 2 was recorded in the beginning of the research period, and this was
the only time when cyanobacteria were present in higher numbers. In Bohuslavice 2 the highest value
of abundance was in July, with Tetrastrum triangulare as the most dominant species (48.87% of total
amount of cells); and this was the highest abundance registered in all three ponds during the entire
research period. The most dominant group during greater part of the season was Chlorophyta
with common representatives from genera Monoraphidium, Desmodesmus, Planktosphaeria,
Tetrastrum. Very numerous members of phytoplankton community were also genera Trachelomonas,
from the group Euglenophyta and colonial Fragilaria from Bacillariophyta. The oxygen content,
diversity and abundance of phytoplankton were probably influenced by the cover of free floating
plants Lemna minor and Spirodela polyrhiza, which were present in different scales in all three ponds.
Key Words: green algae, composition, physicochemical parameters, taxon, duckweed
INTRODUCTION
Fishponds are generally man±made shallow water bodies and their functioning is conditioned by
human activity. Czech Republic is one of the European countries with the highest density of fishponds
(Wezel et al. 2013). Function of fishponds could be different, e.g. provision of habitat to support
freshwater biodiversity (De Bie et al. 2008), ornamental, recreational, but in Czech Republic most of
them are used for fish production.
Phytoplankton, as the photoautotrophic part of the plankton, is a major primary producer
of organic carbon in the pelagic of the seas and of inland waters (Reynolds 2006) and forms the base
of the aquatic food webs, which supports the zooplankton and fish (Graham et al. 2009).
Continual succession of dominant species of phytoplankton communities occurs due to dynamic
changes of growth factors such as light, temperature and nutrient concentration in an aquatic
environment (Chan 1980), as well as the presence of zooplankton, fish stock density
(Azim et al. 2003) and presence of submerged and floating plants (Bicudo 2007).
Intensive fish production has an important influence on both the structure and dynamics
of an aquatic ecosystem. According to the seasonal means in concentrations of total phosphorus at the
end of 20th century, about 80% of Czech fishponds were GHVFULEHG DV HXWURSKLF 3ĜLNU\O  
However, the fishery management is not the only source of nutrients, but also run-off
from surrounding land and in present time internal loadings area a very important factor. It is known
that most of the ponds have a nutrient pool in sediments.
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Phosphorus precipitation, aeration, sediment treatment, sediment removal, biomanipulation
and different chemical and bacterial products have all been used for restoration of water systems
and reducing of the internal load of nutrients.
Phytoplankton analysis gives an overall idea of the environmental condition of the water body.
Both quality and quantity abundance of plankton communities in fishponds are of great importance
for successful aquaculture management.
MATERIAL AND METHODS
The studied fishponds Bohuslavice 1 (B1) (1 ha), Bohuslavice 2 (B2) (0.8 ha),
Bohuslavice 3 (B3) (0.6 ha) are situated DORQJ WKH IORZ RI WKH âXPLFNê VWUHDP in municipality
Bohuslavice in the 'LVWULFW 3URVWČMRY, within the Olomouc Region (Czech Republic).
In two of the ponds (Bohuslavice 2 and 3) bacterial product PTP PLUS (Baktoma) was repeatedly
applied in May and June 2017 with the goals to decompose the organic sediments at the bottom
and in the water column. One of the benefits of this treatment, according to the producer, should
also be increased oxygen content (Baktoma 2017).
A cover of free floating duckweed plants (Lemna minor and Spirodela polyrhiza) was noticed
at the monitored ponds in beginning of April. In August, these plants have completely overgrown B3,
while 8090% surface of B1 was covered, and B2 was covered to a small extent during July
and August. From June to August the submerged plants (mainly genera Ceratophyllum)
were documented in B1 and B3.
Temperature, dissolved oxygen, pH, transparency and conductivity were measured immediately
on locality using mobile instruments (Hach Lange, Hanna instruments, USA and Secchi disk) always
in the same place (outflow) at the same time (in the morning).
The samplings of phytoplankton were conducted once a month in the period from April
to August 2017, except in the period of applying product PTP PLUS, when samples were collected
bi-weekly. Samples were taken XVLQJ  P SODQNWRQLF net. Phytoplankton species and genera
were identified in the live material under a light microscope Olympus BX51 using standard keys.
Determined taxa were classified into eight divisions: Cyanobacteria, Dinophyta, Cryptophyta,
Chrysophyta, Xantophyta, Bacillariophyta, Euglenophyta and Chlorophyta (Reynolds 2006).
Quantitative phytoplankton samples, 50 ml each, were taken with plastic bottles
IURP WKH VXUIDFH ZDWHU OD\HU DQG SUHVHUYHG LQ /XJRO¶V VROXWLRQ 6DPSOHV ZHUH FRQFHQWUDWHG using
filtration equipment by Marvan (Marvan 1957), after which the abundance of algae and cyanobacteria
ZDVFDOFXODWHGE\FRXQWLQJFHOOVLQD%ĦUNHUFKDPEHUThe data were expressed as a number of cells
per millilitre.
RESULTS AND DISCUSSION
The values of measured physicochemical parameters in all three fishponds are summarized
in Table 1.
Table 1 Minimum, maximum and mean values of the measured abiotic parameters in monitored
fishponds
Area

7HPSHUDWXUH &
Dissolved oxygen (%)
pH
Conductivity (mS/m)
Transparency (cm)

Bohuslavice I

Bohuslavice II

Bohuslavice III

Max

Mean

Min

Max

Mean

Min

Max

Mean

Min

21.9
122.4
8.25
50.8
110

17.9
57.5
7.21
43.0
95

13.9
3.2
6.35
34.6
50

21.4
131.9
8.69
45.8
100

17.7
44.7
7.42
43.8
63

12.8
5.5
6.48
42.7
25

20.1
142.5
8.85
42.2
125

17.1
61.5
7.75
39.2
98

12.9
5.2
6.78
35.4
50
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The oxygen content was high in the spring, while in the following months it decreased, reaching
a minimum during the summer months in every pond. The cover of free floating plants, which was
very developed throughout most of the sampling period, could be the cause of oxygen depletion
in the water (Pasztaleniec and Poniewozik 2013, Parr et al. 2002). During the course of this study,
the positive effect of the applied bacterial product PTP PLUS on oxygen content was not documented.
A total of 116 taxa from eight divisions were documented in Bohuslavice 1 fishpond,
88 in Bohuslavice 2 and 92 in Bohuslavice 3. The most diverse group was Chlorophyta with 43.10%
in B1, 48.86% in B2 and 39.13% in B3, followed by Euglenophyta 17.24% (B1), 19.32% (B2)
and 19.57% (B3) and Bacillariophyta 19.83% (B1), 17% (B2) and 19.57% (B3). Cyanobacteria were
registered in all three ponds, with 7 taxa (6.03%) in B1, 3 (3.41%) in B2 and 5 (5.43%)
in B3, but majority of them was documented in April and July. Chlorophyta was the most diverse
division during the entire sampling period, with exception of May in B1 and B3, when Bacillariophyta
was the most common, and August, when Euglenophyta was the most diverse group in B3.
The greatest phytoplankton abundance was observed in July in Bohuslavice 2,
while in Bohuslavice 1 and 3 the most abundant phytoplankton was documented in April,
but with lower values than in Bohuslavice 2. The lowest abundance was in the first half of May
in Bohuslavice 2 and 3 and in Bohuslavice 1 in July (Figure 1).

phytoplankton (cells/ml)

Figure 1 Change in phytoplankton abundance in studied fishponds
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The most abundant group in April was Cyanobacteria (Figure 2), represented
by Aphanizomenon and Pseudanabaena. Aphanizomenon was the most abundant taxon in B2
(28.69%) and B3 (51.38%), while in B1 Cryptomonas (22.12%) was the most numerous.
In May, Cryptomonas and colonial diatom Fragilaria were the most dominant taxa in all ponds. Green
algae represented mainly by Planktosphaeria gelatinosa and different species of Euglenophyta were
also present in a significant percent in B2 and B3 during the second half of May (Figure 2).
The dominant phytoplankton organisms in all monitored fishponds from June to August were
the representatives of green algae, with the exception of second half of June and July,
when Bacillariophyta was the most abundant division in Bohuslavice 3 (Figure 2).
In the first half of June, Planktosphaeria gelatinosa was the most numerous in B1 and B2, while
the representatives of genus Monoraphidium were the most dominant in B3. In the second half of June
and in July, when in Bohuslavice 1 the lowest abundance was documented, the most dominant were
genus Trachelomonas and common genera of green algae (Scenedesmus, Desmodesmus). The same
organisms were also the most dominant in Bohuslavice 2 at the end of June, while in July when
the abundance reached a maximum in value (Figure 1), Tetrastrum triangulare was the most
numerous species (48.87% of the total amount of cells) in this pond. At the same period, colonial
diatom Fragilaria was the most dominant taxon in Bohuslavice 3.
In August the green algae were still the most abundant group in each of the ponds. However,
Chrysophyta and Euglenophyta also comprised a significant part of the phytoplankton community
(Figure 2), with Mallomonas and Trachelomonas in B1 and B2, and Synura, Dinobryon
and Trachelomonas in B3 as the main representatives.
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Figure 2 Abundance of cyanobacteria and algae divisions documented in Bohuslavice 1 (B1),
Bohuslavice (B2) and Bohuslavice 3 (B3) during the season from April to August 2017
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In this study, the influence of bacterial product on phytoplankton community in ponds was not
registered. Abundance of phytoplankton in B1 (without application) and B3 (application) over entire
season was similar; while in B2 (application) was considerably higher only in July. Likewise, in some
months, dominant species were same in different fishponds.
Although the highest richness of species was documented in B1, majority of them were
common to all three ponds. The majority of dominant representatives tolerate a lower nutrient content,
but with different light requirements (Kruk et al. 2012). Persistence of a floating cover
can be the cause of low phytoplankton abundance, due to a low light intensity, which impairs
SKRWRV\QWKHVLV 2¶)DUUHOO HW DO  Pasztaleniec and Poniewozik 2013). The abundance
of phytoplankton in B1 and B3 was low during entire season. On the other side, in B2, it fluctuated
throughout the season, while reaching its highest peak in July, when the duckweed cover, which was
highly developed in June, was present only near the bank. Ceratophyllum, which was registered
from June to August in B1 and B3, could also be the reason for lower abundance in these two fish
ponds. It is well known that species of the genus Ceratophyllum can suppress the phytoplankton
community through different mechanisms (van Donk 2002).
CONCLUSION
The phytoplanktonic community of monitored fishponds during most of the study period was
dominated by the representatives of green algae. Cyanobacteria were the dominant division only
at the beginning of season, while during the rest of the season they had been observed in a negligible
number. Cryptophyta were documented during the entire period, but only in April and May in high
proportions. Bacillariophyta and Euglenophyta were important members of the phytoplankton
community throughout the study period. During the course of this study, the effect of the applied
bacterial product PTP PLUS on phytoplankton was not recorded. The free floating plant cover
impaired the development of phytoplankton community, resulting in the low abundance throughout
the greater part of the season. In Bohuslavice 1 and Bohuslavice 3, the lower abundance values
then in Bohuslavice 2 were additionally influenced by the presence of a submerged plant
Ceratophyllum. However, for a more detailed analysis of the fishpond phytoplankton, data
on the fishpond management, which is currently unattainable, are also required.
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Abstract: Middle Elbe region is well known for its vast network of pools, river branches and oxbow
lakes with preserved stands of water macrophytes. These sites are determined by richness of stands
and their morphology to evaluate its ecological potential. Ecological potential of water systems
of the Middle Elbe region has been monitored in seven sites, located in the Labe floodplain area between
7êQHFQDG/DEHPDQG.iUDQê7KHFRPELQDWLRQRIEcological quality ratio and Trophic state index was
used to evaluate this potential. The monitored sites are significantly affected by the eutrophication
process. This methodology has been verified to be applicable for evaluation of ecological potential
of similar sites. It has been verified that this methodology is applicable to evaluation of ecological
potential of similar sites. It has been found that ecological potential of examined localities displays status
influenced by eutrophy. The monitored sites are characterized by the presence of valuable water
and wetland plant communities. Some species of aquatic plants (like Nymphaea alba, Potamogeton
lucens or Scutellaria hastifolia) have disappeared as a result of increasing trophy, advancing ecological
succession and the destruction of stands.
Key Words: overgrown localities, trophic state index, ecological quality ratio, macrophytes
INTRODUCTION
Distribution of pools, river branches and oxbow lakes in the landscape is the result of modelling,
geomorphological, hydraulic and hydronamic processes (Giusti and Schneider 1965). The original lotic
system by the separation from the main flow becomes a closed lentic biotope with its own dynamics
(Moss 2010).
This type of system becomes a specific refuge for a variety of animals and plants and create
specific and unique biocenological communities. Moreover, these sites are very important in terms
of preserving the diversity of species. It is therefore necessary to contribute on preserving their most
natural environment and reducing or eliminating most of the anthropic impacts (Moss 2010).
The aim of this study is to find out the ecological status and quality of pools river branches
and oxbow lakes in the Middle Elbe region. These habitats belong to the Czech Republic well-preserved
nature areas with significant species diversity. Aquatic and wetland stand are among important
components of the environment. The anthropogenic catchment is mostly minimal; the localities are
loaded by the activities of anglers ± these biotopes are in general managed by the Czech Anglers Union.
This ultimately means the stocking of cyprinids to the assessed overgrown localities and affecting
their overall ecological status. In some cases, the stocking of herbivorous fish results in a top-down
effect and in the negative impact on aquatic plants (Jeppesen et al. 1997).
Another objective was to verify the available methodologies for assessing such water bodies
and to set the concept that suits best the above-mentioned requirements and which yields comparable
results with already published outputs.
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MATERIAL AND METHODS
Characterization of localities, monitoring and methods of assessment
([DPLQHGORFDOLWLHVDUHVLWXDWHGLQWKH&HQWUDO%RKHPLDQUHJLRQEHWZHHQFLWLHV7êQHFQDG/DEHP
DQG .iUDQê VHH7DEOH   The average depth of the sites ranges between 0.7 and 2.6 meters. River
EUDQFKHV %DMNDO DQG *UiGR DUH GRQDWHG E\ ZDWHU GLUHFWO\ IURP 5LYHU (OEH, while other sites
are predominantly dependent on the amount of precipitation.
Trophic state IQGH[ 76,  ZDV HYDOXDWHG XVLQJ &DUOVRQV PHWKRG &DUOVRQ 
Walker et al. 2007). The TSI ratings are based on SD and TP equations. Transparency and total
phosphorus were measured 10 times during the period 2016 ± 2017.
Ecological quality ratio (EQR) was evaluated using two methods (Borovec 2013,
Bund and Solimini 2007).
Coefficient of determination was calculated using maximum depth colonisation (MDC) method
(Canfield et al. 1985).
Chemical data (NO3-, P-PO4) were classified into three groups A ± low quality, B ± medium
quality and C± high quality (Maggioni et al. 2009). These parameters were measured twice times during
the period 2016± 2017.
Determination of vascular plants was based on the Key to the Flora of the Czech Republic
.XEiWHWDO02).
The nomenclature of aquatic and wetland plants was united based on the List of vascular
vegetation of the Czech Republic (Danihelka et al. 2012).
Endangered taxons were filed based on the Red List of vascular plants of the Czech Republic
(Grulich 2012). C1 ± critically endangered species, C2 ± strongly endangered species, C3 ± endangered
species, C4a ± rarer taxons requiring further attention ± known status, C4b ± rarer taxon requiring further
attention ± unknown status. Critically endangered species (C1) and strongly endangered species (C2)
are also listed for the reason of endangerment.
For classification of vegetation units the third volume of Vegetation of the Czech Republic
&K\WUêHWDO ZDVXVHG
Table 1 Overview of localities
Locality
Altitude and Latitude
Bejkovna
 1 (
%H]HGQi
 1 (
2NURXKOtN
 1 (
*UiGR
 1 (
Bajkal
 1 (
9iFODYND
 1 (
Homolka
 1 44.182148" E

Site characteristics
Pool, 0.5 ha
Oxbow lake, 0.8 ha
Oxbow lake, 0.4 ha
River branch, 14.0 ha
River branch, 2.8 ha
Oxbow lake, 1.7 ha
Pool, 1.5 ha

RESULTS AND DISCUSSION
Trophic state index
Values of TSI (dimensionless value) in examined localities were situated in the range
54.3±59.9; PHDQ6'56.9  2.0 (see Figure 1).
Suggested TSI range 50±70 classifies eutrophy with decreased transparency, anoxic hypolimnia
during summer, macrophyte problems evident and dominance of blue-green algae (Walker et al. 2007).
Decreasing of cyprinids stocking and reduction of eutrophic load are recommended.
Ecological quality assessment
Values indicating the ecological status of the sites (see Table 2) indicate that these are
nutritionally loaded systems with a middle degree trophy. The assessment of the number of macrophyte
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species according to (Borovec 2013) proved the same result ± to be ineffective. Therefore, this metric,
which can only be implemented on lake category reservoirs, cannot be applied in this case. The indicator
maximum depth colonization cd (MDC) is rather indicative classification. On the contrary,
the best ranking is based on (Maggioni et al. 2009) expressed as chemical data classes (CDC), adapted
to our conditions, where five sites are listed as less eutrophied and two sites as moderately eutrophied.
In the summary, therefore, all of the water courses below can be identified as eutrophied (Brown
and Simpson 2001).
Figure 1 Trophic state indices of examined localities (dimensionless value), 2017

60

58

TSI

56

54

52

50
Bejkovna

Bezedná Okrouhlík

Grádo

Bajkal

Václavka

Homolka

Table 2 Ecological quality assessment of localities ± Ecological quality ratio; number of macrophytes
species, maximum depth colonisation ± coeff. of determination and chemical data classes
(A ± low eutrophy, B ± medium eutrophy and C ± high eutrophy)
Locality

EQR-NS

cd(MDC)

CDC

Bejkovna

1

0.37

A low eutrophy

%H]HGQi

1

0.26

B medium eutrophy

2NURXKOtN

1

0.31

A low eutrophy

*UiGR

1

0.46

A low eutrophy

Bajkal

1

0.29

B medium eutrophy

9iFODYND

1

0.42

A low eutrophy

Homolka

1

0.43

A low eutrophy

Macrophytes assessment
The Bejkovna pool is the last largest pool in the Middle Elbe region with species-rich stands
of water macrophytes (see Table 3). Between years 2000 and 2002 there were recorded 23 associations
of water macrophytes. During the year the level of the water column fluctuates strongly, in dry years
there is only a small area with sufficient depth for fish survival. This type of vegetation was destroyed
by intensive breeding of fish and water poultry in the Middle Elbe in most areas (Rydlo 2002).
The ORFDOLW\LVFXUUHQWO\SDUWRI6&, 6LWHRI&RPPXQLW\,PSRUWDQFH /åRYLFNpWĤQČ$WWKHVDPSOLQJ
point, rich stands of associations of Hottonietum palustris, Utricularietum australis
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and Nymphaeo albae ± Nupharetum luteae. The Scirpetum lacustris association with the dominant
Schoenoplectus lacustris is also represented. In the loose reed beds critically threatened Ranunculus
lingua (C1r) is represented with high coverage, there is also an endangered Sium latifolium (C2b).
Table 3 Aquatic and wetland communities at the sampling points (+ plant community is present,
- plant community is absent), A ± Hydrocharitetum morsus ± ranae, B ± Ceratophylletum demersi,
C ± Hottonietum palustris, D ± Utricularietum australis, E ± Nymphaeo albae-Nupharetum luteae,
F ± Nymphaeetum candidae, G ± Lemnion minoris, H ± Phragmitetum communis,
I ± Glycerietum fluitantis
Locality/Taxon

A

B

C

D

E

F

G

H

I

number of species

Bejkovna

-

-

+

+

+

-

-

-

-

46

%H]HGQi

-

-

-

-

+

-

+

+

-

35

2NURXKOtN

+

-

-

-

+

-

-

+

-

32

*UiGR

-

-

-

-

+

-

-

+

-

42

Bajkal

+

-

-

-

+

+

-

+

+

40

9iFODYND

-

-

-

-

+

-

-

+

-

39

Homolka

-

+

-

-

-

-

+

+

-

28

The association of Hydrocharitetum morsus-ranae in the Czech Republic is vegetation strongly
decaying from our wetlands, mainly due to the destruction of alluvial waters, eutrophication
DQG WKH H[SRVXUH RI KDELWDWV WR VHYHUH GLVWXUEDQFHV HJ E\ ZDWHUELUGV &K\WUê HW DO  
The 2NURXKOtNORFDOLW\ZLWKYHJHWDWLRQRIWKH&RPPRQ)URJELWLVSDUWRIWKH7RQLFHDQG%H]HGQiQDWXUH
reserve. Rydlo in 1989 reported rich occurrence of Nymphaea alba (Rydlo 1991). The subject
of protection is, among other things, the protection of the pool system with the occurrence of White
Water-OLO\7RWKH6&,WRJHWKHUZLWK%H]HGQiSRRODQG%DMNDOEUDQFKDOVREHORQJ/LELFNpOXK\ZKHUH
one of the subjects of protection is Natural eutrophic lakes habitat with Magnopotamion
or Hydrocharition - vegetation type. At the sampling point, the association of Hydrocharitetum
morsus-ranae is present. Unfortunately, this valuable vegetation is threatened by the increase
of the trophy, the related process of succession and the breeding of semi-wild ducks.
Growths of critically endangered White Water-lily (Nymphaea alba) have grown on the site
of Bezedna in the past, at present this vegetation has not been found in the pool, Nuphar lutea vegetation
prevails here nowadays. The white water lily vegetation in this complex of pools was strongly retreating
already in the nineties (Rydlo 1991). Rare species of Apiaceae such as Sium latifolium and Berula erecta
grow in locally loose reed beds, with vulnerable Silene baccifera growing on the edges of the stands.
The Bajkal river branch iQ WKH /LELFNê OXK ZKLFK IORZV LQWR WKH 5LYHU (OEH RULJLQDWHG
in the regulation of the flow. Due to the connection with Elbe the dispersion of diaspores of water
and aquatic plants is facilliated. In the 1970s, for example, Nymphaea candida appeared (Rydlo 2008),
stands of this species are still locally present. In the history of botanical research 45 species of water
macrophytes and species of exposed bottoms were recorded there (Rydlo 2008). At present, the edges
of the pool are overgrown with representative vegetation with the Common Frogbit,
which is an endangered species in the Czech Republic (C2b), there is also endangered Cicuta virosa
(C2b), vulnerable Lemna trisulca (C3) or Leersia oryzoides (C3). The connection with Elbe has positive
influence on the development of aquatic and wetland vegetation and the pool is still one
of the species-rich localities in the Middle Elbe.
7KH *UiGR river branch at the sampling site is overgrown by association of Nymphaeo
albae ± Nupharetum lutae with dominant Nuphar lutea, the association of the Phragmition communis
is directly associated with this vegetation. In loose reed beds grow endangered Cicuta virosa (C2b),
endangered Sium latifolium (C2b), with vulnerable Silene baccifera (C3) on edges of stands. In the sand
grasslands there is critically threatened +LHURFKORsRGRUDWD (C1b) and endangered species of Plantago
arenaria &E 7KHORFDOLW\LVSDUWLDOO\DSDUWRI6&,.iUDQê- +UEiþNRY\WĤQČZKHUHRQHRIWKHVXEMHFWV

351

November 8–9, 2017, Brno, Czech Republic

24
years

of protection is a habitat Natural eutrophic lakes with Magnopotamion or Hydrocharition ± vegetation
type. In this part of the nature reserve grows vulnerable Common Bogbean (Menyanthes trifoliata).
7KH ORFDWLRQ RI 9iFODYND LV D VXQQ\ oxbow lake, dominated by vegetation of Nymphaeo
albae ± Nupharetum luteae association with Nuphar lutea and association of Phragmition communis.
At the sampling site there also occurs vulnerable Lemna trisulca (C3) there. An endangered species
of Sium latifolium (C2), near-threatened Schoenoplectus lacustris (C4a) was found
in the reeds, poplars, several individuals of endangered Epipactis albensis (C2b) orchid were recorded.
7KHVLWHLVDSDUWRI6&,.iUDQê± +UEiþNRY\WĤQČ
The Homolka site is a shaded pool where stands of Ceratophyllum demersi association dominate
the site, there are also scattered lemnids, such as Lemna trisulca (C3) and Lemna minor. More valuable
aquatic macrophytes are no longer present in the pool.
CONCLUSION
The ecological quality of the studied localities was slightly variable due to the eutrophication load
found there. Although the localities were elected so that the anthropogenic effect was as low as possible,
some significance of this element could not be excluded. When evaluating individual indicators,
it emerged that in the Czech Republic there is no compact methodology that would be able
to comprehensively evaluate similar types of sites and would be simply feasible in practice.
For this reason, foreign methods were tested in their combination. Recommendations to maintain at least
the current state of the shoulders and pools are to change the management of the sites and bring them
back to their early stages of succession. Management of well-developed communities
of Hydrocharitetum morsus-ranae, Hottonietum palustris, Utricularietum australis is not needed,
LWVimportant to consistently protect habitats from destruction, sometimes is necessary to gently remove
a part of the sediment to maintain the seed bank at the bottom of the water habitats. This conservation
management should be carried out over a period of several decades. Associations of Nymphaeo
albae ± Nupharetum lutae and Nymphaeetum candidae require restoration of the flow of river branches
and pools. From the point of view of the development of aquatic macrophyte communities we can state
that the monitored sites are still valuable places with many rare species of aquatic and wetland plants.
Some species of aquatic plants like Nymphaea alba, Potamogeton lucens or Scutellaria hastifolia have
disappeared as a result of increasing trophies, advancing ecological succession and the destruction
of stands.
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URBAN AND PERI-URBAN FORESTRY IN THE FACE
OF CLIMATE CHANGE IN CAMEROON: CHALLENGES
AND NEW PERSPECTIVES FOR SUSTAINABILITY
GEORGES HERBERT CHEKUIMO
'HSDUWPHQW RI)RUHVW%RWDQ\ 'HQGURORJ\DQG*HRELRFHQRORJ\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
[FKHNXLP#PHQGHOXF]
$EVWUDFW 7KLV VWXG\ DVVHVVHG WKH VWDWXV RI XUEDQ DQG SHULXUEDQ IRUHVWU\ HYDOXDWHG WKH HIIHFW
RI SRSXODWLRQ JURZWK RQ XUEDQ IRUHVWV ODQGVFDSH DQG GHVLJQHG LQQRYDWLYH VWUDWHJLHV WKDW ZLOO HQVXUH
VXVWDLQDELOLW\ DQG LPSURYHPHQW RI XUEDQ OLYLQJ HQYLURQPHQW ,W ZDV LQYHVWLJDWHG WKURXJK VHFRQGDU\
GDWD ILHOG LQYHVWLJDWLRQ HQTXLULHV WR UHOHYDQW VWDNHKROGHUV GLUHFW DVVHVVPHQW DQG REVHUYDWLRQV
RI XUEDQ DQG SHULXUEDQ IRUHVW ODQGVFDSHV LQ &DPHURRQ 7KHVH DQDO\VHVKLJKOLJKWWKHH[WUHPHGLYHUVLW\
RI HQYLURQPHQWDO UHVRXUFHV IURP XUEDQ IRUHVWV LQ &DPHURRQ 5DSLG XUEDQ SRSXODWLRQ JURZWK OLPLWHG
ODQG DUHD DQG SRRU LPSOHPHQWDWLRQ RI JRYHUQPHQW SROLFLHV DUH VRPH IDFWRUV DIIHFWLQJ XUEDQ IRUHVWV
GHYHORSPHQW DQG DUH UHVSRQVLEOH IRU YLFLRXV F\FOH RI HQYLURQPHQWDO GHJUDGDWLRQ LQ XUEDQ DUHDV
LQ &DPHURRQ 7KH UHVXOWV FRQWULEXWH HOHPHQWV IRU VWUDWHJLF DQG RSHUDWLRQDO SODQQLQJ 8UEDQ IRUHVWU\
PDQDJHPHQW LV DQ LPSRUWDQW VWUDWHJ\ WR LPSURYH XUEDQ OLYLQJ DQG ZRUNLQJ HQYLURQPHQWV
7KHUH LV D QHHG WR KLJKOLJKW VXFFHVVIXO VWUDWHJLHV DQG DFWLRQV FRQFHUQLQJ WKH PDQDJHPHQW RI XUEDQ
DQG SHULXUEDQ IRUHVWV ,QYROYHPHQW RI DOO VWDNHKROGHUV DQG XVHUV LQ UHIOHFWLRQV DQG LQ WKH
LPSOHPHQWDWLRQ RI SROLFLHV FRQFHUQLQJ WKH PDQDJHPHQW RI WKH XUEDQ DQG SHULXUEDQ IRUHVWV VKRXOG EH
DGRSWHG DQG DGYRFDWHG WR HQVXUH VXVWDLQDEOH GHYHORSPHQW DQG WR HQVXUH WKDW FLWLHV WUHHV DQG IRUHVWV
JURZWRJHWKHU WRPHHWWKHQHHGVRIXUEDQL]HG VRFLHWLHV
.H\ :RUGV XUEDQ IRUHVWU\ VXVWDLQDEOH GHYHORSPHQW XUEDQL]DWLRQ HQYLURQPHQWDO GHJUDGDWLRQ
PDQDJHPHQW VWUDWHJLHV &DPHURRQ
INTRODUCTION
8UEDQ IRUHVWU\ LV D UHODWLYHO\ QHZ PXOWLGLVFLSOLQDU\ DSSURDFK LQ LQWHUQDWLRQDO IRUHVW UHVHDUFK
5DSLG XUEDQL]DWLRQ DQG FOLPDWH FKDQJH UDLVH VHYHUDO LVVXHV IRU WKRVH ZKR DUH UHVSRQVLEOH
IRU GHYHORSLQJ SROLFLHV DQG PDNLQJ GHFLVLRQV DW ORFDO QDWLRQDO DQG LQWHUQDWLRQDO OHYHOV 8UEDQ WUHHV
SURYLGH D VLJQLILFDQW FRQWULEXWLRQ WR EXLOGLQJ UHVLOLHQW FLWLHV DQG LPSURYLQJ KHDOWK DQG ZHOOEHLQJ VXFK
DV WKURXJK PLWLJDWLQJ QDWXUDO GLVDVWHUV SURYLGLQJ HFRV\VWHP VHUYLFHV UHGXFLQJ HQHUJ\ FRVWV
RU LQFUHDVLQJ SURSHUW\ YDOXHV +RZHYHU XUEDQ DQG SHULXUEDQ IRUHVW HFRV\VWHPV LQ &DPHURRQ
DUH VWHDGLO\ LQFUHDVLQJO\ XQGHUSUHVVXUHIURPWKHLUFLW\SRSXODWLRQV
8UEDQ IRUHVWV FDQ EH GHILQHG DV QHWZRUNVRUV\VWHPVFRPSULVLQJDOOZRRGODQGVJURXSVRIWUHHV
DQG LQGLYLGXDO WUHHV ORFDWHG LQ XUEDQ DQG SHULXUEDQ DUHDVWKH\LQFOXGHWKHUHIRUHIRUHVWVVWUHHWWUHHV
WUHHV LQ SDUNV DQG JDUGHQV DQG WUHHV LQ GHUHOLFW FRUQHUV 8UEDQ IRUHVWV DUH WKH EDFNERQH RI WKH JUHHQ
LQIUDVWUXFWXUH EULGJLQJ UXUDO DQG XUEDQ DUHDV DQG DPHOLRUDWLQJ D FLW\¶V HQYLURQPHQWDO IRRWSULQW
6DOELWDQR HWDO 
*OREDO XUEDQL]DWLRQ DQG FOLPDWH FKDQJH UDLVH VHYHUDO LVVXHV IRU WKRVH ZKR DUH UHVSRQVLEOH
IRU GHYHORSLQJ SROLFLHV DQG PDNLQJ GHFLVLRQV DW ORFDO QDWLRQDO DQG LQWHUQDWLRQDO OHYHOV
$W WKH EHJLQQLQJ RI WKH WZHQW\ILUVW FHQWXU\ WKH FLW\IRUHVW UHODWLRQVKLSLVDPDMRULVVXHIRUVXVWDLQDEOH
ODQG PDQDJHPHQW LQ PDQ\ FRXQWULHV SDUWLFXODUO\ LQ &DPHURRQ 8UEDQ DQG SHULXUEDQ IRUHVWV SURYLGH
D UDQJH RI SURGXFWV DQG VHUYLFHV ERWK ORFDOO\ DQG JOREDOO\ 7KHUH LV LQFUHDVLQJO\ VWURQJ HYLGHQFH
DQG D JURZLQJ FRQVHQVXV WKDW WUHHV ZRRGV DQG IRUHVWV KDYH D NH\ UROH WR SOD\ LQ FOLPDWH FKDQJH
PLWLJDWLRQ DQG DGDSWDWLRQ DQG LQ GHOLYHU\ RI HFRV\VWHP VHUYLFHV LQ ERWK UXUDO DQG XUEDQ DUHDV
$WNLQVRQ DQG 7RZQVHQG   8UEDQ DQG SHULXUEDQ WUHHV SOD\ D NH\ UROH DQG SURYLGH D VLJQLILFDQW

355

1RYHPEHU±%UQR&]HFK5HSXEOLF

24
years

FRQWULEXWLRQ WR EXLOGLQJ UHVLOLHQW FLWLHV DQG LPSURYLQJ KHDOWK DQG ZHOOEHLQJ VXFK DV WKURXJK
PLWLJDWLQJ QDWXUDO GLVDVWHUV SURYLGLQJ HFRV\VWHP VHUYLFHV UHGXFLQJ HQHUJ\ FRVWV RU LQFUHDVLQJ
SURSHUW\ YDOXHV 6RLO SURWHFWLRQ DQG PDQDJHPHQW HURVLRQ FRQWURO RU VLOWDWLRQ FRQWURO VSDFH
VWUXFWXULQJ UHFUHDWLRQ DQGRU OHLVXUH ZDWHU TXDOLW\ WUHDWPHQW RI ZDVWHZDWHUV DQG ELRUHPHGLDWLRQ
ELRGLYHUVLW\ DQG HFRV\VWHP FRQVHUYDWLRQ DJULFXOWXUH DQG OLYHVWRFN SURGXFWLRQ QRQZRRG IRUHVW
SURGXFWV DUH VRPH H[DPSOHV RI HQYLURQPHQWDO JRRGV DQG VHUYLFHV )$2   $W WKH VDPH WLPH
IRUHVWV ZRRGV DQG WUHHV IDFH XQSUHFHGHQWHG FKDOOHQJHV &OLPDWH FKDQJH SROOXWLRQ JOREDOL]DWLRQ
LQFUHDVLQJ FRPSHWLWLRQ IRU QDWXUDO UHVRXUFHV DQG SUHVVXUH RQ ODQGXVH ILQDQFLDO DQG HFRQRPLF FULVHV
DQG FRQVWUDLQWV DOO KDYH VHULRXV LPSOLFDWLRQV $WNLQVRQ DQG 7RZQVHQG   7KH HQYLURQPHQWDO
LPSDFWV RI IRUHVW GHJUDGDWLRQ DQG GHIRUHVWDWLRQ FDQ EHFRPH FULWLFDO DQG HIIHFW FOLPDWH FKDQJH
ELRGLYHUVLW\ GHVHUWLILFDWLRQ DQGRU FDUERQUHODWHG SURFHVVHV 7KHVH LPSDFWV DUH IRXQG DW DOO OHYHOV
RI VSDWLDO LQWHJUDWLRQ IURPWKHVLQJOH SORWWRWKHJOREDO DUHQD
&DPHURRQ¶V IRUHVWV ZKLFK FRYHU DERXW  SHUFHQW RI WKH FRXQWU\ SOD\ D YLWDO UROH IRU SHRSOH
DQG WKH HFRQRP\ $FFRUGLQJ WR WKH )$2 IRUHVW FRYHU LQ &DPHURRQ LV DURXQG  PLOOLRQ KHFWDUHV
7KH\ SURYLGH VHUYLFHV DQG VXVWHQDQFH GLUHFWO\ DQG LQGLUHFWO\ WR ORFDO FRPPXQLWLHV DQG FLW\ GZHOOHUV
DOLNH <HW XQWLO UHFHQWO\ &DPHURRQ ODFNHG D FRPSUHKHQVLYH LQIRUPDWLRQ V\VWHP WR DFWXDOO\ PRQLWRU
DQG PDQDJH LWV IRUHVWV 7KHUH ZDV QR LQWHJUDWHG V\VWHP RU HQWLW\ WUDFNLQJ WKH YDULRXVIRUHVWXVHVOLNH
ORJJLQJ FRQFHVVLRQV FRPPXQLW\ IRUHVWV KXQWLQJ ]RQHV DQG PRUH 7KH LQIRUPDWLRQ WKDW ZDV DYDLODEOH
ZDV VFDWWHUHG DPRQJVW GLIIHUHQW LQVWLWXWLRQV ZDVQ¶W SXEOLFO\ DFFHVVLEOH RU ZDV RIDTXDOLW\LQVXIILFLHQW
WR VXSSRUW OHJDOLW\ FODLPV DQG HIIHFWLYH ODQG XVH GHFLVLRQV 7KLV ODFN RI LQIRUPDWLRQ H[DFHUEDWHG
WKH XQVXVWDLQDEOH XVH RI IRUHVW UHVRXUFHV DQG VSDUNHG FRQIOLFWV EHWZHHQFRPSHWLQJIRUHVWVWDNHKROGHUV
VXFKDVORJJHUV DQGFRPPXQLW\ JURXSV 7HVVD 
7KH G\QDPLFV RI JURZWK DYDLODELOLW\ DQG PDQDJHPHQW RI WKH WLPEHU UHVRXUFH DUH RIWHQ
XQNQRZQ HVSHFLDOO\ VLQFH VXEXUEDQ DUHDV DUH IUHTXHQWO\ ZLWKRXW WKH PRVW EDVLF PDQDJHPHQW WRROV
,Q PDQ\ FDVHV WKH PDQDJHPHQW RI WLPEHU UHVRXUFHV LV RQO\ RQH DVSHFW RI ODQG PDQDJHPHQW
DQG WKHUHIRUH WKH PDQDJHPHQW RI ZRRG DV LW UHODWHV WR HQHUJ\ LV RIWHQ GLVUXSWHG E\ RWKHU H[WHUQDO
FRQVLGHUDWLRQV 0DULHQ   1RZDGD\V PDQ\ JRYHUQPHQWDO HIIRUWV KDYH PDLQO\ IRFXVHG RQ IRUHVW
PDQDJHPHQW LQ FRQFHVVLRQV DQG SURWHFWHG DUHDV 8UEDQ IRUHVWU\ LV RQH RI WKH SURPLVLQJ VWUDWHJLHV
WR DGGUHVV WKH PXOWLIDFHWHG SUREOHPV DVVRFLDWHG ZLWK XUEDQL]DWLRQ 8UEDQ IRUHVWU\ DGGUHVVHV ³WKH ODQG
LQ DQG DURXQG DUHDV RI LQWHQVLYH KXPDQ LQIOXHQFH UDQJLQJ IURP VPDOO FRPPXQLWLHV WR GHQVH XUEDQ
FHQWHUV WKDW LV RFFXSLHG RU SRWHQWLDOO\ RFFXSLHG E\ WUHHV DQG DVVRFLDWHG QDWXUDO UHVRXUFHV´
6WURP   8UEDQ IRUHVWU\ LV D UHODWLYHO\ QHZ PXOWLGLVFLSOLQDU\ DSSURDFK LQ LQWHUQDWLRQDO IRUHVW
UHVHDUFK,W KDVEHHQGHILQHGDVWKHDUWVFLHQFHDQGWHFKQRORJ\RIPDQDJLQJWUHHVDQGIRUHVWUHVRXUFHV
LQ DQG DURXQG XUEDQ FRPPXQLW\ HFRV\VWHPV IRU WKH SK\VLRORJLFDO VRFLRORJLFDO HFRQRPLF
DQG DHVWKHWLF EHQHILWV WUHHV SURYLGH VRFLHW\ +HOPV   7KH EDVLF FKDOOHQJH IRU XUEDQ IRUHVWU\
LV WR GHYHORS DQG PDLQWDLQDVXVWDLQDEOHXUEDQIRUHVWUHVRXUFHWKDWPHHWVPXOWLSOHVRFLHWDODQGSHUVRQDO
QHHGV )XZDSHDQG2Q\HNZHOX  
7KH REMHFWLYH RI WKLV SDSHU LV WR SURYLGH DQ RYHUULGLQJ SROLF\ DGYLFH DQG VRPH JRRG SUDFWLFHV
LQ RUGHU WR LPSURYH SROLF\ GHYHORSPHQW DQG GHFLVLRQPDNLQJ WR RSWLPL]H WKH FRQWULEXWLRQV RI WUHHV
DQG IRUHVWVWRFLWLHV
MATERIAL AND METHODS
7KH GHYHORSPHQW RI XUEDQ IRUHVWU\ LQ &DPHURRQ ZDV LQYHVWLJDWHG WKURXJK WKH DQDO\VLV
RI VHFRQGDU\ GDWD GHULYHG IURP OLWHUDWXUH ILHOG LQYHVWLJDWLRQ HQTXLULHV WR UHOHYDQW VWDNHKROGHUV
RQWKH VSRW DVVHVVPHQW  DQGLQYHQWRU\RIXUEDQDQGSHULXUEDQIDFLOLWLHVLQWKHFRXQWU\ $ FRPELQDWLRQ
RI TXDOLWDWLYH DQG TXDQWLWDWLYH UHVHDUFK PHWKRGV ZDV WKHQ DGRSWHG 4XDOLWDWLYH UHVHDUFK WHFKQLTXH
HPSOR\HG ZDV FRQWHQW DQDO\VLV RI UHOHYDQW RIILFLDO DQG SROLF\ GRFXPHQWV DGGHG WR LQGHSWK
LQWHUYLHZV ZKLFK OHW UHVSRQGHQWV WR H[SUHVV WKHPVHOYHV RSHQO\ 7KLV EURXJKW RXW RI D FRPSUHKHQVLYH
YLHZ DQG LQVLJKWV LQWR WKH IRUPXODWLRQ RI D SUREOHP 7KH UHVXOWV RI WKH DQDO\VLV ZHUH XVHG WRGHYHORS
SURWRFROV IRU LQWHUYLHZ DQG TXHVWLRQQDLUH VXUYH\V FRQGXFWHG LQ RUGHU WR GHWHUPLQH WKH EHQHILW
DQG SUREOHP RI XUEDQ IRUHVWU\ 7KH LQIOXHQFH RI SRSXODWLRQ JURZWK DQG XUEDQL]DWLRQ RQ XUEDQ IRUHVWV
ZHUH DOVRDVVHVVHG
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RESULTS AND DISCUSSION
The major types of urban forestry in Cameroon include:
L VHPLSULYDWH VSDFHOLNH JUHHQVSDFHLQUHVLGHQWLDO DQGLQGXVWULDO DUHDV
LL GHVLJQDWHG SDUNVVWUHHWWUHHVDQGURDGVLGH SODQWDWLRQV
LLL SXEOLF JUHHQ DUHDVOLNH JUHHQSDUNVERWDQLFDO JDUGHQVUHFUHDWLRQDO JDUGHQV
LY SXEOLF DQG SULYDWH WUHH SODQWDWLRQV RQ YDFDQW ORWV JUHHQ EHOWV ZRRGODQGV
DQGSHUL XUEDQWUHHSODQWDWLRQV
Y UDQJHODQG DQGIRUHVWVFORVHWRXUEDQDUHDV
YL QDWXUDO IRUHVW XQGHU XUEDQ LQIOXHQFH VXFK DV QDWXUH UHVHUYHV QDWLRQDO SDUNV IRUHVWV
IRUHFRWRXULVP
YLL WUHHVSODQWHG IRUHQYLURQPHQWDO SURWHFWLRQ VXFKDVZLQGEUHDNZDWHUVKHGVSURWHFWLRQ HWF
Urban forest trees species and their characteristics
7KH W\SHV RI PDMRU WUHH VSHFLHV SODQWHG LQ XUEDQ FHQWHUV IRU ODQGVFDSH HQKDQFHPHQW
HQYLURQPHQWDO SURWHFWLRQ SURYLVLRQ RI WLPEHU DQG QRQWLPEHU IRUHVW SURGXFWV DQG RWKHU EHQHILW YDULHG
ZLWK HFRORJLFDO ]RQHV DQG FXOWXUDO YDOXHV RI WKH SHRSOH $GDQVRQLD GLJLWDWD $]DGLUDFKWD LQGLFD
7HUPLQDOLD FDWDSD *PHOLQD DUERUHD 7HFWRQD JUDQGLV 'HORQL[ UHJLD .KD\D VHQHJDOHQVLV
&DVVLD VLDPHD 7HUPLQDOLD PDQWDO\ %DODQLWHV DHJ\SWLDFD =L]LSKXV VSLQDFKULVLWL
)LFXV JQDSKDORFDUSD (XFDO\SWXV VSHFLHV
(XFDO\SWXV FDPDOGXOHQVLV  $FDFLD VSHFLHV
5KL]RSKRUD VSHFLHV $YLFHQQLD VSHFLHVGLIIHUHQWVSHFLHVRISDOPRUQDPHQWDOSDOPVDQGFRFRQXWWUHHV
HWF
Benefits
8UEDQ IRUHVW UHVRXUFHV LQ &DPHURRQ FDQ SOD\ DFWLYH UROHV LQ SURYLGLQJ JRRGV DQG VHUYLFHV
WR DOOHYLDWH SRYHUW\ LPSURYH OLYHOLKRRGV DQG HQKDQFH WKH ZHOOEHLQJ RI LQKDELWDQWV 8UEDQ IRUHVWU\
SUDFWLFHV VXFKDVJDUGHQVDQGSDUNVSHULXUEDQDJURIRUHVWVERWDQLFDOJDUGHQVDQGSURWHFWHG]RQHVSOD\
YLWDO UROH LQ QDWXUH FRQVHUYDWLRQ ,QFRUSRUDWLQJ WUHHV LQ XUEDQ ODQGVFDSH LPSURYHV ELRORJLFDO
FRQVHUYDWLRQ DQG ELRGLYHUVLW\ 7KH EHQHILWV RI WKH GLIIHUHQW HOHPHQWV RI XUEDQ IRUHVWU\ LV HQKDQFHG
E\ SROLFLHV DQG OHJLVODWLRQ VWUDWHJLF SODQQLQJ DQG PDQDJHPHQW XUEDQ IRUHVWU\ SUDFWLFH ILQDQFLDO
PHFKDQLVPV DQG RSHUDWLRQDO PDLQWHQDQFH RZQHUVKLS DQG DFFHVV NH\ DFWRUV DQG VWDNHKROGHUV
HGXFDWLRQ DQGFDSDFLW\ cNHUOXQG HWDO 
,Q DGGLWLRQ WR SURYLGLQJ HVVHQWLDO JRRGV DQG VHUYLFHV FXUUHQW XUEDQ IRUHVWU\ SUDFWLFHV
DUH VHUYLFHV DQG DPHQLW\ RULHQWHG 8UEDQ JUHHQ VSDFHV ZLWK WUHHV DV PDMRU FRPSRQHQW SOD\ LPSRUWDQW
UROHV IRU KHDOWK\ OLYHDEOH DQG VXVWDLQDEOH FLWLHV 7UHHV DQG JUHHQ VSDFHV KHOS NHHS FLWLHV FRRO
DFW DV QDWXUDO ILOWHUV DQG QRLVH DEVRUEHUV LPSURYH PLFURFOLPDWHV FRQVHUYH ELRGLYHUVLW\ SURWHFW
DQG LPSURYH WKH TXDOLW\ RI QDWXUDO UHVRXUFHV LQFOXGLQJ VRLO ZDWHU YHJHWDWLRQ DQG ZLOGOLIH
7UHHV FRQWULEXWH VLJQLILFDQWO\ WR WKH DHVWKHWLF DSSHDO RI FLWLHV WKHUHE\ KHOSLQJ WR PDLQWDLQ
WKH SV\FKRORJLFDO KHDOWK RI WKHLU LQKDELWDQWV &RQVHTXHQWO\ XUEDQ IRUHVWU\ PDQDJHPHQW
LV DQ LPSRUWDQW VWUDWHJ\ WR LPSURYH XUEDQ OLYLQJ DQG ZRUNLQJ HQYLURQPHQWV
)XZDSHDQG2Q\HNZHOX  
Factors affecting urban forests development in Cameroon
$FFRUGLQJ WR WKH )$2   WKH DQQXDO DYHUDJH WRWDO GHIRUHVWDWLRQ UDWH LQ &DPHURRQ
LQFOXGLQJ XUEDQ DQG SHULXUEDQ GHIRUHVWDWLRQ IRU WKH ± SHULRG ZDV  7KHUDWHUHSRUWHGO\
URVH WR  IRU WKH ± SHULRG DQG UHDFKHG  EHWZHHQ  DQG  RI WKH WRWDO IRUHVW
FRYHU HVWLPDWHG DW  PLOOLRQ KD RU  RI WKH QDWLRQDO WHUULWRU\ GH :DVVHLJH HW DO  
7KHUH LV GHIRUHVWDWLRQ IRU SUHVVXUH RQ IRUHVW UHVRXUFHV EHFDXVH RI KLJK GHPDQG IRU XVDEOH ZRRG
HQHUJ\DQGRWKHUQRQWLPEHU IRUHVWSURGXFWV
7KH IROORZLQJ GLUHFW DQG LQGLUHFW FDXVHV RI GHIRUHVWDWLRQ DQG IRUHVW GHJUDGDWLRQ LQ RUGHU
RI LPSRUWDQFH DUH XQGHUO\LQJ DV DJULFXOWXUH LOOHJDO WLPEHU RIIWDNH ILUHZRRG LQGXVWULDO ORJJLQJ
PLQLQJ SRSXODWLRQ JURZWK FRQVWUXFWLRQ RI URDGV EXVKILUHV DQ LQKHULWDQFH V\VWHP WKDW FDQ OHDG
WR ODQG IUDJPHQWDWLRQ DQG IRUHVW FRYHU GHJUDGDWLRQ 0,1(3   :RRG DV D VRXUFH RI HQHUJ\
LV OLVWHG DPRQJVW WKH GLUHFW FDXVHV RI GHIRUHVWDWLRQ 3HULXUEDQ IRUHVWV SOD\ D NH\ UROH LQ SURYLGLQJ
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ILUHZRRG DQG FKDUFRDO )XHOZRRG DQG FKDUFRDO FRYHU WKH ODUJHVW PDUNHW IRUIRUHVWSURGXFWVHVSHFLDOO\
LQ WHUPV RI YROXPH RI IHOOHG WUHHV (VVDPD1VVDK DQG *RFNRZVNL   7KH H[WHQW RI IRUHVW
GHJUDGDWLRQ LV LPSRUWDQW QHDU SHULXUEDQ DUHDV DV D UHVXOW RI ZRRG RIIWDNH IRU HQHUJ\
1GR\H DQG .DLPRZLW]   DV HDFK XUEDQ KRXVHKROG VSHQGV DQ DYHUDJH 86 ± SHU \HDU
RQ IXHOZRRG ZKLFK PHDQV WKDW FXPXODWLYHO\ WKH  PLOOLRQ XUEDQ KRXVHKROGV LQ &DPHURRQ VSHQG
86 ± PLOOLRQ RQ ZRRG HDFK \HDU 7RSD HW DO   7KLV W\SH RI ZRRG FRQVXPSWLRQ
LV SLQSRLQWLQJ WKH OLQN EHWZHHQ SRSXODWLRQ JURZWK SDUWLFXODUO\ LQ XUEDQ DUHDV  DQG GHIRUHVWDWLRQ
$ UHFHQW JOREDO VWXG\ IRXQG WKDWIRUHVWORVVHVDUHJUHDWHVWLQDUHDVZLWKDFFHOHUDWHGXUEDQLVDWLRQZKHUH
WKHSHUFDSLWDWUDGHLQDJULFXOWXUDO SURGXFWVLVWKHKLJKHVW 'H)ULHV HWDO 
The Rapid urbanization and population growth
8QFRQWUROOHG DQG UDSLG XUEDQL]DWLRQ RQ D OLPLWHG ODQG DUHD KDV LPSDFWHG WKH FRXQWU\¶V XUEDQ
DQG SHULXUEDQ IRUHVW WR YDU\LQJ GHJUHHV DQG KDV UDGLFDOO\ WUDQVIRUPHG WKH VRFLDO FRQWH[W IRU XUEDQ
SHRSOH 5DSLG XUEDQL]DWLRQ RFFDVLRQHG E\ GHPRJUDSKLF VZLWFK IURP UXUDO WR XUEDQ VRFLHW\
DQGRU JURZLQJ XUEDQ SRSXODWLRQ  LV RXWVWULSSLQJ WKH SODQQLQJ DQG FDUU\LQJ FDSDFLW\ RI PXQLFLSDO
DXWKRULWLHV LQ &DPHURRQ $OO XUEDQ DQG SHULXUEDQ IRUHVW HFRV\VWHPV DUHWR YDU\LQJ EXW VWHDGLO\
LQFUHDVLQJ GHJUHHVXQGHU SUHVVXUH IURP WKHLU FLW\ SRSXODWLRQV $FFRUGLQJ WR WKH &HQWUDO ,QWHOOLJHQFH
$JHQF\±&,$   WKH XUEDQ SRSXODWLRQ UDWH LV  RI WRWDO SRSXODWLRQ   DQG WKH UDWH
RI XUEDQL]DWLRQ LV  DQQXDO UDWH RI FKDQJH ± HVW  2YHU WKH SDVWILYHGHFDGHVSRSXODWLRQ
JURZWK LQ &DPHURRQ KDV PRUH WKDQ TXDGUXSOHG 3RSXODWLRQ JURZWK UDWH LV   HVW
,QGH[0XQGL   3RSXODWLRQ JURZWK LV PXFK KLJKHU LQ XUEDQ VHWWOHPHQWV WKDQ LQ UXUDO RQHV
7KH UXUDO H[RGXV DQG D ODUJHO\ XQFRQWUROOHG GHPRJUDSKLF VLWXDWLRQ WRJHWKHU ZLWK RIWHQ LQDGHTXDWH
JRYHUQDQFH DUH OHDGLQJ WR WKH FKDRWLF GHYHORSPHQW RI VSUDZOLQJ WRZQV LQ ZKLFK XUEDQ SRYHUW\ LV ULIH
DQG JHWWLQJ ZRUVH 7KHUH KDV EHHQ QR DGDSWDWLRQ LQ WHUPV RI LQIUDVWUXFWXUH DQG HQHUJ\ FRQVXPSWLRQ
SDWWHUQV WR FRSH ZLWK WKLV VKDUS ULVH LQ XUEDQ SRSXODWLRQ 7KH FXUUHQW WUHQG RI XUEDQL]DWLRQ
LQ &DPHURRQ FRXSOHG ZLWK WKH JURZLQJ XUEDQ SRSXODWLRQ LV UHGHILQLQJ XUEDQ IRUHVWU\ SUDFWLFHV
LQWKHFRXQWU\DQGKDVSUHVHQWHGQHZFKDOOHQJHV DQGRSSRUWXQLWLHV
2WKHU FKDOOHQJHV RI XUEDQL]DWLRQ LQFOXGH VKRUWDJH RI ODQG SURYLVLRQ RI IRRG HQHUJ\ DQG ZRRG
IRU FRQVWUXFWLRQ GHWHULRUDWLQJ DLU TXDOLW\ KLJKHU DLU WHPSHUDWXUHV LQFUHDVHG QRLVH OHYHOV JUHDWHU
SV\FKRORJLFDO VWUHVVHWF )XZDSHDQG2Q\HNZHOX  
Land degradation
3HULIRUHVW GHJUDGDWLRQ DIIHFWV QRW RQO\ WKH ODUJHVW FLWLHV HJ <DRXQGH 'RXDOD 
EXW DOVR DOO PDMRU FLWLHV DQG WRZQV LQ DUHDV GRPLQDWHG E\ VDYDQQDK 6PDOO FLWLHV DQG YLOODJH
SRSXODWLRQV LQ IRUHVW DUHDV DUH EDUHO\ DIIHFWHG 8QFRQWUROOHG FROOHFWLRQ RI UHVRXUFHV RIWHQ H[FHHGV
WKH UHFRYHU\ SRWHQWLDO RI IRUHVW VWDQGV HVSHFLDOO\ JLYHQ WKH VKRUW GLVWDQFH IURP SHULXUEDQ IRUHVWV
WR XUEDQ PDUNHWV ,Q WKH DEVHQFH RI VWUDWHJLHV DQG PDQDJHPHQW SODQV WKHVH IDFWV WUDQVODWH
LQWR WKH GHJUDGDWLRQ RI QDWXUDO ZRRGODQGV IRUHVWV SDUNV WUHHV DQGVKUXEVDYDQQDKV7KLVGHJUDGDWLRQ
RI ZRRGHG HFRV\VWHPV FDQ OHDG WR GHIRUHVWDWLRQ ZLWK ZHOOGRFXPHQWHG DQG GLVDVWURXV HFRORJLFDO
HFRQRPLF DQGVRFLDO FRQVHTXHQFHV
Poor implementation of government policies
0RVW FLWLHV KDYH PDVWHU SODQV WR JRYHUQ DQG FRSH ZLWK KHDY\ SRSXODWLRQ SUHVVXUH
WKHLU LPSOHPHQWDWLRQV KDYH EHHQ SRRU SRRU JRYHUQDQFH LQDGHTXDWH JRYHUQDQFH DEVHQFH
RI DSSURSULDWH VWUDWHJLHV DQGPDQDJHPHQW SODQV 
2IWHQ OLWWOH LV NQRZQ DERXW WKH JURZWK G\QDPLFV DYDLODELOLW\ DQG PDQDJHPHQW RI ZRRG
UHVRXUFHV HVSHFLDOO\ LQDVPXFK DV WKH SHULXUEDQ ]RQHV FRQFHUQHG DUH RIWHQ OHIW RXW RI RIILFLDO IRUHVW
SROLFLHV DQGVWUDWHJLHV DQGWHQGWRODFNHYHQWKHPRVWFXUVRU\PDQDJHPHQW WRROV
7KH QHZ VWUDWHJLHV IRU VSDWLDO GHYHORSPHQW SODQQLQJ DGRSWHG E\ WKH JRYHUQPHQW
DUH FKDUDFWHUL]HG E\ VHYHUDO ZHDNQHVVHV VXFK DV VSRQWDQHRXV ODQG SULYDWL]DWLRQ DQG LQFRQVLVWHQW ODQG
UHIRUP LQVXIILFLHQW LQIRUPDWLRQ RQ ODQGXVH DQG RZQHUVKLS 6WUDWHJLHV DOVR UHIOHFWHG LPSHUIHFW
DQG LQFRPSUHKHQVLYH OHJLVODWLYH IUDPHZRUNV UHJXODWLQJ VSDWLDO GHYHORSPHQW SODQQLQJ XQGLYLGHG
FRPSHWHQFLHV LQ PDWWHUV RI ODQG UHJXODWLRQ ZHDN FRRUGLQDWLRQ RI DFWLYLWLHV DQG ODFN RI FRRSHUDWLRQ
DPRQJDJHQFLHV
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Some generic recommendations also applicable to sustainable management of peri-urban
woodland and natural forests in Cameroon: (FAO 2012):
 GHILQLWLRQ RI DSSURSULDWH FULWHULD DQG LQGLFDWRUV WR DQDO\VH WKH HYROXWLRQ RI XUEDQ
DQG SHULXUEDQ IRUHVWU\ ZLWK UHJDUG WR WKH PDLQ FDXVHV RI WKH GHJUDGDWLRQ RI ZRRGHG
HFRV\VWHPV XUEDQL]DWLRQ HQHUJ\DJULFXOWXUH OLYHVWRFN LQIUDVWUXFWXUH HWF 
 SUDFWLFDO WUDQVSDUHQW DSSOLFDWLRQ RI QDWLRQDO ODZV DQG UHJXODWLRQV LI QHHG EH KHOSLQJ WR ERRVW
H[LVWLQJ DUUDQJHPHQWV DQGPDNHWKHPPRUHDSSURSULDWH WRWKHFXUUHQWVLWXDWLRQ
 LPSURYHPHQW LQ WKH NQRZOHGJH RI IRUHVW G\QDPLFV SDUWLFXODUO\ LQ WKH FDVH RI QDWXUDO VWDQGV
VXIIHULQJ XUEDQSUHVVXUHDQGSURPRWLRQ RIDSSURSULDWH PDQDJHPHQW SODQV
 LQYROYHPHQW RI DOO VWDNHKROGHUV DQG XVHUV LQ UHIOHFWLRQV DQG LQ WKH LPSOHPHQWDWLRQ RI SROLFLHV
FRQFHUQLQJ WKHPDQDJHPHQW RIWKHXUEDQDQGSHULXUEDQ IRUHVWV
 SURPRWLRQ RI SULYDWH SODQWDWLRQV GHGLFDWHG WR VXSSO\LQJ ZRRG IXHO RQ WKH RXWVNLUWV RI WRZQV
E\VHFXULQJ ODQGWHQXUHFODULI\LQJ WKH WD[DWLRQ V\VWHPDQGVWUHQJWKHQLQJ LQIUDVWUXFWXUHV
 ERRVWLQJ RI DQG VXSSRUW IRU ORFDO VWUDWHJLHV IRU VXVWDLQDEOH PDQDJHPHQW RI WKH UHVRXUFH
IRUPDOL]DWLRQ RI YDOXH FKDLQV DQG LPSURYHPHQW LQ WKH HQHUJ\ SHUIRUPDQFH RI ORFDO HTXLSPHQW
DQGWHFKQLTXHV
 FDUU\LQJ RXW RI OLIHF\FOH DVVHVVPHQWV RI WKH YDULRXV XUEDQ HQHUJ\ YDOXH FKDLQV LQ RUGHU
WR FRPSDUH WKH LPSDFWV RIWKHYDULRXVHQHUJ\VRXUFHVHVSHFLDOO\WKHSRVLWLRQRIZRRGYLVjYLV
DOWHUQDWLYH IRVVLO IXHOV
 KLJKOLJKWLQJ RI VXFFHVVIXO VWUDWHJLHV DQG DFWLRQV FRQFHUQLQJ WKH PDQDJHPHQW RI XUEDQ
DQG SHULXUEDQ IRUHVWV DQG LPSURYLQJ WKH SROLF\ GHYHORSPHQW DQG GHFLVLRQPDNLQJ
WR RSWLPL]H WKHFRQWULEXWLRQV RIWUHHVDQGIRUHVWVWRFLWLHV
 GHYHORSPHQW RI V\VWHPV RI SD\PHQW IRU WKH HQYLURQPHQWDO VHUYLFHV RI XUEDQ DQG SHULXUEDQ
IRUHVWV HVSHFLDOO\ JOREDO VHUYLFHV FDUERQ ELRGLYHUVLW\ HWF  HQVXULQJ WKDW ORFDO SHRSOH
DUH LQYROYHG LQWKLVG\QDPLF
 WKHSODQWLQJ RIWUHHVWKHXVHRIPXOWLSXUSRVH WUHHVSHFLHV
 $VVRFLDWH WKHPDQDJHPHQW RISHULXUEDQ ZRRGUHVRXUFHVZLWKORFDO FRPPXQLWLHV
 &RPPXQLW\ DQGWUDGLWLRQDO PDQDJHPHQW DSSURDFKHV
CONCLUSION
&OHDUO\ XQGHUVWRRG QDWLRQDO DQG ORFDO SROLFLHV RU HYHQ ZHOORUJDQL]HG SURILWDEOH SULYDWH
LQLWLDWLYHV FDQ DFW DV D FDWDO\VW IRU WKH GHYHORSPHQW RI DFWLYH SHULXUEDQ IRUHVWU\ 8UEDQ IRUHVWV
DUH HVVHQWLDO IRUKHDOWK\HQYLURQPHQW
8UEDQ DQG SHULXUEDQ IRUHVWU\ VKRXOG EH KLJKO\ SURPRWHG IRU HFR WRXULVP 7KH 0LQLVWU\
RI )RUHVWU\ DQG :LOGOLIH LV VXSSRUWLQJ WKH UHIRUHVWDWLRQ FDPSDLJQ ZLWK FRXQFLOV DQG JURXSV
HPSRZHUHG WR SODQW WUHHV DOO RYHU WKH FRXQWU\ &RXQFLOV KDYH EHHQ FKDOOHQJHG WR LPSOHPHQW
WKH FRQFHSW RI XUEDQ IRUHVWU\ DQG HQKDQFH WKH VXVWDLQDELOLW\ YLVLRQ RI WKH 0LQLVWU\ RI )RUHVWU\
DQG :LOGOLIH ZLWK WKH DLP WR UHGXFH E\  SHU FHQW JUHHQKRXVH JDV HPLVVLRQV RQ WKH VWUHQJWK
RIWKHFRPPLWPHQW E\+HDGVRI6WDWHDWWKH&236XPPLW LQ3DULV)UDQFHLQ
7KLV UHVHDUFK SURYLGHG SROLF\ DGYLFH DQG KLJKOLJKWHG VRPH JRRG SUDFWLFHV LQ RUGHU WR LPSURYH
SROLF\ GHYHORSPHQW DQGGHFLVLRQPDNLQJ WRRSWLPL]H WKHFRQWULEXWLRQV RIWUHHVDQGIRUHVWVWRFLWLHV
REFERENCES
cNHUOXQG 8 .QXWK / 5DQGUXS 7% 6FKLSSHULMQ -  8UEDQ DQG SHULXUEDQ IRUHVWU\
DQG JUHHQLQJ LQ :HVW DQG &HQWUDO $VLD H[SHULHQFHV FRQVWUDLQWV DQG SURVSHFWV >2QOLQH@ :RUNLQJ
3DSHU5RPH)$2SS $YDLODEOH DW KWWSZZZIDRRUJDDKHSGI
$WNLQVRQ 6 7RZQVHQG 0  7KH 6WDWH RI WKH 8.¶V )RUHVWV :RRGV DQG 7UHHV SHUVSHFWLYHV
IURP WKH VHFWRU $ UHSRUW WR PDUN WKH ,QWHUQDWLRQDO <HDU RI )RUHVWV /LQFROQVKLUH :RRGODQG 7UXVW
SS
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&,$  7KH :RUOG )DFWERRN >2QOLQH@ $YDLODEOH DW KWWSVZZZFLDJRYOLEUDU\SXEOLFDWLRQVWKH
ZRUOG±IDFWERRNILHOGVKWPO
GH :DVVHLJH & 'HYHUV ' GH 0DUFNHQ 3(ED¶D$W\L51DVL50D\DX[3 /HV)RUrWV
GX %DVVLQGX&RQJR±eWDWGHV)RUrWV /X[HPERXUJ 2IILFHGHVSXEOLFDWLRQV GHO¶8(SS 
'H)ULHV 56 5XGHO 7 8ULDUWH 0 +DQVHQ 0  'HIRUHVWDWLRQ GULYHQ E\ XUEDQ SRSXODWLRQ
JURZWKDQGDJULFXOWXUDO WUDGHLQWKHWZHQW\ILUVW FHQWXU\ 1DWXUH*HRVFLHQFH±
(VVDPD1VVDK % *RFNRZVNL --  )RUHVWVHFWRUGHYHORSPHQWLQDGLIILFXOWSROLWLFDOHFRQRP\
DQ HYDOXDWLRQ RI&DPHURRQ¶VIRUHVWGHYHORSPHQWDQG:RUOG%DQNDVVLVWDQFH:DVKLQJWRQ'&:RUOG
%DQN
)$2  *OREDO )RUHVW 5HVRXUFHV $VVHVVPHQW  SURJUHVV WRZDUGV VXVWDLQDEOH IRUHVW
PDQDJHPHQW
>2QOLQH@
)$2 )RUHVWU\ 3DSHU  5RPH )$2
$YDLODEOH DW
KWWSZZZIDRRUJGRFUHSDHDHKWP
)$2  8UEDQ DQG SHULXUEDQ IRUHVWU\ LQ $IULFD WKH RXWORRN IRU ZRRGIXHO >2QOLQH@
8UEDQ DQG SHULXUEDQ IRUHVWU\ ZRUNLQJ SDSHU Q 5RPH )$2 SS 
$YDLODEOH DW KWWSZZZIDRRUJGRFUHSLHLHSGI
)XZDSH -$ 2Q\HNZHOX -&  8UEDQ )RUHVW 'HYHORSPHQW LQ :HVW $IULFD %HQHILWV
DQG &KDOOHQJHV
>2QOLQH@ -RXUQDO RI %LRGLYHUVLW\ DQG (FRORJLFDO 6FLHQFHV   
$YDLODEOH DWKWWSZZZVLGLU)LOH6HUYHU-(
+HOPV-$7KH'LFWLRQDU\RI)RUHVWU\%HWKHVGD0' 6RFLHW\RI$PHULFDQ )RUHVWHUV
,QGH[0XQGL

&DPHURRQ
3RSXODWLRQ
JURZWK
UDWH
>2QOLQH@
$YDLODEOH DWKWWSZZZLQGH[PXQGLFRPFDPHURRQSRSXODWLRQBJURZWKBUDWHKWPO
0DULHQ -1  3HULXUEDQ IRUHVWV DQG ZRRG HQHUJ\ ZKDW DUH WKH SHUVSHFWLYHVIRU&HQWUDO$IULFD"
&KDSWHU  ,Q )$2 &RQIHUHQFH RQ XUEDQ DQG SHULXUEDQ )RUHVWU\ >2QOLQH@ %RJRWD &RORPELD
 -XO\± $XJXVW  %RJRWD )$2 $YDLODEOH DW KWWSZZZREVHUYDWRLUH
FRPLIDFQHWGRFVHGI(162)BB:RRGHQHUJ\SGI
0LQLVWU\ RI (QYLURQPHQW DQG 1DWXUH 3URWHFWLRQ 0,1(3   &DPHURRQ¶V 5HDGLQHVV 3ODQ ,GHD
1RWH 5±3,1 )RUHVW&DUERQ3DUWQHUVKLS)DFLOLW\ <DRXQGH0,1(3
1GR\H 2 .DLPRZLW] '  0DFURHFRQRPLFV PDUNHWV DQG WKH KXPLG IRUHVWV
RI&DPHURRQ ± 7KH-RXUQDORI0RGHUQ$IULFDQ6WXGLHV   ±
6DOELWDQR)%RUHOOL6&RQLJOLDUR0&KHQ< *XLGHOLQHVRQXUEDQDQGSHULXUEDQIRUHVWU\
)$2)RUHVWU\3DSHU1R5RPH )$2SS
6WURP 6  8UEDQ DQG FRPPXQLW\ IRUHVWU\ SODQQLQJ DQG GHVLJQ ,Q +DQGERRN RI XUEDQ
DQG FRPPXQLW\IRUHVWU\LQWKHQRUWKHDVW1HZ<RUN.OXZHU $FDGHPLF SS
7HVVD %  1HZ ,QWHUDFWLYH $WODV &DQ ,PSURYH &DPHURRQ¶V )RUHVW 0DQDJHPHQW >2QOLQH@
$YDLODEOH
DW
KWWSZZZZULRUJEORJQHZ±LQWHUDFWLYH±DWODV±FDQ±LPSURYH
FDPHURRQ(VIRUHVWPDQDJHPHQW
7RSD * .DUVHQW\ $ 0HJHYDQG & 'HEURX[ /  7KH UDLQIRUHVWV RI &DPHURRQ H[SHULHQFH
DQGHYLGHQFHIURPDGHFDGHRIUHIRUP:DVKLQJWRQ '&:RUOG%DQN
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,03257$1&( 2),62/$7(')25(67&203/(;(6
)25 67$%/(3238/$7,216 2)60$//7(55(675,$/
0$00$/6,1/2:/$1'62)6287+025$9,$
7+(&=(&+5(38%/,&
0$57,1$ '2.8/,/29$ -26()68&+20(/
'HSDUWPHQW RI=RRORJ\ )LVKHULHV+\GURELRORJ\DQG$SLFXOWXUH
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
[GRNXOLO#QRGHPHQGHOXF]
$EVWUDFW 7KHUHODWLYH DEXQGDQFHDQGGLYHUVLW\ RIVPDOO WHUUHVWULDO PDPPDOV 5RGHQWLD 6RULFLGDH  ZHUH
HYDOXDWHG LQORZODQGV RIVRXWK0RUDYLD7KUHHODUJHU LVRODWHG IRUHVWFRPSOH[HV ! KD LQLQWHQVLYHO\
PDQDJHG ODQGVFDSH ZHUHDVVHVVHG VHPLQDWXUDO IRUHVWSURGXFWLRQ IRUHVW DQGSKHDVDQWU\$QLPDOV ZHUH
FDSWXUHGXVLQJ VQDSWUDSV$WRWDO RILQGLYLGXDOV EHORQJLQJ WRVSHFLHV ZHUHWUDSSHG7KHPRVW
DEXQGDQW DQG PRVW GRPLQDQW VSHFLHV ZHUH $SRGHPXV IODYLFROOLV $ V\OYDWLFXV DQG &OHWKULRQRP\V
JODUHROXV ZKLOH RWKHU VSHFLHV ZHUH SUHVHQW LQ PXFK ORZHU QXPEHUV 7KHKLJKHVW UHODWLYH DEXQGDQFH
Q U$  GLYHUVLW\ +   DQGQXPEHURIVSHFLHV Q  ZHUHIRXQGLQSKHDVDQWU\
7KHORZHVW DEXQGDQFH Q   U$    DQG GLYHUVLW\ +     ZHUH LQ VHPLQDWXUDO IRUHVW
7KHORZHVW QXPEHURIVSHFLHV RFFXUUHGLQSURGXFWLRQ IRUHVW Q  7KHGLIIHUHQFHV EHWZHHQORFDOLWLHV
ZHUHQRWVWDWLVWLFDOO\ VLJQLILFDQW S! /DUJHU LVRODWHG IRUHVWFRPSOH[HV DUHVXLWDEOH IRUORQJWHUP
VWDEOHSRSXODWLRQV RIGRPLQDQW VSHFLHV RQO\ $SRGHPXV VSS&OHWKULRQRP\VJODUHROXV 
.H\:RUGV VKUHZV6RULFLGDH URGHQWV5RGHQWLDVPDOO PDPPDOFRPPXQLW\ DJULFXOWXUDO ODQGVFDSH
,1752'8&7,21 
,VRODWHG IRUHVW FRPSOH[HV DUH YHU\ VLJQLILFDQW UHIXJHV IRU FRPPXQLWLHV RI VPDOO WHUUHVWULDO
PDPPDOV LQLQWHQVLYHO\ PDQDJHG ODQGVFDSH $ QXPEHURIDXWKRUVXQGHUOLQH WKHLPSRUWDQFH RIIRUHVWV
IRU PDLQWHQDQFH RI VSHFLHV ULFKQHVV LQ DJULFXOWXUDO ODQGVFDSH 'XGLFK DQG âWROOPDQQ 
3HOLNiQ  7UQND HW DO  <ORQHQ HW DO  6XFKRPHO DQG +HUROGRYi 
6XFKRPHO HW DO  7KH\PRVWO\ HYDOXDWHG DVPDOO IUDJPHQWV RI IRUHVW ELRFRUULGRUV ZLQGEUHDNV
VKHOWHUEHOWV ZRRGORWV HWF EXW VRPH RI WKH FRQWULEXWLRQV DUHFRQFHUQHG RQ WKHODUJH ORZODQG IRUHVWV
=HMGDDQG3HOLNiQ =HMGD6XFKRPHO DQG+HUROGRYi  6XFKRPHOHWDO 
7KLV VWXG\FRQFHQWUDWHV RQO\ RQODUJH LVRODWHG FRPSOH[HV RI IRUHVWV,WLV FRPSDUHG DEXQGDQFH
DQG GLYHUVLW\ RI VPDOO WHUUHVWULDO PDPPDOV 5RGHQWLD 6RULFLGDH  LQKDELWLQJ WKUHH LVRODWHG IRUHVW
FRPSOH[HV LQ ORZODQGV RI VRXWK 0RUDYLD 7KHVH ORFDOLWLHV GLIIHU WKHLU DUHD YDULDELOLW\ RI ELRWRSH
WUHH FRPSRVLWLRQ DQGIRUHVWPDQDJHPHQW
0$7(5,$/ $1'0(7+2'6
7KH VWXG\ XVHG GDWD IURP VXUYH\V RI VPDOO WHUUHVWULDO PDPPDO FRPPXQLWLHV IURP WKH \HDUV
EHWZHHQDQG7KLVPDWHULDO ZDVREWDLQHGIURPWKUHHODUJHU IRUHVWFRPSOH[HV LVRODWHG ZLWKLQ
WKHLQWHQVLYHO\ PDQDJHG ODQGVFDSHRI6RXWK0RUDYLD 7KH&]HFK5HSXEOLF  7KHVWXG\VLWHVDUHGHILQHG
JURXSV RIIRUHVW W\SHVDQG FKDUDFWHUL]HG E\ GLIIHUHQW GHJUHHV RILQWHQVLW\ WRZKLFK WKH\DUH H[SORLWHG
E\ SHRSOH 6XFKRPHO DQG+HUROGRYi  
7KHVWXG\VLWHVEHORQJ WRWKHFOLPDWLF UHJLRQ 7 : DFFRUGLQJ WR( 4XLWW7KHFOLPDWLF UHJLRQ
LVFKDUDFWHUL]HG E\DYHU\ORQJ DYHU\ ZDUPDQGDYHU\GU\VXPPHUWKHWUDQVLWLRQ SHULRG LVYHU\VKRUW
ZLWK DZDUPVSULQJ DQGDZDUPDXWXPQWKHZLQWHU LVVKRUWZDUPGU\WRYHU\GU\ZLWK DYHU\VKRUW
GXUDWLRQ RI VQRZ FRYHU ± GD\V  7KHDYHUDJH DLU WHPSHUDWXUH LQ -DQXDU\ LV IURP  WR  &
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LQ-XO\±&DQGLQ$SULO DQG2FWREHU±&7KHWRWDOSUHFLSLWDWLRQ LQWKHJURZLQJ VHDVRQUHDFKHV
±PPDQGLQWKHZLQWHUSHULRG±PP .YČWRĖDQG9RåHQtOHN 
Ä6HPLQDWXUDO IRUHVW³ KD+RUQtOHV*36 1 (
)LUVW ORFDOLW\ LV VLWXDWHG QHDUWKHWRZQRI/HGQLFH QD0RUDYČ7KLVLVDVHPLQDWXUDO IRUHVWFRYHU
ZLWKRXW IRUHVWU\ LQWHUYHQWLRQ FKDUDFWHUL]HG E\DJURXS RIIRUHVWW\SHV 8OPHWR)UD[LQHWXP FDUSLQHXP
7KHGRPLQDQWVSHFLHVDUHFRPPRQDVK )UD[LQXVH[FHOVLRU (QJOLVK RDN 4XHUFXVUREXU EODFNSRSODU
3RSXOXVQLJUD ODUJHOHDYHGOLQGHQ 7LOLDSODW\SK\OORV DQGFRPPRQPDSOH $FHUFDPSHVWUH 
Ä3URGXFWLRQIRUHVW³ KD+iMHN*36  1 ( 
6HFRQG ORFDOLW\ LV VLWXDWHG QHDU WKH YLOODJH RI 9UDQRYLFH 7KLV LV D W\SLFDO SURGXFWLRQ IRUHVW
FKDUDFWHUL]HG E\DJURXSRIIRUHVWW\SHV &DUSLQHWR4XHUFHWXPDFHURVXP 7KHGRPLQDQWZRRG\VSHFLHV
DUH(QJOLVK RDN 4XHUFXVUREXU GXUPDVWRDN 4SHWUDHD DQGEODFNORFXVW 5RELQLDSVHXGRDFDFLD 
Ä3KHDVDQWU\³ KD5XPXQVNiEDåDQWQLFH *36 1 (
7KLUGV ORFDOLW\ LV VLWXDWHG QHDU WKH WRZQ RI äLGORFKRYLFH 7KLV LV PDGH XVH RIDV DQ LQWHQVLYH
SKHDVDQWU\7KHVHORFDWLRQ LVWKHPRVWYDULDEOHDUHDRIWKHWKUHHZLWKUHJDUGWRPLFURKDELWDWV ,WLQFOXGHV
D QXPEHU RI PLVFHOODQHRXV ZRRG\ VSHFLHV RI YDULRXV DJH FDWHJRULHV DV ZHOO DV VPDOO RSHQ DUHDV
VXFKDVVPDOO ILHOGV PHDGRZVDQGZHWODQGV 7KHGRPLQDQW ZRRG\VSHFLHV LQWKLV ORFDWLRQ DUH(QJOLVK
RDN 4XHUFXV UREXU  GXUPDVW RDN 4 SHWUDHD  6FRWFK SLQH 3LQXV V\OYHVWULV  FRPPRQ VSUXFH
3LFHDDELHV DQGEODFN SRSODU 3RSXOXV QLJUD 7KHIROORZLQJ JURXSV RIIRUHVWW\SHVZHUHLGHQWLILHG
KHUH8OPHWR)UD[LQHWXP FDUSLQHXP6DOLFHWR$OQHWXP D &DUSLQHWR4XHUFHWXP DFHURVXP
,QDOO WULDO SORWV WUDSSLQJ RI VPDOO PDPPDOV ZDVUHDOL]HG DW HYHQLQWHUYDOV ILYH WLPHV D\HDU
LQ WKH\HDUVEHWZHHQ DQG7KHDQLPDOV ZHUHFDWFKHG E\VQDSWUDSVRUFRPELQDWLRQ RIVQDS
WUDSV DQG SLWIDOO WUDSV WKDW ZHUH DUUDQJHG LQ WKH VKDSH RI WKH OHWWHU < 3HOLNiQ  6XFKRPHO
DQG +HUROGRYi  7KHWUDSVZHUH ODLG LQ OLQHV RIWZHQW\ DQGZHUHDERXW PHWUHV DSDUW7KHWUDS
V\VWHPV LQ WKH VKDSH RI WKH OHWWHU < LQFOXGHG  SLWIDOO WUDSV ZLWFK ZHUH SODFHG LQ WKH JURXQG
DSSUR[LPDWHO\  P DSDUW DOZD\V WKUHH LQ HDFK DUP DQG RQH ZKHUH WKH DUPV FRQYHUJH
8VXDOOLWUHSODVWLF ERWWOHVZLWKFXWRIIERWWOHQHFNVZHUHDSSOLHG IRUWKHSLWIDOO WUDSVDQGDVQDSWUDSZDV
ODLGDORQJ HDFKRIWKHVHWUDSV6ROLGSODVWLF IRLOZDVVWUHWFKHGDORQJWKHWUDSVIRUWHQGWKHVPDOOPDPPDOV
ULJKWLQWRWKHWUDSV2LOODPSZLFNVZHUHXVHGDVEDLWV7KH\ZHUHIULHGLQSRUNIDWRUVPHDUHGZLWK SHDQXW
EXWWHU7UDSVZHUHOHIW LQ SODFHIRUIRXUGD\V LHQLJKWV  DQGFKHFNHGHDFKPRUQLQJ 3HOLNiQ  
&DSWXUHG LQGLYLGXDOV ZHUH GLVVHFWHG LQ WKHODE 7KH\ZHUH GHWHUPLQHG DFFRUGLQJ WRWKH VSHFLHV ERG\
OHQJWK ERG\ ZHLJKW VH[ DQG VH[ FRQGLWLRQ 6XFKRPHO DQG +HUROGRYi   $OO DVSHFWV RI FDSWXUH
ZHUH LQ DFFRUGDQFH ZLWK WKH SURYLVLRQV RI (8 &RXQFLO 'LUHFWLYH ((& RQ WKH SURWHFWLRQ
RI DQLPDOV XVHGIRUH[SHULPHQWDO DQGRWKHUVFLHQWLILF SXUSRVHV
7KH VWXG\ HYDOXDWHG EDVLF V\QHFRORJLFDO FKDUDFWHULVWLFV VXFK DV WKH QXPEHU RI VSHFLHV Q 
GRPLQDQFH ' VSHFLHVGLYHUVLW\ + DQGHTXLWDELOLW\ (  0DJXUUDQ  
'XH WR GLIIHUHQW WUDSSLQJ PHWKRGRORJLHV GLIIHUHQW QXPEHUV RI WUDSV  DW LQGLYLGXDO ORFDWLRQV
LWZDVQHFHVVDU\WRGHWHUPLQH WKHUHODWLYH DEXQGDQFHRIVPDOO PDPPDO VSHFLHV U$ 7KLVLVH[SUHVVHG
E\ WKH HTXDWLRQ U$  Q3 Q ± QXPEHU RI LQGLYLGXDOV WUDSSHG 3 ± QXPEHU RI WUDS QLJKWV 
7DEOH VKRZV WKHWRWDO QXPEHU RIWUDSQLJKWV LQ LQGLYLGXDO ORFDWLRQ 7KHDEXQGDQFH REWDLQHG LQ WKLV
ZD\UHIOHFWV WKHDEVROXWHDEXQGDQFH 3HOLNiQ  
5HODWLYH DEXQGDQFH DQG GLYHUVLW\ DPRQJ KDELWDWV ZHUH VWDWLVWLFDOO\ HYDOXDWHG XVLQJ RQHZD\
$129$ 7KHVHFDOFXODWLRQV ZHUHSHUIRUPHGXVLQJ 6WDWLVWLFD &=
5(68/76 $1'',6&866,21
$WRWDO RILQGLYLGXDOV RIWZHOYHVPDOO WHUUHVWULDO PDPPDO VSHFLHV ZHUHWUDSSHGLQDOO VWXG\
VLWHV ZLWKLQ WKHSHULRG RI WHQ\HDUV7KHPRVW DEXQGDQW VSHFLHV ZDV $SRGHPXV IODYLFROOLV Q  
U$ '  IROORZHG E\&OHWKULRQRP\V JODUHROXV Q U$ '  
DQG $SRGHPXVV\OYDWLFXV Q U$ '  DOORIWKHVHWKUHHVSHFLHVZHUHHXGRPLQDQW
' !   0LFURWXV DUYDOLV Q   U$   '    ZDV VXEGRPLQDQW '  ± 
$SRGHPXVPLFURSV Q U$ '  0LFURP\VPLQXWXV Q U$ '  
0LFURWXVVXEWHUUDQHXV Q U$ '  0XVPXVFXOXV Q U$ '  
&URFLGXUD OHXFRGRQ Q   U$   '    &URFLGXUD VXDYHROHQV Q   U$  
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'   6RUH[ DUDQHXV Q  U$ '   DQG6RUH[ PLQXWXV Q  U$ 
'  ZHUHWKHOHDVWDEXQGDQWVSHFLHVDQGDOOZHUHVXEUHFHGHQW ' 7DEOHVKRZVWKH YDOXHV
RIGRPLQDQFH DQGUHODWLYH DEXQGDQFHDWHDFKRIWKHORFDWLRQV

7DEOH9DOXHVRIGRPLQDQFH '  UHODWLYHDEXQGDQFH U$  GLYHUVLW\ +  DQG HYHQQHVV ( 
RI LQGLYLGXDOPDPPDOVVSHFLHVGHWHUPLQHGLQWULDOSORWV
6SHFLHV
$SRGHPXVIODYLFROOLV
$SRGHPXVPLFURSV

Ä6HPLQDWXUDO IRUHVW³

Ä3URGXFWLRQ IRUHVW³

Ä3KHDVDQWU\³

'>@

U$>@

'>@

U$>@

'>@

U$>@

























$SRGHPXVV\OYDWLFXV













&OHWKULRQRP\VJODUHROXV













0LFURP\VPLQXWXV













0LFURWXVDUYDOLV





































&URFLGXUDOHXFRGRQ













&URFLGXUDVXDYHROHQV













6RUH[DUDQHXV













6RUH[PLQXWXV











0LFURWXVVXEWHUUDQHXV
0XVPXVFXOXV



1XPEHURILQGLYLGXDOV
1XPEHURIVSHFLHV










1XPEHURIWUDSQLJKWV 173







+







(







$SRGHPXVIODYLFROOLV ZDVWKHPRVWDEXQGDQWVSHFLHVLQDOOPRQLWRUHGKDELWDWV7KHKLJKHVWQXPEHU
RIFDSWXUHG LQGLYLGXDOV ZDVLQ SKHDVDQWU\ Q U$  EXW WKHKLJKHVW QXPEHU RIUHODWLYH
DEXQGDQFH DFKLHYHG LQ SURGXFWLRQ IRUHVW Q  U$   ,W ZDVOHDVW FRPPRQ LQ VHPLQDWXUDO
IRUHVW Q U$  &OHWKULRQRP\VJODUHROXV ZDVHXGRPLQDQW VSHFLHVWRJHWKHUZLWK $SRGHPXV
IODYLFROOLV LQ DOO VLWHV 7KHVH VSHFLHV VHHPHG WR EH WKH PRVW DGDSWDEOH 7KH PRVW LQGLYLGXD OV
RI &OHWKULRQRP\V JODUHROXV Q U$   ZHUH FDSWXUHG LQ SKHDVDQWU\ DQGWKH PRVW UHODWLYH
DEXQGDQFH Q  U$   DFKLHYHG LQ VHPLQDWXUDO IRUHVW,W ZDV OHDVW FRPPRQ LQ SURGXFWLRQ
IRUHVW Q   U$   ,PSRUWDQW VSHFLHV ZDV DOVR $SRGHPXV V\OYDWLFXV EXW RQO\ DGRPLQDQW
VSHFLHV  RIRFFXUUHQFH  LQ WKH ORFDWLRQ VHPLQDWXUDO IRUHVW ,WZDV PRVW FRPPRQ LQ SKHDVDQWU\
Q U$  DQGOHDVW FRPPRQ LQ VHPLQDWXUDO IRUHVW Q U$  7DEOHLQGLFDWHV
WKDWRWKHUVSHFLHV ZHUHVLJQLILFDQWO\ OHVVFRPPRQ
3RSXODWLRQV RIVKUHZLQDOO VLWHV S  ZHUHVLJQLILFDQWO\ OHVVFRPPRQDQGLQFRPSDULVRQ
ZLWKVRPHVSHFLHVRIURGHQWVRFFXUUHGRQO\ PDUJLQDOO\ RURFFDVLRQDOO\ ,QSURGXFWLRQ IRUHVWWKHVKUHZV
ZHUH QRW IRXQG DW DOO 7KHPRVW GRPLQDQW VSHFLHV RI VKUHZV ZDV 6RUH[ DUDQHXV '   (YHQ
WKRXJK VKUHZV PDLQO\ 6RUH[ DUDQHXV PD\ LQ VRPH IRUHVW KDELWDWV DFKLHYH GRPLQDQW YDOXHV
LQWKHFRPPXQLWLHV RIVPDOO PDPPDOV 6XFKRPHO DWDO WKHLUDEXQGDQFHLQIRUHVWLQFRPSDULVRQ
ZLWK URGHQWV LV UHODWLYHO\ ORZ 6XFKRPHO HW DO    7KH VDPH UDWLR LV DOVR LQ RWKHU W\SHV
RI KDELWDWV LQFOXGLQJ DJURFRHQRVHV +HUROGRYi HW DO   'HVSLWH WKH ORZ SURSRUWLRQ RI VKUHZV
LQWKHFRPPXQLW\ RIVPDOO PDPPDOVORZODQG IRUHVWVLQFOXGLQJ LVRODWHG IUDJPHQWVUHSUHVHQWLPSRUWDQW
KDELWDWV LQ LQWHQVLYHO\ IDUPHG ODQGVFDSH IRU WKH FRQVHUYDWLRQ RI WKHLU SRSXODWLRQV DQG GLYHUVLW\
6XFKRPHO HWDO ,QWKLV SRLQW RIYLHZ PRXQWDLQ IRUHVWVDUH WKHQHYHQPRUHLPSRUWDQW UHIXJHV
HVSHFLDOO\ LQWHUPVRIWKHLU DEXQGDQFH 6XFKRPHO DWDO 'RNXOLORYi DQG6XFKRPHO   
&RPSDULVRQ RIWKHUHODWLYH DEXQGDQFH RIWKHLQGLYLGXDO VSHFLHV ZLWKLQ DJURZLQJ VHDVRQ VKRZV
WKDWWKHPRVWLQGLYLGXDOV ZHUHWUDSSHGLQVXPPHUDQGLQDXWXPQ 7DEOH  
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7DEOH&RPSDULVRQRIUHODWLYHDEXQGDQFHYDOXHV U$  RIVPDOOPDPPDOVRQSDUWLFXODUSORWV
DWGLIIHUHQWVWDJHVRIYHJHWDWLRQVHDVRQ
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7KHULFKHVW KDELWDW LQWHUPVRIVSHFLHV ZDV SKHDVDQWU\ ZLWK VSHFLHV ZKLOH WKHSRRUHVWKDELWDW
IRU VSHFLHV ZDV SURGXFWLRQ IRUHVW ZLWK  VSHFLHV 7KHKLJKHVW WRWDO GLYHUVLW\ RI VPDOO PDPPDOV ZDV
LGHQWLILHG LQ SKHDVDQWU\ +    IROORZHG WKH ORFDWLRQ SURGXFWLRQ IRUHVW +   7KHORZHVW
GLYHUVLW\ ZDVGHWHUPLQHG LQORFDWLRQ VHPLQDWXUDO IRUHVW +   7KHPRVWEDODQFHGFRPPXQLW\ ZDV
LGHQWLILHG LQ SURGXFWLRQ IRUHVW (    IROORZHG WKH ORFDWLRQ VHPLQDWXUDO IRUHVW (   
DQGWKHORZHVWYDOXHZDVGHWHFWHGLQSKHDVDQWU\ (  2YHUDOO LQWHUPVRIGLYHUVLW\ DQGDEXQGDQFH
RI SRSXODWLRQ SKHDVDQWU\ DQG SURGXFWLRQ IRUHVW DSSHDU ULFKHU WKDQ VHPLQDWXUDO IRUHVW 7DEOH  
7KH ORFDWLRQ SKHDVDQWU\ WKH ODUJHVW VWXG\ DUHD  KD  LV PDGH XVH RI DV DQ LQWHQVLYH SKHDVDQWU\
,WLVWKHPRVWYDULDEOH DUHDRIWKHWKUHH,WLV PRVDLFRIPRVWO\IRUHVWELRWRSHVEXWDOVR VPDOO RSHQDUHDV
VXFKDVVPDOO ILHOGV PHDGRZVDQG ZHWODQGV ZKLOH ORFDWLRQ VHPLQDWXUDO IRUHVW KD LV VHPLQDWXUDO
IRUHVW FRYHUZLWKRXW IRUHVWU\ LQWHUYHQWLRQ 7KHORFDWLRQ SURGXFWLRQ IRUHVW WKHOHDVW VWXG\DUHD KD 
LV DW\SLFDO SURGXFWLRQ IRUHVW,WVHHPVWKHDUHDRIVWXG\VLWHV KDVQRWLQIOXHQFH RQDEXQGDQFH RIVPDOO
PDPPDOV
7KH FRPSDULVRQ RI UHODWLYH DEXQGDQFHV S    DQG GLYHUVLW\ S    DPRQJ IRUHVW
FRPSOH[HV VHPLQDWXUDO IRUHVWSURGXFWLRQIRUHVWSKHDVDQWU\ ZHUHQRWVLJQLILFDQWO\ GLIIHUHQW S !  
,WVHHPVWKHPHWKRGVRIPDQDJHPHQW DUHQRWVRVLJQLILFDQW IRUH[LVWHQFH RIVPDOO PDPPDOV LQORZODQG
IRUHVW LI WKHVH PHWKRGV RIIHU D VXLWDELOLW\ FRQGLWLRQV IRU WKHP ,Q VSLWH RI WKH ORFDOLWLHV SKHDVDQWU\
DQG SURGXFWLRQ IRUHVW VHHPV WR EH SUHIHUDEOH WKH KLJKHU QXPEHU RI DEXQGDQFH DQG GLYHUVLW\ ZHUH
IRXQGHG KHUH  PD\EH EHFDXVH RI WKH PXFK PRUH YDULDELOLW\ GXH WR LQWHQVLYHO\ IRUHVW PDQDJHPHQW
7KH ORFDOLW\ VHPLQDWXUDO IRUHVWZKHUHWKHIRUHVWPDQDJHPHQWLVQRWKHUHLWVHHPVWREHQRWVRSUHIHUDEOH
ORZHUQXPEHURIDEXQGDQFHDQGGLYHUVLW\ ZHUHIRXQGHGKHUH 
7KHODUJHU LVRODWHG IRUHVW FRPSOH[HV DUHLPSRUWDQW UHIXJHV LQWKHDJULFXOWXUDO ODQGVFDSH RI6RXWK
0RUDYLD LQ VSLWH RI WKH FRPSDULQJ ZLWK VPDOO DQG IUDJPHQW IRUHVW ZKLFK DUH RI HFRWRQH W\SH
WKH\DFKLHYH OHVV GLYHUVLW\ 3HOLNiQ 7UQNDHWDO 6XFKRPHO DQG+HUROGRYi  2QRWKHU
KDQG VWDEOH SRSXODWLRQV RI GRPLQDQW VSHFLHV $SRGHPXV IODYLFROOLV &OHWKULRQRP\V JODUHROXV
LQ LVRODWHG IRUHVWVDUHLQFRQIOLFW ZLWKIRUHVWPDQDJHPHQW +HUROGRYi HWDO 
&21&/86,21
7KLV VWXG\ KLJKOLJKWV WKH LPSRUWDQFH RILVRODWHG ORZODQG IRUHVW FRPSOH[HV IRUVPDOO WHUUHVWULDO
PDPPDOFRPPXQLWLHV LQVRXWK0RUDYLD7KHKLJKHVW DEXQGDQFHDQGGLYHUVLW\ ZHUHIRXQGLQSKHDVDQWU\
EXW WKH FRPSDULVRQ RI UHODWLYH DEXQGDQFHV DQG GLYHUVLW\ DPRQJ VWXG\ VLWHV ZHUH QRW VLJQLILFDQW O\
GLIIHUHQW S !  ,WVHHPVWKHPHWKRGV RIPDQDJHPHQW DUHQRWVRVLJQLILFDQW IRUH[LVWHQFH RIVPDOO
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PDPPDOV LQ ORZODQG IRUHVW LI WKHVH PHWKRGV RIIHU D VXLWDELOLW\ FRQGLWLRQV IRU WKHP ,Q VSLWH RI
WKHUHVXOWV RIDEXQGDQFHDQGGLYHUVLW\ VKRZVWKDWORFDOLWLHV RISKHDVDQWU\ DQGSURGXFWLRQ IRUHVWDSSHDU
ULFKHUWKDQVHPLQDWXUDO IRUHVW,WFDQEHGXHWRLQWHQVLYHO\ IRUHVWPDQDJHPHQW LQ WKHVHORFDOLWLHV WKDQNV
WRWKH\DUHPRUH YDULDEOH /DUJHULVRODWHG IRUHVWFRPSOH[HV DUHVXLWDEOH IRUORQJWHUP VWDEOHSRSXODWLRQV
RIGRPLQDQW VSHFLHVRQO\ $SRGHPXVIODYLFROOLV$V\OYDWLFXV &OHWKULRQRP\VJODUHROXV 
5()(5(1&(6
'RNXOLORYi 06XFKRPHO-,QIOXHQFHRIKDELWDWFRQGLWLRQV RQDEXQGDQFHDQGGLYHUVLW\RIVKUHZV
(XOLSRW\SKOD 6RULFLGDH  LQ 0RUDYLD ,Q 3URFHHGLQJV RI ,QWHUQDWLRQDO 3K' 6WXGHQWV &RQIHUHQFH
0HQGHO1HW  >RQOLQH@ %UQR &]HFK 5HSXEOLF  1RYHPEHU %UQR 0HQGHO 8QLYHUVLW\ LQ %UQR
)DFXOW\ RI $JUL6FLHQFHV SS  $YDLODEOH DW KWWSVPHQGHOQHWF]DUWNH\PQW 
B,QIOXHQFHBRIBKDELWDWBFRQGLWLRQVBRQBDEXQGDQFHBDQGBGLYHUVLW\BRIBVKUHZVB,B(XOLSRW\SKODB6RUL
FLGDHB,BLQB0RUDYLDSKS"EDFN PDJQRPQWPQSKS"VHFLG  >@
'RNXOLORYi 06XFKRPHO -$EXQGDQFH RIFRPPRQ VKUHZ 6RUH[ DUDQHXV  LQ VHOHFWHG IRUHVW
KDELWDWV RI 0RUDYLD &]HFK 5HSXEOLF  $FWD 8QLYHUVLWDWLV$JULFXOWXUDH HW 6LOYLFXOWXUDH0HQGHOLDQDH
%UXQHQVLV   
'XGLFK$âWROOPDQQ $0LFURPDPPDO FRPPXQLWLHV LQWKHWUHHVSHFLHV IRUPDWLRQ RIWKH(DVW
6ORYDNLDQ /RZODQGV(NROyJLD &665   
+HUROGRYi 0 %U\MD - =HMGD - 7NDGOHF (  6WUXFWXUH DQG GLYHUVLW\ RI VPDOO PDPPDO
FRPPXQLWLHV LQDJULFXOWXUH ODQGVFDSH $JULFXOWXUH(FRV\VWHPV (QYLURQPHQW 
+HUROGRYi 0%U\MD--iQRYi(6XFKRPHO- +RPROND 05RGHQW'DPDJHWR1DWXUDO DQG
5HSODQWHG 0RXQWDLQ )RUHVW 5HJHQHUDWLRQ 7KH 6FLHQWLILF :RUOG -RXUQDO >RQOLQH@ 
$YDLODEOH DWKWWSG[GRLRUJ
.YČWRĖ99RåHQtOHN 9 &OLPDWLFUHJLRQVRIWKH&]HFK 5HSXEOLF4XLWW VFODVVLILFDWLRQGXULQJ
\HDUV± 2ORPRXF 8QLYHU]LWD 3DODFNpKR
0DJXUUDQ$((FRORJLFDOGLYHUVLW\DQGLWVPHDVXUHPHQW/RQGRQ &KDSPDQDQG+DOO
3HOLNiQ -7KHHVWLPDWLRQ RI SRSXODWLRQ GHQVLW\ LQ VPDOO PDPPDOV ,Q 6HFRQGDU\ SURGXFWLYLW\
RI WHUUHVWULDOHFRV\VWHPV :DUV]DZD 3DQVWZRZH :\GDZQLFWZR 1DXNRZH SS
3HOLNiQ -  6PDOO PDPPDOV LQ ZLQGEUHDNV DQG DGMDFHQW ILHOGV $FWD 6FLHQWLDUXP 1DWXUDOLXP
$FDGHPLDH6FLHQWLDUXP%RKHPLFDH %UQR  
3HOLNiQ -  6PDOO PDPPDOV LQ IUDJPHQWV RI 5RELQLD SVHXGRDFDFLD VWDQGV )ROLD =RRORJLFD
  
6XFKRPHO - +HUROGRYi 0  6PDOO WHUUHVWULDO PDPPDOV LQ WZR W\SHV RI IRUHVW FRPSOH[HV
LQ LQWHQVLYHO\ PDQDJHG ODQGVFDSH RI 6RXWK 0RUDYLD 7KH &]HFK 5HSXEOLF  (NROyJLD %UDWLVODYD 
  
6XFKRPHO -ýHSHOND /3XUFKDUW/ 6WUXFWXUH DQG GLYHUVLW\ RI VPDOO PDPPDO FRPPXQLWLHV
RI ORZODQG IRUHVWV LQ WKH UXUDO FHQWUDO (XURSHDQ ODQGVFDSH (XURSHDQ -RXUQDO RI )RUHVW 5HVHDUFK
   
6XFKRPHO -3XUFKDUW/ýHSHOND/+HUROGRYi06WUXFWXUHDQGGLYHUVLW\ RIVPDOO PDPPDO
FRPPXQLWLHV RI PRXQWDLQ IRUHVWV LQ ZHVWHUQ &DUSDWKLDQV (XURSHDQ -RXUQDO RI )RUHVW 5HVHDUFK
  
7UQND 35R]NRãQê 5 *DLVOHU - +RXãNRYi /  ,PSRUWDQFH RI ZLQGEUHDNV IRU HFRORJLFD O
GLYHUVLW\ LQDJULFXOWXUDO ODQGVFDSH(NROyJLD &6)5   
<ORQHQ+$OWQHU+-6WXEEH06HDVRQDOG\QDPLFVRIVPDOOPDPPDOV LQDQLVRODWHG ZRRGORW
DQGLWVDJULFXOWXUDO VXUURXQGLQJV $QQDOHV=RRORJLFL)HQQLFL   
=HMGD-3HOLNiQ-0RYHPHQWV DQGKRPHUDQJHV RIVRPHURGHQWVLQORZODQG IRUHVW=RRORJLFNp
/LVW\
=HMGD -  7KH VPDOO PDPPDO FRPPXQLW\ RI D ORZODQG IRUHVW $FWD 6FLHQWLDUXP 1DWXUDOLXP
$FDGHPLDH6FLHQWLDUXP%RKHPLFDH %UQR  
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Abstract: This work deals with the current state of a social farming in the Czech Republic.
It explains and defines this concept, theoretical bases, specifications and sources of funding,
moreover, it ponders over the benefits for rural development and local communities.
The work includes an analysis of the current state of social farming in the Czech Republic
and Great Britain and, a SWOT analysis of the Czech and British care farms. The subsequent
comparison results in many similarities such as the perceived strength, the benefit to society,
or the common feature of the lack of salary valuation of workers who work with people
with a health or social disadvantage.
Key Words: Social farming, care farming, green care, Czech Republic, United Kingdom
INTRODUCTION
Social farming (SoFar) creates a new outlook on agriculture and agricultural activity.
In the Czech Republic, the term sRFLiOQt ]HPČGČOVWYt has started to be used for these activities.
It is the equivalent for English terms Social Farming, Green Care Farming, Farming for health,
Social Agriculture and Farming Therapy. This is one of the possibilities how to integrate health
and socially disadvantaged people into society. These people can be employed in the agricultural
environment, furthermore, it can also help reduce their health or social problems. Simultaneously,
there is also an opportunity of diversifying the income of farmers who make affords to create
conditions that enable disadvantaged people to engage in normal farm activities for the purpose
of securing their development, support and improvement of the physical and mental state
+URPDGRYi2016).
The exact definition of SoFar has not yet been established as there is not any legal definition
or basic text that would determine what can still be included in social farming and vice versa.
The basis for defining social farming is the Own-initiative Statement of the European Economic
and Social Committee (EESC) published in 2012 based on the COST Action 866 Health Benefits
of Green Care report and can be expressed as a sum of agricultural sources, both livestock and plants,
in order to create social services in rural or suburban areas. The relatively new concept of social
farming has a close connection to multifunctional agriculture and fully fits into the concept of rural
development as it enables farmers to diversify their income. Moreover, it brings contribution to society
since it provides social services and improves current services for rural residents by using agricultural
and rural resources (NAT/539 2012).
Multifunctional agriculture links the production of commodities, non-commodities
and pluriactivity of agricultural farms. We understand the production of commodities as services
and goods (e.g. animal products or cereals) for which we have a market. On the other hand,
for non-commodities, such as landscape or biodiversity, the market does not exist. They also include
"damage" such as soil degradation or water pollution. Pluriactivity of the farm can be understood
as an offer of another services and products of the company and diversification of the income portfolio
of the farm (Ratinger 2011).
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Social farming belongs to the activities called green care. This term involves all activities
that share the experience of natural elements that improve or maintain the mental and physical state
of humans (Chovanec 2015). All the subsequently listed activities such as social farming, social
and therapeutic horticulture, animal assisted interventions, movement ± physical exercise
for therapeutic purposes, ecotherapy, wilderness therapy and nature therapy are the part of the green
care (Sempik 2015).
Social farming has a wide range of target groups. It might be people who are disadvantaged
on the labour market, as defined by Act No. 435/2004 Coll., on employment. However, the largest
group involves people with physical, mental, psychic, sensory or combined disabilities, and persons
at risk of social exclusion, as defined by Act No. 106/2008 Coll., on social services. The social farms
also target on the general public (children, youth, adults and seniors) and serve for pedagogical
purposes or become a meeting place for the local community 0RXGUêHWDO .
There are many social farms abroad especially in Western European countries. These farms
on the high-level can be found in countries such as the Netherlands, Finland, Norway, Belgium,
Great Britain, France, Italy and Germany (Hine et al. 2008).
The aim of social farming is to create new jobs, services, educational activities,
and to implement different types of therapies for a wide range of people with a health or social
disadvantage by using available agricultural resources at the particular site. In addition, social farming
creates and offers commodities same as other agricultural companies.
The farm environment has a beneficial effect on human psyche due to the structured activity
with regular daily/seasonal rhythms and a rapidly visible result of work. It mediates contact
with nature which can be a source of stimuli, interest and joy for individuals. People also learn
responsibility through plant or animal care. There are the following studies that looked at the positive
effects of a social farm on individual target groups such as people with mental disorders, drug addicts
or addicted in another way, people with mental, health or combined disabilities.
For example, according to the study by Jan Hassin conducted in the Netherlands to evaluate
the benefits of a social farm to young people with raising problems, it has become clear that thanks
to the work and stay program the parents' relationship with these young people improves
as well as spending of their leisure time, moreover, their self-confidence and self-acceptance increased
(Elings 2012). The book Pillen, praten en bewegen describes that physical activity assists to improve
mental health. Fresh air exercise helps people with mental disorders (Van der Stel, 2005 by Elings
2012). According to the study by the University of Essex in the UK, the time spent engaging
in various farming activities across different target groups significantly reduces feelings of anger,
confusion, depression, tension and fatigue while it helps them to feel better (Hine 2008).
In the Netherlands, the quality of care and life of people with dementia were in the study compared
to traditional nursing homes, small-scale living facilities and green care farms. It has been proved
that a social farm is a valuable alternative to traditional facilities (Boer et al. 2017).
From a general point of view, we can say that social farming benefits society and fits
into the concept of sustainable development. It can complement well with ecological farming.
As demonstrated by Hassink (2006), European farmers dealing with social farming are also farmers
who are involved in the environmental protection, leisure and educational events.
In the Czech Republic, there are 27 farms and therapeutic gardens, which claim to use
the concept of social farming. Among them is a farm Biostatek whose leadership through participation
in the international project M.A.I.E. brought the concept of social farming into the Czech Republic.
Other farm operators, who are social farms today, were doing same work without realizing
that it is a concept of social farming and are now discovering the possibilities that can bring
WKHP WR EH LQ WKLV FDWHJRU\ :LWK WKH LQWHQWLRQ RI VWDUWLQJ D VRFLDO IDUP WKH 6RFLiOQt IDUPD VUR
and IDUP.iODO]VKDYHEHHQHVWDEOLVKHG
Most of these farms in the Czech Republic, in addition to social farming, are also involved
in RWKHU DFWLYLWLHV VXFK DV HFRORJLFDO RU ELRG\QDPLF DJULFXOWXUH 0DORQW\ D V 6YRERGQê VWDWHN
na VRXWRNX HWF  RU HQYLURQPHQWDO HGXFDWLRQ XSEULQJLQJ DQG UDLVLQJ HJ 7RXOFĤY GYĤU %LRVWDWHN 
Some of them do not exactly match the definition of social farming. The social farm is to be located
in WKH FRXQWU\VLGH KRZHYHU 7RXOFĤY GYĤU RU /LSND ± school facility for environmental education,
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are ORFDWHGLQWKHFLWLHV=DKUDG\XVSODYX7HUDSHXWLFNi]HOHQLQRYi]DKUDGD3UHYDOFRRVDQG/LSND
DUH WKHUDSHXWLF JDUGHQV 6YRERGQê VWDWHN QD VRXWRNX RSV LV YHU\ VSHFLILF PDLQO\ DV LW IROORZV
&DPSKLOO ýHVNH .RSLVW\ ZKLFK LV SDUW RI WKH &DPSKLOO FRPPXQLW\ 8VHGORVW 1DG 3UDPHQ\
Farma Wenet broumov, z.s., Farma KiODO ]V DOVR UXQ DJURWRXULVP 7KH FRPPRQ IHDWXUH RI VRFLDO
farms in the Czech Republic is the fact that the operator is a non-governmental non-profit
organization. Another common feature is participation in the environmental education, upbringing
and raising of public awareness.
In the Czech Republic, people with health or social disadvantage are entitled to get a protected
job. The employer receives a contribution for the protected job from the Labour Office which also
contributes 75% of the actual expenditure on wages and salaries including social security contributions
and state employment policy and public health insurance, but not more than 8 800 CZK. However,
this contribution will be received only by an employer who employs more than 50% of the total
number of people with health or social disadvantage.
Care Farming UK is a professional charitable company accountable to its members, and is led
by care farmers and care farming supporters. There are approximately 250 care farms in the UK
and another 35 in the Republic of Ireland at this moment. Majority of care farms, counting
also prospective care farms, are usually commercial farm businesses, charities, Community Interest
Companies (CICs) (all at 24%), or charitable companies limited by guarantee (22%). Subsequently,
13% are Social Enterprises (SE), 9% private limited companies and 18% are oriented towards other
organisational arrangements, namely: sole trading, education centres, therapeutic communities,
community groups, independent provident societies etc. The farms count, although it varies,
35 attending clients per week on an average. Services for the clients, provided by most of the UK Care
Farms, include people with learning difficulties (93% of care farms), autism spectrum disorders
(86%), adults with mental illhealth (70%), people with physical disabilities (53%) and young people
excluded from school or with behavioural issues (50%). Care farms in the UK also prepare day
VHVVLRQVIRUWKHLUFOLHQWVZKLFKXVXDOO\FRVWDURXQG 6HVVLRQVKDSSen regularly between 1-3 times
a week, for 8 months to a year (Care Farming in the UK and Ireland 2017).
MATERIAL AND METHODS
Description social farming in Czech Republic and Great Britain

We used the own field survey in this study to describe the current state of social farming
in the Czech Republic. The main source of information about the Czech social farms was acquired
via the excursion survey which was part of the accredited course of the Ministry of Education, Youth
and Sports - Introduction to Social Farming, and a three-day educational stay in 3202& 7êQ QDG
Vltavou z.s. with a visit WR WKH DSSOH RUFKDUG LQ 7HPHOtQ DQG WKH FRPSRVWLQJ SODQW -$52â29,&(,
s.r.o., operated by SoFar. We also visited Farma Ledce, which employs mentally disabled people,
and 7RXOFĤY'YĤURULHQWHGWRZDUGVSHRSOHZLWKGLVDELOLWLHV
There have been many interviews with job assistants, social workers, workers in social
services, managers of the organization and the users of social services and social farming. We used
semi-standardized interviews questioning the strengths and weaknesses of social agriculture,
moreover, the strengths and weaknesses of their farms and perceived opportunities and threats.
British farms were selected by comparison with the Czech farm. The reason for this choice was
the long tradition, the large representation of social farms in the UK and their precise mapping by Care
Farming UK. About two hundred farms were approached by e-mail. Everyone was asked the same
questions about the strengths and weaknesses of their farm and perceived opportunities and threats.
Of the aforementioned number of farms, eleven respondents replied, the remaining respondents either
did not respond, referred to the Care Farming UK website, or did not want to answer as they were
no longer concerned with social farming. We made a comprehensive view of social farms and SoFar
in the UK from the data obtained.
A SWOT analysis has been used to evaluate data from the semi-standardized interviews
and internet questionnaire.
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RESULTS AND DISCUSSION
On the Czech side were mentioned as strengths benefits for society as a whole (prevention
of criminal phenomena etc.), followed by improving the quality of life of disabled persons or socially
disadvantaged, since it improves the mental and physical health of disadvantaged people. Also, thanks
to SoFar, health and socially disadvantaged people can get new experience and skills which they could
not obtain anywhere else Furthermore, diversification of farms income, although this diversification
is currently not entirely clear, positive contribution to the local community in the form of employment
of disabled or socially disadvantaged people from the surrounding area, positive effects on the quality
of life of the disabled person's whole family as it offers services directly at the place where the person
resides, farm products etc.
Weaknesses are scattered activities, an insufficient salary, burnout syndrome and psychological
difficulty in the work of social workers, workers in social services and work assistants, furthermore,
the reduced work performance of employees (clients) as a result of their disability and a risk
of an accident at work and indifference towards the farming.
Opportunities include the social farming support by the Ministry of Agriculture of the Czech
Republic, forthcoming social enterprise act, social farming program PGRLF, as, Rural Development
Program 2014±2020, the Employment Operational Program, the Integrated Regional Operational
Programme (IROP), substitute payments.
Threats can be seen as a lack of employees (clients), adverse weather, government's
unwillingness to help develop social farming, lack of product and service as well as a trust in solidarity
and appreciation of the role of the entity and its contribution to society.
Table 1 SWOT analysis social farming in Czech Republic
STRENGTHS

WEAKNESSES

OPPORTUNITIES

THREATS

Diversification of farm
activities

Scattered activities

Ministry of Agriculture of
the CZ

Lack of employees
(clients)

Social farming program
PGRLF, a.s.

Adverse weather

Rural Development
Program 2014-2020

Government's
unwillingness to
help develop social
farming

Contribution to the
society

Burnout syndrome
Psychological
difficulty

4XDOLW\RIFOLHQW¶VOLIH
improvement

Insufficient salary

Positive contribution
to the local community

Risk of an accident

The quality of life of
the disabled person's
whole family

Indifference towards a
farming

Sale of farm products

Complicated
administration

Lack of product
and service

Employment Operational
Program

Lack of
appreciation of the
SoFar role

Integrated Regional
Operational Programme

Adverse weather

Substitute payments
Many factors in the SWOT analyses of the British side did not differ from those of Czech.
This can be clearly seen in strengths and weaknesses. The opportunities and some of the threats were
more pronounced. Among the opportunities, we can name project grants as well as volunteers willing
to work on a farm. The threats mentioned in the questionnaire were the lack of clients, inadequate
financial support from the state, constantly changing legislation, UK¶V quitting the membership
of European Union, as a leaving from the EU may mean the absence of some grants, complicated
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negotiations with the authorities and a lack of appreciation of the role of the entity and its contribution
for the society.
The mentioned weaknesses were the weather dependence, the possibility of unsuitable work
on the farm for every person, the low salary evaluation of employees who work with people
with health and social disadvantage and the cost of providing security aids for them.
Table 2 SWOT analysis social farming in Great Britain
STRENGTHS
Diversification of farm
activities
Contribution to the
society
4XDOLW\RIFOLHQW¶VOLIH
improvement
Positive contribution
to the local community
Membership in Care
Farming UK
organization
Farm products

WEAKNESSES
Burnout syndrome
Psychological
difficulty
Scattered activities
Risk of an accident
Indifference towards a
farming

OPPORTUNITIES
Support for mental health
that appears to be
worsening in the UK
Project grants
Volunteers

THREATS
Lack of employees
(clients)
Adverse weather
Lack of product
and service
Inadequate
financial support
from the state
Changing
legislation

Leaving UK from
European Union
Lack of
appreciation of the
role SoFar

CONCLUSION
SWOT analyses of the Czech and British social farms results in more similarities
than differences. Both SWOT analyses show that a strength is a contribution to the society,
but at the same time it can be said that the Czech and British farmers feel a lack of appreciation
of their work by the wider public. Among the weaknesses on both the British and the Czech side,
there is an insufficient salary assessment of workers who help people with a health or social
disadvantage. Logically resulting is a uniformly perceived threat which is the dependence
on the weather.
For a comparison with the Czech farm, a British farm was chosen which picture is drawn
from a questionnaire survey. It is clear from the fact that farmers find the benefits for society since
it improves the mental and physical health of disadvantaged people. SoFar positively affects
the quality of life of the whole family of a disabled person as it offers services directly at the place
where the person resides. Also, thanks to SoFar, health and socially disadvantaged people can get new
experience and skills which they could not obtain anywhere else.
Social farms in the UK have the advantage of an established Care Farming UK organization
and a greater awareness of social farming, although there is a lack of appreciation of the farms
activities. For social farming in the Czech Republic, it might be an inspiration to found an organization
to help individual social farms in their development or to give instructions for those interested in social
farming. It could simplify the administration regarding the acceptance of persons with health or social
disadvantage in social farms, which is today a significant weakness of Czech social farming,
and to increase overall awareness of the Czech society about the social aspect that agriculture can
have. Moreover, volunteering should not be neglected as the source of farm development in the Czech
Republic, which is positively reported by British farms.
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Abstract: In this contribution we focus on evaluating the land use WUHQGV LQ WKH YLOODJH RI ýDMNRY
(Southwest RI 6ORYDNLD  ýDMNRY UHSUHVHQWV D YLOODJH ZLWK D ORQJ WUDGLWLRQ RI YLQH\DUG FXOWLYDWLRQ
The aim of our study was to identify and evaluate the land use development trends in the village
of ýDMkov over two time periods (1949±1986 and 1986±2016), based on a comparison of secondary
ODQGVFDSHVWUXFWXUHFKDQJHV:HGLVFRYHUHGWKDWýDMNRYLVRQHRIWKHIHZYLOODJHVLQ6ORYDNLDZKHUH
traditional vineyards have not disappeared over the last 70 years, but on the contrary have increased.
Key words: ýDMNRYYLOODJHland use trends, traditional agricultural landscape, vineyard landscape.
INTRODUCTION
Traditional agricultural landscape (TAL) can be defined as a mosaic of small-scale arable fields
and permanent agricultural cultivations such as grasslands, vineyards and high-trunk orchards
âSXOHURYiHWDO ,WUHSUHVHQWVDUHDVZKHUHWKHVDPHV\VWHPRIODQGXVHPDQDJHPHQWKDVEHHQ
maintained for centuries. From the 1950s to 1980s, more than half of TAL was destroyed
in Slovakia as a result of agricultural intensLILFDWLRQ DQG FROOHFWLYLVDWLRQ /LHVNRYVNê HW DO  
The actual trend in Slovakia is that traditional agricultural landscape is decreasing
GXH WR DEDQGRQPHQW /LHVNRYVNê HW DO  0RMVHV DQG 3HWURYLþ  ,]VyII HW DO  
According to Supuka et al. (2011), the greatest area of vineyards in Slovak territory was in 1720,
when they occupied an area of about 57 000 ha. Since 1720, the area of vineyards has reduced
to 17 KD Ò.683 Bratislava 2016), out of which about 14 000 ha are productive.
In this contribution we focus on the analysis of development trends in land use changes.
We chose the years 1949 and 1986 for the analysis of historical landscape structure, and for the current
landscape structure the year 2016. The aim of this paper is to identify and evaluate trends of land
use changes LQWKHYLQH\DUGYLOODJHRIýDMNRYRYHUWKHODVW\HDUV
MATERIAL AND METHODS
In 2016, we undertook field research to create a map of the current landscape structure (CLS),
which was necessary for updating the ortho photo images from 2007. Maps of historical landscape
structures (HLS) were created using the panchromatic aerial photos from 1949 and 1986.
The visualization of all maps was realised in the ArcGIS 10.2 geographic information systems.
For PDSSLQJ ODQGVFDSH IHDWXUHV ZH XVHG D PRGLILHG OHJHQG DFFRUGLQJ WR 3HWURYLþ HW DO  
because it is applicable to the historical landscape structure and current landscape structure of Slovakia
as well. Instead of the original four-digit coding, we used two-digit coding for mapping landscape
features in this study. Therefore, we identified 16 classes of secondary landscape structure features
on the second level (Table 1).

372

November 8–9, 2017, Brno, Czech Republic

24
years

Table 1 Secondary landscape structure legend
SLS 1

Name 1
Tree and scrubland
vegetation

SLS 2
11
12

Name 2
Forest
Non-forest woody vegetation

Grasslands

21

Meadows and pastures

3

Agricultural crops

31
32
33
34
35
36

Large-block fields
Small-block fields
Gardens
Large-block vineyards
Small-block vineyards
Orchards

4

Mining areas and raw
soils

41

Quarries, rocky hills, ridges and walls

5

Surface water and
wetlands

51

Lakes, ponds and water-courses

1
2

61
Housing amenities
62
Residence and technical vegetation
63
Sports, cultural, recreational objects and grounds
6
Houses and built-up areas
64
Production, technical objects and grounds
65
Transport objects and grounds
After comparing the changes in the area of secondary landscape structure features, we analysed
changes in land use trends using the ArcGIS 10.2 program tools. Using the classification scheme
DFFRUGLQJ WR )HUDQHF HW DO   DQG &HEHFDXHURYi   ZH LGHQWLILHG  land use trends.
The code mark is stated in Table 2 and shown in Figures 2 and 3.
Table 2 Land use trends legend
1
Unchanged
2
Urbanisation
3
Deurbanisation
4
Afforestation
5
Deforestation
6
Forestry intensification
7
Forestry extensification
8
Draining
9
Flooding

10
11
12
13
14
15
16
17
18

Industrialization
Exploitation of mineral resources
Intensification of urbanisation
Extensification of urbanisation
Agricultural intensification
Agricultural extensification
Greening
Deindustrialisation
Overgrowing and succession of abandonment areas

Localization of the study area
7KH YLOODJH RI ýDMNRY LV located in the Middle-Hron river region (Southwest of Slovakia).
A ODUJHSDUWRIWKHWHUULWRU\HQWHUVLQWRWKHIRUHVWZKLFKEHORQJVWRWKHâWLDYQLFD0RXQWDLQV3URWHFWHG
/DQGVFDSH $UHD &+.2 âWLDYQLFNp YUFK\  7KH VRXWKHUQ SDUW RI WKH YLOODJH LV VLWXDWHG
on the Danubian upland, which is mostly covered by agricultural fields. The area of the village
is KDýDMNRYEHORQJVWRWKH/HYLFHGLVWULFW 1LWUDUHJLRQ 7KHýDMNRYYLQH\DUGVDUHVLWXDWHG
along the northern boundary of winegrowing in the Slovak Republic. According to the historical
VWUXFWXUHV RI DJULFXOWXUDO ODQGVFDSH GLYLVLRQ âSXOHURYi HW DO   WKH ýDMNRY YLQH\DUGV EHORQJ
to the Hont region (see Figure 1).
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Figure 1 Study area location in Slovakia

RESULTS AND DISCUSSION
The current landscape is the result of various development factors ± urbanisation, economic
activities, land management etc. Land use trends are the responses of landscape to the pressure
of human activities. In this contribution, we present the most important results, which significantly
affected land use and landscape perception.
+LVWRULFDOODQGVFDSHVWUXFWXUHRIýDMNRYLQ
,Q  IRUHVWV RFFXSLHG WKH ODUJHVW SDUW RI ýDMNRY ,Q WRWDO WKH\ UHSUHVHQWHG DQ DUHD
of 1281.34 hectares (53.63%). The second largest area was occupied by small-block fields (31.85%).
The area of the vineyards reached 59.78 ha (Table 3). The group of large-block vineyards, mining
areas and raw soils and production, technical objects and grounds was not recorded.
Table 3 Comparison of arHDRI6/6IHDWXUHVLQýDMNRY±2016
Year
1949
1986
SLS
Area (ha)
Area (%)
Area (ha)
Area (%)
11
1281.34
53.63
1305.24
54.64
12
46.49
1.95
35.42
1.48
21
144.04
6.03
175.6
7.35
31
41.94
1.76
657.53
27.52
32
761
31.85
14.55
0.61
33
29.17
1.22
39.07
1.64
34
0
0
41.48
1.74
35
59.78
2.5
67.95
2.84
36
2.54
0.11
0.65
0.03
41
0
0
1.12
0.05
51
3.19
0.13
3.97
0.17
61
8.82
0.37
17.21
0.72
62
3.05
0.13
3.94
0.16
63
1.01
0.04
2.58
0.11
64
0
0
12.13
0.51
65
6.64
0.28
10.57
0.44
Total
2389.01
100
2389.01
100

2016
Area (ha)
1334.45
74.49
113.89
642.17
8.39
29.35
35.35
80.99
1.7
0
4.04
24.76
15.84
2.68
9.9
11.01
2389.01

Area (%)
55.86
3.12
4.77
26.88
0.35
1.23
1.48
3.39
0.07
0
0.17
1.04
0.66
0.11
0.41
0.46
100
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Historical landscape structure of ýDMNRYLQ
During 1986, forests still occupied the largest area (54.64%). Like most villages in Slovakia,
ýDMNRY GLG QRW DYRLG PHUJLQJ VPDOO-block fields into large-block fields. Agricultural intensification
caused the area of large-block fields to increase by 615.59 ha. Despite the agricultural intensification
process, the area of meadows, pastures and small-block vineyards did not decrease as in other villages
in Slovakia. On the contrary, the area of small-block and large-block vineyards has significantly
increased 7KH ULYHUEHGV DGMXVWPHQW LQ EXLOW-up areas caused an increase of water features
from 0.13% (1949) to 0.17% (1986). All groups of features from houses and built-up areas increased.
&XUUHQWODQGVFDSHVWUXFWXUHRIýDMNRYLQ
The prevailing groups of features were groups of forest (55.86%) and large-block fields
(26.88%), covering 82.74% of the research area. In 2016, there was an extinction of mining areas
and raw soils. Compared to 1949, traditional agriculture features ± small-block vineyards and orchards
increased. An area of non-forest woody vegetation also increased by more than 50% as a result of new
trends in landscaping. Garden areas decreased at the expense of the construction of houses
and amenities.
On the basis of comparison of changes in the area of secondary landscape structure,
we identified 18 development trends in land use changes (TDEOH LQWKHýDMNRYvillage.
Table 4 Land use WUHQGVRIýDMNRYLQ±1986 and 1986±2016
Year
1949±1986
1986±2016
Trends
Area (ha)
Area (%)
Area (ha)
Area (%)
Unchanged
1199.56
50.21
2127.04
89.03
Urbanisation
25.01
1.05
6.34
0.27
Deurbanisation
3.12
0.13
4.44
0.19
Afforestation
57.3
2.4
68.82
2.88
Deforestation
57.79
2.42
28.66
1.2
Forestry intensification
0
0
0.94
0.04
Forestry extensification
209.99
8.79
4.47
0.19
Draining
0.78
0.03
0.51
0.02
Flooding
2.47
0.1
2.57
0.11
Industrialization
19.61
0.82
12.13
0.51
Exploitation of mineral resources
1.25
0.05
0
0
Intensification of urbanisation
0
0
1.28
0.05
Extensification of urbanisation
2.46
0.1
11.5
0.48
Agricultural intensification
671.98
28.13
10.99
0.46
Agricultural extensification
126.62
5.3
75.48
3.16
Greening
0.97
0.04
3.16
0.13
Deindustrialisation
0
0
1.94
0.08
Overgrowing and succession of
10.1
0.42
28.74
1.2
abandonment areas
Total
2389.01
100
2389.01
100
th
7KHPRVWLPSRUWDQWODQGXVHFKDQJHVLQýDMNRYVWDUWHGLQWKHVHFRQGKDOIRIWKH century.
Figure 2 demonstrates that there were significant changes in a large part of the village.
Between 1949 and 1986, almost 50% of the area was changed as a result of various land use trends.
As we can see, the process of agricultural intensification was the most significant (28.13%).
Collectivisation caused a merger of the mosaic of small-block fields into large-block fields (Figure 2),
which led to the destruction of traditional extensive farming. The merger of small-block fields
into large-block fields has been reflected not only in the economy (higher yields), but also
in the formation of natural hazards (decrease of biodiversity, wind and water erosion etc.). Trends
of afforestation and deforestation were balanced. A significant trend was forestry extensification
 ,QWKHSURWHFWHGODQGVFDSHDUHDRIâWLDYQLFNp0RXQWDLQVZDVFUHDWHd, so this trend was
caused by the slowing down of logging. That is the reason why forestry intensification could not exist.
During this period, trends of urbanisation (1.05%) and industrialization (0.82%) were visible.
Development of technical infrastructure brought new landscape features to the TAL and it has
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continued also after 1986. These features have negatively affected the aesthetics and permeability
of the TAL.
Figure 2 Land use trends 1949±1986
Figure 3 Land use trends 1986±2016

During 1986±2016 the village was more stable in terms of land use. 89.03% of the study area
was unchanged. The number of houses in the village is gradually increasing because of the affordable
price of building land. Over the last 2 years, we have noticed the trend of suburbanization as well.
Suburbanization poses a higher threat to traditional vineyard landscape. The traditional architecture
of rural and vineyard landscape is replaced by modern features. Typical examples are high grey
fences, which completely disrupt the specific character of traditional agricultural landscape.
TAL is losing much of its aesthetical value. 7KHWUHQGRILQGXVWULDOL]DWLRQLQýDMNRYDQGLQWKHWRZQ
of /HYLFH RQO\  NP IURP ýDMNRY  LV LQFUHDVLQJ 2YHU WKH QH[W  \HDUV ZH H[SHFW UDSLG JURwth
in the number of new houses in vineyards as a response to industrialization and the gradual increase
in real estate prices. The processes of flooding (0.11%) and draining (0.02%) were associated
with the regulation of the river bed. The parts of the forest that underwent logging in the past have
overgrown gradually. Afforestation trend was recorded on 68.22 ha (2.8%) of land. Overgrowing
and succession of abandonment areas were recorded on 28.74 ha (1.2%) of study area. Abandonment
of meadows and pastures is the result of people lifestyle change. They are discontinuing with tradition
of breeding and grazing cattle.
The abandonment of vineyards related to imported wines, increased production costs
(e.g. pest sprays) and insufficient agricultural subsidies. This made vine growing unprofitable
/LHVNRYVNê HW DO   Although the abandonment trend of the traditional small-block vineyards
is QRWLFHDEOH LQ QHLJKERXULQJ YLOODJHV ,]VyII HW DO   DQG RYHUDOO LQ 6ORYDNLD
/LHVNRYVNê HW DO  0RMVHV DQG 3HWURYLþ   LQKDELWDQWV LQ ýDMNRY DUH VWURQJO\ OLQNHG
to traditional land use. Therefore, the area of vineyards has increased over the last 70 years.
CONCLUSION
2YHU WKH ODVW  \HDUV ýDMNRY KDV FKDQJHG VLJQLILFDQWO\ ,Q 6ORYDNLD WUDGLWLRQDO DJricultural
landscape has been preserved, especially in less accessible and less fertile localities
âSXOHURYiHWDO 7KLVYLOODJHLVDQH[FHSWLRQ:HFDQGHVLJQDWHLWDVDIRUHVW-rural landscape
with a significant representation of vineyards, whose area has grown over the last 70 years. The most
significant trends in land use changes that affected the village were intensification and collectivisation
of agriculture from 1949 to 1986. It was caused by the change to the political system after the year
1948. As an important feature of TAL, the growth of vineyards is positively perceived, because
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extensively managed vineyards contribute not only to ecological, environmental and cultural diversity,
but also to positive landscape perception. The trend of industrialization poses a risk. If it grows
significantly, suburbanization will increase. These processes could be disastrous for the TAL. Local
people have a very important role to play. They are an irrecoverable source of knowledge for future
generations. It is important to support the younger generation to ensure traditions of TAL
PDQDJHPHQW2WKHUZLVHZHDUHULVNLQJDORVVRIRXUQDWLRQDOZHDOWK9LOODJHVVXFKDVýDMNRYDUHQRZ
becoming rare and thus highly valuable in Slovakia with irrecoverable historical and biocultural
values.
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Abstract: The aim of this paper is to evaluate the ecotoxicity of sediment from 0DORQtQVNê brook,
sedimentation reservoir and 6PROHQVNi water reservoir, which are located on this creek. The second
objective is to compare the concentration of the risk elements contained in the sediment
from the Smolensk water reservoir with the limit values set out in the Decree No. 257/2009 Coll.,
as amended. A methodology for the collection and evaluation of sediment samples, which is based
on valid legislation and valid CSS standards, was developed. The area of interest was divided
into 4 parts. For each part of the territory, one single mixed sample was created. In the laboratory
of the Department of Applied and Landscape Ecology, an ecotoxicity test was carried out by the method
of Inhibition of Growth of Root of Higher Plants according to CSS EN ISO 11269-1. The chemical
analysis of the risk elements was processed only for sediment from the 6PROHQVNi water reservoir. After
comparing the measured concentrations of the individual indicators (mg/kg dry matter) for the mixed
sample from the 6PROHQVNi water reservoir, it is clear that the limit values given in Annex 1 to Decree
No. 257/2009 Coll. are not exceeded. From the results of the ecotoxicity test, it can be seen
that the mixed sample of sediment collected from the 0DORQtQVNê brook in part 4 does not reach
the required values according to Decree No. 257/2009 Coll. and is ecotoxic. Mixed sediment samples
from part 2 and part 3 are not ecotoxic, but the test results are closer to the limit. The sediment from part
1 ± above the 6PROHQVNi reservoir is not ecotoxic. It is not advisable to build the pond sediment
as a waste, but after meeting the requirements for the concentration values of the risk elements
as for the fertilizer. It is necessary to mix sediment before placed on farmland. The results show
that for the sediment from the site, the ratio of substrate mixing to the sample is 3:1, i.e. 75%
of the substrate and 25% of the sediment volume.
Key Words: mixed sample, sampling site, ecotoxicity, inhibition of root growth, homogenization
INTRODUCTION
Smith (1978) defines the term sediment as follows: "The sediment is the product
of the accumulation of material originating from weathered and eroded rocks and brought to the place
of storage either as a solid particle or in solution. The material is mostly stored in layers, by physical,
chemical or biological processes." Sediment is a material that results from erosion. Erosion processes
are natural and landscape-shaping agents that have been acting on it for a long time. From the point
of view of the problem of alleviation of water reservoirs, it is mainly water erosion. Water takes material
from the area into watercourses. The soil particles moving in the flows can be divided into suspended
matter that are scattered throughout the flow profile and the bed load that are sun-drenched by sliding,
UROOLQJRUMXPSLQJ .UHãO 7KHVHGLPHQWWUDYHOVWRZDWHUUHVHUYRLUVZKHUHZDWHUGULIWGHFUHDVHV
and sedimentation increases. This phenomenon cannot be completely avoided, but it needs
to be PLQLPL]HG 7ODSiNand Herynek 2002). The effect of this phenomenon is to reduce the capacity
of retained water in the reservoirs and at the same time to worsen water quality as a result
of its eutrophication. One of the most important symptoms of eutrophication is the excess growth
of planktonic algae and cyanobacteria. Algal blooms lead to a decline in water quality with multiple
ecological and socio-economic consequences (Smol 2010).
In the future, there is a shortage of phosphate ores, and therefore phosphorus, which is used
for the production of fertilizers. The Czech Republic has a huge number of ponds, in which there

378

November 8–9, 2017, Brno, Czech Republic

24
years

is naturally a large potential for the retention of phosphorus and other nutrients. The ability of ponds
is the containment of phosphorus, which can then be recycled back into farmland via pond sediment
3RWXåiN 7KLVLVDSURJUHVVLYHDOWHUQDWLYHWRFRQYHQWLRQDOVRLOIHUWLOL]HUGHOLYHU\
Unloading takes place to increase the water capacity in the reservoirs and to reduce the negative
effects of the sediment on the quality of the water in the reservoirs. After dredging, the sediment must
be disposed of in accordance with current legislation. In practice Kotrba (2016) offers several
ways to dispose of extracted sediment: utilization for agricultural land fund according to Decree
No. 257/2009 Coll.; landscaping, loading of underground spaces according to Decree
No. 294/2005 Coll.; storage in another facility pursuant to paragraph 14, Section 2 of Act No. 185/2001
Coll.; use as building material in accordance with paragraph 14(2) of Act No. 185/2001 Coll.; landfill
pursuant to paragraph 14, Section 1 of Act No. 185/2001 Coll.; by-product according
WR6HFWRI Act No. 185/2001 Coll.
MATERIAL AND METHODS
Methodics
The aim of this paper is to evaluate the ecotoxicity of sediment from 0DORQtQVNê brook,
sedimentation reservoir and 6PROHQVNi water reservoir, which are located on this creek. The second
objective is to compare the concentration of the risk elements contained in the sediment
from the Smolensk water reservoir with the limit values set out in the Decree No. 257/2009 Coll.,
as amended.
First, a methodology for the collection and evaluation of sediment samples was developed, which
is based on valid legislation and valid CSS standards. The area of interest was divided into 4 parts: part
1. ± 0DORQtQVNê EURRNIURP%ČOiX-HYtþNDWRVHGLPHQWDWLRQUHVHUYRLUSDUW± sedimentation reservoir,
part 3. ± 6PROHQVNi water reservoir and part 4. ± 0DORQtQVNê stream from 6PROHQVNi water reservoir
to body of unfinished highway Wroclaw ± Vienna.
In the preparation for fieldwork, sampling points of partial samples were selected in selected parts
of the territory. The exact location of the supply points has been adapted to local conditions
for fieldwork. In Parts 1, 2 and 4, there were four sampling points for the partial samples,
and in Part 3 there were six sampling points. After sampling (Figure 2 on the left and in the middle)
samples were homogenized on site (Figure 2 on the right) and quadrupled. For each part of the territory,
one single mixed sample was created. In total, four mixed samples were generated. Mixed samples were
placed in sample boxes (Figure 3 on the left), which were transported to the Department of Applied
and Landscape Ecology. The sampling and transport of the sub-samples took place according to valid
standards.
In the laboratory of the Department of Applied and Landscape Ecology, an ecotoxicity test was
carried out by the method of Inhibition of Growth of Higher Plants Root according
to CSS EN ISO 11269-1. A full test was performed using seed of barley (Hordeum vulgare). A series
of sample concentrations with substrate and sediment were generated for the test and according
to the CSS methodology a procedure for the processing and evaluation of the results was chosen.
Two replicates were performed in the test. Subsequently, the results were also compared
with Table 1 of Annex No. 3 to Decree No. 257/2009 Coll., as amended. The process of the test
is illustrated in Figure 3 on the right, Figure 4 on the left, in the middle and on the right.
Chemical analysis of risk elements was processed only for sediment from the 6PROHQVNi water
reservoir (Figure 3 in the middle). This analysis was carried out by a specialized laboratory of ALS
Czech Republic, Ltd. The following risk elements were analysed: As, Be, Co, Cr, Cu, Ni, Pb, V and Zn.
The resulting concentrations of the risk factors in the dry matter for the individual indicators
(mg/kg of dry matter) in the mixed sample were compared with Annex No. 1 to the Decree
No. 257/2009 Coll., as amended.
Definition the interest area
7KH DUHD RI LQWHUHVW LV ORFDWHG ZHVW RI -HYtþNR LQ WKH 3DUGXELFH 5HJLRQ 7KH DUHD RI LQWHUHVW
is defined by the water courses of the MDORQtQVNê brook, the 6PROHQVNi water reservoir
and the sedimentation reservoir, which is located at the entrance of the 0DORQtQVNê brook into
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the 6PROHQVNi water reservoir. The area of interest begins under the bridge of the unfinished
Wroclaw ± 9LHQQDKLJKZD\DQGHQGVDWDURDGEULGJHDWWKHHGJHRIWKH%ČOiX-HYtþND VHH)LJXUH 
The Arabic numerals represent the part number of the territory. The Roman numerals represent
the numerical designation of the sampling points.
Figure 1 The interest area with sampling points.

Legend: Basic map: Czech Office for Surveying, Mapping and Cadastre. Modified by author.

Figure 2 Sediment extraction from the 6PROHQVNi reservoir (on the left), Sediment output
from sedimentation reservoir (in the middle), Homogenization of partial samples (on the right).

Figure 3 Mixed sample prepared for transport (on the left), Sediment output from the 6PROHQVNi
reservoir for chemical analysis (in the middle), Jars with substrate and sediment mixes immediately
after foundation (on the right).

Figure 4 Jars with substrate and sediment mixes immediately before evaluation (on the left), Root length
measurement and experiment evaluation (in the middle), Measure the length of roots of six individuals
from one container (on the right side).
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RESULTS AND DISCUSSION
The results of the growth inhibition test of higher plant roots
To determine the ecotoxicity of the sediment, a limit test was carried out, which was part
of the complete test, where the individual concentrations of the sediment ± substrate mixture were
monitored. The substrate was composed of artificial soil with the following composition: 10% of peat
moss, 20% of kaolin clay and 70% of industrial quartz sand.
According to Decree No. 257/2009 Coll. the sediment is ecotoxic if the average plant root length
in the mixed sample is significantly lower by at least 30% compared to the control.
It can be seen from Table 1 that the mixed sample of sediment collected from 0DORQtQVNê brook
in part 4 ± between 6PROHQVNi reservoir and the highway does not reach the required values according
to Decree No. 257/2009 Coll. and is ecotoxic. This can be caused by the settling of the sediment
from the bottom of 6PROHQVNi reservoir at the turn of 2016 and 2017 when it was released. The top layer
of the bottom sediment was taken from the reservoir together with the released water
into the 0DORQtQVNê brook.
Table 1 Evaluation of the ecotoxicity according to Table 1 in Annex No. 3 of Decree No. 257/2009 Coll.
The average length of the longest root (mm)
Concentration

1 ± 0DORQtQVNê
creek above the
reservoir

2±
Sedimentary
reservoir

3±
6PROHQVNi
reservoir

4 ± 0DORQtQVNê
creek below the
reservoir

Mixed sample (mm)

81

56

58

46

Control (mm)

78

78

78

78

Percentage (%)

104

72

74

59

Mixed sediment samples from Part 2 and Part 3 are not ecotoxic, but the test results are close
to the limit. In the sedimentation reservoir, there was settling of the loops from the surrounding fields
until it was completely clogged and 0DORQtQVNê brook carried sediments further into the 6PROHQVNi
reservoir.
Sediment from the part 1 ± above the SmolensNi reservoir is not ecotoxic. The stream has more
direct character here, water flows more quickly here and there is no sedimentation of the fine-grained
parts, but rather the settling of the sandy and stony fractions.
Figure 5 The average length of the longest root for individual concentrations and parts of the territory

To evaluate the complete ecotoxicity test, a range of substrate concentration values were
determined against the sediment sample at 0%, 25%, 50%, 75% and 100% of substrate. For the sake
of clarity, ecotoxicity was determined with industrial sand. It can be seen from Figure 5 that the average
values of the longest root in mm reached the composite sample from Part 1. At the ratio of substrate
to a sample of 1:1 (50% substrate) and 3:1 (75% substrate), the results for part 1 achieves almost
the same values as plants at 100% substrate. The sample from Part 4 reaches the lowest root length
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values at all concentrations. The values for sedimentation reservoir (Part 2) and 6PROHQVNi reservoir
(Part 3) are average. It is generally seen from Figure 5 that higher substrate concentrations in relation
to the sediment mean higher root increment.
The shoot lengths of each of the individuals and the average values of the lengths in mm for each
of the concentrations were calculated were measured as supplemental data. In this case, it is also evident
that the sediment from the 0DORQtQVNê creek below the reservoir (Part 4) inhibits the growth
of the shoots more than the sediment from the other parts. Average shoots lengths are shown
in Figure 6.
The resulting trend is similar to the length of the longest root (Figure 5). A sample
of the 0DORQtQVNê creek over the reservoir (Part 1) inhibits the growth of the above-ground part
less; the sample from the brook under the reservoir (Part 4) inhibits growth more. Samples
from sedimentation reservoir (Part 2) and from 6PROHQVNi reservoir (Part 3) show interesting results
at 0% substrate concentration, where the resulting values exceed the samples from Parts 1 and 2.
At a substrate concentration of 25%, the increment values are lowest for all Parts outside 1. It is again
apparent from Figure 6 that the higher substrate concentrations in relation to the sediment mean higher
elevation of the above-ground portion.
Figure 6 The average length of shoots (mm) for individual concentrations and parts of the area

Chemical analysis of the risk elements
When comparing the measured values of the concentrations of the individual indicators
(mg/kg of dry matter) for the mixed sample from the 6PROHQVNi water reservoir, which were compared
with Annex No. 1 of the Decree No. 257/2009 Coll. it is obvious that the limit values are not exceeded.
The values closest to the limit are for arsenic and for cobalt. The arsenic concentration is 15.30 mg/kg
of dry matter, representing 51% of the maximum admissible level. Cobalt concentration reaches
16.30 mg/kg of dry matter to reach 54% of the maximum admissible level. The graphically displayed
values are shown in Figure 7.
Figure 7 &RQFHQWUDWLRQ LQ GU\ PDWWHU IRU LQGLYLGXDO LQGLFDWRUV IRU PL[HG VDPSOH IURP 6PROHQVNi
reservoir with comparison with limit values from Annex No. 1 of Decree No. 257/2009 Coll.
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CONCLUSION
For the area of interest, part of the area around the 0DORQtQVNê EURRNQHDU-HYtþNRZDVVHOHFWHG
The evaluation of the ecotoxicity of the sediment from 0DORQtQVNê brook, sedimentation reservoir
and 6PROHQVNi water reservoir was one of the objectives. Comparison of the concentration of the risk
elements contained in the sediment from the Smolensk water reservoir with the limit values set out
in Decree No. 257/2009 Coll., as amended, was the second objective. The methodology
for the collection and evaluation of sediment samples has been developed. The area of interest was
divided into 4 Parts. For each part of the territory, one single mixed sample was created. An ecotoxicity
test according to CSS EN ISO 11269-1 was carried out in the laboratory. The chemical analysis
of the risk elements was processed only for sediment from the 6PROHQVNi water reservoir.
When comparing the measured values of the concentrations of the individual indicators for the mixed
sample from the Smolensk water reservoir, which were compared with Annex No. 1 of the Decree
No. 257/2009 Coll. it is obvious that the limit values are not exceeded. From the results of the ecotoxicity
test, it can be seen that the mixed sample of sediment collected from the 0DORQtQVNê brook
in Part 4 does not reach the required values according to Decree No. 257/2009 Coll. and is ecotoxic.
Mixed sediment samples from Part 2 and Part 3 are not ecotoxic, but the test results are closer
to the limit. The sediment from Part 1 ± above the 6PROHQVNi reservoir is not ecotoxic. The results
of the complete test show that the most suitable ratio of substrate to sample mix is 3:1, so 75% substrate
volume and 25% sediment. This is exactly what is prescribed by Decree No. 257/2009 Coll.
when depositing sediment on farmland. Finally, it should be noted that it is inappropriate to consider
the pond sediment as a waste, but to meet the requirements for concentration values of the risk elements,
such as fertilizer. The sediment contains nutrients such as nitrogen and mainly phosphorus, which are
important for growing crops. Increasing nutrient concentrations in aquatic systems is not the only
consequence of sediment accumulation. Reducing water capacity in reservoirs is another consequence,
which further reduces the retention capacity of the landscape. Unloading will increase the capacity
of the reservoirs and this capacity can be used both in the case of floods and for a higher water supply
in case of drought.
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Abstract: This paper aims to map the state of the irrigation system in the selected area
and the evaluation of its components. The area of interest is located near the 0DORQtQVNê brook near
WKH WRZQ -HYtþNR $V SDUW RI WKH HODERUDWLRQ RI WKH ZRUN PHWKRGRORJ\ KLVWRULFDO PDWHULDO KDV EHHQ
obtained from the flow manager and the local government, which has been preserved to the present
day. In addition, the area of interest was visited (in October 2016, March and August 2017),
reconnaissance of the terrain and photo documentation of the current state of the constructions were
realized. The collected information was processed and evaluated. In the area of interest
there are 6 categories of constructions RI VXUIDFH ZDWHULQJ V\VWHP 0DOi +DQi ZKLFK ZDV EXLOW
in the 1930s. This system is currently largely non-functional outside 6PROHQVNi :DWHU 5HVHUYRLU,
which is maintained in a conditional state, and as the only one of the original irrigation system can
be used for other functions or possibly incorporated in the future into a new irrigation system based
on modern austerity technologies.
Key Words: soil irrigation, water retention, ditch, dam, watercourse
INTRODUCTION
Reasons of irrigation
Agriculture is a significant user of water resources in Europe, accounting for around 30 per cent
of total water use. Irrigation can have two main purposes in relation to agricultural production: It can
enhance the quantity of output; It can enhance the quality of output.
Allowing sufficient crop yields to provide food for humans and their livestock is the main
reason for building the irrigation. According to Czech state standard 75 0140 (2016) irrigation
is the artificial supply of irrigation water, sewage, fertilizers and other solutions for the maintenance
of water needs and plant nutrition or for other purposes (Dwyer 2000).
The purpose of irrigation is to produce crops that have economic and social value.
The continued productivity of irrigated agriculture will be critical as national and world populations
grow and demand more food and fiber. Properly managed irrigation can increase crop yields, reduce
risks commonly associated with agriculture, increase product quality, reduce pest pressures,
and precisely deliver and manage nutrients (USDA 2001).
Division of selected irrigation systems according to CSS 75 0140 (2016):
Furrow irrigation is the way in which the soil is irrigated by soak from any of the irrigation
furrows.
Infiltration irrigation is the way of irrigation, where the soil is moistened with any water from
channels, ditches, furrows or underground pipes.
Spraying irrigation is a method of irrigation where water is sprayed on the irrigated surface
in the form of rain.
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Surface watering is a method of irrigation, in which the water flows down the surface
of the soil in a thin layer, while enhancing it. There is a distinction between irrigation by belt, sallow,
ridge and recesses from channels.
Flood irrigation is a method of irrigation, in which the irrigated plot divided into a lift
is flooded with water.
Drip irrigation is a localized irrigation with a water distribution system with small diameters,
from which water flows through batch elements such as drippers, streams, capillaries,
etc. to the surface of the soil with low intensity, and softens the soil at the root ball of the plants.
MATERIAL AND METHODS
Methodics
This paper aims to map the state of the irrigation system in the selected area and the evaluation
of its components
7KHDUHDRILQWHUHVWLVORFDWHGQHDUWKHWRZQ-HYtþNR7KHPHWKRGRORJ\RIZRUNDQGDVVHVVPHQW
of objects was compiled for the elaboration of the paper. The flow manager and local authorities have
provided historical materials that have survived to present. The original design documentation
of the irrigation system at the site was not retained. In addition, the area of interest was visited
(in October 2016, March and August 2017), reconnaissance of the terrain and photo documentation
of the current state of the constructions were realized. The obtained information was processed
and evaluated using computer technology at the Department of Applied and Landscape Ecology.
Definition of the interest area
The selected area is situated to the west of the town of JHYtþNR ORFDWHG RQ WKH VRXWK-eastern
HGJHRIWKH3DUGXELFH5HJLRQ-HYtþNRLVORFDWHGNPVRXWKRI0RUDYVNi7ĜHERYiDQGNPQRUWK
of Boskovice. The area of interest is defined by the area of the area along the 0DORQtQVNê brook
from its confluence with WKH -HYtþNR VWUHDP RQ WKH ,,,36612 road bridge, which is run over
the 0DORQtQVNê brook near 6PROHQVNi (see Figure 1).
Development of irrigation in the area of interest
'XHWRWKHIHUWLOLW\RI0DOi+DQiDJULFXOWXUHKDVEHHQGHYHORSHGLQWKLVDUHDDQGDW the same
time, land improvement. The first officially recorded planning efforts to implement amelioration
measures have been recorded since the mid-18th century. At the beginning of the 20th century,
livestock farming was expanded, for which sufficient food had to be ensured, and at the same time
the need to increase the protection of the area (especially crops and drying hay in the meadows)
from the damaging effect of the floods. It was also necessary to drain the wetlands. This was
the reason for the development of projects and the subsequent construction of the surface watering
and flush irrigation systems. The irrigation system was built in the 1920s and 1930s (Coufal 1935).
The built system was unique in its time throughout the Czechoslovak Republic. At the same
WLPHWKHFRQVWUXFWLRQRIWKHPHDGRZODQGZDVFDUULHGRXWLQDOOWKHFDGDVWUHVLQ0DOi+DQiZKHUH
it was built, and the fields were merged in several other cadastres.
After the Second World War, the water irrigation IURP WKH 0DOi +DQi DUHD ZDs abandoned,
the built-up channels were mostly covered, but the concrete bays were left both in the flow channels
and in the places of the irrigation channels. In the conversion of meadow cultures to arable land,
surface watering was abandoned because of the increased use of mechanization and the possible
replacement of the system by other modern solutions at that time (Benetin 1979). At present,
all the buildings outside the 6PROHQVNi reservoir are dilapidated.
RESULTS AND DISCUSSION
Evaluation of irrigation system components
Several components of the surface watering system were identified in the area of interest
and divided into six categories. The preserved components are shown in Figure 1.
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Figure 1 The interest area with irrigation constructions.

Legend: Orthophotomap: Czech Office for Surveying, Mapping and Cadastre. Modified by author.

1 ± 6PROHQVNi water reservoir
The 6PROHQVNi water reservoir is the main landscape-forming element in the area of interest
and served as a source of water for the irrigation system in a period with a lower flow of water
in the 0DORQtQVNê Creek. 6PROHQVNi water reservoir in year 1933 is shown in Figure 2 on the left.
)LJXUH6PROHQVNiZDWHUUHVHUYRLULQ\HDU RQWKHOHIW , 6PROHQVNiZDWHUUHVHUYRLULQ\HDU2017
(in the middle), $EULGJHZLWKDIORRGJDWHDW-HYtþNDVWUHDPLQ RQWKHULJKW

At present, the reservoir is supplemented by a sedimentary pretension, which was established
by the State Ameliorative Administration for the detention of the floodplains before entering
the 6PROHQVNi reservoir. Together with the pretence, a pool was built at the inflow to the reservoir
to increase the biodiversity of the area and support amphibians. In 2009, the Agricultural Water
Management Administration completed the reconstruction of the security spillway and the discharge
facility. At present, the 6PROHQVNi reservoir and the preserve are discharged due to the filling
of the preload and the subsequent flow of the spills directly into the reservoir. A project to unload
the reservoir and to reconstruct the discharge objects is being prepared. The current reservoir manager
RI DGMDFHQW VWUHDPV LV WKH 3RYRGt 0RUDY\ VS 6PROHQVNi water reservoir in year 2017 is shown
in Figure 2 in the middle.
6PROHQVNi reservoir is currently the most conserved part of the original irrigation system.
After measures to prevent settling of the sediment in the reservoir and its removal, the capacity
of the reservoir will increase and therefore this higher capacity can be used for the supply of any
newly built irrigation system or it will be used as a capacity to capture and transform the flood flows
on the 0DORQtQVNê Creek.
2 ± The road bridges with the sluices
Water gates in road bridges or stand-alone were used to draw water from the watercourse.
The bridges are concrete constructions, the control elements of the building were made of steel
and a steel frame with a wooden panelling was used for the floodgates. The water was fed to the flood
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drifts when the flow was blockeG7KHIORRGJDWHZHLURQWKHURDGEULGJHRIWKH-HYtþNR-Biskupice road
had three fields with a height of shutters of 1.1 m. The sluice in the area over the highway had two
fields with the lightness of 4.2 m and shutters 1.4 m high. Floodgate on the bridge in 6PROHQVNi had
two fields with a shutters height of 1.48 m (Pernica 1997). $EULGJHZLWKDIORRGJDWHDW-HYtþNDVWUHDP
in 1933 is shown in Figure 2 on the right.
However, after the irrigation system was shut down in the post-war period, the flood shutters
remained, as it was part of the road bridges, which were further used. In order to reduce the negative
impact of the technical objects in the riverbed and due to the poor condition, during the period
of stewardship of the State Melioration Administration, water gates were removed, only the bridges
or concrete frame structures remained. For interest, some municipalities have wanted to keep
the floodgates on the rivers for possible utilization of the accumulated water as fire water. A bridge
with a fORRGJDWHDW-HYtþNDVWUHDPLQLVVKRZQLQ)LJXUH3 on the left.
At present, the sluices in the road bridges are not functional and are not used even
for emergency fire water accumulation. Comprehensive reconstruction will be required to ensure
operational condition as part of road communications.
Figure 3 $EULGJHZLWKDIORRGJDWHDW-HYtþNDVWUHDPLQ on the left), A floodgate at 0DORQtQVNê
stream in 1933 (in the middle), A floodgate at 0DORQtQVNê stream in 2017 (on the right)

3 ± Independent floodgates
These objects were made up of a simple reinforced concrete structure with embedded steel
elements for controlling and the possibility of reserving buoys. The shuttle in the area under
the highway had two fields with a lightness of 4.2 m and a window height of 1.1 m. The floodgate
at the mill was situated in a location under 6PROHQVNi reservoir on the tranquillity reservoir
(Pernica 1997). A floodgate at 0DORQtQVNê stream in 1933 is shown in Figure 3 in the middle.
At present, only a concrete structure that no longer contains steel elements or screens remains
at the site under the motorway. The floodgate in the area under the 6PROHQVNi reservoir was partly
removed during the reconstruction of the safety spill in 2009. A floodgate at 0DORQtQVNê stream
in 2017 is shown in Figure 3 on the right.
At present, these objects are not usable or do not exist. The mill drive was cancelled
and the trough was covered.
4 ± Setting devices, drains and aqueducts
The setting devices served in their full engagement to retain and drain the water in the pots
and to create a drop of water across the meadows. The setting devices were made of concrete
with a hole for a wooden stopper. The area around the bucket was tiled with tiles. The length
of the overflow edges from the drive was 40±80 m. At present, the trays on the meadows above
6PROHQVNi Reservoir and in the area above the highway are preserved. At present, these objects
are unjustified because the drives on which they were located no longer exist. Setting device at none
exist drive in 2017 is shown in Figure 4 on the left.
Drains were an important part of localities where watercourses were lined with a low hill.
So, the water could drain away. 1RZDGD\VWKHGUDLQDJHLVORFDWHGLQWKHHPEDQNPHQWVDURXQG-HYtþNR
they are in a reserved position and do not fulfil their function. They cannot even perform a flood-proof
function because the adjacent decks are no longer properly shaped and damaged in several places.
They are more or less technically interesting object in the landscape. Example of drain
in 2017 is shown in Figure 4 in the middle.
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In the area of interest there is the last aqueduct in the area above the highway. This aqueduct
served to transfer the drift stream over the waterline at another height level. Currently it does not fulfil
LWV IXQFWLRQ DQG LWV XVH LV QRW RIIHUHG 7KH DTXHGXFW LQ -HYtþNR ZDV UHPRYHG An aqueduct across
nameless watercourse in 2017 is shown in Figure 4 on the right.
Figure 4 A setting device at none exist drive in 2017 (on the left), Example of a drain in 2017
(in the middle), An aqueduct across nameless watercourse in 2017 (on the right)

5 ± Flooding drives
Drives were connected to a flooded property and brought water from streams to irrigated
meadows. The drives have a trapezoidal shape with a sloping slope of 1:2 in cross-section to ensure
HDV\ PDLQWHQDQFH ,Q WKH DUHD RI 0DOi +DQi WKH IORRG LUULJDWLRQ GLG QRW ZRUN ZHOO DQG VXUIDFH
watering was the main type of irrigation. The water flowing from the meadows was drained through
the wastewaters back into the watercourse. Wastewater also served as drainage at higher blurring
of the meadows. Care was taken to ensure that the meadows were not unnecessarily dry. An irrigation
millrace with a floodgate in 1933 is shown in Figure 5 on the left.
Drives are mostly covered today. In the area of interest, part of one of them is located in the area
below the 6PROHQVNi reservoir and in the area above the high. The drive, which enters the area
of LQWHUHVW RQ WKH VRXWKHUQ HGJH RI -HYtþko, is currently part of drainage from the 70s of the 20th
century.
Due to the predominant filling of the drives it is not possible to use them. Drills that have not
been covered are currently part of a drainage whose functionality needs to be verified.
Figure 5 An irrigation millrace with a floodgate in 1933 (on the left), Damming along the 0DORQtQVNê
brook near -HYtþNo in 2017 (on the right)

6 ± Damming of flooded soil blocks
$URXQGRIWKHWRZQRI-HYtþNRWKHUHLVSUHVHUYHGIORZLQJZKLFKDOVREHORQJHGWRWKHLUULJDWLRQ
system. Damming was used to retain the excess water or settling of sediments.
Nowadays, the fence along the 0DORQtQVNê EURRNLVORFDWHGFORVHWRLWVFRQIOXHQFHZLWK-HYtþND
At present, fencing is counterproductive, because in the case of smaller floods, the water cannot
be poured out of the water into the surrounding fields. Damming along the 0DORQtQVNê brook near
-HYtþNRLQLVVKRZQLQ)LJXUH5 on the right.
However, with a higher flood flow, flood overflows may occur and the property is at risk.
The drainage and permeable objects of the irrigation system in the dykes are already dilapidated
and inoperative. Consequently, the remainder of the irrigation system cannot be considered
as an effective flood protection measure.
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CONCLUSION
Burton (2010) argues that the irrigation area worldwide has increased threefold over the last
50 years, from 94 million ha in 1950 to over 287 million ha in 2007. According WR ýHUPiNRYi
and 0iFRYi   WKH WRWDO LUULJDWHG DUHD LQ WKH &]HFK 5HSXEOLF LQFUHDVHG IURP  113 hectares
in 2015 to 25 003 hectares in 2016. In 2016 Czech agricultural holdings used mostly sprinkler
irrigation (702 subjects), then micro-irrigation (382 subjects), surface irrigation (flooding, furrows)
(72 subject) and 73 subjects exploited different irrigation methods. According to statistics provided
by the Czech Statistical Office, it is evident that the current trend in irrigation of agricultural land
in the Czech Republic is increasing in the long run. Today's spraying irrigation will be appropriate
in the future to upgrade to more efficient irrigation techniques. Due to the current problems of drought,
it will be advisable to carry out a thorough passportization of persistent irrigation systems and assess
their usability for future use and incorporation into any of the planned irrigation systems.
This will reduce the financial cost of building new systems.
For the area of interest, part of the area around the 0DORQtQVNê EURRNQHDU-HYtþNRZDVVHOHFWHG
A survey of the surviving documentation was carried out and a survey of the terrain and the search
for the existing irrigation system objects. A sophisticated irrigation system of the 1930s was used
in the vicinity RI -HYtþNR (Coufal 1935). The irrigation was used to irrigate the meadows
in the 0DORQtQVNê VWUHDPIORRGSODLQDQGWKH-HYtþNa stream. Fodder was used as a feed for livestock.
In the post-war period, the irrigation was dropped and the irrigation channels were partly covered.
After the Second World War, the grassland was largely converted to arable land and some soil blocks
were drained. The conversion to the arable land in the 0DORQtQVNê stream floodplain has brought
negative consequences in the form of arable land ablation. This is currently visible in the Smolensk
reservoir, where the sediment accumulates. Elements of the original surface watering irrigation system
are still visible around the 0DORQtQVNê stream. At present, it would probably not be profitable
to restore this type of irrigation, but if it is needed, it will be useful to use its elements for a more
modern way of irrigation. This will make it possible to use the 6PROHQVNi reservoir, which is currently
the best preserved part of the original system. After measures to prevent settling of the sediment
in the reservoir and its removal, the capacity of the reservoir will increase and hence this higher
capacity will also be used for the supply of any irrigation system.
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Abstract: We have assessed the potential effect of a windbreak on the degradation of soil aggregates
both on the leeward and windward sides. Soil samples were collected at the beginning and end of each
winter season at a distance of 3-, 6- and 9-fold windbreak height. After collection, the samples were
subjected to aggregate analysis to establish the erodible and non-erodible fractions. The analyses also
included evaluation of the effect of meteorological conditions on the soil aggregate degradation.
The factors that were evaluated to determine the degradation of soil aggregates were: the action of water
and subsequent freezing/thawing of the soil surface. The pressure of the freezing soil moisture followed
by washing result in disintegration of soil aggregates into erodible fractions, which in case
of erosion-effective winds cause erosion events. Climatic data on the soil surface temperature and soil
moisture state were obtained from the nearest professional station of the Czech Hydrometeorological
Institute .XFKDĜRYLFH  For our study we selected a windbreak in cadastral area 7DVRYLFHQDG'\Mt
The assessment was performed for three winter seasons, 2014±2015, 2015±2016 and 2016±2017.
Key Words: wind erosion, windbreak microclimate, soil structure, erodible particles
INTRODUCTION
Erosion is a natural process in which the action of water, wind and other factors cause disruption
of the soil surface and subsequent transportation of soil particles. Wind erosion thus represents a natural
process of erosion consisting in disruption of the soil surface by the mechanical force of wind (abrasion),
transportation of the soil particles by wind (deflation) and their deposition at another place
(accumulation). Wind erosion is a physical phenomenon and is directly influenced by the physical soil
SURSHUWLHV -DQHþHN, Chepil 1952). Localities susceptible to wind erosion are characterized by low
and fluctuating precipitation, fluctuating and high wind velocity, frequent occurrence of droughts,
and H[WUHPHFKDQJHVLQWHPSHUDWXUHDQGKLJKHYDSRUDWLRQ 3DViN 7KHSHULRGVZLWKKLJKHVWULVN
of wind erosion usually occur in spring and autumn, when the soil is not protected by the vegetation
cover. Wind erosion is mostly observed in localities with soils of low clay particle content (light soils).
A particular effect is found in soils with higher content of clay particles (heavy soils), which under
specific climatic conditions become better erodible (Bullock et al. 1999). During winter seasons,
the meteorological conditions induce degradation of soil aggregates. This degradation is mainly brought
about by the action of water and its freezing and thawing (Logsdail and Webber 1959,
DeLuca et al. 1992, Grogan et al. 2004). The effects of these two factors are manifested by the growth
of erodible fraction, with a possible erosion event in the case of erosion-effective wind. One of the basic
soil factors involved in the loss of soil particles by wind is the granularity and aggregate composition
of the soil (Skidmore a Powers 1982, Colazo a Buschiazzo 2010). The key role is played by the size
of the soil particles, while differences in the particle shape have only little impact 3DViN  
Non-erodible particles in the soil are detected by aggregate analysis by means of sieving the soil sample
collected from the soil surface and dried in air through a 0.8 mm sieve; however, in case of heavy soils
the threshold value for non-erodible soil particles must be shifted to 2 mm (Chepil 1958, âYHKOtN 2002,
+ROê 1994).
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MATERIAL AND METHODS
Study area
The study area is situated north-east from the city of Znojmo. This area belongs to a warm,
dry zone with mild winters. As a reference station we selected the meteorological station in .XFKDĜRYLFH
near Znojmo. The annual sum of precipitation is around 530 mm, peaking in June to August
(monthly sum about 70 mm). The annual average air temperature fluctuates around 9 &also peaking
in the period June-August around the average of 18 &Concerning the wind regimen, the prevailing
winds come from north-west or west, with frequent occurrence of drying south-east winds.
These climatic conditions show that the area is not adequately supplied by precipitation. The rains
mainly display short-term character, and low precipitation is observed particularly during the first
months of spring. Soil moisture is additionally reduced by high evaporation. The study area forms part
of the ravine of the rivers Dyje-Svratka, characterized by variable undulating plain of altitude
200 m a.s.l. The favourable terrain relief allows intensive agricultural management that has negative
impacts on the landscape character, which is monotonous, with large arable land blocks.
Non-agricultural land is mainly situated around the meandering river Dyje and its tributaries and close
to the urban sites. The area is situated in a territory formed by quarternary rock. The alluvial position
of Dyje mostly presents non-calcareous sediments that gave rise to alluvial soils. Some localities show
calcareous alluvial sediments, on which chernozems (Phaeozems) have evolved. The study localities
in cadastral area of 7DVRYLFHQDG'\Mtare shown Figure 1.
Figure 1 Survey map of study localities

Brief description of the windbreak in 7DVRYLFHQDG'\Mt
Windbreak ± north-west from the built-in area of village Tasovice, full-grown closed stand
of the wooden belt type with a shrub layer, with a field path leading through its middle; the prevailing
species are sycamore maple (up to 70%), common oak (25%), aspen (admixture), Norway maple
(admixture). The shrub layer is formed by: common elder, canary grass, false acacia, wild brier,
hawthorn sp., and filbert. These 5±6 rows of trees represent a high-quality windbreak with favourable
species composition and diversity, and a shelter for both small and hoofed game (roe deer).
Pedological analyses of selected soil samples from the investigated localities
The soil samples were collected at the beginning and end of the winter season. The sampling sites
were established at both the leeward and windward sides of the windbreak. The distances were
determined by the multiples (3x, 6x, and 9x) of the windbreak height. After collection, the soil samples
were subjected to aggregate analysis determining the erodible and non-erodible fractions. The soil
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samples were collected from a level, smooth soil surface (max. to 2.5 cm). Samples were collected
as a mixture at about one metre intervals. To establish the erodible or non-erodible fraction, we used
a 0.8 mm sieve. For further assessments we used the percentages of erodible fraction. The results
from each period were entered into the database of results. In each processing step we determined the per
cent difference between the erodible fraction representation at the beginning and at the end of the winter
season. In all the studied seasons, the same agro-technical processing was applied to both the leeward
and windward sides of the investigated windbreak in cadastral area of 7DVRYLFHQDG'\Mt
Analysis of meteorological conditions
For winter seasons 2014±2015, 2015±2016 and 2016±2017, we performed analysis of the climatic
conditions. We obtained hourly data on the temperature at the soil surface and on the soil moisture
in these seasons from the Czech Hydrometeorological Institute (CHMI). The climatic data were obtained
from the closest professional CHMI station in .XFKDĜRYLFe.
RESULTS AND DISCUSSION
Pedological analyses of selected soil samples from the investigated localities
For the final analysis we particularly selected the windbreak in cadastral area Tasovice.
The reason was the comparable agro-technical soil processing from both the leeward and windward
sides of the windbreak. The analysis of the obtained values was performed for three seasons,
2014/2015, 2015/2016 and 2016/2017. The outputs of the analysis are represented in a box graph
(Figure 2) showing an increase in erodible fraction in the indicated distances from the windbreak
(Z- leeward, N-windward). Regardless of the windbreak side and comparison of medians, the highest
increase in erodible particles was observed on the leeward side at the distance 3x (31.4%). Comparable
median values were also observed on the leeward side at the distance 6x (30.9%). In contrast, the lowest
increase in erodible fraction was recorded on the windward side at the distance 6x (23.10%)
and 9x (23.8%). The median values at these distances have shown a minimum difference.
When comparing the sites closest to the windbreak (Z 3x and N 3x), the difference in the median values
reached 6.2%. The difference was also observed in both maximum and minimum values.
Figure 2 Analysis of degradation of soil aggregates at the studied windbreak Tasovice

A further step in the evaluation consisted in correlation analysis between the distance
from the windbreak and the per cent increase in the erodible fraction. The correlation analysis
was processed for both the windward and leeward sides of the windbreak. Analysis for the windward
side showed correlation 0.19 and for the leeward side -0.19. The correlation analysis was also applied
to the distance from the windbreak regardless of the windbreak side. The correlation value was found
to be 0.06. These correlation values do not suggest an unequivocal effect of the distance
from the windbreak on the soil particle degradation.
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Analysis of meteorological conditions in relation to the soil aggregate degradation
For analysis of the climatic conditions we used data from CHMI (professional station
.XFKDĜRYLFH). For the analysed winter seasons, we obtained hourly recordings of the temperature above
the soil surface (TPM). Based on these data we determined the number of periods of freezing/thawing
in particular months and seasons. The beginning of the period was determined by the initial
value -5 & number of events of -5 C). Each period was defined by duration in hours. The analysed
periods were terminated when the temperature exceeded 0 C. The temperature of -5 & was set
as the average value of freezing of the soil solution âDQWUĤþNRYi  The Table 1 below contains
information on the number of soil states facilitating degradation of the aggregates. These soil states
are: wet soil surface (soaked ± stagnant water in smaller or larger puddles), snow or melting snow
(with or without ice) covering less than half of the soil, and snow or melting snow (with or without ice)
covering more than half of the soil but not all of it. The highest number of the evaluated soil states
(14) was observed in the season 2015±2016. This season also recorded the longest duration of TPM
events (361 hr). The value for erodible aggregates was obtained from the results of aggregate analysis
based on samples collected at the distance equal to 9-fold windbreak height for both the leeward
and windward sides. The distance 9x was selected because the effect of the windbreak
on the degradation of soil aggregates was eliminated.
Table 1 Analysis of the number of periods from the data measured on the surface (TPM), including soil
state ± CHMI station (.XFKDĜRYLFH)
Number of
Duration of
Number of
Erodible
TPM periods [hr]
soil states
Season
aggregates [%] TPM periods
2014±2015
25.8
19
283
11
2015±2016
42.3
18
361
14
2016±2017
24.9
18
270
10
For analysis of the effect of selected meteorological conditions we calculated the correlation
matrix in Table 2. The correlation analysis was performed for the number of TPM periods, duration
of TPM periods and number of soil states. The results of the analysis show that the most significant
correlation was found for the duration of TPM periods, 0.9963, and for the number of soil states, 0.9807.
The correlation for the number of TPM periods reached a negative value, -0.4597. The correlation results
unequivocally show an association between the TPM duration and number of soil states on the one hand
and the increase in erodible aggregates on the other hand. It should be mentioned that this analysis was
only performed for three winter seasons. For complete demonstration, the analysis should include more
winter seasons and more study localities.
Table 2 Correlation matrix of the effect of monitored meteorological conditions on the soil aggregate
degradation
Evaluated factors
Number of TPM periods
Duration of TPM periods [hr]
Number of soil states

Erodible aggregates ± correlation factor
-0.4597
0.9963
0.9807

CONCLUSION
The process of wind erosion is also influenced by winter seasons, when meteorological conditions
lead to degradation of soil aggregates. This degradation is particularly influenced by the action of water
with subsequent repeated freezing/thawing. The activity of these factors leads to disintegration
of the soil aggregates into erodible fractions, which in the case of erosion-effective wind cause erosion
events. We analysed the dependence of soil aggregate degradation in the winter season on the indicated
distances (3x, 6x, and 9x) from the windbreak for both the leeward and windward sides. The correlation
analysis showed correlation 0.19 for the windward side and -0.19 for the leeward side. This analysis
was also applied to the distance from the windbreak regardless of the windbreak side. In this case,
the correlation value was found to be 0.06. These correlation values do not suggest an unequivocal effect
of the distance from the windbreak on the soil aggregate degradation. The detailed analysis
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of the windbreak effect on the degradation of soil aggregates must also include data
on the meteorological factors related to the localities of the soil sampling. The correlation analysis
of the effect of selected meteorological conditions shows that the most significant correlation was
observed for the duration of the TPM period, 0.9963, and the number of soil states, 0.9807.
For the number of TPM periods, the correlation reached a negative value, -0.4597. The correlation
analysis results show unequivocally that there is a link between the TPM duration and number of soil
states on the one hand and the increase in erodible aggregates on the other hand. The analysis was only
performed for three winter seasons. To validate the hypothesis, data for more winter seasons and more
study localities will have to be statistically assessed.
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WKH QDPH %HQJDO ZDV RULJLQDWHG IURP WKH QDPH %XQJ DQG ³WKH VXIIL[ DO DW WKH %HQJDOL ODQJXDJH
PHDQV DQ HPEDQNPHQW RU UDLVHG JURXQGZKLFKLVSODFHGDURXQGDJDUGHQRUFXOWLYDWLRQVRWKDWIORRGV
PD\ QRW HQWHU LW´ 7KLV UHIHUV WR WKH IDFW WKDW DOUHDG\ DQFLHQW SHRSOH OLYLQJ KHUH ZHUH DFFRPPRGDWHG
WR WKHORFDO GLVDVWURXV FOLPDWH FRQGLWLRQV XQVXLWDEOH IRUDJULFXOWXUH DQGOLYLQJ
6LQFH %DQJODGHVK LV LQGHSHQGHQW RI 3DNLVWDQ DIWHU %DQJODGHVK /LEHUDWLRQ :DU LQ 
LW KDV DFKLHYHG FRXSOH RI HFRQRPLF DQG KXPDQ GHYHORSPHQWDO JRDOV ,WV *'3 KDV PRUH WKDQ WULSOHG
IRRG SURGXFWLRQ KDV LQFUHDVHG WKH SRSXODWLRQJURZWKUDWHKDVGHFOLQHGWKHSHUFHQWDJHRISHRSOHOLYLQJ
LQ SRYHUW\ KDV DOVR GHFOLQHG DQG LWV +XPDQ 'HYHORSPHQW ,QGH[ KDV LPSURYHG 0R()  
,QVSLWHRIWKHVHVXFFHVVHVWKHSRYHUW\LQWKHFRXQWU\LVVWLOOHQRUPRXV:LWKDSRSXODWLRQRIPRUHWKDQ
 PLOOLRQ SHRSOH LQ  LQ D UHODWLYHO\ VPDOO DUHD RI   VTXDUH PLOHV LW KDV RQH RI WKH ELJJHVW
SRSXODWLRQ GHQVLW\ LQ WKH ZRUOG ± PRUH WKDQ   SHUVRQV SHU VTXDUH NLORPHWHU LQ  <RXQXV
  :LWK D KLJKJURZWK UDWH WKH SRSXODWLRQ LQ WKH FRXQWU\ LV H[SHFWHG WR ULVH DERYH  PLOOLRQ
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E\  <RXQXV   $FFRUGLQJ WR 0LQLVWU\ RI (QYLURQPHQW DQG )RUHVWV *RYHUQPHQW
RI WKH 3HRSOHV 5HSXEOLF RI %DQJODGHVK  PRUH WKDQ  PLOOLRQ RI %DQJODGHVKLV VWLOO OLYH
LQ SRYHUW\ $FFRUGLQJ WR DQRWKHU DXWKRU +XT   QHDUO\  RIWKHPOLYHEHORZWKHSRYHUW\OLQH
7KLVSRYHUW\DQGKLJKSRSXODWLRQGHQVLW\PDNHVWKHFRXQWU\RQHRIWKHPRVWYXOQHUDEOHDUHDVWRQDWXUH
KD]DUGV
0$7(5,$/ $1'0(7+2'6
,Q WKLV UHVHDUFK WKH SODQQLQJ GRFXPHQW RI VWUDWHJLF DFWLRQ SODQV WRDGDSWDWLRQWRFOLPDWHFKDQJH
LQ %DQJODGHVK ZDV DQDO\]HG E\ FULWLFDO WKLQNLQJ DV DQ DFW WR GHWHUPLQH WKH YDOLGLW\ RI D JLYHQ FODLP
YLHZV DQG RSLQLRQV ,W LV D SURFHVV RI FRQFHSWXDOL]LQJ DQDO\]LQJ V\QWKHVL]LQJ DQG HYDOXDWLQJ
LQIRUPDWLRQ WR UHDFK DQ DQVZHU RU FRQFOXVLRQ 7KH VWUDWHJLF GRFXPHQW %DQJODGHVK &OLPDWH &KDQJH
6WUDWHJ\ DQG $FWLRQ 3ODQ  %&&6$3  ZDV SXEOLVKHG LQ  E\ 0LQLVWU\ RI (QYLURQPHQW
DQG )RUHVWV 0R()  *RYHUQPHQW RI WKH 3HRSOHV 5HSXEOLF RI %DQJODGHVK DQG LW ZDV GRZQORDGHG
IURP RIILFLDO SDJH RI ,QWHUQDWLRQDO 8QLRQ IRU &RQVHUYDWLRQ RI 1DWXUH LQ (QJOLVK ODQJXDJH
$V ZHOO DV WKH SODQQLQJ GRFXPHQW %&&6$3 WKHUH ZHUH FULWLFDOO\ DQDO\]HG DOVR RWKHU VWXGLHV
DQG UHVHDUFKHV RI QDWXUDO FOLPDWH KD]DUGV FOLPDWH FKDQJH DGDSWDWLRQ RSWLRQV DQG VLWXDWLRQ
LQ %DQJODGHVK SXEOLVKHG E\VFLHQWLVWV DOO RYHUWKHZRUOG
1H[W E\ LQGXFWLYH WKLQNLQJ GUDZLQJ RQ GLIIHUHQW IDFWV FRQFHSWV DQG RSLQLRQV LQ VFLHQWLILF
SDSHUV WKHUH ZHUH GHWHUPLQHG PDLQ QDWXUDO FOLPDWH KD]DUGV LQ %DQJODGHVK HYLGHQFH DQG LPSDFWV
RI FOLPDWH FKDQJH LQ WKH FRXQWU\ DQG ZKR LV WKH PRVW DIIHFWHG E\ FOLPDWH FKDQJH LQ %DQJODGHVK
7KHQ WKH SODQQLQJ GRFXPHQW RI DGDSWDWLRQ DFWLRQV LV DOVR DQDO\]HG DQG GLVFXVVHG LQ LWV VL[ LVVXHV
LWV VWUHQJWKV DV ZHOO DV ZHDNQHVVHV DUH FULWLFDOO\ GHWHUPLQHG DQG WKHUH DUH DOVR JLYHQ VRPHVXJJHVWLRQV
IRULPSURYH RUPHQWLRQ RWKHUUHOHYDQW LVVXHVDQGIDFWV
5(68/76 $1'',6&866,21
1DWXUDO FOLPDWHKD]DUGV LQ%DQJODGHVK
$FFRUGLQJ WR WKH VWDWHPHQW RI 0LQLVWU\ RI (QYLURQPHQW DQG )RUHVWV   WKHUH DUH VHYHUDO
FOLPDWH KD]DUGVLQWKLVFRXQWU\OLNH IORRGVWURSLFDO F\FORQHV DQGVWRUPVXUJHV DQGGURXJKWV
x )ORRGV
)ORRGV DUH RIWHQ FRQVLGHUHG DV WKH ELJJHVW KD]DUG LQ %DQJODGHVK <RXQXV   $FFRUGLQJ
WR FHUWDLQ DXWKRUV WKH\ DUH WKH PDLQ REVWDFOH WR GHYHORSPHQW RI WKH FRXQWU\ <RXQXV  
$ERXW  RI WKH DUHD LV FXOWLYDWHG <RXQXV  0R()   %DQJODGHVK LV PRVWO\ ORZ DQG IODW
WZRWKLUGV RI WKH ODQG OLHV OHVV WKDQ ILYH PHWUHV DERYHVHDOHYHO 0R()  7KHUHDUHFKDQJLQJGU\
DQG ZHW VHDVRQV PRQVRRQ UDLQIDOOV  7KHVH FRQVHTXHQFHV OHDG WR VHDVRQDO IORRGV RQFH D \HDU
,Q DQ DYHUDJH \HDU DSSUR[LPDWHO\  RI WKH FRXQWU\ LV XQGHU WKH IORRGV 0R()  3HRSOHZKR
OLYH LQ WKRVH DUHDV KDYH DGDSWHG WKURXJK WKH \HDUV E\ EXLOGLQJ WKHLU KRXVHV RQ UDLVHG PRXQGV
DQG FXOWLYDWLQJ VSHFLDO YDULHWLHV RI FURSV PDLQO\ ULFH GXULQJ YDULRXV VHDVRQV +RZHYHU RQFH LQ IRXU
RU ILYH \HDUV WKHUH LV D VHULRXV IORRG ZKLFK FRYHUV PRUH WKDQ  RI WKH DUHD DQG FDXVHV VHYHUDO
GDPDJHV WR KRXVLQJ DJULFXOWXUH DQG LQIUDVWUXFWXUH $OVR ULYHU EDQN HURVLRQ FDQ RFFXU DQG LW FDXVHV
ORVVHVRQDJULFXOWXUDO ODQG 0R()  
x 7URSLFDO F\FORQHVDQGVWRUPVXUJHV
$QRWKHU ELJ FOLPDWH KD]DUG LQ WKH DUHD LV D WURSLFDO F\FORQH DFWLYLW\ DQG VWRUP VXUJHV
7KH VWURQJZLQGVZKLFKRFFXUDSSUR[LPDWHO\RQFHLQWKUHH\HDUVFDQUHVXOWLQVWRUPVXUJHVXSWRVHYHQ
PHWUHV KLJK 0R()   7KHUH DUH ORVVHV LQ KXPDQ OLYHV WKHLU KRXVLQJV DQG OLYHOLKRRGV 0RVWO\
DIIHFWHG DUH FRDVWDO FRPPXQLWLHV ,Q ODVW WKUHH GHFDGHV WKH JRYHUQPHQW KDV LQYHVWHG DQ HIIRUW
LQ EXLOGLQJ RI F\FORQH VKHOWHUV DQG LPSURYLQJ HDUO\ ZDUQLQJV\VWHPVZKLFKVHHPVWREHHIIHFWLYHZD\
DV LW KDV EHHQ VHHQ LQ WKH KXJH WURSLFDO F\FORQH 6LGU LQ  ZKHQ WKH QXPEHU RI IDWDOLWLHV ZDV
RQO\ FRPSDUHGWRWKHVLPLODU F\FORQH LQRI OLYHV ORVW 0R()  
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x 'URXJKWV
,Q WKH QRUWKZHVWHUQ UHJLRQ RI WKH FRXQWU\ WKHUH LV GRPLQDQW DQRWKHU FOLPDWH KD]DUG ± GURXJKWV
7KLV SDUW RIWKHFRXQWU\KDVLQJHQHUDO ORZHUUDLQIDOOWKDWWKHUHVWRQH'URXJKWVRFFXUDOVRVHDVRQDOO\
DQG FDQ FDXVH KLJK ORVVHV RI WKH FURS \LHOGV WKXV D ORW RI SRRU SHRSOH FDQ VXIIHU IURP ORVLQJ
WKHLU OLYHOLKRRG 0R()  
&OLPDWHFKDQJH± HYLGHQFHDQGLPSDFWV
,Q ODVW GHFDGHV WKHUH LV D FKDQJLQJ LQ WKH JOREDO FOLPDWH V\VWHP FDXVHG E\ DQWKURSRJHQLF
UHOHDVLQJ RI JUHHQKRXVH JDVHV WR WKH DWPRVSKHUH DFFRUGLQJ WR ,3&&   ,Q WKH IXWXUH LW LV YHU\
OLNHO\ WKDW ZDUPLQJ RI WKH VXUIDFH DWPRVSKHUH WHPSHUDWXUH DQG RFHDQ WHPSHUDWXUH ZLOO FRQWLQXH
FRQWUDVWV EHWZHHQ ZHW DQG GU\ VHDVRQV ZLOO LQFUHDVH WKH JODFLHUV ZLOO FRQWLQXH PHOWLQJ GRZQ DQG VHD
OHYHO ZLOO ULVH ,3&&   %DQJODGHVK DV WKH FRXQWU\ VXIIHULQJ IURP FOLPDWH KD]DUG YHU\ IUHTXHQWO\
ZLWK D YHU\ KLJK SRSXODWLRQ GHQVLW\ RI SRRU LQKDELWDQWV ZLOO EH YHU\ OLNHO\ DIIHFWHG LQ D JUHDW H[WHQW
E\ WKHDQWKURSRJHQLFFDXVHG FOLPDWH FKDQJHV
x )ORRGV
2QH RI WKH H[SHFWHG FKDQJHV LQ WKH IXWXUH DUH KHDYLHU DQG PRUH HUUDWLF UDLQIDOOV FRQQHFWLQJ
ZLWK WKH PDMRU FOLPDWH KD]DUG LQ WKH FRXQWU\ IORRGV 0R()   $FFRUGLQJ WR 1LVKDW
DQG 0XNKHUMHH   WKHUH LV DOUHDG\ DQ LQFUHDVLQJ WUHQG LQ DQ DPRXQW RI UDLQIDOO GXULQJ
± LQ DORWRISDUWLHVRIWKHFRXQWU\DQGLWLVOLNHO\WKDWLWZLOOEHIXUWKHULQFUHDVLQJ7KHKLJKHU
UDLQIDOOV GXULQJ PRQVRRQDO VHDVRQV ZLOO FDXVH KLJKHU ULYHU IORZV DQG ULYHU EDQN HURVLRQV UHVXOWLQJ
LQ GDPDJHV WR DJULFXOWXUDO ODQG KRXVLQJ LQIUDVWUXFWXUH DQG OLYHOLKRRG 0R()   1H[W DFFRUGLQJ
WR <RXQXV   IDUPHUV DGDSWHG WR WKH QDWXUDO FRQGLWLRQV PDNH WKHLU GHFLVLRQV DERXW FURS
SURGXFWLRQ EDVHG RQ WUDGLWLRQDO SUHGLFWLYH IDFWRUV UHODWLRQ WR QDWXUDO SKHQRPHQD RI IORRGLQJ GXUDWLRQ
H[WHQW DQG WLPLQJ :LWK PRUH HUUDWLF UDLQIDOOV WKH IDUPHUV FDQQRW EH DEOH WR JURZ WKHLU FURS
$OVR PHOWLQJ RI WKH +LPDOD\DQ JODFLHUV OHDGLQJ WR KLJKHU ULYHU IORZV GXULQJ WKH ZDUPHU PRQWKV
RI WKH \HDU ZLOO EH DQRWKHU QRQQDWXUDO SKHQRPHQD YHU\ OLNHO\ RFFXUULQJ GXULQJ WKH QH[W GHFDGHV
DQG GLVFUHGLW WKHIDUPHUVWUDGLWLRQDO SUHGLFWLRQV
x 7URSLFDO F\FORQHVDQGVWRUPVXUJHV
7KHUH LV DOVR H[SHFWHG ULVLQJ VHD OHYHO DQG LQFUHDVLQJ LQ IUHTXHQF\ DQG VHYHULW\ RI WURSLFDO
F\FORQHV 0R()   FDXVHG E\ ZDUPLQJ RI WKH ODQG DQG WKH RFHDQ LQ FRDVWDO DUHDV ,W LV HVWLPDWHG
WKDWWKHUHLVDWKUHDWRIGLVSODFHPHQWRIWRPLOOLRQSHRSOHE\GXHWRVHDOHYHOULVHDQGLQFUHDVH
LQ ERWK F\FORQH DQG VWRUP VXUJHV 0R()   7KH RWKHU HIIHFW RI ULVLQJ VHD OHYHO LV VDOLQH ZDWHU
LQWUXVLRQ XS FRDVWDO DUHDV ZKLFK JHWV LQWR JURXQGZDWHU DQG OHDGV WR ORVV RI GULQNLQJ ZDWHU
0R()   7KHUH LV D VWXG\ DERXW FRUUHODWLRQ EHWZHHQ KLJK VDOLQLW\ OHYHOV LQ GULQNLQJ ZDWHU
DQG LPSDFWV RQ KHDOWK RI SHRSOH ZKHUH HVSHFLDOO\ SUHJQDQW ZRPHQ DUH WKUHDWHQHG .KDQHWDO 
+RZHYHU WKH ULVLQJ VHD OHYHO LV SUREDEO\ WKH OHDVW WKUHDWHQ LPSDFW RI FOLPDWH FKDQJH LQ %DQJODGHVK
ZLWK LWV ORQJ WLPH VFDOH DQG FHUWDLQ XQFHUWDLQW\ EHFDXVH LW ZLOO EH SUREDEO\ VHHQ PD\EH DIWHU PRUH
WKDQ\HDUV 0R()  
x 'URXJKWV
7KH ODVW HQRUPRXV FOLPDWH KD]DUG LQ %DQJODGHVK WKH GURXJKW LQ QRUWKZHVWHUQ SDUW
RI WKH FRXQWU\ ZLOO DOVR EH YHU\OLNHO\RFFXUULQJPRUHIUHTXHQWO\RULQDKLJKHULQWHQVLW\ 0R()  
$FFRUGLQJ WR PHDVXUHPHQWV RI 1LVKDW DQG 0XNKHUMHH   WKHUH LV DQ LQFUHDVHG WUHQG
LQ ERWK PLQLPXP DQG PD[LPXP WHPSHUDWXUHV LQ VHOHFWHG REVHUYHG VWDWLRQV LQ WKH FRXQWU\
DQG LW LV YHU\ OLNHO\ WKDW LQFUHDVLQJ ZLOO FRQWLQXH LQ WKH IXWXUH 7KH KLJKHU WHPSHUDWXUHV RU ORQJHU
GXUDWLRQV RI WKH GURXJKWV LQ FHUWDLQ SDUWV RI WKH FRXQWU\ ZLOO LQFUHDVH WKH GLVDELOLW\ RI WKH ORFDO
FRPPXQLWLHV WR JURZ WKH FURS DQG SURYLGH WKHLU OLYHOLKRRG 1H[W LQFUHDVLQJ WKH GURXJKWV DQG DOVR
D KXPLGLW\RIWKHZHDWKHULQVRPHSDUWVRIWKHFRXQWU\FDQDOVRFDXVHLQFUHDVLQJRIRFFXUUHQFHRIVRPH
GLVHDVHV IRU H[DPSOH ZDWHUERUQH DQG DLUERUQH GLVHDVHV DV EDFWHULD DQG SDUDVLWHV EUHHG IDVWHU
LQ ZDUPHUDQGZHWWHUFRQGLWLRQV 0R()  
x :KRLVWKHPRVWDIIHFWHG"
7KH SRRUHVW SHRSOH RIWHQ OLYH LQ VOXPV DQG LQIRUPDO VHWWOHPHQWV ZKLFK GR QRW JLYH UHTXLUHG
SURWHFWLRQ DJDLQVW H[WUHPH FOLPDWH HYHQWV DQG WKHLU VHWWOHPHQWV DUH RIWHQ VLWXDWHG LQ ORZO\LQJ
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DQG WKH PRVW WKUHDWHQHG SDUWV RI WKH FRDVWDO DUHDV DQG ULYHU VLGHV 7KXV WKH SRRUHVW SHRSOH DUH PRVW
WKUHDWHQHG E\ DGYHUVH LPSDFWV RI FOLPDWH FKDQJH,WLVYHU\OLNHO\WKDWPLOOLRQVRISHRSOHZLOOEHIRUFHG
WRPLJUDWH GXHWRIORRGVULYHUEDQNHURVLRQVDQGORVVHV RIFRDVWDODUHDV
$GDSWDWLRQVWUDWHJ\ LQ%DQJODGHVK ± VWUHQJWKVZHDNQHVVHV DQGVXJJHVWLRQV
'HVSLWH DOO WKHVH KXJH ULVN FRQVHTXHQFHV RI FOLPDWH FKDQJH RQ OLYHV RI WHQV RI PLOOLRQV SHRSOH
LQ %DQJODGHVK WKH *RYHUQPHQW RI %DQJODGHVK LV DZDUH RI LPSRUWDQFH RI DGDSWDWLRQ VWUDWHJ\ SROLFLHV
$FFRUGLQJ WR +XT   ³%DQJODGHVKL VFLHQWLVWV ZHUH DPRQJ WKH ILUVW LQ WKH GHYHORSLQJ ZRUOG
WR VWXG\ WKH SRWHQWLDO LPSDFWV RI FOLPDWH FKDQJH´ ,Q  WKH 0R() SXEOLVKHG WKH %DQJODGHVK
&OLPDWH &KDQJH 6WUDWHJ\ DQG $FWLRQ 3ODQ  %&&6$3  ZKHUH WKH\ DUH IRFXVLQJ RQ VL[ PDLQ
LVVXHVWREHLPSURYHG
x %&&6$3LVVXH)RRGVHFXULW\ VRFLDOSURWHFWLRQDQGKHDOWK
7KH ILUVW LVVXH FRQFHUQV IRRG VHFXULW\ VRFLDO SURWHFWLRQ DQG KHDOWKRIWKHSHRSOHLQWKHFRXQWU\
0R()   ,W FRQFOXGHV WKH GHYHORSLQJ RI FOLPDWHUHVLOLHQW FURSV VXFK DV YDULHWLHV RI ULFH
WKDW DUH UHVLVWDQW WR IORRGV VDOLQLW\ DQG GURXJKW DFFHVV WR GULQNLQJ ZDWHU EDVLF KHDOWK DQG HGXFDWLRQ
VHUYLFHV DQG LQVXUDQFH SROLFLHV +XT   7KH IDUPLQJ SURFHVV DQG FURS FKRLFH LV KLJKO\ GLVFXVVHG
LQ VFLHQWLILF UHVHDUFKHV DFFRUGLQJ WR FKDQJLQJ FOLPDWH LQ %DQJODGHVK 7KHUH DUH FRXSOH RI UHVHDUFKHV
DERXW JURZLQJ FURSV LQ WKH FRXQWU\ ZLWK FOLPDWH FKDQJLQJ FRQGLWLRQV IRU H[DPSOH
5XDQH DW DO  DQG 0RQLUX]]DPDQ  LQWKHLUUHVHDUFKWKH\DUHFRPSDULQJJURZLQJWUDGLWLRQDO
YDULHWLHV RI ULFH %RUR $PDQ DQG $XV DFFRUGLQJ WR FKDQJHG FOLPDWH FRQGLWLRQV ZLWK D UHVXOWV RI %RUR
QHHGLQJ PRUH LUULJDWLRQ DQG $PDQ EHLQJ WKH PRVW UHVLOLHQW WR FOLPDWH FKDQJH +RZHYHULWLVLPSRUWDQW
QRW WR IRFXV RQO\ RQ FRPPRQ PRGHUQ  PHWKRGV RI JURZLQJ FURSV EDVHG RQ KLJK \LHOGV
EXW DOVR WR LQVSLUH IURP VRPH ORFDO IDUPHUV DJHROG DJULFXOWXUDO SUDFWLFHV LQ ZHWODQG DUHDV
RI WKH FRXQWU\ OLNH IORDWLQJ JDUGHQLQJ RU VKULP IDUPLQJ ,Q WKHLU VWXG\ $O 3DYHO HW DO  VXJJHVW
IORDWLQJ EHG FXOWLYDWLRQ DV YHU\ VXLWDEOH LQ DUHDV XQGHU IORRG ZDWHU IRU  RU  PRQWKV ZKLFK JLYHV
DQRWKHU RSSRUWXQLW\ KRZ WR PLQH IURP ORQJHUODVWLQJ IORRGV LQ WKH IXWXUH 7R FRQFOXGH LW LV UHDOO\
QHFHVVDU\ WR SXW WKH LVVXH RI HQVXULQJ EDVLF KXPDQ ULJKWV OLNH OLYHOLKRRG SURWHFWLRQ DQG KHDOWK
RQ WKH ILUVW SRVLWLRQ RI WKH VWUDWHJ\ SODQ LQ DQ\ FRXQWU\ $OWKRXJK LQ VSHFLILF DFWLRQV KRZ WR UHDFK
VXFK D JRDO LW LV DOVR QHFHVVDU\ WR ORRN DW WKH ORFDO FRPPXQLWLHV OHDUQ IURP WKHP EXLOG RQ WKHLU
NQRZOHGJH RIWKHLUORFDO HQYLURQPHQWV DQGHQVXUHWKDWSURSRVHGFKDQJHVPHHWWKHLUQHHGV
0R()  
x %&&6$3LVVXH&RPSUHKHQVLYH GLVDVWHUPDQDJHPHQW
7KH VHFRQG LVVXH RI WKH FRXQWU\V DGDSWDWLRQ VWUDWHJ\ SODQ LV WR LPSURYH GLVDVWHU PDQDJHPHQW
ZLWK IRFXVLQJ RQ EXLOGLQJ F\FORQH VKHOWHUV DORQJ WKH FRDVWDO EHOW DQG LPSURYLQJ IRUHFDVWLQJ RI GLVDVWHU
FOLPDWH HYHQWV 0R()   $FFRUGLQJ WR JRYHUQPHQW RI %DQJODGHVK FRXQWU\ KDV DOUHDG\ EXLOW RYHU
  F\FORQH VKHOWHUV DQG LPSURYHG IRUHFDVWLQJ RI GLVDVWHU HYHQWV PDLQO\ F\FORQHV  DQG HDUO\
ZDUQLQJV DQG LW KDV VXFFHHGHG LQ VDYLQJ OLYHV RI SHRSOH LQ F\FORQH DFWLYLWLHV LQ ODVW ± \HDUV
0R()   $OWKRXJK WKH ZHDNQHVVHV RI WKLV LVVXH DUH XQFHUWDLQWLHV LQ IRUHFDVWLQJDQGDYHU\VKRUW
WLPH IRU SUHSDULQJ IRU WKH HYHQW EHIRUH IURP WKH SRLQW LQ IRUHFDVWLQJ LW LV OLNHO\ WR KDSSHQ
$QRWKHU IUDJLOH SRLQW LV WKDW SHRSOH DUH XVXDOO\ XQZLOOLQJ WR JR WR WKHVKHOWHUVDQGOHDYHWKHLUFURSODQGV
DQG KRXVHVEHKLQG 0R()  
x %&&6$3LVVXH,QIUDVWUXFWXUH GHYHORSPHQW
7KH WKLUG LVVXH LV WR GHYHORS DQG UHSDLU H[LVWLQJ LQIUDVWUXFWXUH WR SURYLGH SHRSOH SURWHFWLRQ
7KH LQIUDVWUXFWXUH FRQFOXGHV FRDVWDO DQG ULYHU HPEDQNPHQWV DQG XUEDQ GUDLQDJH V\VWHPV
0R()   +RZHYHU WKHUH LV ZLGHO\ GLVFXVVHGWKHFRDVWDODQGULYHUHPEDQNPHQWVDGYHUVHLPSDFWV
RQ HQYLURQPHQW DQG WKHLU ORQJWHUP HIIHFWLYHQHVV LQ %DQJODGHVK :KLOH LQ VRPH DUHDV WKH VRFLDO
DQG HQYLURQPHQWDO HIIHFWV RI HPEDQNPHQWV DUH SRVLWLYH HPEDQNPHQWV DORQJ VRPH ULYHUV KDYH FDXVHG
FRXSOH RI SUREOHPV IRU H[DPSOH EDQN HURVLRQV DQG ODFN RI FURSODQG UHGXFLQJ FDSWXUH ILVKHULHV
FKDQJHV LQDTXDWLF HFRV\VWHPVDQGZDWHUTXDOLW\ LQVRPHDUHDV 1LVKDW DQG0XNKHUMHH  
x %&&6$3LVVXH5HVHDUFK DQGNQRZOHGJHPDQDJHPHQW
,Q LWV IRXUWK LVVXH WKH FRXQWU\ LV IRFXVLQJ RQ LPSURYLQJ UHVHDUFK PDLQO\ LQ WKH DUHD RI FOLPDWH
FKDQJH LPSDFWV DQG DGDSWDWLRQV DQG LPSURYLQJ NQRZOHGJH PDQDJHPHQW ,W IRFXVHV RQ PRGHOOLQJ
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FOLPDWH FKDQJH VFHQDULRV E\ DSSO\LQJ JOREDO UHJLRQDO DQG QDWLRQDO FOLPDWH FKDQJH PRGHOV
0R()   ,PSURYLQJ PRGHOOLQJ RI FOLPDWH FKDQJH VFHQDULRV FDQ LPSURYH SUHSDUHGQHVV
RI WKH JRYHUQPHQW RQ WDNLQJ VXFK DFWLRQV WR SURWHFW LWV LQKDELWDQWV DV ZHOO DV LWV HQYLURQPHQW
+RZHYHU WKH VFHQDULRV PDLQO\ WKRVH EDVHG RQ JOREDO PRGHOV FDQ KDYH ELJ XQFHUWDLQWLHV
DQG ODUJHVFDOH DQDO\VLV FDQ KDYH LWV OLPLWDWLRQ ZKHQ XVHG LQ ORFDO FRQGLWLRQ 7KH LQWHJUDWLRQ RI ORFDO
SHRSOH NQRZOHGJH DQG WKHLU H[SHULHQFHV ZLWK VFLHQWLILF NQRZOHGJH FDQ LPSURYH GLVDVWHU ULVN
PDQDJHPHQW YHU\PXFK ,3&& 
x %&&6$3LVVXH0LWLJDWLRQDQGORZFDUERQGHYHORSPHQW
1H[W FRXQWU\ ZLWK LWV YHU\ ORZ FRQWULEXWLRQ WR WKH JHQHUDWLRQ RI JUHHQKRXVH JDVHV FRPSDUHG
WR GHYHORSHG FRXQWULHV ZDQWV WR HQVXUHWKDWLWVXUEDQGHYHORSPHQWDQGHQHUJ\VXSSO\GHYHORSPHQWZLOO
KDYH ORZ JUHHQKRXVH JDV HPLVVLRQV LQ WKH IXWXUH $OVR WKH\ DUH WDNLQJ SDUW LQ D UHIRUHVWDWLRQ
SURJUDPPH DQG H[SDQGLQJ RI PDQJURYH IRUHVWV DORQJ WKH VKRUHOLQH 0R()   +RZHYHU
LW FDQ EH D KXJH REVWDFOH IRU VXFK SRRU FRXQWU\ OLNH %DQJODGHVK LQ LWV IXUWKHU GHYHORSPHQW WR EXLOG
WKDW UHODWLYHO\ PRUH H[SHQVLYH LQIUDVWUXFWXUH ZLWK ORZ FDUERQ HPLVVLRQV )RU H[DPSOH LQ WKHLU VWXG\
%DOD HW DO  SURSRVH WUDQVLWLRQ WR XVLQJ UHQHZDEOH HQHUJ\ LQ WKH IXWXUH HQHUJ\ VXSSO\
GHYHORSPHQW RI WKH FRXQWU\ KRZHYHU LW ZRXOG GHSHQG RQ ODUJH WHFKQRORJ\ LPSRUWV LQ LWV ILUVW SKDVH
DQGWKXVDORWRIPRQH\QHHGVWREHLQYHVWHGLQLW
x %&&6$3LVVXH&DSDFLW\EXLOGLQJDQGLQVWLWXWLRQDOVWUHQJWKHQLQJ
7KH ODVW LVVXH LV IRFXVLQJ RQ VWUHQJWKHQLQJ WKH SRVLWLRQ RI JRYHUQPHQW PLQLVWULHV DQG DJHQFLHV
LQ %DQJODGHVK WR WDNH D OHDGHUVKLS SRVLWLRQ RQ PDWWHUV UHODWHG WR FOLPDWH FKDQJH ERWK LQ QDWLRQDO
DQG LQWHUQDWLRQDO OHYHO +XT   +RZHYHU ZRUOGZLGH WKHUH DUH DOVR YDULRXV RSLQLRQV DERXW
ZKR KDV WR RU KDV QRW WR WDNH D OHDGHUVKLS UROH LQ DGDSWDWLRQ WR FOLPDWH FKDQJHV )RU LQVWDQFH
DFFRUGLQJ WR H[SUHVLGHQW RI WKH &]HFK 5HSXEOLF .ODXV   LW LV LPSRUWDQWQRWWRSXVKDQ\FOLPDWH
FKDQJHV DERYH IXQGDPHQWDO LVVXHV RI OLEHUW\ DQG GHPRFUDF\ ,W LV DOVR LPSRUWDQW WR EH KXPEOH
RI VSRQWDQHRXV HYROXWLRQ RI KXPDQ VRFLHW\ DQG EH DZDUH RI LPSRUWDQFHRISHUFHSWLRQRIHYHU\SHUVRQ
WRQDWXUHDQG ORFDO HQYLURQPHQW
x :HDNQHVVHV RIWKHDGDSWDWLRQSODQDQGSURSRVHGVXJJHVWLRQV
)LQDOO\ LQ LWV %&&6$3 WKH JRYHUQPHQW GRHV QRW DQDO\VH WKH LVVXH RI SRVVLEOH IXWXUH PLJUDWLRQ
RI SHRSOH DIIHFWHG E\ ULYHU IORRGV DQG ULVLQJ VHD OHYHO,Q%&&6$3LWVWDWHVWKDWVHYHUDOPLOOLRQSHRSOH
FRXOG EH GLVSODFHG E\  0R()   +RZHYHU GXH WR KLJK SRSXODWLRQ GHQVLW\ LW LV QRW VRHDV\
WR UHKRXVH SHRSOH LQVLGH WKH FRXQWU\ 7KH FRQQHFWLRQ EHWZHHQ FOLPDWH FKDQJH DQGPLJUDWLRQRISHRSOH
PDLQO\ OLYLQJ LQ ORZO\LQJ FRDVWDO ]RQHV ZLWK KLJK SRSXODWLRQ GHQVLWLHV KDV URVH DPRQJ VFLHQWLVWV DQG
SROLF\PDNHUV LQ ODVW \HDUV 6WRMDQRY   $ PLJUDWLRQ DGDSWDWLRQ VWUDWHJ\ ZRXOG EH UHFRPPHQGHG
IRU %DQJODGHVK )RU H[DPSOH DGDSWDWLRQ SROLF\ RI WKH RWKHU FRXQWU\ 0DOGLYHV ZKLFK LV YHU\ OLNHO\
LQ PRUH H[WUHPH SRVLWLRQ WKDQ %DQJODGHVK ZLWK LWV WKUHDW RI ORVLQJ WKHHQWLUHDUHDVLWXDWHGRQORZO\LQJ
LVODQGV LV WR EX\ D ODQG LQ DQRWKHU FRXQWU\ DQG LQ VXFK ZD\ WR SUHYHQW EHLQJ HQYLURQPHQWDO UHIXJHHV
OLYLQJ LQWHQWVIRUGHFDGHVLQWKHIXWXUH 5DPHVK  
&21&/86,21
7R FRQFOXGH %DQJODGHVK DV D FRXQWU\ O\LQJ LQ WKH PRVW DWWDFNDEOH SODFH WR FOLPDWH KD]DUGV
LV RQH RI WKH PRVWYXOQHUDEOHDUHDWRLPSDFWVRIFOLPDWHFKDQJHLQWKHIXWXUH7KH WKUHHQDWXUDOFOLPDWH
KD]DUGV WKH IORRGV WKH WURSLFDO F\FORQH DFWLYLW\ FRQQHFWHG ZLWK WKH VWRUP VXUJHV DQG WKH GURXJKWV
DUH YHU\ OLNHO\ WR EH ZRUVH LQ WKH IXWXUH 7KH *RYHUQPHQW RI %DQJODGHVK LVDZDUHRIWKRVHLQFUHDVLQJ
ULVN KD]DUGV LQ LWV DUHD DQG KDV SODQQHG WR GR FRXSOH RI DGDSWDWLRQ DFWLRQV GHFUHDVLQJ WKH DGYHUVH
LPSDFWV RI FOLPDWH FKDQJHV ,Q LWV VWUDWHJ\ DFWLRQ SODQ %&&6$3 LW IRFXVHV RQ HQVXULQJ EDVLF QHHGV
RI LWV LQKDELWDQWV GHYHORSLQJ LQIUDVWUXFWXUH DQG XUEDQL]DWLRQ ZLWK HPSKDVLV RQ ORZ FDUERQ HPLVVLRQV
LPSURYLQJ GLVDVWHU PDQDJHPHQW UHVHDUFK DQG VWUHQJWKHQLQJ LQVWLWXWLRQV $ORQJ WKHVH VWUDWHJ\ SODQQLQJ
DFWLRQV LW LV DOVR LPSRUWDQW WR EH DZDUH RI WKHLU OLPLWDWLRQ HJ XQVXLWDELOLW\ IRU HQWLUH DUHD
GLVUHJDUGLQJ ORFDO FRQGLWLRQV DQG ORFDO SHRSOH QHHGV DQG WKHLU DELOLWLHV WR DGDSW
DQG DOVR XQDSSURSULDWHG PRQH\ GLVWULEXWLRQ DORQJ ULJKW SULRULWL]LQJ RI WKH DGDSWDWLRQ SODQV ,W ZRXOG
EH DOVR UHFRPPHQGHG WR KDYH D PLJUDWLRQ DGDSWDWLRQ VWUDWHJ\ IRU %DQJODGHVK GXH WR KLJK SUREDELOLW\
RIORVLQJ RILQKDELWDQWV KRPHVDQGFRXQWU\VDOUHDG\ YHU\KLJK SRSXODWLRQ GHQVLW\
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$EXO)D]O  $ +LVWRU\ RI %HQJDO >2QOLQH@ &DOFXWWD 7KH $VLDWLF 6RFLHW\
$YDLODEOH DWKWWSSHUVLDQSDFNKXPRUJ >@
$O 3DYHO 0$ &KRZGKXU\ $$ $O 0DPXQ 0$(FRQRPLFHYDOXDWLRQRIIORDWLQJJDUGHQLQJ
DV D PHDQV RI DGDSWLQJ WR FOLPDWH FKDQJH LQ %DQJODGHVK ,QWHUQDWLRQDO -RXUQDO RI (QYLURQPHQWDO
6WXGLHV   ±
%DOD %. $ODP 06 'HEQDWK 1  (QHUJ\ 3HUVSHFWLYH RI &OLPDWH &KDQJH 7KH &DVH
RI %DQJODGHVK 6WUDWHJLF3ODQQLQJIRU(QHUJ\DQGWKH(QYLURQPHQW   ±
+XT 6  /HVVRQV RI FOLPDWH FKDQJH VWRULHV RI VROXWLRQV %DQJODGHVK $GDSWDWLRQ %XOOHWLQ
RIWKH$WRPLF6FLHQWLVWV   ±
+XT6&OLPDWH FKDQJH DQG%DQJODGHVK 6FLHQFH 
,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH ,3&&   &OLPDWH &KDQJH  7KH 3K\VLFDO
6FLHQFH %DVLV >2QOLQH@ 6ZLW]HUODQG ,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH
$YDLODEOH DWKWWSVZZZLSFFFKUHSRUWDUZJ >@
,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH&KDQJH ,3&&  0DQDJLQJWKH5LVNRI([WUHPH (YHQWVDQG
'LVDVWHUV WR $GYDQFH &OLPDWH &KDQJH $GDSWDWLRQ >2QOLQH@ &DPEULGJH 8. DQG 1HZ <RUN 1<
86$ &DPEULGJH 8QLYHUVLW\ 3UHVV $YDLODEOH DWKWWSVLSFFFKUHSRUWVUH[ >@
.KDQ $( ,UHVRQ $ .RYDWV 6 0RMXPGHU 6. .KXVUX $ 5DKPDQ $ 9LQHLV 3 
'ULQNLQJ :DWHU 6DOLQLW\ DQG 0DWHUQDO +HDOWK LQ &RDVWDO %DQJODGHVK ,PSOLFDWLRQV RI &OLPDWH &KDQJH
(QYLURQPHQWDO+HDOWK 3HUVSHFWLYHV   ±
.ODXV90RGUiQLNROL]HOHQiSODQHWDY\G3UDKD'RNRĜiQ
.UHIW 6 (FNVWHLQ ' 0HOFKLRU ,  *OREDO &OLPDWH 5LVN ,QGH[  :KR VXIIHUV PRVW IURP
H[WUHPH ZHDWKHU HYHQWV" :HDWKHUUHODWHG ORVV HYHQWV LQ  DQG  WR  >2QOLQH@
%RQQ%HUOLQ *HUPDQZDWFK$YDLODEOH DW KWWSJHUPDQZDWFKRUJHQFUL >@
0RQLUX]]DPDQ 6  &URS FKRLFH DV FOLPDWH FKDQJH DGDSWDWLRQ (YLGHQFH IURP %DQJODGHVK
(FRORJLFDO(FRQRPLFV ±
0LQLVWU\ RI (QYLURQPHQW DQG )RUHVWV 0R()  *RYHUQPHQW RI WKH 3HRSOHV 5HSXEOLF RI %DQJODGHVK
 %DQJODGHVK &OLPDWH &KDQJH 6WUDWHJ\ DQG $FWLRQ 3ODQ  >2QOLQH@ 'KDND %DQJODGHVK
0LQLVWU\ RI (QYLURQPHQW DQG )RUHVWV *RYHUQPHQW RI WKH 3HRSOHV 5HSXEOLF RI %DQJODGHVK
$YDLODEOH DW KWWSVZZZLXFQRUJFRQWHQWEDQJODGHVKFOLPDWHFKDQJHVWUDWHJ\DQGDFWLRQSODQ
>@
1LVKDW $ 0XNKHUMHH 1  &OLPDWH &KDQJH ,PSDFWV 6FHQDULR DQG 9XOQHUDELOLW\ RI %DQJODGHVK
,Q &OLPDWH &KDQJH $GDSWDWLRQ $FWLRQV LQ%DQJODGHVK >2QOLQH@ -DSDQ6SULQJHUSS$YDLODEOH
DWKWWSVERRNVJRRJOHVHERRNV >@
5DPHVK 5   3DUDGLVH DOPRVW ORVW 0DOGLYHV VHHN WR EX\ D QHZ KRPHODQG >2QOLQH@
$YDLODEOH
DW
KWWSZZZWKHJXDUGLDQFRPHQYLURQPHQWQRYPDOGLYHVFOLPDWHFKDQJH
>@
5XDQH $& 0DMRU '& <X :+ $ODP 0 +XVVDLQ6*.KDQ$6+DVVDQ$$O+RVVDLQ
%07 *ROGEHUJ 5 +RUWRQ 50 5RVHQ]ZHLJ &  0XOWLIDFWRU LPSDFW DQDO\VLV
RI DJULFXOWXUDO SURGXFWLRQ LQ %DQJODGHVK ZLWK FOLPDWH FKDQJH *OREDO (QYLURQPHQWDO &KDQJH
 ±
6KDPHHP 0,0 0RPWD] 6 .LHP $6  /RFDO SHUFHSWLRQV RI DQG DGDSWDWLRQ WR FOLPDWH
YDULDELOLW\ DQG FKDQJH WKH FDVH RI VKULPS IDUPLQJ FRPPXQLWLHV LQ WKH FRDVWDO UHJLRQ RI %DQJODGHVK
&OLPDWH&KDQJH±
6WRMDQRY 5 .HOPDQ , 8OODK $$ 'Xåt % 3URFKi]ND ' %ODKĤWRYi ..  /RFDO ([SHUW
3HUFHSWLRQVRI0LJUDWLRQ DVD&OLPDWH &KDQJH $GDSWDWLRQ LQ%DQJODGHVK 6XVWDLQDELOLW\  
<RXQXV 0$)  )ORRG 9XOQHUDELOLW\ DQG $GDSWDWLRQ WR &OLPDWH &KDQJH LQ %DQJODGHVK
$ 5HYLHZ -RXUQDORI(QYLURQPHQWDO$VVHVVPHQW3ROLF\DQG0DQDJHPHQW   ±
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A COMPARATIVE ANALYSIS OF THE DYNAMICS
OF CHANGES IN WASTE ACCUMULATION INDICATORS
IN SELECTED SUBURBAN COMMUNES – CASE STUDY
0$5,$à8.$6,(:,&=0ATEUSZ MALINOWSKI, ARKADIUSZ RELIGA
Institute of Agricultural Engineering and Computer Science
Department of Technical Infrastructure and Eco-power engineering
University of Agriculture in Krakow
Balicka 116b, 30–149 Krakow
POLAND
mery.lukasiewicz@gmail.com
Abstract: Knowledge of the technological characteristics of municipal solid waste (mixed
and segregated) such as accumulation indicators provides the necessary information indispensable,
for example, in the choice of appropriate waste treatment method and is essential in the planning
process of the waste management system. The aim of the study was to carry out a comparative
analysis of changes in mass accumulation index of mixed and segregated municipal solid waste
in selected rural (suburban) communes in Poland in order to identify trends of changes
in the accumulation of waste. In addition, the objective of the study was to determine the relationship
between the calculated indicators and the socio-economic factors that can impacted on them.
Data on waste for the period 2013–2015 was obtained from the MIKI Company in Krakow (Poland).
In all analysed communes, the indicators of mixed municipal solid waste showed an upward trend;
however, the efficiency of segregation in rural areas decreased which negatively reflects the ecological
awareness of the inhabitants.
Key Words: waste accumulation, municipal solid waste, dynamics of change
INTRODUCTION
Municipal solid waste is household waste and waste from other generators which do not contain
hazardous wastes which, by their nature or composition, are similar to household waste (JoL 2013,
No 21 as amended). Other generators of municipal solid waste include infrastructure facilities
such as government agencies, offices, educational institutions as well as small trading and service
companies. In 2013, an average resident of the European Union produced 481 kg of municipal solid
waste. Poland, with the rate of 273 kg/person/year, is one of those countries in Europe that produces
VLJQLILFDQWO\ OHVV ZDVWH WKDQ WKH (8 DYHUDJH 6]XO DQG 1ĊFND   ,Q 3RODQG WKH DPRXQW
of municipal solid waste generated is assessed on the basis of the data published by the Central
Statistical Office (CSO), which come from the reporting, the register as well as the population balance
and housing stock in a given calendar year (=EURĔVNL   :DVWH WUHDWPHQW DQG GLVSRVDl plants
are an additional source of information on the mass of generated waste (den Boer et al. 2009).
Studies on the properties of municipal solid waste, including accumulation indicators,
are regularly performed mainly for urban waste in large cities (Felice 2014, Gomez et al. 2008, Sieja
2006, Tran et al. 2014). The analyses and tests of municipal solid waste are also carried out in rural
FRPPXQHV $GDPFRYD HW DO  -DPUy] DQG *HQHURZLF]  0DOLQRZVNL DQG .RS\WNR 
Przydatek 2016, Przydatek HWDOĝZLHUNDnd Twardy 2008); however, on a significantly lower
scale and much less frequently due to the high costs of such studies (resulting primarily
from the necessity of parallel analysis of the morphological composition of waste). Some trends
in changes in the waste accumulation indicators can be identified for cities where research
was repeated. Sieja (2006) concluded that the indicators of mass accumulation in large cities
(over 500 000 inhabitants) increased systematically. In Poland about 77% of collected municipal solid
waste was generated in urban areas, whereas in rural areas it was about 23% (NWMP 2016).
The lower share of waste from the rural areas may result, among other things, from the management
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of some waste groups within reVLGHQWV¶ SURSHUW\ 0DOLQRZVNL   7\SLFDO VXEXUEDQ DUHDV
that is rural communes directly adjacent to the main city of the agglomeration were often overlooked
in these studies. The analysis of the accumulated waste in these communes, mainly inhabited
by people who commute to work in the main city of the agglomeration, is interesting from a cognitive
SHUVSHFWLYHDQGGHPRQVWUDWHVWKHLQKDELWDQWV¶EHKDYLRXURIWKHVHFRPPXQHV7KHUHVHDUFKGHWHUPLQLQJ
the impact of socio-economic factors on the amount of municipal solid waste produced are often based
on the calculated indicators (Lebersorger and Beigl 2011, Purcell and Magette 2009, Szul et al. 2017)
to better understand the waste generation mechanisms and trends that occur in this regard.
The aim of the study was to analyse the mass accumulation indicators of mixed municipal solid
waste and selectively collected waste in 3 rural communes (Figure 1) located in the agglomeration
of Krakow (Liszki, Skawina and Biskupice) so as to determine the dynamics of changes
in the accumulation of waste on a monthly basis. In addition, the research attempted to show
the influence of selected socio-economic factors (which characterize these communes) on the mass
of generated waste.
Figure 1 Location of the analysed suburban communes

MATERIAL AND METHODS
Data on waste was obtained from the MIKI company in Krakow which deals with the transport
and management of waste from the area of the Krakow agglomeration. The analysis of raw data
provided by the company allowed to determine the mass of municipal solid waste (mixed
and segregated) collected from individual communes (on a monthly and yearly basis)
which was then utilised to calculate the mass accumulation indicators of mixed waste a ij(z)
and selectively collected waste aij(s). The indicators determine the mass of solid waste collected
in a given unit expressed in units of mass per capita. The mass accumulation indicator was calculated
on the basis of the dependence (1):

aij ( z , s )

¦

d
i 1

mij ( z , s )

M i  di( z,s)

 365 [kg / M / rok]

(1)

Legend: m ± the mass of collected municipal solid waste mixed (z) or selectively collected waste (s) from a given commune (i)
during a given month/year (j) [kg]; M ± number of residents [-]; d ± number of days of collection (for month d = 30.8);
365 ± number of days per year.

The efficiency of segregation eij, which is expressed as the proportion of waste selectively
collected in relation to all collected municipal solid waste. The efficiency of segregation
was calculated on a monthly and yearly basis (2):

eij ( s )

mij ( s )
mij ( z )  mij ( s )

 100 [%]

(2)

The average chain index of dynamics of changes i LQ ZDVWH DFFXPXODWLRQ =HOLDĞ  
was used to define trends and determine the dynamics of changes in waste accumulation (3):
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(3)

Legend: y0 ± value of the studied phenomenon in the period taken as a basis for comparison; y1,y2,y3«\n ± value of the waste
accumulation indicator in subsequent years.

Based on the above calculated indicator, the average annual change rate T was determined (4):

T

(i  1)  100 [%]

(4)

The average rate is interpreted as the average increase (+) or (±) in waste mass expressed
as a percentage. The calculation of the indicator best illustrates a multi-month trend.
The two-dimensional statistical analysis, the r-Pearson correlation coefficient
in the STATISTICA 11 program was utilized to determine the relationship between the calculated
indicators of waste accumulation and the selected factors characterizing the investigated communes
(among others: population density, age and employment structure, water and gas consumption).
RESULTS AND DISCUSSION
Indices of waste accumulation
Table 1 shows the results for individual communes from the study period. Among the examined
communes, the highest average mass accumulation indicator of both mixed and segregated waste was
noted in the municipality of Skawina. The lowest average mass accumulation indicator for mixed
and segregated waste was observed in the Biskupice commune. The values obtained for the mass
DFFXPXODWLRQ LQGLFDWRUV RI PL[HG PXQLFLSDO VROLG ZDVWH GLG QRW H[FHHG WKH FRXQWU\¶V DYHUDJH
of 273 kg/M/year in 2013. Taking into account the ranges of mass accumulation indicators
for different types of settlement units, only the Liszki and Biskupice communes fell into the range
typical of rural areas. The accumulation of waste in the municipality of Skawina was representative
of small and medium-sized towns.
Table 1 Basic characteristics of mass accumulation indicators of mixed and segregated waste
collected in communes questioned
Parametr
Minimum
Maximum
Average
Standard deviation
Coefficient of variation

Unit

kg/M/year
-

Mixed municipal solid waste

Segregated municipal solid waste

Liszki

Skawina

Biskupice

Liszki

Skawina

Biskupice

59.5
168.0
98.2
27.2
0.28

196.3
345.2
260.6
47.8
0.18

63.0
103.3
86.3
12.3
0.14

37.6
65.2
52.9
7.7
0.15

62.3
101.4
80.1
10.1
0.13

25.4
49.8
39.8
6.2
0.16

In the Liszki commune, the largest accumulation of mixed waste occurred
in August 2015 (168.0 kg/M/year), while the lowest in November 2013 (59.5 kg/M/year). The highest
accumulation indicator of segregated waste was observed in August 2014 and the lowest in July 2013.
The average mass indicator of mixed waste in the Liszki commune was significantly lower
than the value obtained in the research by Malinowski and Kopytko (2014). Their calculated indicator
for the same commune for the turn of 2012 and 2013 was virtually twice as high and amounted
to 166.1 kg/M/year.
In the municipality of Skawina the average indicator of mass accumulation of mixed waste
for the period considered came to 260.6 kg/M/year. In the case of selectively collected waste,
this indicator was more than three times lower and amounted to 80.1 kg/M/year. The highest indicator
value for mixed waste was recorded in September 2015 (345.2 kg/M/year), while the lowest
in December 2013 (196.3 kg/M/year). In the case of selectively collected waste, the highest indicator
occurred in August 2014 (as in the Liszki commune) and the lowest in January 2015.
The accumulation of mixed waste shows an upward trend. Comparing the results of the study
to Malinowski's (2013) research, it was noted that the calculated average accumulation indicators
for both mixed and segregated waste were higher than in 2011 and 2012. The difference between
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the accumulation of mixed waste amounted to about 78 kg/M/year and between the accumulation
of selectively collected waste came to approximately 15 kg/M/year. In the Biskupice commune,
the highest accumulation indicator for both mixed and selectively collected waste was recorded
in August 2015 and the lowest in July 2013 (as in the Liszki commune). The values of average
biomass accumulation indicators collected for the Biskupice commune were lower than those obtained
in Malinowski's (2013) research. In the case of mixed municipal solid waste, the difference came
to nearly 11 kg/M/year. For segregated waste, mass accumulation in years 2010-2012 was lower,
on average, by 17 kg/M/year.
The efficiency of segregation
The average share of segregated waste in all waste collected for the surveyed communes came
to 27.5%. In the analysed period the value of the segregation efficiency for the whole country
increased from 13.5 to 19.8%. The highest share of segregated waste was in the Liszki commune
and amounted to 35.7%, while the smallest share of waste, 24%, was observed in the municipality
of Skawina (Table 2).
It is disturbing that the proportion of selectively collected waste is decreasing in all municipal
solid waste accumulated in every investigated commune (Figure 2). The share of selectively collected
waste in the Liszki commune in 2015 was as much as 10% lower than in 2013. The main cause
of this alarming trend is the increasing mass of mixed municipal solid waste.
Figure 2 Segregation efficiency in an annual term
Segregation efficiency
[%]

50
40
2013
2014
2015

30
20
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0
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SKAWINA

BISKUPICE

Table 2 Segregation efficiency in the investigated communes and average annual change rate
Parametr
Minimum
Maximum
Average
Standard deviation
Coefficient of variation
Average annual change

Unit

%
%

Liszki

Skawina

Biskupice

24.6
47.5
35.7
5.1
0.15
-6.9

16.6
30.6
24.0
4.0
0.18
-8.3

28.7
40.0
31.6
3.1
0.09
-0.6

The dynamics of changes in waste accumulation
A significant increase in the mass of mixed municipal waste per capita was observed
in all communes. The largest increase occurred in the Liszki commune where the average rate
of growth dynamics of mixed waste was highest and amounted to 15.6% and 13.3%, respectively
(in 2015 in the Liszki commune 125.7 kg/M of waste was collected, almost twice as high as in 2013).
In the remaining communes the rate of change dynamics (for mixed waste) came to 8.2% in the case
of the Skawina municipality and 7.8% for the Biskupice commune.
The increase in the mass of segregated waste was observed only in the communes
of Biskupice (6.7%) and Liszki (3.0%). In the Biskupice commune 47 kg/M was produced in 2015.
This is 11 kg/M more than in 2013. In the municipality of Skawina the mass of waste selectively
collected decreased in comparison to previous years. The average rate of the dynamics of changes
for segregated waste in this municipality amounted to -3.1%.
Significant linear relationships between the analysed indicators were observed for the following
socio-economic factors (matrix of Pearson's linear correlation coefficients between selected
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socio-economic factors describing the investigated communes and calculated accumulation indicators
as well as segregation efficiency):
a) Population density – the higher the analysed area is, the higher the accumulation indicators
of mixed and segregated waste are;
b) The share of the pre-working population – in areas where the percentage of the pre-working
population is high, there is less likelihood of obtaining high rates of mixed and segregated waste
accumulation. On the other hand, the greater the share, the higher the efficiency of segregation;
c) Percentage of the working-age population – a higher proportion of the population of this group
positively affects segregation efficiency;
d) As the share of the post-working population increases, the accumulation of mixed and segregated
waste rises, but the efficiency of segregation decreases;
e) Working class strongly influences the indicators of the mass accumulation of selectively collected
waste. The higher the percentage of the group, the higher the accumulation of segregated waste;
f) The higher the proportion of dwellings with central heating and bathrooms, the higher
the indicator of mass accumulation of mixed and segregated waste;
g) The percentage of inhabitants utilising wastewater treatment plants positively correlates
with the indicators tested. It shows that the more people use the sewage treatment services,
the higher the accumulation indicators are;
h) Factors such as water consumption per capita and the proportion of women in society influence
significantly the indicators of waste accumulation.
Table 3 Linear correlation matrix
Indices

Mass accumulation
indicator of mixed
waste

Mass accumulation
indicator of
segregated waste

Segregation
efficiency

Population density

0.71

0.77

-0.42

Percentage of population of pre-working age

-0.91

-0.74

0.72

Percentage of population of working age

-0.59

-0.21

0.82

Percentage of population of potst working age

0.87

0.61

-0.81

Percentage of employees

0.47

0.84

-0.01

Percentage share of unemployed persons

0.32

0.00

-0.48

Share of dwellings equipped with central heating

0.79

0.98

-0.35

Share of dwellings equipped with bathroom

0.75

0.85

-0.51

Share of the population using wastewater treatment

0.64

0.85

-0.47

Gas consumption per capita

-0.02

0.27

0.25

Water consumption per capita

0.70

0.86

-0.35

Density of water supply network

-0.31

0.11

0.54

Density of the sewage network

0.06

Share of women in population
0.85
Legend: key correlation coefficients with values |R| > 0.6 were marked in blue.

0.17

-0.09

0.65

-0.83

CONCLUSION
Over the review period, a noticeable increase in the indicators of mixed municipal solid waste
is noted. The communes in question are characterized by a similar share of segregated waste
in all generated municipal solid waste. There was an increase in the mass of segregated waste collected
in all communes except for Skawina. Regrettably, during the period considered, the efficiency
of segregation declined. There are significant relationships between the mass of waste generated
and the socio-economic factors. These factors include, for example, population density and the share
of dwellings with central heating or bathrooms.
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Abstract: Social-economic transformation of Nitra city is significantly influenced by the process
of commercial suburbanization. Main localization factors affecting progress of this process within
the observed area are the very good traffic accessibility with good connection to the highway R1, large
industrial buildings in this area as well as large available land for commercial purposes. The analysis
of WKH GHYHORSPHQW RI FRPPHUFLDO VXEXUEDQL]DWLRQ LQ ýHUPiĖ GLVWULFW ZDV EDVHG RQ FRPSDULVRQ
of the amount of commercial objects in 1998 and 2017. Commercial suburbanization marked an increase
in 76 objects (starting with 11 in 1998 to 87 in 2017). The basis for this analysis was field research
that provided data for real number of objects. Additionally, comparison of aerial photographs identified
the growth of areas used for commercial purposes in the analyzed period as well as circumstances
affecting localization of individual objects. Based on the research, it is foreseeable that the process
of commercial suburbanization will continue to record steep increase in the number of objects.
The presumption is associated with continuous thickening of the built-up area, with the revitalization
of abandoned buildings as well as with significant change in the function of fertile agricultural land.
Key Words: Nitra city, FLW\GLVWULFWýHUPiĖFRPPHUFLDOVXEXUEDQL]DWLRQFRPPHUFLDOobjects
INTRODUCTION
Many scientific papers are focused on research of cities as they are complex objects of geographic
studies. Large scale of economic, social and cultural processes happen in cities. Cities can be seen as
centers of social changes, cultural transformation and economic innovation 6ODYtN DQG *UDF 2009).
Currently, a remarkable increase in business activities that bring new commercial purposes such as retail
and wholesale areas, logistic zones, production areas, warehouses and administrative buildings
to originally agricultural cities can be observed in Slovakia. These processes similarly to other cities
in Slovakia also in Nitra lead to transformation of social-economic structure of Nitra city. They appear
mainly in peripheral urban areas with well-built transport infrastructure, close links to the R1 highway,
plenty of relatively cheap uncultivated plots, existing industrial buildings, and family homes
with original residential functions. Due to the significant development of the analyzed process,
there is a significant change in the function of the fertile agricultural land, the thickening of the built-up
area, the revitalization of abandoned buildings used in the past especially for industrial production,
but also the change of the original residential function to the detriment of the commercial one.
Newly localized objects have positive as well as negative impacts. The positive consequences are e.g.
new employment opportunities and better access to diverse services. On the contrary, the negative
consequences are the significant increase in the traffic congestion, the increase in emissions from motor
vehicles, the advertising smog and the aesthetic changes due to the construction of new commercial
buildings.
MATERIAL AND METHODS
There have been significant changes in the suburban areas since the mid of 20th century.
While in the 1950s suburban areas were perceived as "no-fit, homogeneous night-time communities"
(Gober 1989), a number of industrial and service entities have been deployed in recent decades
(Hahn 2014). Today, this process is known as commercial suburbanization. According to Champion
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(2001) commercial suburbanization is linked to industry, retail, administration as well as high tech
business decentralization. 2XĜHGQtþHN (2002) includes to the commercial suburbanization
also the spatial extension of business functions linked to the central traffic lines.
According to 6HGOiNRYi(2005), transport accessibility is the basic localization premise of commercial
objects. OuĜHGQtþHNHWDO. (2008) argue that commercial suburbanization is part of a suburbanization
process that includes the transfer of commercial activities (trade, production, storage, entertainment
and administration) from the core of the city to their rural areas. The process of commercial
suburbanization also refers to the non-residential suburbanization, including the transfer
of non-commercial functions, schools, offices and museums. The number of authors dealing
with and analyzing commercial suburbanization process in Slovakia is gradually growing, e.g.
6HGOiNRYi (2005)'DQLHORYi(2008)0DVQêDQG 'XEFRYi(2010)âYHGDDQG.ULåDQ(2012)5HSDVNi
DQG0DViURYi(2014)0LGOHUDQG'XEFRYi(2016).
The aim of this paper is to analyze development and forms of the process of commercial
VXEXUEDQL]DWLRQ LQ WKH WHUULWRU\ RI WKH FLW\ GLVWULFW ýHUPiĖ LQ WKH SHULRG RI  DQG 
The number of commercial objects in 1998 was based on the data from the publication Nitra-detailed
atlas. It was compiled by a field survey of the Department of Geography and Regional Development
in Nitra. The status of commercial objects in 2017 was analyzed during actual field research.
The comparison of aerial photos between 1991 and 2017 brought data showing the increase in areas
used for commercial purposes. Due to data privacy and personal data protection, information about
individual businesses and their operations from www.finstat.sk web portal are delivered in intervals.
The standard geographic methods such as analysis, synthesis, comparative method,
mathematical-statistical and cartographic method were applied to process the data.
RESULTS AND DISCUSSION
All rural districts of the Nitra city LQFOXGLQJ FLW\ GLVWULFW ýHUPiĖ show significant impact
of commercial suburbanization process. Commercial objects are located in the observed district along
the main traffic line &DEDMVNiXOLFD&DEDMVNiXOLFDconnects WKHýHUPiĖcity district to the R1 highway.
ýHUPiĖ FLW\ GLVWULFW is also directly connected to the town âDĐD (Nitra region). Development
of commercial suburbanization in this area is remarkably affected by good traffic availability
and a direct connection of the R1 highway to the capital city Bratislava as well as the county town
%DQVNi %\strica %DQVNi%\VWULFD region). Besides the well-developed traffic infrastructure, the city
district disposes of available land used for agricultural purposes, existing large-scale industrial centers
as well as large buit-up areas of family houses.
Beginnings of the commercial suburbanization process in Nitra district ýHUPiĖ are observed
already in the beginning of the post war period when Czechoslovak Automobile Company ý6$' 
and state-owned factory Western Slovak butchery were bDVHG LQ ýHUPiĖ FLW\ GLVWULFW. Commercial
objects remain this way until the transformation period that significantly affected all industrial areas
in 6ORYDNLD/RRNLQJDWý6$'WUDQVIRUPDWLRQSURFHVVOHDGWRD split into passenger transport and freight
in 1993. Hence, Freight Nitra is established (NAD Nitra). Former Western Slovak butchery undergone
similar but more complex transformation process. Company ended its activities
in 1993 and 6FKlUGLQJHU-Milex plc. was established instead. It was renamed to AGROMILK plc. later.
Due to small domestic milk demand, the operations closed. AGRO TAMI has dominated the industrial
zone since 2008. Further important commercial objects in the city district are TAURIS SIESTA ltd.
(headquarters are in 5LPDYVNi 6RERWD  Bramac ± roofing systems ltd. (headquarters are in Ivanka
pri Nitre), LEMUS and Aika. Only Bramac and LEMUS exist today. However, Aika transferred
its operations to the city district Old Town.
Commercial objects LQ ýHUPiĖ FLW\ GLVWULFW JUHZ by 76 entities between 1998 and 2017
(11 in 1998, 87 in 2017). They are mainly located along the traffic line (road II/562) and they use large
industrial area established by Western Slovak butchery. 41 objects were located on its premises in 2017.
The most significant entity is AGRO TAMI ltd. focused on milk processing. AGRO TAMI ltd.
employed the most employees 2017 (more than 200 employees) in the area. Dominant entity
is PHARMAGAL-BIO ltd. that covers with its premises the largest area. Though the large plot coverage
it has only around 20 employees. The highest number of operations are micro-organizations with less
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than 10 employees. On the one hand, they are located in already existing premises. On the other hand,
they rearrange already existing premises for rent.
Industrial zone left by the former Czechoslovak State Automobile Company is facing significant
suburbanization process. However, the dominant entity is Freight Nitra in this industrial zone. Although,
it does not use as large areas as the former Czechoslovak State Automobile Company. As a consequence,
it rents the majority of the area to other objects. 6 commercial objects were located in this zone
(incl. Freight Nitra) in 2017. Existing buildings are used for industrial production (production of metal
constructions and its parts ± SANZELL, ltd., lighting production ± SEC ltd., production of mining
machines and building construction ± Menzi MUCK Slovakia, ltd.) as well as construction entity
(STAVEX Nitra ltd.) and wholesale store (HEDONIA ltd.).
Relatively large area was used by BRAMAC with headquarters in Ivanka pri Nitre in the past.
Although the area is relatively large, only 3 objects are located there (HRI$'(ď OWG
,QJ0LURVODY6iGRYVNê67$9(%1È),50$6È'296.éDQG$872-DUMI ltd.). The largest part
RIWKH]RQHEHORQJVWR+5,$'(ďOWGVSHFLDOL]HGLQZKROHVDOHRIDJULFXOWXUDOPDFKLQHVDQGDFFHVVRULHV
with more than 50 employees.
Figure 1 Objects of commercial suburbanization in city district ýHUPiĖ in 1998

Legend: Processed by article authors, 2017

ýHUPiĖ¶VVXEXUEDQL]DWLRQSURFHVVGRHVQRWdevelop at the cost of agricultural land. The spread
of commercial zones increased by 5.7 ha (57.9 ha in 1998, 63.6 ha in 2017). Growth of the commercial
zone was marked mainly in the Southwestern ]RQH RI WKH ýHUPiĖ WKDW was dedicated to residential
buildings. Due to good accessibility of the R1 highway some private entities moved their operations
to this area. Consequently, it lead to the transformation from residential to industrial function. Similar
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WUDQVIRUPDWLRQ SURFHVVHV ZHUH REVHUYHG DORQJ WKH 'ROQRþHUPinska Street where new entities were
established in the family houses. However, here residential function remains.
Development of commercial suburbanization brings with remarkable changes in functional use
of the area. Whereas the areas were used by mono-industrial commercial zones in the past (Figure 1),
poly-industrial zones prevail today (Figure 2). Single-industrial zone is only the area used
by the company Roads Nitra focusing on bitumen production. This zone is isolated from the city
built-up-area and from other commercial zones.
Figure 2 Objects RIFRPPHUFLDOVXEXUEDQL]DWLRQLQFLW\GLVWULFWýHUPiĖLQ 2017

Legend: Processed by article authors, 2017

There is a strong differentiation process between 1998 and 2017 based on the industrial
specialization of the commercial objects between 1998 and 2017. Individual branches were represented
in relatively balanced portion in 1998 (Figure 1). However, in 2017 (Figure 2) wholesale dominates
(23 objects). The most important wholesale commercial subject was company MED ± ART ltd.
(more than 250 employees). It is specialized in pharmaceutical wholesale business. Other significant
wholesale companies in the district are MPL building materials, Vaillant ± 025$ DQG +ULDGHĐ
with 50±99 employees. Further entities have less than 10 employees.
Additionally, intensively represented is also the building industry (13 objects), the industrial
production (13 objects) and the retail business (12 objects) (Figure 3). Companies focused on road
and highway construction dominate the construction industry. Moreover, construction of residential
and commercial buildings play an important role in the construction industry. STAVEX Nitra plc.
is one of the most powerful companies in this area with 200±249 employees. Branch industrial
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production is dominated by SEC ltd. with 200±249 employees. All retail shops have less
than 10 employees.
On the contrary to other rural city districts, ýHUPiĖ FLW\ GLVWULFW is dominated by service
and maintenance of motor vehicles (4 objects). Car dealers are rather rare (5 objects: AUTO-DUMI,
PP &$56â.2'$0272-$6&DUVSDUHSDUWV7) 
Figure 3 Objects RIFRPPHUFLDOVXEXUEDQL]DWLRQLQFLW\GLVWULFWýHUPiĖLQ 2017

CONCLUSION
Commercial suburbanization is present in all major cities of Slovakia. However, their intensity
and form of expression significantly GLIIHU&DSLWDOFLW\DQGWKHFRXQW\WRZQ.RãLFH .RãLFHUHJLRQ 
follow a similar suburbanization process as other Western European cities. Many entities in these areas
transfer their premises outside of the city centers in form of wholesale, sports and relax centers.
Smaller but administratively significant cities observe the process of commercial suburbanization
in the peripheral parts along major traffic lines, such as Nitra city. Commercial objects are localized
mainly along main traffic roads in large industrial zone. Centers are EXLOWRQ³JUHHQILHOG´or they occupy
family houses with former residential function. Suburbanization boom in Nitra was significantly
influenced by the construction of the R1 highway that connects Nitra city with the capital city Bratislava
as well as with the county town %DQVNi%\VWULFD %DQVNi%\VWULFDUHJLRQ 0RUHRYHUWKH large number
of built and unused industrial buildings as well as a large number of inexpensive family houses played
an important role.
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Abstract: In the model area of intensively used agricultural landscape was realized the detailed pedologic
survey. The aim of the survey was to explore the area by 37 ha, LQ WKH FDGDVWUDO DUHD RI 5LãĖRYFH
and 5XPDQRYi municipalities, affected by water erosion. The complication of the study area
was multiplied by the heterogeneity of substrate subsoil and transition zone of the Chernozem area
to the area of Haplic Luvisols. The model area was explored by 111 probes spaced at nearly regular
network. By using digital elevation model were created 25 sites of elementary georelief forms.
Their detailed survey was carried out in relation to the identification of soil units (soil type, soil class,
variety, form). In the paper, we point out to the fact that the composition of the soil cover is different
from the Complex Survey of Agricultural Soils (1ČPHþHN LWV reflecting not only the development
of erosion-accumulation processes, but also mapping methods in the past and today. These differences
were demonstrated on the example of small model area.
Key Words: water erosion, erosion-accumulation processes, elementary georelief forms, soil units,
erosion factors
INTRODUCTION
Soil is one of the most important landscape component. Not only natural, but also anthropogenic
processes affect it and if they are dominant, can lead to the soil degradation to the level of total
loss of the basic soil quality - fertility. The anthropogenic impact to the soil is manifesting by intensive
agricultural landscape using. Inappropriate agricultural land use causes a number of degradation
processes, including soil erosion.
6RLO HURVLRQ DV UHSRUWHG )XODMWiU DQG -DQVNê   LV PDQLIHVWHG E\ FRntinuous movement
of soil mass and can be very dangerous. In some cases, soil erosion can be considered as a natural
threat that leads to total soil degradation, to the occurrence of degraded soil as understood
it (Midriak 2004, 2007). The intensity of this process is due to direct (mostly water and wind)
but also to indirect factors and conditions (geological basis, surface and vegetation). However,
only human activity is one of the factor that initiates erosion processes (including tillage erosion).
So it is clear, that the soil needs to be protected by frequent monitoring. However, this is an economic
and time-consuming process. Therefore we have decided to apply our research at the topical level
in agricultural land with an area of 36.77 hectares, which lies in a strongly eroded area of Slovakia
)XODMWiUDQG-DQVNê ,WOLHVRQWKHERUGHUEHWZHHQ5LãĖRYFHDQG5XPDQRYiDQGKDVVKRUWERUGHU
ZLWK9HĐNp=iOXåLH,WEHORQJVWRWKH1LWUDUHJLRQDQGWKH1LWUDGLVWULFW,QDQRQ-homogeneous landscape
environment, there is a need for more accurate mapping by using more modern means such as the digital
surface model (DMR) by the Geographic Information System (GIS).
The aim is to identify the erosive areas of the selected area and to determine the dominant
influencing factor to the intensity erosion activity. To point out the differentiation of soil genesis
in relation to the localization of soil units and surface in the erosion-accumulation environment.
It includes a proposal for a more detailed method of mapping, defining and analyzing soil areas
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in a non-homogeneous landscape, which is under the constant influence of water surface erosion through
the concept of creating elementary surface forms. We would like to propose a way of creating areas
that should be monitored more frequently on the basis of this concept.
MATERIAL AND METHODS
To achieve the aim, we chosed two methodologies: Terrain mapping of soils - in accordance with
SURSRVHGVWDQGDUGVRLOVXUYH\SURFHGXUHVLQWKHSDSHU ýXUOtNDQGâXULQD 1998) we created contour line
network of 111 soil probes uniformly spDFHG DERXW  P %DONRYLþ 5DPSDãHNRYi +XWiU 6RERFNi
and 6NDOVNê ). On average, there were 3 probes per hectare, which confirms detailed mapping
at a scale of 1 : 10 000. The probes were made by Edelman soil drill to a depth of 120±130 cm
respectively after reaching the soil-forming substrate. Each point in the network was geographically
identified by the ArcGISTM, i.e. by latitude and longitude. The terrain was subsequently searched
by using the eTrex Venture Cx GPS. The real geographic coordinates of the point (probe) were recorded
in the soil notepad. The location of soil probes was digitized in ArcGISTM and vectorized georeferenced
data layer was created (Figure 1).
The concept of surface elementary forms was selected on the basis of factors analysis (substrate,
vegetation) and conditions (surface) after field research. It uses surface in the form of boundary-forming
IDFWRU 0LQiUDE0LQir and Evans 2008). The morphometric properties of the georelief
(Figure 2) were created by digital surface model (DMR). The basis for creation were topographical maps
of 1:10 000 (map sheets 35-34-24 and 45-12-04), which were orthorectified into the S-JTSK coordinate
V\VWHP .ĜRYiN ,QWKH59 $OEH6RIWZDUH&RUS VRIWZDUHYHFWRUOD\RXWRIWKHFRQWRXUUDVWHUOD\HU
ZDVFUHDWHGDQGE\$UF*,670 (VUL ZDVJHQHUDWHGDQDOWLWXGHLQSXWILHOG2QWKHEDVLVRI'05
were generated morphometric parameters of georelief, such as slope, orientation (exposure), georelief
normal (slope line) curvature and horizontal (contour line) curvature of the georelief in ArcGIS TM
by using the Spatial Analyst and saved as raster data layer. Based on the expert visual analysis of DMR
were generated the areas of elementary surface. In the context of this analysis were taken into account
sudden changes in surface as a slope, horizontal and normal curvature, as well as exposure. The obtained
boundaries of the surface elementary forms were finally adjusted on the basis of field verification
and correction. In the mapped area were created 25 areas of surface elementary forms (Figure 3).
The real erosion-accumulation processes taking place in the model area are presented in the paper
by a map of erosion-accumulation areas (Figure 4). Areas were created on the basis of 111 field research
SUREHVLGHQWLILHGLQWKHVHQVH 6RFLHWDV3HGRORJLFD6ORYDFDýXUOtNDQGâXULQD LQVRLOHURGHG
(E), accumulated (H), overlaid (Y) and bounded by elementary forms of georelief. The mentioned areas
were identified based on the depth of the surface humus horizon (A - horizon) of the individual soil
types. The average depth of A horizon of the Chernozems (CM) was 50 cm, the Arenosols (RM)
33 cm and Cambisols (HM) 28 cm. The boundaries were set as follows:
CM: CM/e (eroded: < 40 cm), CM/h (accumulated: > 50 cm), CM/y (covered:120 cm),
RM: RM/e (eroded: < 20 cm), RM / h (accumulated: > 30 cm), RM/y (covered:120 cm),
HM: HM/e (eroded: < 20 cm), HM/h (accumulated: > 30 cm).
RESULTS AND DISCUSSION
Based on field research, we have found that long-term use of agricultural land leads to a change
in soil-forming processes, i.e. soil development. What impact did the substrate, surface and vegetation
have we found by the analysis of these factors.
The mapped area was considered from the point of view of the substrate by analysing the results
of the field research as a homogeneous environment because 90% (33.08 ha) are dusty-clay loess,
5% (1.98 ha) polygenetic and loess sediments, 2% (0.62 ha) coluvial sediments and 3% (1.09 ha)
of neogene (limnetic to brackish) sediments. So we thought, that this factor would have a negligible
impact on water erosion.
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Figure 2 Morphometric properties of surface of interest area

Figure 4 Erosion - accumulation areas of interest area

Figure 1 Location of soil probes in the area of interest

Figure 3 Areas of surface elementary forms of interest area
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For these reasons, we considered the surface based on morphometric properties as the dominant
condition influencing the intensity of water erosion. We excluded the impact of exposure as the slope
was mostly south-west. We assumed that the highest intensity of erosive activity would have a slope,
ZKLFKLQWZRFDVHVH[FHHGHG%DVHGRQWKHZRUN =DFKDU ZHWKRXJKWWKDWWKHJUHDWHVWHURVLRQ
would occur on deluvial materials, i.e.on the longest slopes and with the listed slope and accumulation
on the alluvial materials under the slope of the mapped area with the concave-concave forms
of the surface.
Based on the maps of the Soil Comprehensive Survey of 1966, we expected the eastern part will
IRUPWKH+0DQGWKHZHVWHUQý0%\FRPSDULQJZLWKWKHUHVXOWVRIWKHPDSSLQJRIERQLWDWHGVRLO-based
units (BSBU), we found that the boundary between soil types is shifted to the northeast. Chernozems
on the territory of Slovakia have a humus horizon - molluscic (Am) extending to a depth of 60±80 cm,
cambisols and arenosols ochric (Ao) reaching to a depth of 30 cm. From our own field research,
we found, that soil oQ VORSHV ZLWK D VORSH RI OHVV WKDQ  ZRXOG EH DFFXPXODWHG DQG RQ VORSHV
ZLWK D VORSH JUHDWHU WKDQ  HURGHG $V ZH REVHUYHG WKH GRPLQDQW LQIOXHQFH RQ HURVLYH DFWLYLW\
we determined the boundary of erosion-accumulation activity from the average depth of humus horizons
of individual soil types. Based on the adjusted depths, we have located areas with significant
erosion-accumulation processes.
Through using surface elementary forms method, we have specified areas with the greatest
potential for water erosion. It was the northeastern part of areas 3 and 5, then 7, 8, 9, further 12, 13, 15,
16, 17, 18. Based on the field research of the soils and areas created by this method, we generated real
erosive areas ý0D ZLWK GHSWK RI KXPXV KRUL]RQ OHVV WKDQ  FP 7heir area is 3.12 ha,
which is 7% of the territory. They were created on loess, on slopes with a slope of 3±
and from morphometric point of view on convex-convex (VV) surface forms. By comparing the results
of the soil field survey and the specified number of areas, there was only very little match
of areas 3 and 5 and 18. In other specified complexes we even found significant accumulation processes.
This phenomenon is explained not only by the geometric shape of the surface but also by the sudden
passage of the loam material into more clayey and skeletal material with up to 10% content in the tillage
and under tillage. It has been shown that the sudden change in granularity and skelet mitigates
and in some cases, eliminates erosive processes. Thus, we agree with the theory (Nestroya 2001
and Antala 1998), they claiming that the soil with a higher slope and a higher content of clay
shows a lower degree of erodibility than the soil with a lower slope and a lower clay content
(area 4 and the peak of area 23).
We also found a rate of 30% (10.95h) accumulated areas (H). They were covered mainly
by DFFXPXODWLRQ IRUPV RI ý0D ZLWK D GHSWK RI KXPXV KRUL]RQ PRUH WKDQ  FP 50D DQG +0D
with a depth of humus horizon more than 30 cm. These areas were formed mainly on loess, on slopes
with a slope of 3 - )URPDPRUSKRPHWULFSRLQWRIYLHZLQWKHZHVWHUQSDUWRIWKHDUHDRIinterest,
on a larger slope with a predominantly homogeneous substrate, it binds to the concave-concave (KK)
to concave-convex (KV) surface forms. In the eastern to the south-eastern part, on a slope of smaller
length, with non-homogeneous substrate material, they bind to convex-linear (VL) and in some cases
to convex-convex (VV) surface forms. However, this result contradicts the generally accepted theory
of VRLODFFXPXODWLRQ$VVWDWHGE\WKHDXWKRUV 6WDQNRYLDQVN\6RERFNiDQG-DPERU 
in VV and VL forms there is erosion processes and not accumulation. This is explained by a sudden
slope change and a change in the grain size of substrate material.
The intensified accumulation process created overlapped areas (Y) ý0DDQG50DZLWKDGHSWK
of humus horizon of about 120 cm, with an area of 5.07 ha, which is 13% of interest area. These areas
have been formed on loess and coluvial floodplains of long bottom forms of slopes bounding the western
and southern parts of the area of interest, with a slope of 1–EXWDOVRLQGHSUHVVLRQLQWKHFHQWUDOSDUW
with slope inclines of 3±7 According to the Soil Morphogenetic Classification System
(Societas Pedologica Slovaca 2014) some of them had to be mapped as arenosols, although
the stratification of the soil profiles showed, that it is a coluvial material overlapping the buried humus
horizon, and so it is rather the arenosols as XQGHUVWDQG WKHP DXWKRUV 6RERFNi  =iGRURYi
and 3HQtåHN   6LQFH WKHVH ZHUH DUHDV FUHDWHG LQ GHSUHVVHG IRUPV WKHVH RYHUODSV DUH ERXQG
from a morphometric point of view, exclusively concave-concave (KK) surface forms. This result
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confirms the theoU\RIDXWKRUV )XODMWiUDQG-DQVNê*DOOD\ LWVKRZWKDWZLWKVORSHOHQJWK
increases the washing out and transport capacity and in the lower part increases accumulation or overlap.
From a vegetation perspective during the mapping, we noticed that the eastern cragied
slope was sown with a low erosive crop ± Zea mays and western part by less grain cereals
(wheat ± Triticum aestivum).
:HIRXQGDVZHOODVLQWKHZRUN 3HWOXãRYi et al. 2016), that all the observed factors intensively
affect the erosion-accumulation processes in the selected area.
CONCLUSION
The problem of soil erosion has been known since the 19th century and continues to the present
GD\ ,WV UHIOHFWHG LQ FKDQge of soil properties such as, for example organic matter composition
in the form of humus, grain and soil skeleton, pH ratios and others. Usually, if it is not only the initial
stage of the erosion process, soil degradation occurs. There is only 0.25 ha available of arable land per
FDSLWDLQ6ORYDNLD 6RERFNi LWLVQHFHVVDU\WRSURWHFWLW7KHUHIRUHLQWKLVSDSHUZHFDOOIRUPRUH
frequent mapping in areas affected by erosion. We realize that this is a time and economically very
difficult. At the present time there are different prediction models of soil erosion, which however only
draw attention to the susceptibility of the soil erosion and are mostly applied to larger areas. Also have
been created various countermeasures, which should be observed in areas with increased susceptibility
to erosion. But as they are observed and as they actually act on the soil cover, we can verify only
by field survey of soils. Therefore, we propose that the mapping of soils in erosion-accumulation areas
should be carried out through surface elementary forms (in terms of slope, exposure, horizontal
and normal curvature) because, as our field research confirms (as well as many authors' researches),
the surface is one of the dominant indirect factors of soil erosion. At the same time, we have shown
that the erosive processes in the heterogeneous territory in terms of substrate, surface and soil
do not only change the soil cover at the level of the soil form, but also act to the level of soil types,
which greatly disrupts the landscape development. We have deliberately chosen heterogeneous territory
of substrate, surface and soil to achieve the aim.
From the point of view of erosion-accumulation processes induced by water activity,
which clearly influenced the present appearance and the soil cover of studied area, we consider
this territory as a territory with a manifestation of surface water erosion which, through direct
intervention of the human being into the soil passes into a directly altered (anthropogenic), accelerated,
harmful (malignant) erosion, respectively into tillage erosion. In the mapped area, this process
is manifested by the existence of erosive chernozems and formation of arenosols. The accumulation
processes of the relief are bound to deep chernozems and arenosols, on erosive surface processes
are bound by shallow arenosols in the largest slope area of 7± 7KH VXEVWUDWH KDV GHFUHDVHG
to eliminate erosion in the mapped area in terms of grain and skeletal change.
Thus, we can say that in the assessment of the factors, it was found, that the principles of soil
SURWHFWLRQZHUHQRWREVHUYHGDWDOO,QWKHFDWHJRU\RIVORSHRIDQGDERYHWKHUHLVDODUJH-scale arable
land, which is intensively used for the cultivation of dispersed crops. Following the valid guidelines,
it is necessary to cultivate on these areas crops with predominantly for example lantern clover-grass
mixtures and so on.
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Abstract: Currently, introducing harmful substances into the environment forms a frequently discussed
issue. This includes toxic metals that occur in the soil. In the Czech Republic, cultivating your own crops
in allotment gardens is a widespread activity. This paper aims at assessing amounts of toxic metals
occurring in the soil while determining the basic soil attributes in specific allotment garden areas; the soil
include pH, ORP (oxidation-reduction potential) and conductivity as factors for the mobility of metals
since such mobility is closely linked to the potential risk of transfer of toxic metals in food chains.
The study also includes analysing the measured values against the applicable legal norm in the Czech
Republic and identifying the level of soil contamination at specific gardening sites. The XRF analysis
was used to determine metal levels in soil samples; the BASS DELTA device was used for this method.
Out of the eight specified metals (As, Cd, Cr, Cu, Ni, Pb, V, and Zn), four metals (Cd, Cu, V, and Zn)
were found to exceed the legal norms in terms of content. Cd was found to be the most hazardous
element within the set with its level reaching 12.69 mg/kg whereas 0.5 mg/kg is provided by the legal
norm. It should be noted, however, that considering the detected soil attributes, mobility of metals
is expected to be low in the given settings.
Key Words: soil contamination, legislation, XRF, pH, ORP
INTRODUCTION
Soil forms one of the key natural resources. It is considered a comprehensive component
of the environment that performs a number of functions. Of these, generating biomass, transforming
substances, filtering, and forming habitats for organisms are of utmost importance -DQGik et al. 2010).
Cultivating agricultural products by individuals for their own use has been a long-term tradition
in the Czech Republic. Setting up the first allotment gardens dates back to the 1920s. This involved
areas featuring a great portion of greenery and rich biodiversity. While formerly such sites were located
in suburban areas of cities creating intermediary zones between urban areas and natural settings,
they were gradually integrated into the former as the process of urbanisation evolved. The gardening
areas started to be neighbours with structures such as roads, industrial sites and municipal incineration
plants. All of these structures and the related anthropogenic activities affect the quality and soil structure
in allotment gardens. Due to the anthropogenic factors, there is an extreme amount of harmful substances
being released into the components of the environment. European Environment Agency (2009) reports
that heavy metals and mineral oils form the largest proportion of pollution in the Member States
of European Economic Area (EEA).
While some of the metals are immobile in their nature, thus are subject to accumulation in soils,
others are mobile. Metal mobility is affected by soil qualities such as organic matter, oxides, pH, ORP,
soil structure, etc. (Mehes-Smith 2013, Violante and Cozzolino 2013). In some cases, metals can pass
through the rootstock of plant into fruits and, eventually, enter food chains. Individuals active
in allotment gardens, however, lack information on amounts of toxic metals in the soil and the associated
hazards. This makes it necessary to identify the composition of soils at such sites
and ± where possible ± predict possible risks of toxic metals.
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In the Czech Republic, the protection of soils is addressed under multiple legal regulations.
The limits of contamination of agricultural soil by toxic metals are provided under Regulation
No. 153/2016 Coll. providing the details of protecting quality of agricultural land. The legislation
determines preventive and indicative figures for the levels of each of the elements.
MATERIAL AND METHODS
Screening toxic metal levels involved five allotment garden areas located within the territory
of Brno. Choosing the sites specifically aimed at achieving the maximum diversity of possible resources
of soil contamination by toxic metals.
The sites of choice are listed below:
1 - %UQRěHþNRYLFH 0RNUi+RUD3RGKiMt6WUHHW
The site is located close to E461 and R43 roads, the Svitavy direction. A chemical plant
(Erba Lachema) is found to the north of this area.
2 - %UQR/HVQiWKHVWUHHWRI6HLIHUWRYD
The site is not located close to a possible source of soil contamination by toxic metals
such as industrial plants or busy roads.
3 - %UQRýHUQRYLFHWKHVWUHHWRI&KDUEXORYD
The site is located close to the road #374 that is used as a Brno ring road.
,QWKHQRUWKZHVWWKHUHLVDWH[WLOHSURGXFWLRQSODQW 1RYi0XVLODQD 
4 - %UQR6ODWLQDWKH2VWUDYVNi DQG3RGVWUiQVNiVWUHHWV
There is R50 Road leading along the southern side of the area. To the north of the site
there are industrial premises of the Zetor company; to the south-west
there is an incineration plant (SAKO Brno).
5 - %UQR.RPtQWKHVWUHHWRIěH]iþRYD
Adjacent to the site is arable land used for growing agricultural crops.
Figure 1 Map showing the allotment garden areas
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The samples were taken in autumn 2016. A total of 5 soil samples were taken from each
of the sites; the distance of the points of sampling was 80 to 100 m approximately. The samples were
taken after removing the turf layer at the depth of 5 to 20 cm using a gardening shovel. Subsequently,
the samples were put into labelled polyethylene bags and transported to laboratories of the Institute
of Agricultural, Food and Environmental Technology of Mendel University in Brno for processing,
which included the removal of gross impurities, drying, homogenisation and sieving to achieve grain
size of 2 mm. The pre-treated soil samples underwent the XRF analysis using the BAS DELTA device
to determine the quantity of elements per sample of soil. Data were extracted from the data set relating
to the toxic metals that are simultaneously identified as hazardous elements by legislation
(Regulation No. 153/2016 Coll. providing the details of protecting quality of agricultural land).
The studied elements were as follows: As, Cd, Cr, Cu, Ni, Pb, V, and Zn.
Exceeded limits of metal content as provided by the legislation may not necessarily mean a risk
associated with a transfer in food chains since metal intake by the plant has a linear character depending
on the availability of the metal rather than on the quantity of the same in the soil. The mobility
of elements and transportation into the plant body is influenced by chemical and mineralogical
properties of soils; examples of such properties include pH and ORP (Violante and Cozzolino 2010).
Determining soil pH is essential to identify the mobility of the metal. In neutral and alkaline soils,
elements are bound more tightly, while in acid soils they are dissolved in water when it is raining,
then washed out and made accessible for the rootstock of plants. The literature indicates that mobility
of toxic metals in soils decreases in the following order: Cd > Ni > ZQ!&X!3E 7OXVWRã and SzaNRYi
 0DNRYQtNRYi DQG %DUDQþtNRYi 2006). For these reasons, measurements took place
in the laboratories to identify characteristics of the soils with pH, ORP and electrical conductivity
selected to be the observed attributes for their influence on mobility of metals in the environment.
RESULTS AND DISCUSSION
Within all of the sites, As, Cr, Ni and Pb levels comply with the legal criteria established
by the Regulation No. 153/2016 Coll. The maximum preventive values of the remaining hazardous
elements are as follows: Cd = 0.5 mg/kg, Cu = 60 mg/kg, V = 130 mg/kg, and Zn = 120 mg/kg.
The preventive value of Cd was exceeded at all of the sites except Site 5 (Brno - .RPtQ 
The highest value was measured at Site 4 (Brno - Slatina): Cd = 12.69 mg/kg. Cd can be denoted
as the most hazardous element throughout the set. With its indicator value being 2 mg/kg, the element
exceeds not only preventive values, but also indicator values. Exceeding indicator values may threaten
health of both humans and animals.
The value of copper (Cu) was exceeded at Site 2 (Brno - /HVQi  ZKHUH WKH DPRXQW
of Cu was detected to be 92 mg/kg. The remainder of the sites were in compliance with the norm for Cu.
The level of V was exceeded at all of the sites; Site 1 (Brno - ěHþNRYLFH 0RNUi+RUD ZDV found
to be the area of the greatest excess with V = 166.53 mg/kg.
The preventive levels of Zn were exceeded at each of the sites except Site 5 (Brno - .RPtQ 
Site 1 (Brno - ěHþNRYLFH  0RNUi Hora) was found to be an area of the highest excess
with Zn = 314.18 mg/kg.
Table 1 Average values of toxic metal contents in soils, part 1
Site
Element

1
2
3
4
5

As
Standard
mg/kg
deviation
16.80
0.92
14.73
2.13
14.68
0.89
15.95
1.71
14.19
0.34

Cd
Standard
mg/kg
deviation
5.76
2.88
3.84
1.92
5.63
10.35
5.08
12.69
0.00
0.00

mg/kg
30.28
41.26
49.81
45.40
50.49

Cr
Standard
deviation
9.36
19.33
29.69
6.88
8.66

Cu
Standard
mg/kg
deviation
37.41
6.14
55.94
92.90
46.63
9.07
42.16
6.74
33.79
3.06

Legend: The figures in bold exceed the legal norms for the level of the element in the soil.
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Table 2 Average values of toxic metal contents in soils, part 2

Site

1
2
3
4
5

Element
Ni
Standard
mg/kg
deviation
15.05
6.88
31.29
14.29
24.84
6.06
32.15
2.52
33.58
4.18

Pb
Standard
mg/kg
deviation
41.64
7.58
48.47
22.73
45.82
7.14
43.78
17.26
28.34
0.56

mg/kg
166.53
152.27
144.23
138.82
155.07

V
Standard
deviation
28.83
17.03
12.43
20.88
15.43

mg/kg
314.18
183.07
209.35
279.40
111.61

Zn
Standard
deviation
55.18
53.37
89.31
75.71
10.94

Legend: The figures in bold exceed the legal norms for the level of the element in the soil.

The measurement of characteristics of the soils shows that they are neutral to slightly alkaline
soils. pH of soil samples UDQJHVIURP ěHþNRYLFH 0RNUi+RUD WR .RPtQ (see Table 3).
The measured values suggest that throughout the set the mobility of toxic metals will be similar
in relation to pH, i.e. low.
The ORP levels are different. Ranging from 285.15 mV H (Slatina) to 292.03 mVH .RPtQ 
they reach positive values at all times, meaning an aerobic environment. Potential hazards of increased
PHWDOPRELOLW\FDQEHH[SHFWHGDW6LWH 6ODWLQD DQG6LWH .RPtQ 7KHVHORFDWLRQVZHUHPHDVXUHG
to have the lowest ORP values that are closely linked to higher mobility of metals.
Table 3. The summary of characteristics of soil extracts at selected sites

Site

pH

ORP
[mVH]

1
2
3
4
5













κ
[PS/cm]

72.92




CONCLUSION
The paper addresses the analysis of soils in specific allotment garden areas. It focuses
on the composition of soils in terms of elements, mainly toxic metals. Studying the amount of toxic
metals involved the following elements: As, Cd, Cr, Cu, Ni, Pb, V, and Zn. The measured values were
analysed against the applicable Czech legislation (Regulation No. 153/2016 Coll.). The results warn
about increased levels of Cd, V, and Zn at all of the sites. The level of Cu was exceeded only
DW 6LWH  /HVQi  7KH KLJKHst excess of Cd (12.69 mg/kg) was found at Site 5 (Slatina)
while Cd has to be denoted as the most hazardous element in that it exceeds not only preventive values,
EXW DOVR LQGLFDWRU YDOXHV 6LWH  ěHþNRYLFH  0RNUi +RUD  ZDV IRXQG WR KDYH WKH KLJKHVW OHYHOV
of Zn and V with Zn = 314.18 mg/kg and V = 166.53 mg/kg.
There are a considerable number of sources of soil contamination neighbouring the sites
of interest. Therefore, it is difficult to identify the prevailing source of contamination of soil by toxic
metals. For Site 1 and Site 4, the proximity to a frequented motorway is probably a common source
of soil contamination, since combustion of fossil fuels is predominant as the source of air pollution
caused by Cd and V. The increased content of Zn may be due to overuse of pesticides by the gardeners
alone. However, no conclusive evidence can be presented for the assumption.
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Abstract: This study focuses on mapping the occurrence of the Brigittea civica spider (Lucas 1850)
in Moravia and Silesia using Google Street View. With this spider we can meet exclusively
on the walls of human dwellings within the Czech Republic, where it creates characteristic circular
webs, allowing it to be monitored using a computer with internet connection. The method
of observation using Google Street View has not yet been applied to any species of spider. In this case,
therefore, this is the first published study, where the presence of a particular spider species
was monitored through this application. In total, the observations were done in 128 of faunistic
squares. The presence of B. civica was recorded in 47 faunistic squares in total, with 45 new cases
in the given square, and in two cases an earlier finding was confirmed. Based on the findings, we can
say that B. civica is much wider in our country than we thought.
Key Words: Brigittea civica, species expansion, Google Street View, Araneae, synantropic species
INTRODUCTION
It is relatively difficult to assign most of spiders to certain species in the wild but also
in the urban environment from a distance. However, B. civica is one of the few exceptions. This spider
is exclusively synanthropic in central Europe (Billaudelle 1957). B. civica is easily recognizable
according to a typical circular webs on the walls of buildings (Samu et al. 2002). A very common
phenomenon is ten or even more spiders per 1m2. The whole cobweb colonies are also
QRW WKH H[FHSWLRQ .UXPSiORYi 2001). The effect on the size of the cobweb has, in particular,
the surface of the wall. On smooth walls, the cobweb size is usually larger and can
range up to 100 cm2 in some cases (Billaudelle 1957). The size of the cobwebs is usually about 5 cm
.RVWDQMãHNDQG&HOHVWLQD 2008). The spider itself then reaches a size of 2.5±3 mm in males, females
are slightly larger with 3±PP .RVWDQMãHNDQG&HOHVWLQD 2008). Besides the size, there is another
important determining feature of a gray ass with a black drawing (Billaudelle 1957).
So far, all published findings from human dwelling environments have been made only
by direct on-site observations, for example (Van Keer et al. 2010, Marusik et al. 2011,
'DQGULD HW DO  +DYORYi 2008). There has not yet been published a single article dealing
with mapping this spider using Google Street View, although in this case, thanks to the unmistakable
shape and density of cobwebs, it is directly available. Google Street View is one of the geographic
information services that can be used to explore the places that we are currently interested in.
The advantage of this system is that the images in this application are equipped with precise
geographic coordinates and they are digitally interconnected with each other and with a map base.
Then you just need choose the place you want to see on the map that is linked to Google Street View.
If it is scanned, a tour is displayed. This is the same as when we take a closer look on the map
7RPtãHN 2012). However, this application is not entirely unknown in biological mapping.
For example, Olea and Mateo-7RPiV   XVLQJ *RRJOH 6WUHHW 9LHZ mapped the habitats
of two cliff-nesting vultures (the griffon vulture and the globally endangered Egyptian vulture)
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in northwestern Spain. With help of this application, Deus et al. (2015) studied the spread of invasive
plants in Portugal where similar mapping is carried out by car.
MATERIAL AND METHODS
The area of southeastern, central, eastern and northern Moravia as well as Silesia were chosen
as a model territory for mapping the occurrence of B. civica in our territory using Google Street View.
Research was done on the computer monitor using Google Street View, where you can view
panoramic views taken from a height of approximately 2.5 meters every 10 meters of the track
(Google 2017). The observation itself took place for 20 days, from 10 July 2017 to 30 July 2017.
In order to comply with the uniform methodology, the cobwebs were always observed in the same
and unchanging way. Firstly, a faunistic square had been selected, and then all the permanently
inhabited villages and towns located in the square were reviewed in this application. The observation
was always begun at the center of the settlement, and all the available scattered streets were traversed
all the way to the end of these settlements. Observations were made on both sides of the street, left
and right at the same time. B. civica is easily recognizable according to a typical circular webs
on the walls of buildings We did not record the real presence of spider individuals. We assume
that the presence of its web means the presence of the species. The detected data was recorded
in a pre-prepared form. Drawings of occurrences into particular faunistic squares on maps were done
according to Pruner and Mika (1996). For the creation of the map, we used the free applications
of BioLib (2017).
RESULTS
A total of 128 faunistic squares were examined using Google Street View. Before this study,
B. civica was found only in two faunistic squares in this area of interest (Czech Arachnological
Society 2017). By observation, the presence of the cobwebs was newly found in another 45 faunistic
squares of the area of interest, and in two other faunistic squares the incidence from previous years
was confirmed. In total, this spider was newly found in 45 housing units. The survey data were plotted
on map.
Figure 1: Map of occurrence of B. civica with faunistic squares (BioLib 2017)

Legend: The red line indicates the area of interest on which the observation was done. Red dots are the current Google Street
View mapping. Squares with no finds remain without fill. The black dots then represent the occurrence of a spider
LQ WKH 6RXWK 0RUDYLDQ 5HJLRQ ZKHUH PDSSLQJ ZDV SHUIRUPHG E\ REVHUYDWLRQ GLUHFWO\ RQ WKH VLWHV 1RYRWQê HW DO  
Squares with no occurrence recorded remain without padding. Blue square indicates the incidence recorded in the years
1951±2000. Green square indicates the findings from the years 2001±2015 (based on data of the Czech Arachnological
6RFLHW\+DYORYi0DFHN 
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Table 1 Faunistic squares with places of finding
Number faunistic square
7071
6973
6972
6971
6970
6872
6871
6773
6772
6771
6774
6472
6469
6267
6369
6268
6368
6770
6673
6672
6671
6670
6669
6574
6573
6572
6571
6570
6568
6471
6378
6377
6376
6375
6374
6372
6174
6076
6277
6276
6275
6274
6177
6176
6175

City
Hluk
6ODYLþtQ
/XKDþRYLFH%RMNRYLFH
8KHUVNê%URG
8KHUVNp+UDGLãWČ6WDUp0ČVWR.XQRYLFH
/XKDþRYLFH
Napajedla
Vizovice
=OtQ)U\ãWiN
=OtQ2WURNRYLFH7OXPDþRY
.RSĜLYQLFH1RYê-LþtQ
Hranice
Olomouc
Mohelnice
Olomouc
/LWRYHO8QLþRY
Litovel
.URPČĜtå7OXPDþRY
9VHWtQ
%\VWĜLFHSRG+RVWêQHP
+ROHãRY
+XOtQ&KURS\QČ.URPČĜtå
.RMHWtQ
5RåQRYSRG5DGKRãWČP
9DODãVNp0H]LĜtþt
BysWĜLFHSRG+RVWêQHP
%\VWĜLFHSRG+RVWêQHP
3ĜHURY
3URVWČMRY
/LSQtNQDG%HþYRX
7ĜLQHF
7ĜLQHF
)UêGHN-0tVWHN
)UêGHN-0tVWHN
.RSĜLYQLFH3ĜtERU
Odry
Ostrava
%RKXPtQ
ýHVNê7ČãtQ
HaYtĜRY
Ostrava
6WXGpQND
.DUYLQi
%RKXPtQ
2VWUDYD+OXþtQ
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DISCUSSION
The observation in the interest areas of Moravia and Silesia showed that the spider spread
not only in this territory, but throughout the Czech Republic, is considerably underestimated.
The Czech Arachnological Society (2017) officially reports only 7 faunistic squares in the Czech
Republic, of which only two are in the area of interest. To this number Macek (2006) adds one finding
IURP (DVW %RKHPLD DQG +DYORYi (2008) another three faunistic squares from northern Bohemia.
However, as it has already been observed from earlier observations directly on sites in the South
Moravian region, this spider is very abundant in this region. Newly, 48 faunistic squares have been
LGHQWLILHGLQWKLVDUHD 1RYRWQêHWDO 
As it can be seen from Figure 1, altitude plays an important role in spreading. Buchar
and 5ĤåLþND  VWDWHVWKDWB. civica is most commonly found at altitudes of 200±400 m above sea
level. This assertion can be accepted. The observation revealed that the optimal altitude
for its existence is indeed within this range of values, but it is also abundant in altitudes below 200 m
above sea level. On the contrary, at altitudes above 400 m above sea level, we can not practically meet
it. This is due to the fact that it is extremely delicate for frost and it does not like also rain
and dampness (Billaudelle 1957). On the contrary, it complies with the conditions of the environment
where it is warm and dry (KruPSiORYi   7KDW LV ZK\ ZH FDQ RQO\ PHHW ZLWK WKLV VSLGHU
in the lowlands. Up to 400 m above sea level, it penetrates only sporadically and only into larger
cities, which can be explained by the effect of the city theUPDOLVODQG $FFRUGLQJ WR %HGQiĜ (1985),
this is reflected by the fact that we can observe a higher temperature inside the city
than in the surrounding undeveloped landscape. This frost-sensitive spider seems to use this and thus
it can survive the winter and the unfavorable conditions. An important role in spreading appears
to be the presence of major road journeys that lead through cities and villages.
Here is a big prerequisite for spreading through automotive and freight transport on the chassis
of the means of transport. A similar effect is probably the presence of the railroad near human
settlements, which would explain the abundant occurrence of cobwebs in the railway stations, where
there is probably the spread of this type by train sets.
CONCLUSION
Mapping using Google Street View, which has never been used to spider sightings, has brought
new insights into the spread of the species in the territory of Moravia and Silesia. From the area
of interest, only two faunistic squares were recorded before this observation, but it was newly found
out of in another 45 faunistic squares. However, it is likely that this extension is far from definitive
and the spider will continue to spread to places where its occurrence has not yet been recorded.
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Abstract: The paper analyses the influence of counterurbanization on the contemporary face and nature
of the countryside. The research was focused on identifying problems associated with the countryside.
It presents several different examples of countrerurbanization in some rural areas. Average statistical
indicators such as the number and age of population, highest level of education, and others were
compiled and evaluated. Possibilities of transport accessibility to the nearest towns were also included
and analysed. Comparative methods were used in selected areas not only
for statistical data but also for map data. The comparative methods were complemented
with the results of interviews with local residents. The results show differences not only
in the statistical data for the individual villages but also allow an insight into different cultural life
and life quality in rural areas, and its perception by residents. Based on the obtained data, we could
identify different factors influencing the process of counterurbanization/suburbanization
in the individual areas.
Key Words: land appropriation, countryside, counterurbanization, land use, quality of life
INTRODUCTION
Counterurbanization and suburbanization are demographic and social processes whereby people
move from urban areas to rural areas (Berry 1980). Another definition of suburbanization as a process
of moving residential, commercial and other functions from the core town to its suburbs, and moving
inhabitants and their activities from the core to suburban and rural areas still does not make it possible
to distinguish precisely between counterurbanization and suburbanization. At all the above-mentioned
definitions, suburbanization will be perceived as a part of counterurbanization with the population
structure being a key to the understanding of post-socialist urbanization (Krisjane and Berzins 2012).
For the purposes of our research, we anticipated that suburbanization could be understood
as a component of counterurbanization. Rural areas constitute 73±82RIWKH&]HFK5HSXEOLF¶VODQG
DUHD GHSHQGLQJ RQ VSHFLILF FULWHULD  1RYRWQi HW DO   5HVLGHQWLDO GHFHQWUDOL]DWLRQ LV D PDMRU
trend in the Czech Republic after 1990. Under the development of suburbanization, according to Guest
and Brown (2015), there are two main causes, namely transport technologies that increasingly make
it possible to travel over long distances for a short time span, although congestion in urban centers
is partly limiting. Second, improving electronic communications. In post-capitalist countries,
DFFRUGLQJWR6WDQLORYDQG6êNRUD  IDVWVXEXUEDQL]DWLRQLVIDFLOLWDWHGPDLQO\E\WKHSULYDWL]DWLRQ
of state assets, deregulation of economic activities and decentralization. At the same time, we must
also take into account the new quality of suburbanization in Central and Eastern Europe, especially
after 2000. It is not just about migrating people but also jobs and suburban work. This means changing
the relationship between the core and the suburban area. Nevertheless, the motivation
for suburbanization and its interpretation can not be generalized. The features of this process differ
from case to case and depend on the context (Brade and Kovacs 2014).
Researched areas were three villages situated in the Znojmo district (Figure 1). First written
references to these three villages date back to the 13th century. Their different development resulted
primarily from historical events in the period 1938± 7KH YLOODJH RI +OXERNp 0DãĤYN\
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is situated 8 km north of Znojmo town. The village of Chvalovice, which is the smallest of the three
YLOODJHVFKRVHQIRURXUUHVHDUFKLVVLWXDWHGNPVRXWKRI=QRMPR7KHYLOODJHRI%RåLFHLVVLWXDWHG
20 km east of Znojmo town and in our research, it represents the largest and most populated village
Figure 1 Znojmo district depicting the selected cadastral areas. ArcGIS Programme, Author
Ò$.( FA MENDELU 2017)

MATERIAL AND METHODS
For this study, we chose two municipalities neighboring their cadastre with the city of Znojmo
(33 823 inhabitants) and one municipality over 1 000 inhabitants for comparison of developments
not ORFDWHG LQ WKH QHLJKERUKRRG RI WKH WRZQ RI =QRMPR &KYDORYLFH DQG +OXERNi 0DãĤYN\ ZHUH
chosen due to the different population development after 1945.
Comparative method
Using the comparative method, we compared the aspects of individual villages. Similarly,
we used this method to compare changes in maps, orthophotomaps and statistical documents
for individual areas.
Hypothesis 1: In our opinion, suburbanization and its recognition is based primarily on the age
and on the educational structure of inhabitants along with the distance of commuting to job/school.
Hypothesis 2: We also presume that the number of inhabitants and houses accomplished
in the period between 2001±2016 increased due to the fact that the village cadastre neighbours with
a town.
Interviews with villagers
Semi-standardized interviews with citizens in the respective villages combine the comparative
method with data on the perception of cultural life and life quality in the village.
Processing of map outputs
ArcGIS 10.3.1. software was used to process the map outputs.
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RESULTS AND DISCUSSION
Development of inhabitants and houses
&KYDORYLFH %RåLFH DQG +OXERNp 0DãĤYN\ YLOODJHV DUH PRVW OLNHO\ RI ROG 6ODYRQic origin
and the first written records date back to the 13th century. All the selected villages with the exception
RI +OXERNp 0DãĤYN\ ZHUH DGMRLQHG WR WKH 5HLFK LQ  DQG VLWXDWHG LQ WKH VR-called
'HXWVFKVGPlKUHQ +OXERNp 0DãĤYN\ ZDV D W\SLFDOO\ &]HFK village which is demonstrated by
for instance local names from the facsimile of maps of the stable cadastre dated 1824. The trend
in the number of inhabitants and houses from 1869 provides an insight into the development
of the villages. The village of %RåLFH UHFRUGHG WKH KLJKHVW QXPEHU RI LQhabitants and houses
in 1930 (2 593 inhabitants and 596 houses). Following the events connected with the resettlement
of local population in 1945 and subsequent repopulation of the area, the number of inhabitants
dropped to 1 366 and the number of houses to 374 in 1950. In 1961, the population slightly increased
to 1 606 persons. From that time, it was continually decreasing up to 1991, when the number
of inhabitants started to grow again.
In the period that was most interesting for us (2001±  %RåLFH DWWDLQHG D JURZWK
in inhabitants by 14.4% up to 1  DQG LQ KRXVHV E\  XS WR  7KH YLOODJH RI +OXERNp
0DãĤYN\ reached the highest number of population and houses in 2016 (814 inhabitants
and 339 houses). The village that did not experience the mass displacement of population shows
a continuous population development since 1869, with slight drops in 1950, apparently related
to the evacuation of a few inhabitants and to leaving for resettled areas. Another small population
decrease was recorded in 1980±1991 in connection with the departure of inhabitants to the nearby
town.
In the period from 2001±2016, the number of inhabitants and houses increased
by 15.8% and 23.3%, respectively. The highest population growth in the period from 2001±2016 was
recorded in Chvalovice, by 55% for inhabitants (646 in 2016) and by 43.7% for houses (171 houses
in 2016). Yet the village failed to equal the maximum number of inhabitants (808) reached in 1890
or the maximum number of houses (177) reached in 1930.
The village of Chvalovice is an example of village that was not only stigmatized
by the displacement of inhabitants but also by the subsequent "iron curtain" and this is why
its population was continuously diminishing until 1980. A significant population growth was recorded
only after 2001; it was however connected with a considerable financial subsidy granted
to the villagers.
Farmland appropriation
These municipalities were gradually losing their farmland area. This shows best in the village
RI +OXERNp 0DãĤYN\ Table 1), where the scale of total cadastre area changed very little over time
and thus the decline of agricultural land can be best observed. We have used the definition
that agricultural land is land used for agriculture or pasture. Agricultural land consists of arable land,
hop fields, vineyards, gardens, orchards, meadows and pastures. The remaining part of the surface
is referred to as non-agricultural soil. It is further subdivided into forest soil, water areas,
built-up areas and other areas (eg roads, playgrounds, pavements, gorges, parks) (Pozemky a farmy
2014). While the farmland constituted 53.4% of the cadastre area in 1945, it was merely 39.5%
in 2016. At the same time, the built-up land segment increased from 0.4% in 1945 to 1.1% in 2016.
This development is evident also from the development of soils in the Czech Republic,
where from 31. 12. 2000 was 54.3% of agricultural land and 45.7% of non-agricultural land.
The situation in the Znojmo district on the same date was slightly different due to the prevailing
agricultural character. Of the total acreage as of 31. 12. 2000, 69.3% of the land was agricultural
and 30.7% of the land was non-agricultural, while 21.5% of the total area of the area was forest land
and 1.2% of the water area. The situation as of 31. 12. 2016 confirms the decline of agricultural land.
The situation in the Czech Republic is 53.4% of agricultural land and 46.6% of non-agricultural land.
In the Znojmo district there are 67.5% of agricultural soils and 32.5% of non-agricultural soils.
Of the total area of the district there is also an increase compared to 2000 in forest soils
to 22.2% and water areas to 1.9%.
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Table 1 $SSURSULDWLRQRIIDUPODQGLQ+OXERNp0DãĤYN\Ò$=.%LþtNý6Ò
Year

1945

1948

1990

2000

2016

Non-agricultural land (in ha)

559.90

698.20

752.00

769.60

776.39

Agricultural land (in ha)

608.70

580.7

528.10

508.20

507.35

Social and economic aspects
Our selected aspects include: percentage of inhabitants over 65 years of age (Table 2),
percentage of economically active people (since 2011), percentage of inhabitants commuting to school
or job (since 2011) and percentage of inhabitants over the age of 15 who have attained complete
secondary or higher education (since 2011). We also surveyed current services in the concerned
villages such as the general practitioner, shop, post office, primary and nursery school.
Table 2 Percentage of population over the age of 65 in the village. ý6Ò 2017
Villages

Population Population
over 65 years
total

Percentage
of population
over the age
of 65 in the village

2016

Population
0±13 years

Population
14±54 years

+OXERNp0DãĤYN\

139

524

151

814

18.60%

Chvalovice

127

437

82

646

12.70%

%RåLFH

267

1015

262

1 544

17.00%

Age structure of the population closely relates to the ever-increasing mean age.
In 2016, the PHDQ DJH LQ WKH YLOODJHV RI &KYDORYLFH +OXERNp 0DãĤYN\ DQG %RåLFH ZDV
37.9, 42.0 and 39.9 years respectively. Mean age and age structure combine with the increasing
population and number of houses. In 2011, the percentage of economically active population
in the village of Chvalovice was 50% and according to actual data on the age structure, age
and economic status of respondents, we can assume that the percentage is between 55±60% in 2016.
In the village of %RåLFHLWZDV% in 2011 and the assumption for 2016 is 50±52%. In the village
of +OXERNp 0DãĤYN\ LW ZDV  LQ 1 and the assumption for 2016 is 50±55%. The percentage
of commuters in 2011 was 26% in ChYDORYLFH  LQ %RåLFH DQG  LQ +OXERNp 0DãĤYN\
The commuting of FLWL]HQVWRWKHQHDUHVWWRZQRI=QRMPR+UXãRYDQ\QDG-HYLãRYNRXLVFRUURERUDWHG
also by maps accoUGLQJWR2XĜHGQtþHNHWDOZKRLQIRUPWKDWWKHSHUFHQWDJHRIFRPPXWHUVRYHr
45 minutes does not exceed 15% in the villages. The percentage of commuters in 2016 is definitely
higher (over 30%); however, apart from the interviews, which reported 80%, the authors do not have
other demonstrable results. The percentage of persons over 15 years with the completed secondary
and KLJKHU HGXFDWLRQ LQ  LQ &KYDORYLFH +OXERNp 0DãĤYN\ DQG %RåLFH ZDV UHVSHFWLYHO\ 
24% and 20%.
Life quality and its perception by residents
In the interviews were included 65 people from all three municipalities (24 Chvalovice,
22 %RåLFH DQG  +OXERNp 0DãĤYN\  7KH PRVW SURPLQHQW JURXS ZDV ZRPHQDJHG ±35 with full
secondary and tertiary education, who live in the community for a lifetime or for over 17 years.
The interviews with individual residents indicate that their most frequent point rating (scale 1±6:1 very
poor, 6 excellent) was at the level of 5, i.e. good. An opposite result we received when the mutual
interconnection was assessed of old residents and new comers where the most frequent rating was
2±3 points with the interconnection being evaluated as poor and inadequate. Perception
of the development of intravillan and extravillan of villages in the last 17 years gave clear results only
in the case of intravillan, when the citizens assessed the adequacy of new changes and development.
As to extravillans, results of the interviews were not so clear; the residents were not able to evaluate
the development of their village extravillan and focused most often only on the appropriation of land
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FRQQHFWHG ZLWK WKH QHZ KRXVLQJ 7KLV ZDV DVVHVVHG HVSHFLDOO\ LQ WKH YLOODJH RI +OXERNp 0DãĤYN\
as dislocated only to one site where a separate part of the village emerged without any continuous
interconnection with the original built-up area. A quite opposite perception was recorded
in Chvalovice, where the new housing is broken into several parts of which all are connected
with the core built-up area. Notwithstanding the appropriate/inappropriate division of the new housing
estates, a majority of respondents agreed that the location of buildings on the site was inappropriate
as well as the size of building sites themselves, infrastructure was inadequate or missing, greenery
lacking and road network inadequate, namely in terms of road width. Although the problem
of the width of roads is felt only in the new developments, it should be pointed out that it is very
similar in both new and old housing areas. We consider this negative perception as due
to the increasing number of private cars. The fact also directly connects with the commuting
to work/school where 65% of respondents stated to use only the car and only 20% regularly use public
transport. The residents also expressed opinions about their possible engagement in organizing cultural
events, about the frequency of such events and traditions in the village. Inhabitants of all villages miss
"common village entertainments", especially in the summer time. They also gave explanation what
cultural events are important for them and what are not. Interesting was that for example in the village
of Chvalovice, residents consider the St. Margaret Pilgrimage (organized already for the seventh time
in 2017) unimportant because unoriginal. At the same time, however, they take the event of open
cellars (younger than the St. Margaret Pilgrimage) as a valuable mass event linking up with
the tradition of wine growing and making in the village.
CONCLUSION
It is very difficult to distinguish between suburbanization and counterurbanization in real life.
Suburbanization can be viewed as a change in the population distribution and in the spatial structure
of suburban areas as well as a transformation in the life style of "suburbanizing" inhabitants
2XĜHGQtþHNDQG7HPHORYi  The problems of not only suburbanization and counterurbanization,
but also the development of the concept and contemporary concept of counterurbanization
are GHVFULEHGLQGHWDLOE\âLPRQ   Based on the comparative method, it is possible to say that
the limit for suburbanized area is considered population increase by more than 25% and increase
in the number of accomplished houses by 20% in 2016 as compared with 2001. Furthermore,
the percentage of people over the age of 65 does not exceed 20%, the percentage of economically
active people in the local population is over 50%, at least 1/3 of inhabitants over the age of 15 have
completed secondary or higher education and over 1/3 of inhabitants commute to work or to school.
If the results of the comparative method also yield the results of interviews with citizens, we can
say the following: The village of Chvalovice could be considered suburbanized because it met all
criteria selected by us. The village cadastre neighbours with the town cadastre, and in the period
from 2001±2016 the number of inhabitants increased by more than 25% and the number of houses
increased by more than 20%. Specifically in Chvalovice, the increase in population and number
of completed new houses amounted to 55% and 43.7%, respectively. At the same time, the number
of inhabitants over 65 years of age does not exceed 20% (Chvalovice 12.7%) and the economically
active residents represent over 50% of the population (Chvalovice 50%). Although the last two
parameters and the fact that at least 1/3 of inhabitants over the age of 15 let have had completed
the secondary or higher education (Chvalovice 28%) and more than 1/3 residents commute to work
or to school (Chvalovice 26%) were not exceeded, it is assumed -with respect to some older data
(2011) ± they were exceeded in 2016. In spite of all this, we consider the village of Chvalovice
as a counterurbanized area, primarily due to the decentralized new housing in the village, involvement
RI QHZFRPHUV LQWRWKH ORFDO FXOWXUDOOLIH DVVXUDQFHRI SRSXODWLRQ¶V EDVLF QHHGV E\ WKH YLOODJHVKRS
post office, general practitioner, kindergarten and other services for which the residents do not have
to WUDYHO WR WKH WRZQ $OWKRXJK WKH YLOODJH RI +OXERNp 0DãĤYN\ GRHV QRW PHHW DOO FULWHULD ZH FDQ
consider it as a suburbanized area with regard to unavailability of all data for 2016.
,Q +OXERNp 0DãĤYN\ D FOHDU SUREOHP HPHUJHG ZLth the new housing on ill-thought layout
of sites and with the missing connection with the original built-up area when the new development
constitutes in fact a separate "satellite". Furthermore, the new development is perceived negatively
by the old residents and the number of cultural events there, which would facilitate establishment
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of mutual relations between the old residents and newcomers, forming also an important factor
of perceiving life quality in the village, is decreasing. The village of BoåLFH GRHV QRW PHHW PRUH
criteria, which will presumably be not met in 2017 either and this why we consider the area
as counterurbanized based on the results of interviews.
Both of our hypotheses have been confirmed and the results will be used for further
suburbanization research in municipalities located in the neighborhood or near the town of Znojmo.
Based on map outputs we can visually observe individual municipalities, changes in them and their
location within not only the Znojmo district but also the South Moravian Region.
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DIFFERENT IMPACTS OF DROUGHT IN PROTECTED
AREAS OF THE MOHELNO SERPENTINE STEPPE
AND THE MORAVIAN KARST
VERONIKA PERINKOVA, ADELA SVEJKOVSKA HANA STREDOVA
'HSDUWPHQW RI$SSOLHGDQG/DQGVFDSH(FRORJ\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
[VYHMNRY#QRGHPHQGHOXF]
$EVWUDFW 0RLVWXUH DQG WHPSHUDWXUH FRQGLWLRQV DUH DPRQJ WKH FUXFLDO DELRWLF IDFWRUV
RI WKH HQYLURQPHQW ZKLFK DUH IXQGDPHQWDO IRU WKH RFFXUUHQFH RI D SDUWLFXODU VSHFLHV
7KH DLP RI WKLV ZRUN LV WR DVVHVV WZR GLIIHUHQW SURWHFWHG DUHDV ZKHUH GURXJKW KDV D FRPSOHWHO\
GLIIHUHQW LPSDFW :LWK WKH XVH RI ZDWHU EDODQFH FKDUDFWHULVWLFV D PDS RI GURXJKWWKUHDWIRUWKH&]HFK
5HSXEOLF ZDV FUHDWHG %DVHG RQ WKH NQRZOHGJH RI WKH PRLVWXUH FRQGLWLRQV WZR FRQWUDVWLQJ ORFDOLWLHV
ZHUH VHOHFWHG ZKHUHWKHLPSDFWRIGURXJKWLVFRPSOHWHO\GLIIHUHQW,WZDVDORFDOLW\IRUZKLFKGURXJKW
UHSUHVHQWV DQ HQYLURQPHQWDO SUREOHP ± D SURWHFWHG ODQGVFDSH DUHD WKH 0RUDYLDQ .DUVW DQGDORFDOLW\
ZKLFK LV QRW WKUHDWHQHG E\ GURXJKW ± D QDWLRQDO QDWXUH SUHVHUYH RI WKH 0RKHOQR 6HUSHQWLQH 6WHSSH
)XUWKHU DVVHVVPHQW RI WKH ORFDOLWLHV LV IRFXVHG RQ WKH UHODWLRQVKLS RI GURXJKW D FKDQJH RI PRLVWXUH
DQG WHPSHUDWXUHFRQGLWLRQV  DQGWKHH[LVWHQFH DQGIXQFWLRQ RIWKHHFRV\VWHPV
.H\ :RUGV WKH0RKHOQR6HUSHQWLQH 6WHSSHWKH0RUDYLDQ .DUVWGURXJKWZDWHUEDODQFH
INTRODUCTION
,QGLYLGXDO VSHFLHV DQG SRSXODWLRQV FDQ RQO\ UHSURGXFH JURZ DQG VXUYLYH ZLWKLQ WKH UDQJH
RI VSHFLILF FRQGLWLRQV 7KH VHW RI UHTXLUHPHQWV RI D SDUWLFXODU RUJDQLVP RI WKH HQYLURQPHQWDO
FRQGLWLRQV LV FDOOHG HFRORJLFDO QLFKH 7KH UDQJH RI WKH WROHUDQFH RI D SDUWLFXODU VSHFLHV RI D VSHFLILF
IDFWRU LV FDOOHG HFRORJLFDOYDOHQFH%DVHGRQWKLVVSHFLHVFDQEHHLWKHUVWHQRYDOHQW VSHFLHVZLWKDYHU\
QDUURZ YDOHQFH  RU HXU\YDOHQW VSHFLHV ZLWK D ZLGH YDOHQFH  )RU WKH VXUYLYDO RI DQ XQEDODQFHG
RU GDPDJHG HFRV\VWHP LH E\ D FKDQJH RI D SDUWLFXODU DELRWLFIDFWRU LWV HFRORJLFDOVWDELOLW\LVFUXFLDO
ZKLFK LV GHWHUPLQHG E\ LWV UHVLVWDQFH DQG UHVLOLHQFH 5HVLVWDQFH LV DQ DELOLW\ RI WKH HFRV\VWHP
WR ZLWKVWDQG D GLVUXSWLRQ ZLWKRXW YLVLEOH FKDQJHV UHVLOLHQFH HQDEOHV WKH XQEDODQFHG HFRV\VWHP
WR UHPHG\ DQGUHHVWDEOLVK LWV IXQFWLRQV $ FKDQJH RI DELRWLF FRQGLWLRQV RI D ELRWRSH RI D SDUWLFXODU
ELRFHQRVLV FDQ DOVR FDXVH IXUWKHU GLVUXSWLRQ ZLWK ELRWLF FKDQJHV ,Q FRQQHFWLRQ ZLWK WKLV SRSXODWLRQV
RI VSHFLHV FDQ H[SDQG WR DUHDV ZKHUH WKH\ GLG QRW RULJLQDOO\ RFFXU UHVXOWLQJ LQ VXSSUHVVLQJ
RIWKHRULJLQDO VSHFLHV W\SLFDO IRUWKHDUHD /DãWĤYNDDQG.UHMþRYi  
7KHUH LV D QXPEHU RI YDULRXV HFRV\VWHPV ZLWKLQ RXU FRXQWU\ GLIIHULQJ LQ PRLVWXUH
DV ZHOO DV WHPSHUDWXUH UHTXLUHPHQWV 'URXJKW LV D WKUHDW IRU WKRVH YDOXDEOH ORFDOLWLHV
ZKHUH WKH H[LVWHQFH RI DQLPDOV SODQWV DQG RWKHU LPSRUWDQW ELRGLYHUVLW\ HOHPHQWV LV FORVHO\ GHSHQGHQW
RQ ZDWHUHQYLURQPHQW2QWKHRWKHUKDQGWKHUHDUHORFDOLWLHVZKHUHGURXJKWDQGKLJKWHPSHUDWXUHVDUH
FUXFLDO IRU WKH RFFXUUHQFH RI VSHFLILF SODQW DQG DQLPDO VSHFLHV &RQWUDVWLQJ FRQGLWLRQV VXFK DV WKHVH
FDQ EH IRXQG LQ WKH 0RKHOQR 6HUSHQWLQH 6WHSSH DQG WKH 0RUDYLDQ .DUVW :KLOH LQ WKH 0RKHOQR
6HUSHQWLQH 6WHSSH WKH FOLPDWH LV SUHGRPLQDQWO\ ZDUP DQG GU\ WKURXJKRXW DOO WKH \HDU WKH 0RUDYLDQ
.DUVW LV D ORFDOLW\ ULFK LQ FDYHV ZLWK D YHU\ VSHFLILF FOLPDWH FRRO DQG KXPLG  ZKLFK LV KRZHYHU
GHSHQGHQWRQWKHRXWHUFOLPDWH DIIHFWLQJ WKHRFFXUUHQFHDQGSURFHVVRIWKHNDUVWLF SKHQRPHQD
MATERIAL AND METHODS
0RLVWXUH FRQGLWLRQV DW WKH VHOHFWHG ORFDOLWLHV ZHUH PHDVXUHG ZLWK FKDUDFWHULVWLFV RI ZDWHU
EDODQFH ZKLFK VKRZV WKH GLIIHUHQFH EHWZHHQ SUHFLSLWDWLRQ DQG SRWHQWLDO HYDSRWUDQVSLUDWLRQ 7KH GDWD
ZDV SURYLGHG E\ WKH &]HFK +\GURPHWHRURORJLFDO ,QVWLWXWH %DVHG RQ WKLV GDWD D PDS ZDV FUHDWHG
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ZKLFK FDWHJRUL]HV LQGLYLGXDO ORFDOLWLHV DFFRUGLQJ WR WKH OHYHO RI ZDWHU EDODQFH 7ZR ORFDOLWLHV VWURNH
E\ GURXJKWZHUHVHOHFWHGZKHUHWKHHIIHFWRIWKHGURXJKW LVFRPSOHWHO\ GLIIHUHQW
A map of drought layer
7KH FKDUDFWHULVWLF RI ZDWHU EDODQFH RI JUDVV KHUEDJH LQ D YHJHWDWLRQ SHULRG ZKLFK
LV FKDUDFWHULVWLF IRU SRWHQWLDO FOLPDWLF GURXJKW ZDV VHOHFWHG IRU WKH HYDOXDWLRQ RI GURXJKW
,W LV D GLIIHUHQFH EHWZHHQ SUHFLSLWDWLRQ DQG SRWHQWLDO HYDSRWUDQVSLUDWLRQ 7KH SRWHQWLDO
HYDSRWUDQVSLUDWLRQ LV D WRWDO DPRXQW RI ZDWHU ZKLFK FDQ HYDSRUDWH IURP WKH VXUIDFH ZLWK JUDVV
KHUEDJH ZKLOH LW LV LGHDOO\ VDWXUDWHG 7KH PDS RI GURXJKW WKUHDW ZDV FUHDWHG RQ WKH EDVLV RI WKH HQWU\
GDWD IURP WKH \HDUV ± 7KH HQWU\ YDOXHV IRU WKH FDOFXODWLRQ RI WKH SRWHQWLDO
HYDSRWUDQVSLUDWLRQ GHULYHV IURP 7HFKQLFDO 'DWD 6HULHV 7'6  ZKLFK LV D GDWDEDVH RI GDLO\ YDOXHV
RI FOLPDWLF HOHPHQWV FUHDWHG VLQFH  IRU  JULG SRLQWV LQWKH&]HFK5HSXEOLFLQDQHWZRUNRIJULG
SRLQWV  NP IDU IURP RQH DQRWKHU 7'6 DUH EDVHG RQ WKH VWDWLRQ QHWZRUN RI 7KH &]HFK
+\GURPHWHRURORJLFDO LQVWLWXWH DQG ZHUH FDOFXODWHG LQ WKH JULG SRLQWV RI WKH RXWFRPHV RI WKH FOLPDWLF
PRGHO $/$',1&OLPDWH&= ZLWK  NP UHVROXWLRQ $ GDWD TXDOLW\ FKHFN RI WKH HQWU\ GDWD ZDV
SHUIRUPHG EHIRUH WKH FDOFXODWLRQ RI WKH 7'6 XVLQJ 3UR&OLP'% VRIWZDUH âWČSiQHN  7KHYDOXHV
RI WKH SRWHQWLDO HYDSRWUDQVSLUDWLRQ ZHUH FDOFXODWHG XVLQJ WKH DJURPHWHRURORJLFDO PRGHO $9,62
ZKLFK ZRUNV RQ WKH EDVLV RI D PRGLILHG DOJRULWKP 3HQPDQ0RQWHLWK 7KLV PRGHO KDV EHHQ XVHG
DW D EUDQFK RI WKH &]HFK +\GURPHWHRURORJLFDO ,QVWLWXWH VLQFH DQG ZDV PRGLILHG DQG DGMXVWHG
WR WKHFRQGLWLRQV LQWKH&]HFK5HSXEOLF .RKXW  
%DVHGRQWKLVGDWDDPDSRIWKHGURXJKWWKUHDWZDVFUHDWHGIRUWKH&]HFK5HSXEOLF2QWKLVPDS
OD\HU D PDS OD\HU RI VSHFLDOO\ SURWHFWHG DUHDV RI WKH &]HFK 5HSXEOLFZDVDGGHGZKLFKZDVSURYLGHG
E\ WKH 1DWXUH &RQVHUYDWLRQ $JHQF\ RI WKH &]HFK 5HSXEOLF 2Q WKH PDS RI GURXJKW WKH VPDOOVFDOH
DQG ODUJHVFDOH VSHFLDOO\ SURWHFWHG DUHDV ZHUH WKXV SURMHFWHG 7KHQ WZR RI WKH GURXJKWDIIHFWHG
ORFDOLWLHV ZHUH VHOHFWHG ZKHUH GURXJKW KDV D YHU\ GLIIHUHQW LPSDFW 7KH\ DUH 0RKHOQR 6HUSHQWLQH
6WHSSH DQG WKH SURWHFWHG DUHD RI WKH0RUDYLDQ.DUVW$GHWDLOHGGHVFULSWLRQRIWKHORFDOLWLHVLVIRFXVHG
RQ WKH UHODWLRQVKLS RI GURXJKW D FKDQJH RI PRLVWXUH DQG WHPSHUDWXUH FRQGLWLRQV  WR WKH H[LVWHQFH
DQG IXQFWLRQDOLW\ RIORFDO HFRV\VWHPV
The protected area of the Moravian Karst
7KH SURWHFWHG DUHD RI WKH 0RUDYLDQ .DUVW LV VLWXDWHG LQ WKH 6RXWK 0RUDYLDQ 5HJLRQDQGFRYHUV
WKH DUHD RI D ± NP ZLGH DQG  NP ORQJ EHOW RI GHYRQLDQ OLPHVWRQH IURP WKH FLW\ SDUW %UQR/LVHQ
QRUWKZDUGV WR WKHWRZQRI6ORXSDQGWKHYLOODJHRI+ROVWHMQ&XUUHQWO\WKHDUHDRIWKH0RUDYLDQ.DUVW
LV  NP ,W LV WKH ODUJHVW DQG WKH PRVW UHPDUNDEOH NDUVW DUHD LQ WKH &]HFK 5HSXEOLF
0RUH WKDQ  FDYHUQV KDYH EHHQ GLVFRYHUHG WLOO WKHVH GD\V WKHUH DUH  VSHFLHV RI SURWHFWHG
(PEU\RSK\WD DQG LW LV D KRPH RIPRUHWKDQSURWHFWHGDQLPDOVLQFOXGLQJRXWRINQRZQEDW
VSHFLHV IRXQG DURXQG WKH &]HFK 5HSXEOLF ,Q WKH 0RUDYLDQ .DUVW DOVR HQGHPLF VSHFLHV LH &RUWXVD
PDWWKLROL VXEVS 0RUDYLFD  DQG PRUH WKDQ  VSHFLHV RI FDYHUQ LQYHUWHEUDWHV FDQ EH IRXQG
0DFNRYþLQ  
National nature preserve of the Mohelno Serpentine Steppe
7KH 0RKHOQR 6HUSHQWLQH 6WHSSH LV ORFDWHG LQ WKH 9\VRFLQD UHJLRQ 7UHELF 'LVWULFW 
DERXW  P VRXWKZDUGV IURP 0RKHOQR 7KH DUHD RI WKH SUHVHUYH FRYHUVKDLWZDVHVWDEOLVKHG
LQ  DQG QRZDGD\V LW LV RQH RI WKH PRVW YDOXDEOH DQG UHPDUNDEOH SUHVHUYHV ZLWKLQ WKH DUHD
RI WKH &]HFK 5HSXEOLF 7KH SUHVHUYH ZDV HVWDEOLVKHG GXH WR WKH ZLGHUDQJLQJ IDXQD DQG IORUD
ZKLFK EHQHILWV IURP WKH VHUSHQWLQH VXEVRLO 7KH VXEMHFW RI SUHVHUYDWLRQ DW WKLV ORFDOLW\ LVDODUJHJURXS
RI [HURWKHUPLF DVVRFLDWLRQV RI WKH VHUSHQWLQH VWHSSH WKHUPRSKLOLF ODZQV DQG VHUSHQWLQH SLQHZRRGV
7KH YDULHW\ RI VSHFLHV LV FDXVHG E\ D QXPEHU RI IDFWRUV DPRQJ RWKHUV PDLQO\ DELRWLF IDFWRUV
JHRJUDSKLFDO ORFDWLRQ DV ZHOO DV KXPDQ DFWLYLW\ +HQFH PRUH WKDQ  SODQW VSHFLHV ZHUH IRXQG
DW WKLV ORFDOLW\ ZKLFK LV DERXW  RI DOO WKH IORUD LQ WKH DUHD RI WKH &]HFK 5HSXEOLF $V WR IDXQD
WKH ORFDOLW\ LVXQLTXH IRUWKHRFFXUUHQFHRILQYHUWHEUDWHV ýHFK  
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RESULTS AND DISCUSSION
)LJXUH  7KH 0RKHOQR 6HUSHQWLQH 6WHSSH QR   DQG WKH 0RUDYLDQ .DUVW QR   RQ WKH EDVH PDS
RI WKHZDWHUEDODQFH

)LJXUH  VKRZV WKH PDS RI WKH GURXJKW WKUHDW LQ WKH &]HFK 5HSXEOLF 1XPEHUV  DQG  PDUN
WKH ORFDWLRQ RI WKH 0RKHOQR 6HUSHQWLQH 6WHSSH   DQG WKH 0RUDYLDQ .DUVW   %RWK ORFDOLWLHV
DUHLQWKHFXUUHQWO\PRVWGURXJKWVWULFNHQDUHDVRIWKH&]HFK5HSXEOLF7KHZKROHDUHDRIWKH0RKHOQR
6HUSHQWLQH 6WHSSH EHORQJV WR WKH ORZHVW OHYHO RI WKH ZDWHU EDODQFH   PP  :LWKLQ WKH DUHD
RI WKH 0RUDYLDQ .DUVW  PRLVWXUH OHYHOV FDQ EH IRXQG IURP  PP WR PP(YHQWKRXJK
WKHVH ORFDOLWLHV DUH RQO\  NP DSDUW GURXJKW KDV D FRPSOHWHO\ GLIIHUHQW LPSDFW RQ ORFDO HFRV\VWHPV
,W LVIXUWKHUREVHUYHGLQWKHIROORZLQJ SDUWRIWKHZRUN
The effects of drought in the protected landscape area of the Moravian Karst
&DYHV LQ JHQHUDO KDYH D YHU\ VSHFLILF PLFURFOLPDWH ZKLFK LV IRUPHG E\ D QXPEHU RI IDFWRUV
7KH WKHUPDO UHJLPH LV PDLQO\ DIIHFWHG E\ KHDW FRPLQJ IURP WRSVRLO VXEVRLO DLUIORZ DQG ZDWHUIORZ
IURP WKH RXWVLGH HQYLURQPHQW &RPSDUHG WR WKH RXWVLGH HQYLURQPHQW WKH DYHUDJH WHPSHUDWXUH
RIWKHDLULQDFDYHKDVRQO\DVPDOOVHDVRQDODQGGDLO\DPSOLWXGHDQGWKHLUYDOXHLVFORVHWRWKHDYHUDJH
DQQXDO WHPSHUDWXUH RI WKH RXWVLGH HQYLURQPHQW 0RLVWXUH FRQGLWLRQV RI WKH FDYHV DUH VLPLODUO\
WR WKH DLU WHPSHUDWXUH FKDUDFWHUL]HG E\ VPDOOHU GDLO\ DV ZHOO DV DQQXDO DPSOLWXGHV WKH UHODWLYH
DQG DEVROXWH DLU KXPLGLW\ DQG ORZ YDSRUL]DWLRQ $OVR GDLO\ DQG DQQXDO DPSOLWXGHV RI VSHHG
DQG GLUHFWLRQ RIZLQGIORZ +HEHOND DQG5RåQRYVNê  
%HFDXVH WKH WHPSHUDWXUH LQVLGH WKH FDYH FRUUHODWHV ZLWK WKH DYHUDJH DQQXDO WHPSHUDWXUH
RIWKHRXWVLGHHQYLURQPHQWLWLVSRVVLEOHWRFODLPWKDWLQFDVHRIWKHULVHRIWKHRXWVLGHWHPSHUDWXUHGXH
WR D FOLPDWLF FKDQJH WKH WHPSHUDWXUH LQVLGH WKH FDYHZLOOULVHDVZHOO7KHWHPSHUDWXUHLQVLGHWKHFDYH
LV DOVR DIIHFWHG E\ IORZLQJ ZDWHU XQGHUJURXQG ULYHUV  7KH LPSDFW RI WKH ZDWHU IORZLQJ LQ WKH FDYH
LV IDLUO\ VLJQLILFDQW DQG DIIHFWV WKH FOLPDWH LQ WKH FDYH PRUH WKDQ WKH DLUIORZ 7KH ORFDWLRQ
DQG RULHQWDWLRQRIWKHFDYHLQIOXHQFHVWKHLQQHUWHPSHUDWXUHDVZHOO,IWKHVORSHVRIWKHFDYHIDFHVRXWK
DQG WKH WKLFNQHVV RI WKH WRSVRLO LV ORZ LW FDQ FDXVH DQ LQFUHDVH RI WKH WHPSHUDWXUH LQVLGH WKH FDYH
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2Q WKH FRQWUDU\ QRUWK IDFLQJ VORSHV FDQ FDXVH D GHFUHDVH RI WKH WHPSHUDWXUH LQ WKH FDYH
3IOLWVFK DQG3LDVHFNL  
Recorded changes caused by drought periods
'XH WR WKH GURXJKW SHULRGV D QXPEHU RI XQXVXDO SKHQRPHQD KDV RFFXUUHG LQ WKH 0RUDYLDQ
.DUVW 7KH FDYH 3LNRYD GDPD 4XHHQRI6SDGHV ZKLFKLVDSDUWRIDFDYHFRPSOH[FDOOHG$PDWHUVNH
MHVN\QH $PDWHXU&DYHV LQWKH0RUDYLDQ.DUVW LVWKHODUJHVWFDYHLQWKH&]HFK5HSXEOLF,WLVIDPRXV
IRU LWV JLDQW VHYHUDO PHWUHV ORQJ LFLFOHV 7KH\ EHJLQ WR IRUP LQ 0DUFK DQG ODVW XQWLO 2FWREHU
7KHLU IRUPDWLRQ LV GHSHQGHQW RQ D VWURQJFROGGUDXJKW%XWEHFDXVHRIPLOGZLQWHUVDQGZDUPVSULQJV
RI WKH ODVW IHZ \HDUV WKHUH KDV EHHQ QR LFH LQ WKLV FDYH VLQFH  ýHVNi WLVNRYi NDQFHOiĜ  
$QRWKHU HYLGHQFH RI FOLPDWH FKDQJH LV WKH ORZ OHYHOV RI ULYHUV 7KH ORZ OHYHO RI 6ORXSVN\ SRWRN
6ORXS %URRN  UHYHDOHG :DQNORY\ NRPRU\ :DQNHO V &KDPEHUV DOVR NQRZQ DV :DQNHO V 6LSKRQV
RU :DQNHO V /DNH  LQ  ZKLFK DUH QRW DFFHVVLEOH GU\VKRG 7KH ORZ OHYHO HQDEOHG WKH H[SORUDWLRQ
RISODFHVZKLFKFDQRQO\EHREVHUYHG VHYHUDOWLPHV DFHQWXU\ 2VRXFK  
Possible future changes caused by the dry periods
3URYLGHG WKDW WKH FDYHV LQ WKH 0RUDYLDQ .DUVW DUH RI NDUVWLF RULJLQ IRUPHG E\ OLPHVWRQH
J\SVXP GRORPLWH DQG RWKHUV  W\SLFDO NDUVWLF SKHQRPHQD RFFXU LQVLGH WKHP ± RQH RI ZKLFK
LV VSHOHRWKHP IRUPDWLRQ WKHQDWLRQDOQDWXUHSUHVHUYHRIWKH0RUDYLDQ.DUVWLV WKHODUJHVWDQGWKHPRVW
ZHOOGHYHORSHG NDUVW DUHD LQ WKH &]HFK 5HSXEOLF  7KH VSHOHRWKHP IRUPDWLRQ LV GHSHQGHQW
RQ WKH RXWVLGH FRQGLWLRQV :LWK WKH FRQWULEXWLRQ RI ZDWHU DQG FDUERQ GLR[LGH WKH FDOFLXP FDUERQDWH
RQ WKH VXUIDFH URFN WXUQV WRFDOFLXPELFDUERQDWHZKLFKLVVROXEOHLQZDWHU7KLVFRPSRXQGWKHQIORZV
ZLWK ZDWHU WKURXJK FUDFNV DQG SRUHVWRWKHFDYH'XHWRWKHORZHUFDUERQGLR[LGHFRQFHQWUDWLRQLQVLGH
WKH FDYH FDOFLXP ELFDUERQDWH WXUQV EDFN WR FDOFLXP FDUERQDWH DQG WKXV VSHOHRWKHPV DUH IRUPHG
3ĜLE\O HW DO   7KHUHIRUH ZLWK WKH ODFN RI SUHFLSLWDWLRQ RU LWV XQVXLWDEOH GLVWULEXWLRQ LQ WLPH
WKH VSHOHRWKHP IRUPDWLRQ LVLQKLELWHG
$QRWKHU SRVVLEOH SKHQRPHQRQ LV D VKRUWHQLQJ RU VKLIWLQJ RI WKH ZLQWHU GRUPDQF\ RI EDWV
&XUUHQWO\ WKH EDWV RQO\ PRYH WR WKH FDYHUQV LQ RUGHU WR KLEHUQDWH ZKLOHWKHLU\RXQJDUHERUQRXWVLGH
WKHFDYHV,QFDVHRIDWHPSHUDWXUHULVHFDYHVPLJKWEHLQKDELWHGE\VXPPHUFRORQLHVRIEDWVDQGWKHLU
\RXQJ ZRXOG WKHQ EH ERUQ LQVLGH WKH FDYHV .ĜHQNRYi   $SDUW IURP WKH EDWV RWKHU FKDQJHV
LQWKHFDYHIDXQDPD\EHH[SHFWHG
The effects of drought in the Mohelno Serpentine Steppe
%HFDXVH RI FKHPLFDO DQG SK\VLFDO FKDUDFWHULVWLFV RI WKHVHUSHQWLQHVHJPHQWDWLRQRIWKHJHRUHOLHI
DQG YDULDELOLW\ RI PLFURFOLPDWLF FRQGLWLRQV ORFDO IORUD DQG IDXQD DUH UHPDUNDEO\ ULFK
'U\ PLFURFOLPDWH LV FDXVHG E\ D FRPELQDWLRQ RI VHYHUDO IDFWRUV ZKLFK DUH WKH VXEVRLO JHRJUDSKLFDO
RULHQWDWLRQ RI WKH VWHSSH DQGWKHFOLPDWLFDUHD7KHVXEVRLORIWKH0RKHOQR6HUSHQWLQH6WHSSHFRQVLVWV
PDLQO\ RI VHUSHQWLQH ZKLFK LV IRUPHG E\ WKH PHWDPRUSKRVLV RI XOWUDEDVLF URFNV 6HUSHQWLQH FRQWDLQV
D ORW RI PDJQHVLXP R[LGHV ZKLFK KDYH D VLJQLILFDQW LPSDFW RQ ORFDO SODQWV 6HUSHQWLQH VRLO
DOVR FRQWDLQV D KLJK DPRXQW RI KHDY\ PHWDOV QLFNHO FKURPH FREDOW  7KH VRLO LV SRRU LQ QXWULHQWV
DQG WR[LF GXH WR WKH KHDY\ PHWDOV 3K\VLFDO FKDUDFWHULVWLFV RI VHUSHQWLQH DQG VHUSHQWLQH VRLO DOVR
FRQWULEXWH WR WKH HIIHFW 6HUSHQWLQH LV D GDUN URFN ZLWK ORZ FRQGXFWLYLW\ DQG EDG ZHDWKHULQJ
'XH WR WKLV IDFW ULGJHVURFNVDQGVWHHSVORSHVFDQEHIRXQGDWVXFKORFDOLWLHVZKLFKFRQWULEXWHVWRWKH
VRLO HURVLRQ DQG QXWULHQW ORVV 6XFK VKDOORZ DQG VNHOHWRQ VRLO OHDNV ZDWHU TXLFNO\ 7KHUH DUH VHYHUDO
UHDVRQV ZK\ VHUSHQWLQH VRLOV DUH VWUHVVIXO IRU SODQWV ,W LV WKH ORZ DPRXQW RI QXWULHQWV WR[LFLW\
DQG GURXJKW FDXVHG E\ RYHUKHDWLQJ RI WKH GDUN VHUSHQWLQH URFN LQ VXPPHU WKH WHPSHUDWXUH
RIWKHVXUIDFHFDQUHDFK & DQGWKHZDWHUOHDN )RUQĤVNRYiDQG3ROiNRYD  
)URP WKH JHRJUDSKLFDO SRLQW RI YLHZ WKH VORSHV RI WKH VWHSSH DUH ORFDWHG LQPGHHSVORSHV
RI WKH FDQ\RQ RI WKH ULYHU -LKODYD :KROH VWHSSH LVVRXWKRULHQWHGEXWWKHUHDUHVLJQLILFDQWGLIIHUHQFHV
LQ H[SRVLWLRQ WKXV VWHHS VORSHV IDFH VRXWK DV ZHOO DV QRUWK ZKLFK KDV D FRQVLGHUDEOH LPSDFW
RQ WKH FRPSRVLWLRQ RI WKH YHJHWDWLRQ 7KH VORSHV IDFLQJ VRXWKHDVW RU VRXWKZHVW KDYH
D ORW RI VRODULILFDWLRQ DQG WKH VXQ UD\V DUH DOPRVW SHUSHQGLFXODU WR WKH VXUIDFH DOO GD\ DQG DOO \HDU
:LWK WKH FRQWULEXWLRQ RI WKH GDUN FRORXU RI VHUSHQWLQH WKH VXEVRLO DW WKHVH ORFDOLWLHV FDQ
EH ± & ZDUPHU WKDQ WKH DLU 7KHUH LV DOVR D VSHFLILF PLFURFOLPDWH LQ ZLQWHU PRQWKV
)RUQĤVNRYi DQG 3ROiNRYi   4XLWWH   FODLPV WKDW WKH 0RKHOQR 6HUSHQWLQH 6WHSSH EHORQJV
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WR WHPSHUDWH FOLPDWLF DUHD 07 ZKLFK LV FKDUDFWHUL]HG E\ ZDUPGU\DQGORQJVXPPHUVKRUWPLOG
DQG GU\ ZLQWHU DQG WHPSHUDWH VSULQJ DQG DXWXPQ 7KH SUHFLSLWDWLRQ WRWDOV LQ WKH YHJHWDWLRQ SHULRG
DUH ± PP7KHDYHUDJHDQQXDOWHPSHUDWXUHLQWKHVWHSSHLVXSWR &KLJKHUWKDQLQWKHWRZQ
RI 0RKHOQR 1RYiNDQG)UXKZLUWRYi  
A change of moisture conditions at the Mohelno Serpentine Steppe
7KH DUHD RI WKH SUHVHUYH ZDV HDUOLHU XVHG DV D ORFDO SDVWXUH IRU FDWWOH VKHHS DQG JRDWV
6LQFH  ZKHQWKHSUHVHUYHZDVHVWDEOLVKHGSDVWXUDJHZDVSURKLELWHGDQGWKHDUHDZDVOHIWXQXVHG
6LQFH WKHQ D VHFRQGDU\ VXFFHVVLRQ KDV RFFXUUHG :RRG\ VSHFLHV KDYH VWDUWHG WR JURZ WKHUH PDLQO\
SLQH EODFN ORFXVW DQG WKHUPRSKLOLF EXVKHV  DORQJ ZLWK JUDVVHV DQG YDULRXV SODQW VSHFLHV 7KLV IORUD
VWDUWHG WR VKDGH DQG FKDQJH WKH FKDUDFWHULVWLFV RI WKH VWDWLRQ PRLVWXUH FKDQJHV VRLO FKHPLVP KXPXV
IRUPDWLRQ HWF  DV D UHVXOW UDUH VWHSSH VSHFLHV ZHUH VXSSUHVVHG 7KHUHIRUH LQ WKH V D V\VWHPDWLF
UHGXFWLRQ RI WKH VHFRQGDU\ VXFFHVVLRQ SODQWV ZDV LQWURGXFHG DQG LQ  SDVWXUDJH ZDV UHLQWURGXFHG
DVZHOO%RWKWKHVHDFWLYLWLHVDUHFUXFLDOIRUWKHRFFXUUHQFHDQGSUHVHUYDWLRQRIWKHVWHSSH ýHFK 
,W LV SRVVLEOH WKDW WKH H[SDQVLRQ RI WKH XQZDQWHG VSHFLHV DV DOVR VXSSRUWHG E\ WKH FRQVWUXFWLRQ
±  RI D QHDU SXPSVWRUDJHG K\GURHOHFWULFLW\ 36+ ± 'DOHVLFHUHVHUYRLU ± IRUWKH'XNRYDQ\
QXFOHDU SRZHU SODQW ,Q WKDW FDVH PLFURFOLPDW LF FRQGLWLRQV ZRXOG KDYH EHHQ LQIOXHQFHG
E\ WKH FXPXODWLRQ RI D KXJH DPRXQW RI ZDWHU FORVH WR WKLV ORFDOLW\ )RUQĤVNRYiDQG3ROiNRYi 
4XLWW   GHDOV ZLWK WKH FKDQJH RI WKH PLFURFOLPDWH FDXVHG E\ WKH FRQVWUXFWLRQ RI WKH 'DOHVLFH
36+ ,W ZDV IRXQG WKDW WKHWHPSHUDWXUHPD[LPXPVLQ-LKODYDIORRGSODLQZHUHORZHUHGGDLO\DPSOLWXGH
RI WKH DLU WHPSHUDWXUH DOVR GHFUHDVHG DQG PLFURFLUFXODWLRQ RFFXUV EHWZHHQ WKH OHYHOV RI ERWK
UHVHUYRLUVZKLFK SXVKHVWKHFRROHU DQGPRUHKXPLGDLUXSWRPIDUIURPWKHEDQNV
%RWK ORFDOLWLHV DUH LQ WKH PRVW GURXJKWVWULFNHQ DUHD 6WĜHGRYi HW DO   FODLPV
WKDW LWLVSRVVLEOHWRH[SHFWDQRWKHULQFUHDVHLQWKHDQQXDODLUWHPSHUDWXUHDVZHOODVWKHDLUWHPSHUDWXUH
LQWKHYHJHWDWLRQSHULRG7KLVWKHRU\LVDOVRVXSSRUWHGE\WKHIDFWWKDWZKHQWKHWZRSDVWKDOIFHQWXULHV
± DQG ±  WKH DYHUDJH DLU WHPSHUDWXUH LQ WKH YHJHWDWLRQ SHULRG LQFUHDVHG
IURP ± & LQ WKH ILUVW KDOIFHQWXU\ WR ± & LQ WKH VHFRQG KDOIFHQWXU\ $FFRUGLQJ
WR 6YHMNRYVNi   GU\ SHULRGV DUH WREHH[SHFWHGPRUH IUHTXHQWO\DQGZLWKKLJKHULQWHQVLW\DOO RYHU
WKH DUHD RI WKH &]HFK 5HSXEOLF E\  FDXVLQJ DOVR WKH H[SDQVLRQ RI WKH GU\ DUHDV
6YHMNRYVNi   DOVR FODLPV WKDW E\  WKH YDOXHV RI SRWHQWLDO HYDSRWUDQVSLUDWLRQ
LQWKHYHJHWDWLRQ SHULRGZLOO LQFUHDVH LQWKH0RKHOQR6HUSHQWLQH 6WHSSHIURP PPWRPP
6WĜHGRYD HW DO   VWDWHV WKDW E\  D GHFUHDVH LQ SUHFLSLWDWLRQ ZLOO RFFXU DORQJ
ZLWK D FKDQJH RI LWV GLVWULEXWLRQ LQ WLPH 0RUH LQWHQVLYH SUHFLSLWDWLRQ DQG ORQJHU GU\ SHULRGV
DUH WR EH H[SHFWHG 6YHMNRYVNi DQG 3URFKD]NRYi   VD\ WKDW UHJDUGOHVV RI WKH NLQG RI GURXJKW
ELRORJLFDO YDULDELOLW\ HFRV\VWHPUHVLVWDQFH DQGHFRV\VWHPVHUYLFHV ZLOO EHDIIHFWHG
CONCLUSION
8VLQJ WKH GDWD RI WKH EDVLF ZDWHU EDODQFH D PDS RI GURXJKW WKUHDW ZDV FUHDWHG IRU WKH &]HFK
5HSXEOLF %DVHG RQ WKLV PDS WZR ORFDOLWLHV ZHUH VHOHFWHG IURP WKH GURXJKWVWULFNHQ DUHDV IRU PRUH
GHWDLOHG GHVFULSWLRQ WKLV IDFWRU KRZHYHU KDV D FRPSOHWHO\ GLIIHUHQW LPSDFW RQ HDFK RI WKHP
7KH ORFDOLWLHV ZHUH WKH 0RKHOQR 6HUSHQWLQH 6WHSSH DQG WKH 0RUDYLDQ .DUVW ,Q WKH 0RKHOQR
6HUSHQWLQH 6WHSSH GURXJKW LV D YLWDO IRU WKH RFFXUUHQFH RI UDUH SODQW DQG DQLPDO VSHFLHV 7KH ZDWHU
EDODQFH YDOXH LQ WKH YHJHWDWLRQ SHULRG UHDFKHV   PP 7KH KLVWRULFDO FRQWH[W VKRZV WKDW ZURQJ
FDUH RI WKLV DUHD OHG WR DQ H[SDQVLRQ RI XQZDQWHG VSHFLHV FKDQJLQJ WKXV WKH PLFURFOLPDWH
WR XQIDYRXUDEOH IRU WKH UDUH VSHFLHV ZKLFK ZHUH WKHQ VXSSUHVVHG $ FRQWUDVWLYH ORFDOLW\
WR WKH 0RKHOQR 6HUSHQWLQH 6WHSSH LV WKH 0RUDYLDQ .DUVW ZKLFK LV WKH ODUJHVWDQGWKHPRVWVLJQLILFDQW
NDUVW DUHD LQ WKH &]HFK 5HSXEOLF ,WZDVSURYHQWKDWWKHPLFURFOLPDWHLQVLGHWKHFDYHVZDVGHSHQGHQW
RQ WKH RXWHU FOLPDWLF FRQGLWLRQV 'XH WR WKH GU\ SHULRGV XQXVXDO SKHQRPHQD ZHUH UHFRUGHG LQ WKHVH
FDYHV ,W ZDV REVHUYHG WKDW WKH WZR HFRV\VWHPV KDYH GLIIHUHQW FOLPDWLF UHTXLUHPHQWVDQGWKXVGURXJKW
GRHV QRW KDYH WR RQO\ KDYH D QHJDWLYH LPSDFW 7KH RWKHU DXWKRUV SUHGLFW DQ LQFUHDVH LQ GURXJKW
LQWHQVLW\ DVZHOO DVDQH[SDQVLRQ RIGU\DUHDV)XUWKHULPSDFW RQWKHHFRV\VWHPVLVWREHH[SHFWHG
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Abstract: 7KH7UDLQLQJ)RUHVW(QWHUSULVH0DVDU\N)RUHVW.ĜWLQ\LVDQRUJDQL]ational part of Mendel
University in Brno, and it serves training as well as other purposes. This area is also heavily used
by hikers, bikers, horseback riders and other target groups. This article focuses in particular
on wheelchair users. From the perspective of the general use of the area and possible conflicts between
users of the forest trails, we have analysed the related fundamental legal standards such as the Forest
Act, the Civil Code, the Roads and Motorways Act, and others. A questionnaire was prepared in order
WRREWDLQLQIRUPDWLRQDERXWWKHZKHHOFKDLUXVHUV¶SUHIHUHQFHV$PRQJRWKHUWKLQJVRXUTXHVWLRQQDLUH
survey helped identify the most significant obstacles that people in a wheelchair face in the woodlands.
The obtained results have been used for preparing particular proposals concerning a selected
location ± the forest road from Rudice towards the Dyk Tree Nurseries and their surroundings.
Key Words: wheelchair users, forest area, accesibility, legal conditions, Training Forest Enterprise
0DVDU\N)RUHVW.ĜWLQ\
INTRODUCTION
7KH 7UDLQLQJ )RUHVW (QWHUSULVH 0DVDU\N )RUHVW .ĜWLQ\ LV DQ RUJDQL]DWLRQDO SDUW RI 0HQGHO
University in Brno, and it serves training as well as other purposes. This area is also heavily used
by hikers, bikers, horseback riders and other target groups. A recent development are locations
for single-track mountain biking. The aim of the project implemented at the Department of Landscape
Management (Faculty of Forestry and Wood Technology, Mendel University in Brno) and financed
with the support of Internal Grant Agency (Mendel University in Brno) is to identify locations suitable
for people with reduced mobility. The aim of this paper is to present the results of a questionnaire survey
carried out among selected target group of wheelchair users, to discuss possible conflicts between
different user groups and legal restrictions concerning the use of woodlands for recreation,
and to propose particular measures for the selected location reflecting the results of previous
investigations.
MATERIAL AND METHODS
The current trend is to discover new routes which will allow people with physical disabilities
to choose a home and way of life to their liking and live as independently as possible (without relying
on the help of others, needing constantly to ask for aid). In this context, we must realise that the basic
prerequisite for active participation of a person in social life is the accessibility of areas and buildings,
and the ability to use them and move freely in them. It is the fulfilment of the right to freedom
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of movement in the broadest sense of the word (http://www.czp-msk.cz). Making landscape accessible
by designing tourist routes allowing mainly wheelchair users an independent, safe, easy and smooth
motion and their passing with other pedestrians or even bicycles in a natural environment has been
GLVFXVVHGE\/RXþNRYiDQG)LDORYi  -DNXELVDQG-DNXELVRYi  -XQHNDQG)LDORYi  
.RWiVNRYiDQG+UĤ]D  )LDORYiHWDO  5ROORYi  -DQHF]NRHWDO  /HLVXUHWLPH
VSHQGLQJE\SHRSOHZLWKGLVDELOLWLHVKDVEHHQGHDOWZLWKE\HJ3DJiQ  )LJXHLUHGRHWDO  
Kastenholz et al. (2015), Eichhorn et al. (2013), or Blichfeldt and Nicolaisen (2011). The results of their
research were used for the proposal of measures. From the perspective of the general use of the area
and possible conflicts between users of the forest trails, we have analysed the related fundamental legal
standards such as the Forest Act, the Civil Code, the Roads and Motorways Act, and others. Following
WKH SULQFLSOH RI XQLYHUVDOGHVLJQ 5ROORYi   ZKHHOFKDLU XVHUV ZHUHVHOHFWHG DVWKH WDUJHW JURup
for the purposes of this project. The suggested proposals for people in a wheelchair are also applicable
to other reduced mobility groups (elderly people, mothers with prams, etc.) A questionnaire was
prepared in order to obtain information about the whHHOFKDLU XVHUV¶ SUHIHUHQFHV 7KH TXHVWLRQQDLUH
survey was promoted through several channels, also with the help of the Czech Wheelchair Users
League and the Metropolitan magazine. The questionnaire was created electronically in Google
Documents. Among other things, our questionnaire survey helped identify the most significant obstacles
that people in a wheelchair face in the woodlands. The obtained results have been used for preparing
particular proposals concerning a selected location ± the forest road from Rudice
³.+OLQNRYêPGROĤP´ WRZDUGVWKH'\N7UHH1XUVHULHVDQGWKHLUVXUURXQGLQJV
RESULTS AND DISCUSSION
Questionnaire survey
The answers were collected electronically and were statistically evaluated. A total
of 67 questionnaires were filled in. The respondents clearly prefer the summer season, whereas winter
is almost invariably regarded as unsuitable. The spring and autumn seasons were identified as partially
usable, with a slight preference of spring. Nearly all respondents consider asphalt roads to be the most
appropriate. As regards paths and roads with more natural treatment, compacted surface roads as well
as wooden pathways were rated positively. Paths and roads with pebble, cobble and grass surface were
identified as unsuitable. According to the degree of interest, the requirements can be divided into several
groups. The first group (considered by the respondents as the most important) includes features that
allow accessing the trail and then spending extended time on it: parking and toilets. Information boards
were, too, frequently asked for. Powered-wheelchair users require charging stations. The second group
of features, seen as less urgent, mainly includes those making the use of the trail more comfortable:
shelters, tables, restaurants or other refreshment facilities, and fire rings. The most important are factors
affecting the actual usability of the trail for people in a wheelchair: transverse and longitudinal slope,
width, and general visibility. Trail marking, slope or direction changes, and trail length were regarded
as less important (Table 1). All obstacles listed in the questionnaire were assessed as very serious.
The most serious reservations appear to concern steps and stairs, water crossings, and deep holes
(Table 2).
Table 1 A statistical evaluation of factors influencing the choice of trail
Factor

Diameter

Median

Factor

Diameter

Median

marking

2.463

2.5

visibility

2.889

3

equipment

2.611

3

width

3.148

3

changes

2.704

3

transverse slope

3.352

4

length

2.870

3

longitudinal slope

3.389

4

Legend: 1 ± unimportant, 2 ± hardly important, 3 ± rather important, 4 ± very important
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Table 2 A statistical evaluation of obstacles along the trail
Obstacle

Diameter

Median

Obstacle

Diameter

Median

snow

3.130

3

roots

3.593

4

tree branches

3.148

3

frequent holes

3.685

4

rutted surface

3.481

4

deep holes

3.852

4

narrow trail

3.519

4

water crossing

3.852

4

stones

3.556

4

steps/stairs

3.926

4

Legend: 1 ± unimportant, 2 ± hardly important, 3 ± rather important, 4 ± very important

Minimizing conflicts between different user groups
7KH ULJKW WR YLVLW ZRRGV DQG IRUHVWV LV UHIHUUHG WR DV ³WKH SXEOLF XVH RI ZRRGODQG´
Apart from other legislation, it is enshrined in Section 19 of Act No. 289/1995, on forests (as amended).
7KH$FWDOVRVD\VWKDWWKLVULJKWFDQRQO\EHH[HUFLVHGDWRQH¶VRZQULVN7KXVWKHIRUHVWUHSUHVHQWV
a place where different groups of users and visitors meet to pursue different aims and needs.
Their activities are, of course, governed by the same law; specifically by its Section 20. Even though
WKH HQWUDQFH WR WKH IRUHVW LV JUDQWHG DW RQH¶V RZQ ULVN WKH JHQHUDO SUHYHQWLRQ REOLJDWLRQ FRQWLQXHV
to apply according to Section 2900 of Act No. 89/2010 (the Civil Code), as amended. This legislation
stipulates that each individual should act so as not to inflict injury to life, health or property.
Above all, the general prevention obligation guarantees the safety of the visitors, and is based
on preventing or averting damages should they appear imminent. However, it is always
necessary to individually examine what you can expect from these persons, what can be predicted,
and to what extent (if at all) it is possible to prevent damages from occurring. Thus, a safe
use of woodlands is rooted in a good maintenance of growth and of the path network on the part
of the owner. In order to meet the prevention obligations it is necessary to inspect the condition
of the paths and the health of the growth and vegetation, especially in the vicinity of the paths
and in the most frequently visited locations. Further, it is necessary to comply with the working
and technological procedures or occupational health and safety requirements.
Speaking of forest owners, it is also important to mention that the new Civil Code has introduced
the institute of notification obligations. This entails warning about potential damage. If an obligation
has been (or is going to be) broken, this information must be passed on to the people who might suffer
damage as a result. Therefore, if a person authorized by the owner suitably warns the visitors about
potential dangers (damaged road surface, obstacles blocking the road, risk of falling trees, etc.),
the injured party will lose the right of compensation because the damage could have been prevented
based on the warning. Further risks are associated with using the woodland path and road network.
The general use of this network is governed by Act No. 13/1997, on roads and motorways (as amended),
which classifies both paved and non-paved forest roads as access roads. According to Section 2 Subs.
1 a) of Regulation No. 433/2001, a forest road is an access road designated for the transport of timber,
persons or material solely in the interest of the owner, and for the passage of special-purpose vehicles.
So forest roads and paths are primarily intended for forest maintenance and management, yet their use
by other people and for other purposes can be expected.
On the part of the owner it is necessary to ensure public safety during work in the forest,
by displaying due warnings and by putting the roads into a suitable condition when the work is over.
The warnings should be displayed not only at all access points to the area where work is in progress,
but also on the website of the Training Forest Enterprise. On the part of the visitor it is particularly
important to take extra care in areas where work is under way or has recently taken place, and to see
the website before taking the trip. Along the proposed trails in the Dyk Tree Nurseries area disabled
users will mingle with other visitor groups ± hikers, joggers, cyclists, etc. Significant risks arise
especially where disabled people and cyclists use the same routes. In the case of the proposed trails,
the highest risk is present in sections where the paths are part of the cycle track. In these places
it is necessary to provide a road sign for the cyclists to inform about the possible presence of persons
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with reduced mobility, wheelchair users in particular. These shared-use sections also need
WREHLQGLFDWHGLQWKHIRUHVWPDQDJHPHQWFRPSDQ\¶VURDGQHWZRUNPDSVERWKSULQWHGDQGHOHFWURQLF
This will allow both user groups to familiarise themselves with the trail before visiting it. Also, marking
the beginnings of cycle tracks will help improve the orientation of disabled as well as other visitors.
A loop trail proposal for reduced-mobility users
Based on the above-mentioned findings, a trail route has been proposed that leads from the village
of Rudice towards the Dyk Tree Nurseries. This route can partly be organised as a loop trail. The same
route can be taken to travel there and back. It will not be necessary to travel the entire route. Several
alternatives of making the route longer or shorter have been suggested. The longitudinal sloping
of the forest service roads can be seen in Figure 1.
The proposal takes into account the requirements for parking and trail access points. The Rudice
village is accessible by a local bus. A request would have to be filed to the transport company to deploy
wheelchair accessible buses. Cars can be parked in the car park near the forest cemetery, in the close
YLFLQLW\RIWKHWUDLOEHJLQQLQJDWWKHERRPJDWHRQWKH³.+OLQNRYêPGROĤP´IRUHVWURDG$GGLWLRQDO
parking space is available in Rudice.A low-traffic road leads from the village car park to the cemetery,
with a minimum slope and flanked by trees, so the route can be extended by this section. The trail route
FDQLQFOXGHWKHVHUYLFHURDGV³. +OLQNRYêPGROĤP´³3RNRMQi´DQG³.HãNRONiP´$WWKHbeginning
RIWKH³. +OLQNRYêPGROĤP´URDGDE\SDVVQHHGVWREHSURYLGHGWRDOORZDFFHVVZKHQWKHERRPJDWH
is closed. The longitudinal slope of the roads along the proposed route does not exceed the required
8.33% (i.e. 1:12). The transverse slopes do not exceed 2% (1:50), which again is in compliance
with legal requirements for wheelchair accessibility. Wheelchair users regard asphalt as the most
suitable road surface for its flatness, lower risk of skidding, and riding comfort. The best quality
asphalt-based covers in use today are asphalt concrete and tarmac. Along most sections of the trail,
the surface of the selected forest roads is from compacted stone aggregate, which ± if conveniently
graded ± is a surface that suits wheelchair users as well. The service roads are wide enough
for wheelchairs. 900 mm are enough to allow one wheelchair, but where passing a pedestrian or making
a U-turn is necessary, a width of 1500 mm needs to be accounted for. In order for two wheelchair users
to pass each other, a width of 1800 mm is required.
A natural water spring is located near the Dyk Tree Nurseries. Along a stretch of about 200 metres
the access road is currently not suitable for wheelchair access, but as part of the above mentioned project
(financed by the Internal Grant Agency) a solution is being looked for to improve the accessibility
of this water spring and to build a place for resting. Additional place for relaxation has been proposed
in the vicinity of the Dyk Tree Nurseries. The staff of the TFE have been consulted about the possibility
to provide wheelchair accessible toilets behind the tree nursery. As part of the trail design, it is possible
to make use of certain existing service paths with a plausible slope to establish a loop trail serving
educational purposes. In the future several stop points with educational boards will be provided along
the trail. Concerning the proximity of the Dyk Tree Nurseries, the boards will thematically focus
on silviculture. However, all boards must be positioned so as to be easily readable even for a person
sitting in a wheelchair. The boards must be put up right next to the trail, or it must be possible
for wheelchair users to access them and make a U-turn to return back to the trail. A circular area
of 1500 mm in diameter is required to turn the wheelchair, which represents the minimum required
manoeuvring space to allow multi-GLUHFWLRQURWDWLRQRIWKHZKHHOFKDLUZLWKLQDQDQJOHJUHDWHUWKDQ
$OWKRXJKWKH7)(0).ĜWLQ\ is not situated in a flatland area, there are locations where persons
with reduced mobility (such as people in a wheelchair) can seek relaxation. Forest service roads
in the area have a suitable longitudinal slope and a suitable surface; there is a dedicated car park, parking
space, or a public transport stop near the trail access points; and at the same time, there are tourist
attractions (a reservoir, a natural water spring, tree nurseries, a memorial, lookout points, geocaches,
etc.). Therefore, it is advisable to promote these places in a way described above. The Dyk Tree
Nurseries area meets more or less all of the above-mentioned requirements, and so we shall continue
dealing with the idea of proposing particular additional facilities and landscaping to make the area
accessible for persons with reduced mobility to the greatest possible extent.
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Figure 1 Averages Slopes on Forest Roads Near Rudice ± a section of the map

CONCLUSION
The objectives of the research presented in this article included an analysis of the existing
legislation governing the use of woodlands, an analysis of the needs of people using a wheelchair
for trips to wooded areas, and a discussion of possibilities to design a trail (ideally, a loop trail)
in the area of the Dyk Tree NXUVHULHVDWWKH7UDLQLQJ)RUHVW(QWHUSULVHLQ.ĜWLQ\$OORIWKHVHREMHFWLYHV
have been met, and moreover, suitable locations were selected for placing additional facilities that could
also be utilized by wheelchair users.
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EFFECT OF IRRIGATION ON PLANT DEVELOPMENT
AND FLOWERING PERIOD OF CHOSEN PLANT MIXTURE
LUCIA RAGASOVA, TOMAS KOPTA, ROBERT POKLUDA
'HSDUWPHQW RI9HJHWDEOH*URZLQJDQG)ORULFXOWXUH
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
OXFLDUDJDVRYD#JPDLOFRP
$EVWUDFW 'HFUHDVLQJ ELRGLYHUVLW\ LV DFWXDO DQG VHULRXV SUREOHP RI UHFHQW \HDUV 3URWHFWLRQ
DQG UHSODQWLQJ RI QRQFURS YHJHWDWLRQ LV RQH RI VHYHUDO ZD\V KRZ WR VXSSRUW HFRV\VWHP VHUYLFHV
ZKLFK DUH HJ QXWULHQW DQG ZDWHU F\FOLQJ VRLO IRUPDWLRQ SHVW DQG GLVHDVH FRQWURO SROOLQDWLRQ
1RQFURS YHJHWDWLRQ FDQ EH HLWKHU SHUPDQHQW ZRRGV IRUHVW PHDGRZV  RUWHPSRUDU\ IORZHULQJSODQW
VWULS DV LQWHUFURS RU LQ EHWZHHQ WKH URZV WKDW FDQ DOWHUQDWH DIWHU IHZ \HDUV  7KH VWXG\ ZDV IRFXVHG
RQ PRQLWRULQJ RI RYHUDOO LQWHJUDWLRQ DQG IORZHULQJ SHULRG RI FRPPHUFLDO SODQW PL[WXUH IRU JUHHQLQJ
YLQH\DUGV RUFKDUGV DQG ILHOGV DQG HIIHFW RI WKH LUULJDWLRQ &KRVHQ PL[WXUH RI SODQWV FRQWDLQV IORZHUV
WKDW ZHUH FRQWLQXRXVO\ EORRPLQJ IURP  FDOHQGDU ZHHN WLOO WKH HQG RI H[SHULPHQW  FDOHQGDU
ZHHN  ,UULJDWLRQ KDG HIIHFW RQ DSSHDUDQFH RI VHYHUDO SODQWV VSHFLHV HJ 7 UHSHQV 3 ODQFHRDODWD
DQG RYHUDOO LQWHJUDWLRQ RI YHJHWDWLRQ 0RVW RI WKH WD[RQV KDG KLJKHU DSSHDUDQFH DQG ORQJHU IORZHULQJ
SHULRG RQ QRQLUULJDWHG YDULDWLRQ HJ 7 LQFDUQDWXP 3 WDQDFHWLIROLD ) HVFXOHQWXP  WZR VSHFLHV
KDG VDPH OHQJWK RI IORZHULQJ SHULRG RQ ERWK YDULDWLRQV DQG RQO\ RQH WD[RQ 2QREU\FKLV YLFLIROLD
KDYH RQHZHHNORQJHU IORZHULQJ SHULRGRQLUULJDWHG YDULDWLRQ
.H\:RUGV ELRGLYHUVLW\ IORZHULQJ SODQWVWULSVHFRV\VWHPVHUYLFHKDELWDW PDQDJHPHQW
INTRODUCTION
Agrobiodiversity, Non-crop vegetation and Habitat Management
*HQHUDOO\ ELRGLYHUVLW\ LV YDULDELOLW\ DQG GLYHUVLW\ LQ EHWZHHQ WKH OLYLQJ RUJDQLVPV
DQG HFRORJLFDO FRPSOH[HV ZKHUH WKHVH RUJDQLVPV H[LVW 5RG HW DO   6XVWDLQDELOLW\ RI SODQW
SURGXFWLRQ LV DGKHUHQW WR DFWLYH SURWHFWLRQ DQG VXSSRUW RI ELRGLYHUVLW\ ,Q ODVW GHFDGHV ELRGLYHUVLW\
LV VXSSUHVVHG E\ PRQRFXOWXUDO SURGXFWLRQ OLTXLGDWLRQ RI QRQFURS YHJHWDWLRQ DQG ZLOG VSHFLHV
PHOLRUDWLRQ DSSOLFDWLRQ RI FKHPLFDO SHVWLFLGHV V\QWKHWLF IHUWLOL]HUV DQG JURZLQJ YDULHWLHV VXVFHSWLEOH
WRSHVWVDQGGLVHDVHV 5RGHWDO 
$JURHFRV\VWHPV UHSUHVHQW VSHFLILF NLQG RI HQYLURQPHQW IRU ZKLFK LV GHILQHG VRFDOOHG
DJURELRGLYHUVLW\ WKDW FRQVLVW IURP 81(3   RI ELRORJLFDO YDULDELOLW\ RI DJULFXOWXUDO HFRV\VWHPV
JHQHWLF SODQW DQG DQLPDO UHVRXUFHV XVHG LQ DJULFXOWXUH JHQHWLF UHVRXUFHV RI PLFURRUJDQLVPV DQG IXQJL
$JURELRGLYHUVLW\ KDV WZR FRPSRQHQWV SURSHU JURZQ RU EUHHG VSHFLHV FKRVHQ E\ PDQ IRU DJULFXOWXUH
SURGXFWLRQ DQG VSHFLHV DOOLHG LQ DJURHFRV\VWHPV ZHHGV QDWXUDO VSHFLHV VSHFLHV LQ PDUJLQ SDUWV 
$FWXDO ELRGLYHUVLW\ RI DJURHFRV\VWHP GHSHQGV RQ GLYHUVLW\ RI YHJHWDWLRQ LQ SURSHU DJURHFRV\VWHP
DQG VXUURXQGLQJ ELRWRSV JURZQ VSHFLHV OHYHO RI LVRODWLRQ RI DJULFXOWXUDO DUHDV IURP QDWXUDO
HFRV\VWHPV âDUDSDWND 
)XQFWLRQ RI QRQSURGXFWLRQ YHJHWDWLRQ LQKHUHV LQ SURYLGLQJ VRFDOOHG HFRV\VWHP VHUYLFH
,Q QDWXUDO HFRV\VWHPV YHJHWDWLRQ LQ ZRRGV DQG PHDGRZV SURWHFWV VRLO IURP HURVLRQ KHOSV VSDUH
XQGHUJURXQG ZDWHU UHVRXUFHV HQKDQFHV LQILOWUDWLRQ RI ZDWHU WR WKH VRLO DQG UHGXFH UXQRII
E\ ZKDW KHOSV FRQWURO IORRGV +DUODQ   7KH DLP RI QRQFURS YHJHWDWLRQ LQKHUHV PRVWO\
LQ UHJXODWLRQ VHUYLFH HJ UHJXODWLRQ RI DLU DQG ZDWHU SROOXWLRQ VRLO HURVLRQ DQG PDLQO\ LQ FRQWURO
RI SHVWDQGGLVHDVHV +DLQHV<RXQJ  
&RPSDULVRQ RI HFRORJLFDO DQG FRQYHQWLRQDO DJULFXOWXUDO FRPSDQLHV LQ 6ZLW]HUODQG
6FKDGHU HW DO   DQG (QJODQG *LEVRQ DQG 3HDUFH  KDVVKRZQWKDWUDWLRRIWKHQDWXUDODUHDV
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LV LQ HFRORJLFDO SURGXFWLRQ KLJKHU WKDQ LQ FRQYHQWLRQDO )URP DQDO\VLV RI DOO 6ZLVV DJULFXOWXUDO
FRPSDQLHV HQVXH WKDW HFRORJLFDO SURGXFWLRQ VHW DSDUW  FRPSDUH WR QRQHFRORJLFDO SURGXFWLRQ
 RI DUHD IRU QDWXUDO DUHDV 6FKDGHU HW DO 'LYHUVLW\LQVSHFLHVLVWLPHVKLJKHULQHFRORJLFDO
SURGXFWLRQ V\VWHPVWKDQLQFRQYHQWLRQDO SURGXFWLRQ DUHDV +RO]VFKXK HWDO  
+DELWDW PDQDJHPHQW GHDOV ZLWK GHVLJQHG SODQWLQJ RI QRQFURS YHJHWDWLRQ DQG SURWHFWLRQ
RI ELRGLYHUVLW\ LQ FRXQWU\VLGH )LHGOHU HW DO   6XFK D YHJHWDWLRQ LV LPSRUWDQW IRU UHGXFLQJ
QHJDWLYH HIIHFW RI DJULFXOWXUH VXFK DV ZDWHU DQG QXWULHQW UXQRII HURVLRQ DQG DOVR LW LV LPSRUWDQW
ELRWRSH IRU EHQHILFLDO RUJDQLVPV âDUDSDWND   $FFRUGLQJ WR VL]H RI JURXQG VRUW RI JURZQ SODQWV
ORFDO FOLPDWH FRQGLWLRQV LV SRVVLEOH WR FUHDWH GLIIHUHQW IRUPV RI QRQFURS YHJHWDWLRQ HJ IORZHULQJ
SODQW VWULSV ZLWKLQ WKH FURS DUHD RU PDUJLQ SDUWV KHGJH IHQFHV ODUJH DQG VPDOO SDWFKHV RI SHUHQQLDO
SODQWV DQG WUHHV RU YDULRXV ODUJH FRUULGRUV %\ WKH W\SH RI QRQFURS YHJHWDWLRQ WKHUH LV SHUHQQLDO
YHJHWDWLRQ VKUXEV WUHHV SHUHQQLDO SODQWV  DQG WHPSRUDU\ YHJHWDWLRQ WKDW FDQ EH DIWHU \HDU
RUIHZ\HDUVXVHGDVJUHHQPDQXUHRUPXOFK %HQWUXS 7KHDLPRIWKHH[SHULPHQWZDVWRDVVHVV
WKH HIIHFWRILUULJDWLRQ RQGHYHORSPHQW RIIORZHULQJ SODQWYHJHWDWLRQ
*UHHQ0L[ PXOWL PL[WXUH LV PL[HG IURP SHUHQQLDO DQG DQQXDO SODQWV $QQXDO SODQWV UHTXLUH
VRZLQJ HYHU\ \HDU VR WKH\ EHFRPH OHVV OLNHO\ D ZHHG LQ D ILHOG 3HUHQQLDO SODQWV DUH PRUH OLNHO\
WR VSUHDG EH\RQG WKHLU GHVLJQDWHG DUHDV RU KDUERXU LQYDVLYH ZHHGV :UDWWHQ HW DO   +RZHYHU
VRPH SODQW VSHFLHV ZLWK SRWHQWLDO WR HQKDQFH ELRORJLFDO FRQWURO PD\ DOVR VXSSUHVV ZHHGV
7KH SURVWUDWH JURZWK KDELWDW RI WKH /REXODULD PDULWLPD LV NQRZQ WR VXSSUHVV ZHHGV DV ZHOO EHLQJ
DQ DEXQGDQWVRXUFHRISROOHQ DQGQHFWDU /DQGLVHWDO 
%HVLGH FRUUHFW WLPLQJ RI IORZHULQJ SHULRG FRPSDWLELOLW\ ZLWK FURSSLQJ V\VWHP DQG FURS
LV DOVR LPSRUWDQW 5RWDWLRQDO V\VWHPV DUH VXLWDEOH IRU DQQXDO IORUDO UHVRXUFHV ZLWKLQ DUHD DQG SHUHQQLDO
VSHFLHV DURXQG LW ZKLOH SHUPDQHQW FURS FDQ LQFRUSRUDWH HLWKHU DQQXDO RU SHUHQQLDO IORUDO UHVRXUFHV
/DQGLV HW DO   )ORUDO UHVRXUFH XVHG QHHGV WR EH FRPSDWLEOH ZLWK WKH FURS UHJDUGLQJ LWV ZDWHU
DQG QXWULHQW XVH DV ZHOO DVWKHWLPHFURSVDUHPRVWVXVFHSWLEOHWRSHVWGDPDJH&RYHUFURSVKDYHEHHQ
XVHG LQ YLWLFXOWXUH WR GHYLJRUH JUDSH YLQHV :KHHOHU DQG 3LFNHULQJ   LQ RUGHU WR PDQLSXODWH YLQH
JURZWK WR DFKLHYH TXDOLW\ JUDSH SURGXFWLRQ /DQGLV HW DO   $OVR ZDWHU SHQHWUDWLRQ RI WKH VRLO
PD\ EH LPSURYHG EHFDXVH WKH URRWLQJ V\VWHP RI WKH DGGHG SODQWV PD\ LPSURYH ZDWHU LQILOWUDWLRQ
DQG WKHUHE\UHGXFHUXQRII %XJJ DQG9DQ+RUQ 
MATERIAL AND METHODS
7KH H[SHULPHQW ZDV SURFHHGHG LQ /HGQLFH 6RXWK 0RUDYLD 5HJLRQ &]HFK 5HSXEOLF GXULQJ
WKH \HDU  /HGQLFH EHORQJV WR FRUQ DJULFXOWXUH SURGXFWLRQ W\SH DQG DOWLWXGH LV EHWZHHQ
PWR PDVO$YHUDJH\HDUWHPSHUDWXUHLV&DQGDYHUDJH\HDUSUHFLSLWDWLRQLVPP
$YHUDJH PRQWK WHPSHUDWXUHV SUHFLSLWDWLRQ DQG DLU KXPLGLW\ GXULQJ WKH PRQWKV RI H[SHULPHQW VKRZV
7DEOH 
)ORZHULQJ SODQWV PL[WXUH *UHHQ0L[ PXOWL %LRFRQW /DERUDWRU\  GHVLJQHG IRU JUHHQLQJ
RI YLQH\DUGV DQG RUFKDUGV ZDV XVHG LQ WKLV H[SHULPHQW $VVXPHG GXUDWLRQ RI YHJHWDWLRQ LV ±\HDUV
7HUP RI VRZLQJ LV IURP 0DUFK WR $SULO RU LQ 6HSWHPEHU 7KH PL[WXUH FRQVLVW RI DQQXDO VSHFLHV
0HGLFDJR OXSXOLQD 7ULIROLXP LQFDUQDWXP )DJRS\UXP HVFXOHQWXP 3KDFHOLD WDQDFHWLIROLD
/HXFRVLQDSLV DOED 0DOYD YHUWLFLODWD ELHQQLDO VSHFLHV 'DXFXV FDURWD DQG SHUHQQLDO VSHFLHV
2QREU\FKLV YLFLIROLD 7ULIROLXP UHSHQV &RURQLOOD YDULD /RWXV FRUQLFXODWXV 3ODQWDJR ODQFHRODWD
)HVWXFDUXEUDUXEUD)HVWXFDUXEUDFRPPXWDWD)HVWXFDRYLQD3RDSUDWHQVLV
6RZLQJ WRRN D SODFH LQ H[SHULPHQWDO RUJDQLF ILHOG RI )DFXOW\ RI KRUWLFXOWXUH LQ /HGQLFH
RQ  $SULO  ZLWK VRZLQJ PDFKLQH 'HPHWHU &ODVVLF  LQ VHHGLQJ DPRXQW RI  NJKD
7KHUH ZHUH WZR YDULDQWV RI IORZHULQJ SODQW VWULSV ZLWK DQG ZLWKRXW LUULJDWLRQ 6WULSV ZHUH  P ZLGH
DQG  P ORQJ 7KH GLVWDQFH EHWZHHQ ERWK VWULSHV ZDV  P (YDOXDWLRQ RI IORZHULQJ SHULRG
DQG SK\WRVRFLRORJLFDO VXUYH\ ZHUH HYDOXDWHG LQ PDUNHG UHFWDQJOH EORFNV ODUJH  [  P
ZLWK  UHSHWLWLRQV IRU HYHU\ YDULDQWV ,UULJDWLRQ ZDV UXQQLQJ LQ DPRXQW  PP LQ RQH GD\ SHU ZHHN
GXULQJ WKH ZHHNV ZLWKRXW SUHFLSLWDWLRQ )LUVW PXOFKLQJ  P KLJK  ZDV SURFHHGHG RQ  -XO\ 
DQGVHFRQGRQ1RYHPEHU HQGRIH[SHULPHQW 
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Phytosociological survey
3K\WRVRFLRORJLFDO VXUYH\V ZHUH WRRN  WLPHV IRU HYHU\ YDULDQWV 7KH DUHDV WKDW VSHFLHV FRYHUHG
ZHUH HVWLPDWHG LQ SHUFHQWDJH IRU HYHU\ VSHFLHV 5HVXOWV ZHUHSURFHVVHGE\ RUGLQDODQDO\VLVLQSURJUDP
&$12&2  7KH IDFWRUV ZHUH WHUP WLPH  DQG LPSDFW RI LUULJDWLRQ 'DWD ZHUH ORJDULWKPLFDOO\
WUDQVIRUPHG 'XH WR HVWLPDWHG OHQJWK RI JUDGLHQW  6'8  E\ GHWUHQGHG FRUUHVSRQGHQFH DQDO\VLV
'&$  UHGXQGDQF\ DQDO\VLV 5'$  EDVHG RQ OLQHDU UHVSRQG PRGHO ZDV VHTXHQWLDOO\ XVHG %\ WHVWLQJ
VLJQLILFDWLRQ YLD 0RQWH&DUOR WHVW ZHUH FRXQWHG  SHUPXWDWLRQV S    2UGLQDO GLDJUDPV ZHUH
FUHDWHGLQSURJUDP &212'5$:  7HU%UDDNDQGâPLODXHU  
&RQWLQXDQFH RI EORRPLQJ SHULRG ZDV HVWLPDWHG IURP VDPH UHFWDQJOH EORFNV WKDW ZHUH XVHG
IRU SK\WRVRFLRORJLFDO VXUYH\ LQ  UHSHWLWLRQV IRU ERWK YDULDQW (VWLPDWLRQ WRRN D SODFH HYHU\ ZHHN
DFFRUGLQJ WRFODVVLILFDWLRQ DIWHU.XĢNRYiVKRZHGLQ 7DEOH 
7DEOH&ODVVLILFDWLRQRIEORRPLQJ SKDVHV
1R

'HVFULSWLRQ RISKDVH



%HJLQQLQJ RIIORZHUDJH YLVLEOH IORZHULQJ WHUPLQDO IORZHU



6WDUWRIEORRP RIEORRPLQJ IORZHUV RQWKHSODQW



)XOO EORRPLQJ ±RIEORRPLQJ IORZHUVRQWKHSODQW



(QGRIEORRPRIIORZHU LVSDVWEORVVRP



7D[RQLVSDVWEORVVRP

RESULTS AND DISCUSSION
Phytosociological survey
,PSDFW RI WHUP RI HYDOXDWLRQ DQG LUULJDWLRQ RI IORZHULQJ SODQW VWULSV LV H[SUHVVHG E\ GLDJUDP
)LJXUH  /HYHORIVLJQLILFDQFH OHYHO LVDOID 7D[RQVDUHVRUWHGLQJURXSV
)LUVW JURXS RI WD[RQV KDV KLJKHU DIIHFW RU ODUJHU FRYHUDJH LQ YDULDQW ZLWK LUULJDWLRQ
$PDUDQWKXV VS$UWHPLVLDYXOJDULV/HXFRVLQDSLVDOED2QREU\FKLVYLFLLIROLD6RODQXPQLJUXP
6HFRQG JURXS RI WD[RQV KDV KLJKHU DIIHFW RU ODUJHU FRYHUDJH LQ YDULDQW ZLWKRXW LUULJDWLRQ
0DOYDYHUWLFLODWD3RO\JRQXPDYLFXODUH5XEXVIUXWLFRVXV9HURQLFDSHUVLFD9LFLDYLOORVD
7KLUG JURXS RI WD[RQV KDV DIIHFW RUODUJHUFRYHUDJHDWWKHEHJLQQLQJRIH[SHULPHQW HDUOLHUWHUPV
RI HYDOXDWLRQ  DQG ZLWK WLPH LWV DIIHFW DQG FRYHUDJH GHFUHDVHG 3KDFHOLD WDQDFHWLIROLD
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)DJRS\UXP HVFXOHQWXP &DPHOLQD VDWLYD &RURQLOD YDULD 7KODVSVL DUYHQVH &KHQRSRGLXP DOEXP
&KHQRSRGLXP K\EULGXP &RQYROYXOXV DUYHQVLV &DUGXXV DFDQWKRLGHDV (FKLQRFKORD FUXV JDOOL
3LVXPVDWLYXP3HUVLFDULDODSKDWLIROLD6WHOODULDPHGLD6RQFKXVROHUDFHXV
)RXUWK JURXS RI WD[RQV KDV KLJKHU DIIHFW RU FRYHUDJH DW WKH ODWHU WHUPV RI HYDOXDWLRQ
DQG ZLWK WLPH LWV DIIHFW DQG FRYHUDJH LQFUHDVHG 'DXFXV FDURWD *DOLQVRJD SDUYLIORUD
/RWXV FRUQLFXODWXV 0HGLFDJROXSXOLQD3ODQWDJRODQFHRODWD6HWDULD VS7ULIROLXPUHSHQV7ULIROLXP
LQFDUQDWXP
)LIWK JURXS RI WD[RQV ZDV LQIOXHQFHG E\ RWKHU IDFWRUV WKDW ZHUH QRW LQFOXGHG LQ DQDO\VHV
0DWULFDULDPDULWLPD
)LJXUH3K\WRVRFLRORJLFDOVXUYH\RIWD[RQVQRQLUULJDWHGDQGLUULJDWHGYDULDQWLQWLPH

/HJHQG121,U9 QRQLUULJDWHG,59 LUULJDWHGYDULDQW

Flowering period
7KH FRUUHFW WLPLQJ RI IORUDO SURYLVLRQ LV LPSRUWDQW WR DYRLG RU PLQLPLVH QHJDWLYH HIIHFWV
VXFK DV LQFUHDVHG SDUDVLWLVP RU K\SHUSDUDVLWLVP UDWHV RU LQFUHDVHG KHUELYRU\ 6\QFKURQLVDWLRQ
EHWZHHQ WKH IORZHULQJ SHULRG DQG ZKHQ WKH QDWXUDO HQHPLHV DUH SUHVHQW DQG UHTXLUH WKH UHVRXUFH
LV LPSRUWDQW )LHGOHU HW DO   7KH UHVXOWV RI H[SHULPHQW FDQ KHOS WR VHW RSWLPDO PL[WXUH RI SODQWV
GXHWRORFDO FOLPDWH FRQGLWLRQV DQGJURZQFURSV
0RVW RI WKH WD[RQV ZHUH LQ IXOO EORRP SKDVH DSSUR[LPDWHO\ IURP WK FDOHQGDU ZHHN
WLOO WK FDOHQGDU ZHHN 3HULRG RI IXOO EORRP LQ GXUDWLRQ RI  WR  ZHHNV KDG RQ ERWK YDULDQWV
VSHFLHV/HXFRVLQDSLVDOED DQG 0DOYDYHUWLFLODWDRQQRQLUULJDWHGYDULDQWIXUWKHU 7ULIROLXPLQFDUQDWXP
DQG )DJRS\UXP HVFXOHQWXP 7DEOH   7KRVH WZR WD[RQV ZHUH LQ EORRP  WR  ZHHNV RQ LUULJDWHG
YDULDQW WKXV ± ZHHNV VKRUWHU 7D[RQV 0HGLFDJR OXSXOLQD  ZHHNV  /RWXV FRUQLFXODWXV  ZHHN 
DQG &DPHOLQD VDWLYD  ZHHN  KDG VDPH EORRP SHULRG RQ ERWK YDULDQWV ([FHSW WKH 2QREU\FK\V
YLQFLLIROLD WKDW KDG ORQJHU EORRP SHULRG RQ LUULJDWHG YDULDQW  ZHHNV  WKDQ RQ WKH QRQLUULJDWHG
YDULDQW  ZHHNV  KDG DOO RWKHU WD[RQV ORQJHU SHULRG RQ QRQLUULJDWHG YDULDQW 7ULIROLXP UHSHQV
,U9± 1RQ,U9± ZHHNV 3KDFHOLDWDQDFHWLIROLD ,U9± 1RQ,U9± ZHHNV 3ODQWDJRODQFHRODWD
,U9 ±  1RQ,U9 ±  ZHHNV  'HYHORSPHQW RI IORZHULQJ SHULRG ZDV VLPLODU RQ ERWK YDULDQWV
EXWWKHWRWDOVXPRIZHHNVRIIXOO EORRP SKDVHLVKLJKHU RQQRQLUULJDWHG YDULDQW 7DEOH 
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(YHQ WKRXJK ERWK YDULDQWV ZHUH RQ WKH VDPH ORFDOLW\ ZLWK WKH VDPH SODQW VSHFLHV
DQGVRLO FRQGLWLRQV WKHHIIHFWRILUULJDWLRQ RQGHYHORSPHQW RIVSHFLHVDQGZHHGVZDVFRQILUPHG
3ODQWV WKDQ FRXOG EH HIIHFWLYHO\ XVHG LQ ORFDOLWLHV ZLWK KLJKHU SUHFLSLWDWLRQ IURP WHVWHG PL[WXUH
FRXOG EH WD[RQV WKDW KDG KLJKHU DIIHFW DQG ODUJHU FRYHUDJH LQ LUULJDWHG YDULDQW /HXFRVLQDSLV DOED
2QREU\FKLV YLFLLIROLD  2Q WKHRWKHUKDQGWKHVHOHFWLRQRISODQWVSHFLHVZLWKORZHUZDWHUUHTXLUHPHQWV
FDQHIIHFWLYHO\ PLQLPLVH ZDWHUFRPSHWLWLRQ
7DEOH5HVXOWVRIEORRPLQJHYDOXDWLRQRIFKRVHQVSHFLHVIURPWKWLOOWKFDOHQGDUZHHN
&DOHQGDU
ZHHNWD[RQ
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CONCLUSION
5HVXOWV VKRZHG WKDW SURSHU PL[WXUH RI IORZHULQJ SODQWV FDQ RIIHU IXOO EORRP SHULRG
IURP WK WR WK FDOHQGDU ZHHN WKXV HQVXUH HFRV\VWHP VHUYLFH HJ DWWUDFWLYHQHVV IRU EHQHILFLDO
LQVHFWV DQG SROOLQDWRUV  ,UULJDWLRQ KDG QHJDWLYH HIIHFW RQ OHQJWK RIEORRPLQJSHULRGIRUPRVWRIWD[RQV
VR LQWURGXFHG QRQSURGXFWLRQ YHJHWDWLRQ VKRXOG EH FKRVHQ ZLWK UHJDUG WR ORFDO VRLO DQG ZHDWKHU
FRQGLWLRQV WRDFKLHYHPD[LPXP HFRV\VWHPVHUYLFH IURPIORZHULQJ SODQWVVWULSV
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THE IMPACT OF LEACHATE RECIRULATION DURING
AEROBIC BIOSTABILISATION OF UNDERSIZE FRACTION
ON THE PROPERTIES OF STABILISATE PRODUCED
ARKADIUSZ RELIGA, MATEUSZ MALINOWSKI0$5,$à8.$6,(:,&=
Institute of Agriculture Engineering and Informatics
Department of Technical Infrastructure and Eco-power engineering
University of Agriculture in Krakow
Balicka 116b, 30-149 Krakow
POLAND
arkadiuszreliga@gmail.com
Abstract: The mixed municipal solid waste collected from households is sent for processing
in the mechanical-biological treatment plants (MBT). The aim of the study was to evaluate the effect
of recirculation of leachate formed in the process of aerobic biostabilisation of undersize fraction
(produced from mixed municipal solid waste in MBT process) on selected parameters of stabilised
waste (end product of the process). Two variants of the system performance were analysed
that is with and without recirculation of leachate into a bioreactor for which 12 and 10 test replicas were
performed respectively. The analyses focused on selected technological properties of waste (undersize
fraction and stabilised waste) and included morphological composition, density, dry mass, total organic
carbon, loss on ignition and respiration activity AT4 ($WPXQJVDNWLYLWlWnach 4 Tagen - eng. Respiratory
activity after 4 days). The research was conducted in the waste treatment plant in Cracow (Poland)
in the period from December 2016 to April 2017. The aerobic biostabilisation process on the MBT
system should be based on leachate recirculation technology due to the fact that in this series of tests
83% of the samples achieved all the desired parameters of stabilised waste whereas in the second variant
only 30%.
Key Words: mechanical-biological treatment, municipal solid waste, aerobic biostabilisation, stabilised
waste
INTRODUCTION
According to the act on the maintenance of cleanliness and order in the municipalities, every
municipality is obliged to ensure order and cleanliness on its premises, establish the necessary conditions
for its maintenance, embrace all property owners with the municipal waste management system
and ensure the construction, maintenance and operation, of its own or common with other municipalities,
of the regional municipal waste treatment plant (Journal of Law 2017, item 1289), most often
of the mechanical-biological treatment (MBT) plant. In these plants, fractionation such as paper, metal,
plastics and glass takes place and which then are recycled and reused (Dias et al. 2014). In MBT plants
an oversize fraction exceeding 80 mm (which can be used for example in cement plants as an alternative
fuel) is separated on drum or vibratory screens with a mesh size over 80 mm and the undersize fraction
below 80 mm is directed to the biological part of the MBT plant in order to be subjected
WR ELRGU\LQJ DHURELF ELRVWDELOLVDWLRQ RU PHWKDQH IHUPHQWDWLRQ 'ĊELFND HW DO   $FFRUGLQJ
WR'ĊELFNDHWDO  ELRORJLFDOGU\LQJ ELRGU\LQJ LVDUHODWLYHO\QHZDQGVWLOOXQUHFRJQL]HGPHWKRG
of waste management. Biodrying contributes to the reduction of moisture content
in waste and to the disappearance of biological degradation resulting in stable and usable fuel
('RPLĔF]\NHWDO)ODPPH6XJQLHWDO9HOLVHWDO $QDHURELFELRVWDELlisation
is the process of biological disposal of waste under anaerobic conditions resulting
in the production of biogas and digestate, which can then be recovered or disposed of by storage
-ĊGUF]DNDQG6]SDGW6LNRUDDQG0UXN $HURELFVWDELOisation is the biological waste disposal
process (D8) conducted under aerobic conditions that produces two new wastes - stabilised waste
(for landfilling) and compost (for land reclamations). The MBT process is particularly popular in Europe
(Adani et al. 2004, Dziedzic et al. 2015), and one of its most important goals is to reduce the amount
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of waste deposited in landfills (Abeliotis et al. 2012, Grzesik and Malinowski 2016). MBP plants can
also be considered as an alternative to thermal conversion of wasWH 6RERQLDNDQG%LHĔ 
7KH0%7PHWKRGGRHVQRWIXOO\GHVWUR\WKHELRGHJUDGDEOHZDVWH 9REHUNRYiHWDO*OLQLDN
et al. 2017), but if conducted properly it can obtain the degree of decomposition of biodegradable matter
to reach the parameters specified in the Regulation of the Minister of the Environment (Journal of Law
2012, item 1052 ĩ\JDGáR DQG 'ĊELFND   7KH SURYLVLRQV RI WKH UHJXODWLRQ DUH FRQVLVWHQW
with the provisions of the European Union Directive 1999/31/WE and the European Council Regulation
2008/980/WE (Directive 1999, 2008). In pursuance of the mentioned law regulation regarding
the stabilised waste designed for safe landfilling, after the biological step one of the following criteria
should be filled (Journal of Law 2012, item 1052):
x The loss of ignition (LOI) of the stabilised waste should be less than 35% related to the dry mass,
and the amount of total carbon organic content (TOC) should be less than 20% in the dry mass, or
x 7KHLQGLFDWRUǻ6RIWKH/2,GLIIHUHQFHEDVHGRQFRPSDring the waste before and after the biological
treatment should be greater than 40% d.m, or
x Respiration Activity AT4 should be less than 10 mg O2/g d.m.
The share of the undersize fraction obtained from mixed municipal waste depends on the origin
of the waste and the season. During spring and summer, the percentage of undersize fraction is lower,
while in autumn and winter higher. The average of 550 kg of the undersize fraction (Malinowski 2012)
is obtained from 1000 kg of mixed municipal solid waste collected from the countryside. In the aspect
of biological processing of the undersize fraction, the share of the biodegradable fraction is crucial.
The results of the study carried out by Baran et al. (2016) show that the largest amount of biodegradable
waste is produced in the summer and autumn which translates into the rate of biostabilisation of waste.
The aim of the study was to evaluate the effect of leachate recirculation formed in the process
of aerobic biostabilisation of undersize fraction (produced from mixed municipal solid waste in MBT
plant) on selected parameters of stabilised waste in order to specify the optimum model
of functioning of the system in the MBT plant in Krakow (Poland). The optimum process
is the one where the parameters set for the produced stabilised waste are obtained in the shortest period
of time. The analyses included the selected technological properties of the undersize fraction
and stabilised waste that is morphological composition, density, dry mass, total organic carbon (TOC),
loss on ignition (LOI) and respiration activity (AT4).
MATERIAL AND METHODS
Description of system
The MBT plant where the study was carried out consists of 4 bioreactors (made of reinforced
and acid-resistant concrete). Every bioreactor is a process-independent, sealed module measuring 16 m
in length, 7.35 m in width and 6 m in height, equipped with a monitoring system for process parameters,
aeration, ventilation and spraying. The front of the bioreactor is closed by a sliding gate. Aeration
channels functioning as air supply lines and in the interim as drain pipes as well as six biofilters
and control rooms were built into the floor of every bioreactor.
Process leachate is drained by aeration and drainage systems to one of the three underground
hermetic septic tanks, and then, after purification on filters it can be pumped into the sprinkler system
located under the ceiling of every bioreactor.
The process of biological treatment of waste in bioreactors takes place using active aeration.
Process air, after passing through the waste bed, is fed into a common for all bioreactors channel through
which, by water scrubber mounted on their roof, is directed to the biofilter system located outside
the hall. Biofilters have a special bottom construction that allows for even distribution of process air
throughout the bed and penetration through the filter material. Optimal parameters of biofilter
performance allow for the neutralisation of odours of about 80±90% of the loaded charge.
Process conditions
The aerobic stabilisation process of the undersize fraction was conducted in 2 variants:
a) without moistening (leachate from the process was not used in the process) for 10 samples;
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b) with moistening (closed water circuit) for 12 samples. Moistening was carried out using
100% of the leachate formed in the process to enrich the bed with microorganisms.
The mean weight of the waste loaded into the bioreactoUV DPRXQWHG WR    Mg
DQGWKHPHDQKHLJKWHTXDOOHG m. For every process, the temperature was monitored using
two PT 100 sensors. The temperature record was automatically run every 10 minutes in TeamViewer
12 program allowing for determining the time of completion of the intensive phase and the maximum
temperature reached in the bioreactor. The estimated waste processing time amounted to 28 days.
During the course of the study, the process was terminated when the temperature was lower
than 45 &WKDWLVWKHPRPHQWZKHQWKHLQWHQVLYHSKDVHRIWKHSURFHVVHQGHG
Sampling for analyses
The laboratory sample was taken on the basis of the quartering method. Each of the following
indications was run in 3 replicates in the laboratories of the Faculty of Production and Power
Engineering, University of Agriculture in Krakow and Ferrocarbo. The results of all analyses
(30 for non-moistened waste and 36 for moistened waste) were utilised to perform analysis of variance
and Tukey's test (STATISTICA 12 package) to determine the significance of the differences between
the results of the analyses.
The morphological composition of waste was analysed in 12 categories (groups) of waste
(Table 1). The determination of respiration activity that is the AT4 parameter for the undersize fraction
and the obtained stabilised waste was enabled by calculating the amount of CO2 emitted by leachate
and measured by OxiTop Control measuring system. The determination includes (EU-Notice number
2001/423/A, Vienna 2002): weighing a sample of about 40g and of assumed humidity,
then placing the waste in a glass container of capacity of 2.5 dm3 and a few grams of CO2 absorber
in the lid of the container and then closing it; placing the container in a thermostatic cabinet
with a constant internal temperature of 20 & DQG FKHFNLQJ GDLO\ WKH YDOXH RI negative pressure.
The final value of negative pressure produced in the vessel is converted to the amount of oxygen
consumed during the process in accordance with the Clapeyron equation. The other parameters were
determined on the basis of the following standards:
a) PN-EN 14899:2006: Characterization of Waste - Sampling of Waste Materials;
b) PN-EN 14346:2011: Characterization of Waste - Determination of dry mass and water content;
c) PN-EN 13137:2004: Characterization of waste - Determination of total organic carbon content
in waste, sludge and sediments;
d) PN-EN 15169:2011: Characterization of waste - Determination of loss on ignition in waste,
sludge and sediments;
e) BN-87/9103-04: Characterization of waste - Determination of density.
RESULTS AND DISCUSSION
7KH GXUDWLRQ RI WKH SURFHVV DPRXQWHG RQ DYHUDJH WR    GD\V 7KH differences between
the average periods of non-moistened and moistened processes were not statistically significant.
The volume of water (leachate) introduced into the process in tests with additional bed moistening was
on average over 18.5 m3. The mean ma[LPXP SURFHVV WHPSHUDWXUH FDPH WR    &
The temperature of the treated waste for the non-moistened samples was higher and amounted
WR &ZKLOHIRUPRLVWHQHGVDPSOHVLWZDV &+RZHYHUWKHVHGLIIHUHQFHV
were not statistically significant.
Table 1 presents the average morphological composition of the undersize fraction and the waste
processed. The conducted studies indicate that in the morphological composition of the undersize
fraction, as a result of the aerobic stabilisation process, the share of fine fraction e.g. the share of waste
RI SDUWLFOHV EHORZ PP ZDV LQFUHDVHG RYHU WLPH IURP    WR   
The fine fraction predominated in the waste composition. As a result of the process, the amount
of orJDQLFIUDFWLRQZDVUHGXFHGIURPWR7KHVKDUHRIWKHUHPDLQLQJZDVWH
fractions as a result of the process did not change by more than about 2%. The reduction of share
of the organic fraction and the simultaneous increase of the share of the fine fraction containing mainly
mineral waste indicates the correct course of the process and the high activity of microorganisms
responsible for the processing of organic waste into inorganic products.
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Table 1. Average morphological composition of the undersize fraction on individual days of the process
Day of biostabilisation process
3
6
9
12
15
1
Plastic
5.87
6.41
6.12
6.32
5.87
2

Glass

9.81

10.54

10.41

10.34

10.47

3

Metal

2.90

3.10

2.40

2.90

2.60

4

Paper

5.22

4.92

4.84

4.74

4.51

5

Organic waste

18.67

17.24

14.42

13.29

12.11

6

Wood

5.42

5.27

4.77

4.42

4.35

7

Hazardous

1.14

1.35

0.99

0.74

1.47

8
9

Hygienic waste
Concrete waste

0.48
5.90

0.48
5.70

0.49
6.20

0.63
6.30

0.52
6.10

10

Textile waste

8.15

7.96

8.12

7.84

8.21

11

Fine fraction

34.01

35.02

38.15

40.21

41.21

12

Other categories

2.43

2.01

3.09

2.27

2.58

Table 2 shows selected physicochemical properties of the waste after the aerobic stabilisation
process for the 22 analysed samples. For all bioreactors tested, the results for stabilised waste
are as follows:
a) The mean density of waste came to 730  70 kg/m3. There was an increase in the density of waste
in comparison to the unprocessed undersize fraction by 170 kg/m3, for the non-moistened samples
the density increased by 140 kg/m3 whereas for moistened samples the density increased
by 190 kg/m3;
b) The mean GU\ PDVV ZDV HTXDO WR    ZKLFK PHDQV D  LQFUHDVH LQ GU\ PDVV
in comparison to unsteady waste. In tests carried out without moistening, the dry mass content
in the stabilised waste rose by 21.46% and with moistening by 19.82% in relation to the undersize
fraction;
c) 7KH PHDQ RUJDQLF FDUERQ FRQWHQW FDPH WR    GP ZKLFK LQGLFDWHV D GHFOLQH
of 25.42% d.m. with respect to the C content in the undersize fraction, the carbon content
of the non- moistened sample decreased by 25.54% d.m., while for the moistened sample the drop
was by 25.32% d.m.;
d) 7KHPHDQYDOXHVRIORVVRQLJQLWLRQ /2, ZHUHGPZKLFKLQGLFDWHVDGHFUHDVH
of 21.12% d.m., the non- moistened samples showed an average decline of 23.26% d.m., whereas
for the moistened samples the mean values decreased by 19.33% d.m.;
e) 7KHPHDQUHVSLUDWLRQDFWLYLW\$7DPRXQWHGWRmg O2/g d.m., resulting in reduction
of the parameter by 20.64 mg O2/g d.m., for the non- moistened samples, the reduction came
to 16.78 mg O2/g d.m., while for the moistened sample the decrease was by 23.86 mg O2/g d.m.
Statistical analysis of the research results showed that the tested biostabilisation variants differed
in a statistically significant manner only in the case of AT4 parameter.
In the non-moistened variant as many as 7 in 10 samples did not reach the desired AT4 parameter.
The other parameters described in the MBP Regulation (Journal of Law 2012, item 1052) that is the loss
on ignition as well as the organic carbon content, were achieved. In the case of closed circuit of leachate,
only 1 out of 12 cases did not achieve the AT4 parameter and subsequently LOI. The total organic
carbon content for all 22 samples tested reached the value expressed in MBP Regulation
(Journal of Law 2012, item 1052). The obtained results of biostabilisation are parallel
to those of Adani et al. (2004) and Dziedzic et al. (2015) but are considerably higher than those obtained
E\%DUDQHWDO  DQG'ĊELFNDHWDO  
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Table 2 Selected physical and chemical properties of the waste after the aerobic biostabiliasation
process
AT4
Density
Dry mass
TOC
LOI
Sample type
[mg O2/g
[Mg/m3]
[%]
[% d.m.]
[% d.m.]
d.m.]
Undersize fraction
0.56
64.60
38.40
41.30
28.80
Mean
0.0.07 86..16
12.98 .39 20.18 .17
8.16 .08
Mean for samples
1±10 (without
0..04 88..28
12.86 .86 18.04 .33
12.02 .83
moistening)
Mean for samples
11±22 (with
0..08 84..55
13.08 .90 21.97 .66
4.94 .52
leachate being
recycled)
CONCLUSION
In waste processing, the organic fraction share and the organic carbon content diminished
in its morphological composition which indicates the high activity of microorganisms in the analysed
process and its correct course. The stabilised waste after all processes reached at least one of the three
parameters that must be met by waste after the biological stabilisation process. In aerobic stabilisation
without moistening, the stabilised waste reached all parameters in only 3 tests, whereas in case
of leachate recirculation it was feasible to achieve stabilised waste of the desired parameters over
the SHULRGRIGD\VLQRIVDPSOHV,QWZRFDVHVWKHSURFHVVZDVFRPSOHWHGRQthe twelfth day.
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Abstract: Nitrogen and phosphorus belongs among essential elements and their compounds play key
role in cycles of matter. However, over-enrichment with these elements in surface water
is a widespread problem resulting for example in eutrophication, methemoglobinemia caused
by nitrates and fish poisoning by toxic ammonium ions. The evaluation of annual development
of water pollution by nitrogen compounds in the upper part of Litava basin is the main
aim of this paper. Twelve sampling profiles have been determined in the interest catchment placed east
of Brno ± eight directly on Litava stream and four on its main tributaries. The monitoring of selected
water quality indicators (total nitrogen, nitrate nitrogen and ammonium nitrogen) was performed since
June 2016 to May 2017. Results have been compared with valid legislation ± ý61  7221
and Government order No. 401/2015 Coll., as amended and clearly confirmed influence
the ammonium nitrogen pollution of water quality in Litava river. The limit specified
in the Government order was exceeded in almost all profiles. This pollution is caused by point sources
of pollution, especially municipality.
Key Words: water quality, Litava river, nitrogen compounds, water pollution
INTRODUCTION
Surface and ground water pollution is an issue currently being resolved by many developed
countries. The European Union has made significant efforts to reduce nitrate pollution
from agriculture by determination Nitrate Vulnerable Zones.
Nitrate from nonpoint sources has been identified as the main cause of groundwater degradation
in Europe (Sutton et al. 2011).
Upper part of Litava river is placed in east of Brno on the border between South Moravian
5HJLRQ DQG =OtQ 5HJLRQ Pour point LV ORFDWHG LQ IURQW RI %XþRYLFH WRZQ /LWDYD IRUPHUO\ NQRZQ
as &p]DYDIORZVLQWRWKH6YUDWNDOHIWWULEXWDU\QHDUäLGORFKRYLFHDQG then continues to the Black Sea.
The catchment area has 136.83 km2 and consists of seventeen subbasins. Main channel
which have been narrowed and entrenched is 23.64 km long. The surrounding floodplain serves
for agricultural production. Litava basin is mostly formed by large blocks of arable land which covers
71% of basin. The main grown crops are wheat, barley, canola and sugar beet. Arable land
is threatened by water and wind erosion. The basin is overall densely populated with 22 municipalities
and towns and several large areals with livestock. The average annual flow in measured profile
No. 381 in Brankovice is 0.22 m3/s.
Nitrogen compounds
Nitrogen belongs among essential elements and it occurs in surface water in several forms.
Natural sources of nitrogen are decaying of vegetable and animal matter, precipitation and fixation
of aerial nitrogen (Pitter 2009). Organic nitrogen breaks down into ammonia nitrogen,
which is furthermore oxidized to nitrite nitrogen. Nitrite nitrogen is however unstable therefore
the process of oxidization continues into stable nitrate nitrogen as the final product
of the decomposition of the nitrogenous organic matter (Brooks et al. 2003).
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Total nitrogen is expressed as summation of all its forms observed in water ± ammonia, nitrite,
nitrate and organic nitrogen (Pitter 1999). The most significant indicators of pollution sources
and pollution itself are nitrate nitrogen and ammonia nitrogen. For these forms of occurrence
are characteristic various sources of pollution. 5\ãDYê DQG +DQiN (2013) in their study
Ä0RGHO RI WKH TXDOLW\ RI WKH -LKODYD 5LYHU %DVLQ DERYH WKH 'DOHãLFH GDP³ examine participation
of particular main pollution classes on emissions of total nitrogen into water. The study has shown
that 81% of total nitrogen originates from nonpoint sources of pollution (from which 70%
is from agriculture) and 19% comes from point sources (from which 17% is from sewage water).
Ammonia nitrogen origins mostly from point sources of pollution: industrial or municipal.
Among municipal sources outweigh sewage water where the ammonia nitrogen forms part
of physiological wastes causing average production of nitrogen is 8 g/person/day. This indicator
is very important from hygienic point of view since it indicates fecal contamination and insufficient
quality of wastewater treatment (Pitter 2009). Ammonia nitrogen in form of ammonia salts is harmless
for most of organisms even in amounts of several dozen mg/l, however gaseous ammonia is highly
toxic for fish. The toxicity of ammonia is increasing with decreasing concentration of oxygen
(Kopp et al. 2015).
The main sources of nitrate nitrogen are nonpoint sources of pollution (agriculture in concrete)
and drains from wastewater treatment plants. Nitrates runoff from agriculturally exploited areas
on which the natural and synthetic nitrate fertilizers are applied (Kopp 2015).
MATERIAL AND METHODS
Monitoring program
Twelve sampling profiles have been established in the catchment area (Figure 1), from which
eight are directly on the river Litava stream (profile No. 1±8) and four are on main
tributaries ± +YČ]GOLþND $ /LWHQþLFNêVWUHDP % =iPHFNêVWUHDP & /LWiYND ' 
The design of the monitoring program must locate appropriate sampling profiles taking
to account objectives and the type of monitoring planned (Kunkel et al. 1987). Monitoring program
is performed by above-and-below approach, where the sampling profiles are placed upstream
and downstream of the treatment area section. The sampling profiles are located in places where
potential deterioration of water quality standards caused by particular activity is expected
(Brooks et al. 2003).
Several sampling profiles have been added during monitoring period in accordance
with above-and-below approach. These additional profiles will be described further in order to be able
to more exactly determine or on the contrary exclude influence of pollution source on the water
quality.
Measuring process
Monitoring of the Litava water quality was being performed monthly since June 2016 to May
2017. Water saPSOHLVFROOHFWHGIURPHDFKSURILOHLQIRUPRIVLQJOHÄJUDE³VDPSOHE\KDQGLQWRSODVWLF
bottle.
Single sample is representative of the stream discharge only at the time of sampling (Brooks
et al. 2003). Samples were analysed within 24 hours in the laboratory of water management.
Determination of total nitrogen, nitrate nitrogen and ammonium nitrogen is performed according
to HACH LANGE Company standardized methods using spectrophotometer HACH DR 4000.
Evaluation of indicators
Results collected from profiles located directly on the river Litava stream (profile No. 1±8) were
graphically demonstrated and evaluated according to the valid legislation ± ý61  7221
and Government order No. 401/2015 Coll., on the indicators and values of permissible pollution
of surface water and wastewater, mandatory elements of the permits for discharge of wastewater
into surface water and into sewerage system, and on sensitive areas, as amended (further in text
Ä*21R&ROO³ ± Annex 3A. The attachment contains permissible surface water pollution
requirements specified for each indicator of water quality. Discussion includes also evaluation
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of profiles on the main tributaries (profile A ± D) which are hardly representable in the graphic form
and therefore commented in the text only.
Figure 1 Location of the twelve sampling profiles in upper basin of Litava river (source: author,
basemap: INSPIRE ± cenia_t_podklad)

RESULTS AND DISCUSSION
Total Nitrogen
The monitoring has shown, that concentration of total nitrogen in the main stream is gradually
increasing towards the pour point, but annual average of particular monitored profiles never exceeded
limit specified in GO No. 401/2015 Coll. ± 6 mg/l, Figure 2. Peak concentrations were recorded
as expected in months off the vegetation period (Pitter 2009). Highest values were recorded in profile
NR  ZLWK PD[LPXP RI  PJO 7KHVH UHVXOWV DUH FDXVHG E\ +YČ]GOLþND WULEXWDU\ ZKLFK FROOHFWV
water in largest partial river basin 4-15-03-043 with total area of 38 km2. Within the framework
RIWKLVUHVHDUFKZHUHPHDVXUHGDOVRFRQFHQWUDWLRQVFORVHWRWKHPRXWKRIULYHU+YČ]GOLþNDLQSURILOH
A which reached annual average of 5.5 mg/l with peak value 7.4 mg/l recorded in December
(not shown in the graph). Over 68% of the basin comprises of arable lands and four villages
without ZDVWHZDWHUWUHDWPHQWSODQWVDUHORFDWHGKHUH 0LORQLFH8KĜLFH+YČ]GOLFHD3DYORYLFH 
Figure 2 Total nitrogen values in profile on Litava river (source: author)
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)RU FRQWURO SXUSRVHV ZDV DOVR PHDVXUHG ZDWHU TXDOLW\ QHDU PRXWK RI 3RKUDQLþQt VWUHDP
above the profile No. 5. This relatively small basin (2.2 km2) is formed mostly by arable lands
(72% of the surface) and there is no large area with livestock or residence to be found. The average
concentration of total nitrogen calculated from 3 control measurements was 1.9 mg/l. Average value
of PHDVXUHPHQWVSHUIRUPHGLQWKHEDVLQDERYHSURILOH1RDWWKHVDPHWLPHDVLQ3RKUDQLþQtVWUHDP
was 1.03 mg/l. In the basin above profile No. 8 was average values of measurements performed
DWWKHVDPHWLPHLQ3RKUDQLþQtVWUHDPPJO&RPSDULVRQRIZDWHUTXDOLW\LQFRQWUROEDVLQEDVLQ
above the profile No. DQGEDVLQ+YČ]GOLþNDVKRZHGWKDWSROOXWLRQby total nitrogen is caused mostly
by draining of sewage water and that the influence of nitrogenous fertilizers from agricultural land
on surface water quality can be excluded.
Highest values were regularly recorded in profile C ± =iPHFNê VWUHDP EHWZHHQ Srofiles
No. 6 and 7 with annual average of 7.2 mg/l (not shown in the graph) =iPHFNê VWUHDP EDVLQ
is IRUPHGE\DUDEOHODQGVDQG.RåXãLFHYLOODJHORFDWHGQHDUPRXWKLQWRWKH/LWDYDULYHU([SHULPHQW
based on measuring of total nitrogen concentrations above and under the village exposed that higher
concentrations on the profile No. 6 situated downstream the Litava river are caused by point pollution,
consequently by the village. The average concentrations of total nitrogen during monitoring period
were 1.8 mg/l above and 5.8 mg/l under the village.
.RåXãLFH LV HTXLSSHG ZLWK FRPELQHG VHZHUDJH GLUHFWLQJ municipal wastewater directly
into watercourse (DPWSS 2017). In this case the origin of nitrogen is in wastewater; but the impact
on the profile No. 6 lying downstream is minimal considering low flow ratio between Litava river
and =iPHFNêVWUHDP
Nitrate Nitrogen
Recorded values of nitrate nitrogen on the main stream are rather balanced
throughout the whole monitoring period and annual averages fulfill the limit specified in GO
No. 401/2015 Coll. ± 5.4 mg/l, Figure 3. Highest concentrations with annual average of nitrate
nitrogen 1.9 mg/l were recorded in profile No. 2 which is influenced by the biggest Litava tributary
+YČ]GOLþND VWUHDP &RQWURO PHDVXUHPHQWV ZHUH SHUIRUPHG DOVR QHDU PRXWK RI 3RKUDQLþQt SRWRN
where the annual average reached 1.4 mg/l.
In this case, the expectations were met again as the highest values of nitrate nitrogen
concentrations were being recorded in main stream predominantly during winter months (Kopp 2015).
Figure 3 Nitrate nitrogen values in profile on Litava river (source: author)

Ammonia nitrogen
Only averages of profile No. has met tight limit specified in GO No. 401/2015
Coll. ± 0.23 mg/l, Figure 4. The trend of ammonia nitrogen concentrations throughout the whole main
stream in not clearly comprehensible, however the significant increase of concentrations between
profiles No. 8 and 4 could be probably ascribed to municipalities ± villages without sewerage
and wastewater treatment plants and livestock areas.
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From the profiles on the tributaries only the profile D has fulfilled the limit. Highest
concentrations were recorded in profile C ± =iPHFNê VWUHDP SODFHG  P GRZQVWUHDP .RåXãLFH
village, where the annual average value is 12.7 mg/l (not shown in the graph). Since the ammonia
QLWURJHQLVJHQHUDOO\FRQVLGHUHGDV³LQGLFDWRURIIHFDOFRQWDPLQDWLRQ´LWLVREYLRXVWKDWSROOXWLRQKDV
anthropogenic origin particularly in sewage water. High concentrations of ammonia nitrogen
from profile C slightly influence downstream profile No. 6.
Figure 4 Amonnia nitrogen values in profile on Litava river (source: author)

Czech national standard 75 7221
Surface water quality is for basic information defined by quality classes listed in ý61 75 7221
Classification of Surface Water Quality (reference to this standard is only orientation). The class
is assessed for each indicator by comparison of its calculated characteristic value with adequate limit
value defined for each class. Characteristic value is a number expressing the probability
of not exceeding 90% and it is determined based on values collected for the whole monitoring period.
In case of this research where 12 values are evaluated, the characteristic value is the one next
to the last highest value.
Indicators are classified into 5 groups. Ammonia nitrogen and nitrate nitrogen belong into group
Ä*HQHUDOSKysical and chemical indicators³and values for total nitrogen are not listed in this standard.
Table 1 contains classification of monitored profiles within the scope of physical and chemical
indicators. Most of profiles are classified into third class. The most polluted
profile C ± =iPHFNêVWUHDPLVFODVVLILHGLQWRODVWILIWKFODVV
Table 1 Classification of monitored profiles DFFRUGLQJWRý61 (units: mg/l)
Classification
Profile
N-NH4+
N-NO3
I.
8
< 0.3
<3
II.
D
< 0.7
<6
III.
1, 3, 4, 5, 6, 7, B
<2
< 10
IV.
2, A
<4
< 13
V.
C


Based on flows and concentrations measured in pour point, the annual amount of nitrogen
released of the river basin has been calculated. The resulting value 33.3 t/TN/year i.e. 2.9 kg/ha is less
problematic in comparison with water quality in Jihlava river basin where the annual inflow
of QLWURJHQLQWR'DOHãLFHGDPamounts to 1 080 t/TN/year i.e. 9.29 kg/ha (5\ãDYêDQG+DQiN 2013).
In Nitrate Vulnerable Zones is located 65% area of Litava river basin, where farmers have
to follow mandatory rules to reduce nitrate nitrogen loss from agriculture, for example: using
and storing nitrogen fertilizers, crop rotation and anti-erosion measures. Results show
that concentration of nitrate nitrogen in Litava river is satisfactory, which means that management
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of agricultural land meets Cross Compliance and significant influence of nitrogenous fertilizers
from agricultural land on surface water quality can be excluded. Furthermore, results supplemented
with values measured in control profiles clearly imply, that increasing concentrations of total nitrogen
are significantly supported by discharging pre-treatment or non-treatment wastewater from small
municipalities, which is also confirmed by extremely high concentrations of ammonia nitrogen
in almost whole upper Litava river. Only about 34% of interest basin inhabitants are connected
to wastewater treatment plants, other are using cesspits, septic tanks or they are discharging
wastewater into municipal sewerage leading directly into watercourse. The only permanent solution
is support encouragement of wastewater treatment plants building or stricter enforcement
of environmental legislation focus on illegal outset.
CONCLUSION
These results are only partial output of the presented project focused on hydrological conditions
in the upper part of the basin Litava. Presented data confirmed that the biggest impact on water quality
deterioration in upper part of Litava basin have point sources of pollution, especially wastewater
from municipalities.
About 66% of basin inhabitants are not connected to the sewage network leading to wastewater
treatment plants and discharge pre-treatment or non-treatment wastewater directly into the surface
water or ground water. This is the reason why high concentrations of ammonia nitrogen which
indicates presence of fecal contamination overcoming limits defined by GO No. 401/2015 Coll. have
been recorded in the main stream. However critical values of ammonia nitrogen have been measured
in all profiles, main stream and tributaries except only profiles No. 8 and D, which fulfilled limits for
all three monitored water quality indicators.
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Abstract: Denitrifying bioreactors are an innovative technology aimed at lowering high nitrate
concentrations in agricultural runoff in situ. The most important component is a biodegradable
filtration medium that serves as an organic carbon source for denitrifying bacteria, which reduces
nitrates to nitrogen gases. However, undesirable excessive leaching of organic compounds from such
bioreactor fillings can occur (especially in the start-up phase) with an adverse effect on the sensitive
aquatic environment. The aim of this paper is to assess the possibility of using organics-rich water
for irrigation. Static leaching tests and dynamic column tests were performed with various denitrifying
bioreactor fill media to evaluate the leachability of organic substances (via the determination
of chemical oxygen demand ± COD, biochemical oxygen demand ± BOD, and total organic
carbon ± TOC). The toxicities of the leachates were assessed via two terrestrial plant bioassays
(Sinapis alba and Raphanus sativus). The tests with Sinapis alba indicate that some wood species
(oak and acacia) exhibit higher toxicity, and that pretreatment by drying has a negative effect.
A correlation was found between toxicity to Sinapis alba and COD, BOD, and TOC. As regards
the dynamic tests, the concentration of organic compounds decreased with operation time, while
toxicity to Sinapis alba increased. No toxic effect on Raphanus sativus was observed, and the toxic
effect on Sinapis alba was slight. The results suggest that drained area irrigation using outflows
from denitrifying bioreactors could be possible; however, such a decision would require more complex
research involving more plant species.
Key Words: denitrifying bioreactor, wood chips, irrigation, ecotoxicity, terrestrial plants
INTRODUCTION
The contamination of the aquatic environment with nitrates has become a global problem
in the last few decades due to its ability to cause eutrophication, toxic algal blooms, hypoxia
and habitat deterioration (Galloway et al. 2003). It often has anthropogenic sources, with agriculture
making a particularly significant contribution to the problem. The prevention of the pollution of water
bodies in this way is covered by the European Directive concerning the protection of waters against
nitrate pollution from agricultural sources (Council of the European Communities 1991).
Denitrifying bioreactors are a relatively simple treatment technology for the removal of nitrates
from agricultural outflows. The first studies concerning this concept came from Canada and New
Zealand, later followed by work from the USA (Christianson and Schipper 2016). Denitrifying
bioreactors operate by causing nitrate-rich water to flow through an organic material rich
in bioavailable carbon. This promotes heterotrophic denitrification, a process which converts nitrates
(NO3-) into N-gases (Schipper et al. 2010).
Although denitrifying bioreactors have been used for a relatively long time, there are still
a few unsolved problems, especially the excessive leaching of organic compounds during the start-up
phase (Cameron and Schipper 2010). The release of organic substances can cause dissolved oxygen
depletion in receiving waters and adversely affect biota (Schipper et al. 2010). Svensson et al. (2014a)
examined dissolved organic carbon (DOC), biochemical oxygen demand (BOD), pH, colour, phenols,
tannins and lignin in sawdust leachates of oak, pine, maple, and beech. Statistically significant
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differences among the tree species were found. These results indicate the need to consider wood
species when assessing potential environmental effects.
0DOi HW DO  focused on the excessive leaching in the start-up phase. They performed
column leachability tests with different types of wood chips and shavings. The leachates from most
of the materials showed high chemical oxygen demand (COD) and BOD at the beginning of the tests,
with a distinct decrease after nine weeks. Some studies point to the fact that wood leachates
(e.g. denitrifying bioreactor outflow) can be toxic to aquatic organisms.
Leachate composition depends on the structure as well as the physical and chemical properties
of the wood species. Trees are known to contain water-soluble phenolic compounds and mostly
hydrolysable tannins or ellagitannins, such as esters of gallic acid. Some of the organic compounds
present in wood leachate, like tannins, lignins, phenols, tropolones, and resin acids, can contribute
to leachate toxicity (Svensson et al. 2014b, Samis et al. 1999). Phenols and resin acids
such as isopimaric (IA) and dehydroabietic (DHAA) acids represent the greatest risk to aquatic life.
IA is the most toxic, but also the rarest of the group of acutely toxic resin acids. DHAA is one
of the least toxic resin acids, but is often mentioned in pulp & paper toxicology literature because
it is the most soluble resin acid and can be reduced to retene, which is toxic to aquatic organisms.
(Makris and Banerjee 2002)
Rex et al. (2016) assessed six types of wood chips (aspen, lodgepole pine, hybrid white spruce,
black spruce, and two mixtures). All of the studied wood chips produced leachate that was toxic
to Vibrio fischeri in MicrotoxTM. Aspen chips produced the most acidic leachate, with higher organic,
phenolic and ammonia concentrations compared to the coniferous and mixed samples. Resin acid
concentrations for IA and DHAA were lowest in aspen, however. This indicates that either the high
organic component concentration or the combination of organic compounds and resin acids
is responsible for the toxicity response. Libralato et al. (2007) showed that leachates from wood
species were more toxic to two saltwater organisms after 24 h of leaching than after 72 h, suggesting
that whatever the components responsible for toxicity were, they were short lived.
Libralato et al. (2007) thought that the toxic effect is caused by naturally occurring extractives,
including aldehydes, phenols, terpinene, camphene and pinene.
TOC and COD provide relevant information about the total amount of organic compounds,
but they are not informative with regard to organic compound distribution (Svensson et al. 2014b).
However, a correlation between organics concentration and toxicity can be found. For example,
Kannepalli et al. (2016), who focused on the leachate quality of mulch from wood materials
(such as whole trees, tree trunks, and tree stumps), observed a significant negative correlation between
the stage delay concentrations of zebrafish (Danio rerio) embryos and COD. The negative slope
for this relationship indicates that with increased COD concentration in a sample, the volume causing
developmental delay decreased (higher toxicity). However, Libralato et al. (2007), who investigated
the potential toxic effects of wood leachates (oak, Norway spruce and three tropical species)
on two saltwater organisms (the brine shrimp Artemia franciscana, and the embryos of the oyster
Crassostrea gigas), did not find any significant correlation (p < 0.05) between physical and chemical
parameters (dissolved oxygen, pH, COD) and ecotoxicological data.
Even if the most suitable bioreactor fill medium is selected and operating conditions
are optimized, the leaching of organic compounds can still be too high. One possible way to protect
a sensitive aquatic ecosystem of recipient is to use outflow water to irrigate a drained area in the first
period of bioreactor operation. However, the effect of denitrifying bioreactor outflows on terrestrial
organisms has been studied even more rarely than aquatic ecotoxicity. It is well known that tannins
are toxic to microorganisms and ruminant animals; however, no information has been found about
the toxic effect of tannins on plants, although they are not expected to have toxic effects on seeds
(Svensson et al. 2014b).
For example, Svensson et al. (2014b) observed that oak wood leachate had no effect on Lactuca
sativa (germination test). Feldmane (2010) investigated the influence of woodchip mulch
on the growth and first yield of sour cherries. He measured the tree height, sum of shoot length,
canopy volume and yield. The results suggest that the use of woodchip mulch tended to decrease
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growth in the first two growing years, though it significantly advanced growth in the third year.
However, the trees treated with woodchip mulch had a lower yield than those left untreated.
MATERIAL AND METHODS
Static leaching tests and dynamic column tests were performed to evaluate the leachability
of organic substances from several wood materials that can be used as denitrifying bioreactor fill
media. Besides the types of organic substances present, the leachates were assessed for toxicity
to terrestrial plants.
Static leaching tests
Static leaching tests were conducted with chips fabricated (size fraction 1.4±22.4 mm) from six
wood materials, these being a mixture of pine and larch bark, and poplar, beech, spruce, oak,
and acacia wood. The materials were tested in their original state, with dry matter content ranging
between 80 and 90%. The beech and spruce were also pretreated by drying (6 h, 105 & 
The tests consisted of 24 hours of leaching in a rotating shaker (5 rpm). The leaching
was carried out using deionized water under laboratory conditions with a solid to water ratio of 1/10.
Dynamic column tests
The dynamic column tests were conducted with two mulches, spruce and pine, each placed
in two 0.3 m3 laboratory columns. The bioreactors were filled with tap water enriched with nitrates
(KNO3). The water was dosed at 12 intervals per day and the hydraulic retention time was
approx. 1 day. The length of the dynamic test was 4 weeks and samples for chemical analyses were
taken on the 4th and 28th day of operation. The water temperature ranged from 13.0 to 17.0 &
and the concentration of NO3- ± N was 26.3 mg/l at the start (4th day) and 20.5 mg/l at the end
(28th day).
Chemical properties
Organic substances were determined in the samples, which were not filtered,
especially COD, BOD, and total organic carbon (TOC). The laboratory analyses were performed
as follows: COD ± semi-micro method with potassium dichromate and photometric evaluation;
BOD ± standard dilution method; TOC ± purging method using Hach TOC cuvette tests.
Ecotoxicological bioassays
Two ecotoxicological bioassays were carried out ± an acute bioassay with the seeds
of Sinapis alba (white mustard), and a long-term bioassay with Raphanus sativus plants (cultivated
radish). The Sinapis alba bioassay was performed as a 72-h test according to methodology set
out by the Czech Ministry of the Environment. 0ä3 The percentage of root growth inhibition
was calculated. The Raphanus sativus bioassay was performed as a modified test according
to Test No. 208 (OECD 2006). The test plants were grown in twenty 200 mL plastic pots filled
with fertilized commercial potting soil under laboratory conditions ± 3 plants in each pot. In the case
of the static tests, fresh leachates were prepared every week, and the length of the test was 5 weeks.
For the dynamic tests, the outflow from the columns was collected periodically and the length
of the test was 4 weeks. The germinability and external appearance of the plants were assessed during
the test, and the dry shoot weight was measured at the end. The results were compared with those
for the control plants, which were grown under the same conditions but without the application
of leachate.
Statistical evaluation
For the determination of the relationship between toxicity and concentrations of organics,
Sinapis alba inhibition was converted to probits for linearization, and then linear regression
was applied (only positive inhibition values were used). For the detection of differences among
Raphanus sativus dry shoot weight means, data was statistically evaluated by one-way analysis
of variance (ANOVA) with DunnHWW¶Vpost±hoc test (P < 0.05).
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RESULTS AND DISCUSSION
Static leaching tests
In the case of static leaching tests, TOC, BOD, COD and toxicity to Sinapis alba vary according
to the wood species used and the application of pretreatment (Figure 1). The results confirm
the statement by Svensson et al. (2014a), who determined that there was a difference
between the leachates obtained from various wood species. Higher leachability of organic
compounds and toxicity is shown in the case of pretreated (dried) materials in comparison
with those left untreated. The levels of toxicity to Sinapis alba ranged from nontoxicity
(lower than 30% inhibition ± the pine and larch mixture, and poplar, beech, and spruce) to toxicity
(higher than 50% inhibition ± non-treated oak and acacia, and dried beech and spruce). However,
the static leaching tests represent maximum leachability, not the real situation.
Figure 1 Results of static leaching tests: TOC, BOD, COD, and toxicity to Sinapis alba
(the BOD of pine and larch was not determined)
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The results suggest the existence of a relationship between toxicity to Sinapis alba and TOC,
COD, and BOD (Figure 2). A positive linear relationship was found between toxicity
and all measured parameters ± TOC (correlation coefficient r = 0.97), COD (r = 0.86), and BOD
(r = 0.93). Despite the fact that the studied samples were from different types of wood with varied
leachability and toxicity, the data showed a strong correlation, which was found to be significant
at p < 0.05. The results correspond with those of Kannepalli et al. (2016), who found a correlation
between COD and toxicity, and also correlations between COD and BOD and potentially toxic
phenolic compounds. However, there may be differences in toxic effect depending on the tested
organism species, as stated by Libralato et al. (2007).
Figure 2 Relation between toxicity to Sinapis alba and TOC, COD, and BOD
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Dynamic column tests
The results of the dynamic column tests, where the data from the 4th and 28th day of operation
were compared, are shown in Figure 3. These tests simulate the start-up phase of a denitrifying
bioreactor. While organic compounds decreased with time of operation (which corresponds
with the findings of Cameron and Schipper (2010) DQG 0DOi HW DO  ), toxicity to Sinapis alba
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slightly rose. Inhibition increased from -19 to 32% and from 8 to 25% in the case of spruce and pine
mulch, respectively. However, although some changes in toxicity were observed, three of the samples
were non-toxic; only spruce mulch leachate slightly exceeded the limit for non-toxic materials
(30% inhibition) after 28 days. It indicates potential changes occur in the quality of leachates over
time, leading to the leaching of lower concentrations of more toxic organic compounds. This topic
requires more detailed research with more materials, longer time periods and more extensive sampling.
Figure 3 Results of dynamic column tests: Values for COD, BOD and toxicity to Sinapis alba
(average values)
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The long-term effect (4/5 weeks) of irrigation on plant growth was investigated with Raphanus
sativus seeds, which were watered with fresh static leachates or column outflows. In both cases,
no significant difference was found between these and the control seeds (p < 0.05), and there were
no visual differences during growth. The inhibition values are shown in Table 1. These results
confirmed the research of Svensson et al. (2014b), who did not find any effect of oak wood leachate
on Lactuca sativa in a similar test.
Spruce
mulch

Table 1 Toxicity of the leachates to Raphanus sativus
Static tests

Dynamic tests

Material

Inhibition

Material

Inhibition

Pine and larch
Poplar

-8.8%

Spruce mulch

4.7%

-5.1%

Pine mulch

7.9%

CONCLUSION
Even though static leaching tests do not simulate a real situation, they are a usable method
for the comparison of various materials. On the other hand, dynamic column tests provide a simulation
of real denitrifying bioreactor processes, although under more complex conditions.
The static leaching tests indicated the toxicity of some wood species leachates (oak and acacia)
to Sinapis alba and the negative effect of pretreatment of the wood by drying. The leachates of pine
and larch, poplar, beech, and spruce were non-toxic. A significant relationship between toxicity
to Sinapis alba and TOC, COD, and BOD was found. These results pointed out the importance
of wood species selection and the state of the material for the use of woodchips in denitrifying
bioreactors.
Despite the fact that the concentration of organic compounds released during dynamic tests
decreased with operation time, toxicity to Sinapis alba slightly increased. This indicates that long-term
leaching can cause the release of more complex and stable organics that may show higher toxicity.
The lack of any observed toxic effect on Raphanus sativus suggests drained areas could
be irrigated using outflows from denitrifying bioreactors. However, although the Sinapis alba
bioassays performed on the outflows indicate a slight toxic effect, the evaluation of the possibility
of irrigation using such outflows requires more complex research with more plant species and stages
of growth.
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&=(&+ 5(38%/,&
#PDLOPXQLF]
$EVWUDFW 7KH JURXQGZDWHU LQ WKH YLFLQLW\ RI WKH 6WUiå XUDQLXP GHSRVLW ZDV YDVWO\ DIIHFWHG
E\ FKHPLFDO XUDQLXP H[WUDFWLRQ $IWHU WKH PLQLQJ FHDVHG PRUH WKDQ  PLOOLRQ P RI DFLG VROXWLRQV
FRQWDLQLQJ PDLQO\ VXOSKXULF DFLG ZHUH OHIW LQ WKH EHGURFN 7KH SDSHU VXJJHVWV D PHDQV RI DSSO\LQJ
JHRFKHPLFDO PRGHOOLQJ LQ WKH SUHGLFWLRQ RI JURXQGZDWHU FKHPLVWU\ GHYHORSPHQW DQG WKH RSWLPL]DWLRQ
RI UHPHGLDWLRQ 7KH *HRFKHPLVW V :RUNEHQFK SURJUDPPH ZDV XVHG WR FUHDWH D JHRFKHPLFDO PRGHO
EDVHG RQ ILHOG GDWD JDLQHG IURP WKH 6WUiå GHSRVLW 7ZR ZDWHUV ZHUH SLFNHG ERWK ZLWK ORZ S+
 DQG   DQG FRQFHQWUDWLRQV RI PDLQ LRQV ZHUH XVHG 7KH FRPSRVLWLRQV ZHUH FKDUJH EDODQFHG
DQG WKHQ JUDGXDO PL[LQJ ZDV PRGHOOHG 6\QWKHWLF ZDWHUV ZLWK WKH VDPH FRPSRVLWLRQ ZHUH SUHSDUHG
LQ D ODERUDWRU\ DQGPL[HGLQPL[LQJIUDFWLRQV DQG5HGR[SRWHQWLDOS+
DQG HOHFWULFDO FRQGXFWLYLW\ ZHUH PHDVXUHG DQG FRPSDUHG ZLWK WKH JHRFKHPLFDO PRGHO
%RWK RI WKH FKRVHQ ZDWHUV ZHUH XQGHUVDWXUDWHG ZLWK UHVSHFW WR PLQHUDOV DQG WKH LRQLF FRPSRVLWLRQ
RI WKH SUHSDUHG ZDWHUV DQG GXULQJ PL[LQJ ZDV GULYHQ RQO\ E\ GLOXWLRQ :LWKLQ WKH FRPSDULVRQ
RI WKH PRGHOOHG DQG V\QWKHWLF ZDWHU SDUDPHWHUV DOPRVW LGHQWLFDO UHVXOWV ZHUH REWDLQHG IRU S+
ZKLOH UHGR[ SRWHQWLDO DQG HOHFWULFDO FRQGXFWLYLW\ ZHUH GLIIHUHQW 7KH GLIIHUHQFH LQ WKH UHGR[ SRWHQWLDOV
ZDV SUREDEO\ FDXVHG E\ WKH SUHVHQFH RI R[\JHQ LQ WKH FDVH RI WKH V\QWKHWLF ZDWHU 7KH HOHFWULFDO
FRQGXFWLYLWLHV YDOXHV ZHUH VLPLODU KRZHYHU WKH PRGHO YDOXHV ZHUH ORZHU ZLWK KLJKHU S+ ,W LV WKXV
QHFHVVDU\ WR FRUUHFW WKH PRGHO EHIRUH LWV DSSOLFDWLRQ WR H[WUHPH ZDWHUV VXFK DV OHDFKLQJ ILHOG
JURXQGZDWHUV 7KH SUHVHQWHG UHVXOWV PD\ EH RI XVH LQ HIIRUWV WR LPSURYH WKH PRGHOOLQJ RI YHU\ DFLG
JURXQGZDWHUV DQG KHOS LQ XQGHUVWDQGLQJ FKDQJHV LQ SDUDPHWHUV ZKLFK DIIHFW PLQHUDO SUHFLSLWDWLRQ
DQG WKHGLVVROXWLRQ RIXUDQLXP FRPSRXQGV
.H\:RUGV %RKHPLDQ &UHWDFHRXV%DVLQ JHRFKHPLVWU\ JURXQGZDWHU PLQLQJ LQVLWX OHDFKLQJ
,1752'8&7,21
7KH 6WUiå GHSRVLW VLWXDWHG QHDU WKH YLOODJH RI 6WUiå SRG 5DOVNHP LV RQH RI VHYHUDO
VDQGVWRQHW\SH XUDQLXP GHSRVLWV LQ WKH 6WUiå 7HFWRQLF %ORFN LQ WKH QRUWKZHVW SDUW
RI WKH %RKHPLDQ &UHWDFHRXV %DVLQ 7KH XUDQLXP LV W\SLFDOO\ ERXQGHG WR &HQRPDQLDQ VHGLPHQWV
DURXQGWR PEHORZ WKHJURXQG .DINDHWDO 
%HFDXVH RI WKH ORZ FRQWHQW RI XUDQLXP DQG GLVVHPLQDWHG FKDUDFWHU RI WKH 6WUiå GHSRVLW
WKH XUDQLXP ZDV H[WUDFWHG E\ D FKHPLFDO PHWKRG WHUPHG LQVLWX OHDFKLQJ ,6/  ZKHUHE\ XUDQLXPRUH
LV H[WUDFWHG E\ D OLTXLG PHGLXP IRU VHOHFWLYH H[WUDFWLRQ OL[LYLDQW  HJ VXOSKXULF DFLG LQ WKH FDVH
RI DFLG OHDFKLQJ 7KH PHWKRG LV EDVHG RQ WKH SXPSLQJ RI OL[LYLDQW LQWR WKH RUHERG\ YLD LQMHFWLRQ
ERUHKROHV IURP ZKLFK LW IORZV WKURXJK WKH SHUPHDEOH RUHERG\ GLVVROYLQJ WKH RUH EHIRUH EHLQJ
H[WUDFWHG YLD H[WUDFWLRQ ERUHKROHV $ FRQILQHG DTXLIHU LV UHTXLUHG WR SUHYHQW FRQWDPLQDWLRQ
IURP VSUHDGLQJ 0XGG 
7KHUH DUH WZR DTXLIHUV LQ WKH DUHD ± DQ XQFRQILQHG DTXLIHU LQ 7XURQLDQ VDQGVWRQHV
DQG DQ XQGHUO\LQJ FRQILQHG DTXLIHU LQ &HQRPDQLDQ VDQGVWRQHV ZKLFK DUH VHSDUDWHG E\ D /RZHU
7XURQLDQ DTXLWDUG RI FOD\VWRQHV DQG PDUOVWRQHV 7KH FKHPLFDO FRPSRVLWLRQ RI JURXQGZDWHU
LQ WKH 7XURQLDQ DTXLIHU LV FRQWUROOHG E\ UHFHQW SUHFLSLWDWLRQ ZDWHUURFN LQWHUDFWLRQ DQG ORFDO IHUWLOLVHU
XVH ,W GRHV QRW QDWXUDOO\ FRQWDLQ XUDQLXP DQG VHUYHV DV D ZDWHU VRXUFH RI UHJLRQDO LPSRUWDQFH
,Q WKH FDVH RI WKH &HQRPDQLDQ DTXLIHUWKHFKHPLFDOFRPSRVLWLRQRIJURXQGZDWHULV PDLQO\GHWHUPLQHG
E\ ZDWHUURFN LQWHUDFWLRQ DQG SDUWLDOO\ E\ WKH LQILOWUDWLRQ RI SUHFLSLWDWLRQ LQWHUDFWLRQ ZLWK JHRJHQLF
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JDVHV VXFK DV &2  DQG WKH GLIIXVLRQ RI IRVVLO 1D±&O±62 EULQHV IURP WKH 3HUPR&DUERQLIHURXV
EDVHPHQW 3DþHV HW DO   ,Q FRQWUDVW WR WKH 7XURQLDQ DTXLIHU WKH &HQRPDQLDQ DTXLIHU KDV QHYHU
EHHQXVHGDVSDUWRIWKHSXEOLF ZDWHUVXSSO\GXHWR LWV XUDQLXP FRQWHQW .DINDHWDO 
7KH QDWXUDO FKHPLFDO FRPSRVLWLRQ RI 6WUiå GHSRVLW JURXQGZDWHU ZDV YDVWO\ DIIHFWHG
E\ WKH DIRUHPHQWLRQHG XUDQLXP H[WUDFWLRQ YLD ,6/ ZKLFK ZDV SHUIRUPHG IURP WKH V %HVLGHV
VXOSKXULF DFLG RWKHU FKHPLFDOV ZHUH XVHG VXFK DV QLWULF DFLG DPPRQLD DQG K\GURIOXRULF DFLG
,Q  WKH PLQLQJ FHDVHG DQG DIWHUZDUGV WKH UHPHGLDWLRQ RI WKH DTXLIHU VWDUWHG
0RUH WKDQ  PLOOLRQ P RI DFLG VROXWLRQV ZHUH OHIW XQGHUJURXQG DIWHUPLQLQJ VWRSSHG7KHVROXWLRQV
DUH YHU\ ORZ LQ S+ DSSURDFKLQJ   EXW KLJK LQ GLVVROYHG VROLGV DQG HQULFKHG ZLWK VXOSKDWHV KHDY\
PHWDOV DQG UDGLRDFWLYH HOHPHQWV 7KH DLP RI UHPHGLDWLRQ LV WR SUHYHQW FRQWDPLQDWLRQ IURP VSUHDGLQJ
DQG UHGXFH LW WR DFFHSWDEOH YDOXHV 7KH JURXQGZDWHU IORZ UHJLPH LV PDLQWDLQHG E\ SXPSLQJ
RXW WKH UHVLGXDO FKHPLFDO VROXWLRQV LQ D FRQWUROOHG PDQQHU DQG DIWHU WKHLU SDUWLDO WUHDWPHQW SXPSLQJ
WKHP EDFNXQGHUJURXQG ',$02  
7KH SHULRG RI WLPH QHFHVVDU\ WR FRPSOHWH WKH UHPHGLDWLRQ DQG IXWXUH GHYHORSPHQW
RI WKH JURXQGZDWHU V\VWHP DUH QRW FRPSOHWHO\ FOHDU 7KH VLWXDWLRQ LV FRPSOLFDWHG E\ WKH H[WUHPH
FRPSRVLWLRQ RI WKH FKHPLFDO VROXWLRQV XVHG 7KH PDLQ SUREOHP LV WKH UHSUHFLSLWDWLRQ RI PLQHUDOV
GXULQJ WKH PL[LQJ RI WKH VROXWLRQV DQG QDWXUDO JURXQGZDWHU ZKLFK FRXOG FDXVH ERUHKROH FORJJLQJ
'HVSLWH WKH IDFW WKDW XUDQLXP ZDV RQO\ UHFRYHUHG IURP &HQRPDQLDQ VHGLPHQWV WKH RYHUOD\LQJ
7XURQLDQ DTXLIHU ZDV FRQWDPLQDWHG WRR 7KH IORZ RI JURXQGZDWHU WKURXJK WKH /RZHU 7XURQLDQ
DTXLWDUG LV HQDEOHG YLD LQVXIILFLHQWO\ VHDOHG ERUHKROHV DV ZHOO DV E\ QDWXUDO WUDQVSRUW
SDWKZD\V HJ FUDFNV FUHDWHG E\ 6D[RQLDQ IROGLQJ DQG FRQQHFWHG WR QHRYROFDQLF DFWLYLW\
.R]iNRYiDQG3RNRUQê  7KHIORZEHWZHHQWKH DTXLIHUV FDQQRWEHFRPSOHWHO\ HOLPLQDWHG
8UDQLXP LV D WR[LF KHDY\ PHWDO ,Q WKH ZDWHU HQYLURQPHQW LW LVPRVWO\ SUHVHQWDV WKH WHWUDYDOHQW
FDWLRQ 8 RU KH[DYDOHQW XUDQ\O FDWLRQ 82 7KH WHWUDYDOHQW FDWLRQ LV QHDUO\ LQVROXEOH LQ QDWXUDO
ZDWHU DOWKRXJK LW FDQ EH WUDQVSRUWHG LQ WKH IRUP RI D FRPSOH[ FRPSRXQG ZKLFK FDQ EH FUHDWHG
LQ D KLJKO\ DFLG RU DONDOLQH HQYLURQPHQW 7KH XUDQ\O FDWLRQ LV YHU\ VWDEOH DQG VROXEOH DQG FDQ
FUHDWH WUDQVSRUWDEOH FRPSOH[ FRPSRXQGV 3OXVNDO   7KH R[LGDWLRQ VWDWH LV GHSHQGHQW
RQ R[LGDWLRQ±UHGXFWLRQ SRWHQWLDO S+ WKH WRWDO FRQFHQWUDWLRQ RI XUDQLXP WKH SUHVHQFH RI RWKHU
VXEVWDQFHVDQGWKHSDUWLDO SUHVVXUHRI&2 =DFKDUDHWDO 
2Q WKH EDVLV RI WKH PRGHO LW LV SRVVLEOH WR VLPXODWH WKH LQWHUDFWLRQV RI FKHPLFDO VROXWLRQV
ZLWK RWKHU W\SHV RI ZDWHU DQG WKHLU LQWHUDFWLRQ ZLWK VXUURXQGLQJ VHGLPHQWV 2ZLQJ WR WKHVH
VLPXODWLRQV LW LV SRVVLEOH WR H[DPLQH YDULRXV V\VWHP GHYHORSPHQW VFHQDULRV ZKLFK LV RI KHOS
ZKHQ FKRRVLQJ WKHPRVWHIIHFWLYH UHPHGLDWLRQ PHWKRG
7KH VFRSH RI WKLV VWXG\ LV D SUHSDUDWLRQ RI JHRFKHPLFDO PRGHOGHVFULEHVPL[LQJRIWZROHDFKLQJ
ILHOG JURXQGZDWHUV IURP 6WUiå GHSRVLW ZLWK GLIIHUHQW SK\VLFRFKHPLFDO SURSHUWLHV 7KH PRGHO RXWSXW
ZDV YHULILHG E\ ODERUDWRU\ H[SHULPHQWV SHUIRUPHG ZLWK V\QWKHWLF ZDWHUV 7KH VHOHFWLRQ RIXVHGZDWHUV
ZDV DGDSWHG LQ RUGHU WR VLPSOLI\ WKH H[SHULPHQW IRU WKH SXUSRVH RI PRGHO YHULILFDWLRQ %RWK ZDWHUV
DUH DFLG HQRXJK WR VXSSUHVV SUHFLSLWDWLRQ DQG NHHS LRQV LQ WKHLU GLVVROYHG IRUP GXULQJ PL[LQJ
ZKLFK VLPSOLILHG WKH H[SHULPHQW 7KH SXEOLVKHG UHVHDUFK LV WKH EHJLQQLQJ RI D VHW RI H[SHULPHQWV
ZKLFKZLOO EHFRYHUHGLQIXWXUHDUWLFOHV
0$7(5,$/ $1'0(7+2'6
7KH FKHPLFDO DQDO\VHV RI JURXQGZDWHUV LQIOXHQFHG E\ LQVLWX OHDFKLQJ ZHUH EDVHG
RQ PHDVXUHPHQWV WDNHQ IURP UHDO H[WUDFWLRQ ERUHKROHV SURYLGHG E\ ',$02 V S 7ZR ZDWHUV ZHUH
FKRVHQ ZDWHU $ KDG D KLJKHU FRQFHQWUDWLRQ RIDFLGV ZLWKD S+ RI  LWZDVYHU\DFLGLFZDWHUKLJKO\
DIIHFWHG E\ ,6/  ZKLOH ZDWHU % ZDV PRUH DONDOLQH ZLWK D S+ RI  LW ZDV OHVV DFLGLF ZDWHU IURP
WKH HGJH RI WKH OHDFKLQJ ILHOG  7KH\ DOVR H[KLELWHG GLVVLPLODULW\ LQ WHUPV RI GLVVROYHG VROLGV
FRQFHQWUDWLRQ ZKLFK ZDV H[WUHPHO\ KLJKHU LQ WKH ZDWHU ZLWK ORZHU S+ 2QO\ WKH PDLQ SK\VLFDO
SDUDPHWHUV DQG FKHPLFDO FRPSRQHQWV RI WKH ZDWHUV ZHUH XVHG IRU PRGHOOLQJ 8UDQLXP FRQWHQW
ZDV QRW FRQVLGHUHG IRU LQVWDQFH DOWKRXJK WKH XUDQLXP FRQFHQWUDWLRQ LQ ZDWHUV $ DQG % ZDV DURXQG
 PJO DQG  PJO UHVSHFWLYHO\ 1LWURJHQ FRPSRXQGV SUHVHQW LQ WKH DQDO\VHV 1+ DQG 12±
ZHUH UHFDOFXODWHG DFFRUGLQJ WRWKHLUPRODUZHLJKW WR1+
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7KH FKRVHQ FKHPLFDO DQDO\VHV ZHUH LRQLF FKDUJH LPEDODQFHG WKH FKDUJH EDODQFH HUURU
ZDV  DQG  LQ WKH FDVH RI ZDWHU $ DQG % UHVSHFWLYHO\ 7KH RULJLQDO LRQLF FRPSRVLWLRQV
DUHVKRZQLQ)LJXUH 
)LJXUH %DU&KDUWVRIWKH RULJLQDOFRPSRVLWLRQRIWKH FKRVHQZDWHUV
$ ± ZDWHUZLWKS+
% ± ZDWHUZLWKS+

7KH JHRFKHPLFDO PRGHO ZDV SUHSDUHG LQ *HRFKHPLVW V :RUNEHQFK YHUVLRQ  
ZKLFK LV D FROOHFWLRQ RI JHRFKHPLFDO SURJUDPV WKDW HPSOR\ QXPHULFDO PHWKRGV DQG XVH
WKHUPRG\QDPLF GDWDEDVHV =KX DQG $QGHUVRQ   )RU WKLV PRGHO WKH WKHUPRGDW GDWDEDVH
$TXHRXV 6ROXWLRQV //& ± ZDV XVHG DQG WKH VHW WHPSHUDWXUH ZDV  & 7KH PRGHOOHG
ZDWHUV ZHUH SUHSDUHG YLD LRQLF FKDUJH EDODQFLQJ E\ VXOSKDWH LRQV $QR[LF FRQGLWLRQV ZHUH VHW
IRU WKH PRGHOOLQJ 7KH FRQYHUVLRQ RI QLWUDWHV LQWR PROHFXODU QLWURJHQ GXULQJ SURFHVVHV ZDV QRW WDNHQ
LQWRFRQVLGHUDWLRQ DQG WKH SUHFLSLWDWLRQ RIKHPDWLWH ZDVVXSSUHVVHG
/DERUDWRU\ H[SHULPHQWV ZHUH SHUIRUPHG ZLWK  OLWUHV RI V\QWKHWLF ZDWHUV ZLWK WKH VDPH
FRPSRVLWLRQ DV FKDUJH EDODQFHG ZDWHUV 7KH S+ YDOXHV ZHUH DGMXVWHG E\  0 1D2+
7KH WHPSHUDWXUH S+ HOHFWULFDO FRQGXFWLYLW\ DQG UHGR[ SRWHQWLDO (K  ZHUH SHULRGLFDOO\ PHDVXUHG YLD
D :7: 3URIL/LQH S+&RQG  PXOWLSDUDPHWHU PHWHU 7KH UHGR[ SRWHQWLDOV ZHUH FRQYHUWHG
WR VWDQGDUGK\GURJHQHOHFWURGH YDOXHV
$IWHU VWDELOLVDWLRQ RI WKH PHDVXUHG SK\VLFDO SDUDPHWHUV WKH V\QWKHWLF ZDWHUV ZHUH PL[HG
LQ  PO EHDNHUV LQ PL[LQJ IUDFWLRQV       DQG  WKH UDWLR RI ZDWHU %
ZLWK S+  WR ZDWHU $ ZLWK S+   6WDELOLVHG SK\VLFDO SDUDPHWHUV ZHUH XVHG IRU WKH FRPSDULVRQ
RI WKH ODERUDWRU\ WHVW UHVXOWV ZLWK WKH PRGHO¶V RXWSXW $OO ZDWHUV ZHUH NHSW FRQWDFW
ZLWK WKH DWPRVSKHUH ZKLOH VWDELOLVDWLRQ ZDV WDNLQJ SODFH
5(68/76 $1'',6&866,21
*HRFKHPLFDOPRGHO
7KH JHRFKHPLFDO PRGHO RI JUDGXDO PL[LQJ VKRZV VDWXUDWLRQ RI PLQHUDOV )LJXUH $ 
$OO PLQHUDOV LQ WKH GDWDEDVH KDYH VDWXUDWLRQ EHORZZKDWPHDQVWKDWQRQHRIWKHPZRXOGSUHFLSLWDWH
7KH KLJKHU PLQHUDO VDWXUDWLRQV DUH UHDFKHG E\ J\SVXP DQK\GULWH DQG DOXQLWH DOWKRXJK WKH PDJQLWXGH
RI WKLV SDUDPHWHU LV RIWHQ RI OLWWOH LPSRUWDQFH EHFDXVH LW LV GHSHQGHQW RQ WKH IRUPXOD RI WKH PLQHUDO
%HWKNH  =KX DQG $QGHUVRQ   'XH WR WKH DEVHQFH RI SUHFLSLWDWLRQ DOO WKH FRQFHQWUDWLRQV
RI WKH FRPSRQHQWV LQ WKH IOXLG )LJXUH %  VKRXOG EH GULYHQ RQO\ E\ GLOXWLRQ ZKLFK LV VXJJHVWHG
E\ WKH OLQHDU IXQFWLRQV RILRQFRQFHQWUDWLRQV
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)LJXUH  3URJUHVV RI PLQHUDO VDWXUDWLRQ DQG FRQFHQWUDWLRQ RI LRQLF FRPSRQHQWV LQ IOXLG GXULQJ
JUDGXDOPL[LQJ

6\QWKHWLFZDWHUV
7KH V\QWKHWLF ZDWHUV ZHUH SUHSDUHG XQGHU ODERUDWRU\ FRQGLWLRQV DQG PRQLWRUHG IRU DW OHDVW RQH
ZHHN EHIRUH WKHLU XVHLQWKH VLPXODWLRQRIPL[LQJ7KHDYHUDJH S+YDOXHVZHUH DQGDYHUDJH
HOHFWULFDO FRQGXFWLYLWLHV ZHUH   6FP DQG   6FP DQG DYHUDJH UHGR[ SRWHQWLDOV ZHUH
 P9 DQG  P9 LQ WKH FDVHV RI ZDWHUV $ DQG % UHVSHFWLYHO\ 7KH SURJUHVVLRQ RI WKH S+ YDOXHV
RI WKH ZDWHUV IURPWKHWLPHRISUHSDUDWLRQLVVKRZQLQ)LJXUH 7KHDYHUDJHVZHUHFDOFXODWHGXVLQJDOO
YDOXHV ZLWK WKH H[FHSWLRQ RI WKH GD\ RI SUHSDUDWLRQ WLPH  GD\V  7KH FRHIILFLHQWV RI YDULDQFH &9 
IRU WKH GDWD XVHG IRU FDOFXODWLQJ WR DYHUDJHV ZHUH D PD[LPXP RI   DQG  LQ WKH FDVH
RI S+HOHFWULFDO FRQGXFWLYLW\ DQGUHGR[SRWHQWLDO UHVSHFWLYHO\
7KH S+ RI ZDWHU % ZDV DGMXVWHG E\ WKH DGGLWLRQ RI 1D2+ 7KH DYHUDJH S+ YDOXH
DIWHUWKHDGMXVWPHQWZDV &9 DYHUDJHHOHFWULFDOFRQGXFWLYLW\ZDV  6FP &9 
DQGDYHUDJH UHGR[SRWHQWLDO ZDV P9 &9 
)LJXUH 3URJUHVVLRQ RI WKH S+YDOXHVRIWKHV\QWKHWLFZDWHUV IURP WKHLUSUHSDUDWLRQ
pH
4
Water A (original pH 1.1)
3

Water B (original pH 3.6)
2

NaOH addition

1
0
0

2

4

6

8

10

12

14

16 time (days)

7KH VWDELOLVDWLRQ RI WKH SUHSDUHG V\QWKHWLF ZDWHUV DQG WKH PL[HG ZDWHUV ZDV UHDFKHG DIWHU
VHYHUDO KRXUV 7KH VWDELOLVDWLRQ ZDV VR UDSLG EHFDXVH WKH V\VWHPV ZHUH QRW GULYHQ E\ FDUERQDWH
HTXLOLEULD UHDFWLRQV 6WXPP DQG 0RUJDQ   7KH KLJKO\ DFLG HQYLURQPHQW RI OHDFKLQJ ILHOG
JURXQGZDWHUV VXSSUHVVHV WKH SUHFLSLWDWLRQ RI PLQHUDOV IRU H[DPSOH JRHWKLWH FDXVHG E\ WKH GLVVROYLQJ
RI R[\JHQ IURP WKH DWPRVSKHUH 7KH LQIOXHQFH RI R[\JHQ FRXOG EHFRPH HYLGHQW RYHU D ORQJHU SHULRG
RIWLPHEXWLWVLQYHVWLJDWLRQ ZDVQRWDQREMHFWLYHRIWKLVH[SHULPHQW
&RPSDULVRQRIJHRFKHPLFDOPRGHORXWSXWDQGODERUDWRU\ H[SHULPHQW UHVXOWV
)LJXUHV  DQG  VKRZ WKH SURJUHVVLRQ RI WKH PRQLWRUHG SK\VLFDO SDUDPHWHUV GXULQJ WKH PL[LQJ
RI ZDWHU LQ GLIIHUHQW PL[LQJ IUDFWLRQV 7KHPRGHOOHG DQGV\QWKHWLFZDWHUVZHUHSUHSDUHGZLWKWKHVDPH
FRPSRVLWLRQ DQG WKH SK\VLFDO SDUDPHWHUV ZHUH FDOFXODWHG RU PHDVXUHG LQ WKH FDVH RI WKH V\QWKHWLF
RU PRGHOOHG ZDWHUVUHVSHFWLYHO\ 7KHUHVXOWV UHSUHVHQWWKH SDUDPHWHUVDIWHUVWDELOLVDWLRQ
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7KH S+ YDOXHV )LJXUH  VKRZ D VOLJKW GLIIHUHQFH EHWZHHQ WKH PRGHOOHG DQG V\QWKHWLF ZDWHUV
GXULQJ PL[LQJ 7KH GLIIHUHQFHLVSUREDEO\ FDXVHGE\WKH GLIIHUHQW YDOXHVRIWKH LQLWLDO ZDWHUV
)LJXUH 5HVXOWVRIWKH ODERUDWRU\DQGPRGHOOHG PL[LQJRIZDWHUV± S+
pH
4
Synthetic water
3

GWB model

2

1
0,00

0,25

0,50

0,75

1,00

Mixing fraction

7KH UHGR[ SRWHQWLDOV )LJXUH $ VKRZ D GLIIHUHQW VLWXDWLRQ 7KH YDOXHV REWDLQHG
IRU WKH V\QWKHWLF ZDWHU DUH PRUH WKDQ WZLFH DV KLJK DQG WKH\ DUH LQFUHDVLQJ LQ FRQWUDVW
WR WKH GHFUHDVLQJ YDOXHV RI WKH PRGHO 7KH GLIIHUHQFH EHWZHHQ WKH UHGR[SRWHQWLDOVLVSUREDEO\FDXVHG
E\ WKH SUHVHQFH RI R[\JHQ LQ WKH FDVH RI WKH V\QWKHWLF ZDWHU ZKLFK VKRXOG QRW KDYH DQ LQIOXHQFH
RQ PLQHUDO SUHFLSLWDWLRQ RUUHGR[UHDFWLRQV LQYHU\DFLGZDWHUVDQG VRGRHV QRWDIIHFWS+
7KH HOHFWULFDO FRQGXFWLYLWLHV )LJXUH % DUH VLPLODU ERWK GHFUHDVLQJ  KRZHYHU WKH PRGHO
YDOXHV DUH ORZHU DQG WKH GLIIHUHQFH LV KLJKHU ZLWK ORZHU ZDWHU S+ 7KLV LQGLFDWHV WKDW WKH PRGHO
LV DSSOLFDEOH WR WKH PRGHOOLQJ RI ZDWHUV ZLWK ORZ HOHFWULFDO FRQGXFWLYLW\ DQG ORZ PLQHUDOLVDWLRQ 
HJ QDWXUDO ZDWHUV &RUUHFWLRQ RI WKH PRGHO LV QHFHVVDU\ EHIRUH LW FDQ EH DSSOLHG WR H[WUHPH ZDWHUV
VXFK DV OHDFKLQJ ILHOG JURXQGZDWHU 7KH PRGHO RQO\ VKRZV YDOXHV XS WR   6FP GHSHQGLQJ
RQ WKHW\SHDQGYHUVLRQ RIWKH SURJUDPPH XVHG
)LJXUH  5HVXOWV RI WKH ODERUDWRU\ DQG PRGHOOHG PL[LQJ RI ZDWHUV ± UHGR[ SRWHQWLDO DQG HOHFWULFDO
FRQGXFWLYLW\
Eh (mV)
1 000

Synthetic water

κ (μS/cm)

GWB model

60 000

Synthetic water
GWB model

50 000

800

40 000

600

30 000
400

20 000

200

10 000
0

0
0,00

0,25

0,50

0,75
1,00
Mixing fraction

0,00

0,25

0,50

0,75
1,00
Mixing fraction

7KH VOLJKW GLIIHUHQFHV EHWZHHQ WKH PRGHOOHG DQG V\QWKHWLF ZDWHUV FRXOG EH FDXVHG
E\ WKH WHPSHUDWXUH EHFDXVH LW ZDV  & RQ DYHUDJH WKURXJKRXW WKH ODERUDWRU\ H[SHULPHQW
&9 ZKLOH WKH PRGHO WHPSHUDWXUHZDVVHWDW  &
&21&/86,21
2Q WKH EDVLV RI WKH JHRFKHPLFDO PRGHO ERWK RIWKHFKRVHQZDWHUVZHUHPLQHUDOXQGHUVDWXUDWHG
DQG WKH LRQLF FRPSRVLWLRQ RI WKH SUHSDUHG ZDWHUV DQG GXULQJ PL[LQJ ZDV GULYHQ RQO\ E\ GLOXWLRQ
7KH V\VWHPV ZHUH QRW GULYHQ E\ FDUERQDWH HTXLOLEULD UHDFWLRQV DQG UHGR[ UHDFWLRQV EHFDXVH
RI WKH H[WUHPHO\ DFLGHQYLURQPHQW
:LWKLQ WKH FRPSDULVRQ RI WKH PRGHOOHG DQG V\QWKHWLF ZDWHU SDUDPHWHUV DOPRVWWKHVDPHUHVXOWV
ZHUH REWDLQHG IRU S+ LQ ERWK FDVHV WKRXJK UHGR[ SRWHQWLDO DQG HOHFWULFDO FRQGXFWLYLW\ DUH GLIIHUHQW
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7KH GLIIHUHQFH EHWZHHQ WKH UHGR[ SRWHQWLDOV ZDV TXLWH KLJK DQG ZDV SUREDEO\ FDXVHG E\WKH SUHVHQFH
RI R[\JHQ LQ WKH FDVH RI WKH V\QWKHWLF ZDWHU 7KHHOHFWULFDOFRQGXFWLYLW\YDOXHVZHUHVLPLODUKRZHYHU
WKH PRGHO YDOXHV ZHUH ORZHU ZLWK KLJKHU S+ &RUUHFWLRQ RI WKH PRGHO LV QHFHVVDU\
EHIRUHLWVDSSOLFDWLRQ WRH[WUHPH ZDWHUVVXFKDVOHDFKLQJ ILHOG JURXQGZDWHUV
*HRFKHPLFDO PRGHOOLQJ LV D KHOSIXO WRRO IRU 6WUiå GHSRVLW UHPHGLDWLRQ EHFDXVH
WKH SURFHVVHV ZKLFK DUH WDNLQJ SODFH XQGHUJURXQG DUH GLIILFXOW WR PRQLWRU LQ VLWX 7KHVH UHVXOWV PD\
EH RI XVH LQ HIIRUWV WR LPSURYH WKH PRGHOOLQJ RI YHU\ DFLG JURXQGZDWHUV DQG KHOS LQ XQGHUVWDQGLQJ
FKDQJHV LQSDUDPHWHUVZKLFK DIIHFWPLQHUDO SUHFLSLWDWLRQ DQGWKHGLVVROXWLRQ RIXUDQLXPFRPSRXQGV
$&.12:/('*(0(176
7KH UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH 5HFWRU¶V 3URJUDPPH SURYLGHG E\ WKH *UDQW $JHQF\
RI 0DVDU\N8QLYHUVLW\ SURMHFW081,&
5()(5(1&(6
$TXHRXV 6ROXWLRQV //&  ± *HRFKHPLVWV :RUNEHQFK 7KHUPRG\QDPLF 'DWDVHW
± WKHUPRGDW >2QOLQH@ $YDLODEOH DWKWWSVZZZJZEFRPGDWD2OGBIRUPDWWKHUPRGDW >@
%HWKNH&0*HRFKHPLFDO 5HDFWLRQ 0RGHOLQJ 1HZ<RUN2[IRUG 8QLYHUVLW\ 3UHVV
',$02  (QYLURQPHQWiOQt ]iWČåH YH VSUiYČ ',$02 VS 6WUiå SRG 5DOVNHP ± ,QIRUPDþQt
PDWHULiO >2QOLQH@ 6WUiå SRG 5DOVNHP ',$02 VS $YDLODEOH DW KWWSZZZGLDPRF]GRZQORDG
GRFXPHQWHQYLURQPHQWDOQL]DWH]H >@
.DIND - HG  $LFKOHU - $OH[ - $XOLFNê 5 %DGiU - %HGQDĜtN 3 %HUDQ 3 %HUQDUG 3
%HUQDWtN / %LRONRYi - %ĜHKRYVNê6&LPDOD='RSLWD0)RULQW3*U\JDU5*U\JiUHN-
+iMHN$+DYHOND-+HMQLF2+ROXE0,YiQ\L.-DQJO/.DIND7.DUDV0.DYDOHF-
.ROHN 0 .RPtQHN - .RQHþQê 3 .RSHFNê3.RSHþQê..RWULV-.RXĜLO=.UiNRUD3
.ĜtåHN - .XOKiQHN - .XUVD 0 .\QFO 6 /LWRFKOHE - 0DMHU - 0DNDULXV 5 0DOê 5
0DWRXOHN 0 0LWiã - 1HXKDXVHU ) 1RYiþHN . 1RYiN/3DGČUD=3DODV03RNRUQê-
3RãPRXUQê . 3UXQHU 9 5DV]ND . 5XGDMHY 9 5\FKWDĜtN 7 6DGtOHN 3 6FKDUP %
6FKDUPRYi 0 6PHWDQD - 6RNRO 0 6WDQČN 9 6XþHN 3 6YRERGD 9 âNYRU . âQDMGU /
âWiGOHU-âXUiĖ-âYDQGD*7DFO$7HMPO97UQND37URMiþNRYi.8KOtN09DOWD-
9HEU = 9HVHOê 3 9LGOiĜ - 9RVWDUHN 3 =HOLQJHU 2  5XGQp D XUDQRYp KRUQLFWYt ýHVNp
UHSXEOLN\VW HG2VWUDYD $QDJUDP
.R]iNRYi 9 3RNRUQê 5  7HNWRQLFNp SRUXFK\ D SRWHQFLiOQt UL]LND PH]LNROHNWRURYp
NRQWDPLQDFH SRG]HPQtFK YRG YH VWUiåVNpP UXGQtP EORNX ,Q =SUiY\ R JHRORJLFNêFK Yê]NXPHFK
Y URFH 3UDJXH ýHVNiJHRORJLFNi VOXåEDSS±
0XGG *  8UDQLXP ,Q 6LWX /HDFKLQJ 7KH &DVH $JDLQVW 6ROXWLRQ 0LQLQJ $ 5HVHDUFK 5HSRUW
IRU )ULHQGV RI WKH (DUWK )LW]UR\  ZLWK 7KH $XVWUDOLDQ &RQVHUYDWLRQ )RXQGDWLRQ >2QOLQH@
$YDLODEOH
DW
KWWSXVHUVPRQDVKHGXDXaJPXGGILOHV,Q6LWX/HDFK80LQLQJSGI
>@
3DFHV 7 &RUFKR $OYDUDGR -$ +HUUPDQQ = .RGHV 9 0X]DN - 1RYDN - 3XUWVFKHUW 5
5HPHQDURYD ' 9DOHFND -  7KH &HQRPDQLDQ DQG 7XURQLDQ $TXLIHUV RI WKH %RKHPLDQ
&UHWDFHRXV %DVLQ &]HFK 5HSXEOLF ,Q 1DWXUDO *URXQGZDWHU 4XDOLW\ %ODFNZHOO 3XEOLVKLQJ
SS±
3OXVNDO2ÒYRGGRJHRORJLHXUDQRYêFKORåLVHN3UDJXH 6WiWQtSHGDJRJLFNp QDNODGDWHOVWYt
6WXPP : 0RUJDQ --  $TXDWLF FKHPLVWU\ FKHPLFDO HTXLOLEULD DQG UDWHVLQQDWXUDOZDWHUV
UG HG-RKQ:LOH\ 6RQV
=DFKDUD -0 ,OWRQ (6 /LX &K  5HDFWLYH 7UDQVSRUW RI WKH 8UDQ\O ,RQ LQ 6RLOV 6HGLPHQWV
DQG *URXQGZDWHU 6\VWHPV ,Q 8UDQLXP &UDGOH WR *UDYH 6KRUW &RXUVH 6HULHV
  ±0LQHUDORJLFDO $VVRFLDWLRQ RI&DQDGD
=KX &K $QGHUVRQ *  (QYLURQPHQWDO $SSOLFDWLRQV RI *HRFKHPLFDO 0RGHOLQJ 1HZ <RUN
&DPEULGJH 8QLYHUVLW\ 3UHVV
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EVALUATION OF THE ONSET OF PHENOLOGICAL
PHASES OF SPRING BARLEY
EVA STEHNOVA, HANA STREDOVA
'HSDUWPHQW RI$SSOLHGDQG/DQGVFDSH(FRORJ\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
HYDVWHKQRYD#PHQGHOXF]
$EVWUDFW 'HWDLOHG DQDO\VLV RI WKH SKHQRORJLFDO GDWD RI WKH &]HFK +\GURPHWHRURORJLFDO ,QVWLWXWH
ZDV PDGH LQ WKLV SDSHU 7KH DQDO\VLV ZDV FDUULHG RXW IRU VSULQJ EDUOH\ +RUGHXP YXOJDUH /
IRU 3RGČEUDG\ ORFDOLW\  P DVO  7KLV ORFDOLW\ LV VLWXDWHG LQ &HQWUDO (XURSH &]HFK 5HSXEOLF
&HQWUDO %RKHPLD 7KHVH SKHQRORJLFDO SKDVHV ZHUH DQDO\VHG HPHUJHQFH WLOOHULQJ WKH EHJLQQLQJ
RI OHDI VKHDWK HORQJDWLRQ ILUVW QRGH VHFRQG QRGH VZHOOLQJ RI WKH VKHDWK RI WKH ODVW OHDI KHDGLQJ
PLON\ ULSHQHVV \HOORZ ULSHQHVV DQG IXOO ULSHQHVV 3URFHVVHV RIVRZLQJDQGKDUYHVW ZHUH DOVRDQDO\VHG
,W ZDV IRXQG RXW WKDW JURZLQJ VHDVRQ KDV EHHQ SURORQJHG E\ DYHUDJH RI  GD\V +DUYHVW ZDV
RQ DYHUDJH GHOD\HG E\  GD\V LQ WKH SHULRG ± DFFRUGLQJ WR WKH SHULRG ± 
$QDO\VHG GDWD VKRZ JUHDW YDULDELOLW\ LQ RQVHW RI SKHQRORJLFDO SKDVHV DQG LPSOHPHQWDWLRQ RI SURFHVVHV
RI VRZLQJ DQG KDUYHVW 7KH ZHDWKHU KDV VLJQLILFDQW LQIOXHQFH RQ GHYHORSPHQW RI VSULQJ EDUOH\
DQG RQVHW RI LQGLYLGXDO SKHQRORJLFDO SKDVH LQ JLYHQ \HDU 7KH JUHDWHVW YDULDELOLW\ RIDOOGDWDZDVIRXQG
RXW DW VRZLQJ 6RZLQJ RI VSULQJ EDUOH\ XVXDOO\ LV JRLQJ RQ IURP WKH  WK GD\ RI WKH \HDU
WRWKHWK GD\RIWKH\HDU
.H\ :RUGV *URZLQJ VHDVRQ &]HFK 5HSXEOLF 3KHQRORJLFDO REVHUYDWLRQV &]HFK +\GURPHWHRURORJLFDO
,QVWLWXWH
INTRODUCTION
3KHQRORJ\ LV D VFLHQFH RI WKH WLPH FRXUVH RI SHULRGLF UHSHWLWLYH PDQLIHVWDWLRQV RI SODQWV
DQG DQLPDOV &OLPDWRORJLFDO DQG SKHQRORJLFDO GDWD DUH LQ D FORVH UHODWLRQVKLS WKHUHIRUH SKHQRORJ\
LVSHUFHLYHG DVDQDX[LOLDU\ VFLHQFH RIFOLPDWRORJ\ 6REtãHN  
'DWD IURP SKHQRORJLFDO REVHUYDWLRQV FDQ EH XVHG IRU DOOHUJHQ PRQLWRULQJ
6WHKQRYi HW DO   HURVLRQ ULVN DVVHVVPHQW RI WKH FURS 6WHKQRYi DQG 6WĜHGRYi   SUHGLFWLRQ
RI SDWKRJHQV 6WĜHGD HW DO   DSSOLFDWLRQ RI SUHSDUDWLRQV WR SODQW SURWHFWLRQ .UpGO HW DO  
RSWLPL]DWLRQ RI LUULJDWLRQV GXULQJ FULWLFDO SKDVHV RI FURSV JURZWK DQG PRQLWRULQJ RI RFFXUUHQFH
RI GU\ VHDVRQV .RKXW HW DO   DQG LQ \LHOG VLPXODWLRQ PRGHOV DQG WR TXDQWLI\ WKH LPSDFWV
RI FOLPDWH FKDQJH âNYDUHQLQD HWDO 
7KH SODQW LV RQH RI WKH PRVW DFFXUDWH DQG VHQVLWLYH LQGLFDWRUV RI FOLPDWH FKDQJH
EHFDXVH RI µLWV VHQVLWLYLW\ WR WHPSHUDWXUH UDWLRV &KPLHOHZVNL HW DO  7DR HW DO   0DQ\
VFLHQWLVWV SHUFHLYH SKHQRORJLFDO REVHUYDWLRQ DV DQ LQGLFDWRU RI FOLPDWH FKDQJH DQG SHUFHLYH SKHQRORJ\
DV D PHDQV WR PRQLWRU FOLPDWH FKDQJH /RQJWHUP WUHQGV DUH GHWHUPLQHG IURP ORQJWHUP GDWD VHWV
5HVHDUFK VKRZV WKDW ORQJWHUP WUHQGV DUH VSHFLILF IRU HDFK FURS LQ SKHQRORJ\ 5H]DHL HW DO  
7KH ZRUN âLãND DQG 7DNiþ   VKRZV WKDW JURZLQJ VHDVRQ FDQ EH H[WHQGHG E\ XS WR  GD\V
E\  DQG XS WR RQH PRQWK E\  LQ WKH IXWXUH ([WHQGLQJ JURZLQJ VHDVRQ ZLOO RFFXU GXH
WR LQFUHDVLQJ DLUWHPSHUDWXUH
2QVHW RI SKHQRORJLFDO SKDVHV LV UHFRUGHG LQ WKH SKHQRORJLFDO REVHUYDWLRQV 3KHQRORJLFDO SKDVH
LV WKH H[WHUQDOO\ UHFRJQL]DEOH GHYHORSPHQW RI RUJDQ RI SODQW ZKLFK LV XVXDOO\ UHSHDWHG HYHU\ \HDU
7HFKQLFDO SKDVHV VRZLQJ DQG KDUYHVW  DUH DOVR PRQLWRUHG LQ SKHQRORJLFDO REVHUYDWLRQV 2QVHW
RI WKH SKHQRORJLFDO SKDVHV LV WKH GDWH FDOHQGDU GD\ LQ WKH \HDU  GXULQJ ZKLFK WKH GHYHORSPHQW
RIRUJDQUHDFKHGFRUUHVSRQGLQJ VWDJHRISKHQRSKDVH 9DOWHU  
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MATERIAL AND METHODS
Phenology
$QDO\VLV RI SKHQRORJLFDO GDWD RI VSULQJ EDUOH\ +RUGHXP YXOJDUH /  ZDV FDUULHG RXW
LQ WKLV ZRUN $QDO\VLV RI SKHQRORJLFDO GDWD ZDV FDUULHG RXW IRU 3RGČEUDG\ ORFDOLW\ &HQWUDO (XURSH
&]HFK 5HSXEOLF &HQWUDO %RKHPLD  7KLV VWDWLRQ LV ORFDWHG DW DOWLWXGH RI  P DERYH VHD OHYHO 'DWD
ZDVREWDLQHG IURPGLUHFWREVHUYDWLRQ RIWKH&]HFK+\GURPHWHRURORJLFDO ,QVLWXWH &+0, 
$QDO\VLV RI DYHUDJH YDOXHV RI RQVHW RI SKHQRORJLFDOSKDVHVDQG SURFHVVHVRIVRZLQJDQGKDUYHVW
ZDV FDUULHG RXW IRU WKH SHULRG ± DQG ± 'DWD IRU WKH SHULRG ± ZDV
REWDLQHG IURP WKH SXEOLFDWLRQ $JURFOLPDWLF FRQGLWLRQV RI ý665 .XUSHORYi HW DO  
&ORVHVW SKHQRORJLFDO VWDWLRQZLWKVLPLODU DOWLWXGH ZDVVHOHFWHGLQWKLVERRN
)XUWKHUPRUH GHWDLOHG DQDO\VLV RI SKHQRORJLFDO GDWD ZDV FDUULHG RXW IRU GHFDGHV
± DQG ± $YHUDJH YDOXHV KDYH EHHQ HYDOXDWHG IRU WKHVH GHFDGHV 7KH SDSHU GHDOV
ZLWK FKDQJHV LQ WKH RQVHW RI VHOHFWHG SKHQRORJLFDO SKDVHV LQ WKH PHQWLRQHG SHULRGV /HQJWK
RI WKH JURZLQJ VHDVRQ *6  LV DOVR DGGUHVVHG LQ WKLV SDSHU *6 LV XQGHUVWRRG DV D SHULRG EHWZHHQ
VRZLQJ DQGKDUYHVW
$QDO\VLV ZDV SHUIRUPHG IRU SKHQRORJLFDO SKDVHV HPHUJHQFH (0  WLOOHULQJ 7,  WKH EHJLQQLQJ
RI OHDI VKHDWK HORQJDWLRQ %/6( ILUVWQRGH )1 VHFRQGQRGH 61 VZHOOLQJRIWKHVKHDWKRIWKHODVW
OHDI 66//  KHDGLQJ +(  PLON\ ULSHQHVV 05  \HOORZ ULSHQHVV <5  DQG IXOO ULSHQHVV )5 
3URFHVVHV RI VRZLQJ 6'  DQG KDUYHVW +$  ZHUH DOVR DQDO\VHG 0RUH GHWDLOHG VSHFLILFDWLRQV RI WKHVH
WHUPVDUHJLYHQ LQ7DEOH
7DEOH  0RQLWRUHG SKHQRSKDVHV DQG SURFHVVHV RI 6' DQG +$ DQG WKHLU GHVFULSWLRQ
+iMNRYiHWDO9DOWHU
3KHQRORJLFDOSKDVHV
DQGSURFHVVHV

$EEUHYLDWLRQ

'HVFULSWLRQ

6RZLQJ

6'

'D\ZKHQWKHJLYHQSODQWZDVVRZQRUSODQWHG

(PHUJHQFH

(0

7KHILUVWRYHUJURXQGSDUWVRIDSODQWSHQHWUDWHGWKHVRLOVXUIDFH
DQGWKHSODQWEHJLQVZLQGURZ7KH FURSLVEHJLQQLQJWRFUHDWHYLVLEOH
URZV

7LOOHULQJ

7,

$OHDIDSH[RIWKHILUVWWLOOHUFRXOGEHVHHQLQWKHD[LORIDQ\
RIWKHORZHVWOHDYHV

7KHEHJLQQLQJRIOHDI
VKHDWKHORQJDWLRQ

%/6(

2ULJLQDOO\FORVHOHDIEDVHVEHJLQWRPDUNHGO\VHSDUDWH

)LUVWQRGH

)1

7KHVZHOOLQJRIWKHILUVWQRGHLVYLVLEOHMXVWDERYHWKHSODQWEDVLV
KDUGURXQGHGFRUSXVFRXOGEHIHOWLQVLGHWKHVKHDWKRIWKHORZHVWOHDI

6HFRQGQRGH

61

7KHGHVFULSWLRQRI61LVWKHVDPHDVIRU)1

6ZHOOLQJ RIWKH
VKHDWKRIWKHODVWOHDI

66//

7KHVKHDWKRIWKHODVWOHDIKHOLFDOO\H[WHQGVDVDUHVXOWRIWKHJURZWK
RIDIORZHUDQGDWWKHVDPHWLPHWKHIORZHUHPHUJHVIURPWKHVKHDWK
RI WKHIORZHUSURWUXGHVIURPWKHVKHDWKRIWKHODVWOHDI

+HDGLQJ

+(

3UHFLVHO\KDOIRIWKHIORZHUSURWUXGHVIURPWKHVKHDWKRIWKHODVWOHDI

0LON\ULSHQHVV

05

$OOFDU\RSVHVDUHJUHHQVRIWLQWRXFKDQGPLON\FRORXUHGVDSLVUHOHDVHG
XSRQDVWURQJHUVTXHH]HLQFHUHDOVWKHORZHUPRVWOHDYHVDUHPRUWLILHG
ZKHUHDVWKHXSSHUPRVWDUHVWLOOJUHHQQRGHVDUHVZROOHQDQGHODVWLF

<HOORZULSHQHVV

<5

7KHFDU\RSVLVLV\HOORZLQWKHFHQWUDOSDUW$OOOHDYHVKDYHIDOOHQ
RIIDQGWKHZKROHVWHPLVJUHHQLVK\HOORZHODVWLFDQGQRWZRRG\0RVW
OHDYHVDUHPRUWLILHG DQGORZHUQRGHVDUHGULHGDQGZULQNOHG

)XOOULSHQHVV

)5

/HDYHVDQG QRGHDUHDOUHDG\FRPSOHWHO\GHDGRQWKHSODQW7KHQRGHV
DUHEURZQDQGZULQNOHG7KHVWUDZKDVDVWUDZFRORXU*UDLQVDUHKDUG
DQGHDV\WRUHOHDVH

+DUYHVW

+$

7KHGD\RQZKLFKWKHKDUYHVWRIWKHJLYHQ FURSVWDUWHG
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RESULTS AND DISCUSSION
Analysis of phenological data
2Q DYHUDJH WKH VRZLQJ ZDV FDUULHG RXW WZR GD\V ODWHU LQ WKH SHULRG ± DFFRUGLQJ
WR WKH SHULRG ±  *6 SURORQJDWLRQ E\  GD\V  ZDV IRXQG RXW GXULQJ DQDO\VHG SHULRGV
,QWHUYDO EHWZHHQ SKHQRORJLFDO SKDVHV RI 6' DQG (0 ZDV SURORQJHG E\  GD\V LQ WKH SHULRG
± ,QWHUYDO EHWZHHQ (0 DQG +( ZDV VKRUWHQLQJ RI  GD\V LQ WKLV SHULRG ,QWHUYDO EHWZHHQ
SKHQRORJLFDO SKDVHV +(±+$ ZDV SURORQJHG RQ DYHUDJH E\  GD\V LQ WKH SHULRG ±
2Q DYHUDJH KDUYHVW RFFXUV WK $XJXVW LQ WKH SHULRG ± VHH )LJXUH   7KLV VKRZV WKH GHOD\
RI KDUYHVW E\ GD\V DFFRUGLQJ WR WKH SHULRG ±  6KLIW RI WKH KDUYHVW LQ WKH SHULRG
± FDQ KDYH PDQ\ UHDVRQV IRU H[DPSOH FXOWLYDWHG VSULQJ EDUOH\ YDULHW\ DQG FOLPDWLF
FRQGLWLRQV &OLPDWH FKDQJH FDQDIIHFWWKHOHQJWK RIWKH*6
)LJXUH$YHUDJHYDOXHVIRUWKHSHULRG±DQG ±

/HJHQG6'± 6RZLQJ(0± (PHUJHQFH+(± +HDGLQJ+$± +DUYHVW

,Q GHFDGH ± ORQJHVW *6 ZDV IRXQG RXW LQ \HDU  6RZLQJ ZDV GRQH WK GD\
RI WKH \HDU DQG KDUYHVW ZDV FDUULHG RXW WK GD\ RI WKH \HDU VHH LQ )LJXUH  7KHVKRUWHVW*6ZDV
IRXQG RXW LQ  LQ WKLV GHFDGH *6 ZDV  GD\V LQ WKLV \HDU 6RZLQJ RI VSULQJ EDUOH\ ZDV FDUULHG
RXW DW WKH HDUOLHVW LQ  VW GD\ RI WKH \HDU  6RZLQJ ZDV FDUULHG RXW DW WKH ODWHVW LQ  \HDU
VW GD\RIWKH\HDU 
)LJXUH 2QVHWRISKHQRORJLFDOSKDVHVIRUGHFDGHV±

/HJHQG3:93HULRGZLWKRXWYHJHWDWLRQ6'± 6RZLQJ(0± (PHUJHQFH7,± 7LOOHULQJ%/6(± 7KHEHJLQQLQJRIOHDI
VKHDWKHORQJDWLRQ)1± )LUVWQRGH61± 6HFRQGQRGH66//± 6ZHOOLQJRIWKHVKHDWKRIWKHODVWOHDI+(± +HDGLQJ
05± 0LON\ULSHQHVV<5± <HOORZULSHQHVV)5± )XOOULSHQHVV+$± +DUYHVW

6KRUWHVW LQWHUYDO EHWZHHQ RQVHWV RI LQGLYLGXDO SKHQRORJLFDO SKDVHV ZDV IRXQG RXW
LQ WKH SKHQRSKDVHV %/6(±)1 )1±61 D 61±66// 2Q DYHUDJH WKH LQWHUYDO EHWZHHQ WKHVH SKDVHV
DUH %/6(±)1  GD\V )1±61  GD\V DQG 61±66//  GD\V 7KH ORQJHVW SHULRG EHWZHHQ RQVHWV
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RI LQGLYLGXDO SKHQRORJLFDO SKDVHV ZDV IRXQG RXW LQ WKH SKHQRSKDVHV66//±+( GD\V 7KHVHFRQG
ORQJHVW SHULRGZDVIRXQGRXWEHWZHHQSKHQRORJLFDO SKDVHV(0±7, GD\V 
,Q SHULRG ± WKH ORQJHVW *6 ZDV IRXQG RXW LQ \HDU  ZLWK OHQJWK  GD\V
7KHHDUOLHVWVRZLQJZDVLQ\HDU 6RZLQJZDVFDUULHGRXWRQWKHWK GD\RIWKH\HDU7KHVKRUWHVW
*6 ZDV IRXQG RXW LQ  ZKHUH OHQJWK RI *6 ZDV  GD\V 6RZLQJ ZDV FDUULHG RXW DW WKH ODWHVW
LQ \HDU  RQ WKH WK GD\ RI WKH \HDU  6KRUWHVW LQWHUYDO EHWZHHQ RQVHWV RI SKHQRORJLFDO SKDVHV
ZDV IRXQG RXW LQ SKHQRSKDVHV %/6( )1 61 DQG 66// DV LQ WKH SUHYLRXV GHFDGH 0HDQ YDOXHV
EHWZHHQ SKHQRORJLFDO SKDVHV ZHUH %/6(±)1  GD\V )1±61  GD\V DQG 61±66//  GD\V /RQJHVW
WLPH EHWZHHQ RQVHWV RI SKHQRORJLFDO SKDVHV ZDV IRXQG RXW EHWZHHQ SKHQRSKDVHV 66//±+(
RQ DYHUDJH GD\V OLNH LQWKHSUHYLRXVSHULRG
)LJXUH7KHRQVHW RISKHQRORJLFDOSKDVHVIRUGHFDGHV±

/HJHQG3:9± 3HULRGZLWKRXWYHJHWDWLRQ6'± 6RZLQJ(0± (PHUJHQFH7,± 7LOOHULQJ%/6(± 7KHEHJLQQLQJRIOHDI
VKHDWKHORQJDWLRQ)1± )LUVWQRGH61± 6HFRQGQRGH66//± 6ZHOOLQJRIWKH VKHDWKRIWKHODVWOHDI+(± +HDGLQJ
05± 0LON\ULSHQHVV<5± <HOORZULSHQHVV)5± )XOOULSHQHVV+$± +DUYHVW 7KHZKLWHER[RQWKHFKDUWVKRZVWKHPLVVLQJ
GDWD

)LJXUH$YHUDJHYDOXHVRIWKHSKHQRORJLFDOSKDVHVIRUGHFDGHV±DQG±

/HJHQG3:9± 3HULRGZLWKRXWYHJHWDWLRQ6'± 6RZLQJ(0± (PHUJHQFH7,± 7LOOHULQJ%/6(± 7KHEHJLQQLQJRIOHDI
VKHDWKHORQJDWLRQ)1± )LUVWQRGH61 ± 6HFRQGQRGH66//± 6ZHOOLQJRIWKH VKHDWKRIWKHODVWOHDI+(± +HDGLQJ
05± 0LON\ULSHQHVV<5± <HOORZULSHQHVV)5± )XOOULSHQHVV+$± +DUYHVW*6± *URZLQJVHDVRQ

)LJXUH  VKRZV WKH DYHUDJH YDOXHV RI RQVHW RI SKHQRORJLFDO SKDVHV DQG SURFHVVHV RI VRZLQJ
DQG KDUYHVW RI VSULQJ EDUOH\ IRU WZR GHFDGHV :KHQ FRPSDULQJ WKH WZR GHFDGHV LW ZDV IRXQG RXW
WKDW *6 ZDV VKRUWHG E\  GD\V LQ WKH SHULRG ± 3KHQRSKDVH (0 RFFXUV LQ ERWK GHFDGHV
RQDYHUDJH LQVDPHGDWH WK GD\RIWKH\HDU 3KHQRSKDVH05RFFXUVLQERWKGHFDGHV RQDYHUDJH 
LQ VDPH GDWH WK GD\ RI WKH \HDU  DOVR 7KH PRVW VLJQLILFDQW VKLIW LQ WKH SKHQRORJLFDO SKDVHV ZDV
REVHUYHG LQ SKHQRSKDVH %/6( 3KHQRSKDVH %/6( RFFXUV LQ DYHUDJH  GD\V HDUOLHU LQ WKH GHFDGH
± DFFRUGLQJ WR GHFDGH ±  7KH ORQJHVW LQWHUYDO EHWZHHQ SKHQRSKDVHV ZDV
REVHUYHGEHWZHHQWKH+(DQG05RIGD\V ± DQGGD\V ± LQERWKGHFDGHV
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6KRUWHVW LQWHUYDO EHWZHHQ SKHQRSKDVHV ZDV IRXQG RXW LQ GHFDGH±EHWZHHQSKHQRSKDVHV)1
DQG 61  GD\V  6KRUWHVW LQWHUYDO EHWZHHQ SKHQRORJLFDO SKDVHV ZDV IRXQG RXW LQ OHQJWK  GD\V
LQWKHSHULRG±DQGEHWZHHQSKHQRSKDVHV61DQG66//
$QDO\VHG GDWD VKRZ JUHDW YDULDELOLW\ ZLWKLQ RQVHW RI SKHQRORJLFDO SKDVHV DQG LPSOHPHQWDWLRQ
RI SURFHVVHV RI VRZLQJ DQG KDUYHVW :HDWKHU LQ WKH JLYHQ \HDU KDV D VLJQLILFDQW LQIOXHQWLDO
RQ WKH GHYHORSPHQW RI VSULQJ EDUOH\ DQG RQVHW RI LQGLYLGXDO SKHQRORJLFDO SKDVHV 7KH JUHDWHVW
YDULDELOLW\ RI RQVHW RI SKHQRORJLFDO SKDVHV ZDV IRXQG RXW LQ SKHQRSKDVH RI 7, 7KLV SKHQRSKDVH
DSSHDUVIURPWK GD\VWRWK GD\VRIWKH\HDU UDQJHRIRQVHWRISKHQRSKDVHLVGD\V 
7KH SKHQRORJLFDO SKDVHV RQVHW LQ WKH SHULRG ± DV IROORZV (0 IURP UG WR WK GD\
RI WKH \HDU 7, IURP WK WR WK GD\ RI WKH \HDU %/6( IURP WK WR WK GD\ RI WKH \HDU
)1 IURP WK WR WK GD\ RI WKH \HDU 61 IURP WK WR QG GD\ RI WKH \HDU 66// IURP VW
WR WK GD\ RI WKH \HDU +( IURP WK WR WK GD\ RI WKH \HDU 05 IURP WK WR WK GD\
RI WKH \HDU <5 IURP WK WR WK GD\ RI WKH \HDU DQG )5 IURP WK WR QG GD\ RI WKH \HDU
VHH )LJXUH   3URFHVVHV RI VRZLQJ DQG KDUYHVW ZHUH SHUIRUPHG LQ WKHIROORZLQJWHUPV6'IURP WK
WRWK GD\RI WKH\HDUDQG+$IURPWK WRWK GD\RIWKH\HDU
)LJXUH  9DULDELOLW\ RI WKH RQVHW RI SKHQRORJLFDOSKDVHVDQGSURFHVVHVRI6'DQG+$ IRUWKHSHULRG
±

CONCLUSION
:H KDYH ORQJWHUP VHULHV RI SKHQRORJLFDO REVHUYDWLRQV FXUUHQWO\ VLQFH   7KHVH GDWD FDQ
EH XVHG LQ PDQ\ VFLHQWLILF DUHDV IRU H[DPSOH LQ PHGLFLQH DJULFXOWXUH FOLPDWRORJ\ HWF  $QDO\VHG
GDWD VKRZ JUHDW YDULDELOLW\ ZLWKLQ RQVHW RI SKHQRORJLFDO SKDVHV DQG LPSOHPHQWDWLRQ RI SURFHVVHV
VRZLQJ DQG KDUYHVW 2Q DYHUDJH *6 LV SURORQJHG E\  GD\V LQ ORQJWHUP SHULRG ± ZKHQ
FRPSDUHG WR WKH SHULRG ± 2Q DYHUDJH WKH KDUYHVW ZDV GHOD\HG E\  GD\V LQ WKH SHULRG
± ZKHQ FRPSDUHG WR WKH SHULRG ±  6KLIW RI KDUYHVW FDQ KDYH GLIIHUHQW UHDVRQV
IRU H[DPSOH FXOWLYDWHG YDULHW\ RI VSULQJ EDUOH\ DQG FOLPDWLF FRQGLWLRQV 7KH VKRUWHVW LQWHUYDOV EHWZHHQ
RQVHWV RI LQGLYLGXDO SKHQRSKDVHV ZHUH IRXQG RXW DW SKHQRSKDVHV %/6( )1 61 DQG 66//
7KH ORQJHVW LQWHUYDO EHWZHHQRQVHWVRISKHQRORJLFDO SKDVHVZDVIRXQGRXWEHWZHHQ66//DQG+(
ACKNOWLEDGEMENTS
7KH UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH ,*$ ± ,QWHUQDO *UDQW $JHQF\ )DFXOW\ RI $JURQRP\
0(1'(/8 1R 73 ³1HZ WUHQG LQ WKH FXOWLYDWLRQ DQG XVH RI PLON WKLVWOH
6LO\EXP PDULDQXP / LQDJULFXOWXUH´
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0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
HYDVWHKQRYD#PHQGHOXF]
$EVWUDFW 7KH FRQWULEXWLRQ FRQVLVWV RI WZR SDUWV 7KH ILUVW SDUW GHDOV ZLWK HYDOXDWLRQ RI GDWD
IURP SKHQRORJLFDO REVHUYDWLRQV RI WKH &]HFK +\GURPHWHRURORJLFDO ,QVWLWXWH &+0,  7KH FDOFXODWLRQ
RI WKH YDOXH RI SURWHFWLYH HIIHFW RI YHJHWDWLRQ & IDFWRU IRU \HDUVZLWKORQJDQGVKRUWJURZLQJVHDVRQ
ZDV FDUULHGRXWLQWKHVHFRQGSDUW7KHSDSHUGHDOVZLWKWKHRQVHWVRISKHQRORJLFDOSKDVHV HPHUJHQFH
KHDGLQJ DQG PLON\ ZD[ ULSHQHVV DQG VRZLQJ DQG KDUYHVW SURFHVVHV RI PDL]H 'HWDLOHG DQDO\VLV
IRU SDUWLFXODU \HDUV ZDV FDUULHG RXW IRU 6WUiåQLFH ORFDOLW\ &HQWUDO (XURSH &]HFK 5HSXEOLF
6RXWK 0RUDYLD IRU SHULRG ± $QDO\VLV RI DYHUDJH YDOXHV VKRZV WKDW WKH ORQJHVW JURZLQJ
VHDVRQ  GD\V  ZDV LQ WKH SHULRG ± :KHQ WKLV GDWD ZDV FRPSDUHG ZLWK WKH SHULRG
± WKH SURORQJDWLRQ RI JURZLQJ VHDVRQ ZDV SURYHG E\  GD\V  $QDO\VLV RI WKH DYHUDJH
YDOXHV VKRZV WKDW SURORQJDWLRQ RI LQWHUYDO EHWZHHQ SKHQRORJLFDO SKDVHV RI HPHUJHQFH DQG KHDGLQJ
ZDV SURYHG IURP  GD\V WR  GD\V  2Q WKH DYHUDJH WKH VRZLQJ ZDV FDUULHG RXW DW WKH HDUOLHVW
LQ WKH SHULRG ± $QG WKH KDUYHVW ZDV FDUULHG RXW DW WKH ODWHVW LQ WKH SHULRG ±
7KH DQDO\VHG GDWD VKRZ D JUHDW YDULDELOLW\ LQ WKH RQVHW RI SKHQRORJLFDO SKDVHV )LUVW RI DOO
WKH PHWHRURORJLFDO FRQGLWLRQV DUH JRLQJ WR KDYH VLJQLILFDQW LQIOXHQFH RQ WKH SURJUHVV RI PDL]H
DQG WKH RQVHW RI SKHQRORJLFDO SKDVHV 7KH YDOXH RI WKH SURWHFWLYH HIIHFW RI YHJHWDWLRQ VKRZV KRZ
FHUWDLQ FURS SURWHFWV WKH VXUIDFH RI VRLO IURP IDOOLQJ GURSV RI UDLQ +LJKHU YDOXHV RI & IDFWRU ZHUH
GHWHFWHG LQ HDFK \HDU ZLWK VKRUW JURZLQJ VHDVRQ 7KH SHUFHQWDJHGLIIHUHQFHEHWZHHQ\HDUVZLWKDORQJ
RUVKRUWJURZLQJ VHDVRQLVIRUDQGDQGIRUDQG
.H\ :RUGV &IDFWRU*URZLQJ VHDVRQ&]HFK5HSXEOLF 6RXWK0RUDYLD3KHQRORJLFDO REVHUYDWLRQV
,1752'8&7,21
3KHQRORJ\ LV D VFLHQFH WKDW GHDOV ZLWK WKH VWXG\ RI WKH WLPH FRXUVH RI SHULRGLFDOO\ UHFXUULQJ
SODQW PDQLIHVWDWLRQV .UãND   3KHQRORJLFDO PDQLIHVWDWLRQV RI SODQWV DUH FORVHO\ FRQQHFWHG
ZLWK VHDVRQDO DWPRVSKHULF FRQGLWLRQV 5RHW]HU HW DO   3KHQRORJLFDO GDWD LV FRQVLGHUHG
WR EH WKH PRVW LPSRUWDQW DQG WKH VWURQJHVW LQGLFDWRU RI FOLPDWH FKDQJH :X HW DO  (VWUHOOD
DQG 0HQ]HO   $FFRUGLQJ WR UHVHDUFK WKH JOREDO FOLPDWH FKDQJH DIIHFWV WKH RQVHW RI SKHQRORJLFDO
SKDVHV +XGVRQ DQG .HDWOH\   ,QFUHDVH RI WHPSHUDWXUH FDQ FDXVH D UHGXFWLRQ LQ JOREDO FURS
SURGXFWLRQ /REHOO HW DO   ZKLFK FDQ EH D PDMRU SUREOHP LQ WKH IXWXUH GXH WR WKH LQFUHDVLQJ
QXPEHU RI SHRSOH LQ WKH (DUWK *URZLQJ VHDVRQ FDQ EH SURORQJHG E\  GD\V WR \HDU 
DQG E\  PRQWK WR \HDU  GXH WR LQFUHDVLQJ WHPSHUDWXUH âLãND DQG 7DNiþ   ,QFUHDVLQJ
WKH DYHUDJH WHPSHUDWXUH LQ -DQXDU\ DQG )HEUXDU\ E\  & KDV DQ HIIHFW RQ WKH EHJLQQLQJ RI JURZLQJ
VHDVRQ 7KHUH LV DQ HDUOLHU RQVHW RI JURZLQJ VHDVRQ E\  GD\V &KPLHOHZVNL DQG 5|W]HU  
/LQHDU WUHQG DQDO\VLV RI SKHQRORJLFDO GDWD RI DSULFRW 9HONRSDYORYLFNi YDULHW\  VKRZV WKDW SKHQRSKDVH
RI IORZHULQJ RFFXUV HDUOLHU DERXW  GD\V LQ HYHU\ GHFDGHV &KXFKPD HW DO   9LOþHNHWDO  
VWDWH WKDW WKH\ IRXQG RQO\ D VOLJKW LQVLJQLILFDQW LQFUHDVH RI FRQWLQHQWDOLW\ RYHU WLPH EDVHG
RQWKHHPSOR\HG WKHUPDOFRQWLQHQWDOLW\ LQGLFHV 
*URZLQJ LQKDELWDQW SRSXODWLRQ RI WKH (DUWK DQG WKH FOLPDWHFKDQJHVKRXOG EHOHDGWRLQIOXHQFLQJ
RI ODQG XVH DQG LWV VXVWDLQDELOLW\ DFFRUGLQJ WR SUHFRQGLWLRQ RI VFLHQWLVWV 5HLWVPD HW DO  
6RLO HURVLRQ LV VHHQDVDWKUHDWIRUHQYLURQPHQWDQGVHFXULW\RIIRRGVWXIIIRUPDQNLQG 3LPHQWHO 
6RLO HURVLRQ FDXVHV D VLJQLILFDQW FKDQJH RI VRLO SK\VLFFKHPLFDO SURSHUWLHV +DLELQJ HW DO  
$QG DOVR WKH SURGXFWLRQ DQG QRQSURGXFWLRQ IXQFWLRQV RI VRLOV DUH WKUHDWHQHG -DQHþHN  
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6RLO HURVLRQ FDXVHV HQYLURQPHQWDO DQG HFRQRPLF GDPDJHV VRLO GHJUDGDWLRQ ORVV RI VRLO
UHVRXUFHV GDPDJHV RQ WKH DJULFXOWXUDO ILHOGV HXWURSKLFDWLRQ RI ZDWHU IORRGHG DUHDV
%ODQFR&DQTXL DQG /DO   7KH FDOFXODWLRQ RI VRLO ORVV LV FDUULHG RXW EDVHG RQ IRUPXOD
RI ORQJWHUP VRLO ORVV DFFRUGLQJ WR :LVFKPHLHU DQG 6PLWK   7KH YDOXH RI WKH FRYHU
DQG PDQDJHPHQW IDFWRU & IDFWRU  HQWHUV LQWR WKLV IRUPXOD & IDFWRU GHSHQGHQWV RQ YHJHWDWLRQ FRYHU
DQGDJURQRPLF PDQDJHPHQW  &IDFWRULVIRUPDL]HUDQJHVIURP WR -DQHþHNHWDO 
0$7(5,$/ $1'0(7+2'6
3KHQRORJ\
'HWDLOHG DQDO\VLV RI SKHQRORJLFDO GDWD IRU PDL]H LV SHUIRUPHG LQ WKLV FRQWULEXWLRQ 7KH GDWD
ZHUH REWDLQHG IURP GLUHFW REVHUYDWLRQV RI WKH &+0, 7KUHH ORQJWHUP SHULRGV ZHUH DQDO\VHG
± ± DQG ±  'DWD IRU WKH SHULRG ± ZHUH WDNHQ
IURP WKH SXEOLFDWLRQ $JURFOLPDWLF FRQGLWLRQV RI ý665 .XUSHORYi HW DO   7KH DQDO\VLV ZDV
FDUULHG RXW RU WKH 6WUiåQLFH ORFDOLW\ &HQWUDO (XURSH &]HFK 5HSXEOLF 6RXWK 0RUDYLD  IRU WKH SHULRG
± 7KLV VWDWLRQ GRHV QRW KDYH GDWD IRU WKH SHULRG ± DQG WKHUHIRUH WKH URZ
ZDV H[WHQGHG RI WKH QHDUHVW SKHQRORJLFDO VWDWLRQ RI +RGRQtQ &HQWUDO (XURSH &]HFK 5HSXEOLF
6RXWK 0RUDYLD  7KHVH VWDWLRQV DUH GLVWDQFH IURP WKHPVHOYHVNP DQGDUHVLWXDWHGDWVLPLODUDOWLWXGH
6WUiåQLFH PDERYHVHDOHYHO DQG+RGRQtQPDERYHVHD OHYHO 
7KH SDSHU GHDOV ZLWK FKDQJHV LQ WKH RQVHWV VHOHFWHG SKHQRORJLFDO SKDVHV LQ WKH SDUWLFXODU
SHULRGV $QDO\VLV ZDV FDUULHG RXW IRU SDUWLFXODU SKHQRORJLFDO SKDVHV HPHUJHQFH (0  KHDGLQJ +( 
PLON\ ZD[ ULSHQHVV 0:5  DQG VRZLQJ 6'  DQG KDUYHVW +$ SURFHVVHV 0RUH GHWDLOHG
VSHFLILFDWLRQV RI WKHVH WHUPV DUH VWDWHG LQ 7DEOH  7KH OHQJWK RI WKH JURZLQJ VHDVRQ *6
LVDOVRVROYHG LQWKHSDSHUZKHUHWKLVSHULRG LVXQGHUVWRRGDVD LQWHUYDO EHWZHHQ6'+$
7DEOH  0RQLWRUHG SKHQRSKDVHV DQG SURFHVVHV 6' +$ DQG WKHLUGHVFULSWLRQ +iMNRYiHWDO
9DOWHU
3KHQRORJLFDOSKDVHV
DQGSURFHVVHV
6RZLQJ

$EEUHYLDWLRQ

'HVFULSWLRQ

6'

'D\ZKHQWKHJLYHQSODQWZDVVRZQRUSODQWHG
7KHILUVWRYHUJURXQGSDUWVRIDSODQWSHQHWUDWHGWKHVRLOVXUIDFH
DQGWKHSODQWEHJLQVZLQGURZ7KH FURSLVEHJLQQLQJWRFUHDWHYLVLEOH
URZV
3UHFLVHO\KDOIRIWKHIORZHUSURWUXGHVIURPWKHVKHDWKRIWKHODVWOHDI
*UDLQLQWKHFHQWUDOSDUWRIWKHFRUQFREUHOHDVHDWKLFNSDVW\
DP\ORLGFRQWHQWDIWHUWKHVTXHH]H
7KHGD\RQZKLFKWKHKDUYHVWRIWKHJLYHQ FURSVWDUWHG

(PHUJHQFH

(0

+HDGLQJ

+(

0LON\ZD[ ULSHQHVV

0:5

+DUYHVW

+$

6RLOHURVLRQ DQG&IDFWRU
)XUWKHUPRUH WKH FDOFXODWLRQ RI WKH SURWHFWLYH HIIHFW RI YHJHWDWLRQ & IDFWRU  ZDV SHUIRUPHG
RQ WKH JURXQGV RI 0HWKRGRORJ\ ± 3URWHFWLRQ RI DJULFXOWXUDO ODQGV IURP HURVLRQ -DQHþHN HW DO  
7KH YDOXHV RI & IDFWRU HQWHU LQWR WKH FDOFXODWLRQ VHH 7DEOH  DQG DOVR WKH SHUFHQWDJH GLVWULEXWLRQ
RI HURVLRQ GDQJHURXV UDLQV VHH 7DEOH   7KH WHUP RI 6' DQG +$ LV YHU\ LPSRUWDQW
WRFDOFXODWLRQ &IDFWRU7KHVHGDWDZHUHREWDLQHG IURPGLUHFW SKHQRORJLFDO REVHUYDWLRQV
7DEOH9DOXH&IDFWRUIRUPDL]H -DQHþHN HWDO
3HULRG






6RLOFRQVHUYDWLRQHIIHFW
6WXEEOHDQGURXJKIXUURZ
)URPSUHSDULQJWKHODQGIRUVRZLQJZLWKLQRQHPRQWKDIWHUVRZLQJ
'XULQJWKHVHFRQGPRQWKDIWHUVRZLQJ
7RKDUYHVW
)URPKDUYHVWWRVHHGEHGSUHSDUDWLRQVXEVHTXHQWFURSV

&IDFWRU






&DOFXODWLRQRI&IDFWRUZDVFDUULHGRXWIRUH[WUHPH\HDUV LHIRU\HDUVZLWKORQJDQGVKRUW*6 
7KHVH \HDUV ZHUH VHOHFWHG IURP SKHQRORJLFDO REVHUYDWLRQV IRU SHULRG ± DQG ±
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,Q WKH SHULRG ± WKH \HDU  KDG WKH VKRUWHVW *6  GD\V  DQG WKH \HDU  KDG
WKH ORQJHVW *6  GD\V  ,Q WKH SHULRG ± WKH VKRUWHVW *6 ZDV LQ   GD\V 
DQG WKH ORQJHVW *6 LQ   GD\V  6DPSOH RI WKH FDOFXODWLRQRIWKH&IDFWRULVVWDWHGLQ7DEOH 
$QGWKHUHVXOWV RIWKHH[WUHPH \HDUVDUHVKRZQLQ7DEOH 
7DEOH7KHSHUFHQWDJHGLVWULEXWLRQRIHURVLRQGDQJHURXVUDLQV -DQHþHNHWDO
0RQWK
5IDFWRU

,9


9


9,


9,,


9,,,


,;


;


5(68/76 $1'',6&866,21
$QDO\VLVRISKHQRORJLFDOGDWD
$QDO\VLV RI WKH DYHUDJH YDOXHV RI WKH RQVHW RI SKHQRORJLFDO SKDVHV VKRZV WKDW WKH ORQJHVW
*6ZDVGD\VLQWKHSHULRG± VHH)LJXUH  7KLVVKRZVWRWKHWUHQGRISURORQJDWLRQ*6
7KH SURORQJDWLRQ RI JURZLQJ VHDVRQ ZDV SURYHG E\  GD\V  DW FRPSDULVRQ LQ WZR SHULRGV
± DQG ±  7KH HDUOLHVW VRZLQJ ZDV FDUULHG RXW LQ WKH SHULRG ±
WK 0DUFK DQG WKH ODWHVW LQ WKH SHULRG ± WK $SULO  $OVR DQDO\VLV VKRZV SURORQJDWLRQ
RI LQWHUYDO EHWZHHQ SKHQRORJLFDO SKDVHV (0±+( 7KH ORQJHVW LQWHUYDO EHWZHHQ SKHQRORJLFDO SKDVHV
+(±+$ ZDV  GD\V LQ WKH SHULRG ± ,Q WKH SHULRG ± WKH SURORQJDWLRQ RI LQWHUYDO
EHWZHHQ SKHQRORJLFDO SKDVHV +(±+$ E\  GD\V DWFRPSDULVRQZLWKSHULRG±ZDVSURYHG
2Q DYHUDJH WKH HDUOLHVW KDUYHVW ZDV FDUULHG RXW LQ WKH SHULRG ± RQ WKH QG 6HSWHPEHU
WK GD\ LQ \HDU  2Q WKH RWKHU KDQG WKH ODWHVW KDUYHVW RQ DYHUDJH ZDV RQ QG 6HSWHPEHU
LQWKHSHULRG ± WK GD\LQ\HDU 
)LJXUH7KHDYHUDJHYDOXHVIRUWKHSHULRG±

/HJHQG6'± 6RZLQJ(0± (PHUJHQFH+(± +HDGLQJ+$ +DUYHVW

)LJXUH  VKRZV WKH RQVHWV RI SKHQRORJLFDO SKDVHV (0 +( 0:5 DQG SURFHVVHV 6' +$
IRU SDUWLFXODU \HDUV IRU PDL]H LQ WKH SHULRG ± $W WKH HDUOLHVW WKH PDL]H ZDV VRZHG LQ 
RQ UG $SULO UG GD\ LQ \HDU  7KH VRZLQJ RI PDL]H ZDV FDUULHG RXWDWWKHODWHVWLQRQ WK 0D\
7KHORQJHVW*6ZDVIRXQGRXWLQ GD\V DQGWKHVKRUWHVWLQ GD\V 7KHFDOFXODWLRQ
RI YDOXH RI & IDFWRU ZDV SHUIRUPHG IRU WKHVH \HDUV 7KH KDUYHVW ZDV FDUULHG RXW DW WKH HDUOLHVW
LQ  RQ WK $XJXVW WK GD\ LQ \HDU  DQG DW WKH ODWHVW WKH PDL]H ZDV KDUYHVWHG LQ WKH PRQLWRUHG
GDWDLQRQVW 1RYHPEHU
7KH ORQJHVW LQWHUYDO EHWZHHQ 6' DQG (0 ZDV  GD\V LQ  7KH RSSRVLWH ZDV \HDU 
ZKHQ WKH LQWHUYDO EHWZHHQ 6' DQG (0 ZDV RQO\  GD\V 7KH LQWHUYDO EHWZHHQ SKHQRSKDVHV
RI (0 DQG +( ZDV WKH VKRUWHVW LQ   GD\V  7KH ORQJHVW LQWHUYDO EHWZHHQ (0 DQG +( ZDV
IRXQG RXW LQ   GD\V  7KH ORQJHVW LQWHUYDO EHWZHHQ SKHQRORJLFDO SKDVHV +(±0:5 ZDVIRXQG
RXW LQ   GD\V  7KH VKRUWHVW LQWHUYDO ZDV LQ   GD\V  7KH ORQJHVW LQWHUYDO EHWZHHQ
SKHQRORJLFDO SKDVH 0:5 DQG +$ ZDV IRXQG RXW LQ   GD\V  DQG WKHVKRUWHVWLQWHUYDOEHWZHHQ
0:5DQG+$ ZDVGD\VLQ
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)LJXUH 7KHRQVHWRISKHQRORJLFDOSKDVHVLQWKHSHULRG±

/HJHQG3:9± 3HULRGZLWKRXWYHJHWDWLRQ6'± 6RZLQJ(0± (PHUJHQFH+(± KHDGLQJ0:5± 0LON\ZDVULSHQHVV
+$± KDUYHVW

7KH DQDO\VHG GDWD VKRZV D JUHDW YDULDELOLW\ LQ WKH RQVHW RI SKHQRORJLFDO SKDVHV
DQG LQ LPSOHPHQWDWLRQ RI VRZLQJ DQG KDUYHVW SURFHVVHV )LUVW RI DOO WKH PHWHRURORJLFDO FRQGLWLRQV DUH
JRLQJ WRKDYHVLJQLILFDQW LQIOXHQFH RQWKHSURJUHVV RIPDL]H DQGWKHRQVHWRISKHQRORJLFDO SKDVHV
&IDFWRUDQG0DL]H
7DEOH  VKRZV DQ H[DPSOH RIFDOFXODWLRQRIWKH&IDFWRUDFFRUGLQJWR0HWKRGRORJ\ ± 3URWHFWLRQ
RI DJULFXOWXUDO ODQG IURP HURVLRQ -DQHþHN HW DO   7KH ELJJHVW YDOXH RI & IDFWRU ZDV IRXQG RXW
LQ WKH SHULRG ± LQ  7KH YDOXH RI & IDFWRU ZDV  LQ WKLV \HDU 7KH JURZLQJ VHDVRQ
KDGGD\VLQ7KHUHDVRQIRUWKLVKLJKQXPEHULVODWHUVRZLQJRIPDL]H6R HURVLRQULVNSKDVHV
RI SODQWV RFFXU LQ WKH SHULRG ZKHQ WKH HURVLRQ ULVN UDLQV RFFXU 0D\ -XQH  $QRWKHU UHDVRQ ZK\
WKLV YDOXH RI & IDFWRU LV VR KLJK LV D YHU\ HDUO\ KDUYHVW (URVLRQ ULVN UDLQ ZLOO RFFXU
ZLWK  SUREDELOLW\ LQ WKHVH PRQWKV 7KH \HDUV ZLWK VKRUWHU JURZLQJ VHDVRQ DOZD\V KDYH KLJKHU
YDOXH RI & IDFWRU 7KH SHUFHQWDJH GLIIHUHQFH EHWZHHQ \HDUV ZLWK D ORQJ RU VKRUW *6 LV IRU
DQGDQG IRUDQG
7DEOH([DPSOH FDOFXODWLRQRI&IDFWRU
6WUiåQLFH 
0RQWK
,9
9
9,
9,,
9,,,
,;
;

6RZLQJ
5










&IDFWRU


3HULRG











+DUYHVW
&












 5&












/HJHQG5& SHUFHQWDJHGLVWULEXWLRQRIHURVLRQGDQJHURXVUDLQVPXOWLSO\ZLWKYDOXH&IDFWRU

2QHRIWKHORZHVWYDOXHVRI&IDFWRUZDVIRXQGRXWLQ  7KHPDL]HZDVVRZHGYHU\
VRRQ RQ UG $SULO UG GD\ LQ \HDU  LQ  7KH SKHQRORJLFDO SKDVH RI HPHUJHQFH ZDV VWDUWHG
RQ WK $SULO ZKLFK LV GDWH ZKHQ LQ DQRWKHU \HDUV PDL]H ZDV VRZHG 7KH HDUOLHU PDL]H LV VRZHG
WDNLQJ LQWR DFFRXQW WKH RSWLPDO PHWHRURORJLFDO DQG SK\VLRORJLFDO FRQGLWLRQV  WKH ORZHU WKH YDOXH
RI & IDFWRU 7KH JURZWK LV SUHYLRXVO\ LQYROYHG DQG LW SURWHFWV WKH VRLO IURP VRLO HURVLRQ PXFK EHWWHU
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WKDQ EHIRUH7KHORZHVWYDOXHRI&IDFWRUZDVLQZKHQPDL]HZDVVRZQZLWKLQWKHVXUYH\SHULRG
DW WKH HDUOLHVW 9DOXH RI & IDFWRU ZDV  7KH SHUFHQWDJH GLIIHUHQFH EHWZHHQ  DQG 
LV7KHVRLO HURVLRQRQWKHHVWDWHZRXOG EHOHVV E\ WKDQLQ
7KLV LV IROORZHG E\ RWKHU & IDFWRU FDOFXODWLRQV IRU RWKHU FURSV VXFK DV VXJDU EHHW
6WHKQRYiDQG6WĜHGRYi VSULQJ EDUOH\ 6WHKQRYiHWDO 
7DEOH9DOXHV&IDFWRUIRUSHULRG±DQG±
±
+RGRQtQ
&IDFWRU

±





6'
+$




6'
+$
 


6WUiåQLFH
&IDFWRU


6'
+$





6'
+$




&21&/86,21
7KH DQDO\VHG GDWD VKRZ D JUHDW YDULDELOLW\ LQ WKH RQVHW RI SKHQRORJLFDO SKDVHV 7KH HVVHQWLDO
LPSDFW RQ WKH RQVHW RI SKHQRORJLFDO SKDVHV KDYH PDLQO\ FRXUVH RI ZHDWKHU LQ SDUWLFXODU \HDU
:KHQ FRPSDULQJ DYHUDJH YDOXHV LQ WKH SHULRG ± ZDV IRXQG RXW WKDW SURORQJDWLRQ RI JURZLQJ
VHDVRQZDVSURYHG GD\ LQWKHSHULRG ±
)XUWKHUPRUH WKH FDOFXODWLRQ RI WKH YDOXH RI SURWHFWLYH HIIHFW RI YHJHWDWLRQ & IDFWRU  IRU \HDUV
ZLWK ORQJ DQG VKRUW JURZLQJ VHDVRQ ZDV FDUULHG RXW 7KH ODUJHVW SHUFHQWDJH GLIIHUHQFH ZDV IRXQG RXW
EHWZHHQDQG  7KHORZHVWYDOXHRI&IDFWRUZDVIRXQGRXWLQ ZKHQWKHVRZLQJ
ZDV SHUIRUPHG RQ UG $SULO & IDFWRU ZDV   :KHQ FRPSDULQJ WKLV YDOXH ZLWK YDOXH RI 
LV SHUFHQWDJH GLIIHUHQFH  7KLV PHDQV WKDW VRLO ORVV LQ SDUWLFXODU SDUFHO ZRXOG EH VPDOOHU DERXW
 GXHWRWKHHDUOLHU VRZLQJ
$&.12:/('*(0(176
7KH UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH ,*$ ± ,QWHUQDO *UDQW $JHQF\ )DFXOW\ RI $JURQRP\
0(1'(/8 1R 73 ³1HZ WUHQG LQ WKH FXOWLYDWLRQ DQG XVH RI PLON WKLVWOH 6LO\EXP PDULDQXP
/ LQDJULFXOWXUH´
5()(5(1&(6
%ODQFR&DQTXL+/DO53ULQFLSOHVRI6RLO&RQVHUYDWLRQDQG0DQDJHPHQWVW HG'RUGUHFKW
1HWKHUODQGV 6SULQJHU
&KPLHOHZVNL )0 5|W]HU 7  5HVSRQVH RI7UHH3KHQRORJ\WR&OLPDWH&KDQJH$FURVV(XURSH
$JULFXOWXUDODQG)RUHVW0HWHRURORJ\ ±
&KXFKPD ) 6WĜHGRYi + 6WĜHGD 7  %LRLQGLFDWLRQ RI FOLPDWH GHYHORSPHQW RQ WKH EDVLV
RI ORQJWHUP SKHQRORJLFDO REVHUYDWLRQ ,Q 3URFHHGLQJV RI ,QWHUQDWLRQDO 3K' 6WXGHQWV
&RQIHUHQFH 0HQGHO1HW  >2QOLQH@ %UQR &]HFK 5HSXEOLF  1RYHPEHU %UQR 0HQGHO
8QLYHUVLW\
LQ
%UQR
)DFXOW\
RI
$JUL6FLHQFHV
SS

$YDLODEOH
DW
KWWSVPQHWPHQGHOXF]PHQGHOQHWPQHWBBIXOOSGI
(VWUHOOD 1 0HQ]HO $  5HVSRQVHV RI OHDI FRORXULQJ LQ IRXU GHFLGXRXV WUHH VSHFLHV WR FOLPDWH
DQGZHDWKHULQ*HUPDQ\&OLPDWH5HVHDUFK  ±
+DLELQJ ; =KRQJZX / ;LDRIHQJ & -LQTXDQ+;LDRGRQJ1&KXQ//LQ/'DQ\DQJ:
<XWLQJ ' -LH\X -  6RLO HURVLRQUHODWHG G\QDPLFV RI VRLO EDFWHULDO FRPPXQLWLHV DQG PLFURELDO
UHVSLUDWLRQ $SSOLHG6RLO(FRORJ\ ±
+iMNRYi /9RåHQtOHN97RODV]5.RKXW00RåQê01HNRYiĜ-1RYiN05HLWVFKOlJHU
-' 5LFKWHURYi ' 6WĜtå 0 9iYUD $ 9RQGUiNRYi $ $WODVIHQRORJLFNêFKSRPČUĤýHVND
3UDKDýHVNêK\GURPHWHRURORJLFNê ~VWDY
+XGVRQ ,/ .HDWOH\ 05  3KHQRORJLFDO UHVHDUFK PHWKRGV IRU HQYLURQPHQWDO DQG FOLPDWH
FKDQJHDQDO\VLVVW HG'RUGUHFKW1HWKHUODQGV 6SULQJHU
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-DQHþHN 0 'RVWiO 7 .R]ORYVN\ 'XINRYi-'XPEURYVNê0+ĤOD-.DGOHF9.RQHþQi-
.RYiĜ 3 .UiVD - .XEiWRYi ( .RE]RYi ' .XGUQiþRYi 0 1RYRWQê , 3RGKUi]VNi -
3UDåDQ - 3URFKi]NRYi ( 6WĜHGRYi + 7RPDQ ) 9RSUDYLO - 9ODViN - 
0HWRGLND  2FKUDQD]HPČGČOVNpSĤG\SĜHGHUR]t3UDKDýHVNi]HPČGČOVNi XQLYHU]LWD
.UãND .  )HQRORJLH MDNR QDXND PHWRGD D SURVWĜHGHN ,Q )HQRORJLFNi RGH]YD SURPČQOLYRVWL
SRGQHEt&]HFK5HSXEOLF 3UDKDýHVNiELRNOLPDWRORJLFNi VSROHþQRVW SS±
.XUSHORYi 0 &RXIDO / ýXOtN -  $JURNOLPDWLFNp SRGPLHQN\ ý665 3UDKD
+\GURPHWHRURORJLFNê ~VWDY
/REHOO '% 6FKOHQNHU : &RVWD5REHUWV -  &OLPDWH WUHQGV DQG JOREDO FURS SURGXFWLRQVLQFH
6FLHQFH±
3LPHQWHO '  6RLO HURVLRQ D IRRG DQG HQYLURQPHQWDO WKUHDW (QYLURQPHQW 'HYHORSPHQW
DQG 6XVWDLQDELOLW\±
5HLWVPD .''XQQ%+0LVKUD8&OD\6$'H6XWWHU7 /DQGXVHFKDQJHLPSDFWRQVRLO
VXVWDLQDELOLW\ LQDFOLPDWH DQGYHJHWDWLRQ WUDQVLWLRQ ]RQH$JURQRP\-RXUQDO±
5RHW]HU 7 :LWWHQ]HOOHU 0 +DHFNHO+1HNRYDU- 3KHQRORJ\LQFHQWUDO(XURSHGLIIHUHQFHV
DQG WUHQGV RI VSULQJ SKHQRSKDVHV LQ XUEDQ DQG UXUDO DUHDV ,QWHUQDWLRQDO -RXUQDO RI %LRPHWHRURORJ\
  ±
6WHKQRYi ( 6WĜHGRYi +  )HQRORJLH ĜHS\ FXNURYp Y NRQWH[WX UL]LND YRGQt HUR]H
/LVW\
FXNURYDUQLFNp
D
ĜHSDĜVNp
>2QOLQH@
  
±
$YDLODEOH
DW
KWWSZZZFXNUOLVW\F]RQBOLQH3')SGI
6WHKQRYi ( 6WĜHGRYi + 6WHKQRYi (  5HWURVSHFWLYH DQDO\VLV RI WKH SKHQRORJLFDO SKDVHV
RI VSULQJ EDUOH\ DQG LWV LPSDFW RQ VRLO HURVLRQ ,Q 3URFHHGLQJV RI ,QWHUQDWLRQDO 3K' 6WXGHQWV
&RQIHUHQFH 0HQGHO1HW  >2QOLQH@ %UQR &]HFK 5HSXEOLF  1RYHPEHU %UQR 0HQGHO
8QLYHUVLW\
LQ
%UQR
)DFXOW\
RI
$JUL6FLHQFHV
SS
±
$YDLODEOH
DW
KWWSVPQHWPHQGHOXF]PHQGHOQHWPQHWBBIXOOSGI
âLãND % 7DNiþ -  .OLPDWLFNi ]PHQD D SROQRKRVSRGiUVWYR 6ORYHQVNHM UHSXEOLN\ GRVOHGN\
DGDSWDþQp RSDWUHQL D PRåQp ULHãHQLD VW HG %UDWLVODYD 6ORYDN 5HSXEOLF 6ORYHQVNi
ELRNOLPDWRORJLFNi VSRORþQRVĢ
9DOWHU -  0HWRGLFNê SĜHGSLV þ  ± 1iYRG SUR þLQQRVW IHQRORJLFNêFK VWDQLF 3ROQt SORGLQ\
3UDKDýHVNêK\GURPHWHRURORJLFNê ~VWDY
9LOþHN - âNYDUHQLQD - 9LGR - 1HOHYDQNRYi 3 .DQGUtN 5 âNYDUHQLQRYi -  0LQLPDO
FKDQJH RI WKHUPDO FRQWLQHQWDOLW\ LQ 6ORYDNLD ZLWKLQ WKH SHULRG ± (DUWK 6\VWHP '\QDPLFV
±
:LVFKPHLHU :+ 6PLWK ''  3UHGLFWLQJ UDLQIDOO HURVLRQ ORVVHV ± D JXLGH ERRN
WR FRQVHUYDWLRQSODQQLQJ:DVKLQJWRQ 86'HSDUWPHQWRIDJULFXOWXUH
:X &+RX;3HQJ'*RQVDPR$;X6 /DQGVXUIDFHSKHQRORJ\RI&KLQDVWHPSHUDWH
HFRV\VWHPV RYHU ± VSDWLDOWHPSRUDO SDWWHUQV LQWHUDFWLRQ HIIHFWV FRYDULDWLRQ ZLWK FOLPDWH
DQGLPSOLFDWLRQV IRUSURGXFWLYLW\ $JULFXOWXUDODQG)RUHVW0HWHRURORJ\ ±
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Abstract: 7KH DUWLFOH IRFXVHV RQ WKH LVVXH RI DJULFXOWXUDO VRLO VHDOLQJ LQ WKH 0RGĜLFH FDGDVWUH
(South Moravian Region). Available data and map resources were used for this study (historical
and up-to-date). Data was processed using manual digitalisation in GIS software. The reduction
in agricultural land is analysed in individual periods starting with the year 1824 (source of data of Stable
cadastre) until present. It is also evaluated the soil sealing of individual types of land and soil types
(including the price of land) according to Evaluated Soil-Ecological Units (EPEU). The soil sealing
of agricultural land is connected with the development of the municipality. For the comparison
of the future development, the potential (future) soil sealing of agricultural land, which is proposed
within the framework of the valid Landscape-plan, is evaluated. The results show that 396 hectares
of agricultural land (40% of the cadastral area) have been built since the year 1824 until the present day.
In the events of this trend, a large loss of agricultural land can be expected in the future.
Key Words: Soil sealing, degradation, EPEU, price of soil, Landscape plan, Stable cadastre
INTRODUCTION
Soil and landscape are degraded in their quality (soil erosion, nutrients washing out, soil
compacting, landscape homogenisation, falls in biodiversity and fragmentation of landscape structure),
as well as lost completely in terms of their quantity. However, at present, soil sealing for other,
non-agricultural purposes can be considered as one of the gravest degradation factors. The development
of human settlements and society changes landscape structure and the functional use of the land.
Due to the expansion of towns and villages including ensuing infrastructure, agricultural land including
the best crop-yielding areas has declined dramatically. Agricultural soil sealing is currently
one of the prime engines driving economic growth. This statement is given by Van der Heijde (2012)
in UHODWLRQWRWKH1HWKHUODQG¶VXUEDQLVDWLRQ,QWKHODVWILIW\\HDUVWKH1HWKHUODQGVKDYHEHHQLQWHQVHO\
urbanised and many polycentric town regions have arisen. In their work, Hersperger and Buergi, (2008)
quantified the engines of landscape changes and discovered that urbanisation was the most important
force of landscape and societal change in the three periods under scrutiny (the beginning, middle
and end of the 20th century). Economic and political reasons only followed.
The issue of agricultural soil sealing is both world-wide (Africa, China: sealing for quarrying,
infrastructure) as well as specifically European (Netherlands, Italy, Germany: sealing for infrastructure
and industry). At present we are probably experiencing what is historically the most extensive
obliteration of agricultural land. It is being altered on a large scale for the most diverse purposes
(commercial, transport, housing construction, etc.).
In the EU, the Member States with high sealing rates (exceeding 5% of the national territory)
are Malta, the Netherlands, Belgium, Germany, and Luxembourg. Furthermore, high sealing rates exist
across the EU and include all major urban agglomerations, and most of the Mediterranean coast.
The latter experienced a 10% increase in soil sealiQJ RQO\ GXULQJ WKH V -DQNĤ HW DO 2016).
A European Union report (EU) asserts that between 1990 and 2000 at least 275 ha of soil were lost
in the EU every day which corresponds to 1000 km2 per year. Half of it is permanently covered
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with an impenetrable layer of buildings, streets or parking lots. This unfavourable movement threatens
a lack of arable land and sources of underground water availability for future generations
(Agrarheute 2011).
In the Czech Republic, the conversion of farmland to urban uses (soil sealing) represents a very
serious problem. On arable land in particular, there is a trend of soil loss (approximately 9100 ha/year),
ZKLFKPHDQVDSSUR[LPDWHO\KDGD\RUDQDUHDHTXDOWRIRRWEDOOSLWFKHVSHUGD\ -DQNĤHWDO 
Since 1927, the Czech Republic has lost over 851 thousand hectares, i.e. 22.3% of agricultural
VRLO &KDUYiW 2010). Historically the worst period came between the years 1976 and 1981 when 37.9 ha
of soil vanished every day. This trend is perceived as extremely unfavourable and represented
one of the worst developments in Europe. The intensity of soil sealing in the Czech Republic has been
oscillating around 25 ha oIVRLOSHUGD\ODWHO\ 6SLONRYiDQGâHIUQD 2010).
Building on agricultural land irreparably destroys one of the most precious natural
sources ± the soil. Vast impermeable urbanised areas with zero retention of rainfall water are turning
up more and more often.
Despite the existence of the agriculture land protection law (Law No. 334/1992 Coll.), land
protection in the Czech Republic seems to be ineffective. Rectification of damages caused
is a long-term process that is often, in the case of soil ORVVLUUHFRYHUDEOH 3RGKUi]VNiDQG.DUiVHN 2014).
MATERIAL AND METHODS
The source for primary analysis of changes in the countryside and assessing the sealing
of agricultural soil to the benefit of the progressing residential area were primarily digitalised maps
of land use dated 1824 (stable cadastre - only residential area - built-up areas - covered),
1836±1852 (2nd military mapping), 1876±1878 (3rd military mapping), 1950 (aerial snaps),
1990 (orthophoto), 2006 (orthophoto) and 2016 (orthophoto). The selection of time horizons
for analysing countryside structure were set with the intention of covering the most crucial alterations
in landscape structure from the mid - 18th century up to the present. A stable cadastre was set
as the starting point. The current situation at the opposite end of the time scale is depicted by a colour
orthophoto dated 2016.
$QRWKHUSDUWRIWKHDQDO\VLVXVHGWKHDYDLODEOH0RGĜLFHODQGVFDSHSODQWKDWVWLSXODWHWKHPDQQHU
of using village land in future. As in the case of the stable cadastre, only the residential area was covered
in the case of the landscape plan. For the purposes of ascertaining the theoretical future development
of built-up areas, the coverage of built-up areas in 2100 was calculated using a method for stipulating
the annual intensity of residential area expansion from the stable cadastre until 2016 (X ha/year)
and applying this figure up until the year 2100.
Figure 1 Map of Stable cadastre (archivimapy.cuzk.cz) OHIW 3DUWRI/DQVFDSHSODQRI0RGĜLFH ULJKW

Characteristics of the area
0RGĜLFHis a town located south of Brno (South Moravian Region). The 0RGĜLce cadastral area
(1005 ha) follows directly from the southern edge of Brno and its industrial and commercial estates.
The town lies on a low, slightly sloping terrace at the Western periphery of Svratka floodplain0RGĜLFH
are located on the north-west tip of the Dyje-Svratka valley lowlands. Housing converges
on the undulated plain above the Svratka River at the foothills of stretched slopes running from the ridge
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of the mesoregion of the Bobrava Highlands that forms a part of the Czech Highland orography units.
The eastern part lies in the lowlands of the relatively new Carpathian relief of Western Subcarpathia.
Evaluation of changes in land characteristics
To evaluate agricultural land and its productive capacity expressed in prices, in the 1970s,
the &]HFK5HSXEOLFLQWURGXFHGWKH³/DQG(YDOXDWLRQ,QIRUPDWLRQ6\VWHP´7KLVV\VWHPFRQWDLQVEDVLF
data on the land defined using a 5-digit code, forming together an Evaluated Soil-Ecological Unit
(EPEU). Each of the digits (or pair of digits) expresses a particular land characteristic. The system
of evaluated soil-ecological units reflects all characteristics and differences in a particular agronomical
area (soil, climatic and morphological conditions). Regionalization of individual EPEU and their
corresponding codes is done based on a digital collection of EPEU maps, using the borderlines
surrounding individual EPEU surfaces wLWKWKHLUQXPHULFDOGHVLJQDWLRQ 0DãiWHWDO 
The structure of the EPEU code is defined in the following way (A.BB.C.D):
A - climatic region code (0±9); BB - code of the main soil unit (0±78); C - combined code of slope
and exposure; D - combined code of skeletality and soil depth.
Changes to these soil characteristics were used to assess the qualitative degradation of agricultural
soil due to expansion of built-up areas. This assessment was divided into three time periods
(second military mapping (1836±1852)±2016; 1950±2016; 2016±Landscape plan of the village).
Based on the Decree No. 441/2013 Sb the official price is fixed for every EP(8 ¼P2).
By comparing lost land due to the build-up and the price of land (Decree No. 441/2013) we can
determine the total price of degraded ODQG 3RGKUi]VNi HW DO 2015). This approach was applied
to the assessment of economic impacts of soil sealing in the model location 0RGĜLFH
RESULTS AND DISCUSSION
Historical maps of the stable cadastre were the source for assessing the overall soil sealed
by buildings (Figure 2) that comprises 13.11 ha. At the time of the second military mapping
(1836±1852) built-up areas had grown to 23.53 ha. There was a further increase of built-up areas
by about 12 ha at the time of the third military mapping. Between 1950 and the present, the total
residential coverage grew to 408.93 ha, which corresponds to some 41% of the area cover. Total sealing
of 123.29 ha has happened over only the last ten years (2006±2016). The landscape plan proposes sealing
of a further approximately 40 ha of soil. The results obtained were used to ascertain the potential scope
of built-up areas in 2100 when they might take up to 58% of the area in question (Figure 2).

Build-up area (ha)

Figure 2 Graphical representation of the development of built-up areas ± 0RGĜLFH
600
400
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3mm
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1990
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Table 1 Development of built-XSDUHDVLQ0RGĜLFHFDGDVWUH
Period
Build-up area (ha)
SC (Stable Cadastre)
13.11
2MM (Military mapping)
23.53
3MM (Military mapping)
35.45
1950
109.09
1990
235.91
2006
285.61
2016
408.93
LS plan (Lansdcape plan)
448.99
2100
581.97

2016

LS plan

2100

% of cadastral area
1.3
2.34
3.53
10.85
23.47
28.42
40.68
44.67
57.91
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Figure 3 Maps of built-up areas in the analysed time period

Analysis of the decrease in individual cultures showed that most sealed category in all the time
periods under scrutiny was arable land (more than 80% of built-up area in all instances).
The Table 2 below shows the total scope of sealed cultures in individual time periods.
Table 2 Sealing of individual cultures ± 0RGĜLFH
LS plan±2016
2016±1950
2016±2mm
LU cathegory
ha
%
ha
%
ha
%
34.07
85.05
291.52
96.41 309.92
80.22
Arable land
2.75
6.86
0
0
34.07
8.82
Pernament grassland
0
0
0
0
2.66
0.69
Vineyard
2.73
6.82
4.45
1.47
1.5
0.39
Orchard
0.51
1.27
1.61
0.54
38.17
9.88
Forest
0
0
Other area
4.78
1.58
0
0
Total
40.06
100
302.36
100 386.32
100
Qualitative analysis of agricultural land carried out, expressed by the decrease of Evaluated
Soil-Ecological Units demonstrates the built-up EPEU in individual monitored periods.
Description of EP(8LQ0RGĜLFHFDGDVWUH
0.01.00, 2.01.00, 2.01.10 - Flat and moderately sloped Haplic Chernozems, soils with thick humus
horizon, with crumb to granular structure, developed from loose carbonate substrates, deep soil
0.08.00 - Washed-off (eroded) Haplic Chernozems with cultivated substrate covering more
than 50% of moderately sloped area
2.02.00, 2.02.10 - Flat and moderately sloped Luvic Cheznozems, without skelet, predominatly
with favourable water regime
2.08.10, 2.08.50 - Washed-off (eroded) Haplic Chernozems with cultivated substrate, in moderately
sloped and sloped terrain
2.10.00 - Flat and moderately sloped Haplic Luvisoils, with heavier bottom, skeleton-less, deep,
moderately sloped
2.56.00, 2.57.00 - Flat and moderately sloped Fluvisoils, deep soil profile, slightly dry climatic region
2.61.00 - Flat and moderately sloped Phaeozems, deep soil profile, slightly dry climatic region
99 - no agricultural land
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Table 3 Sealing of individual EPEU and total price of degraded soil ± 0RGĜLFH
Price of
LS plan - 2016
2016±1950
2016 - 2mm
EPEU
EPEU
Total price
Total price
Total price
ha
%
ha
%
ha
%
¼P2)
¼
¼
¼
0.01.00
0.62
0
0
0
0.1
0
680
0.1
0
744
0.08.10
0
0
0.44
0
3.9 1.3
17 116
3.9
1
17 116
2.01.00
0.64
7 17.6
44 992 67.7 22.4
433 472 133.8 34.6
856 512
2.01.10
0.57
2.9
7.2
16 530 15.9 5.3
90 573 16.8 4.4
95 874
2.02.00
0.64
1.3
3.3
8 384
47 15.5
300 608 51.8 13.4
331 584
2.02.10
0.57
4.8 12.1
27 531 12.6 4.2
71 991
13 3.4
73 986
2.08.10
0.44
1.1
2.7
4 752
9.1 3.0
39 820
9.1 2.3
39 820
2.08.50
0.37
0.3
0.7
999
9.2 3.1
34 188
9.2 2.4
34 188
2.10.00
0.59
0
0
0
0.4 0.1
2 124
0.4 0.1
2 124
2.56.00
0.52
19.2 47.9
99 788 101.8 33.7
529 568 111.7 28.9
580 684
2.57.00
0.43
3.1
7.8
13 459
1.7 0.6
7 095
1.7 0.4
7 095
2.61.00
0
0
0
0.54
3.9 1.3
20 790
3.9
1
20 790
99
0.3
0.8
0 29.2 9.6
0 31.1
8
0
Total
40.1
100
216 435 302.4 100 1 548 027 386.3 100 2 060 517
The total surface of the sealed soil between 2nd military mapping and present (2016) is 386.32 ha.
The total soil price of this area is 2 060 517 EUR.

ha

Figure 4 Graphical representation of sealed Evaluated Soil-Ecological Units
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CONCLUSION
The results presented above suggest the amount of soil in the 0RGĜLFHcadastre that was used
for agriculture or as forest had dropped considerably. This sealing of agricultural soil for the benefit
of technical infrastructure, settlements and industrial zones is largely irrevocable. Built-up areas change
the land hydrology thus creating an extensive impermeable zone that cannot be used agriculturally. Total
agricultural land that was built on in the 0RGĜLFHcadastre area from between 1836 and 1852 (2nd military
mapping) until the present (2016), is about 386 ha (40% of the cadastral area).
The lands with the best soils (Chernozems) in 1st and 2nd class protection (highest priority of soil
protection) are used for building. The Landscape plans calculate with the areas of the best soils
for building purposes in the future. In the last 180 years approximately, 297.79 ha of 1st class soil
of the agricultural land resources (most valued chernozem) in the 0RGĜLFH cadastre was irrevocably
sealed). Comparing the future situation (landscape plan) and presence (2016), the further development
of built-up areas (about 28 ha) is anticipated (again soil in the 1st class of agricultural soil resource
protection). The price of thus irrevocably lost agricultural soil was ascertained as about EURO
2 060 517.
Agricultural soil sealing by building is a world-wide problem. For a long time the drop
in agricultural soil was not perceived particularly negatively given that agricultural production kept
increasing courtesy of breeding new, more hardy breeds and using agricultural fertilisers and pesticides.
Gradual degradation of the soil fund associated with decreasing biodiversity and the environmental
balance in the agricultural landscape went hand in hand with this trend. At present, the negative impact
of intensive farming on ecosystems is increasingly emphasised while promoting organic agriculture.
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However, this manner of farming puts heightened pressure on the coverage of cultivated land because
the yields of agricultural crops without using chemicals cannot attain the same values as intensive
farming. The agricultural policy of the EU also plays a significant role in the use and protection
of the soil fund. In the years of its functioning the SZP urged farmers to use modern mechanisation
and new approaches, including chemical fertilisers and plant protection preparations. This policy was
efficient and productivity grew. Crop yields have increased, but have remained on the same level since
2000. Consequently, the task farmers face is to produce as much foodstuff as possible from diminishing
sources. At present, there is over-production in the EU but the threat of climatic extremes, including
agricultural drought that may in future adversely affect our best-yielding locations, will probably cause
a drop in strategic commodities production. The intensity of agricultural soil fund sealing
and the devastation of agricultural soil presented in the article is another negative factor that must
be taken into consideration when planning agricultural policy.
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'HSDUWPHQW RI$SSOLHGDQG/DQGVFDSH(FRORJ\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR

5HVHDUFK,QVWLWXWH IRU6RLODQG:DWHU&RQVHUYDWLRQ
/LGLFNi%UQRP
&=(&+ 5(38%/,&
[V]WXUF#PHQGHOXF]
$EVWUDFW 7KH SDSHU SUHVHQWV WKH PHWKRG DQG PDQQHU IRU DQDO\VLQJ WKH ORFDWLRQV RI VWDEOH DUHDV
³FRUHDUHDV´  VLWHVZLWKRXW DQ\FKDQJHV WRWKHPDQQHURIODQGXVHLQWKHSHULRG EHWZHHQWKHILUVW KDOI
RI WKH WK FHQWXU\ XQWLO WKH SUHVHQW LQWKHPRGHODUHDRIWKH +XVWRSHþHUHJLRQ  6RXWK0RUDYLD 6WDEOH
DUHDVLQWKHODQGVFDSH HVSHFLDOO\ IRUHVWVPHDGRZV DUHRIJUHDW HFRORJLFDO LPSRUWDQFH  WKH\LQFUHDVH
ELRGLYHUVLW\ IDFLOLWDWH WKHPRYHPHQW RIDQLPDOV 6WDEOH DUHDV JLYH WKHODQGVFDSH LWV W\SLFDO ODQGVFDSH
FKDUDFWHU$UHDVZLWKRXW DFKDQJH RIODQGXVH ± ZLWKRXW TXDOLWDWLYH DOWHUQDWLRQ WRWKHW\SHRISORW ZHUH
LGHQWLILHG E\ DQDO\VLQJ  OLQHV RI KLVWRULFDO ODQG XVH GHYHORSPHQW LQ *,6 ,QSXWV RI WKLV DQDO\VLV
DUH KLVWRULFDO PDSV KLVWRULFDO DHULDO SLFWXUHV DQG FXUUHQW RUWKRSKRWRV 7KH DQDO\VLV VXJJHVWV VRPH
 RI WKH ODQG FRYHU RI WKH +XVWRSHþH PRGHO DUHD LV ZLWKRXW ODQG XVH FKDQJHV 7KH UHPDLQLQJ
RIODQG KDV XQGHUJRQH DWOHDVWRQHFKDQJHLQWKHW\SHRISORWRYHUWKHPRQLWRUHG SHULRG 7KHPRVW
UHSUHVHQWHG DUHD ZLWKRXW DQ\ FKDQJH LQ ODQG XVH DUH DUDEOH ODQG ±  IROORZHG E\ IRUHVWV
RIODQG EXLOWXS DUHD  2WKHUODQGXVH W\SHV SHUPDQHQWJUDVVODQG YLQH\DUGV DQG RUFKDUGV 
DUHUHSUHVHQWHGWRD QHJOLJLEOH H[WHQW
.H\ :RUGV VWDEOHDUHDODQGXVH+XVWRSHþHKLVWRULFDO PDSV
INTRODUCTION
/DQGVFDSHDQGLWVGLVSRVLWLRQ DUHFKDUDFWHULVHG LQWKHLUXQLTXHQHVV EDVHGRQDUHPDUNDEOHYDULHW\
RIQDWXUDO DQGFXOWXUDO FRQGLWLRQV .XSND  /RNRþDQG/RNRþRYi  TXRWHWKDWODQGVFDSH FDQ
EH YLVXDOLVHG DV D MRLQWO\FUHDWHG DQG FRQWUROODEOH RUJDQLVP ,W LV VXEMHFW WR FUHDWLYH DQG GHVWUXFWLYH
IRUFHV RI GLIIHUHQW LQWHQVLWLHV DQG GXUDWLRQ /DQGVFDSH LV IRUPHG E\ FXOWXUDO DQG QDWXUDO SURFHVVHV
WKDW PXWXDOO\ DIIHFW RQHDQRWKHU EOHQG EXW DUHDOVR LQGHSHQGHQW RIRQH DQRWKHU/LSVNê   VWDWHV
DQWKURSRJHQLF SURFHVVHV DFW YHU\ TXLFNO\ DQG RYHU D VKRUW VSDFH RI WLPH 7KHVH SURFHVVHV DOWHU
WKH DSSHDUDQFH VWUXFWXUH DQG IXQFWLRQ RI WKH ODQGVFDSH GLUHFWO\ VXUIDFH PLQHV SORXJKLQJ SODQWLQJ
HWF RULQGLUHFWO\ HURVLRQHFRORJLFDO VXFFHVVLRQ HWF 
&KDQJHVLQ ODQGVFDSHDUHEXLOWRQPRQLWRULQJ FKDQJHVLQLQGLYLGXDO ODQGVFDSHVHJPHQWVOLNHDUHD
G\QDPLFV DQG VSDWLDO FRQILJXUDWLRQ 3DOPHU  6RLO DQGLWV FRQGLWLRQ DUHRIWHQ WKH GHFLVLYH IDFWRU
WKDW GHWHUPLQHV WKH FKDUDFWHU RI ODQGVFDSH YDULHW\ RI YHJHWDWLRQ FRYHU LQFOXGLQJ IDXQD DQG ZKLFK
LVDQHVVHQWLDO FRQGLWLRQIRUWKHHFRQRPLFXVHDQGKXPDQVRFLHW\GHYHORSPHQW +XGHFDQG 1RYiN  
+RZHYHUWKHUHDOIDFHRI WKH ODQGVFDSHLVWKHLQWHUVHFWLRQ RIFXUUHQWVRFLDODPELWLRQV JLYHQWHFKQRORJLFD O
RSWLRQV KLVWRULFDO KHULWDJH DQG QDWXUDO LQIOXHQFHV .OYDþ DQG %LHORYi  /DQGVFDSH LV FRQVWDQWO\
FKDQJLQJ DQGHYHQ WKHOHVV SHUFHLYHG DOWHUDWLRQV PD\EHFUXFLDO 7KHUHIRUH LW LV HVVHQWLDO WRSHUFHLYH
FKDQJHV LQ WKH ODQGVFDSH LQ UHODWLRQ WR SUHYLRXV DQGFXUUHQW VRFLHWDO WUHQGV PDQQHU RIHFRQRPLF XVH
DQG LQGXVWULDO GHYHORSPHQW 7KH VWDWH DQG DSSHDUDQFH RI ODQGVFDSH FDQ UHWURVSHFWLYHO\ GHWHUPLQH
WKH SUHYLRXV HFRQRPLF VLWXDWLRQ VWDWH RI VRFLHW\ RU IRU LQVWDQFH WKH IRUFH RI QDWXUDO SURFHVVHV
/RNRþDQG /RNRþRYi %ROWL]LDU HWDO )ODGPDUN HWDO  
%\XVLQJ WKHODQGVFDSH PDQDOWHUV LWV GLVSRVLWLRQ ZKLFK LV DQLVVXH FRYHUHG E\VHYHUDO DXWKRUV
IRU LQVWDQFH /|Z   ZKR LGHQWLI\ WKLV SURFHVV DV WKH FXOWXUDO ODQGVFDSH /LSVNê DQG 5RPSRUW
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  VWDWH WKDW WKH FXOWXUDO ODQGVFDSH DV D G\QDPLF V\VWHP LV WKH UHVXOW RI FRQWLQXDOO\ DFWLQJ
ODQGVFDSLQJ SURFHVVHV DQG IDFWRUV 1DWXUDO DQG DQWKURSRJHQLF SURFHVVHV LQWHUPLQJOH LQ FXOWXUDO ODQG
VHWWOHG DQG XVHG E\ KXPDQV RI ZKLFK PDQ\ KDYH D QHJDWLYH FKDUDFWHU DQG FDXVH ELJJHU RU VPDOOHU
FKDQJHVWRWKHODQGVFDSH+RZHYHUFKDQJHVDQGGLVWXUEDQFHV DUHQDWXUDOLQWKH ODQGVFDSH DQGIRUPSDUW
RILWVGHYHORSPHQW
7KHFXOWXUDO ODQGVFDSH RIWKH&]HFK5HSXEOLF LV D YHU\ULFKDQGYDULHG RQHGXH WRWKH FKDQJHDEOH
QDWXUDO FRQGLWLRQV RI LQGLYLGXDO ODQGVFDSHV DV ZHOO DV WKH KLVWRULFDO GHYHORSPHQW WKDW DIIHFWHG WKHLU
DSSHDUDQFH 7KH &]HFK ODQGVFDSH LV D W\SLFDO KLVWRULFDO DQG FXOWXUDO ODQGVFDSH WKDW HQFRPSDVVHV
VHWWOHPHQWV WKDWIRUPLQWHJUDO SDUWVRILW âWUpEORYi HWDO  0tFKDO  VWDWHV WKDWODUJH WRZQV
DQGFLWLHV WKDWIRUPVWURQJ WKRXJK SHUKDSVQRWQHFHVVDULO\ H[WHQVLYH ³WRZQVFDSHV´  WRZQODQGVFDSHV
GRWWHG ZLWK KRXVHV DUHQRWSDUWRIODQGVFDSH %LþtN   FRQVLGHUV D FXOWXUDO ODQGVFDSH DODQGVFDSH
FUHDWHG E\ PDQ LQ GLVWDQW KLVWRU\ WKDW KDYH VLQFH XQGHUJRQH QXPHURXV FKDQJHV LQ GLIIHUHQW
GHYHORSPHQWDO PLOHVWRQHV $FFRUGLQJ WR/LSVNê  LWV GHYHORSPHQW LVZHGGHGWRKLVWRULFDO HYHQWV
VRFLDO GHYHORSPHQW DJULFXOWXUDO IDUPLQJ VHWWOHPHQW DQGWKH DGYDQFHRIFUDIWV DQG ODWHULQGXVWU\
,QWKHODVWIHZFHQWXULHV WKH &]HFKODQGVFDSHKDVXQGHUJRQH PDVVLYHFKDQJHV LQWKHZD\WKHODQG
LV XVHG 7KH DUFKLYH GRFXPHQWV SUHVHUYHG WR GDWH PDSV  HQDEOH XV WR DFFXUDWHO\ DQG HIILFLHQWO\
GHWHUPLQH WKHPDQQHURIXVLQJ D VSHFLILF DUHDLQWKHSDVW &KDQJHV LQODQGXVHKDSSHQHGDWPDQ\SODFHV
DQG VHYHUDO WLPHV DQG WKH ODQGVFDSH VWUXFWXUH DOVR FKDQJHG VHYHUDO WLPHV RYHU WKH ODVW IHZ FHQWXULHV
6WHMVNDORYi HWDO   0DSVRIODQG XVHFKDQJH DUHDQHVVHQWLDO VRXUFHRILQIRUPDWLRQ WKDWVXLWDEO\
DXJPHQW WKH EDVLF PDSV RI ODQGVFDSH XVH &KDQJHV LQ ODQG XVH FDQ EH PRQLWRUHG LQ WKH FRQWH[W
RIWZRWHUPVLQFRPSDULVRQ RURYHUDQ HQWLUH WHUP 0DSV RIODQGVFDSH FKDQJH XVHLQ WKHHQWLUH SHULRG
XQGHUVFUXWLQ\ JLYHFRPSUHKHQVLYH LQIRUPDWLRQ RQWKHPRVWFKDQJHG DUHDVDQGYLFHYHUVDRQDUHDVXVHG
ZLWKVWDELOLW\
6RFLHW\ ± LWV HQYLURQPHQWDO VRFLDO DQGHFRQRPLF GHYHORSPHQW QHHGV  KDYHDFUXFLDO LQIOXHQFH
RQODQGVFDSH FKDQJHV FRXQWU\VLGH  &KDQJHV LQ ODQGVFDSH DUHDPRQJ RWKHU WKLQJV FXUUHQWO\ FRQWUROOHG
E\ODQGVFDSH SODQQLQJ .DUiVHNHWDO  
+DYOtþHN  VWDWHVFKDQJHV LQ ODQG XVHFDQEHFKDUDFWHULVHG LQWKHIRUPRIVHYHUDO GLIIHUHQW
PDSRXWSXWV± WKHQXPEHURIFKDQJHV WRODQG XVH W\SHRIODQGVFDSHXVHFKDQJHV SURFHVVHVRIODQGXVH
FKDQJHV LQWHQVLW\ RI ODQG XVH FKDQJHV VWDEOH XVHG DUHDV WUDMHFWRULHV RI FKDQJHV WR ODQG XVH HWF
/DQGXVHG LQ D VWDEOH PDQQHUFUHDWHV WKHEDFNERQH RI WKH ODQGVFDSH DQG WHVWLI\ RQWKH ORQJWHUP XVH
RI WKH ODQGVFDSH LQ WKH JLYHQ UHJLRQ 7KHLU VSDWLDO GLVWULEXWLRQ LV RQH RIWKH EDVLF LQGLFHV RQWKH XVH
RI ODQGVFDSH
6WDEOH DUHDV LQ WKH ODQGVFDSH DUH LPSRUWDQW IRU ELRGLYHUVLW\ ODQGVFDSH FKDUDFWHU ODQGVFDSH
DHVWKHWLFV 7KH\FUHDWHWKHW\SLFDO ODQGVFDSH FKDUDFWHU RIWKHFRXQWU\VLGH DQGHQKDQFH WKHFRQQHFWLRQ
RI PDQWRQDWXUH )iERV$KHUQ 
7KH SDSHU SUHVHQWV DQ DQDO\VLV RI WKHVH KLVWRULFDO FKDQJHV LQ WKH +XVWRSHþH DUHD XQGHU
VFUXWLQ\ 7KH REMHFWLYH LV WR ORFDOLVH SODFHV LQ WKLV WHUULWRU\ ZLWK DV IHZ KLVWRULFDO FKDQJHV
RU SRVVLEO\ QRQH  DV SRVVLEOH :H FDOO WKHVH DUHDV IRU WKH SXUSRVHV RI WKLV DUWLFOH ³VWDEOH DUHDV´
FRUHDUHDV  IURPWKHSRLQW RIYLHZ RIODQGVFDSHVWUXFWXUHDQGODQGVFDSH FKDUDFWHU
MATERIAL AND METHODS
Characteristics of the area
7KHDUHDRI+XVWRSHþHLVORFDWHG LQWKH 6RXWK0RUDYLDQUHJLRQ VRPH NPVRXWKHDVWIURP%UQR
DQG NPQRUWKZHVW RI %ĜHFODY7KLVDUHDOLHVRQ WKHQRUWKHUQSHULPHWHURIWKH3DQQRQLDQELRJHRJUDSKLF
SURYLQFH &XOHN  DQGWKH:HVWHUQHGJHRIWKH H[WHQVLYH &DUSDWKLDQUDQJH %XþHN  7KHPRGHO
DUHDRI+XVWRSHþH FRQWDLQV D WRWDORI FDGDVWUDO ORFDWLRQV 7KHWRWDODFUHDJH LV NP
6SDWLDO JULG GDWDDQGYHFWRUGDWDZHUHXVHGDVDEDVLVIRUUHVHDUFKXWLOLVLQJ PDSV KLVWRULFDO PDSV
DQG FXUUHQW RUWKRSKRWR PDSV  SURYLGHG E\ WKH6WDWH $GPLQLVWUDWLRQ RI /DQG6XUYH\LQJ DQG&DGDVWUH
DQGDOVRWKH0LOLWDU\ *HRJUDSK\ DQG+\GURPHWHRURORJLFDO 2IILFH LQ'REUXãND KLVWRULFDO DHULDO VQDSV 
$OO GDWD ZDV SURFHVVHG DQG DVVHVVHG XVLQJ WKH PHWKRGV RI PDWKHPDWLFDO VWDWLVWLFV $UF*,6 VRIWZDUH
PHWKRGVDQGDSSURDFKHVZHUHDSSOLHG ZKHQSURFHVVLQJ GDWDFUHDWLQJ PDSSLQJ RXWSXWVDQGFRPSDULQJ
LQIRUPDWLRQ RQWKHVHDOLQJ RIDJULFXOWXUDO VRLO
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Land-Use change
&RPSDULQJ WKH FKDQJHV LQ ODQG XVHVL[ SHULRGV ZHUH XQGHU VFUXWLQ\ ±  QG PLOLWDU\
PDSSLQJ±  QG PLOLWDU\ PDSSLQJ   KLVWRULFDO DHULDOSKRWR  KLVWRULFDO DHULDOSKRWR
  RUWKRIRWR   SUHVHQW RUWKRSKRWR  $OO DQDO\VHV ZHUH FDUULHG RXW LQ *,6 JHRJUDSKLF
LQIRUPDWLRQ V\VWHPV  /DQG XVH LQ LQGLYLGXDO WLPH VHULHV ZDV DVVHVVHG DVZHOO DVFKDQJHV LQ ODQG XVH
RYHU WKH PRQLWRUHG SHULRG $QDO\VLV RI SRO\JRQV ZDV XVHG IRU SURFHVVLQJ FKDQJHV LQ ODQG XVH
DQG DQDO\VLV RI VWDEOH DUHDV $UF*,6 WRROV  $QDO\VLV7RROV ĺ2YHUOD\ ĺ 8QLRQ DSSO\LQJ FRGH
IRU HDFK ODQG XVH FDWHJRU\ ZHUH DSSOLHG WRR 7DEOH   7KH FRGH ZDV VHW IURP WKH PHWKRG LVVXHG
E\WKH5HVHDUFK,QVWLWXWHIRU/DQGVFDSHDQG2UQDPHQWDO *DUGHQLQJ 5,/2* 
7DEOH2XWOLQHRIODQGVFDSH FDWHJRULHV ZLWKWKH5,/2*PHWKRG
&RGH









&XOWXUH
2WKHUDUHD
$UDEOH ODQG
3HUPDQHQWJUDVVODQG
2UFKDUG
9LQH\DUG
)RUHVW
:DWHUDUHD
%XLOWXS DUHD

)LJXUH  ([DPSOHV RI LQSXW GDWD KLVWRULFDO PDS DHULDO KLVWRULFDO SKRWR SUHVHQW RUWKRSKRWR
RIDSDUWRIWKHPRGHOWHUULWRU\LQWKHVWXGLHGWLPHKRUL]RQV IURPOHIWWKH\HDUVDQG

+DYLQJ FDUULHGRXWRYHUDOO DQDO\VLV RIVL[ LQSXWPDSOD\HUV /DQG8VHBQGPP/DQG8VHBQGPP
/DQG 8VHB /DQG 8VHB /DQG 8VHB DQG /DQG 8VHB  D QHZ GDWD OD\HU FDPH
LQWR EHLQJ WKH ³+XVWRSHþH DUHDBXQLRQ´ )LJXUH   7KLV OD\HU FRQWDLQV LQIRUPDWLRQ RQ ODQG XVH
LQWKHDWWULEXWHWDEOHIRULQGLYLGXDO SRO\JRQV ORFDWLRQV LQWKHPRGHODUHD IRUHDFKWLPHVHULHV 7KLVOD\HU
LVLGHQWLILHG E\DVL[GLJLW FRGH 7KHVL[GLJLW FRGH IRULQVWDQFHVKRZVWKDWDWDOOWHUPVWKHUHZDV
DUDEOHODQGLQWKHORFDWLRQ 6KRXOGWKHUHEHDFKDQJHLQODQG XVHLQWKHFRXUVHRIWKHVHULHVLQWKHJLYHQ
SRO\JRQ ]RQH  IRULQVWDQFH  ± LQ WKH VLWHZDVJUDVVHGRYHU 7KHVHDUHDVZLOO EHLGHQWLILHG
DV DUHDV ZKHUHWKHUH ZDV FKDQJH LQ ODQG XVH $OO DUHDV ZHUH VXEVHTXHQWO\ XQLILHG E\WKH 'LVVROYH
IXQFWLRQ DQGH[SRUWHGWRDVHSDUDWHVKDSHILOH +XVWRSHþVNRB6WDEOHBDUHDV )LJXUH  
)LJXUH 6DPSOH RI DWWULEXWHWDEOH LQ$UF*,6 RI WKH ³+XVWRSHþH DUHD BXQLRQ´ OD\HU URZV UHSUHVHQW
LQGLYLGXDODUHDVLQWKHODQGVFDSH SRO\JRQV FROXPQVUHSUHVHQWWLPHVHULHV QXPEHUVLGHQWLI\WKH FXOWXUH
 W\SHRISORW
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)LJXUH  6DPSOHRIDWWULEXWHWDEOHLQ$UF*,6 ³+XVWRSHþHDUHDBXQLRQ´OD\HU URZVUHSUHVHQWLQGLYLGXDO
DUHDVLQWKHODQGVFDSH ± SRO\JRQV FROXPQVUHSUHVHQW WLPHVHULHVQXPEHUV LGHQWLI\WKHFXOWXUH ± W\SH
RI SORW ± LQWKLVFDVHDOZD\VWKHVDPH± ORFDOLWLHVIUHHRIFKDQJHWRWKHODQGVFDSHVWUXFWXUHDQGODQG XVH

RESULTS AND DISCUSSION
7KH +XVWRSHþH DUHD RI LQWHUHVW ZDV KLVWRULFDOO\ XVHG IRU IDUPLQJ PRVWO\ DUDEOH ODQG 
7KLVLV SDUWLFXODUO\ GXHWRWKHWHUUDLQ PRUSKRORJ\ ± H[FHOOHQW TXDOLW\ VRLO FKHUQR]HP  ZDUPFOLPDWH
GHYHORSPHQW RI YLOODJHV DQG WRZQV 7DEOH  DQG )LJXUH  FOHDUO\ VKRZ WKDW WKH PRVW H[WHQVLYH
LQ DOO FDWHJRULHV RIODQG XVHLQ WHUPVRIDFUHDJH LQ DOO DQDO\VHG WLPH VHULHV LV DUDEOH ODQG <HWWKHDUHD
VFRSHRILQGLYLGXDO ODQGXVHFDWHJRULHV KDVFKDQJHG FRQVLGHUDEO\ RYHUWLPH
7DEOH/DQG8VH LQWKH+XVWRSHþHDUHDRILQWHUHVWLQWLPHVHULHVXQGHUVFUXWLQ\
+XVWRSHþHDUHD
&XOWXUH
)RUHVW
$UDEOHODQG
2UFKDUG
3HUPDQHQWJUDVVODQG
9LQH\DUG
:DWHUDUHD
2WKHUDUHD
%XLOWXSDUHD
7RWDO

PP
KD










PP
KD











KD











KD











KD











KD










)LJXUH  /DQG LQWKH+XVWRSHþHDUHDRILQWHUHVWLQWLPHVHULHVXQGHUVFUXWLQ\


)RUHVW

area (ha)



$UDEOHODQG



2UFKDUG



3HUPDQHQWJUDVVODQG



9LQH\DUG



:DWHUDUHD


PP

PP









2WKHUDUHD

7DEOH$UHDVZLWKRXWFKDQJHLQODQGXVHGXULQJWKHILUVWKDOIRIWKH WK FHQWXU\WRWKHSUHVHQW 
+XVWRSHþH VWXG\DUHD
$UDEOHODQG
3HUPDQHQWJUDVVODQG
9LQH\DUG
)RUHVW
:DWHUDUHD
%XLOWXSDUHD
7RWDO

$UHDVZLWKRXWDQ\FKDQJHLQ ODQGXVH
LQDOOWLPHSHULRGV PP±
KD








RIVWXG\DUHD








$UHDVZLWKPD[LPXP
RIRQHFKDQJHLQODQGXVHLQ DOOWLPH
SHULRGV PP±
KD
RIVWXG\DUHD















$VLGH IURP WKH DFUHDJH RI HDFK ODQG XVH FDWHJRU\ WKHLU VSHFLDO GLVWULEXWLRQ KDV FKDQJHG WRR
7KH UHVXOW RI RYHUOD\ DQDO\VHV RI ODQG XVH GDWD OD\HUV LQ VL[ WLPH VHULHV LV D QHZ PDS 7KLV PDS
)LJXUH  ORFDWHVDQGTXDQWLILHV DUHDVLQWKHODQGVFDSHZKHUHRYHUWKHSHULRGXQGHUVWXG\ZDVQRFKDQJH
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LQODQGXVH LQWKH+XVWRSHþH VWXG\DUHD XQGHUVFUXWLQ\ 7KLVPDS LVFODVVLILHG DFFRUGLQJ WRLQGLYLGXD O
ODQG XVHFDWHJRULHV )LJXUH  7KHUHVXOWLQJ PDSVKRZV DUHD¶V XVHLQ WKHVDPH PDQQHU LQ DOO SHULRGV
XQGHUVFUXWLQ\
)LJXUH $UHDVZLWKRXWDQ\FKDQJHLQODQGXVH LQDOOWLPHSHULRGV ± +XVWRSHþHDUHD

7KHDQDO\VLV LPSOLHV WKDWVRPHRI WKH +XVWRSHþHPRGHO DUHD KDVEHHQ XVHG ZLWKRXW FKDQJH
RI ODQG XVH IURP QG PLOLWDU\ PDSSLQJ WR  7DEOH   1HDUO\  RI +XVWRSHþH DUHD ZDV XVHG
ZLWK PD[LPXP RI RQH FKDQJH LQ ODQG XVH LQ DOO WLPH SHULRGV 7KH PRVW UHSUHVHQWHG DUHD ZLWKRXW
DQ\ FKDQJH LQ ODQG XVH DUH DUDEOH ODQG   7KLV DUHD LV XVHG ORQJWHUP KLVWRULFDOO\ PRVWO\
IRU IDUPLQJ )RUHVWV DQG PHDGRZ FXOWXUHV KDYH DOUHDG\ VXUUHQGHUHG ODQG WR SURGXFWLRQ LQWHUHVWV
LQWKHSDVW± PRVWO\ DUDEOHODQG 6WDEOHDUHDV FRUHDUHDV LQWHUPVRIODQGVFDSH VWUXFWXUHDQGHFRORJLFD O
LPSRUWDQFH DUHIRUHVWVLQWKH+XVWRSHþHDUHD+LVWRULFDOO\ WKHIRUHVWVZHUHRQDQDUHDRIKHFWDUHV
$WSUHVHQWWKHLUDUHDLVRQO\KD7KHUHDUHRQO\KHFWDUHV RIWKH+XVWRSHþHDUHD RIIRUHVW
ZLWK QR FKDQJH LQ ODQG LV XVH IRU WKH SHULRG IURP WKH ILUVW KDOI RI WKH WK FHQWXU\ WR WKH SUHVHQW 
$ VLPLODU VLWXDWLRQ LV ZLWK SHUPDQHQW JUDVVODQG 7KHLU DUHDZDV KLVWRULFDOO\  KD$W SUHVHQW RQO\
KD7KHORFDWLRQ RISHUPDQHQWJUDVVODQG ZLWKRXWODQGXVHFKDQJH LVRQO\KD RI+XVWRSHþH
DUHD +LVWRULF YLQH\DUGV KDYHVXUYLYHG WRWKHSUHVHQWRQDYHU\VPDOO DUHDKD RI+XVWRSHþH
DUHD  7KH ODQGVFDSH FKDUDFWHU RI WKH VHWWOHPHQW LV UHSUHVHQWHG E\ VPDOOHU YLOODJHV %XLOWXS DUHDV
ZLWKRXW FKDQJH LQ ODQG XVH  DUH ORFDWHG RQ KD RI +XVWRSHþH DUHD  7KHVHDUHSDUWLFXODUO\
WKH RULJLQDO FRUHVRIWRZQVDQGYLOODJHV WKDWFRQVWLWXWH WKHEDVHRIWKHLU EXLOWXS DUHDVWRGDWH
CONCLUSION
$QDO\VLV RI ODQGVFDSH VWUXFWXUH EULQJV SUHFLRXV LQIRUPDWLRQ RQ WKH GHYHORSPHQW RI ODQG
DQG WKH FXUUHQW QHHGV RIVRFLHW\ 7KHVRFLDO SUHVVXUH RQWKH ODQGVFDSH KDVEHHQDFFHOHUDWLQJ LQ UHFHQW
FHQWXULHV :HFDQSHUFHLYH DQRWDEOHFKDQJH LQWKHODQGVFDSH VWUXFWXUHLQ&]HFKFRQGLWLRQV SDUWLFXODUO\
DV RI WKH VHFRQG KDOI RI WKH WK FHQWXU\ 7KLV LV ZKHQ ODUJHVFDOH DJULFXOWXUDO H[SDQVHV FDPH
LQWR H[LVWHQFH GXHWRWKH FROOHFWLYLVDWLRQ RIDJULFXOWXUH ± E\SORXJKLQJ RYHUVPDOO ODQGVFDSH HOHPHQWV
DQG WKXVFUHDWLQJ YDVWDUDEOHVRLO ILHOGV ,QIRUPDWLRQRQ WKH KLVWRULFDO GHYHORSPHQW RIWKH+XVWRSHþH DUHD
XQGHUVFUXWLQ\ 6RXWK0RUDYLDQ UHJLRQ ZHUHREWDLQHG IURPKLVWRULFDO PDSVZKRVHTXDOLW\ DQGYDOXDEOH
LQIRUPDWLRQ DUHIXQGDPHQWDO IRUVXFKDQDO\VHV 7KHUHVXOWV RIWKH VWXG\FOHDUO\ VKRZ WKHUH KDYHEHHQ
PDQ\FKDQJHVWRODQGXVHLQWKHODVWIHZGHFDGHV /RFDWLRQVZLWKRXWVXFKFKDQJHVWRODQGVFDSHVWUXFWXUH
RFFXU RQO\ UDUHO\ )LQGLQJ WKDW WKHUH ZDV DW OHDVW RQH FKDQJH LQ DERXW  RI WKH DUHD FRYHU XQGHU
VFUXWLQ\ SRLQWV WRWKHIDFWWKDWFKDQJHVLQODQGVFDSHKDSSHQYHU\RIWHQDQGRQD ODUJHVFDOH )URP WKH ILUVW
SHULRG RIWKHWKFHQWXU\ WRWKHSUHVHQW GD\WKHDUHDRI DUDEOH ODQG ZDVWKHPRVWSUHVHUYHG ZLWKRXW
FKDQJHV LQ WKH XVH RI WKH WHUULWRU\ ,Q VRPH  RI WKH PRGHO DUHD WKH FXOWXUH RI DUDEOH ODQG KDV
QRW FKDQJHG RYHU WKHWLPH VHULHV DWDOO 2Q WKH RWKHU KDQGWKLV DUDEOH ODQG LV FXUUHQWO\ FRQFHQWUDWHG
LQWR ODUJH EORFNV RI VHYHUDO GR]HQ RUHYHQ KXQGUHGV RI KHFWDUHV 7KLV DUDEOH ODQG XVHG WR EH IRUPHG
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LQWR VPDOO ILHOGV RI PXFK VPDOOHU VL]H LQ WKH SDVW $UDEOH ODQG LV WKH PRVW H[WHQVLYH FDWHJRU\
LQ DOOWLPH VHULHV 7KH DUHD RI SHUPDQHQW JUDVVODQG DQG IRUHVW KDV EHHQ VLJQLILFDQWO\ UHGXFHG
'XHWRWKHFRQVWUXFWLRQ RIWKH ³1RYp 0OêQ\´ ZDWHUUHVHUYRLUV WKHHFRORJLFDOO\ VWDEOH DUHDVKDYHEHHQ
ODUJHO\ ORVW
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Abstract: Climate change leads to the creation of landscape measures for its stabilization.
One of the steps of sustainable land-use is the measures aimed at processing rainwater in settlements.
Rain gardens represent a way of storm water treatment at settlement level. It is necessary to follow
several rules ± for proper functioning which include natural conditions and site parameters. The aim
of study was the establishment of methodology for determining the suitable locations for rain gardens,
in application to settlement ± village $OHNãLQFH. Selection of potential sites is based on the attributes
of soil properties, slope, land use, ownership and ground water level in the given area, that are
processed in GIS software QGIS. The methodology used is based on implemented methodologies
of last years. The result is raster map which shows the suitability of village location for rain garden
based on the spatial analysis with the use of overlaying of the value raster of the mentioned attributes.
Key Words: rain garden, GIS analysis, water management, stormwater management
INTRODUCTION
Water management in landscape requires various approaches in accordance to land use
(Halaj et al. 20120XFKRYiHWDO . Evaporation rates may be affected in various ways in the real
FRQGLWLRQV =DU]\FNL HW DO  ĩDUQRZLHF HW DO   7KH SODQWLQJ KHOSV WR HOLPLQDWH DQG WUHDW
the storm water (Stiffler 2013) as the water quality may be threatened nowadays
(Bedla and Misztal 2014, Policht-Latawiec et al. 2015). 7yWKHWDO (2014) states water as an important
part of green infrastructure.
Rain gardens (RG), as an important storm water management practice, are common tool
in landscape creation of public spaces. Their ecological characteristics include collection, processing,
infiltration, transpiration and filtration of storm water, which are increased by strong economic aspects
because of its relatively low-cost demand and final money savings. These low terrain depressions
planted with perennials, shrubs and small trees are notable aesthetic and landscape element used
by landscape architects worldwide. Soils in urban areas have significantly altered the natural structure
and impaired functionality that greatly extends the time of infiltration of storm water. Increasing input
of water to the sewerage system may result in flood conditions.
The study is aimed at determining the methodology for selection of suitable site for RG based
on natural conditions and conditions of the current state of locations, in application
to settlement ± YLOODJH$OHNãLQFH
MATERIAL AND METHODS
Materials for spatial analysis
Data processing and spatial analysis was performed in software QGIS v. 2.12.0. and used
materials below.
:06VHUYHUV: Map of parcels and municipality borders, Map of soil units, Base map of Slovakia
(contours),
WFS servers: map of administrative units (boundaries of cadastres),
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:HE*,6pages: Soil maps of Slovakia, Map of dominant soil units, Map of underground water
level, Map of village parcels in the village with the orthophotomap layer,
3DUFHORZQHUVKLSLGHQWLILFDWLRQ: Ownership of the village parcels (community/private land),
6Satial planning documentation,
Map of underground water levels.
Spatial analysis methodology
Analysis of the spatial and ecological parameters of the land in the studied area was based
on work of authors - McCormack (2015), Rokus (2005) and Marney (2012). They focused on various
input parameters affecting the suitability of the location for RG (Table 1±3). Each author assigned
values (on the scale 1±5 or 1±3) to selected parameters, multiplied them by a weighting coefficient.
Studied areas were divided into cells ± depending on used methodology were recalculated and resulted
in raster map of suitable localities for RG.
0DUQH\µV  methodology used values on scale 1±3 for selected parameters of partial
and land elements (Table 3) ± soil, slope of area, depth of the ground water, proximity to structures
(buildings, roads), ownership and land use. For final calculation of suitable RG locality, he used
formula: ୈ ൌ σ
୧ଵୀሺ ൈ ୧ ሻ, (1), where YDZ is the final suitability of the site for RG,
W is the weight of the parameter, Ci is value of the particular parameter (Rokus 2005).
Table 1 The input parameters for analysis to determine a suitable location for RG by McCormack
(2015)
Parameter

Parameter value

Coefficient

1

Hydrological soils
group
Minimal soil depth
Slope
Exposure to the
cardinal points

25%

N/A

35%
25%

0±14 inch
12±700%
0±
270±

2
D - very high
absorption
9±12%
90±
247.5±

Use of area

5%

-

-

10%

3
C - high
absorption
20 inch
6±9%
112.5±
225±

4
B - slow
absorption
3±6%
135±
202.5±

N/A

-

5
A - very slow
absorption
20±80 inch
0±3%
157.5±
(south)
road, housing,
commercial

Table 2 The input parameters for analysis to determine a suitable location for RG by Rokus (2005)
Parameter

Coefficient

% of impervious surface
Soil permeability
Slope

1/3
1/3
1/3

Parameter value
1
2
3
designed using complex calculations from the number of parameters
designed using complex calculations from the number of parameters
0±18%
18±25%
> 25%

Table 3 The input parameters for analysis to determine a suitable location for RG by Marney (2012)
Parameter

Coefficient

Soil
Slope
Depth to ground water
Proximity of structures
Public/private
Use of area

0.25
0.25
0.10
0.15
0.15
0.10

Parameter value
1
loam, clay-loam
0±1.9%
0±1.9 ft
0±9.9 ft
private
housing

2
loamy, loamy-sand
5±8%
2±4.9 ft
10±14 ft
industry

3
sandy
2±4.9%
>5 ft
>15 ft
public
commercial

The parameters used in the analysis process
According to available data, we focused on the categories, which are directly involved
LQ WKH SURFHVV RI SURSHU IXQFWLRQDOLW\ RI 5* LQ WKH VXUURXQGLQJ YLOODJH $OHNãLQFH &DWHJRULHV ZHUH
then assigned the values, which were adjusted with the coefficient by relevance of given parameters
in the process of RG creation (Table 4).
Table 4 Input parameters for creating GIS analysis to determine a location for RG
Parameter

Coefficient

Parameter value
1

Soil

0.25

light soils

Slope
Ownership of parcels
Use of area
Depth to ground water

0.25
0.20
0.20
0.10

2±4.9%
owned by the municipality
public greenery
more than 2.00 m

2
medium heavy and moderate
soils
5±8%
co-ownership
private greenery
2.00±1.00 m

3
very heavy and heavy soils
0±1.9%
private property
industry
less than 1.00 m
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Process of analysis
Workflow analysis to the development and subsequent assessment in the form of map output
included following steps:
 vectorization of village boundaries and parcels with the use of cadastral map and Land Register
portal map, assigning the parameter values,
 vectorization of soil types boundaries in cadaster using maps and Guide for Valuated Soil
± (FRORJLFDO 8QLWV /LQNHã et al. 1996), assigning the parameter values for categories of soils
in accordance to the main unit of soil and soil granularity classifier,
 vectorization of contour lines, assigning the parameter values for slope categories, creation
of a digital terrain model (DTM) created from the nodes extracted from the contours of the area,
 vectorization of ground water levels using Map of underground water levels, assigning the parameter
values for categories of water depths levels,
 vectorization of buildings and paved surfaces using cadastral maps, orthophoto maps and Land
Registry portal maps,
 vectorization of land use zones using a land use plan and a field survey, assigning the parameter
values of the land use.
RESULTS AND DISCUSSION
Result maps that show the values of particular parameters within the boundaries of $OHNãLQFH
were developed by processing the input data according to the methodological model. There were
created 9 maps that were combined to create the result map of suitability of sites for RG placement.
Soil type and its characteristics were considered as one of the most important parameters in RG
construction process. Using Valuated Soil - Ecological Units maps and Soil map of Slovakia, different
soil types in area were plotted (Figure 1). According to the analysis, it can be concluded
that the territory is covered with two types of soils ± brown modals and black earth soils
which predominate. Using Map of soil types (Figure 1) and converting it into three soil categories
based on process model ± light soils, medium and heavy soils with their associated values,
we obtained the Map of soil categories (Figure 2). The map shows there were located just medium
heavy and moderate soils. We can state that soils in studied area are suitable for RG.
Digital elevation model was created after vectorization of contours and extraction of their nodes
(Figure 3) using TIN interpolation. The model shows that the urban area is sloping downward
to the central part (around water streams area). Total elevation difference is approximately 56 m.
The highest parts are located in most south village area called Lahne. Digital elevation model was used
to create the map of slope, which was afterwards categorized and reclassified to model values
(Table 4). Sites, where the slope was exceeding 8%, were considered as unsuitable for RG placement.
Map of ownership within the boundaries of the village $OHNãLQFH (Figure 5) was created
with the use of ownership parameter. Map of land use (Figure 6) displays the area divided
into 3 categories - public greenery - the most suitable areas for RG, private green areas (housing
gardens, vineyards, meadows and permanent grassland) and industrial sites. Industrial zones were
considered as impropriate for RG because of high proportion of the paved surface and special
business. There were also areas totally excluded from analysis process ± forest area, water streams
zones, area of cemetery and areas in Lahne, which are zones of building process and it is not possible
define the final state.
Map of ground water levels (Figure 7) describes division of area into two underground water
zones. Both of them are suitable for RG placement. Main area is situated in water depth of 2 m
and more. For more detailed elaboration it would be suitable to perform local measurements.
Zones excluded from the possible locations for RG (Figure 8) are paved areas - asphalt roads
and buildings, these layers were subsequently merged into a single layer - areas excluded
from the analysis (Figure 9). The roof area of the buildings was extended with a buffer distance
of 3 m; roads were extended with 1 m buffer. It is generally considered inappropriate to install RG
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beyond this limit, as they could lead to waterlogging of subsoil and construction disturbances
of structures of buildings.
Raster map of suitability was reclasificated to contain value 0±1 = 1; 1±2 = 2; 2±3 = 3, after that
it was vectorizated to create a set of polygons with correspondent category of suitability. Value of area
size was calculated for each category in MS Excel environment (Table 5).
The result of this study consists of raster map (Figure 10) which shows division of area to three
categories in respect to their suitability to RG placement. There were not areas with perfect suitability,
the best areas for RG are represented with value 1.25, red areas with value 2.55 the less suitable.
Table 5 Size of areas suitable IRU5*SODFHPHQWLQYLOODJH$OHNãLQFH
Value of area
1.25
1.575
1.9
2.225
2.55
Sum of area size

Area size [m2]
10028
32364
204292
203456
82096
532236

Based on the present methodology and implemented process of analysis can be summarized
than the application of procedure in conditions of municipalities can help to identify suitable locations
for RG placement.
,Q WHUULWRU\ RI $OHNãLQFH WKHUH ZHUH ORFDOLWLHV VXLWDEOH IRU 5* SODFHPHQW GHSHQGLng on local
conditions. Specific value of the parameter and its suitability must be supported with further research
in order to create more detailed categorization suitability. The given fact is related to verification
of individual methodologies McCormack (2015) and Marney (2012) in the field. Also, it is appropriate
to apply a specific field measurements in selected localities focused mainly on soil conditions. Linking
the issue with practice it is based on the verification of results - creation of demonstrative RG.
Figure 1 Soil types in $OHNãLQFH cadastral area

Figure 2 Map of soil categories

Figure 3 Digital elevation model

Figure 4 Map of slope categories
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Figure 5 Map of ownership of parcels

Figure 6 Map of land use

Figure 7 Depth to ground water level

Figure 8 Map of paved area

Figure 9 Areas excluded from the analysis

Figure 10 Map of the site suitability
for RG design within the boundaries
RIWKHYLOODJH$OHNãLQFH
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CONCLUSION
This paper focused to propose a solution of storm water management in public spaces of smaller
settlement of the Nitra region - the village $OHNãLQFH through rain gardens. Solution aims to establish
a methodology for identification of the suitable locations for RG creation after analysing
the conditions of each locality. The methodology sets the values of necessary parameters
for evaluation of suitability of the areas, the weight value, and impact on the overall suitability
of the sites.
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Abstract: Municipal solid waste (MSW) landfills constitute one of the largest sources of anthropogenic
pollutions. Landfill sites act as biological reactors, in which waste undergoes physical, chemical
and biological transformation. Significant problem associated to landfills is the production of leachates.
Leachate is an emergent source of pollutants. Leachate handling typically involves treatment either
on site or at a wastewater treatment plants but phytoremediation, using plants is cost-effective
andsustainable remediation strategies for removing or detoxifying contaminants. The present study
is a part of a larger project on assessing the potential of hemp (Cannabis sativa L.) for phytoremediation
of pollutants (e.g. heavy metals) from leachate. The principal aim of this paper is to describe preliminary
analysis and reaction of hemp on leachate irrigations in a real condition experiment. For the experiment
were chosen two varieties of Cannabis sativa L., Bialobrzeskie and Monoica. During the measurement,
the Bialobrzeskie varieties watered with rainwater were 26% taller on average, and the Monoica
varieties were up to 34% taller than plants watered with leachate. The leachate does not stimulate plant
growth, which is why the growth was much smaller.
Key words: municipal solid waste, Cannabis sativa L., heavy metals, remediation strategies
INTRODUCTION
As people's quality of life has improved, the volume of municipal solid waste generated has
increased concurrently. A large amount of MSW is generated everyday around the world
9DYHUNRYiHWDOD9REČUNRYiHWDO DQGODQGILOOVDUHVWLOOWKHPRst prevalent waste disposal
method. MSW landfills constitute one of the largest sources of anthropogenic pollutions
9DYHUNRYi DQG $GDPFRYi  *ZRUHN HW DO  KoGD HW DO  $GDPFRYi HW DO 2016a,
Koda et al. 2017, $GDPFRYiHWDOVaverkoYiHWDOD5RQJHWDO 2017, Wang et al. 2017).
MSW (without significant recycling activity) predominantly includes food wastes, market wastes, yard
wastes, plastic containers and product packaging materials, and other miscellaneous solid wastes from
residential, commercial, institutional, and industrial sources (Rong et al. 2017). Landfill sites act
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as biological reactors, in which refuse undergoes physical, chemical and biological transformation
(Samadder et al. 2017).
The environmental impacts of the many existing landfills cannot be ignored. Many studies have
proved that landfill leachate is a significant source of pollutants as a consequence of the leaching
of hazardous substances (Li at al. 2012, Melnyk et al. 2014, Gworek HWDO$GDPFRYiHWDO 2016a,
Koda et al. 2017, Rong et al. 2017, Samadder et al. 2017). Landfill leachates are complex; heavy metal
components are undoubtedly the most harmful because of their persistence and toxicity
(Aronsson et al. 2010, Rong et al. 2017, Samadder et al. 2017). Control of heavy metals in leachates has
therefore become a focus of landfill management. Moreover, the quantity and quality of leachate
is primarily influenced by the amount, waste composition and its solubility, moisture content of the solid
waste, as well as by local factors such as hydrogeological conditions, climate, and height and type
of landfill (Koda et al. 2015, Samadder et al. 2017). Landfill leachate is generally a dark coloured liquid,
with a strong smell, which carries a high organic and inorganic load (Yao 2017). Generally, landfill
leachate contains substantial amounts of dissolved organics [(biochemical oxygen demand (BOD5)
and chemical oxygen demand (COD)], inorganic salts, ammonia, heavy metals and xenobiotic organic
compounds (XOCs) that are originated from personal care products, pharmaceuticals, industrial
and household chemicals (Ghosh et al. 2017).
Leachate handling typically involves treatment either on-site or at a wastewater treatment plants
(Koda et al. 2013, 9DYHUNRYi HW DO E  EXW FRVW-effective and sustainable remediation strategies
for removing or detoxifying contaminants in landfill leachate are urgently needed. Phytoremediation,
using plants to eliminate leachate contaminants, is a cost-effective, reliable, and promising technology.
Phytoremediation covers a wide range of pollutants like inorganic chemicals including heavy metals
and metalloids, many organic substances including persistent organic pollutants and radioactive
elements (Meagher 2000, Radziemska et al. 2013, Pandey et al. 2016, Yao 2017). In this case, plants
grow on polluted medium, extract the toxic substances and accumulate them in the upper parts
of the plant (Radziemska et al. 2017). They are then harvested, and consequently the medium is cleaned
up (Ligner et al. 2002).
The present study is a part of a larger project on assessing the potential of hemp
for SK\WRUHPHGLDWLRQ RI KHDY\ PHWDOV IURP ODQGILOO OHDFKDWH 9DYHUNRYi HW DO E  7KH SODQW
we chose for our approach was hemp (Cannabis sativa L.). Hemp is one of the world's oldest cultivated
annual crops (Salentijn et al. 2015). Hemp was found out to be effective in removing metals under model
FRQGLWLRQV 9DYHUNRYi HW DO E  EXW LWV HYDOXDWLRQ LQ ILHOG FRQGLWLRQV LV PLVVLQJ Therefore,
the principal aim of this paper is to describe preliminary analysis and reaction of hemp
(Cannabis sativa L.) on landfill leachate irrigations in a real condition experiment.
MATERIALS AND METHODS
Site description
Zdounky-.XFK\ĖN\ ODQGILOO 1 (  KDVEHHQ LQ RSHUDWLRQ DVD GLVSRVDO
facility, permitted to receive commercial and MSW, since 1996. This site is located in a triangular space
GHOLPLWHG E\ PDLQ URDGV FRQQHFWLQJ WKH YLOODJHV RI =GRXQN\ 1ČWþLFH DQG 7URXEN\-Zdislavice
(Figure 1) $GDPFRYiHWDO E9REČUNRYiHWDO  The site is based on cultivated soil, natural
clay and semi-waterproof clay layer. Before the operation of the landfill site, the clay layer was pressed
tightly, usually 1 ton/m3 in density, to prevent leachate movement. The dredge tubes were installed
for collecting the leaching liquid, which was discharged out into the leachate collection pond. Landfill
anatomy include several protective layers, such as: (1) prepared subgrade, (2) compact clay layer,
(3) geomembranes of high-density polyethylene (HDPE), (4) leachate collection pipe system, (5) filter
geotextile, (6) leachate collection layer. Each of these parts is designed to address specific problems that
are encountered in a landfill.
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Figure 1 Location of Zdounky-.XFK\ĖN\ODQGILOODQGVXUURXQGLQJUHJLRQ

Setup of the experiment
Two monoecious varieties of industrial hemp were chosen for the experiment ± Bialobrzeskie,
a Polish variety registered in 1968 and Monoica, a Hungarian variety registered in 2006
%MHONRYi 6HHGVSURYLGHGE\$JULWHF3ODQW5HVHDUFK,QVWLWXWH/WGâumperk, Czech Republic
(CR) were sown into trays with common horticultural substrate from AGRO CS Inc and left
to germinate. After two weeks of regular watering in the greenhouse of Mendel University in Brno,
newly grown seedlings (10±15 cm) were transported into 10-liter plastic pots with the same substrate.
Four plants were put into each pot. There were 18 pots for each of four experimental groups created.
Bialobrzeskie irrigated with landfill leachate and irrigated with rainwater, Monoica irrigated
with leachate and with rainwater. All pots were labeled to be distinguished for the future measurements
(Figure 2).
Figure 2 Experiment set up in a real condition

On 18 May 2017, the plant seedlings were transported to the Zdounky-.XFK\ĖN\ MSW landfill.
All the plants were placed on the paved concrete part of the leachate pond (Figure 3). The landfill
leachate pond area is secured against the intrusion of unauthorized persons. This area has been marked
with an information sign about the experiment.
The plant pots were evenly distributed over the paved surface so as to avoid confusion when
watering. Cannabis sativa L., in Monoica and Bialobrzeskie varieties intended for watering
with contaminated leachate were placed on the left site, and the same plants intended for watering
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with rainwater were placed on the right site. The plants were watered with 2 liters of the required water
regularly once a week. Depending on the weather, in order to prevent the substrate from drying
and the plants from wilting, the plants were watered with extra rainwater. During the experiment,
drainage plates were added to the pots to contain the water and prevent its deficiency. In the case of pots
intended for watering with rainwater, the problem was that the substrate dried quickly and the weight
of the pots was too low. In unfavorable and windy weather, the plant pots would fall, be blown away
and fall into the seepage water basin. For this reason, certain safety measures were implemented.
Moresubstrate was added to each pot, a supporting rod was added, and the plants were tied to the rod.
The pots were weighed down with stones and the rail around the paved part of the basin was equipped
with a protective net.
Figure 3 Overview of the experiment activities

RESULTS AND DISCUSSION
Plant height measurement
Double measurements of the highest plant in each pot were gradually performed, and the data
was recorded in the recording sheet. Their relationship is graphically depicted in Figure 4. The pot that
irreversibly fell into the basin was not included in the calculation of the average height. On the other
hand, dead samples were also included, where the recorded height was zero. The experiment is still
ongoing, and the samples will be further modified and prepared for additional procedures and analyses.
Figure 4 Measured plant height
200
[cm]

Measured
plant height

100
0

Bialobrzeskie RW

Monoica - RW

1. measurement - average height

114

100

83

84

2. measurement - average height

154

152

90

84

Bialobrzeskie L

Monoica - L

Legend: RW ± rain water, L ± leachate

Landfill leachate toxicological evaluation is essential to examine the impact of leachate
potentially discharged to the HQYLURQPHQW *KRVK  9DYHUNRYi HW DO E . Several studies
highlight that leachate can induce both positive and negative responses in the plants (Mor et al. 2013,
6XOLDVLKHWDO9DYHUNRYiHWDO. 2017b). Our results indicate that leachate can severely inhibit plant
growth. The toxic effect of leachate on plants depends on several factors including the plant species
LWVHOI 6XOLDVLK HW DO  9DYHUNRYi HW DO E). The tested varieties differed in their response
to the leachate treatments. As it can be seen on Figure 4 variety Monoica seems to be more sensitive
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to leachate irrigation compering to variety Bialobrzeskie. In regard to the phytotoxicity
assessment of leachate a number of studies conducted on Cannabis sativa L. revealed that it can
accumulate a considerable amount of heavy metals making it a good candidate for remediation
(9DYHUNRYiHWDOE 
CONCLUSION
In order to approximate real conditions, the samples of Cannabis sativa L., were placed in pots
in the landfill site. According to the methodology, the pots were irrigated weekly with two liters of rain
or leachate water in each pot, and sometimes with additional rainwater depending on the weather
conditions. Double measurements of the plant heights were conducted over a two-and-a-half-month
period, and the results were plotted graphically. The values indicate that the leachate inhibits the growth
of the Bialobrzeskie and Monoica varieties of Cannabis sativa L., in comparison with the rainwater.
In addition to the smaller height of the plants, several samples died. During the second measurement,
the Bialobrzeskie varieties watered with rainwater were 26% taller on average, and the Monoica
varieties were up to 34% taller. The leachate does not stimulate plant growth, which is why the growth
was much smaller. The calculation also included samples that died between the first and second
measurement. For this reason, the average growth values were lower. In the Bialobrzeskie variety,
the plant height increased by 8%. Due to the death of Monoica samples, the average percentage
of the plant height did not change. Leachate contains pollutants, e.g. heavy metals and other
contaminants that are an environmental burden. It is for this reason that they inhibit the growth
of the plant samples. The samples (obtained biomass) will be subjected to further procedures
and analyses in subsequent stages of the experiment, where the content of harmful substances
accumulated in the plant will be determined.
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Abstract: Phenolic substances belong to the most important secondary metabolites of plants; they have
high antioxidant activity useful for the prevention of cardiovascular diseases, bacterial growth or
cancer. Phenolic acids and flavonoids obtained by the means of different extraction methods were
studied in elderberry flowers, namely chlorogenic acid, caffeic acid, rutin, hyperoside, isoquercetin,
quercetin and kaempferol. The plants were extracted in order to obtain three types of phenolic
compounds: free, bound and esterified ones. The compounds of interest were analyzed by the means
of UHPLC liquid chromatograph with a PDA detector at the Research Institute of Brewing and
Malting, PLC. The obtained results indicate that the extraction of free phenolic compounds seems to
be the best method for obtaining phenolic substances. Following phenolic substances are used in the
food industry: chlorogenic acid, rutin, hyperoside, isoquercetin, quercetin and kaempferol.
Key Words: phenolic compounds, phenolic acids, flavonoids, elderberry flowers
INTRODUCTION
Phenolic acids - also called “benzoic acids”, because they are derived from benzoic acid - make
up about one-third of the polyphenols in human diet. Thanks to the presence of aromatic phenolic
cycle that stabilize and delocalize unpaired electrons in the aromatic ring, these acids have significant
antioxidant properties. They are covalently bound to polymer cell wall (Gallardo et al. 2006, Fardet
et al. 2008, Amaki and Saito 2011). Phenolic acids are effective against the oxidation of LDL
cholesterol in the organism, they prevent spreading cancer cells by complexation with carcinogens and
thus preventing their entry into the DNA and creating a mutation during transcription (Havlík and
Marounek 2013, Volf and Andrs 2008). For their general action in a human body, flavonoids are often
referred to as “bioflavonoids”. In plants, these compounds are located especially in glycoside-bound
form or dissolved in the cytoplasm in vacuoles. They are supposed to be involved in redox processes
in organism (Velíšek and Hajšlová 2009, Kovács 2016).
Elderberry is a deciduous bush or a smaller tree with a thin trunk growing up to a height
of 9 meters. Flower - Flos sambuci and fruit - Fructus sambuci are the parts that are collected. The
most important use of the flower - Flos sambuci - is as a diaphoretic or diuretic. It is used against all
respiratory diseases, colds, coughs and angina. It dissolves the mucus, calms the mucous membranes
and promotes expectoration. It is a universal remedy for neuralgias, it drains excess of uric acid from
the body and is used as a treatment of the digestive tract diseases, as well as against kidney or bladder
diseases. Thanks to the rutin content, elderberry has also a beneficial effect on the elasticity and
strength of blood vessels. It regulates blood pressure and is also used in dermatology for bangades
against skin diseases. Elderberry gargle is used for inflammation of gums and tonsils. (Jirásek and
Starý 1986, Kresánek and Krejþa 1988, Janþa and Zentrich 1994). Elderberry can reduce the risk
of diabetes by increasing the antioxidant protection of the body, by reducing the concentration
of fibrinogen and lipid oxidation processes. Thanks to polyphenolic compounds such as kaempferol,
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caffeic acid or naringenin, elderberry can also increase the metabolism of muscle glucose uptake and
insulin secretion (Sidor and Gramza-Michalowska 2015).
Elderberry blossoms contain almost exclusively flavonols - quercetin glycosides
(1.5–3%), especially rutin (up to 1.9%), quercetin, isoquercetin, hyperoside, naringenin and astragalin.
The essential oil (0.03–0.15%) has high content of free fatty acids. It contains also chlorogenic acid
(3%), p-coumaric acid, caffeic acid, ferulic acid and their beta-glucose esters, traces of sambunigrin,
esterified triterpenes, triterpenic acids, mucus, tannins, sterols, beta-sitosterol, campesterol and
stigmasterol, as well as tannins, mucilagens, pectin and sugars (glucose and fructose) (Tomko et al
1999, Bodlák 2000).
MATERIAL AND METHODS
Phenolic substances were monitored in elderberry (Sambucus nigra L.) obtained at the Field
([SHULPHQWDO 6WDWLRQ $) 0(1'(/8 LQ äDEþice. Extraction of free phenolic substances from the
flowers was performed, as well as acid and alkaline hydrolysis. The determination of phenolic
compounds content was carried out according to a modified method by Krygier et al. (1982),
originally designed for the isolation of phenolic acids from oilseeds. The method has been described
in detail in the paper by Karabín et al. (2013).
The homogenized drug was quantitatively transferred into a plastic centrifuge tube, 5 ml
of hexane was added and the sample was shaken for one minute. The resulting suspension was
processed on a centrifuge to separate the excess hexane from the sample; it was removed by the means
of Pasteur pipette. The samples were dried overnight and the next day they were prepared for
extraction via multi-step hydrolysis. The first step was the extraction of free phenolic substances,
which allows to obtain biologically available phenolic compounds contained in the plants. The dried
sample was extracted with 70% acetone; the extraction were repeated three times until the majority of
the free phenolic substances were washed from the sample. The resulting suspension was separated
in a centrifuge and the aqueous phase was transferred to a centrifuge tube after pH adjustment. The
extracted solid was dried and used later for alkaline hydrolysis. The aqueous phase was acidified to pH
2 with hydrochloric acid and extracted with diethyl ether/ethyl acetate (1:1 w/w). The extraction was
carried out 3 times with this solvent mixture. Collected organic layer was evaporated to dryness
in a pear-shaped flask in a rotation vacuum evaporator. The residue was dissolved in 1 ml of 20%
methanol and passed through a nylon filter (porosity 0.2 ȝm) into prepared and labeled vial.
Alkaline hydrolysis
Alkaline hydrolysis was performed as follows. The aqueous and solid fractions obtained
in the preparation of first extraction step were quantitatively transferred into a plastic centrifuge tubes
and 10 ml of 4 M NaOH containing EDTA and ascorbic acid was added. The mixture was shaken for
two hours. After hydrolysis, pH of the samples was adjusted to 2 with hydrochloric acid. The
extraction with the mixture with diethyl ether and ethyl acetate (1:1, w/w) was preformed. Extraction
was carried out 3 times with this a mixture of solvents. The organic layer was removed, transferred to
a pear-shaped flask and evaporated to dryness in a vacuum evaporator. The residue was dissolved in
1 ml of 20% methanol and passed through a nylon filter (porosity 0.2 ȝm) into prepared and labeled
vial. The aqueous phase obtained in this extraction step was subjected to acidic hydrolysis.
Acid hydrolysis
Acid hydrolysis was performed as follows. To the solid and aqueous fractions obtained
after the alkaline hydrolysis, 10 ml of 1 M hydrochloric acid was added. The aqueous phase was
transferred to a 50 ml plastic centrifuge tube and 10 ml of 1 M hydrochloric acid were added. The
opened tube was placed in a 70 °C water bath and kept at constant temperature for 45 minutes. After
that the tube was cooled to room temperature and extracted for 3 times with a mixture of diethyl ether
and ethyl acetate (1:1, w/w). Separated organic layer was transferred to a pear-shaped flask and
evaporated to dryness in a vacuum evaporator. The residue was dissolved in 1 ml of 20% methanol
and passed through a nylon filter (porosity 0.2 ȝm) into prepared and labeled vial. The samples were
prepared in four repetitions, stored in vials and then measured by the means of a Waters Acquity Ultra
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High Performance Liquid Chromatograph with a PDA detector at 250 or 300 nm wavelengths,
according to the analyte type.
RESULTS AND DISCUSSION
The variance analysis of the data obtained for elderberry samples harvested in the years 2015
and 2016 clearly indicates that the vintage statistically very significantly influenced the content of all
investigated phenolic compounds. The extraction method also statistically very significantly affected
all monitored phenolic compounds. The interaction of both factors statistically very significantly
influenced all phenolic substances of interest.
Table 1 The average content [mg/kg] of selected phenolic compounds in elderberry samples obtained
by different extraction methods in the investigated years 2015 and 2016
Year

Extraction method

Rutin

Hyperoside

Acid hydrolysis of solid fraction

1

15.11 a

63.34 a

55.52 a

8.56 b

Alkaline hydrolysis of solid fraction

2

19.92 a

784.84 d

106.27 ab

43.60 d

3

10.63 a

8.49 a

98.86 ab

9.62 b

Alkaline hydrolysis of liquid fraction

4

24.95 a

395.03 c

170.87 bc

16.99 c

Free phenolic compouds

5

1693.28 b

70.88 a

548.36 d

9.70 b

Acid hydrolysis of solid fraction

1

24.91 a

258.69 b

51.65 a

1.57 a

Alkaline hydrolysis of solid fraction

2

112.35 a

1293.05 e

103.40 ab

1.80 a

3

5.93 a

35.37 a

83.66 ab

1.55 a

Alkaline hydrolysis of liquid fraction

4

45.76 a

467.19 c

249.20 c

0.98 a

Free phenolic compouds

5

2426.94 c

13.43 a

1282.38 e

8.33 b

Acid hydrolysis of solid fraction

1

Isoquercetin
34.55 ab

Quercetin
15.0 f

Kaempferol
5.73 d

Alkaline hydrolysis of solid fraction

2

88.69 c

8.16 cde

5.79 d

3

16.17

8.95e

5.79d

2015 Acid hydrolysis of liquid fraction

2016 Acid hydrolysis of liquid fraction

Year

Chlorogenic acid Caffeic acid

Extraction method

2015 Acid hydrolysis of liquid fraction
Alkaline hydrolysis of liquid fraction

4

56.32

6.89bc

5.80d

Free phenolic compouds

5

138.43

8.41de

5.84d

Acid hydrolysis of solid fraction

1

69.23 c

2.60a

3.05 c

Alkaline hydrolysis of solid fraction

2

339.08 e

5.89b

2.49 b

3

21.68 a

5.72b

2.21 ab

Alkaline hydrolysis of liquid fraction

4

88.71 c

1.44a

2.99 c

Free phenolic compouds

5

336.48 e

7.54cd

1.96 a

2016 Acid hydrolysis of liquid fraction

The following biologically active substances: chlorogenic acid, caffeic acid, rutin, hyperoside,
isoquercetin, quercetin and kaempferol have been monitored in elderberry (Sambucus nigra L.).
Several of these compounds are used in the food industry: chlorogenic acid, rutin, hyperoside,
isoquercetin, quercetin and kaempferol. Caffeic acid is only available in low concentrations by the
extraction of free phenolic substances.
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Figure 1 The average content of bioactive compounds in elderberry samples obtained by different
extraction methods in the investigated years 2015 and 2016
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Legend: 1. Acid hydrolysis of solid fraction, 2. Alkaline hydrolysis of solid fraction, 3. Acid hydrolysis of liquid fraction,
4. Alkaline hydrolysis of liquid fraction, 5. Free phenolic compounds
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Chlorogenic acid
As the Figure 1 shows, the content of chlorogenic acid obtained by the extraction of free
phenolic substances was the statistically most significant. The amounts of 2426.94 mg/kg and 1693.28
mg/kg were found in the years 2016 and 2015, resp.
Caffeic acid
By means of the alkaline hydrolysis of the solid fraction, the statistically significantly highest
content of caffeic acid was gained, 1293.05 mg/kg and 784.84 mg/kg in the years 2016 and 2015, resp.
In both monitored years the content of caffeic acid obtained by alkaline hydrolysis of the liquid
fraction was also statistically significant; the content of caffeic acid did not change fundamentally
during those years.
Rutin
The highest content of rutin was obtained using the statistically most significant method – the
extraction of free phenolic compounds. The amounts of 1282.38 mg/kg and 548.36 mg/kg were found
in the years 2016 and 2015, resp. Other methods were statistically insignificant.
The most prominent method of obtaining another monitored analyte, hyperoside, was alkaline
hydrolysis of the solid fraction; 43.60 mg/kg and 1.80 were found in the years 2016 and 2015, resp.
Alkaline hydrolysis of the liquid fraction gave the yield of 16.99 mg/kg in the year 2015. Almost
identical amounts of hyperoside were obtained by extraction of free phenolic substances in both years.
Isoquercetin
The most statistically significant extraction method for isoquercetin was the extraction of free
phenolic substances, with the yield 336.48 mg/kg and 138.43 mg/kg in the years 2016 and 2015, resp.
Alkaline hydrolysis of the solid fraction also proved to be a statistically significant method, 339.08
mg/kg of isoquercetin was obtained in the year 2016.
Quercetin
The statistically significantly highest content of quercetin was obtained in 2015 by acidic
hydrolysis of the solid fraction, 15.00 mg/kg. By extraction of free phenolic substances, similar
amount of quercetin was obtained in both years, 8.41 mg/kg and 7.45 in 1015 and 2016, resp.
Kaempferol
In the harvest year 2015, the type of extraction did not have a statistically significant effect,
because almost identical results were obtained by all methods. However, 5.84 mg/kg of kaempferol
was obtained by the extraction of free phenolic compounds. On the other hand, statistically significant
differences in the content of kaempferol obtained by different extraction methods were found in the
year 2016.
CONCLUSION
The paper specifically deals with the optimization of the extraction methods for phenolic
compounds in elderberry. Phenolic substances are found in plants in the free, bound and esterified
forms, while the only biologically available ones are those in the free form. So far, there is no track
record in the available literature to compare the obtained results with. The extraction of free, bound
and esterified phenolic compounds occurs in barley and malt. This topic was studied by BČláková
et al. (2010) who monitored the change in ferulic acid content in brewing raw materials. From the
obtained results it can be assumed that the above-given extraction of free phenolic substances appears
to be the most ideal way to extract phenolic compounds. Following biologically active substances
were determined in elderberry (Sambucus nigra L.): chlorogenic acid, caffeic acid, rutin, hyperoside,
isoquercetin, quercetin and kaempferol.
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Abstract: The impact of extraction solvents on concentration of selected polyphenols, antioxidant
activity and colour parameters was evaluated for group of 10 the most popular medical plants
conventionally produced in the Czech Republic. High Performance Liquid Chromatography, Electron
Paramagnetic Resonance and Ultra Violet Visible Near Infrared Spectroscopy were employed.
The entire experimental characteristics were processed by multivariate statistical methods in order
to assess the influence of extraction conditions on monitored characteristics and for mutual
differentiation of medical plant samples according to the extraction solvent used. Results obtained
clearly proved the successful differentiation of medical plant samples by means of canonical
discrimination analysis, reaching 96.7% correctness, as well as by k-th nearest neighbour method
reaching 100% for k = 1 and 60% for k = 2. The results unambiguously confirmed also the importance
of selection of the most proper extraction conditions to obtain the highest possible yields of target
compounds/molecules with health-promoting and antioxidant properties.
Key Words: medical plants, solvent extraction, phenolic compounds, antioxidant activity
INTRODUCTION
Medical plants are natural valuable source of phytochemicals, many of which possess also
antioxidant activity. The most abundant group of antioxidants in herbs are phenolic compounds,
comprising flavonoids, phenolic acids, tannins, chalcones, coumarins or stilbens (Huanq et al. 2010).
Polyphenols and flavonoids are of considerable interest to scientists, manufacturers and consumers
due to their health promoting properties (Milevskaya et al. 2017, Sytar et al. 2016).
Extraction is the first important step to separate bioactive constituents from plant materials.
Further selection of a suitable extraction technique is considerable for the standardization of plant
products. However, extraction yield and antioxidant activity not only depend on the extraction method
but also on the solvent used for extraction (Dhanani et al. 2017). The most suitable solvents
for extraction phenolic compounds are aqueous mixtures containing ethanol, methanol, acetone, ethyl
acetate, dimethyl sulfoxide (DMSO), methanol-DMSO mixtures, and dimethylformamide (Magwaza
et al. 2016, Ngo et al. 2017). Ethanol has been known as a good solvent for polyphenol extraction
and is safe for human consumption and water is certainly the safest and the most environmentally
friendly and accessible solvent. It is also significantly less expensive and effective in extraction
of phenolic compounds than organic solvents (Addai et al. 2013, Tan et al. 2014).
The main aim of this contribution was to determine the effect of extraction solvent
on the concentration of phenolic compounds, their antioxidant properties and colour parameters
by
using
modern
analytical
techniques
(Ultra
Violet
Visible
Near
Infrared
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Spectroscopy - UV-VIS-NIR, Electron Paramagnetic Resonance - EPR and High Performance Liquid
Chromatography - HPLC) with combination of multivariate statistical analysis.
MATERIAL AND METHODS
Medical plant material and its pre-treatment
Ten selected medical plants, the most commonly used in the Czech Republic were analyzed
(Table 1). The samples originated from the Medical Herbs Centre in Brno and were harvested in their
full ripeness by experienced botanists preferably in the sunny morning time (8:00±10:00) during
the summer and autumn 2016. The weather conditions at localities were more-less constant
(temperature: 20±28 &UDLnfall: 5±15 mm; humidity: 40±80%). After harvest each herbal sample was
air-dried on trays at 30 &DQGVWRUHGVHSDUDWHO\LQSDSHUEDJVDQGGDUNURRPXQWLODQDO\VLV
Table 1 List of medical plants used in the study

Abbreviation*
LA
CO
HP
SS
MO
GO
HO
MP
SO
SM

Botanical name
Lavandula angustifolia
Calendula officinalis
Hypericum perforatum
Salvia sclarea
Melissa officinalis
Galega officinalis
Hyssopus officinalis
Mentha piperita
Salvia officinalis
Silybum marianum

Family
Lamiaceae
Asteraceae
Hypericaceae
Lamiaceae
Lamiaceae
Fabaceae
Lamiaceae
Lamiaceae
Lamiaceae
Asteraceae

Part used
flower
flower
flower
flower
leaf
flower
flower
leaf
leaf
seed

Legend: * For practical reasons, the abbreviations of medical plants based on their botanical name are further used
throughout the text.

Medical plant extraction
0.5 g of homogenized herbal sample was placed into centrifuge tubes for solvent extraction.
20 ml of extraction solvent (three different solvents were tested: water; 50% (v/v) ethanol water
solution; dimethylsulfoxide) was poured over the respective herbal sample. Mixture was shaken
on laboratory shaker for 1 hour at 150 rpm at laboratory temperature. After that, the mixture was
centrifuged using the laboratory ultracentrifuge at 5 000 rpm and 20 & IRU  PLQXWHV ILOWHUHG
through a fluted filter into a dark vial. The repeated filtration of sample through 0.22 PQ\ORQILOWHU
was applied prior the HPLC experiments. Four extracts from each herb were prepared.
Determination of total phenolic content, total flavonoid content and colour by UV-VIS-NIR
The entire UV-VIS-NIR experiments were performed using UV-VIS-NIR spectrophotometer
Shimadzu 3600 with accessories.
Total phenolic compounds content (TPC) was determined applying the Folin-Ciocalteu method
7RERONRYiHWDO). Standard solutions of gallic acid were used for calibration curve construction
and the results were expressed as gallic acid equivalents (GAE, g/kg).
Total flavonoids content (TFC) was determined following the modified method using 2aminoethyl-GLSKHQ\OERUDWH UHDJHQW 7RERONRYi HW DO   6WDQGDUG VROXWLRQV RI UXWLQ ZHUH XVed
for calibration curve construction and the results were expressed as rutin equivalents (RE, g/kg).
Colour characteristics were determined directly from the measured spectra by means of Colour
Lite Panorama Shimadzu software under the standardized conditions: D65 day light illuminant
DQG  VWDQGDUG REVHUYHU (YHU\ VSHFWUXP ZDV Uecorded at wavelength range 200±1000 nm,
with 0.5 nm interval and slot width 1 nm. For these purposes, 1 mm quartz cuvette was used
for measurements. Colour parameters L*a*b* were used to assess the objectively the colour
of medical plant extracts. Additionally, WKHFKURPD & DQGKXHDQJOH K ZHUHFDOFXODWHGaccording
to the procedure suggested by Kortei et al. (2015).
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Determination of antioxidant activity by EPR
The entire experiments were performed using a portable X-band EPR spectrometer e-scan
with accessories. The experimental EPR spectra processing and evaluation was carried out using
WINEPR.
$QWLR[LGDQW DFWLYLW\ RI H[WUDFWV ZDV WHVWHG E\ -azino-bis(3-ethyl-benzothiazoline-6sulphonic acid cation radical (ABTS) assay. Radical scavenging activity of respective sample was
expressed as TEAC (Trolox equivalent antioxidant capacity) value in the same manners as previously
described by Polovka and Suhaj (2010).
The capability of extracts components to terminate the hydroxyl radicals ( OH) generated
by chemical reaction directly in the experimental system via the thermal decomposition of potassium
persulfate radical initiator in the presence of DMPO as spin trap was investigated according
WKHPHWKRGGHVFULEHGE\%XWRURYiHWDO  7KHDQWLoxidant/prooxidative activity of the samples
tested by the spin trap technique in the presence of DMPO/K2S2O8 was expressed as % RS
(% of radicals scavenged). The % RS was calculated for samples in deionized water and DMSO
according to the equation (1):

% RS

§
I
 I sp (1)OH 
¨1  sp (15)OH 
¨
I ref (15)OH   I ref (1)OH 
©

·
¸  100
(1)
¸
¹

Where: Isp/ref (15)OH represents the intensity of the 15th EPR spectra of the OH of the sample
respectively reference
Isp/ref (1)OH represents the intensity of the 1st EPR spectra of OH of the sample respectively reference
For samples in 50% ethanol, the% RS was calculated according to the equation (2) due to the presence
of both OH and carbon-centered radicals:

% RS

§ I sp (15)C 
I ref (15)C 
¨

¨I
© sp (15)OH  I ref (15)OH 

·
¸  100
(2)
¸
¹

Where: Isp/ref (15)C represents the intensity of the 15th EPR spectra of the C of the sample respectively
reference
Isp/ref (15)OHrepresents the intensity of the 15th EPR spectra of OH of the sample respectively reference
Determination of individual phenolic compounds by HPLC
HPLC Agilent 1260 Infinity apparatus equipped with diode array detector (DAD) with 10 mm
absorption cell, autosampler, quaternary pump, column thermostat and degasser was used.
Individual phenolic compounds (gallic acid, chlorogenic acid, caffeic acid, ferrulic acid, sinapic
acid, catechin, rutin, hesperidin, myricetin, quercetin, luteolin) were separated on Poroshell 120
$JLOHQW&FROXPQ PPîPPSDUWLFOHVL]HQP DW &7KHPRELOHSKDVHFRQVLVWHG
of acetonitrile (solvent A) and 2.5% solution of formic acid (v/v) (solvent B) was used. The following
gradient was used for the determination of phenolic compounds: 92% B, 0±25 min; 85% B,
25±30 min; 88% B, 30±45 min; 85% B, 45±53 min; 80% B, 53±56 min; 92% B, 56±65 min.
Additional parameters: flow rate, 0.75 ml/PLQLQMHFWLRQYROXPHOZDYHOHQJWKVRIGHWHFWLRQ
290, 330, 350 nm; scan range: from 200 to 450 nm. The data were collected by the Agilent 1260
Infinity chromatography data system. Identification of the individual phenolic compounds was based
on the comparison of the retention times and the UV spectra obtained by DAD of unknown peaks
to those of reference authentic standards. Quantification of individual phenolic compounds was
performed via calibration curve of respective standard.
Statistical analysis
The results were evaluated and visualized using OriginPro v. 7.0 and are expressed as
PHDQVWDQGDUGGHYLDWLRQ n = 4). The statistical analysis was performed using the statistical package
Unistat v. 6.0. The DQDO\VLV RI YDULDQFH XVLQJ 7XNH\¶V +6' WHVW ZDV XVHG IRU GHWHUPLQDWLRQ RI
differences among samples. A probability value of P ZDVDFFHSWHGIRUVWDWLVWLFDOO\VLJQLILFDQW
results. Due to high number of experimental characteristics, the entire experimental dataset was
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processed by multivariate statistical analysis canonical discrimination analysis (CDA) and k-th nearest
neighbour discrimination.
RESULTS AND DISCUSSION
Obtained results confirmed expected dependence of all the monitored characteristics on solvent
used, as previously also proved IRULVRODWLRQRISKHQROLFFRPSRXQGVIURPEDVLOOHDYHV =áRWHNHWDO
2016). The total content of polyphenols and flavonoids, antioxidant properties, colour parameters
as well as individual content of phenolic compounds of herbs under study are inversely proportional
WR WKH YDOXHV RI UHODWLYH SHUPLWWLYLW\ RI WKH VROYHQWV WDNHQ DV D PHDVXUH RI SRODULW\ %XWRURYi HWDO
2015). The observed tendency is demonstrated on Figure 1 proving the decrease in total phenolic
compounds in the following order 50% ethanol > distilled water > DMSO. This trend was similarly
observed for parameters TFC, TEAC, %RS as well as for individual phenolic compounds. Based
on the results we can conclude that 50% ethanol was the most appropriate solvent for the extraction
of phenolic compounds selected herbs. It allows obtain the maximum content of phenolic compounds
and antioxidants from herbs and therefore it is suitable for routine analytical work and due to its
harmlessness as well as for implementation into food industry (Tan et al. 2014).
Figure 1 Dependence of total phenolic content of medical herbs extracts on extraction solvent
water
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Legend: TPCGAE ± Total phenolic compounds content express as gallic acid equivalents, ETOH ± ethanol, DMSO ±
dimethylsulfoxide, LA ± Lavandula angustifolia, CO ± Calendula officinalis, HP ± Hypericum perforatum, SS ± Salvia
sclarea, MO ± Melissa officinalis, GO ± Galega officinalis, HO ± Hyssopus officinalis, MP ± Mentha piperita, SO ± Salvia
officinalis, SM ± Silybum marianum

However, it can also be seen from Figure 1 that the differences in total phenolic content among
the individual solvents at the first sight are not so high. Even the analysis of variance in the case
of multiple comparison found statistically significant differences only in parameters a* and %RS
from all studied parameters when the extraction solvent factor was used. In the case of OH
scavenging assay express as %RS statistically higher values were found in 50% ethanol extracts. Also
two types of spin aducts (dominant DMPO-OH adduct and minor by product DMPO-CH2-CH2-OH/
DMPO-CX) were detected in 50% ethanol extracts. On the other hand, only DMPO-OH aduct was
identified in water and DMSO herbal extracts. Further the negative values of %RS in DMSO
and water extracts of individual herbs were found indicate pro-oxidative properties of the extracts,
which can be caused by higher concentration of transition metals such as iron, copper and manganese
in these extracts (Nasri and Rafieian-Kopaei 2014).
For the visualization of the differences among extraction systems canonical discrimination
analysis was used. CDA results according solvent type constructed from all 20 experimental
parameters (containing parameters TPC, TFC, TEAC, %RS, colour parameters L*, a*, E  K & 
and 11 individual phenolic compounds) show the differentiation of samples into three discrete zones.
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From Figure 2 it is obvious that DMSO extracts (aprotic solvent) differ the most from water
and ethanol extracts (protic solvents), although all three types of solvents are different from each other
(Figure 2). As regards the influence of individual characteristics on discrimination function
construction parameters C*, b*, TEAC and TFC are the most discriminating markers
for distinguishing medical plants according extraction solvents. CDA classified samples according
to extraction system with 96.7% correctness, also k-th neighbour analysis classified samples according
to solvents with 100% correctness for k = 1, for k = 2 classification scores decrease to 60%.
Figure 2 Canonical discrimination analysis of medical plants according to extraction solvents. All 20
experimental parameters were used for discrimination function construction

Legend: a ± distilled water, b ± 50% ethanol, c ± dimethylsulfoxide

CONCLUSION
The obtained results demonstrate high potential of combination of analytical techniques
with multivariate analysis for differentiation and classification of herbal samples according
to extraction systems and evaluation data in complex way. The differences in experimental
characteristics were sufficient for successful differentiation and classification of medical plants
according to extraction solvents. Based on the results, also 50% ethanol was chosen as the most
suitable extraction system for the extraction of substances with antioxidant potential, which will be
used in conjunction with industrial practice for further application into food products.
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Abstract: Walnut is known because of its high polyunsaturated fatty acids content, they reduce blood
pressure, total and LDL cholesterol. In the walnut oil production, it is very important to find
appropriate parameters to pressing the oil from seeds. In this study, walnut oil was obtained
by pressing by screw press UNO FM 3F by Farmet Company, Czech Republic. The effects of pressing
frequency of 30, 50, 70, and 90 rpm and nozzle size of 6, 8, 10 mm in pressing experiments were
monitored. The walnuts oil density was 876.3 kg/m3 and seed oil content was determined by extraction
ranges 70.17% in dry basis. The results have confirmed that when the screw rotation speed is changed
from 30 to 90 rpm, the press capacity increases on average from 0.71 to 2.05 kg/h but simultaneously
the oil yield reduces from 41 to 12%. Finally, the optimal pressing parameters were determined
to 30 rpm and nozzle size of 6 mm.
Key Words: walnuts seeds, walnuts seeds oil, screw press, rotation speed, efficiency
INTRODUCTION
Walnut kernels have a high oil content which varies from 52 to 72% (Poggetti et al. 2017,
LabXFNDVHWDO0DUWtQH]HWDO, Zwarts et al. 1999). Walnut is well known because of its
high polyunsaturated fatty acids (PUFA) content (Mehmet 2009, Crews et al. 2005). Regular
consuming of walnuts reduces the risk of diabetes (Kendall et al. 2011), has a positive effect on brain
function (Hou et al. 2014) and reduces the amount of cholesterol in the blood (Kodad et al. 2016,
Uzunova et al. 2015, Avanzato 2010, Park et al. 2008).
Oil from walnut kernel can be obtained in three ways, mechanical extraction (pressed oil),
chemical or solvent extraction and supercritical CO2 extraction (Singh and Bargale 2000).
The extraction by mechanical screw presses is typical for lower proportion of collected oil. Screw
pressing has been studied for a large variety of oilseeds (linseed, canola, crambe, chi seeds and others)
(Ezeh et al. 2016, Ling et al. 2016, Wang et al. 2016, Mridula et al. 2015, Savoire et al. 2013).
But benefits of screw pressing are to produce high-quality oil containing bioactive compounds,
without using organic solvent. Screw pressed method have low investment costs for equipment
compared with supercritical fluid extraction method. Benefits of screw pressing is providing a simple
and reliable method of processing small batches of seed. The amount and quality of pressed walnut oil
are critical for efficiency of commercial production (Jokic et al. 2016, Labuckas et al. 2014, Teh
and Birch 2013, 0DUWtQH]HWDO7XUNPHQ et al. 2006, Koski et al. 2002).
Considering the increasing demand of new sources of high quality vegetable proteins, this study
evaluates the effect of different oil extraction parameters conducted by screw pressing.
MATERIAL AND METHODS
Walnut kernels
Walnut kernels were vacuum-packed and purchased in the supermarket chain originated
in Czech Republic. Seeds were selected a mixed together. They were ground in a stainless-steel mill

526

November 8–9, 2017, Brno, Czech Republic

24
years

with pro-homogenization sample to the fraction of size from 0 mm to 6 mm. Then, the material was
pressed.
Screw press parameters
The screw press type UNO FM 3F made by the Farmet Company in Czech Republic was used
for experimental measurements. This model is suitable for pressing all kinds of oilseeds. The drive is
configured for three-phase voltage with variable speed of the main drive using a frequency converter,
which enables better optimization of pressing parameters. The press components are: an electric motor
(1.5 kW power), transmission, pressing device, motor starter and frequency converter (this allows
precise adjustment of rpm). The screw rotation speed was adjusted on 30, 50, 70 and 90 rpm.
The pressing device components are: a matrix, 220 mm screw, head, heating mantle, nozzle holder
and nozzles of different in diameter (from 6 mm up to 10 mm).
Determination of water content of walnut kernels and density of walnuts oil
:DWHU FRQWHQW RI ZDOQXW NHUQHOV ZDV GHWHUPLQHG E\ GHK\GUDWLRQ DW  & LQ D GU\LQJ RYHQ
type FN 120, Nuve, made in Ankara, Turkey) according to the CSN EN ISO 665 (461025)
Oilseeds - Determination of moisture and volatile matter content. Analysis was made on 5 g of grinded
sample, weighted with an accuracy of 0.1 mg. Results are expressed as the ratio of water loss per gram
of dried sample. Density of oil was determined pycnometrically according to the CSN EN ISO 6883.
This international standard specifies a method for the determination of the conventional mass per
YROXPH ³OLWUHZHLJKWLQDLU´ RIYHJHWDEOHIDWVDQGRLOV'HWHUPLQDWLRQRIZDWHUFRQWHQWDQGGHQVLW\
was performed in triplicate.
Determination of the total fat content in the seeds and cakes through extraction
To determine the total fat content, we used the Soxhlet extractor with hexane as a solvent.
Crushing the walnut kernels always took place immediately prior to the oil extraction and from
the pressed cakes directly after the pressing. For this purpose, the IKA MF 10 basic on the sieve
with the average of 3 mm was used. Emphasis was always placed on precise cleaning of the grinder
in order to avoid distorting the results. The temperature of the extraction mixture was kept
by the heatiQJ PDQWOH FORVHO\ DURXQG WKH ERLOLQJ SRLQW RI KH[DQH  &  ([WUDFWLRQ ZDV DOZD\V
carried out for 8 hours. Subsequently, the hexane was evaporated on the vacuum evaporator, type IKA
RV 10 control at the pressure of 200 kilopascals until the hexane was evaporated. After that,
the pressure was lowered down to 60 kilopascals for another 2 hours at the constant temperature
of 40 &7KHZHLJKWRIWRWDOIDWZDVWKHQPHDVXUHGRQWKHVFDOHVW\SH.(51(*-2NM.
Statistical analysis
Analytical determinations ZHUH GRQHLQ WULSOLFDWH DQG GDWD ZHUHUHSRUWHGDV PHDQVVWDQGDUG
GHYLDWLRQ $QDO\VLV RI YDULDQFH $129$  DQG 7XNH\¶V KRQHVWO\ VLJQLILFDQW GLIIHUHQFH +6'  WHVWV
were conducted to determine the differences among which means that the statistical significance was
GHFODUHGDWS7KHVHVWDWLVWLFDOHYDOXDWLRQPHWKRGVZHUHDSSOLHGXVLQJWKHFRPSXWHUVRIWZDUH
SDFNDJH³6WDWLVWLFD´ 6WDW6RIW,QF86$ 
RESULTS AND DISCUSSION
The input raw material had the following values of the main parameters. The water content was
DW   %, which corresponds to the values conventionally recommended and recommended
for storage (Wco 2017, Poggetti et al. 2017, Christopoulos and Tsantili 2015). The total fat content
ZDV VHWDW   %, which is rather higher in comparison with other authors (Poggetti et al.
2017, /DEXFNDVHWDO0DUWtQH]HWDO=ZDUWVHWDO).
7KH ZDOQXW RLO GHQVLW\ ZDV   3 kg/m3 g]FDQ   LQGLFDWHV YDOXH  NJP3
and Gharibzahedi et al. (2014), in different cultivars, from 921.2 to 921.8 kg/m3. Demirbas (2008)
indicates significantly different value, which is 912.0 kg/m3.
The pressing of walnut kernels was carried out at speed 30, 50, 70, and 90 rpm and nozzles 6, 8
and 10 mm were used. These two parameters significantly affected the press capacity. This means that
one kilogram of kernels may produce 0.41 to 0.12 kg (41±12%) of crude oil (see Table 1). The results

527

November 8–9, 2017, Brno, Czech Republic

24
years

match with the results of Gharibzahedi et al. 2013 who indicates the highest yield crude pressed oil
34.9% and Labuckas et al. (2014) who states oil extraction in between 41.0±44.4%.
The results (Table 1 and Figure 1) indicate that at higher speeds of the pressing and higher
mean of nozzle, the oil yield drops. Specifically, speed change affects extraction up to 57% and nozzle
change up to 53%. This effect could be attributed to the conveying capacity of the press that increases
with screw rotation speed and increased mean of nozzle (Vadke and Sosulski 1988, Poustkova et al.
2010, Savoire et al. 2013).
Table 1 Values of pressing time (h), yield of oil (kg) and press capacity (kg/h), the amount of oil
in pressed cake and the amount of sediment depending on the speed and diameter of the nozzle
Speed
(rpm)

Time of
pressing 1
kg kernels
(h)

Yield of
oil from 1
kg kernels
(kg)

Press
capacity
(kg/h)

The weight
of pressed
cakes
(kg)

The amount
of oil in
pressed
cakes
(kg)

The
weight
of
sediment
(kg)

10

30

0.
0.0043h

0.
0.0042b

0.76

0.46

0.18

0.24

10

50

0.
0.0017d

0.24 
0.0018f

0.89

0.56

0.31

0.20

10

70

0.
0.0010b

0.
0.0016a

0.89

0.70

0.46

0.14

10

90

0.
0.0025a

0.
0.0014d

0.71

0.78

0.52

0.10

8

30

0.
0.0104g

0.
0.0053b

0.82

0.50

0.26

0.23

8

50

0.
0.0042d

0.
0.0052g

1.15

0.42

0.19

0.26

8

70

0.
0.0017c

0.
0.0037e

1.00

0.62

0.37

0.18

8

90

0.
0.0025a

0.
0.0016a

0.88

0.71

0.42

0.13

6

30

0.
0.0029c

0.
0.0040j

2.05

0.29

0.03

0.35

6

50

0.
0.0025b

0.
0.0085i

2.00

0.30

0.04

0.33

6

70

0.
0.0025f

0.
0.0060h

1.50

0.36

0.11

0.29

6

90

0.
0.0000e

0.
0.0000c

0.00

0.00

0.00

0.00

Mean
of
nozzle
(mm)

/HJHQG9DOXHVDUHPHDQVVWDQGDUGGHYLDWLRQVRIWULSOLFDWHGHWHUPLQDWLRQV Means followed by different lowercase letters
in the same column indicates significant differences (P < 0.05) between treatments involving pressing

Table 1 shows clearly, that the amount of oil in pressed cakes depends on the extraction
parameters from 0.03 up to 0.52 kg (3±52%). The higher values are caused by inappropriate
combination of the rotational speed of press and nozzle, which would not be seen in the commercial
use. Labuckas et al. (2014) states, that in the pressed cakes there is leftover in between 27.7±31.1%
RIRLODQG-RNLüHWDO  VWDWHVWKDWWKHYDOXHRIUHVLGXDORLOin press cakes was in the range from
7.95 to 17.57% depending on applied pressing parameters. This oil can be obtained from the following
extraction. Moreover, the amount of sediment was found in the range between 0.1±0.35 kg (10±35%).
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The sediment is made by the imperfect separation of the oil from the pressed cakes. It usually appears
in small quantities and can be separated by settling the oil and filtering it. The higher amount
of this sediment is again caused by an inappropriate combination of press parameters and should be
avoided in regular operation.
Figure 1 Effect of the number of revolutions and mean of nozzle of the press on the yield of oil (kg)

Figure 2 Effect of the number of revolutions and mean of nozzle of the time of pressing (h)

The oil yield depends on the pressing speed, attained pressure, the length of pressure action,
conditions of outflow of oil at a maximum pressure, viscosity, and oil temperature (Black and Bewley
2000). During this study, it was found out that the combination of 6 mm nozzle and the speed
of 90 rpm made the extracting not possible as the press was becoming blocked.
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CONCLUSION
The benefit of screw pressing is to provide a simple and reliable method of processing small
batches of seed. From the results of this study, it is followed that the optimal combination of press
parameters uses 6 mm nozzle and 30 rpm. It is thus possible to achieve the highest moulding of more
than 400 g of oil per kilogram of walnuts kernels, which means that a press capacity is 2.05 kg/h.
In this setting, only about 3% of the oil remains in the pressed cakes. Part of this oil can still be
obtained during the post-process. The measured results can be used in commercial practice
for optimizing the pressing process for pressing of oil from walnuts kernels.
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Abstract: The aim of this work was the determination of variability of the essential oil content
in lavender obtained from different sources. The results indicate that significant differences were
found both in the essential oil content and in its composition. Only the samples of the Lavandula
angustifolia P. MILL (L. officinalis CHAIX) were used to obtain the essential oils. According
to the Czech Pharmacopoeia 2014, the drug (lavender flowers) should contain at least 1.3 ml
of essential oil in 100 g of anhydrous drug and lavender essential oil should contain following
ingredients: limonene < 1.0%, cineol < 2.5% (eucalyptol), 3-octanone < 2.5%, camphor < 1.2%,
linalol 20.0% to 45.0%, linalylacetate 25.0% to 46.0%, terpinene-4-ol 1.2% to 6.0%, lavandulylacetate
> 1.0%, lavandulol > 0.1%, D-terpineol < 2.0%. The average content of the essential oil found
in samples from three cultivation sites in Hvar was 9.58 ml in 100 g sample. However, statistically
significant differences were found between samples obtained from Hvar. The content of limonene
in the analyzed samples was highest in the sample from FranFH DQG WKHVDPSOH IURP %UQR .UiORYR
Pole. The content of cineol DOVRFRPSOLHGZLWKWKH3KDUPDFRSRHLDH[FHSWIRUWKHVDPSOHäDEþLFH,,
It is evident that the samples from Hvar and France had several times higher cineol content than
required by the Pharmacopoeia. 
Key Words: lavender, essential oil, variability, essential oil content, essential oil composition
INTRODUCTION 
Lavender (Lavandula angustifolia Mill.) is a plant with direct, partially woody stalks that grows
as a subshrub; it belongs to the Lamiaceae IDPLO\ 6FK|QIHOGHU,DQG6FK|QIHOGHU3 6HYHUDO
literature sources present a wide range of lavender species - 6ODYtN  OLVWVVSHFLHV.XĢNRYi
(2009) 35±40 species, Upsan and Andreros (2004) shows 39 species. According to the International
Plant Index, 94 species of the lavender genus were registered on April 23rd, 2015 (www.ipni.org).
Lavender is a 0.4±0.8 m high herb with branched stems. The leaves are linearly lanceolate, 20±40 mm
long, with entire margins; young plants have hairy white hairs. The flowers are composed
of 6±10 blossoms that create the top verticillastrum. Lavender is blooming at the beginning of July.
Glandular calyx has numerous trichomes, it is gray-violet and trumpet-shaped; corolla bilabiata is
of violet-EOXH FRORU 7KH IUXLWV DUH EODFN VKLQLQJ QXFXODH )HONRYi DQG .RFRXUNRYi   6RXWK
Europe is the original home of lavender, but it has spread throughout the world as an ornamental,
aromatic and PHGLFLQDO SODQW 6FK|QIHOGHU DQG 6FK|QIHOGHU 2004). It grows on dry, rocky soils
with high calcium content, on sunny slopes with southern exposure. In the Czech Republic, we can
even find it in the wild, but only in warm regions of South Moravia - .ĜWLQ\ %XFKORYLFH HWF
1HXJHEDXHURYi /DYHQGHULVRQHRIWKHSRO\FDUSLFSODQWVWKDWKDYHIUXLWVDQQXDOO\IRUVHYHUDO
years. After creation of fruits, the plants have ability to survive even at frosts of -2 to - C
.RFRXUNRYiHWDO 2015). It is a heliophilic plant with the metabolism, anatomical and morphological
structure adapted to sunny habitats. As for the water requirements, lavender belongs to xerophyte
plants, i.e. plants growing in dry sites where it is actively able to withstand a longer dry period. It can
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adapt even to a more permanent lack of soil and air humidity. The plant is adapted to the drought
thanks to the leaves that can bind the vents inwards. 
The most important lavender ingredient is the essential oil. It is assumed that the lavender
essential oil serves to reduce the transpiration by evaporating near the transpiring plant. Lavender
essential oil is traditionally used and approved by the European Medicines Agency (EMA) as a herbal
remedy to relieve stress and anxiety. The essential oil contains lynalyl acetate, lonalone, borneol,
isoborneol, cineol, geraniol, camphor and other terpenes. In addition, essential oil contains also
tannins, anthocyanins and bittering agents (JDQþD D =HQWULFK 1995). According to the Czech
Pharmacopoeia 2014, lavender essential oil contains following ingredients: limonene < 1.0%,
cineol < 2.5% (eucalyptol), 3-octanone < 2.5%, camphor < 1.2%, linalol 20.0% to 45.0%, linalyl
acetate 25.0% to 46.0%, terpinene-4-ol 1.2% to 6.0%, lavandulyl acetate >1.0%, lavandulol > 0.1%,
D-terpineol < 2.0%.
Ancient Greeks and Romans used lavender as a bath ingredient. The very name of lavender
(Lavandula) comes from the Latin word lavare, "to wash oneself". Lavender keeps long-lasting scent
and has the ability to repel insects. In the past it was used for the production of gloves used to touch
the upper part of the skin. Lavender was also used as a protection against bubonic plague. People used
the essential oil for centuries and it is still accepted both in the form traditional products and
in the modern health care system. Lavender and its active substances are classified into
a phytotherapeutic group as a nervinum, sedativum and antiseptic agent. It is used in the cosmetics
industry to produce soaps, perfumes, lotions, as an ornamental plant, as well as odor corrigens. For use
in cosmetics, a hybrid variety (Lavandula angustifolia MILL x Lavandula latifolia VILL) is
cultivated, often referred to as lavandil. This crossbreed has stems up to 1.0 m long and can be
PXOWLSOLHGRQO\YHJHWDWLYHO\LWLVJURZQPDLQO\LQ)UDQFH 1HXJHEDXHURYi 
Lavender oil is considered to be one of the best-selling medicines for anxiety, stress
DQGGHSUHVVLRQ /RSp]HWDO  It is useful for problems with the gastrointestinal tract, rheumatism
and neurological disorders (Hassiotis et al. 2010). Hassiotis et al. (2010) also state that lavender
essential oil and its components are rapidly absorbed into the skin; linalool and linalyl were found
in plasma already 19 minutes after the application.
The standard, composition and quality of the essential oils are affected by climatic conditions,
the soil composition, the time of harvest and technological method of processing. In addition,
WKH YDULDELOLW\ LQ WKH FRQWHQW RI HVVHQWLDO RLOV GHSHQGV RQ WKH JHQHWLF EDVLV RI WKH SODQW )HONRYi
DQG.RFRXUNRYi 
MATERIAL AND METHODS
Only the samples of the Lavandula angustifolia P. MILL (L. officinalis CHAIX) were used
to obtain the essential oils. According to the Czech Pharmacopoeia 2014, the lavender flowers drug
should contain at least 1.3 ml of essential oil in 100 g of anhydrous drug. The essential oil is obtained
by steam distillation; the principle is to convert the liquid into steam by heating, let the steam pass
through the sample and then condense. When water vapor under high pressure passes through the plant
material, aromatic components are extracted into the steam. Volatile compounds are carried by steam
into the upper part of the column and the cooler, where they condense together with the water.
The essential oils are then separated from the water phase due tR GLIIHUHQW GHQVLWLHV 7UHSNRYi
and 9RQiãHN 
To determine the amount of essential oil in the plant drug, 20.0 g of dried drug was weighted
and 500 ml of water was added. The drug was distilled for 2 hours at the flow-rate of 2 mL/min
to 3 mL/min in a 1000 mL round bottom flask. For each lavender sample, two distillations were
performed.
The samples for the determination of the essential oil content (according to the Czech
Pharmacopoeia 2014) in lavender (Lavandula angustifolia P. MILL) were selected from six different
places of origin, all from the harvest year 2017. The first three samples were obtained from different
parts of Croatian island Hvar (HVAR Ia, HVAR IIb and HVAR IIIc). The sample obtained
from the company "levandulova.cz" originated from France. The study was focused mostly
on lavender samples cultivated at the Field Experimental Station AF MENDE/8 LQ äDEþLFH7KHVH
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VDPSOHV ZHUH WDNHQ IURP ODYHQGHU JURZQ IRU    DQG \HDUV äDEþLFH,äDEþLFH,,äDEþLFH,,,
DQGäDEþLFH,9UHVS 7KHODVWVDPSOHZDVKREE\-JURZQLQDSULYDWHJDUGHQ %UQR.UiORYR3ROH d.
Two samples (n = 2) were obtained from each place of origin. The essential oil content was
determined by steam distillation under the standardized conditions. Samples were always taken
from the plants in the dried state and after thorough grinding. The results are expressed in ml
and related to 100 g of the dried drug.

a ± essential oil volume [ml]
n ± sample weight [g]
x ± essential oil volume in 100 g of dried drug
Essential oils were analyzed using the technique of gas chromatography coupled with a mass
detector (GC/MS). It is a commonly used separation method based on the separation of the individual
components of the sample in the column. The gas chromatograph Trace GC Ultra Finnigan coupled
with a mass detector Trace DSQ Thermo Finnigan was used for the determination of the content
of the studied analytes in the essential oil samples. Separation was performed on a capillary column
SLB5MS (60m x 0,25 mm x 0,25 mm; Supelco, USA), a carrier gas was helium. For the measurement
was used this temperature program: T1 &W1 = 0,1 min, &PLQWR72 &W2 = 10 min,
&PLQWR73 &W3 PLQ,QMHFWLRQWHPSHUDWXUHZDVC with split 1 min. Calibration
curves and analyses performed by the method of external standard were processed and evaluated by
the means of the Xcalibur software. Following components of the lavender essential oil were
GHWHUPLQHG LQ WKH VDPSOHV ȕ-pinene, myrcene, limonene, cineol, linalool, camphor, borneol,
Į-terpineol, terpinene-4-ol, linalyl acetate, lavandulyl, farnesene.
Characteristics of the places of origin for all investigated samples:
x
x
x
x

HVAR I: Gdinj, Split-Dalmatia county, Croatia; 43.1245383N, 17.1085633E
HVAR II: Split-Dalmatia county, Croatia; 43.1581617N, 16.7633631E
HVAR III: Brusje, Split-Dalmatia county, Croatia; 43.1862011N, 16.5021694E
ÄlevandulovDF]³ WKH IDUP Ä(YHOLQH 3RSHH³ 1 ( 5RXWH GX
Ventoux, Sault, France. levandule@techonice.cz
x äDEþLFH , - one-year lavender growth in the Field Experiment Station AF MENDELU in
äDEþLFH
x äDEþLFH ,, - two-year lavender growth in the Field Experiment Station AF MENDELU in
äDEþLFH
x äDEþLFH ,,, - three-year lavender growth in the Field Experiment Station AF MENDELU in
äDEþLFH
x äDEþLFH ,9 - four-year lavender growth in the Field Experiment Station AF MENDELU in
äDEþLFH
x BRNO-.UiORYR3ROH1(
The evaluation of results was performed using the statistical program STATISTICA (data
analysis software system), StatSoft, Inc. (2013), version 12.
RESULTS AND DISCUSSION
Table 1 Average essential oil content in ml per 100 g of sample in lavender samples of various origin
Provenance
HVAR I HVAR II HVAR III FRANCE äDEþLFH, äDEþLFH,, äDEþLFH,,, äDEþLFH,9 Brno
Essential oil in
12.5 d
8.75 c
7.5 bc
2.25 a
3.88 a
3.88 a
3.88 a
5.38 abc 4.75 ab
100 g of sample
Legend: The average values marked with different letters in the columns differ statistically significantly at P = 0.05

The results shown in Table 1 indicate that the highest content of essential oils was found
in lavender grown on the island Hvar in Croatia. The average content of three cultivation sites in Hvar
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was 9.58 ml in 100 g sample. However, statistically significant differences were observed between
the samples obtained from Hvar, the highest content was in HVAR I, which differed from that
of HVAR II and HVAR III samples by 3.75 ml and 5.0 ml, resp. In the lavender samples grown
LQ äDEþLFH WKH DYHUDJH DPRXQW RI HVVHQWLDO RLO ZDV  PO LQ  J VDPSOH /DYHQGHU VDPSOHV
IURPäDEþLFHJURZQIRURQH\HDUWZR\HDUVDQGWKUHH\HDUVGLGQRWGLIIHULQWKHFRQWHQWRIHVVHQWLDO
oils. However, the essential oil content in four-year lavender was statistically significantly different,
it was higher by 1.5 ml. This result is comparable to that one found in the sample from Brno Kr. Pole.
The lowest content of essential oil was found in the sample obtained from the company
"levandulova.cz"e. All evaluated samples meet the requirements of the Czech Pharmacopoeia.
Table 2 Average essential oil composition in lavender samples of various origin

farnesene

lavandulyl

linalyl acetate l

Į-terpineol

terpinen-4-ol

borneol

linalool

cineol

limonene

myrcene

ȕ-pinene

camphor

Essential oil composition

Provenance 

HVAR I

0.64c

1.35b

0.59c

12.15e

56.61b

1.01bc

5.04c

5.1d

1.97b

9.00d

0.72ab

0.71b

HVAR II

0.04a

0.34a

0.11a

18.75f

59.71bc

2.2c

8.46e

3.95c

0.37a

4.84b

0.36a

0.07a

HVAR III

0.65c

1.06ab

0.89d

15.30ef

56.62b

1.96c

6.763d

6.62e

1.84b

6.19c

1.05b

1.05c

FRANCE

0.31b

1.91b

1.27e

19.49f

25.38a

24.92e

5.65cd

5.37d

3.13c

14.20e

2.00bc

0.01a

ä$%ý,&(,

0.02a

2.61c

0.61c

6.19c

50.84bc

0.16a

1.57b

6.40ef

4.13cd

17.91f

8.96fg

0.70b

ä$%ý,&(,,

0.219b

0.10a

0a

1.20a

73.51d

0.26ab

0.056a

3.03ab

0.43a

17.58f

3.62d

0a

ä$%ý,&(,,,

0a

2.48c

0.83d

7.35cd

55.56b

0.3a

1.59b

7.13f

4.58d

13.78de

6.396f

0a

ä$%ý,&(,9

0a

1.19ab

0.35b

2.30b

78.04d

0a

0a

2.62ab

0a

10.58d

4.91e

0a

Brno Kr. Pole 

0a

0.60ab

1.26e

7.57d

60.90c

14.15d

3.02bc

1.78a

0.53a

0.75a

5.47ef

0.37ab

Legend: The average values marked with different letters in the columns differ statistically significantly at P = 0.05

The components of lavender essential oil used in a wide range of industries are given in Table 2.
The content of limonene in analyzed samples was highest in the sample from France and the sample
from Brno Kr. Pole. The content of the cineol also met the requirements of the Czech Pharmacopoeia,
H[FHSWIRUWKHVDPSOHäDEþLFH,,,WLVHYLGHQWWKDWWKHVDPSOHVIURP+YDUDQG)UDQFHKDGVHYHUDOWLPHV
higher cineol content than required by the Pharmacopoeia. Linalool is a naturally occurring terpene
alcohol contained in many types of medicinal plants. It has a wide commercial use, especially for its
pleasant scent (floral, with a little spice aroma). Due to the properties of lavender essential oil, linalool
is the most often used compound obtained from lavender. The samples from Hvar had the average
FRQWHQWRIWKHVDPSOHVIURPäDEþLFHKDGWKHDYHUDJHFRQWHQWZKLFKLV!PRUH
FRPSDUHG WR WKH +YDU VDPSOH 7KH VDPSOHV IURP äDEþLFH KDG DOVR KLJK FRQWHQWV RI RWKHU ODYHQGHU
essential oil components, such as linalyl acetate and lavandulyl. Differences between the samples were
statistically significant.
CONCLUSION
The results of the determination of essential oil content and composition in different lavender
VDPSOHV IURP +YDU )UDQFH äDEþLFH DQG %UQR  VKRZHG VWDWLVWLFDOO\ VLgnificant differences
in the content of the essential oil and its composition. The content of essential oil in Hvar samples
GLIIHUHGVWDWLVWLFDOO\VLJQLILFDQWO\IURPWKHVDPSOHVIURPFXOWLYDWLRQLQäDEþLFHDQG%UQR +YDU± 9.58
ml äDEþLFH ± 4.23 ml, Brno ± 4.75 ml per 100 g). Linalool is the most represented compound
in the essential oil with an average content of 57.46%, with statistically significant differences
EHWZHHQ WKH SURYHQDQFHV 7KH KLJKHVW YDOXHV ZHUH IRXQG LQ WKH VDPSOHV IURP äDEþLFH 
and 78.04%). Other essential oil components also showed statistically significant differences
DFFRUGLQJ WR SURYHQDQFH 7KH UHVXOWV IURP JURZLQJ LQ äDEþLFH DUH REYLRXVO\ LQWHUHVWLQJ
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from the viewpoint of further use of the essential oil (high content of following ingredients was found:
myrcene, linalool, terpinene, D-terpineol, linyl acetate and lavandulyl); however, the results are
available only from one harvest year yet.
ACKNOWLEDGEMENTS
The research was carried out in the framework of the project TACR 7( ÄCentre for
Innovative Use and Strengthening of Competitiveness of Czech Brewery Raw Materials and
Products³.
REFERENCES
Bremness, L. 2003. The Complete Book of Herbs: A Practical Guide to Growing and Using Herbs.
6th ed., London: Viking Studio Books.
ýHVNê OpNRSLV  Pharmacopea Bohemica 3K%00,;   GtO (YURSVNi þiVW 3UDKD: Grada
Publishing, a.s.
)HONRYi 0 .RFRXUNRYi, B. 2003. 3ČVWRYiQt OpþLYêFK URVWOLQ SUR IDUPDFHXW\  %UQR 9HWHULQiUQt
DIDUPDFHXWLFNiXQLYHU]LWD
Hajhashemi, V., Ghannadi, A., Sharif, B. 2003. Anti-inflammatory and analgesic properties of the leaf
extracts and essential oil of Lavandula angustifolia Mill. Journal of Ethnopharmacology, 89(1): 67±
71.
Hassiotis, C.N., Lazari, D.M., Lachonasios, K.E. 2010. The effects of habitat type and diurnal harvest
on essential oil yield and composition of Lavandula angustifolia Mill. Fresenius Environmental
Bulletin, 19(8): 1491±1498.
-DQþD-=HQWULFK, J.A. 1995. +HUEiĜOpþLYêFKURVWOLQ. Praha: Eminent.
.RFRXUNRYi%3OXKiþNRYi+ +DEiQ, M. 2015. /pþLYpDURPDWLFNpDNRĜHQLQRYpURVWOLQ\D]iNODG\
fytoterapie%UQR0HQGHORYDXQLYHU]LWDY%UQČ
.XĢNRYi, T. 2009. %\OLQ\ MDNR QiKUDGD WUiYQtNX In 7UiYQtN\ SUR ]DKUDGX NUDMLQX D sport. 1. vyd.
Olomouc: Ing. Petr BaãWDQSS. 309±329.
/ySH] 9 1LHOVHQ % 6RODV 0 5DPtUH] 0- -lJHU $.  ([SORULQJ 3KDUPDFRORJLFDO
Mechanisms of Lavender (Lavandula angustifolia) Essential Oil on Central Nervous System Targets.
Frontiers in Pharmacology [Online], 8: 280. Available at: http://doi.org/10.3389/fphar.2017.00280.
[2017-9-1].
1HXJHEDXHURYi -  3ČVWRYiQt OpþLYêFK D NRĜHQLQRYêFK URVWOLQ Brno 0HQGHORYD OHVQLFNi
D]HPČGČOVNiXQLYHU]LWD Y%UQČ.
6FK|QIHOGHU, , 6FK|QIelder, P. 2004. Das neue Handbuch der Heilpflanzen: Botanik, Drogen,
Wirkstoffe, Anwendunge. Stuttgart: VerlagsgesellschaftmbH.
6ODYtN%.YČWHQDýHVNpUHSXEOLN\ Praha: Academia.
TreSNRYi(9RQDãHN)9ĤQČDSDUIpP\7DMHPVWYtSĜLWDåOLYRVWLPraha: Maxdorf.
www.ipni.org. [2016-04-27].

536

November 8–9, 2017, Brno, Czech Republic

24
years

7+(86(2)6$785$7('0,''/(&+$,1)$77<$&,'6
,17+(7(&+12/2*<2):,1(352'8&7,21
MAGDALENA GOCIKOVA, MOJMIR BARON, JIRI SOCHOR
Department of Viticulture and Enology
Mendel University in Brno
Valticka 337, 69144 Lednice
CZECH REPUBLIC
magdalena.gocikova@gmail.com
Abstract: Reducing the amount of sulphur dioxide in wine has been one of the main subject of interest
to winemakers for several years. Recent research has shown the efficacy of saturated middle chain fatty
acids (MCFAs) as inhibitors of alcoholic fermentation; even in the production of wine with higher
residual sugar. In this study, the effectiveness of the octanoic (C8), decanoic (C10) and dodecanoic (C12)
mixture of MCFAs as a complement to sulphur dioxide was monitored with a view to reducing
the dosage of sulphur dioxide required to ensure effective inhibition of Saccharomyces cerevisiae yeasts,
which in turn halts alcoholic fermentation. The progression of alcoholic fermentation was observed
across twenty-four variants and combinations of middle chain fatty acid mixtures and sulphur dioxide.
The development and conclusion of alcoholic fermentation was controlled for ten days, after application
of the MCFAs mixtures. The process was monitored through daily measurement of residual sugar
content. The results were statistically evaluated. A mixture of the C8, C10 and C12 MCFAs in the ratio
2:7:1, in concentration 10 mg/l, can reduce the required dosage of sulphur dioxide by several tens
of mg/l. The results prove that the application of 10 mg/l of MCFAs mixture with 30±40 mg/l of sulphur
dioxide has the same efficacy as the dosage of 60 mg/l of sulphur dioxide alone.
Key Words: alcoholic fermentation, octanoic acid, decanoic acid, dodecanoic acid, sulphur dioxide
INTRODUCTION
One of the main subject of interest in the wine world in recent years has been the reduction
of sulphur dioxide in wine. This is due to the possible health risks associated with the consumption
of SO2. Whilst the total exclusion of sulphur dioxide without any substitution is, in most cases,
impossible, the dosage of SO2 could be significantly reduced. Sulphur dioxide has many important
functions in the winemaking process ± it acts as an antioxidant, deactivates enzymes and has
antimicrobial effects. Furthermore, SO2 affects the organoleptic characteristics of wine, both positively
and negatively (%DURĖ 2013, Guerrero and Cantos-Villar 2015, Henderson 2009).
Whilst the health risks associated with the consumption of SO2 are a serious cause for concern,
the issues associated with using no SO2 in the winemkaing process forced us to consider alternatives.
Much attention had been focused on identifying alternatives or substitutes which were effective
in protecting wine and minimising or eliminating the use of sulphur dioxide, without any negative
influence on human health. However, to the extent that such chemical or physical alternatives had been
identified, those alternatives were prohibitively expensive and/or technically demanding and therefore
unavailable to most winemakers %DURĖ 2013).
A breakthrough in this area has been made through the exploration of saturated MCFAs, which
are perfect alternatives to sulphur dioxide. MCFAs can replace the SO2 in respect of antimicrobial
function. Fatty acids with longer chains (C16 and C18) work like activators of alcoholic fermentation
(Rodriguez-Nogales et al. 2013), whereas MCFAs (C8, C10 and C12) have the opposite effect, halting
alcoholic fermentation. MCFAs are also good at inhibiting undesirable malolactic fermentation
(Guilloux-Benatier et al. 1998, Viegas and 6i-Correia 1997). The functioning of MCFAs C8, C10
and C12 is very straightforward. They penetrate the body of the yeast, changing the structure of the yeast
resulting in the yeast cell becoming permeable to other substances. Thus, the yeast becomes nonfunctional and alcoholic fermentation is halted. These MCFAs are able to prevent refermentation
which could otherwise occur in the wine bottle as a result of the presence of residual sugar. Accordingly,
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MCFAs could assist with the storage of wine. The question is, are there residues of the MCFAs in wine
as a result of this process? This can be answered very easily. A significant proportion of the MCFAs
added to the wine are absorbed or assimilated by the yeasts. The balance of MCFAs are esterified
and remain in the wine as residue; however, this is a negligible quantity in the order of tenths (maximally
units). MCFAs are fixed on the dead-yeast bodies and are removed gradually during the winemaking
process. No significant difference has yet been found between residues of MCFAs and their esters
in wine treated with or without MCFAs. Simultaneously, no increased occurrence of volatile compounds
was registered. The aim of this study was to explore these new issues, which appeared in the wine sector.
The research followed the idea of using MCFAs in winemaking technology and the storage of wine
%DURĖ 2013).
The main goal of this experiment was to confirm or disprove the efficacy of MCFAs ± octanoic,
decanoic and dodecanoic ± as inhibitors and stoppers of alcoholic fermentation.
MATERIAL AND METHODS
Design of experiment
The progression of alcoholic fermentation was compared across twenty-four different variants
and combinations of dosages of MCFAs mixtures and sulphur dioxide. The evolution of alcoholic
fermentation and its conclusion was controlled for ten days, after application of MCFAs mixtures
and SO2. The term of stopping alcoholic fermentation was determined at the time, while the content
of fermentable sugar in the fermenting must was 25.6 mg/l (LQ WKLV FDVH LW LV FDOOHG ³WKH GD\ 0´).
The process was monitored daily through the measurement of residual sugar content. The results were
statistically evaluated.
Table 1 Analytical parameters of must at the moment of addition of MCFAs mixture and SO2
PARAMETER

Titratable acids

pH

Alcohol content

Content of residual sugars

VALUE

9.43 g/l

3.12

11.15% vol.

25.6 g/l

Material
The must from the µ/DXURW¶ URVp variety was chosen for this experiment.
Sulphur dioxide was used in solid form ± as K2S2O5 (also called pyrosulphate), which was
quantitatively converted into a pure form (from a practical point of view).
The mixture of MCFAs: for this experiment a MCFAs mixture with the ratio C8 : C10 : C12 = 20
: 70 : 10 was chosen for every combination with or without sulphur dioxide (except the control variant,
which was without any treatment). 100 mg of MCFAs (in the appropriate ratio) was dissolved
in an aqueous solution of potassium hydroxide (volume 1L).
The variants and combinations of dosages of SO2 and MCFAs are shown in Table 2 below.
Table 2 Variants and combinations of dosages of MCFAs and SO2
MCFAs/SO2 [mg/l]

0

20

30

40

50

60

0

0/0

0/20

0/30

0/40

0/50

0/60

5

5/0

5/20

5/30

5/40

5/50

5/60

10

10/0

10/20

10/30

10/40

10/50

10/60

20

20/0

20/20

20/30

20/40

20/50

20/60

Methods
Determination of analytical parameters of must was completed after the application of the MCFAs
mixture and SO2, and was measured by the ALPHA analyser, which is working on principle infrared
VSHFWURVFRS\ ZLWK )RXULHU¶V WUDQVIRUPDWLRQV )7,5  XVLQJ the sampling technique Attenuated Total
Reflection (ATR). Basic analytical parameters were established on this analyser; these parameters were:
titratable acids, pH, alcohol content and residual (fermentable) sugar content (Table 1).
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The residual sugar content after treatment (application of MCFAs and SO2) was measured
ZLWK 5HEHOHLQ¶V PHWKRG 7KH SULQFLSOH RI WKLV PHthod consists of iodometric determination based
on the difference in consumption of sodium thiosulphate on titration of a defined concentration
of the copper cation and its balance after reaction with reducing sugars of wine without removal
of interfering substances %DOtN 1998).
RESULTS
This study examines the identification of a substance to complement sulphur dioxide as a wine
additive, which could mean a significant reduction of sulphur dioxide dosages. One of the very
problematic aspects of making wine with a higher content of residual sugar is stopping alcoholic
fermentation. This step usually needs a higher dose of SO2. The reduction of this dose could be supported
by the application of a MCFAs mixture (C8, C10 and C12). This MCFAs mixture is able to stop alcoholic
fermentation, so the dose (and thus the content) of sulphur dioxide could be greatly decreased.
The most important parameter monitored in this experiment was the change in residual sugars
content. By observing this change, the effectiveness of the MCFAs mixture in stopping alcoholic
fermentation could been determined. The efficacy of the MCFAs mixture (octanoic, decanoic
and dodecanoic acid) is summarized and commented upon in the figures below.
Table 3 Key to the charts
ABBREVIATION

EXPLANATORY NOTE

ABBREVIATION

EXPLANATORY NOTE

MCFA 0

Without addition of MCFAs

SO2 0

Without addition of SO2

MCFA 5

Addition of 5 mg/l MCFAs

SO2 20

Addition of 20 mg/l SO2

MCFA 10

Addition of 10 mg/l MCFAs

SO2 30

Addition of 30 mg/l SO2

MCFA 20

Addition of 20 mg/l MCFAs

SO2 40

Addition of 40 mg/l SO2

Sugars

Content of residual sugars [g/l]

SO2 50

Addition of 50 mg/l SO2

Days

Measurement 20. ± 29. 11. 2015

SO2 60

Addition of 60 mg/l SO2

The efficacy of sulphur dioxide depending on the different doses of MCFAs mixture
MCFAs were investigated for the purpose of reducing the dosage (and the content) of sulphur
dioxide in wine; not necessarily the total elimination of SO2. Through analysis of the content of residual
sugar after the addition of the MCFAs mixture and SO2, it was possible to compare the efficiency
of MCFAs and SO2 during the halting of alcoholic fermentation. Through testing different variants
and combinations of dosages of MCFAs mixture and SO2, it was possible to find the appropriate solution
for reducing the amount of sulphur dioxide required to be added. The following chart (Figure 1) shows
the efficacy of sulphur dioxide in combination with MCFAs and the mutual influence of these
substances. It can be said that the higher the content of fermentable sugars, the higher the effectiveness
of the inhibitors. The SO2 dose could be up to several dozen of mg/l lower in a suitable combination
with the MCFAs, which confirms the idea that MCFAs enhance the efficiency of SO2. The experiment
was designed to consider the parameters influencing the development of fermentable sugar content time, sulphur dioxide dose and medium chain fatty acid mixture.
The obtained results are shown at Figure 1 and from that follows the conclusion that the efficacy
of sulphur dioxide in dosages more than 40 mg/l SO2 (colours pink, black and grey) was almost identical
in these variants. These dosages of SO2 were able to stop alcoholic fermentation without the addition of
the MCFAs mixture. What is more interesting is that the dosages of SO2 in concentration 20 and 30 mg/l
in combination with MCFAs mixture in concentrations 10 and 20 mg/l seem very promising, insofar as
the inhibition of alcoholic fermentation is more than noticeable. The combination of a convenient dose
of MCFAs mixture and a reduced dose of SO2 (less than 40 mg/l) is more effective than a dose of the
SO2 by itself, even in the case of a higher concentration of SO2. This supports the conclusion that a
reduction in the dosage of sulphur dioxide is possible using the MCFAs mixture.
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SUGARS

Figure 1 The degree of influence of SO2 on the inhibition of the yeasts according to doses of MCFAs
mixture is shown by the development of content of residual sugars (g/l)

MCFA

The development of the content of residual sugar depending on all monitored parameters
Figure 2 (below) provides the most comprehensive view of the entire experiment.
The development of the content of residual sugars for all samples with the addition of sulphur dioxide
0±40 mg/l (included) is shown. The samples with doses of 50 and 60 mg/l were not considered in this
evaluation, because those doses of SO2 can stop alcoholic fermentation without the addition
of the MCFAs mixture (Figure 1).
The experiment was designed to consider the parameters influencing the development
of fermentable sugar content: time, sulphur dioxide dose and dose of MCFAs mixture. Applying those
parameters, it was possible to find the most effective combination of the inhibitors (i.e. the MCFAs
and SO2) and select the best variant for stopping alcoholic fermentation, with the aim of making wine
with a higher residual sugar content.

SUGARS

Figure 2 The development of residual sugar content depending on the added amount of MCFAs mixture,
SO2 and on time

MCFA 0

MCFA 5

MCFA 10

MCFA 20

The most significant results for the intended purpose are contained in the box labelled ³0&)$
´(Figure 2); this is the dose 10 mg/l of MCFAs mixture in combination with 20±40 mg/l of SO2
(colours red, green and pink). This concentration is optimal for wineries, even if the goal of production
is a wine with a higher residual sugar content. The change of residual sugars was, in this case, minimal.
A little change can be attributed to the phasing of alcoholic fermentation when the measure was made,
or potential measurement errors. Slowing of alcoholic fermentation can be observed from the dose
5 mg/l of MCFAs mixture even with zero addition of sulphur dioxide. Obviously, the variants
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with the highest addition of MCFAs mixture and SO2 ZHUHWKHPRVWHIIHFWLYH WKHER[³0&)$´ 
There are only minimal differences in effectiveness between the different SO2 dosages applied in this
variant (units percent). The one outlier is where the MCFAs mixture was applied by itself, without SO2.
Also in this case we can see obvious slowing of alcoholic fermentation.
Table 4 Statistical evaluation ± )LVKHU¶VWHVW/6'
CONTENT OF SUGAR
20
23
24
25

AVERAGE MCFA
0.000000
2.500000
7.500000
8.928571

A
****
****
****

B
****
****
****

The evaluation in Table 4 shows that the MCFAs averages (with the dose 30±40 mg/l SO2)
DWVLPLODULW\OHYHOĮ ZHUHGLYLGHGLQWRWKUHHKRPRJHQHRXVJURXSV7KH0&)$VGRVHPJOLV
group A, the doses of MCFAs 2.5 and 7.5 mg/l are the group AB and the dose of MCFAs 8.93 mg/l
(rounded) is the group B. The difference between the doses 0 and 8.93 mg/l of MCFA is confirmed
by this test.
DISCUSSION
The MCFAs C8, C10 a C12 were investigated many years ago (Garbay et al. 1995, GuillouxBenatier et al. 1998, 9LHJDVDQG6i-Correia 1997, Cabral et al. 2001) and their ability to inhibit alcoholic
fermentation and possibly halt undesirable malolactic fermentation was confirmed in several studies
%DURĖ 2013, %XGtQRYi 2016).
The structure of the experimental part of this study was relatively simple, but the results are
conclusive. The efficacy of MCFAs was confirmed. A handicap of this experiment was a small spectrum
of monitored factors that could affect the effectiveness of MCFAs.
The results confirm previous findings that a dose of MCFAs mixture for wine production
of 10 mg/l is adequate to enable a reduction in the dose of sulphur dioxide by several tens of milligrams
per litre %DURĖ 2013). However, several questions remain. How high a dose would be required at a later
stage (for example, during storage) to ensure microbial stability without refermentation. This problem
relates to the possible development of resistance of the yeasts to MCFAs, because yeast cells can build
their own defence mechanism. According to Cabral (2001), yeasts that have been exposed to the sublethal effects of octanoic acid at their inception are more resistant to the inhibitory effect of medium
chain fatty acids. Further, he presents a very interesting finding about so-FDOOHG ³FURVV-UHVLVWDQFH´;
if a cell is infected by MCFAs and the permeability is increased, ethanol can flow into the body
of the yeast and, whilst it could kill the yeast, the moderate stress induced by ethanol can also force
the yeast to activate its own defence mechanism. Further, the yeast can use this increased permeability
for faster transport of octanoic acid out of the cell. The issues of toxicity and time of effectiveness
of the MCFAs require further clarification.
%XGtQRYi (2016) states in her thesis that the dose 20 mg/l MCFAs mixture without adding SO2
was not sufficiently effective and, consequently, disadvantageous for the winemakers. This proposition
is consistent with the results of our study. However, where the results differ is in the variant with 5 mg/l
MCFAs and 60 mg/l SO2. While this dose (5 mg/l) of MCFAs mixture (and also SO2 in concentration
60 mg/l itself) was quite sufficient in our study, %XGtQRYi¶VUHVHDUFKsuggested that these doses were
less effective than our study suggested. This difference could be explained by the content of residual
sugar contained in the tested wines differing at the moment when the MCFAs and SO2 were applied.
In our experiment, the content of residual sugar was lower by 10±15 g/l WKDQLQ%XGtQRYi¶VH[SHULPHQW.
It is very difficult to discuss results where there are only a few comparable studies, even where
those studies resulted in similar conclusions.
CONCLUSION
This research was focused on identifying alternative substances to sulphur dioxide. Going back
to the basics ± SO2 can stop alcoholic fermentation and ensure microbial stability of the wine. However,
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the risk of the yeast and the other microorganisms developing resistance is considerable, in addition
to the possible health risks. It is no wonder that the reduction of SO2 is one of the most discussed topics
in the contemporary wine world. Our study proves that the amount of sulphur dioxide can be reduced
by tens of milligrams thanks to the MCFAs mixture even if the aim is to produce a wine with a higher
content of residual sugar. The ideal concentration of the dose of the MCFAs mixture is 10 mg/l. This
dose and the method of application is acceptable, easy and inexpensive. The MCFAs mixture is a new
method for the production of wine with a higher content of residual sugar. This method is not
technologically difficult and therefore it is accessible to smaller winemakers. This method has minimum
risks, because MCFAs are naturally occurring and fit for human consumption. The amount of MCFAs
residue after the application of the MCFAs mixture as a treatment with the aim to inhibit yeasts differs
only fractionally from wine which has not had the MCFAs mixture added. MCFAs cannot be detected
in the organoleptic properties, if they are used sparingly. The middle chain fatty acids mixture seems
like an ideal aid in the wine production process.
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Abstract: This study deals with the occurrence of phthalic acid esters in sausages and their packaging
depending on the time. The identified phthalic acid esters were dibutyl phthalate (DBP)
and diethylhexyl phthalate (DEHP). DBP and DEHP are the most used plasticizers. It exist a risk
of migration phthalic acid esters to the food. In sausages was found concentration of DBP from 7.01
to 18.79 Pg/g of original raw material, concentration of DEHP from 4.81 to 23.45 Pg/g of original raw
material. But the statistically proven difference between concentrations in sausages established
immediately after purchase and on expiration date was not found. The concentration in packaging was
detected DBP from no detected level to 83.92 ȝg/dm2, DEHP from 0.62 to 247.91 ȝg/dm2. Statistically
prove different between concentrations established immediately after purchase and on expiration date
was found only for the concentration of DBP per gram of plastic, and per dm2 in plastic casing, then
for wrap with label for concentration of DEHP per gram of plastic, and per dm2.
Key Words: contaminant, wrap, pollutant, DBP, DEHP
INTRODUCTION
Plastic contains its polymer and other components: antioxidants, antistatic agents, plasticizers,
stabilizers. Some components, mostly plasticizers and residual monomers of plastic, migrate
from food packaging into food. Main plasticizers are used esters of phthalic acid (Rupp 2003).
Plasticizers impart better processability and flexibility to plastic material (Han and Gennadios 2005).
Plasticity, elasticity and shrinkage are the important properties of plastics. Plastic polyvinyl chloride
(PVC), widely used in non-softened plastic foils, contains up to 5% plasticizer, the most commonly
used plasticizers are dibutyl phthalate, di-(2-ethylhexyl) phthalate, dioctyl adipate (KaþeĖák 2001).
The migration limits for food plastic contact materials are regulated by Commission Regulation (EU)
No 10/2011, for DEHP 1.5 Pg/g of food, for DBP 0.3 Pg/g of food, an overall migration limit is set
of 10 mg per 1 dm2 (EU 2011). Phthalates are lipophilic, therefore foods with higher fat content have
higher phthalate content to tens of Pg phthalates/g, other foods contain up to units Pg/g (Velíšek
and Hejšlová 2009). The highest concentration of DBP was found in cheese and sauces of 62 Pg/g
and the highest concentration of DEHP in fish 32 Pg/g (Clark et al. 2003). The amount of phthalates
in food depends on contamination and the process of processing, not just on the amount of fat
(Sharman et al. 1994). Esters of phthalic acid are carcinogenic and teratogenic in acute toxicity cause
dizziness, nausea, somnolence, hallucinations (Velíšek and Hajšlová 2009). According to the Decree
of the Ministry of Agriculture of the Czech Republic No. 69/2016 Coll. sausages belong to heattreated meat products, heated at a minimum of 70 °C in all parts for 10 minutes (ýeská Republika
2016). Storage must be at temperature max. 5 °C (Pipek 2012). Covers for meat products can be used
natural or artificial casing. The natural casings are better shaped, and they are used for the highest
quality products. The natural casings are for example: pork casing, mutton casing, bovine intestine.
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Artificial casings, which are non-consumable, are particularly suitable for cooked products, the coating
is resistant to heating (Fletcher and Bretherton 2013).
MATERIAL AND METHODS
Chicken sausages for analysis were purchased in the Czech Republic. Chicken sausages
and their packaging were analyzed. Sausages were type of sausage wrapped separately in an artificial
coat and the sausages in the artificial coats were packaged in the next package (outer package).
Frankfurters were analyzed in the six repeat immediately after purchase and in the six repeat
on the day of expiration. Packages of these sausages were analyzed in three reps immediately
after the purchase of sausages and on the day of sausages expiration. The covers were divided
into plastic casing, outer wrap, outer wrap with label. The plastic packaging was analyzed by HPLC
according to the method of GajdĤšková et al. (1996), sausage samples according to the method
of Jarošová et al. (1999). Software Agilent Chemstation for LC and LC/MS systems was used
for evaluation of concentrations. The results were prepared by Microsoft Excel and STATISTICA.
Shapiro-Wilk's test for normality was used (D = 0.05), followed by t-test for dependent samples;
or nonparametric test to compare two dependent samples. The DBP and DEHP concentrations after
purchase with concentrations at the time of expiration were compared for the same types of samples.
RESULTS AND DISCUSSION
The concentration (Table 1 and Table 2) of DBP in sausages was ranged from 7.01 to 18.79
Pg/g of original raw material, the concentration of DEHP from 4.81 to 23.45 Pg/g of original raw
material. The values of DBP in sausages measured immediately after purchase was determined
at 12.80 r 3.68 Pg/g of original raw material, DEHP at 10.13 r 3.78 Pg/g of original raw material.
The concentration of DBP in sausages on expiration date was detected to 12.43 r 3.44 Pg/g of original
raw material, DEHP to 11.74 r 5.62 Pg/g of original raw material. Statistically was found
no difference between the concentration of DBP and DEHP in sausages determined immediately
after purchase and on expiration date (p > 0.05).
Table 1 Concentration of DBP and DEHP in sausages immediately after purchase
Sample
DBP Pg per
DEHP Pg
DBP Pg per
DEHP Pg
DBP Pg per
gram of fat per gram of gram of dry per gram of
gram of
fat
matter
dry matter original raw
material
1
135.34
87.52
52.54
33.97
18.79
2
65.17
51.21
25.16
19.77
9.07
3
100.90
114.73
38.12
46.63
13.48
4
115.11
62.52
45.21
24.55
16.08
5
68.20
74.99
29.22
32.13
10.43
6
61.85
33.26
25.36
13.64
8.95

DEHP Pg
per gram of
original raw
material
12.15
7.12
16.49
8.73
11.47
4.81

Table 2 Concentration of DBP and DEHP in sausages on expiration date
Sample
DBP Pg per
DEHP Pg
DBP Pg per DEHP Pg
DBP Pg per
DEHP Pg
gram of
gram of fat per gram of gram of dry per gram of
per gram of
fat
matter
dry matter original raw original raw
material
material
7
57.93
70.63
23.96
29.21
8.30
10.12
8
104.89
95.72
41.47
37.84
14.36
13.11
9
120.49
54.22
45.55
20.49
15.90
7.15
10
107.43
70.25
43.41
28.39
14.78
9.66
11
99.90
164.61
41.70
68.71
14.23
23.45
12
50.04
49.78
20.42
20.31
7.01
6.97
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The value (Table 3 and Table 4) DBP concentration of plastic casing immediately after purchase
was detected by 18.52 r 2.427 ȝg/g of plastic, and on expiration date by 4.11 r 0.567 ȝg/g of plastic.
The value DEHP concentration of plastic casing immediately after purchase was detected
to 8.66 r 4.895 ȝg/g of plastic, and on expiration date to 3.33 r 1.425 ȝg/g of plastic. DBP
concentration of outer wrap was determined at 40.08 r 4.164 ȝg/g of plastic after purchase,
on expiration date at 26.65 r 21.496 ȝg/g of plastic. DEHP concentration of outer wrap was
determined to 5.97 r 2.376 ȝg/g of plastic, on expiration date to 3.94 r 1.676 ȝg/g of plastic.
And the concentration of DBP in wrap with label was found after the purchase to be 18.65 r 13.189
ȝg/g of plastic, on the date of expiration to be 28.15 r 14.108 ȝg/g of plastic. The concentration
of DEHP in wrap with label was determined at 34.46 r 32.955 ȝg/g of plastic after the purchase,
on the date of expiration at 98.43 r 27.663 ȝg/g of plastic. The concentration DBP per gram of plastic,
and per dm2 in plastic casing after the purchase and on the date of expiration was found statistically
significant difference, by DEHP was not found statistically significant difference. In outer wrap
for DBP and DEHP concentration was not found significant difference. But for wrap with label was
found statistically significant difference for concentration DEHP per gram of plastic, and per dm2
after the purchase and on the date of expiration. The concentration of DBP for wrap with label was not
significantly different.
Table 3 Concentration of DBP and DEHP in the packagings of sausages immediately after purchase
Samples
DBP Pg per gram DEHP Pg per gram DBP Pg per dm2 DEHP Pg per
dm2
of packaging
of packaging
1) plastic casing
20.12
1.76
7.13
0.62
2) plastic casing
20.34
11.62
7.80
4.46
3) plastic casing
15.09
12.60
6.13
5.12
1) outer wrap
34.29
9.33
24.72
6.72
2) outer wrap
43.91
4.14
31.52
2.97
3) outer wrap
42.05
4.45
31.76
3.36
1) wrap with label
ND
81.00
ND
144.03
2) wrap with label
27.80
13.33
48.88
23.44
3) wrap with label
28.15
9.05
50.50
16.23
Legend: ND no detected

Table 4 Concentration of DBP and DEHP in the packagings of sausages on expiration date
Sample
DBP Pg per gram
DEHP Pg per
DBP Pg per dm2 DEHP Pg per dm2
of packaging
gram of packaging
4) plastic casing
3.33
3.15
1.32
1.25
5) plastic casing
4.34
5.16
1.79
2.13
6) plastic casing
4.66
1.68
1.85
0.67
4) outer wrap
52.64
2.95
39.86
2.24
5) outer wrap
ND
2.57
ND
1.97
6) outer wrap
27.31
6.30
21.17
4.89
4) wrap with label
25.67
135.90
46.82
247.91
5) wrap with label
12.25
69.96
22.16
126.57
6) wrap with label
46.54
89.42
83.92
161.26
Legend: ND no detected

Puškárová et al. (2013) reported in the study that the amount of DEHP and DBP
in the packaging of meat product ranged from 5.56 to 32.83 ȝg/dm2. In our case, the sum of DBP
and DEHP was 1.97–294.74 ȝg/dm2. DBP was ranged from no detected to 83.92 ȝg/dm2, DEHP
from 0.62 to 247.91 ȝg/dm2.
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CONCLUSION
It can be a positive finding for the health of food consumer, that the concentration of phthalates
in sausages did not change rather, that it did not increase during storage. The statistically significant
difference was determined for the concentration of DBP in the plastic casing and for the DEHP
concentration in the wrap with label. On the date of expiry the DBP concentration in the plastic casing
was lower than in the day of purchase and the DEHP concentration in the wrap with label was lower
in the day of purchase than on expiration date.
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Abstract: This work deals with sensory evaluation of yoghurt with the addition of fibers and raw materials with natural high fiber content, which brings many positive effects on human health. Chia flour,
quinoa flour, nopal powder, apple fiber and bamboo fiber were added to the yoghurt in the amounts
of 1%, 3% and 5%. The work shows the evaluation in the first week after production of the yoghurt.
Freed whey, acceptability of color, sour aroma, acceptability of aroma, viscosity, texture, stickiness,
sandiness, intensity of sourness, acceptability of taste and total impression were used
as the descriptors. Very badly assessed were the yoghurts with 5% and 3% quinoa flour and with 5%
and 3% nopal powder and very well evaluated in overall impression were the yoghurts with 1%
bamboo fiber and nature yoghurt. Therefore, according to this study, the addition of 1% bamboo fiber
to nature yoghurt as fiber fortifier are recommendable, but the highest concentrations of quinoa flour
and nopal powder to yoghurt cannot be suggested.
Key Words: dietary fiber, health, dairy product, sensory evaluation, yoghurt
INTRODUCTION
Milk and milk products have positive impact on human health, especially as it contains calcium,
which decreases the risk of hypertension, colon cancer and osteoporosis. It also contains conjugated
linoleic acid (CLA), which protects against obesity, cardiovascular disease, cancer and improves
immunity (Miller et al. 1999). Yoghurt counts as a functional food, because it contains probiotics.
Probiotics are living microorganisms, which bring health benefits to the consumer are: bifidobacteria,
lactic acid bacterLDVRPH\HDVWVHWF 3ORFNRYi 2012). A functional food must have at least 106 viable
microorganisms per gram of food to have a positive effect. Positive effects of probiotics include
the restoring of positive microflora in the colon, strengthening the immune system, reducing lactose
intolerance, increasing calcium absorption, synthesizing some vitamins, bacteriocins, lowering total
cholesterol and LDL cholesteroO .DODþ 2003).
Into prebiotics, an indigestible food ingredient (fiber) that promotes growth of the colon
microflora, belong indigestible oligosaccharides, e.g. inulin. Inulin is split into oligofructosans
with 3 to 8 units of fructose, which were used into non-alcoholic beverages, yoghurts, other dairy
products, pastries and marmalades .DODþ 2003). Food fiber that belongs to carbohydrates are not
digested and absorbed in the intestine, but are decomposed in the colon by symbiotic microorganisms
(Komprda 2009). It is recommended to receive 0.3 g of prebiotics per kilogram bodyweight for men
and 0.4 g per kilogram bodyweight for women. This fiber intake contributes to the growth of desirable
microflora in the intestines, reducing consumer energy consumption, eliminating constipation,
strengthening the immune system, preventing rectal and colon cancer, improving calcium utilization,
and lowering cholesterol levels (KDODþ 2003). The dietary intake of fiber decreases the occurrence
of obesity and disease of cardiovascular system (Slavin and Lloyd 2012). Synbiotics are the products
containing both prebiotics DQGSURELRWLFV 3ORFNRYi 2012).
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Chia seeds are a good source of dietary fiber, omega-3 fatty acids and antioxidants,
which protects against cancer, ageing, and liver and heart diseases. Chia does not contain gluten. Chia
seed also has a positive effect on hypertension, dyslipidemia, diabetes, depression, immunity
and vision and other (Ullah et al. 2016).
Dehulled quinoa flour, a cultivar grown in Colorado, USA contains about 58.1% starch, 2.7%
sugar, 15.6% protein, 4.6% fat, 8.9% total dietary fiber (insoluble 7.7%, soluble 1.2%) and 2.3% ash.
Minerals included are particularly potassium, calcium, magnesium, phosphorus, iron,
from the vitamins B-group vitamins (Ranhotra et al. 1993). Quinoa does not contain gluten and flour
of the quinoa is used for example in bakery products (Bavec and Bavec 2007).
The dietary intake of fiber decreases occurrence of obesity and disease of cardiovascular system
(Slavin and Lloyd 2012).
Nopal cactus, thanks to contents of vitamins, polyphenols, amino acids and polyunsaturated
fatty acids, shows antioxidant, antimicrobial, neuroprotective, hypoglycemic and anti-inflammatory
effect (El-Mostafa et al. 2014). In the study (Uebelhack et al. 2014) was found that cactus fiber was
binding on the dietary fat and caused fat to be removed from the body, which can reduce the weight
of consumer.
In the study (Jensen et al. 2014) was found that fibers from apple peel have
an anti-inflammatory and an antioxidation effect. Also apples and apple products protects against
asthma, cancer and AlzheiPHU¶V GLVHDVH (Hyson 2011). Healthy properties were also contributed
by the phytochemicals included in apples (chlorogenic acid, catechin, quercetin, phloridzin),
which had shown strong antioxidant activity (Boyer and Liu 2004).
In the study (Li et al. 2016) was discovered that bamboo fiber from shoot reduced more
effectively weight of mice than the intake of cellulose fiber. Bamboo fiber was absorbed very good
in water (Yueping et al. 2009).
MATERIAL AND METHODS
The raw materials were purchased in the Czech Republic. The yoghurts were made
at the Department of Food Technology at Mendel University. The milk for preparation of yoghurt
originated from the south Moravian region, from Holstein dairy cows. The percentage values
of composition was determined lactose to 4.50%, protein to 3.42%, fat to 3.50% and titratable acidity
was established to 6.7 SH by the stirred coagulated method. The milk was pasteurized E\  &
for 5 minutesWKHQWKHPLONZDVFRROHGGRZQWR&DIWHU which it was inoculated with a (0.5%
by weight) starter culture of original Bulgarian yogurt (bulgaricus.cz, GENESIS LABORATORIES,
Bulgary) and fermented at 36 & IRU  KRXUV 7KHUHDIWHU ZDV \RJKXUW KRPRJHQized for 5 min.
Yoghurt was divided into 16 groups, one group stayed plain yoghurt, into the others were added chia
flour, quinoa flour, nopal powder, apple fiber and bamboo fiber in amount of 1%, 3% and 5%
by weight. The yoghurts were stored at 4 &
The sensory evaluation was conducted at the Department of Food Technology at Mendel
8QLYHUVLW\ LQ SUHPLVHV GHVLJQHG IRU VHQVRU\ DVVHVVPHQW DFFRUGLQJ WR ý61 ,62   
The evaluation was done by eleven trained sensory assessors. This descriptors were evaluated: freed
whey, acceptability of color (0 = unacceptable,100 = acceptable), sour aroma (0 = unintensive,
100 = very intensive), acceptability of aroma (0 = unacceptable,100 = acceptable), viscosity
(0 = sparse, 100 = dense), texture (0 = grainy, 100 = smooth), stickiness (0 = without stickiness,
100 = extreme), sandiness (0 = without sandiness, 100 = very sandiness), taste of sour intensity
(0 = without sour, 100 = very sour), acceptability of taste (0 = unacceptable, 100 = excellent), total
impression. The scales for sensory evaluation used was a graphical (0±100) and a categorizing scale
(for freed whey and total impression). The sensory evaluation was performed weekly for 3 weeks.
However, this study included a sensory assessment at the first week, because yoghurts with chia seeds
could not assessable at the second week and at the third week yoghurt with 5% quinoa flour could not
be assessed either. The statistic comparison of mean values with evaluations in first, second and third
week for the description the taste acceptability was detected congruity of mean values (D = 0.05).
The results were evaluated using Microsoft Excel and STATISTICA.
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RESULTS AND DISCUSSION
The whey in yoghurt with 5% quinoa flour was evaluated with all 11 assessors as very much
loosed, and in yoghurt with 5% apple fiber as without whey. The yoghurts with quinoa flour all three
variants was assessed whey as very much loosed. All frequency for description freed whey are shown
in Figure 1.
Figure 1 Frequency of description freed whey for yoghurts with chia flour, quinoa flour, nopal
powder, apple fiber, bamboo fiber and for natural yoghurt, evaluated 1 week after production
10
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4
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not much

2

much

0

very much

The yoghurts with nopal powder (Table 1 and Figure 2) were badly evaluated for color,
which was detected as green, and the yoghurts with white color were determined higher values: nature
yoghurt and with bamboo fiber. Aroma was evaluated good by yoghurts with chia flour and bamboo
fiber. The densest were yoghurts with nopal powder and the sparsest all yoghurts with quinoa flour.
The grainy was discover by yoghurts with chia flour. Sandiness was found typically for yoghurts
with bamboo fiber. In yoghurts with chia flour was ascertained low intensity of sour taste. Great taste
was evaluated by yoghurts with chia flour and unfavourable by quinoa flour.
Table 1 The yoghurts with the highest and the lowest value for followed descriptors
Descriptor

The highest value

The lowest value

Acceptability of color

natural yoghurt

nopal powder 5%

Sour aroma

chia flour 5%

bamboo fiber 3%

Acceptability of aroma

chia flour 1%

quinoa flour 5%

Viscosity

nopal powder 5%

quinoa flour 1%

Texture

quinoa flour 1%

chia flour 5%

Stickiness

nopal powder 5%

quinoa flour 5%

Sandiness

bamboo fiber 5%

quinoa flour 1%

Taste of sour intensity

natural yoghurt

chia flour 1%

Acceptability of taste

chia flour 1%

quinoa flour 5%
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Figure 2 Sensory evaluation for yoghurts, divided into groups according to the added raw material,
in descriptors: acceptability of color, sour aroma, acceptability of aroma, viscosity, texture, stickiness,
sandiness, taste of sour intensity, acceptability of taste
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In description total impression (Figure 3) was evaluated very badly the yoghurt with 5% quinoa
flour and with 5% nopal powder. Very positive was assessed the yoghurt with 1% bamboo fiber
and nature yoghurt.
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Figure 3 Frequency of descriptor total impression for yoghurts with chia flour, quinoa flour, nopal
powder, apple fiber, bamboo fiber and for natural yoghurt, evaluated 1 week after production
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In the study (Staffolo et al. 2004), which explored the rheological and sensory properties
of yoghurts with wheat, apple, bamboo fiber and inulin was concluded, that yoghurts with bamboo
and wheat fiber had a firm texture (too high values of compression force) and that the firm texture
caused better evaluation of texture descriptor. However, in our study the densest yoghurts (yoghurts
with nopal powder) were evaluated in the total impression as the worst, which was probably caused
by the green color or because of the stickiness of nopal yoghurts.
CONCLUSION
The yoghurt, which looked like nature yoghurt (white, similar density) received the best results
in total impression - the yoghurt with 1% bamboo fiber. However, the bamboo fiber in higher
concentrations caused sandiness. The yoghurt with 5% quinoa flour was evaluated badly, not only
for total impression, but also for acceptability of the taste. Besides, the yoghurts with quinoa flours
were detected very sparse. The yoghurt with 5% nopal powder, which was evaluated with low total
impression, was unacceptable in color, density and had the highest value for stickiness. Low addition
of bamboo fiber to yoghurts can be recommended, on the other hand, high concentration of quinoa
flour and nopal powder is not very suitable.
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Abstract: Entomophagia is currently only a marginal issue in the Czech Republic. It has been gaining
more supporters in recent years. Thus, it is necessary to address even its health safety. For this reason,
we paid attention to the microbiological quality of the flour beetle and an influence of a pre-culinary
treatment on number of microorganisms. Large numbers of microorganisms were found in live larvae.
Their highest values were reached by the total plate count (TPC) - 3.3 x 108 CFU/g,
Enterobacteriaceae family 4.8 x 107 CFU/g. After sacrificing and drying, the number
of microorganisms was reduced to 1.6 x 103 CFU/g in TPC and Enterobacteriaceae family was
completely eliminated.
Key Words: entomophagia, Enterobacteriaceae, microbiota, total plate count
INTRODUCTION
In western countries, the popularity of edible insects is growing as an alternative source
of food. It is a potential source of high quality animal protein. Not all species of insects can
be used for human nutrition. Insect, which is used for human nutrition, is called edible
insects. The edible insects can be defined as all kinds of insects whose consumption does
not cause a negative influence on the health state of a FRQVXPHU %RUNRYFRYi HW DO 2009).
However, there is only a limited amount of expert information on the hazards associated
with insect consumption, especially the microbiological safety and durability of live insects
sold for human consumption. Microbiome of insect intended for food and feed use can
be generally divided into microorganisms naturally associated with insects, and microorganisms
contaminating insects during breeding and processing.
Microorganisms present in insect guts are essential for its metabolism and survival. Insects are
processed with their intestinal contents for both, food and feed purposes. Even when the intestinal
content is emptied, residues remain in the substrate and can contaminate the insects. Microorganisms
also occur on the surface of insects, and some of them may be pathogenic to insects. Papers on insect
microbial microbes are very limited in the professional literature. Therefore, the question remains
whether microbiome of insect intended for food and feed also contain microorganisms pathogenic
to humans and livestock (EFSA 2015).
Currently, there are no microbiological parameters for edible insects in the Czech Republic.
Grabowski and Klein (2016) report only Belgium and the Netherlands have incorporated
microbiological parameters of edible insect products into their legislation.
The aim of the work was to find out the presence of significant groups of microorganisms
in Tenebrio molitor larvae and influence of the pre-culinary treatment.
MATERIALS AND METHODS
Flour beetle (Tenebrio molitor) was purchased for the experiment from a farm engaged in insect
farming for feed purposes (Farm PAPEK s.r.o., Hostim Czech Republic). The purchased insects were
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held in plastic containers (57 x 39 x 28 cm) with feed substrate consisting of a mixture of wheat bran
and wheat flour. Under these conditions, the insects were kept for 5 days to reduce the impact
of the previous feed substrate. Afterward, the insect was removed from the substrate and placed
for 3 days into an empty plastic container for perfect emptying. Then, live insect sample of 5 g was
taken for microbiological analysis. The remaining insects were sacrificed by immersion
into boiling water for 30 seconds. 5 g sample was taken from the dead insect. The remaining material
was dried in a hot-DLU RYHQ IRU  KRXU DW  C. After drying, the insects were milled to flour
to take 5 g sample. Samples of live and dead insects were homogenized in a friction bowl. All samples
were placed in sterile centrifuge tubes supplemented with 45 ml of sterile physiological solution
and centrifuged for 1 minute.
In the samples obtained, the following groups of microorganisms were determined by standard
procedures: total plate count on PCA (Biokar Diagnostics, France) at  & for 72 hours,
Enterobacteriaceae family on VRBG (Biokar Diagnostics, France) at  & for 24 hours,
E. coli and other coliforms on Rapid E. coli Agar (Bio Rad, Finland) at  & for 24 hours,
micromycetes on Chloramphenicol Glucose Yeast Extract Agar (Biokar Diagnostics, France)
at  & for 120 hours and Enterococcus bacteria on Slanetz-Bartley agar (Merck, Germany)
at 37 & IRU 72 hours. After the cultivation, colonies were counted and the results were
expressed as CFU/g (colony forming units per one gram). The experiment was repeated three times.
RESULTS AND DISCUSSION
Monitored groups of microorganisms present basic criteria to assess microbiological quality
of food. The highest counts were found in samples of live flour beetles. Specifically, it was total plate
counts informing on total microbial contamination. Its value was 3.3 x 108 CFU/g. Another group was
Enterobacteriaceae family, which may indicate faecal pollution, 4.8 x 107 CFU/g. Average counts
of monitored microorganisms are stated in Table 1.
Table shows sacrificing of insects by immersing into boiling water has greatly reduced
the number of microorganisms, and drying completely suppressed the occurrence of coliform bacteria,
the Enterobacteriaceae family and the yeast.
Stoops et al. (2015) investigated microbiology of fresh flour beetle larvae. They determined
the
total
plate
count,
the
Enterobacteriaceae
family,
yeasts
and
moulds.
The number of microorganisms per a group was reported in log CFU/g. After conversion to CFU/g,
the following values were obtained: total plate count 2.0 x 108 CFU/g, Enterobacteriaceae 4.0 x 107
CFU/g and yeast and moulds 5.0 x 105 CFU/g. After comparing with our results, it was
found the amount of all microorganisms, except yeasts and moulds, was higher in our
samples. It is due to the fact that our samples were purchased from a farm producing insect for animal
feed purposes.
Garofalo et al. (2016) investigated the microbiology of the dried flour beetle. They determined
the total plate count, the Enterobacteriaceae family, yeasts and moulds. All monitored groups,
except moulds, were found in counts less than 100 CFU/g. Moulds were detected in counts
of 2.0 x 102 CFU/g.
Klunder et al. (2012) dealt with the microbiology of fresh larvae of flour beetle
and larvae boiled for 10 minutes. They monitored only the total plate count and Enterobacteriaceae.
Resulting values in fresh larvae were: 5.0 x 107 CFU/g for TPC and 6.3 x 106 for Enterobacteriaceae;
and in boiled: 3.2 x 102 CFU/g for TPC and less than 10 CFU/g for Enterobacteriaceae.
Compared to our values, these values are 10 times lower, which due to the conditions
of breeding and longer cooking is in our opinion.
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CONCLUSION
In our experiment, high microbial contamination of fresh flour larvae has been detected. It can
be suppressed by sufficient culinary treatment. In our opinion, it is necessary to continue to address
this issue and to set precise microbiological criteria for edible insects and their products. Last but not
least, it is necessary to focus on the conditions of insects breeding intended for human consumption
and to reduce the microbial contamination already in raw material.
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Abstract: This study was conducted to determine the effects of long time aging on beef longissimus
thoracis et lumborum (LL) and m. semimembranosus (SM) sensory meat quality traits. Beef LL
(n = 18) and SM cuts (n = 18) from slaughtered Czech Fleckvieh animals (n = 6) were assigned
to storage at & for 7, 28, 42, 49 or 56 days. Increased aging time changed colour of LL and SM
vacuumed beef steaks to 56 days of storage, SM became darker (L* = 41.16 to 38.02). In our case,
total colour difference in SM storage exceeded the value earlier (42 days) than in LL (49 days),
ZKHQWKHREVHUYHUZRXOGILQGWKHGLIIHUHQFHEHWZHHQWKHWZRVDPSOHV ¨( DE  DOWKRXJKWKHUHwas
a bigger change at LL, although at LL it reached higher final values (4.13 versus 3.81). Meat quality
traits were affected by long ageing differently. Quality characteristics of Czech Fleckvieh meat from
the two different muscles were analysed and surprisingly had an acceptable sensory evaluation.
Key Words: colour, pH, heifers, carcass, Czech Fleckvieh
INTRODUCTION
Post-mortem aging of beef carcasses and cuts is a natural process that usually improves
tenderness under refrigerated conditions. Despite efforts by the industry to control the eating quality
of beef, there remains a high level of variability in palatability, which is one reason for consumer
dissatisfaction (Hocquette et al. 2014).
Flavour is very important component of the eating quality of meat and there has been much
research aimed at understanding the chemistry of meat flavour, and at determining those factors during
the production and processing of meat which influence flavour quality (Mottram 1998). The color
of meat is one of the most important criteria for consumer acceptability, mainly because it is
associated with quality (Boakye and Mittal 1996, Mancini et al. 2005). Generally, beef carcasses are
usually held for 7í14 days at 3í5&IROORZLQJVODXJKWHU than at 0±1& (KameQtN 2017). Beef aged
in vacuum packaging is darker in colour when removed from the package due to the lack of oxygen
(Lanari et al. 1987). Beef m. semimembranosus has faster stabilization of bright red color during
blooming and is more tender. This is valuable information for the producers, since the best quality
traits could be achieved after sufficient blooming and aging time (Wyrwisz et al. 2016). Meat aged
in vacuum packaged bag have higher weight losses, total bacteria and yeast counts than in dry-aging
(Li et al. 2013). Wet ageing (vacuum) is widely used in the meat industry due to its high production
yield and convenience in storage and transport (Sitz et al. 2006). Longer aging could potentially be
used to replace blade tenderization for m. longissimus steaks, but not in other steaks, for example
gluteus medius. In WKLVFDVHDJLQJDW& increase proteolysis (King et al. 2009). Ageing influenced
colour components (except b* value), specific activity of cytochrome c oxidase and amount of oxygen
consumed (Gaãperlin et al. 2001). Czech Flecvieh is a traditional Czech breed of versatile utility
with gaining quality meat and milk. The aim of this study was the determination of pH, color
and sensory evaluation as a meat quality parameter of long aging longissimus and m.
semimembranosus.
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MATERIAL AND METHODS
Sampling
The study was conducted on total of 6 Czech Fleckvieh heifers (age 19 months,  weight
400 kg life and  weight 215 kg in carcass) and slaughtered in commercial slaughterhouse.
The animals came from south region of Moravia. Meat quality measurements were carried out
on m. longissimus thoracis and lumborum (LL) and m. semimembranosus (SM). Total of 72 meat
samples (6 animals x 2 half carcass x 2 meat cuts x 3 samples in repetition) were picked from carcass
after seven days RIGU\VWRUDJHDW& and vacuumed in special meat laboratory facility (CZ 22067,
Faculty of AgriSciences, MENDELU) and stored at 2.0 & overall other 28, 42, 49 or 56 days.
Methods
Selected qualitative nutritional indicators were determined in beef meat: dry matter content, ash
content, protein content by the Kjeldahl method, and intramuscular fat content according to Soxhlet
(Czech National Standard 57 0185, 1963 ± arbitration methods). The ultimate pH was measured
with a pH meter PORTAVO 907 MULTI pH (KNICK, Germany). The PQM apparatus Fleischtester
L191/F (WTW, Germany) was employed to determine specific electrical conductivity (mS/cm).
The colour of meat cut surface was measured after the meat had been removed from bag using
CM-3500d (KONICA MINOLTA, Japan), values were given in the colour space CIE (CIE 1976)
with L* (lightness) and coordinates a* (redness), b* (yellowness).
Group of panellists (n = 8) recruited from Department of Food Technology (Faculty
of AgriSciences, MENDELU) were asked to score the samples for colour intensity, fiberness, flavour
intensity, tenderness, juiciness, taste intensity, overall flavour, overall taste. Trained sensory panellists
evaluated samples for descriptors on 100-mm continuous line scales anchored at the end points
(0 = extremely low or dislike, 100 = extremely high or positively). The steaks were cooked
in the convention oven (model SCC 61, RATIONAL AG) to achieve a final internal temperature
of 77 & ZHOOGRQH 
Statistical analyses
The measurements were subjected to ANOVA using STATISTICA 12 to determine the effect
of storage time (aging) on each cut. The Tukey's honest significant difference (HSD) post hoc test was
carried out to identify groups differing significantly (P<0.05).
RESULTS AND DISCUSSION
Muscles differed significantly in indicators of nutritional value (P<0.05), when LL had higher
conWHQWRIGU\PDWWHU  DQGLQWUDPXVFXODUIDW  WKDn in SM (26.83 %, resp.
2.94%), which is slightly higher values than she writes in his study 'UDþNRYi HW DO  
In the present study, the ultimate pH-value of the LL was significantly (P<0.05) higher
(from    in 7 days to    in 56 days) than in SM during the whole period
(UHVS  Similarly, but at the end of the ageing period, electrical conductivity
of LL has stagnated, while at 56 days in SM the electrical conductivity was exceeded (14.38 mS/cm).
The difference in the quality indicators monitored is confirmed by Florek et al. (2007).
The changes in L*, a* and b* values, pH and electrical conductivity during the 56 days of storage are
shown in Table 1. Rising pH values may indicate changes caused by natural microflora of meat
retarded by vacuum conditions (Borch et al. 1996). In this study lightness and a* and b* colour
parameters varied during storage in a separate way (Table 1). Lightness increased in LL (to L*
 ZKLOHLQ60GHFUHDVHG /  )RUWKHVHFDVHVLWLVPRUHDSSURSULDWHWRXVH
H[SUHVVLRQVE\¨( DE &,( 7RWDOFRORXUGLIIHUHQFHDIIHFWHGE\VWRUDJHZDVKLJKHULQ//  
against SM (3.81). Oliete et al. (2006) found that lengthening of the vacuum storage time of m.
longissimus thoracis (1st, 7th and 14th day) resulted in a rise of the a* and b* parameters, i.e. meat
became more red and yellow, e the colour saturation was more intensive (higher C*). Gender factor is
also important. Florek et al. (2007) published that the meat of heifers aged for 14 days under vacuum
was characterised by lower pH, higher specific electrical conductivity, greater natural drip as well
redder colour (higher a*) and yellow (higher b*) as compared to the meat of young bulls.
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pH and electrical conductivity

Muscle

ab),

Attribute

Table 1 0HDQ  6(0) colour parameters (L*, a*, b*, ¨(
of steaks stored up to 56 days

pH

LL
SM

a*
a*

b*
b*

c*
c*

c*
c*

d*
d*

Electrical
conductivity
(mS/cm)

LL
SM

5.28 39a
4.90 14a

7.65  0.40b*
6.29 13b*

12.08 45c*
9.40 23c*

12.77 15d*
11.20 43d*

12.81 44d*
14.38 58e*

LL
SM
LL
SM
LL
SM

a*
*
11.15 a
9.21 
9.29 
8.99 

37.30 97ab*
40.31 2.83*
11.12 a
9.28 
9.49 
9.25 

38.85 2.07ab
38.71 2.19
10.03 37ab
10.47 
9.40 
8.54 

39.41.33ab
39.06 1.04
9.24 ab
9.42 
9.48 
8.32 

LL
SM

0
0

0.59
0.89

1.30
2.62

3.31
2.21

40.03 1.85b
38.02 2.94
8.68 b*
*
9.64 

4.13
3.81

L*
a*
b*
¨E*ab

Days of aging
7

28

42

49

56

Legend:  6WDWLVWLFDO VLJQLILFDQFH EHWZHHQ // DQG 60 3Ҹ  a,b,c ± within a days of aging without same superscript
IRUDWUDLWGLIIHU 3Ҹ ¨( ab

In our case, total colour difference in SM storage exceeded the value earlier (42 days) than
in LL (49 days), when the observer would find the difference between the two samples (¨( ab = 2),
although there was a bigger change at LL, although at LL it reached higher final values (4.13 versus
3.81).
Figure 1 Sensory evaluation (100 mm scale) of LL steaks stored up to 56 days
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Boakye and Mittal (1996) reports the highest ¨( ab in vacuum packed LL. Colorimetry of meat
FRQILUPV GLIIHUHQW FKDQJHV LQ OLJKWQHVV /  LQ // DQG 60 PXVFOHV *DãSHUOLQ HW DO   states
in their study high correlation coefficients between sensory properties and instrumental values of beef
colour (L* and presence of black R= -0.68, a* and presence of red R= 0.63). Figure 1 show a decrease
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in colour intensity in LL and an increase in SM (Figure 2) during storage. These results correspond
to the already mentioned values of lightness L* (negative correlation with subjective sensory
evaluation), which increase in LL and decrease in SM.
Sensory evaluation of LL and SM shows that hedonic overall flavour and overall taste is
affected (3 )ޒthanks to their storage time (ageing). Taste intensity was significantly higher in LL
in the group of 56 days aged meat (3)ޒ. Tenderness and juiciness have shown a positive
correlation with time of ageing. Overall, vacuumed meat compared with modified packaging
DWPRVSKHUHKDVORQJHUGXUDELOLW\SRVLWLYHO\LQIOXHQFHGVKHDUIRUFHWKDZLQJORVVĮ-tocopherol content
and colour stability, as well as the sensory attributes tenderness, juiciness and to some extent meat
flavour (Lagerstedt et al. 2011). The sensory quality of the hedonic scale declined in relation
to the length of maturation in SM and LL.
Figure 2 Sensory evaluation (100 mm scale) of SM steaks stored up to 56 days
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CONCLUSION
Naturally, meat quality traits were substantially affected by long ageing. Quality characteristics
of Czech Fleckvieh meat from the two different muscles were analysed and surprisingly had
an acceptable sensory evaluation. Many authors describe the ripening of beef on various meat breeds.
Meat quality traits of longissimus thoracis et lumborum and m. semimembranosus from Czech
Fleckvieh showed and confirmed the relationship between meat quality parameters like pH
and electrical conductivity with emphasis on those sensory ones as lightness and colour intensity.
Steaks aged for 28 days in vacuum had lower colour stability than steaks aged for shorter times.
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Abstract: This study monitored the effect of the addition of chia flour, quinoa flour, nopal powder,
apple fiber and Bamboo fiber BAF 40 on colour stability of yogurt. It was made yogurt with 1, 3
DQG  RI DGGLWLRQ %RYLQH PLON ZDV KHDWHG XS WR  & IRU  PLQ DQG FRROHG GRZQ WR  &
and fermented until pH of yogurt was 4.50. The yogurt was divided into 16 groups and into each group
was adding 1, 3 and 5% of chia flour, quinoa flour, nopal powder, apple fiber and Bamboo fiber BAF
40 and one group was without additives as natural. Titratable acidity was determined during
the incubation period of the samples and storage time up to 15 days. Colour stability was measured
during the storage time. The results showed that storage had significant effect to titratable acidity
fortified and natural yogurt. There were found some significant different between colour parameters
on 1, 8 and 15 days of storage. But these changes were not so bigger and not influence the colour
stability of yogurt with additives.
Key Words: fiber, chia, quinoa, nopal, titratable acidity
INTRODUCTION
Milk is a food of almost complete nutrition. Many changes occur to the components of milk
during fermentation, although there is no significant difference between the gross composition
of unfermented and fermented milk. Considerable progress has been made in demonstrating certain
beneficial effects of fermented milk in animals, probably due to the changes occurring in milk during
fermentation (Walstra et al. 2006).
It was made a many studies how is influence the yogurt quality by dietary fiber. The effects
of commercial fibers from apple, wheat, bamboo, or inulin were studied on sensory and rheological
properties of yogurt. The addition of fiber into yogurt changed the rheological characteristic. This
addition was acceptable for consumers. Yogurt fortified with apple fiber had a different colour
compared with unfortified yogurt (Staffolo et al. 2004). The oat fiber adding in concentration 1.32%
improved the body and texture of unsweetened yogurt and decreased the overall flavour quality
)HUQiQGH]-*DUFtDHWDO 
The colour of food is one of immediately indicators quality of food (Kress-Rogers
and Brimelow 2001) such as flavour, naturality, sanity or maturity. The consumers may decide
according FRORXUZKLFKSURGXFWLVPRVWDFFHSWDEOHIRUWKHP 'XIRVVpHWDO 
Cerezal Mezquita et al. (2014) used astaxanthin oleoresin to simulate the apricot colour
in traditional and diet yogurt. The colour parameters were very stable during four week of storage. It
was found high stability of astaxanthin pigment within the protein-lipid matrix of the yogurt.
Krammerer et al. (2006) found, that stability of colour from natural sources tend to lost tinctorial
strength or disappear with time in storage.
The aim of this was work was monitoring the colour stability of yogurt and monitoring
of titratable acidity during storage. It was observed the effect of addition chia flour, quinoa flour, nopal
powder, apple fibre and bamboo fibre BAF 40 for colour stability and titratable acidity into yogurt.
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MATERIAL AND METHODS
Yogurt for research was prepared from the bovine milk at Mendel University in Brno
at Department of Food Technology. This research was carried out in Biotechnology Pavilion M,
financed by the OP VaVpI CZ.1.05/4.1.00/04.0135 project at the Department of Food Technology
at Mendel University.
The bovine milk used for yogurt was analysed for milk composition. Before analysis was milk
KHDWHGXSSULRUWR&DQGWKHQFRROHGGRZQWR &IRUEHWWHUGLVSHUVLRQRIIDWJOREXOHV,WZDV
determined titratable acidity and lactose by polarimetry according to Czech state standard No. 57
0530. 7KH SURWHLQ FRQWHQW ZDV GHWHUPLQHG E\ .MHOGDKOV PHWKRG (1 ,62 -1:2002), the fat
content was determined by GHUEHUVPHWKRG(ISO 2446:2008).
The yogurt was prepared from milk of Holstein dairy cows from South Moravian region.
The milk content: 3.42% of protein, 3.50% of fat, 4.50% of lactose and titratable acidity 6.7 SH by
method with stirred coagulated. The milk was heated up to 85 & IRU  min and then cooled down
WR&$IWHUZDVadded into pasteurized milk 0.5% of starter for making original Bulgarian yogurt
(bulgaricus.cz, GENESIS LABORATORIES, Bulgary). 7KH PLON ZDVIHUPHQWHG KRXU IRU &
After fermentation was coagulum stirred for 5 min. In the next step was yogurt divided into 16 groups.
Into yogurt were added chia flour, quinoa flour, nopal powder, apple fiber and bamboo fiber. Each
addition was made from three different concentrations. It was made yogurt with 1, 3 and 5%
of addition. One group of yogurt was made as natural. 7KHVDPSOHVRI\RJXUWZHUHVWRUDJHDWWKH&
The titratable acidity of yogurt was determined according Czech state standard No. 57 0530,
where yogurt samples (50 g) were diluted with 50 mL distilled water and titrated with 0.25 M NaOH
in the presence of phenolphthalein.
The colour determinations were performed using Konica Minolta CM-3500d (Japan).
For measure was used mode reflectance. The parameters of measured: illuminant D 65, observer
6&(DQGVL]HRIJDSPP7KHFRORXUparameters L* (lightness), a* (red-green axis) and b*
(yellow-blue axis) of the yogurt samples were measured DW&Measurement was carried out from
a 200 ml sample which was homogenized and then applied in a layer 1 cm on a cuvette CM-A-128
(17 x 45 mm). Colour was determined in three cups of yogurt per replication 1st, 8th and 15th days
of storage.
The results were statistically processed by program STATISTICA 12. For difference between
days of storage was used the Scheffe test (P < 0.05).
RESULT AND DISCUSSION
The titratable acidity of natural yogurt was the lowest first day of storage, this value was
statistically significant (46.9 SH). The next results of titratable acidity are not statistically difference
(Table 1). During the storage is not any difference in the L* parameters (mean value of 90.92
to 91.53). Ozcan el al. (2014) stated that value L* during storage increased when in 1 st day of storage
was L* value 94.45 ± 0.01, while on the 8th days of storage up to 98.52 ± 0.01. The parameter a* was
changed at 15th days of storage, this change was statistically significant (-3.10), but this value is not
much bigger than other value (-3.00). The parameter b* was changed during storage, this changed was
statistically significant from 11.38 till 11.80.
Table 1 Results of titratable acidity and colour parameters natural yogurt PHDQVWDQGDUGGHYLDWLRQ
Storage days
1
8
15
Legend:

a, b

SH

L*(D65)
b


a
a





a*(D65)

b*(D65)
a

-
-a
-b

ab
a
b

± different superscripts in a column indicate a statistically significant difference at P < 0.05

The titratable acidity of yogurt with chia flour was the lowest first day of storage, titratable
acidity was increased during storage. This difference was statistically significant (P < 0.05).
The highest titratable acidity was in the group with the 5% of chia flour (44.1 SH), but difference
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between 8 and 15 storage days in not statistically significant (54.4 to 55.4 SH). During the storage is
not any statistical significant difference in the L* parameters (Table 2) for any groups with different
concentration chia flour. The parameter a* for yogurt with 1% chia flour was changed from -0.63
at the 1st day to -0.35 at 15th days of storage, this change was statistically significant, equally for 3
and 5% addition. These differences are not so bigger and they were not perceptible for consumers.
The parameter b* was changed during storage only for 5% addition of chia flour, for other
concentration the difference are not statistically significant. Garcia-Perez et al. (2005) reported that
when adding 1 % orange fiber into yogurt, it showed a decrease of value L*, but an increase of value
a* and b * was observed. The increase of a* and b* values is attributed to the release of carotenoids
from orange fiber during storage at low temperatures.
Table 2 Results of titratable acidity and colour parameters yogurt with chia flour PHDQVWDQGDUG
deviation)
Adding

Storage days

SH

L*(D65)

1%

1
8
15

a
b
c

82.70



-a
-ab
-b





3%

1
8
15

a
b
c





a
b
ab





5%

1
8
15

b
a
a





a
b
05a

a
b
a

Legend:

a, b, c

a*(D65)

b*(D65)

± different superscripts in a column indicate a statistically significant difference at P < 0.05

The titratable acidity of yogurt with 1% quinoa flour was the lowest first day of storage,
WLWUDWDEOH DFLGLW\ ZDV LQFUHDVHG GXULQJ VWRUDJH 7KH DYHUDJH DFFUXDO WLWUDWDEOH DFLGLW\ ZDV  6+
for every term of analysis. This difference was statistically significant (P < 0.05). The same is valid
for 3 and 5% of addition quinoa flour. During the storage is statistical significant difference in the L*
parameters (Table 3) for 1% concentration quinoa flour from the 89.75 at the 1st day to 90.19 at 8th
day. Difference between 8th and 15th days is not statistically significant. During storage yogurt with 3%
quinoa flour, the samples get darker from 87.63 at the 1st day to 86.65 at 15th day of storage. This
difference was statistical significant. The lightness is not changed for yogurt with 5% quinoa flour.
The parameter a* for yogurt with 1% quinoa flour was changed from -2.30 at the 1st day to -2.49
at 15th days of storage, this change was statistically significant. Bakirci et al. (2017) had similar results
in their study when the values a* of the control sample increased from -2.10 in the 1st day of storage
to -2.33 at the 14th days of storage. Bakirci et al. (2017) also reported that when adding 1.5 % pumpkin
fiber, however, the values a* decreased from 4.22 ± 0.02 in the first day of storage to 3.68 ± 0.01
in the 14th days of storage. The parameter a* for yogurt with 3% quinoa flour was changed from -1.53
at the 1st day to -0.63 at 15th days of storage, this change was statistically significant. The same
significant difference was valid for yogurt with 5% of quinoa flour. These differences are not so bigger
and they are not perceptible for consumers. The parameter b* was changed during storage only for 3%
addition of quinoa flour, for other concentration the difference are not statistically significant.
The titratable acidity was increased during storage for all concentration of nopal powder.
This difference was statistically significant (P < 0.05). The highest increase titratable acidity was
monitored at the yogurt with 5% nopal powder. During the storage is statistical significant difference
in the L* parameters (Table 4) for 1% concentration nopal powder. During storage yogurt
with 3% and 5% nopal powder was not statistical significant different. The parameter a* for yogurt
with 1% nopal powder was changed only very slightly, but this change was statistically significant.
The parameter a* for yogurt with 3% and 5% were changed. These changes were
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statistically significant too. The parameter b* was changed during storage for all concentration
of nopal powder, the difference was statistically significant. These differences are not so bigger
and they are not perceptible for consumers.
Table 3 5HVXOWVRIWLWUDWDEOHDFLGLW\DQGFRORXUSDUDPHWHUV\RJXUWZLWKTXLQRDIORXU PHDQVWDQGDUG
deviation)
Adding

Storage days

SH

L*(D65)

a*(D65)

b*(D65)

1%

1
8
15

a
b
c

b
a
a

-b
-ab
-a





3%

1
8
15

a
b
c

c
b
a

-a
-b
-c

a
a
b

5%

1
8
15

a
b
c





-a
-b
-c





Legend:

a, b, c

± different superscripts in a column indicate a statistically significant difference at P < 0.05

Table 4 Results of titratable acidity and colour parameters yogurt with nopal powdHU PHDQVWDQGDUG
deviation)
Adding

Storage days

SH

L*(D65)

a*(D65)

b*(D65)

1%

1
8
15

a
b
c

a
b
a

-ab
-b
-a

ab
a
b

3%

1
8
15

a
b
c





-a
-a
-b

a
b
a

5%

1
8
15

a
b
c





-a
-a
-b

a
b
a

Legend:

a, b, c

± different superscripts in a column indicate a statistically significant difference at P < 0.05

The titratable acidity was increased during storage for all concentration of apple fiber
(Table 5). This difference was statistically significant (P < 0.05). These results were similar
as the titratable aciditidy yogurt with the nopal powder. During the storage is statistical
significant difference in the L* parameters (Table 5) for 5% concentration apple fiber. During storage
yogurt with 1% and 3% apple fiber was not statistical significant different. The parameter
a* for yogurt with all concentration apple fiber was not changed during storage, between results was
not statistically significant different. The parameter b* was increased with the increase
concentration of apple fiber. The statistically significant different was only for yogurt with
3% apple fiber. Staffolo et al. (2004) indicates than color parameters in yogurt with addition apple
fiber did not show a significant difference (P > 0.05) over time. However, the apple fiber
had a pronounced brown color at a lower lightness (L* value).

565

November 8–9, 2017, Brno, Czech Republic

24
years

7DEOH5HVXOWVRIWLWUDWDEOHDFLGLW\DQGFRORXUSDUDPHWHUV\RJXUWZLWKDSSOHILEHU PHDQVWDQGDUG
deviation)
Adding

Storage days

SH

L*(D65)

a*(D65)

b*(D65)

1%

1
8
15

a
b
c













3%

1
8
15

a
b
c









ab
a
b

5%

1
8
15

a
b
c

ab
b
a









Legend:

a, b, c

± different superscripts in a column indicate a statistically significant difference at P < 0.05

The titratable acidity was increased during storage for all concentration of bamboo fiber BAF 40
(Table 6). This difference was statistically significant (P < 0.05). These results were similar
as the titratable acidity yogurt with the nopal powder and/or apple fibre. During the storage is
statistical significant difference in the L* parameters at 1st day of storage and 8th day of storage.
The parameter L* was slightly increased at 8th day of storage and 15th day of storage was L* slightly
decreased. The parameter a* was changed during storage, this change was statistically significant
for 1% and 5% bamboo fiber BAF 40. For 3% bamboo fiber BAF 40 was not change parameter a*.
The parameter b* was not change during all storage EXW6HoNLQ et al. (2012) reported values b* was
there is a decrease when values b* was in 1st GD\RIVWRUDJH8 and in 21st days of storage was
YDOXHV
Table 6 Results of titratable acidity and colour parameters yogurt with bamboo fiber BAF 40
(meDQVWDQGDUGGHYLDWLRQ
Adding

Storage days

SH

L*(D65)

a*(D65)

1%

1
8
15


b
c


b
a

-
-a
-b





3%

1
8
15

a
b
c

a
b
a

-
-
-





5%

1
8
15

a
b
c

a
b
a

-ab
-ab
-a





Legend:

a, b, c

a

b*(D65)

a

a

± different superscripts in a column indicate a statistically significant difference at P < 0.05

CONCLUSION
This study monitored effect of different type of additives for colour stability and titratable
acidity of yogurt during storage. Colour stability and titratable acidity was monitored 1st, 8th and 15th
days of storage. The changes of colour stability were statistically significant in many cases, but these
changes were not so big. These changes were not perceptible for consumers. The addition of chia
flour, quinoa flour, nopal powder, apple fiber and Bamboo fiber BAF 40 was not influence for colour
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stability of yogurt during storage. These additives were not influence for fermented process during
storage, the titratable acidity was increased during storage. With the higher concentration of additives
was the titratable acidity higher.
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INFLUENCE OF RECIPES OF QUALITY CHOCOLATE
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Abstract: The aim of the work was to investigate the effect of chocolate composition on its shelf life
and to monitor the effect of different storage regimes on the changes in the sensory quality and texture
properties of chocolate products with different contents of cocoa butter. Samples of tempered
and untempered milk and bitter chocolate were made. The chocolate samples were stored for three
months at various temperature regimes: -18 & & &DQG & Sensory analysis and texture
measurements were performed before and after the samples were stored. In conclusion, the effect
of the composition on the shelf life was evaluated, and a measure was proposed to improve
the stability and shelf life of chocolate and chocolate products.
Key Words: chocolate, storage, sensory evaluation, quality, texture
INTRODUCTION
The chocolate production involves a complex system of technological operations. The basic raw
material for production is cocoa beans obtained from the cocoa tree (Theobroma cacao). This species
originated from crossing the species Theobroma pentagonum and Theobroma leiocarpum. The most
widely used varieties for making chocolate and chocolate products are Criollo, Forastero, and their
hybrid Trinitario. After harvesting, cocoa beans are processed by fermentation, drying, cleaning,
pre-roasting, roasting and final grinding when the cell structure breaks down and cocoa butter is
released. In the mixing process cocoa beans and other added ingredients become cocoa mass, which is
further processed by pressing and rolling, which affects its structure and consistency. Consequently,
the chocolate mass passes through the process of conching and tempering, which are very important
processes for obtaining quality chocolate with good glossiness, colour, and structure. The actual
processing of chocolate and chocolate products includes treatments such as shaping, cooling, packing,
storage, and shippLQJ +ĜLYQD 
The quality of chocolate is influenced by many factors, which can significantly affect
the sensory and textural qualities of chocolate (Afoakwa 2010). In order to obtain high-quality
chocolate products, chocolate mass composition plays an important role, especially the form
of crystallization of cocoa butter. Also important is the technological process of their production,
especially tempering and temperature regime during storage (Saltini et al. 2013).
MATERIAL AND METHODS
Two types of chocolate, namely bitter chocolate with 54 per cent of cocoa component and milk
chocolate with 35 per cent of cocoa component, were made for the experiment. Table 1 shows
the outline of the experiment. A part of the products of each type was subjected immediately after
the production to the so-called retempering, which consists in storing the product in a temperature
regime of 23 & for 24 hours. The rest of the production was packed so that always one half of each
type of chocolate was packed in aluminium foil and the other half was vacuum-packed into PE foil.
Retempered products were packed in the same way. Immediately after packing, all products were
stored in different temperature regimes. Control samples were frozen at -18 &ZKLOHWKHRWKHUVZHUH
stored at 6 &  & DQG  & After three months, texture properties were evaluated
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on the TIRATEST 27025 testing machine by TIRA GmbH, Germany. A penetration test with a knifeshaped probe was used to test chocolate products. The selected criteria for penetration test of chocolate
products by the pressure test were as follows: blade edge length 10 mm, test speed v1 = 40 mm/min.
Sensory analysis was performed before and after storage of the samples. Statistical evaluation
of the gained data was done in Microsoft Excel and Statistica 12 programmes. For the calculation, we
have used the multifactor ANOVA method.
Table 1 Outline of the Experiment
Variant Type of chocolate Temperature regime
1
Bitter
Control
2
Bitter
Control
3
Bitter
Control
4
Bitter
Control
5
Bitter
6 &
6
Bitter
&
7
Bitter
&
8
Bitter
&
9
Bitter
&
10
Bitter
&
11
Bitter
&
12
Bitter
&
13
Bitter
&
14
Bitter
&
15
Bitter
&
16
Bitter
&
1
Milk
Control
2
Milk
Control
3
Milk
Control
4
Milk
Control
5
Milk
&
6
Milk
&
7
Milk
&
8
Milk
&
9
Milk
&
10
Milk
&
11
Milk
&
12
Milk
&
13
Milk
&
14
Milk
&
15
Milk
&
16
Milk
&

Retempering
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Packed
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum
Foil
Vacuum

RESULTS AND DISCUSSION
Sensory evaluation of chocolate products
According to the sensory evaluation of retempered and non-retempered bitter chocolate before
its packing and storing in different temperature regimes, we can state that there was no visible
difference between the individual samples. For both samples, glossiness, fracture, and hardness on bite
received the worst evaluation. The sensory evaluation of milk chocolate was characterized by greater
differences between individual descriptors. Non-retempered chocolate was characterized by a slightly
higher quality than chocolate that had been retempered. Fracture consistency was evaluated
as the worst, which may be due to a higher proportion of sugar and milk fat in the chocolate sample.
This evaluation was also reflected in the assessment of fracture and colour. Even a strange taste was
noticed and the melting of the chocolate component in the mouth was evaluated as worse. Both
of these evaluations can again be related to a higher proportion of sugar and fat, and also to the
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addition of dried milk, their poor dissolution or poor tempering of the chocolate sample. This can then
be manifested by the presence of fat bloom, which may affect the appearance and structure
of WKHSURGXFWV 0DFKiONRYiHWDO 2016). Figure 1 shows the overall evaluation of samples of bitter
and milk chocolates stored in accordance to the outline shown in (Table 1) (see Methods). In the case
of bitter chocolate, the best samples received evaluation higher than 8 points, while in milk chocolate,
it was only in the best sample. The other samples of milk chocolate did not exceed the eight-point
score. The best evaluation was achieved by the retempered vacuum-packed sample of bitter chocolate
stored at 12 & For milk chocolate, the non-retempered sample vacuum-packed in foil and stored
at 20 &WXUQHGRXWWREHWKHmost acceptable.
Figure 1 Overall evaluation of bitter and milk chocolate

Bitter chocolate

Milk chocolate

Figure 2 Evaluation of selected variants of bitter chocolate

Bitter chocolate ± &non-retempered, vacuum-packed Bitter chocolate - &QRQ-retempered, aluminium foil
Legend: 1 - colour; 2 - glossiness; 3 - fat bloom top side; 4 ± fat bloom bottom side; 5 - cross section; 6 - fracture; 7 - aroma
- overall; 8 - consistency at fracture; 9 - hardness on bite; 10 - adhesion ± stickiness on palate; 11 - melting of chocolate
component in mouth; 12 ± overall taste of product; 13 - strange taste; 14 - overall sample evaluation

Figure 3 Evaluation of selected variants of milk chocolate



Milk chocolate - &QRQ-retempered, vacuum-packed Milk chocolate - control non-retempered, aluminium foil
Legend: 1 - colour; 2 - glossiness; 3 - fat bloom top side; 4 ± fat bloom bottom side; 5 - cross section; 6 - fracture; 7 - aroma
- overall; 8 - consistency at fracture; 9 - hardness on bite; 10 - adhesion ± stickiness on palate; 11 - melting of chocolate
component in mouth; 12 ± overall taste of product; 13 - strange taste; 14 - overall sample evaluation
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Another part of the sensory evaluation was focused on a detailed assessment of the influence
of composition, technology of production, packing, and storage temperatures on the product quality.
Due to the large number of variants, only those with the best and worst evaluations for individual
types of chocolate are presented in the text. In the case of bitter chocolate, the best evaluation received
the product that was non-retempered, vacuum-packed and stored at 12 & The worst evaluation
received the product stored at 6 & non-retempered and packed in aluminium foil (Figure 2). Due
to the statistically insignificant differences (p = 0.05) between samples of bitter chocolate, the best and
worst samples could not be clearly determined. Depending on the number of the worst and best
evaluated parameters, non-retempered samples packed in aluminium foil, namely the control sample
and the sample stored at 20 &, received the best evaluation. We consider the worst to be nonretempered samples vacuum-packed and stored at 6 & DQG  C. For milk chocolate samples,
statistically significant differences were found between the different variants in colour, glossiness, fat
bloom on the top side and cross-section of the product, fracture consistency, hardness on bite, in taste
and in overall evaluation. The best evaluation received the non-retempered vacuum-packed product
stored at 20 &. The lowest score received the non-retempered control sample packed in aluminium
foil (Figure 3). For all samples of milk chocolate, there are lager fluctuations in individual descriptors
compared to bitter chocolate. In the case of milk chocolate, this can be caused by a higher sugar
and fat content, which is associated with a higher probability of fat and sugar bloom.
0DFKiONRYi (2016) states that retempering positively affects the quality of chocolate stored
at room temperature, which in our case has not been confirmed, as our non-retempered chocolate
received the best evaluation. This can be due to a lower portion of cocoa butter in the recipe which has
an effect on the product stability and can be enhanced by retempering. Improved stability of nonretempered products can be explained by the presence of more cocoa butter in the stable V form,
which is formed during retempering. The stable form of cocoa butter is associated with a higher
melting point, improved product resistance to fat bloom, and better sHQVRU\ SURSHUWLHV 1|EHO HW DO
2009). Colour, glossiness, shape of chocolate, and its surface texture are among the basic features that
characterize the appearance and influence of the consumer's interest in the product (Simonot and Elias
2002). Colour perception can be greatly influenced. These attributes originate from complex
interactions of incident light, optical properties, and human perception (Afoakwa 2010). In the case
of our evaluation, colour was provably (p = 0.05) unfavourably evaluated for the non-retempered
products packed in aluminium foil and stored at -18 &DQG & 0DFKiONRYiHWDO  KRZHYHU
states that freezing of the product or storing it at 6 &UHVXOWVLQPDLQWDLQLQJLWVTXDOLW\DQGIUHVKQHVV
Prior to consumption or sensory evaluation, the product should be stabilized at 20 & & $IRDNZD
2010). Formation of micro dew may result in loss of glossiness which occurred significantly (p = 0.05)
for both storage regimes.
Texture of chocolate products
Hardness of chocolate is influenced not only by the recipe and tempering technology (Afoakwa
2010), but also by the temperature conditions during storage. All samples were tempered to the same
temperature prior to their analysis to ensure the objectivity of measurements. Bitter chocolate showed
higher hardness (27.28 N) compared to milk chocolate (9.32 N). The representation of individual size
fractions of cocoa fat crystals has also played its role here. According to Quast et al. (2013)
DQG )HUQDQGHV HW DO   D FU\VWDOOLQH IRUP 9 ȕ  LV GHVLUDEOH IRU FKRFRlate production
and dominates in well-tempered chocolate. Retempering also supports this process 0DFKiONRYi
2016). A favourable effect of retempering on hardness was found in bitter chocolate (28.19 N)
in contrast to non-retempered samples (26.35 N). The opposite was found in milk chocolate.
Non-retempered samples exhibited a higher hardness (9.39 N) than non-retempered ones (9.25 N).
The inconclusiveness of retempering can be justified by the low content of cocoa butter in the product.
Chocolate products generally do not tolerate high temperatures during storage. They promote
the migration of fat through the matrix of chocolate particles, which leads to recrystallization of fat
on the surface (Aguilera et al. 2004, Lohman and Hartel 1994). Fat migration is related to softening
of chocolate layer and overall sensory deterioration of products (Svanber et al. 2011). Figure 4
illustrates the effect of different storage regimes on the texture of chocolate products. We can state that
the storage temperature did not have any significant effect on the texture of the products and the room
temperature did not affect the texture of the products negatively.
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Texture measurements of all variants included in the experiment (Figure 5) indicate large
differences in the textures of milk and bitter chocolate. Variability within individual groups after three
months of storage is not large. With longer storage, larger differences can be expected. It is therefore
clear that technology and storage do not play a key role, but the influence of the recipe, especially
the content of cocoa butter do. 7KLV H[SHULHQFH LV DOVR FRQILUPHG E\ 1|EHO HW DO   $IRDNZD
(2010), and 0DFKiONRYiHWDO  
Figure 4 Influence of storage temperature on the texture of bitter and milk chocolate (Vertical
columns represent 0.95 confidence intervals, X-axis - storage regime, Y-axis ± texture)
Influence of storage temperature on the texture of milk chocolate

Influence of storage temperature on the texture of bitter chocolate
Vertical columns represent 0.95 confidence intervals

Vertical columns represent 0.95 confidence intervals
10,2

29,0

10,0
28,5

9,8
9,68

28,0

9,6

Texture (N)

Texture (N)

27,72
27,5
27,29
27,14
26,96

27,0

9,41

9,4

9,22

9,2
9,0

8,97

26,5

8,8
26,0

8,6
8,4

25,5

kontrola

6o C

12oC

kontrola

20oC

6o C

Storage regime

12oC

20o C

Storage regime

Figure 5 Influence of the technology of production, packing, and storage on the texture of the product
(Vertical columns represent 0.95 confidence intervals, X-axis - variants 1 to 16; Y-axis - texture;
Bitter chocolate; Milk chocolate)
Influence of the technology of production, packing and storage on the texture of the product
Vertical colums represent 0.95 confidence interavls
35

Texture (N)

30

30,8
29,4

25

28,2
28,1
27,827,528,127,2
26,9
26,9
26,826,326,7
26,3
25,9
23,8

20
15
10,2

10

8,9

10,2

8,4

10,6
9,5 8,8 9,2 9,4
9,4 8,6 9,7 9,6 9,4 9,1
8,2

5
Milk, foil, 20 oC

Milk, vacuum, 20 oC

Milk, retemp., foil, 20 oC

Milk, retemp., vacuum, 20 oC

Milk, foil, 12 oC

Milk, vacuum, 12 oC

Milk, retemp., foil, 12 oC

Milk, retemp., vacuum, 12 oC

Milk, foil,l 6 oC

Milk, vacuum, 6 oC

Milk, retemp., foil, 6 oC

Milk, foil, controla

Milk, retemp., vacuum, 6 oC

Milk, vacuum, controla

Milk, retemp., foil, controla

Milk, retemp., vacuum, controla

Bitter, foil, 20 oC

Bitter, vacuum, 20 oC

Bitter, retemp., foil, 20 oC

Bitter, retemp., vacuum, 20 oC

Bitter, foil, 12 oC

Bitter, vacuum, 12 oC

Bitter, retemp., foil, 12 oC

Bitter, foil, 6 oC

Bitter, retemp., vacuum, 12 oC

Bitter, vacuum, 6 oC

Bitter, retemp., foil 6 oC

Bitter, foil, control

Bitter, retemp., vacuum, 6 oC

Bitter, vacuum, control

Bitter, retemp., foil, control

Bitter, retemp., vacuum control

0

CONCLUSION
The overall evaluation of the descriptors of sensory analysis after three months of storage has
been uniform for bitter chocolate. Milk chocolate showed lesser glossiness, which could be due
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to a higher sugar content that could cause the presence of sugar bloom on the product surface.
The influence of the technological process was more pronounced on the texture of bitter chocolate,
where the better texture occurred in non-tempered samples. The retempering process in this case had
a beneficial effect on the hardness of samples because they contained a higher proportion of cocoa
butter. In contrast, in terms of the milk chocolate texture, non-retempered samples received higher
scores. The impact of packing was more evident in milk chocolate samples, with the best sample being
vacuum-packed and the worst sample was packed in aluminium foil. Statistically significant
differences were not observed in bitter chocolate. Storage regimes had a greater impact on milk
chocolate samples. We have found out that room temperature does not affect them negatively.
In contrast, the bitter chocolate samples stored at 20 & had worst texture, but with very minimal
differences between different storage regimes.
Many aspects influence the quality of chocolate products including their rheological, physical,
and sensory properties. In this case, the recipe plays a key role, especially the content of cocoa butter.
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Abstract: Wheat bran is a low-cost by-product of the milling industry. Traditionally, it is used
as livestock feed, but nowadays intention of wheat flour industry is to find a new value-added
applications for a wheat bran. Wheat is a good source of phenolic compounds, from which the ferulic
acid is the most abundant one. Ferulic acid exhibits lots of beneficial effects so it is widely used
in food, health and cosmetic industries. In this paper, the optimization of extraction process of ferulic
acid from wheat bran is presented. Ferulic acid was extracted by alkaline-hydrolysis using NaOH
and later purified by precipitating hemicelluloses and glucomannans with ethanol. To optimize
the extraction process for laboratory conditions, three initial weights of wheat bran, four
concentrations of NaOH and three hydrolysis temperatures were examined. Obtained extracts were
analysed by HPLC and amount of ferulic and other phenolic acids were determined. It was found out
that only initial weight of ferulic acid had statistically significant effect on ferulic acid yields, however
effects of concentration of NaOH and hydrolysis temperature were not so statistically significant.
Besides ferulic acid, other phenolic compounds were also found to be present in wheat bran extracts
such as sinapic, caffeic and coumaric acid, but they were found only in minor amounts.
Key Words: wheat bran, HPLC, ferulic acid, extraction, food waste, phenolic acids, alkaline hydrolysis
INTRODUCTION
Milling industry produces large volumes of by-products that have not been exploited to their full
potential (Ruthes et al. 2017). Of all by-products, wheat bran is the most important one (Pruckler et al.
2014). Wheat bran is a by-product from the roller milling of the wheat grain to produce wheat flour
(Apprich et al. 2014). This material represents about 25% of the grain weight. Milling industry
generates about 150 million tons of wheat bran per year (Pruckler et al. 2014). Traditionally, it is used
as livestock feed (Apprich et al. 2014). Only small amounts of this by-product are sold as commercial
bran for food industry. Currently, wheat flour industry intends to find new value-added applications
for wheat bran (Pruckler et al. 2014).
The major components of wheat bran are dietary fibre, protein, starch, water and minerals
(Apprich et al. 2014). Minor components include phenolic compounds, flavonoids, lignans and phytic
acid. Phenolic acids are the most frequent phenolic compounds in wheat. They are derived either from
hydroxycinnamic (p-coumaric, caffeic, ferulic and sinapic acids), or from hydroxybenzoic
(p-hydroxybenzoic, protocatechuic, vannilic, syringic and gallic acids) acid (Wang et al. 2013). Ferulic
acid (4-hydroxy-3-methoxycinnamic acid) represents the most common phenolic acid located in wheat
bran with concentration about 20±1500 mg/100 g (Apprich et al. 2014). Ferulic acid esterifies
the C-5 hydroxyl group of arabinose residues in arabinoxylans (Barberousse et al. 2009). Extraction
of ferulic acid and other phenolic compounds from agricultural residues is becoming more and more
important since nowadays trend is to develop value-added commodities made from by-products
(Buranov and Mazza 2009).
Ferulic acid exhibits several physiological benefits such as anti-microbial, anti-oxidants,
anti-inflammatory, anti-thrombosis and anti-cancer activities (Qu et al. 2017). Moreover it has
beneficial effects on coronary diseases, lowers cholesterol in serum and liver and improves sperm
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viability (Ou et al. 2007). That is why ferulic acid shows wide potential of commercial use in food
(preservative agent, gel-forming properties, flavour precursor), health (antioxidant, antimicrobial,
antiinflammatory, etc.) and cosmetic (photoprotecting agent) industries (Barberousse et al. 2009).
Moreover, ferulic acid is favorable, beacuse human body can easily absorb it and metabolize it
(Ou et al. 2007).
Ferulic acid is in plant material cross-linked with polysaccharides via ester and ether bonds
creating lignin/phenolics-carbohydrate complexes (Buranov and Mazza 2009). Therefore release
and purification of ferulic acid from these complexes is challenging. There are two methods that can
break the cross-link and release ferulic acid from plant cell walls (Ou et al. 2007). Ferulic acid can be
released either enzymatically using feruloyl esterases, or by alkaline-hydrolysis using dilute (0.1±4 M)
NaOH solution at 50±70 & %XUDQRY DQG 0D]]D   Purification of ferulic acid
from the hydrolysate is difficult since it contains many contaminating components (waxes, oligomeric
hemicelluloses). One of the approaches how to extract ferulic acid from enzymatic solution is the use
of activated charcoal. Another way how to purify ferulic acid is to use an anion macroporous resin,
as it has high capacity for adsorbing ferulic acid (Ou et al. 2007). However, these purification
processes are expensive for industrial use, so an alternative simple and cheaper way how to purifiy
ferulic acid from the hydrolysate is needed. Oily substances and hemicelluloses can be precipitated
by adding ethanol up to an ethanol concentration of 30% in the hydrolysate. Using this method ferulic
acid is dissolved in ethanol, while other components remain insoluble in hydrolysate
(Buranov and Mazza 2009).
The aim of this study was to optimize the method for ferulic acid extraction from wheat bran
by alkaline hydrolysis and purification of extracted ferulic acid using ethanol precipitation method.
Optimization was focused on maximalization of extraction yields of ferulic acid. Optimized factors
included initial weight of wheat bran, concentration of sodium hydroxide and hydrolysis temperature.
Quantification of ferulic acid was performed by high-performance liquid chromatography (HPLC).
Besides ferulic acid, other selected phenolic acids were also analyzed and quantified.
MATERIALS AND METHODS
Characterization of wheat bran samples
:KHDW EUDQ ZDV SURYLGHG E\ 0OêQ\ - 9RåHQtOHN VSRO V U R IURP 3ĜHGPČĜLFH QDG /DEHP
in Czech Republic. The bran was obtained from pre-treated wheat grains. It consists mostly of outter
tissues and parts of wheat grains from which endosperm was removed. Maximum humidity of the bran
is 15% and content of crude fiber is 8%. The bran was stored at room temperature until used.
Extraction process
Extraction process was carried out according to the method described by Buranov and Mazza
(2009). To optimize extraction process for our laboratory conditions, three initial weights of wheat
bran, four concentrations of sodium hydroxide and three hydrolysis temperatures were tested
(Table 1). Total amount of 150 ml of sodium hydroxide was added to wheat bran in Erlenmeyer flask.
The flask was kept at constant temperature on the shaker for 4 hours on 200 rpm, ensuring total
hydrolysis. After cooling down, the hydrolysate was neutralized by 6 M hydrochloric acid.
Table 1 Optimized factors
Optimized
Initial weight of
factor
bran [g]
1
5
2
10
3
15
4
±

Concentration of
NaOH [M]
0.5
1
2
3

Temperature of
K\GURO\VLV>&@
40
50
60
±

The hemicelluloses and glucomannans were precipitated by adding 95% ethanol. The amount
of addend ethanol corresponded to three times of the original volume. The precipitate was separated
by filtration under the vacuum with Buchner funnel. Excess ethanol was removed from the filtrate
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on rotary vacuum evaporator to approximately one third of initial volume, making sure
that concentration of ethanol does not decrease under 30%. This lead to the formation of a brown
extract which contained ferulic acid. The extract was finally passed through a 0.45-P filter before
HPLC analysis.
HPLC analysis
The extracts were analysed by HPLC to determine the quantity of ferulic and other phenolic
acids. The HPLC system consisted of an Agilent 1260 Infinity apparatus equipped with diode array
detector (DAD) with 10 mm absorption cell, autosampler with temperature regulation unit, quaternary
pump, column thermostat and degasser. Phenolic acids were separated on Poroshell 120 Agilent C18
column (1PPî mm, particle size 2.7 nm) at 45 &7KHPRELOHSKDVHFRQVLVWHGRI acetonitrile
(solvent A) and 2.5% solution of formic acid (v/v) (solvent B). Gradient elution was used
for the analysis. The gradient was as follows: 0 min, 5% A; 10 min, 15% A; 30 min, 25% A; 35 min,
30% A; 50 min, 55% A; 55 min, 90% A; 57 min, 100% A and then held for 10 min before returning
to the initial conditions. The data were collected by the Agilent 1260 Infinity chromatography data
system. Identification of the individual phenolic acids was based on the comparism of retention times
and the UV spectra obtained by DAD of unknown peaks to those of reference authentic standards. All
samples were run in triplicate. Quantification of individual phenolic acids was performed
via calibration curve of standards. Calibration curves for each standard were prepared over
a concentration range 0.1± 100 mg/l with eight different concentration levels and triplicate injections
at each level.
Statistical analysis
Data analysis and statistical evaluation was realised by Microsoft Excel and XL stat. Analysis
of variance (ANOVA) was set to 95% confidence interval.
RESULTS AND DISCUSSION
Optimization of wheat bran initial weight
In the first stage of optimization, initial weight of wheat bran was tested. Other two parameters
(concentration of NaOH and temperature of hydrolysis) were chosen according to Buranov and Mazza
(2009) ± 0.5 M and 50 &. Weights examined were 5, 10 and 15 g. Yields of ferulic acid for different
weights are shown in Table 2.
Table 2 Optimization of initial weight
Initial weight of bran [g]
Yields of ferulic acid [mg/g]
5
2.91  0.15
10
2.75  0.19
15
1.90  0.13
From the results it is obvious that the highest average yields were observed on the 5 g
samples ± 2.91 mg/g. Further increase of initial weight of bran has led to significant decrease
of extraction yields (p < 0.0001; F = 260.1; Fcrit = 3.89). In addition to changing yields, a change
in viscosity was observed. The viscosity of samples increased with growing weight. Samples with 15 g
of bran were almost impossible to stir during hydrolysis which affected the effectivity of hydrolysis
(the extraction solvent was not able to properly react with the hemicellulose structure). It resulted
in significantly lower ferulic acid yields (1.90 mg/g). On the basis of this experiment, it was decided
to run other experiments with 10 g of initial weight because the potential industrial use of this process
demands the highest initial weight of bran as possible.
Optimization of sodium hydroxide concentration
Next optimized parameter was the concentration of sodium hydroxide. The initial weight
of wheat bran was chosen according to previous experiment (10 g) and temperature of hydrolysis was
chosen  & according to Buranov and Mazza (2009). Examined concentrations of NaOH were
0.5, 1, 2 and 3 M. Yields of ferulic acid are shown in Table 3.
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The highest average yields were obtained using 0.5 M NaOH (2.75 mg/g). Further increase
of NaOH concentration did not cause statistically significant change of ferulic acid yields (p = 0.079;
F = 2.72; Fcrit = 3.24). This fact is important for potential industrial production of ferulic acid. It is
possible to use low concentrations of hydroxide, which is economically advantageous. Nevertheless, it
was noticed that 3 M sample was the easiest to filtrate. This is probably caused by salting out
effect ± during the neutralization, greater amount of sodium chloride is generated and hemicelluloses
become more insoluble. This may lead to more distinct precipitation of hemicelluloses (Sun 2010).
This phenomenom did not have effect on ferulic acid yields, but it is a notable finding for production
of ferulic acid in industrial scale.
Table 3 Optimization of concentration of sodium hydroxide
Concentration of NaOH [M]
Yields of ferulic acid [mg/g]
0.5
2.75  0.19
1
2.62  0.16
2
2.63  0.14
3
2.71  0.17
Optimization of hydrolysis temperature
During the last experiment, optimal hydrolysis temperature was determined. The initial weight
of wheat bran and concentration of NaOH were chosen according to previous experiments
(10 g; 0.5 M). Temperatures investigated were 40, 50 and 60 & The 40 & K\GURO\VDte had
the lightest colour, wheareas the 60 & K\GURO\VDWH ZDV WKH GDUNHVW RQH $IWHU SUHFLSLWDWLRQ ZLWK
ethanol, the 40 &VDPSOHKDG fine agglomerations of precipitated glucomannans and hemicelluloses
and the 60 &VDPSOHKDG thick agglomerations. Yields of ferulic acid are shown in Table 4.
Table 4 Optimization of hydrolysis temperature
Hydrolysis temperature >&@
Yields of ferulic acid [mg/g]
40
2.67  0.18
50
2.60  0.13
60
2.73  0.16
The highest average yields were obtained when 60 & Hxtraction temperature was used
(2.73 mg/g). Further change of hydrolysis temperature did not cause statistically significant change
of ferulic acid yields (p = 0.88; F = 0.13; Fcrit = 3.89). However, high temperatures may have positive
effect on ferulic acid yields obtained by using hot-water extraction of wheat bran. Ferulic acid yields
from this treatment are much lower than from alkaline hydrolysis (0.81 mg/g; 95 &  6XQHWDO 
Quantification of other selected phenolic acids
Besides ferulic acid, other selected phenolic acids were analyzed and quantified in purified
hydrolysate. Sinapic, caffeic and coumaric acids were quantified during the optimization
of concentration of NaOH and hydolysis temperature. Yields of the determined phenolic acids are
shown in Table 5.
Table 5 Quantification of other phenolic acids
Yields of sinapic
Yields of caffeic
acid [mg/g]
acid [mg/g]
40 &
0.234  0.011
0.040  0.002
50 &
0.240  0.020
0.038  0.001
60 &
0.140  0.007
< LOD
1M
0.235  0.012
0.017  0.001
2M
0.214  0.016
0.011  0.001
3M
0.224  0.017
< LOD

Yields of coumaric
acid [mg/g]
0.065  0.003
0.068  0.004
0.075  0.003
0.066  0.003
0.063  0.004
0.070  0.004
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From the results it can be seen that other phenolic acids can be extracted from wheat bran.
However, yields of these acids are much lower than yields of ferulic acid. From these selected
phenolic compounds sinapic acid is the most abundant one with the maximum average yield
of 0.240 mg/g. Caffeic and coumaric acids were found only in trace amounts.
Comparison with other studies
Buranov and Mazza (2009) used alkaline hydrolysis with 0.5 M NaOH and 50 & WR H[WUDFW
ferulic acid from grain processing waste with yields 3.91 mg/g of ferulic acid, which is slightly more
than in our work. Coumaric acid yields in our work are comparable to 0.020 mg/g yields published
by Buranov and Mazza (2009). Liu et al. (2016) used three-step extraction at room temperature using
methanol in the first step and sodium hydroxide in the second and third step. Ferulic acid
and coumaric acid yields from all steps were 3.36 mg/g and 0.191 mg/g respectively. Liu et al. (2016)
also used steam explosion technique which provided yields several times higher after first and second
step of extraction than without this treatment. On the contrary after third step, the yields were lower
than without steam explosion treatment. Gunenc et al. (2015) also used three-step extraction at room
temperature using methanol in first and sodium hydroxide in second and third step. Ferulic acid yields
ranged from 1.58 to 1.73 mg/g and coumaric acid yields ranged from 0.310 to 0.400 mg/g. Sinapic
acid was also quantified and its yields ranged from 0.020 to 0.100 mg/g, whereas yields from our
experiment ranged from 0.140 to 0.240 mg/g. Caffeic acid yields ranged from 0.030 to 0.100 mg/g,
which is comparable to the results of our work. Xie et al. (2010) used enzymatic hydrolysis of wheat
bran. After 4 days of fermentation with different species of fungi ferulic acid yields ranged
from 0.21 to 1.91 mg/g. Kroon et al. (2000) used enzymatic hydrolysis of wheat bran with Penicillium
funiculosum and after 24 hours they achieved a yield of 3.30 mg/g of ferulic acid.
CONCLUSION
The method for ferulic acid extraction from wheat bran by alkaline hydrolysis was optimized.
Three initial weights of wheat bran, four concentrations of sodium hydroxide and three hydrolysis
temperatures were tested.
It was found out that only the wheat bran initial weight has significant effect on ferulic acid
yields ± increase of initial weight has led to statistically significant decrease of extraction yields.
Concentration of NaOH and hydrolysis temperature does not have significant effect on ferulic acid
yields ± change of NaOH concentration and hydrolysis temperature did not cause statistically
significant change of ferulic acid yields.
Except the ferulic acid other phenolic acids (sinapic, caffeic and cumaric acids) were also
extracted from the wheat bran. However, yields of these acids were much lower than yields of ferulic
acid.
The optimized method has high potential for industrial use, because milling industry produces
large volumes of wheat bran that has not been exploited to its full potential. Enzymatic hydrolysis
of wheat bran is more specific and provides an environmentally friendly option to alkaline hydrolysis,
but it is much more expensive and demanding on working conditions.
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Abstract: As organic farmers are searching perspective crops for growing, there is possible to choice
neglected wheat species and also have a new market and sell opportunities. Concerning wheat, there
are landraces so called hulled wheat species (einkorn, emmer wheat, spelt) comprising parts
of collections of the world gene banks. Our paper aims at presenting the results of the study
and the assessment of spring wheat forms, four einkorn cultivars, eight emmer wheat cultivars, seven
spelt wheat cultivars in particular, as compared to modern bread wheat variety. Small-plot trials were
established at three different localities within the Czech Republic in 2010 and 2012 in organic farming
fields. The results of the trials show that the grains were characterised by a high proportion of protein
in grain (up to 18.1%). However, they may be difficult to use for common baking (low Gluten index
and sedimentation value). The main advantage was a high share of nutritionally valuable Albumins,
Globulins and insoluble rest protein fractions in comparison with modern control varieties of bread
wheat.
Key Words: organic farming, hulled wheat, baking quality, protein fractions
INTRODUCTION
Plant genetic resources are considered a unique and non-renewable source with which
to enhance the plant genetic base (Dotlacil et al. 2010). The significance of the genetic diversity
of low-input organic varieties has increased in the last several years. Genetic diversity resources have
to be identified and strategies to enable the use of those diverse varieties in the organic breeding
processes have to be developed and implemented (Serpolay et al. 2001).
Wheat (Triticum aestivum L.) is one from the most important crops for human diet (Moudry
et al. 2013a). Despite a remarkable development in organic farming throughout Europe (Moudry
et al. 2013b), there are not enough varieties which have been purposely bred for use within the organic
farming system (Stehno et al. 2010). In particular, conventional bred and tested varieties which were
reproduced under the organic farming conditions are grown there (Lammerts van Bueren et al. 2002).
But there are many references from different authors (Wolfe et al. 2008) being reported lower baking
quality of bread wheat within organic farming.
Organic farming can work with a wider diversity of crops (Konvalina et al. 2011). There are
many neglected wheat species such as Triticum monococcum, diccocum or spelta which have
potential to be grown in organic farming. They are more tolerant to many stress factors (Konvalina
et al. 2014), e. g. decreasing quality of arable land (Kopecky et al. 2016). But they can provide grain
in high quality (Piergiovanni et al. 1996). Hulled wheat species could be suitable for cultivation
in marginal areas, under conditions of low-input or organic farming, where modern soft wheat
varieties are unable to develop their full productive potential, because they are selected for favourable
pedoclimatic and intensive agronomic conditions (Lacko-Bartosova et al. 2015).
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Our article aims at evaluating the grain quality and protein fractions characteristics in a set
of 25 varieties of hulled and bread wheat varieties grown in organic farming.
MATERIAL AND METHODS
Used varieties
The landraces of einkorn: Triticum monoccocum 38, Triticum monoccocum 44, No. 8910
and Schwedisches Einkorn. (PPHUZKHDW 7ULWLFXPGLFFRFXP6FKUDQNH[6FKEOHU 5XGLFR, Weisser
Sommer, May-Emmer, Triticum dicoccon (Brno), Triticum dicoccon (Dagestan), Triticum dicoccon
(Palestine), Triticum dicoccon (Tapioszele) and Triticum dicoccum (Tabor). Spelt wheat (Triticum
spelta L: Triticum spelta (Ruzyne), Triticum spelta (Tabor 22), Triticum spelta (Tabor 23), VIR St.
Petersburg, Spalda bila jarni, Triticum spelta No. 8930 and Triticum spelta (Kew). All the varieties
were spring wheat forms and came from the Gene bank of the Crop Research Institute
in Prague-Ruzyne. As control were used 4 landraces varieties namely Postoloprtska presivka 6,
Rosamova ceska cervena presivka, Cervena perla and Kasticka presivka 203; and 2 modern varieties
of bread wheat (Triticum aestivum L.) namely Vanek and SW Kadrilj.
Field Trials
Varieties were sown in a randomized, complete block design on the organic certified research
area in Ceske Budejovice, Prague Ruzyne and Uhrineves (CZ) during 2010 and 2012. The seeding rate
was adjusted for a density of 350 germinable grains per m2. The crop stands were treated
in compliance with the European legislation (the European Council Regulation (EC) No. 834/2007,
the European Commission Regulation (EC) No. 889/2008. There was no artificial nitrogen application
during the growing season. Trial were weeded by harrowing.
Laboratory analysis
The baking quality analysis in grain were tested after the dehulling of the grains
by The International Association for Cereal Chemistry (ICC) methods: crude protein content (ICC
105/2); index of sedimentation - SDS test (ICC 151); wet gluten content (ICC 106/2), gluten index
(ICC 155) and baking experiment (Lachman et al 2012). Gluten content was measured by ELISA
Technologies. Protein fractions were measured according the methodology developed by Osborn
(1907) with modifications (Lookhart and Bean 1995).
Statistical analysis
Data were processed by the Statistica 9.0 (StatSoft. Inc., USA) programme. The comparison
of varieties and their division into statistically different categories were provided by the Turkey HSD
test.
RESULTS AND DISCUSSION
From the technological point of view, there is an important protein content and its quality.
In case of hulled wheat species, there was high protein content. Regarding the tested collection
of varieties, the average protein content in grain achieved 15.59% in einkorn, 16.04% ± emmer wheat,
15.74% ± spelt wheat, 13.21% ± land races of bread wheat (Table 1). Regarding the modern varieties,
the average protein content in grain achieved 12.79%. In the group of hulled wheat species, there was
also high wet gluten content (36.5%; 38.0%; 42.2%) in comparison with control varieties of bread
wheat (30,9%). Gluten index was very low in einkorn and emmer varieties with15. SDS test
and Zeleny test was in case of diploid (einkorn) and tetraploid (emmer) at the half level
of other species (Table 1). On the other hand, in case of hexaploid spelt wheat there was baking
quality higher (Gluten index ± 36) and Zeleny test 34 ml ± this level is comparable to the group
of bread wheat varieties.
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Table 1 The baking quality characteristics of different wheat species
Protein
Wet gluten
Gluten
content
content
Species
index
(%)
(%)

SDS test

Zeleny test

(ml)

(ml)

Einkorn

15.59b

36.45bc

14.39a

29.04a

14.07a

Emmer

16.04b

38.04c

15.43a

33.15a

15.81a

Spelt

15.74b

42.26d

35.68b

57.35b

34.35b

Landraces of bread wheat

13.21a

33.11ab

41.46c

56.65b

35.96b

Control varieties of bread wheat

12.79a

30.87a

68.75d

65.38c

42.36c

Legend: Within column values followed by the same letter are not significantly different at P < 0.05 (Tukey HSD test).

From the nutritional point of view, there is an important composition of protein fractions
(glutenins and gliadins) (Shewry et al. 2000). For human nutrition are important protoplasmatic
fractions ³DOEXPLQVDQGJOREXOLQV³and also insoluble rest (fractions which are close to protoplasmatic
ones). In case of einkorn and emmer there was lower gluten content ± but concentration is too high
for people with the celiatic disease. On the other hand, there was better protein fractions composition
in case of einkorn and emmer. Einkorn had Albumins, Globulins and Insoluble rest fractions more
than 59% in comparison with bread wheat (Table 2). Very simmilar composition had also emmer
and some varieties of spelt. High content of protoplasmatic fractions is good from nutritional point
of view, however, It has influence on the negative way to technological quality.
Table 2 Protein fractions content of different wheat species
Albumins
Gluten
+
Species
content
Globulins
(mg/100g)
(%)

Gliadins

Glutenins

(%)

(%)

Insoluble
rest
(%)

Einkorn

153.45a

26.67c

27.93a

27.64a

17.76d

Emmer

194.86b

28.67b

30.06b

27.70a

13.67c

Spelt

248.17c

27.04b

31.03bc

29.95b

12.12b

Landraces of bread wheat

265.96c

26.30b

32.17c

30.59b

10.92b

Control varieties of bread wheat

248.52c

21.38a

34.67d

36.96c

6.99a

Legend: Within column values followed by the same letter are not significantly different at P < 0.05 (Tukey HSD test).

CONCLUSIONS
The hulled wheat species are supposed to be grown in organic farming, because
of in this conditions can provide more stable and high yield in comparison with modern bread wheat
varieties. Hulled wheat species had a high protein contend and wet gluten content. There were
differences between species ± HLQNRUQDQGHPPHUZHUHQRWVXLWDEOHIRUÄFODVLFDO³EDNLQJSURFHVVLQJ
But there is potential for other products eq. wheat rice (einkorn) or pasta (emmer). Spelt will be
SRVVLEOH WR XVH LQ ³FODVLFDO³ baking industry, but the best solution will be use grain in the mixture
with bread wheat. The most important advantage of hulled wheat species is nutritional value of grain
from the point of view of protein fractions composition ± hulled wheat species had in average more
albumins and globulins and insoluble rest fractions than modern varieties of bread wheat. On the other
hand there is lower gliadin and glutenins content ± it is possitive from nutritional point of view,
but not from technological.
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Abstract: The aim of this experiment was to evaluate the effect of selected oils addition in diet on fatty
acids content in liver tissue of model animals (rats). Animals were divided into four groups and fed
daily ad libidum with basic feed mixture enriched of 6% selected oils. Palm oil (control group), fish
oil and Schizochytrium alga oil ± DHA (test groups), safflower oil (negative control) were used.
At the end of the experiment liver tissue of rats was removed. Fatty acids representation in liver tissue
was determined by gas chromatography. It was concluded that composition of fatty acids in the diet
correlates with their deposition in liver tissues of rats and may have an effect on regulation of chronic
inflammatory diseases.
Key Words: fatty acids, liver tissue, rats, gas chromatography
INTRODUCTION
Representation and content of fatty acids in human nutrition is very important. It is possible
to distinguish several fatty acids groups ± saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA). PUFA group is divided (according to location
of the first double bond on carbon) to n-3 and n-6 series. This series are characterized by different
physiological effects (Erdman et al. 2012) and are essential components of the metabolically active
tissues such as liver (Noolen et al. 2014).
Several studies have demonstrated potential health benefits of substituting SFA with unsaturated
fatty acids, particularly oleic acid (18:1, MUFA) and PUFA n-3 serie. Thus, reducing consumption
of foods rich in SFA and increasing consumption of foods containing oleic acid or PUFA n-3 serie is
likely to reduce the incidence of metabolic disease (Kennedy et al. 2009).
The starting compounds of PUFA n-3 and n-VHULHVDUHĮ-linolenic acid (18:3n-3) and linoleic
acid (18:2n-6), both metabolized by the same set of enzymes (elongase and desaturase) to long-chain
PUFA. The most important metabolites of PUFA n-6 and n-3 series are arachidonic acid (20:4n-6),
eicosapentaenoic acid (20:5n-3) and docosahexaenoic acid (22:6n-3) *URIRYi   The final
metabolites of PUFA n-6 and n-3 series are eicosanoids (prostaglandins, leukotrienes
and tromboxanes). These metabolites play important roles in regulation of inflammatory response
(Noolen et al. 2014). The ratio of PUFA n-6 : n-3 under 5 : 1 or lower is recommended in human
nutrition (Kouba and Mourot 2011). A diet with a high ratio of PUFA n-6 : n-3, in conjunction with a
genetic factors, can be associated with an increasing prevalence of chronic inflammatory diseases such
as cardiovascular disease. Eicosanoids generated from arachidonic acid have a pro-inflammatory
effect (platelet aggregation, vascular wall diminution). Eicosanoids generated from eicosapentaenoic
acid and docosahexaenoic acid can elicit anti-inflammatory and cardioprotective effects, reduce
the risk of autoimmune disease and cancer (Komprda 2003, McDaniel et al. 2011).
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This experiment was focused on determination of fatty acids content in liver tissue of rats.
The aim of this experiment was to test the hypothesis regarding of the effect of selected oils addition
in diet of rats on fatty acids level in model animals and apply received knowledge in human nutrition.
MATERIAL AND METHODS
Tested samples description
Forty-eight adult male rats of the laboratory strain Wistar Albino (produced by Faculty
of Medicine, Masaryk University, Brno, Czech Republic) were used. Animals were randomly divided
into four groups and housed in the plastic boxes (53.5 x 32.5 x 30.5 cm) per four animals. Room was
maintDLQHG DW    & KXPLGLW\ % and 12/12 h light/dark cycle. The animals were fed daily
ad libidum with EDVLF IHHG PL[WXUH SHOOHWL]HG FRPSOHWH FKRZ IRU PLFH DQG UDWV %LRNURQ %OXþLQD
Czech Republic) and had free access to drinking water. Feed mixture was composed of wheat, oat,
wheat sprouts, soybean meal, extruded soybean, maize, dried milk, dried whey, dried yeast, grounded
limestone, monocalcium phosphate, salt, L-lysine hydrochloride, premix of vitamins and minerals.
The diet was formed by admixing of 6% selected oil to the chow: palm oil (control group), fish oil
and Schizochytrium alga oil ± DHA (test groups), safflower oil (negative control). Fatty acids content
in used oils is presented in Table 1. Feed consumption was measured daily. Animals were weighed
in weekly intervals. At the end of the experiment (after 10 weeks) liver tissue of rats was removed.
The experiment was performed in compliance with the Czech National Council Act
No. 246/1992 Coll. to protect animals against cruelty, the Amended Act No. 162/1993 Coll., and was
DSSURYHGE\ WKH ³&RPPLVVLRQ WR SURWHFW DQLPDOV DJDLQVW FUXHOW\´ RIWKH 0HQGHO 8QLYHUVLW\ LQ %UQR
and of the Ministry of Agriculture of the Czech Republic.
Table 1 Fatty acids content in used oils (in % of total fatty acids)
Fatty acid
Designation Palm oil DHA oil
Lauric
12:0
0.3
Myristic
14:0
0.8
4.4
Pentadecanoic
15:0
7.6
Palmitic
16:0
39.4
14.6
Palmitoleic
16:1n-7
0.4
0.9
Heptadecanoic
17:0
0.3
Stearic
18:0
4.8
1.7
Oleic
18:1n-9
43.8
15.5
Vaccenic
18:1n-7
1.3
Linoleic
18:2n-6
8.4
5.9
Linolenic n-6
18:3n-6
0.1
0.3
Linolenic n-3
18:3n-3
0.3
0.4
Eicosenoic
20:1n-9
0.3
Eicosadienoic
20:2n-6
0.1
Homo-Gamma-Linolenic 20:3n-6
0.7
Arachidonic
20:4n-6
0.7
EPA
20:5n-3
0.9
DTA
22:4n-6
13.0
DPA
22:5n-3
0.6
DHA
22:6n-3
32.3

Fish oil Safflower oil
4.6
9.6
15.3
8.1
0.6
3.1
25.1
9.5
0.4
1.4
0.4
0.2
0.8
8.5
0.3
1.1
11.2

0.4
7.4
8.3
0.6
0.3
3.1
14.2
61.7
0.7
0.4
0.2
0.2
0.5
0.5
0.3
0.3
1.4

Fatty acids determination
Liver tissue was analyzed according to the protocol described in the paper of Komprda
et al. 2013. Liver samples were lyophilized (lyophilizer Christ Alpha 1±2 LD) under following
conditions: main drying at -&KRXUVILQDOGU\LQJDW-&KRXUV
585

November 8–9, 2017, Brno, Czech Republic

24
years

For total lipid extraction mixture hexan/2-propanol in ratio 3 : 2 (v/v; HIP 1.15 ml) and in ratio
7 : 2 (v/v; HIP 2, 10 ml) was used. A sample (approx. 5 g) was homogenized for 2 minutes
(homogenizer DIAX 900 Heidolph) and left in ultrasonic bath for 15 minutes (PS10000, NotusPowersonic). After sample filtration, aqueous solution of sodium sulphate (24 ml, 0,5 mol/l) was
added to the filtrate and the sample was shaken in a separating funnel (3 min). The upper organic
phase with HIP 1 (extraction) was combined with the organic phase HIP 2 (repeated extraction).
The solvent mixture with HIP was evaporated on a rotary vacuum evaporator (IKA RV 05-ST)
at WHPSHUDWXUH RI  & DQG DW  USPPLQ 7KH VROYHQW UHPDLQGHU ZDV EORZQ XQGHU D QLWURJHQ
atmosphere to a constant weight. The total lipid content was determined gravimetrically.
The sample with extracted total lipids (40±60 mg) was mixed with 3 ml Pentadecanoic acid
(15 : 0) in isooctane (concentration of 1 mg/ml) and 3 ml sodium methanolate (1.15 g metallic
sodium/100 ml methanol) in the boiling flask. The mixture was heated in water bath
(K 10 E 1 0HGLQJHQ  DW  & IRU  PLQXWHVXQGHU UHIOX[ 0HWKDQROLF VROXWLRQRI ERURQWULIOXRULGH
(3 ml, concentration of 14%) was added and was mixture was heated again for  PLQXWHV DW  &
The boiling flask was cooled to room temperature and 2 ml isooctane and 5 ml of saturated solution
of sodium chloride were added. Mixture was shaken for 10 minutes (Shaker GFL 3005). Upper
organic phase (1 ml) was used for chromatographic analysis.
Fatty acid methyl esters were identified by gas chromatograph Fisons GC 8000 series
with capillary column DB-  P [  PP [  P $JLOHQW 7HFKQRORJLHV 86$  IODPH
ionization detector and autosampler HT300A. The carrier gas was used nitrogen. Temperature
progUDP  & PLQ JUDGLHQW  & PLQ WR  Û& PLQ JUDGLHQW  Û&min. to 240 C held
for 15 min.LQMHFWRUWHPSHUDWXUH&GHWHFWRUWHPSHUDWXUH&6HSDUDWLRQFRQGLWLRQVIORZUDWH
of 1.5 ml/min, pressure of 200 kPa, split ratio of 20 : 1.
The measured data were statistically evaluated in Microsoft Excel 2010 and Statistica 12
programmes by one-ZD\DQDO\VLVRIWKHYDULDQFHUDWLRWHVWLQFOXGLQJ7XNH\¶VSRVW-hoc test (p < 0.05).
RESULTS AND DISCUSSION
The experiment was focused on the effect of selected oils addition in diet on fatty acids content
in liver tissue of rats. High content of palmitic (16:0) and stearic (18:0) acids and low content
of myristic (14:0) and palmitoleic acids (16:1) were detected in all groups. The control group (palm
oil) is characterized by significantly high content of palmitic and stearic acids compared with other test
groups (fish oil, DHA oil) and negative control group (safflower oil). The representation of SFA
and MUFA in liver is shown in Figure 1.
Figure 1 SFA and MUFA content in the liver of rats
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Legend: PO- Palm Oil, SO ± Safflower Oil, FO ± Fish Oil, DHAO ± DHA Oil; A-C means with different letters within a given
trait differ at P < 0.05

PUFA composition of liver samples correlates with fatty acids composition of selected oils
added to chow (Figure 2). The increase of PUFA n-6 serie (linoleic acid, 18:2n-6; arachidonic acid,
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20:4n-6) was expected in a group with diet enriched of safflower oil compared with control group
(palm oil).
Figure 2 PUFA content in the liver of rats
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Legend: PO- Palm Oil, SO ± Safflower Oil, FO ± Fish Oil, DHAO ± DHA Oil; A-C means with different letters within a given
trait differ at P < 0.05

High intake of safflower oil in diet increased content of PUFA n-6 in liver tissue. Diet
with addition of fish oil and DHA oil had an positive effect on increasing PUFA n-3 in tested tissue.
The representation of fatty acids groups detected in liver is shown in Figure 3. The increased intake
of food containing PUFA n-3 and restriction of SFA, trans-fatty acids and consumption of PUFA n-6
have been the ULJKW DSSURDFK OHDGLQJ WR RXU KHDOWK LPSURYHPHQW *URIRYi   The total
recommended daily intake of fats is set at 30%, PUFA group should be represented by 7%
(Komprda 2003).
Figure 3 Content of SFA, MUFA and PUFA group in the liver of rats
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Legend: PO- Palm Oil, SO ± Safflower Oil, FO ± Fish Oil, DHAO ± DHA Oil; A-C means with different letters within a given
trait differ at P < 0.05

The highest value of the ratio of PUFA n-6 : n-3 was observed in the negative control group
(safflower oil) than in the test groups (fish oil, DHA oil) and control group (palm oil). This result was
expected due to the high content of linoleic acid (18:2n-6) in safflower oil. Significant reduction
in the ratio of PUFA n-6 : n-3 in the diet enriched of fish oil and DHA oil (rich sources of PUFA n-3)
was measured in comparison to control group with palm oil. The ratio of PUFA n-6 : n-3 in the diet
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enriched of safflower oil was significantly increased compared to other groups (Figure 4). Ratio
of PUFA n-6 : n-3 should be optimally from 1 : 1 to 4 : 1 in human diet (Kohout 2010), but it is
significantly higher (15-16.7 : 1) in economic developed countries with the consequence of increased
risk of chronic degenerative diseases (Simopolous 2008).
Figure 4 The ratio of n-6 : n-3 fatty acids in the liver of rats
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Legend: PO- Palm Oil, SO ± Safflower Oil, FO ± Fish Oil, DHAO ± DHA Oil; A-C means with different letters within a given
trait differ at P < 0.05

The qualitative and quantitative representation of fatty acids depends on the diet
and on the nutrient conversion, which is affected by a number of factors like metabolism, age, seasons,
temperature, length of light and the chemical form in which the nutrients are administered
5R]tNRYiHWDO 
CONCLUSION
It can be concluded based on our results that, composition of fatty acids in the diet correlates
with their deposition in liver tissues of rats. Deposition of linoleic acid (18:2n-6) in the liver was
increased significantly (P < 0.05) under the diet enriched of safflower oil rich in linoleic acid,
compared to the control group with palm oil. Deposition of DHA (22:6n-3) in the liver increased
significantly (P < 0.05) under the diet enriched of fish oil and DHA oil, therefore diet rich in PUFA n3 serie compared to control group (palm oil). Increased amount of PUFA n-3 serie in the diet affects
desirable increase of these fatty acids levels in liver tissues. Therefore, the ratio of PUFA n-6 : n-3 can
approach almost to an optimum and so reduce the risk of cardio-vascular disease due to favorable
physiological effects.
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Abstract: The aim of this study was to monitor the dynamics of the changes in the content of selected
anthocyanins in the processing of the blue-grain Scorpion wheat variety for food. Nine selected
anthocyanins were monitored by high performance liquid chromatography and their content
determined in wholemeal flour, bran, and soft flour. To determine the content of individual
anthocyanins and their degradation rates during grain processing to the final product, wholemeal flour
was used to bake products. The dominant anthocyanin was found to be delphinidin-3-O-rutinoside
in wholemeal flour (12.75 ȝJJ  DQG LQ EUDQ  ȝJg). The content of the most common
anthocyanins in wholemeal flour, including the dominant delphinidin-3-O-rutinoside, dropped quickly
WRȝJJ during processing to wholemeal bakery products.
Key Words: Scorpion wheat grain, blue aleurone, anthocyanins, flour, bran, wholemeal bakery
products
INTRODUCTION
Common wheat (Triticum aestivum L.) includes in addition to conventional colouring
of caryopsis also genotypes with increased content of natural dyes in different anatomical layers
of the grain. These are colour pigments of the anthocyanin group (caryopses with purple pericarp
and blue aleurone) and carotenoids (caryopses with yellow endosperm). The most represented
anthocyanins include delphinidin-3-glycoside and delphinidin-3-rutinoside in blue-grained wheat
(Trojan et al. 2010, Knievel et al. 2009).
The blue colouration of aleurone is due to the Ba genes (blue aleurone). A well-known donor is
the California UC66049 line that carries the Ba1 gene on the 4B chromosome or the Thatcher Blue
carrying the Ba2 gene on chromosome 4A. The blue colouration of the wheat grain was also found
in the independent taxon T. aestivum var. tschermakianum Mansf., on the basis of which the winter
variety Scorpion was bred. However, the gene causing the blue colouration of grain in this variety has
not yet been localized. This variety was bred in the Crop Research Institute (CRI) Prague-5X]\QČ
and Agrotest fyto, s.r.o., .URPČĜtå The Scorpion variety is currently widely used for crossbreeding
with common wheat varieties to increase yield. It is also possible to increase the colour pigment
content by combining the blue aleurone and purple pericarp genes (Martinek 2016). The occurrence
of wheat with very dark grain colouration and detection of a wide range of 26 different anthocyanins
was confirmed by Garg et al. in 2016.
The above colour pigments show antioxidant activity, therefore the caryopses of colour wheat
varieties with increased content of these natural dyes appear to be suitable for the production
of so-called functional foods (Trojan et al. 2010). These are foods with not only nutritional value but
also with beneficial effects on the health of consumers, which has been scientifically documented
&KDELQRYi et al. 2011). It has been demonstrated that anthocyanin-type antioxidants contained
in the diet have preventive action against arthritis, atherosclerosis, inflammatory processes, and some
types of cancer (Lachman et al. 2003). They reduce the risk of cardiovascular diseases, protect
the organism from oxidative stress and DNA from damage, prevent aggregation of thrombocytes,
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OLSRSURWHLQR[LGDWLRQHWF +UQþtĜRYiet al. 2011). For this reason, coloured wheat is becoming more
and more important and has recently been of interest to both scientists and food producers.
However, it has been found that anthocyanins are relatively unstable compounds and more
easily undergo degradation in food processing and storage (Jing et al. 2007). Up to now, however,
there is only a limited amount of information describing it (Patras et al. 2010).
MATERIAL AND METHODS
Description of tested samples
We have used caryopses of coloured wheat of the Scorpion variety with blue aleurone,
harvested in full maturity. The samples were ground on the Chopin Moulin CD1 mill. Three fractions
of grist, namely flour, semolina and bran, were obtained. Wholemeal flour was obtained by destruction
of the whole grain on the Perten 120 laboratory mill. Products baked from wholemeal flour, according
to the baking experiment, was dried and ground, as well.
Baking experiment - Rapid Mix Test
The baking experiment recipe was adapted to the conditions of the laboratory of the Institute
of Food Technology. The recipe consisted of 500 grams of wholemeal flour, 25 g of yeast, 7.5 g
of salt, 5 g of sugar, 5 g of sunflower fat and 300 ml of water. Of all the ingredients dough was
prepared on the Zelmer PROFI Fenomen dough maker at 1,200 rpm. It was followed by maturing
the dough in the proofer at 32 & temperature and % relative humidity for 20 minutes. After
removal from the proofer, the dough was rolled and left to rest for 10 minutes and then divided
into desired pieces of 80 g, which took three minutes. This was followed by the formation of pieces
of dough and rising in a proofer for 25 minutes under the same conditions as when it matured. Before
baking, the dough was sprinkled with water and baked at 230 &WR &for 20 minutes. The oven
was steamed with 50 ml of water prior to baking. The pieces were baked in a laboratory oven
with proofer from the Polish producer ZBPP Sp. Zo. o., Bydgoszcz.
Extraction and high performance liquid chromatography (HPLC)
The content of selected anthocyanins was determined in flour, bran, wholemeal flour
and wholemeal bakery products by extraction and high performance liquid chromatography.
For the extraction of anthocyanins in the samples, a solution of methanol and 4M HCl in a ratio
of 85 : 15 was used. The extraction was performed four times on each sample using Vortex MS2
MinishakeU ,.$  V  DQG 2UELWDO 6KDNHU 368-10i, BioSan (400 rpm, 30 min). To accelerate
the sedimentation of the extracted sample, the Hettich Universal 32 R centrifuge (4,000 rpm, 10 min)
was used. After extraction, the samples were evaporated in a stream of nitrogen using the Sampler
Concentrator, Miulab, NDK 200-2, and stored in the dark at -18 C until the subsequent
chromatographic analysis.
To identify the selected anthocyanins, Agilent 1 100 liquid chromatograph (Agilent
Technologies, Germany), Kinetex-%LSKHQ\O $ FROXPQ  [  PP SDUWLFOH VL]H  ȝP  ZDV
used. The mobile phase composition was methanol and 6% formic acid. A UV-Vis detector was used
to detect the substances being separated. Separation conditions included gradient separation, flow rate
 POPLQ LQMHFWLRQ YROXPH RI VWDQGDUGV DQG VDPSOHV  ȝO separation duration 28 minutes,
wavelength 525 nm, and separation temperature 25 &
The chemicals and standards used were purchased from Sigma-Aldrich s.r.o. (USA).
As standards, nine standard solutions of anthocyanins were selected, namely myrtillin chloride,
delphinidin-3-O-rutinoside, kuromanin chloride, petunidin-3-0-glucoside chloride, keracyanin
chloride, malvidin-3-0-glucoside chloride, peonidin-glucoside chloride (Peo G), callistephin chloride,
and peonidin-3-O-rutinoside chloride (Peo R).
All tested samples were analyzed three times. The measured data were statistically evaluated
in Microsoft Excel 2010 and Statistica 12 programmes by one-way analysis of the variance ratio test,
LQFOXGLQJ7XNH\¶VSRVW-hoc test (p < 0.05).
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RESULTS AND DISCUSSION
Content of selected anthocyanins in individual fractions of grain
Anthocyanins in the caryopses of the blue-grain Scorpion wheat variety are found
in the aleurone layer, which is located between the husk layers (bran) and the endosperm.
By destroying the whole grain during grinding, the anthocyanins are transferred to the flour. Eight
of the nine monitored anthocyanins were identified in the wholemeal flour samples. Delphinidin-3-Orutinoside (delphinidin) was found to be the dominant anthocyanin, which corresponds to already
published results by Abdel-Aal et al. 2008 and Ficco et al. 2014. Furthermore, high contents
of keracyanin chloride (keracyanin) and myrtillin chloride (myrtillin) were also found (Figure 1).
When grinding grain for soft flour, only a part of the aleurone gets into this fraction, and it is
also evident in the content of anthocyanins, which is steeply decreasing (Figure 2). Low
concentrations of only two anthocyanins from a total of nine, namely myrtillin chloride (myrtillin)
and delphinidin-3-O-rutinoside (delphinidin) were detected in the soft flour.
Figure 1 Content of selected anthocyanins in wholemeal flour (Scorpion variety)

Legend: Vertical columns represent 0.95 confidence intervals. The averages of the different variants do not differ
significantly (p > 0.95) if the same upper index is indicated.

Figure 2 Content of selected anthocyanins in flour

Legend: Vertical columns represent 0.95 confidence intervals. The averages of the different variants do not differ
significantly (p > 0.95) if the same upper index is indicated.

Aleurone layer is part of the husk layers of grain (Prugar et al. 2008). Therefore,
the anthocyanin content in bran was considerably higher (Figure 3). We can say that the process
of grain grinding affects the content of anthocyanins in individual fractions. We must respect it
in the production of bakery products for which we want to increase the share of anthocyanins.
Due to the presence of high proportion of anthocyanins in outer grain layers, colour wheat
varieties can be used in the form of wholemeal flour or flour enriched with bran particles to produce
coloured bakery products (Syed Jaafar et al. 2013, Li et al. 2015). From a baking technology point
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of view, however, the husk layers have a rather negative impact. They affect the quality
and workability of dough and often the appearance of the finished product as well. They often reduce
the volume of bakery products 0DFKiONRYiet al. 2017) and therefore they are being separated during
production of IORXU .XþHURYi 
Figure 3 Content of selected anthocyanins in bran (Scorpion variety)

Legend: Vertical columns represent 0.95 confidence intervals. The averages of the different variants do not differ
significantly (p > 0.95) if the same upper index is indicated.

Content of selected anthocyanins in wholemeal bakery products
When wholemeal flour was processed into a final bakery product, the content of the monitored
anthocyanins dropped significantly. The content of the most represented anthocyanins in wholemeal
flour, including the dominant delphinidin-3-O-rutinoside (delphinidin), declined rapidly. Keracyanin
chloride (keracyanin) and peonidin-3-O-rutinoside chloride (Peo R) were degraded to almost a third
of their original content. Other of the monitored anthocyanins were completely degraded (Figure 4).
Figure 5 shows the comparison of the content of selected anthocyanins in the mill products
and in the final bakery product.
Figure 4 Content of selected anthocyanins in wholemeal bakery products

Legend: Vertical columns represent 0.95 confidence intervals. The averages of the different variants do not differ
significantly (p > 0.95) if the same upper index is indicated.

According to Giusti et al. (2003), the total content of anthocyanins in the final bakery product is
influenced by a number of factors. The main role is played primarily by the heat treatment of the raw
material. Bartl et al. (2015) state that the loss of anthocyanin content in bread made from wholemeal
flour of blue-grain wheat varieties depends on the baking conditions. It is higher at a baking
temperature of 180 &IRUPLQXWHV GHJUDGDWLRQRIDQWKRF\DQLQFRQWHQWE\%) versus baking
at 240 &IRUPLQXWHV GHgradation of the anthocyanin content by 7.1%). Critical is thus the length
of exposure to higher temperature. The stability of anthocyanins also depends on the intrinsic
properties of the product, the chemical structure and concentration of anthocyanins present, pH,
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storage conditions, effect of light, oxygen, and presence of enzymes, proteins, and metal ions
(Patras et al. 2010).
Figure 5 Content of selected anthocyanins in milling and bakery products

Legend: Vertical columns represent 0.95 confidence intervals. The averages of the different variants do not differ
significantly (p > 0.95) if the same upper index is indicated.

CONCLUSION
Anthocyanins have been found to be primarily located in husk layers of caryopses. In the bluegrain Scorpion variety, they are mainly in the aleurone layer, which is concentrated mainly in bran
in the standard milling process. The dominant anthocyanin was found to be delphinidin-3-Orutinoside, which can be considered as more important than other. In order to preserve the part
of the anthocyanins in the bakery products, it is preferable to use wholemeal flour in the formulated
composition, or to add bran to the mixture. The addition of bran particles, which exhibit the highest
content of these colour pigments, must respect possible technological difficulties that are reflected
in the quality of the final product. Anthocyanins are, however, unstable compounds that are easily
degraded during food processing and changes in their contents take place. The partial or complete
degradation of individual anthocyanins is mainly due to thermal processing, as confirmed by our
results. According to Bartl et al. study (2015) the length of exposure to higher temperature is critical.
Therefore, it is more suitable to operate at higher temperature for a shorter period of time
for the highest content of anthocyanins.
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OPTIMALIZATION OF DNA ISOLATION PROCESS
IN FRESHWATER MICROALGAE USING HOMOGENIZER
ROMANA BACOVA1,2, MARTINA KOLACKOVA1,2, BORIVOJ KLEJDUS1,
DALIBOR HUSKA1,2

'HSDUWPHQW RI&KHPLVWU\ DQG%LRFKHPLVWU\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
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[EDFRYD#QRGHPHQGHOXF]
$EVWUDFW /DVW GHFDGHV PLFURDOJDH DUH JDLQLQJ PXFK LQWHUHVW GXH WR KLJKYDOXHG ELRPROHFXOHV FRQWHQW
,QFUHDVLQJ QXPEHU RI JHQHWLF VWXGLHV DQG PRGLILFDWLRQV UHTXLUH TXDOLW\ LQSXW PDWHULDO DQG VKRUW WLPH
DQDO\VLV DW WKH VDPH WLPH $SSURSULDWH '1$ H[WUDFWLRQ LV RQH RI WKH FUXFLDO DQG WLPH OLPLWLQJ VWHSV
7KHUHIRUH LQ WKLV VWXG\ ZH VHW XS RSWLPXP SDUDPHWHUV IRU DXWRPDWLF KRPRJHQL]HU
3UHFHOO\V  (YROXWLRQ XVLQJ EHDG PLOOV WHFKQRORJ\  IRU '1$ H[WUDFWLRQ IURP VHOHFWHG VSHFLHV
RI JUHHQ PLFURDOJDH 6SHHG SDUDPHWHU   USP   USP DQG   USP ZDV WHVWHG WR REWDLQ
WKH EHVW UDWLR TXDOLW\TXDQWLW\SXULW\ RI '1$ PDWHULDO 7KHUH ZHUH  SURWRFROV VHW XS GXH WR GLIIHUHQW
VHQVLWLYLW\ RI PLFURDOJDH FHOO ZDOOV RQ EHDG PLOOV SRZHU RWKHUZLVH XQLYHUVDO SURWRFRO QHHGV
WR EHDFRPSURPLVH EHWZHHQTXDOLW\ DQGTXDQWLW\
.H\ :RUGV JUHHQ PLFURDOJDH '1$ LVRODWLRQ KRPRJHQL]HU
INRODUCTION
0LFURDOJDH DUH DERXQGLQJ LQ H[FHSWLRQDO DELOLW\ WR DGDSW WR H[WUHPH FRQGLWLRQV ,W PHDQV WKH\
FDQ TXLFNO\ UHSURJUDP WKHLU JURZWK PHWDEROLVP DQG SK\VLRORJ\ :HEHU HW DO   6RPH
RI PHFKDQLVPV DEOH WR PDQDJH WKHVH FKDQJHV PD\ EH LQGXFHG E\ HSLJHQHWLF DEHUUDWLRQV LQ JHQHWLF
FRGH 3HRSOH VWDUWHG WR UHDOL]H WKHVH VSHFLDO DOJDO IHDWXUHV DQG H[SRQHQWLDO JURZWK RI SXEOLFDWLRQV
LQ 6FLHQFH 'LUHFW GDWDEDVH FRQILUPV WKDW KLJKYDOXHG SURGXFWV REWDLQHG IURP PLFURDOJDH EHFDPH KRW
WRSLF GXULQJ ODVW GHFDGH (VSHFLDOO\ JHQHWLF HQJLQHHULQJ EHFDPH QHFHVVDU\ IRU DFKLHYLQJ QHZ
DQG HFRQRPLFDOO\ YLDEOH SURGXFWV (Q]LQJ HW DO  DQG KDV PDGH VLJQLILFDQW SURJUHVV WRZDUGV
ELRIXHO SURGXFWLRQ 'XQDKD\ HW DO 5RHVVOHUHWDO  SKDUPDFHXWLFDO 6RHWDHUW HW 9DQGDPPH
  IHHG <DDNRE HW DO  DQG IRRG LQGXVWULHV -RKDQQLQJPHLHU HW )LVFKHU  $QGWKHEDVLV
RI DOO JHQHWLF DQDO\VLV LVD TXDOLW\ LQSXW'1$PDWHULDO
1RZDGD\V LVRODWLRQ RI '1$ LV ZHOO PDQDJHG DQG HVWDEOLVKHG SURFHVV RUGLQDULO\ VLPSOLILHG
E\ FRPPHUFLDO NLWV $Q\ZD\ REVROHWH VDPSOH H[WUDFWLRQ WHFKQLTXH OLNH PRUWDU DQG SHVWOH DUH VWLOO
EHLQJ XVHG %KDX HW DO   (YHQ WKRXJK LW LV HVWDEOLVKHG DQG ZHOO SURYHG H[WUDFWLRQ RQ WKH RWKHU
KDQG LW LV WLPH FRQVXPLQJ SURFHVV ZLWK FRQVLGHUDEOH ORVVHV RI VDPSOH DQG WKHUHIRUH WKHUH LV DQ HIIRUW
WR UHSODFH WKLV WHFKQLTXH IRU HTXLSPHQW PXFK PRUH HIIHFWLYH 2QH RI WKH RSWLRQV IRUJULQGLQJVDPSOHV
SULRU WR '1$ DQDO\VLV LV DXWRPDWLF KRPRJHQL]HU EDVHG RQ EHDG EHDWLQJ WHFKQRORJ\ 7KHUH KDYH EHHQ
PDQ\ SURWRFROV FUHDWHG IRU '1$ H[WUDFWLRQ IURP GLIIHUHQW SODQW 5DPRV HW DO  DQG DQLPDO
WLVVXHV DQG PLFURRUJDQLVPV /RSH] HW DO  DYDLODEOH DQ\ZD\ WKHUH DUH VWLOOSUHGLFDPHQWV\RXFDQ
IDFHLQ WHUPVRI JUHHQPLFURDOJDH PDWHULDO
:KLOH SODQW RU DQLPDO FHOOV DUH SDUW RI WLVVXHV DQG RUJDQV DQG WKHVHKLJKHUVWUXFWXUHVDUHIXUWKHU
SURWHFWHG IRU H[DPSOH E\ FXWLFOH ZD[HV KDLU HWF PLFURDOJDH DUH XQLFHOOXODU PLFURRUJDQLVPV ZKLFK
QHHG SURWHFWLRQ RI WKH VLQJOH FHOO DJDLQVW HQYLURQPHQW 6NDORXG HW DO   ,QWKLVUHJDUGPLFURDOJDH
DUH SURWHFWHG E\ ULJLG WKLFN FHOO ZDOO ZKLFK FDQ EH GLIILFXOW WR GLVUXSW DQG H[WUDFW .LP HW DO  
,Q WKLV VWXG\ ZH GHFLGHG WR RSWLPL]H SDUDPHWHUV RI H[WUDFWLRQ LQ DXWRPDWLF KRPRJHQL]HU ZLWK WKH DLP
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WR REWDLQ RSWLPDO TXDOLW\ DQG TXDQWLW\ '1$ PDWHULDO IURP PLFURDOJDH IRU VHQVLWLYH GRZQVWUHDP
DSSOLFDWLRQV LQFOXGLQJ 3&5T3&5JHQRW\SLQJ VHTXHQFLQJ DQGPRUH
MATERIAL AND METHODS
Microalgae species and cultivation
)RU WKLV VWXG\ ILYH VSHFLHV RI PLFURDOJDH IURP GLIIHUHQW IDPLO\ ZHUH FKRVHQ VHH 7DEOH  
$OJDH VDPSOHV ZHUH SXUFKDVHG IURP 87(; &XOWXUH &ROOHFWLRQ RI $OJDH $XVWLQ 86$ 
DQG VXEVHTXHQWO\ UHFXOWLYDWHG LQ RXU ODERUDWRU\ RI 3ODQW 0HWDERORPLFV DQG (SLJHQHWLFV LQ 0HQGHO
8QLYHUVLW\ LQ %UQR %UQR &]HFK 5HSXEOLF  ,QRUJDQLF OLTXLG 7ULV $FHWDWH 3KRVSKDWH 7$3  PHGLXP
FRQWDLQLQJ RQO\ LQRUJDQLF VDOWV DQG WUDFH HOHPHQWV IRU DOJDO JURZWK 3XUND\DVWKD HW DO  
ZDV XVHG
&XOWLYDWLRQ SURFHHGHGLQ (UOHQPD\HU IODVNVXQGHUVWHULOH DQGZHOO GHILQHGFRQGLWLRQV
x OLJKW PRO PV
x WHPSHUDWXUH  &
x SKRWRSHULRG  KOLJKW KGDUN
)LJXUH  &ODVVLILFDWLRQRIVHOHFWHGJUHHQPLFURDOJDHVSHFLHV

DNA extraction
0DQ\ GLIIHUHQW SK\VLFDO SDUDPHWHUV FDQ DIIHFW '1$ H[WUDFWLRQ VWHS OLTXLG QLWURJHQ WUHDWPHQW
EHDG PLOOV W\SHVL]H URWRU VSHHG QXPEHU RI F\FOHV DQG DOVR '1$ LVRODWLRQ PHWKRG 7KHUH DUH PDQ\
YDULDWLRQV RI '1$ LVRODWLRQ NLWV VSHFLDOL]HG DW DQLPDOSODQW WLVVXHV ZLWK GLIIHUHQW NLW SDWHQWV
,QWKLVVWXG\ZHXVHG3RZHU3ODQW3UR'1$ ,VRODWLRQ .LW 4XLDJHQ *HUPDQ\ 
*UHHQ DOJDO FHOOV ZHUH KDUYHVWHG E\ SLSHWWLQJ DOJDO VWRFN VROXWLRQ LQWR  PO WXEHV FHQWULIXJHG
  USP PLQ  DQG FXOWXULQJ PHGLXP ZDV UHPRYHG *ODVV EHDGV  PP LQ GLDPHWHU  ZHUH
DGGHG WR WKH ZHLJKHG DOJDO IUHVK VDPSOH DQG WXEHV ZHUH WUDQVIHUUHG LQWR OLTXLG QLWURJHQ IRU D PLQXWH
WR GLVUXSW FHOO ZDOOV $OJDO FHOOV ZHUH PL[HG ZLWK O\VLV EXIIHU SKHQROLF VHSDUDWLRQ VROXWLRQ
SUHFLSLWDWLRQ VROXWLRQ DQG 51DVH $ VROXWLRQ IURP 3RZHU3ODQW '1$ LVRODWLRQ NLW 7XEHV
ZLWK VDPSOHV ZHUH LQVHUWHG LQWR DXWRPDWLF KRPRJHQL]HU 3UHFHOO\V  (YROXWLRQ 7KLV HTXLSPHQW
LV EDVHG RQ KLJKVSHHG URWDWLRQ ZKLFK LV DEOH WR GLVUXSW FHOO ZDOOV IURP KLJK YDULHW\ RI VDPSOHV
0XOWLGLUHFWLRQDO PRYHPHQW ' PRWLRQ  RI VDPSOH KROGHU WUDQVPLWV KLJK OHYHO RI HQHUJ\ WR WKH EHDGV
LQVLGH HDFK WXEH DQG FDQ JULQG XS WR  VDPSOHV DW RQH WLPH 7KLV HQVXUHV HTXDO KRPRJHQL]DWLRQ
IRU DOO SURFHVVHG VDPSOHV7KHVSHHGFDQUDQJHIURPXSWR USPDQGZKROHSURFHVVWDNHV
SURSRUWLRQDOO\ VHFRQGV  V XS WR  V  ZKHUH DOVR QXPEHU RI F\FOHV FDQ EH VHW XS WR   $QRWKHU
DGYDQWDJH RI WKLV HTXLSPHQW LV DOVR DYRLGLQJ FURVV FRQWDPLQDWLRQ FRPSDULQJ PRUWDU DQG SHVWOH
:H ZHUH PRQLWRULQJ WKUHH GLIIHUHQW KRPRJHQL]HU VSHHGVHWXSUSPUSPDQG  USP
DW D FRQVWDQW  V H[WUDFWLRQ WLPH LQ  F\FOHV $IWHU KRPRJHQL]DWLRQ '1$ LVRODWLRQIXUWKHUSURFHHGHG
DFFRUGLQJ WR NLW PDQXDO 6DPSOHV ZHUH FHQWULIXJHG DW   [ J IRU  PLQXWHV $YRLGLQJ SHOOHW
VXSHUQDWDQWV ZHUH WUDQVIHUUHG WR D FOHDQ FROOHFWLRQ WXEH DQG WUHDWHG ZLWK HWKDQRO '1$ ZDV FDSWXUHG
RQ D VSLQ ILOWHU DQG ZDVKHG WZR WLPHV )LQDOO\  O RI  P0 7ULV S+   ZDV ORDGHG RQWR ILOWHU
LQFXEDWHG  PLQXWHV DW URRP WHPSHUDWXUH DQG FHQWULIXJHG  VHFRQGV DW   î J '1$ PDWHULDO
IORZHGWKURXJK DQGZDVVWRUHGIUR]HQ  & 0LFURDOJDH VDPSOHV ZHUHWHVWHGLQWULSOLFDWHV
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DNA quality
$IWHU '1$ LVRODWLRQ WKH FRQFHQWUDWLRQ DQG SXULW\ RI REWDLQHG PDWHULDO ZDV GHWHUPLQHG
E\ 7HFDQ ,QILQLWH  352 VSHFWURSKRWRPHWHU XVLQJ 1DQR4XDQW SODWH DQG FDOFXODWHG
IURP DEVRUEDQFH UDWLR $  7KH LQWHJULW\ RI REWDLQHG '1$ ZDV YHULILHG E\ DJDURVH JHO
HOHFWURSKRUHVLV '1$ VDPSOHV ZHUH ORDGHG GLUHFWO\ RQWR DQ DJDURVH JHO RI YLVFRVLW\  ZKLFK ZDV
PDGH LQ 7$( DQG ZDV FRORUHG ZLWK HWKLGLXP EURPLGH G\H 7KH HOHFWURSKRUHWLF SURFHVV ZDV UXQQLQJ
KXVLQJ 9
RESULTS AND DISCUSSION
Quality and quantity of isolated DNA
)LJXUH 'KLVWRJUDPVKRZV DSORWRI'1$FRQFHQWUDWLRQ YV USPDQGYV $ UDWLR



/HJHQG'1$ QJO  FRQFHQWUDWLRQRI'1$ QJO $ DEVRUEDQFHSXULW\UDWLRUSP KRPRJHQL]DWLRQVSHHG
JUHHQVFRORXUV\PEROL]HORZHU'1$FRQFHQWUDWLRQDQGUHGFRORXUV LQFUHDVLQJ'1$FRQFHQWUDWLRQ
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7HVWLQJ WKUHH GLIIHUHQW KRPRJHQL]HU VSHHG PRGHV USP  '1$ FRQFHQWUDWLRQ UDQJHG EHWZHHQ
± QJO ZLWKLQ ILYH GLIIHUHQW DOJDH VSHFLHV &RQVLGHULQJ WKH KLJKHVW \LHOG RI '1$ PDWHULDO
REWDLQHG ZH JRW WKH EHVW UHVXOWV IURP WKH KLJKHVW VSHHGPRGH  USP LQ 6FHQHGHVPXVREOLTXXV
   QJXO  &KORUHOOD YXOJDULV    QJO  DQG 6FHQHGHVPXV TXDGULFDXGD
   QJO  7KH KLJKHU VSHHG WKH PRUH HIILFLHQW FHOO GDPDJH DQG '1$ UHOHDVH +RZHYHU
H[FHSWLRQV ZHUH &RFFRP\[D VXEHOLSVRLGHD ZLWK WKH EHVW REWDLQHG '1$ \LHOG    QJO 
XVLQJ VSHHG   USP DQG 3DUDFKORUHOOD NHVVOHUL ZKHUHZHREWDLQHGWKHKLJKHVW'1$FRQFHQWUDWLRQ
   QJ  O  XVLQJ WKH ORZHVW VSHHG   USP 7KLV FRXOG EH FDXVHG E\ KXJH YDULHW\
DQG GLIIHUHQW FHOO ZDOO FKDUDFWHULVWLFV LQ HDFK PLFURDOJD VSHFLHV ZKHUH GLVUXSWLRQ DQG H[WUDFWLRQ
PHWKRGVFDQODUJHO\ GLIIHU 3UDYHHQNXPDUHWDO 
$  SXULW\ YDOXH RI PHDVXUHG VDPSOHV IOXFWXDWHG EHWZHHQ ±
9DOXH RI a  LV JHQHUDOO\ DFFHSWHG DV SXUH IRU '1$ PDWHULDO WKHUHIRUH YDOXHV VXLWDEOH IRU IXUWKHU
DQDO\VLV ZHUH VHW XS WR ± ,QDFFXUDWH UDWLRV PD\ LQGLFDWH FRQWDPLQDWLRQ E\ UHVLGXDO SKHQROV
JXDQLGLQH RU RWKHU UHDJHQW XVHG LQ SURWRFRO :LOILQJHU HW DO   ,Q FDVH RI &RFFRP\[D
DQG 3DUDFKORUHOOD WKH KLJKHU VSHHG WKH ZRUVH SXULW\ ZDV REWDLQHG ,Q FDVH RI &KORUHOOD
DQG ERWK 6FHQHGHVPXV VSHFLHV WKH SXULW\ KDG DQ RSSRVLWH WUHQG 7KH ORZHU VSHHG WKH SXULW\
RI'1$ZDVJHWWLQJ ZRUVH
Integrity of DNA material
7KH JRDO ZDV QRW RQO\ WR JHW WKH EHVW \LHOG EXW DOVR WR JHW LQWDFW '1$ PDWHULDO DQG WKHUHIRUH
VDPSOHV ZLWK WKH KLJKHVW '1$ FRQFHQWUDWLRQ ZHUH VXEVHTXHQWO\ UXQ RQ JHO HOHFWURSKRUHVLV WR YHULI\
'1$ LQWHJULW\ *HO HOHFWURSKRUHVLV LQ WKH )LJXUH $ VKRZHG WKH LQWHJULW\ RI WKH '1$ LQ HDFK
PLFURDOJDH )RXURIILYHVDPSOHVZHUHQRWDFFHSWDEOH
)LJXUH $JDURVHJHOHOHFWURSKRUHVLVRI$ WKHKLJKHVW\LHOGV SURWRFROV LQGLIIHUHQWPLFURDOJDH
%RSWLPL]HGSURWRFROVLQGLIIHUHQWPLFURDOJDH

/HJHQG6R  6FHQHGHVPXVREOLTXXV&K  &KORUHOODYXOJDULV&  &RFFRP\[DVXEHOLSVRLGHD3  3DUDFKORUHOODNHVVOHUL
6T  6FHQHGHVPXVTXDGULFDXGD  '1$PDUNHULQEDVHSDLUV

/LPLWLQJ VWHS ZDV WR EUHDN PLFURDOJDH FHOO ZDOO DQG DW WKH VDPH WLPH REWDLQ LQWDFW J'1$ 2QO\
6FHQHGHVPXV TXDGULFDXGD DSSHDUV WR HQGXUH VXFK D EHDG PLOOV SRZHU LQ UHJDUGV WR EH DEOH WR NHHS
'1$ LQWHJULW\ 6FHQHGHVPXV TXDGULFDXGD KDV SUREDEO\ WKH VWURQJHVW FHOO ZDOO DQG WKH KLJKHVW VSHHG
 USPGLGQRWDIIHFWWKH'1$ LQWHJULW\ ZLWKWKHEHVW\LHOG DWWKHVDPHWLPH
7DEOH2SWLPDOVSHHGVHWWLQJVIRU'1$TXDOLW\DQGTXDQWLW\
6SHHG USP

<LHOG QJO

3XULW\ $

'1$LQWHJULW\

&RFFRP\[DVXEHOLSVRLGHD

 





Ĺ

&KORUHOODYXOJDULV

 





Ĺ

3DUDFKORUHOODNHVVOHUL

 





Ĺ

6FHQHGHVPXVREOLJXV

 





Ĺ

6FHQHGHVPXVTXDGULFDXGD

 





Ĺ
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7KHUHIRUH IRU WKH UHVW RI PLFURDOJDH ZH QHHGHG WR ILQG D FRPSURPLVH EHWZHHQ TXDOLW\
DQG TXDQWLW\ DQG ZH FKRVH VDPSOHV ZLWK WKH EHVW UDWLR \LHOG  TXDOLW\  SXULW\ VHH )LJXUH %
DQG DFFRUGLQJ WKLV ZH VHW XS  GLIIHUHQW SURWRFROV IRU REWDLQLQJ VXLWDEOH IXOO OHQJWK JHQRPH
'1$ DQG SDVVDEOH '1$ FRQFHQWUDWLRQ DQG SXULW\ VHH 7DEOH   '1$ PDUNHU ZLWK XSSHU PRVW EDQG
RI ESLVSURYLQJ WKHUHLVQRVKHDULQJ LQWKLVDUHD
CONCLUSION
,Q WKH SUHVHQW ZRUN ZH FDUULHG RXW ZLWK WKH REMHFWLYH RI RSWLPL]LQJ DQ DXWRPDWLF KRPRJHQL]HU
H[WUDFWLRQ PHWKRG RI JHQRPLF '1$ LQ ILYH VSHFLHV RI IUHVK JUHHQ PLFURDOJDH 6SHHG SDUDPHWHU ZDV
WHVWHG LQ UHJDUGV WR FRQFHQWUDWLRQ SXULW\ DQG LQWHJULW\ RI '1$ PDWHULDO 7KLV DUWLFOH SRLQWV
RQ KLJK YDULDELOLW\ LQ PLFURDOJDH VSHFLHV 7KH KLJKHVW URWRU VSHHG   USP OHG WR KLJKHVW \LHOGV
RQO\ LQ WKUHH VSHFLHV &KORUHOOD YXOJDULV 6FHQHGHVPXV REOLTXXV DQG 6FHQHGHVPXV TXDGULFDXGD
ZLWK WKH IDFW RQO\ '1$ RI 6FHQHGHVPXV TXDGULFDXGD VWD\HGLQWDFWDIWHUKRPRJHQL]DWLRQ7KHKLJKHVW
'1$ FRQFHQWUDWLRQ RI &RFFRP\[D VXEHOLSVRLGHD ZDV REWDLQHG ZLWK  USP DQG RI 3DUDFKORUHOOD
NHVVOHUL ZLWK   USP VSHHG PRGH DOVR ZLWK XQVDWLVIDFWRU\ '1$ LQWHJULW\ :LWK WKH RSWLPL]HG
SURWRFROV ZH REWDLQHG ORZHU \LHOGV EXW EHWWHU TXDOLW\ RI '1$ PDWHULDO DQG LQWHJULW\ $ SURWRFRO
RI  USPî Vî F\FOHVJDYHWKHEHVWUHVXOWVIRU &RFFRP\[DVXEHOLSVRLGHD&KORUHOODYXOJDULV
DQG 6FHQHGHVPXV REOLTXXV KRPRJHQL]DWLRQ   USP î  V î  F\FOHV ZDV WKH EHVW RSWLRQ
IRU 3DUDFKORUHOOD NHVVOHUL VSHFLH DQG ILQDOO\   USP îVî F\FOHVKDVVKRZHGDVWKHEHVWVHW
XS IRU 6FHQHGHVPXV TXDGULFDXGD ,W LV LPSRVVLEOH WR IRFXV H[WUDFWLRQ SURWRFRO IRU HDFK PLFURDOJDH
VSHFLHV VHSDUDWHO\ DQ\ZD\ LW QHFHVVDU\ WR WDNH LQWR DFFRXQW DOJDO PRUSKRORJ\ EHIRUH H[WUDFWLRQ
,Q WKLV VWXG\ ZH VHW RSWLPXP H[WUDFWLRQ SDUDPHWHUV IRU VHOHFWHG VSHFLHV RI JUHHQ PLFURDOJDH WR REWDLQ
KLJK TXDOLW\ '1$PDWHULDO IRUIXUWKHUUHVHDUFK
ACKNOWLEDGEMENTS
7KH UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH ,QWHUQDO *UDQG $JHQF\ RI 0HQGHO 8QLYHUVLW\ LQ %UQR
,3  DQG &(,7(&  /4  ZLWK ILQDQFLDO VXSSRUW IURP WKH 0LQLVWU\ RI (GXFDWLRQ
<RXWK DQG6SRUWVRIWKH&]HFK5HSXEOLF XQGHUWKH1DWLRQDO 6XVWDLQDELOLW\ 3URJUDPPH,,
REFERENCES
%KDX %6 *RJRL * %DUXDK ' $KPHG 5 +D]DULND * *KRVK 6 %RUDK % *RJRL %
6DUPDK '. 1DWK 6&:DQQ 6%'HYHORSPHQWRIDQHIIHFWLYHDQGHIILFLHQW'1$LVRODWLRQ
PHWKRGIRU&LQQDPRPXP VSHFLHV )RRG&KHPLVWU\ ±
'XQDKD\ 7* -DUYLV (( =HLOHU .* 5RHVVOHU 3* %URZQ /0  *HQHWLF (QJLQHHULQJ
RI 0LFURDOJDH IRU )XHO 3URGXFWLRQ  6FLHQWLILF 1RWH $SSOLHG %LRFKHPLVWU\ DQG %LRWHFKQRORJ\
  ±
(Q]LQJ & 1RRLMHQ $ (JJLQN * 6SULQJHU-:LMLIIHOV5+ $OJDHDQGJHQHWLFPRGLILFDWLRQ
5HVHDUFKSURGXFWLRQ DQGULVNV:DJHQLQJHQ 85 )RRGDQG%LREDVHG5HVHDUFK
-RKDQQLQJPHLHU 8 )LVFKHU '  3HUVSHFWLYH IRU WKH 8VH RI *HQHWLF 7UDQVIRUPDQWV LQ 2UGHU
WR (QKDQFH WKH 6\QWKHVLV RI WKH 'HVLUHG 0HWDEROLWHV (QJLQHHULQJ &KORURSODVWV RI 0LFURDOJDH
IRU WKH 3URGXFWLRQ RI %LRDFWLYH &RPSRXQGV %LR)DUPV IRU 1XWUDFHXWLFDOV )XQFWLRQDO )RRG
DQG 6DIHW\&RQWUROE\%LRVHQVRUV ±
.LP'<9LMD\DQ'3UDYHHQNXPDU5+DQ-,/HH.3DUN-<&KDQJ:6/HH-62K
<.  &HOOZDOO GLVUXSWLRQ DQG OLSLGDVWD[DQWKLQ H[WUDFWLRQ IURP PLFURDOJDH &KORUHOOD
DQG +DHPDWRFRFFXV%LRUHVRXUFH7HFKQRORJ\±
/RSH] %5 +HUQDQGH] -3 %DVKDQ < 'H%DVKDQ /(  ,PPRELOL]DWLRQ RIPLFURDOJDHFHOOV
LQDOJLQDWH IDFLOLWDWHV LVRODWLRQ RI'1$DQG51$-RXUQDORI0LFURELRORJLFDO0HWKRGV ±
3UDYHHQNXPDU5*ZDN5.DQJ06KLP76&KR6/HH-2K<./HH..LP%
5HJHQHUDWLYH $VWD[DQWKLQ ([WUDFWLRQ IURP D 6LQJOH 0LFURDOJDO +DHPDWRFRFFXV SOXYLDOLV  &HOO 8VLQJ
D*ROG1DQR6FDOSHO $FV$SSOLHG0DWHULDOV ,QWHUIDFHV  ±
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3XUND\DVWKD - %RUD $ *RJRL +. 6LQJK /  *URZWK RI KLJK RLO \LHOGLQJ JUHHQ DOJD
&KORUHOOD HOOLSVRLGHD LQ GLYHUVH DXWRWURSKLF PHGLD HIIHFW RQ LWV FRQVWLWXHQWV $OJDO 5HVHDUFK
 ±
5DPRV 610 6DOD]DU 00 3HUHLUD *$* (IUDLP 3  3ODQW DQG PHWDJHQRPLF
'1$H[WUDFWLRQ RIPXFLODJLQRXV VHHGV0HWKRGV;±
5RHVVOHU 3*%URZQ /0'XQDKD\ 7*+HDFR[ '$-DUYLV ((6FKQHLGHU -&7DOERW 6*
=HLOHU .*  *HQHWLF(QJLQHHULQJ $SSURDFKHV IRU (QKDQFHG 3URGXFWLRQ RI %LRGLHVHO )XHO
IURP 0LFURDOJDH (Q]\PDWLF&RQYHUVLRQRI%LRPDVVIRU)XHOV3URGXFWLRQ ±
6NDORXG 3 .DOLQD 7 1HPMRYD .'H&OHUFN 2/HOLDHUW )0RUSKRORJ\DQG3K\ORJHQHWLF
3RVLWLRQ RI WKH )UHVKZDWHU *UHHQ 0LFURDOJDH &KORURFK\WULXP &KORURSK\FHDH  DQG 6FRWLQRVSKDHUD
6FRWLQRVSKDHUDOHV RUGQRY8OYRSK\FHDH  -RXUQDORI3K\FRORJ\   ±
6RHWDHUW : 9DQGDPPH (-  ,QGXVWULDO%LRWHFKQRORJ\HG6XVWDLQDEOH*URZWKDQG(FRQRPLF
6XFFHVV :LOH\9&+
:HEHU $30 +RUVW 5- %DUELHU ** 2HVWHUKHOW &  0HWDEROLVP DQG PHWDERORPLFV
RI HXNDU\RWHV OLYLQJ XQGHU H[WUHPH FRQGLWLRQV ,QWHUQDWLRQDO 5HYLHZ RI &\WRORJ\  D 6XUYH\ RI &HOO
%LRORJ\
:LOILQJHU :: 0DFNH\ . &KRPF]\QVNL 3  (IIHFW RI S+ DQG LRQLF VWUHQJWK
RQWKHVSHFWURSKRWRPHWULF DVVHVVPHQWRIQXFOHLF DFLGSXULW\ %LRWHFKQLTXHV  
<DDNRE = $OL ( =DLQDO $ 0RKDPDG 0 7DNULII 06  $Q RYHUYLHZ ELRPROHFXOHV
IURP PLFURDOJDH IRUDQLPDO IHHGDQGDTXDFXOWXUH -RXUQDORI%LRORJLFDO5HVHDUFK7KHVVDORQLNL
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USAGE OF UV IRRADIATION FOR NUCLEUS
DESTRUCTION OF PETUNIA HYBRIDA
MARKETA CERNA, JOSEF CERNY, PETR SALAS
'HSDUWPHQW RI%UHHGLQJDQG3URSDJDWLRQRI+RUWLFXOWXUDO3ODQWV
0HQGHO8QLYHUVLW\LQ%UQR
9DOWLFND /HGQLFH
&=(&+ 5(38%/,&
PDUNHWDF#HPDLOF]
$EVWUDFW 3URGXFWLRQFRVWVRI)VHHGVRI3HWXQLDK\EULGD FDQEHGHFUHDVHGE\XVLQJ VWHULOH FRPSRQHQW
&\WRSODVPLF PDOH VWHULOLW\ &06  ORFDWHG LQ PLWRFKRQGULD LV WUDQVIHUUHG HLWKHU E\ EDFN FURVVLQJ
RU E\ SURWRSODVW IXVLRQ $V\PPHWULF SURWRSODVW IXVLRQ UHSUHVHQWV WKH PRVW HIIHFWLYH ZD\ 3URWRSODVW
QXFOHXV RIRQHFRPSRQHQW GRQRURI&06  PXVWEHGHVWUR\HG E\89 UDGLDWLRQ 3URWRSODVW F\WRSODVP
RI WKHVHFRQGFRPSRQHQW PXVWE\GHVWUR\HGE\PHWDEROLF LQKLELWRUV $V\PPHWULFDOO\ IXVHGSURWRSODVW
SRVVHVVHV &06 IURPGRQRU DQGUHVW RIWKHIHDWXUHV RIIHUWLOH FRPSRQHQW 7KHDLP RIWKLV H[SHULPHQW
ZDVWRGHWHUPLQHWKHDPRXQWRI89UDGLDWLRQ LQVHFRQGV QHHGHGIRUGHVWUXFWLRQ RISURWRSODVW QXFOHXV
2SWLPDO 89 UDGLDWLRQ EDVHG RQ UHVXOWV IURP  GLIIHUHQW 3HWXQLD K\EULGD JHQRW\SHV LV  :FP
IRU DGXUDWLRQRIVHFRQGV
.H\:RUGV 3HWXQLDK\EULGD SURWRSODVW F\WRSODVPLF PDOHVWHULOLW\ 89UDGLDWLRQ
INTRODUCTION
3HWXQLD K\EULGD LV DPRQJ WKH PRVW SRSXODU DQQXDO RUQDPHQWDO SODQWV ZRUOGZLGH VR PDQ\
EUHHGLQJ DQGSURGXFWLRQFRPSDQLHVSXWDVWURQJHPSKDVLV RQ UHGXFLQJ SURGXFWLRQFRVWVDQGLQWURGXFLQJ
QHZ YDULHWLHV ZLWK LPSURYHG IHDWXUHV HVWKHWLF RU JURZLQJ SHUIRUPDQFH $QGHUVRQ   0DMRULW\
RI FXUUHQW DVVRUWPHQW DUH) K\EULGV RUYDULHWLHV PXOWLSOLHG E\ FXWWLQJV *HUDWV DQG6WURPPHU  
3URGXFWLRQ FRVWV RI ) VHHGV DUH KLJK GXH WR PDQXDO HPDVFXODWLRQ DQG SROOLQDWLRQ RI PDWHUQDO
FRPSRQHQW ZLWK D SROOHQ FROOHFWHG IURP SDWHUQDO FRPSRQHQW 6LQN   3URPLVLQJ ZD\ KRZ
WR GHFUHDVH WKHFRVWV LV EHVLGHV SURGXFWLRQ UHORFDWLRQ WR GHYHORSLQJ FRXQWULHV LQGXFWLQJ F\WRSODVPLF
PDOHVWHULOLW\ &06 WRWKHPDWHUQDOFRPSRQHQW VRIXQFWLRQDO SROOHQLVQRWSURGXFHG 6WHULOHFRPSRQHQW
GRHVQRWUHTXLUHHPDVFXODWLRQ WKDWPXVWRFFXURWKHUZLVHHYHU\GD\DQGUHSUHVHQWVDERXWRIDOOODERU
FRVWV
7UDQVIHURI&06LQWRPDWHUQDOFRPSRQHQWLVSRVVLEOHYLDPHWKRGVEDFNFURVVLQJ DQGSURWRSODVW
IXVLRQ %DFN FURVVLQJ PHWKRG LV XVHG LQ EUHHGLQJ SURJUDPV IRU PRUH WKDQ  \HDUV EXW WKH PDLQ
GUDZEDFNV DUH ORQJ GXUDWLRQ DQG LPSRVVLELOLW\ WR DSSO\ LW WR YHJHWDWLYH FRPSRQHQWV 7R WUDQVIHU
&06 E\ EDFN FURVVLQJ WDNHV DW OHDVW  RU  JHQHUDWLRQV ZKHQ GRQRU RI &06 PXVW EH FURVVHG
ZLWKDIHUWLOH FRPSRQHQW *DXV  
6HFRQGPRUHSURPLVLQJ PHWKRG LVSURWRSODVW IXVLRQ WKDWLVXVHGSULPDULO\ E\UHVHDUFKHVUDWKHU
WKDQ SURIHVVLRQDO SODQW EUHHGHUV 7KLV PHWKRG LV FKHDS TXLFN DQG FDQ EH XVHG DOVR WR WUDQVIHU
&06WRYHJHWDWLYH FRPSRQHQW 3URWRSODVWIXVLRQ FDQEHV\PPHWULFDO RUDV\PPHWULFDO EXWWKHPDLQ
VWDJHV DUH WKH VDPH LVRODWLRQ RI SURWRSODVWV RI GLIIHUHQW JHQRW\SHV SURWRSODVW IXVLRQ SURWRSODVW
FXOWLYDWLRQ DQGSODQWUHJHQHUDWLRQ %KRMZDQL DQG 'DQWX 
3ULQFLSOH RIWKHV\PPHWULFDO IXVLRQLVWKDWQXFOHDUDQGH[WUDQXFOHDU FRQWHQW RIERWKFRPSRQHQWV
GRQRU RI &06 DV ZHOO DV IHUWLOH FRPSRQHQW ZH ZDQW WR WUDQVIHU WR VWHULOH  DUH IXVHG WRJHWKHU
7KHUHLVDSRVVLELOLW\ WKDWDIXVLRQ RFFXUV DOVRDPRQJ SURWRSODVWVRIGRQRU&06 RUDPRQJSURWRSODVWV
RI IHUWLOH FRPSRQHQW 7RHQVXUH WKDW D FRUUHFW IXVLRQ KDSSHQHG  SURWRSODVW RI &06 GRQRU LV IXVHG
ZLWK SURWRSODVWRIIHUWLOH FRPSRQHQW WKHSODQWVPXVWEHIXUWKHUJURZQXQWLO WKH\KDYHDWOHDVWIORZHU
8VDJH RIFKHPLFDO G\HVWRYLVXDOO\ GLVWLQJXLVK WKHFRPSRQHQWV LV DOVR SRVVLEOH 6KDQNDU HWDO 
:LWK DV\PPHWULFDO IXVLRQ LW LV QRW QHFHVVDU\ EHFDXVH F\EULGV KDYH D FRPELQDWLRQ RI  SURWRSODVW
RI &06GRQRU DQGSURWRSODVW RIDIHUWLOH FRPSRQHQW3URWRSODVWV RID&06GRQRUPXVWEHLUUDGLDWHG
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E\ 89 UDGLDWLRQ VR WKH QXFOHXV LV GHVWUR\HG 6WD[pQ HW DO   3URWRSODVWV RI IHUWLOH FRPSRQHQW
PXVW EH WUHDWHG ZLWK PHWDEROLF LQKLELWRUV WR UHPRYH F\WRSODVP VR MXVW QXFOHXV UHPDLQV
&UXFLDO LV WR GHWHUPLQH WKHRSWLPDO DPRXQW RI89 UDGLDWLRQ DQGFRQFHQWUDWLRQ RIPHWDEROLF LQKLELWRU
IRU WKH VSHFLILF VSHFLHV DQGJHQRW\SH
MATERIAL AND METHODS
Characterization of experimental design and methods
7KHDLPRIWKLVUHVHDUFKZDVWRGHWHUPLQH WKHRSWLPDO 89LUUDGLDWLRQ QHHGHGIRU3HWXQLDK\EULGD
QXFOHXVGHVWUXFWLRQ7KLVLVDQHFHVVDU\SKDVHRIDQRQJRLQJ UHVHDUFKIRFXVLQJ RQXVDJHRIDV\PPHWULFDO
SURWRSODVW IXVLRQ LQ EUHHGLQJ SURJUDPV RI 3HWXQLDK\EULGD7KHJRDO LV WRXVH WKLV PHWKRG WRWUDQVIHU
&06LQWRWKHIHUWLOH FRPSRQHQW
,Q WKH FRQGXFWHG H[SHULPHQW  GLIIHUHQW JHQRW\SHV ZHUH XVHG HDFK RI WKHP UHSHDWHG  WLPHV
7KH JHQRW\SHV 0±0±0±KDYHEDFNFURVVHG&06DQGDUHXVHGLQSURGXFWLRQ RIFRPPHUFLDO
)K\EULGV7KLVPDWHULDO ZDVSURYLGHG E\&]HFKELRWHFKQRORJLFDO FRPSDQ\ýHUQê%LR3UR3UDJXH
3URWRSODVW LVRODWLRQ ZDV SHUIRUPHG DFFRUGLQJ WR WKH SURWRFRO E\ 0H\HU HW DO 
0H\HU HW DO   ZLWK PRGLILHG SUHSODVPRO\WLF DQG GHJUDGDWLRQ HQ]\PDWLF VROXWLRQ
$VDSUHSODVPRO\WLF VROXWLRQ ZDVXVHG0PDQQLWRO DQGP00(6 7KHGHJUDGDWLRQ HQ]\PDWLF
VROXWLRQ FRQWDLQHG  FHOOXODVH 2QX]DND 5 6HUYD   0DFHUR]\PH 5 6HUYD 
0PDQQLWRO 00(6P0&D&ODQGP0.&O
/HDYHV ZHUHSLFNHGLQWKHDIWHUQRRQ IURPWKHGRQRUSODQWVJURZQLQDJUHHQKRXVHSODFHGLQWR]LS
ORFN EDJ DQGVWRUHG LQ WKHIULGJH ZLWK D WHPSHUDWXUH RI±&$IWHU KRXUV OHDYHV ZHUH EOHDFKHG
 WLPHV LQ FRPPHUFLDO EOHDFKLQJ VROXWLRQ 6$92  HSLGHUPLV RQ WKH ERWWRP VLGH ZDV UHPRYHG
E\VFDOSHO JUDPV RIOHDYHV ZHUHSODFHG LQWR WKH3HWULGLVK ZLWK PO RISUHSODVPRO\WLF VROXWLRQ OHIW
IRU  KRXU LQ GDUNQHVV WHPSHUDWXUH  & $IWHUZDUGV WKH SUHSODVPRO\WLF VROXWLRQ ZDV UHPRYHG
DQG UHSODFHG E\ GHJUDGDWLRQ HQ]\PDWLF VROXWLRQ 3HWUL GLVK ZDV SODFHG IRU  KRXUV LQWR WKHUPRVWDW
ZLWK DFRQVWDQWWHPSHUDWXUH RI&(YHU\PLQXWHVWKH3HWULGLVK ZDVVKDNHQ JHQWO\ IRUPLQXWHV
VR WKH SURWRSODVWV FDQ EH UHPRYHG HDVLHU IURP WKH OHDI WLVVXH $IWHUZDUGV WKH VROXWLRQ ZDV ILOWHUHG
WKURXJK ILOWUDWLRQ WLVVXH 3URWRSODVWV ZHUH ULQVHG RXW  WLPHV LQ WKH ZDVKLQJ VROXWLRQ LQ FHQWULIXJH
PLQUSP 7KH\LHOG DQGYLWDOLW\ RISURWRSODVWV IRUHDFKJHQRW\SH ZHUHWHVWHG
%HIRUH 89 LUUDGLDWLRQ SURWRSODVWV ZHUH GLOXWHG WR FRQFHQWUDWLRQ   SURWRSODVWV PO
 PO RI WKH SURWRSODVW VXVSHQVLRQ ZHUH JLYHQ LQWR HDFK RI WKH  SODVWLF 3HWUL GLVKHV )RU WKH 89
LUUDGLDWLRQ ZDVXVHG89 ODPS *9 ZLWKDZDYHOHQJWK QPDQGSRZHUȝ:FP7KHWHVWHG
OHQJWK RIWKHLUUDGLDWLRQ ZDV DQG VHFRQGV
3HWULGLVKHVZLWK WUHDWHGSURWRSODVWV ZHUH SODFHGLQWR WKHWKHUPRVWDWZLWK DFRQVWDQWWHPSHUDWXUH
RI &$IWHU GD\VWKHSURWRSODVWV ZHUHH[DPLQHG ZLWK LQYHUVLRQ PLFURVFRSH 7KHRSWLPDO OHQJWK
RI89 UDGLDWLRQ ZDVZKHQ WKHQXFOHXV RI RI SURWRSODVWV ZDV GHVWUR\HG DQG WKHFHOOV ZHUHQRW
GLYLGLQJ 7KHVDPHH[DPLQDWLRQ ZDVSUHIRUPHGDOVRGD\VDIWHU89LUUDGLDWLRQ
RESULTS AND DISCUSSION
,UUDGLDWHG SURWRSODVWV ZHUH H[DPLQHG XVLQJ LQYHUVLRQ PLFURVFRSH 7KH DLP ZDV WR GHWHUPLQH
ZKDW 89LUUDGLDWLRQ GRVDJHGHVWUR\VSURWRSODVWQXFOHL,Q WDEOHDUHOLVWHG UHVXOWV RIUHSHWLWLRQV
SHU JHQRW\SH REWDLQHG DIWHU  GD\V DIWHU 89 LUUDGLDWLRQ IRU GXUDWLRQ RI  VHF &RQWURO   VHF
VHFVHFDQGVHF
7DEOH3URWRSODVWVGD\VDIWHU89LUUDGLDWLRQ
VHF

VHF

VHF

VHF

VHF

*HQRW\SH0±
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*HQRW\SH0±
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*HQRW\SH0±
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'''

'''

/HJHQG / ± OLYHSURWRSODVWV'± GHDG SURWRSODVWVOHWWHUVSHUFHOOUHSUHVHQWUHSHWLWLRQVIRUHYHU\JHQRW\SHDQG89GRVDJH
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 GD\V DIWHU 89 LUUDGLDWLRQ RI D &RQWURO  VHF  WKH FDOOXVHV VWDUWHG WR IRUP IURP WKH IXVHG
SURWRSODVWV 7KDW PHDQV WKDW WKH QXFOHXV ZDV QRW GHVWUR\HG )LJXUH $  3URWRSODVWV WUHDWHG
ZLWK D89 LUUDGLDWLRQ IRUVHFRQGV )LJXUH % IRUPHG VPDOOHU FDOOXVHV LQ FRPSDULVRQ WR&RQWURO
FHOO GLYLVLRQ RFFXUUHG7KLVPHDQVWKDWWKLVGRVDJHZDVQRWVXIILFLHQW WRGHVWUR\WKHQXFOHXV3URWRSODVWV
WUHDWHG ZLWK 89 UDGLDWLRQ RI  ȝ:FP IRU  VHFRQGV )LJXUH & VWDUWHG ZLWK D FHOO GLYLVLRQ
LQFUHDVHGWKHLUOHQJWK EXWWKHFHOOGLYLVLRQ ZDVQRWILQLVKHG VLQFHWKHIRUPDWLRQRIQXFOHXVLQWKHQHZO\
IRUPHG FHOO GLG QRW KDSSHQ 7KLV PHDQV WKDW 89 UDGLDWLRQ GHVWUR\HG WKH SURWRSODVW QXFOHXV
DQGWKLV GRVDJH LV VXIILFLHQW DQGRSWLPDO 89 LUUDGLDWLRQ RI VHFRQGV )LJXUH ' OHG WRWKHVDPH
UHVXOWV DVIRUVHFRQGV7KHFHOO GLYLVLRQ VWDUWHGVL]H RISURWRSODVWV LQFUHDVHG DQGQXFOHXV RIQHZ
FHOO ZDV QRWIRUPHG VHFRQGV RI89 LUUDGLDWLRQ )LJXUH ( OHG WRFRPSOHWH GHVWUXFWLRQ QRWRQO\
RIWKHQXFOHXVEXWWKHZKROH SURWRSODVW&HOOXODU FRQWHQWZDVGLVVROYHG WRWKHFXOWLYDWLRQ PHGLXP
GD\V DIWHU89 LUUDGLDWLRQ ZHUH WKHUHVXOWV OLNH GD\VDIWHU LUUDGLDWLRQ &DOOXVHV RI &RQWURO
DQGGRVDJH VHFZHUHIRUPHG)RUVHFRQGVDQGPRUHRI89UDGLDWLRQ WKHQXFOHXV GLG QRWIRUP
LQWKHQHZFHOO ZKLFKPHDQVWKDWWKLVGXUDWLRQ ZDVVXIILFLHQW WRGHVWUR\DOO SURWRSODVW QXFOHL
5HVXOWV ZHUH VWDWLVWLFDOO\ HYDOXDWHG ZLWK SURJUDP 6WDWLVWLFD  ,W ZDV VWDWLVWLFDOO\ VLJQLILF DQW
S  WKDWDPRXQWRI89LUUDGLDWLRQ QHHGHGIRUQXFOHXVGHVWUXFWLRQ LVQRWGHWHUPLQHG E\JHQRW\SH
'XHWRFKDUDFWHURIWKHH[SHULPHQW DQGELQRPLDO GLVWULEXWLRQ RIYDOXHV ± OLYH SURWRSODVWQXFOHXVQRW
GHVWUR\HG E\ 89 LUUDGLDWLRQ DQG  ± GHDG  SURWRSODVW QXFOHXV GHVWUR\HG FDOOXVHV DUH QRW IRUPLQJ 
VLJQ WHVW ZDV XVHG 2Q S    VHFRQGV RI 89 LUUDGLDWLRQ LV QRW VXIILFLHQW DQG QXFOHXV
LV QRW GHVWUR\HG 2Q S   GRVDJH RI  VHFRQGV  VHFRQGV DQG  VHFRQGV LV VXIILFLHQW
EXW RSWLPDO LV  VHFRQGV 7KHQXFOHXV LV GHVWUR\HG EXW RWKHU FHOOXODU FRQWHQW LV VWLOO YLWDO DQG DEOH
WRIRUPFDOOXV DIWHUDV\PPHWULF IXVLRQZLWKDSURWRSODVW ZLWKQXFOHXVDQGZLWKRXWF\WRSODVP
)LJXUH3URWRSODVWVGD\VDIWHU89LUUDGLDWLRQWUHDWPHQW ± JHQRW\SH0±
$ &RQWURO VHFRQGV

% VHFRQGV

& VHFRQGV

' VHFRQGV
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( VHFRQGV

6\PPHWULF SURWRSODVW IXVLRQ KDV D ELJ GLVDGYDQWDJH SHUFHQWDJH RI FRUUHFWO\ IXVHG SURWRSODVWV
WKDW IRUPFDOOXV LVYHU\ORZ 6LQN 7KHUHIRUHDV\PPHWULF IXVLRQ LVPRUHHIIHFWLYHZD\,WLVXVHG
LQEUHHGLQJ IRUUHVLVWDQFH %KRMZDQL DQG 'DQWX IRULQWHUVSHFLILF FURVVLQJ *XDQJPLQ HWDO 
IRU KLJKHU \LHOG DQG KLJKHU FRQWHQW RI SURWHLQV HWF ,Q VFLHQWLILF UHVHDUFK IRFXVLQJ RQ 3HWXQLDV
DV\PPHWULF IXVLRQZDVXVHGWRFURVVLQFRPSDWLEOH VSHFLHV 3HWXQLDDQG&DOLEUDFKRD 0H\HUHWDO 
DQG IRU LQWURGXFWLRQ RI WUDQVIRUPHG FKORURSODVWV IURP 7DEDFR WR 3HWXQLD 6LJHQR HW DO  
,Q KRUWLFXOWXUH SUD[LV DQG FRPPHUFLDO RUQDPHQWDO SODQW EUHHGLQJ DV\PPHWULF IXVLRQ LV QRW XVHG \HW
*HUDWV DQG 6WURPPHU   7R GHVWUR\ WKH QXFOHXV PXOWLSOH PHWKRGV FDQ EH XVHG IRU H[DPSOH
;RU*DPPD UD\VEXWPRVWIUHTXHQWO\ LV XVHG89 UDGLDWLRQ /DNVKPDQDQ HWDO 89 UDGLDWLRQ
LV LQFRPSDULVRQ WRWKH RWKHUPHWKRGVHDVLHUWRXVHDV/DNVKPDQDQ HWDO  VWDWHV7KLVLVWKHUHDVRQ
ZK\89 UDGLDWLRQ ZDVXVHGLQ WKHFRQGXFWHG H[SHULPHQW &UXFLDO LV WRGHWHUPLQH WKHRSWLPDO DPRXQW
RI 89 LUUDGLDWLRQ ± YROWDJH DQGGXUDWLRQ 6LJHQR HWDW  XVHG LQ WKHH[SHULPHQW GXUDWLRQ RI89
LUUDGLDWLRQ RIPLQXWHV 7KLVLV FDXVHGE\ORZHU YROWDJH ,QRXUH[SHULPHQW ZKHUHȝ:FP  ZDV
XVHGZDVRSWLPDO 89 LUUDGLDWLRQ IURPVHFRQGV,UUDGLDWLRQ RIPLQXWHV ZLWKȝ:FP FDXVHG
GHVWUXFWLRQ RIQRWRQO\WKHQXFOHXV EXWDOVRRIRWKHUFHOOXODU FRQWHQWWKDWZDVGLVVROYHG WRWKHPHGLXP
CONCLUSION
$V\PPHWULF IXVLRQEULQJV QHZRSSRUWXQLWLHV WRWKHIORZHUEUHHGLQJ 7KLVPHWKRGDOORZV FUHDWLRQ
RIQHZYDULHWLHV ZLWKXQLTXH IHDWXUHVWKDWZRXOG EHQRWSRVVLEOH WRDFKLHYH ZLWKFODVVLFDO PHWKRGVGXH
WRLQFRPSDWLELOLW\ SRVWIHUWLOL]DWLRQ EDUULHUV RUGXHWR KLJK FRVWVDQGH[WHQVLYH OHQJWK RIWKHEUHHGLQJ
SURJUDPPH &\WRSODVPLF PDOH VWHULOLW\ DOORZV WR GHFUHDVH ) VHHG SURGXFWLRQ FRVWV EHFDXVH ODERXU
LQWHQVLYH HPDVFXODWLRQ RI PDWHUQDO FRPSRQHQW LV QRW QHHGHG $V\PPHWULF SURWRSODVW IXVLRQ LV PRUH
HIIHFWLYH WKDQ EDFN FURVVLQJ WKDWLV XVHGQRZDGD\V %DFNFURVVLQJ UHTXLUHV DWOHDVW RUJHQHUDWLRQV
WR WUDQVIHU &06 WR PDWHUQDO FRPSRQHQW DQG FDQW EH XVHG IRU YHJHWDWLYH PXOWLSOLHG FRPSRQHQW
$FFRUGLQJ WRWKLVH[SHULPHQW WKHRSWLPDO DPRXQWRI89LUUDGLDWLRQ WRGHVWUR\ 3HWXQLDK\EULGD QXFOHXV
LVȝ:FP IRUDGXUDWLRQ RIVHFRQGV/RQJHU LUUDGLDWLRQ WHQGVWRGHVWUR\RWKHUFHOOXODU FRQWHQW
DVZHOO ORZHUGRVDJHGRHVQRWGHVWUR\WKHQXFOHXV
ACKNOWLEDGEMENTS
7KHUHVHDUFKZDVILQDQFLDOO\ VXSSRUWHGE\,*$9\XåLWt DV\PHWULFNp I~]HSURWRSODVWĤ YHãOHFKWLWHOVNêFK
SURJUDPHFK X3HWXQLDK\EULGD ,*$=)$3 
REFERENCES
$QGHUVRQ12)ORZHU%UHHGLQJDQG*HQHWLFV,VVXHV&KDOOHQJHVDQG2SSRUWXQLWLHVIRUWKHVW
&HQWXU\VW HG'RUGUHFKW1HWKHUODQGV 6SULQJHU
%KRMZDQL 66'DQWX3.3ODQWWLVVXHFXOWXUHDQLQWURGXFWRU\WH[W VW HG1HZ'HOKL,QGLD
6SULQJHU
*DXV -  $ %UHHGLQJ 3URJUDP IRU 3HWXQLD K\EULGD >2QOLQH@ $YDLODEOH DW
KWWSFXNHKRUWQFVXHGXFXFXUELWZHKQHUKVSURMSHWXQLD(QWLUH3DSHUGRF >@
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*HUDWV 7 6WURPPHU -  3HWXQLD (YROXWLRQDU\ 'HYHORSPHQWDO DQG 3K\VLRORJLFDO *HQHWLFV
VWHG1HZ<RUN86$ 6SULQJHU
*XDQJPLQ ; =KRQJ\L / 6XOLQJ : )HQJQLQJ ; -LQ\XDQ & 3HLGX & 'DMXQ / 
$V\PPHWULF VRPDWLF K\EULGL]DWLRQ EHWZHHQ KDSORLG FRPPRQ ZKHDW DQG 89LUUDGLDWHG +D\QDOGLD
YLOORVD3ODQW6FLHQFH   ±
/DNVKPDQDQ 36 (HFNKDXW 7'HU\FNHUH ' 9DQ %RFNVWDHOH ( 9DQ +X\OHQEURHFN ( 
$V\PPHWULF 6RPDWLF3ODQW+\EULGL]DWLRQ 6WDWXVDQG$SSOLFDWLRQV $PHULFDQ-RXUQDORI3ODQW6FLHQFHV
 $  ±
0H\HU /6HUHN 0:LQNHOPDQQ 73URWRSODVW LVRODWLRQ DQG SODQW UHJHQHUDWLRQ RI GLIIHUHQW
JHQRW\SHV RI3HWXQLDDQG&DOLEUDFKRD 3ODQW&HOO7LVVXHDQG2UJDQ&XOWXUH  ±
6LJHQR $ +D\DVKL 6 7HUDFKL 7<DPDJLVKL +  ,QWURGXFWLRQ RI WUDQVIRUPHG FKORURSODVWV
IURP WREDFFRLQWRSHWXQLDE\DV\PPHWULF FHOO IXVLRQ3ODQW&HOO5HSRUWV  ±
6LQN.&3HWXQLDVW HG%HUOLQ*HUPDQ\ 6SULQJHU9HUODJ
6WD[pQ , %HUJRXQLRX[ & %RUQPDQ -)  (IIHFW RI XOWUDYLROHW UDGLDWLRQ RQ FHOO GLYLVLRQ
DQG PLFURWXEXOH RUJDQL]DWLRQ LQ3HWXQLDK\EULGD SURWRSODVWV 3URWRSODVPD  ±
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COMPLEX GENOME REARRANGEMENTS
IN AN ARABIDOPSIS T-DNA LINE
ZLATICA CERNA, KATARINA MATYASOVA, BRETISLAV BRZOBOHATY,
JAN ZOUHAR
'HSDUWPHQW RI0ROHFXODU%LRORJ\DQG5DGLRELRORJ\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
]ODWNDFHUQD#JPDLOFRP
$EVWUDFW ,Q UHFHQW \HDUV DQ LQFUHDVLQJ QXPEHU RI VWXGLHV GHPRQVWUDWHG WKDW PDQ\ $UDELGRSVLV
7'1$ OLQHV PLJKW FDUU\ PDVVLYH JHQRPH FKDQJHV DV D GLUHFW FRQVHTXHQFH RI WKH WUDQVIHU
'1$ 7'1$ LQWHJUDWLRQ HYHQW,QWKLV ZRUN ZH UHSRUWDQDQDO\VLV RI DVHJUHJDWLQJ 7'1$ PXWDQW
OLQH 6$,/BB*  ZKLFK FRQWDLQV VXFK JHQRPLF UHDUUDQJHPHQWV 7KHLQLWLDO 3&5DQDO\VHV GLGQRW
\LHOG DQ\KRPR]\JRXV SODQWVVXJJHVWLQJ SXWDWLYH JDPHWRSK\WH OHWKDOLW\ +RZHYHUWKLV UHVXOW LV OLNHO\
FDXVHG E\ FKURPRVRPDO WUDQVORFDWLRQV ZKLFK ZHUH FOHDUO\ LGHQWLILHG LQ VHYHUDO KHWHUR]\JRXV SODQWV
E\ DSROOHQ YLDELOLW\ DVVD\6XUSULVLQJO\ ZHLGHQWLILHG SODQWVWKDWFDUULHG WKH7'1$DQGVWLOO SURGXFHG
 YLDEOH SROOHQ )RU UHFLSURFDO EDODQFHG WUDQVORFDWLRQV WKHVH SODQWV VKRXOG EHWKHQ KRPR]\JRXV
IRU WKH 7'1$ LQVHUWLRQ <HW WKH RIIVSULQJ RI VRPH RI WKHVH SODQWV VWLOO VHJUHJDWHG
WKH 7'1$VXJJHVWLQJ PRUH FRPSOH[ JHQRPH UHDUUDQJHPHQWV LQWKHVWXGLHG$UDELGRSVLV PXWDQWOLQH
.H\:RUGV FKURPRVRPHWUDQVORFDWLRQ JHQRPHUHDUUDQJHPHQW 7'1$$UDELGRSVLV
INTRODUCTION
7'1$LQVHUWLRQDO PXWDJHQHVLV LVDFUXFLDOWHFKQLTXHLQJHQHIXQFWLRQVWXGLHV DQG WKHUHIRUH SOD\V
DQLPSRUWDQWUROH LQ $UDELGRSVLV UHVHDUFK 2¶0DOOH\ DQG(FNHU   $VHDUO\ DV WKHUHZHUHPRUH
WKDQ   $UDELGRSVLV 7'1$ WUDQVIRUPDQWV DQGDSSUR[LPDWHO\   PXWDQWV KDYH EHHQ DOUHDG\
LGHQWLILHG $]SLUR]/HHKDQ DQG )HOGPDQQ   6LPXOWDQHRXVO\ ZLWK DGYDQFHV LQ VXFFHVVIXO PXWDQW
LGHQWLILFDWLRQ ILUVW DQDO\VHV RI VHYHUDO 7'1$ LQWHJUDWLRQ VLWHV UHYHDOHG PDVVLYH UHDUUDQJHPHQWV
RI FKURPRVRPDO '1$LQFOXGLQJ GHOHWLRQV DQGWUDQVORFDWLRQV LQYDULRXV SODQWVSHFLHVLQFOXGLQJ WREDFFR
2KEDHWDO  ULFH 7DNDQRHWDO  DQG$UDELGRSVLV 1DFU\HWDO  7KHFRPSOHWHVHTXHQFH
RI $UDELGRSVLV JHQRPH $UDELGRSVLV *HQRPH ,QLWLDWLYH   WRJHWKHU ZLWK SXEOLF FROOHFWLRQV
RI7'1$LQVHUWLRQDO PXWDQWV DOORZHG IRUDVXFFHVVIXO IXQFWLRQDO FKDUDFWHUL]DWLRQ RIQXPHURXVJHQHV
+RZHYHUDUHFHQWDQDO\VLV RIWHQVRI7'1$ PXWDQW OLQHV IURPSXEOLF FROOHFWLRQV UHYHDOHG WKDWDERXW
 RI DQDO\VHG OLQHV FDUULHG FKURPRVRPDO UHDUUDQJHPHQWV &ODUN DQG .U\VDQ   ,PSRUWDQWO\
WKH DXWKRUVVXJJHVWHG WKDWDVLPSOH SROOHQ YLDELOLW\ DVVD\ZDVDEOHWRLGHQWLI\ DOO EXWRQHFKURPRVRPH
WUDQVORFDWLRQV LQ VWXGLHG KHWHUR]\JRXV SODQWV ,Q H[WUHPH FDVHV D 7'1$ LQWHJUDWLRQ PD\ WULJJHU
DFDVFDGHRILQFRUUHFWUHSDLUVRIVHYHUDOGRXEOHVWUDQGHG EUHDNVRQWZRFKURPRVRPHVDQGVXEVHTXHQWO\
SURGXFH WUDQVORFDWLRQ LQYHUVLRQ GXSOLFDWLRQ DQG GHOHWLRQ +X HW DO   ,Q WKLV ZRUN ZH SUHVHQW
DQDO\VHV RID 7'1$OLQH WKDWOLNHO\ FDUULHV VLPLODU JOREDO UHDUUDQJHPHQWV RI WKH JHQRPH
MATERIAL AND METHODS
Plant material
7KH VHHGV RI 6$,/BB* $UDELGRSVLV 7'1$ VHJUHJDWLQJ OLQH ZHUH VXUIDFH VWHULOL]HG
ZLWK VRGLXP K\SRFKORULWH DQG JHUPLQDWHG RQ ò 0XUDVKLJH6NRRJ PHGLXP FRQWDLQLQJ  DJDU
$IWHU WZRZHHNVWKHVHHGOLQJV ZHUHWUDQVIHUUHGWRVRLO DQGJURZQXQGHUORQJGD\ FRQGLWLRQV KRXUV
OLJKW DW  &  KRXUV GDUN DW  &  KXPLGLW\  $IWHU DQRWKHU WZR ZHHNV DWKLUG URVHWWH OHDI
ZDV H[FLVHG IUR]HQLQOLTXLG QLWURJHQ DQGXVHGIRU'1$H[WUDFWLRQ
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DNA extraction
7KHIUR]HQSODQWPDWHULDO ZDVKRPRJHQL]HG IRUPLQXWHXVLQJ PPJODVV EHDGVDQGWKH JHQRPLF
'1$ZDVLVRODWHG DFFRUGLQJ WR DVWDQGDUG '1$H[WUDFWLRQ SURWRFRO (GZDUGVHWDO  
PCR analyses
7KH VHTXHQFHV RI ROLJRQXFOHRWLGHV IRU 3&5 UHDFWLRQV ZHUH GHVLJQHG XVLQJ L6HFW
7RROV KWWSVLJQDOVDONHGXWGQDSULPHUVKWPO  7KH JHQHVSHFLILF SULPHUV ZHUH B*/3
¶7$$77**&$$$*$&*$$*$&* DQG B*53 ¶**77&$*$*$7*$7*&7*$** 
7KHFRUUHVSRQGLQJ 3&5F\FOHLQFOXGHG DGHQDWXUDWLRQ VWHS V& DQDQQHDOLQJ VWHS V& 
DQG DQ H[WHQVLRQ VWHS  V  &  7KH 3&5 F\FOH ZDV UHSHDWHG  WLPHV 7KH 7'1$
LQVHUWLRQ ZDV GHWHFWHG XVLQJ B*53 DQG WKH 7'1$ VSHFLILF ROLJRQXFOHRWLGH /%
¶7$*&$7&7*$$777&$7$$&&$$7&7&*$7 $&$&  7KHFRUUHVSRQGLQJ 3&5F\FOH LQFOXGHG
DGHQDWXUDWLRQ VWHS V& DQDQQHDOLQJ VWHS V& DQGDQH[WHQVLRQ VWHS V& 
7KH3&5F\FOH ZDVUHSHDWHGWLPHV
Pollen viability assay
7KHSROOHQ YLDELOLW\ ZDVGHWHUPLQHG XVLQJ WKH$OH[DQGHU PHWKRG $OH[DQGHU   7KHVWDLQLQJ
VROXWLRQ FRQWDLQHG  ZY  PDODFKLWH JUHHQ  ZY  DFLG IXFKVLQ  ZY  RUDQJH *
 YY  DFHWLF DFLG  ZY  FKORUDO K\GUDWH  YY  JO\FHURO  YY  SKHQRO DQG  YY 
HWKDQRO LQ GRXEOHGLVWLOOHG ZDWHU 7KHGLVVHFWHG DQWKHUV ZHUH WUHDWHG ZLWK  P/ RI VWDLQLQJ VROXWLRQ
IRU PLQXWHV DWURRPWHPSHUDWXUH 7KHVDPSOH ZDV H[DPLQHG XQGHUWKH2O\PSXV %; XSULJKW OLJKW
PLFURVFRSH
RESULTS
Analysis of the SAIL_218_G01 segregating population
7ZHOYHVHHGOLQJV IURPWKH6$,/BB* VHJUHJDWLQJ 7'1$OLQH ZHUHVRLO SODQWHGDQGJURZQ
XQGHUORQJGD\ FRQGLWLRQV 6XEVHTXHQWO\ WKHFRUUHVSRQGLQJ JHQRPLF '1$ ZDVLVRODWHG DQG DQDO\VHG
E\ 3&5 XVLQJ JHQHVSHFLILF ROLJRQXFOHRWLGHV %\ GHVLJQ WKH 3&5 ZLWK JHQHVSHFLILF SULPHUV
B*/3DQGB*53 VKRXOG DPSOLI\ D ESSURGXFW LQFDVHRIZLOGW\SH DQGKHWHUR]\JRXV
SODQWV DQG VKRXOG QRW DPSOLI\ DQ\ SURGXFWV LQ SODQWV KRPR]\JRXV IRU WKH 7 '1$ LQVHUWLRQ
8QH[SHFWHGO\ LQ WKH DQDO\VHG VHJUHJDWLQJ SRSXODWLRQ ZH GLG QRW LGHQWLI\ DQ\ KRPR]\JRXV SODQWV
)LJXUH   +RZHYHU WKH 3&5 ZLWK WKH 7'1$ LQVHUWLRQVSHFLILF SULPHUV B*53 DQG /% 
\LHOGHG DES3&5SURGXFW LQ RXWRISODQWV LQGLFDWLQJ WKDW WKH 7'1$VHJUHJDWHG DFFRUGLQJ
WR 0HQGHOLDQ UDWLRV )LJXUH  
Pollen viability assay
7KHXQXVXDO VHJUHJDWLQJ UDWLRV REVHUYHGE\WKH3&5DQDO\VHV PLJKW EHFDXVHGE\JDPHWRSK\W H
OHWKDOLW\ FDXVHGE\WKH7'1$LQVHUWLRQ 7KHUHIRUHZHKDYHDQDO\VHG SROOHQ YLDELOLW\ LQWZHOYHVWXGLHG
SODQWVXVLQJ DVLPSOH VWDLQLQJ VROXWLRQ $OH[DQGHU  ,QWKLVWHFKQLTXHYLDEOH SROOHQ VWDLQVFULPVRQ
UHG ZKLOH DERUWHG SROOHQ VWDLQV JUHHQ $PRQJ VWXGLHG SODQWV WKRVH WKDW GLG QRW FRQWDLQ
WKH 7'1$LQVHUWLRQ DUHOLNHO\ ZLOGW\SH SODQWV SODQWVDQG DQGSURGXFHGYLDEOH SROOHQ
)LJXUH  SDQHO E  6XUSULVLQJO\ WKUHH SODQWV WKDW ZHUH LGHQWLILHG DV SXWDWLYH KHWHUR]\JRWHV E\ 3&5
DQDO\VHV VKRZHG  YLDEOH SROOHQ SODQWV   DQG  )LJXUH  SDQHOV D F DQG K  ZKLOH KDOI
RI WKH SROOHQ JUDLQV IURP WKH UHPDLQLQJ SXWDWLYH KHWHUR]\JRWHV ZDV IRXQG DERUWHG )LJXUH  SDQHOV
G±J  6XFK SKHQRPHQRQ LV RIWHQ D FRQVHTXHQFH RI 7'1$LQGXFHG FKURPRVRPDO WUDQVORFDWLRQV
&ODUN DQG .U\VDQ   %ULHIO\ SODQWV WKDW DUH KHWHUR]\JRXV IRU D UHFLSURFDO WUDQVORFDWLRQ FDXVHG
E\ D VLQJOH 7'1$ LQVHUWLRQ DUH SUHGLFWHG WR SURGXFH DSSUR[LPDWHO\  QRQYLDEOH SROOHQ
%\ FRQWUDVWKRPR]\JRXV 7'1$OLQHV FDUU\LQJ DUHFLSURFDO WUDQVORFDWLRQ DUHJHQHWLFDOO\ EDODQFHGDQG
WKHUHIRUH OLNHO\ SURGXFHYLDEOH SROOHQ &XUWLV HWDO  7KHUHIRUHWKHWKUHHLGHQWLILHG SODQWV
FDUU\LQJ YLDEOH SROOHQ DUHOLNHO\ KRPR]\JRXV SODQWV PLVLGHQWLILHG E\WKHLQLWLDO 3&5DQDO\VHV
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)LJXUH 3&5DQDO\VLVRIWKHVHJUHJDWLQJSRSXODWLRQ

/HJHQGB*/353 *HQHVSHFLILF 3&5SURGXFWVB*53/% 7'1$VSHFLILF3&5SURGXFWV

)LJXUH 3ROOHQYLDELOLW\DVVD\

/HJHQG D SODQW± DSXWDWLYHKRPR]\JRWHZLWKYLDEOHSROOHQ E SODQW± DZLOGW\SHSODQWVDPHSKHQRW\SHREVHUYHG
LQ SODQWV   DQG  F  SODQW  ± D SXWDWLYH KRPR]\JRWH  YLDEOH SROOHQ G±J  SODQWV    DQG 
UHVSHFWLYHO\± KHWHUR]\JRWHVZLWKDERUWHGSROOHQ K SODQW± DSXWDWLYHKRPR]\JRWHYLDEOHSROOHQ$UURZVKLJKOLJKW
DERUWHGSROOHQ6FDOHEDU P

)LJXUH 3&5DQDO\VHVRIWKHRIIVSULQJIURPSXWDWLYHKRPR]\JRXV SODQWV 

/HJHQG± D WUXHKRPR]\JRWHQRVHJUHJDWLRQRIWKH7'1$LQVHUWLRQDQG ± KHWHUR]\JRXVSODQWVDVWHULVNV
LQGLFDWHSODQWVZLWKRXWWKH7'1$



PCR analysis of the offspring
6XEVHTXHQWO\ ZH DQDO\VHG WKH 7'1$ VHJUHJDWLRQ LQ WKH RIIVSULQJ IURP SODQWV   DQG 
ZKLFK SURGXFHG  YLDEOH SROOHQ ,PSRUWDQWO\ RQO\ WKH RIIVSULQJ IURP WKH SODQW  GLG QRW VKRZ
DQ\ VHJUHJDWLRQ RI WKH 7'1$ LQVHUWLRQ VXJJHVWLQJ WKDW WKH SODQW  ZDV LQGHHG D KRPR]\JRXV OLQH
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)LJXUH  %RWKSODQWV DQGSUHVHQWHG VHJUHJDWLRQ RIWKHLQVHUWLRQ UXOLQJ RXWWKHLU KRPR]\JRVLW\
)LJXUH  
DISCUSSION
/DUJH SXEOLF FROOHFWLRQV RI 7'1$ LQVHUWLRQDO PXWDQW OLQHV HJ 1RWWLQJKDP $UDELGRSVLV
6WRFN &HQWUH KWWSDUDELGRSVLVLQIR  WRJHWKHU ZLWK UHVRXUFHV IRU WKHLU LGHQWLILFDWLRQ
HJ7'1$ ([SUHVVKWWSVLJQDOVDONHGXFJLELQWGQDH[SUHVV  DQGFKDUDFWHUL]DWLRQ HJL6HFW7RROV
KWWSVLJQDOVDONHGXLVHFWVKWPO  IRUPDQLQGLVSHQVDEOH WRRONLW IRUSODQW ELRORJLVWV +RZHYHU D UHFHQW
WKRURXJK FKDUDFWHUL]DWLRQ RI VHYHUDO RIWKHVHOLQHV UHYHDOHG WKDWXSWRRQHTXDUWHU RIWKHPPLJKW FDUU\
ODUJH JHQRPH UHDUUDQJHPHQWV PRVWO\ LQ D IRUP RI UHFLSURFDO FKURPRVRPDO WUDQVORFDWLRQV
&ODUN DQG .U\VDQ   ,Q WKLV ZRUN ZH LGHQWLILHG VXFK UHDUUDQJHPHQWV LQ WKH 6$,/BB*
7'1$OLQH 'XULQJ WKHLQLWLDO 3&5FKDUDFWHUL]DWLRQ RIWKLVOLQH ZHFRXOG QRWLGHQWLI\ DKRPR]\JRXV
OLQH IRU WKH 7'1$ LQVHUWLRQ +RZHYHU D VXEVHTXHQW SROOHQ YLDELOLW\ DVVD\ UHYHDOHG WKDW WKH LQLWLDO
3&5 UHVXOWV ZHUH VRPHKRZ PLVOHDGLQJ 7KLV WHFKQLTXH UHYHDOHG GLIIHUHQFHV LQ OLQHV WKDW ZHUH
VXSSRVHGO\ KRPRJHQRXV DFFRUGLQJ WR WKH 3&5 DQDO\VHV VXJJHVWLQJ WKDW WKH JHQHVSHFLILF SULPHUV
DQQHDO OLNHO\ RQ GLIIHUHQW ORFL WKDQ H[SHFWHG ,PSRUWDQWO\ WKH SROOHQ YLDELOLW\ DVVD\ LGHQWLILHG
WZR GLVWLQFW SKHQRW\SHV LQ WKLV DSSDUHQWO\ KRPRJHQRXV SRSXODWLRQ 7KUHHSODQWV FDUU\LQJ WKH 7'1$
LQVHUWLRQ DQG VKRZLQJ  YLDEOH SROOHQ PLJKW EH SXWDWLYH KRPR]\JRWHV IRU WKH 7'1$ LQVHUWLRQ
DV WKHLU JDPHWHV ZHUH EDODQFHG DQG WKHUHIRUH YLDEOH 2Q WKH FRQWUDU\ ILYH RXW RI  SODQWV VKRZHG
DSSUR[LPDWHO\  DERUWHG SROOHQ LQGLFDWLQJ WKDW WKHVH JDPHWHV ZHUH QRW JHQHWLFDOO\ EDODQFHG
DQG WKH FRUUHVSRQGLQJ SODQWV ZHUH OLNHO\ KHWHUR]\JRXV IRU WKH 7'1$ LQVHUWLRQ +RZHYHU
WKH VXEVHTXHQW 3&5 DQDO\VLV RI WKH RIIVSULQJ IURP WKH WKUHH DOOHJHGO\ KRPR]\JRXV SODQWV UHYHDOHG
WKDW WZR RIWKHP VWLOO VHJUHJDWHG WKH7'1$ LQVHUWLRQ 2XU UHVXOWV GHPRQVWUDWHG WKDW HYHQWKH SROOHQ
YLDELOLW\ DVVD\ ZDVQRW VXIILFLHQW WRIXOO\ FKDUDFWHUL]H WKH FRPSOH[LW\ RI WKHJHQRPH UHDUUDQJHPHQWV
IRXQG LQWKH6$,/BB* 7'1$OLQH 6LPLODU LQFRQVLVWHQW SROOHQ YLDELOLW\ UHVXOWV ZHUH SUHYLRXVO\
UHSRUWHG &ODUNDQG.U\VDQ  HYHQWKRXJK WKH\OLNHO\ UHSUHVHQW DPLQRULW\ ZLWKLQ WKH7'1$OLQHV
FDUU\LQJ WKHFKURPRVRPDO WUDQVORFDWLRQV ,QRXUFDVHWKHPLVOHDGLQJ LQLWLDO 3&5DQGWKHSROOHQ YLDELOLW\
DVVD\ SRLQW WR D PRUH FRPSOH[ JHQRPH UHDUUDQJHPHQWV WKDW LQ DGGLWLRQ WRFKURPRVRPH WUDQVORFDWLRQ
PD\LQFOXGH LQYHUVLRQV GXSOLFDWLRQV DQGRUGHOHWLRQV
CONCLUSION
7KLV ZRUN JLYHV DQ H[DPSOH RI DQ $UDELGRSVLV 7'1$ OLQH ZKLFK ZDV REWDLQHG IURP SXEOLF
FROOHFWLRQV DQG FDUULHV FRPSOH[ JHQRPH UHDUUDQJHPHQWV :H VKRZ WKDW SROOHQ YLDELOLW\ DVVD\
LVDQLPSRUWDQWWRROWRLGHQWLI\ WKHVHFKURPRVRPDO FKDQJHVDQGVKRXOGEHFRQVLGHUHG E\WKH$UDELGRSVLV
UHVHDUFK FRPPXQLW\ IRU HDV\ GHWHFWLRQ RI VXFK JHQRPH UHDUUDQJHPHQWV LQ WKH 7'1$VHJUHJDWLQ J
SRSXODWLRQV
ACKNOWLEDGEMENTS
7KLVUHVHDUFKZDVVXSSRUWHGE\ WKH1DWLRQDO 3URJUDPIRU6XVWDLQDELOLW\ ,,E\WKH0LQLVWU\ RI(GXFDWLRQ
<RXWKV DQG 6SRUWV RI WKH &]HFK 5HSXEOLF &(,7(&  /4  DQG E\ WKH (UDVPXV SURJUDP
E\ WKH0LQLVWU\ RI(GXFDWLRQ 6FLHQFHDQG6SRUWRIWKH6ORYDN5HSXEOLF
REFERENCES
$OH[DQGHU 03'LIIHUHQWLDO VWDLQLQJ RIDERUWHGDQGQRQDERUWHGSROOHQ 6WDLQ7HFKQRORJ\  
±
$UDELGRSVLV *HQRPH ,QLWLDWLYH  $QDO\VLV RI WKH JHQRPH VHTXHQFH RI WKH IORZHULQJ SODQW
$UDELGRSVLV WKDOLDQD 1DWXUH   ±
$]SLUR]/HHKDQ 5)HOGPDQQ .$ 7'1$LQVHUWLRQ PXWDJHQHVLV LQ $UDELGRSVLV JRLQJ EDFN
DQGIRUWK7UHQGVLQ*HQHWLFV   ±
&ODUN ..U\VDQ 3&KURPRVRPDO WUDQVORFDWLRQV DUHD FRPPRQ SKHQRPHQRQ LQ $UDELGRSVLV
WKDOLDQD 7'1$LQVHUWLRQ OLQHV 7KH3ODQW-RXUQDO   ±
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&XUWLV0%HOFUDP.%ROOPDQQ67RPLQH\&+RIIPDQ30HUFLHU5+D\V-5HFLSURFDO
FKURPRVRPH WUDQVORFDWLRQ DVVRFLDWHG ZLWK 7'1$LQVHUWLRQ PXWDWLRQ LQ $UDELGRSVLV JHQHWLF
DQG F\WRORJLFDO DQDO\VHV RIFRQVHTXHQFHV IRUJDPHWRSK\WH GHYHORSPHQW DQGIRUFRQVWUXFWLRQ RIGRXEO\
PXWDQWOLQHV 3ODQWD   ±
(GZDUGV.-RKQVWRQH&7KRPSVRQ&$VLPSOH DQGUDSLGPHWKRGIRUWKHSUHSDUDWLRQ RISODQW
JHQRPLF '1$IRU3&5DQDO\VLV 1XFOHLF$FLGV5HVHDUFK    
+X < &KHQ = =KXDQJ & +XDQJ -  &DVFDGH RI FKURPRVRPDO UHDUUDQJHPHQWV FDXVHG
E\ D KHWHURJHQHRXV 7'1$ LQWHJUDWLRQ VXSSRUWV WKH GRXEOHVWUDQGHG EUHDN UHSDLU PRGHO
IRU7'1$LQWHJUDWLRQ 7KH3ODQW-RXUQDO   ±
1DFU\ 3 &DPLOOOHUL & &RXWLDO % &DERFKH 0 %RXFKH] '  0DMRU FKURPRVRPDO
UHDUUDQJHPHQWV LQGXFHGE\7'1$WUDQVIRUPDWLRQ LQ $UDELGRSVLV *HQHWLFV±
2KED 7 <RVKLRND < 0DFKLGD & DQG 0DFKLGD <  '1$ UHDUUDQJHPHQW DVVRFLDWHG
ZLWK WKH LQWHJUDWLRQ RI 7'1$ LQ WREDFFR DQ H[DPSOH IRU PXOWLSOH GXSOLFDWLRQV RI '1$ DURXQG
WKHLQWHJUDWLRQ WDUJHW7KH3ODQW-RXUQDO    ±
2 0DOOH\ 5& (FNHU -5  /LQNLQJ JHQRW\SH WR SKHQRW\SH XVLQJ WKH $UDELGRSVLV XQLPXWDQW
FROOHFWLRQ 7KH3ODQW-RXUQDO   ±
7DNDQR0(JDZD +,NHGD-(:DNDVD.7KHVWUXFWXUHVRILQWHJUDWLRQ VLWHV LQWUDQVJHQLF
ULFH7KH3ODQW-RXUQDO   ±
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IN VITRO INDUCTED TETRAPLOID PETUNIA HYBRIDA
OF A RED COLOR
JOSEF CERNY, MARKETA CERNA, PETR SALAS
'HSDUWPHQW RI%UHHGLQJDQG3URSDJDWLRQRI+RUWLFXOWXUDO3ODQWV
0HQGHO8QLYHUVLW\LQ%UQR
9DOWLFND /HGQLFH
&=(&+ 5(38%/,&
EXOILQHN#HPDLOF]
$EVWUDFW 3HWXQLD K\EULGD LV RQH RI WKH PRVW LPSRUWDQW DQQXDOV 1LFKH RI WKH DVVRUWPHQW UHSUHVHQW
D JURXSRIWHWUDSORLG YDULHWLHV WKDWDUHLQWHUHVWLQJ GXHWRWKHLUJLDQW IORZHU+RZHYHUWKHVHDUHRQO\ ROG
RSHQ SROOLQDWHG YDULHWLHV &UHDWLRQ RI KRPR]\JRXV WHWUDSORLG OLQHV LV D SUHUHTXLVLWH IRU PDNLQJ
) YDULHWLHV 7RGRVRWZRKRPR]\JRXV OLQHV XVHGLQFRPPHUFLDO SURGXFWLRQ RI)YDULHWLHV ZHUHXVHG
 GD\V ROG VHHGOLQJV JURZQ RQ 06 PHGLXP ZLWK  JO $JDU DQG  JO VXFURVH ZHUH WUHDWHG
ZLWK D VROXWLRQ RI  ȝ0 RU\]DOLQ IRU  KRXUV LQ LQ YLWUR FRQGLWLRQV 7KH SODQWV ZHUH ZDVKHG
DQG WUDQVSODQWHG WRWKHVDPHPHGLXP/DWHUWKH\ZHUHJURZQLQ WKHJUHHQKRXVH&\WRPHWULFDOO\ SORLG\
ZDVGHWHFWHG7KH\LHOG RIWHWUDSORLGV ZDVPRUHWKDQ2FWRSORLG SODQWVZHUHQRWIRXQG7HWUDSORLG
UHGIORZHULQJ SODQWV ZLWK JHQRW\SH ****DQG JJJJ ZHUHREWDLQHG )ORZHU VL]H LQFUHDVHG E\DWOHDVW
IRUSRO\SORLG\
.H\:RUGV 3HWXQLDK\EULGD WHWUDSORLGV RU\]DOLQ LQYLWUR UHGIORZHU
INTRODUCTION
3HWXQLD LV RQH RI WKH ZRUOG V PRVW LPSRUWDQW DQQXDOV $QGHUVRQ   $ VHSDUDWH JURXS
LQ WKH DVVRUWPHQWV DUH WKH YDULHWLHV RI 3HWXQLD K VXSHUELVVLPD WKDW ZHUH SRSXODU DW WKH EHJLQQLQ J
RI WKH WK FHQWXU\ 3ODQWV DUH UREXVW ZLWK D IORZHU VL]H XS WR  FP 5HLPDQQ3KLOLSS  
$IWHU WKH RQVHW RI K\EULG YDULHWLHV LQ WKH V YDULHWLHV LQ VXSHUELVVLPD W\SH DOPRVW GLVDSSHDUHG
IURP WKHRIIHURIVHHGFRPSDQLHV *HUWDVDQG6WURPPHU 
6XSHUELVVLPD YDULHWLHV DUH WHWUDSORLG Q    0DWVXGD   7KHVH YDULHWLHV HPHUJHG
DV VSRQWDQHRXV WHWUDSORLG SODQWV ZLWKLQ FRPPHUFLDO 23 2SHQ 3ROOLQDWHG YDULHW\ 6LQN  
7KLV SURFHVV ILQLVKHG E\ WKH RQVHW RI ) K\EULGV 0DDWVFK DQG 1ROWLQJ   7KHUHIRUH
LQWKHDVVRUWPHQWRIWHWUDSORLG YDULHWLHV ZHFDQQRW ILQGWKHFRORUVKDGHVWKDWKDYHEHHQEUHHG DIWHU 
IRUH[DPSOH UHGVDOPRQ RU \HOORZ
7KH PHWKRG RI HQULFKLQJ WKH DVVRUWPHQW RI WHWUDSORLG YDULHWLHV IRU WKHVH VKDGHV LV DUWLILFLDO
WHWUDSORLG LQGXFWLRQ IURP GLSORLGV $V D PDWHULDO IRU WKLV LQGXFWLRQ D KLJKO\ KRPR]\JRXV EUHHGLQJ
PDWHULDO LV XVHG DV D EUHHGLQJ OLQH LQ WKH IRUPDWLRQ RI GLSORLG K\EULG YDULHWLHV %LRWHFKQRORJLF D O
PHWKRGV  LQGXFWLRQRIWHWUDSORLGV LQ LQYLWURFRQGLWLRQV DUHERWKHIIHFWLYHDQGSURILWDEOH 0XUSK\ 
7KH REWDLQHG PDWHULDOV FRXOG EH XVHG WR SURGXFH ) WHWUDSORLG YDULHWLHV 7KH PRVW SRSXODU ZRXOG
EH ODUJHIORZHUHG UHGEORRPLQJ YDULHWLHV 7KH SDUHQWDO FRPSRQHQW RI VXFK YDULHWLHV ZRXOG KDYH
WR EH KRPR]\JRXV IRU WKH GRPLQDQW JHQH * ZKLFK FDXVHV ODUJHVFDOH JURZWK 3OLFNHUW  
,WLV ORFDWHG RQWKH9FKURPRVRPH &RUQXHWDO 7KHKHWHUR]\JRXV K\EULG **JJ ZLOO EHODUJH
$ VLPLODU FURVVEUHHGLQJ V\VWHPLVXVHGLQFRPPHUFLDO SURGXFWLRQ RI ODUJH IORZHULQJ )YDULHWLHV
MATERIAL AND METHODS
Characterization of experimental design and methods
6HHGV RI WZR UHGIORZHULQJ KRPR]\JRXV OLQHV XVHG IRU FRPPHUFLDO SURGXFWLRQ RI ) GLSORLG
YDULHWLHV ZHUHXVHG WRLQGXFH SRO\SORLG\ 7KLV PDWHULDO ZDVSURYLGHG E\WKHFRPSDQ\ ýHUQê%LR3UR
3UDJXH&]HFK5HSXEOLF /DUJHIORZHUHG FRPSRQHQW LV KRPR]\JRXV ZLWK**JHQRW\SH EULJKW UHG
7KHVPDOOIORZHUHG FRPSRQHQWLVKRPR]\JRXV ZLWKWKHJHQRW\SH JJEULJKW UHG
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7KH VHHGV ZHUH VWHULOL]HG ZLWK  FRPPHUFLDO EOHDFK VROXWLRQ 6DYR IRU  PLQXWHV
DQGWKHQZDVKHG WLPHV ZLWK VWHULOH GLVWLOOHG ZDWHU6RZQ LQWR PO (UOHQPH\HU IODVNV ZLWK PO
06 PHGLXP 0XUDVKLJH DQG 6NRRJ   KDUGHQHG ZLWK  JO $JDU DQG DGGHG  JO VXFURVH
7HQGD\V ROG JHUP SODQWV ZHUH WUHDWHG IRU  KRXUV ZLWK DQ DTXHRXV VROXWLRQ RI  ȝ0 RU\]DOLQ
7KH SODQWV ZHUH WKHQ ZDVKHG  WLPHV ZLWK VWHULOH GLVWLOOHG ZDWHU DQG SDVVDJHG RQWKH VDPH PHGLXP
/DWHUSODQWV ZHUHWUDQVIHUUHG IURPHDFKJHQRW\SH WRJUHHQKRXVH FRQGLWLRQV )RUWZHQW\UDQGRPO\
VHOHFWHG SODQWV IURP HDFK FRPSRQHQW WKH SORLG\ ZDV WHVWHG 7KLV ZDV GHWHFWHG F\WRIORZPHWULFDOO\
RQD3DUWHF3$,,LQVWUXPHQW ZLWK DPHUFXU\89GLVFKDUJH ODPSLQ WKH/DERUDWRU\RI)ORZ&\WRPHWU\
DWWKH$FDGHP\ RI6FLHQFHV RIWKH&]HFK5HSXEOLF 3UĤKRQLFH 2WWR'ROHåHO HWDO  
3ODQWVZHUHSODQWHG LQ FPGLDPHWHU SRWVDQGJURZQ XQGHUVWDQGDUG FRQGLWLRQV ,Q-XO\ 
WKHVL]H RIIORZHUV ZDVPHDVXUHGRQHDFKSODQW 7KHSODQWV ZHUHGHVFULEHG EDVHGRQWKHGHVFULSWRU
XVHG DW WKH EUHHGLQJ VLWH ýHUQê   7HWUDSORLG SODQWV ZHUH WUDQVIHUUHG WR LQ YLWUR JHQREDQN
âHGLYi   WR SUHYHQW WKH SRVVLEOH ORVV RI WKHVH JHQRW\SHV RU YLUXV LQIHFWLRQ 7KH UHVXOWV ZHUH
HYDOXDWHGE\FDOFXODWLQJ WKHFRQILGHQFHLQWHUYDO S  IRUWKHJURXSRIGLSORLG DQGWHWUDSORLG SODQWV
IRU ERWK FRPSRQHQWV VHSDUDWHO\ 6RIWZDUH 6WDWLVWLFV  ZDV XVHG IRU WKH FDOFXODWLRQ 7KH DLP
RIWKLVH[SHULPHQW ZDVWRFRQILUP WKHSRVVLELOLW\ RILQGXFLQJ SRO\SORLG\ E\RU\]DOLQ LQYLWURLQ 3HWXQLD
K\EULGD VHHGV$QRWKHUJRDOZDVWRFUHDWHWHWUDSORLG OLQHPDWHULDOV RI UHGFRORUDQGHYDOXDWHWKHSUHGLFWHG
WHWUDSORLG IORZHUHQODUJHPHQW
RESULTS AND DISCUSSION
)RU PDWHULDO   WHWUDSORLGV  GLSORLGV DQG  PL[RSORLGV ZHUH IRXQG )RU PDWHULDO 
 WHWUDSORLGV DQG  GLSORLGV ZHUH IRXQG 7KH DULWKPHWLF DYHUDJH RI EORVVRP GLDPHWHU IRU GLSORLG
PDWHULDO  ZDV  PP DQG IRU WHWUDSORLGV  PP ZKLFK LV VWDWLVWLFDOO\ VLJQLILFDQW S   
 LQFUHDVH 7KH GLSORLG PDWHULDO  ZDV  PP DQG WHWUDSORLGV  PP ZKLFK LV VWDWLVWLFDOO\
VLJQLILFDQW S  LQFUHDVH
7DEOH&RPSDULVRQRIIORZHUVL]H PP DPRQJQ *URXS DQGQ *URXS SODQWV
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1RWH7WHVWIRULQGHSHQGHQWVDPSOHVSVWDWLVWLFVS PHDVXUHVLQPPFRPSXWHGLQ67$7,67,&6

&UHDWLRQ RIWHWUDSORLG )K\EULG YDULHWLHV KDVVRIDU EHHQXQVXFFHVVIXO 7KHPDLQ SUREOHP ZDV
WKH DFTXLUHPHQW RIKRPR]\JRXV WHWUDSORLG OLQHV 5HLPDQQ3KLOLSS  7KHVHDUHREWDLQHGE\GLSORLG
K\EULGV E\ VHOISROOLQDWLRQ DQG IROORZLQJ VHOHFWLRQ ,Q JHQHUDO  F\FOHV DUH VXIILFLHQW WR REWDLQ
WKH PDWHULDO ODWHU WR XVH WR SURGXFH ) K\EULGV +RZHYHU IRU WHWUDSORLGV VHJUHJDWLRQ UDWLRV
DUH PRUH FRPSOH[ DQG PRUH F\FOHV ZRXOG EH UHTXLUHG WR REWDLQ D KRPR]\JRXV OLQH 7KH VLWXDWLRQ
LV IXUWKHU FRPSOLFDWHG E\ WKH IDFW WKDW WKH FRPELQDWLRQ RI WKH **** DOOHOH ZKLFK PXVW
EH UHSUHVHQWHG LQ WKH SDWHUQDO FRPSRQHQW IRU WKH FUHDWLRQ RI D ODUJHIORZHUHG YDULHW\ LV VHPLOHWKDO
5HLPDQQ3KLOLSS  
6HHNLQJ VXFK D JHQRW\SH LQ VHJUHJDWLQJ RIIVSULQJ DIWHU VHOISROOLQDWLRQ LV KLJKO\ LPSRVVLEOH
$ PRUH YLDEOH RSWLRQ LV LQGXFWLRQ RI WHWUDSORLGV IURP GLSORLG KRPR]\JRXV FRPSRQHQWV
/RW RI UHVHDUFKHUV IRFXVHG RQ 3HWXQLD SRO\SORLGL]DWLRQ
&RPDL   ,Q PDMRULW\
RI H[SHULPHQWV WKH PLWRWLF SRLVRQ FROFKLFLQH ZDV XVHG ,Q RXU FRQGXFWHG H[SHULPHQW ZH XVHG
RU\]DOLQ DV D SRO\SORLGL]LQJ DJHQW ZKLFK LV VLJQLILFDQWO\ OHVV WR[LF WR KXPDQV )RU PDQ\ FURSV
LW KDV EHHQ VXFFHVVIXOO\ XVHG LQ LQ YLWUR SRO\SORLGL]DWLRQ SURWRFROV *UDFH DQG $QGHUVVRQ 
*UHSORYi HWDO  
2XUUHVXOWVFRQILUPWKDWLWLVZHOOVXLWHG WR3HWXQLDK\EULGD7KH UHVXOWVVKRZWKDWPRUHWKDQ
RIWKHSODQWVZHUHWHWUDSORLG 7KLVLVPXFK KLJKHU \LHOG RIWHWUDSORLGV WKDQZLWKFROFKLFLQH :KHQXVLQJ
FROFKLFLQH ORWRISODQWVDUHRFWRSORLG ZKLFKPHDQV Q /HYDQ :HKDYHQRWWUDSSHGVXFKDSODQW
,QRQO\WZR FDVHVWKHSODQWZDVPDUNHG DVDPL[RSORLG LHLWZDVDFKLPHULF SODQWWKDWKDGQDQGQ
:H EHOLHYH WKDW SRO\SORLGL]DWLRQ SHUIRUPHG SHU RXU SURWRFRO WDNHV SODFH DW RSWLPXP WLPH
7KH RU\]DOLQ VROXWLRQ LQIOXHQFHV WKH HQWLUH YHJHWDWLRQ SHDNZKLFK LV VPDOO DQGFRPSDFW DW WKH WLPH
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0HULVWHPDWLF FHOOVDIWHUSRO\SORLGL]DWLRQ JURZIXUWKHUDQGIRUPDSRO\SORLG SODQW7KHHIIHFWRIRU\]DOLQH
LV QRWDV GUDVWLF DVFROFKLFLQH DQG WKHUHIRUH SODQWV ZLWK KLJKHU SORLG\ WKDQ WHWUDSORLGV GRQRWDSSHDU
:H DOVR GLG QRW QRWLFH GHIRUPHG SODQWV RIWHQ GHVFULEHG E\ WKH DXWKRUV 1LQJ HW DO   2SWLPDO
FRQGLWLRQV LQ LQ YLWUR FXOWXUHV DOORZ WKH WUHDWHG JHUP SODQWV WR FRQWLQXH JURZLQJ HYHQ DIWHU SDUWLDO
LQWR[LFDWLRQ ZLWK WKH SRO\SORLGL]LQJ DJHQW :KHQ DSSOLHG LQ ILHOG FRQGLWLRQV D SDUW RI WKH FUHDWHG
SRO\SORLG SODQWVGLH 6HLGHO  
)RUFRPSRQHQW ZHKDYH EHHQDEOH WRREWDLQ SODQWV ZLWK D **** JHQRW\SH WKDWZLOO DOORZ
XV WRFUHDWHDODUJHIORZHUHG WHWUDSORLG K\EULG7HWUDSORLGL]HG PDWHULDO ZLOO EHXVHGDVWKHPDWHUQDO
FRPSRQHQW7KH**JJ K\EULGV ZLOO EHODUJHIORZHUHG EHFDXVHWKH*DOOHOH IRUWKHYHORFLW\ LVGRPLQDQW
:HIXUWKHUFRQILUPHG WKDW LQGXFHG WHWUDSORLG KDV DODUJHU IORZHU DWOHDVW E\ 7KHVL]H RIPP
DQG  PP GRHV QRW UHDFK WKH VL]H RI 23 WHWUDSORLG YDULHWLHV :H WKLQN WKDW WKH VL]H
RI WKH WHWUDSORLG LQGXFHG IORZHU LV VWURQJO\ GHSHQGHQW RQ WKH XVHG JHQHWLF PDWHULDO :H ZLOO IRFXV
RQ WKDWLQWKHIXUWKHUUHVHDUFK
:HPDQDJHGWRREWDLQWHWUDSORLG RID UHGFRORUZKLFK GRHVQRWH[LVWLQWKHDVVRUWPHQW RIWHWUDSORLG
23YDULHWLHV *HUDWV DQG 6WURPPHU   1DWXUDOO\ YLD VHOHFWLQJ VSRQWDQHRXV WHWUDSORLGV IURP 23
YDULHW\ WKLV YDULHW\ FRXOG QRW EH FUHDWHG EHFDXVH WKHILUVW YDULHW\ RI WKLV FRORU )LUH &KLHI ODXQFKHG
WR WKHPDUNHWLQ VZDV)K\EULG 6LQN ,IDVSRQWDQHRXV WHWUDSORLG ZDVVHOHFWHG IURPVXFK
D YDULHW\ LW ZRXOG EH SUDFWLFDOO\ XQXVDEOH IRU LWV KLJK KHWHUR]\JRVLW\ 7KXV GLSORLG LQGXFWLRQ
LV SUDFWLFDOO\ WKHRQO\YLDEOH SRVVLELOLW\ WRHQULFKDJURXSRIWHWUDSORLG YDULHWLHV ZLWKDUHGIORZHUFRORU
7KHLQGXFWLRQ RIWHWUDSORLGV XQGHU LQ YLWUR FRQGLWLRQV FRXOG EH WKH IRXQGDWLRQ RI EUHHGLQJ SURJUDPV
OHDGLQJ WRWKHEUHHGLQJ RIDFRPSOHWHO\ QHZ)WHWUDSORLG YDULHWLHV
)LJXUH5HGIORZHUVRIGLSORLGDQGWHWUDSORLGSODQWV
$ &RPSRQHQW GLSORLG

% &RPSRQHQW  WHWUDSORLG

& &RPSRQHQW GLSORLG

' &RPSRQHQW WHWUDSORLG
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CONCLUSION
&UHDWLQJ RIQHZRUQDPHQWDOIORZHUYDULHWLHV LVDKLJKO\ FRPSHWLWLYH DQGJOREDOL]HG DFWLYLW\ 0DQ\
3HWXQLD YDULHWLHV DUH SURWHFWHG E\ SDWHQWV $ VXFFHVVIXO VWUDWHJ\ WR FRPH XS ZLWK VRPHWKLQJ QHZ
LV WR XVH PRGHUQ ELRWHFKQRORJLFDO PHWKRGV WR EUHHG DOPRVW IRUJRWWHQ JURXSV 7KLV VWUDWHJ\ OLQNV
ZLWK WKH SURJUDP RISURGXFWLRQ )SRO\SORLG YDULHWLHV ,QYLWUR SRO\SORLGL]DWLRQ FDQ FUHDWHWHWUDSORLG
OLQHV WKDWFDQEHXVHGLQWKHEUHHGLQJ SURJUDPV7KLVPHWKRGDOVRDOORZV WRH[WHQGWKHFRORXU VSHFWUXP
RI WKH VXSHUELVVLPD JURXS $V D UHVXOW WKHUH VKRXOG EH EDODQFHG YDULHWLHV ZLWK D JLDQW IORZHU
7KH LQGXFWLRQ RI WHWUDSORLGV IURP WKH KRPR]\JRXV GLSORLG PDWHULDO VROYHV WKH EDVLF SUREOHP ZLWK
EUHHGLQJ SDUHQWDOFRPSRQHQWV7KHXVHGSURWRFRO LVIDVWKDVORZILQDQFLDO GHPDQGVDQGKLJK UHOLDELOLW\
ACKNOWLEDGEMENTS
7KH UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH EUHHGLQJ FRPSDQ\ ýHUQê%LR3UR /WG 3UDJXH
&]HFK5HSXEOLF
REFERENCES
$QGHUVRQ 12  )ORZHU %UHHGLQJ DQG *HQHWLFV ,VVXHV &KDOOHQJHV DQG 2SSRUWXQLWLHV
IRU WKHVW&HQWXU\VW HG'RUGUHFKW1HWKHUODQGV 6SULQJHU
&RPDL /  7KH $GYDQWDJHV DQG 'LVDGYDQWDJHV RI %HLQJ 3RO\SORLG 1DWXUH 5HYLHZV
*HQHWLFV    ±
&RUQX $ 0DL]RQQLHU ':LHULQJ +GH9ODPLQJ 3  3HWXQLDJHQHWLFV ,,,7KHOLQNDJH JURXS
RIFKURPRVRPH9$QQDOV $PHOLRU3ODQW    ±
ýHUQê-.ODVLILNiWRU3HWXQLDK\EULGDQG HG-DURPČĜ 6HPSUDRS3UDKD
'ROHåHO -/XFUHWWL66FKXEHUW, 3ODQWFKURPRVRPH DQDO\VLV DQGVRUWLQJ E\IORZ F\WRPHWU\
&ULWLFDO 5HYLHZ 3ODQW6FLHQFH    ±
*HUDWV 7 6WURPPHU -  3HWXQLD (YROXWLRQDU\ 'HYHORSPHQWDO DQG 3K\VLRORJLFDO *HQHWLFV
VWHG1HZ<RUN86$ 6SULQJHU
*UDFH3$QGHUVRQ 1(IILFDF\ RI&ROFKLFLQH DQG7ULIXUDOLQ LQ&UHDWLQJ ,Q9LWUR $XWRWHWUDSORLG
*DXUDOLQGKHLPHUL (QJHO DQG*UD\ +RUW6FLHQFH    ±
*UHSORYi03OR]HURYi+'RPNiĜRYi-,QWUD DQGLQWHUVSHFLILF FURVVHVRI6RODQXPPDWHULDOV
DIWHUPLWRWLF SRO\SORLGL]DWLRQ LQYLWUR 3ODQW%UHHGLQJ    ±
/HYDQ $  7HWUDSORLG\ DQG 2FWRSORLG\ LQGXFHG E\ &ROFKLFLQH LQ 'LSORLG 3HWXQLD +HUHGLWDV
  ±
0DDWVFK 5 1ROWLQJ *  5HJLVWULHUXQJ GHV 6RUWLPHQWHV YRQ 3HWXQLD [ K\EULG 9LOP
*DUWHQEDXZLVVHQ   ±
0DWVXGD+&\WRORJLFDO VWXGLHVRIJHQXV3HWXQLD&\WRORJLD  ±
0XUDVKLJH 76NRRJ )$ UHYLVHG PHGLXP IRUUDSLG JURZWK DQGELRDVVD\V ZLWK WREDFFRWLVVXH
FXOWXUHV3K\VLRORJ\ 3ODQW  ±
0XUSK\'-3ODQW%UHHGLQJDQG%LRWHFKQRORJ\ VW HG1HZ<RUN86$ &DPEULGJH 8QLYHUVLW\
3UHVV
1LQJ **6KL;3+X+5<DQ<%DR0= 'HYHORSPHQW RID5DQJHRI3RO\SORLG /LQHV
LQ 3HWXQLD K\EULGD DQGWKH5HODWLRQVKLS RI3ORLG\ ZLWK WKH6LQJOH'RXEOHIORZHU 7UDLW +RUW6FLHQFH
   ±
2WWR )  '$3, VWDLQLQJ RI IL[HG FHOOV IRU KLJKUHVROXWLRQ IORZ F\WRPHWU\ RI QXFOHDU '1$
0HWKRGVLQ&HOO%LRORJ\  ±
3OLFNHUW.'LH=FKWXQJ GHUJURVVEOWLJHQ VXSHUELVVLPD3HWXQLHQ =XHFKWHU    ±
5HLPDQQ3KLOLSS 5 8QWHUVXFKXQJHQ EHUGLH9HUHUEXQJ GDVJUDQGLIORUD0HUNPDOV EHL 3HWXQLD
9LOP =HLWVFKULIW3IODQ]HQ]XHFKW  ±
5HLPDQQ3KLOLSS 5 'LH=FKWXQJGHU%OXPHQ VW HG%HUOLQ *HUPDQ\ 3DXO3DUH\
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6HLGHO +%HLWUlJH ]XU*HQHWLF XQG=FKWXQJ GHUWHWUDSORLGHQ 6XSHUELVVLPD3HWXQLD 3HWXQLD [
K\EULGD 9LOP 6XSHUELVVLPD JURXS  =HLWVFKULIW 3IODQ]HQ]XHFKW   ±
6LQN.&3HWXQLDVW HG%HUOLQ*HUPDQ\ 6SULQJHU9HUODJ
âHGLYi - 6KUQXWt SR]QDWNĤ SĜL XGUåRYiQt NROHNFt Y\EUDQêFK GUXKĤ NYČWLQ VY\XåLWtP LQ YLWUR
WHFKQLN $FWD3UXKRQLFLDQD    ±
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())(&72)',))(5(173+<72+25021(621*52:7+
$1''(9(/230(172) 0,&523523$*$7('
CANNABIS SATIVA /
0$5,( *58/,&+29$3(7(50(1'(/ $-,1.<$ %+$5$7/$/*(
1,.2/$ 6/$029$9$&/$9752-$1720$69<+1$1(.
-$1:,1./(5 0$*'$/(1$ '$5,$9$9(5.29$
'$1$$'$0&29$ %,/-$1$ Ĉ25Ĉ(9,&

'HSDUWPHQW RI3ODQW%LRORJ\

'HSDUWPHQW RI$SSOLHGDQG/DQGVFDSH(FRORJ\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
PDULHJUXOLFKRYD#PHQGHOXF]
$EVWUDFW &DQQDELV VDWLYD / LV D IDVWJURZLQJ DQQXDO KHUEDFHRXV SODQW ZKLFK LV FXOWLYDWHG GXH
WR LWV PXOWLSXUSRVH DSSOLFDWLRQV 7KH DLP RI WKLV ZRUN ZDV WR DGDSW WKH FXOWLYDWLRQ SURWRFRO
IRU PLFURSURSDJDWLRQ RI WZR LQGXVWULDO KHPS YDULHWLHV %LDOREU]HVNLH DQG 0RQRLFD (QGRJHQRXVO\
DSSOLHG GLIIHUHQW FRQFHQWUDWLRQV RI SK\WRKRUPRQHV ZHUH WHVWHG LQ RUGHU WR REVHUYH WKH KLJKHVW VKRRW
SUROLIHUDWLRQ DQG URRW IRUPDWLRQ 7KH VKRRW WLSV ZHUH WDNHQ IURP ± GD\V ROG SODQWOHWV
+HPS SODQWV JURZQ RQ WKH PHGLXP ZLWK WKLGLD]XURQ DQG JLEEHUHOOLF DFLG KDG WKH ORQJHVW VWHPV
RQ PHGLD ZLWK QDSKWKDOHQH DFHWLF DFLG DQG WKLGLD]XURQ WKH KLJKHVW IUHVK ZHLJKW DQG RQ PHGLD
HQULFKHG ZLWK QDSKWKDOHQH DFHWLF DFLG DQG EHQ]\ODPLQRSXULQH RU RQ FXOWXUH PHGLXP ZLWKRXW
SK\WRKRUPRQHV KLJKHVW QXPEHUV RI QRGHV +RZHYHU WKH KLJKHVW YLWDOLW\ RI WKH SODQWOHWV
RI ERWK JHQRW\SHV DQG WKH KLJKHVW QXPEHU RI URRWV ZHUH REVHUYHG RQ PHGLXP ZKHQ SK\WRKRUPRQHV
ZHUH QRWSUHVHQWRU RQ PHGLXP FRQWDLQLQJ PHWDWRSROLQ
.H\:RUGV KHPSPHWDWRSROLQ PLFURSURSDJDWLRQ VKRRWWLSFXOWXUHWKLGLD]XURQ
,1752'8&7,21
&DQQDELV VDWLYD / LV D IDVWJURZLQJ DQQXDO KHUEDFHRXV SODQW ZKLFK EHORQJV WR WKH IDPLO\
&DQQDEDFHDH 7KH FDQQDELV SODQWV DUH SUHGRPLQDQWO\ GLRHFLRXV ZLWK SLVWLOODWH SODQWV EHDULQJ RQO\
IHPDOH IORZHUV DQG VWDPLQDWH SODQWV GHYHORSLQJ RQO\ PDOH IORZHUV EXW LW FDQ DOVR EH PRQRHFLRXV
6PDOO   ,W LV D VKRUWGD\ IORZHULQJ SODQW ZLWK VWDPLQDWH SODQWV XVXDOO\ WDOOHU DQG OHVV UREXVW
WKDQ SLVWLOODWH SODQWV &DQQDELV LV LQGLJHQRXV WR FHQWUDO $VLD DQG 0LGGOH (DVW $QGUH HW DO  
,W KDV EHHQ FXOWLYDWHG WKURXJKRXW UHFRUGHG KLVWRU\ GXH WR LWV PXOWLSXUSRVH DSSOLFDWLRQV +RZHYHU
UHFHQWO\ LW EHFDPH D VXEMHFW RI LQWHUHVW RI PDQ\ UHVHDUFKHV DQG LW UHJDLQHG PHULWHG DWWHQWLRQ
*DODVVR HW DO   .QRZQ IRU LWV KLJK FRQWHQW RI SK\WRFKHPLFDOV EXW DV ZHOO DV DQ LPSRUWDQW
VRXUFH RI ERWK FHOOXORVLF DQG ZRRG\ ILEHUV FDQQDELV SODQWV KDYH HPSOR\PHQW LQ GLIIHUHQW LQGXVWULDO
VHFWRUV ,Q WKH SKDUPDFHXWLFDO LQGXVWU\ LW LV ZLGHO\ XVHG GXH WR LWV KLJK FRQWHQW RI FDQQDELQRLGV
WHUSHQHV DQG SKHQROLF FRPSRXQGV &DQQDELQRLGV UHSUHVHQW WKH PRVW VWXGLHG JURXS RI FRPSRXQGV
PDLQO\ GXH WR WKHLU ZLGH DSSOLFDWLRQ RQ KXPDQ KHDOWK 7KH PRVW QRWDEOH FDQQDELQRLG
LV WKH SK\WRFDQQDELQRLG WHWUDK\GURFDQQDELQRO 7+&  WKH SULPDU\ SV\FKRDFWLYH FRPSRXQG
LQ FDQQDELV /DPEHUW HW DO   +RZHYHU LW LV YHU\ LPSRUWDQW WR HPSKDVL]H WKDW &DQQDELV VDWLYD
LV JURZQ GHSHQGLQJ RQ WKH XVDJH RI LWV SURGXFWV %DVHG RQ WKH 7+& FRQWHQW FDQQDELV FDQ EH XVHG
IRU PHGLFLQDO RU UHFUHDWLRQDO SXUSRVH FRQWHQW KLJKHU WKDQ  7+&  DQGDVLQGXVWULDOKHPS FRQWHQW
XS WR  7+&  ,QGXVWULDO KHPS KDV YDULHW\ RI DSSOLFDWLRQV HJ DV D VRXUFH RI ILEHU IRU WH[WLOH
LQGXVWU\ IRU SURGXFWLRQ RI VHHG RLO SODVWLFV ELRIXHO EXW DV ZHOOVHHGVFDQEHXVHGDVDQLPDODQGELUG
IHHG 6PDOO   %HLQJ D IDVWJURZLQJ SODQW DQG GXH WR KLJK ELRPDVV SURGXFWLRQ KHPS FDQ EH XVHG
LQ WKH SK\WRUHPHGLDWLRQ SURFHVVHV LQ LQGXVWULDOO\ SROOXWHG UHJLRQV IRU UHPRYLQJ FRQVLGHUDEOH TXDQWLWLHV
RIKHDY\PHWDOV IURP WKHVRLO 6KLHWDO $KPDG HWDO 

618

1RYHPEHU±%UQR&]HFK5HSXEOLF

24
years

7KH PDLQWHQDQFH RI FORQDO ILGHOLW\ LV DQ LPSRUWDQW LVVXH LQ GHYHORSLQJ D VHFXUH DQG VWDEOH
LQ YLWURFORQDOUHSRVLWRU\RIHOLWH&VDWLYD JHUPSODVP,QYLWUR FXOWXUHWHFKQLTXHVSURYLGHDQLPSRUWDQW
PHDQV RI SODQW SURSDJDWLRQ EXW DV ZHOO FDQ EH D XVHIXO WRRO WR VWXG\ SK\VLRORJLFDO PRUSKRORJLFDO
DQG PROHFXODU FKDQJHV GXULQJ SODQW GHYHORSPHQW +RZHYHU PXOWLSOLFDWLRQ DQG URRWLQJ FDQ VWLOO
EH D ERWWOHQHFN IRU KHPS FXOWLYDWLRQ LQ YLWUR $OWKRXJK IHZ UHVHDUFKHV ZHUH SXEOLVKHG RQ FXOWLYDWLRQ
RI FDQQDELV LQ LQ YLWUR FRQGLWLRQV LW LV VWLOO FKDOOHQJLQJ WR DGDSW SURWRFRO IRU PLFURSURSDJDWLRQ EDVHG
RQ GLIIHUHQW JHQRW\SHV XVHG :DQJ HW DO  &KDRKXD HW DO  /DWD HW DO   
0RUHRYHU LW LV NQRZQ WKDW VXFFHVV RI LQ YLWUR SODQWV FXOWLYDWLRQ VWURQJO\ GHSHQGV RQ WKH JHQRW\SH
H[SODQW W\SH DQG SK\WRKRUPRQHV XVHG LQ WKH FXOWXUH PHGLXP 'HOSRUWH HW DO   'LIIHUHQW
SK\WRKRUPRQHV ZHUH WHVWHG LQ RUGHU WR LPSURYH SURWRFRO IRU PLFURSURSDJDWLRQ RI FDQQDELV
HJ WKLGLD]XURQ 7'=  DQG QDSKWKDOHQH DFHWLF DFLG
1$$  IRU VKRRW SUROLIHUDWLRQ
DQG LQGROHEXW\ULF DFLG ,%$  DQG 1$$ IRU URRWLQJ :DQJ HW DO   ZKLOH /DWD HW DO 
LQ WKHLUZRUNWHVWHGPHWDWRSROLQ P7 IRUVKRRWDQGURRWIRUPDWLRQ IURPQRGDOVHJPHQWV
7KH DLP RI WKLV ZRUN ZDV WR RSWLPL]H WKH FXOWLYDWLRQ SURWRFRO IRU PLFURSURSDJDWLRQ
RI WZR LQGXVWULDO KHPS YDULHWLHV %LDOREU]HVNLH DQG 0RQRLFD 0RUHRYHU GLIIHUHQW SK\WRKRUPRQHV
LQ GLIIHUHQW FRQFHQWUDWLRQV ZHUHWHVWHGLQRUGHUWRLPSURYH VKRRWSUROLIHUDWLRQ DQGURRWIRUPDWLRQ
0$7(5,$/ $1'0(7+2'6
3ODQWPDWHULDO
7ZR PRQRHFLRXV YDULHWLHV RI LQGXVWULDO KHPS %LDOREU]HVNLH DQG 0RQRLFD ERWK REWDLQHG
IURP $JULWHF 3ODQW 5HVHDUFK /WG LQ 6XPSHUN &]HFK 5HSXEOLF ZHUH VHOHFWHG IRU WKLV VWXG\
%LDOREU]HVNLH LV D 3ROLVK YDULHW\ UHJLVWHUHG LQ  ZKLOH 0RQRLFD LV D +XQJDULDQ YDULHW\ UHJLVWHUHG
LQ  %MHONRYi   ,Q RUGHU WR REWDLQ SODQWOHWV IRU LQ YLWUR PXOWLSOLFDWLRQ VHHGV RI DERYH
PHQWLRQHG YDULHWLHV ZHUH XVHG DQG SODFHG RQ WKH QXWULWLRQDO PHGLXP )RU VXUIDFH VWHULOL]DWLRQ KHPS
VHHGV ZHUH ILUVWO\ WKRURXJKO\ ZDVKHG ZLWK IHZ GURSV RI GHWHUJHQW XQGHU UXQQLQJ WDS ZDWHU
)XUWKHUPRUH VHHGV ZHUH VXUIDFH VWHULOL]HG ZLWK  RI PHUFXU\ FKORULGH IRU  PLQXWHV
DQG DIWHUZDUGV ULQVHG WKUHH WLPHV ZLWK VWHULOH GLVWLOOHG ZDWHU WR UHPRYH WUDFHV RI VWHULOL]LQJ DJHQWV
7KH VWHULOL]HG VHHGV ZHUH JHUPLQDWHG RQ KDOIVWUHQJWK 06 PHGLXP 0XUDVKLJH DQG 6NRRJ 
VXSSOHPHQWHG ZLWK  JO VXFURVH DQG  JO DJDU 7KH S+ YDOXH RI WKH PHGLD ZDV DGMXVWHG
WR  EHIRUH DXWRFODYLQJ DW &  N3D IRU  PLQ 7KH VHHGV ZHUH PDLQWDLQHG LQ D FXOWLYDWLRQ
URRP XQGHU  OLJKW GDUNF\FOHDW   & :DQJHWDO 
3ODQWOHWVPXOWLSOLFDWLRQHORQJDWLRQDQGURRWLQJ
7KH VKRRW WLSV aFPLQOHQJWK  ZHUHWDNHQIURP± GD\VROGSODQWOHWV REWDLQHGIURPVHHGV
(LJKW
YDULDQWV RI 06 PXOWLSOLFDWLRQ PHGLD
PDLQO\ GLIIHULQJ LQ SK\WRKRUPRQHV
DQG WKHLU FRQFHQWUDWLRQV ZHUH WHVWHG
7DEOH   7KH SK\WRKRUPRQHV WHVWHG ZHUH
F\WRNLQLQV  EHQ]\ODPLQRSXULQH
%$3 
WKLGLD]XURQ
7'=  RU PHWDWRSROLQ
P7 
DX[LQV  QDSKWKDOHQH DFHWLF DFLG 1$$  RU LQGROHDFHWLF DFLG ,$$  DQG JLEEHUHOOLQV LQ D IRUP
RI JLEEHUHOOLF DFLG *$  5HJDUGLQJ WKH FDUERQ VRXUFH  JO VXFURVH ZDV XVHG LQ YDULDQWV
± RI 06 PXOWLSOLFDWLRQ PHGLXP YDULDQWV ZKLOH RQO\ LQ WKH YDULDQW  ZDV DGGHG  JO VXFURVH
$V JHOOLQJ DJHQWV RI WKH PHGLDDJDULQFRQFHQWUDWLRQVRIDQGJO DQGSK\WDJHOLQ FRQFHQWUDWLRQ
RI  JO YDULDQW   ZHUH WHVWHG 0RUHRYHU PHGLD YDULDQWV ±ZHUHVXSSOHPHQWHGZLWKJO DFWLYDWHG
FKDUFRDO 7KH S+ YDOXH RI WKH PHGLD ZDV DGMXVWHG WR ± EHIRUH DXWRFODYLQJ DW &  N3D
IRU  PLQ 7KHUPRODELOH FRPSRQHQWV RI WKH PHGLXP LH SK\WRKRUPRQHV ZHUH ILOWHU VWHULOL]HG
:KDWPDQ3XUDGLVF $6ȝP DQGDGGHGVHSDUDWHO\WR FRROHGDXWRFODYHGPHGLXP7KH VKRRWWLSV
SODFHG RQ QXWULWLRQDO PHGLD ZHUH PDLQWDLQHG LQ D FXOWLYDWLRQ URRP XQGHU  OLJKW GDUN F\FOH
DW    & $IWHU WZR ZHHNV RI FXOWLYDWLRQ SHULRG SODQWOHWV ZHUH VXEVHTXHQWO\ WUDQVIHUUHG
RQ WKH IUHVK PHGLXP RI WKH VDPH FRPSRVLWLRQ ZKLOH RQO\ DW WKH YDULDQW  ZDV DGGHG  PJO *$
/DWD HW DO   *URZWK DQG GHYHORSPHQW RI SODQWOHWV ZDV PRQLWRUHG IRU IRXU ZHHNV LQWHUYDO ZKHUH
SKRWRV RI WKH SODQWOHWV DSSHDUDQFH ZHUH WDNHQ SHULRGLFDOO\ ZLWK &DQRQ (26 ' GLJLWDO FDPHUD
+RZHYHU HYDOXDWLRQ RI WKHH[SHULPHQWVZDVGRQHDW WKHHQGRI WKHIRXUWKZHHN(YDOXDWHGSDUDPHWHUV
ZHUH IUHVK ZHLJKW VKRRW OHQJWK QXPEHU RI QRGHV FDOOXV DSSHDUDQFH DQG SODQWOHWV YLWDOLW\
)XUWKHUPRUH DIWHU RQH PRQWK RQ PXOWLSOLFDWLRQ PHGLXP SODQWOHWV ZHUH WUDQVIHUUHG WR WKH URRWLQJ
PHGLXP 5RRWLQJ PHGLXP ZDV SUHSDUHG DFFRUGLQJ WR WKH SURWRFRO SUHYLRXVO\ SXEOLVKHG
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E\ /DWD HW DO   %ULHIO\ URRWLQJ PHGLXP FRQWDLQHG 06 EDVDO VDOWV IXOO FRQFHQWUDWLRQ
 JO VXFURVH  JO DFWLYDWHG FKDUFRDO  JO DJDU DQG  PJO RI LQGROHEXW\ULF DFLG ,%$ 
7KH S+ YDOXH RI WKH PHGLD ZDV DGMXVWHG WR  EHIRUH DXWRFODYLQJ DW &  N3D IRU  PLQ
7KH SODQWOHWV ZHUH SODFHG RQ URRWLQJ PHGLD DQG ZHUH PDLQWDLQHGLQDFXOWLYDWLRQURRPXQGHUOLJKW
GDUNF\FOHDW   &$IWHURQHPRQWKRQ URRWLQJ PHGLD WKHURRWDSSHDUDQFHZDVHYDOXDWHG
7DEOH&RPSRVLWLRQRI06PXOWLSOLFDWLRQPHGLD
9DULDQWVRI06
PHGLXP

&RQFHQWUDWLRQV RISK\WRKRUPRQHV

*HOOLQJ DJHQWV

6XSSOHPHQWV



JO DJDU



PJO %$3



JO DJDU



PJO ,$$

PJO %$3



JO DJDU





PJO 1$$

PJO 7'=



JO SK\WDJHO





PJO 1$$

PJO %$3



JO DJDU







PJO P7



JO DJDU

JO DFWLYDWHG
FKDUFRDO





PJO 7'=

PJO *$

JO DJDU

JO DFWLYDWHG
FKDUFRDO









JO DJDU

JO DFWLYDWHG
FKDUFRDO

$X[LQV

&\WRNLQLQV

*LEEHUHOOLQV



PJO 1$$

PJO 7'=



PJO 1$$



/HJHQG 06 ± 0XUDVKLJH DQG 6NRRJ   1$$ ± QDSKWKDOHQH DFHWLF DFLG 7'= ± WKLGLD]XURQ
%$3 ± EHQ]\ODPLQRSXULQH,$$± LQGROHDFHWLFDFLGP7± PHWDWRSROLQ*$ ± JLEEHUHOOLFDFLG

([SHULPHQWDO GHVLJQDQGVWDWLVWLFDODQDO\VLV RIGDWD
7KH HIIHFWV RI GLIIHUHQW SK\WRKRUPRQHV LQ GLIIHUHQW FRQFHQWUDWLRQV ZHUH WHVWHG RQ WZR KHPS
YDULHWLHV %LDOREU]HVNLH DQG 0RQRLFD JURZQ LQ YLWUR )LYH VKRRW WLSV ZHUH SODFHG HTXLGLVWDQW WR HDFK
RWKHU LQ RQH FXOWLYDWLRQ MDU $W WKH HQG RI WKH PXOWLSOLFDWLRQ SHULRG RQH PRQWK  DOWRJHWKHU
WKUHH FXOWLYDWLRQ MDUV LH  QXPEHUHG KHPS SODQWOHWV  ZHUH VDPSOHG $OO VWDWLVWLFDO DQDO\VHV ZHUH
SHUIRUPHG XVLQJ RQHZD\ DQDO\VLV RI YDULDQFH $129$ HIIHFWV RI KHPS YDULHW\ DQG FXOWLYDWLRQ
PHGLD YDULDQWV ZHUH FRQVLGHUHG IL[HG  SDLUZLVH FRQWUDVWV ZHUH WHVWHG XVLQJ /6' WHVW DQG GLIIHUHQFHV
DPRQJWUHDWPHQWVZHUHFRQVLGHUHG VLJQLILFDQW DW3
5(68/76 $1'',6&866,21
6KRRW WLSV RI WZR KHPS YDULHWLHV %LDOREU]HVNLH DQG 0RQRLFD ZHUH SODFHG RQ HLJKW GLIIHUHQW
FXOWXUH PHGLD LQ RUGHU WR REVHUYH RQ ZKLFK PHGLD VKRRW SUROLIHUDWLRQ DQG URRW IRUPDWLRQ ZLOO
EH WKH KLJKHVW (YDOXDWHG SDUDPHWHUV ZHUH IUHVK ZHLJKW VKRRW OHQJWK DQG QXPEHU RI QRGHV
)LJXUH ±  ,Q DGGLWLRQ FDOOXV DQG URRW DSSHDUDQFH DQG SODQWOHWVYLWDOLW\ZHUH DOVRHYDOXDWHGEXWGDWD
DUHQRW VKRZQ
,Q ERWK YDULHWLHV WKH ORQJHVW VWHP ZDV REVHUYHG ZKHQ JURZQRQPHGLDVXSSOHPHQWHGZLWK7'=
DQG *$ PHGLXP ZKLOHVKRUWHVWVWHPZDVUHFRUGHGRQWKHPHGLDZLWK7'=DQG1$$ PHGLXP 
+RZHYHU ZKHQ ,$$ DQG %$3 DSSOLHG PHGLXP   VLJQLILFDQWO\ ORQJHU VWHPV ZHUH REVHUYHG
LQ YDULHW\ 0RQRLFD LQ FRPSDULVRQ ZLWK %LDOREU]HVNLH YDULHW\ )LJXUH   7R REWDLQQHZVWHPVHJPHQWV
IRU PLFURSURSDJDWLRQ VWHP OHQJWK LV RQH RI WKH FULWLFDO SDUDPHWHUV +RZHYHU LW LV GLIILFXOW WRHVWLPDWH
WR ZKLFK H[WHQW ORQJHU VWHPV FRXOG EH D JHQRW\SH UHODWHG WUDLW DQG ZKHQ GLIIHUHQW FRPELQDWLRQV
RI SK\WRKRUPRQHV VWDUW WR SOD\ WKH UROH ,W LV PRVW OLNHO\ D FRPELQDWLRQ RI IDFWRUV EXW DW OHDVW
LQ WKH FDVH RI PHGLXP  WKH GLIIHUHQW YDULHW\JLYHQ VHQVLWLYLW\ WR SK\WRKRUPRQHV ZDV REVHUYHG
,$$ DV D QDWXUDOO\ VWURQJ DX[LQ SURPRWHV FHOO HORQJDWLRQ  GLG QRW VHHP WR KDYH D VLJQLILFDQW HIIHFW
RQ %LDOREU]HVNLH YDULHW\ +RZHYHU DV H[SHFWHG ZLWK *$ DSSOLFDWLRQ LQ FRPELQDWLRQ ZLWK 7'=
SODQWOHWV JURZQ RQ PHGLXP  KDG WKH ORQJHVW VWHP ,W LV ZHOO NQRZQ WKDW DIWHU DSSOLFDWLRQ RI *$
DQ LQFUHDVH LQ ERWK FHOO HORQJDWLRQ DQG FHOO GLYLVLRQ RFFXUV GXULQJ VWHP JURZWK 6XQ  
0RUHRYHU FXOWXUH PHGLXP HQULFKHG ZLWK 1$$ DQG %$3 PHGLXP   LQ ERWK YDULHWLHV WHVWHG
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ZDV FRPSDUDEOH ZLWK PHGLXP  6LPLODU UHVXOWV ZHUH REWDLQHG LQ H[SHULPHQWV ZLWK FHUWDLQ VSHFLHV
RI ERQVDL 5DKLPL HW DO 
)LJXUH (IIHFWRIGLIIHUHQWFXOWXUHPHGLDRQVWHPOHQJWKRI%LDOREU]HVNLHDQG0RQRLFDKHPSYDULHW\

/HJHQG&DSLWDOOHWWHUVUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVDPRQJGLIIHUHQWFXOWXUHPHGLDLQ%LDOREU]HVNLHYDULHW\ZKLOHORZHU
FDVHOHWWHUVUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVDPRQJGLIIHUHQWFXOWXUHPHGLDLQ0RQRLFDYDULHW\(UURUEDUVVKRZVWDQGDUG
GHYLDWLRQ DQGOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHV 3 

*HQRW\SHUHODWHG YDULDELOLW\ FDQ DOVR EH FRQVLGHUHG LQ DYHUDJH QXPEHU RI QRGHV IRUPHG
RQ SODQWOHWV JURZQ RQ YDULRXV FXOWXUH PHGLD ZKHUH WKH KLJKHVW UDWH IRU ERWK JHQRW\SHV ZDV REVHUYHG
LQ JURZWK PHGLXP HQULFKHG ZLWK 1$$ DQG %$3 RU RQ FXOWXUH PHGLXP ZLWKRXW SK\WRKRUPRQHV
UHVSHFWLYHO\ PHGLXP DQG  )LJXUH  
)LJXUH (IIHFWRIGLIIHUHQWFXOWXUHPHGLDRQDYHUDJHQXPEHURIQRGHVRI %LDOREU]HVNLHDQG0RQRLFD
KHPSYDULHW\

/HJHQG&DSLWDOOHWWHUV UHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVDPRQJGLIIHUHQWFXOWXUHPHGLDLQ%LDOREU]HVNLHYDULHW\ZKLOHORZHU
FDVHOHWWHUVUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVDPRQJGLIIHUHQWFXOWXUHPHGLDLQ0RQRLFDYDULHW\(UURUEDUVVKRZVWDQGDUG
GHYLDWLRQDQGOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHV 3 

0RUH QRGHV IRUPHG PD\ IRUP D EHWWHU EDVLV IRU D[LOODU\ SUROLIHUDWLRQ WKXV HDVLHU
PXOWLSOLFDWLRQ RI SODQW WLVVXHV $OYDUH] HW DO   (VSHFLDOO\ KLJKHU FRQFHQWUDWLRQ RI %$3 DQG ORZ
FRQFHQWUDWLRQ RI 1$$ DUH NQRZQ WR EH EHQHILFLDO IRU VKRRWEXG GLIIHUHQWLDWLRQ DQG WKH VLPLODU HIIHFW
ZDV REVHUYHG LQ WKH VWXG\ ZLWK JURXQGQXW 9HQNDWDFKDODP DQG -D\DEDODQ   ,QWHUHVWLQJO\ XQOLNH
WR RXU UHVXOWV D VLJQLILFDQW HIIHFW RI 7'= RQ IRUPDWLRQ RI D[LOODU\ EXGV DQG VKRRWV LQ FDQQDELV
SODQWOHWV ZDV UHFRUGHG /DWD HW DO  :DQJ HW DO   +RZHYHU LQ WKHLU VWXGLHV KLJKFRQWHQW
7+& YDULHW\ ZDV XVHG )XUWKHUPRUH LQ ERWK YDULHWLHV WKH KLJKHVW IUHVK ZHLJKW ZDV UHFRUGHG
ZKHQ FXOWXUH PHGLXP ZDV HQULFKHG ZLWK 1$$ DQG 7'= PHGLXP  DQG   ZKLOH WKH ORZHVW IUHVK
ZHLJKWZDVPHDVXUHGLQWKHPHGLXPZLWKP7 PHGLXP  )LJXUH  +RZHYHUHYHQWKDWKLJKHVWIUHVK
ZHLJKW ZDV UHFRUGHG RQ PHGLXP ZLWK 1$$ DQG 7'= WKH SUHVHQFH RI 1$$ VWURQJO\ LQIOXHQFHG
WKH FDOOXV IRUPDWLRQ DQG GLIIHUHQW JHQHUDO VKRRW DUFKLWHFWXUH GDWD QRW VKRZQ  7KH FRPELQHG HIIHFW
RI HQGRJHQRXV DSSOLHG DX[LQV DQG F\WRNLQLQV FDXVHG WKH IRUPDWLRQ RI FDOOXV LQ D VWXG\ RQ VR\EHDQ
K\SRFRW\OV /LX HW DO   RU RQO\ DX[LQV RQ LQ YLWUR FXOWXUHV RI DSSOH :HODQGHUDQG6Q\JJ 
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2Q WKH RWKHU KDQG WKH VLJQLILFDQWO\ KLJKHVW IUHVK ZHLJKW IRU ERWK JHQRW\SHV ZDV REVHUYHG LQ PHGLD
ZKHUH 7'= ZDV SUHVHQW 7KLV F\WRNLQLQ LV NQRZQ WR LQGXFH D[LOODU\ SUROLIHUDWLRQ LQ ORZHU
FRQFHQWUDWLRQV EXW PD\ LQKLELW VKRRW HORQJDWLRQ ZKLFK LV FRQILUPHG E\ WKH VWHP OHQJWK GDWD
)LJXUH   $OVR LQ KLJK FRQFHQWUDWLRQ LW PD\ FDXVH WKH IRUPDWLRQ RI FDOOXV RU IDVFLDWHG VKRRWV ZKLFK
FRXOG OHDG WR KLJKHU IUHVK ZHLJKW +XHWWHPDQ DQG 3UHHFH   0RUHRYHU WKH SODQWV ZLWK WKLFNHU
VWHPV VKRUW VKRRWV DQG JHQHUDOO\ PRUH VWXUG\ FRQVWLWXWLRQ ZHUH SUHVHQW LQ FXOWXUH PHGLD  DQG 
+RZHYHU VWHPZLGHQLQJ HIIHFW RI 7'= ZDV UHFRUGHG LQ D VWXG\ ZKHQ FDQQDELV SODQWV ZHUH JURZQ
LQ YLWUR :DQJHWDO 
)LJXUH (IIHFWRIGLIIHUHQWFXOWXUHPHGLDRQIUHVKZHLJKWRI%LDOREU]HVNLHDQG0RQRLFDKHPSYDULHW\

/HJHQG&DSLWDOOHWWHUVUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVDPRQJGLIIHUHQWFXOWXUHPHGLDLQ%LDOREU]HVNLHYDULHW\ZKLOHORZHU
FDVHOHWWHUVUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVDPRQJGLIIHUHQWFXOWXUHPHGLDLQ0RQRLFDYDULHW\(UURUEDUVVKRZVWDQGDUG
GHYLDWLRQDQGOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHV 3 

7KHVDPH7'=HIIHFWZDVREVHUYHGLQRXUH[SHULPHQWV GDWDQRWVKRZQ  +RZHYHUVWHPOHQJWK
QXPEHU RI QRGHV DQG IUHVK ZHLJKW GRHV QRW QHFHVVDULO\ FRUUHODWH ZLWK WKH YLWDOLW\ RI WKH SODQWOHWV
JURZQ LQ YLWUR (YHQ WKRXJK KHPS SODQWV JURZQ RQ WKH PHGLXP ZLWK 7'= DQG *$ KDG WKH ORQJHVW
VWHPV RQ PHGLD ZLWK 1$$ DQG 7'= WKH KLJKHVW IUHVK ZHLJKW DQG RQ PHGLD HQULFKHG ZLWK 1$$
DQG %$3 RU RQ FXOWXUH PHGLXP ZLWKRXW SK\WRKRUPRQHV WKH KLJKHVW QXPEHUV RI QRGHV WKH HIIHFW
RQ SODQWOHWV YLWDOLW\ ZDV YDULDEOH 7KH PRVW YLWDO SODQWOHWV RI ERWK JHQRW\SHV ZLWK WKH KLJKHVW QXPEHUV
RIURRWV ZHUHREVHUYHGRQPHGLXPZKHQSK\WRKRUPRQHVZKHUHQRWSUHVHQW PHGLXP RURQPHGLXP
FRQWDLQLQJ P7 PHGLXP   *RRG UHVXOWV UHJDUGLQJ WKH JHQHUDO VKRRW IRUPDWLRQRI &DQQDELVVDWLYD /
SODQWOHWV LQ YLWUR XVLQJ P7 ZHUH REVHUYHG LQ D VWXG\ SXEOLVKHG E\ /DWD HW DO   HYHQ WKRXJK
WKH PHQWLRQHG UHVHDUFK JURXS XVHG LQ WKHLU VWXG\ KLJKFRQWHQW7+&YDULHW\ZKLFKPD\KDYHDVOLJKWO\
GLIIHUHQW UHVSRQVHWRP7WKDQLQGXVWULDO YDULHWLHV XVHGLQRXUVWXG\
&21&/86,21
7KLV UHVHDUFK VKRZV WKDW IRU WKH PLFURSURSDJDWLRQ RI WZR KHPS YDULHWLHV %LDOREU]HVNLH
DQG 0RQRLFD WKH FXOWXUH PHGLD VXSSOHPHQWHG ZLWK P7 EXW ZLWKRXW RWKHU SK\WRKRUPRQHV SURGXFHG
WKH EHVW RYHUDOO DSSHDUDQFH RI WKH SODQWOHWV 6XVWDLQDELOLW\ RI SODQW FXOWXUH LQ YLWUR LV QHFHVVDU\
IRU DQ\ IXUWKHU PRGLILFDWLRQV RI WKH H[SHULPHQWDO FRQGLWLRQV VR WKH PHGLXP ZLWK P7 ZLOO EH XVHG
LQ WKH IXWXUH UHVHDUFK IRFXVHG RQ SK\WRUHPHGLDWLRQ SRWHQWLDO RI WKH &DQQDELV VDWLYD / LQ LQ YLWUR
FRQGLWLRQV
$&.12:/('*(0(176
7KLV UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH ,*$ )$ 0(1'(/8 1R 73  7KH DXWKRUV
JUDWHIXOO\ DFNQRZOHGJH ,QJ 0DULH %MHONRYi 3K' IURP $JULWHF 3ODQW 5HVHDUFK /WG LQ 6XPSHUN
IRU SURYLGLQJ SODQWPDWHULDO
5()(5(1&(6
$KPDG57HKVLQ=0DOLN67$VDG6$6KDK]D0%LODO06KDK00.KDQ6$
3K\WRUHPHGLDWLRQ 3RWHQWLDO RI +HPS &DQQDELV VDWLYD /  ,GHQWLILFDWLRQ DQG &KDUDFWHUL]DWLRQ
RI +HDY\0HWDOV 5HVSRQVLYH *HQHV6RLO$LU:DWHU  ±
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$OYDUH] 1'* 0HHNLQJ 5- :KLWH ':5  7KH 2ULJLQ ,QLWLDWLRQ DQG 'HYHORSPHQW
RI $[LOODU\ 6KRRW0HULVWHPV LQ /RWXVMDSRQLFDV $QQDOVRI%RWDQ\   ±
$QGUH 0& +DXVPDQ -) *XHUULHUR *  &DQQDELV VDWLYD 7KH 3ODQW RI WKH 7KRXVDQG
DQG 2QH 0ROHFXOHV )URQWLHUVLQ3ODQW6FLHQFH  ±
%MHONRYi 0  8VH RI ILEHU SODQWV LQ SK\WRUHPHGLDWLRQ 3K' GLVVHUWDWLRQ 0HQGHO 8QLYHUVLW\
LQ %UQR
'HOSRUWH ) 3UHWRYD $ GX -DUGLQ 3 :DWLOORQ %  0RUSKRKLVWRORJ\ DQG JHQRW\SH
GHSHQGHQFH RI LQ YLWUR PRUSKRJHQHVLV LQ PDWXUH HPEU\R FXOWXUHV RI ZKHDW 3URWRSODVPD
   ±
*DODVVR , 5XVVR 5 0DSHOOL 6 3RQ]RQL ( %UDPELOOD , %DWWHOOL * 5HJJLDQL 5 
9DULDELOLW\ LQ 6HHG 7UDLWV LQD&ROOHFWLRQRI &DQQDELVVDWLYD /JHQRW\SHV)URQWLHUVLQ3ODQW6FLHQFH
   ±
+XHWWHPDQ &$ 3UHHFH -(  7KLGLD]XURQ D SRWHQW F\WRNLQLQ IRU ZRRG\ SODQW WLVVXH FXOWXUH
3ODQW&HOO7LVVXHDQG2UJDQ&XOWXUH  ±
&KDRKXD & *RQJJX = /LQLQJ = &KXQVKHQJ * 4LQJ 7-LDQKXD&;LQER*'LQJ[LDQJ3
-LDQJXDQJ 6  $ UDSLG VKRRW UHJHQHUDWLRQ SURWRFRO IURP WKH FRW\OHGRQV RI KHPS
&DQQDELV VDWLYD / ,QGXVWULDO&URSVDQG3URGXFWV±
/DPEHUW 0 &RQXV 3 /XEPDQ ', :DGH ' <XHQ + 0RULW]61DEHU'0F*RUU\3'
6FKLPPHOPDQQ %*  7KH LPSDFW RIVXEVWDQFHXVHGLVRUGHUVRQFOLQLFDORXWFRPHLQSDWLHQWV
ZLWKILUVWHSLVRGH SV\FKRVLV $FWD3V\FKLDWULFD6FDQGLQDYLFD±
/DWD + &KDQGUD6.KDQ,(O6RKO\0$7KLGLD]XURQLQGXFHGKLJKIUHTXHQF\GLUHFWVKRRW
RUJDQRJHQHVLV RI&DQQDELVVDWLYD /,Q9LWUR&HOOXODUDQG'HYHORSPHQWDO%LRORJ\3ODQW ±
/DWD + &KDQGUD 6 7HFKHQ 1 .KDQ ,$ (O6RKO\ 0$  ,Q YLWUR PDVV SURSDJDWLRQ
RI &DQQDELV VDWLYD / $ SURWRFRO UHILQHPHQW XVLQJ QRYHO DURPDWLF F\WRNLQLQ PHWDWRSROLQ
DQG WKH DVVHVVPHQW RI HFRSK\VLRORJLFDO ELRFKHPLFDO DQG JHQHWLF ILGHOLW\ RI PLFURSURSDJDWHG SODQWV
-RXUQDORI$SSOLHG5HVHDUFKRQ0HGLFLQDODQG$URPDWLF3ODQWV±
/LX =+ :DQJ :& <DQ 6<  (IIHFW RI KRUPRQH WUHDWPHQW RQ FDOOXV IRUPDWLRQ
DQG HQGRJHQRXV LQGROHDFHWLF DFLG DQG SRO\DPLQH FRQWHQWV RI VR\EHDQ K\SRFRW\O FXOWLYDWHG LQ YLWUR
%RWDQLFDO%XOOHWLQRI$FDGHPLD6LQLFD ±
0XUDVKLJH 7 6NRRJ )  $ UHYLVHG PHGLXP IRU UDSLG JURZWK DQG ELRDVVD\ ZLWK WREDFFR WLVVXH
FXOWXUH3K\VLRORJLD3ODQWDUXP±
5DKLPL 6 1DGHUL 5 *KDHPDJKDPL 6$ .DODWHMDUL 6 )DUKDP %  6WXG\ RQ HIIHFWV
RI GLIIHUHQW SODQW JURZWK UHJXODWRUV W\SHV LQ VKRRW UHJHQHUDWLRQ DQG QRGH IRUPDWLRQ RI 6XWVXNL $]DOHD
5KRGRGHQGURQ LQGLFXP $FRPPHUFLDOO\ LPSRUWDQW ERQVDL3URFHGLD(QJLQHHULQJ±
6KL * /LX & &XL 0 0D < &DL 4 &DGPLXPWROHUDQFHDQGELRDFFXPXODWLRQRIKHPS
DFFHVVLRQV $SSOLHG%LRFKHPLVWU\DQG%LRWHFKQRORJ\ ±
6PDOO (  (YROXWLRQDQGFODVVLILFDWLRQRI &DQQDELVVDWLYD PDULMXDQDKHPS LQUHODWLRQWRKXPDQ
XWLOL]DWLRQ 7KH%RWDQLFDO5HYLHZ±
6XQ 73  *LEEHUHOOLQ VLJQDO WUDQVGXFWLRQ LQ VWHP HORQJDWLRQ  OHDI JURZWK,Q3ODQW+RUPRQHV
%LRV\QWKHVLV 6LJQDO 7UDQVGXFWLRQ DQG $FWLRQ 1HZ <RUN 6SULQJHU 6FLHQFH  %XVLQHVV 0HGLD
SS ±
9HQNDWDFKDODP 3 -D\DEDODQ 1  (IIHFW RIDX[LQVDQGF\WRNLQLQVRQHIILFLHQWSODQWUHJHQHUDWLRQ
DQG PXOWLSOHVKRRW IRUPDWLRQ IURP FRW\OHGRQV DQG FRW\OHGRQDU\QRGH H[SLDQWV RI JURXQGQXW
$UDFKLV K\SRJDHD / E\LQYLWUR FXOWXUHWHFKQRORJ\$SSOLHG%LRFKHPLVWU\DQG%LRWHFKQRORJ\  
±
:DQJ5+H/6;LD%7RQJ-)/L13HQJ)$PLFURSURSDJDWLRQV\VWHPIRUFORQLQJ
RIKHPS &DQQDELVVDWLYD / E\VKRRWWLSFXOWXUH3DNLVWDQ-RXUQDORI%RWDQ\   ±
:HODQGHU 0 6Q\JJ -2  (IIHFWRIDSSOLHGDQGHQGRJHQRXVDX[LQRQFDOOXVDQGURRW IRUPDWLRQ
RI LQ YLWUR VKRRWVRIWKHDSSOH 5RRWVWRFNV 0DQG$$QQDOVRI%RWDQ\  ±
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DETERMINATION OF THE CONTENT
OF PIGMENTS IN SEEDS
MARIE GRULICHOVA, PETER MENDEL, VACLAV TROJAN,
TOMAS VYHNANEK
'HSDUWPHQW RI3ODQW%LRORJ\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
PDULHJUXOLFKRYD#PHQGHOXF]
$EVWUDFW 7KH FRQWHQWV RI FKORURSK\OO D FKORURSK\OO E ȕFDURWHQH OXWHLQ DQG DQWKRF\DQLQV ZHUH
PHDVXUHG VSHFWURSKRWRPHWULFDOO\ LQH[WUDFWV IURPVHHGVRIZKHDW DQGKHPSYDULHWLHV :LWKLQ YDULHWLHV
RI ZKHDW YDULHW\ &LWUXV KDV WKH VHFRQG KLJKHVW WRWDO FKORURSK\OO FRQWHQW DQG WKH KLJKHVW FDURWHQRLG
FRQWHQW EXW WKH ORZHVW FRQWHQW RI DQWKRF\DQLQV 2WKHU PHDVXUHG YDULHWLHV RI ZKHDW
ZHUH 1RYRVLELUVND\D  36 .DUNXOND 5HEHOO DQG 6NRUSLRQ 7ZR KHPS YDULHWLHV ZHUH
PHDVXUHG %LDOREU]HVNLH ZKLFK KDG KLJKHU WRWDO FKORURSK\OO DQG FDURWHQRLG FRQWHQW EXW ZDV ORZHU
LQ DQWKRF\DQLQV WKDQ 0RQRLFD YDULHW\ 1R FRUUHODWLRQ ZDV REVHUYHG EHWZHHQ WKH JHUPLQDWLRQ UDWH
DQG WKH FRQWHQWRISLJPHQWV HVSHFLDOO\ FKORURSK\OOV GXHWRORZ QXPEHURIVWXGLHG YDULHWLHV EXWLWKDV
EHHQ YHULILHG WKDW WKLV HDV\ TXLFN DQG ORZ FRVW VSHFWURSKRWRPHWULF PHWKRG FDQ EH XVHG
IRUWKHGHWHUPLQDWLRQ RISLJPHQWV HVSHFLDOO\ FKORURSK\OOV DQGFDURWHQRLGV LQVHHGV
.H\ :RUGV DQWKRF\DQLQVFDURWHQRLGV FKORURSK\OOV JHUPLQDWLRQ VSHFWURSKRWRPHWU\
INTRODUCTION
7KHVHHGVFRQWDLQPDLQW\SHVRIVWRUDJHUHVHUYHV ± SRO\VDFFKDULGHV VWDUFK SURWHLQVDQGOLSLGV
LQ GLIIHUHQW UDWLRV ,Q UHODWLYHO\ PLQRU TXDQWLWLHV SK\WLQ LV SUHVHQW ZKLFK LV DQ LPSRUWDQW VRXUFH
RI SKRVSKDWH DQG PLQHUDO HOHPHQWV WRWKH VHHG 2WKHU FRQVWLWXHQWV SUHVHQW ZLWKLQ VHHGV DUH SLJPHQWV
VXFKDVDQWKRF\DQLQV SURDQWKRF\DQLGLQV  FDURWHQRLGV DQGFKORURSK\OOV &RORUHG SLJPHQWV PRVWRIWHQ
DFFXPXODWH LQWKHLQQHUOD\HUVRUDOHXURQH OD\HU RI WKH WHVWD VHHGFRDW %HZOH\HWDO 
,WZDVIRXQGWKDWFKORURSK\OOV DQGFDURWHQRLGV DUHDOVRSUHVHQWLQDSSUHFLDEOH TXDQWLWLHV LQHPEU\R
D[LV DQGFRW\OHGRQV RI SK\VLRORJLFDOO\ PDWXUHVHHGV&RQWHQWRIFKORURSK\OOV DQGWKHUDWLRRIFDURWHQRLG
WRFKORURSK\OO FRQWHQW &DU&KO  FDQEH DQLQGLFDWRU RI VHHG WROHUDQFH WRVWUHVV IDFWRUV EHFDXVH KLJK
FRQWHQWRIFKORURSK\OO UHGXFHVVHHGWROHUDQFH WRDELRWLF VWUHVVHVDQG DQLQFUHDVHG &DU&KO UDWLR PHDQV
KLJKHU VHHG WROHUDQFH RQ WKH FRQWUDU\ 7KH FDURWHQRLGV LQ VHHGV DUH PDLQO\ OXWHLQ DQG ȕFDURWHQH
DQG SOD\ DQ LPSRUWDQW UROH LQ SURWHFWLQJ VHHGV DJDLQVW R[LGDWLYH VWUHVV DV DQWLR[LGDQWV
6PROLNRYD HW DO  
'HWHUPLQDWLRQ RIWKH FRQWHQW RIFKORURSK\OOV DQG FDURWHQRLGV LQ VHHGVFDQEHGRQHE\GLIIHUHQW
PHWKRGV 7KH H[SHQVLYH DQG PXFK PRUH WLPHFRQVXPLQJ KLJKSHUIRUPDQFH OLTXLG FKURPDWRJUDSK\
+3/& PHWKRG ZDVXVHG WR PHDVXUH FKORURSK\OO LQ FDQROD VHHG :DUG HWDO   DQGFDURWHQRLGV
LQ VR\EHDQ VHHGV 0RQPD HW DO   $QRWKHU PHWKRG EDVHG RQ WKH PHDVXUHPHQW RI IOXRUHVFHQFH
RI FKORURSK\OO D LQ VHHG FRDW LV D KLJKO\ VHQVLWLYH DQG UDSLG PHWKRG ZKLFK LV D QHZ WHFKQRORJ\
DSSOLFDEOH IRU FKDUDFWHULVDWLRQ RI VHHG TXDOLW\ LQ VHHG LQGXVWU\ -DOLQN HW DO  
.HQDQRJOX HW DO    5HFHQWO\ D VLPSOH PHWKRG RI VSHFWURSKRWRPHWULF PHDVXUHPHQW
RI FKORURSK\OOV DQG FDURWHQRLGV LQ H[WUDFWV IURP VHHGV ZDV PRGLILHG %XOGD HW DO 
6PROLNRYD HW DO  
7KHDLPRIWKLVZRUNZDVWRGHWHUPLQDWH WKH FRQWHQWRIFKORURSK\OOV FDURWHQRLGVDQGDQWKRF\DQLQV
LQ VHHGV RI WZR YDULHWLHV RI KHPS DQG ILYH YDULHWLHV RI ZKHDW XVLQJ WKH VSHFWURSKRWRPHWULF PHWKRG
%XOGD HW DO  6PROLNRYD HW DO  9DUJD HW DO   7KHQ WKH VWDQGDUG ODERUDWRU\ WHVWV
IRU JHUPLQDWLRQ RI WKH YDULHWLHV ZHUH SHUIRUPHG DQG VXEVHTXHQWO\ YDOXHV RI JHUPLQDWLRQ UDWH ZHUH
FRPSDUHG ZLWKWKH PHDVXUHG FRQWHQWRIFKORURSK\OOV FDURWHQRLGV DQGDQWKRF\DQLQV
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MATERIAL AND METHODS
Plant material
,Q WKLV VWXG\ VHHGV RI WZR LQGXVWULDO KHPS YDULHWLHV &DQQDELV VDWLYD / %LDOREU]HVNLH
DQG 0RQRLFD REWDLQHG IURP $JULWHF 3ODQW 5HVHDUFK /WG LQ 6XPSHUN DQG ILYH YDULHWLHV RI ZKHDW
7ULWLFXP DHVWLYXP/ KDUYHVWHGLQ  &LWUXV 36 .DUNXOND1RYRVLELUVND\D 5HEHOO DQG6NRUSLRQ
IURP WKH $JULFXOWXUDO 5HVHDUFK,QVWLWXWH $JURWHVW )\WR/WG LQ.URPHUL] ZHUHXVHG
Extraction and spectrophotometric measurement of pigments
6DPSOHV RIVHHGV PJ ZHUH JURXQG LQ D ODERUDWRU\ PLOO $QDO\VHWWH 63$57$1)ULWVFK 
DSSUR[LPDWHO\ IRU  PLQXWHV 7KH KRPRJHQDWH ZDV PL[HG DQG JURXQG LQ WKH PRUWDU
ZLWK  PO RI SHWUROHXP HWKHU 3(±&SXUH DQGWHWUDK\GURIXUDQ 7+) SD PL[WXUH LQUDWLR 
7KHQ  PO RI3(ZDVDGGHGDQG JULQGLQJ FRQWLQXHG 7KHVDPSOH ZDVULQVHG DQGJURXQG LQWKHPRUWDU
 WLPHVZLWK PO RI 3(  7+) UDWLR    PL[WXUH 7KHKRPRJHQDWH ZDVILOWHUHG WKURXJK V\ULQJH Q\ORQ
ILOWHUV SRO\DPLGH  ZLWK DSRUHVL]H RI P7KHREWDLQHG ILOWUDWH ZDVXVHGWRPHDVXUH ȕFDURWHQH
OXWHLQ FKORURSK\OO D DQG E ZLWK WKH VSHFWURSKRWRPHWHU 6SHFWURQLF  *HQHV\V 7KHUPR 6FLHQWLILF 
7KH SLJPHQW FRQWHQW ZDVFDOFXODWHG IURPHTXDWLRQV SUHVHQWHG E\ %XOGD HWDO   ZKHUH WKHWRWDO
FRQWHQWRIFKORURSK\OOV ZDVFDOFXODWHG DVWKHVXPRIFKORURSK\OO D DQGFKORURSK\OO E DQGWKHFRQWHQW
RI FDURWHQRLGV ZDVWKHVXPRIȕFDURWHQH DQGOXWHLQ
)RU WKH GHWHUPLQDWLRQ RI DQWKRF\DQLQV JUDPV RIVHHGVZHUHQHHGHG DQG ZHUHJURXQGWKHVDPH
DVIRU DQDO\VLV RIFKORURSK\OOV DQGFDURWHQRLGV ([WUDFWLRQ RIDQWKRF\DQLQV ZDV SHUIRUPHG DFFRUGLQJ
WR 9DUJD HW DO   7KH REWDLQHG ILOWUDWH ZDV XVHG WR PHDVXUH WKH WRWDO FRQWHQW RI DQWKRF\DQLQV
ZLWK D 6XQULVH VSHFWURSKRWRPHWHU 7HFDQ  7KH WRWDO DQWKRF\DQLQ FRQWHQW 7$&  ZDV FDOFXODWHG
IURP HTXDWLRQV DQGH[SUHVVHG DVF\DQLGLQJOXFRVLGH DFFRUGLQJ WR9DUJD HWDO  
Standard laboratory germination test
6WDQGDUG ODERUDWRU\ JHUPLQDWLRQ WHVWV ZHUH SHUIRUPHG LQ IRXU UHSOLFDWHV RI  VHHGV HDFK
7KH VHHGV RI HDFK UHSOLFDWH ZHUH ODLG EHWZHHQ PRLVWHQHG ILOWHU SDSHUV :KDWPDQ *UDGH 
LQ 3HWUL GLVKHV *HUPLQDWLRQ WHVWVZHUH FDUULHG RXWDW&LQWKHGDUN 7KHUPRVWDW76 1RUPDO
VHHGOLQJV ZLWKGHYHORSHGVKRRWDQGURRWVDEQRUPDOVHHGOLQJ DQG GHDGVHHGVZHUHHYDOXDWHG DIWHU GD\V
IRUKHPSDQGDIWHUGD\VIRUZKHDWDFFRUGLQJ WR8.=8=  
Statistical analysis of data
'DWDRIDOO WKHSDUDPHWHUVZHUHHYDOXDWHGLQ0LFURVRIW([FHOVRIWZDUHVWDWLVWLFDO GLIIHUHQFHVZHUH
WHVWHGE\RQHZD\$129$ Ä)³WHVWDWWKHOHYHO RIVLJQLILFDQFH Į 
RESULTS AND DISCUSSION
,WZDVIRXQG RXW WKDW WKH FRQWHQWRIFKORURSK\OO DFKORURSK\OO EWKH WRWDOFRQWHQWRIFKORURSK\OOV
ȕFDURWHQH OXWHLQ FDURWHQRLGV DQG WKH WRWDO FRQWHQWV RI DQWKRF\DQLQV GLIIHUHG VLJQLILFDQWO\ EHWZHHQ
SODQWVSHFLHV DVZHOO DV ZLWKLQ YDULHWLHV RIZKHDWDQGKHPS
)LJXUH  &RPSDULVRQ RI WKH FRQWHQW RI FKORURSK\OO D DQG FKORURSK\OO E ȝJJ GU\ ZHLJKW LQVHHGV
RI ZKHDW $ DQGKHPS % YDULHWLHV
$

%

/HJHQG&DSLWDOOHWWHUVDERYHHDFKFROXPQUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVEHWZHHQYDULHWLHVIRUFKORURSK\OODZKLOHORZHU
FDVHOHWWHUVWDQGIRUFKORURSK\OOE
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,Q WZR YDULHWLHV RI ZKHDW  36 .DUNXOND DQG 1RYRVLELUVND\D  QRQH RI WKH FKORURSK\OOV
ZDV GHWHFWHG 7KH YDULHWLHV 5HEHOO DQG 6NRUSLRQ KDG ORZ WRWDO FRQWHQW RI FKORURSK\OOV
 ȝJJ DQG  ȝJJ UHVS DQG YDULHW\ &LWUXV FRQWDLQHG WKHKLJKHVW DPRXQW RI WRWDO FKORURSK\OOV
 ȝJJ RI ZKLFK FKORURSK\OO D ZDV  ȝJJ DQG FKORURSK\OO E ZDV  ȝJJ )LJXUH $ 
,Q FRQWUDVW WR ZKHDW YDULHWLHV RI KHPS FRQWDLQHG VLJQLILFDQWO\ KLJKHU DPRXQWV RI FKORURSK\OOV
7KH YDULHW\ %LDOREU]HVNLH FRQWDLQHG  ȝJJ RI WRWDO FKORURSK\OOV  ȝJJ RI FKORURSK\OO D
DQG ȝJJ RIFKORURSK\OO E  ZKLOH WKH YDULHW\0RQRLFD VOLJKWO\ ORZHU FRQWHQW  ȝJJRIWRWDO
FKORURSK\OOV  ȝJJ RI FKORURSK\OO D DQG  ȝJJ RI FKORURSK\OO E
)LJXUH % 
7KH GHWHUPLQDWLRQ RI WKH WRWDO FRQWHQW RI FKORURSK\OOV E\ VSHFWURSKRWRPHWULF PHWKRG ZDV SHUIRUPHG
DOVR LQ RWKHU SODQW VSHFLHV DQG ZDV DOVR VLJQLILFDQWO\ GLIIHUHQW UDQJLQJ IURP  ȝJJ LQ H[WUDFWV
IURP VHHGVRIFDUURW WR  ȝJJLQH[WUDFWVIURPVHHGVRI VR\EHDQ %XOGDHWDO $QRWKHUPHWKRG
ZKLFKLVEDVHGRQWKHPHDVXUHPHQWRI IOXRUHVFHQFH VLJQDO RIFKORURSK\OO D LQ WKHVHHGFRDWGHWHUPLQHG
ERWK ORZDQGKLJK FKORURSK\OO D FRQWHQW LQVHHGVRI FDEEDJHDQGWRPDWR -DOLQN HWDO 
)LJXUH &RPSDULVRQRIWKH FRQWHQW RIȕFDURWHQH DQGOXWHLQ ȝJJ GU\ZHLJKW LQVHHGV RI ZKHDW $
DQG KHPS % YDULHWLHV
$

%

/HJHQG&DSLWDOOHWWHUVDERYHHDFKFROXPQUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVEHWZHHQYDULHWLHVIRUȕFDURWHQHZKLOHORZHUFDVH
OHWWHUVWDQGIRUOXWHLQ

7KHFRQWHQW RIFDURWHQRLGV LQ WKHUDQJH IURP ȝJJ WRȝJJ RI GU\ZHLJKW )LJXUH $
GLIIHUHG ZLWKLQ VSHFLHV PRUH WKDQ WKH FRQWHQW RI WRWDO FKORURSK\OOV ,Q ZKHDW WKH KLJKHVW FRQWHQW
RI FDURWHQRLGV ZDV PHDVXUHG LQ VHHGVRI YDULHW\ &LWUXV ȝJJ RIZKLFK ȝJJ ZDV ȕFDURWHQH
DQGȝJJOXWHLQ  ,QVHHGVRI YDULHW\36.DUNXONDRQO\ȝJJRI OXWHLQ ZDVGHWHFWHGȕFDURWHQH
ZDV QRW GHWHFWHG 7KH GHWDLOHG UHVXOWV IRU DOO YDULHWLHV DUH GLVSOD\HG LQ 7DEOH  7KH &LWUXV YDULHW\
RI ZKHDW EHORQJV WRYDULHWLHV FKDUDFWHUL]HG E\\HOORZ HQGRVSHUPZKLFK FDXVHV WKHLQFUHDVHG FRQWHQW
RI FDURWHQRLGV 3D]QRFKW HW DO   DV FRQILUPHG E\ WKLV VWXG\ $V ZHOO DV WKH WRWDO FRQWHQW
RI FKORURSK\OOV WKH FRQWHQW RI FDURWHQRLGV LV VLJQLILFDQWO\ KLJKHU LQ KHPS YDULHWLHV 7KH YDULHW\
%LDOREU]HVNLH FRQWDLQHGȝJJ RI FDURWHQRLGV RIZKLFK ȝJJ ZDV ȕFDURWHQH DQGȝJJ
OXWHLQ  $ OLWWOH OHVV FDURWHQRLGV ZHUH GHWHFWHG LQ YDULHW\ 0RQRLFD ±  ȝJJ RI FDURWHQRLGV
)LJXUH %  7KH GHWHUPLQDWLRQ RI WKH FRQWHQW RI FDURWHQRLGV E\ VSHFWURSKRWRPHWULF PHWKRG ZDV
SHUIRUPHG DOVR LQ RWKHU SODQW VSHFLHV DQG GLIIHUHG DOVR VLJQLILFDQWO\ IURP  ȝJJ LQ H[WUDFWV
IURP VHHGV RI UDSHVHHG WR  ȝJJ LQ H[WUDFWV IURP VHHGV RI VR\EHDQ %XOGD HW DO  
/XWHLQ ZDV GHWHFWHG DV WKH PDMRU VHHG FDURWHQRLG )LJXUH  DV FRQILUPHG E\ WKLV DQG RWKHU VWXGLHV
+RZLWW DQG 3RJVRQ6PROLNRYD HW DO  
7KH WRWDO DQWKRF\DQLQ FRQWHQW 7$&  H[SUHVVHG DV WKH F\DQLGLQJOXFRVLGH ZDV WKH KLJKHVW
LQ VHHGVRIYDULHW\ 6NRUSLRQ  ȝJJ  $PXFKORZHU FRQWHQWRIDQWKRF\DQLQV LQDOO RWKHUYDULHWLHV
UDQJHGIURPȝJJ 36.DUNXOND  WR ȝJJ LQ&LWUXV )LJXUH $ 7DEOH 7KHYDULHW\ 6NRUSLRQ
EHORQJV WR YDULHWLHV FKDUDFWHUL]HG E\ EOXH DOHXURQH OD\HU ZKLFK FDXVHV WKH LQFUHDVHG FRQWHQW
RI DQWKRF\DQLQV 7KLVLVVLPLODU IRU WKHYDULHW\ 36.DUNXONDZKLFK LVFKDUDFWHUL]HG E\ SXUSOHSHULFDUS
%RWK YDULHWLHV DUH FDOOHG ³FRORXUHG´ ZKHDW ZKLFK DUH FKDUDFWHUL]HG E\ DQ LQFUHDVHG FRQWHQW
RI DQWKRF\DQLQV7KHFRQWHQWRIDQWKRF\DQLQVLVQRWRQO\GHSHQGHQWRQWKHJHQRW\SHEXWLVFRQVLGHUDEO\
LQIOXHQFHG E\ WKH HQYLURQPHQW DV GHVFULEHG E\ RWKHU VWXGLHV 9DUJD HW DO  *DUJ HW DO  
7KH YDULHW\ 5HEHOO LV D VWDQGDUG JHQRW\SH RI ZKHDW ZLWK UHG JUDLQ DQG WKH YDULHW\
1RYRVLELUVND\D  LV FKDUDFWHUL]HG E\ ZKLWH JUDLQ 0DUWLQHN HW DO   7KH YDULHW\ RI KHPS
%LDOREU]HVNLH KDGORZHU WRWDO FRQWHQWRI DQWKRF\DQLQV RI ȝJJ WKDQYDULHW\ 0RQRLFD ZLWK 
ȝJJ )LJXUH % 
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)LJXUH &RPSDULVRQRIWKHWRWDOFRQWHQWRIDQWKRF\DQLQVLQ VHHGVRIZKHDW $ DQGKHPS % YDULHWLHV
$

%

/HJHQG/HWWHUVDERYHHDFKFROXPQUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHVEHWZHHQYDULHWLHV7$&± WKHWRWDOFRQWHQWRIDQWKRF\DQLQV
H[SUHVVHGDVȝJJF\DQLGLQJOXFRVLGH

7KHVWDQGDUGODERUDWRU\ WHVWVRIJHUPLQDWLRQ ZHUHSHUIRUPHG IRUDOO RIWKHVHYDULHWLHV DFFRUGLQJ
WR 8.=8=   7KHGHWHUPLQDWLRQ RI JHUPLQDWLRQ UDWH DVDVHHG TXDOLW\ SDUDPHWHU ZDVLPSRUWDQW
IRU FRPSDULVRQ ZLWKPHDVXUHGYDOXHVRISLJPHQWV
:LWKLQ YDULHWLHV RI ZKHDW WKH PHDVXUHG JHUPLQDWLRQ UDWH UDQJHG EHWZHHQ  DQG 
1RYRVLELUVND\D  DQG 5HEHOO UHVS 7DEOH   ,Q )LJXUH  WKH FRUUHODWLRQ RI JHUPLQDWLRQ UDWH
WR WKH WRWDO FRQWHQW RI FKORURSK\OO D DQG E LV VKRZQ )URP WKH ORZ 5 YDOXH LW FRXOG EH FRQFOXGHG
WKDW QRFRUUHODWLRQ EHWZHHQWKHVHWZRSDUDPHWHUVZDVREVHUYHG7KLVIDFWFDQEHPRVWSUREDEO\ FDXVHG
E\WKHORZQXPEHURI YDULHWLHV WHVWHGDQGRUE\WKHIDFWWKDWVRPHVHHGVZHUHLQIHFWHG
)LJXUH(IIHFW RI WKHWRWDO FRQWHQW RIFKORURSK\OOV RQ WKH VWDQGDUG ODERUDWRU\ JHUPLQDWLRQ LQZKHDW
YDULHWLHV

*HUPLQDWLRQ



5ð 




















&RQWHQWRIFKORURSK\OOV DE ȝJJ

7DEOH &RQWHQWRISLJPHQWV ȝJJGU\ZHLJKW DQG WKH VWDQGDUG ODERUDWRU\ JHUPLQDWLRQ  DVDVHHG
TXDOLW\SDUDPHWHUV RI ZKHDWDQGKHPS YDULHWLHV
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/HJHQG'DWDIRUJHUPLQDWLRQ DUHUHSRUWHGDVWKHPHDQYDOXH  VWDQGDUGHUURU&DSLWDOOHWWHUVUHSUHVHQWVWDWLVWLFDOGLIIHUHQFHV
EHWZHHQ YDULHWLHV RI KHPS ZKLOH ORZHU FDVH OHWWHUV VWDQG IRU GLIIHUHQFHVEHWZHHQZKHDW YDULHWLHV &KO ± FKORURSK\OO
ȕFDU ± ȕFDURWHQ&DU± FDURWHQRLGV7$&± WKHWRWDODQWKRF\DQLQFRQWHQWLQI± LQIHFWLRQQG± QRWGHWHFWHG ± LQIHFWLRQ

7KH KHPS YDULHW\ %LDOREUH]VNLH KDG D JHUPLQDWLRQ UDWH RI  ZKLFK ZDV PXFK KLJKHU
WKDQ IRU YDULHW\ 0RQRLFD 7DEOH 
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6RPH RWKHU VWXGLHV EDVHG RQ WKHPHDVXUHPHQW RIIOXRUHVFHQFH RIFKORURSK\OO D LQ WKHVHHGFRDW
VKRZ QHJDWLYH FRUUHODWLRQ ZLWK JHUPLQDWLRQ UDWH IRU FDEEDJH WRPDWR VR\EHDQ DQG SHSSHU
-DOLQN HWDO&LFHUR HWDO.HQDQRJOX HWDO 
CONCLUSION
,QWKLVVWXG\ VSHFWURSKRWRPHWULF PHDVXUHPHQWRIWKHFRQWHQWRISLJPHQWV QDPHO\FKORURSK\OO D
FKORURSK\OO EȕFDURWHQH OXWHLQ DQG DQWKRF\DQLQV IRU YDULHWLHV RI ZKHDW DQG KHPS ZDV SHUIRUPHG
7KH FRQWHQWRIWKHLQGLYLGXDO SLJPHQWV ZLWKLQWKHVSHFLHV ZDVFRPSDUHGDQGFRQVHTXHQWO\ WKHLQIOXHQFH
RQ VWDQGDUG ODERUDWRU\ JHUPLQDWLRQ WHVW ZKLFK LV WKH VHHG TXDOLW\ SDUDPHWHU ZDV PRQLWRUHG
1R FRUUHODWLRQ GXH WR ORZ QXPEHU RI VWXGLHG YDULHWLHV ZDV REVHUYHG ,Q IXWXUH VWXGLHV WKH FRQWHQW
RI SLJPHQWV DQGJHUPLQDWLRQ UDWH ZLOO EHGHWHUPLQHG IRURWKHUSODQWVSHFLHVDQGDODUJHU VHWRIYDULHWLHV
SRVVLEO\ VXSSRUWHGZLWKWKHH[WHQGHGWHVWRIVHHGYLWDOLW\
ACKNOWLEDGEMENTS
7KLVUHVHDUFKZDVILQDQFLDOO\ VXSSRUWHGE\WKH,*$)$0(1'(/8 1R,3$FNQRZOHGJPHQ WV
EHORQJ WR ,QJ 0DULH %MHONRYi 3K' IURP WKH $JULWHF 3ODQW 5HVHDUFK /WG LQ 6XPSHUN
DQG ,QJ 3HWU 0DUWLQHN&6FIURPWKH $JULFXOWXUDO 5HVHDUFK,QVWLWXWH $JURWHVW )\WR/WG LQ.URPHUL]
IRU SURYLGLQJ VHHGV
REFERENCES
%HZOH\-'%UDGIRUG.- +LOKRUVW+:01RQRJDNL +6HHGV3K\VLRORJ\RI'HYHORSPHQW
*HUPLQDWLRQDQG'RUPDQF\UG HG1HZ<RUN6SULQJHU 6FLHQFH %XVLQHVV 0HGLD
%XOGD295DVVDGLQD99$OHNVHLFKXN +1/DPDQ1$6SHFWURSKRWRPHWULF PHDVXUHPHQW
RI FDURWHQHV [DQWKRSK\OOV DQG FKORURSK\OOV LQ H[WUDFWV IURP SODQW VHHGV 5XVVLDQ -RXUQDO RI 3ODQW
3K\VLRORJ\  ±
&LFHUR606FKRRU5-DOLQN + 8VHRIFKORURSK\OO IOXRUHVFHQFH VRUWLQJ WRLPSURYH VR\EHDQ
VHHGTXDOLW\ 5HYLVWD%UDVLOHLUDGH6HPHQWHV  ±
*DUJ 0 &KDZOD 0&KXQGXUL 9 .XPDU 56KDUPD 6 6KDUPD 1. .DXU 1 .XPDU $
0XQGH\ -. 6DLQL 0. 6LQJK 36  7UDQVIHU RI JUDLQ FRORUV WR HOLWH ZKHDW FXOWLYDUV
DQGWKHLU FKDUDFWHUL]DWLRQ -RXUQDORI&HUHDO6FLHQFH±
+RZLWW&$3RJVRQ%-&DURWHQRLG DFFXPXODWLRQ DQGIXQFWLRQLQVHHGVDQGQRQJUHHQWLVVXHV
3ODQW&HOODQG(QYLURQPHQW±
-DOLQN +)UDQGDV$6FKRRU5%LQR-% &KORURSK\OO IOXRUHVFHQFH RIWKHWHVWDRI %UDVVLFD
ROHUDFHD VHHGV DV DQ LQGLFDWRU RI VHHG PDWXULW\ DQG VHHG TXDOLW\ 6FLHQWLD $JULFROD3LUDFLFDED
 ±
-DOLQN + 6FKRRU 5 %LUQEDXP <( %LQR 5-  6HHG FKORURSK\OO FRQWHQW DV DQ LQGLFDWRU
IRU VHHG PDWXULW\ DQG VHHG TXDOLW\ 3URFHHGLQJV RI WKH ,QWHQDWLRQDO 6\PSRVLXP 6WDQG
(VWDEOLVKPHQW6HHG$FWD+RUWLFXOWXUDH±
.HQDQRJOX%%'HPLU,-DOLQN+ &KORURSK\OO IOXRUHVFHQFHVRUWLQJPHWKRGWRLPSURYHTXDOLW\
RI &DSVLFXP SHSSHU VHHG ORWV SURGXFHG IURP GLIIHUHQW PDWXULW\ IUXLWV +RUWLFXOWXUDO 6FLHQFH
  ±
.HQDQRJOX %% 'HPLU , -DOLQN +  ,PSURYHPHQW RI VHHG JHUPLQDWLRQ SHUIRUPDQFH
RI VWRUHG FRPPHUFLDO SHSSHU VHHG ORWV ZLWK FKORURSK\OO IOXRUHVFHQFH VRUWLQJ PHWKRG
$PHULFDQ-RXUQDORI ([SHULPHQWDO$JULFXOWXUH   ±
0DUWLQHN3-LUVD29DFXORYD.&KUSRYD-:DWDQDEH1%XUHVRYD 9.RSHFN\ '6WLDVQD .
9\KQDQHN 77URMDQ9 8VH RIZKHDWJHQH UHVRXUFHV ZLWK GLIIHUHQW JUDLQ FRORXU LQ EUHHGLQJ
7DJXQJGHU9HUHLQLJXQJGHU3IODQ]HQ]FKWHUXQG6DDWJXWNDXIOHXWHgVWHUUHLFKV±
0RQPD 0 7HUDR - ,WR 0 6DLWR 0 &KLNXQL .  &DURWHQRLG FRPSRQHQWV LQ VR\EHDQ
VHHGV YDU\LQJ ZLWK VHHG FRORU DQG PDWXUDWLRQ VWDJH %LRVFLHQFH %LRWHFKQRORJ\ DQG %LRFKHPLVWU\
   ±
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3D]QRFKW / .RWtNRYi = âXOF 0 /DFKPDQ - 2UViN 0 (OLiãRYi 0 0DUWtQHN 3 
)UHH DQG HVWHULILHG FDURWHQRLGV LQ SLJPHQWHG ZKHDW WULWRUGHXP DQG EDUOH\ JUDLQV )RRG &KHPLVWU\
 ±
6PROLNRYD *1/DPDQ1$%RULVNHYLVFK 295ROHRIFKORURSK\OOV DQGFDURWHQRLGV LQVHHG
WROHUDQFH WRDELRWLF VWUHVVRUV5XVVLDQ-RXUQDORI3ODQW3K\VLRORJ\   ±
ÒVWĜHGQt NRQWUROQt D ]NXãHEQt ~VWDY ]HPČGČOVNê  0HWRGLND ]NRXãHQt RVLYD D VDGE\ >2QOLQH@
$YDLODEOH DWKWWSZZZDSLFDNF]GDWDBDNY0HW=NRXVHQL2VLYD6DGE\SGI >@
9DUJD 0%iQKLG\-&VHX]/0DWX]-7KHDQWKRF\DQLQFRQWHQW RIEOXHDQGSXUSOHFRORXUHG
ZKHDWFXOWLYDUV DQGWKHLUK\EULG JHQHUDWLRQV &HUHDO5HVHDUFK&RPPXQLFDWLRQV  ±
:DUG.6FDUWK5'DXQ-.7KRUVWHLQVRQ &7 $ FRPSDULVRQ RIKLJKSHUIRUPDQFH OLTXLG
FKURPDWRJUDSK\ DQG VSHFWURSKRWRPHWU\ WR PHDVXUH FKORURSK\OO LQ FDQROD VHHG DQG RLO
-RXUQDO RI WKH $PHULFDQ2LO&KHPLVWV6RFLHW\   ±
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OBJECTIVE EVALUATION OF SEED GERMINATION
BY PROTEOMICS AND PRINCIPAL COMPONENT ANALYSIS
HANA HABANOVA, MARKETA LUKLOVA
'HSDUWPHQW RI0ROHFXODU%LRORJ\DQG5DGLRELRORJ\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
&=(&+ 5(38%/,&
KDEDQRYDKD#JPDLOFRP
Abstract: 6HHG JHUPLQDWLRQ LV D FRPSOLFDWHG SKDVH RI SODQW V OLIH ZKLFK HQVXUHV WKH SURSDJDWLRQ
DQG VXUYLYDO RI SODQWV RYHU D SHULRG RI XQIDYRXUDEOH HQYLURQPHQWDO FRQGLWLRQV 7KH WLPLQJ
RI PHWDEROLVP UHDFWLYDWLRQ DQG WKH SURJUHVV RI VHHG JHUPLQDWLRQ LV D UHVXOW RI PXOWLSOH IDFWRUV
DQG LI VXFFHVVIXO OHDGV WR WKH VHHGOLQJ HVWDEOLVKPHQW 7KHVH SURFHVVHV WKDW FRQWULEXWH WR VHHG
JHUPLQDWLRQ DUHUHODWLYHO\ IOH[LEOH DQGFDQ WRVRPH H[WHQW  DGDSWWRIOXFWXDWLRQV LQ WKHHQYLURQPHQW
7KLV PDNHV WKH ZKROH V\VWHP H[WUHPHO\ YDULDEOH DQG FKDOOHQJLQJ +HUH ZH GHPRQVWUDWH
WKDWWKHPXOWLYDULDWH DQDO\VLV LVDQH[FHOOHQW WRROWRUDSLGO\DVVHVVJHUPLQDWLRQ KRPRJHQHLW\ DQGHYDOXDWH
YDULDEOHV LQ WKH VHHG RPLFV H[SHULPHQWV *HUPLQDWLRQ RI WZRFRQWUDVWLQJ SODQW VSHFLHV ZDV DQDO\VHG
E\ VKRWJXQ/&06DQDO\VLV UHVXOWLQJ LQDQH[WHQVLYH DPRXQWRIGDWD7KHSULQFLSDO FRPSRQHQWDQDO\VLV
3&$ SURYLGHG DIDVWSUHYLHZRIWKHV\VWHPKHWHURJHQHLW\ LQFOXGLQJ WKHOHYHO RIELRORJLFDO YDULDELOLW\
Key Words: VHHGSURWHRPHPDVVVSHFWURPHWU\ELRORJLFDO YDULDELOLW\
INTRODUCTION
$WSUHVHQWILYHRIWHQZRUOG VWRSFURSVDUHSURSDJDWHGE\VHHGVQDPHO\ULFHVRUJKXPVR\EHDQV
ZKHDW DQG PDL]H 7KH DJULFXOWXUDO SURGXFWLRQ LQ (XURSH LV HYHQ PRUH LQ IDYRXU RI JHQHUDWLYHO\
SURSDJDWHG SODQWV LQFOXGLQJ FHUHDOV RLOVHHGV VXJDU EHHW YHJHWDEOHV OHJXPHV DQG JUDVVHV
DQG VLJQLILFDQWO\ RXWZHLJKV WKHSURGXFWLRQ RIYHJHWDWLYHO\ SURSDJDWHGSODQWV6HHGVDUHFUXFLDO IRUSODQW
SURSDJDWLRQ DQG LWV XWLOL]DWLRQ LQ DJULFXOWXUH IRRG SURGXFWLRQ FURS EUHHGLQJ VWRUDJH RI JHQHWLF
UHVRXUFHV DVZHOO DVLQRWKHULQGXVWULDO VHFWRUV)XUWKHUWKH)RRGDQG$JULFXOWXUH 2UJDQL]DWLRQ )$2 
FODLPV WKDW  HQHUJ\ LQWDNH RI WKH ZRUOG V SRSXODWLRQ LV SURYLGHG E\ RQO\ ILYH FHUHDO FURSV
ULFH ZKHDW PDL]H PLOOHW DQG VRUJKXP  DQG WKH IRRG SURGXFWLRQ VKRXOG LQFUHDVH E\  E\ 
WR VXSSRUWWKHH[SHFWHG SRSXODWLRQ JURZWK
7KH ELRORJLFDO GLYHUVLW\ VHUYHV DV D ZD\ IRU SRSXODWLRQV WR DGDSW WR FKDQJLQJ HQYLURQPHQWV
:LWK PRUH YDULDWLRQ LW LV PRUH OLNHO\ WKDW VRPH LQGLYLGXDOV LQ D SRSXODWLRQ ZLOO EH PRUH VXLWHG
IRU WKH HQYLURQPHQW 7KDQNV WR WKH HSLJHQHWLF FRQWURO WKHVH YDULDWLRQV FDQ EH IRXQG HYHQ ZLWKLQ
WKH SRSXODWLRQ ZLWK WKHVDPH JHQHWLF FRGH,QSODQWV WKHVHVVLOH ZD\ RIOLIH GRHV QRWDOORZ WRHVFDSH
WKH XQIDYRXUDEOH HQYLURQPHQWDO FRQGLWLRQV DQG SODQWV KDYH WR EH PXFK PRUH IOH[LEOH
LQ WKHLU GHYHORSPHQW WKDQ PRELOH RUJDQLVPV 7KH VHHG JHUPLQDWLRQ UHSUHVHQWV KLJKO\ LPSRUWDQW
GHYHORSPHQWDO VWDJH ZKLFK KDV WR EH FRQWUROOHG FDUHIXOO\ RWKHUZLVH WKH SODQW ZLOO QRW VXUYLYH
,WV SURJUHVV FRXOG EH DIIHFWHGE\PDQ\IDFWRUVVXFKDVWKHSURFHVV RIVHHGPDWXUDWLRQ DQGGHVLFFDWLRQ
RQPRWKHU SODQW VHHG YLDELOLW\ GRUPDQF\QXPEHU DQG TXDOLW\ RIWKHVWRUDJH FRPSRXQGV UREXVWQHVV
RI WKHVHHGFRDWVVHHGVL]HDQGGLIIHUHQW HQYLURQPHQWDO IDFWRUV %HZOH\HWDO  
7KH SURWHLQV VWRUHG LQ VHHGV GXULQJ WKH ODWH SKDVH RI VHHG PDWXUDWLRQ DQG QHZO\ V\QWKHVL]HG
SURWHLQV SURYLGH DQ HVVHQWLDO WRRO WR FRPSUHKHQG FRPSOH[ SURFHVVHV RI JHUPLQDWLRQ 3URWHRPLFV
LVRQHRIWKHIDVWHVWGHYHORSLQJ VFLHQWLILF ILHOGV 'XULQJ ODVW GHFDGHVKLJKO\ VHQVLWLYH IDVWDQGDFFXUDWH
LQVWUXPHQWV ZHUH GHYHORSHG DV ZHOO DV VRSKLVWLFDWHG VRIWZDUH IRU WKH GDWD SURFHVVLQJ
+RZHYHU WKH SURWHRPLF DQDO\VLV LV VWLOO OLPLWHG E\ VHYHUDO IDFWRUV LQFOXGLQJ WKH V\VWHP YDULDELOLW\
ZKLFK LI QRW FRQVLGHUHG FRXOG UHVXOW LQ PLVOHDGLQJ GDWD LQWHUSUHWDWLRQ 6KZHLNL HW DO  
+HUHZHGHPRQVWUDWH WKHEHQHILWV RIDPRGLILHG SULQFLSDO FRPSRQHQWDQDO\VLV RIVHHGSURWHRPLFV GDWD
DQGLWVSHUIRUPDQFHLQWKHLGHQWLILFDWLRQ RIELRORJLFDOO\ VLJQLILFDQW FKDQJHV
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MATERIAL AND METHODS
Plant material and experimental design
6HHGV RIWZR FRQWUDVWLQJ SODQW VSHFLHV Arabidopsis thaliana HFRW\SH &ROXPELD  DQGHJJSODQW
Solanum melongena YDU1HUR ZHUHFKRVHQ IRUWKHDQDO\VLV RIWKHVHHGSURWHRPH G\QDPLFV GXULQJ
JHUPLQDWLRQ DQG WKH DQDO\VLV RI WKH HIIHFW RI K\GURJHQ SHUR[LGH + 2  RQ VHHG JHUPLQDWLRQ
UHVSHFWLYHO\ 8QGUHVVHG HJJSODQW VHHGV ZHUH SXUFKDVHG IURP FRPPHUFLDO VHHG SURYLGHU
0RUDYRVHHG &= DV Arabidopsis VHHGV ZHUH SURYLGHG IURP WKH SULYDWH VWRFN RI WKH 'HSDUWPHQW
RI 0ROHFXODU %LRORJ\ DQG5DGLRELRORJ\ 7KHH[SHULPHQWDO VHWXSZDVIROORZLQJ
 PJRIArabidopsis VHHGVZHUHSODFHGRQ3HWULSODWHZLWKILOWHUSDSHU :KDWPDQ DQGLPELEHG
LQPORIGLVWLOOHG ZDWHUDW &6DPSOHVZHUHFROOHFWHG LQWKUHHWLPHSRLQWV KRXUVDIWHULPELELWLRQ
+$,  +$, DQG +$, DQGVWRUHG DW  & 7KHH[SHULPHQW ZDV FDUULHG RXWLQ WZRELRORJLF D O
UHSOLFDWHV ZLWKGLIIHULQJ VHHGJHQHUDWLRQV
   HJJSODQW VHHGV ZHUH SODFHG RQ 3HWUL SODWH ZLWK ILOWHU SDSHU :KDWPDQ  DQG LPELEHG
LQPORI L GLVWLOOHG ZDWHURU LL  P0+2 DW &DQG &7KHQXPEHURIWKHILUVWJHUPLQDWHG
VHHGVZDVFDOFXODWHG LQWKHWKLUGGD\DIWHULPELELWLRQ '$, ,QRUGHUWRPLQLPL]H WKHHIIHFWRIELRORJLF D O
YDULDELOLW\ RQO\ IXOO\ JHUPLQDWHG LQGLYLGXDOV ZHUH FROOHFWHG DQG VWRUHG DW  & 7KH H[SHULPHQW
ZDV FDUULHG RXWLQWZRELRORJLFDO UHSOLFDWHV ZLWKWKHVDPHVHHGVWRFN
LC-MS proteome profiling and data processing
6HHGV ZHUH KRPRJHQL]HG 5HWVFK0LOO 00  DQG WKH SURWHLQV ZHUH H[WUDFWHG XVLQJ
7&$DFHWRQHSKHQRO PHWKRG DQG DQDO\VHG XVLQJ D JHOIUHH VKRWJXQ SURWRFRO EDVHG RQ QDQR+3/&
DQG 0606 &HUQD HW DO  1RYiN HW DO   7KH H[WUDFWHG SURWHLQV ZHUH GLJHVWHG
ZLWK LPPRELOL]HG WU\SVLQ 3URPHJD GHVDOWHGGULHGDQGGLVVROYHG LQ YY IRUPLFDFLGLQ YY 
DFHWRQLWULOH 7KH VDPSOHV ZHUH DQDO\VHG LQ DW OHDVW WZR WHFKQLFDO UHSOLFDWHV E\ QDQRIORZ
&UHYHUVHSKDVH OLTXLG FKURPDWRJUDSK\ XVLQJ DFPFROXPQ =RUED[ $JLOHQW  D'LRQH[ 8OWLPDWH
 56/& QDQR83/& V\VWHP 7KHUPR  DQG DQ 8+5 PD;LV LPSDFW T72) PDVV VSHFWURPHWHU
%UXNHU  3HSWLGHV ZHUH HOXWHG ZLWK D PLQ  WR  DFHWRQLWULOH JUDGLHQW DQG VSHFWUD
ZHUH DFTXLUHG DW+] 06 DQGWR+] 0606 XVLQJ DQLQWHQVLW\GHSHQGHQW PRGHZLWK DWRWDO
F\FOH WLPH RI  V 7KH DFTXLUHG VSHFWUD ZHUH H[WUDFWHG DQG SURFHVVHG DV GHVFULEHG SUHYLRXVO\
HJ%DOGULDQRYi HWDO E\'DWD$QDO\VLV DQGWKHUHVXOWLQJ 0*)ILOHV ZHUHVHDUFKHG DJDLQVW
$UDELGRSVLV 7$,5   DQG HJJSODQW 60(BU  SURWHLQ GDWDEDVHV E\ 6HTXHVW +7
DQG 0DVFRW  (Q]\PH  WU\SVLQ PD[ WZR PLVVHG FOHDYDJH VLWHV 0DVV WROHUDQFH   SSP 06 
DQG  'D 0606  0RGLILFDWLRQV  XS WR WKUHH G\QDPLF PRGLILFDWLRQV LQFOXGLQJ 0HW R[LGDWLRQ
$VQ*OQ GHDPLGDWLRQ /\V PHWK\ODWLRQ 1WHUPLQDO DFHW\ODWLRQ 6HU7KU7\U SKRVSKRU\ODWLRQ 
DQG SURFHVVHG ZLWK 3URWHRPH 'LVFRYHUHU &DOFXODWLRQV DQG YLVXDOL]DWLRQ RI SULQFLSDO FRPSRQHQW
DQDO\VLV 3&$ ZHUH GRQHLQ2ULJLQ  ZZZRULJLQODEFRP 
RESULTS AND DISCUSSION
3&$ LV D VWDWLVWLFDO PHWKRG IRU H[WUDFWLQJ UHOHYDQW LQIRUPDWLRQ IURP KXJH GDWDVHWV %ULHIO\
3&$ ILQGV QHZYDULDEOHV SULQFLSDO FRPSRQHQWV 3& WKDW DUHOLQHDU IXQFWLRQV RIWKRVH LQ WKHRULJLQDO
GDWDVHW WKDW VXFFHVVLYHO\ PD[LPL]H YDULDQFH DQG WKDW DUH XQFRUUHODWHG ZLWK HDFK RWKHU
-ROOLIIH DQG &DGLPD   +HUH ZH GHPRQVWUDWH WKDW DGHTXDWHO\ ILOWHUHG DQG QRUPDOL]HG GDWD
IURPDODEHOIUHH SURWHRPHSURILOLQJ FDQEHSURFHVVHGE\3&$WRHYDOXDWH ELRORJLFDO YDULDELOLW\ LQVHHG
JHUPLQDWLRQ E\ WKH FOXVWHULQJ RI LQGLYLGXDO FRPSRQHQWV DFFRUGLQJ WR WKHLU PXWXDO VLPLODULW\
)LUVW WKH SURWHRPLF GDWD JHQHUDWHG E\ 3URWHRPH 'LVFRYHUHU ZHUH QRUPDOL]HG WR WKH WRWDO VSHFWUDO
PDWFKHV 360V  WR FRPSHQVDWH PLQRU YDULDWLRQV LQ VDPSOH FRQFHQWUDWLRQV ýHUQê HW DO  
,QVHHGV WKH PDMRULW\ RISURWHRPH LV IRUPHG E\VHYHUDO KLJKDEXQGDQW SURWHLQV 1H[W WRFRPSHQVDWH
WKLV GLVSURSRUWLRQDOLW\ UHODWLYH DEXQGDQFHV ZHUH FDOFXODWHG IRU HDFK SURWHLQ E\ GLYLGLQJ LQGLYLGXD O
QRUPDOL]HG 360VYDOXHV E\WKHUHVSHFWLYHSURWHLQ¶V360VDYHUDJHLQDOOPHDVXUHGVDPSOHV7KLVVHFRQG
QRUPDOL]DWLRQ VWHSVLJQLILFDQWO\ LPSURYHGWKHRXWSXW RI3&$DQDO\VHV1H[W360VEDVHGTXDQWLILFDWLRQ
RI ORZDEXQGDQW SURWHLQV LV QRW UHOLDEOH 7R IXUWKHU LQFUHDVH VLJQLILFDQFH RI WKH 3&$ RXWSXW
RQO\ SURWHLQV GHWHFWHG LQ DOO VDPSOHV ZLWK PRUH WKDQ WZR SHSWLGHV DQG  360V ZHUH FRQVLGHUHG
IRUWKHDQDO\VLV
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Reduction of PCA input dataset provides a more precise overview about the Arabidopsis proteome
dynamics during seed germination
Arabidopsis thaliana KDVWLQ\VHHGVWKDWJHUPLQDWH IDLUO\ TXLFNO\ DQGXQLIRUPO\ RIVHHGV
JHUPLQDWH ZLWKLQKRXUV A. thaliana LVSULPDULO\ VHOISROOLQDWLQJ SODQWZLWKWKHHVWLPDWHGRXWFURVVLQJ
UDWH EHORZ  DQG WKHJHQHWLF YDULDELOLW\ ZLWKLQ WKHVHHG VWRFN LV WKXV YHU\ ORZ +HUH WR REVHUYH
ELRORJLFDO YDULDELOLW\ ZH DQDO\VHG WZRVWRFNV RI VHHGV WKDWRULJLQDWHG IURP  DQG KDUYHVWV
UHVSHFWLYHO\ 7KH SURWHRPLF GDWD ZHUH SURFHVVHG E\ D VWDQGDUG 3&$ DQDO\VLV DQG E\ RXU PRGLILHG
PHWKRGZLWK DWZRVWHSQRUPDOL]DWLRQ )LJXUH  7KHHOLPLQDWLRQ RIDORZFRQILGHQW TXDQWLWDWLYH GDWD
VLJQLILFDQWO\ LPSURYHG WKH 3&$ RXWSXW DQG ZH ZHUH DEOH WRLOOXVWUDWH VLPLODULWLHV LQ WKH JHUPLQDWLRQ
WLPHGHSHQGHQFH
Figure 1 PCA analysis describing the seed proteome dynamics of two independent Arabidopsis
generations during seed germination
A) PCA based on 1,200 proteins

B) PCA based on 240 abundant proteins

:H GLG QRW ILQG DQ\ VLJQLILFDQW GLIIHUHQFH LQ WKH YLVLEOH VHHG JHUPLQDWLRQ EXW WKH SURWHRPLF
DQDO\VLV DQG WKH 3&$ UHYHDOHG WKDW WKH HDUO\ VWDJHV RI JHUPLQDWLRQ DUH GLIIHUHQW )LJXUH % 
7KH 3&$ FOHDUO\ VHSDUDWHV WKH JHUPLQDWLRQ SURJUHVV 3&  DQG WKH ELRORJLFDO YDULDELOLW\ 3& 
+RZHYHU DW  +$, WKH IXOO\ HVWDEOLVKHG VHHGOLQJV IURP GLIIHUHQW VWRFNV DUH EHFRPLQJ VLPLODU
7KHVH UHVXOWVLOOXVWUDWH WKHFRPSOH[LW\ RIELRORJLFDO V\VWHPVZKLFKLQWKHVDPHH[SHULPHQWDO VHWXSUHDFK
DVLPLODU GHYHORSPHQWDO VWDWHEXWGRQRWIROORZ WKHVDPHWLPH SURJUHVV
PCA of adequately normalized proteomic data provides information about the effect of biological
variability and temperature during eggplant seed germination
(JJSODQW LVDW\SLFDO H[DPSOH RIVORZO\ DQGQRQXQLIRUPO\ JHUPLQDWLQJ SODQW VSHFLHV ZLWK VWULFW
WHPSHUDWXUH UHTXLUHPHQWV IRU JHUPLQDWLRQ 8QGHU RSWLPDO FRQGLWLRQV WKH ILUVW VHHGV PD\ VWDUW
WR JHUPLQDWH ZLWKLQ '$, GD\VDIWHULPELELWLRQ  EXWWKHODVWRI WKHYLDEOH VHHGVPD\WDNHXS WR GD\V
WR JHUPLQDWH 7HPSHUDWXUH LV D PDMRU VWLPXODQW LQ WKH HJJSODQW JHUPLQDWLRQ +HUH WKH VLJQLILFD QW
GLIIHUHQFHVLQWKHYLVLEOH JHUPLQDWLRQ DUHFOHDUO\ HYLGHQW:HSHUIRUPHGWKHSURWHRPLF DQDO\VLV RIVHHGV
JHUPLQDWHG DW &DQG &WRVHHLILWLVSRVVLEOH WRGLVFULPLQDWH WKHVHGLIIHUHQFHV DWWKHPROHFXODU
OHYHO2QO\IXOO\DQGXQLIRUPO\ JHUPLQDWHG VHHGVZHUHFROOHFWHG IRUWKHDQDO\VLV DQGWKH3&$ ZDVEDVHG
RQ  PRVW DEXQGDQW SURWHLQV )LJXUH $ DQG % VKRZ WKH FRPSDULVRQ RI 3&$ UHVXOWV REWDLQHG
DIWHU D RQHVWHS DQG D WZRVWHS QRUPDOL]DWLRQ UHVSHFWLYHO\ ,W LV FOHDUO\ VHHQ WKDW 3&$ EDVHG
RQDRQHVWHSQRUPDOL]DWLRQ FRXOGJHQHUDWHPLVOHDGLQJ GDWDDQGKHUHLWVKRZVWKDWDOOVDPSOHVDUHQHDUO\
LGHQWLFDO FOXVWHUHG RQO\ E\ 3& ZLWK H[WUHPHO\ ORZ OHYHO RI VLJQLILFDQFH  ,Q FRQWUDVW WKH VHFRQG
QRUPDOL]DWLRQ RI LQGLYLGXDO SURWHLQV SURYLGHG D PRUH UHDOLVWLF GDWD OD\RXW WKDW FRUUHODWHG ZHOO
ZLWKWKHVHHGPRUSKRORJ\ 7KHELRORJLFDO YDULDELOLW\ LVVHSDUDWHGE\PRUHVLJQLILFDQW 3&DQGLWVHIIHFW
LV ODUJHU WKDQ WKDW RI WHPSHUDWXUH FOXVWHUHG E\ 3& )XUWKHU WKH 3&$ VKRZV D GLIIHUHQW HIIHFW
RI WHPSHUDWXUH EHWZHHQ WZR ELRORJLFDO UHSOLFDWHV ZKLFK FRUUHODWHV ZLWK WKH UHVXOWV REVHUYHG
DWWKHSK\VLRORJLFDO OHYHO 6LQFH WKHVDPHVWRUDJH DQGFXOWLYDWLRQ FRQGLWLRQV ZHUHPDLQWDLQHG LWVHHPV
WKDWWKHUHLV VRPHXQNQRZQIDFWRUZKLFK GHOD\V WKHVHHGJHUPLQDWLRQ ,WLVOLNHO\ WKDWWKLV IDFWRUFRXOG
EHDFWXDOO\ WKHELRORJLFDO YDULDELOLW\ FDXVHGE\WKHVHHGRULJLQ
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Figure 2 PCA analysis describing the effect of temperature and biological variability of germinating
eggplant seeds
A) One-step normalization

B) Two-step normalization

Optimized PCA of two-component experimental system
Figure 3 PCA separates effects of two different germination stimulants in eggplant seed proteome

3K\WRKRUPRQHVKDYHDVLJQLILFDQW LPSDFWRQSODQWSURWHRPH ýHUQêHWDO 'XHWRWKHKXJH
KHWHURJHQHLW\ DQG ORQJ SHULRG RI WKH VHHG JHUPLQDWLRQ HJJSODQW VHHPV WR EH DQ H[FHOOHQW PRGHO
IRU WKH WHVWLQJ RI GLIIHUHQW SODQW JURZWK UHJXODWRUV LPSURYLQJ VHHG JHUPLQDWLRQ +\GURJHQ SHUR[LGH
+2 DSSHDUV WR EH RQH RI VXFK VWLPXODQWV ZKRVH HIIHFW KRZHYHU LV VSHFLHVVSHFLILF
7KXVVLPXOWDQHRXVO\ ZLWK WKHWHPSHUDWXUH H[SHULPHQW ZH VHW DQ H[SHULPHQW ZLWK + 2 WR H[DPLQH
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LWV HIIHFWRQHJJSODQW VHHGJHUPLQDWLRQ +RZHYHUWKHQHZO\ LQWURGXFHG IDFWRUPDNHVWKHV\VWHPHYHQ
PRUH YDULDEOH 7R FOHDUO\ LOOXVWUDWH WKH FOXVWHULQJ RI WKH VDPSOHV GXH WR WKH LQGLYLGXDO WUHDWPHQWV
ZH H[FOXGHG WKHHIIHFWRIELRORJLFDO YDULDELOLW\ E\HPSOR\LQJ 3&$RQDVLQJOH ELRORJLFDO UHSOLFDWH XVLQJ
PRVW DEXQGDQW SURWHLQV ILOWHULQJ DQG WZRVWHS GDWD QRUPDOL]DWLRQ )LJXUH  VKRZV DQ LGHDO H[DPSOH
RI WKH3&$GDWDOD\RXW7KH3&FOXVWHUV VDPSOHVE\WKHHIIHFWRIWHPSHUDWXUHZKLOH WKH3&VHSDUDWHV
WKHHIIHFWRI+2+HUH 3&$SURYLGHVDEHQHILFLDO SUHYLHZWKDWWKHVDPSOHVGLIIHUEHWZHHQHDFKRWKHU
HYHQ ZKHQ WKH DQDO\]HG LQGLYLGXDOV ORRN LGHQWLFDOO\ PRFN DQG +2WUHDWHG VHHGV JHUPLQDWHG
DW & 
CONCLUSION
3URWHRPLFV RIIHUV DQ LQVLJKW LQWR WKH PROHFXODU PHFKDQLVP UHJXODWLQJ HDUO\ SKDVHV RI VHHG
JHUPLQDWLRQ +RZHYHU WKH VWXG\ RI VXFK D FRPSOLFDWHG SURFHVV LV KLQGHUHG E\ PXOWLSOH IDFWRUV
LQFOXGLQJ DQDWXUDO YDULDELOLW\ RIOLYLQJ V\VWHPV:HHPSOR\HG DQRSWLPL]HG 3&$DQDO\VLV WRH[DPLQH
WKH OHYHO RI ELRORJLFDO YDULDELOLW\ DQG WKH HIIHFW RI GLIIHUHQW WUHDWPHQWV LQ WZR LQGHSHQGHQW
V\VWHPV L WLQ\ DQGIDVWJHUPLQDWLQJ VHHGVRIArabidopsis thaliana DQG LL  VORZO\ DQGQRQXQLIRUPO\
JHUPLQDWLQJ HJJSODQW Solanum melongena  VHHGV :H VKRZ WKDW WKH WZRVWHS GDWD QRUPDOL]DWLRQ
DQGDUHGXFWLRQRIWKH3&$LQSXWWRWKHPRVWDEXQGDQWSURWHLQVKLJKOLJKWV WKHFRUUHODWLRQV EHWZHHQ VHHG
SURWHRPH DQG WKH JHUPLQDWLRQ SURJUHVV )XUWKHU WKLV DQDO\VLV RI PROHFXODU GDWD SURYLGHV D IDVW
DQG FRPSUHKHQVLYH SUHYLHZ RI WKH ELRORJLFDO V\VWHP LQFOXGLQJ ELRORJLFDO YDULDELOLW\ DQG HIIHFW V 
RI VWLPXODQWV HYHQZKHQWKHPRUSKRORJ\ RIWKHDQDO\VHG LQGLYLGXDOV LVVHHPLQJO\ VLPLODU
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YLUXV 36E09 Journal of Proteomics ±
ýHUQê 0 .XNORYi $ +RHKHQZDUWHU : )UDJQHU / 1RYiN 2 5RWNRYi * -HGHOVNê 3/
äiNRYi . âPHKLORYi 0 6WUQDG 0 :HFNZHUWK : %U]RERKDWê %  3URWHRPH
DQG PHWDERORPH SURILOLQJ RI F\WRNLQLQ DFWLRQ LQ $UDELGRSVLV LGHQWLI\LQJ ERWK GLVWLQFW DQG VLPLODU
UHVSRQVHVWRF\WRNLQLQ GRZQ DQGXSUHJXODWLRQ Journal of Experimental Botany  ±
ýHUQê 0 1RYiN - +DEiQRYi + &HUQD + %U]RERKDWê %  5ROH RI WKH SURWHRPH
LQ SK\WRKRUPRQDO VLJQDOLQJ Biochimica et Biophysica Acta (BBA)-Proteins and Proteomics
   ±
-ROOLIIH ,7&DGLPD -   3ULQFLSDO FRPSRQHQW DQDO\VLV D UHYLHZ DQG UHFHQW GHYHORSPHQWV
Phil. Trans. R. Soc. A  
1RYiN - ýHUQê 0 3DYOĤ - =HPiQNRYi - 6NDOiN - 3ODþNRYi / %U]RERKDWê % 
5ROHV RI SURWHRPH G\QDPLFV DQG F\WRNLQLQ VLJQDOLQJ LQ URRWWRK\SRFRW\O UDWLR FKDQJHV LQGXFHG E\
VKDGLQJ URRWVRI$UDELGRSVLV VHHGOLQJV Plant Cell Physiology   ±
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$17,2;,'$175(63216(2)ARABIDOPSIS THALIANA
72 =Q6H1$123$57,3/(66(/(1,80$1'=,1&,216
0$57,1$ .2/$&.29$ $0,7$9$ 028/,&. %25,92-./(-'86
'$/,%25+86.$ 

'HSDUWPHQW RI&KHPLVWU\ DQG%LRFKHPLVWU\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR

&HQWUDO,QVWLWXWH RI7HFKQRORJ\ &(,7(& 
%UQR8QLYHUVLW\RI7HFKQRORJ\
3XUN\QRYD %UQR
&=(&+ 5(38%/,&
PDUWLQDNRODFNRYD#PHQGHOXF]
$EVWUDFW 7KH LPSDFW RI ]LQF VHOHQLGH QDQRSDUWLFOHV =Q6H13V RQ SODQWV LV VWLOO XQNQRZQ
7KH LQWHQWLRQ RI WKLV ZRUN ZDV WR FRPSDUH SK\WRWR[LFLW\ RI =Q6H13V DQG VHOHQLXP DQG ]LQF LRQV
LQ   DQG  ȝ0 FRQFHQWUDWLRQV <RXQJ VHHGOLQJV RI $UDELGRSVLV WKDOLDQD &ROXPELD &RO
HFRW\SH ZDV XVHG DV DQ HFRWR[LFRORJLFDO PRGHO  DQG  ȝ0 FRQFHQWUDWLRQV ZHUH H[WUHPHO\
SK\WRWR[LF DQG LQKLELWHG WKH JURZWK 2QO\ WKH ORZHVW FRQFHQWUDWLRQV ZHUH XVHG IRU QH[W DQDO\VLV
=Q6H13V WUHDWPHQW KDG QR YLVLEOH LPSDFW RQ WKH JURZWK EXW OHG WR LQFUHDVHG DQWLR[LGDQW UHVSRQVH
0RUH DQWLR[LGDQW UHODWHG JHQHV ZHUH XSUHJXODWHG WKDQ VXSSUHVVHG &RQFXUUHQWO\ WKHUH ZHUH KLJKHU
SURGXFWLRQV RIVHFRQGDU\PHWDEROLWHV ZKLFKDUHRIWHQV\QWKHVLV GXULQJ DELRWLF VWUHVV
.H\ZRUGV$UDELGRSVLVWKDOLDQDQDQRSDUWLFOHV SK\WRWR[LFLW\ VHOHQLXP ]LQF
,1752'8&7,21
$ELRWLF VWUHVV IDFWRUV KDYH D QHJDWLYH LPSDFW RQ SODQW JURZWK \LHOGV DQG TXDOLW\ RI SODQW¶V
SURGXFWV 2QH RI WKH ELJJHVW JOREDO SUREOHPV LV KHDY\ PHWDOV *LHOHQ HW DO  7DQJ HW DO  
+RZHYHU GXULQJ WKH ODVW GHFDGHV SODQWV KDYH FRPH LQWR FRQWDFW ZLWK D QHZ VWUHVV IDFWRU
± QDQRSDUWLFOHV  1DQRWHFKQRORJ\ LV RQH RI WKH IDVWHVW JURZLQJ LQGXVWULHV 13V KDYH JDLQHG
FRQVLGHUDEOH LPSRUWDQFH EHFDXVH RI ZLGH YDULHW\ RI DSSOLFDWLRQV  LQ ELRPHGLFDO RSWLFDO
DQG HOHFWURQLF ILHOGV 5LFR HW DO  .DYHK HW DO   'XH WR LWV ODUJH SURGXFWLRQ DQG XVH
WKHLU UHOHDVH LQWR WKH HQYLURQPHQW LV LQHYLWDEOH 0D HW DO   7KH\ KDYH GLIILFXOW SUHGLFWDEOH
PHFKDQLVPV RI WR[LFLW\ FRPSDUHG ZLWK LRQV 7KHLU SK\WRWR[LFLW\ GHSHQGV RQ WKH W\SH RI QDQRPDWHULDO
SDUWLFOH VL]H VSHFLILF VXUIDFH DUHD FRQFHQWUDWLRQ DQG WKH SODQWV 0D HW DO   13V KDYH D EURDG
HIIHFWV UHVXOWLQJ IURP LQWHUDFWLRQ ZLWK WKH SODQW 0D HW DO  *LHOHQ HW DO  7DQJ HWDO 
.DYHK HW DO   %RWK SRVLWLYH DQG QHJDWLYH HIIHFWV KDYH EHHQ SUHVHQWHG LQ WKH OLWHUDWXUH
/DQGD HW DO  -LD HW DO  /RSH]0RUHQR HW DO  .XPDU HW DO  
.XPDU HW DO  IRXQG WKDW  QP VL]H JROG 13V DW  DQG  ȝJPO FRQFHQWUDWLRQV KDYH
VLJQLILFDQWO\ LQGXFHG JURZWK DQG \LHOG HQKDQFHPHQW LQ $UDELGRSVLV WKDOLDQD /DQGD HW DO 
SRLQWHG WR SRWHQWLDO HQYLURQPHQWDO ULVNV RI =Q2 RQ SODQWV /DQGD HW DO   7L2 13V QHJDWLYHO\
DIIHFWHG ZDWHU WUDQVSRUWDQGWUDQVSLUDWLRQLQFRUQSODQWV $VOLDQG1HXPDQQ  0DQ\VWXGLHVKDYH
EHHQGRQHRQ13VSK\WRWR[LFLW\EXWVRPHDUHDVDUHVWLOOXQFOHDU =Q6H13V KDYH EHFRPH PRUHSRSXODU
GXH WR VHPLFRQGXFWRU SURSHUWLHV 7KH\ KDYH PDQ\ SRWHQWLDO DSSOLFDWLRQV =KX HW DO  
%XW WKHLU SODQW¶V WR[LFLW\ LV VWLOO XQVWXGLHG 7KH REMHFWLYH RI WKLV ZRUN ZDV WR FRPSDUH SK\WRWR[LFLW\
RI =Q6H13V DQG VHOHQLXP DQG ]LQF LRQV LQ \RXQJ VHHGOLQJV RI $UDELGRSVLV WKDOLDQD &ROXPELD
&RO  HFRW\SH  $WWHQWLRQ ZDV IRFXVHG RQ WKH DQWLR[LGDQW UHVSRQVH LQFOXGLQJ WKH ELRV\QWKHVLV
RIWKH DQWLR[LGDQW VHFRQGDU\PHWDEROLWHV DQGWKHLUDVVRFLDWHG HQ]\PHV
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0$7(5,$/ $1'0(7+2'6
6H=Q13V DQGPHGLXP
7KH LPSDFW RI 6H=Q13V VHOHQLXP DQG ]LQF LRQV ZHUH WHVWHG E\ FXOWLYDWLQJ $UDELGRSVLV
WKDOLDQD LQ WKH SUHVHQFH RI   DQG  ȝ0 6H=Q13V DQG]LQFRUDQG ȝ0 VHOHQLXP
DGGHG WR WKH QXWULHQW PHGLXP =LQF ZDV XVHG LQ WKH IRUP ]LQF VXOIDWH KHSWDK\GUDWH VHOHQLXP
DV D VRGLXP VHOHQLWH 6H=Q13VZHUHV\QWKHVL]HGE\WKHVDPHPHWKRGUHSRUWHG SUHYLRXVO\E\0RXOLFN
HW DO  0RXOLFN HW DO   7KH JHUPLQDWLRQ PHGLD ZDV FRQVWLWXWHG E\ VWDQGDUG  VWUHQJWK
0XUDVKLJH DQG 6NRRJ 06  VDOW VXSSOHPHQWHG ZLWK YLWDPLQV DQG VROLGLILHG ZLWK  DJDU
7KH S+ RI PHGLD ZDV DGMXVWHG WR  ZLWK  0 VRGLXP K\GUR[LGH 6H=Q13V VROXWLRQ RU VWHULOL]HG
VWRFN VROXWLRQV RI VHOHQLXP RU ]LQF ZHUH DGGHG WR VWHULOL]HG PHGLD DW D ILQDO FRQFHQWUDWLRQ
*HUPLQDWLRQ PHGLXP ZLWKRXW13VZDVXVHGDVFRQWURO
3ODQW6SHFLHVDQG&XOWXUH &RQGLWLRQ
7KH VHHGV RI $UDELGRSVLV WKDOLDQD HFRW\SH &ROXPELD ZHUH ULQVHGZLWKHWKDQROIROORZHG
E\ VWHULOL]DWLRQ LQ  6$92 DQG ZDVKLQJ LQ DXWRFODYHG GLVWLOOHG ZDWHU DW OHDVW WKUHH WLPHV
6HHGV ZHUH JHUPLQDWHG XQGHU VWHULOH FRQGLWLRQV  KRXUV DW  & 6WHULOL]HG VHHGV ZHUH LQFXEDWHG
LQ WKH FXOWLYDWHG SODWH DW  & DQG LOOXPLQDWHG DW  ȝPRO P V ZLWK D  K OLJKW K GDUN
SKRWRSHULRG $IWHU  ZHHNV SODQWV ZHUH UHPRYHG IURP WKH PHGLXP LPPHUVHG LQ OLTXLG QLWURJHQ
DQGVWRUHGDW &XQWLO WKHQH[WSURFHVVLQJ
3UHSDUDWLRQ RIPHWKDQROH[WUDFWV
7KH SODQWV ZHUH GLYLGHG LQWR WZR SDUWV URRWV DQG OHDIV 7KH ZHLJKLQJ RI IUHVK WLVVXH ZDV
KRPRJHQL]HG LQ  PO  PHWKDQRO 7KHQ WKH VDPSOHV ZHUH FHQWULIXJHG DW  î J IRU  PLQ
DW URRPWHPSHUDWXUH
(VWLPDWLRQRIWRWDODQWLR[LGDQWFDSDFLW\
7KH WRWDO DQWLR[LGDQW FDSDFLW\ RI H[WUDFWV ZDV LQYHVWLJDWHG E\ SKRVSKRPRO\EGHQXP DVVD\
DFFRUGLQJ WR WKH PHWKRGV $ODP HW DO  .XPDUDQ DQG .DUXQDNDUDQ    ȝO RI  ȝJP/
H[WUDFW ZDV GLVVROYHG LQ  PO RI WKH UHDJHQW VROXWLRQ  PROO VXOSKXULF DFLG  PROO VRGLXP
SKRVSKDWH DQG  PPROO DPPRQLXP PRO\EGDWH VROXWLRQV  DQG WKHQ WKH PL[WXUH
ZDV LQFXEDWHG IRU  PLQ DW  & 5XWLQ ZDV XVHG DV WKH VWDQGDUG :KHQ WKH VDPSOHV ZHUH FRROHG
WR URRP WHPSHUDWXUH WKH DEVRUEDQFH RI WKH PL[WXUH ZDV PHDVXUHG DW  QP DJDLQVW D EODQN
ZKLFK FRQWDLQHG WKH UHDJHQW VROXWLRQ DQG VROYHQW 7KH WRWDO DQWLR[LGDQW FDSDFLW\ ZDV H[SUHVVHG
DVWKHHTXLYDOHQW WR PLOOLPRO RIWUROR[ SHU JRIIUHVKZHLJKW PPRO WUROR[J ): 
'HWHUPLQDWLRQ RISRO\SKHQROV
7KH WRWDO SKHQROLF FRQWHQWV ZDV GHWHFWHG E\ )& DVVD\ EDVHG RQ WKH UHGXFWLRQ
RI D SKRVSKRZROIUDPDWH±SKRVSKRPRO\EGDWH FRPSOH[ E\ SKHQROLF FRPSRXQGV 9LQVRQ HW DO  
 ȝORIWKHH[WUDFWVDPSOHV RUVWDQGDUG DQG ȝO RI)ROLQUHDJHQWZHUHPL[HGZLWKȝORIZDWHU
$IWHU UHDFWLRQ IRU  PLQ  ȝO RI  VRGLXP FDUERQDWH VROXWLRQ DQG  ȝO RI ZDWHU ZHUH DGGHG
WR FRPSOHWH PO YROXPH 7KH DEVRUEDQFH RI UHDFWLRQ ZDVPHDVXUHGDWQPDIWHUKRILQFXEDWLRQ
DWURRPWHPSHUDWXUHDQGGDUNQHVV*DOOLF DFLGZDVXVHGDVWKHVWDQGDUG
'HWHUPLQDWLRQ RIIODYRQRLGV
7KH IODYRQRLGV ZHUH GHWHUPLQHG E\ FRORULPHWULF PHWKRG -LD HW DO  ȝORI WKHH[WUDFWV
ZDV PL[HG ZLWK  ȝO RI ZDWHU DQG  ȝO  VRGLXP QLWULWH VROXWLRQ $IWHU  PLQ UHDFWLRQ  ȝO
RI  DOXPLQLXP FKORULGH KH[DK\GUDWH ZDV DGGHG WR WKH PL[WXUH 6XEVHTXHQW WR  PLQ WKH DGGLWLRQ
RI  ȝO VRGLXP K\GUR[LGH ZDV IROORZHG ,Q  PLQ WKH DEVRUEDQFH RI PL[WXUH ZDV PHDVXUHG
DWQP4XHUFHWLQ ZDVXVHGDVWKHVWDQGDUG
51$LVRODWLRQ
51$ ZDV LVRODWHG IURP URRWV DQG OHDIV RI $UDELGRSVLVWKDOLDQD ,VRODWLRQZDVFDUULHGRXWXVLQJ
3XUH/LQN 3ODQW 51$ 5HDJHQW $PELRQ  $IWHU LVRODWLRQ WKH 51$ VDPSOHV ZHUH SXULILHG
E\ '1$DVD , 51$DVDIUHH %LR/DEV  7KH TXDOLW\ DQG TXDQWLW\ RI LVRODWHG 51$ VDPSOHV ZHUH
PHDVXUHG XVLQJ 1DQRGURS 7KHLU LQWHJULW\ ZDV YLVXDOO\ DVVHVVHG RQ HWKLGLXP EURPLGHVWDLQHG DJDURVH
JHOV
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*HQHH[SUHVVLRQDQDO\VLV
,VRODWHG WRWDO 51$ ZDV WKH ILUVW FRQYHUWHG WR F'1$ XVLQJ 7UDQVFULSWLRQ )LUVW 6WUDQG F'1$
6\QWKHVLV .LW 5RFKH  )RU 3&5 UHDFWLRQV GLOXWHG F'1$ SURGXFWV ZHUH XVHG DV WHPSODWH
6SHFLILF SULPHUV ZHUH VHOHFWHG IURP 1&,% YHULILHG IURP %/$67 DQG 67$,5 GDWDEDVH $IWHU WKDW
WKH\ ZHUH GHOLYHUHG IURP 6LJPD$OGULFK $ FRPSOHWH OLVW RI SULPHU VHTXHQFHV LV SURYLGHG LQ 7DEOH 
T3&5 DVVD\ ZDV SHUIRUPHG XVLQJ .DSD 6\EU )DVW T3&5 .DSD%LRV\VWHPV  7KH T3&5 DPSOLILFDWLRQ
SURJUDPPH ZDV  & IRU  PLQ &IRUV&IRUVUHSHDWLQJF\FOHV&IRUV
 & IRU  V PHOWLQJ FXUYH IRU  PLQ DQG & IRU V 7KH WRWDO YROXPH
IURP WKH T573&5 ZDV  ȝ/ $FWLQ  ZDV XVHG DV D KRXVHNHHSLQJ JHQH IRU QRUPDOL]DWLRQ
5HODWLYH TXDQWLW\ íǻǻ&W PHWKRG  ZDV WKHQ XVHG WR FDOFXODWH UHODWLYH JHQH H[SUHVVLRQ OHYHO
/LYDNDQG6FKPLWWJHQ  
7DEOH2YHUYLHZRIVHOHFWHGSULPHUV IRUT3&5DQDO\VLV
/RFXV
$7*
$7*
$7*
$7*
$WJ
$WJ

*HQHV
$&7
$3;
*6+
*6+
3$/
&+6

)RUZDUGSULPHU ¶¶
&77*&$&&$$*&$*&$7*$$
7*&&$&$$**$7$**7&7**
&&&7**7*$$&7*&&77&$
**$&7&*7&*77**7*$&$$
*&$*7*&7$&&*$$$*$$*7*
&*&$7&$&&$$&$*7*$$&$&

5HYHUVHSULPHU ¶¶
&&*$7&&$*$&$&7*7$&77&&77
&&77&&77&7&7&&*&7&$$
&$7&$*&$&&7&7&$7&7&&$
7&7***$$7*&$*77**7$*&
&*$&&7$&$77&&77*$7&&7*
7&&7&&*7&$*$7*&$7*7*

/HJHQG$&7± $FWLQ$3; $VFRUEDWHSHUR[LGDVH*6+± Ȗ*OXWDP\OF\VWHLQHV\QWKHWDVH*6+± *OXWDWKLRQH
V\QWKHWDVH3$/± 3KHQ\ODODQLQHDPPRQLDO\DVH&+6± &KDOFRQHV\QWKDVH

6WDWLVWLFDODQDO\VLV
7KH GDWD ZHUH VWDWLVWLFDOO\ DQDO\VHG E\ RQHZD\ $129$ YDULDQFH WHVW ZLWK VXEVHTXHQW
7XNH\ VFRPSDULVRQ WHVWXVLQJ VRIWZDUH5YHUVLRQ IRUZLQGRZV ZZZUSURMHFWRUJ 
5(68/76 $1'',6&866,21
(IIHFWRIWR[LFDQWRQWKHJURZWK
*URZWK ZDV VXSSUHVVHG E\ DQ LQFUHDVLQJ FRQFHQWUDWLRQ RI WKH WR[LFDQW &RQFHQWUDWLRQ
RIȝ0 6H=Q13Vȝ0 =Qȝ0 6HDQGWKHFRPELQDWLRQRIȝ0 =QZLWKȝ0 6HZHUH
H[WUHPHO\ SK\WRWR[LF DQG DEVROXWHO\ LQKLELWHG WKH JURZWK &RQFHQWUDWLRQ RI  ȝ0 6H=Q13V
 ȝ0 =Q ȝ0 6HDQGWKHFRPELQDWLRQRI ȝ0 =QZLWKȝ0DOVRKLJKO\UHGXFHGWKHJURZWK
)LJXUH  2QO\WKHORZHVW FRQFHQWUDWLRQV ZHUHXVHGIRUQH[WDQDO\VLV
)LJXUH ,QIOXHQFHRI=Q6H13VWUHDWPHQWVRQWKHJURZWK RI$UDELGRSVLVWKDOLDQD

$QWLR[LGDQWUHVSRQVHWRWR[LFDQW¶VWUHDWPHQW
13V DV KHDY\ PHWDOV DUH JHQHUDOO\ FRQVLGHUHG WR EH SK\WRWR[LFLW\ EHFDXVHRISURGXFLQJUHDFWLYH
R[\JHQ VSHFLHV 7KH PDLQ GHIHQFH DQWLR[LGDQW PHFKDQLVP LV IRUPHG E\ VHFRQGDU\ PHWDEROLWHV
VXFK DV JOXWDWKLRQH *6+  SK\WRFKHODWLQV DVFRUEDWH SKHQROV IODYRQRLGV WRFRSKHUROV FDURWHQRLGV
DQG WKHLU DVVRFLDWHG HQ]\PHV 6KDUPD DQG 'LHW]   7KH HYDOXDWLQJ RI DQWLR[LGDQW UHVSRQVH
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ZDV GRQH E\ JHQH H[SUHVVLRQ DQDO\VLV DQG VSHFWURSKRWRPHWULF DQDO\VLV RI WRWDO SRO\SKHQROV
IODYRQRLGV DQGWRWDO DQWLR[LGDQW DFWLYLW\
3$/ LV YLWDO HQ]\PHV FDWDO\VHV UHDFWLRQ RI FRQYHUWLQJ /SKHQ\ODODQLQH WR DPPRQLD
DQG WUDQVFLQQDPLF DFLG WKDW UHVXOW LQ WKRXVDQGV RI SRO\SKHQROV ,QFUHDVHG H[SUHVVLRQ RI JHQH FRGLQJ
3$/ ZDV PDQLIHVWHG LQWKHVLWXDWLRQRI μ0=Q6H13VDQG ȝ0VHOHQLXP WUHDWPHQWV )LJXUH 
6LPXOWDQHRXVO\ LQ WKHVH FDVHV LW ZDV HVWDEOLVKHG WKH KLJKHU DPRXQW RI SRO\SKHQROV FRPSDUHG
WR FRQWURO )LJXUH   7KH WRWDO DPRXQW RI SRO\SKHQROV LQ WKH FRQWURO VDPSOHV ZDV  PJ*$(J):
$PRXQW RI SRO\SKHQROV ZDV H[SUHVVHG DV WKH HTXLYDOHQW WR PLOOLJUDPV RI *DOOLF DFLG SHU  J RI IUHVK
ZHLJKW PPRO *$(J ): 
)LJXUH2YHUYLHZRIUHODWLYHH[SUHVVLRQVRI DQWLR[LGDQWUHODWHGJHQHV

/HJHQG 7KH UHODWLYH JHQH H[SUHVVLRQ OHYHO íǻǻ&W PHWKRG IRU TXDQWLWDWLRQ  Ĺ UHODWLYH H[SUHVVLRQ ± Ĺ UHODWLYH
H[SUHVVLRQ ± Ĺ UHODWLYH H[SUHVVLRQ ±! $3;   $VFRUEDWH SHUR[LGDVH  *6+   Ȗ*OXWDP\OF\VWHLQH V\QWKHWDVH
*6+   *OXWDWKLRQH V\QWKHWDVH 3$/  3KHQ\ODODQLQH DPPRQLD O\DVH &+6  &KDOFRQH V\QWKDVH
6WDUV ⁕ LQGLFDWHVLJQLILFDQWGLIIHUHQFHVFRPSDUHGWRWKHFRQWURO S  Q  

)LJXUH3HUFHQWDJHFKDQJHVLQDPRXQWIODYRQRLGVSRO\SKHQROVDQG7$& WRWDODQWLR[LGDQWFDSDFLW\ 
UHODWHG WR FRQWURO (UURU EDUV FRUUHVSRQG WR VWDQGDUG HUURU RI PHDQ (⁕) LQGLFDWH VLJQLILFDQW
GLIIHUHQFHV FRPSDUHG WR WKH FRQWURO S  Q   DFFRUGLQJ WR RQHZD\ $129$ WHVW
ZLWK VXEVHTXHQW7XNH\ VFRPSDULVRQWHVW
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&KDOFRQH V\QWKDVH &+6  LV UHVSRQVLEOH IRU V\QWKHVLV RI IODYRQRLGV ([FHSW  ȝ0 ]LQF
WUHDWPHQW WKHLU WUDQVFULSWRPLF UHVSRQVH WR WR[LFDQW ZDV KLJKHU )LJXUH   7KLV XSUHJXODWLRQ
ZDV IROORZHG E\ LQFUHDVHG V\QWKHVLV RI IODYRQRLGV )LJXUH   7KH WRWDO DPRXQW RI SRO\SKHQROV
LQ WKH FRQWURO VDPSOHV ZDV  PJ 5(J ): $PRXQW RISRO\SKHQROVZDVH[SUHVVHGDVWKHHTXLYDOHQW
WR PLOOLJUDPV RI *DOOLF DFLG SHU  J RI IUHVK ZHLJKW PPRO *$(J ):  7KH H[SRVXUH
WR 13V DQG KHDY\ LRQV JHQHUDOO\ LQGXFH WKH ELRV\QWKHVLV RI SRO\SKHQROV DQG IODYRQRLGV LQYROYHG
LQWKHUHVSRQVHWRDELRWLF VWUHVV /DQGD HWDO  0RXOLFN HWDO  0D HWDO 
$VFRUEDWH SHUR[LGDVH  $3;   LV SDUW RI DVFRUEDWH JOXWDWKLRQH F\FOH DQG EHORQJ
EHWZHHQ WKH NH\ HQ]\PHV WR UHPRYH +2 3DQFKXN HW DO   +LJKHU JHQH H[SUHVVLRQ
IRU$3;ZDV LQ WKHVDPSOHV WUHDWHG E\ȝ0=Q6H13VDQG ȝ0VHOHQLXP )LJXUH  
*OXWDWKLRQH *6+  LV LPSRUWDQW PROHFXOH WKDW SUHYHQWV WKH FHOO IURP WKH R[LGDWLYH VWUHVV
7KHUH DUH WZR HQ]\PHV ZKLFK DUH QHFHVVDU\ IRU LWV ELRV\QWKHVLV 0D HW DO  
([FHSW  ȝ0 VHOHQLXP LQ WKH FDVH RI *6+  JHQHV ZHUH XSUHJXODWHG 7DEOH   7RWDO DQWLR[LGDQW
DFWLYLW\ ZDV KLJKHU LQ HYHU\ WUHDWPHQW UHODWHG WR FRQWURO )LJXUH   7RWDO DQWLR[LGDQW DFWLYLW\
ZDV H[SUHVVHG DV WKH HTXLYDOHQW WR PPROO RI 7UROR[ SHU  J RI IUHVK ZHLJKW PPROO WUROR[J ): 
7$&RIFRQWURO VDPSOHVZDVPPROO 7UROR[J ):
&21&/86,21
*URZWK ZDV VXSSUHVVHG E\ DQ LQFUHDVLQJ FRQFHQWUDWLRQ RI WKH WR[LFDQW  DQG  ȝ0
FRQFHQWUDWLRQV ZHUH H[WUHPHO\ SK\WRWR[LF DQG LQKLELWHG WKH JURZWK 0RUH DQWLR[LGDQW UHODWHG JHQHV
ZHUH XSUHJXODWHG WKDQ VXSSUHVVHG &RQFXUUHQWO\ WKHUH ZHUH KLJKHU SURGXFWLRQV RI VHFRQGDU\
PHWDEROLWHV ZKLFK DUH RIWHQ V\QWKHVLV GXULQJ DELRWLF VWUHVV 7KH VWURQJHVW DQWLR[LGDQW UHVSRQVH
DQG WKH KLJKHVW ELRV\QWKHVLV RI DQWLR[LGDQW PROHFXOHV KDYH EHHQ IRXQG LQ  ȝ0 =Q6H13V
WUHDWPHQW 7KH ZHDNHVW DQWLR[LGDQW UHVSRQVH ZDV IRXQG LQ  ȝ0 ]LQF WUHDWPHQW 7KH REMHFWLYH
RI WKLV ILUVW H[SHULPHQW ZDV WR ILQG RXW WKH ERUGHU RI WR[LFLW\ 7KH IXUWKHU UHVHDUFK ZLOO EH IRFXV
RQSODQWUHVSRQVHPRUHGHHSO\ DQGRWKHUFRQFHQWUDWLRQ RSWLRQV ZLOO EHVHOHFWHG
$&.12:/('*(0(176
7KH UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH ,QWHUQDO *UDQG $JHQF\ RI 0HQGHO 8QLYHUVLW\ LQ %UQR
,3  DQG &(,7(&  /4  ZLWK ILQDQFLDO VXSSRUW IURP WKH 0LQLVWU\ RI (GXFDWLRQ
<RXWK DQG6SRUWVRIWKH&]HFK5HSXEOLF XQGHUWKH1DWLRQDO 6XVWDLQDELOLW\ 3URJUDPPH,,
5()(5(1&(

$ODP 01 %ULVWL 1- 5DILTX]]DPDQ 0  5HYLHZ RQ LQ YLYR DQG LQ YLWUR PHWKRGV
HYDOXDWLRQRIDQWLR[LGDQW DFWLYLW\6DXGL3KDUPDFHXWLFDO-RXUQDO  ±
$VOL 6 1HXPDQQ 30  &ROORLGDO VXVSHQVLRQV RI FOD\ RU WLWDQLXP GLR[LGH
QDQRSDUWLFOHV FDQ LQKLELW OHDI JURZWK DQG WUDQVSLUDWLRQ YLD SK\VLFDO HIIHFWV RQ URRW ZDWHU
WUDQVSRUW
3ODQW&HOODQG(QYLURQPHQW  ±
*LHOHQ + 5HPDQV 7 9DQJURQVYHOG - &X\SHUV $  7R[LFLW\ UHVSRQVHV RI &X
DQG &G WKH LQYROYHPHQW RI PL51$V DQG WKH WUDQVFULSWLRQ IDFWRU 63/
%PF3ODQW%LRORJ\ 
-LD = 7DQJ 0& :X -0  7KH GHWHUPLQDWLRQ RI IODYRQRLG FRQWHQWV LQ PXOEHUU\
DQG WKHLUVFDYHQJLQJ HIIHFWVRQVXSHUR[LGHUDGLFDOV)RRG&KHPLVWU\  ±
.DYHK 5 /L <6 5DQMEDU 6 7HKUDQL 5 %UXHFN &/ YDQ $NHQ %  &KDQJHV
LQ $UDELGRSVLVWKDOLDQD*HQH([SUHVVLRQLQ5HVSRQVHWR6LOYHU1DQRSDUWLFOHVDQG6LOYHU,RQV
(QYLURQPHQWDO6FLHQFH 7HFKQRORJ\  ±
.XPDU 9 *XOHULD 3 .XPDU 9 <DGDY 6.  *ROG QDQRSDUWLFOH H[SRVXUH LQGXFHV
JURZWK DQG \LHOG HQKDQFHPHQW LQ $UDELGRSVLV WKDOLDQD 6FLHQFH RI WKH 7RWDO (QYLURQPHQW
 ±
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.XPDUDQ $ .DUXQDNDUDQ 5-  ,Q YLWUR DQWLR[LGDQW DFWLYLWLHV RI PHWKDQRO H[WUDFWV
RI ILYH3K\OODQWKXV VSHFLHVIURP,QGLD/ZW)RRG6FLHQFHDQG7HFKQRORJ\  ±
/DQGD 3 9DQNRYD 5 $QGUORYD - +RGHN - 0DUVLO 3 6WRUFKRYD + :KLWH -&
9DQHN 7  1DQRSDUWLFOHVSHFLILF FKDQJHV LQ $UDELGRSVLV WKDOLDQD JHQH H[SUHVVLRQ
DIWHU H[SRVXUHWR=Q2 7L2DQGIXOOHUHQHVRRW-RXUQDORI+D]DUGRXV0DWHULDOV  ±
/LYDN .- 6FKPLWWJHQ 7'  $QDO\VLVRIUHODWLYHJHQHH[SUHVVLRQGDWDXVLQJUHDOWLPH
TXDQWLWDWLYH3&5DQGWKH 7 'HOWD'HOWD& PHWKRG 0HWKRGV  ±
/RSH]0RUHQR 0/ 'H OD 5RGD * +HUQDQGH]9LH]FDV -$ &DVWLOOR0LFKHO + %RWH]
&( 3HUDOWD9LGHD -5 *DUGHD7RUUHVGH\ -/  (YLGHQFH RI WKH 'LIIHUHQWLDO
%LRWUDQVIRUPDWLRQ DQG *HQRWR[LFLW\ RI =Q2 DQG &H2 1DQRSDUWLFOHV RQ 6R\EHDQ *O\FLQH
PD[ 3ODQWV(QYLURQPHQWDO6FLHQFH 7HFKQRORJ\  ±
0D &; &KKLNDUD 6 ;LQJ %6 0XVDQWH & :KLWH -& 'KDQNKHU 23 
3K\VLRORJLFDO DQG 0ROHFXODU 5HVSRQVH RI $UDELGRSVLVWKDOLDQD / WR1DQRSDUWLFOH&HULXP
DQG,QGLXP 2[LGH([SRVXUH $FV6XVWDLQDEOH&KHPLVWU\ (QJLQHHULQJ  ±
0D ;0 *HLVOHU/HH - 'HQJ < .ROPDNRY $  ,QWHUDFWLRQV EHWZHHQ HQJLQHHUHG
QDQRSDUWLFOHV (13V DQGSODQWV3K\WRWR[LFLW\XSWDNHDQGDFFXPXODWLRQ 6FLHQFHRIWKH7RWDO
(QYLURQPHQW  ±
0RXOLFN $ %OD]NRYD , 0LORVDYOMHYLF 9 )RKOHURYD = +XEDOHN - .RSHO 3
9DFXORYLFRYD 0 $GDP 9 .L]HN 5  $SSOLFDWLRQ RI &G7H=Q6H 4XDQWXP 'RWV
LQ ,Q 9LWUR ,PDJLQJ RI &KLFNHQ 7LVVXH DQG (PEU\R 3KRWRFKHPLVWU\ DQG 3KRWRELRORJ\
 ±
3DQFKXN,,=HQWJUDI8 9RONRY5$([SUHVVLRQRIWKH$S[JHQHIDPLO\GXULQJOHDI
VHQHVFHQFHRI$UDELGRSVLVWKDOLDQD 3ODQWD  ±
5LFR &0+RQJ-0RUDOHV0,=KDR/-%DUULRV$&=KDQJ-<3HUDOWD9LGHD-
5 *DUGHD7RUUHVGH\ -/  (IIHFW RI &HULXP 2[LGH 1DQRSDUWLFOHV RQ 5LFH $ 6WXG\
,QYROYLQJ WKH $QWLR[LGDQW'HIHQVH6\VWHPDQG,Q9LYR)OXRUHVFHQFH,PDJLQJ (QYLURQPHQWDO
6FLHQFH 7HFKQRORJ\  ±
6KDUPD 66 'LHW] .-  7KH UHODWLRQVKLS EHWZHHQ PHWDO WR[LFLW\ DQG FHOOXODU UHGR[
LPEDODQFH7UHQGVLQ3ODQW6FLHQFH  ±
7DQJ 0)0DR'+;X/:/L'<6RQJ6+ &KHQ&<,QWHJUDWHGDQDO\VLV
RI PL51$ DQG P51$ H[SUHVVLRQ SURILOHV LQ UHVSRQVH WR &G H[SRVXUH LQ ULFH VHHGOLQJV
%PF*HQRPLFV 
9LQVRQ -$ +DR < 6X ;+ =XELN /  3KHQRO DQWLR[LGDQW TXDQWLW\ DQG TXDOLW\
LQ IRRGV9HJHWDEOHV-RXUQDORI$JULFXOWXUDODQG)RRG&KHPLVWU\  ±
=KX--.ROW\SLQ< *HGDQNHQ$*HQHUDOVRQRFKHPLFDOPHWKRGIDUWKHSUHSDUDWLRQ
RIQDQRSKDVLFVHOHQLGHV6\QWKHVLV RI=Q6HQDQRSDUWLFOHV&KHPLVWU\RI0DWHULDOV  ±
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ROOT PHENOTYPING OF SOYBEAN
[GLYCINE MAX (L.) MERRILL] GENOTYPES
BASED ON IMAGE ANALYSIS
PATRICIA KUSNIAROVA, MAREK KOVAR, KATARINA OLSOVSKA,
MARIAN BRESTIC, MAREK ZIVCAK
'HSDUWPHQW RI3ODQW3K\VLRORJ\
6ORYDN8QLYHUVLW\ RI$JULFXOWXUH LQ1LWUD
7ULHGD $QGUHMD +OLQNX 1LWUD
6/29$. 5(38%/,&
[NXVQLDURYD#LVXQLDJVN
$EVWUDFW 'URXJKWPRVWDIIHFWVWKHFURSJURZWKDQGSURGXFWLRQ 7KHILUVWRUJDQVRISODQWVWKDWUHVSRQG
WR GURXJKW LQ WKH VRLO DUH URRWV &ODVVLFDO DSSURDFKHV HYDOXDWLQJ URRW WUDLWV LQ ILHOG FRQGLWLRQV DUH VWLOO
FRQVLGHUHG VWDQGDUG WHFKQLTXHV ,Q WKH UHFHQW GHFDGH WKH QRYHO SKHQRW\SLQJ PHWKRGV KDYH EHHQ
LQWURGXFHG LQWRURRWUHVHDUFK7KHVHPHWKRGVPDNHXVHRIDGYDQFHVLQDXWRPDWLRQDQGFRPSXWHUDLGHG
DQDO\VLV 7KH H[SHULPHQW IRFXVHG RQ WKH JUDGXDO HIIHFW RI GHK\GUDWLRQ RQ WKH VWUXFWXUH RI URRW
ZKHUH IRXU JHQRW\SHV RI VR\EHDQ >*O\FLQH PD[ /  0HUULOO 6$ 6$ 6$ 6$
DOO RULJLQDOO\ IURP &KLQD@ ZHUH XVHG ,Q JURZWK VWDJH  %%&+  JUDGXDO GHK\GUDWLRQ ZDV LQGXFHG
E\ LQWHUUXSWLRQ RI VXEVWUDWH ZDWHULQJ 7KH LQWHQVLW\ RI GURXJKW ZDV TXDQWLILHG WKH JUDYLPHWULF PHWKRG
DQG GHK\GUDWLRQ WRRN  GD\V $IWHU WKH GHK\GUDWLRQ ZDV FRPSOHWH WKH URRWV ZHUH H[WUDFWHG IURP VRLO
E\ ZDVKLQJ PHWKRG DQG WKHQ GULHG 7KH URRW VWUXFWXUH ZDV HYDOXDWHG E\ DXWRPDWLF 5*% LPDJLQJ
DQDO\VLV XVLQJ SKHQRW\SLQJ 3ODQW6FUHHQ70 SODWIRUP 8VLQJ WKH VRIWZDUH ,PDJH- ZH HYDOXDWHG
WKH QXPEHU RI QRGXOHV IRUPHG RQ WKH URRWV 2XU ILQGLQJV OHDG WR WKH FRQFOXVLRQ WKDW JUDGXDO
GHK\GUDWLRQOHGWRDGHFUHDVHLQWKHDEVRUSWLRQDUHDDQGZHLJKWRIURRWV 2QWKHFRQWUDU\ZHKDYHVHHQ
DVLJQLILFDQW LQFUHDVHLQWKHJURZWK RIURRWVLQWROHQJWK DVWKHWKLFNQHVV
.H\ :RUGV VR\EHDQ ZDWHUVWUHVV 5*%LPDJLQJ DQDO\VLV URRW JURZWK DQGVWUXFWXUH
INTRODUCTION
6R\EHDQ>*O\FLQHPD[ / 0HUULOO@LVRQHRIWKHPRVWLPSRUWDQWOHJXPHV,WLVDYDOXDEOHVRXUFH
RI SURWHLQ IRU KXPDQ IRRG LV D FRPSRQHQW RI OLYHVWRFN IHHG DQG LV DOVR XVHG LQ LQGXVWU\
LQ WKH SURGXFWLRQ RI ELRIXHOV +DUWPDQ HW DO   ,PSDFW RI JOREDO FOLPDWH FKDQJH RQ FURS
SURGXFWLRQ RYHU WKH ODVW GHFDGH HPHUJHG DV D PDMRU UHVHDUFK SULRULW\ 6KDQNHU HW DO   'URXJKW
LV FRQVLGHUHG D OLPLWLQJ IDFWRU RI FURS SURGXFWLYLW\ %UHVWLF DQG =LYFDN   6R\EHDQ SODQWV
DUH VHQVLWLYH WR GURXJKW IRU WKHUHODWLYHO\KLJKZDWHUUHTXLUHPHQW <DQJHWDO 5RRWVDUHWKHILUVW
RUJDQV WKDW SHUFHLYH DQG UHVSRQG WR GURXJKW 7KH GLVWULEXWLRQ RI URRWV HVSHFLDOO\ WKRVH WKDW FDQ
SHQHWUDWH GHHSHU LQWR WKH VRLO SOD\V DQ LPSRUWDQW UROH LQ GHWHUPLQLQJ WKH DELOLW\ RI SODQWV WR FDSWXUH
LPSRUWDQW UHVRXUFHV VXFK DV ZDWHU DV ZHOO DV PLQHUDOV %DVHG RQ WKLV URRW DUFKLWHFWXUH
KDV D VLJQLILFDQW LPSDFW RQ JURZWK DQG \LHOG FURSV )HQWD HW DO   $W SUHVHQW LW LV GLIILFXOW
WR VWXG\ WKH JURZWK DQG DUFKLWHFWXUH RI WKH URRW V\VWHP HVSHFLDOO\ LQ ILHOG FRQGLWLRQV
&ODVVLFDO DSSURDFKHV WR DQDO\VLV RI FKDUDFWHUV LQ ILHOG FRQGLWLRQV VXFK DV WKH PHWKRG RI H[FDYDWLRQ
DQG DQDO\VLV RI VRLO FRUHV DUH WLPH FRQVXPLQJ EXW VWLOO DFFHSWHG DV VWDQGDUG WHFKQLTXHV
+RRJHQERRP HW DO  1LHOVHQ HW DO  7UDFKVHO HW DO   0RGHUQ DQG QRQGHVWUXFWLYH
DSSURDFKHV WR WKH HYDOXDWLRQ RI WKH URRW V\VWHP DUFKLWHFWXUH DUH DW WKH IRUHIURQW 7KHVH DSSURDFKHV
PDNH XVH RI DGYDQFHV LQ DXWRPDWLRQ DQG FRPSXWHUDLGHG DQDO\VLV EDVHG RQ WKH SULQFLSOHV
RI UHGJUHHQEOXH 5*%  FRPSXWHG WRPRJUDSK\ &7  PDJQHWLF UHVRQDQFH LPDJLQJ 05, 
RU SRVLWURQHPLVVLRQ WRPRJUDSK\ 3(7  LPDJLQJ /\QFK  &RPDVHWDO 3RVWPDHWDO
2VPRQW HW DO  0DNEXO HW DO   7KH DLP RI WKH ZRUN ZDV WR HYDOXDWH WKH HIIHFW RI JUDGXDO
GHK\GUDWLRQ RQ JURZWK DQG URRW DUFKLWHFWXUH DV ZHOO DV WKH QXPEHU RI QRGXOHV FUHDWHG XVLQJ
5*% LPDJLQJ DQGDXWRPDWLF DQG VHPLDXWRPDWLF LPDJH DQDO\VLV
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MATERIAL AND METHODS
,Q  IRXU JHQRW\SHV RI VR\EHDQ >*O\FLQH PD[ /  0HUULOO FYV 6$ 6$6$
6$ DOO RULJLQDWLQJ IURP &KLQD@ ZHUH JURZQ LQ D SRW YHJHWDWLRQ H[SHULPHQW LQ QDWXUDO FRQGLWLRQV
,QRFXODWHG VHHGV RI 1LWUD]RQ )DUP äLURVUR1HKYL]G\&]HFK5HSXEOLF ZHUHVRZQLQ OLWHUSRWV
ILOOHG ZLWK VRLO VXEVWUDWH EURZQ VRLO S+  13. FRQWHQWV ZHUH   DQG  PJ SHU NJ
UHVSHFWLYHO\  ,Q WKH JURZWK VWDJH RI  %%&+ 0XQJHU HW DO   ZDV H[SHULPHQWDOO\ LQGXFHG
JUDGXDO GHK\GUDWLRQ E\LQWHUUXSWLRQ RIVXEVWUDWHZDWHULQJ
:H KDYH LGHQWLILHG WKH LQWHQVLW\ RI GURXJKW E\ GHWHUPLQLQJ WKH UHODWLYH ZDWHU FRQWHQW 5:& 
LQ DGXOWV D IXOO\ GHYHORSHG OHDI XVLQJ WKH JUDYLPHWULF PHWKRG 7KH GXUDWLRQ RI JUDGXDO GHK\GUDWLRQ
ZDVLGHQWLFDO IRUDOO JHQRW\SHVIRUGD\V
7KH URRWV RI WKH SODQWV ZHUH H[WUDFWHG IURP WKH SRWV LQ WKH EDWK ILOOHG ZLWK ZDWHU DQG ZDVKHG
E\ KDQG 7UDFKVHO HW DO   LQ WHUPLQDO SKDVH RI YHJHWDWLRQ JURZWK %%&+   6RLO EORFN
ZLWK SODQWV ZDV VHOHFWHG IURP SRW DQG LPPHUVHG XQGHU ZDWHU $IWHU VKRUW WLPH VRLO EORFN ZDV VXEWO\
FRPPLQXWHG E\ ZDWHU IORZ DQG KDQG PRYHPHQW 5RRW V\VWHP RI SODQW ZDV FXW IURP VKRRW LQ SODFH
 PP DERYH ILUVW ODWHUDO URRWV ,VRODWHG URRWV ZHUH QDWXUDOO\ GULHG 7KH URRW V\VWHP ZDV SODFHG
RQ D EOXH SDG DQG SKHQRW\SLQJ ZLWK WKH 3ODQW6FUHHQ70 DXWRPDWLF 5*% LPDJLQJ XQLW 36, 'UiVRY
&]HFK 5HSXEOLF  7KH V\VWHP UHFRUGHG DQ 5*% SURMHFWLRQ DW D UHVROXWLRQ RI  î  SL[HOV
DQG WKH URRW V\VWHP DUHD ZDV DXWRPDWLFDOO\ DQDO\]HG E\ 3ODQW6FUHHQ 'DWD $QDO\]HU 36, 'UiVRY
&]HFK 5HSXEOLF  7KH OHQJWK RI WKH URRW V\VWHP DQG WKH QXPEHU RI QRGXOHV IRUPHG ZDV HYDOXDWHG
IURP WKH REWDLQHG 5*% LPDJH LQ SQJ IRUPDW VHPLDXWRPDWLF VRIWZDUH ,PDJH- YHUVLRQ
U KWWSLPDJHMQLKJRYLM  DIWHUELQDUL]DWLRQ DQGVNHOHWRQL]DWLRQ LPDJH
7KH ZHLJKW RI WKH URRWV ZDV ZHLJKHG E\ WKH DQDO\WLFDO 6FDOHV $/6 1 .HUQ  6RKQ
*PE+%DOLQJHQ *HUPDQ\ 
6WDWLVWLFDO DQDO\VLV RI WKH H[SHULPHQWDO GDWD ZDV SHUIRUPHG XVLQJ 6WDWLVWLFV 9HUVLRQ  VRIWZDUH
6WDW6RIW ,QF 7XOVD 2NODKRPD 86$  $129$ KDV EHHQ SHUIRUPHG EHWZHHQ WKH GLIIHUHQWWUHDWPHQW
ZHOOZDWHUHG DQG ZDWHU VWUHVV  DQG EHWZHHQ JHQRW\SHV DW D VLJQLILFDQFH OHYHO RI  DQG 'XQFDQV
SRVWKRFWHVWZDVXVHG7KHYDULDELOLW\ EHWZHHQLQYHVWLJDWHG JHQRW\SHV ZDVWHVWHGE\WKH+6'WHVW
RESULTS AND DISCUSSION
,Q WKHH[SHULPHQWWKHVR\EHDQSODQWVZHUHH[SRVHGWRZDWHUVWUHVV :6 7KHSODQWURRWV\VWHP
LV D FRPSOH[ WKUHHGLPHQVLRQDO '  VWUXFWXUH /\QFK   7KH GHYHORSPHQW RI PRGHUQ PHWKRGV
RI URRW SKHQRW\SLQJ DOORZV WR LGHQWLI\ WKH G\QDPLFV RI WKH IRUPDWLRQ RI WKH URRW V\VWHP VWUXFWXUHV
XQGHU YDULRXV HQYLURQPHQWDO IDFWRUV &RPDV HW DO  3RVWPD HW DO   'URXJKW DIIHFWV
WKH JURZWK DQG URRW DUFKLWHFWXUH $ W\SLFDO UHDFWLRQ RI SODQWV WR WKH GHFUHDVH LQ ZDWHU FRQWHQW
LQ WKH VRLOLVWKHLQFUHDVHLQWKHDEVRUSWLRQDUHDRIWKHURRWV\VWHPDQGDFFHOHUDWLRQRIJURZWKRIODWHUDO
URRWV 2VPRQW HW DO   7KHVH PRUSKRORJLFDO FKDUDFWHULVWLFV XQGHU FRQGLWLRQV RI GHFOLQLQJ VRLO
PRLVWXUH SURPRWHEHWWHUZDWHUDQGPLQHUDO H[WUDFWLRQ
7KH OHYHO RI ZDWHU VWUHVV ZDV PRQLWRUHG DFFRUGLQJ WR WKH GHFOLQH RI UHODWLYH ZDWHU FRQWHQW
5:&  LQ PDWXUH OHDYHV 'URXJKW UHVXOWHG LQ VLJQLILFDQW GHFOLQH RI 5:& IRU JHQRW\SHV 6$
DQG 6$   7DEOH 
7DEOH  5HODWLYH ZDWHU FRQWHQW 5:&   LQ PDWXUH OHDYHV RI VR\EHDQ JHQRW\SHV JURZQ XQGHU ZHOO
ZDWHUHG ::  DQGZDWHUVWUHVVHG :6 FRQGLWLRQV7KHGDWDDUHWKHPHDQV6( Q  
*HQRW\SH
6$
6$
6$
6$

5:& 
::

:6

$D
$D
$D
$D

%F
%D
%F
%E

/HJHQG6(± VWDQGDUGHUURU&DSLWDOOHWWHUVGHQRWHVVLJQLILFDQWGLIIHUHQFHVDW3REWDLQHGE\'XQFDQVSRVW KRFWHVW
EHWZHHQ::DQG:6FRQGLWLRQVDQGWKHVPDOOOHWWHUVLQGLFDWHJHQRW\SHVGLIIHUHQFHV
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,Q WKH H[SHULPHQW ZH REVHUYHG VLJQLILFDQW GLIIHUHQFHV EHWZHHQ JHQRW\SHV LQ HYROXWLRQ
RI XQGHUJURXQG ELRPDVV XQGHU ZHOOZDWHUHG FRQGLWLRQV *HQRW\SH 6$ UHDFKHG WKH KLJKHVW OHYHO
RI URRW VXUIDFH DUHD DQG URRW GU\ ZHLJKW 'HK\GUDWLRQ UHVXOWHG LQ D VLJQLILFDQW UHGXFWLRQ
LQ WKH DEVRUSWLRQ DUHD RI URRWV LQ JHQRW\SHV 6$ 6$ DQG 6$ ,Q WKH JHQRW\SH 6$
ZH REVHUYHGWKHQRQVLJQLILFDQW UHGXFWLRQ LQWKLVSDUDPHWHU 7DEOH 
7DEOH  5RRW SURMHFWHG DUHD FP  DQG URRW GU\ ZHLJKW J  LQ VR\EHDQ JHQRW\SHV JURZQ XQGHU ZHOO
ZDWHUHG ::  DQGZDWHUVWUHVVHG :6 FRQGLWLRQV7KHGDWDDUHWKHPHDQV6( Q  
*HQRW\SH
5RRWSURMHFWHGDUHD FP
5RRWGU\ZHLJKW J
6$

::
$E

:6
%D

::
$E

:6
$D

6$
6$
6$

$F
$G
$D

$F
%EF
%D

$F
$E
$D

$E
$E
%D

/HJHQG6(± VWDQGDUGHUURU&DSLWDOOHWWHUVGHQRWHVVLJQLILFDQWGLIIHUHQFHVDW3REWDLQHGE\'XQFDQVSRVWKRFWHVW
EHWZHHQ::DQG:6FRQGLWLRQVDQGWKHVPDOOOHWWHUVLQGLFDWHJHQRW\SHVGLIIHUHQFHV

*HQRW\SHV UHVSRQVHV LQ URRW OHQJWK RQ ZDWHU VWUHVV VKRZQ LQ 7DEOH  ,Q ZHOOZDWHUHG
FRQGLWLRQV JHQRW\SH 6$ FRPSDUHG WR RWKHU JHQRW\SHV DFKLHYHG VLJQLILFDQWO\ WKH ODUJHVW OHQJWK
RI URRW :DWHU VWUHVV KDV OHG WR LQFUHDVHG JURZWK RI URRWV HVSHFLDOO\ LQ JHQRW\SH6$,QFRQWUDVW
WKH6$ JHQRW\SHVKRZHGKLJKHU VHQVLWLYLW\ WRGURXJKW DQGURRWJURZWKZDVUHGXFHG
7DEOH  5RRW OHQJWK PP  LQ VR\EHDQ JHQRW\SHV XQGHU ZHOOZDWHUHG ::  DQG ZDWHU VWUHVVHG :6 
FRQGLWLRQV7KHGDWDDUHWKHPHDQV6( Q  
*HQRW\SH
5RRWOHQJWK PP
6$

::
%E

:6
$D

6$
6$
6$

$E
%E
$D

$F
$E
$EF

/HJHQG6(± VWDQGDUGHUURU&DSLWDOOHWWHUVGHQRWHVVLJQLILFDQWGLIIHUHQFHVDW3REWDLQHGE\'XQFDQVSRVW KRFWHVW
EHWZHHQ::DQG:6FRQGLWLRQVDQGWKHVPDOOOHWWHUVLQGLFDWHJHQRW\SHVGLIIHUHQFHV

7DEOH  &RPSDULVRQ RI URRW QRGXOHV QXPEHU 511  FRXQWHUHG PDQXDOO\ DQG 511 PHDVXUHG
DXWRPDWLFDOO\IURPLPDJHDQDO\VLVLQVR\EHDQJHQRW\SHVXQGHUZHOOZDWHUHG :: DQGZDWHUVWUHVVHG
:6 FRQGLWLRQV7KHGDWDDUHWKHPHDQV6( Q  
*HQRW\SH
6$
6$
6$
6$

511PDQXDOO\ FRXQWHUHG
::
:6
$E
$F
$D
QG

%D
$E
%D
QG

511DXWRPDWLFDOO\ PHDVXUHG
::
:6
$E
$F
$D
$F

%E
$F
%D
$F

/HJHQG6(± VWDQGDUGHUURU&DSLWDOOHWWHUVGHQRWHVVLJQLILFDQWGLIIHUHQFHVDW3REWDLQHGE\'XQFDQVSRVW KRFWHVW
EHWZHHQ::DQG:6FRQGLWLRQVDQGWKHVPDOOOHWWHUVLQGLFDWHJHQRW\SHVGLIIHUHQFHV

'HK\GUDWLRQ DFFHOHUDWHG H[FHSW 6$ JURZWK RI URRWV LQWR OHQJWK ZLWKRXW 7DEOH EUHDNLQJ
WKHLU JHRPHWU\ DQG URRW DUHD 7DEOH   5RRW GU\ PDVV SHU URRW DUHD 50$  VLJQLILFDQWO\ LQFUHDVHG
LQ DOO JHQRW\SHV XQGHU GURXJKW IURP PHDQ OHYHO  WR  J SHU P 7KLV ILQGLQJ OHDGV
WR WKH FRQFOXVLRQ WKDW URRW JURZWK ZDV SUHIHUHQWLDOO\ RULHQWHG RQ WKH OHQJWK RI URRW DQG URRW DUHD
DQG QRW LQWR WKLFNHQLQJ 0DNEXO HW DO  LQ LWV ZRUN REVHUYHG VLPLODU FKDQJHV LQ WKH G\QDPLFV
JURZWKRI URRWVRIVR\EHDQLQFRQGLWLRQV RIGURXJKW
&UHDWLQJ D ' LPDJH RI WKH URRW V\VWHP PDNH DOVR XWLOL]DWLRQ IRU DXWRPDWLF RU VHPLDXWRPDWLF
HYDOXDWLRQ RI JHQHUDWHG QRGXOHV %\ XVLQJ WKH ,PDJH- SURJUDP WKH V\VWHP DIWHU LPDJH
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VNHOHWRQL]DWLRQ FRXQWHG WKH TXDVLFLUFXODU REMHFWV RQ WKH URRWV %DUEHGR HW DO   FRUUHVSRQGLQJ
WR WKH QRGXOHV :H KDYH IRXQG D FORVH FRUUHODWLRQ EHWZHHQ WKH DXWRPDWLFDOO\ DQG PDQXDOO\ FDOFXODWHG
QXPEHU RI QRGXOHV ZLWK US   )LJXUH   6LPLODUO\KLJKFRUUHODWLRQFRHIILFLHQWVRIWKLVUHODWLRQVKLS
KDYH EHHQ IRXQG LQ WKH ZRUNV %DUEHGR HW DO  /LUD DQG 6PLWK   +RZHYHU WKLV DSSURDFK
DQDO\VLV D ' LPDJH IURP RQH SHUVSHFWLYH :H IRXQG WKDWQRGXOHV WKDWDUHFUHDWHGRQWKHUHYHUVHVLGH
RI WKH URRW RI WKH ' LPDJH WKH V\VWHP LV QRW DEOH WR GHWHFW DQG VR OHDGV WR XQGHUHVWLPDWLRQ
RI WKH QXPEHU RI QRGXOHV HYDOXDWHG DXWRPDWLFDOO\ $QRWKHU SRWHQWLDO IODZ PD\ EH WKHRSWLPXPVHWWLQJ
RIWKHWUDFHDQGLPDJHVNHOHWRQL]DWLRQZKLFKFDQDOVRFRXQWREMHFWVWKDWDUHQRWUHDOQRGXOHV$VQRWHG
E\JHQRW\SH 6$ 7DEOH 
)LJXUH 7KHUHODWLRQVKLSEHWZHHQDXWRPDWLFDQGPDQXDOO\FDOFXODWHGQXPEHURIQRGXOHV
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CONCLUSION
0RGHUQ PHWKRGV RI URRW SKHQRW\SLQJ EDVHG RQ 5*% LPDJH DUH XVHIXO WRRO IRU FKDUDFWHUL]LQJ
URRWJURZWK XQGHUVWUHVVFRQGLWLRQV
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0DNEXO 66DUXKDQ*OHU1'XUPXú1*YHQ6 &KDQJHVLQDQDWRPLFDODQGSK\VLRORJLFDO
SDUDPHWHUVRI VR\EHDQXQGHUGURXJKWVWUHVV 7XUNLVK-RXUQDORI%RWDQ\±
0XQJHU 3 %OHLKROGHU + +DFN + +HVV 0 6WUDXVV 5 YDQ GHQ %RRP 7 :HEHU ( 
3KHQRORJLFDO JURZWK VWDJHV RI WKH VR\EHDQ SODQW *O\FLQH PD[ / 0(55 &RGLILFDWLRQ
DQG 'HVFULSWLRQ DFFRUGLQJ WR WKH *HQHUDO %%&+ 6FDOHZLWK )LJXUHV -RXUQDO RI $JURQRP\ DQG &URS
6FLHQFH ±
1LHOVHQ ./ /\QFK -3 :HLVV +1  )UDFWDO JHRPHWU\ RI EHDQ URRW V\VWHPV &RUUHODWLRQV
EHWZHHQVSDWLDO DQGIUDFWDOGLPHQVLRQ $PHULFDQ-RXUQDORI%RWDQ\±
2VPRQW .6 6LERXW 5 +DUGWNH &6  +LGGHQ EUDQFKHV GHYHORSPHQWV LQ URRW V\VWHP
DUFKLWHFWXUH $QQXDO5HYLHZRI3ODQW%LRORJ\ ±
3RVWPD -$ 6FKXUU8)LRUDQL) '\QDPLFURRWJURZWKDQGDUFKLWHFWXUHUHVSRQVHVWROLPLWLQJ
QXWULHQW DYDLODELOLW\ OLQNLQJ SK\VLRORJLFDO PRGHOV DQG H[SHULPHQWDWLRQ %LRWHFKQRORJ\ $GYDQFHV
±
6KDQNHU $. 0DKHVZDUL 0 <DGDY 6. 'HVDL 6 %KDQX ' $WWDO 1%  'URXJKW VWUHVV
UHVSRQVHVLQFURSV )XQFWLRQDODQG ,QWHJUDWLYH *HQRPLFV±
7UDFKVHO 6 .DHSSOHU 60 %URZQ .0 /\QFK -3  6KRYHORPLFV KLJK WKURXJKSXW
SKHQRW\SLQJ RIPDL]H =HDPD\V/ URRWDUFKLWHFWXUH LQWKHILHOG 3ODQW6RLO ±
<DQJ):DQJ;&/LDR'3/X)=*DRD5/LXD:<RQJD7:XD;'XD-/LXD-
<DQJ :  <LHOG UHVSRQVHV WR GLIIHUHQW SODQWLQJ JHRPHWULHV LQ PDL]HVR\EHDQ UHOD\ VWULS
LQWHUFURSSLQJ V\VWHPV$JURQRP\-RXUQDO±
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THE EFFECTS OF RED, BLUE AND WHITE LIGHT
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Abstract: The aim of this study was to investigate the effect of red (600–700 nm, peak 660),
blue (400–500 nm, peak 450) and white light on the morphological and photosynthetic qualities
of Cannabis sativa L. The two treatments were the white light (WL), and a combination of blue red
lights (BR). Plants grown under WL were 23% taller than those grown under the BR light emitting
diodes. The leaf area was also greater under WL than BR by 20%. The number of lateral branches and
length of dominant lateral branch weren´t significantly different. It was concluded WL that emit a full
spectrum of light affects plant growth and development better than BR light. The quantum efficiency
ranged from 0.81 to 0.845 indicating the plants were not in stress.
Key Words: Cannabis sativa L., morphology, light quality, light emitting diode.
INTRODUCTION
Many species of medicinal and aromatic plants are cultivated for industrial uses
(Lubbe and Verpoorte 2011). Herbs are used in pharmaceutical and cosmetic industry for extracting
active ingredients (Roxana-Gabriela 2016). Processing of plant-derived pharmaceuticals must take
place under tightly controlled conditions, using production standards (Hefferon 2010). Since 2003
medicinal grade cannabis is provided in the Netherlands on prescription through pharmacies.
Domestic production of cannabis has been increasing in most European countries and export flows are
dynamic and changing. Denmark appears to be a center of cannabis production, and the Czech
Republic and Slovakia have become important cannabis producers and exporters to neighboring
countries (Hazekamp 2006). The European market for cannabis is extremely large, and supplying
cannabis, whether it is at the importation, production or distribution level, requires organization and
logistics, human and other resources, and the need to generate and distribute income and profits
(EMCDDA 2012). To increase the production capacity, controlled growing systems using artificial
lighting have been taken into consideration (Darko et al. 2014).
A closed system for plant production with artificial light is an innovative method of plant
cultivation (Schroeter-Zakrzewska et al. 2017). The majority of plants are grown in sealed rooms;
these being fitted with bright lights specifically designed to emit wavelengths that maximize plant
growth (EMCDDA 2012). Study conducted by Potter and Duncombe (2012), has shown that, when
light intensity is increased, the ǻ΅-tetrahydrocannabinol (THC) content of the cannabis is boosted
because plants in brighter conditions produce proportionally more female flowers, which contain
a greater concentration of THC. As an artificial light source, light-emitting diodes (LEDs) can be used
to make the plants grow more quickly in closed-type plant production systems, especially in the
environment of the light intensity is insufficient (Xu et al. 2016). LED lights do not consume much
power, do not require ballasts and produce a fraction of the heat of High intensity discharge (HID)
lamps (Thomas 2012). Their small size, durability, long operating lifetime, wavelength specificity,
relatively cool emitting surfaces, and linear photon output with electrical input current make these
solid-state light sources ideal for use in plant lighting designs (Massa et al. 2008).
Because light is such an important environmental parameter, plants have evolved numerous
biochemical and developmental responses to light that help to optimize photosynthesis and growth
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(Müller et al. 2001). Light regulates crop growth, plant development (including flowering), as well as
how quickly plants use water. Managing light is obviously critical to the production of crops grown in
controlled environments. When considering the different dimensions of light, we usually focus on
photoperiod (day length), light quantity (intensity) and light quality (the spectral distribution) (Runkle
2017). The spectral quality of lights is the relative intensity and quantity of different wavelengths
emitted by a light source and perceived by photoreceptors such as phytochromes, cryptochromes, and
phototropins, and plants generate a wide range of specific physiological responses through these
receptors. A specific light quality can be used to improve the nutritional quality of vegetables and
yields in commercial production (Kuang-Hung et al. 2012, Takemiya et al. 2005).
The objective of this study was to examine growth and development of Cannabis sativa L.
plants grown in controlled conditions under different light wavelengths. In this study, we used pure
white LEDs (Light emitting diodes) compared to red and blue LEDs (R:B = 1:1) as a light source.
MATERIALS AND METHODS
Plant material
Plants of six female drug type varieties of C. Sativa (High Potency breeds acquired
from CBD Botanic, Spain) were grown in a controlled indoor growing facility at the Mendel
University in Brno, Czech Republic. The growing conditions were maintained at temperature of 25 ± 3
°C and relative humidity (RH) of 50 ± 5%. Indoor light was measured at ~200 ± 30 ȝmol mí2/s
(Quantum sensor SQ-500 series, USA) at plant canopy level for a photoperiod of 18 hours of day. Six
cuttings were made from each plant for the study. The cuttings were dipped in an auxin solution to
promote rooting and directly planted in rock wool cubes of 36x36x40 mm. The cuttings were kept in
dark for 24 hours and then transferred to the Climacell (BMT Technologies, Germany) at 24 °C and
80% RH and allowed to be rooted. After proper rooting out of the 36 cuttings, 24 healthy and
randomly selected female clones were used for the experiment.
Experimental set-up
The experiments were carried out in the Climacell Evo. The clones were divided into 12 clones
each group and placed in two different LED light treatment groups namely Red-blue (R:B) and White
light (Control). The two LED light treatments used were (1) 100% Blue and RED light and (2) 50%
White. The temperature and RH in the Climacell were maintained at 24 °C and 60% (Day) and 18 °C
and 70% (night) respectively. During the vegetative cycle 18h photoperiod was maintained for 2
weeks and during the flowering cycle 12h photoperiod was maintained for another 7 weeks. The
wavelengths of blue and red LEDs used were in the range of 420–490 nm and 630–680 nm.
Plant growth measurements
Main measured quantities in this study were plant height, number of lateral branches, leaf area,
and quantum efficiency. The leaf area was measured by the method mentioned by Pandey and Singh
(2011). Using Adobe Photoshop CS 5 and Canon EOS 1100D. For quantum yield the plants were kept
in dark to adapt for 15 mins. Next, randomly chosen leaves from six plants from each treatment were
measured using FlourPen FP 100 (Photon Systems Instruments, Czech Republic). Statistical
significance was determined by one-way ANOVA and tukeys HSD test to the treatments with
significant difference. Twelve plants were used per treatment.
RESULTS AND DISCUSSIONS
Leaf Area
Plants grown under BR light had an average leaf area of 79.54 cm2 which is smaller compared
to plants grown in white light, where average leaf area was 100.03 cm2 (Figure 1). Many studies show
different light quality compared to white light have inhibiting effects on plants and their growth
as in the case with pepper, lettuce and tobacco (Brown et al. 1995, Kim 2004, Yang et al., 2016).
As Choi et al. (2016) examined effects of LED with different wavelengths on the length of petioles
and width of leaflets on strawberry plants they found out that combined illumination with red and blue
LED light was the most effective in increasing the length of petioles as well as the width of leaflets.
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In comparison with pure red LED and pure blue LED. Arena et al. (2016) found out in an experiment
with (Solanum lycopersicum L.) and (Platanus orientalis L.), growth under Red-Green-Blue (RGB)
and BR reduced leaf area compared to growth under WL. Plants that were grown under BR LED lights
had smaller leaf area by 20% than those grown under pure WL LED.
Figure 1 Average leaf area of WL and BR treatments.
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Legend: WL = white light, BR = Blue-Red. Data are mean values ± SE.

Quantum Yield of Photosystem II
The photosynthetic efficiency for both the treatments appeared to be ranging
from 0.81 to 0.845. For non-stressed plants, the photosynthetic efficiency fluctuates from 0.75 to 0.85
(Bolhar–Nordenkampf et al. 1989). Which indicated that the plants were in a healthy state (Figure 2).
Figure 2 Quantum yield of photosystem II
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Legends: WL = White light, BR = Blue-Red. Data are mean values ± SE.

Plant Height
There was no significant difference between the two light treated variants until the fourth week
of measurement. Since the fifth week, the plants growing in WL treatment started showing a
considerable difference in height. The difference in the heights of plants placed under BR light was
visible from the first week (Figure 3). Glowacka (2004) found tomato cultivars placed under blue light
showed shorter height compared to those kept in day light. In roses and poinsettia blue light was
known to reduce stem elongation (Islam et al. 2012, Terfa et al. 2013). In petunia blue light promotes
stem elongation on the contrary red light suppresses plant height (Fukuda et al. 2011).
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Figure 3 Plant height growth in subsequent experimental weeks.
t>

Z

ϰϬ
ϯϱ

Plant Height (cm)

ϯϬ
Ϯϱ
ϮϬ
ϭϱ
ϭϬ
ϱ
Ϭ
Ϭ

ϭ

Ϯ

ϯ

ϰ

ϱ

ϲ

Weeks
Legends: WL = White light, BR = Blue-Red. Data are mean values ± SE.

Number of lateral branches
There were fluctuating results for lateral branches but they were not statistically significant
(data not shown). Blue light is shown to stimulate bud out growth in Triticum aestivum (Barnes and
Bugbee, 1992) and Rosa (Girault et al. 2008) whereas reduced it in Solanum tubersum (Wilson et al.
1993).
In Lilium (Vandenbussche et al. 2005) and Rosa red light inhibited lateral branching.
CONCLUSIONS
The plants grown under WL had and average leaf area of 100.03 cm2 compared to plants grown
in BR light with an average leaf area of 79.54 cm2. The WL treatment showed an increased plant
height compare to BR treatment. The Quantum yield of photosystem II indicated nonstressed plants.
The number of lateral branches were not affected as they did not show any significant difference.
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Abstract: To investigate the effects of wastewater on seed germination and phytotoxicity a laboratory
experiment was designed on hemp cultivars (Cannabis sativa L.). Seeds were germinated
in 100% distilled water, 100% wastewater, 50% wastewater. We analyzed the percentage of seed
germination and heavy metal accumulation in the germinated seeds. The concentrations used
for treatment did not negatively affect seed germination except for 100% wastewater treatment
which resulted in seedling mortality. The heavy metal accumulation was greater in some varieties
germinated in distilled water compared to 50% wastewater treatment.
Key words: germination, phytoremediation, Cannabis sativa L., heavy metals, wastewater.
INTRODUCTION
Mankind rely heavily on natural resources for its survival. Water one of the most important natural
resource has been subjected to rigorous exploitation and pollution due to anthropogenic activities. This
pollution ranges from emissions, effluent wastes, Insecticides/pesticides, industrial and municipal waste
in agriculture (McGrath et al. 2001, Schalscha and Ahumada 1998). Each source of pollution has
damaging effects to the ecosystem including human health. Heavy metal contamination of water and
land pose a serious threat to plant, animal and humans alike.
As, Cu, Cd, Pb, Cr, Ni, Hg and Zn have been identified in polluted environments. Excessive
uptake of these elements by plants may cause toxicity in human nutrition with fatal consequences
(Lone et al. 2008). Given the risk of pollution, wastewater from different sources also contain
considerable amounts of organic and plant nutrients (N, P, K, Ca, S, Cu, Mn and Zn) and has been
reported to increase crop yield (Pathak et al. 1999, Lubello et al. 2004, Nath et al. 2009).
With the increasing stress on limited water resources use of wastewater for irrigation purpose has been
considered extensively.
There are numerous advances been made to address the problem of heavy metal contamination.
Physicochemical methods though effective are costly and have side effects. Use of special types
of plants to decontaminate soil or water of heavy metals is called phytoremediation and the plants used
for such purposes are called hyper accumulators (Linger et al. 2005).
Hemp (Cannabis sativa L.) is suited for various climates in the world and can phytoremediate
environments polluted by heavy metals. Contaminated hemp fibers can be used as insulation
and as a composite material. The most critical aspect of plant survival and reproduction is seed
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germination. The present investigation was conducted to evaluate the impact of different concentrations
of wastewater on seed germination of chosen varieties of hemp.
MATERIAL AND METHODS
Domestic wastewater sample
The wastewDWHU ZDV REWDLQHG IURP .XFK\ĖN\ landfill (49.2490778N, 17.3121181E).
Sample of wastewater was collected from landfill leachate in pre-sterile bottles and brought
to the laboratory directly after sampling. The samples were preserved at a temperature
of 4 &XQWLODQDO\VLV)RUWKHSUHVHQWVWXG\ZDVWHZDWHUZDVGLOXWHGto with distilled water to give
a concentration of 50-50%. The wastewater was analyzed for the content of heavy metals
(Cd, Cr, Ni, Pb, Zn and Hg) in the Analytical laboratory at the Department of Chemistry
and Biochemistry, Faculty of AgriSciences, Mendel University in Brno and is presented in Table 1.
Table1 HeDY\PHWDOFRQWHQWRIZDVWHZDWHUIURP.XFK\ĖN\

RSD

c

RSD
0.005

c

Hg

0.00393

RSD

0.7

c

0.4723

RSD

Zn

5.7

c

Ni

155.0

RSD

108.19

c

28.2

RSD

Cr

20.6

As

4.50

33.1

c
15.262

RSD

0.518

c

Pb

5.4

Cd

Legend: c ± concentration (ȝg/L), RSD ± relative standard deviation in percentage.

Experimental setup
The hemp cultivation experiments were carried out in the laboratory conditions using hemp
cultivars registered in the variety catalogue of the European Union (Table 2). The seeds were sterilized
with 0.1% w/v aqueous solution of mercuric chloride for 5 minutes to remove the microbes followed by
repeated washing in sterile de-ionized water. Wastewater sample was diluted with distilled water to give
a final concentration of 50%. Distilled water with the following chemical ingredients
(mg/L): (Ca (NO3)2 0.8, KH2PO4 0.2, KNO3 0.2, MgSO4.7H2O 0.2, KCl 0.2, FeSO4 0.01, pH = 5.2).
Table 2 Different varieties of seeds used.
No.

Varieties

Origin

Sex

Year of Registration.

1

Bialobrzeskie

Poland

monoecious

1968

2

Carmagnola

Italy

dioecious

1960

3

Epsilon 68

France

monoecious

1996

4

Ferimon

France

monoecious

1981

5

Futura 75

France

monoecious

1998

6

Kompolti

Hungary

dioecious

1955

7

Santhica 27

France

monoecious

2003

8

Tygra

Poland

monoecious

2009

9

USO 31

Holland

monoecious

1997

10

Wojko

Poland

monoecious

2012
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A laboratory experiment was designed with 15 healthy treated seeds per Petri dish. The seeds
were germinated in sterilized Petri dish with a filter paper at the bottom. Each Petri dish was irrigated
with 2 ml of solution 100% wastewater, 50% wastewater and 100% distilled water respectively
and then incubated at 22  2 & LQ FRPSOHWH GDUNQHVV 7KH H[SHULPHQWV ZHUH repeated twice
and germination in each experimental set was recorded every 48hrs and total germination was calculated
and expressed in percentage.
Chemical analysis of germinated seeds
X-ray fluorescence (XRF) was used to measure the heavy metal content on the instrument
XRF Delta Professional (Olympus). The dried material (roots and hypocotyls) was crushed in a ceramic
bowl. 1 gram of sample was pelleted on the apparatus on an industrial press (pressure -10 tons).
The material thus was used to measure the composition by the XRF method.
RESULTS AND DISCUSSION
Germination assessment of different hemp varieties revealed unexpected results (Table 3).
The germination percentage of seeds in 100% wastewater was significantly high in all variants.
However, in these variants the roots turned brown immediately after germination resulting in mortality
because heavy metal accumulation is known to be toxic for plant species affecting amylase, protease
and ribonuclease enzyme activity thus retarding seed germination and growth (Ahmad and Ashraf 2011)
(see Figure 1). Also seed germination is the most resistant to heavy metals due to the presence of seed
coat which serves as a barrier between embryo and the environment (Seregin and Kozhevnikova 2005,
$UDMR and Monteiro, 2005).

Carmagnola

Epsilon 68

Ferimon

Futura 75

Kompolti

Santhica
27

Tygra

USO 31

Wojko

a

93.3

66.6

50.0

73.3

63.3

53.3

66.6

76.6

66.6

16.6

b

63.3

76.6

10.0

50.0

23.0

30.0

33.3

26.0

33.3

3.3

c

50.0

16.6

23.3

26.6

23.0

13.0

43.3

16.0

36.6

6.6

a

93.3

76.6

66.6

76.6

70.0

66.6

73.3

83.3

70.0

16.6

b

76.6

16.6

26.6

63.3

43.0

56.0

40.0

50.0

73.3

6.6

c

73.3

30.0

30.0

36.6

50.0

36.0

53.3

36.0

50.0

10.0

Variants

Bialobrze
-skie

Table 3 Percentage germination of hemp seeds.

Germinated
seeds Day 2
(%)
Germinated
seeds Day 4
(%)

Legend: a = 100% wastewater, b= 50% wastewater, c = distilled water.

All variants except for Epsilon 68 and Santica 27 showed high rate of germination
in 50% wastewater treatment compared to distilled water on the second day. The ability of seeds
to germinate in high concentration of salts differs with variety as well as species (Unger 1987).
Bialobrzeskie, Ferimon, Kompolti, Tygra, USO 31 all showed significantly higher rate of germination
in wastewater compared to distilled water. Ottobang et al. (1997) had suggested that sewage sludge
is a common manure and can be used for crop and other plant growth due to the presence of important
organic matter. Also the content of organic nutrients (N, P, K, etc.) in wastewater is reported to increase
crop yield and can also enhance the germination rates (Pathak et al. 1999, Lubello et al. 2004).
The chemical analysis of the germinated seeds is shown below (Table 4). As, Cr, Cd,
and Pb were below the limit of detection. Seeds with 100% wastewater treatment were not examined
for heavy metal content since they did not survive past the germination stage. A binding methodology
for the preparation of plant material for laboratory measurements using the XRF method
LV QRW HVWDEOLVKHG .DOQLFNê   EXW WKH PRVW ZLGHO\ XVHG PHWKRG LV WKH PHWKRG DGRSWHG
by Richardson (1995). According to this method, the plant material must first be rinsed to remove
the surface dust and soil particles that adhere to it.
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0.061  0.008

0.071  0.011

0.068  0.009

0.047  0.008

0.041  0.007

0.051  0.008

0.046  0.008

0.052  0.008

0.042  0.009

Carmagnola

Epsilon 68

Ferimon

Futura

Kompolti

Santhica 27

Tygra

USO 31

Wojko

Legend: a = distilled water, b = 50% wasterwate

0.110  0.013

a

Bialobrzeskie

Variety

Ni (%)

0.062  0.008

0.051  0.008

0.058  0.009

0.060  0.008

0.060  0.009

0.069  0.008

0.086  0.013

0.052  0.008

0.051  0.008

0.052  0.010

b

Table 4 Heavy metal uptake by hemp seeds expressed in percentage.

0.116  0.007

0.102  0.006

0.089  0.006

0.121  0.007

0.078  0.005

0.092  0.006

0.116  0.007

0.084  0.007

0.100  0.006

0.145  0.009

a

Zn (%)

0.096  0.006

0.099  0.006

0.116  0.007

0.111  0.006

0.072  0.005

0.106  0.006

0.096  0.008

0.083  0.005

0.101  0.006

0.125  0.008

b

0.298  0.011

0.356  0.011

0.184  0.008

0.251  0.010

0.160  0.007

0.199  0.008

0.258  0.010

0.175  0.009

0.244  0.009

0.233  0.011

a

Hg (%)

0.221  0.008

0.271  0.010

0.100  0.006

0.256  0.009

0.122  0.007

0.213  0.008

0.157  0.010

0.130  0.006

0.235  0.009

0.155  0.008

b

November 8–9, 2017, Brno, Czech Republic
24
years

655

November 8–9, 2017, Brno, Czech Republic

24
years

Figure 1 Germination in different wastewater treatments for hemp variety Bialobrzeskie.

Legend: A= 100% wastewater, B= 50% wastewater, C= distilled water.

Interestingly the heavy metal content of seeds treated with distilled water was reported more
than those treated with 50% wastewater in some varieties of seeds. Nickle (Ni) is known to inhibit seed
germination by affecting the mobilization of carbohydrates and proteins in germinating seeds
(Ahmad and Ashraf 2011, Ashraf et al. 2011). Bialobrzeskie recorded almost twice the concentration
of Ni in seeds germinated in distilled water compared to 50% wastewater even though the percentage
of germination in this variety was almost same.
Mercury (Hg) was known to increase the seed germination Triticum aestivum L. varieties
(Shagufta et al. 2006). But there was no significant effect of Hg on different varieties. Li et al. (2005)
noted that seedling growth for Arabidopsis thaliana is more sensitive to heavy metals in comparison
to seed germination. The physiology and biochemistry of the toxic effects of zinc in plants are likely
to be similar to those reported for other heavy metals. However, zinc is not considered to be highly
phytotoxic (Manivasagaperumal et al. 2011).
CONCLUSION
The seeds germinated in 50% wastewater showed higher percentage of germination is certain
varieties compared to distilled water. This could be in part due to the readily available nutrients
from various sources already present in the wastewater. Hence the treatment used did not negatively
affect seed germination. 100% wastewater showed promising result for germination but did not survive
past the germination stage. Heavy metal analysis of germinated seeds showed moderate accumulation
of heavy metals.
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=HPHGHOVND 6XPSHUN
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SHWHUPHQGHO#PHQGHOXF]
$EVWUDFW +HDY\ PHWDO FRQWDPLQDWLRQ RI VRLO LV D SHUVLVWHQW HQYLURQPHQWDO SUREOHP
2QH RI WKH VROXWLRQ LV VRLO SK\WRUHPHGLDWLRQ ± WKH DELOLW\ RI VHYHUDO SODQW VSHFLHV WR FOHDQ WKH VRLO
IURP FRQWDPLQDQWV+HPS &DQQDELVVDWLYD/ IRULQGXVWULDOXVH LVD JRRGFDQGLGDWH IRUWKLVSXUSRVH
GXH WR PXOWLSOHXVH DQG WROHUDQFH WR KHDY\ PHWDOV 7KLV H[SHULPHQW LV IRFXVHG RQ H[DPLQLQJ
WKH SK\WRWR[LF HIIHFW RI ODQGILOO OHDFKDWH RQ JURZWK DQG GHYHORSPHQW RI WZR FXOWLYDUV RI LQGXVWULDO
KHPS LQ WKH K\GURSRQLF FXOWXUH /HQJWK RI URRWV DQG VKRRWV QXPEHU RI QRGHV SKRWRV\QWKHWLF
HIILFLHQF\ DQG RYHUDOO YLDELOLW\ RI WKH SODQWV ZHUH PHDVXUHG 6LJQLILFDQW GLIIHUHQFHV ZHUH IRXQG
EHWZHHQ WKH H[SHULPHQWDO JURXSV 5HVXOWV VXJJHVW WKDW &DQQDELV VDWLYD / LV LQGHHG D KHDY\
PHWDOWROHUDQW SODQW VSHFLHV9DULHW\UHODWHG VHQVLWLYLW\ WRKHDY\PHWDOV LVWREHFRQVLGHUHG
.H\ :RUGV KHPS &DQQDELV VDWLYD / K\GURSRQLF FXOWXUH ODQGILOO OHDFKDWH KHDY\ PHWDOV
SK\WRWR[LFLW\
,1752'8&7,21
3ROOXWLRQ RI DJULFXOWXUDOO\ XVHG DUHDV HVSHFLDOO\ E\ KHDY\ PHWDOV LV D SHUVLVWLQJ LVVXH DQG VWLOO
RQH RI WKH PDMRU FKDOOHQJHV IRU IRRG SURGXFWLRQ HQYLURQPHQWDO LQVWLWXWLRQV DQG SXEOLF KHDOWK
/LQJHU HW DO  -DUXS   ,Q UHFHQW \HDUV SK\WRUHPHGLDWLRQ KDV EHFRPH RQH RI D ZRUOGZLGH
DFFHSWHG VROXWLRQV IRU FOHDQLQJ XS WKH VRLO LQ FRQWDPLQDWHG VLWHV WKDQNV WR WKH SRWHQWLDO RI VHYHUDO
SODQWVSHFLHV WRELRDFFXPXODWH FRQWDPLQDQWV 3UDVDG 
+HPS &DQQDELV VDWLYD /  LV D PXOWLSOHXVH SODQW SURYLGLQJ UDZ PDWHULDO IRU WKH SURGXFWLRQ
RI QDWXUDO ILEHU LQVXODWLQJ ERDUG URSH RLO YDUQLVK DQG SDSHU ,W FDQ EH ZLGHO\ HPSOR\HG LQ PDQ\
W\SHVRIQRQIRRGLQGXVWULHVDVLW LVVXLWDEOHIRU JURZLQJ LQSROOXWHGUHJLRQV WKDQNVWRKLJKWROHUDQFH
RI FRQWDPLQDWLRQ %HLQJ D WDOO SODQW JURZLQJ IDVW DQG HDVLO\ LQ GHQVH VWDQGV DQG SURGXFLQJ
D KLJK DERYH JURXQG ELRPDVV PDNHV LW DOVR D JRRG FDQGLGDWH IRU DFFXPXODWLRQ RI KHDY\ PHWDOV
SK\WRVWDELOL]DWLRQ DQG VRLO SK\WRUHPHGLDWLRQ 8QOLNH DQRWKHU SODQWV XVHG IRU SK\WRUHPHGLDWLRQ
LW SURYLGHVDGGLWLRQDO HQGXVHV $QJHORYD HWDO&LWWHULR HWDO*LUGKDU HWDO 
+\GURSRQLFFXOWXUHFDQEHXVHGH[WHQVLYHO\WRGHWHUPLQHWKHSK\WRWR[LFHIIHFWVRIWUDFHPHWDOV
ZKLOH SODQWV VKRXOG EH JURZQ LQ D GLOXWH VROXWLRQ ZKLFK PLPLFV WKH VRLO VROXWLRQ WR JDWKHU VRPH
UHOLDEOH GDWD RQ WKH UHODWLRQVKLS EHWZHHQ JURZWK GHSUHVVLRQ DQG WKH FRQFHQWUDWLRQ RI WKH WR[LF PHWDO
LQ VROXWLRQ .RSLWWNH HWDO 
7KLVSDSHU LQYHVWLJDWHVWKHHIIHFWRI ODQGILOOZDVWHZDWHU OHDFKDWH RQ JURZWKDQGGHYHORSPHQW
RIWZRFXOWLYDUVRILQGXVWULDOKHPSLQDQH[SHULPHQWDOK\GURSRQLFFXOWXUH3ODQWYLDELOLW\VKRRWOHQJWK
QXPEHURIVWHPQRGHVSKRWRV\QWKHWLF HIILFLHQF\ DQGOHQJWK RIWKHURRWVZHUHHYDOXDWHG
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0$7(5,$/6 $1'0(7+2'6
6HWXSRIWKHH[SHULPHQW
7ZR KHPS FXOWLYDUV &DQQDELV VDWLYD /  ZHUH FKRVHQ IRU WKLV H[SHULPHQW ± %LDOREU]HVNLH
D 3ROLVK YDULHW\ UHJLVWHUHG LQ  DQG 0RQRLFD D +XQJDULDQ YDULHW\ UHJLVWHUHG
LQ  %MHONRYi   6HHGV SURYLGHG E\ LQVWLWXWH $JULWHF 3ODQW 5HVHDUFK /WG âXPSHUN
&]HFK 5HSXEOLF ZHUH VRZQ LQWR SODVWLF WUD\V ZLWK SHUOLWH $*52 &6 ,QF &]HFK 5HSXEOLF 
DQG OHIW WR JHUPLQDWH ZLWK UHJXODU ZDWHULQJ LQ WKH JUHHQKRXVH 7KH SKRWRSHULRG ZDV VHW DW  KRXUV
RI OLJKW SHU GD\ $IWHU VHYHUDO GD\V DERXW ± FP ELJ VHHGOLQJV ZHUH WUDQVIHUUHG WR DQ H[SHULPHQWDO
K\GURSRQLF FXOWXUH 7KH SODQWOHWV ZHUH SXW LQWR VPDOO FRQLFDOO\ VKDSHG SODVWLF WXEHV ZLWK JDSV
IRU URRWV RQ WKH ERWWRP 7KH URRWV ZHUH SXW WKURXJK WKH JDSV WR EH VXEPHUJHG LQWR D VROXWLRQ
7XEHV ZLWK SODQWOHWV ZHUH VHW ZLWKLQ D WUD\ RQ WRS RI VHYHUDO RSDTXH SODVWLF ER[HV ZLWK D YROXPH
RI  OLWUHV (DFK ER[ FRQWDLQHG DSSUR[LPDWHO\ HLJKW SODQWV 7KHUH ZHUH WRWDOO\ IRXU H[SHULPHQWDO
JURXSV LQ WKLUW\WZR K\GURSRQLF ER[HV ZKLOH HYHU\ JURXS FRQWDLQHG HLJKW ER[HV ± 0RQRLFD
DQG %LDOREU]HVNLH FXOWLYDUV LUULJDWHG ZLWK VWDQGDUG QXWULHQW VROXWLRQ LQ ILUVW WZR JURXSV DV D FRQWURO
WKHQ WKHVDPHWZRFXOWLYDUV LUULJDWHG ZLWKOHDFKDWH DGPL[WXUH LQWKHVHFRQGWZRFRQWDPLQDWHGJURXSV
3ODQWV JUHZ LQ D FRQGLWLRQHG JUHHQKRXVH GXULQJ D SURORQJHG SKRWRSHULRG ZLWK  KRXUV RI OLJKW
SHU GD\ DQGZLWKWKHWHPSHUDWXUHUHJLPHVHWQRWWRIDOOEHORZ& 7RWDOGXUDWLRQ RIWKHH[SHULPHQW
ZDVZHHNV

1XWULHQWVROXWLRQ FRPSRVLWLRQ DQG PHDVXUHGSDUDPHWHUV
6WDQGDUG ZDWHU VROXEOH IHUWOL]HU 3HWHUV 3URIHVVLRQDO 0 (YHUULV ,QWHUQDWLRQDO %9 
LQ D VROXWLRQ RI  JO ZDV XVHG WR SURYLGH QXWULWLRQ IRU KHPS SODQWV LQ FRQWURO JURXSV
)RU WKH FRQWDPLQDWHG JURXSV  RI ODQGILOO OHDFKDWH FRQWDLQLQJ KHDY\ PHWDOV IURP WKH ORFDWLRQ
=GRXQN\.XFK\ĖN\ 1 (  ZDV PL[HG ZLWK WKH RULJLQDO VROXWLRQ
,QERWKJURXSVWKHVROXWLRQ ZDVUHSODFHGZLWK DIUHVKRQHHYHU\WZRZHHNV
2QWKHILUVWGD\RIHYHU\ZHHNWKHVWHP OHQJWK DQGQXPEHURIQRGHV LQSODQWVZHUH PHDVXUHG
ZLWK D FRPPRQ PLOOLPHWUH VFDOH 2YHUDOO URRW OHQJWK ZDV PHDVXUHG HYHU\ WZR ZHH NV
DV ZHOO DV SKRWRV\QWKHWLF HIILFLHQF\ ± TXDQWXP \LHOG RI SKRWRV\VWHP ,, ZDV PHDVXUHG E\ )ORXU3HQ
)3  3KRWRQ6\VWHPV,QVWUXPHQWV/WG 
'DWD RI DOO WKH SDUDPHWHUV ZHUH HYDOXDWHG LQ 0LFURVRIW ([FHO VRIWZDUH VWDWLVWLFDO GLIIHUHQFHV
ZHUHWHVWHGE\RQHZD\$129$ Ä)³WHVWDWWKHOHYHO RIVLJQLILFDQFH Į 
5HVXOWV DQG RXWSXWV RI WKLV UHVHDUFK ZHUH SURFHVVHG LQ WKH IDFLOLWLHV DQG E\ LQVWUXPHQWDWLRQ
ILQDQFHG E\SURMHFW239D9S, &=
5(68/76 $1'',6&866,21
$FFRUGLQJ WR H[SHFWDWLRQV WKH SODQW JURZWK LQ JURXSV WUHDWHG ZLWK ZDVWHZDWHU ZDV VHYHUHO\
LQKLELWHGDW OHDVWGXULQJWKHILUVWILYHZHHNVRIWKHH[SHULPHQW /HVVHUDYHUDJHURRWDQGVKRRW OHQJWK
LQ ERWK KHPS FXOWLYDUV FDQ EH REVHUYHG )LJXUH   ,Q VRPH SUHYLRXV ELRDVVD\V LQ VRLO KHDY\ PHWDOV
ZHUHUHSRUWHGWRDGYHUVHO\DIIHFW WKHSODQWVJURZWKERWKIRUURRWVDQGVKRRWV $PLQ HWDO 
)LJXUH*URZWKFXUYHVRIPRUSKRORJLFDOSDUDPHWHUV IRUERWKFXOWLYDUV RI KHPS

/HJHQGD DYHUDJH VWHPOHQJWKIRUHYHU\ZHHNE RYHUDOOOHQJWKRIWKHURRWV
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,QWHUHVWLQJO\ %LDOREU]HVNLH FXOWLYDU VWDUWHG WR H[KLELW GLIIHUHQW EHKDYLRXU LQ WHUPV RI JURZWK
UHVSRQVHWRVWUHVVLQWKHVL[WKZHHNRIWKHH[SHULPHQW,WVHHPVWKDWWKHVKRRWJURZWKZDVQRWDQ\PRUH
LQKLELWHG E\ KHDY\ PHWDOV FRQWDLQHG LQ WKH OHDFKDWH 'XULQJ WKH VHYHQWK ZHHN DYHUDJH VWHP OHQJWK
LQ WKLV JURXS JRW FORVH WR WKH OHYHOV RI KHDOWK\ QRQFRQWDPLQDWHG %LDOREU]HVNLH JURXS DQG ZDV HYHQ
VLJQLILFDQWO\KLJKHUFRPSDUHGWR0RQRLFDFXOWLYDULQWKHOHDFKDWH 3  'XULQJWKHILIWKZHHN
RI PHDVXUHPHQW DYHUDJH VKRRW OHQJWK ZDV VLJQLILFDQWO\ ORZHU LQ WKH JURXSV ZLWK OHDFKDWH
IRU0RQRLFD 3  î  DVZHOO DVIRU%LDOREU]HVNLH 3  î  
5HJDUGLQJ WKH OHQJWK RI URRWV QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV ZHUH IRXQG EHWZHHQ
WKH H[SHULPHQWDOJURXSV6LPLODUEHKDYLRXURIKHPSURRWVVXEMHFWHGWRFDGPLXPQLFNHODQGFKURPLXP
ZDV REVHUYHG LQ D VWXG\ E\ &LWWHULR HW DO   DOWKRXJK WKH H[SHULPHQW WRRN SODFH LQ D VRLO
QRWLQDVROXWLRQ FXOWXUH DQGKHDY\PHWDOFRQFHQWUDWLRQV ZHUHIHZRUGHUVKLJKHU
2I FRXUVH LW LV LPSRUWDQW WR QRWH WKDW WKH GDWD IRU FRQWDPLQDWHG JURXSV GR QRW UHSUHVHQW
DOO WKH SODQWV IURP WKH RULJLQDO VHWXS EHFDXVH LQ ERWK FXOWLYDUV WKHUH ZDV D KLJK PRUWDOLW\ UDWH PRVW
OLNHO\ GXH WR RWKHU SRWHQWLDOO\ WR[LF FKHPLFDOV FRQWDLQHG LQ WKH OHDFKDWH $VLGH IURP KHDY\ PHWDOV
FRQVLGHUDEOH DPRXQWV RI DPPRQLD FKORULGHV DQG SKHQROLF FRPSRXQGV DUH FRPPRQO\ UHSRUWHG
LQ OHDFKDWHVIURP ODQGILOOVLWHVDQGPXQLFLSDOZDVWH 2VDGDHWDO6LOYDHWDO  8ELTXLWRXV
FRQWDPLQDQWV IRU H[DPSOH ELVSKHQRO $ LV NQRZQ WR LQWHUIHUH ZLWK QLWURJHQ QXWULWLRQ LQ WKH URRWV
RI OHJXPHV 6XQ HW DO   )RU WKH FRQWURO JURXSV ZLWK QXWULHQW VROXWLRQ QRQH RU QHJOLJLEOH
PRUWDOLW\ZDVREVHUYHGPRUHOLNHO\WREHDWWULEXWHGWRWKHFRPSHWLWLRQIRUQXWULHQWV $JDLQWKHUHVXOWV
DUHPRUHLQWHUHVWLQJLQFRQWDPLQDWHG JURXSVZKHUHLQFDVHRI%LDOREU]HVNLHYDULHW\RIWKHSODQWV
IURP WKH RULJLQDO VHWXS VXUYLYHG LQ WKH HQG RI WKH H[SHULPHQW ZKLOH WKHUH ZHUH RQO\  VXUYLYLQJ
ZLWKLQ 0RQRLFD YDULHW\ 7DEOH  
7DEOH&RPSDULVRQRIYLDELOLW\EHWZHHQKHPSFXOWLYDUVLQOHDFKDWH
&XOWLYDU
%LDOREU]HVNLH
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7KLV WRJHWKHU ZLWK WKH GDWD IRU VKRRW OHQJWK )LJXUH   FDQ EH FRQVLGHUHG DQRWKHU SDUDPHWHU
VXJJHVWLQJ WKH YDULHW\JLYHQ VHQVLWLYLW\ WR KHDY\ PHWDO FRQWDPLQDWLRQ ,Q HFRWR[LFRORJLFDO ELRDVVD\V
LQFOXGLQJ WKH HIIHFW RI KHDY\ PHWDOV RQ URRW OHQJWK GLIIHUHQWLDO VHQVLWLYLW\ VFDOH RIWHQ RFFXUV DPRQJ
QRWMXVWVSHFLHV EXWFXOWLYDUV &ULQL HWDO 
+LJK SHUFHQWDJH RI GHDG SODQWV LQ WKLV H[SHULPHQW PD\ EH UHODWHG WR WKH KLJK
FRQFHQWUDWLRQ RI KHDY\ PHWDOV LQ WKH FKRVHQ VROXWLRQ DQG FRQGLWLRQV RU RWKHU XQNQRZQ FRPSRXQG
+RZHYHU DOVR WKH R[\JHQ DYDLODELOLW\ VDOLQLW\ DQG FRQFHQWUDWLRQ RI LRQV LQ WKH PL[WXUH RI IHUWLOL]HU
VROXWLRQZLWKRIODQGILOOOHDFKDWHZKLFKZDVXVHGIRUWKHFRQWDPLQDWHGJURXSVLQWKLVH[SHULPHQW
LV PRUH OLNHO\ WR EH FRQVLGHUHG 3UHYLRXV DQDO\VLV RI XQGLOXWHG OHDFKDWH
IURP=GRXQN\±.XFK\ĖN\ODQGILOOXVHGLQWKLVH[SHULPHQWUHSRUWHGWKHFRQWHQWRIVHYHUDOKHDY\PHWDOV
PRVWO\ ]LQF    ȝJO  QLFNHO    ȝJO  FKURPLXP    ȝJO 
OHDG    ȝJO  WUDFH DPRXQWV RI DUVHQLF    ȝJO  PHUFXU\    î  ȝJO
DQGFDGPLXP   ȝJO LQWKHVDPSOHV 9DYHUNRYi HWDO 
7KLVZRXOG LPSO\PXFK ORZHUUHVXOWLQJKHDY\PHWDOFRQFHQWUDWLRQ LQ WKHFKRVHQ  OHDFKDWH
VROXWLRQ $ VWXG\ E\ *LUGKDU HW DO   KDV SURYHQ WKH KLJK FDSDELOLW\ RI &DQQDELV VDWLYD /
IRU K\SHUDFFXPXODWLRQ XSWRȝJJIRU]LQFȝJJIRUQLFNHODQGȝJJIRUFKURPLXPLQVKRRWV 
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%XWLWLVVWLOOQHFHVVDU\WREHDULQPLQGWKDWSK\WRWR[LFHIIHFWVRQ WKHVDPHSODQWVSHFLHVPD\EHYDVWO\
GLIIHUHQW GHSHQGLQJ RQ WKH FRQWDPLQDWHG HQYLURQPHQW S+ LQWHUDFWLRQ ZLWK RWKHU FRPSRXQGV
DQG ZKHWKHUWKHURRWVDUHLQDVRLO RUDQDTXDWLF VROXWLRQ %DNHUDQG:DONHU 
)RUWKHQRGDOSUROLIHUDWLRQ QXPEHURIVWHP QRGHVFUHDWHG WKHUHVXOWVZHUHPRVWO\FRUUHODWLQ J
ZLWK WKH GDWD IRU VKRRW OHQJWK ,Q WKH OHDFKDWH JURXSV GXULQJ WKH ODVW ZHHN RI PHDVXUHPHQW
VLJQLILFDQWO\ KLJKHU QXPEHU RI VWHP QRGHV ZDV UHFRUGHG LQ FDVH RI %LDOREU]HVNLH FXOWLYDU
ZKHQ FRPSDUHGWR0RQRLFD GDWDQRWVKRZQ 3ROLVKYDULHW\VHHPHGWRKDYHDWHQGHQF\WRFUHDWHPRUH
QRGHV JHQHUDOO\ DOVR ZLWKLQ FRQWURO JURXSV $JDLQ FRQWURO JURXSV RYHUDOO H[KLELWHG VLJQLILFDQWO\
KLJKHUQXPEHURIQRGHVFRPSDUHGWR JURXSV LQ ODQGILOO OHDFKDWH 7KHLQKLELWRU\HIIHFWRQVWHPQRGHV
LQ WKH SUHVHQFH RI OHDG LQ FRQFHQWUDWLRQ RI  PJO ZDV REVHUYHG LQ RQH VWXG\ RQ VHDJUDVV
$PER5DSSHHWDO ,QWHUHVWLQJO\FRPSOHWHO\FRQWUDGLFWRU\UHVXOWVZHUHIRXQGLQDJUHHQKRXVH
H[SHULPHQW RQ SRWDWR FRQGXFWHG E\ 0DURIL HW DO   ZKHUH WKH SODQWV ZHUH LQ WKH VRLO
DQG FRQFHQWUDWLRQRI OHDG LQZDVWHZDWHUXVHGIRU LUULJDWLRQZDVPXFK ORZHU ȝJO EXWVWLOOKLJKHU
WKDQ FRPSDUHG WR FXUUHQW H[SHULPHQW ZLWK KHPS 0RUH OLNHO\ RWKHU IDFWRUV WKDQ KHDY\ PHWDOV SOD\
WKH UROHLQWKLVFDVH
7KHREWDLQHGUHVXOWVIRUSKRWRV\QWKHWLFHIILFLHQF\DSSHDUHGWREHIOXFWXDWLQJ GXULQJWKHZHHNV
EXW VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV LQ TXDQWXP \LHOG RI SKRWRV\VWHP ,, 4< 36 ,,  EHWZHHQ
WKH FXOWLYDUV ZHUHIRXQG RQO\GXULQJ WKHYHU\ODVWZHHN )LJXUH  
)LJXUH4XDQWXP\LHOGRISKRWRV\VWHP,,LQGLIIHUHQWH[SHULPHQWDOJURXSVRIKHPS

/HJHQGJUH\FROXPQV± 0RQRLFDFRQWUROJURXSVWULSHGFROXPQV± 0RQRLFDOHDFKDWHZKLWHFROXPQV± %LDOREU]HVNLHFRQWURO
GRWWHG FROXPQV ± %LDOREU]HVNLH OHDFKDWH &DSLWDO OHWWHUV UHSUHVHQW WKH VWDWLVWLFDOGLIIHUHQFHV ZLWKLQ WKH 0RQRLFD FXOWLYDU
ZKLOHORZHUFDVHOHWWHUVUHSUHVHQWWKHGLIIHUHQFHVZLWKLQ%LDOREU]HVNLH

2Q WKH RWKHU KDQG RQO\ LQ WKH YHU\ ILUVW PHDVXUHPHQW ZHHN ERWK YDULHWLHV ZLWKLQ WKH FRQWUR O
JURXS H[KLELWHG VLJQLILFDQWO\ KLJKHU 4< 36 ,, ZKHQ FRPSDUHG WR FRQWDPLQDWHG JURXSV 6WDWLVWLFDO
VLJQLILFDQFH ZDV HYDOXDWHG DOZD\V RQO\ ZLWKLQ JLYHQ PHDVXUHPHQW ZHH N EHWZHHQ WKH FXOWLYDUV
DQG DOVR EHWZHHQ WKH VROXWLRQV ,W ZRXOG VHHP WKDW KHPS SODQWV LQ FRQWDPLQDWHG JURXSV DGMXVWHG
WR WKH FRQGLWLRQV ZLWKRXW VDFULILFLQJ WKH SKRWRV\QWKHWLF DELOLW\ +LJKHU SKRWRV\QWKHWLF HIILFLHQF\
RI 0RQRLFD FXOWLYDU GXULQJ WKH ODVW PHDVXUHPHQW PD\ QRW KDYH D QHFHVVDU\ FRUUHODWLRQ ZLWK KHDY\
PHWDOV DV LW ZDV DOVR REVHUYHG LQ FRQWURO JURXSV ,W FRXOG EH D UHVXOW RI RWKHU IDFWRUV
VXFKDV JHQRW\SHVSHFLILFWUDLWVUHODWHGWRVHQHVFHQFHRU QXWULHQWUHTXLUHPHQWV 2QVHYHUDORFFDVLRQV
ORZHU FRQFHQWUDWLRQ RI KHDY\ PHWDOV HVSHFLDOO\ FDGPLXP ZDV REVHUYHG WR DFWXDOO\ LQFUHDVH
WKH FKORURSK\OO FRQWHQW LQ KHPS WKXV KDYLQJ D SRVVLEOH LQIOXHQFH RQ SKRWRV\QWKHVLV DV REVHUYHG
LQDVWXG\E\/LQJHU HWDO  
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&21&/86,21
3K\WRWR[LF HIIHFW RI ODQGILOO OHDFKDWH FRQWDLQLQJ KHDY\ PHWDOV RQ JURZWK DQG GHYHORSPHQW
RI WZR FXOWLYDUV RI LQGXVWULDO KHPS ZDV REVHUYHG LQ DQ H[SHULPHQWDO K\GURSRQLF FXOWXUH
0RUSKRORJLFDO SDUDPHWHUV YLDELOLW\ RI SODQWV DQG LQIOXHQFH RQ SKRWRV\QWKHVLV ZHUH VWXGLHG
6LJQLILFDQWGLIIHUHQFHVZHUHIRXQGEHWZHHQWKHVROXWLRQVDQGDOVREHWZHHQFXOWLYDUV 2EWDLQHGUHVXOWV
VXJJHVW WKDW FXOWLYDU %LDOREU]HVNLH KDG D KLJKHU WROHUDQFH WR WKH OHDFKDWH WKXV PD\ EH EHWWHU VXLWHG
IRU SRVVLEOH ILHOG DSSOLFDWLRQ EXW PRUH FRPSDUDEOH H[SHULPHQWV DUH QHHGHG IRU YDOLGDWLRQ
)XUWKHUPRUH LW VHHPV WKDW QRW RQO\ SODQW VSHFLHV EXW DOVR FXOWLYDUV FRXOG EH FRQVLGHUHG
EHIRUH WKH SK\WRUHPHGLDWLRQ SUDFWLFHV ,Q WKH IXWXUH PRUH GHWDLOHG DQG H[WHQVLYH H[SHULPHQWV
LQ ERWK K\GURSRQLF FXOWXUH DQG VRLO VXSSRUWHG ZLWK WKH FKHPLFDO DQDO\VLV RI KHDY\ PHWDOV DEVRUEHG
LQ SODQWWLVVXH URRWVDQGVKRRWV VKRXOGEHFRQGXFWHGWRGHWHUPLQH WKH UHDO SRWHQWLDORIKHPSFXOWLYDUV
IRUK\SHUDFFXPXODWLRQ RIKHDY\PHWDOV
$&.12:/('*(0(176
7KH UHVHDUFK ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH ,*$ )$ 0(1'(/8 1R 73  :H ZRXOG OLNH
WR H[SUHVVRXUJUHDWDSSUHFLDWLRQWRWKHPDQDJHPHQWRIWKHODQGILOO'(32=/WG1DPHO\ZHDUHYHU\
JUDWHIXO WR ,QJ ,YDQ 0RKOHU DQG KLV FROOHDJXHV IRU WKHLU DVVLVWDQFH DQG WKHLU ZLOOLQJQHVV WR SURYLGH
WKHLUWLPHVRJHQHURXVO\
5()(5(1&(6
$PER5DSSH 5 /DMXV '/ 6FKUHLGHU 0-  +HDY\ PHWDO LPSDFW RQ JURZWK DQG OHDI
DV\PPHWU\ RI VHDJUDVV +DORSKLOD RYDOLV -RXUQDO RI (QYLURQPHQWDO &KHPLVWU\ DQG (FRWR[LFRORJ\
  ±
$PLQ + $UDLQ %$ $PLQ ) 6XUKLR 0$  3K\WRWR[LFLW\ RI &KURPLXP RQ *HUPLQDWLRQ
*URZWK DQG %LRFKHPLFDO $WWULEXWHV RI +LELVFXV HVFXOHQWXV / $PHULFDQ -RXUQDO RI 3ODQW 6FLHQFHV
±
$QJHORYD 9 ,YDQRYD 5 'HOLEDOWRYD 9 ,YDQRY .  %LRDFFXPXODWLRQ DQG GLVWULEXWLRQ
RI KHDY\PHWDOV LQILEUH FURSV IOD[ FRWWRQDQGKHPS ,QGXVWULDO&URSVDQG3URGXFWV±
%DNHU $-0 :DONHU 3/  3K\VLRORJLFDO UHVSRQVHV RI SODQWV WR KHDY\ PHWDOV
DQGWKHTXDQWLILFDWLRQ RIWROHUDQFH DQGWR[LFLW\ &KHPLFDOVSHFLDWLRQ %LRDYDLODELOLW\   ±
%MHONRYi 0  8VH RI ILEHU SODQWV LQ SK\WRUHPHGLDWLRQ 3K' GLVVHUWDWLRQ 0HQGHO 8QLYHUVLW\
LQ %UQR
&LWWHULR 6 6DQWDJRVWLQR $ )XPDJDOOL 3 3UDWR 1 5DQDOOL 3 6JRUEDWL 6  +HDY\ PHWDO
WROHUDQFH DQGDFFXPXODWLRQ RI&G&UDQG1LE\&DQQDELVVDWLYD/3ODQWDQG6RLO±
&ULQL ' 3ULDF $ %DGRW 30  7UHDWHG ZDVWHZDWHU SK\WRWR[LFLW\ DVVHVVPHQW XVLQJ
/DFWXFDVDWLYD)RFXVRQJHUPLQDWLRQDQGURRWHORQJDWLRQWHVWSDUDPHWHUV &RPSWHV5HQGXV%LRORJLHV
   ±
*LUGKDU 0 6KDUPD 15 5HKPDQ + .XPDU $ 0RKDQ $  &RPSDUDWLYH DVVHVVPHQW
IRU K\SHUDFFXPXODWRU\ DQGSK\WRUHPHGLDWLRQ FDSDELOLW\ RIWKUHHZLOG ZHHGV%LRWHFK±
-DUXS/+D]DUGVRIKHDY\PHWDOFRQWDPLQDWLRQ %ULWLVK0HGLFDO%XOOHWLQ±
.RSLWWNH 30 %ODPH\ )3& $VKHU &- 0HQ]LHV 1:  7UDFH PHWDO SK\WRWR[LFLW\
LQ VROXWLRQ FXOWXUH DUHYLHZ-RXUQDORI([SHULPHQWDO%RWDQ\   ±
/LQJHU 3 0XVVLJ - )LVFKHU + .REHUW -  ,QGXVWULDO KHPS &DQQDELV VDWLYD /  JURZLQJ
RQ KHDY\ PHWDO FRQWDPLQDWHG VRLO ILEUH TXDOLW\ DQG SK\WRUHPHGLDWLRQ SRWHQWLDO ,QGXVWULDO &URSV
DQG 3URGXFWV±
/LQJHU32VWZDOG $+DHQVOHU- &DQQDELVVDWLYD/JURZLQJRQKHDY\PHWDOFRQWDPLQDWHG
VRLO JURZWKFDGPLXP XSWDNHDQGSKRWRV\QWKHVLV %LRORJLD3ODQWDUXP  ±
0DURIL 63DUVDIDU 1 5DKLP *+ 'DVKWL ) 0DURIL + 7KH HIIHFWV RI ZDVWHZDWHU UHXVH
RQ SRWDWR JURZWK SURSHUWLHV XQGHU JUHHQKRXVH O\VLPHWHULF FRQGLWLRQ ,QWHUQDWLRQDO -RXUQDO
RI (QYLURQPHQWDO6FLHQFHDQG7HFKQRORJ\  ±
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2VDGD 7 1HPRWR . 1DNDQLVKL + +DWDQR $ 6KRML 5 1DUXRND 7 <DPDGD 0 
$QDO\VLV RI $PPRQLD 7R[LFLW\ LQ /DQGILOO /HDFKDWHV ,651 7R[LFRORJ\ >2QOLQH@
$YDLODEOH DWKWWSVZZZKLQGDZLFRPMRXUQDOVLVUQ
3UDVDG0193K\WRUHPHGLDWLRQRI0HWDO3ROOXWHG(FRV\VWHPV+\SHIRU&RPPHUFLDOL]DWLRQ
5XVVLDQ-RXUQDORI3ODQW3K\VLRORJ\  ±
6LOYD /% .ODXFN &5 5RGULJXHV 0$6  (YDOXDWLRQ RI SK\WRWR[LFLW\ RI PXQLFLSDO ODQGILOO
OHDFKDWH EHIRUHDQGDIWHUELRORJLFDO WUHDWPHQW%UD]LOLDQ-RXUQDORI%LRORJ\  ±
6XQ + :DQJ / =KRX 4  (IIHFWV RI ELVSKHQRO $ RQ JURZWK DQG QLWURJHQ QXWULWLRQ RI URRWV
RI VR\EHDQVHHGOLQJV (QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\  ±
9DYHUNRYi 0' =ORFK - $GDPFRYi ' 5DG]LHPVND 0 9\KQiQHN 77URMDQ 9 :LQNOHU -
ĈRUÿHYLü%(OE-%UWQLFNý0/DQGILOOOHDFKDWHHIIHFWVRQJHUPLQDWLRQDQGVHHGOLQJ JURZWK
RIKHPSFXOWLYDUV &DQQDELV6DWLYD /  :DVWH DQG%LRPDVV9DORUL]DWLRQLQSUHVV
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USE OF RT-qPCR METHOD FOR ANALYSIS
OF CYTOKININ-ACTIVATED REPORTER
GENE lacZ IN E. coli
JAROSLAV PAVLU, DUSAN TUREK
Department of Molecular Biology and Radiobiology
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC
pavlu@mendelu.cz
Abstract: Escherichia coli strain KMI001 (ǻUFV&, cps::lacZ) expressing the CRE1/AHK4 receptor
that DFWLYDWHV ȕ-galactosidase expression has been previously employed to evaluate cytokinin
and/or anti-cytokinin activity of synthetic cytokinin-like compounds. Here, for the first time,
we evaluate its response on the transcript level. We tested and optimized mRNA extraction protocol
and analyzed expression stability of eight reference genes. We show that the presence of cytokinin
may alter the expression pattern of these so-called house-keeping genes of bacteria.
Key Words: E. coli, reference genes, RT-qPCR, cytokinin, heterologous reporter system
INTRODUCTION
Cytokinins are plant growth regulators that affect various processes in plant development
and stress responses. Three Arabidopsis thaliana sensor histidine kinases, AHK2, AHK3,
and CRE1/AHK4, are known to be cytokinin receptors. Compounds that specifically interact
with cytokinin receptors have high utility in research and potential agronomic applications
(Koprna et al. 2016). A heterologous system expressing CRE1/AHK4 in a manner
that functionally complements a two-component signalling pathway in a E. coli (Suzuki et al. 2001,
Yamada et al. 2001) has been used as a tool to search compounds with agonist or antagonist
SURSHUWLHV WRZDUG WKH &5($+. F\WRNLQLQ UHFHSWRU 6StFKDO HW DO  5RPDQRY HW DO 
.OLPHã HW DO   ,Q WKLV E. coli strain, CRE1/AHK4 signaling triggers expression
oI D ȕ-galactosidase reporter gene lacZ. Subsequently, ȕ-galactosidase activity is detected by highly
sensitive fluorescence measurements. However, the lacZ expression at the transcript levels has been
not assayed and possible benefits of RT-qPCR to determine the time-course and extent
of lacZ activation were neglected.
Common features of bacterial cells as rigid cell wall and relative short half-life of mRNA,
and, shortcomings in methodology complicate reliable transcriptome analysis. In this study,
we validated a method for immediate cell lysis and RNA stabilization. Further, we first analyzed
expression stability of several candidate reference genes for reliable RT-qPCR analysis under
cytokinin treatment in the E. coli strain harbouring cytokinin-activated reporter gene lacZ.
MATERIAL AND METHODS
E. coli strain, cultivation, sample preparation and live-cell cytokinin-binding assay
E. coli strain KMI001 (ǻUFV&, cps::lacZ) harboring the plasmid pIN-III-AHK4 was used
(Suzuki et al. 2001, Yamada et al. 2001). E. coli cultures expressing CRE1/AHK4 cytokinin receptor
weUH JURZQ LQ /% OLTXLG PHGLXP VXSSOHPHQWHG ZLWK DPSLFLOOLQ  ȝJPO  7KH VWDUWLQJ FXOWXUH
was divided into five aliquots which were supplemented with 0.02% (v/v) DMSO (mock)
or trans-zeatin (tZ) in DMSO (final concentration, as for the mock) to get final tZ concentration
RI  Q0  Q0  ȝ0 RU  ȝ0 UHVSHFWLYHO\ /\VR]\PH  PJ SHU PO RI EDFWHULDO FXOWXUH 
was added 10 min before tZ binding assay performance and harvest of bacteria for expression analysis.
For RT-qPCR analysis, cells in liquid cultures were concentrated by centrifugation, supernatant
was discarded, pellets were frozen in liquid nitrogen and kept at -&
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The strength of the ligand-receptor interaction was described as fluorescence intensity
RI WKH ȕ-galactosidase-catalyzed reaction product. A Nanodrop II liquid handling system
(BioNex Solutions, USA) was used for all pipetting steps. Optical densities (OD600) and fluorescence
LQWHQVLWLHV RI WKH ȕ-galactosidase-catalyzed reaction product (ex. and em.: 365 and 448 nm)
were measured using an Infinite M1000Pro plate reader (Tecan, CH).
RNA extraction, cDNA synthesis and quantitative PCR
Frozen pellet from centrifuged lysozyme-pre-treated bacterial culture was resupended
in 0.5 ml of TRI reagent (Invitrogen) to quickly lyse bacterial cells, protect and isolate total RNA.
,QLWLDO 51$ LVRODWLRQ VWHSV ZHUH SHUIRUPHG DFFRUGLQJ WR PDQXIDFWXUHU¶V LQVWUXFWLRQ WR VHSDUDWH
an aqueous phase containing RNA. Subsequently, 2 volumes of ethanol were added to the aqueous
phase and total RNA ZDVLVRODWHGXVLQJWKH51$HDV\0LQL.LW 4LDJHQ IROORZLQJWKHPDQXIDFWXUHU¶V
SURWRFRO([WUDFWHG51$ZDVWUHDWHGZLWK785%2'1DVH $PELRQ IRUPLQDW&DQG'1DVH
activity was then abolished with EDTA (final EDTA concentration in the RNA sample was 2.5 mM).
RNA integrity was assessed by non-denaturing agarose electrophoresis and RNA concentration
was determined using NanoDrop (Thermo Fisher Scientific). First-strand cDNA was synthesized
from  J RI WRWDO 51$ XVLQJ WKH 5HYHUW$LG 5HYHUVH 7UDQVFULSWDVH (Thermo Fisher Scientific)
and UDQGRPKH[DPHUSULPHUVDFFRUGLQJWRWKHPDQXIDFWXUHU¶VLQVWUXFWLRQVLQFOXGLQJLQLWLDOLQFXEDWLRQ
DW  & IRU  PLQ '1DVH GHQDWXUDWLRQ VHFRQGDU\ 51$ VWUXFWXUH UHOD[DWLRQ  4XDQWLWDWLYH
PCR (qPCR) was performed using specific UPL probes and primers designed by ProbeFinder
Software (Roche) and LightCycler 480 Probes Master in a LightCycler 480 Instrument (Roche).
For each gene and sample, the Cp values were identified using the second derivative maximum
method and they were converted to a linear scale using relative standard curve method.
The gene expression data were normalized by geometric averaging using the GeNorm VBA applet
for Microsoft Excel (Vandensompele et al. 2002) with the candidate reference genes and are presented
as relative to control treatment. Primer sequences and UPL probes are listed in Table 2 in the section
Results and 'LVFXVVLRQ $ 6WXGHQW¶V t-test (p < 0.05) was utilized to identify statistically significant
differences between mock- and tZ-treated variants.
RESULTS AND DISCUSSION
ȕ-galactosidase activity in cytokinin-activated E. coli strain KMI001
In the E. coli strain KMI001 expressing the CRE1/AHK4 cytokinin receptor, an activating
ligand in the growth medium initiates a signal transduction pathway that triggers an engineered operon
DQGUHVXOWVLQDQH[SUHVVLRQRIWKHUHSRUWHUHQ]\PHȕ-galactosidase (Suzuki et al. 2001). It is believed
thDW WKLV H[SUHVVLRQ LV SURSRUWLRQDO WR WKH OLJDQG¶V FRQFHQWUDWLRQ DQG DFWLYDWLQJ SURSHUWLHV
(Yamada et al. 2001, 6StFKal et al. 2004). However, this conclusion is based only on the reporter
enzyme activity and the transcript level of lacZ gene and the time-course of its induction
in the presence of CRE1/AHK4 activating ligand(s) have not yet been reported.
To evaluate the cytokinin-activated reporter system, the overnight culture of E. coli
(strain KMI001) was exposed to trans-zeatin (t=  ILQDO FRQFHQWUDWLRQV RI  Q0  Q0  ȝ0
RUȝ0 IRUK:HREVHUYHGDFRQFHQWUDWLRQ-dependent increase in galactosidase activity but we
also found that at the micromolar tZ concentrations the optical density was significantly lower
7DEOH   7KLV LQGLFDWHV WKDW WKH RYHUH[SUHVVLRQ RI ȕ-galactosidase inhibits bacterial growth
or that the tZ treatment may have a toxic effect on the culture.
7DEOH2SWLFDOGHQVLW\DQGȕ-galactosidase activity in the presence of cytokinin tZ in E. coli strain
KMI001
tZ [nM]
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Data are means  SD of three biological repeats. Asterics indicate significant differences between mock- and tZ-treated
variants at p < 0.05 (t-test).
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Expression analysis in cytokinin-activated E. coli strain KMI001
The mRNA levels change on a minute scale due to the degradation and de novo transcription
and significant changes may occur in the time required for the sample harvest and RNA isolation.
In case of bacteria, this procedure includes incubation with lysozyme to ensure the complete lysis
of the cells. Thus, we aimed to ensure quick lysis of the cells and RNA protection to minimize
unwanted changes of mRNA levels. The lysozyme treatment was implemented before the sample
harvest and the total mRNA was extracted by acid guanidinium thiocyanate-phenol-chloroform
extraction (TRI reagent) and a column-based RNA purification using RNAeasy Mini Kit (Qiagen).
This procedure provided a sufficient RNA yield from 1 ml of overnight bacterial culture.
Isolated RNA was processed for a reverse transcription-quantitative real-time PCR (RT-qPCR)
analysis of the cytokinin-activated lacZ over-expression. Accurate interpretation of RT-qPCR data
requires normalization using constitutively expressed reference genes. However, the utility
of reference genes must be experimentally validated for particular organisms, tissues, cell types
and specific experimental designs. The use of multiple stable reference or housekeeping genes
is generally accepted as the method of choice for RT-qPCR data normalization
(Vandesompele et al. 2002, Bustin et al. 20096RXþHNHWDO $VWKHFKRLFHRIUeliable reference
genes in the presence of cytokinins has not been systematically validated in bacteria, an objective
of this study was to identify reference genes for the accurate normalization of gene expression
in cytokinin-activated E. coli strain KMI001.
Table 2 Genes, primers, UPL probes and stability M-value. Candidate reference genes
were selected based on current studies (e.g. Zhou et al. 2011, Peng et al. 2014, Rocha et al. 2015).
The geNorm was used to calculate the expression stability value (M-value)
Gene
symbol

Gene description

gyrA

Left primer
Right primer

Probe
number

M-value

gyrase A

ggcgaagacgaagtaatgct
atcgcacggacagaagactc

161

0.702

gyrB

gyrase B

gcgtaaccgcaagaacca
ctttctcgacgttgaggatttt

161

1.187

recA

recombinase A

acgtaaactgggcgtcgata
gggcgtcacagatttcca

99

0.735

rpoB

DNA-directed RNA
polymerase, beta subunit

atcaacggtactgagcgtgtt
aaagaagacgcccggactac

33

0.928

rrsA

16S ribosomal RNA

tccctagctggtctgagagg
cgtaggagtctggaccgtgt

5

0.875

cysG

uroporphyrin III Cmethyltransferase

cgatcgcgactgtctgatt
cctgcgtctaacagcaacct

9

0.771

ldnT

L-idonate/5-ketogluconate/
gluconate transporter

gatcaccggtctggttgtg
tcctgatgatgctacgatgg

18

1.241

hcaT

HcaT MFS transporter

catgctgctcggctttct
ctctcctgctggcgactt

5

0.889

lacZ

ȕ-galactosidase

gacccgcattgaccctaac
tgcttcggcctggtaatg

11

-
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In our conditions, we found that most of the reference genes demonstrated a significant
FKDQJH LQ WKH H[SUHVVLRQ SDWWHUQ )LJXUH  7DEOH   JH1RUPV DOJRULWKPV DGGUHVV
the problem of multiple reference genes to evaluate the expression stability of the candidates even
if the stability and reliability of the available candidate reference genes is poor. For each reference
gene, reference gene stability value (M-value) is calculated as the average pairwise variation
of a particular reference gene with all other tested candidate reference genes. The M-values was lowest
for gyrA, recA and cysG suggesting these genes as the most stable and convenient for an accurate
normalization procedure (Table 2). However, the normalization using this three reference genes
provided very similar lacZ expression values as the use of all candidate reference genes
for RT-qPCR data normalization. The insignificant lacZ activation even under high
tZ concentrations suggests a mis-interpretation of lacZ transcript levels. In this line, we suggest
that the cytokinin-upregulated group of genes related to DNA metabolism (gyrB, rpoB and also gyrA)
obscures the actual lacZ transcript levels and that cytokinin-downregulated genes related
to the transport may represent the actually stable genes in the presence of high tZ concentration.
However, the generally unstable expression of candidate reference genes in our experimental design
points to necessity to test other reference genes specifically suited for our experiment.
Figure 1 Candidate reference genes and lacZ in response to cytokinin (tZ) in E. coli strain KMI001

tZ [nM]

Relative expression

*
*

*
**
***

*

*

**

*

* *
*

Data are means  SD of three biological repeats. Asterics indicate significant differences between mock- and tZ-treated
variants at p < 0.05 (t-test).

CONCLUSION
This study showed an optimized mRNA extraction protocol and revealed variant expression
of reference genes under the cytokinin treatment in E. coli. The poor stability of the candidate
reference genes obscured reliable normalization method for accurate quantification
of lacZ overexpression at the transcript level in E. coli strain KMI001. Thus, selection and evaluation
of other candidate reference genes specifically suited for our experimental design is necessary.
Consequently, the advanced RT-qPCR method including validated reference genes will provide
a useful tool for characterizing extent and time-course of lacZ activation in response to specific ligands
and conditions in the strain KMI001.
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&HQWUDO,QVWLWXWH RI7HFKQRORJ\ &(,7(& 
%UQR8QLYHUVLW\RI7HFKQRORJ\
3XUN\QRYD %UQR
&=(&+ 5(38%/,&
[VWUHMF#QRGHPHQGHOXF]
Abstract 7KH LQFUHDVLQJ LQGXVWULDO XVH RI QDQRPDWHULDOV LQ UHFHQW \HDUV SRVHV D SRWHQWLDO ULVN
WR WKH HQYLURQPHQW 7KH ILUVW RUJDQLVPV WKDW FRPH LQWR FRQWDFW ZLWK WKHVH VXEVWDQFHV LQFOXGH DTXDWLF
RUJDQLVPV DQG WKHUHIRUH WKLV VWXG\ IRFXVHV RQ PLFURDOJDH WKDW DUH DW WKH EHJLQQLQJ RI WKHIRRGFKDLQ
,Q WKLV VWXG\ WKH WR[LFLW\ RI =Q6H QDQRSDUWLFOHV LQ WKH IUHVKZDWHU JUHHQ PLFURDOJD Scenedesmus
quadricauda ZDV LQYHVWLJDWHG 7KH HIIHFW RI ]LQF LQ WKH IRUP RI ]LQF VXOSKDWH KHSWDK\GUDWH
=Q62+2  DQG WKH FRPELQDWLRQ RI ]LQF DQG QDQRSDUWLFOHV ZHUH DOVR PRQLWRUHG 7KH PLFURDOJDH
ZHUH H[SRVHG WR WKHVH QDQRSDUWLFOHV DW FRQFHQWUDWLRQV RI    DQG  ȝ0 IRU  GD\V
7KH PLFURDOJDH UHVSRQVHV ZHUH DQDO\VHG DW WKH OHYHO RI FKORURSK\OOa FKORURSK\OOb FDURWHQRLGV
IODYRQRLGV DQG WRWDO DQWLR[LGDQW FDSDFLW\ )RU FKORURSK\OOa b DQG FDURWHQRLGV VLPLODU UHVXOWV ZHUH
REWDLQHG 7KH PRVW VLJQLILFDQW HIIHFW ZDV IRXQG LQ WKH VDPSOH ZLWK D FRPELQDWLRQ RI ]LQF DQG =Q6H
QDQRSDUWLFOHV 7KLV VDPSOH DOVR DIIHFWHG WKH PRVW WKH IODYRQRLG FRQWHQW HVSHFLDOO\ DW FRQFHQWUDWLRQV
RI   DQG  ȝ0 ZKHUH LQFUHDVHG V\QWKHVLV RI WKHVH FRPSRXQGV ZDV REVHUYHG 6LPLODUUHVXOWV
ZHUH REWDLQHG LQ WKH WRWDO DQWLR[LGDQW FDSDFLW\ DVVD\ ZKHUH D VDPSOH ZLWK FRPELQDWLRQ RI ]LQF
DQG =Q6H QDQRSDUWLFOHV VKRZLQJ DQLQFUHDVLQJ WUHQGSDUWLFXODUO\ DWDFRQFHQWUDWLRQ RIȝ0
Key Words: PLFURDOJDH QDQRSDUWLFOHV ]LQFQDQRSDUWLFOHV VHFRQGDU\PHWDEROLVP IODYRQRLGV
,1752'8&7,21
:LWK WKH UDSLG GHYHORSPHQW RI QDQRWHFKQRORJ\ DQG WKH ZLGHVSUHDG XVH RI QDQRPDWHULDOV
WKHUH LV DQ LQFUHDVLQJ ULVN RI HQYLURQPHQWDO FRQWDPLQDWLRQ E\ WKHVH SDUWLFOHV 1DQRSDUWLFOHV
DUH GHILQHG DV SDUWLFOHV ZLWK DW OHDVW WZR GLPHQVLRQV EHWZHHQ ± QP %KDWW DQG 7ULSDWKL  
7KH\DUHDQDWXUDOSDUWRIWKHHQYLURQPHQW +RZHYHUWKH\DUHDOVRDUWLILFLDOO\V\QWKHVL]HGIRUWKHQHHGV
RI WKH LQGXVWU\ 7KHLU LQFUHDVHG SURGXFWLRQ DQG XVH FDQ OHDG WR UHOHDVH LQWR WKH HQYLURQPHQW
ZKHUH WKH\ FDQ LQWHUDFW ZLWK ELRWLF DQG DELRWLF FRPSRQHQWV ,Q VSLWH RI WKHLU JUHDW
DGYDQWDJHV WKH SUHVHQFH RI QDQRSDUWLFOHV LQ QDWXUH FDQ KDYH D GDQJHURXV ELRORJLFDO HIIHFW
%KDWW DQG 7ULSDWKL   ,Q SDUWLFXODU KHDY\ PHWDO QDQRSDUWLFOHV PD\ KDYH D QHJDWLYH LPSDFW
RQ WKH HQYLURQPHQW 7KH SRWHQWLDO FRQVHTXHQFHV RIVXFKFRQWDPLQDWLRQDUHFXUUHQWO\GLIILFXOWWRDVVHVV
DV WKH WR[LFLW\ RI QDQRSDUWLFOHV LV QRW ZHOO NQRZQ GD &RVWD HW DO   +HDY\ PHWDO QDQRSDUWLFOHV
DUH RQH RI WKH PRVW FRPPRQO\ XVHG QDQRSDUWLFOHV LQ WKH LQGXVWU\ 1DJDM\RWL HW DO  
'XH WR WKHLU XQLTXH SK\VLFDO DQG FKHPLFDO SURSHUWLHV QDQRSDUWLFOHV RI PHWDOV DUH LQFUHDVLQJO\ EHLQJ
XVHG LQ YDULRXV FRPPHUFLDO SURGXFWV OHDGLQJ WRFRQFHUQVDERXWWKHLUSRWHQWLDOWR[LFLW\,QWKHLQGXVWU\
LW KDV D ZLGH UDQJH RI DSSOLFDWLRQV LQFOXGLQJ FDWDO\VLV VHQVRUV DQG HQYLURQPHQWDO UHPHGLDWLRQ
SHUVRQDO FDUH SURGXFWV HJ VXQVFUHHQ FUHDPV  FRDWLQJV RU SDLQWV )UDQNOLQ HW DO   =Q6H FDQ
EH XVHG DV D PDWHULDO IRU QW\SH VHPLFRQGXFWRUV 'XH WR WKH DELOLW\ WR HPLW IOXRUHVFHQW OLJKW FDQ
EH XVHG DV TXDQWXP ODEHOV IRU ELRORJLFDO XVH ,ZDKRUL HW DO   ,W FDQ DOVR EH XVHG
DV D VHPLFRQGXFWRU PDWHULDO ZKLFK LV SRWHQWLDOO\ XVHG LQ WKH GLRGHV RI EOXHJUHHQ OLJKW ODVHU GLRGHV
DQGVRODUFHOOV 6KDNLU HWDO 
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=LQF LV DQ HVVHQWLDO PLFURQXWULHQW ZKLFK LV LPSRUWDQW IRU QRUPDO JURZWK RI DOJDH ,WVGHILFLHQF\
OHDGV WR SRRU JURZWK DQG ORZ GU\ ZHLJKW /L HW DO   =LQF SOD\V DQ LPSRUWDQW UROH LQPDLQWDLQLQJ
WKH VWDELOLW\ RI FHOO PHPEUDQHV LQ WKH DFWLYDWLRQ RI PRUH WKDQHQ]\PHVLQSURWHLQDQGQXFOHLFDFLG
PHWDEROLVP 6RWR HW DO   +RZHYHU LW FDQ DOVR EH WR[LF ZKHQ DSSOLHG LQ KLJKHU DPRXQWV
,W ZDV IRXQG WKDW ]LQF DIIHFWV FKORURSK\OO FRQWHQW GXH WR WKH SHUR[LGDWLRQ RI FKORURSODVW PHPEUDQHV
/L HW DO   ,W KDV DOVR EHHQ IRXQG WKDW ]LQF LQ WKH IRUP RI ]LQF R[LGH =Q2  DQG ]LQF R[LGH
QDQRSDUWLFOHV =Q2 13V VKRZ DOJDO WR[LFLW\ LQ WKH IRUP RI JURZWK LQKLELWLRQ $UXRMD HW DO  
1DQRSDUWLFOHV RI ]LQF =Q2 136  VXEVWDQWLDOO\ UHGXFHV WKH YLDELOLW\ RI WKH FHOOV LQFUHDVHV WKH DFWLYLW\
RI DQWLR[LGDQW HQ]\PH VXSHUR[LGH GLVPXWDVH 62'  LQFUHDVHV WKH OHYHO RI OLSLG SHUR[LGDWLRQ
DQG FDXVHV VXEVWDQWLDO PRUSKRORJLFDO FKDQJHV DQG GDPDJH WR WKH FHOO ZDOO RI PLFURDOJDH
6XPDQ HW DO   ,Q WKH VWXG\ &KHQ HW DO  ZDV DOVR IRXQG GLVWRUWLRQV RI WKH PRUSKRORJ\
YLDELOLW\ DQGLQWHJULW\ RIWKHPLFURVXUIDFH PHPEUDQHUHVXOWLQJ IURPWKHGLVVROXWLRQ RI]LQFLRQV
,W LV JHQHUDOO\ DVVXPHG WKDW QDQRSDUWLFOHV ZLOO SHUVLVW LQ DTXDWLF V\VWHPV DQG WKDW WKHLU
ELRDYDLODELOLW\ PD\ EH VLJQLILFDQWO\ KLJKHU WKDQ IRU ODUJHU SDUWLFOHV 7KHUH DUH VFLHQWLILF FRQFHUQV
WKDW WKHVH QDQRSDUWLFOHV PD\ SRVH DQ LQFUHDVHG KHDOWK DQG HQYLURQPHQW ULVNV $ VPDOO VL]H
RI QDQRSDUWLFOHV UHVXOWV LQ ERWK JUHDWHU PRELOLW\ DQG SRWHQWLDOO\ LQFUHDVHG SHUPHDELOLW\ WKURXJK
ELRORJLFDO PHPEUDQHV7KLVFDQEHUHIOHFWHGE\FHOOOHYHO UHVSRQVHV )UDQNOLQ HWDO 
7KHUH LV OLWWOH LQIRUPDWLRQ DERXW WKH HQYLURQPHQWDO IDWH RI QDQRPDWHULDOV DQG WKHLU SRVVLEOH
WR[LFLW\ WR DTXDWLF ELRWD 7KHUH DUH PDQ\ VWXGLHV RQ DOJDO ]LQF WR[LFLW\ EXW LQ WKH IRUP RI 13V
WKHLU WR[LFLW\ LVVFDUFHO\H[SORUHG
0$7(5,$/ $1'0(7+2'6
%LRORJLFDOPDWHULDO
*UHHQ IUHVKZDWHU PLFURDOJDH Scenedesmus quadricauda
7XUS  %UHE
&KORURSK\FHDH  WULEH87(;ZDVREWDLQHG IURPWKH8QLYHUVLW\ RI7H[DV$XVWLQ

&KORURSK\WD

0LFURDOJDHFXOWLYDWLRQ
Scenedesmus quadricauda ZDV FXOWLYDWHG LQ YLWUR RQ 3HWUL GLVKHV LQ D FXOWXUHG URRP
ZLWK FRQWUROOHG FRQGLWLRQV    &  ȝPRO PV RI OLJKW LQWHQVLW\ OLJKWGDUN F\FOH  K 
IRU VHYHUDO ZHHNV XQWLO D VLJQLILFDQW SHUFHQWDJH LQFUHDVH LQ ELRPDVV 0LFUROJDH ZHUH WKHQ WUDQVIHUUHG
WR OLTXLG 7$3 7ULV $FHWDWH 3KRVSKDWH PHGLD ZLWK YDU\LQJFRQFHQWUDWLRQVRI=Q6HQDQRSDUWLFOHV ]LQF
VXOSKDWH KHSWDK\GUDWH =Q62+2 DQG FRPELQDWLRQV WKHUHRI 7KH FRQFHQWUDWLRQV ZHUH FKRVHQ
LQ WKH UDQJH RI ± ȝ0    DQG  ȝ0  6DPSOHV ZHUH WDNHQ DIWHU  GD\V RI FXOWXUH
WKHQ O\RSKLOL]HG DQGDQDO\VHG
&KORURSK\OOVDQGFDURWHQRLGV GHWHUPLQDWLRQ
7KH FKORURSK\OO FRQWHQW ZDV GHWHUPLQHG DFFRUGLQJ WR WKHPHWKRGRI/LFKWHQWKDOHUDQG:HOOEXUQ
/LFKWHQWKDOHU DQG :HOOEXUQ   7KH HWKDQROLF H[WUDFW ZDV FHQWULIXJHG DQG PHDVXUHG
DW ZDYHOHQJWKV RI   DQG  QP 7KH FDOFXODWLRQ ZDV FDUULHG RXW DFFRUGLQJ WR WKH DERYH
PHWKRG
6SHFWURSKRWRPHWULF GHWHUPLQDWLRQ RIIODYRQRLGV
7KH VDPSOH RI O\RSKLOL]HG DOJDH ZDV H[WUDFWHG ZLWK  PHWKDQRO LQ DQ DXWRPDWLF
KRPRJHQL]HU 7KH H[WUDFW WKXV SUHSDUHG ZDV DQDO\VHG XVLQJ D  1D12  $O&O+2
DQG  PO RI 1D2+ 7KH UHDFWLRQ PL[WXUH ZDV WKHQ PHDVXUHG DW  QP 7KH UXWLQ ZDV XVHG
DVWKHUHIHUHQFHVWDQGDUG
6SHFWURSKRWRPHWULF GHWHUPLQDWLRQ RI7$&
7RWDO DQWLR[LGDQW FDSDFLW\ 7$&  ZDV GHWHUPLQHG LQ D O\RSKLOL]HG VDPSOH H[WUDFWHG
ZLWK  PHWKDQRO DFFRUGLQJ WR SKRVSKRPRO\EGDWH DVVD\ V\VWHP ZLWK VRPH PRGLILFDWLRQV
6KDEELU HW DO   7KH SUHSDUHG H[WUDFW ZDV SODFHG LQ DQ XOWUDVRQLF EDWK DW URRP WHPSHUDWXUH
LQ WKH GDUN IRU  PLQXWHV 7KH VDPSOHV ZHUH WKHQ FHQWULIXJHG 7KH DQDO\VLV LV EDVHG RQ UHDFWLRQ
ZLWK VSHFLDO UHDJHQW  0 VXOIXULF DFLG  P0 VRGLXP SKRVSKDWH DQG  P0 DPPRQLXP
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PRO\EGDWH 7KHUHDFWLRQPL[WXUHZDV LQFXEDWHGDW&IRUPLQXWHVDQGWKHQ PHDVXUHGDWQP
DJDLQVW ZDWHUDVDEODQN7KHWUROR[ ZDVXVHGDVWKHUHIHUHQFHVWDQGDUG
6WDWLVWLFDODQDO\VLV
7KH GDWD ZHUH VWDWLVWLFDOO\ DQDO\VHG E\ XVLQJ VRIWZDUH 5 YHUVLRQ  IRU ZLQGRZV
ZZZU SURMHFWRUJ  6LJQLILFDQW GLIIHUHQFHV FRPSDUHG WRWKHFRQWUROVDPSOHVDUHVKRZQDVWKHDVWHULVN
DQG UHSUHVHQW VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV FRPSDUHG WR WKH FRQWURO VDPSOHV S  Q   
6WDWLVWLFDO DQDO\VLV ZDVFDUULHGXVLQJ VWXGHQW¶V tWHVW
5(68/76 $1'',6&866,21
&KORURSK\OOVDQGFDURWHQRLGV
)RU =Q6H QDQRSDUWLFOHV D VOLJKW GHFUHDVH RI FKORURSK\OOa )LJXUH $  ZDV ILUVW REVHUYHG
FRPSDUHG WR FRQWURO 7KHQ WKHUH ZDV D JUDGXDO LQFUHDVH XS WR D FRQFHQWUDWLRQ RI  μ0 LQ ZKLFK
ZH REVHUYHG D GHFUHDVH 2Q WKH RWKHU KDQG WKH VDPSOHV ZLWK ]LQF =Q62+2 DQG D FRPELQDWLRQ
RI ]LQF DQG QDQRSDUWLFOHV KDYH LQFUHDVHG VLQFH WKH FRQFHQWUDWLRQ RI  μ0 :H REVHUYHG DVWDJQDWLRQ
RU D VOLJKW GHFUHDVH DW WKH RWKHU FRQFHQWUDWLRQV ZKLFK LV PRVW SURQRXQFHG DW D FRQFHQWUDWLRQ
RI  ȝ0 )LJXUH $  ZKHQ DOO WKH VDPSOHV UHWXUQ WR WKH FRQWURO YDOXH 6LPLODU UHVXOWV ZHUH IRXQG
IRU FKORURSK\OOb )LJXUH %  DQG IRU FDURWHQRLGV )LJXUH &  7KLV LV LQ FRQWUDGLFWLRQ
ZLWK WKH RXWFRPH RI WKH VWXG\ 6RWR HW DO  ZKHUH FRQFHQWUDWLRQ RI FKORURSK\OOa GHFUHDVHG
VLJQLILFDQWO\ DW ]LQF =Q62+2 FRQFHQWUDWLRQ RI  PJO 'LIIHUHQFHV FRXOG KDYH EHHQ FDXVHG
E\ D GLIIHUHQW W\SH RI WHVWHG DOJDH Pseudokirchneriella subcapitata  WKDW FRXOG RWKHUZLVH UHDFW
WRWKHSUHVHQFHRI ]LQF 6RWRHWDO 
Figure 1 The concentration of chlorophyll-a (A), chlorophyll-b (B) and carotenoids (C)
in Scenedesmus quadricauda depending on different concentrations of zinc sulphate heptahydrate
(ZnSO4.7H2O), ZnSe nanoparticles and combination thereof. Error bars correspond to standard error
of mean (n=3).
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)ODYRQRLGV
)ODYRQRLGV EHORQJ WR D ODUJH KHWHURJHQHRXV JURXS RI VXEVWDQFHV WKDW DUH LPSRUWDQW VHFRQGDU\
PHWDEROLWHV RI SODQWV *RLULV HW DO   7KH\ DUH DQ LPSRUWDQW SDUW RI WKH SODQW V DQWLR[LGDQW
PHFKDQLVP WKDW SUHYHQWV R[LGDWLYH VWUHVV 3ODQWV XQGHU VWURQJ VWUHVV FRQGLWLRQV DFFXPXODWH IODYRQRLGV
WKDW DUH HIIHFWLYH UHDFWLYH R[\JHQ VSHFLHV 526  VHSDUDWRUV ,W ZDV DVVXPHG WKDW FKDQJHV LQ FHOOXODU
UHGR[ KRPHRVWDVLV GXH WR VWUHVV DFWLYDWH WKH IODYRQRLG ELRV\QWKHVLV $JDWL HW DO   ,Q WKH VDPSOH
ZLWK =Q6H QDQRSDUWLFOHV ZH GLG QRW QRWLFH VLJQLILFDQW GLIIHUHQFHV LQ IODYRQRLGV FRQWHQW FRPSDUHG
WR FRQWURODWFRQFHQWUDWLRQVRIDQGȝ0$W DFRQFHQWUDWLRQRIDQG ȝ0WKHUHZDVDVOLJKW
GRZQZDUG WUHQG 2Q WKH RWKHU KDQG WKH ]LQF =Q62+2 VDPSOH GLG QRW VKRZ VLJQLILFDQW
GLIIHUHQFHV FRPSDUH WR FRQWURO DW DQ\RIWKHVHFRQFHQWUDWLRQV 7KHPRVWVLJQLILFDQWHIIHFWRQIODYRQRLG
FRQWHQW ZDV IRXQG LQ D VDPSOH RI ERWK QDQRSDUWLFOHV DQG ]LQF LQ ZKLFK ZH UHFRUGHG D VOLJKWLQFUHDVH
LQFRQFHQWUDWLRQVRIDQGȝ0 $WWKHVHFRQFHQWUDWLRQVWKHPLFURDOJDHDWWHPSWHGWRSUHYHQW
R[LGDWLYH VWUHVVE\LQFUHDVLQJ WKHV\QWKHVLV RIWKHVHVXEVWDQFHV
Figure 2 The concentration of flavonoids in Scenedesmus quadricauda depending on different
concentrations of zinc sulphate heptahydrate (ZnSO4.7H2O), ZnSe nanoparticles and combination
thereof. Error bars correspond to standard error of mean (n=3).

7RWDO$QWLR[LGDQW&DSDFLW\ ± 7$&
7KH =Q6H QDQRSDUWLFOH VDPSOH GLG QRW KDYH D VLJQLILFDQW HIIHFW RQ WRWDO DQWLR[LGDQW FDSDFLW\
2Q WKH RWKHU KDQG D VLJQLILFDQW LQFUHDVH LQ FRQFHQWUDWLRQ ZDV REVHUYHG IRU WKH ]LQF VDPSOH
DQG WKH ]LQFQDQRSDUWLFOH FRPELQDWLRQ 7KH PRVW VLJQLILFDQW LQFUHDVH ZDV REVHUYHG DW FRQFHQWUDWLRQV
RI   DQG  ȝ0 FRQVLVWHQW ZLWK UHVXOWV LQ IODYRQRLG DVVD\V 7KLV FRQILUPV WKH K\SRWKHVLV
WKDW WKH DOJDH DW WKHVH KLJKHU FRQFHQWUDWLRQV LQFUHDVHG WKH DFWLYLW\ RI WKH DQWLR[LGDQW V\VWHP WR LQKLELW
R[LGDWLYH VWUHVV 0LD]HN HW DO   HVSHFLDOO\ LQWKHVDPSOHZLWKDFRPELQDWLRQRI]LQFQDQRSDUWLFOHV
DQG]LQFVXOSKDWH KHSWDK\GUDWH
Figure 3 Total antioxidant capacity in Scenedesmus quadricauda depending on different
concentrations of zinc sulphate heptahydrate (ZnSO4.7H2O, ZnSe nanoparticles and combination
thereof. Error bars correspond to standard error of mean (n=3).
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2QH H[SODQDWLRQ IRU WKLV UHVXOW LV WKH SRVVLELOLW\ RI UHOHDVLQJ ]LQF LRQV IURP =Q6H QDQRSDUWLFOHV
ZKLFK FRXOG LQFUHDVH WKH FRQFHQWUDWLRQ RI =Q LRQV WKHPVHOYHV WRJHWKHU ZLWK =Q62
7KHUHIRUH WKH FRPELQHG HIIHFWRI]LQFDQG=Q6HQDQRSDUWLFOHV FRXOGKDYHWKHVHVLJQLILFDQW HIIHFWV
&21&/86,21
7R[LFLW\ RI =Q6H QDQRSDUWLFOHV RQ JUHHQ IUHVKZDWHU PLFURDOJDH Scenedesmus quadricauda
ZDV LQYHVWLJDWHG =LQF FDQ EH WR[LF LQ ERWK EXON DQG QDQR IRUPV 7KH UHVXOWV RI WKLV VWXG\ FRPSDUH
WKH HIIHFW RI ]LQF LQ WKH IRUP RI EXON QDQR DQG FRPELQDWLRQ RI ERWK ,W KDV EHHQ VKRZQ WKDW ]LQF
LQ EXON DQG QDQRSDUWLFOHV IRUP FDQ DIIHFW FKORURSK\OOa FKORURSK\OOb DQG FDURWHQRLG OHYHOV UHVXOWLQJ
LQ DQ LQFUHDVH LQ WKH FRQWHQW RI WKHVH SLJPHQWV HVSHFLDOO\ DW FRQFHQWUDWLRQV RI   DQG  ȝ0
7KH PRVW VLJQLILFDQW HIIHFW RQ IODYRQRLG FRQWHQW DQG WRWDO DQWLR[LGDQW FDSDFLW\ ZDV VKRZQ
E\ D FRPELQDWLRQ RI ]LQF DQG QDQRSDUWLFOHV ,Q WKLV VDPSOH LQFUHDVHG IODYRQRLG V\QWKHVLV
DQG LQFUHDVLQJ FRQFHQWUDWLRQ RI DQWLR[LGDQW FDSDFLW\ ZHUH REVHUYHG 7KLV FRPELQDWLRQ FRXOG
KDYH WKH JUHDWHVW HIIHFW GXH WR WKH UHOHDVH RI =Q LRQV IURP =Q6H QDQRSDUWLFOHV ZKLFK WRJHWKHU
ZLWK ]LQFSURGXFHGDVLJQLILFDQW HIIHFW
$&.12:/('*(0(176
7KH ZRUN ZDV VXSSRUWHG E\ ,QWHUQDO *UDQW $JHQF\ RI 0HQGHO 8QLYHUVLW\ LQ %UQR 3URMHFW
1R 7\P  DQG &(,7(&  /4  ZLWK ILQDQFLDO VXSSRUW IURP WKH 0LQLVWU\ RI (GXFDWLRQ
<RXWKDQG6SRUWVRIWKH&]HFK5HSXEOLF XQGHUWKH1DWLRQDO 6XVWDLQDELOLW\ 3URJUDPPH,,
5()(5(1&(6
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BUD OUTGROWTH IN PEA (PISUM SATIVUM L.)
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CEITEC MENDELU
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC
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Abstract: This work was aimed on the role of cytokinins in regulation of cotyledonary bud outgrowth
in intact pea (Pisum sativum L.) plants. It is well known that application of cytokinins
to the cotyledonary buds of intact plants activates their outgrowth. Here we show
by immunolocalization rapid polarization of PIN1 proteins in the cytokinin treated buds, on contrary
to untreated buds. It is therefore obvious that cytokinins directly influence polarization
of PIN1 proteins and the subsequent canalization of the polar auxin transport from the buds enabling
their outgrowth.
Key Words: Cytokinins, apical dominance, polarization of PIN1 proteins
INTRODUCTION
The polarized auxin flux in the main stem of the plant can inhibit the growth of the lateral buds
by being able to regulate the ability of the lateral bud to establish its own auxin export
into the main stem (Li and Bangerth 1999). Sachs (1981) observed in his attempts to regenerate
vascular bundles after mechanical damage to the stem. The theory assumes that auxin has a polarizing
effect on the tissue, and it is based on the auxin feedback induced by polarization of its transport
at the level of one cell. The regulation and direction of the auxin flow is realized at the cellular level
by auxin-induced changes in the polarity of PIN proteins (Sauer et al. 2006b).
If we have two auxin sources nearby, there is competition between them and one source
can block the auxin canalisation from the underlying one (Sachs 1968). If the shoot apex
is decapitated, the axillary buds are released from inhibition and begin to grow. This growth is initially
uniform for both buds, but after several days of growth it can be observed that one of the shoots
remain completely inhibited, and the second growing bud will take over the function of the new shoot
apex.
This means that there is competition for dominance, based on the blockage of canalisation
of auxin from one bud by another one (Balla et al. 2016). Export of the auxin from the lateral buds
is only possible if the primary auxin source is removed or weakened (e.g. by decapitation).
As a result of decapitation, auxin export from the lateral buds due to the polarization
of the PIN proteins will occur to create the auxin channel. In addition, vascular bundles necessary
for the growth of lateral buds are formed along these channels (Balla et al. 2011). The main aim
of the described experiments was to elucidate the action of exogenously applied cytokinin,
6-benzylaminopurine (BAP), on the cotyledonary buds of intact pea plants (Pisum sativum L.).
We studied the release of cotyledonary pea buds from apical dominance and the role of cytokinin
on polar auxin transport in the buds.
MATERIAL AND METHODS
Plant material
For the experiments seeds of pea (Pisum sativum L.), variety 9ODGDQ 6HPRDV6PUåLFH&]HFK
Republic) were used.
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Experimental setup
The exogenous application of 1% BAP (Sigma-Aldrich, USA) to the cotyledonary buds of intact
pea plants was performed on day 7, calculated from the time when imbibed seeds were sawn onto
Perlite, and treated plants were sampled 0, 6, 12, 24, 48, 72, 96 hours after BAP application (Figure 1).
Parallel samples of cotyledonary buds from control, untreated plants were collected
at 0 and 120 hours.
Figure 1 The application of 1% BAP on the cotyledonary bud in intact pea plant (Pisum sativum L.)

Imunolocalization of PIN1
The segments of pea buds were left in fixation mixture until next day at -20 & Fixation
mixture consists of methanol together with acetic acid in ratio 3 : 1. After the segments were pulled
out from fixation mixture, they were 3 times washed for 15 minutes in PBS buffer
at pH 7.4. The dehydration of segments was performed by using the ethanol series to achieve complete
water removal of the segments of pea buds. The concentrations of ethanol in ethanol series were
10/30/50/70/90/96/100%. The pea buds were after that immersed into solution xylene : ethanol
in different ratio (Sauer et al. 2006a). Individual segments were immersed in xylene solution
overnight. The next day paraffin Paraplast plus (Kendall, USA) was gradually added to the flasks
with a melting point of 56 C. First, a mixture of paraffin and xylene added to the segments
and was incubated at room temperature for 12 hours. After that, paraffin was added again for 12 hours
at 42 C and 4 hours at 58 C. This was followed by the gradual removal of the xylene solution
with paraffin and its gradual replacement with pure and dissolved paraffin (Sauer et al. 2006a).
Cutting was performed WRȝPWKLQVOLFHV on a Leica RM2255 rotary microtome (Leica biosystems,
Germany). The glasses with segments that were selected for further processing were subsequently
rehydrated by descending ethanol series of 90/70/50/30/10% concentration. Finally, the sample glasses
were immersed for 10 minutes in PBS buffer (Sauer et al. 2006a). Blocking solution was pipetted
onto microscope slides (3% bovine serum albumin dissolved in PBS buffer at pH 7.4) and left
in the dark for 60 minutes. After this time, the blocking solution was removed from the microscope
slides and WKHQ  ȝO RI WKH solution with the primary anti-PIN1 antibody (anti-PIN1 antibody
was provided by the Laboratory of developmental and cell biology of plants-IST Austria) was pipetted
onto microscope slides. Antibody dilution was performed with blocking solution in a ratio of 1 : 1000.
To prevent it from drying out, the glass was covered by parafilm. The following day was removed
from the microscope slides with parafilm, a blocking solution with the first antibody,
and the microscope slides were washed three times in PBS buffer containing 0.2%
Tween-20 (Sigma-Aldrich, USA) (Sauer et al. 2006a). Blocking solution was pipetted onto the glasses
and was then incubated in a humid environment and in the dark for 30 minutes. The blocking solution
was then removed and solution of the secondary antibody conjugated to the fluorescent dye-polyclonal
Cy3-anti rabbit (Sigma-Aldrich, USA) was pipetted onto the glass. The antibody was pre-diluted
with blocking solution in a ratio of 1: 500. Then, to prevent the sample from drying out was again used
parafilm. After 4 hours of incubating the samples at 37 & LQ WKH dark, the secondary antibody
was removed from the glass and the glass was washed three times in PBS buffer containing
0.2% Tween-20 at room temperature for 10 minutes (Sauer et al. 2006a).

676

November 8–9, 2017, Brno, Czech Republic

24
years

Microscopy
To prevent protein degradation, they were mounted in mounting medium after removal
(Sauer et al. 2006). Object microscopy was performed on a BX 60 LSM Fluoview 300 confocal laser
scanning microscope (Olympus, Japan) using a 568 nm krypton-argon laser and a BA 585IF barrier
filter.
RESULTS AND DISCUSSION
The effect of cytokinin application to cotyledonary buds of intact pea plants was observed
by confocal microscopy of immunolocalized PIN1 proteins.
Files of cells with polarly localized PIN1 protein clearly define channels with established polar
auxin transport. In our experiment we observed, that while in the buds of intact plants
the PIN1 proteins are not polarized (Figure 2A, 0 hours; Figure 2H, 120 hours nontreated plants),
already after the first 6 hours after application of BAP, polarized PIN1 proteins can be observed
that define the transport channels of auxin (Figure 2B). During 12±96 hours after the BAP application
(Figure 2C±2G) to the cotyledonary buds this auxin channels are gradually increasing indicating
the location of the future vasculature.
Figure 2 Imunolocalization of PIN1 proteins observed by confocal microscope showing polarization
of PIN1 proteins in procambial cells in cotyledonary buds of intact pea plants in the time
(A) 0 hours, (B) 6 hours, (C) 12 hours, (D) 24 hours, (E) 48 hours, (F) 72 hours, (G) 96 hours after
application 1% BAP. Figure 2H; 120 hours, represents untreated bud from control plant.
2EMHFWLYH[VFDOHLVȝP.
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Immunoassay of cotyledonary buds of intact plants showed that no PIN1 proteins were
polarized in the apical region of the bud. However, after BAP application to these cotyledonary buds,
it was possible to observe polar localization of PIN1 proteins already 6 hours after application.
This indicates that the buds had been released from inhibition and that auxin transport proceeded
in a similar way as is known in the axillary buds (Kalousek et al. 2010). The amount of polarized
auxin transmembrane transporters PIN1 in the bud continued to increase during the time,
and auxin transport channels were formed, the buds were released from apical dominance, and were
growing out. It is known that polar auxin transport enabled by PIN1 protein polarization is essential
for the whole process of axillary bud release from dormancy and outgrowth (Balla et al. 2011).
Since polarization of PIN1 proteins occurred in the cotyledonary buds only a few hours
after the BAP treatment, the results of the experiment indicate that cytokinin stimulates
the polarization of PIN1 locally and has a direct effect on the initiation of polar auxin transport.
CONCLUSION
The results are in accordance with the theory of auxin canalization (Prusinkiewicz et al. 2009,
Balla et al. 2011), and cytokinins have been observed to accelerate the polarization of PIN1 proteins
and thereby initiate export of auxin from the axillary bud (Kalousek et al. 2010). This also provides
explanations, that cytokinins initiate the growth of cotyledonary buds on intact plants by initiating
polarization of PIN1 proteins, and consequently export of auxin from this bud.
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Abstract: The aim of this study was to compare the effect of traditionally used antibiotics (penicillin,
gentamicin, kanamycin) with a selected bioactive substance (curcumin; CUR) on rabbit spermatozoa
in the presence of Enterococcus faecalis. Rabbit sperm motility was analysed using the CASA
(Computer-assisted sperm analysis) system. Production of reactive oxygen species (ROS) was
determined by the chemiluminescence assay. Mitochondrial activity expressed through the
mitochondrial membrane potential was analysed using the fluorimetric dye JC-1. Chromatindispersion (SCD) test was used to determine the DNA damage. At times of 0 and 6 hours, we observed
changes in the structural integrity and functional activity of male reproductive cells. The CASA
analysis showed that gentamicin was the most effective supplement, which significantly increased (P <
0.001) the motility after 6 hours. CUR increased the sperm motility with a significance level of P <
0.01. The results of the ROS analysis showed that CUR was the most capable in effectively neutralize
the bacterium-induced oxidative stress (P < 0.001). At the same time, CUR was able to maintain the
mitochondrial membrane potential with a significance level of P < 0.01. The results of the DNA
fragmentation analysis indicate that the bacteria in combination with antibiotics significantly (P < 0.01
in case of gentamicin and kanamycin; P < 0.05 with respect to penicillin) damaged the DNA of male
gametes. On the other hand, CUR significantly reduced (P < 0.05) DNA fragmentation. Among the
selected experimental compounds CUR was able to preserve spermatozoa most effectively. We may
conclude that CUR did not only equalize, but it also exceeded the effects achieved using antibiotics in
three of the four assessments. Therefore, we may propose the use of curcumin as a supplement for
semen extenders.
Key Words: Enterococcus faecalis, curcumin, bacterial infection, antibiotics, spermatozoa
INTRODUCTION
Bacterial contamination of ejaculates and its subsequent consequences on the sperm fertilizing
potential is an intensively discussed topic. Clinical studies are not fully in compliance with the effect
of bacteriospermia on the function of male gametes (Moretti et al. 2009, Barraud-Lange et al. 2011).
The majority of urogenital infections remain asymptomatic (Vilvanathan et al. 2016). Collecting
semen samples on animal farms is not a sterille process. Semen samples may be contaminated by
bacteria, particularly during the storage, with a subsequent decrease of semen quality. Moreover, the
health condition of recipient can be compromised. Prevention of the destructive effects of bacteria
during semen preservation may be facilitated by the addition of antibiotics to semen extenders
(Salamon and Maxwell 2000). In general, antibiotic therapies used in treatment of many diseases have
baleful effects on fertility (Khaki 2015).
Due to the increasing resistance of bacteria to antibiotics, it is necessary to seek for alternatives.
Except that curcumin abounds the antimicrobial effect, provides also antioxidant effect and improves
spermatozoa vitality (Tvrdá et al. 2015). The aim of the study was to analyse the efficiency of
a selected alternative biomolecule (CUR) and antibiotics, which are traditionally used in animal
biotechnologies (penicillin, gentamicin, kanamycin), during the co-cultivation of rabbit spermatozoa
with uropathogenic bacteria (Enterococcus faecalis) isolated from rabbit ejaculates.
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MATERIAL AND METHODS
Rabbits possess numerous advantages in comparison to mice, rats or larger animals, such as
their peaceful and compliant nature. Therefore, they are used as standard experimental subjects (Wang
et al. 1998). Ejaculates from 12 rabbits (New Zealand white brolier line) were observed on a regular
collection schedule using an artificial vagina in Animal Production Research Center Nitra (Slovak
Republic). Immediately after collection, the sperm motility and concentration were assessed. A sample
above 70% motility (> 5 ȝm/s) was considered to an acceptable sample. In laminar box were samples
aliquoted in 100 μL into Petri dishes with growth medium and keep them in incubator (35 ± 2 °C)
during 48–72 hours. By MALDI-TOF MS (Bruker Daltonics, USA) were identified Enterococcus
faecalis in 10 from 19 isolated bacteria. We prepared liquid cultivation medium consisting of casein
hydrolysate, beef infusion solids, starch and water (pH 7.4 ± 0.2; 25 °C). Bacteria were cultivated
during 24–48 hours at the temperature 36 °C. The grown culture was diluted to 0.3 McF (DEN-1
McFarland Densitometer, Grant-bio, UK). The culture was divided to 4 experimental groups treated
by antibiotics: penicillin (P) – 300 μg/mL, gentamicin (G) – 1000 μg/mL, kanamycin (K) – 80 μg/mL
and curcumin (CUR)– 1 μmol/mL. As a control, we established 2 groups: positive control (PC) –with
bacteria and negative control (NC) – without bacteria. In a ratio 1:30, we mix in ejaculates into each
group and cultivated during 6 hours at 37 °C. Each methodical steps are focused on complex
assessment of essential components of structural integrity and functional activity of male reproductive
cells. Motility was assessed by Computer-asissted semen analysis (CASA, Version 14.0 TOX IVOS
II.; Hamilton-Thorne Biosciences, Beverly, MA, USA) (Tvrdá et al. 2016a).
ROS generation was assessed by the chemiluminescent assay using luminol (5-amino-2,3dihydro-1,4-phthalazinedione; Sigma-Aldrich) as the reagent. We used 96-well plates, while blank,
negative and positive control were measured in triplicates. Blank consisted of 100 μL of PBS
(Dulbecco’s Phosphate Buffer Saline, Sigma-Aldrich, USA), negative control contained (except for
100 μL of PBS) 2.5 μL of luminol. Positive control contained 100 μL PBS, 2.5 μL luminol and
12.5 μL of 30% H2O2 (8.8 M; Sigma-Aldrich). Chemiluminescence was measured in 15 cycles of
1 min. using the Glomax Multi+ Combined Spectro-Fluoro-Luminometer (Promega Corporation,
Madison, WI, USA). The results are expressed as relative light units (RLU)/s/106 sperm (Tvrdá et al.
2016b).
Mitochondrial membrane potential is an important marker of mitochondrial function and was
measured by Mitochondrial Membrane Potential Assay Kit JC-1 (Abnova, Taiwan). Approximately
1 million cells were colored by JC-1 dye. After 30 min. of incubation (37 °C) the samples were
centrifuged (Hettich Rotina 420, Deutschland) during 5 min. at 2100 rpm. Subsequently, supernatant
was removed and pellet was gently washed with buffer solution (200 μL). These steps are repeated
until the third centrifugation. Then supernatant is removed and pellet was resuspended with 100 μL
and quantitatively displaced into a black 96-well plate. The samples were analysed by Glomax Multi+
(Promega, USA) using a blue filter, subsequently via a green filter. The results are expressed as a ratio
of JC-1 complexes to JC-1 monomers (Zorova et al. 2017).
DNA fragmentation (SCD test) were assessed through the Halomax Kit (Halotech, Spain). The
SCD test is based on controlled DNA denaturation process in agarose matrix to facilitate the
subsequent removal of the proteins contained in each spermatozoon. The result after DNA dyeing is
the presence/absence of the halo effect around fragmented/compact DNA (Choucair et al. 2016).
All data were subjected to statistical analysis using the GraphPad Prism program (version 6.0
for Windows, Graphpad Software incorporated, San Diego, California, USA, www.graphpad.com).
Results are quoted as arithmetic mean ± standard error of mean (SEM). Differences between control
and experimental groups were statistically evaluated by One-Way ANOVA with the Dunnet’s
comparison test. The level of sifnificance for the comparative analysis was set at * P <0.05; ** P <
0.01; *** P < 0.001.
RESULTS AND DISCUSSION
After 6 hours spermatozoa in the PC were nearly immotile. In contrast, NC showed over 40%
motility. Fraczek et al. (2014) simulated in vitro bacterial infection and tested fertilization potential of
male reproductive cells. The effect of bacterial species significantly decreased the sperm motility. In
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the group treated with gentamicin we observed the highest motility (34,00 ± 4,26%) among the
experimental groups. On the other hand, Kováþová (2015) noticed that gentamicin (1000 μg/mL) can
decrease sperm motility already after 1 hour. In the group treated with CUR after 6 hours we observed
a significant increase (P < 0.01) of motility against PC.
Figure 1 Comparation of motility results of Control and Experimental groups assessed at initial time
and after 6 hours

Legend: NC – negative control; PC – positive control; P – group treated with penicillin; G – group treated with gentamicin;
K – group treated with kanamycin; CUR – group treated with curcumin; * P < 0.05; ** P < 0.01; *** P < 0.001

Already at initial time, a significantly increased (P < 0.001) ROS generation was recorded in all
experimental groups compared to NC, except for the group treated with curcumin. Tvrdá et al. (2016b)
discussed about the antioxidant and motion-maintaining effect of curcumin, which correlates with our
results. The selected antibiotics did not reach as good antioxidant effect as curcumin. That may be
caused by inducing complex redox alterations that contribute to cellular damage and death (Dwyer et
al. 2014).
Figure 2 Comparation of ROS generation results of Control and Experimental groups assessed at
initial time and after 6 hours

Legend: NC – negative control; PC – positive control; P – group treated with penicillin; G – group treated with gentamicin;
K – group treated with kanamycin; CUR – group treated with curcumin; * P < 0.05; ** P < 0.01; *** P < 0.001

The assessment of the mitochondrial membrane potential showed a significant increase (P <
0.01) of JC-1 units in the group treated with curcumin compared with PC. The selected antibiotics
were not effective enough in the maintance of mitochondrial membrane potential.
Analysis of DNA fragmentation showed a destructive effect of bacteriospermia. Surprisingly,
the selected antibiotics did not decrease the fragmentation index, conversely, they increased the
percentage of fragmentation index. CUR remarkably decreased (P < 0.05) the fragmentation index and
therefore was able to protect the structure of the DNA molecule against deleterious effects of oxidative
stress. Kalghatgi et al. (2013) pointed out detrimental side effects of antibiotic treatment, including
oxidative stress leading to damage of membrane lipids, proteins and DNA.
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Figure 3 Comparation of Mitochondrial membrane potential results of Control and Experimental
groups assessed at initial time and after 6 hours

Legend: NC – negative control; PC – positive control; P – group treated with penicillin; G – group treated with gentamicin;
K – group treated with kanamycin; CUR – group treated with curcumin; * P < 0.05; ** P < 0.01; *** P < 0.001

Figure 4 Comparation of DNA fragmentation results of Control and Experimental groups assessed at
initial time and after 6 hours

Legend: NC – negative control; PC – positive control; P – group treated with penicillin; G – group treated with gentamicin;
K – group treated with kanamycin; CUR – group treated with curcumin; * P < 0.05; ** P < 0.01; *** P < 0.001

CONCLUSION
Our results showed that E. faecalis considerably destructs spermatoza in each observed markers
of the cell damage. By adding antibiotics or curcumin, we were able to affect the viability of
spermatozoa. On the basis of the obtained results, we may conclude that the protective effects of
curcumin in a global aspect outweighed the protective effects of selected antibiotics in three of the
four observed parameters. Due to the constantly increasing bacterial resistance against traditional
antibiotics commonly used in semen extenders, it is necessary to re-evaluate their usage and search for
new supplements that would effectively supress bacterial colonization or to provide a particular
advantage, thereby prolonging the viability of male reproductive cells. Of course, further studies are
needed.
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Abstract: The concentrations of seminal elements can indicate the physiological balance in the body.
Imbalance between the levels of reactive oxygen species (ROS) and the levels of antioxidant systems is
called oxidative stress (OS). The objective of this study was to evaluate correlations between
macroelements and microelements, which have impact to oxidative balance in seminal plasma of
stallions. Fresh semen was obtained from 12 breeding stallions aW1DWLRQDO6WXG)DUPLQ7RSRĐþLDQN\LQ
age of 5±26 years composed of following breeds: Arab thoroughbred, Holsteiner, Hucul, Lipican, Selle
francaise, Shagya-arab. Horses were stabled in boxes with bedding straw and feed with oat and hay.
Semen was collected by the trained veterinarian equipped with lubricated pre-warmed artificial vagina
at the start of the breeding season in February. Monitored results show a significant correlation between
production of reactive oxygen species (ROS), malondialdehyde production (MDA) and magnesium
(each p < 0.01). Furthermore, Fe correlated very significantly with total antioxidant status (TAS) (p <
0.001). Also Fe correlated significantly with protein carbonyls (PC) (p < 0.01). Correlation analysis
indicated positive correlation between copper and reactive oxygen species (ROS) (p < 0.05). Finally,
these results indicate that seminal chemical elements influence protection against oxidative stress. At the
same time, oxidative stress and spermatozoa abnormalities are caused by mineral imbalance in the
seminal plasma.
Key Words: macroelements, microelements, oxidative stress, seminal plasma, stallions
INTRODUCTION
Seminal plasma is a complex mixture secreted from the testes, epididymis and accessory sex
glands. It can influence spermatozoa morphology, motility, acrosome reaction and fertility (Asadpour
2012).
Seminal plasma includes many enzymes, proteins, lipids, microelements [copper (Cu), iron (Fe),
zinc (Zn)] and macroelements [sodium (Na), potassium (K), calcium (Ca), magnesium (Mg)]
(Zambelli et al. 2010). Some others are demanded in narrow limits [manganese (Mn), selenium (Se,
cobalt (Co)] (Tvrda et al. 2013b). The osmotic balance is established by sodium (Na) and potassium
(K) cations in the seminal plasma, while the calcium (Ca) is needed for stimulation of steroidogenesis
in Leydig cells of the testis (Asadpour 2012). Imbalance between the levels of reactive oxygen species
(ROS) and the levels of antioxidant systems is called oxidative stress (OS) (Patricio et al. 2016, Kawai
et al. 2017). Lower concentrations of zinc in the organism for long-term induce oxidative stress, which
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was confirmed on animal studies (Valko et al. 2005). According to study of Hsu and Guo (2002), the
higher levels of oxidative stress as well as low levels of lead increased production of reactive oxygen
species (ROS). Crucial element in cell physiology is magnesium which plays a role in
spermatogenesis (Wong et al. 2001).
ROS represents a main factor in several physiological processes and in spermatozoa acts as
trigger for the regulation of hyperactivation, sperm-oocyte binding as well as acrosome reaction.
Nowadays, there are not enough studies about macroelements and microelements, which have impact
on oxidative balance in seminal plasma (Agarwal et al. 2006, Rivlin et al. 2004).
Thus, the objective of this study was to evaluate correlations between macroelements (Ca, Na,
K, Mg) and microelements (Zn, Fe, Cu) to oxidative balance in seminal plasma of stallions.
MATERIAL AND METHODS
Animals
Fresh semen was obtained from 12 breeding stallions DW1DWLRQDO6WXG)DUPLQ7RSRĐþLDQN\ in
age of 5±26 years composed of following breeds: Arab thoroughbred, Holsteiner, Hucul, Lipican,
Selle francaise, Shagya-arab. Horses were stabled in boxes with bedding straw and feed with oat and
hay. Movement of horses was secured by carousel, where they walked one hour a day as well as by
individual fields, where horses stay four hours a day.
Semen collection and processing
Stallions were sexually stimulated by the presence of mare situated close to the breeding
phantom. Consequently, semen was collected by the trained veterinarian equipped with lubricated prewarmed artificial vagina at the start of breeding season in February.
Samples were immediately after collection centrifuged (15 minutes at 10000 x g) and the
supernatant was separated. Samples of seminal plasma were then stored at 7 & WR SUHYHQW IXUWKHU
production of oxygen reactive species.
Detection of microelements and macroelements
The concentrations of the metals, Ca, Cu, Fe and Zn, were measured in samples following the
oven drying (60C, SUP ± 100W dryer, WAMED) and mineralization with hot nitric acid (65%, Baker
Analyzed, JT Baker, Phillipsburg, NJ, USA) in the open mineralization system (Velp Scientifica
DK20). Mineralized solutions were diluted with ultrapure water (18.2 MV cm at 25 C, Direct-Q 3,
Merck-Millipore, Germany) up to 10 mL and analyzed with a flame atomic absorption spectrometer
(AAnalyst 200, Perkin Elmer, Waltham, MA, USA). The final results, after comparison with the limits
of quantification and recalculations, were expressed as parts per million (ppm). Hg measurements
were realized using automated Hg analyzer (NIC MA ± 2) without the external mineralization
(conducted in two repetitions). The final results, after comparison with the limits of quantification and
recalculations, were expressed as parts per million (ppm) (Binkowski et al. 2016).
Assessment of oxidative balance
ROS production in each group was assessed by the chemiluminescence assay using luminol (5amino-2, 3-dihydro-1, 4-phthalazinedione; Sigma-Aldrich) as the probe (Kashou et al. 2013). The test
sampleVFRQVLVWHGRIOXPLQRO ȝ/P0 DQGȝL of sample. Negative controls were prepared
E\ UHSODFLQJ WKH VSHUPDWR]RD VXVSHQVLRQ ZLWK  ȝ/ RI HDFK FXOWXUH PHGLXP 3RVLWLYH FRQWUROV
LQFOXGHGȝ/RIHDFKPHGLXPȝ/OXPLQRODQGȝ/K\GURJHQSHUR[Lde (30%; 8.8 M; SigmaAldrich). Chemiluminescence was measured on 48-well plates in 15 cycles of 1 min using the Glomax
Multi + Combined Spectro-Fluoro Luminometer (Promega Corporation, Madison, WI, USA). The
results are expressed as relative light units (RLU)/s/106 spermatozoa cells (Tvrda et al. 2016).
Total antioxidant status (TAS)
An improved enhanced chemiluminescence antioxidant assay was applied for the determination
of the total antioxidant capacity of the sample. The TAS assay is based on enhanced horse radish
peroxidase (HRP) ± catalyzed luminol chemiluminescence. To analysis 5± PRO/ 7UROR[ hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid; Sigma-Aldrich) was used as the standard,
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while a signal reagent consisting of 0.1 mol/L Tris-HCl (Sigma-Aldrich), 12 mol/L H2O2 (SigmaAldrich), 41.8 mmol/L 4-iodophenol (Sigma-Aldrich) and 282.2 mmol/L luminol (Sigma-Aldrich)
was used to induce the chemiluminiscent reaction. Chemiluminescence was measured on 96-well
plates in 10 one minute lasting cycles using the Glomax Multi + Combined Spectro-Fluoro
Luminometer (Promega Corporation). The results are expressed as relative light units (RLU's)
(Duracka et al. 2016a, Tvrda et al. 2016).
Malondialdehyde (MDA)
The MDA content was assessed with the help of the TBARS assay, modified for a 96-well
plates and ELISA reader. Each sample was treated with 5% sodium dodecyl sulfate, 0.53%
tiobarbituric acid (TBA; Sigma Aldrich, St. Louis, USA) in 20% acetic acid adjusted with NaOH
(Centralchem, Bratislava, Slovak Republic) to pH 3.5 and boiled at 90±100 &IRUK6XEVHTXHQWO\
the samples were placed on ice for 10 min and centrifuged at 1750 îJIRUPLQ6XSHUQDWDQWZDV
used to measure the product formed by the reaction of MDA and TBA under high temperature and
acidic conditions at 530±540 nm (Tvrda et al. 2013a).
Protein carbonyls (PC)
Carbonyl group quantification was done using the traditional 2,4-dinitrophenylhydrazine
(DNPH) method. 1 mL of the pretreated sample solution was added to 1 mL of DNPH (10 mM in
2 NHCl; Sigma-Aldrich), mixed, and incubated for 1 h in the dark at room temperature. After the
addition of 1 mL of trichloroacetic acid (20% w/v; Sigma-Aldrich) the mixture was incubated at 4 &
IRUPLQEHIRUHFHQWULIXJDWLRQDWîJIRUPLQXtes. The supernatant was discarded without
disturbing the pellet that was washed three times with 1 mL of ethanol/ethyl acetate (1/1; v/v) to
remove free DNPH reagent. The sample pellet was re-suspended in 1 mL of 6 M guanidine-HCl
(Sigma-Aldrich) before absorbance measurement at 360 nm. The molar absorption coefficient of
22000 1/M.cm was used to quantify the concentration of protein carbonyls groups. Protein carbonyls
were expressed as nmol/L (Duracka et al. 2016b).
Statistical analysis
All data were analysed using the Statistical Analyses System (SAS 9.2. using of application
Enterprise guide 5.1). Pearson's correlations between different parameters of macroelements and
microelements to oxidative balance were used.
RESULTS AND DISCUSSION
The concentrations of seminal elements can indicate the physiological balance in the body
(Massanyi et al. 2003). In our study selected elements in seminal plasma of stallions were analysed
(see Table 1). Average level of microelements such as Zn and Fe were lower, but level of Cu was
similar to results in the study of Massanyi et al. (2003). Concentration of Cu was higher in study of
Usuga et al. (2017) than in our study. In the study of Pesch et al. (2006), the level of Na, K and Mg
was higher, but level of Ca was lower compared to our results. In results of Tvrda et al. (2013b), who
analysed bovine seminal plasma, level of Na, K and Mg was lower than in our study. According to
Usuga et al. (2017), concentration of magnesium was approximately equal to our concentration. The
concentrations of Pb in our study were similar to results, which reported Massanyi et al. (2003).
Table 2 displays the results of oxidative balance in stallion seminal plasma. Concentration of
MDA in our results was higher than in the study of Tvrda et al. (2013b), where bull samples were
DQDO\]HG  PRO/  ,Q FRQWUDU\ WR UHVXOWV RI (O 6LV\ HW DO   OHYHO RI 0'$ ZDV KLJKHU
compared to present study. Furthermore, Patricio et al. (2016) determined higher values of TAS 1530
>HTPRO7UROR[/@LQthe human semen compared to our study. The level of ROS and PC was 97.8
[RLU/s/L] and 141.3 [nmol/L].
Correlation analyses
In our results a significant correlation between reactive oxygen species (ROS), malondialdehyde
(MDA) and magnesium (each p < 0.01) was found. The analyses of Tvrda et al. (2013b) show
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negative significant correlations between MDA and Mg. In study of Abdul-Rasheed (2010) positive
associations between Mg and antioxidant markers were found. Monitored Mg correlations reflect the
regulatory effect of the activity of Mg-dependent ATPase on the motility of the spermatozoa
(Stegmayr et al. 1982).
Table 1 Concentration of selected elements in stallion seminal plasma (n = 12)
Elements
Pb [mg/kg]
Ca [mg/kg]
Mg [mg/kg]
Zn [mg/kg]
K [mg/kg]
Na [mg/kg]
Fe [mg/kg]
Cu [mg/kg]
Hg [mg/kg]

Mean

SD

0.4
236.9
99.8
64.0
731.3
3601.3
1.6
1.2
0.00

0.4
136.5
125.3
107.9
46.5
115.0
0.5
0.5
0.00

Legend: SD ± standard deviation, Pb ± lead, Ca ± calcium, Mg ± magnesium, Zn ± zinc, K ± potassium, Na ±
sodium, Fe ± iron, Cu ± copper, Hg ± mercury.

Table 2 Level of oxidative parameters in stallion seminal plasma (n = 12)
Parameters

Mean

SD

MDA [mol/L]
ROS [RLU/s/L]
PC [nmol/L]

4.7
97.8
141.3

3.3
47.6
101.4

TAS [eq. mol Trolox/L]

381.0

407.6

Legend: SD ± standard deviation, MDA ± malondialdehyde, ROS ± reactive oxygen species, PC ± protein
carbonyls, TAS ± total antioxidant status.

Furthermore, Fe correlated very significantly with total antioxidant status (TAS) (p < 0.001).
Also Fe correlated significantly with protein carbonyls (PC) (p < 0.01). Catalase, the enzyme
catalyzing the hydrogen peroxide decomposition, contains ferric (Fe3+) heme which is eminently
engaged in catalase action what supports the importance of iron prevalence (Josephy and Mannervik,
2006).
The copper is an important element for various metalloproteins and metalloenzymes which are
affected in energy or antioxidant metabolism (Usuga et al. 2017). In the study of Hamad et al. (2014)
ionic form of copper and at high levels, this element could rapidly become toxic. Toxic effect of
elevated cooper concentration on the seminiferous epithelium as well as on the immune system was
observed in study of Vrzgulova et al. (1993).
Physiological concentrations of Fe and Cu suggested that they have stimulating impact on
motility as well as antioxidant status of bovine semen (Tvrda et al. 2013b). Microelements such as iron
and copper are part of the antioxidative system present in stallion seminal plasma. They are able to
neutralize or remove certain ROS (Waheed et al. 2013). Correlation analysis indicated positive
correlation between copper and reactive oxygen species (ROS) (p < 0.05). Variations of the Cu and Fe
concentrations imply that physiological levels of both trace elements may stimulatively affect motility
as well as antioxidant status of the semen (7YUGiHWDOE In other parameters there were positive
and negative correlations, but without statistical signification (see Table 3). Based on these results,
relation between selected elements and oxidative balance in the seminal plasma of stallion were stated.
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Table 3 Correlations between selected elements and oxidative balance in stallion seminal plasma (n =
12).
Pb
[ppm]

Ca
[ppm]

Mg
[ppm]

Zn
[ppm]

K
[ppm]

Na
[ppm]

Fe
[ppm]

Cu
[ppm]

Hg
[ppm]

MDA
-0.019
0.029
-0.151
-0.278
0.609
-0.082
0.331
-0.083
0.814**
>PRO/@
ROS
0.220
-0.028
0.844**
0.015
0.076
-0.114
-0.095
0.744*
-0.077
[RLU/s/L]
PC
-0.188
-0.635
0.140
-0.203
-0.297
-0.320
0.804**
0.571
-0.202
[nmol/L]
TAS
[eq. mol -0.412
-0.510
0.027
-0.352
-0.261
-0.142
0.910***
0.541
-0.107
Trolox/L]
Legend: The level of significance was set at כP < 0.05;ככP < 0.01;כככP < 0.001, MDA ± malondialdehyde, ROS ±
reactive oxygen species, PC ± protein carbonyls, TAS ± total antioxidant status, Pb ± lead, Ca ± calcium, Mg ±
magnesium, Zn ± zinc, K ± potassium, Na ± sodium, Fe ± iron, Cu ± copper, Hg ± mercury.

CONCLUSION
In conclusion, our results indicate that seminal chemical elements influence protection against
oxidative stress. At the same time, oxidative stress and seminal abnormalities are caused by mineral
imbalance in the seminal plasma. Therefore, based on the literature sources and found results it is
highly believable that synergism of Mg, Fe and Cu act as the factor responsible for decreased
formation of ROS, but higher amounts of copper stimulate certain forms of ROS.
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Abstract: The aim of the study was to describe the influence of the female sex hormone levels on the
numbers of mast cells in the myometrium of queens. Samples were fixed in 4% formaldehyde
solution. Mast cells were detected by toluidine blue staining. The highest number of mast cells was
found in the follicular phase, when the oestradiol level was at its highest. The lowest number of mast
cells was described in the luteal phase, when the progesterone level was at its highest. However, the
differences between the stages were not significant. Weak positive correlation was described between
the oestradiol level and the number of mast cells. To conclude, the numbers of mast cells were
influenced by the sex hormone levels.
Key Words: cat, oestrous cycle, uterus
INTRODUCTION
A considerable attention was paid to the role of mast cells (MCs) in the female reproductive
organs. The membranes of MCs contain receptors for oestradiol and progesterone. Their stimulation
induces degranulation of MCs. Metalloproteinases and proteases of MCs degrade extracellular matrix,
VEGF modulates neovascularization (Jensen et al. 2010). Histamine influences the implantation of
conceptus, ovulation and regulation of blood flow in the placenta and contractility of the myometrium
(Noor et al. 2010). MCs can participate in the induction of pre-term deliveries (Woidacki et al. 2013).
Distribution of MCs in the uterus in accordance to the stage of the oestrous cycle was
described in women (Mori et al. 1997, Sivridis et al. 2001), bitches (Goericke-Pesch et al. 2010),
mares (Walter et al. 2012), rats (Karaca et al. 2007), mice (Schmerse et al. 2014), buffalos (Shahrooz
et al. 2005) and goats (Karaca et al. 2008, 2009).
The number of MCs in the uterus of buffalo increased in the luteal phase compared to the
follicular phase (Shahrooz et al. 2005). The highest number of MCs in a goat was described in
dioestrus and prooestrus, the lowest number in metoestrus (Karaca et al. 2008, 2009).
A positive correlation between the oestradiol concentration and the number of MCs in uterine
cervix was described in a mare (Walter et al. 2012), and between progesterone level and number of
MCs in the uterus of bitch (Goericke-Pesch et al. 2010). No differences in the number of MCs were
found between the uterus of gravid and non-gravid mares 15 days after artificial insemination (Klein et
al. 2016).
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There was no significant difference in the number of MCs in the uterus of women between
proliferative, secretory and menstrual phase according to Mori et al. (1997). Nevertheless, Sivridis et
al. (2001) mentioned a significantly increased number of MCs at the end of the menstrual cycle.
The highest number of MCs in the endometrium of rats was found in oestrus, myometrium
revealed the highest number of MCs in metoestrus (Karaca et al. 2007). The number of MCs was the
highest during oestrus in mice (Schmerse et al. 2014).
A lower number of MCs in the uterus was proved in rats after bilateral ovariectomy compared
to the control group. The following oestradiol administration increased the MC number (Jensen et al.
2010).
Significantly fewer MCs in the uterine horn on the site, on which there was a unilateral
ovariectomy performed (ipsilaterally) were described in rats (Razi et al. 2010).
As to the queens, the effect of the estradiol and progesterone levels on the number of MCs has
been described in ovaries. The lowest number was detected in anoestrus when the levels of hormones
were basal (Hamouzova et al. 2017).
The aim of this study was to determine the association between the number of MCs in the
feline myometrium and the levels of the female sex hormones.
MATERIAL AND METHODS
All animals, whose uteruses were used were kept as pets and were castrated because of
preventive and therapeutic reasons. Blood collection was performed for routine preoperative
examination. Eleven samples of uterine horns in anoestrus and in follicular phase were used. Nine
samples of uterine horns in luteal phase were used. Queens at a developed stage of gravidity were
excluded from the study.
The samples were immediately fixed in 4% formaldehyde solution, subsequently dehydrated
in a graded alcohol series, acetone and xylene, then infiltrated with hot paraffin and embedded in
SDUDIILQZD[7KUHHWRIRXUȝPWKLQVHFWLRQVZHUHFXWLQa routine manner.
The sections were stained with acidified toluidine blue (0.5% solution in 0.25 M HCl, pH 1.2)
for 15 minutes. The stage of the oestrous cycle was determined by measuring oestradiol and
progesterone levels in the blood serum. Uterine horns from cats with the oestradiol level lower than
20 pg/ml (= 73.42 pmol/l) were classified as anoestrous, uterine horns from cats with oestradiol level
higher than 20 pg/ml (= 73.42 pmol/l) were considered to be in the follicular phase and uterine horns
from cats with progesterone level higher than 1.5 ng/ml (= 4.77 nmol/l) were considered to be in the
luteal phase. Mast cells were counted in the stratum vasculare of the at 400x magnification per 1 mm2.
Results were statistically evaluated by the ANOVA method of analysis of variance. The
differences between mean values were evaluated (after a previous error analysis and evaluation of the
influential values) by the Tukey HSD test in the SAS computer program (SAS Institute, Carry, USA),
version 9.4 at the level of significance p = 0.05. &RUUHODWLRQ DQDO\VLV ZDV SHUIRUPHG E\ 3HDUVRQ¶V
method.
RESULTS AND DISCUSSION
The number of MCs in the stratum vasculare of the myometrium was 4.0  1.2 in anoestrus,
11.8  6.3 in the follicular phase and 2.7  3.0 in the luteal phase (Table 1, Figure 1). Nevertheless, no
significant difference between various phases of the oestrous cycle, determined by oestradiol and
progesterone levels, was found (p > 0.05). There was a weak positive correlation (Pearson correlation
coefficient = 0.39308, p < 0.05) between the oestradiol level and the number of MCs in the
myometrium (Figure 2). No correlation was found between the progesterone level and the number of
MCs in the myometrium (Figure 3).
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Table 1 The number of MCs in various phases of the oestrous cycle
Stage of the oestrous cycle
Average number of MCs

Standard deviation

Anoestrus (n = 11)

4.0

1.2

Follicular phase (n = 11)

11.8

6.3

Luteal phase (n = 9)

2.7

3.0

Figure 1 The number of MCs in various phases of the oestrous cycle
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The figure shows the number of MCs in the myometrium in different stages of the oestrous cycle. In the anoestrus, the number
of MCs was low in all cases, while in the follicular and luteal phase there were considerable differences between individual
cats. In most cats in the luteal phase, the number of MCs was even lower than in anoestrus. In the follicular phase, the
number of mast cells in most cats was high.

Figure 2 Dependence of the number of MCs in the myometrium on the oestradiol level
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The figure shows a weak positive correlation between the number of MCs and the oestradiol level, as was confirmed by the
statistical correlation analysis (Pearson correlation coefficient = 0.39308, p < 0.05).
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Figure 3 Dependence of the number of MCs in the myometrium on the progesterone level
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The figure shows that the number of mast cells is not correlated with the progesterone level (Pearson correlation coefficient
= -0.31204, p > 0.05).

According to the results of the previous studies, a decrease of female sex hormone levels in the
blood serum lead to a decrease of the number of MCs in the uterus of rats (Razi et al. 2010, Jensen et
al. 2010) and mares (Walter et al. 2012). The same results were described in feline ovaries
(Hamouzova et al. 2017).
The positive effect of the oestradiol on the number of MCs presented in our study was
reported in rats (Jensen et al. 2010, Karaca et al. 2007), mice (Schmerse et al. 2014) and also in the
feline ovaries (Hamouzova et al. 2017). We described a weak positive correlation between the
oestradiol level and the number of MCs. The same results were found in a uterine cervix in a mare
(Walter et al. 2012). However, in our study, the differences between the stages of the oestrous cycle
were not significant. The reason could be that the oestrous cycle varies significantly in individual cats
(i.e. spontaneous ovulation, pseudogravidity after ovulation without parturition, daylight length
effect). Moreover, the queen is the only animal with induced ovulation in which the influence of
female sex hormones on the number of MCs in uterus was described. It is difficult to compare the
results and make conclusions due to this reason. Morever, the queen is not the only mammal without
significant difference between the phases of the oestrous cycle. Mori et al. (1997) did not find any in
women either.
The positive effect of the progesterone on the number of MCs reported in bitches (GoerickePesch et al. 2010) and buffalos (Shahrooz et al. 2005) was not found in queens. Nevertheless, the
positive correlation between the progesterone level and the number of MCs bitches (Goericke-Pesch et
al. 2010) was proved in uterine cervix but not in the uterine horns. Luteal phase in queens is very
variable, from the first days after ovulation (induced or spontaneous) to different stages of the
gravidity. Moreover, the pseudogravidity also can occur.
CONCLUSION
The number of MCs in stratum vasculare of the feline myometrium was influenced by the
oestradiol level in the blood serum. Weak positive correlation was described between the oestradiol
level in the blood serum and the number of MCs in the myometrium. No correlation was described
between the progesterone level and the number of MCs. The highest number of MCs was found in the
follicular phase, the lowest one in the luteal phase. Nevertheless, the differences between the numbers
of MCs in the individual phases of the oestrous cycle were not significant.
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Abstract: The aim of the work was to evaluate genotype and allelic frequencies of selected genes
affecting milk fat synthesis and to investigate possible association between gene polymorphisms and
milk production traits. For this purpose, the analysis of DGAT1 (diacylglycerol acyltransferase 1),
FASN (fatty acid synthase) and LEP (leptin) was carried out on 754 dairy cows distributed in five
farms located in the Czech Republic. The tested animals were divided into three groups: Czech
Fleckvieh (CF; n=266), Holstein (H; n=329) and crossbreds (CB; n=159, with 87% of CF
crossbreeds). The dominant genotypes for all observed groups were: AA genotype for DGAT1 gene
(0.962, 0.973 and 0.912; p<0.01), GG genotype for FASN gene (0.770, 0.662 and 0.774; p<0.01), and
MM genotype for LEP gene (0.714, 0.783 and 0.826; p>0.05). The evaluation of milk production traits
in the first lactation has shown, that the highest fat yield was found out in dairy cows with genotypes
AA (327 kg), AG (330 kg) and MM (328 kg). The differences were statistically significant only for
DGAT1 gene. These results suggested, that milk from dairy cows with DGAT1 gene A allelic variant
would be more appropriate for the production of dairy products (butter, cheeses).
Key Words: DGAT1, FASN, LEP, milk fat, genetic polymorphism
INTRODUCTION
The content, composition, as well as physical-chemical properties of milk fat are important
aspects in the production of dairy products. In comparison with other milk constituents, milk fat is the
most variable compound, mainly influenced by feed factors (Kalac and Samkova 2010). Nevertheless,
animal factors including genetic variability between -and within- breed have been also extensively
studied over the last decades (Soyeurt et al. 2006, Samkova et al. 2012). The knowledge of genetic
relationships plays a key role here (Goddard 2001, Dekkers 2012).
Milk fat belongs to quantitative traits whose composition and content are controlled by
numerous genes. Among genes involved of milk fat biosynthesis belongs for example DGAT1
(diacylglycerol acyltransferase 1), GH (growth-hormone), GHR (growth-hormone receptor), SCD1
(stearoyl-CoA desaturase 1) ± Buitenhuis et al. (2014) and Fontanesi et al. (2014), FASN (fatty acid
synthase) ± Alim et al. (2014), LEP (leptin) ± Tomka et al. (2016).
DGAT1 gene encodes diacylglycerol O-acyltransferase 1, enzyme that catalyzes final step in
biosynthesis process of triacylglycerols (TAGs) ± Ibeagha-Awemu et al. (2008). TAGs, the main
component of milk fat, are composed of glycerol and fatty acid (FA) esters. DGAT1 gene is
particularly associated with content of milk fat. Furthermore, according to Nafikov et al. (2014),
mutations in acyltransferase genes might change their specificity for particular FA. It leads to changes
in composition of milk fat, e.g. dinucleotide alleles of DGAT1: g.10433±10434 AA>GC mutation.
This mutation results in substitution of lysine to alanine (K232A) in final protein (Grisart et al. 2002).
Schennink et al. (2008) showed, that A allele was associated with a higher proportion of C18:1c9
(oleic acid), which is important from technological point of view (Hillbrick and Augustin 2002).
FASN gene encodes fatty acid synthase, a multifunctional enzyme that catalyses de novo
synthesis of FA in mammals (Lock and Garnsworthy 2003). FASN gene, which is considered as
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a probable candidate gene for milk production traits, is located within a linkage region harbouring
quantitative trait loci (QTL) for milk fat (Alim et al. 2014). The studies on the bovine FASN gene
structure have revealed occurrence of several single nucleotide polymorphisms (SNPs) linked to the
fat content and FA composition in milk (Roy et al. 2006).
Also LEP gene is considered as a SRWHQWLDO47/LQÀXHQFLQJGLIIHUHQWSURGXFWLRQWUDLWVLQFDWWOH,
including fat content (Buchanan et al. 2003). SNP in LEP gene is associated with content and yield of
fat and protein, milk yield or some reproductive traits (Tomka et al. 2016). Madeja et al. (2004)
showed that the LEP HphI gene polymorphism, C!T substitution of bases resulting in a change from
alanine to valine (Haegeman et al. 2000) had an effect on the breeding value of milk production.
The aim of this work was to evaluate genotype and allelic frequencies of selected genes
affecting milk fat synthesis in Czech Fleckvieh, Holstein and crossbreds and to investigate possible
association between gene polymorphisms and milk production traits among cows in the first lactation.
MATERIAL AND METHODS
Experimental design
The analysis of selected genes (DGAT1, FASN, LEP) was carried out on 754 dairy cows
distributed in five farms located in the Czech Republic. The tested animals were divided into three
groups: 266 of Czech Fleckvieh (CF), 329 of Holstein (H) and 159 of crossbreeds with prevailing of
CF crossbreds (87%).
Data for 305-day milk production from the first lactation including overall milk yield (kg), milk
fat yield (kg), milk protein yield (kg) as well as contents of these components were collected from the
official farm records based on monthly milking tests.
DNA extraction, amplification and sequencing
Genomic DNA from milk samples was isolated by Automated Nucleic Acid Extractor
MagCoreHF16 Plus (RBC Bioscience Corp., Taiwan) with the aid of commercial blood kits. The
genotyping of A and L alleles in DGAT1, A and G alleles in FASN and M and W alleles in LEP locus
was done by the PCR-RFLP methods. PCR was done on a thermocycler Biometra T-1 Thermoblock
(Biometra, Germany). For RFLP analysis, the amplified DNA was digested with restriction enzymes
specific for tested gene (Table 1).
Table 1 Characteristics of tested genes and parameters of PCR-RFLP (polymerase chain reactionrestriction fragment length polymorphism) analysis
Product
Number of
Gene
size
Primer sequences
RE1
sampling
(bp)
)- CAA GGC CAA GGC TGG TGA G - 
DGAT1
754
411
CfrI
5- GGG GGC GAA GAG GAA GTA GTA G - 
)- AGA GCT GAC GGA CTC CAC AC - 
MscI
FASN
752
382
5- GCC GAT GCA CTC GAT GTA G - 
)- GGG AAG GGC AGA AAG ATA G - 
HphI
LEP
643
331
R - TGG CAG ACT GTT GAG GAT C - 
Legend: 1RE ± restriction endonuclease; DGAT1 ± diacylglycerol acyltransferase 1, FASN ± fatty acid synthase, LEP ±
leptin;

The individual fragments were separated by electrophoresis on an agarose gel with ethidium
bromide and genotyped on a UV transiluminator in 302 nm wavelength.
Statistical analysis
The allele frequencies were calculated by simple allele counting. The differences between
observed and expected frequencies of genotypes were tested using a Ȥ2 test in order to verify HardyWeinberg equilibrium.
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Statistical analysis was done using the Statistica CZ 12 (Statsoft CR). Chi-squared test was used
to compare the differences in genotype frequencies among the breeds. ANOVA and Student t-test
were used to evaluate differences in milk production traits among the different genotypes.
RESULTS AND DISCUSSION
Gene frequency
Genetic variability is useful tool for breeding programmes. The degree of genetic variability is
expressed by genotype and allelic frequencies. These frequencies were determined in the groups of
purebred (CF and H) and in the group of their crossbreds. For the DGAT1 gene and FASN gene,
statistically significant differences in genotype frequencies among breeds were found. The differences
in LEP gene were not significant for these breeds (Table 2). The dominant genotypes for all observed
groups were: AA genotype for DGAT1 gene (0.962, 0.973 and 0.912; p<0.01), GG genotype for FASN
gene (0.770, 0.662 and 0.774; p<0.01), and MM genotype for LEP gene (0.714, 0.783 and 0.826;
p>0.05).
Between the Holstein and Czech Fleckvieh purebred animals, the highest difference in relative
frequencies of the dominant alleles was found in FASN gene (0.883 and 0.831). No differences were
found in DGAT1 gene (0.981 and 0.986). The crossbreds differed particularly in LEP gene. The
relative frequency of dominant allele M was in this group 0.902, whereas 0.835 and 0.870 for CF and
H. The breeds were in Hardy-Weinberg equilibrium for all the polymorphisms studied.
The genotype and allelic frequencies of DGAT1, FASN and LEP gene among various breeds
(Holstein, Brown Swiss, Simmental, Swedish Red) were studied by several authors (Dokso et al. 2015,
Tomka et al. 2016, Nlslund et al. 2008 etc.). These authors also found out, that the relative frequencies
among breeds differed. Milanesi et al. (2008) suggested, that observed and expected allelic frequencies
could be associated with different selective purpose of breeds.
Polymorphism and milk production traits
Economically, fat and protein yield are important traits for production of dairy products. These
traits were influenced mainly by milk yield, which values widely varied among genotypes of genes
analysed in our group (Table 3). For the DGAT1 gene, statistically significant differences were found
out. The differences in FASN and LEP genes were not significant. The highest values of milk yield
were found for DGAT1 gene in genotype AA (7955 kg; p<0.05), for FASN gene in genotype AG (8030
kg) and for LEP gene in genotype MM (7989 kg). The values of fat and protein yield were also
statistically significant for DGAT1 gene in genotype AA (326.8 kg and 272.7 kg, respectively;
p<0.05).
Association between genotypes and milk production traits was confirmed by several authors
(Buchanan et al. 2003, Roy et al. 2006, Selvaggi et al. 2017). Dokso et al. (2015) found out, that dairy
cows with LA genotype in DGAT1 gene produced more milk compared to AA genotype. However, the
observed differences were not significant. On the other hand, many authors (e.g. Thaller et al. 2003,
Oikonomou et al. 2008) observed a positive effect of allele A in DGAT1 gene on milk yield.
Ciecierska et al. (2013) showed, that milk obtained from cows with the FASN gene with genotype AA
was characterized by higher fat content. This was confirmed also by Schennink et al. (2009). Authors
described, that milk collected from dairy cows with genotype AA was characterized by higher fat
content than milk from dairy cows with GG genotype. Our results do not correlated with these authors.
In our group statistically significant differences were not found for FASN gene. For LEP gene, the
differences were also not statistically significant.
CONCLUSION
The genotype and allelic frequencies statistically differ among the groups of Czech Fleckvieh,
Holstein and their crossbreds. For milk production traits (milk, fat and protein yield), statistically
significant differences were found in DGAT1 gene. The results showed, that there happened the
selection in favour of AA genotype and A allele respectively, as they are linked with higher milk and
protein yield in the dairy cattle.
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MM
160
0.714
0.697

GG
204
0.770
0.780

AA
256
0.962
0.962

MW
54
0.241
0.276

AG
60
0.226
0.207

WW
M
10
374
0.045 0.835
0.027
ns
1.644

AA
G
1
468
0.004 0.883
0.014
ns
0.889

W
74
0.165
-

A
62
0.117
-

Genotype
Allele
LA
LL
A
L
10
0
522
10
0.038
0.981 0.019
0.037
0
ns
0.003

MM
220
0.783
0.757

GG
217
0.662
0.691

AA
320
0.973
0.972

MW
49
0.174
0.226

AG
111
0.338
0.281

WW
M
12
489
0.043 0.870
0.017
ns
5.174

AA
G
0
545
0
0.831
0.029
ns
4.057

W
73
0.130
-

A
111
0.169
-

Genotype
Allele
LA
LL
A
L
9
0
649
9
0.027
0.986 0.014
0.028
0
ns
0.004

MM
114
0.826
0.814

GG
123
0.774
0.781

AA
145
0.912
0.914

MW
21
0.152
0.177

AG
35
0.220
0.205

WW
M
3
249
0.022 0.902
0.010
ns
1.793

AA
G
1
281
0.006 0.884
0.013
ns
0.487

W
27
0.098
-

A
37
0.116
-

Genotype
Allele
LA
LL
A
L
14
0
304
14
0.088
0.956 0.044
0.084 0.002
ns
0.219

0.1232

0.0083**

0.0074**

Legend: 1crossbreeds with prevailing of CF crossbreds (87%); P significancy of differences among breeds; **P0.01; Ȥ2 ± chi-square test among relative and expected genotype frequencies;
ns
non-significant;

Observed
Relative
Expected
Ȥ2

LEP (n = 643)

Observed
Relative
Expected
Ȥ2

FASN (n = 752)

Observed
Relative
Expected
Ȥ2

DGAT1 (n = 754)

Table 2 Frequencies of genes DGAT1 (diacylglycerol acyltransferase 1), FASN (fatty acid synthase) and LEP (leptin) according to group of dairy cows
Breed
Czech Fleckvieh
Holstein
Crossbreeds1
P
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Table 3 Milk production traits ([թ  Vx) of different genotypes of DGAT1 (diacylglycerol
acyltransferase 1), FASN (fatty acid synthase) and LEP (leptin) genes in dairy cows1
DGAT1
FASN
LEP
n

704

33

-

537

196

2

482

119

25

Genotype
DIM2

AA
294
 30
7955a
2163

LA
291
 28
7153b
5
288.2b

4.02

244.6b
60.0
3.47


LL

GG
293
30
7886

323.6

4.11

270.9
2
3.47


AG
294
30
8030

329.6

4.12

273.3

3.44


AA
291
20
5632

252.5

4.53

202.5

3.62


MM
295
29
7989

327.9

4.12

272.7

3.45b


MW
292
24
7725
2011
317.7

4.12

267.6
3
3.50a


WW
284
59
7482

311.2

4.11

257.2
4
3.48


Milk yield
(kg)
Fat yield
(kg)
Fat
(%)
Protein yield
(kg)
Protein
(%)

326.8a

4.12

272.7a

3.46


-

Legend: 1Czech Fleckvieh, Holstein and crossbreeds; 2DIM ± days in milk; a,bmeans with different superscripts in row differ
within genotypes of each gene at p<0.05;
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Abstract: Different genera of sulfate-reducing bacteria (SRB) are always detected in the large intestine
of humans and animals with diseases like an ulcerative colitis and Crohn's disease or even cancer. The
final metabolism product of these anaerobic microorganisms is hydrogen sulfide which is known as
a toxic substance and can lead to damage of epithelial cells of the bowel in high concentration. Some
genera of the intestinal SRB included to the Desulfovibrionaceae family are hard to cultivate or even
uncultivable. Isolation of these genera is also complicated because there are others satellite
PLFURRUJDQLVPV 8S WR QRZ 3RVWJDWH¶V PHGLXP DQG RWKHU PHGLD GR VWLOO QRW VROYH WKH FXOWLYDWLRQ
problem and are created generally for Desulfovibrio species from nature environment but not for SRB
species from the intestine. The object of our research was to modify the principle of isolation of
intestinal SRB and cultivation medium based on their physiological and biochemical properties. Thus,
there is no selective medium for intestine SRB which would improve cultivation and isolation of these
important microorganisms. New created medium can be useful for more opportunities of intestinal
SRB cultivation and understanding their involvement in inflammatory bowel diseases.
Key Words: sulfate-reducing bacteria, Desulfovibrio, cultivation media, modification of conditions,
bacterial growth.
INTRODUCTION
Inflammatory bowel disease (IBD) including ulcerative colitis (UC) or Crohn's disease is
characterized by chronic inflammation of the gut in genetically susceptible individuals of unknown
etiology (Podolsky 2002, Schirbel and Fiocchi 2010). One of the hypothesis is, that UC is caused by
the toxic molecule of hydrogen sulfide (H2S). This compound in high concentration can lead to
damaging of epithelial cells of human and animal large intestine (Kushkevych 2014a).
In persons, with rheumatic diseases, and with ankylosing spondylitis, etc. are often found
sulfate-reducing bacteria (SRB) (Barton and Hamilton 2010, Sekirov et al. 2010), which in the
increased numbers of them and intense process of dissimilatory sulfate reduction in the gut can cause
these inflammatory bowel diseases (Loubinoux et al. 2002). Moreover, the increased number of SRB
was found in feces from people with ulcerative colitis compared with healthy individuals (Gibson et
al. 1991, 1993a, Levitt et al. 1999, Macfarlane et al. 2000). There is also an assumption that intestinal
SRB can cause some forms of cancer of the rectum through the production of hydrogen sulfide which
can affect the intestinal epithelial cells (Levitt et al. 1999). Because of this, SRB is important to study
more in detail.
Sulfate-reducing bacteria are anaerobic microorganisms, which use sulfate as an electron
acceptor in the procHVV RI GLVVLPLODWRU\ VXOIDWH UHGXFWLRQ 7KLV SURFHVV LV DOVR FDOOHG ³GLVVLPLODWRU\
VXOIDWHUHVSLUDWLRQ´7RREWDLQHQHUJ\DQGVXOIDWHUHGXFWLRQWKHHOHFWURQGRQRULVDOVRQHFHVVDU\6XFK
electron donors in large intestinal can be lactate, ethanol, butyrate, succinate, acetate, propionate,
pyruvate and some amino acids or even molecular hydrogen (Gibson et al. 1993b). All of these
electron donors are the products of fermentations of following microorganisms, including genera
Clostridium, Escherichia, Saccharomyces, Bacteroides, Fusobacterium, Butyrivibrio, and other.
Described microbial genera can produce not only electron donors for SRB but also other important
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biologically active substances, including vitamins or amino acids. On the other hand, the final product
of SRB metabolism and their sulfate dissimilation is hydrogen sulfide.
SRB, especially Desulfovibrio genus, have been studied for over a century because of their
ubiquity and their important roles in chemical processes and elemental cycles (Voordouw 1995). Also,
Desulfovibrio genus is the most common species of SRB and its species are most often isolated from
the large intestine of human and animals (Gibson et al. 1988, Moore et al. 1991).
,VRODWLRQ RI 65% IURP WKH PL[WXUH RI KXPDQ DQG DQLPDOV¶ PLFrobiota and their cultivation is
also difficult. Some species of SRB such as Bilophila wadsworthia and Lawsoni intracellularis are
uncultured. Other genera of the Desulfovibrionaceae family also grow poorly in cultivation medium or
are uncultured. However, in our previous research, two genera of SRB isolated from human intestine
and grew up well in cultivation medium were identified and described (Kushkevych 2013,
Kushkevych et al. 2014d). It is known that in the intestine can be other genera of SRB and their
species but isolation of which is complicated because not all intestinal SRB species can grow in
classic Postgate medium or other media for cultivation of natural SRB isolated from the environment.
The aim of our research was to modify isolation conditions and create the optimal medium for
cultivation of intestinal SRB based on their biochemical and physiological properties and conditions
present in the large intestine of human and animals.
MATERIAL AND METHODS
Object of the study
Strains of SRB were isolated and identified from the large intestine of rats and have been kept in
the collections of microorganisms in the Laboratory Anaerobic Microorganisms of Department of
Experimental Biology at Masaryk University (Brno, Czech Republic). Other strains of SRB,
Desulfovibrio piger were isolated from the healthy human large intestine as described previously
(Kushkevych, 2013, Kushkevych et al. 2014b) and have also been kept in the same collection.
New modification of the medium for intestinal SRB growth, based on composition of wellknown media described below and necessary conditions for SRB in bowel was created.
Media
3RVWJDWH¶V PHGLXP % ZKLFK LV D general-purpose medium for detecting and cultivating
Desulfovibrio and Desulfotomaculum (pH was between 7.0 and 7.5).
3RVWJDWH¶VPHGLXP&ZKLFKLVDFOHDUPHGLXPIRUbiomass culture of Desulfovibrio (pH 7.5).
3RVWJDWH¶VPHGLXP(ZKLFKLVIRULVRODWLRQRISXUHFXOWXUHV(pH 7.6).
The medium of Baars which gives a considerable precipitate after sterilization what is no
problem in crude culture (pH 7.0±7.5).
Isolation of intestinal SRB
Samples were cultivated in sterile Eppendorf tubes full of liquid medium (pH 8.8 and flushed
with N2 to attain anaerobic condition) in the thermostat at +37 C. Each positive SRB suspension was
diluted in the same modified agar medium at temperature +43±45 C and poured into plastic bags with
a volume of 20 mL.
After cultivation, the black colonies grown in deep of the agar medium were selected and
suspended in sterile saline (0.9% solution of NaCl). Suspensions with isolated colonies were pipetted
/ LQWKHVWDQGDUGPHGLDRQHZLWKVXOIDWH FRQFHQWUDWLRQ.5 mM), one with elemental sulfur
(without sulfate ions), and another medium without sulfate to be sure that the selected microorganisms
belong to the SRB. Selected SRB was transferred to tempered Eppendorf tubes with the liquid
medium. These procedures were 3±5 times repeated to selective and obtain pure cultures of intestinal
SRB.
The contribution of new modified medium was verified by comparison of intestinal SRB growth
rate in this medium and in media described above as well as the diversity of these microorganisms.
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RESULTS AND DISCUSSION
As a result of our research is a comparison of a composition of different media for cultivation of
SRB of various genera. It is known that mesophilic strains of SRB can grow up at temperature
optimum around +30 &EXW they can tolerate and grow up to +42 & 3RVWJDWH 2QWKHRWKHU
hand, the thermophilic strains are able to grow between temperatures from +50 to +70 & .OX\YHU
and Baars 1932).
These microorganisms can tolerate pH from 5 to 9.5 and a wide range of osmotic conditions
which all depend on the environment where they live (Postgate 1984). However, the pH range in the
large intestine of humans or animals is limited and depend on many factors, including composition
and enzymatic activity of intestinal microorganisms, substrates which they use, and the process of
digestion and quality of consumed food. Basically, the pH in the human colon can be from neutral to
alkaline (pH 7.6±8). Despite the wide range of temperatures of environmental SRB, their intestinal
VSHFLHV DOZD\V JURZ DW WHPSHUDWXUH  & ZKDW LV D FRQVLVWHQW WHPSHUDWXUH RI WKH ZDUP-blooded
animal species and humans.
The composition of different cultivation media and composition of modified medium for
isolation intestinal SRB is presented in Table 1.
Table 1 Composition of different cultivation media.
Salts
(gram per liter)

Baars

Postgate B

Postgate C

Postgate E

Modified

Na2SO4
KH2PO4

1
±

±
0.5

4.5
0.5

1
0.5

3
0.3

K2HPO4

0.5

±

±

±

0.5

NH4Cl

1

1

1

1

1

CaCl2 î+2O

0.1

±

0.06

1

0.06

Yeast extract
6RGLXP&LWUDWHî+2O

±
±

1
±

1
0.3

1
±

1
0.3

Sodium lactate

5

3.5

6

±

6

MgSO4 î+2O

2

2

0.06

2

0.1

CaSO4
Ascorbic acid

±
±

1
0.1

±
±

±
0.1

±
0.1

Thioglycolic acid

±

0.1

±

±

±

(NH4)2SO4

±

±

±

±

0.2

The concentration of sulfate in the intestine depends on its introduction with food. Oxidized
forms of sulfur including sulfate and sulfite are present in such food as commercial bread, dried fruits
and vegetables, nuts, fermented beverages and brassica vegetable is sulfate mainly in the free anionic
form. About 2±15 mM of sulfate is introduced with foods in human gastrointestinal tract every day.
However, the concentration of sulfate ions in the feces is much lower and it is about 0.26 mM/day. It
was also observed that 95% of sulfate is absorbed in the gastrointestinal tract and only 5% is in the
remaining and detected in the feces (Florin et al. 1993). Other researchers have reported that
absorption of sulfate by the human gastrointestinal tract is believed to be badly (Goodman and Gilman
1975, Wilson 1962). Apparently, such a concentration of sulfate (0.26 mM = 0.025 g/L) is sufficient
for growth of SRB. This concentration was increased for initiation of SRB growth rate. Thus, the final
concentration of the main acceptor in the modified medium is 3 g/L which corresponds 22.69 mM.
Another important factor for the SRB growth is present organic compounds which are electron
donors in the process of sulfate reduction, carbon sources, and energy (Kushkevych et al. 2015a). The
main electron donor in the large intestine is lactate which can be produced by lactic acid bacteria such
genera as Lactobacillus, Streptococcus, Bifidobacterium, and other. Their final product of metabolism,
lactic acid, is used by intestinal SRB. As was mentioned by Younes et al. (1996), the concentration of
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lactic acid in the large intestine is approximately 80 mM. However, the concentration of this electron
donor in the modified medium is 6 g/L which corresponds 53.54 mM.
A varied microflora can be observed during cultivation anaerobically, but comparatively few
characteristic SRB can be seen (Butlin et al. 1948). Unfortunately, the contaminations are very
persistent and cannot be eliminated by repeated transfer of inoculum to fresh medium. Both Baars
(1930) and Starkey (1938) were unlucky with their methods for isolations of pure SRB culture, even
by addition 4 ml of 10% of H2S to 60 mL of medium. The addition of 3% Na2SO3 î 7H2O to the
PHGLXPKDVEHHQVKRZQHYHQLQWKH%XWOLQ¶VUHVHDUFKZLWKKDOophilic SRB as a positive inhibition for
others persistent neighboring contaminating colonies. Thus, at the beginning of the isolation of
intestinal SRB, 15 g of Na2SO3 (concentration 118.98 mM) in the medium was added for inhibition
other representatives of intestinal microbiota. SRB, except for sulfate, can use also another electron
acceptor (sulfite) which involved enzymes of sulfate reduction (Kushkevych 2014c, 2015b,c,
Kushkevych et al. 2014d, Kushkevych and Fafula 2014e).
One of the main chemical properties of ascorbic acid is that it is a reducing agent. Also,
Borsook et al. (1937) have observed in electrometric measurements of the oxidation-reduction
potential rapid negative potential drifts of ascorbic acid in pH higher than 6.0. Another important
compound which can be used to lower the redox potential is Na2S2O4 (30 mg/L what is corresponds
0.17 mM) (Langendijk et al. 2001).
Escherichia coli is an only part of microbiota which is involved in the process of digestion and
is able to a synthesis of biologically active substances, its absorption, and synthesis of some vitamins,
including vitamin K. It can be also important for the cultivation and growth of intestinal SRB. The
addition of 1 mg of vitamin K1 to the liquid cultivation medium compensate the presence of vitamin K
as it is in the large intestine. Others vitamins are compensated by the addition of yeast extract
The compounds used for the PRGLILHG PHGLXP DUH PDLQO\ XVHG IURP 3RVWJDWH¶V PHGLXP &
which is used for mass cultivation. K2HPO4 which is used by Baars in cultivation media for
thermophilic strains of SRB was used in our cultivation with +37 C (Baars 1930). Ammonium ions
occurred in a colon is compensated in the medium by the (NH4)2SO4 without using more chloride ions.
Also, the concentration of hydrogen sulfide is lowered to balance a growth. As reducing agents to
lower redox potential was used only ascorbic acid instead of ascorbic acid and thioglycolic acid.
+RZHYHU WKH PHGLXP IRU LVRODWLRQ ZDV QRW XVHG 3RVWJDWH¶V PHGLXP ( EXW PRGLILHG 3RVWJDWH¶V
medium C only with the addition of agar.
)RUWKHSUHVHQFHRIWKHLQWHVWLQDO65%GXULQJLVRODWLRQPORIVROXWLRQ Z/ RI0RKU¶V
salt [(NH4)2Fe(SO4)2 î 6H2O] should be used and added after sterilization to media. This salt is easily
dissociated and free Fe2+ interact with H2S produced in the process of dissimilatory sulfate reduction.
As a result, black FeS complex is formed and positive bacterial colonies are black colored. However,
it is known that H2S can produce not only SRB but this property have also sulfur-reducing bacteria,
including species of Desulfurella and Desulfuromonas genera, which use elemental sulfur or in some
case sulfate as an electron acceptor (Kushkevych, 2013). Other intestinal bacteria which can produce
H2S are species of Clostridium, Salmonella, Enterococcus, Enterobacter, Klebsiella genera, and
numerous of Bacteroides species via the expression of the iron flavoprotein sulfite reductase (Linden
2014). Given this fact it is important to confirm that isolated colonies belong to SRB. The
confirmation of this type is a cultivation of the isolates in both medium without and with sulfate, and
also only with the elemental sulfur but without sulfate. The cultivation of intestinal SRB was carried at
+37 C and pH 7.6 which consistent with pH of human colon lumen (Charalambides and Segal 1992).
$VDUHVXOWQHZVWUDLQVRILQWHVWLQDO65%IURPWKHDQLPDOV¶ODUJHLQWHVWLQHZHUHLVRODWHG%DVHG
on their growth in different media and modified medium as well as their physiological and
biochemical properties, it was confirmed and identified that all isolates belong to the SRB group. The
perspective of our research is studies of physiological and biochemical properties of these isolates in
detail. Moreover, the testing activity of different new synthesized compounds against intestinal SRB
with their subsequent application as promising drugs for the treatment of bowel diseases is also
perspective. Because in our previous research, newly synthesized salicylamide derivatives showed
inhibition effect against intestinal SRB and process of dissimilatory sulfate reduction (Kushkevych et
al. 2015d, 2016).
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CONCLUSION
Based on the studied biochemical and physiology properties of intestinal SRB and their
condition in the large intestine and comparing different media for cultivation of SRB, the modified
optimal medium was created. The modified medium contains a bigger concentration of sulfate for
higher growth rate. For inhibition of persistent contaminating colonies in crude culture was used
sulfite, which helped with an isolation of SRB colonies without intestinal bacterial satellites, which
can be species of Bacteroides, Pseudomonas, Clostridium genera or other microorganisms.
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Abstract: The aim of this work was to study inflammatory cytokines ± the tumor necrosis factor alpha
(TNF-Į and the interleukin 10 (IL-10), which are produced by bovine mammary gland leukocytes.
Eight clinically healthy heifers were selected for this study. Obtained leukocytes were incubated for 1,
2 and 18 hours with lipopolysaccharide (LPS) or muramyldipeptide (MDP) under in vitro conditions.
Concentration of TNF-Į DQG ,/-10 was measured by ELISA method. Production of TNF-Į E\
OHXNRF\WHV RI ERYLQH PDPPDU\ JODQG ZDV KLJKHU /36 SJPO >@ 0'3 SJPO
>@ WKDQ SURGXFWLRQRI71)-Į E\ EORRG OHXNRF\WHV /36 SJPO >@0'3
SJPO>@ &RQFHQWUDWLRQRI71)-ĮZDVLQFUHDVHGDIWHUKRXUVRILQFXEDWLRQIL-10 production
by bovine mammary gland OHXNRF\WHV ZDV KLJKHU /36 XPO >@ DQG  XPO >@
MDP:2 XPO >@ DQG  XPO >@  WKDQ SURGXFWLRQ RI ,/-10 by blood leukocytes
/36 XPO >@ 0'3 XPO >@  ,/-10 concentration of bovine mammary gland
leukocytes was increased after 2 hours of incubation. Differential blood leukocyte count was
determined by method of light microscopy.
Key Words: mammary gland, blood, immune system, cytokines, mastitis
INTRODUCTION
Mastitis (also known as mammary gland inflammation) is an important and economically
serious production cow disease, especially those with market milk production (Kumar et al. 2017).
Therefore, it is called multifactorial disease. Mostly, mastitis symptoms are triggered by these
bacteria: Staphylococcus aureus, Streptococcus agalastiae, Streptococcus dysgalactiae, and
Streptococcus uberis (Kubekova 2007).
The mammary gland inflammation is usually connected with high somatic cell count in milk
yield. Approximately 99% of the somatic cells are leukocytes (Kubekova 2007). Two basic forms of
mastitis ± clinical and subclinical ± are distinguished in breeding practice. Infection of the mammary
gland can occur in several ways, for instance due to other animal disease (inflammation of the uterus,
limb disease, organs disease), wounded skin of the udder, deficiency of close teat closure, poor
nutrition, stress (thermal, psychic), breeding management (poor hygiene of breeding). Metabolic
disorders play a significant role too. According to the source of infection, they are classified as
mastitis from the environment and contagious mastitis.
Immunoregulation is one way how to improve the resistance of the mammary gland to mastitis.
Cytokines are water soluble proteins which play key roles in many biological events related with
inflammations and immunity (Dinarello 2007). The role of cytokines in pathophysiology has been the
subject of many studies in recent years.
The aim of this work was to study inflammatory cytokines ± the tumor necrosis factor alpha
(TNF-Į DQGWKHLQWHUOHXNLQ ,/-10), which are produced by bovine mammary gland leukocytes.
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MATERIAL AND METHODS
Animal selection and trial design
The study procedures were focused on the analysis of the inflammatory cytokines TNF-ĮDQG
IL-10. The cytokine detections were determined using ELISA method. Eight healthy heifers (16±18
months old) were selected for this study. The heifers were group housed in a tie-stall barn and fed
a complete mixed diet. 1, 2 and 18 hours of incubation with LPS (lipopolysaccharide from Escherichia
coli FRQFHQWUDWLRQ  ȝJPO  RU ZLWK 0'3 PXUDP\OGLSHSWLGH FRQFHQWUDWLRQ  ȝJPO  ZDV
performed in leukocytes obtained under in vitro FRQGLWLRQ DW  & LQ  &22). LPS was used as
a Gram-negative bacterial toxin. MDP was used as a component of a Gram-positive bacterial cell wall.
Sample collection procedures
Samples of cell population were obtained by lavage of the mammary gland 24 hours following
the mammary gland stimulation by sterile buffered saline solution (PBS). In total, 10 ml of PBS was
used. Fresh mammary gland leukocytes were adjusted (5 x 106 /ml) in medium (RPMI - 1640). The
FHOOFRQFHQWUDWLRQZDVFRXQWHGLQD%UNHUFKDPEUHLQODUJHVTXDUHV7KHFHOOVZHUHVPHDUHGRQ
glass slides and stained (Pappenheim). At least 200 leukocytes on each glass slide were counted to
determine the differential cell count.
ELISA
Sandwich ELISA was used to determine concentration of TNF-Į %RYLQH 71)-Į 6FUHHQLQJ
Endogen, Rockford, Illinois, USA) and IL-10 (Recombinant bovine IL-10, AbD Serotec, Bio-Rad
Laboratories, USA) using Sunrise reader (Tecan, Austria).
Statistical analysis
7KHDULWKPHWLFPHDQ [ DQGVWDQGDUGGHYLDWLRQ 6' ZHUHFDOFXODWHGIURPWKHUHSUHVHQWDWLRQ
of individual leukocytes types (differential leukocyte count) and from their concentration. Significant
differences were detected by pair t-test. Data were analysed with STATISTICA 7.1 (StatSoft CZ, Ltd.,
Czech Republic) program.
RESULTS AND DISCUSSION
Leukocytes value
Leukocyte count found in the bovine blood was 6.2 x 109 O>@DQGLQODYDJH[9 /l
>@
Differential leukocyte count
The representation of individual leukocytes is shown in Table 1 and Table 2.
Table 1 Differential number of blood leukocytes after collection
Type of leukocytes Arithmetic mean (x) [%] Standard deviation (SD)
Lymphocytes
61.23
4.21
Neutrophil
32.33
2.17
Monocytes
4.27
0.61
Eosinophil
2.17
0.34
Concentration level of TNF-Į
Concentration level of TNF-ĮLVVKRZQLQ7DEOHDQG7DEOH
Production of TNF-ĮE\OHXNRF\WHVRIERYLQHPDPPDU\JODQGZDVKLJKHU /36SJPO
>@ 0'3 SJPO >@  WKDQ SURGXFWLRQ RI WKLV F\WRNLQHV LQ OHXNocytes blood
/36SJPO>@0'3SJPO>@ 
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Table 2 Differential cell count of mammary gland leukocytes (obtained by the mammary gland lavage
24 hours following stimulation of mammary gland by PBS)
Type of leukocytes
Lymphocytes
Neutrophil
Macrophages
Eosinophil

Arithmetic mean (x) [%]
8.27
85.89
5.32
0.52

Standard deviation (SD)
1.32
7.79
0.89
0.14

Table 3 Mammary gland and blood leukocytes concentration level of TNF-ĮIROORZLQJLQFXEDWLRQZLWK
LPS (1, 2, and 18 hours of incubation)
Source of leukocytes Incubation (hours) Arithmetic mean (x) [%]
Standard deviation (SD)
Blood

Mammary gland

1

0

-

2

0

-

18

344.87

23.12

1

0

-

2

0

-

18

552.57

27.35

Table 4 Mammary gland and blood leukocytes concentration level of TNF-Įfollowing incubation with
MDP (1, 2, and 18 hours of incubation)
Source of leukocytes Incubation (hours) Arithmetic mean (x) [%] Standard deviation (SD)
Blood

Mammary gland

1

0

-

2

0

-

18

285.56

19.87

1

0

-

2

0

-

18

680.20

31.32

The higher concentration of TNF-ĮSURGXFHGE\OHXNRF\WHVRIERYLQHPDPPDU\JODQGLVcaused
by higher neutrophil proportion. Neutrophils are major producers of TNF-ĮLQERYLQHPDPPDU\JODQG
which Sohn et al. (2007) say in their work. They found out higher concentration of TNF-Įwhen clear
population of blood neutrophils was used than we have obtained in our study with entire population of
leukocytes under the same incubation conditions (medium RPMI, 5% CO2 and & 
There is no production of TNF-ĮF\WRNLQHVGXULQJRU hours incubation. Concentration of
TNF-Į ZDV GHWHFWHG with 18 hours incubation. Riollet et al. (2000) investigated of TNF-Į GXULQJ
experimental infection induced by E. coli bacteria. Concentration of TNF-ĮKDVGUDPDWLFDOO\LQFUHDVHG
between 10 and 39 hours after induction of infection. Maximum level of TNF-Į   QJPO 
was observed between 14 and 18 hours. Concentration of TNF-Į KDV JUDGXDOO\ declined to its
minimum after 24 hours. Bannerman et al. (2004) observed concentration of TNF-Į GXULQJ
experimental mastitis induced by E. coli bacteria. The highest values were measured 16 hours after
infection.
Concentration level of IL-10
Concentration level of IL-10 is shown in Table 5 and Table 6.
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Table 5 Mammary gland and blood leukocytes concentration level of IL-10 following incubation with
LPS (1, 2, and 18 hours of incubation)
Source of leukocytes
Blood

Mammary gland

Incubation (hours)

Arithmetic mean (x) [%]

Standard deviation (SD)

1

0

-

2

0

-

18

12.67

2.47

1

0

-

2

26.02

3.44

18

36.98

7.78

Table 6 Mammary gland and blood leukocytes concentration level of IL-10 following incubation with
MDP (1, 2, and 18 hours of incubation)
Source of leukocytes Incubation (hours) Arithmetic mean (x) [%] Standard deviation (SD)
Blood

Mammary gland

1

0

-

2

0

-

18

9.45

3.61

1

0

-

2

22.33

3.02

18

33.45

8.28

Production of IL-10 of leukocytes by bovine mammary gland was higher (LPS:26.02 u/ml
>@DQGXPO>@0'3XPO>@DQGXPO>8.28]) than production of
IL- E\ EORRG OHXNRF\WHV /36 XPO >@ 0'3 XPO >@  ,/-10 was produced
already 2 hours after the beginning of the incubation of leukocytes of mammary gland.
The TNF-Į ZDV produced by blood leukocytes and leukocytes of mammary gland after
18 hours incubation. Level of IL-10 was increased after 18 hours incubation in blood leukocytes.
Similarly to TNF-Į,/-10 concentration increases several hours after mastitis infection, which can be
caused by different pathogens (Bannerman et al. 2004).
CONCLUSION
Mammary gland leukocytes production of TNF-Į ZDV KLJKHU WKDQ SURGXFWLRQ RI ,/-10 by
blood leukocytes. TNF-Į ZDV SURGXFHG LQ EORRG DQG PDPPDU\ JODQG OHXNRF\WHV LQ  KRXUV
incubation. IL-10 was produced in 2 hours from inception of incubation by leukocytes of mammary
gland. Level of IL-10 was increased in 18 hours of incubation in blood leukocytes. Knowledge of all
net cytokines is important for effective using of cytokines during treatment of mastitis. For practical
use detection of cytokines is important cheap and effective measured techniques, which can be used in
practical application for control of health condition of mammary gland in dairy cows.
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Abstract: Animal welfare is becoming more and more important for the customers and one of the current
topics is to ban the surgical castration of piglets for reducing boar taint. It is important to find new ways
of reducing boar taint, one of them is genomic selection with the need of finding candidate genes
involved in the skatole and androstenone metabolism. In our study, we have investigated different
expression of genes KRT8 and ATP5B in the pigs liver among groups of surgically castrated and
immunocastrated pigs compared to the control group of entire male pigs by qPCR. However, we have
found no significant difference of gene expression between investigated groups.
Key Words: boar taint, qPCR, relative expression
INTRODUCTION
Boar taint is an unpleasant odour and flavour characteristic for uncastrated male pigs. It occurs
while cooking the meat and has been described as faecal-like odour. The three main substances causing
boar taint are androstenone, skatole and indole. There are differences of boar taint levels in tissue among
different pig breeds, also the two compounds of boar taint skatole and androstenone contribute
differently to the tainted carcass (Xue et al. 1996). According to the international consumer survey in
seven European countries the consumers sensitivity to boar taint differs among countries, however there
was a greater degree of dislike with the increase in androstenone and skatole level (Matthews et al.
2000).
Androstenone biosynthesis is controlled by the same mechanism as other testicular steroids and
during puberty androstenone levels drastically increase simultaneously with other testicular steroids
(Gower 1972, Bonneau 1982). Skatole levels also increase at puberty (Babol et al. 2004), probably after
an increase of testicular steroids (Zamaratskaia et al. 2004).
Examination of multiple regression relations showed that the level of testicular hormones
testosterone, estrone sulphate and free estrone in combination with testes and bulbourethral gland sizes
were the best predictors of skatole in fat (Zamaratskaia et al. 2005). The boar is known for its high
amounts of estrogens (Claus and Hoffmann 1980), which are produced in the Leydig cells and are
positively correlated to skatole levels (Babol et al. 1999). There has been observed a relationship
between metabolism of skatole and androstenone in liver which may be explained by the inhibition of
enzymes metabolizing skatole by androstenone and other sex hormones (Babol et al. 1999).
To prevent this unpleasant smell of heated meat male piglets are surgically castrated shortly after
birth (up to 7 days old), but due to welfare concerns there is a need for another method to prevent the
unpleasant odour of meat. One of the methods is genomic selection where crucial part is to determine
candidate genes with an influence on boar taint.
According to Gunawan et al. (2013) ATP5B and KRT8 could be candidate genes for boar taint
trait and they described significant differential expression of ATP synthase subunit beta (ATP5B) and
keratin 8 (KRT8) in liver tissue of animals with different skatole levels.
KRT8 gene and its function is related to pathological functions in liver where mutation in this
gene is involved in human liver disease (Ku et al. 2007), where KRT8 intermediate filaments can
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modulate adhesion, size and cell ± cycle progression of hepatic cells in association with differential
plectin receptor of activated C kinase 1 (Galarneau et al. 2007), but its involvement in metabolism of
boar taint is not clear.
ATP5B gene encodes the catalytic subunit of mitochondrial ATP synthesis complex and catalyzes
the rate limiting step in formation of ATP in eukaryotic cells (Izquierdo 2006). It also plays role in the
porcine skeletal muscle development.
Our aim was to explore whether ATP5B and KRT8 expression levels in liver are affected by
castration and if there are changes in the gene expression by comparing expression of these two genes
between groups of surgically castrated pigs, immunocastrated pigs and entire male pigs (control group).
MATERIAL AND METHODS
Samples collection and isolation
Samples were collected from 30 male hybrid pigs used for commercial fattening in Czech
Republic. The animals were separated into three groups: surgically castrated pigs (SC),
immunocastrated pigs (IM) and entire male pigs (EM). Immunocastrated pigs were vaccinated by
Improvac (Pfizer Animal Health, S.A., Belgium) according WR PDQXIDFWXUHUV UHFRPPHQGDWLRQV
Samples were collected from the liver and immediately submerged in RNAlater (Qiagen, Hilden,
*HUPDQ\ 7RWDO51$ZDVH[WUDFWHGXVLQJ51HDV\3OXVPLQLNLW 4LDJHQ+LOGHQ*HUPDQ\ 2QHJ
of total RNA was reverse tranVFULEHGDW&XVLQJ4XDQWLWHFUHYHUVHWUDQVFULSWLRQNLW 4LDJHQ+LOGHQ
Germany) with elimination of genomic DNA.
Relative quantitative PCR with SybrGreen
Standard curve was measured for each primer pair individually. Reaction for qPCR was prepared
XVLQJ3RZHU6\EU*UHHQPDVWHUPL[ 7KHUPR)LVKHUVFLHQWLILF:DOWKDP86$ LQWULSOLFDWHIRUHDFK
sample and for non-WHPSODWHQHJDWLYHFRQWURO5HDFWLRQFRQVLVWHGRIORIF'1$SPROORIHDFK
SULPHUORI3RZHU6\EU*UHHQPaster mixORI$PS(UDVH8UDFLO1-glycosylase (UNG)
(ThermoFisher scientific, Waltham86$ ORI51DVH-IUHHZDWHULQWRWDOYROXPHRIO7KHT3&5
was run on Rotor gene (Qiagen, Hilden, Germany) ZLWKF\FOLQJFRQGLWLRQVFRQVLVWLQJRIKROGDW&
min, GHQDWXUDWLRQDW&PLQDQG F\FOHVRI&PLQDQG&PLQ7KLVZDVIROORZHG
by melting curve for verification of specificity of PCR products. Used primers are shown in table 1 and
the primers for ATP5B and KRT8 genes were designed for this study using OLIGO 4.0.
Table 1 Details of primers used for analysis
Gene
symbol

2OLJRVHTXHQFH ĺ

Amp.
length

E (%)

Ref. seq.

Author

PPIA

CTGAGTGGTTGGATGGCAAA
CCACAGTCAGCAATGGTGATCT
CTAATGATGCTGGTGGCAAAC
CCGATCACTCCTAGCCCAG
AACAGTTCAGTAGTTATGAGCCA
GA AGATGTTCTCAAACGCTTCG
CCTGTCTCAGCCATTCCAGGT
GGTCATATTCACCTGCCAAAATC
AGGAGAGCAGGCTGGAGTCTG
CCACCGGACTGGTAGGAGCT

130

93

NM_214353

100

95

AF222921

153

100

DQ845178

6YRERGRYi
2011
6YRERGRYi
et al. 2008
Nygart et al.
2007

113

91

ENSSSCT0000
0000438

130

100

ENSSSCT0000
0000271

TOP2B
TBP1
ATP5B
KRT8

Legend: Amp. length ± amplicon length, E ± primer efficiency, Ref. seq. ± reference sequence

Data Analysis
Mean of Ct (cycle of threshold) values were measured using Rotor gene software and were
analysed by the software REST 2009 V2.0.13 (Qiagen, Hilden, Germany) where PPIA, TOP2B and
TBP1 are reference genes and ATP5B and KRT8 are genes of interest. Group of entire male pigs was
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used as a reference group. The hypothesis test used by REST 2009 software performs a large number of
random reallocations of samples and controls between the groups. It then counts the number of times
the relative expression of the randomly assigned group is greater than the sample data.
RESULTS AND DISCUSSION
As mentioned above, group of entire male pigs was used as a reference group. The expression,
standard error and P(H1) values are shown in table 2, where the P(H1) values for ATP5B gene were
0.225 in SC group and 0.254 in IM group, and for KRT8 gene were 0.907 in SC group and 0.055 in IM
group. Relative expressions with standard errors of ATP5B and KRT8 of different groups are shown in
Figure 1.
Table 2 ATP5B and KRT8 values of relative expression, standard error and P(H1) shown for
surgically castrated and immunocastrated pigs compared to the control group
Group

Gene symbol

Expression

Standard error

P(H1)

Surgically castrated
pigs

ATP5B

1.175
0.983
0.760
1.373

0.776±1.808
0.604±1.584
0.343±1.430
0.870±2.207

0.225
0.907
0.254
0.055

Immunocastrated
pigs

KRT8
ATP5B
KRT8

Legend: P(H1) ± hypothesis test, significant difference

Figure 1 Relative expression of ATP5B and KRT8 genes in different groups

Legend: SC ± group of surgically castrated pigs, IM ± group of immunocastrated pigs

Gunawan et al. (2013) studied differential gene expression among 448 genes in animals with
divergent skatole levels where one of the two up regulated genes in high skatole liver sample was KRT8.
Gregersen et al. (2012) identified segmental regions on SSC5 to affect skatole and indole and KRT8 gene
is mapped close to this region (Gunawan et al. 2013). ATP5B gene was over expressed in liver from
group of high skatole boars and is also functionally related to pathways involved in boar taint. (Gunawan
et al. 2013). As far as we know, no other authors have studied these two genes and their different
expression in relation to boar taint. Based on these findings, we can consider these genes as candidates
for subsequent study of boar taint. However, we have found no significant difference in expression of
KRT8 and ATP5B genes between control group, immunocastrated group and surgically castrated group
which suggests that the expression of these two genes is not affected by castration, but we did not have
relevant data about skatole levels yet, but we would like to study this problem in the near future.
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CONCLUSION
In our set of animals, we have found no statistically significant difference in expression of two
selected genes (ATP5B, KRT8) in porcine liver between groups of pigs surgically castrated,
immunocastrated and non-castrated.
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NUCLEAR GENES CARBAMOYL PHOSPHATE
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VARIATION IN CASE OF LIME HAWK-MOTH (MIMAS
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Abstract: Within the distributional areal of Lime Haw-Moth (Mimas tiliae) probably exist several
subspecies, some of them are already described (M. t. kitchingi). The aim of this pilot study was to verify
usability of the nuclear genes CAD and EF-Į by the DNA barcoding method to distinguish between
morphologically different subpopulations and that the DNA sequence of this genes corresponds to its
geographic distribution. We have demonstrated that these CAD and EF-Į gene fragments are suitable
for species identification, but not for subspecies differentiation. Relation to geographical distribution
was not confirmed for CAD gene, but in case of EF-Į gene such a relationship can be seen.
Key Words: sphingidae, DNA barcoding, biodiversity, hawk-moth, nuclear genes
INTRODUCTION
Biodiversity is an essential element to protect life on the Earth. We know three main categories
of biodiversity: gene diversity, species diversity and the complex ecosystem diversity. There are
estimated 10 million plant and animal species, but only about 1.5 million are described (and more than
1 million are insects) in the World. DNA barcoding is taxonomical method using a very short DNA
sequences from standard part of the genome and alignmenting them with sequencing databases. Can be
easily be used even for species description (e.g. first vertebrate discovered via DNA barcoding was
Coryphopterus kuna Victor 2007). This is method can be useful in cases where species are cryptic and
morphologically undistinguishable. For these cases, there are now procedures and methods of molecular
analysis to help scientists simplify, accelerate and refine the determination of individual species and
possibly discover new species. Molecular taxonomy is a species classification system based on
molecular analyses. These are primarily based on the testing of nuclear and mitochondrial DNA
sequences in the case of animals and the comparison of sequences of individual genes among the species
studied (Mayer et al. 2007). The main goal of molecular taxonomy is to elucidate the molecular
relationships between organisms, while DNA barcoding deals primarily with the identification of
unknown specimens (Kress et al. 2005). In animals, mitochondrial gene fragments for the cytochrome
c oxidase (COI) subunit 1 (Krishnamurthy and Francis 2012) are most commonly used for identification,
but the purpose of this study was to investigate CAD (carbamoyl phosphate synthetase) and EF-Į
(elongation factor-1Į) nuclear genes. To analyse the sequence results of these genes, online accessible
bioinformatical tool such as BLAST (Basic Local Alignment Search Tool ± available at
http://blast.ncbi.nlm.nih.gov/Blast.cgi) were used. We choose Mimas tiliae (Linaeus 1758) as a model
species for our study because it very large distributional areal (whole Western Europe, most Russia,
Turkey, part of Iran) with strange distributional pattern in the east (see Pittaway 1997). There were
described one species from the Far East (Mimas christophi Staudinger 1887) and one species from
Elburz, Iran (Mimas kitchingi Melichar and ěH]iþ   ZKLFK LV by some authors considered as
a subspecies of M. tiliae. Our aim was to see how looks the genetic diversity within the species
distributional areal and make an outlook to the subspecies taxonomy. Although there were published
morphological differences, these could be because the species variability within the areal.
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MATERIAL AND METHODS
Species
All samples for analysis were provided by staff at the Sphingidae Museum (Orlov, Czech
Republic). Samples were divided into group based on morphological structure of the male genitalia:
group 1 (F.24, F.27, F.28, F.46, F.82, F.83) and group 2 (F.16, F.31, F.35, F. 37, F.39, F.74, F.75, F.76,
F.77, F.78, F.79, F.80, F.81). The distribution of individuals is listed in Table 1. These were the butterfly
limbs, supplied with the exact species designation, the sample number, and the capture point of the
butterfly that belonged to the limb. Isolation was performed using the Geneaid Genomic DNA Mini Kit
designed to isolate DNA from the tissues and proceed according to the enclosed instructions. The
amplification of the CAD and EF-1Į nuclear genes was standardized according to protocols available
online (www.top-bio.cz/files/1166_pl.pdf).
Table 1 Samples of Mimas tiliae divided into two groups
Group
Sample number Geographical origin
1
F.24
Greece
1
F.27
Italy
1
F.28
Greece
1
F.46
Switzerland
1
F.82
Greece
1
F.83
Greece
2
F.16
Greece
2
F.31
Russia (Altai)
2
F.35
Kazakhstan
2
F.37
Finland
2
F.39
Russia
2
F.74
Czech republic
2
F.75
Czech republic
2
F.76
Czech republic
2
F.77
Czech republic
2
F.78
Czech republic
2
F.79
Northern Ural
2
F.80
Northern Ural
2
F.81
Northern Ural
DNA amplification
All PCRs were performed in the thermal cycler ABI Verity 96 Well (Applied Biosystems Inc.,
)RVWHU&LW\&$86$ ZLWKWKHIROORZLQJSURWRFROLQLWLDOGHQDWXUDWLRQDW&IRUPLQF\FOHVRI
GHQDWXUDWLRQDW&IRUVDQQHDOLQJDW&IRUVDQGHORQJDWLRQDW &IRU min; final
HORQJDWLRQDW&IRUPLQDQGKROGLQJDW&
DNA Sequencing and Data Analysis
The sequencing reaction mixture was mixed with a commercially available BigDye Terminator
v3.1 Cycle Sequencing Kit IURP$SSOLHG%LRV\VWHPVDQGWKHPL[WXUHZDVPL[HGWRDYROXPHRIȝO
The temperature cycling profile was 96 &IRUPLQF\FOHVRI &IRUV 50 &IRUV &
for 4 min. :H WKHQ SXULILHG XVLQJ '1$ %LJ'\H ;WHUPLQDWRU  3XULILFDWLRQ .LW IURP $SSOLHG
Biosystems according to the instructions from the manufacturer. The data were analysed using and
SeqScape Software v2.7 (Applied Biosystems Inc., Foster City, CA, USA) and MEGA7 to compare
different bases and phylogenetic trees, which is freely available at http://www.megasoftware.net/. The
evolutionary history was inferred using the Minimum Evolution method (Rzhetsky and Nei 1992). The
evolutionary distances were computed using the Maximum Composite Likelihood method (Tamura et
al. 2004) and are in the units of the number of base substitutions per site. The ME tree was searched
using the Close-Neighbor-Interchange (CNI) algorithm (Nei and Kumar 2000) at a search level of 1.
The Neighbor-joining algorithm (Saitou and Nei 1987) was used to generate the initial tree. The analysis
of CAD and EF-Į genes involved 13 and 19 nucleotide sequences, resp. All positions containing gaps
and missing data were eliminated. There were in CAD and EF-Į genes a total of 675 and 563 positions
in the final dataset, resp. Evolutionary analyses were conducted in MEGA7 (Kumar et al. 2015).
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RESULTS AND DISCUSSION
Amplification of the CAD and EF-Į gene fragments
Primers were designed using the OLIGO v4.0 software. For CAD amplification, CAD_F1 +
CAD_R1 primer combinations proved best. This combination of primers amplified a fragment of 708
bp in size. In the case of the EF-Į gene, the most suitablHFRPELQDWLRQVRI()Į-F2 + EF-Į-R2 primers
were shown to amplify 602 bp fragments.
Table 2 Primers used for detection of CAD and EF-Į genes
Gene
CAD
EF-Į

Primers

Sequence 5'-3'

CAD_F1
CAD_R1
EF-ĮB)
EF-ĮB5

TGG AAG TTC TAT GAA RAG TGT CG
AAG TAC AAT CTG TCR CTC ATG TC
CTC CTG GAC ACA GAG ATT TCA TCA A
CAC AGA CTT GAC TTC AGT GGT GAT G

Lenght
[bp]

GC
[%]

PCR
fragment
[bp]

23

43.5

708

25

44
48

602

Phylogenetic analyses
Phylogenetic trees were created using the MEGA7 program and was used a minimal evolution
method that divided individual samples into groups according to differences in individual nucleotides.
Figure 1 Evolutionary relationships of studied taxa using the Minimum Evolution method by CAD gene
(The optimal tree with the sum of branch length = 0.10648939 is shown).

In the case of the CAD gene, groups 1 and 2 were not demonstrably split. From this we can assume
that nuclear CAD gene is not suitable for the type of distinction representatives Mimas tiliae. Eastern
and Western subpopulation also failed to distinguish. This result, however, is in contradiction with the
work of Friedlander et al. which in 1992 introduced this nuclear gene as a candidate and Moulton and
Wiegmann 2004, which states that the CAD gene (CPS) is suitable for phylogenetic examination of the
Lepidoptera order. For this reason, it would be advisable to carry out an extended study that would
include more species of the genus Mimas.
EF-ĮJHQH
There is little bit different situation in case of EF-Į. The division into two different
morphological groups has not been confirmed by EF-Į DNA analysis too, as in the case of CAD gene
Although we have been able to divide all samples to two clades, but the position of the particular species
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is questionable, because we have no this information (if samples from the Czech Republic are from west
of east of the country). This is very important information because the position of the country on the
boundary of two main populations ± eastern and western, according the postglacial re-colonization
history confirmed for many other species (e.g. Schmitt and Krauss 2004). The species lives on different
broadleaf trees which were affected by glacier during last Ice Age. These trees survived this period in
conditions of glacial refugee in the Balkan Peninsula, Pyrenean Peninsula and Apennine Peninsula. But
without proper localization we cannot say that this method is/is not useful for this type of study.
Although Kim (2010) states that this gene is not useful for our purpose because of the lack of properties
needed to solve several levels of taxonomic hierarchy, we found different situation (possibly) prove
possible Eastern and Western distributional patterns according historical refugees. Based on it more
samples need to be investigated.
Figure 2 Evolutionary relationships of studied taxa using the Minimum Evolution method by EF-1Į
gene (The optimal tree with the sum of branch length = 0.03344021 is shown).

CONCLUSION
In this pilot study, we investigated whether the CAD and EF-Į nuclear genes are suitable for
species identification of Mimas tiliae. Our task was to confirm or disprove this division using the abovementioned genes and possibly determine the suitability of these genes for species identification. In the
case of the CAD gene we have concluded that it is not possible to uniquely divide individual Mimas
tiliae into subpopulations. This may indicate that the CAD gene is not entirely suited for the species
identification of butterflies of the Sphingidae family. However, to be able to assert this with certainty, it
would be necessary to test more samples of several different species for the result to be conclusive. The
gene EF-Įshows little bit GLIIHUHQWVLWXDWLRQ,WGLGQ¶WKHOSXVGLIIHUWKHSRSXODWLRQVZHOOEXWZHFDQ
indicate two main geographical clades according postglacial colonization. But for proper study we need
analyse more samples from whole species distributional areal.
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Abstract: The aim of the present study was to compare the effect of diet enriched with 6% fish oil
(source of polyunsaturated fatty acids), 6% of safflower oil, 6% of oil from Schyzichytrium microalga
oil and the effect of diet enriched with 6% of palm oil (source of saturated fatty acids; control) on
weight of model animals. Like model animals were used 48 adult male Rattus norvegicus Wistar
Albino. They were divided into 4 groups with 12 animals each and they were fed for 8.5 weeks. They
were weighed every week. There were found no significant differences among all diet in feed intake
and final live weight at the day of sacrifice. The only significant variety was observed in total weight
gain. It was lower in SF-group in comparison with A-group, which is in contrast with our assumption.
The duration of experiment was probably too short to show differences among diet interventions.
Key Words: obesity, safflower oil, fish oil, DHA, palm oil, Rattus norvegicus
INTRODUCTION
Obesity is one of the main risk factors contributing on development of many serious diseases. It
goes together with higher risc of cardiovascular diseases. This study is focused on important
differences among types of fats because of their fatty acid composition. It was compared the influence
of safflower oil (source of long chained polyunsaturated fatty acids n-6 ± LC-PUFA n-6, SF-diet),
palm oil (source of LC-PUFA n-6 which was used as a control group, P-diet), fish oil (source of LCPUFA n-3, respectively of eicosapentoenoic fatty acid, EPA, 20 : 5n-3) and oil from Schizochytrium
microalga oil (source of LC-PUFA n-3, mainly of dokosahexaenoic fatty acid, DHA, 22 : 6n-3). EPA
and DHA are important parts of cell membranes, they influence their fluidity and behavior of the
integral membrane proteins (Schitz and Ecker 2008). If it comes to our eating habits there is high
difference in intake of PUFA n-6 and PUFA n-3. It is recommended to consump them in ratio 1 : 1±
1 : 2, but the reality is on the other side and we eat them in ratio 1 : 15±1 : 20, it is called western type
of diet. Mainly founded fatty acid in this diet are PUFA n-6, the key metabolite is arachidonic acid
(AA, 20 : 4n-6). This ratio can contribute to higher risc of chronical degenerative diseases. EPA and
DHA are metabolite by the same pathway but it leads to different products. Eicosanoids which are
produced from AA have pro-inflammatory effect, they increase cluttering of blood plates and they
have vasoconstrictor effect. The products from EPA have in many cases opposite effects (Das, 2006).
Current studies also suggest that the right ratio of PUFA n-6 and n-3 improves obesity-linked
inflammation and insulin resistance (Liu et al. 2013, Glass and Olefsky 2012).
MATERIAL AND METHODS
Animals, dietary interventions, analysed tissues
$WRWDORIDGXOWPDOHUDWVRIWKHODERUDWRU\VWUDLQ:LVWDU$OELQR %LR7HVW/WG.RQiURYLFH,
&]HFK5HSXEOLF DWWKHDJHRIZHHNV WKHPHDQOLYHZHJKWRI g) were used. Rats were
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housed in plastic boxes (53.5 cm î 32.5 cm î 30.5 cm) of 4 animals each in a room temperature at
23  &KXPLGLW\DQGKOLJKWGDUNF\FOH PD[LPXm intensity of 200 lx). The experiment
was performed in compliance with Czech National Council Act No. 246/1992 Coll. to protect animals
against cruelty, the amended Act No. 162/1993 Coll., and was approved by WKH Ä&RPPLVVLRQ WR
protect animals against cruHOW\³ RI WKH 0HQGHO 8QLYHUVLW\ LQ %UQR ([SHULPHQW 3URMHFW 1XPEHU
2017/4).
Basic feed mixture, pelletized complete chow for mice and rats (BiokURQ %OXþLQD &]HFK
Republic), composed of wheat, oat, wheat sprouts, soybean meal, extruded soybean, maize, dried
milk, dried whey, dried yeast, grounded limestone, monocalcium phosphate, salt, L-lysine
hydrochloride, and a premix of vitamins and minerals, was fed to all animals for the whole experiment
with addition of different types of oils.
The rats were randomly divided into 4 groups (12 animals per group) and following dietary
interventions were applied for 8.5 weeks: basic feed mixture with fish oil (commercial oleum jecoris
aselli, 60 g/kg, 12 animals), basic feed mixture with palm oil (60 g/kg, 12 animals), basic feed mixture
with oil extracted from Schizochytrium microalga (60 g/kg, 12 animals) and basic feed mixture with
safflower oil), all of the diets also included extra vitamins/minerals premix (1 g/kg, 48 animals). The
mixtures were prepared at the laboratory this way: pelletized chow was ground, homogenized with an
appropriate amount of required oil and premix. It was weighted 150 g, 200 g, respectively 50 g of the
mixture (dependent on the part of our project), mixed with small amount of water and feeding dose
was prepared. The animals were fed daily ad libitum and had free access to tap water. Feed
consumption was measured daily and animals were weighed each week.
After 8.5 week of feeding all animals were sacrificed (after 12 h fasting) under anesthesia with
isoflurane; blood samples were collected from the heart and samples of different tissues were taken.
Fat determination
The sample of feeding mixture was homogenized in Moulinex blender (model D56, Moulinex,
France) and subsequently transferred to 150 ml Erlenmeyer flask. The mixture of hexane/2-propanol
3 : 2 (v/v) ± HIP 1 was added and the sample was sonicated for 15 min using PS10000 apparatus
(Notus-3RZHUVRQLF9UiEOH6ORYDNLD 7KHH[WUDFWZDVILOWHUHGXVLQJ%chner funnel, then 24 ml of
NA2SO4 was added. After shaking and separation of the layers in the separation funnel, n-hexane layer
was filtered through anhydrous NA2SO4 to 50 ml volumetric flask. The water layer was re-extracted
with 10 ml of HIP 2 (7 : 2, v/v). Layer of n-hexan was filtered through anhydrous NA2SO4 after reextraction. Then it was transferred to 50 ml volumetric flask. Combined extracts were taken to 100 ml
round-bottom flask and the content was evaporated on a rotary vacuum evaporator (RV 05-ST 1P-B
PRGHO,.$/DERUWHFKQLN6WDXIHQ*HUPDQ\ DW&(YDSRUDWLRQZDVILQLVKHGXQGHUQLWURJHQDQG
total lipids were gravimetrically determined.
Statistical evaluation
One-way analysis of the variance ratio test, including post-hoc 7XNH\¶V WHVW, was used for
evaluation of the differences among the dietary intervations. For all evaluations STATISTICA 12
package (StatSoft, Tulsa, OK, USA) and MATLAB were used.
RESULTS AND DISCUSSION
The composition of the diets is shown in Table 1. As it is shown all of diets were isocaloric.
Feed intake, daily weight gain and final live weight of rats are presented in Table 2. No
significant differences in feed intake between groups were found. Daily weight gain was significantly
decreased in rats with SF-diet in comparison with other diets, among P-, F- and A-diet were not found
any significant differences.

724

November 8–9, 2017, Brno, Czech Republic

24
years

Table 1 The composition of the diets
Diet
Components in
the diet (g/kg)
Basic feed mixture
Maize starch
Palm oil
Oil extracted from
Schizochytrium
microalga
Fish oil
Safflower oil
Extra premix of
vitamins/minerals
Nutrients (g/kg)
Crude Protein
Fat
Crude fibre
Nitrogen-free
extractives
Metabolizable energy (MJ/kg)

P

SF

F

A

939
60

939
-

939
-

939
-

-

60

60
-

60
-

1

1

1

1

228
56
49

228
56
49

228
56
49

228
56
49

667
15.2

667
15.2

667
15.2

667
15.2

Legend: P ± basic feed mixture with 6% of palm oil; SF ± basic feed mixture with 6% of safflower oil; F ± basic feed mixture
with 6% of fish oil (commercial oleum jecoris asseli); A ± basic feed mixture with 6% of oil extracted from the
Schizochytrium microalga.
Basic feed mixture ± pelletized complete chow for mice and rats; composition [g/kg]: wheat 475; extruded soybean 180; oat
50; maize 50; wheat sprouts 50; maize sprouts 40; potato protein 22.5; dried whey 53; flax meal 20; dried yeast 12;
grounded limestone (CaCO3) 17; monocalcium phosphate 15; common salt (NaCl) 2.5; L-lysine hydrochloride 3; premix of
vitamins + minerals 10 (premix composition [mg/kg]: vitamin A 900; vitamin D3 8; vitamin E 10 000; vitamin K3 250;
vitamin B1 800; vitamin B2 1000; vitamin B6 500; FeSO4 H2O 8300; Mn(x)1 ±3 nH2O + MnO 6500; Zn(x)1±3 nH2O + ZnO
8500; Cu(x) nH2O + CuSO4 5H2O 1200; KI 100; Na2SeO3 16.5; CoSO4 7 H2O 51.5; butylhydroxytoluene 3400; propyl
gallate 1400; carrier: wheat flour + CaCO3 added to 1 kg).
Crude was protein determined using KD 310-A-1015 Kjel ROC Analyser (Furulund, Sweden).
Fat was determined gravimetrically as hexane/2-propanol extract (see fat determination).
Crude fiber was determined using ANCOM220 Fiber Analyser (Ancom Technology, Macedon, NY, USA).
Nitrogen-free extractives were calculated as a remainder to 100% after subtracting the content of crude protein, fat, crude
fibre and ash (determined gravimetrically after incinerating an aliyuot at 550 &
Metabolizable energy was calculated from nutrient contents.

Table 2 Feed intake, daily weight gain and final live weight of rats
Diet
P
SF
F
A

Feed intake1
[g/day]
4505
05
05
05

Daily weight gain2
>J@ PHDQ6(0
5.3 5
4.6 3
4.9 3
5.1 2

Final live weight3
>J@ PHDQ6(0
1
9
5
6

Legend: 17KHPHDQRIZKROHIHHGLQJSHULRGGDLO\IHHGLQWDNHRILQGLYLGXDOUDWVZDVFDOFXODWHGDVóRIWKHWRWDOGDLO\LQWDNH
per a given box (four animals). 2The mean of whole experiment. 3At the day of sacrifice.

When final live weights are compared, there were found no significant differences (Figure 1).
But if it comes to total weight gain it was observed significant difference between A- and SF-diet.
Animals which were fed with SF-diet had lower weight gain during whole experiment. The highest
weight gain was observed in A-diet. It was probably caused by lower live weight at the beginning of
our experiment. There were not found any differences among F-diet and P-diet compared with other
groups (Figure 2).
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Figure 1 Final live weight [g] 6(0DWWKHGDWHRIVDFULILFH

Legend: P ± basic feed mixture with 6% of palm oil; SF ± basic feed mixture with 6% of safflower oil; F ± basic feed mixture
with 6% of fish oil (commercial oleum jecoris asseli); A ± basic feed mixture with 6% of oil extracted from the
Schizochytrium microalga. Tested by one-way ANOVA with post-KRF7XNH\VWHVW S.05). There were not observed any
significant differences among diets.

Figure 2 Final weight gain [g] during whole experiment

Legend: P ± basic feed mixture with 6% of palm oil; SF ± basic feed mixture with 6% of safflower oil; F ± basic feed mixture
with 6% of fish oil (commercial oleum jecoris asseli); A ± basic feed mixture with 6% of oil extracted from the
Schizochytrium microalga. Tested by one-way ANOVA with post-KRF7XNH\VWHVW S05).

CONCLUSION
The purpose of the present study was to determine the effect of the diet enriched with 6% of
fish, palm, alga and of safflower respectively on weight, gain of weigt and feed intake of animal
models (Rattus norvegicus). It was analysed composition of feed mixtures, all of them were isocaloric.
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There were found no significant differences among all diet in feed intake and final live weight at
the day of sacrifice. The only significant variety was observed in total weight gain. It was lower in SFgroup in comparison with A-group, which is in contrast with our assumption The duration of
experiment was probably too short to show differences among diet interventions.
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BITES BETWEEN DOMESTIC DOGS
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Abstract: Canines may sometimes exhibit behaviors that are not acceptable for their owner. Among
the most undesirable behavior for owners is dog bites. A little is known about factors that may
influence the frequency of a dog bite another dog. Therefore, the objective of the present study was to
examine whether the use of a leash and dog breed may affect a dog bite another dog. Two hundred and
seven dog bites were examined in the City of Brno, Czech Republic. A dog off a leash bit another dog
four times more often than a dog on a leash. A dog off a leash was bitten by another dog two times
more often than a dog on a leash. Dog breeds did not affect dog bites. Further research will be
necessary to fully understand a dog bite another dog.
Key Words: dog, bite, breed, leash
INTRODUCTION
Dogs live with humans for thousands of years. People utilize the remarkable skills of dogs for
many purposes (Coren 2010). However, dogs may sometimes exhibit behaviors that are not suitable
for their owner. Among the most problematic behavior for owners is dog bites (Rezac et al. 2011).
So far, most studies report the factors that may affect the frequency of dog bites to the human
body (Cornelissen and Hopster 2010, Rezac et al. 2015). On the other hand, a little is known about
factors that may influence the frequency of a dog bite another dog. Therefore, the objective of the
study was to assess whether the use of a leash and dog breed may affect a dog bite another dog.
MATERIAL AND METHODS
Two hundred and seven dog bites were examined in the City of Brno. The observation was
conducted by focal- animal and all-occurrences sampling methods (Altmann 1974). For each
observation on- and off-leash dog and breed were recorded. Dogs were classified based on the
Federation Cynologique Internationale (FCI) breed standard categories. The other dogs were classified
as crossbreeds. Data were stored in the Excel database. Frequencies of occurrence of dog bites were
expressed as percentages.
RESULTS AND DISCUSSION
The effect of the use of a leash on the frequency that dog bit another dog is shown on Figure 1.
A dog off a leash bit another dog in 173 cases (83.57%). A dog on a leash bit another dog in 34 cases
(16.43%). The reason for the increased incidence of bites in dogs without a leash may be the fact that
they are not restricted by their owners, unlike walking on a leash when the owner has more control
over the dog.
The effect of the breed on the frequency of dog bites is shown on Figure 2. A pure breed dog bit
another dog in 171 cases (82.61%). A crossbreed dog bit another dog in 36 cases (17.39%). The
reason for the increased incidence of bites in pure breed dogs may be in a greater incidence of pure
breeds compared to crossbreeds.
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Figure 1 The effect of the use of a leash on the frequency of dog bites
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Figure 2 The effect of the breeds on the frequency of dog bites
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The effect of the use of a leash on the frequency that a dog was bitten is shown on Figure 3.
A dog off a leash was bitten by another dog in 144 cases (69.57%). A dog on a leash was bitten by
another dog in 63 cases (30.43%). The reason may be the fact that the dog off a leash may move away
from his/her owner on a longer distance, and therefore, the owner fails to react in time on possible
threat behavior of dogs that bit.
Figure 3 The effect of the use of a leash on the frequency that dogs were bitten

Frequency %

80
60
40
20
0
Off a leash dogs

On a leash dogs

The effect of the pitbull breed on the frequency of dog bites is shown on Figure 4. The pitbull
breed bit another dog in 25 cases (12.08%). Other breeds bit dog in 182 cases (87.92%). The reason
may be the proportional representation of the pitbull breed in the dog population.
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Figure 4 The effect of the pitbull breed on the incidence of bites
100
Frequency %

80
60
40
20
0
Pitbull

Other breeds

CONCLUSION
Our results indicate that dogs off a leash bite more often than dogs on a leash. Further research
will be necessary to understand factors that may affect dog bites.
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Abstract: The aim of the study was the assessment of occurrence of drug-resistant strains of
Escherichia coli in the poultry. In the study we used of 30 strains E. coli isolated from poultry from
a private, non-industrial shed. 20 different antibiotics were applied and drug-resistance analysis was
carried out by disc-diffusion method. The strains E. coli resistant to at least one antibiotic constituted
23.33%. The drug-resistance analysis showed that tetracycline (16.67%) was the most effective
antimicrobial antibiotic. In addition, in the analyzed material two strains of the MDR (multi-drug
resistant) were identified.
Key words: antimicrobial agents, Escherichia coli, poultry manure
INTRODUCTION
Bacteria Escherichia coli are gram-negative rods that the length does not exceed 1± ȝP DQG
the width is an average of 0.4±ȝPE. coli have the ability to move, due to the presence of ciliary
parenchymas. They are relatively anaerobic microorganisms and their optimum temperature for
growth is 37 & Thairu et al. 2014, Pappelbaum et al. 2015). E. coli naturally live in the digestive
tract of vertebrates. They participate in the synthesis of vitamins B and K and they are necessary for
the proper functioning of digestive processes. However, some strains have pathogenic properties and
after secondary ingestion of the vertebrate digestive tract, they become harmful and may cause
a number of diseases of the digestive and urinary tract (Libudzisz 2009).
E. coli is also an avian pathogen because it causes infectious disease, colibacillosis, which is
considered to be one of the main causes of morbidity and mortality of the poultry. As a result of E. coli
infection in the poultry such diseases as yolk sac, colitis and intestinal infections, respiratory
infections, sepsis occur. They cause high economic losses in the poultry industry because of high
mortality of animals (Lutful Kabir 2010). The development of colibacillosis is conducive to biological
and environmental stresses, viral infections and high concentrations of ammonia in overcrowded and
poorly ventilated poultry houses. Although biosafety regulations have been very strictly respected in
recent years, the reduction of colibacillosis is difficult due to the prevalence of pathogenic strains of
E. coli bacteria (Ghunaim et al. 2014).
Poultry farms are an environment, in which different and often not fully known virulence
factors of pathogenic E. coli strains interact. It makes colibacillosis treatment very problematic (Tonu
et al. 2011). High hopes were placed in antibiotic therapy, which leads to the reduction of bacterial
infections. Unfortunately, the use of drugs for therapeutic and preventive purposes, as feed additives
and growth promoters in households and industry has led to uncontrolled overgrowth and the spread of
the phenomenon of antibiotic resistance (Benameur et al. 2014). The resistance of bacteria, especially
E. coli, to antibiotics is a serious risk to the poultry industry, environment and public health
(Hammerum and Heuer 2009). Especially dangerous are multi-drug resistant strains (MDR), so strains
resistant or intermediate-sensitive to at least one antibiotic in each of the three classes of drugs active
against a particular species of microorganism (Maddox et al. 2012, Magiorakos et al. 2012).
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Therefore, in response to the free and often unreasonable use of antimicrobial drugs, the
European Union introduced in 2006 the prohibition of preventive application of antibiotics for
livestock (Horigan et al. 2016).
MATERIALS AND METHODS
Purpose of the experiment
The purpose of the experiment was an assessment of occurrence of drug-resistant E. coli strains
in poultry obtained from a private, non-industrial shed. It was planned to determine the presence of
drug-resistant E. coli strains in the poultry from hens not treated with antibiotics.
Sampling site
Samples of poultry were taken from a shed of about 120 broilers located in Polanka Wielka in
the Lesser Poland (Poland). Animals are kept in a closed, non-ventilated room of 9 m2. Animals are
fed with standard feed with cereal grains added and without the addition of antimicrobial agents. After
8±9 weeks and reaching a weight of about 3 kg animals are slaughtered.
Methods
Stages of the studies are shown in the diagram below (Figure 1).
Figure 1 Diagram of research methodology

STAGE I ± Poultry was collected in sterile containers and transported to a laboratory.
STAGE II ± Isolation of E. coli strains was performed by serial dilution according to Koch using
TBX medium, incubating the cultures for 24 h at 44 & 7KH EOXH-green colonies of E. coli were
transplanted to further TBX medium and multiplied (24 h, 44 & WREHXVHGLQWKHQH[WVWHSRIWKH
study.
STAGE III ± For the determination of drug-resistance of E. coli isolates the disc-diffusion method
recommended by the European Committee on Antimicrobial Susceptibility was used (EUCAST 2017),
for antibiotics not included in the list LQIRUPDWLRQ FRQWDLQHG LQ RWKHU DXWKRUV¶ SXEOLFDWLRQ was used
(Kronvall et al. (1984) ± cefalotine, Turnidge (2011) ± cefazol, Barry et al. (1983) ± cefamandol, Sader
et al. (2007) ± tetracycline). MHA medium (Mueller-Hinton agar, BTL, Poland) was dispensed
quantitatively (15 ml) on sterile Petri dishes. Then, from 18±24 h, pure cultures of E. coli were taken
of sterile swabs and placed in saline tubes (0.9% NaCl), thoroughly mixed and set a concentration of
1.5 x 108 CFU/ml (0.5 McFarland Standard) with a densitometer (DEN-1, Biosan, Poland).
With a sterile swab the bacterial suspension was evenly seeded on previously prepared Petri dishes
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with MHA medium. Sterile antibiotic discs (Oxoid, Ireland) were applied on the prepared Petri dishes.
Cultures were incubated for 24 h at 37 &$IWHU this time the growth inhibition zones around the discs
(mm) were read. E. coli strain ATCC 25922 was used as a control of the quality of the disc-diffusion
method.
RESULTS AND DISCUSSION
Based on the statement of the breeder, it is known that these animals do not receive
antimicrobial feeds in the feed. 30 E. coli strains were isolated from the poultry samples. Strains
sensitive to all analyzed antibiotics accounted for 76.67% (23 strains). 16.67% of the isolates were
resistant to 1 antibiotic (5 strains) and 6.67% (2 strains) ± were resistant to 6 antibiotics, including
2 MDR strains. The highest resistance was found for tetracycline (16.67%) and ciprofloxacin (10%).
The obtained data is shown below (Figure 2 and Table 1). The highest resistance to tetracycline is not
surprising, because it is an antibiotic that has been used long in medicine and veterinary, and therefore
increased resistance to microorganisms is often encountered (Chopra and Roberts 2001).
Figure 2 Zones of growth inhibition of E. coli caused by the application of antibiotics

Hanon et al. (2015) investigated drug-resistant E. coli strains from broiler flocks, which
accounted for more than 50% of all analyzed isolates. The highest resistance of E. coli was found with
antibiotics such as ampicillin, ciprofloxacin, nalidixin acid and sulfamethoxazole. Strains were
isolated from the industrial farm, so the results obtained by the researchers should not be surprising.
Hering et al. (2016) analyzed the efficacy of cefotaxime against E. coli strains isolated from poultry
manure from an industrial shed. They found that there is 81.9% of E. coli resistance to this drug.
ÈOYDUH]-)HUQiQGH] HW DO (2013) analyzed E. coli strains isolated from the poultry carcases of
industrial farms. They found that 91.7% of the analyzed strains were resistant to two or more
antibiotics. The highest resistance was observed with nalidixic acid (85% of the tested strains),
DPSLFLOOLQ   FLSURIOR[DFLQ   DQG WHWUDF\FOLQH   6NRþNRYi HW DO (2015) evaluated
the microbiological quality of poultry meat obtained from various supermarkets. E. coli strains, which
were resistant to at least one antimicrobial agent, constituted 82.8%. 51.7% isolates showed
multi-drug resistance. The percentage of drug-resistant strains was the biggest in the relation to
ampicillin and nalidixic acid (55.2%). In addition, 37.9% of the strains were resistant to ciprofloxacin,
34.5% ± to tetracycline and 31% ± to trimethoprim.
Dou et al. (2016) isolated the organs (liver, spleen, lungs) from dead animals that showed
typical symptoms of E. coli infection before death. 60% strains were resistant to antibiotics such as
ampicillin, streptomycin, tetracycline, nalidixic acid, trimethoprim, sulfamethoxazole antibiotics and
sulfisoxazole. In addition, of all analyzed strains, 80.25% were MDR strains.
The problem of widespread drug resistance is primarily related to isolates obtained from large
scale industrial farms. Despite the ban on administering medicinal products for therapeutic and
preventive purposes in the EU, breeders often break the law by using drugs in unwarranted situations.
This is the main reason for acquiring resistance by bacteria that with improperly processed manure,
can be fertilized in the environment (2EHQJHWDOÈOYDUH]-)HUQiQGH]HWDO).
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CONCLUSION
The study allowed for the isolation, identification and evaluation of the drug resistance profile
of 30 isolates of E. coli isolated from poultry gained from a private, non-industrial shed. Among the
collected strains were found resistant isolates for tetracycline, ciprofloxacin, ampicillin, piperacillin,
ticarcillin, trimethoprim/sulfamethoxazole and cefalotin. In addition, 2 MDR have been reported.
It should be remembered, that all E. coli strains were from hens that did not receive antibiotics,
so it can be considered that bacteria involved in the study presented a natural resistance that was not
caused by selective pressure. Thus, it can be considered that the hens are a natural source of
drug-resistant E. coli.
Although, little resistance to the tested antibiotics was found in the overall pool of strains, the
presence of MDR strains is particularly disturbing. It is therefore advisable to conduct further studies
to identify risk factors for the spread of drug resistance in poultry. This is particularly important
because the manure is processed and then used in agriculture as a fertilizer. If, during the treatment
process, the drug-resistant E. coli strains are not removed from it, uncontrolled release of dangerous
isolates may appear in the environment. People working in sheds and staff dealing with animal waste
processing are particularly at risk. Therefore, it is important to continually monitor the abundance of
drug-resistant E. coli strains, because if they are the released to environment, dangerous E. coli strains
pose a serious threat to public health.
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Abstract: The aim of the study was to evaluate the age effect on selected biochemical parameters in
young rabbits of the Dwarf Lop breed. In the experiment, a total of 16 rabbits (8 males and 8 females)
were used. The blood samples were taken at 8th and 15th week of the age. The basic biochemical
profile was determined using the blood plasma. All of the examined parameters were in physiological
reference ranges. With respect to the age effect, we found increase in the concentration of total protein
(P < 0.05), creatinine (P < 0.01) and activity of alanine aminotransferase (P < 0.05). On the other hand,
the age-related decrease was found in the level of glucose and activity of alkaline phosphatase (P <
0.01). In addition, we found a significant (P < 0.05) positive correlation between the live weight and
values of the albumin, albumin/globulin ratio and creatinine while the negative correlation was found
between the live weight and the level of glucose, alkaline phosphatase and inorganic phosphorus
levels (P < 0.05). It can be concluded that the age of the Dwarf Lop rabbits had a significant effect on
the selected biochemical parameters. These findings can be useful for clinical examination of the
dwarf rabbits.
Key Words: pet rabbit, physiology, plasma, biochemistry, normal values
INTRODUCTION
Recently, the rabbit become a favourite companion animal. With respect to many aspects,
mainly dwarf rabbits are reared as pets (Snook et al. 2013), while the Dwarf Lop and the Netherland
'ZDUI EUHHGV VKRZ WKH KLJKHVW SRSXODULW\ *RQ]iOH]-RedoQGR DQG &RQWUpUD]-&KDFyQ   7KLV
interest has been accompanied also in veterinary sphere (Harcourt-Brown 2002, Meredith 2014).
The blood examination can provide valuable insights into the rabbit health and has an impact to
WKH YHWHULQDULDQV GHFLVLRQ. Currently, there is a lack of studies dealing with the dwarf rabbits
physiology (Meredith 2014). Concerning the rabbit physiology, the researchers interest is mainly
focused on laboratory and meat-type rabbits. The most of published normal reference values originate
from medium-sized rabbits. Besides that, some physiological reference ranges are too wide and so
almost any result fall within them (Harcourt-Brown 2002). These undesirable phenomena can
complicate diagnosis in the pet rabbits examined in the veterinarian practices. Therefore, Wesche
(2014) recommends to WDNH LQ FRQVLGHUDWLRQ DOVR WKH HIIHFWV RI UDEELWV EUHHG DJH DQG VH[ LQ
evaluating the laboratory results.
In general, the rabbit blood parameters were recently intensively studied with regard to the
effects of nutritioQ 7UHEXãDNHWDO VH[ gzkan et al. 2012)ZHOIDUHFRQGLWLRQV 2QGUXãNDHWDO
2011), genotype (Abdel-$]HHPHWDO0DUWLQHFHWDO DQGDJH -HNORYiHWDO  Our
previous research in the dwarf rabbits revealed that their blood parameters can be affected also by the
dwarf rabbit breed âLPHN HW DO   )XUWKHUPRUH we found that selected haematological
parameters in the Dwarf Lop breed were DIIHFWHGE\DJHRIWKHUDEELWV âLPHNHWDO . Therefore,
we assume that this age effect might exist also on the biochemical parameters.
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The aim of present study was to evaluate the age effect on selected biochemical indicators in the
blood of young the Dwarf Lop rabbits.
MATERIAL AND METHODS
Animals
Experimental procedures were approved by the Animal Welfare Committee of the University of
Veterinary and Pharmaceutical Sciences Brno (no. 66/2016/2230/FVHE). The study was conducted on
a total of 16 (8 males and 8 females) rabbits belong to the Dwarf Lop breed. The rabbits originated
from common pet stock.
Experimental design
The young rabbit kits were housed together with the lactating does until their 8th week of age;
subsequently the weaning was performed. The rabbits received a commercial pelleted feed (BerkelFutter Light 6008, Coesfeld, Germany) in course of the entire experimental period. Ingredient
composition of feed and the chemical composition of feed in dry matter (DM) is displayed in Table 1.
All rabbits were fed once a day (approx. 30 g of the feed per kg of live weight per day). The meadow
hay was offered three±times a week and animals had unlimited access to drinking water.
Blood sampling and biochemical examination
The blood samples were taken at the age of 8 and 15 weeks. Always one day before the
samplings, all the rabbits were given their last pelleted feed while the meadow hay and water were
available during the night. The blood samplings were performed between 9±10 a.m. With respect to
the ear length, the blood samples were taken using vena saphaena lateralis. Obtained blood samples
were relocated to sample tubes with heparin. The biochemical examination was carried out using
a DPC Konelab 2L $QDO\]HU (Thermo Fisher Scientific, Finland). In blood plasma, following
parameters of the biochemical profile were determined: total protein (TP), albumin (Alb), glucose
(Glu), total cholesterol (Chol), triacylglycerids (TAG), creatinine (Crea), urea, alkaline phosphatase
(ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), calcium (Ca) and inorganic
phosphorus (Pi). The globulin (Glob) and albumin/globulin (Alb/Glob) ratio were calculated.
Statistical analysis
Statistical analyses were performed using the STATISTICA CZ version 10 software. One-way
ANOVA was used to determine differences in the biochemical parameters. When ANOVA showed
VLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHDJHJURXSV7XNH\V+6'WHVWZDVXVHGPeaUVRQVFRUUHODWLRQZDV
used to determine the correlation coefficients between the live weight (LW) and biochemical
parameters.
Table 1 Ingredient and chemical composition of the pelleted feed (g/kg)
Ingredient
Alfalfa meal
Barley
Wheat bran
Oat bran
Malt sprouts
Sugar beet pulp
Mollasses
Monocalcium phosphate
Calcium carbonate
Sodium chloride

Pelleted diet
417.0
85.0
226.0
60.0
151.0
29.00
19.00
1.0
8.5
3.5

Chemical composition in 1 kg of DM
160.5
Crude protein
173.2
Crude fibre
233.6
ADF
420.0
NDF
53.0
ADL
26.8
Ether extract
151.9
Crude starch
86.2
Ash
11.20
Ca
5.7
P
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RESULTS AND DISCUSSION
Results of the biochemical examination are presented in Table 2. The results of the correlation
analysis between the LW and biochemical parameters are given in Table 3.
Table 2 Live weight and biochemical parameters of the Dwarf Lop rabbits in relation to the age
Parameter

Age 8 weeks
n = 16

Age 15 weeks
n = 16

0HDQVWDQGDUGHUURU
31.75
1211.25B

Sign.

 45.26

**

0.90
1.08
0.78
0.09

b

54.19
32.28
21.91
1.55






1.04
1.11
1.10
0.11

*
ns
ns
ns





0.23
0.12
0.13

6.37A
1.04
0.96





0.19
0.10
0.12

**
ns
ns

63.18A
5.26




4.65
0.33

86.06B
5.38




4.70
0.31

**
ns

$/3 ȝNDWO

3.85B



0.31

2.18A



0.18

**

$/7 ȝNDWO
$67 ȝNDWO
Ca (mmol/l)
Pi (mmol/l)

0.71a
0.57
2.94
1.74






0.08
0.07
0.06
0.13

1.09b
0.79
3.03
2.00






0.17
0.10
0.04
0.10

*
ns
ns
ns

Live weight (g)

772.50

A



TP (g/l)
Alb (g/l)
Glob (g/l)
Alb/Glob

a

51.32
29.47
21.86
1.39






Glu (mmol/l)
Chol (mmol/l)
TAG (mmol/l)

7.29B
1.20
1.17

&UHD ȝPROO
Urea (mmol/l)

A,B:

P < 0.01, a,b: P < 0.05

Concerning the LW, it can be noted that our values correspond with the Dwarf Lop breed
standard (Zadina 2003). Regarding the total protein concentration, we found its significantly higher
level in 15 ± week old rabbits as compared to the 8 ± week old rabbits (+2.87 g/l). This finding is in
agreement with previous studies, when older rabbits showed also the higher TP content than young
rabbits (Archetti et al. 2008, Kishk 2010, Ondruãka et al. 2011). The increasing tendency of TP
content FRUUHVSRQGV ZLWK RXU SUHYLRXV ILQGLQJV âLPHN HW al. 2017) where we found the higher TP
level in Dwarf Lop females at the age 6 months (64.07 g/l). Moreover, our results are in physiological
ranges for healthy rabbits according to Wesche (2014). However, we found slightly lower levels of TP
in our study than Martinec et al. (2012) in 3 ± month old medium-sized rabbit breeds (range of 60.28±
70.66 g/l) and OQGUXãka et al. (2011) in 8 ± week old New Zealand White rabbits (56.10±57.51 g/l)
which can be associated with the dwarf breed. No significant differences were recorded in content of
the albumin, globulin and in Alb/Glob ratio while their values in our study fell into reference ranges
established by Wesche (2014). As for the correlation, we found positive correlation (0.36) between the
albumin concentration and the LW of the rabbits (P < 0.05), which is consistent with findings of
Abdel-Azeem et al. (2010) in medium-sized rabbits (0.50) and also âLPHNHWDO  LQ ± month
old Dwarf Lop females (0.54). Furthermore, we found also the positive correlation in the Alb/Glob
ratio, which is associated with the above stated correlation between the albumin level and LW. The
glucose level was highly significantly affected by the rabbit age while the older rabbits showed lower
glycaemia than younger rabbits (-0.92 mmol/l). On the basis of the significant negative correlation
between the glucose and LW (P < 0.05) in our study, it seems that the glucose level decreases with the
ongoing growth of raising rabbits. This decreasing tendency is consistent with findLQJVRI2QGUXãka et
al. (2011) which described in laboratory rabbits a lower glycaemia level in breeding individuals as
compared to 8 ± week old young kits. On the other hand, Kishk (2010) found an opposite age-related
changes in young New Zealand White rabbits from their 3rd up to 10th week of age. In our study, the
concentration of total cholesterol and TAG showed a non-significant decrease with the advancing age.
Total cholesterol level found in our study was within the physiological range published by Wesche
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(2014), while the TAG level in our study (1.17, resp. 0.96 mmol/l) is out of the mentioned range.
However, in our previous study in clinically healthy 6 ± month old Dwarf Lop females we found the
TAG level as 0.87 mmol/l âLPHNHWDO . Regarding the creatinine concentration, we found the
higher creatinine level in 15 ± week old rabbits as compared to the 8 ± week old rabbits (P < 0.01).
Moreover, we found also the significant positive correlation between the creatinine content and the
LW (0.62). Our results correspond with the statement of Harcourt-Brown (2002) that plasmatic level
of WKHFUHDWLQLQHLVGLUHFWO\SURSRUWLRQDOWRWKHLQGLYLGXDOVERG\PDVV6LPLODUDJH-related tendency in
the creatinine level was described in previous rabbit study, where this correlation was found to be 0.79
(Kishk 2010).
Table 3 Correlation coefficients between the LW and biochemical parameters in the Dwarf Lop breed
Correlation
Correlation
Biochemical parameter
Biochemical parameter
coefficient
coefficient
0.17
0.62*
TP
Crea
0.36*
0.25
Alb
Urea
-0.25
-0.44*
Glob
ALP
0.37*
0.15
Alb/Glob
ALT
-0.38*
0.24
Glu
AST
-0.04
0.11
Chol
Ca
-0.40*
-0.28
TAG
Pi
*(P < 0.05).

The urea content found in our study was in physiological reference range (Wesche 2014). Also
observed ALP, ALT and AST levels were in physiological ranges for healthy rabbits (Harkness et al.
2010, Wesche 2014). The age of rabbits in our study had the significant effect on the activities of the
ALP and ALT enzymes. We found highly significant decrease in the ALP activity in 15 ± week old
rabbits as compared to the 8 ± week old rabbits (-1.67 ȝkat/l). Campbell (2004) notices that the ALP
activity varies with age, and Harcourt-Brown (2002) states that higher ALP are found in young
animals with the high osteoblastic activity; results of our study in pet rabbits are consistent with both
of the above mentioned statements. Moreover, we found a negative correlation between the ALP
DFWLYLW\DQG/:ZKLFKLVLQDJUHHPHQWZLWKRXUSUHYLRXVVWXG\LQWKH'ZDUI/RSEUHHG âLPHNHWDO
2017). Regarding the ALT, we found significant increase in the ALT activity in relation to advancing
age (+0.38 ȝNat/l). Further, in our study, we found no significant age-related changes in calcium and
inorganic phosphorus concentrations, while we recorded the significant negative correlation between
the Pi and LW. The observed values of Ca and Pi were in physiological ranges (Harkness et al. 2010,
Wesche 2014).
CONCLUSION
Results of the present study have confirmed our assumption that selected blood biochemical
parameters can be affected by the age of dwarf rabbits. All of the examined parameters were in
physiological reference ranges. The significant age-related increase in content of the total protein,
creatinin and in activity of ALT was recorded :LWK RQJRLQJ UDEELWV DJH ZH IRXQG a significant
decrease in plasmatic levels of the glucose and ALP. Furthermore, we found that the albumin level,
albumin/globulin ratio and creatinine level showed significant positive correlation with the LW of
rabbits, while the glucose, ALP and Pi level displayed a negative correlation with their LW. The
observed data can contribute to the more accurate assessment of rabbit physiology and can serve both
of the veterinarian practices and further research on the dwarf rabbit physiology.
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Abstract: The unusual sub social behaviour of spiders of the genus Pellenes spp. has not yet been
reliably explained. In our study, we infer that relatively common gregarious wintering in one land
snail shell (especially for species Pellenes tripunctatus and Pellenes nigrociliatus) can be conditioned
by the collective maturing of offspring in shells which are hanging on vegetation. Observation was
carried out on two steppe locations. Altogether, eight shells (Caucasotachea vindobonensis) hanging
on vegetation were found. In each of these shells have been discovered one female of spider species
Pellenes tripunctatus. This is an interesting finding because this way of caring for offspring has not
yet been confirmed for this species (only old records of Pellenes nigrociliatus). In the course of our
research, we also found the use of another species of gastropods Helicigona lapicida by spider
Pellenes tripunctatus, which was never reported before.
Key Words: Araneae, Salticidae, shells, Pellenes tripunctatus, sociability, breeding of offspring
INTRODUCTION
Spiders represent the most abundant group of invertebrates using empty land snail shells. As the
shells are primarily occupied during the period when the air temperature begins to decrease, shells are
mentioned mainly in connection with the overwintering of spiders. Besides of overwintering, empty
shells are used also as a hiding place or for reproduction. Spiders there also create specific nests for
establishment of next generation (mainly family Salticidae). Shells offer advantageous microclimate
which ensures protection during hot summer days or protection from various predators (MorenoRueda et al. 2008).
The most common inhabitant (in terms of overwintering) is the Salticidae family with specific
species of Pellenes tripunctatus (Walckenaer, 1802), P. nigrociliatus (Simon, 1875) and Sitticus
penicillatus (Simon, 1875), as reSRUWHGE\VHYHUDODXWKRUV +RUQ%DXFKKHQVV6]LQHWiUHW
al. 1998, Bellmann 1999, Moreno-5XHGDHWDO+XODHWDO0LFKiONRYi1LHGRERYiHW
DOâWHPSiNRYiâWHPSiNRYi 2016). The most occupied are the shells of Xerolenta obvia
(Menke, 1828), Caucasotachea vindobonensis )pUXVVDF, 1821), Helicigona lapicida (Linnaeus,
1758), Arianta arbustorum (Linnaeus, 1758), Zebrina detrita (O. F. Miller, 1774) or less occupied
shells of larger species of gastropod ± Helix pomatia (Linnaeus, 1758). In addition, for some spider
species there is a strong affinity to certain species of gastropRGV 0LNXOVND+RUQ6]LQHWiU
et al. 1998, +XOD HW DO  1LHGRERYi HW DO  âWHPSiNRYi   7KH VWURQJHVW DQG PRVW
frequently mentioned is the affinity of P. nigrociliatus to the shells of X. obvia.
It confirmed that Pellenes nigrociliatus use these shells for reproduction and breeding of
offspring. Spiders hang up empty shells by spider web on stalks of grass. Then will create a nest for
establishment of a new generation inside the shell (Mikulska 1961). After hatching cubs, the female
will ensure the protection of their offspring. The young spiders remain in the shells until they are able
to reproduction (Horn 1980). Probably similar strategies are also used by P. tripunctatus, but in the
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case of the shell of the gastropod C. vindobonensis. Pellenes tripunctatus use this shell for hibernation
very often and even was confirmed also affinity to the mentiRQHGVKHOO +XODHWDO1LHGRERYiHW
al. 2013), but in the case of an unusual life strategy in the form of hanging shells, there are almost no
records. It is possible to mention the case when this behaviour was observed and slightly different
from species P. nigrociliatus. The breeding and protection of offspring were ensured by both female
and male [(Horn 1980) cited by (Braun 1956)]. This statement, respectively this form of relatively
weaker sub sociability can explain a gregarious overwintering of predatory species within a single
shell.
MATERIAL AND METHODS
The survey took place on June 13, 2017 and June 14, 2017 at pre-selected sites. The first site
(visited on June 13, 2017, about 400 m southeast of the protected area ± Malhotky) is a step, lighted
locality with low and sparse vegetation and calcareous subsoil. This site was selected for a large
number of empty shells, confirmed from earlier records. A slightly different site is protected area ±
âYDĜHF, which was visited on June 14, 2017. It is an acidic environment with the admixture of
calcareous rocks of anthropogenic origin, also with the presence of sparse and low vegetation. After
arriving at the site, a survey of the area were starting and then the searching for the individual shells
hanging on the vegetation was carried out. When we found a shell, photo-documentation took place
and the individual shells were collected. The recording of environmental conditions was also carried
out. Determination of spiders and detection of all available information related to this life strategy
were carried out in the laboratory.
RESULTS AND DISCUSSION
Altogether, eight shells hanging on vegetation were found. At the first site (a locality next to the
Malhotky site), six shells of C. vindobonensis ZHUHIRXQG$WWKHVHFRQGORFDOLW\âYDĜHFWZRVKHOOVRI
C. vindobonensis were found. One female (without offspring) of P. tripunctatus was present in each
shell, which contradicts the theory that the male remains with the female (Braun 1956).
Young spiders inside the hanging shells create for a period of time a group in which individuals
are relatively tolerated to each other. In the case of P. nigrociliatus, the young individuals leave the
shell after the first molting (Mikulska 1961). It is likely that a certain affinity or form of sociability is
formed between the individuals during this period. It is possible that a group of these young spiders
living together in shells can influence to a certain extent by the subsequent gregarious overwintering,
which is very noticeable for P. tripunctatus. Regarding to group overwintering, total of six adults
individuals of P. tripunctatus were recRUGHGLQRQHVKHOOV âWHPSiNRYi 2016). This is an interesting
phenomenon, because no form of social behaviour is mentioned in connection with the Salticidae
family. These are typical predators that attack each other (Buskirsk 1981, Herberstein 2011).
It is interesting that the species P. tripunctatus also uses the shells of H. lapicida, as it was seen
RQ WKH âYDĜHF VLWH $W WKH UHFHQW WLPH WKH RYHUZLQWHULQJ RI WKLV VSHFLHV LV DVVRFLDWHG ZLWK VKHOOV RI
C. vindobonensis +XOD HW DO  1LHGRERYi HW DO  âWHPSiNRYi 2016). There are records
which are also confirmed by wintering in the shells of Xerolenta sp. (Bellmann 1992) or Z. detrita
(Bauchhenns 1995).
The issue of coexistence of spider offspring in shells or group overwintering in shells enriches
previously acquired knowledge of life and unusual life strategies of these species. By continuing with
similar research, we may supplement or refute the previously unsubstantiated facts as well as the
previously unknown conditions leading to the formation of these unusual groups.
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Figure 1 Red dot ± site near the Malhotky locality. Green dot ± âYDĜHFVLWH

Figure 2 Caucasotachea vindobonensis inhabited
by Pellenes tripunctatus (locality near the
Malhotky)

Figure 3 Caucasotachea vindobonensis inhabited
E\3HOOHQHVWULSXQFWDWXV ORFDOLW\âYDĜHF

Figure 4 Helicigona lapicida inhabited by
3HOOHQHVWULSXQFWDWXV ORFDOLW\âYDĜHF
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CONCLUSION
The results brought interesting insights into the behaviour of Pellenes tripunctatus and the
unexplained form of social behaviour of these predatory species. The detected coexistence of the
individual young spiders in the hanging shells has probably an impact on the formation of groups
within the gregarious overwintering. Interestingly, there is also evidence that P. tripunctatus uses
Helicigona lapicida shells.
In general, shells are important refuges for various, very often rarely or endangered species of
invertebrates.
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Abstract: Appropriate nutrition and feeding belong among the factors that ensure successful and
beneficial animal production. The most suitable forage for the rabbits as herbivores is the feed of crop
origin. It is important that the feed contains all the essential nutrients, fiber, mineral substances and
vitamins. In present study, the effect of sumach addition into feeding ration of rabbits was observed
with special interest in spermatozoa motility properties. Male rabbits (n = 25) of New Zealand white
breed were used in this experiment. The rabbits were divided into five different groups. One control
group (C) and four experimental groups (S1, S2, S3, S4). Sumach (Rhus coriaria) fruit was added to
the complex feeding ration in milled and parched form in four different concentrations: 0.50%; 0.75%;
1.00% and 1.50% and fed for the period of 90 days. Results of the CASA analysis show that sumach
dietary supplementation affects the spermatozoa motility, however with no statistical significance.
Based on the results of this study, moderate effect of sumach on male reproduction depends on
additive concentration and duration of intake. The first 20 days of the experiment showed very
homogeneous results. Analyses conducted at the Day 40 showed both positive and negative effect of
sumac. Concentrations 0.50% and 1.00% seemed beneficial. At the Day 60 and the Day 80 of the
experiment decreased values of CASA parameters in all concentrations were monitored. Evaluations
carried out at the terminal collection day (Day 90) reported enhanced motility, progressive motility
and velocity curved line in rabbit groups administrated with addition of sumach in concentrations of
0.75% and 1.00%.
Key Words: rabbit, Rhus coriaria, sumach, spermatozoa motility, CASA
INTRODUCTION
The intensification of rabbit breeding puts the emphasis on physiological, health and
behavioural demands due to high sensitivity of rabbits to environmental conditions (Casamassima et
al. 2017). There is a worldwide trend in administration of antioxidants with natural origin to the farm
animals in order to improve the animal welfare and possibly to create a functional food (Vizzarri and
Corino 2016). It is highly believable that the way to achieve this goal leads through the use of
phytogenics, feed additives derived from herbs and plants with natural growth promoting factor *iOLN
et al. 2013).
Sumach is the commonly used name for genus Rhus, the plant recognized due to its wide range
of beneficial properties as follows: antimicrobial (Nasar-Abbas and Halkman 2004), antioxidant
(Kosar et al. 2007), antimutagenic (Chakraborty et al. 2009), antidiabetic (Mohammadi et al. 2010),
antifungal (Mccutcheon et al. 1994), antiinflamatory (Fourie and Snyckers 1983), etc. These plants
originate from temperate and tropical regions and are able to adapt to non-agricultural conditions in
marginal regions (Rayne and Mazza 2007). Sumach found its use also in traditional Arabic Palestinian
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medicine for the treatment of variety of diseases and has been used since the antiquity (Kizil and Turk
2010). Sumach is nowadays extensively used alone or in combination with other spices as a condiment
6DJGÕFDQG2]FDQ 2003). Abu-Reidah et al. (2015) analyzed sumach for the content of phenols and
other phytochemicals and report that Rhus coriaria is rich in tannins, (iso)flavonoids and terpenoids
and in total is composed of 211 constituents.
Target of this study was to evaluate addition of sumac in the rabbit feeding mixture on
spermatozoa motility parameters in various time periods.
MATERIAL AND METHODS
Experimental design
Six months old adult male rabbits (n = 25) of New Zealand White breed were subjected to this
study. Animals were divided in four experimental groups (S1, S2, S3, S4) and one control group (C).
The animals contained within the experiment were housed in air-conditioned halls in individual onestorey metal cages. The light mode was set to 14 hours. All groups were administrated complex
granular feed KK V1 ad libitum and the drinking water of optimal temperature was unlimitedly
supplied via automatic drinker. The feed was administered in form of pellets. The complete feed
mixture was composed of: 23% lucerne fodder, 18% sunflower scrap, 18% sugar beet, 10% wheat, 9%
wheat bran, 5% molasses, 5% olive starch, 3.5% 3.2%, soybean oil 1.7%, lignobond 1%,
monocalcium phosphate 0.3%, sodium chloride 0.3%. The chemical composition is provided in
Table 1.
Table 1 Composition of feed mixture
Compound

Amount

Units

Dry matter

926.26

g/kg

Crude protein

192.06

g/kg

Fat

36.08

g/kg

Fibre

135.79

g/kg

Non-nitrogen compounds

483.56

g/kg

Ash

78.78

g/kg

Organic matter

847.49

g/kg

Calcium

9.73

g/kg

Phosphorus

6.84

g/kg

Magnesium

2.77

g/kg

Sodium

1.81

g/kg

Potassium

10.94

g/kg

Metabolizable energy

12.35

MJ/kg

Commercial feed dedicated for experimental groups was enriched with sumach (Rhus coriaria)
in various concentrations: 0.50% in S1 group, 0.75% in S2 group, 1.0% in S3 group and 1.50% in S4
group. The same diet was applied for the whole duration of experiment (90 days). Control group
received feed without sumach addition (Table 2).
In this animal study, institutional and national guidelines for the care and use of animals were
followed, and all experimental procedures involving animals were approved by The State Veterinary
and Food Institute of Slovak Republic, no. SK CH 29004.
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Table 2 Overview of the feed treatments with Rhus coriaria
Sample

Concentration
of
Rhus coriaria
(%)

Number of
animals

Duration
of
experiment
(days)

Amount of Rhus coriaria added
(g/100kg)

C

-

5

90

0

S1

0.50

5

90

600

S2

0.75

5

90

850

S3

1.00

5

90

1000

S4

1.50

5

90

1600

CASA analysis
Motility analyses were realized using the CASA method with SpermVision software (Minitub,
Tiefenbach, Germany) and the microscope Olympus BX 51 (Olympus, Japan). After semen collection
the samples were pipetted into Makler counting chamber ( ȝP 6HIL-Medical Instruments,
Germany). Measurements of spermatozoa motility were performed immediately after the semen
collection. The following spermatozoa characteristics were assessed: motility (MOT), progressive
motility (PRO) and velocity curved line (VCL). Every single output of the CASA system is the result
of 7 diverse sub-PHDVXUHPHQWVRIGLIIHUHQWILHOGVRI0DNOHU&RXQWLQJ&KDPEHU 7LUSiNHWDO 
Statistical analysis
For the determination of the effect of feed additive on spermatozoa motility, ANOVA and
'XQQHWWVFRPSDUDWLYHWHVWZHUHDSSOLHGXVLQJ*UDSK3DG3ULVP *UDSK3DG6RIWZDUH,QF86$ $OO
statistical tests were carried out at levels of significance at P < 0.05, P < 0.01 and P < 0.001.
RESULTS AND DISCUSSION
Inceptive evaluation of spermatozoa motility was realized 20 days since the beginning of the
experiment. Animals in experimental groups S1 and S3 had decreased spermatozoa motility while the
groups S2 and S4 had higher motility than those in the group C. Results obtained after 40 days suggest
slightly positive effect of sumach supplementation on spermatozoa motility in rabbits fed with
concentrations 0.50% (S1) and 1.00% (S3) of additive. Notable differences were observed at testing
days 60 and 80 where the experimental groups showed lower motility compared to the control. The
last sampling (Day 90) revealed elevated motility in experimental groups S2 and S3. All the
differences noted during the experiment were insignificant (P > 0.05).
Twenty days of sumach administration caused the enhanced percentage of progressively motile
spermatozoa in all experimental groups, rising along with higher additive concentration. Spermatozoa
assessed on the Day 40 of present research showed higher amount of spermatozoa with progressive
movement in groups S1 and S3. In the case of progressive motility, the control groups emerged to be
the most efficient when evaluated at Day 60 and 80. Percentage of progressively motile spermatozoa
was monitored at the end of the experiment in rabbits within groups S2 and S3. Statistical significance
this was not detected (P > 0.05) in this parameter.
Rabbits fed with an additive-free feeding ration provided semen with spermatozoa of higher
velocity during first 60 days of testing. Sumach concentrations (0.75% and 1.00%), represented by
groups S1 and S3, demonstrated the positive effect of dietary supplementation on the velocity of the
spermatozoa at the end of the trial. As for the velocity curved line, all observed differences absented
the statistical significance (P > 0.05).
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Figure 1 Spermatozoa motility (MOT; %) in different semen extenders at various stages of the
experiment

Legend: C ± control group
(without the sumach addition);
S1 (0.50%), S2 (0.75%), S3
(1.00%), S4 (1.50%) ±
experimental groups with
sumach addition. Significant
difference: *P < 0.05; **P <
0.01; ***P < 0.001.

Figure 2 Spermatozoa progressive motility (PRO; %) at various stages of the experiment

Legend: C ± control group
(without the sumach addition);
S1 (0.50%), S2 (0.75%), S3
(1.00%), S4 (1.50%) ±
experimental groups with
sumach addition. Significant
difference: *P < 0.05; **P <
0.01; ***P < 0.001.

Figure 3 Velocity curved line 9&/ȝPV RIVSHUPDWR]RDDWYDULRXVVWDJHVRIWKHH[SHULPHQW

Legend: C ± control group
(without the sumach addition);
S1 (0.50%), S2 (0.75%), S3
(1.00%), S4 (1.50%) ±
experimental groups with
sumach addition. Significant
difference: *P < 0.05; **P <
0.01; ***P < 0.001.

Vizzarri and Corino (2016) and Casamassima et al. (2017) claim that growing interest in dietary
supplementation of natural extracts shows promising outcomes in various aspects of rabbit breeding.
The literature lacks the information about sumach effect on reproduction. However, there is a lot of
LQIRUPDWLRQZKLFKKHOSWRH[SODLQDQGEDFNXSRXUILQGLQJV&DSFDURYiHWDO(2010) studied the effect
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of sumach supplementation on internal milieu of adult male rabbits. Performed blood analysis revealed
enhanced antioxidant activity and decreased level of cholesterol. Oral administration of sumach to
type 2 diabetic rats showed mild antihyperglycemic properties coming out of several mechanisms.
Concentration of low density lipoproteins was rapidly decreased while the high density lipoproteins
were strongly increased. Glutathione peroxidise activity was not affected, however the superoxide
dismutase and catalase activity was found positively significant following sumach application
(Mohammadi et al. 2010). Sumach was administrated also to rats and humans in order to monitor
DNA damage in treated and untreated individuals. Reduction of DNA damage along with antioxidant
activity in experimental groups indicates direct scavenging effect of sumac. Induction of glutathione
S-transferase (GST), composed of two isozymes (GST-Į DQG *67-ʌ  VXJJHVW sumach protective
properties against genotoxic carcinogens which are detoxified by these enzymes (Chakraborty et al.
2009).
CONCLUSION
Addition of Rhus coriaria as dietary supplement to rabbit feed did not show any significant
effect on spermatozoa motility properties in any tested concentration (0.50%, 0.75%, 1.00%, 1.50%).
Administration of this substance resulted in decrease of motility parameters (motility, progressive
motility and velocity curved line) after 20, 40, 60 and 80 days of treatment. CASA assessment
revealed the improvement of all motility parameters in rabbits fed with sumach additive (0.75% and
1.00% of active compound) for 90 days. Based solely on these results, it is not convenient to declare
neither positive nor negative effects of sumach on male reproduction.
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Abstract: The major histocompatibility complex (MHC) is a genome region contains genes of immune
response and genes causes host and pathogen interactions. MHC class I and II genes encode antigen
presenting molecules responsible for detection of peptide on cell surface. This is the reason of the great
selection pressure on MHC genes includes both positive and negative selection. Microsatellites are used
for variability study of specific genome region. The aim of this study is to find and test some
microsatellites located in MHC region and describe its variability and suitability for future testing and
usability for multiplex PCR. The model organisms for this study are Bactrian camel (Camelus
bactrianus) and the dromedary (Camelus dromedarius) for their MHC variability and specific resistance
WRGLVHDVHV&DPHO¶V0+&UHJLRQZDVDOUHDG\QRWVWXG\IRUPLFURVDWHOOLWHV
Key Words: camel, MHC, microsatellite, variability, PCR
INTRODUCTION
MHC class I and II genes belong the most polymorphic genes studied in vertebrates. There are
more than 100 different alleles for different animal species including humans (Bontrop et al. 1999,
Robinson et al. 2013). The large number of functionally important polymorphisms MHC class II genes
are located in exon 2. This exon encodes the site for binding of antigen molecule (antigen-binding site)
(He et al. 2014, Alcaide et al. 2014). Diversity in this region related with the diversity and variability of
pathogens.
Infectious diseases of cattle have significant economic impact on livestock breeding and can affect
human health too. This can be caused directly or through the food chain. Camel is economically and
culturally important animal because of its longterm adaptation to live in areas of dry climate and its
ability to transport important commodities consequential to the development of human culture in these
areas (Bulliet 1975, Burger 2012, Wu et al. 2014).
Original camels (Camelus) are used as interesting biomodel in the field of infectious diseases
because of their resistance against serious infections attacking other species of livestock in the same
geographical areas (Wernery and Kaaden 2004, Dirie and Abdurahman 2003).
Currently camels have been identified at a potential vector for Middle East Respiratory Syndrome
(MERS). MERS is coronavirus disease attacking humans DVNQRZQDVÄ&DPHOIOX³ $]KDUHWDO
Hernida et al. 2015).
MHC region has approximately 4 Mb (million bases) and contains hundreds of various genes with
various functions including antigen presentation and non-immune processes.
The crucial aim of this study is to detect microsatellite repeats in MHC region and to verify using
fdNTP method instead of fluorescent labelled primers.
MATERIAL AND METHODS
Sequences, animals, DNA samples, PCR reaction mix, fragment analysis reaction mix
For microsatellite primers designing were chosen genomic sequences of Camelus dromedarius
from NCBI database (National Center for Biotechnology Information) NW_011591952.1 (3.29 Mb),
NW_011591249.1 (0.33 Mb) and NW_011591121.1 (1.05 Mb).
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The total of 21 DNA samples were analysed (11 samples Camelus dromedarius, 10 samples
Camelus bactrianus). The samples were provided by the Veterinary university in Brno.
For the visualization of amplified fragments were used fluorescent labelled nucleotide
(cytosine  fdCTP) which was incorporated to the amplicons during PCR. This method is much cheaper
than fluorescent labelled primers and for is sufficient optimalization of method.
The total volume of PCR reaction mix was 10.O and contains of 7.7 O3&5+2O (Top-Bio,
ltd., Prague, Czech Republic), 1.0 O î Taq Buffer (Top-Bio, ltd., Prague, Czech Republic), 0.5 O
CombiTaq polymerase (Top-Bio, ltd., Prague, Czech Republic), 0.2 O G173 PL[ (Thermo Fisher
Scientific Inc., Waltham, USA), 0.2 O fdCTP, 0.2 OIRUZDUGSULPHU.OUHYHUVHSULPHUDQG.O
DNA sample. dCTP labelled by R110 fluorescent dye (fdCTP) was used in concentratioQ0. This
solution incorporates labelled cytosine into the amplicon and emits blue signal after laser excitation in
genetic analyser.
For DNA amplification was used thermal cycler ABI Veriti 96 Well (Applied Biosystems) and
DNA was amplified according IROORZLQJSURWRFROLQLWLDOGHQDWXUDWLRQDW&IRUPLQF\FOHVRI
GHQDWXUDWLRQ DW  & IRU  V DQQHDOLQJ DW 60 & IRU  V DQG HORQJDWLRQ DW  & IRU  s; final
HORQJDWLRQDW&IRUPLQDQGKROGLQJDW&.
For the fragment analysis of our samples genetic analyser ABI PRISM 3500 (Applied
Biosystems) was used and composition of reaction mix was: 11.3 O)RUPDPLGH.O/,=VL]H
standard (Thermo Fisher Scientific Inc., Waltham, USA) and 0.2 O 3&5 SUoduct. Total volume of
reaction mix was 11.O
The reaction mixture was denaturated 5 min/95 C than was cooled 5 minutes on the ice and was
transfered to genetic analyser plate. The fragment analysis was run in POP7 polymer.
To evaluate the results, the GeneMapper 5 software (Applied Biosystems) was used. The
genomic sequences were analysed using WebSat (http://www.wsmartins.net/websat/) to detect the
repetitive microsatellite sequences.
RESULTS AND DISCUSSION
Microsatellites locations
There was detected and located total of 58 microsatellites in sequence NW_011591121.1 (Wu et
al. 2014), 31 in NW_011591952.1 (Wu et al. 2014) and 33 in sequence NW_011591249.1 (Wu et al.
2014). From these potential microsatellites, total of 27 microsatellites was chosen to first screening.
Firstly, were preferred dinucleotide microsatellites with CA and TG motive with perfect repetitions and
at least seven motive repeats. These parameters were chosen based on the past experiences.
We obtained specific PCR product of all analysed loci. Presence of polymorphism was verified
using different samples of animals. Only 8 of them were chosen for testing. The rest of tested
microsatellites were not specific enough or were monomorphic.
In a result, there were 3 suitable microsatellites in NW_011591121.1 sequence, 1 in
NW_011591952.1 sequence and 4 in NW_011591249.1 sequence found.
It was found that fdNTP labelling method is effective method to polymorphism screening and
comparable to primer labelling (Figure 1 and 2). Labelled nucleotides were incorporated into the specific
amplicon and played the same role as the fluorescent labelled primers. In the first phase of testing this
method is very useful because it can be tested high number of primers for a low price. Labelled
nucleotides can substitute labelled primers as well and when the primer is found to be suitable for testing
can be synthetized labelled one. In following figures is shown the comparison between fdNTP and
labelled primer fragment analysis result.
The next phases of research will be focused on possible multiplexing of all these microsatellites
into one PCR reaction and to optimize the reaction conditions.
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Figure 1 Fragment analysis results using fdNTP

Example 1

Example 2

Figure 2 Fragment analysis results using labelled primers

Example 1

Example 2

CONCLUSION
Important result of this study proves that using fluorescent nucleotides, to verify designed primers
for PCR and fragment analysis, can substitute end labelled primers in first phase of testing. This method
is cheaper and brings comparable results.
In this study, a group of eight microsatellites was obtained. In future study, this group will be
expanded by additional microsatellites and condition of multiplex PCR will be optimized. Eventually
this microsatellites panel can contribute to MHC region diversity study in camels.
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Abstract: The objective of the present study was to compare gene expression of selected markers
depending on the type of diet with additional oil in feeding mixture. The experiment was analysed by
the real-time polymerase chain reaction method (RT-PCR). As a housekeeping gene with stabile
expression was selected ȕ-actin gene (Actb) and analysed markers were peroxisome proliferatoractivated receptor gamma (PPARȖ), G-protein coupled receptor-sensor (GPR120), adiponectin
receptor 1 (Adipor1) and adiponectin receptor 2 (Adipor2). Forty-eight adult male rats (Wistar Albino)
were divided into four groups and were fed 10 weeks the diet containing specific oil for each group.
Group R was fed by fish oil added to basic feeding mixture, group P was fed by palm oil added to basic
mixture, group S was fed by safflower oil added to basic mixture and group D was fed by Schizochytrium
microalga extract added to basic mixture. After 10 weeks of feeding, rats were sacrificed by isoflurane
overdosing and liver samples were taken and expression of the liver genes coding four selected markers
was measured. The main hypothesis of this project was if there were any differences in expression levels
among groups depending on the type of diet.
Key Words: rat, DHA, EPA, fatty acids, RT-PCR
INTRODUCTION
Dietary docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), present in high quantities
e.g. in fish oil, are able to modulate, among other things, chronic low-grade inflammation (Calder 2013),
one of the hallmarks of atherosclerosis, which is a basis of cardiovascular diseases. EPA and DHA are
endogenous ligands of the transcription factor peroxisome proliferator-activated receptor gamma
(33$5Ȗ). 33$5Ȗligation increases an amount of adiponectin, adipose tissue anti-inflammatory hormone
(Siriwardhana et al. 2013). Anti-inflammatory effect of EPA/DHA is further mediated by a G-protein
coupled receptor-sensor GPR120, whose activation leads to a repression of the macrophage induced
inflammation (Flock et al. 2013). This repression is caused by inhibition of the signalling pathway of
the transcription factor NF ± ț% QXFOHDUIDFWRUNDSSD%  &DOGHU 3RVLWLYHHIIHcts of EPA/DHA
were mostly obtained by in vitro studies using higher-than-physiological EPA/DHA concentrations
(Yates et al. 2014).
The objective of the present study was to use rats as a model organism for testing a hypothesis
that rats fed with specific oils (fish oil, extract of Schizochytrium microalga, safflower oil and palm oil)
added to the feeding mixture will have increased or decreased level of expression of selected markers in
liver tissue.
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MATERIAL AND METHODS
Animals, feeding, samples collecting, real-time PCR
The total of UDWVRIWKHODERUDWRU\VWUDLQ:LVWDU$OELQR %LR7HVW.RQiURYLFH&]HFK5HSXEOLF 
were divided into 4 groups ± R, D, S and P (12 animals for each group). The rats were housed in the
plastic boxes (53.5 9 32.5 9 30.5 cm) of four animals in a room maintained at 23  &KXPLGLW\RI
60% and 12/12 h of light/dark cycle (maximum intensity of 200 lx). The experiment was performed in
compliance with the Czech National Council Act No. 246/1992 Coll. to protect animals against cruelty,
WKHDPHQGHG$FW1R&ROODQGZDVDSSURYHGE\WKHµ&RPPLVVLRQWRSURWHFWDQLPDOVDJDLQVW
FUXHOW\¶RIWKH0HQGHO8QLYHUVLW\LQ%UQR
Each group was fed the specific feed mixture. Group R was added fish oil (EPA), group D was
added extract of Schizochytrium microalga (DHA), group S was added safflower oil (LA) and group P
was added palm oil (saturated fatty acids) to the basic feed mixure. Feeding mixture was added by
vitamin premix. Total amount of EPA, DHA and LA in mixture was 200 mg/kg live wight/day.
The animals were fed daily ad libitum for ten weeks and had free access to the drinking water.
After ten weeks the rats were sacrificed by isoflurane overdosing and the liver were removed.
Two samples were collected from each animal. Every sample from another part of liver. Samples
were immediatelly put into the RNAlater stabilization solution (Thermo Fisher Scientific) to
preservation current level of RNA in tissue.
Total RNA was isolated from the liver aliquot (30 mg) using RNeasy Lipid Tissue Mini Kit
(Qiagen, Valencia, CA, USA). The quality of isolation was checked on the 1.2% RNA gel visualized by
ethidium bromide. The concentration of isolated RNA was measured on spectrophotometer NanoDrop
 7KHUPR6FLHQWLILF:DOWKDP0$86$ ,VRODWHG51$ZDVVWRUHGDW&2QHPLFURJUDPRI
the isolated RNA was reverse transcribed using Omniscript RT Kit (Qiagen) and oligo-dT primers.
The obtained cDNA was used for quantitative PCR with specific primers for the rat PPARȖ (fw
CCCTGGCAAAGCATTTGTATG, rev ATCGAAACTGG CACCCTTGA); GPR120 (fw
CCCAACCGCATAGGAGA AATC, rev ACACTCGGATCTGGTGGCTCT); Adipor1 (fw
GATGTTCTTCCTGGGTGCAGTG, rev CAGAGATG CCCAGGACACAGAC); Adipor2 (fw
ATCTGTGTGCTG GGCATTGC, rev AGCCAGCCTATCTGCCCTATG); and housekeeping gene
Actb (fw AGAGGGAAATCGTG CGTGAC, rev GTTTCATGGATGCCACAGGATT). The reaction
PL[WXUHZDVDVIROORZVORIF'1$ORI$PS(UDVH Uracyl N-glycosylase (Applied Biosystems,
&DUOVEDG&$86$ ORI3RZHU6<%5 Green PCR Master Mix (Applied BiosystemV ORI
each primer (mol/O DQGORI+2O. All analyses were carried out on the 7500 Real Time PCR
System (Applied Biosystems) under the following conditions: PPARȖ, GPR120, Adipor1, Adipor2:
2 PLQDW&PLQDW&F\FOHVFRQVLVWLQJRIVDW&PLQDW&$FWEPLQDW
&PLQDW&F\FOHVFRQVLVWLQJRIVDW&VDW&VDW&. Melting
SURJUDPPHFRQVLVWHGRIRQHF\FOHRIVDW&PLQDW&VDW&VDW&7KH
effectivity of each reverse transcription reaction was calculated according to the standard curve method
using decimal dilution of the input cDNA. The measured CT data were analysed by considering the
basal condition as the reference value for relative amount of the gene expression determined under each
condition. Results were analysed using REST 2009 software (Qiagen).
RESULTS AND DISCUSSION
RNA isolation verification
RNA isolated from liver tissue was verified by 1.2% agarose gel electrophoresis in FA buffer and
formaldehyde was added to the gel and buffer. RNA fragments were visualized by ethidium bromide
under UV transilluminator (Figure 1). For fragments sizing was used High Range RNA sizing standard.
Electrophoresis conditions was 110 V/30 min.
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Figure 1 1.2% agarose gel for verification of RNA isolation

Samples concentrations measured od NanoDrop 2000 and transcription volumes
All samples were measured on spectrophotometer NanoDrop 2000 for total of RNA concentration
(Table 1). Reverse transcription of samples was based on concentration measured data. JRI51$
was transcribed to cDNA. Volume of transcribed RNA to cDNA depends on the sample concentration
of RNA. In Table 2 are shown volumes of samples for transcription.
Table 1 RNA concentration data measured on
NanoDrop 2000
R1
R2
R3
S1
S2
S3
D1
D2
D3
P1
P2
P3

QJO
QJO
QJO
QJO
QJO
QJO
QJO
QJO
QJO
QJO
QJO
QJO

Table 2 Volume of RNA to trasncription based
on measured concentrations
RNA
Sample
R1
R2
R3
S1
S2
S3
D1
D2
D3
P1
P2
P3

c (in QJȝO
1742.55
1708.85
572.60
2030.15
1556.25
1022.55
1505.25
1172.55
483.00
1882.75
1177.65
583.85

ȝJ
(in ȝO
0.57
0.59
1.75
0.49
0.64
0.98
0.66
0.85
2.07
0.53
0.85
1.71

Comparison of expression of selected markers
Results of RT-PCR were analysed using REST 2009 V2.0.13 software (Qiagen). Comparison of
results between tested groups showed there was not differences in expression of selected markers
(p > 0.05). There was not significant difference between R. P. S and D group (Table 3, 4 and 5). P group
fed by palm oil added to basic feeding mixture was selected as control group.
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Table 3 Comparison of expression between P and D group
Gene
Actb
GPR120
33$5Ȗ
Adipor1
Adipor2

Expression
0.714
0.887
0.859
3.045
0.803

Std. Error
0.529±0.918
0.595±1.202
0.613±1.115
1.026±14.090
0.635±1.134

P (H1)
0.030
0.685
0.589
0.187
0.483

Table 4 Comparison of expression between group P and R
Gene
Actb
GPR120
33$5Ȗ
Adipor1
Adipor2

Expression
0.719
0.754
0.609
4.075
0.916

Std. Error
0.517±0.895
0.563±1.164
0.402±0.902
1.143±26.018
0.575±1.338

P (H1)
0.057
0.460
0.052
0.000 (UP)
0.605

In group fed by fish oil added to basic feeding mixture was upregulated Adipor1 gene. in
comparison with P group (control group).
Table 5 Comparison of expression between group P and S
Gene
Actb
GPR120
33$5Ȗ
Adipor1
Adipor2

Expression
0.867
0.770
1.099
4.500
1.023

Std. Error
0.657±1.180
0.556±1.099
0.841±1.538
1.597±22.530
0.713±1.448

P (H1)
0.665
0.479
0.775
0.041 (UP)
0.701

In group fed by safflower oil added to basic feeding mixture was upregulated Adipor1 gene. in
comparison with P group (control group).
CONCLUSION
The tested hypothesis was the influence of fish oil. palm oil. safflower oil respectively
Schizochytrium extract. on expression of selected markers in liver tissue in rats. In our study this
hypothesis wasnғt proved.
Expression of Adipor1 gene was slightly upregulated in group R and S in comparison with control
group P.
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Abstract: The winemaking industry produces large amounts of waste products of which grape pomace
is the most important in terms of quantity. The properties and composition of grape pomace depend
mainly on the technologies used in the processing of grapes and on a number of environmental factors
as well as the technologies applied while wine is growing such as application of foliar and soil
fertilizers and phytosanitary treatment. The presence of grape pomace in various proportions
in compost piles can influence the composting process and the final quality of the compost produced.
This paper therefore focuses on the design and verification of compost piles formulas with different
proportions of grape pomace content for composting in strip piles. Simultaneously, it evaluates
selected parameters influencing the course of the process and the quality of the final compost. The aim
of this paper is to support technology for production of high-quality organic fertilizer that will be used
for agricultural land.
Key Words: composting, grape pomace, strip pile, windrow turner, compost piles
INTRODUCTION
Grapevine is the world's most cultivated fruit species grown on an area of 8 million hectares
(Faostat 2014). Grapes, the main raw material, can contain up to 25 per cent of skin, seeds and stems
(Yu and Ahmedna 2013) that remain unutilized after they have been pressed for wine production. This
remaining material is commonly known as grape pomace, or grape marc, and is generated
in significant quantities in wine-producing countries. A global grape production of 67 million tonnes
(Mt) leads to the generation of 5 million tonnes (Mt) of fresh grape pomace every year (Corbin et al.
2015). The exact composition of pomace depends on the grape variety, the relative proportions of its
constituents and the used pressing method 0lNHOlet al. 2017).
The amount of grape pomace produced and its quality is influenced by a number of factors
0lNHOlet al. 2017). In addition to the variety, the method of harvesting and processing in the intake
part of the line, the quantity of pomace is influenced by the selected pressing method (Baydar et al.
2007). The proportion of pomace is usually 20 to 30 per cent of the weight of the processed grapes.
Grape pomace is made up of remaining pulp, skin, seeds or stems that represent about a quarter
of the weight of grapes. In terms of properties, the grape pomace is a structural material with a bulk
density between 360 and 420 kg/m3. In terms of substance content, the ratio of the main nutrients
N : P : K : Ca is 4 : 1 : 4 : 4. This is a raw material with a high organic acid content, which is involved
in a low pH range of 3.5 to 3.8, while the C : N ratio is ranging between 15 and 35 : 1 (Yu and
Ahmedna 2013).
In line with the latest waste management rules that are implemented within the EU, waste-free
technologies are preferentially sought for the use of waste products. Taking into account the total
annual volume of production, the focus is, inter alia, on the use of grape pomace for the production
of compost.
The basis of successful composting is the creation of a suitable ratio of input materials or
the so-called compost pile formula, with subsequent creation and maintenance of optimal conditions,
including temperature, humidity, sufficient aeration and pH for sufficient development
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of microorganisms throughout the composting process (Diaz et al. 2007). Gea et al. (2005) stated that
the optimization of input raw material ratios can affect not only the course of the composting process
but also its overall duration.
The aim of this paper was to design and verify the formulas of compost piles with different
proportions of grape pomace while evaluating selected parameters influencing the course of the
decomposition process and the quality of the resulting compost.
MATERIAL AND METHODS
Experimental piles and site
Experimental measurements were carried in the year 2016 at the Lednice, Czech Republic.
For the purpose of experimental measurements, input raw materials were formed into strips
of triangular profile with a base width of 1.5 m and height of 0.9 m. The length of each pile according
to the evaluated variants was 15 m. Aeration of piles was accomplished using the Euro Bagging 2.5
HP windrow turner in combination with the Zetor Crystal 8011 tractor.
Raw material composition of piles
The pile formulas were designed in four variants with different grape pomace contents. These
variants were suitably supplemented with other components in different ratios in order to achieve
an optimal ratio C : N = 35 : 1 as indicated in Table 1. The content of the substances was determined
in a laboratory.
Table 1 Raw material composition of piles
Raw material ratios by variant

Content of substances
Moisture
(%)

Organic
matter
(% of dry
matter)

N
(% of
dry
matter)

P2O5
(% of
dry
matter)

I

II

III

IV

Grape
pomace

75.2

91.5

1.8

0.4

40

30

25

15

Vegetabl
e waste

88.4

89.2

1.7

0.9

36

40

46

55

Grass
matter

60.5

90.4

1.0

0.6

10

16

15

16

Straw

14.3

94.5

0.5

0.1

10

10

10

10

Wood
chips

44.7

98.3

0.1

0.1

4

4

4

4

Ratio
C:N

-

-

-

-

35.1 : 1

35.5 : 1

35.3 : 1

35.4 : 1

Raw
material

The measurement and evaluation of composting process actors
During the composting process, temperature was always measured at the same location using
the SANDBERGER GTH 1150 thermometer. Since the pile was established, the temperature was
monitored on a weekly basis. The temperature was always measured at the centre of the profile
at depths of 0.25 m, 0.50 m and 0.75 m from the ridge of the pile.
Monitoring of moisture
The moisture content of the compost was scanned at a depth of 0.5 m from the ridge of the pile
using the TESTO 310 probe. The probes in individual piles were connected to the data recorder. When
the moisture content in piles dropped below 40 per cent, the moisture was adjusted by shedding
with water.
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Nutrient analysis
Determination of the nutrient content was carried out according to the standard for industrial
FRPSRVWV ý61   DQG LQ DFFRUGDQFH ZLWK WKH 'HFUHH RI WKH Central Institute for Supervising
and Testing in Agriculture of Czech Republic No. 475/2000 Coll. The actual analysis was due to the
large number of organic substances carried out according to Morgan. To determine the nitrogen (N)
content, a fresh 10 g compost sample was soaked with 30 ml of concentrated sulphuric acid. Then
hydrogen peroxide was added and set on fire on the mineralizer to discolour the sample. It was then
transferred to 250 ml volumetric flasks, supplemented with distilled water, and measured by Kjeldahl
water vapour distillation on the Vapodest system. The determining of other nutrients, due to the large
number of organic substances, was carried out according to Morgan. Analyses were carried out
of mixed samples weighing 10 g in combination with Gohler's solution (sodium acetate and acetic
acid) and activated carbon. After dilution, the solution was measured on an atomic absorption
spectrometer (Mg, K) and a spectrophotometer (P). The following tools were used: vapodest 300
by Gerhardt GmbH & Co. KG, Germany; atomic absorption spectrometer Agilent 240 AA by Agilent
Technologies, Inc., USA; spectrophotometer Genesys 10S UV-Vis by Thermo Fisher Scientific, Inc.,
USA.
Determination of pH
To determine the pH, 10 g of the compost sample and 50 ml of CaCl2 was mixed together.
Then, the compound was mixed on a mechanical shaker for 60 minutes and the leachate was then
measured with a pH meter. This method was used due to the working procedures common
for Agrochemical soil testing in the Czech Republic.
Determination of Cox and humus
To determine the components, 10 ml of 0.4 M chromosulfuric mixture was added to a 150 ml
beaker 0.2 g of a ground compost. This content was mixed together with a slightly swirling motion so
that the compost did not settle on the walls. The compost was crushed into 3 mm. The Ika MF 10 basic
Microfine grinder drive by the Ika Works, Inc., USA was used. At the same time, 10 ml of 0.4 M
chromosulfuric mixture was added into three beakers as blind samples. All four beakers were covered
with hourglass slides and placed on a tray for 45 minutes in an oven at 125 &$IWHUEHLQJUHPRYHG
from the oven, the beakers were allowed to cool for about 10 minutes and the contents of each were
subsequently diluted with distilled water to a volume of about 70 ml. The diluted sample and the blind
samples were then titrated with a 0.1 M of Mohr salt solution to a grey colour.
Formula for calculating Cox:
࢞ ൌ

ሺࢇି࢈ሻήࢌήǡ


ሺΨሻሺͳሻ

Legend: a ± Consumption of 0.1 M Mohr salt solution in a blind sample - mean of three values (ml); b ± Consumption of 0.1
M Mohr salt solution in the studied sample (ml); f ± Factor of Mohr salt; m ± Average length of control roots (mm)

Formula for calculation of humus content:
Ψࢎ࢛࢛࢙ ൌ Ǥ ૠ ή ࢞ ሺʹሻ
Statistics
In order to evaluate conclusive differences between the evaluated variants, basic statistical
indicators were used, including arithmetic mean, standard deviation and analysis of variance
DWWKHVLJQLILFDQFHOHYHORIĮ .05. As a follow-up method, the Tukey test was used at the significant
OHYHO RI Į   7KHVH VWDWLVWLFDO HYDOXDWLRQ PHWKRGV ZHUH DSSOLHG XVLQJ WKH FRPSXWHU VRftware
SDFNDJH³6WDWLVWLFD´ 6WDW6RIW,QF86$ .
RESULTS AND DISCUSSION
The course of temperature and moisture content in the assessed piles is shown in Figure 1.
Temperature is one of the most important parameters to monitor a composting process, because it is
an indicator of the development of an active thermophilic microbial population, which is required
for compost sanitation (Ruggieri et al. 2009a).
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A positive standard for industrial composts ³ý61  5735´ requires the temperature above
45 &RILQSXWUDZPDWHULDOVIRUPRUHWKDQILYHGD\V (that is called hygienisation). From the values
shown in Figure 1, it is clear that for all variants these requirements were met, specifically temperature
that had been DERYH  & IRU  GD\V .ROOiURYi 2006) stated that with the increasing proportion
of grape pomace in the compost piles, the maximum temperature reached was lower. However,
in variant II, that UHDFKHGWKH VHFRQG KLJKHVWWHPSHUDWXUH RI & WKLV FODLP ZDV QRW FRQILUPHG
Considering the seasonality of the raw material, which is most available in the grape processing
period, the course of the composting process can also be significantly influenced by ambient
temperatures. Gorodnij et al. (1990) stated that the temperature at composting of grape pomace should
QRW H[FHHG  & RWKHUZLVH XVHIXO PLFURRUJDQLVPV PD\ EH NLOOHG 7KLV UHTXLUHPHQW KDV EHHQ PHW
for all variants.
Figure 1 The course of the main parameters of composting process

Legend: The line indicates date of aeration of piles.

Table 2 Lists of the resultant values of the selected parameters and the content of main nutrients
contained in the evaluated variants of the compost piles, gained from statistical analysis measured
during 2016.
Mg
(mg/kg)

P
(mg/kg)

Nc
(%)

Cox
(%)

Dry
matter
(%)

pH
(-)

9,716.5 
4.95b
6,948 
11.31a

1,222.5 
3.53b
944 2.82a

771 
1.41a
759.5 
6.37a

1.16 
0.01b
0.08 
0.01a

8.0 
2.8a
4.0 
0.14a

52.75 
0.63a
76.20 
0.28d

7.3 
0.14a
7.3 
0.28a

III

10,335.5 
4.95c

1,562 
2.83c

846.5 
2.12b

1.15 
0.35b

6.5 
0.14a

57.55 
0.35c

7.3 
0.0424a

IV

15,273.5 
2.12d

2,213.5 
4.95d

858 
1.14b

0.2 
0.01a

6.5 
0.14a

52.00 
1.4b

7.6 
0.03b

Variant

K
(mg/kg)

I
II

Legend: 9DOXHVDUHPHDQ6'Q LQHDFKFROXPQPHDQYDOXHVRIGLIIHUHQW letters are significantly different at P < 0.05
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The moisture seemed to be at higher values with several increases that coincided with rainy
periods. However, the overall trend is of moisture decrease, because of water evaporation, as it is
typical for composting processes (Ruggieri et al. 2009b, Zhang et al. 2014). Gea et al. (2005) stated
that grape pomace is a good absorb material which has beneficial effects in maintaining the desired
moisture content in the pile. With regard to the compost piles structure, the moisture ranged between
40 and 58 per cent.
The results of nutrient analysis show that compost produced with a certain amount of grape
pomace is a good organic fertilizer. That is a significant element in the circulation of substances
and nutrients in nature. This fact is demonstrated by the relatively high nitrogen content, between 0.20
and 1.16 per cent. The results of statistical evaluation suggest that the proportion of grape pomace
as input raw material influences the differences in the resulting nutrient content. According to the
UHVXOWV RI FRPSRVW DQDO\VHV YDULDQW ,, GRHV QRW PHHW WKH UHTXLUHPHQWV RI ý61   ,QGXVWULDO
compost" for minimum moisture content of 40 to 65 per cent. This might be caused by the ration
of input raw material. Although the conditions for the correct C: N ratio were met, the higher
proportion of dry matter in Variant II could influence the texture of the deposit, which differed
comparing to Variant I by a higher proportion of mowed grass, but also a lower proportion
of vegetable waste compared to variants III and IV. By the variants II and IV, the content of nitrogen
was not reached in terms of norm (minimum is at least 0.SHUFHQW 3OtYDet al. (2016), for these cases
mentions the possibility of re-processing the raw material by increasing the proportion of raw
materials with high nitrogen content. Mahimairaja et al. (1995) stated that the nutrient content
in composts depends on the input raw materials, from which the compost was made. Patti et al. (2009)
stated that high-quality compost should normally contain between 0.1 and 0.2 per cent of phosphorus,
0.5 to 1.3 per cent of potassium, and more than 0.5 per cent of magnesium. The analyses of compost
samples for individual variants show that the contents of the main elements are approaching these
values, most notably at variant IV. 7KH RSWLPXP S+ DFFRUGLQJ WR ý61   IRU LQGXVWULDO
composts should range from 6.0 to 8.5 with respect to the microflora. In the experimental compost
piles, laboratory analyses revealed pH values ranging between 7.3 and 7.6, which correspond
to optimal values. Other evaluated results were Cox content and subsequent conversion to humus
content in formula variants composted in strip piles. The results obtained show that all variants of the
compost piles achieve Cox values in the range of 4 to 8 per cent. Subsequent conversion of Cox to the
percentage of humus has found out that this compost was very high in humus, as the resulting values
are higher than 5 per cent.
CONCLUSION
The composting of grape pomace is a process by which we can obtain good organic fertilizer
used in viniculture practice. Despite the fact that authors regularly evaluate positively the process
of vineyards waste composting, there is a significant lack of information regarding the right
composition of substances, degree of composting process and its features. In this study, grape pomace
composts, varying in four different formulas, were evaluated for selected parameters (temperature and
moisture) and subjected to detailed chemical analysis. The results indicate that when the grape pomace
ratio is between 15 and 40 per cent, it is possible to achieve the required hygienisation temperature
RI PRUH WKDQ  & IRU PRUH WKDQ ILYH GD\V 7KH FKHPLFDO DQDO\VLV also revealed that all the grape
pomace composts contained levels of free potassium, ranging between 6,948 and 15,273 mg/kg. Plant
macronutrients such as Mg were present at levels between 944 and 2,213.5 mg/kg, while phosphorus
ranged between 759 and 846 mg/kg and nitrogen between 0.08 and 1.16 per cent. All grape pomace
composts provided some benefits in returning the nutrients into the vineyard and all reached Cox values
in the range between 4 and 8 per cent, which means that they are humus-rich composts. When
optimizing formulas and for ensuring a smooth course of the composting process as well
as the composition of the compost produced, it is necessary to keep the C : N input ratio at 35 : 1.
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Abstract: Detailed monitoring of input material quality is underestimated at biogas plants. However,
dry matter and organic dry matter content of material are changeable and have considerable influence
on organic loading rate, biogas and methane production and thus on financial balance of biogas plant.
The aim of this study is to monitor dry matter and organic dry matter content of input materials,
organic loading rate, biogas quality and quantity at chosen agriculture biogas plant, which processes
maize silage and pig manure, over long-term period (26 weeks). Samples of raw maize silage
and liquid pig manure were collected weekly. Hypothesis predicted changeability of input material
characteristics and its influence on biogas quality and quantity and on organic loading rate is
confirmed. Determined dry matter content of maize silage ranges from 31.58 to 41.55% and pig slurry
reaches dry matter content from 0.95 to 3.49%. Determined organic dry matter content of maize silage
ranged from 95.47 to 97.15% of dry matter (30.45±39.86% organic dry matter). Pig slurry reaches
organic dry matter content from 60.32% to 81.87% of dry matter (0.57±2.6% organic dry matter).
Based on real organic dry matter content of input material and information from operating diaries,
organic loading rate is determined. Theoretical organic loading rate is calculated with assumed organic
dry matter (32% maize silage and 5.5% pig manure). Confirmation of determined and theoretical
organic loading rate shows that monitored biogas plant is usually overloaded. Higher organic loading
rate does not lead to an increase of biogas and methane production, but rather to its reduction. So
overloading represent wasting of input material and cause lower biogas production and quality which
have negative influence on cash flow. This study is unique because of long-term monitoring of input
material characteristics which are compared with calculated data.
Key Words: dry matter, organic dry matter, organic loading rate, biogas production
INTRODUCTION
In the last decades, rising prices of fossil fuels have led to worldwide increased research and
usage of renewable resources and technologies, including biogas. Biogas is produced during anaerobic
fermentation, which is a complex microbial process. Optimal conditions for microbial community are
very important to achieve the highest possible quantity and quality of biogas. Therefore, regular
monitoring and control of the anaerobic fermentation process are necessary for correct operation
of biogas plant. The operator of biogas plant records many parameters into operating diary every day.
These records usually include electricity and heat produced and consumed, quality of biogas (content
of methane, oxygen, hydrogen, and hydrogen sulfide), pH and temperature in fermenter, consumption
of input material. But detailed monitoring of input material quality is still underestimated.
The operators of biogas plants usually calculate amount of input material based on dry matter (DM)
and organic dry matter (ODM) content determined once at start of plant operating. However, DM
and ODM content of input material are changeable and have considerable influence on organic loading
rate (OLR), biogas and methane production and thus on financial balance of biogas plant.
The aim of this study is to monitor DM and ODM content of input materials, OLR, biogas
production and methane concentration in biogas at chosen agriculture biogas plant over long-term
period (26 weeks). Hypothesis predicts changeability of input material characteristics and its influence
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on biogas quality and quantity and on OLR. This study is unique because of long-term monitoring
of input material characteristics which are compared with calculated data.
MATERIAL AND METHODS
For this research, the two-stage biogas plant with electric output of 999 kW and a thermal
output of 1177 kW has been chosen. The biogas plant processes maize silage and pig manure
at mesophilic temperature of 38 & 7KH ORDGLQJ LV FRQWLQXRXV DQG WKH K\GUDXOLF UHWHQWLRQ WLPH LV
about 50 days. The daily dose of input materials is 60 Mg (85% maize silage and 15% liquid pig
manure). The volume of primary fermenter is 2640 m3 and volume of secondary fermenter is 1400 m3.
Generated biogas is accumulated in gasholder with the volume of 860 m3. Storage tank for finally
fermented material has the volume of 4247 m3. Samples of raw maize silage and raw liquid pig
manure, were collected weekly for time period of 26 weeks. DM content was determined according
to Czech Standard Method CSN EN 14346 E\GU\LQJVDPSOHVDW&&LQWKHODERUDWRU\RYHQ
EcoCELL 111 (BMT Medical Technology Ltd., Czech Republic) to constant weight. ODM content
was determined by iQFLQHUDWLRQRIWKHVDPSOHVDW&C in a muffle furnace LMH 11/12 (LAC
Ltd, Czech Republic) according to Czech Standard Method CSN EN 15169. All measurements were
done in triplicates. Based on the ODM content and information from operating diaries (volume
of fermenters, amount of input materials) OLR was calculated.
RESULTS AND DISCUSSION
Very important parameter of input materials is DM content. According to Deublein
and Steinauser (2011), DM content of maize silage usually ranges in interval 20±40% and liquid pig
manure reaches DM content from 2.5 to 13%. According to Friehe et al. (2010), maize silage reaches
DM content from 28 to 35%. According to Al Seadi et al. (2008), DM content of pig slurry ranges
between 3 and 8%. Determined DM content of maize silage and pig slurry is shown in Figure 1. DM
content of maize silage ranges from 31.58 to 41.55% with median 35.99% and pig slurry reaches DM
content from 0.95 to 3.49% with median 1.88%.
Figure 3 Determined dry matter content of maize silage and pig slurry
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ODM content is parameter which represents how many % of DM is theoretically possible
convert into biogas. Determined ODM content of maize silage and pig slurry is shown in Figure 2.
ODM content of maize silage ranged from 95.47 to 97.15% of DM (median 96.14% of DM),
which represents 30.45±39.86% ODM (median 34.55%), but operator calculates amount of input
silage with 32% of ODM. Pig slurry reaches ODM content from 60.32% to 81.87% of DM (median
69.40% of DM), which represents 0.57±2.6% ODM (median 1.32%), despite ODM used
for calculation of input slurry amount is 5.5%. According to Deublein and Steinauser (2011), maize
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silage reaches ODM content 94±97% of DM and ODM content of liquid pig manure ranges in interval
77±85% of DM. Maize silage reaches ODM content in interval 85±98% of DM according to Friehe
et al. (2010). According to Al Seadi et al. (2008), ODM content of pig slurry ranges between 70
and 80% of DM.
Figure 2 Determined organic dry matter content of maize silage and pig slurry
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OLR is important parameter for the stability of anaerobic fermentation, which represents
the amount of ODM fed into a fermenter per day per unit volume under continuous feeding (Mao et al.
2015). Typically, this value ranged in interval 0.5±3.0 kg of ODM per m3 and day 7UiYQtþHN et al.
2015). According to study performed by Gou et al. (2014), mesophilic systems showed the best
stability at ORL lower than 5 kg of ODM per m3 and day. The ORL should be optimized
for maximum production of biogas. Biogas yield increases with increasing ORL. However, when ORL
is significantly higher than normal, the fermentation process becomes unbalanced due to the excessive
production of short-chain fatty acids to inhibitory concentrations (Kiely et al. 1997 in Naik et al.
2014). Carbon dioxide produces under these conditions often causes foaming of the fermenter
and contributes to operating problems (Naik et al. 2014).
Based on real ODM content of input material and information from operating diaries, OLR is
determined. Theoretical ORL is calculated with assumed ODM (32% maize silage, 5.5% pig manure).
Both values are compared in Figure 3.
Figure 3 Organic loading rate for whole biogas plant
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Monitored biogas plant is usually overloaded, see Figure 5. Overloading can cause operating
problems outlined above, but the biogas plant does not have any serious problems. However,
overloading always represents wasting of input material and money. Moreover, as is shown in Figures
7 and 8, higher OLR does not lead to an increase of biogas and methane production, but rather to its
reduction.
Figure 4 Dependence of biogas production on organic loading rate

Figure 5 Dependence of methane content in biogas on organic loading rate

CONCLUSIONS
The monitoring of in input material quality is important for general operation of biogas plants.
Hypothesis predicted changeability of input material characteristics and its influence on biogas quality
and quantity and on OLR is confirmed. Characteristics of input material are changeable. Determined
DM content of maize silage ranges from 31.58 to 41.55% with median 35.99% and pig slurry reaches
DM content from 0.95 to 3.49% with median 1.88%. Determined ODM content of maize silage ranged
from 95.47 to 97.15% of DM (median 96.14% of DM), which represents 30.45±39.86% ODM
(median 34.55%), but operator calculates amount of input silage with 32% of ODM. Pig slurry reaches
ODM content from 60.32% to 81.87% of DM (median 69.40% of DM), which represents 0.57±2.6%
ODM (median 1.32%), despite ODM used for calculation of input slurry amount is 5.5%. Based on
real ODM content of input material and information from operating diaries, OLR is determined.
Theoretical ORL is calculated with assumed ODM (32% maize silage, 5.5% pig manure).
Confirmation of determined and theoretical ORL shows that monitored biogas plant is usually
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overloaded. Charts show that higher OLR does not lead to an increase of biogas and methane
production, but rather to its reduction. So overloading represent wasting of input material and money
and cause lower biogas production and quality which have negative influence on cash flow too.
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PRODUCTION
TEREZA DOKULILOVA, TOMAS VITEZ, JAN KUDELKA
Department of Agricultural, Food and Environmental Engineering
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC
tereza.dokulilova@mendelu.cz
Abstract: Antimicrobial preservatives (as a bronopol) are widely used in cosmetics and toiletries
to prevent the spoilage of products due to microbial contamination than can be presented in wastewaters
and in sewage sludge and may inhibit the process of sludge anaerobic stabilization. The aim of this study
is to specify inhibitory effect of bronopol on anaerobic stabilization of sewage sludge and biogas
production. Anaerobic fermentation test was carried out in 24 batch fermenters (the volume of 5 dm3)
IRUGD\VDW&%URQRSROZDVXVHGDVWR[LFVXEVWDQFHLQGLIIHUHQWFRQFHQWUDWLRQV
75, 100, 125, 150 and 175 mg/l. The quantity and quality of produced biogas were monitored during
hydraulic retention time. Hypothesis, which predicts presence of inhibitory effect of bronopol
on anaerobic microorganisms, mainly on methanogenic Archaea, was confirmed. The lowest
concentration of bronopol which causes significant inhibition of biogas production is 75 mg/l. This
concentration leads to reduction of 5.8  2.3% in the biogas yield. The lowest concentration of bronopol
which causes significant inhibition of methane production is 75 mg/l. The reduction in biogas
and methane production after addition of the higKHVWEURQRSROFRQFHQWUDWLRQ PJO LV
DQGUHVSHFWLYHO\:KLFKPHDQVWKDWPHWKDQRJHQVDUHPRUHLQKLELWHGE\EURQRSROWKDQ
other groups of anaerobic microorganism.
Key Words: 2-bromo-2-nitropropan-1,3-diol, anaerobic fermentation, municipal wastewater sludge,
inhibitory effect, methane yield
INTRODUCTION
Sewage sludge is produced as the by-product of wastewater treating at every wastewater treatment
plant. The anaerobic stabilization of sewage sludge reduces its volume, stabilizes organic matter
and reduces the quantity of pathogenic microorganisms. Anaerobic stabilization consists of 4 microbial
steps (hydrolysis, acidogenesis, acetogenesis and methanogenesis) that are carried out by different
groups of microorganism. Methanogens are the most sensitive and final group of anaerobic
microorganism which convert organic matter to biogas, the mixture of methane and carbon dioxide.
One of the main disadvantages of anaerobic stabilization is its lower resistance to toxicants than aerobic
treatment. Many different toxicants can be presented in wastewaters than in sludge and may inhibit
the process of sludge anaerobic stabilization (Chen et al. 2014). For example, antimicrobial preservatives
(as a bronopol) are widely used in cosmetics and toiletries to prevent the spoilage of products due
to microbial contamination (Kajimura et al. 2008).
Bronopol (2-bromo-2-nitropropan-1,3-diol) is a white odourless crystalline substance well
soluble in water, lower alcohols, diethyl ether, ethylacetate and acetic acid. Bronopol is used
as preservative and antiseptic agent in liquid medication forms, cosmetic creams, gels and aerosols,
deodorants, foot powders, liquid soap, shampoo, household detergents, cleaning pastes, polishing
compounds, toilet water deodorants ect. (Legin 1996). Bronopol is also used as a biocide in industrial
processes, for example textiles, paper mills and cooling water systems (USEPA 2005). Bronopol is toxic
for a wide spectrum of microorganisms, including Gram-negative species, resistant to lots
of antibacterial agents (Kajimura et al. 2008). The antimicrobial behaviour of bronopol is caused
by electron-deficient bromine atoms in the molecules, which have oxidation properties.
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The antimicrobial mechanism of bronopol in the cross-linking of sulfohydrids of enzymes existing
on the microbial cells surface. Adaptation to bronopol is theoretically impossible because of its
nonspecific mechanism. The main advantage of bronopol is high antimicrobial activity combinated
with relatively low toxic effect to hot-blooded animals (Legin 1996). Dissolution of bronopol in aqueous
solution at warm temperature and higher pH may lead to release of formaldehyde that is converted
into formic acid (Trivisano et al. 2015). In aqueous solutions, bronopol rapidly degrades to many
transformation
products
like
2-bromo-2-nitroethanol,
bromonitromethane,
tri(hydroxymethyl)nitromethane, nitromethane, 2-bromoethanol, formaldehyde ect. However, its
antimicrobial behaviour is still acceptable (Cui et al. 2011).
The aim of this study is to specify inhibitory effect of bronopol on anaerobic stabilization
of sewage sludge and biogas production. Hypothesis predicts presence of inhibitory effect of bronopol
on anaerobic microorganisms, mainly on methanogenic Archaea. This study is the first evaluation
of inhibitory effect of bronopol on anaerobic stabilization of sewage sludge and biogas production.
MATERIAL AND METHODS
According to Czech Standard Method CSN EN ISO 5667-13, sludge sample was taken directly
from the anaerobic stabilization tank at the WWTP Brno - 0RGĜLFH   3( &]HFK 5HSXEOLF
and transported to the laboratory immediately.
According to Czech Standard Method CSN EN 15934, fresh sample was dried at 105   &
in the laboratory oven EcoCELL 111 (BMT Medical Technology Ltd., Czech Republic) to determine
the sludge total solids (TS) content. According to Czech Standard Method CSN EN 15169, volatile
solids (VS) content was determined by incineration of the samples in a muffle furnace (LMH 11/12,
LAC, Ltd., Czech Republic) at 550 &. In accordance with Czech Standard Method CSN EN 12176,
pH, conductivity and redox potential of sludge were determined by using pH/Cond meter 3320 (WTW
GmbH, Germany).
In order to measure biogas quantity and quality, anaerobic fermentation test was hold
at temperature 38  0.2 & DFFRUGLQJ WR *HUPDQ 6WDndard VDI 4630. Three systems, which each
consists of eight batch fermenters of volume 5 dm3, were used. All 24 batch fermenters were filled
up with 3 dm3 of anaerobic sludge. In this study, 8 ml of glycerine were used as a carbon and energy
source for microbial growth. One fermenter was used as a blank in each system. To achieve 8 different
concentrations of bronopol (25, 50, 75, 100, 125, 150, 175 mg/l), bronopol stock solution was added
into remaining fermenters. All concentrations were tested in triplicate.
Hydraulic retention time was 21 days. The biogas was collected in wet gas meters and was
measured daily over this period. Biogas quality (content of methane, carbon dioxide, hydrogen
and hydrogen sulphur) was analysed during the test using gas analyser COMBIMASS GA-s (BINDER
GmbH, Germany). Biogas production was converted to standard conditions (T 0 = 273 K, p0 = 101 325
Pa). The volume of biogas and methane were converted to biogas and methane yield, by expressing
them as m3 per kg of VS of the substrate. All measurements were done in triplicate. All measured values
are expressed as arithmetic mean  standard deviation.
RESULTS AND DISCUSSION
Anaerobic fermentation is a complex process in which many mechanisms such as antagonism,
synergism, acclimation and complexing could affect the inhibition level. This is reason why
the inhibition levels reported in literature show significant variation (Chen et al. 2008). The potential
toxicity of chemical compounds is significantly affected by the physical and chemical conditions
in which they are present, e. g. pH, redox potential, conductivity, DM, ODM of sludge. Therefore,
the characteristics of used sewage sludge are shown in Table 1.
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Table 1 Sewage sludge sample characteristics
Redox
pH
potential
Sample
[-]
[mV]
Sewage sludge
7.21  0.01 -17.20 

24
years

Conductivity
[S/m]

Dry matter
[%]

Organic dry
matter [%]

0.75 

3.16 

60.06 

The curve of cumulative biogas production during 21 days hydraulic retention time is shown
in Figure 1. Specific biogas yield after same time is shown in Table 2. The lowest concentration
of bronopol which causes significant inhibition of biogas production is 75 mg/l. This concentration leads
to reduction of 5.8  2.3% in the biogas yield. The reductions of 35.2 
   LQ ELRJDV SURGXFWLRQ FDQ EH REVHUYHG DIWHU DGGLWLRQ RI    DQG  PJO
respectively. There are no significant differences among inhibitions caused by bronopol
in concentrations 125, 150 and 175 mg/l. As can be seen in Figure 1, anaerobic microorganisms need
longer adaptation time after addition of bronopol in higher concentration. Thus, curves of biogas
production are affected after addition of bronopol in all tested concentrations. However, there are
no significant differences in final biogas yield among blank and bronopol in concentrations till 50 mg/l.
Figure 1 Cumulative biogas yield
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Table 2 Biogas yield after 21 days hydraulic retention time
Sample
Specific biogas production [m3/kgVS]
Blank
25 mg/l
50 mg/l
75 mg/l
100 mg/l
125 mg/l
150 mg/l
175 mg/l

0.197363  0.003079
0.196141  0.006142
0.201557  0.014229
0.185954  0.004507
0.127830  0.008997
0.091880  0.002196
0.092294  0.003022
0.095805  0.001845

175 mg/l

Relative biogas production [%]
100.0  1.60
99.4  3.1
102.1  7.20
94.2  2.3
64.8  4.6
46.6  1.1
46.8  1.5
48.5  0.9

The composition of biogas generated during 21 days hydraulic retention time is shown in Figure
2. The curve of cumulative methane production during same time is shown in Figure 3. Specific methane
yield after 21 days is shown in Table 3. The lowest concentration of bronopol which causes significant
inhibition of methane production is 75 mg/l. This concentration leads to reduction of 10.2  %
in the methane yield. The reductions of 54.8 LQELRJDV
production can be observed after addition of 100, 125, 150 and 175 mg/l, respectively. There are
no significant differences among inhibitions caused by bronopol in concentrations 125, 150 and 175
mg/l. As can be seen in Figures 2 and 3, methanogens need longer adaptation time after addition
of bronopol in higher concentration. The curves of biogas production are affected after addition
of bronopol in all tested concentrations. However, there is no significant difference in cumulative
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methane production after 21 days after addition of bronopol in concentration 25 mg/l and blank.
The methane yield after addition of bronopol in concentration 50 mg/l seems to be the highest, but there
is the highest standard deviation, so the difference between blank and 50 mg/l is not significant, see
Table 3.
Figure 2 Methane concentration in biogas
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Figure 3 Cumulative methane yield
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Table 3 Methane yield after 21 days hydraulic retention time
Specific methane production [m3/kgVS]
Sample
Blank
25 mg/l
50 mg/l
75 mg/l
100 mg/l
125 mg/l
150 mg/l
175 mg/l

0.087934  0.002940
0.088425  0.004310
0.097912  0.012311
0.078984  0.003919
0.039739  0.004498
0.018076  0.003878
0.017967  0.004895


Relative methane production [%]
100.0  3.30
100.6  4.90
111.3  14.0
89.8  4.5
45.2  5.1
20.6  4.4

23.1  2.9

The comparison of Tables 2 and 3 shows that reduction in biogas and methane production after
addition of the highest bronopol FRQFHQWUDWLRQ PJO LVDQGUHVSHFWLYHO\
Which means that methanogens are more inhibited by bronopol than other groups of anaerobic
microorganism.
The lowest concentration of bronopol which causes significant inhibition of biogas and methane
production is 75 mg/l. This concentration leads to reduction of 5.8  2.3% and 10.2 % in the biogas
and methane yield, respectively. Which is higher than minimum effective concentration of bronopol
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reported by Legin (1996) that represents 25 mg/l to Gram-negative bacteria 50 mg/l to Gram-positive
bacteria, 50 mg/l to yeast-like fungi. On the other hand, the minimum effective concentration
of bronopol effective against mold-like fungi is 200 mg/l (Legin 1996). Study by Cui et al. (2011)
presents following EC50 values for bronopol to Chlorella pyrenoidosa; 5.76 mg/l, 2.18 mg/l, 4.84 mg/l
and 5.17 mg/l, after 24, 48, 72 and 96 hours, respectively. The toxicity potential (IC50) of bronopol
to Vibrio fischeri reported by Wang et al. (2008) in Cui et al. (2011) is 19.19 mg/l. Previous reported
concentration of bronopol are significantly lower that concentrations which causes reduction of 50%
in biogas and methane yield, 125 and 100 mg/l, respectively.
CONCLUSION
The inhibitory effect of bronopol on anaerobic stabilization of sewage sludge was studied using
24 batch anaerobic fermenters at temperature & &GXULQJhydraulic retention time 21 days.
Bronopol (2-bromo-2-nitropropan-1,3-diol) was used as toxic substance in 7 different concentrations;
25, 50, 75, 100, 125, 150 and 175 mg/l. Cumulative biogas and methane production were used
as the comparative parameters of bronopol inhibitory effect. Hypothesis, which predicts presence
of inhibitory effect of bronopol on anaerobic microorganisms, mainly on methanogenic Archaea, was
confirmed. The lowest concentration of bronopol which causes significant inhibition of biogas
production is 75 mg/l. This concentration leads to reduction of 5.8  2.3% in the biogas yield.
The reductions of 35.2            LQ ELRJDV SURGXFWLRQ FDQ EH
observed after addition of 100, 125, 150 and 175 mg/l, respectively. The lowest concentration
of bronopol which causes significant inhibition of methane production is 75 mg/l. This concentration
leads to reduction of 10.2 % in the methane yield. The reductions of 54.8 
      LQ ELRJDV SURGXFWLRQ FDQ EH REVHUYHG DIWHU DGGLWLRQ RI   
and 175 mg/l, respectively. The reduction in biogas and methane production after addition of the highest
EURQRSROFRQFHQWUDWLRQ PJO LVDQGUHVSHFWLYHO\:KLFKPHDQVWKDW
methanogens are more inhibited by bronopol than other groups of anaerobic microorganism.
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Abstract: This paper focuses on the evaluation of penetrometer measurements carried out in the years
2015±2017, in the area of South Moravia, on the side called Popice/Gotberg with degraded black soil
and different greenery. Four mixtures with varied species composition and work designation ±
Yearling mixture, Perlennial mixture±diverse, Perennial mixture-dry and Yearling mixture-pollinators
were used for the planting of the experimental vineyard. Penetrometer measurements were conducted
using a manual penetrometer ³(LMNHONDPS3´. The measurements were made in the space between
the intervals at depths of 100±300 mm. The water content in the soil at time of measurement,
expressed in weight percent, was determined by the gravimetric method. The obtained results show
that the highest average values of soil penetrometric resistance were measured in the year when
experiment began (2015) and were in the range of 2.27±2.48 MPa. Thanks to the evaluated variants
of the greenery, the penetrometric soil resistance was reduced to 0.91±1.06 MPa over the next two
years. The largest decrease of soil resistance was obvious at the variant A (yearling mix 58.8%)
as well as the variant B (perennial mixture varied 56.7%). Based on the results obtained, these
mixtures can be recommended for wine-growing practice and, at the same time, they might be used
as a preventive and corrective tool for solving problems with soil compaction.
Key Words: grapevine, vegetation cover, soil compaction, penetrometers, penetration resistance
INTRODUCTION
Cropping systems in viniculture are increasingly focusing on technologies using greenery cover
in between rows of vines. A suitable solution is the use of grassland systems with the use of diverse
species of plant mixtures, which are the main tool in maintaining soil fertility and partially also
the tool of quality management in viniculture (Linares et al. 2014).
Vegetation cover fulfils the whole range of significant functions. An important role is
represented by the ability to dampen travel of mechanization vehicles and protection of soil against
HURVLRQHIIHFWV *|EO\|VHWDO Ferrero et al. 2005, Boone and Veen 1994, âLPRQ and /KRWVNê
1989). From the perspective of ensuring good soil properties, legume or legume-cereal mixtures
appear to be highly beneficial. The most valued are especially fabaceous plants of the family
Fabaceae. It is a huge family, which contains of variety of plants, of which the most important are
legumes (beans, peas, broad bean, etc.), and after them follow fodder crops (clover, alfalfa, etc.).
These plants can produce a very rich root system, which may penetrate to a greater depth, in many
cases up to 3 m (Judit et al. 2011). Due to the higher content of humus caused by the activity
of microorganisms, there is simultaneously improved the soil structure and the retention capacity
of soil is increased as well (Bauer et al. 2004). Similar to that, King and Berry (2005) state that
greenery cover in the inter-rows of grapevine, especially in organic farming due to cover crops, might
be able to enhance soil microbial activity, fertility and soil structure. The greenery cover in the interrows of grapevine reduces the need for frequent soil tillage in agroecosystems. It protects the soil like
an umbrella from heavy rainstorms, thus considerably reduces erosion (Varga et al. 2007, Rinaldi et al.
2000). A key role is played by the type and density of vegetation, which influence the effective
hydraulic conductivity (Zhang et al. 1995).
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The objective of the work was to evaluate the influence of vegetation cover in various species
composition on the penetrometric resistance of soil in selected vineyards in area conditions
in the South Moravia.
MATERIAL AND METHODS
Experimental Site
Experimental measurements were carried out in the years 2015±2017 at site Popice/Gotberg.
The basic geographical and soil characteristics is claimed as black soil on loess, sandy-loam to loamsandy sediment. Influenced by the anthropogenic activity (terracing of vineyard). The region - the
RXWHU &DUSDWKLDQV DQG 7KH 3LHQLQ\ .OLSSHQ %HOW FRRUGLQDWHV  1RUWK /DWLWXGH
(DVW/RQJLWXGHVRLOW\SRORJ\&(F&(FS± carbonate black soil (pelic).
Equipment and Soil Penetration Resistance Measuring Methods
Soil penetration resistance in individual layers in the soil horizon was measured
E\ WKH SHQHWURPHWHU W\SH ³Eijkelkamp 3´ ((ƋNHONDPS $JULVHDUFK (TXLSPHQW 1HWKHUODQGV).
The device consists of a measuring needle tip, tensometric load cell sensor, optical sensor for depth
measuring and electronics evaluation with a microprocessor and battery. Actual penetrometer
measurements were performed in the area between the rows of vines with the evaluated variants
of vegetation cover. For each experimental variant, there were 30 measurements carried out
in the depth range 100±200, 200±300 and 300±400 mm. The measured values were corrected based
RQ WKH GHWHUPLQHG VRLO KXPLGLW\ DFFRUGLQJ WR /KRWVNê   7KH ZDWHU FRQWHQW LQ SHUFHQWDJH
of weight in soil was determined by the gravimetric method.
Experimental Variants of Vegetation Cover
At the site, there were evaluated 4 variants of vegetation cover. The species composition is
stated in Table 1.
Table 1 Designation and composition of evaluated mixtures
Species composition
Working designation
Variant
of the mixture
(% representation of species in the mixture)
Lolium multiflorum (25%), Phalaris canariensis (15%),
Phacelia congesta (5%), Phacelia tanacetifolia (5%),
Trifolium alexandrinum (10%), Camelina sativa (10%),
A
Yearling mixture
Fagopyrum esculentum (5%), Sinapis arvensis (5%), Trifolium
resupinatum (10%), Lotus ornithopodioides (5%), Trifolium
campestre (5%)
Festuca ovina (20%), Festuca rubra (10%), Festuca
arundinacea (10%), Trifolium repens (5%), Medicago lupulina
Perennial mixture
(15%), Trifolium pannonicum (5%), Lotus corniculatus (5%),
B
- diverse
Onobrychis viciifolia (10%), Securigera varia (5 %), Anthyllis
vulneraria (15%)
Perennial mixture
Festuca ovina (40%), Trifolium repens (20%), Festuca rubra
C
(20%), Medicago lupulina (20%)
- dry
D

Yearling
mixture
- pollinators

Fagopyrum esculentum (30%), Phacelia congesta "Fiona"
(20%), Calendula officinalis (20%), Camelina sativa (10%),
Phalaris canariensis (10%), Lolium multiflorum (10%)

Statistical Analysis
Results were reported as means and standard deviation. Analysis of variance (ANOVA)
DQG7XNH\¶VKRQHVWO\VLJQLILFDQWGLIIHUHQFH +6' WHVWVZHUHFRQGXFWHGWRGHWHUPLQHWKHGLIIHUHQFHV
among which means that the VWDWLVWLFDO VLJQLILFDQFH ZDV GHFODUHG DW S   7KHVH VWDWLVWLFDO
HYDOXDWLRQPHWKRGVZHUHDSSOLHGXVLQJWKHFRPSXWHUVRIWZDUHSDFNDJH³6WDWLVWLFD´ 6WDW6RIW,QF
USA).
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RESULTS AND DISCUSSION
In the Table 2 are written average values of penetrometric soil resistance, which have been
measured at the test point in three years period. The soil humidity at the time of measurement was
10.5% of its weight (2015); 16.9% of its weight (2016) and 12.8% of its weight (2017).
Table 2 Average values of penetrometric resistance of soil
The depth
Variant of mixture
of the soil
A
B
C
D
Year
horizon
Average values of penetrometric resistance of soil
(mm)
2015
1.56 0.50a
1.84 0.27a
1.51 0.25a
1.56 0.33a
100±200
2016
1.35 0.06ab
1.46 0.03c
1.42 0.03bc
1.29 0.10a
2017
1.17 0.29a
1.02 0.37a
1.02 0.31a
0.96 0.36a
2015
2.90 0.29c
2.65 0.32bc
2.23 0.33a
2.43 0.39ab
200±300
2016
1.29 0.03a
1.55 0.07b
1.35 0.04a
1.50 0.07b
2017
1.53 0.35a
1.54 0.19a
1.39 0.24a
1.58 0.28a
2.87 0.16a
3.06 0.12a
2.98 0.26a
2015
3.00.22a
300±400
2016
1.34 0.09c
1.66 0.07ab
1.56 0.10a
1.70 0.07b
2017
1.68 0.42a
1.61 0.33a
1.49 0.34a
1.71 0.26a
Legend: Mean  SD of three determinations, means in rows, not followed by a common letter are significantly different
according to Tukey's multiple range test (P < 0.05).

As it can be seen from the values of penetrometric resistance and statistical analyses, there are
statistically significant differences between the depths of the soil profile and the evaluated variants
of plant mixtures in many cases. In overall, the highest values of soil penetrometric resistance were
measured in 2015, shortly after the experiment was established. By comparing these average values
with critical values, which are stated for example by Dijck (2002) or Arshad et al. (1996), the soil is
most compacted at a depth of 200±400 mm where it reaches a level corresponding to the high
compaction. It can be assumed that the reduction of soil compaction over three-year period may be
affected by the roots of the plant community, while these roots mostly interfere the soil at a depth
of 300±400 mm. Because of these facts, in the recent years, the attention has been focused primarily
on the use of various herbal mixtures, which are deliberately introduced in between rows of vines
(Escalona et al. 2003).
Figure 1 Comparison of the influence of greenery on the penetrometric resistance (2015±2017)

Legend: Vertical columns indicate 0,95 confidence intervals
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Zanathy (2006) describes the high level of soil compaction at those vineyards at which
the mechanical soil management is being done. Ramos and Martinez-Casanovas (2006) state, that
the alternative soil management techniques which use grassing of the soil surface, such as applying
different cover materials on the soil surface, can help to sustain a favourable water balance, soil
structure and to lower soil consolidation. Other scientists like Fischer et al. (2014), Peacock (1999),
Schuch and Jordan (1981), Gradwell (1968) as well describe the positive effect of vegetation cover
on maintaining favourable soil structure, which helps to reduce the extent of soil compaction.
The overall evaluation of the average values of penetrometric soil resistance presented in Figure
1 clearly prove that each variant of plant mixtures has the positive effect of on soil resistance
reduction.
The most significant decrease was observed in the variant A (Yearling Mix) and variant B
(Perennial mixture - diverse). The penetrometric evaluation of soil compaction in cultivated
and grassed rows between the vines in California was studied by Smith et al. (2008) as well.
The results of their work confirm (in the longer term) the positive influence of vegetation covered soil
on the reduction of soil compaction.
CONCLUSION
In the years 2015±2017, there were carried out experimental measurements in the area of South
Moravia focused on the issue of influence of vegetation cover in between rows of vines on reduction
of soil compaction. The measurements were carried out at site called Popice/Gotberg. 4 variants
of vegetation cover with varied species composition were evaluated with the working designation
yearling mixture, perennial mixture ± diverse, perennial mixture ± dry and yearling mixture ±
pollinators. The measured values of penetrometric soil resistance show, that the biggest reduction
of soil density happened in the area between the vineyards by variant A ± yearling mixture (58.8%)
as well as the variant B ± perennial mixture ± diverse (56.7%). Both variants of greening have a major
influence on reduction of penetrometric resistance of soil and their sowing in between rows of vines
can be especially/particularly recommended as a corrective measure restricting soil compaction.
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Abstract: This paper deals with effect of the biodegradable hydraulic and transmission fluid (Universal
Tractor Transmission Oil (UTTO) on operating of the tractor hydraulic and transmission system.
This fluid was used in the hydraulic and transmission circuit of a tractor Zetor Proxima 6321. Fluid
samples were taken from a Zetor Proxima 6321 tractor at intervals of 250 engine hours. These samples
were subjected to an IR spectroscopy analysis and differential scanning calorimetry (DSC).
The biodegradable fluid meets the requirements for the operation of agricultural tractors in terms
of a low impact on the wear of hydraulic components.
Key Words: biodegradable fluid, IR spectroscopy analysis, pour point
INTRODUCTION
Hydraulic equipment is widely used in powerful mechanisms of agricultural and forest machines
as well as in many other areas. The development of modern hydraulic components is aimed at increasing
the transmitted power, reducing the energy intensity (smaller reservoirs of hydraulic fluid), minimizing
the environmental pollution and increasing the technical life and machinHUHOLDELOLW\ 7NiþHWDO2017,
Hoffmann et al. 2013). Hydraulic and transmission fluid requires monitoring of quality parameters
(concentration of metal elements content and concentration of chemical elements representing
the additives). Fluid cleanliness is one of the most important features (MajGDQHWDO0iFKDOHWDO
2013). Often, the cleanliness and technical condition of the fluid are frequent causes of failures
of the transmission and mainly hydraulic system of the tractor. A contaminated fluid creates a risk
to the machine in terms of wear and failure (7NiþHWDO. 2014, Tulik et al. 2013). Pollution (concentration
of metal elements content) is dangerous because it accelerates the degradation and oxidation processes
in the fluid. If the fluid is contaminated with dirt above the permitted level, it must be replaced
($QJHORYLþHWDO Majdan et al. 2014). Universal Tractor Transmission Oils (UTTO) are designed
for hydraulic and transmission systems in agricultural tractors. These fluids provide lubrication
functions for the gear box and the transmission of energy LQWKHWUDFWRU¶VK\GUDXOLFV\VWem (Hujo et al.
2013). The friction points in the hydraulic and transmission circuit are made from several metals (mostly
iron, aluminium, and cRSSHUFRPSRQHQWV  .XPEiUHWDO 2014). For this reason, there is a need to check
IRURWKHUPHWDOVVXFKDVDOXPLQLXPFRSSHUFKURPLXPOHDGWLQQLFNHOVLOYHUHWF .XPEiUDQG'RVWiO
2013). The aim of this paper is application biodegradable fluid in tractor gear and hydraulic circuit.
A biodegradable fluid was used in the gear and hydraulic circuit of a Zetor Proxima 6321 tractor (Zetor
Tractors, Czech Republic). The fluid was assessed in terms of the lubrication properties and their effect
on the wear during application. Experimental results bring important information from the point of view
of oil degradation. The majority of tractors are subjected to the conditions which can cause undesirable
phase transition of oil in hydraulic systems. It is necessary to develop the flow of oil due to correct
operation of hydraulic equipment (Kosiba et al. 2013).
MATERIALS AND METHODS
An operational test of a biodegradable hydraulic and transmission fluid was set at 500 engine
hours (EH). Subsequently, fluid samples were collected for analysis and detection of contamination.
As regards biodegradable hydraulic and transmission fluid, the most important is to know the running
properties of the fluid, i.e. to know the effect of the fluid on the technical condition of hydraulic
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and transmission system parts. Table 1 shows the basic technical parameters of biodegradable fluid type
UTTO.
Table 1 Technical parameters of biodegradable synthetic fluid (www.shell.com)
PROPERTIES
UNIT
AMOUNT
2
KINEMATIC VISCOSITY $7&
mm /s
67.52
'(16,7<$7&

kg/m3

931

FLASH POINT
POUR POINT

&
&

212
-48

Determining the chemical composition of hydraulic and transmission fluid has been measured
using Spectroil Q100 (Spectro Scientific, USA), which is a completely solid state spectrometer.
With this spectrometer it can be measured trace levels of elements dissolved or deposited as fine particles
in mineral or synthetic oil-based fluids using long established and reliable technique with rotating disk
electrode. This spectrometer meets the requirements of ASTM D6595 standard method
for the determination of wear metals and contaminants in used lubricating oils and hydraulic mixtures
(Kosiba et al. 2016, .XPEiUHWDO 2014). The following parameters were evaluated:
¾ concentration of metallic elements (Ag, Al, Cu, Cr, Fe, Mg, Mo, Mn, Ni, Ti, Si)
¾ concentration of chemical elements representing the additives (B, Ca, Zn)
¾ pour point by method of differential scanning calorimetry.
A decrease in the content of these chemical elements (concentration of chemical elements
representing the additives) is calculated by using the following formula (Kosiba et al. 2016):
ο ܦܧൌ

ாబ ିாఱబబ
Ǥ ͳͲͲ,
ாబ

(%)

(1)

ǻ('± decrease in concentration of chemical elements
ED0 ± concentration of chemical elements 0 EH
ED500 ± concentration of chemical elements 500 EH
and an increase of metallic elements is calculated by using the following formula:
ο ܫܧൌ

ாூఱబబ ିாூబ
Ǥ ͳͲͲ,
ாூబ

(%)

(2)

ǻ(,± increases in concentration of chemical elements
EI500 ±concentration of chemical elements 500 EH
EI0 ± concentration of chemical elements 0 EH
LNF is an automated optical oil debris device, which combines the functions of a highly accurate
particle counter as well as a particle shape classifier. The basic operating principle of the LNF is
iOOXVWUDWHGLQ)LJ .XþHUDHW al. 2016).
Figure 1 The basic principle of the PHDVXULQJGHYLFH/1) .XþHUDHW al. 2016)

Differential scanning calorimetry (DSC) is a technique in which difference in heat flow (power)
to a sample and to a reference is monitored against time or temperature while the temperature of the
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sample, in a specified atmosphere, is programmed (Haines 1995). Differential method compares thermal
behaviour of reference material with sample. This method provides information on thermal effects which
are characterized by an enthalpy change and by temperature range, such as phase transitions (melting,
crystallization etc.) (7XOtNHWDO 2013, Kosiba et al. 2016).
Differential scanning calorimetry (DSC) was performed on a Mettler Toledo DSC (Mettler
Toledo, United Kingdom) unit. Samples with weight (8±3) mg were hermetically sealed in aluminium
crucibles and thermally treated at a speed of heating 2 K/min in the temperature range froP  &
to the temperature of -&7KHPHDVXUHPHQWZDVFDUULHGRXWLQDQDLUDWPRVSKHUH$VDresult, we got
a DSC thermogram, which was evaluated in STARe software (Mettler Toledo, United Kingdom).
RESULTS AND DISCUSSION
Table 2 and Figure 2 shows an increase in the concentration of chemical elements in hydraulic
and transmission fluid during tractor operation
Table 2 Concentration of chemical elements (%)
Chem. content

Ba

Cd

ǻ(, 
ǻ(' 

22350

Chem. content

Mo

Na

ǻ(, 
ǻ(' 

4.55

91.21

Cr

Cu

Fe

K

Mg

22.92

211.8

1146

16.28

2.41

Ni

Si

Sn

Ti

V

4.44
2.92
50

45.54

16.99

3.40

Number of engine hours 0 EH
Number of engine hours 250 EH
Number of engine hours 500 EH

60

2,65
2,50
2,56

0,08

20

0,90
0,86
0,86
1,92
2,25
2,36
4,74
14,14
14,78
1,33
14,99
16,57
0,43
0,50
0,50
4,56
4,54
4,67
2,20
2,43
2,30
1,82
3,37
3,48
0,02
0,01
0,01

30
10

21,25
21,00
21,87

40
18,36
17,96

mg/kg

50

0,61
0,64

70

64,03
54,26
53,15

Figure 2 Concentration of chemical elements (mg/kg)

0
Ba

Cd

Cr

Cu

Fe

K
Mg Mo Na
Chemical elements

Ni

Si

Sn

Ti

V

The biggest increase of deposited metals in the oil was observed in relation to barium (Ba), iron
(Fe), and copper (Cu). Iron (Fe) and barium (Ba) are used as construction material in the transmission,
and copper (Cu) is used as construction material in the oil cooling system. Any concentration of Ba, Fe,
and Si are standard values of content according publications by authors (Tarasov et al. 2002) and (Asaff
et al. 2014). Other changes in the chemical content of hydraulic and transmission oil are almost
negligible.
Table 3 and Figure 3 shows the base elements that characterise set of additive packages.
The chemical properties of the hydraulic fluid, being used as the quality evaluation parameters, were
monitored in publications by authors .XþHUDDQG5RXVHN2008) and (Phillips and Staniewski 2016).
Table 3 Concentration of chemical elements representing the additives (%)
Chemical content

B

Ca

Zn

ǻ(' 

86.61

79.74

69.28
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Figure 3 Concentration of chemical elements representing the additives (mg/kg)
100

86,82

Number of engine hours 0 EH
Number of engine hours 250 EH
Number of engine hours 500 EH

mg/kg

80
60
40
20
0

23,9
4,63

0,7

17,59

0,62

B

Ca
Chemical elements

20,57

7,9

6,32

Zn

The largest decrease was observed in the measuring of boron (B) at 86.61%. Zinc (Zn) is used
as an anti-wear agent or as an antioxidant. Hydraulic and transmission oils with zinc additives that are
too high have of leading to the corrosion of metals as they chemically attack the metal surfaces (Nicholls
et al. 2005).
There are several methods how to asVHVVWKHWHFKQLFDOFRQGLWLRQRIELRGHJUDGDEOHIOXLG.XþHUD
et al. (2016) used the LaserNet Fines (LNF) tests for the carried out long-term stability of biodegradable
fluid. Figure 4 show the LNF tests of biodegradable fluid.

Count of particles

Figure 4 LNF tests of biodegradable fluid
120
Cutting particles
Fatigue particles
100
Sliding particles
80
NonMetall particles
60
40
20
0 0 0 0
0
0 EH

96

82

8

16

6

250 EH

Engine hours

15 13 19
500 EH

Results of LNF tests of biodegradable fluid correspond by authors by Stachowiak et al. (2008)
DQG3HULü et al. (2013). Important consideration of wear particle contamination of gear oil is also focused
on trend of cleanliness code according WR,62 .XþHUDHWDO. 2016). Cleanliness code changed
during the experiment from value 19/17/16 to 21/18/15.
Figure 5 Comparison of oil samples by DSC

Legend:SHELL naturelle hf-e46 0MH, 23.06.2017 09:53:06 SHELL naturelle hf-e46 0MH, 12.7700 mg DSC SHELL naturelle
hf-e46 250MH, 23.06.2017 10:39:25 DSC SHELL naturelle hf-e46 250MH, 13.2700 mg DSC SHELL naturelle hf-e46 500MH,
23.06.2017 13:31:54 DSC SHELL naturelle hf-e46 500MH, 17.0500 mg

DSC curves which correspond to change of enthalpy due to thermal effects in the samples are
on the Figure 5. In the process of oil freezing and in the case of a new oil sample, we observed
exothermal peak at the temperature - & ZKLFK FRUUHVSRQGV WR WKH EHJLQQLQJ RI WKH FKDQJH
in the crystalline structure of the material. Generally, temperature of phase transition depends
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on chemical composition and on crystalline structure of material. In the case of oil with 250 engine
hours the temperature of peak was -20.35 & In the last sample, representing used oil with 500 engine
hours, the temperature of exothermal peak was almost the same as previous -19.8 &.
CONCLUSION
Tribotechnical diagnostics use oils as media that help obtain information about processes
and changes in the systems that they lubricate. If tribodiagnostics are applied properly and thoroughly,
they result in significant savings in many areas; for example, they contribute to an increase of the lifetime
of machines and devices, to a decrease of consumption of energy, to limitLQJWKHLGOHWLPH .XþHUDHWDO
2013, Haas et al. 2016). After completing 500 engine hours the operating test for hydraulic oil was
completed. In Table 3 the decreasing trends for oil additives can be seen. The biggest decrease in oil
additives was observed with boron (B) and cadmium (Ca). Boron (B) content decreases from 4.63 mg/kg
to 0.62 mg/kg, and cadmium (Ca) content decreases from 86.82 mg/kg to 17.59 mg/kg. Boron is used
as corrosion inhibiter and cadmium is used as a detergent additive.
The graph of DSC indicates that peaks corresponding to the pour point for worn out samples are
almost identical, so we can infer that the difference between 250 engine hours and 500 engine hours is
not very significant. But we can see the difference between new and worn out sample. Pour point
(or temperature of freezing) of both worn out biodegradable hydraulic and transmission fluid samples
LQFUHDVHGPRUHWKDQ& The pour point introduced in the specifications of the producer is -&
which corresponds to the measured values.
We can say that the biodegradable hydraulic and transmission fluid does not affect
the construction or operation of the Zetor Proxima 6321 tractor. Biodegradable fluid has no negative
influence on the rubber components in the hydraulic and transmission system of the Zetor Proxima 6321
tractor.
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Abstract: Geotextiles have been extensively used as filters in drainage systems in geo-environmental
and geotechnical engineering for over five decades. The main functions of the filter are to prevent
the movement of the base soil fine particles allowing the liquid to flow as freely as possible.
The design of a geosynthetics filter is a very complex process because of the large number
of parameters involved. However, among the various properties of the nonwoven geotextiles,
the hydraulic properties are of major importance. This paper reports the results obtained
from the laboratory tests of water permeability characteristics normal to the plane without and under
loads of 2, 20 and 200 kPa of nonwoven geotextile samples after 23 years of exploitation
LQ WKH HDUWKILOO GDP %LDáREU]HJL LQ 3RODQG 7KH UHVXOWV VKRZ D PDUNHG LQIOXHQFH RI FORJJLQJ
and loading on flow velocity and permeability coefficient of tested geosynthetic samples.
Key Words: nonwoven geotextile, hydraulic properties, clogging, earthfill dam
INTRODUCTION
Geotextiles have been used as substitute for mineral materials to provide separation
and filtration functions. Nonwoven geotextiles placed horizontally between subgrade fine soils
and subbase aggregates can perform the separation function because prevent them from mixing
together. In filtration applications the geotextile is used as a filter to prevent the migration of fine
particles and allow adequate seepage to flow through the geotextile plane. These geosynthetics are
cost-effective in comparison with traditional granular drainage layers, easy to install and reducing
the exploitation and use of natural filter materials (Iryo and Rowe 2003, Hong and Wu 2011, Wetzel et
al. 2011, Palmeira and Trejos Galvis 2017).
However, the nonwoven geotextiles are required to meet important objectives: permeability,
retention and anti-clogging capabilities. The filter clogging is the decrease of the permeability
of the filter because of accumulation of materials in the geotextile filter pores. It is a time-dependent
process. Three types of mechanism afford accumulation of materials in filter pores: accumulation
of soil particles, accumulation of biological and of chemical materials. For that reason, geotextile
clogging can be affected by a large number of factors such as the soil composition, the loading state,
the sludge content in the water, the composition of the sludge or the fine material and finally type
of geotextile. As physical, chemical and biological clogging results in a decrease of drainage capacity
of the filtering system and the increase of pore pressure may be the cause of stability problems (Koda
et al. 1993, Van Santvoort 1994, Koda and Paprocki 2000, Palmeira and Gardoni 2000, Maheshwari
and Gunjagi 2008, Moraci 2010, Wu et al. 2008, Adamcovi and Vaverkovi 2016, Koda et al. 2016),
knowledge about this phenomenon is essential to properly design of drainage systems.
The objective of this paper is to examine water permeability in normal direction to the plane
of geotextile samples taken from the HDUWKILOOGDP%LDáREU]HJLThese earthfill dam is one of eight side
GDPV RI =DOHZ =HJU]\ĔVNL water reservoir. Initially, the dam was drained by a drainaged pipe
and discharge into a ditch. Difficult hydro-geological conditions of foundation structures resulted
in suffusion and hydraulic break in a sand layer. After the renovation, made in the mid-90s,
polyethylene and polypropylene nonwoven geotextiles were used in the drainage system (Figure 1)
(Miszkowska et al. 2016).
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Figure 1 1RQZRYHQ JHRWH[WLOH LQ GUDLQDJH V\VWHP LQ %LDáREU]HJi earthill dam (Miszkowska et al.
2016)

MATERIAL AND METHODS
The PP, PET nonwoven geotextile with mass per unit area of 500 g/m2 after 23 years
of exploitation was tested in laboratory (Figure 2). The geotextile were selected from the ones used
in GUDLQDJHDSSOLFDWLRQVLQ%LDáREU]HJL dam.
Figure 2 The tested nonwoven geotextile after exploitation LQWKH%LDáREU]HJL earthfill dam

The water permeability characteristics normal to the plane without and under load were
determined according to PN ± EN ISO 11058:2011 and EN ISO 10776:2012 in the Laboratory Water
Center at Warsaw University of Life Sciences. Figure 3 presents the test laboratory equipment.
Figure 3 Laboratory equipment for determination of hydraulic properties

Legend: A ± water deaeration tank, B ± water tank, C ± throttle valve, D ± sample holder, E ± adjustment of head loss, F ±
water collection tank, G± recording equipment
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Testing the flow velocity of flow without the load involved measuring the water flow velocity
normal to the plane of a geotextiles sample, in a specified time and hydraulic gradient (14, 28, 42, 56,
70 and additional 3 and 5 mm to calculate water permeability coefficient only). The specimens were
placed under water containing a wetting agent and were left to saturate for 24 hours. Then
the specimen was placed in the cylinder. A supporting mesh was used in the cylinder to avoid
deformation of material by the pressure of water flowing through the holder installed in the device
measuring water permeability (Figure 4A). The actual volume of water was determined based
on the average from three measurements.
Testing the velocity of flow for specimens under load was carried out with the values
of hydraulic gradient being subsequently: 3, 5 and 50 mm. Levels of glass aggregate and supporting
steel meshes were used in the cylinder to avoid deformation of geotextile and reproduce the soil
conditions similar to the site (Figure 4B). To the prepared specimen a piston was applied,
with the loads of subsequently: 2, 20 and 200 kPa. The surface of each of specimen was 0.001963 m2.
Figure 4 Sample holder
A) Without load

B) Under load

RESULTS AND DISCUSSION
After the tests without load, the flow velocity v20 for each specimen was determined
(PN ± EN ISO 11058:2011) according to formula:
VuRt
v20 =
[m/s]
Aut
Rt =
ȘT =

KT
1,762
=
K 20
1  0,0337T  0,00022T 2
1,78
1  0,0337T  0,00022T 2

[-]

>P3DāV@

where:
V ± water volume measured [m3], Rt ± FRUUHFWLRQ FRHIILFLHQW IRU ZDWHU RI WHPSHUDWXUH RI &
A ± exposed specimen area [m2], t ± time measured to achieve the volume V [s], Ș7 ± dynamic
YLVFRVLW\DW7&>P3DāV@WHVWWHPSHUDWXUHȘ20 - dynamic viscosity at 20 [&] test temperature >P3DāV@
Figure 5 presents the relationship between the velocity of water flow and the hydraulic gradient
for tested nonwoven geotextile with mass per unit area of 500 g/m2. Very similar results were obtained
by Miszkowska et al. (2016).
Based on the curve equation, the flow velocity index VH50 was calculated for hydraulic gradient
equal to 50 mm. The range of flow velocity index from the test without load for the nonwoven
geotextile is 0.0096±0.0159 m/s. The results depend on the exposure of the specimen to physical,
chemical and biological factors and clogging (Palmeira and Gardoni 2000, Wu et al. 2006, Fannin
2010, Veylon et al. 2016). The integrity of the contact at soil-geotextile interface and the stress level
also exert a significant influence (Moraci 2010).
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Figure 5 Flow velocity characteristics of tested nonwoven geotextile samples

In case of tests under the load of 2, 20 and 200 kPa, the flow velocity index was calculated
using the following formula:
VH50 =

V
[m/s]
Aut

Figure 6 shows the change of the mean values of flow velocity index without and under load
of tested samples of nonwoven geotextile.
Figure 6 Relationship between load and flow velocity index for tested materials

The obtained results show noticeable reduction of flow velocity index under load but it is not
linear relationship. The flow velocity index decreased approximately 1.2, 2 and 4 times
for the geotextiles subjected to respective loads of 2, 20 and 200 kPa.
Additional, the water permeability coefficient kg was determined according to formula:
Vug
kg =
[m/s]
A u t u ǻK
where: g ± average thickness of 10 samples of tested material under given load [m] (Figure 7),
¨K± pressure differential under and over the specimen, expressed as the height of water column [m].
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Water permeability coefficients of tested nonwoven geotextile samples are presented in Table 1.
Figure 7 Statistical thickness characteristics of tested nonwoven geotextile

Table 1 Permeability coefficient of nonwoven geotextile under load
Water permeability
Load (kPa)
coefficient kg (m/s)
without load
0.0019
2
0.0017
20
0.0013
200
0.0008
The permeability coefficient decreased approximately 1.2, 2 and 4 times for the geotextiles
subjected to respective loads of 2, 20 and 200 kPa. Work presented by Giroud (1982) suggests that
the permeability of the geotextile installed in a soil must be only 10 times greater than the soil
permeability at all times. At the %LDáREU]HJL HDUWKILOO GDP, the permeability coefficient of the soil
adherent to the geotextile is ksoil = ā10-5 m/s, hence the condition is met even for the most
unfavourable case, i.e., a most clogged geotextile under the maximum load of 200 kPa. The water
permeability coefficient of tested unworn nonwoven geotextile was 0.00268 m/s so after 23 years
of exploitation, this parameter decreased approximately only 1.5 times.
CONCLUSION
This paper presented and discussed the results of water permeability normal to the plane without
and under load of of 2, 20 and 200 kPa of nonwoven geotextile after 23 years of exploitation in
%LDáREU]HJLHDUWKILOOGDP7KHPDLQFRQFOXVLRQVIURPWKLVLQYHVWLJDWLRQDUHSUHVHQWHGEHORZ
After 23 years of exploitation water permeability coefficient of tested materials decreased 1.5
times due to negative phenomena which is clogging but the tested geotextile still meets
the requirements of the filters. However, despite of many research and literature data, clogging
remains a very complex subject and further research is necessary for the development of more accurate
and reliable filter criteria for geosynthetics.
Generally, the hydraulic properties of nonwoven geotextile decreased under load, even 4 times
for tested materials. For that reason, it is very important to take this relationship into account in design
process to avoid serious consequences in a geo-environmental and geotechnical work.
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Abstract: Unsaturated soil mechanics play a significant role when designing earth structures like
embankments, dams, dykes and their foundations. They are commonly designed in shallow subsoil
depth. Their mechanical properties are susceptible to the hydraulic status and history which is
controlled by the climate events. Soil Water Retention Curves (SWRC) determination is crucial
when analysing geotechnical parameters of the soil, especially when analysing rainfall triggered slope
failures. The present paper focuses on analysing SWRC for reconstituted sand samples, prepared
at different moisture contents and subjected to climatic cycles. To imitate changing in situ
environmental conditions the analysed soil samples of sand a research stage employing modified pore
pressure transducer was developed. As the soil suction has an impact on mechanical strength
of the filling material for earth structures, thus it is so important to firstly determine hydraulic
behaviour to be more accurate when analysing mechanical parameters of tested material. The method
used for obtaining the suction curves, used in the present study was the tensiometer, attached
at the bottom of the sample. The present study was a part of wider research aiming at determination
of geotechnical parameters of granular soil influenced by changing hydraulic conditions.
Key Words: Leighton buzzard sand, suction, tensiometer, water content
INTRODUCTION
The ability of a soil to attract and retain water is an important property for each soil. A soil
water retention curve (SWRC) is defined from the relationship between water content and suction.
The soil suction can be defined as the attraction that the soil exerts on free water if the two are placed
in contact. This attraction can be stronger if the water inside the voids starts to evaporate. The soil
suction, or total suction, has two components: matric suction and osmotic suction. The matric suction
is generated by the capillarity phenomenon associated with the existence of surface tension between
water and air phases within the soil pores. Matric suction is thus dependent on the soil structure as it is
affected by the pore size distribution of the soil. The osmotic suction is associated with salt
concentration in the pore water. Changes in osmotic suction are generally less significant than changes
in matric suction for most engineering problems although volume change behaviour (shrinkage
and swelling) can be strongly influenced by osmotic suction (Fredlund and Rahardjo 1993). The
SWRC is dependent on various factors such as soil type, structure and mineralogy. Investigating the
hydraulic character of engineering material is crucial not only for civil engineering but is equally
important in environmental sciences (Adamcova et al. 2016, Lech et al. 2016, Zabielska-Adamska
2008).
The typical behaviour of a SWRC following a drying path is presented in Figure 1. Initially
the suction increases while still maintaining a degree of saturation close to 100% (the boundary effect
zone). When the value of suction is sufficient to start draining the pores the air entry value (AEV)
of the soil is reached. After the AEV is reached bulk water starts to be pulled from the largest pores
and air starts to fill the pores. After this point is reached the soil is considered as being desaturated and
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the magnitude of suction necessary to pull water out of the pores may not need to increase
significantly until a residual degree of saturation is reached (transition zone). The soil suction can be
determined using various techniques. An overview of the various methods can be found in: Fredlund
and Rahardjo (1993), Bulut and Leong (2008), Toll et al. (2015). A wide range of systems
and methods to measure suction are available in the market, namely: filter paper, psychrometer
transistor and high capacity tensiometer (also known as suction probe) and the pressure plate
technique, and also less common dew point method.
Figure 1 Typical shape of Soil Water retention Curve with characteristics

MATERIAL AND METHODS
For this particular study samples of granular soil were analysed. For the reconstituted
specimen preparation Leighton Buzzard (LB) ± Fraction E sand was used. The soil material is
classified as fine and uniform uncrushed silica sand. It is deposited around Leighton Buzzard,
Bedfordshire in the east of England. LB particles are subrounded and contain mainly quartz. The grain
size ranges from 90 to 150 Pm. The specific gravity of the sand is 2.65. The maximum and minimum
void ratios are found to be 0.99 and 0.65, respectively. The coefficient of permeability is 1.44*10±4
m/s. All the main physical parameters are presented in table 1.
Table 1 Leighton Buzzard of Fraction E± soil characteristics
Parameter
Unit
Value
Permeability, k
(m/s)
1.44*10±4
Dry density
(Mg/m3)
1.61
PD[LPXPȡdmax
Dry density
(Mg/m3)
1.33
PLQLPXPȡdmin
Optimum moisture
(%)
11
content, Wopt
emax
±
0.99
emin
±
0.65
G
±
2.65
D10
(mm)
0.095
D50
(mm)
0.12
E
±
0.735
The experimental setup used at this study is shown in Figure 2. It included an aluminium
pedestal with a fitted miniature Pore Pressure Transducer (PPT) in the middle of its base for direct
measurement of matric suction. PPT was supported on the pedestal using a cable gland at the bottom.
Soil samples were prepared onto the pedestal due to the non±cohesive nature of the fine sand which
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makes challenging their transport from the preparation bench to the testing point. The soil specimens
were prepared within a consolidation cutting ring with 75 mm diameter and 20 mm height which was
placed on the pedestal. The desired density was achieved by compacting the soil using a tamper.
The weight of the sample was determined by weighing the base pedestal and the ring before and after
the soil compaction. Surplus material was dried in the oven at 105 ⁰C to determine the initial
gravimetric moisture content. Finally, the entire system was placed on an electronic scale
ZLWKDUHVROXWLRQRIJDOORZLQJFRQWLQXRXVPHDVXUHPHQWRIFKDQJHVLQWKHVSHFLPHQ¶VZHLJKW
due to evaporation.
The PPT was used for the direct measurement of matric suction in the specimen during drying
and wetting processes. To make it working in desired manner the PPT had to be transformed into
a tensiometer (Toll et al. 2013). This is a miniature size transducer (Druck PDCR81 Pore Pressure
Transducer, .|QLJ HW DO. 1994) with 12 mm length and 6 mm diameter (Figure 3). It consists
of a diaphragm which deforms under the pressure of the pore water and produces an electrical signal.
An extremely small water reservoir is located between the filter and the diaphragm. The calibration
took place in order to correlate the electrical signal produced by the sensor when subjected to pressure
changes and the actual pressure. In order to accurately measure also negative pore pressure
(i.e. suction), PPT was modified by fitting a high air entry porous disc in front of the diaphragm.
The porous disc (filter) was saturated adequately, before testing, using the procedure described by
Matziaris et al. (2015). The elimination of air bubbles from the filter and the water reservoir ensured
that pore water was in very good contact with the diaphragm and the suction readings were reliable.
Figure 2 Experimental setup for tensiometer (modified PPT) method: (a) side view, (b) plan view.

Several samples were formed by compaction of the material within the soil using tamping
method. Same drop height, same mass of a hammer, same volume of soil was used in every test.
To change the density of the sample the number of blows was limited to reach required value
of the void ratio. When the sample was prepared the tensiometer (being fully saturated at all times)
was carefully attached to the bottom of the pedestal on which the specimen was prepared. The
tensiometer had to be placed being aware of potential cavitation process taking place in the meantime.
Figure 3 Pore Pressure Transducer (Druck PDCR81), fitted with a high air entry value porous disc.
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After the preparation stage, the entire set up was connected to a data acquisition system which
was controlled by LabView software. This enabled measurements of suction and current specimen
mass to be recorded at regular intervals.
RESULTS AND DISCUSSION
Pre±testing of modified pore pressure transducer (tensiometer)
As mentioned before the tensiometer used in the study was modified to increase the suction
measurement ability. To verify the accuracy and the response of the device the material used
for pre-tests was clayey silty sand, which was much easier to prepare the sample from and gave more
time for the tensiometer to respond to water content changes.
For the pre±testing of tensiometer there were two approaches used in the study: stage drying
and continues drying. For the first approach the suction was measured by drying tested simples
to required water content value, outside the pedestal. When excepted gravimetric water content of each
sample was achieved, the sample was placed in a sealed container and left to allow an even
distribution of moisture within the specimen. After 24h the samples were placed on the pedestal
and the suction was measured. There were 4 samples prepared at 14%, 15%, 18% and 20% (S1, S2,
S3, S4 respectively). For the second approach there was sample prepared at 20% of gravimetric water
content and left to dry on the pedestal left on the balance. The suction was measured simultaneously
with a mass loss. The results obtained for both approaches are presented on Figure 4 and 5. They
present measured suction over time, at different gravimetric water contents.
Figure 4 Suction measurements in stages for pre±test samples at certain water contents.

Figure 4 present rapid respond for the changing suction and different water contents.
The equilibrium of recorded value of suction stabilizes after short time of about 400±700 sec. After
the sample gets in contact with the tensiometer the reading of suction is very clear. However, more
importantly when the sample is taken of the pedestal the value of suction is immediately reaching back
the initial value of 0±1 kPa. With lower water content the suction reading is increasing what was
expected to happen, and proved the tensiometer to be working properly.
The next approach of continuous drying allowed obtaining almost full SWRC using single
sample. The sample was saturated up to 20% of water content and left for free evaporation. The whole
set up was placed on the balance so the weight loss due to evaporating water could be precisely
measured. The sample could be left over night as the all data (suction and weight) was collected using
data acquisition system controlled by LabView.
From Figure 5 it is quite clear how the suction is changing over time with water content
decrease, caused by evaporation. However, more useful information from this plot is that cavitation
point was captured at 125 kPa, what gave the real capability of measuring suction for this particular
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(modified) device. The differences in measured suction between the approaches are mainly due
to different method of preparing the sample, using different compaction efforts.
Figure 5 Suction measurement for continues drying path (sample left open to the atmosphere, over two
days, starting from 20% of moisture content).

SWRC determination for Leighton Buzzard of Fraction E sand
After confirming that the modified pore pressure transducer (tensiometer) was working properly
the samples of Leighton Buzzard of Fraction E sand were prepared and tested. The results are plotted
on Figure 6. There were two samples tested on the research set up. The samples differ void ratio
of e = 0.66 and 0.78. Due to difficulties when preparing the samples for similar water contents (looser
the sample lower the water content) for the same void ratio the initial moisture was 22% for denser
specimen and 17% for the loose one. For verification of SWRC shape correctness, there were two
more curves added to the plot. One was the referencing SWRC obtained by Kasangaki (2012),
for Leighton Buzzard of coarser fraction (C), and second one was SWRC for the same material used
in the study but obtained by using axis translation technique (Osinski et al. 2016; Toll et al. 2016)
Figure 6 SWRCs for Leighton Buzzard of Fraction E sand obtained by using modified pore pressure
transducer (plus additional curves to compare the results).

As seen from the graph the reference curve for fraction C sand, the suction is lower for the same
values of water content for fraction E. The behaviour is as expected, and is mainly caused
by differences in fraction (the reference material was coarser). The other curve obtained by using axis
translation method plots slightly above the curves of the fraction E sand, which is typical when
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applying these two different techniques. Plots of SWRC for fraction E sand (for tensiometer
technique) allows clear identification of air entry value zone, transition and residual zone of saturation.
CONCLUSIONS
The aim of the study was to obtain and SWRC of Leighton Buzzard of Fraction E sand
and analyse the hydraulic behaviour by using modified pore pressure transducer. This was a part
of the wider research aiming at determining changes of mechanical parameters of soil in different
water content condition, at known values of suction. For such purpose the SWRCs had to be
determined before starting triaxial shearing tests. Using tensiometer technique is an efficient, very
accurate and less time consuming method for measuring the suction, comparing to axis translation
methods commonly used in triaxial cells. The most important conclusion is that the suction of tested
material did not significantly respond to significant moisture content changes. The transitional zone
fits within the range from 8 to 10 kPa, when the water content has changed from 20 to 3%. Such
findings were very useful when preparing the samples at certain suction, for particular water content,
for further tests on mechanical behaviour of unsaturated samples.
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Abstract: The CMT (Cold Metal Transfer) welding process allows to achieve optimal results when
joining different kind of metals. The article deals with the mechanical properties of CMT welded
joints, specifically verification of mechanical properties changes before and after heat treatment. CMT
welding is a new approach that allows joining of different types of metals, creating a weldment
with specific mechanical and chemical properties. A heat treatment is widely used to modify
the mechanical properties of the material. In case of different kind of metals weldment, the
heat treatment is difficult because of different properties of the basic welded metals.
The heat treatment has to be optimized to improve the properties of all the materials used
in the welded joint. A tensile strength test will be used to verify changes in the mechanical properties
of the weldments.
Key Words: welding, heat treatment, mechanical properties, tensile strength, galvanizing
INTRODUCTION
CMT is a modified GMAW (gas metal arc welding) process that uses a new method of droplet
detachment based on short circuit welding. The moment the power source detects a short circuit,
the welding current drops and the filler wire starts to retract. Exactly one droplet is detached into
the molten weld puddle. The filler wire then moves forwards again and the cycle is repeated. The filler
wire is constantly retracted at very short intervals. The precisely defined retraction of the wire
facilitates controlled droplet detachment to give a clean, virtually spatter-free material transfer.
For mechanized pipeline girth welding, the CMT process is applied with a conventional bug and band
system. The typical welding procedure incorporates an Argon/CO2 shielding gas with a standard
J-Bevel joint design. Travel speeds range from 350±406 mm/min, with typical heat inputs ranging
from 0.47 to 0.75 kJ/mm. Thanks to this method, qualitatively different materials can be combined.
The weld is more resistant to galvanic corrosion, which is a significant factor today (Pickin and Young
2006, Dostal 2014).
The CMT process is characterized by three main features compared to the conventional
MIG/MAG process: a rearward motion of the wire that is integrated into the overall digital
control of the process, a significantly lower energy input into the weldment and a spatter-free
material transfer. The process brings about 20 to 30 percent less heat into the material
than the MIG/MAG welding. This makes the material noticeably less distorted and substantially
less time will be required for costly corrections for distorted weldments. The CMT process is
more reliable than alternative methods and is therefore suitable for automated serial production (Cao
2014).
Weldability of zinc coatings is an important property of the coating, since most galvanized
product is joined in this manner. Arc welding of galvanized steel sheet produces defects such as gas
cavities (blowholes) and spatters (Matsui 1998).
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It is well known that, when a welding operation has been performed, the weld and heat-affected
zone (i.e. the weld area) may tend to cool in a stressed condition, sometimes with unwanted
phases present or with other undesirable properties which might cause a subsequent failure
of the weld. In order to minimise such undesirable characteristics, a post-weld heat treatment
of the weld area may be effected. The success of such heat treating operations depends very largely
on the ability to heat the weld area to a definite temperature and then to maintain
the temperature within specified limits for a specified period of time and/ or to control its cooling rate
thereafter (Ptacek 2002).
This paper is focused on preparation and evaluation of CMT weld joints. The advantage
of this method consists mostly in welding thin metal sheets up to 2 mm thick, anticorrosion steels
and in joining heterogeneous materials. The article deals with the mechanical properties of CMT
welded joints, specifically verification of mechanical properties changes before and after heat
treatment.
MATERIAL AND METHODS
The S235JRG1 steel material with a carbon content of 0.17% was selected for the experiment.
The content of P, S and N is 0.045, 0.045, and 0.007% respectively. It is a low-grade structural
steel of the usual quality which is suitable for welding. Fusion-welded parts of structures
and machines, statically and slightly dynamically stressed, less stressed welded pipes
and branches, and weir structures, and forge-welded parts. The tensile strength [Rm] for thermally
unprocessed version is min 370 MPa and after normalizing annealing is min 350 MPa as specified
in CSN 41 1373 standard. Zinc coated steel sheet: It is a classical construction material
used in a usual technical engineering practice. The base is formed by a ferrite-pearlite steel class 11,
whose
surface
treatment
consists
of
a
combination
of
passivating
elements
according to the chemical composition of a melting bath. They are zinc and aluminium
intermetallic compounds. The thLFNQHVV RI SDVVLYDWLQJ FRDWLQJ LV XS WR  ȝP DQG LV
guaranteed by zinc dipping method and removing the excessive material by nitrogen
(Votava et al. 2014).
Prior to welding the selected material, an anti-corrosion layer was applied. The first part was
hot-dip galvanized, while the other part was hot-dip Al-Zn (50/50) plated. To verify the quality
of the applied anti-corrosion layer, the size of the two coating types was measured with a CM-8825
digital ultrasonic thickness gauge (manufactured by TQC, Nederland).
The CMT welding method was used to weld these two differently galvanized steels. Additive
material used for this experiment was a solid wire CuSi3. Chemical composition of the wire itself is
97% Cu and 3% Si. Basic welding parameters: Weld beads were produced on a welding robot using
the cold metal transfer method. Protective atmosphere of welding bath consists of 98% of Ar and 2%
CO2. The speed of welding jet was 10 m/min. Welding current for materials up to 2 mm was set
at 59 A. Flow of the protective gas depending on the speed of welding jet was 10 to 16 l/min. Electric
voltage of the welding aggregate is 11.5 V (Yang et al. 2013).
Four groups of five samples each were created. In total, 20 samples were generated. One group
of welded samples was not heat treated. Three groups welded samples were subjected to heating
at a temperature of 150 & 300 C and 450 & in the school laboratory furnace MP
05±1.1. The furnace has a sheet metal casing. It consists of two parts joined with screws.
The operation and control of the furnace is located at the bottom of the casing; a ceramic muffle
with a heating coil and thermal insulation is located at the top of the furnace. The temperature
in the furnace is sensed by thermocouple PtRh-Pt. The heating coil is prepared over the contactor
contacts. The contactor coil is also controlled by the door switch and protective circuit of the controller
(Polakova 2016).
For tensile testing of model sample the universal testing machine ZDM 5/51 was
employed. ZMD 5/51 is ripper for testing of the samples under tensile stress
(manufactured by Labortech, Czech Republic). Samples were fixed in self-locking jaws
and loaded with jaws dilation at 5 mm/min (Zacal 2015). A diagram of the welded sample is
in Figure 1.
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Figure 1 Diagram of the welded sample

To modify the mechanical properties of the weld, the mentioned thermal exploitation of samples
was proposed. Thermal UHVLVWDQFH WHVWV XS WR  & ZHUH FKRVHQ ZLWK UHVSHFW WR WKH LQformation
in literature (Ptacek 2002) stating that CuSi3, which was used as an auxiliary material for the CMT
ZHOGLQJ PHWKRG LV UHVLVWDQW WR  & ,W ZDV WKHUHIRUH GHVLUDEOH WR DVFHUWDLQ what influence
WKHWHPSHUDWXUHVXSWR&KDYHRQWKHZHOGHGMRLQWVWUHQJWKGXULQJDWOHDVWVKRUW-term exploitation.
Heating temperatures were chosen with respect to the material used. The zinc coating can be used
DWRSHUDWLQJWHPSHUDWXUHVXSWR&VLQFHWKHPHOWLQJWHPSHUDWXUHRI]LQFLV& 0DUGHU 
7RFRPSDUHWKHGLIIHUHQFHVZHDOVRXVHGORZHUWHPSHUDWXUHVRI&DQG&7KHKHDWLQJWLPH
of 1 hour was chosen as optimal for this experiment. This is the lower time limit used
for recrystallization annealing (Ptacek 2002).
RESULTS AND DISCUSSION
On randomly selected sample locations, the thickness of surface layers was measured using
a CM-8825 digital ultrasonic thickness gauge. The measured values are given in Table 1.
Table 1 Surface coating
S235JRG1
Zn
Num. Measured Average
values
>ȝP@
>ȝP@

50/50 AlZn
Standard
deviation
[ȝP]

Variance Num. Measured Average
values
>ȝP@
[%]
>ȝP@

1

14

1

20

2

14

2

18

3

17

3

17

4

15

4

20

5

17

5

19

6

15

6

18

7

13

7

18

8

15

8

19

9

17

9

18

10

16

10

17

15.30

1.35

0.09

Standard
deviation
[ȝP]

Variance
[%]

1.02

0.06

18.40

The measured values correspond to the size of the surface layer deposited by hot dip
galvanizing according to the literature (Reimann 2017). The tensile diagram after the tensile strength
testing is shown in Figure 2. Table 2 shows the tensile test results. The maximum tensile force was
recalculated to the strength limit according to the formula ሾܽܲܯሿ ൌ

ிೌೣ ሾேሿ
.
ௌబ ሾమ ሿ
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Figure 2 Tensile diagram of samples

Legend: Specimen 1 without heat treatment, specimen 2 WHPSHULQJ& for one hour, specimen 3 WHPSHULQJ&IRU
one hour, specimen 4 tempering 45&IRURQHKRXU

Table 2 The result of the tensile test
Heat treatment

Tensile strength [MPa]

Without heat tr. 1
Without heat tr. 2
Without heat tr. 3
Without heat tr. 4

350.74
350.35
350.81
350.29

Without heat tr. 5
7HPSHULQJ&
7HPSHULQJ&
7HPSHULQJ&
7HPSHULQJ&
7HPSHULQJ&
Tempering 300 &
Tempering 300 &
Tempering 300 &
Tempering 300 &
Tempering 300 &
Tempering 450 &

350.69
356.74
354.65
348.71
350.63
351.64
364.38
362.43
359.36
361.32
359.51
306.64

Tempering 450 &
Tempering 450 &
Tempering 450 &
Tempering 450 &

309.38
307.57
306.45
304.89

Total average [MPa]

Variance
[%]

Standard
deviation
[MPa]

350.58

0.00

0.21

352.47

0.01

2.87

361.40

0.01

1.88

306.99

0.00

1.47

The not heated samples have reached an average tensile strength of 350.58 MPa and the samples
DIWHU WKHUPDO H[SORLWDWLRQ DW  & VKRZHG DQ DYHUDJH WHQVLOH VWUHQJWK RI  03D 1HDUO\
identical values can be explained by the low carbon content of the steel (the insignificant content
of the perlite, i.e. carbides). Slightly higher tensile strengths were measured in samples heated
DW  & 7KH DYHUDJH WHQVLOH VWUHQJWK PHDVXUHG ZDV  03D 7KHVH YDOXHV FDQ EH H[SODLQHG
by variance of tensile tests (Zhang et al. 2016). The lowest tensile strength reached the samples
DIWHUKHDWLQJDW&7KHDYHUDJH5PYDOXHZDV03D7KLVLVGXHWRWKHUHFU\VWDOOL]DWLRQ
annealing of the material under this temperature (reduction of the deformation reinforcement after cold
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forming), thereby reducing hardness and strength (Weigl et al. 2011). An important result
of the experiment was the finding that in all cases of tensile tests, the sample failure was outside
the welded joint. The rupture occurred in the base material of the steel galvanized strip. The sample
image before rupture and after rupture can be seen in Figure 3.
Figure 3 Specimen before and after tensile strength test

Another result includes image of a metallographic abrasive cut. The structure of the CMT weld
zone steel is shown in Figure 4.
Figure 4 The structure of the welded zone

The base material S235JRG1 (the upper part of the figure) consists of a ferrite (light part)
and partially precipitates of perlite at the grain boundaries (dark grains) (Reimann et al. 2017).
The CuSi3 additive (bottom of the figure) is made of copper and silumin crystals. There is a sharp
transition edge between the base material and the additive material of the CMT welded joint
(Di Cocco et al. 2014, Marder et al. 2000).
CONCLUSION
Galvanized steel sheets with a low carbon content (up to 0.2%) with Zn or AlZn 50/50 surface
finish can be metallurgically joined by the CMT welding method with an additional CuSi 3 electrode
under a protective atmosphere composed of 98% of Ar and 2% of CO2 (Matsui 1998). The hypothesis
was that the welded joint would be broken by the tensile strength test.
%DVHG RQWKHUHVXOWVRIWKH WHQVLOHWHVWV DWWHPSHUDWXUHV XS WR  & LW KDV EHHQ SURYHQ WKDW
there has been no failure of the welded joint. For all samples, the galvanized steel strip ruptured
outside the weld. The hot-dip Al-Zn (50/50) plated steel strip withstands higher temperatures;
therefore no rupture occurred in this part of the weldment. All tensile strength measurements show
that the CMT joint is stronger than the base material. Therefore, the joint welded by this method
cannot be a source of failure, for example, in machinery. Average tensile strengths ranged from 350.58
to 361.40 MPa in the thermDO H[SORLWDWLRQ UDQJH RI  WR  & /RZHU DYHUDJH WHQVLOH VWUHQJWKV
RI  03D ZHUH PHDVXUHG LQ VDPSOHV WKHUPDOO\ SURFHVVHG DW  & 7KH UHDVRQ LV WKDW
at this temperature, the recrystallization annealing of the material already starts and thus the hardness
and strength decrease (Ptacek 2002, Weigl et al. 2011).
The second important finding of the experiment is that the hypothesis that the CuSi 3 electrode
FDQEHXVHGXSWRRSHUDWLQJWHPSHUDWXUHVRI&DVUHSRUWHGLQOLWHUDWXUH 3WDFHN KDVEHHQ
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refuted. The experiment has shown that the mentioned type of joint can be used for components
RSHUDWLQJDWWHPSHUDWXUHVXSWR&
Images from metallographic analysis prove the quality of the welded joint, since the chemical
composition corresponds to the composition of the CMT welded joint according to literature (Reimann
et al. 2017, Di Cocco et al. 2014, Marder et al. 2000).
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Abstract: The study contains the evaluation of technical aspects of the eradication of energy willow
plantations taking into account the working widths and depth of the machines used. Also determined
were the costs of the eradication procedure with the use of various machine units. The studies were
performed in the plantation of energy willow LQ .DQLyZ ORFDOity situated in southern Poland.
The machinery used permitted the theoretical removal of 23±100% of horizontal roots, and 43±60%
of vertical roots. The costs of the eradication of plantation ranged from 3381 PLN/hectare
to 15824 PLN/hectare.
Key Words: energy willow, work expenditure, eradication costs
INTRODUCTION
As indicated in relevant references (Czeczko 2012, Rahman et al. 2014, Isebrands et al. 2014),
willow plantations provide satisfactory yield for about 25 years. Later, the yield begins to drop,
and the eradication of willow plantation becomes inevitable. As the energy willow is cultivated
within farmlands, it is necessary to know what to do in order to be able to grow other plants on the
areas left by willow plantations (Larsson 2006).
The priority in the studies on willow plantations most often concerns the determination
of financial profits from their operation whereas little attention is paid to the issues pertaining
to their eradication. At present, the most frequent analyses deal with the cost of establishing
the plantation as well as what income can be achieved (Ericsson et al. 2009).
As pointed out by (Ericsson et al. 2009, Adamczyk et al. 2016) in the process of biomass
production from energy willow, and in economic analyses, the costs of establishing and running
plantations are considered before any other costs whereas the work required and the cost of eradication
of the plantation are often neglected.
In the body of literature on this subject, there is only little information pertaining
to the eradication of multi-year plantations of energy crops. The published data on this topic involves
theoretical analyses associated with the eradication of the multi-year plantations of energy crops.
The information published on this subject are theoretical analyses not supported by relevant field
studies .ZDĞniewski et al. 2010). Among the published theoretical treatises, one can find
the estimates (Larsson 2006) according to which the cost of liquidating 1 hectare of plantation
amounts to 1500 SEK, or the analyses (Stolarski et al. 2008) indicating the costs of eradication to be
approximately 2075 PLN per hectare.
The objective of this study was to evaluate the technical aspects of the eradication of plantation,
taking into account the working width and depth of the machinery used, as well as determining the
cost of eradication of the energy willow plantation when the various types of machine units are used.
MATERIAL AND METHODS
The scope of work consisted of the field studies conducted within the plantation of energy
willow LQ .DQLyZ %LHOVNR SRYLDW 6LOHVLDQ YRLHYRGVKLS  LQYROYLQJ WKH GHWHUPLQDWLRQ RI HIIHFWLYH,
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operating efficiency as well as work expenditures and cost of the eradication of the plantation.
The following machine units were used during the studies:
 variant V1 ± CRYSTAL ORION 170 tractor and FAO FAR model FV 4088 cutter for strip
preparation of soil (working width 0.4 m, working speed 0.8 km/h),
 variant V2 ± CRYSTAL ORION 170 tractor and FAO FAR model FV 4088 cutter for strip
preparation of soil (working width 0.4 m, working speed 1.2 km/h),
 variant V3 ± CRYSTAL ORION 161 tractor and Meri Crusher model MJS-2.0 DT (working width
2 m, working speed 0.8 km/h),
 variant V4 ± CRYSTAL ORION 170 tractor and FAO FAR model FV 4088 cutter for strip
preparation of soil (working width 0.4 m, working speed 0.5 km/h),
 variant V5 ± CRYSTAL ORION 170 tractor and FAE mulcher model SFM 225
(working width 2.3 m, working speed 0.5 km/h).
The studies were implemented in two stages: in May and in December, and constituted a part
of research project No. PBS2/A8/26/2014 ³'HYHORSLQJ the new technology and functional model
RIPDFKLQHXVHGIRUWKHUHFODPDWLRQRIILHOGVOHIWDIWHUWKHFXOWLYDWLRQRIHQHUJ\ZLOORZ´.
In order to establish the technical aspects of plantation eradication, the results of studies
by (Juliszewski et al. 2015) of 30 energy willow rootstocks obtained from the plantation maintained
at the Faculty of Production and Power Engineering of the University of Agriculture in Krakow were
used. These studies pertained to the allocation of willow root biomass. The proportion of roots
eradicated was calculated as a quotient of the relevant parameter of a given machine (the working
width ± in the case of horizontal roots, and the working depth ± in the case of vertical roots)
and the reach of roots (horizontal or vertical).
The following parameters were determined for the above variants in field studies over
the distance of 100 m:
 T1 effective time of the runs of studied machine units,
 time for turnings on headlands,
 operating time T07 (effective time and time for turnings),
 fuel (diesel oil) consumption measured by the full-tank method.
The times were measured with a stop watch. The T1 and T07 times were necessary to calculate
the coefficient of operating time usage k07 which was used to determine operating efficiency.
The efficiency of the operation of machine units was determined with their working widths and
speeds. In the study, the effective efficiency (in the effective operating time) and next ± the operating
efficiency (in operating time ± considering the time for backing) were determined.
The machine operating costs for given machine units were calculated following the universally
applied methodology of cost calculations 0LFKDáHNet al. 1998, Muzalewski 2009).
The following component costs were taken into account in the calculations of operating costs
for machine units:
 maintenance costs (fixed costs): depreciation, tractor insurance costs, storage costs,
 operating costs (variable costs): costs of fuel and lubricants, costs of technical service and repairs,
labour costs.
The assumptions used for the calculations included, among other things:
 average annual use rate of tractors ± 600 h/year,
 average annual use rate of machinery ± 70 h/year,
 prices of tractors and machines as of the first quarter of 2017 based on telephone call to the
commercial representatives of the FAO FAR and UTECH companies:
 CRYSTAL ORION 170 tractor ± 335000 PLN,
 CRYSTAL ORION 161 tractor ± 308000 PLN,
 FAO FAR model FV 4088 cutter for strip preparation of soil ± 52000 PLN,
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Meri Crusher model MJS-2.0 DT ± 120000 PLN,
FAE mulcher model SFM 225 ± 217800 PLN,
price of diesel oil ± 4.5 PLN/l,
storage cost ± 11 PLN/m2/year,
annual insurance for tractors ± 300 PLN/year,
labour costs ± 13 PLN/mhr.

RESULTS AND DISCUSSION
The results of studies carried out by (Juliszewski et al. 2015) are compiled in (Table 1).
The expression ³WKLFN URRWV´ PHDQV WKH URRWV ZLWK GLDPHWHU H[FHHGLQJ  PP 7KH PHDQ YDOXHV
of particular parameters were adopted in further considerations.
Table 1 Parameters of the energy willow root distribution
Serial No.

Parameter

1.
2.
3.
4.
5.
6.

Rootstock diameter of root neck at soil level
Diameter of main root at the thickest place
Maximum vertical reach of roots
Measured vertical reach of thick roots
Maximum horizontal reach of roots
Measured horizontal reach of thick roots

Mean
20.9
11.2
58.3
42.3
75.2
51.6

Min.
Max.
(cm)
11.7
36.7
6.3
16.5
27.5
87.5
18.5
69.5
53.5
96.0
31.0
80.5

SD
5.8
2.6
12.8
17.1
11.6
11.7

The percentage proportions of eradicated roots obtained with the use of studied machine units
are presented in (Table 2). The machine units applied in variants V3 and V4 will theoretically allow
the complete eradication of horizontal roots. It results from the great working widths of machines
used. In variants V1, V2, and V4 it will be possible to eradicate 100% of rootstock at root neck.
Nevertheless, more than 20% of thick horizontal roots as well as nearly half of the roots of greatest
horizontal reach will be left.
Table 2 Percentage proportions of the roots removed by the machine units used
Parameter

Variant
V1, V2, V4

V3

V5

Rootstock diameter of root neck at soil level

100%

100%

100%

Maximum vertical reach of roots

60%

43%

51%

Measured vertical reach of thick roots

83%

59%

71%

Measured horizontal reach of roots

53%

100%

100%

Measured horizontal reach of thick roots

78%

100%

100%

In the case of vertical roots, better results will be obtained by using variants V1±V4 than
by variant V3 which will allow the eradication of only 59% of thick roots and 43% of roots
with the greatest vertical reach. The reason for it is the low working depth of this machine
which amounts to 0.25 m. The machine units used in the remaining variants will allow eradication
of between 71% and 83% of vertical thick roots.
In order to find the cost of eradication of plantation, first the work input for eradication
by particular machine units in the operating working time must be found. The obtained results as well
as fuel consumption for particular variants are presented in (Table 3).
In order to determine the total cost of eradicating a plantation it is necessary to find earlier
the unit costs of operation for the studied machine units (denominated in PLN/h). These unit costs are
compiled in (Table 4).
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Table 3 Fuel consumption and work input during the eradication of plantation
Spring studies (May)
Detailed list

Autumn studies (December)
Variants

Unit
V1

V2

V3

V4

V5

Working width

(m)

0.4

0.4

2.0

0.4

2.3

Working speed

(km/h)

0.8

1.2

0.8

0.5

0.5

Fuel consumption

(l/h)

26.2

25.5

17.6

28.0

48.3

Fuel consumption

(l/ha)

771.5

555.0

143.2

1400.0

555.2

Effective efficiency

(ha/h)

0.04

0.06

0.16

0.025

0.115

Operating efficiency
Work input
(during operating time)

(ha/h)

0.034

0.046

0.123

0.02

0.087

(mhr/ha)

29.6

21.5

8.1

50.4

11.4

Table 4 Operating costs per machine unit (PLN/h)
Spring studies (May)

Autumn studies (December)
Variants

Detailed list
V1

V2

V3

V4

V5

Depreciation

89.8

89.8

168.5

89.8

287.2

Insurance costs

0.5

0.5

0.5

0.5

0.5

Storage costs

1.4

1.4

2.1

1.4

2.4

Maintenance costs

91.8

91.8

171.1

91.8

290.1

Costs of technical services and repairs

80.8

80.8

151.7

80.8

258.5

Costs of fuel and lubricants

120.4

117.2

80.8

128.5

224.8

Labour costs

13.0

13.0

13.0

13.0

13.0

Costs of use

214.2

211.0

245.5

222.3

496.2

OPERATING COSTS

306.0

302.8

416.5

314.1

786.3

As the variants V1, V2, and V4 involved the use of the same tractor and the same machine,
the maintenance costs remain fixed. The only variable component is the cost of fuel and lubricants.
They stay between 117.2 and 128.5 PLN/h and constitute from 39 to 41% of the operating costs.
In the case of variants V3 and V5, the machines applied were much more costly. For these reasons,
the amounts of depreciation, and the costs of technical services and repairs for variant V3 were almost
two times higher, and for variant V5 ± more than three times higher than those for the remaining
variants. The lowest operating costs amounted to 302.8 PLN/h (variant V2) whereas
the highest - 786.3 PLN/h (variant V5). The costs generated by the last of the considered variants
(variant V5) are in sharp contrast with the values obtained in other variants. They are caused
by the great financial outlays involved in the purchase of a new machine. The costs directly connected
with its price (depreciation and the costs of technical services and repairs) constitute almost 70%
of the total operating costs.
After he operating costs have been established, and with the operating efficiency taken into
account, it is possible to calculate the total cost of the eradication of energy willow plantation,
expressed in PLN/ha. The costs of eradication are presented in (Figure 1).
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Figure 1 Costs of plantation eradication in particular variants
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Major disproportions are noticeable between the results obtained for particular variants.
The eradication costs amounted from 3381 PLN/ha for variant V3 (tractor CRYSTAL ORION 161,
Meri Crusher model MJS-2.0 DT, working speed 0.8 km/h) to 15824 PLN/ha for variant V4 (tractor
CRYSTAL ORION 170, FAO FAR model FV 4088 cutter for strip preparation of soil, working speed
0.5 km/h). The reasons behind such high costs for variant V4 was the small working width amounting
to 0.4 m, but also the low speed of the movement of the machine unit (0.5 km/h). The comparisons
between variants V1, V2, and V4 where the same machine was used reveals the significant effect
of the working speed upon the value of final costs. The relationship occurring between these values is
inversely proportional, is a fact which might encourage an attempt to reduce the costs of eradication
by increasing the working speed of the machine unit. It should nevertheless be mentioned that
in the view of great forces exerted on the working element of the machine during willow rootstocks
cutting, the working speed may not be too high. The price of the machine used seems to be an equally
essential element affecting the cost of eradication, as can be suggested by variant V5. The FAE
mulcher applied in this variant shows the greatest working width among all studied machines,
but the low speed and high price, as well as the low annual utilization rate of the machine resulted
in generating the cost of this variant amounting to as much as 8997 PLN/ha.
$VSRLQWHGRXWE\ 0DĔNRZVNLHWal. 2014) few studies on the topic pertain to the use of simple
time- or energy-intensive methods. (Larsson 2006) estimated that cost of the plantation eradication
amounts to 1500 SEK/ha. In conformity to the analyses (Stolarski et al. 2008) the costs be
approximately 2075 PLN/ha. In this study for eradication procedure used advanced technical methods
and the calculated cost hesitated between from 3381 PLN/ha to 15824 PLN/ha.That range largely
hung on environments conditions and time when the studies was done (2015 and 2016). In future,
the results obtained in this study will be able to provide the foundation for the determination of the
costs of Salix viminalis willows biomass production.
CONCLUSION
Considered from the viewpoint of the technical aspects of plantation eradication, the machines
used in variants V1±V5 will theoretically allow to remove 23±100% of horizontal roots, and 43±60%
of vertical roots.
The work inputs for eradication of the studied energy willow plantation fell into the range
from 8.1 mhr/ha to as much as 50.4 mhr/ha. The levels of work inputs were affected significantly
by the working speeds of machine units (from 0.5 km/h to 1.2 km/h) and by their working widths
(from 0.4 to 2.3 m).

812

November 8–9, 2017, Brno, Czech Republic

24
years

The operating costs of particular machine units amounted from 302.8 PLN/h to 786.3 PLN/h.
The greatest proportion of costs was that of the costs of depreciation (high costs of tractors
and machines), the costs of technical services and repairs, as well as the costs of fuel and lubricants.
The highest cost of plantation eradication amounting to as much as 15824 PLN/ha were noted
for variant V4 where CRYSTAL ORION 170 tractor and FAO FAR model FV 4088 cutter for strip
preparation of soil, moving with the speed of 0.5 km/h, whereas the lowest (3381 PLN/ha), for variant
V3, i.e. the machine unit composed of CRYSTAL ORION 161 tractor, Meri Crusher model
MJS-2.0 DT, moving with the speed of 0.8 km/h.
All calculations followed the assumed methodology therefore the conclusions should be treated
as correct, however, because of the specific nature of the procedure of eradicating energy willow
plantations, there is a number of factors which can reduce or increase the calculated costs incurred
during the eradication of an energy willow plantation.
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COMPARISON OF DIFFERENTIAL HYDROMECHANICAL
AND MECHANICAL TRANSMISSIONS IN TERMS
OF IMPACT ON THE DRAWBAR PULL PROPERTIES
OF A TRACTOR
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Abstract: The aim of this paper is to compare drawbar pull properties of tractors with mechanical
(powershift transmission) and differential hydromechanical transmissions (continuously variable
hydromechanical transmission). The tire inflation pressure was 100 kPa. The weight of tractor
with the differential hydromechanical transmissions was 120 kg higher than that of tractor
with mechanical transmissions. The drawbar pull properties were measured on a dry, straight section
of an asphalt road. The results show a considerable difference in the highest drawbar pulling power
achieved by individual tractors. Significantly lower performance was achieved by the tractor
with continuously variable transmission in all measured travel speeds.
Key Words: continuously variable transmission (CVT), transmission engaged under load, drawbar
pull, drawbar pull performance, slippage, potential drawbar pulling power
INTRODUCTION
Working conditions not only of tractors but also of other motor vehicles are very
diverse. In some situations, there is a need for high drawbar pull at a lower working speed or, on the
contrary, for a high working speed, for example, when transporting material. If the combustion engine
had the so-called ideal rotational characteristic, or the dependence of torque on rotations is
hyperbolic, then the above-mentioned requirement could be met without any problem. However,
as the course of the curve is different, it is necessary to include a transmission between
the combustion engine and the drive wheels. The transmission will make it possible to change
the gear ratio to make better use of the engine's performance and therefore better
features of the tractor as a whole. In addition, it transmits torque for front axle and PTO shaft
(Semetko 1985).
Until recently, tractors used only mechanical transmissions, which were gradually improved
from the basic directly manually operated individual gears to today's mechanical powershift
transmissions. Mechanical transmissions have one disadvantage, namely a gradual change in the gear
ratio, which makes it impossible to achieve the hyperbolic dependence of the driving force
on the working speed, or the ideal course. This disadvantage is eliminated by using transmissions
with a higher number of gears (Figure 1).
As we can see in the figure, there is a loss area between the two gears, or an unusable range
of engine power. The loss area expresses the difference between the ideal and actual gradation. The
size
of
the
loss
area
decreases,
particularly
with
the
increasing
number
of gears and the torque increase or with the flatness of the engine power curve. However, a higher
number of gears also results in the increase of size and weight of the entire transmission. Another
developmental direction how to get closer to achieving the ideal distribution is to use a continuously
variable transmission (CVT) as it offers a theoretically infinite number of gear ratios between the basic
and maximum gear. In a tractor, this transmission consists of a hydrostatic transducer
and a mechanical clutch planetary gear as seen in Figure 2 (Bauer et al. 2013).
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Figure 1 Gradation in transmission with 10 gears

Losing area

Speed [km/h]
Figure 2 Design of differential hydromechanical transmission, Bauer et al. 2013
Hydrostatic part
Planetary gear

ENGINE

However, the disadvantage of the differential hydromechanical transmission is a low efficiency
of the hydrostatic part, which is approximately 17% lower against the mechanical transfer *UHþHQNR
1994). This disadvantage is a limiting factor for the use of these types of transmissions in higher
performance tractors.
The aim of this paper is to compare the drawbar pull properties of tractors with mechanical
and differential hydromechanical (CVT) transmissions.
MATERIAL AND METHODS
To determine the effect of the transmission type on drawbar pull properties of a tractor, drawbar
pull tests were carried out. The measurements were carried out on tractor fitted with the mechanical
powershift transmission, and in the second case, with the continuously variable hydromechanical
transmission. The outputs parameters of tractor engines were the same. The weight of tractor
with the differential hydromechanical transmissions was 120 kg higher than that of tractor
with mechanical transmissions. The tire sizes were the same for both tractors. The tire inflation
pressure was 100 kPa.
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The drawbar pull properties were measured on a dry, straight section of an asphalt road.
On a straight section of the road, a 50 m stretch was defined, on which the drawbar pull properties
of both tested tractors were measured. For the tractor with mechanical transmission, drawbar pull tests
were performed on four gears. For the tractor with continuously variable transmission, four travel
speeds corresponding to the gears of the previous tractor were set. The measurements were performed
at set speeds of 5 km/h, 8 km/h, 11 km/h, and 12 km/h. At individual speeds, the load was gradually
increased until the maximum drawbar pulling power was reached. In the manually operated
transmission, the control electronics set the default measurement speed as the maximum speed.
At each indicated speed, six to nine measurements were carried out. Each measurement proceeded
with a constant braking force (drawbar pull), which was gradually increased with subsequent
measurements. The braking force was kept constant in the measuring section with the another tractor
in tow. The measured and braking tractors were connected by a steel rope with an inserted Hottinger
U2A type strain gauge with a force range of 0±200 kN. Measurements were conducted in one travel
direction. Prior to the beginning of the measuring section, there was a sufficiently long path to achieve
the desired speed and stabilization of measured parameters. Measured data was continuously
transmitted using a WIFI set to a stationary workstation situated near the measuring track. During
drawbar pull tests, in addition to drawbar pull, additional data from internal and external sensors added
to the tractor for drawbar pull testing, was measured simultaneously. Data from internal sensors was
obtained by connecting to a Can-Bus data bus, from which it was sent to the memory of the measuring
computer at the same 20 Hz frequency as other data. The data included for example the engine speed,
as well as theoretical and actual speeds. A GPS module was used to determine the actual speed
of the tractor. The actual and theoretical speed information was used to calculate the slippage
of wheels.
The slippage calculation was according to equation 1:

G

1

vs
.100 [%]
vt

(1)

where: vt - theoretical speed [m/s]
vs - actual speed from GPS [m/s]
For evaluation purposes also the drawbar pulling power Pt was calculated according to equation 2:
Pt Ft .vs [W]
(2)
where: Ft - drawbar pull [N]
RESULTS AND DISCUSSION
The drawbar pull characteristics of both tractors were measured under the same conditions.
This allows for their accurate mutual comparison. For easier comparison of the achieved results,
the drawbar pull characteristics of both tractors at the same inflation pressure were plotted on a graph.
To determine the impact of the transmission on drawbar pull properties, a graph of dependence
of drawbar pulling power and slippage on drawbar pull (Figure 3) and a graph of dependence
of potential drawbar pulling power on drawbar pull (Figure 4) were generated.
As shown in Figure 3, the tractor with mechanical transmission achieved a maximum drawbar
pulling power of 112.8 kW on the asphalt measuring track. The maximum drawbar pull of 70 kN was
achieved in first tested gear. At this drawbar pull, the drawbar pulling power was 100 kW
and the asphalt track wheel slippage was 8.8%.
As we already mentioned in the Material and Methods chapter, the travel speeds of the tractor
with differential hydromechanical transmission were chosen so as to match the measured speeds
of the tractor with mechanical transmission. The set speeds were 5 km/h (equivalent to first gear
for mechanical transmission), 8 km/h (equivalent to second gear), 11 km/h (equivalent to third gear)
and 12 km/h (equivalent to fourth gear). In this case the same tire pressure was used
as for the previous tractor. The tracking results of the tractor with differential hydromechanical
transmissions indicate that for the initial speeds of 8 km/h, 11 km/h, and 12 km/h, almost the same
maximum drawbar pulling power was measured. The difference is up to 1 kW. The highest
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performance was measured for the initial speed of 8 km/h, namely 86 kW at the drawbar pull
of 48.5 kN. The maximum drawbar pull of 68 kN was measured for 5 km/h with a wheel slippage
of 5.8%.
Figure 3 Dependence of drawbar pulling power and slip on drawbar pull

The results show a significant difference in the highest drawbar pull performances of individual
tractors. In order to have better overview, we have created a graph of the potential performance
(Figure 4). The curves form the lines connecting the tops of curves reached under the respective gear
or speed of the tractor.

Mechanical powershift transmission

Differential hydromechanical (CVT) transmission

Figure 4 Dependence of potential drawbar pulling power on drawbar pull

Differential hydromechanical transmissions
Mechanical powershift transmission
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As we can see from the graph in Figure 4, the tractor with the differential hydromechanical
transmissions achieved significantly lower power at all measured travel speeds. At the lowest travel
speed of 5 km/h in compare to first gear for mechanical transmission gear, the measured difference
in the maximum drawbar pulling power of both tractors was 24.8 kW. At a travel speed of 8 km/h
(in compare to second gear), the difference in the highest drawbar pull performances was 26.8 kW.
At the initial travel speed of 11 km/h (in compare to third gear), a difference of 20.4 kW was measured
and at the speed of 12 km/h (in compare to fourth gear) the drawbar pulling power difference was
20.4 kW. For both tractors, nearly the same wheel slippage was measured in the drawbar pull tests, yet
the tractor with differential hydromechanical transmission showed a slightly higher value.
At the maximum drawbar pull it was about 3%.
The results of drawbar pull tests of the tractor with differential hydromechanical transmission
tractor also clearly show that drawbar pull performances produced unusual patterns compared
to the tractor with the mechanical transmission. For this reason, a graph of engine rotations depending
on the theoretical speed for one gear or speed was plotted. With a constant gear or set speed,
this dependence should be linear. However, when plotting this dependence for the tractor
with a hydromechanical variable transmission, it was found that it is not linear. Thus, from the plotted
dependence it is clear that even with the manual control setting the electronics seem to be interfering
with the transmission control. In particular, at higher drawbar pulls it adjusts the gear ratio.
In the drawbar pull characteristic it will be reflected so that when the maximum drawbar pulling power
is reached, with any further load the performance curve reaches significantly higher drawbar pulls
(sometimes twice the force at maximum performance). This is due to an increase in gear ratio
on the transmission. For the tractor with variable transmission, the drawbar pull varied by more than
40 kN. This is more than 70% from the average drawbar pull measured in the test.
The comparison of the powershift mechanical and variable transmissions in the tractor was also
peUIRUPHG E\ ýXSHUD HW DO LQ  Transmission comparison was performed during ploughing
in combination with the plough in two different engine modes (characteristic with a constant speed
range). The average fuel consumption in ml per m3 of overturned soil was chosen as the main
assessment criterion. The set with the variable transmission achieved savings of 14.5% compared
to the one with powershift mechanical transmission. The higher fuel economy of the tractor
with the variable transmission was due in particular to the "better cooperation" of the engine
with the transmission, in other words the variable transmission has maintained the set engine speed
better. Higher speed fluctuations in a relatively short period of time cause the acceleration
and deceleration of individual function groups, which results in higher power consumption
for accelerating individual parts of gears. The comparison of these two transmissions (powershift
mechanical and variable transmissions) in the operation of tractors in transport was also carried
out by Bauer et al. in 2011. Their results also show higher fuel economy for the transmission
with a continuously variable gear ratio change due to the "better" adjustment to the desired driving
mode or desired constant speed setting.
CONCLUSION
In conclusion, it cannot be clearly determined on the basis of measurements made
and the results of studies dealing with similar issues which transmission is generally better. However,
it is possible to distinguish which transmission is more suitable for the respective engine mode.
For drawbar pull work at constant drawbar pull or speed, the mechanical transmission is more suitable
thanks to its higher overall efficiency. For a tractor moving in traffic and during ploughing at set
constant speeds, the variable transmission is more preferable.
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Abstract: The thesis deals with the use of non-destructive testing methods (acoustic emission)
for the description and identification of stages during the machining process. For this measurement,
advanced machining was selected. Selected cutting speeds-0.0028 m/min, 0.004 m/min
and 0.008 m/min, and the rotor speed was 56 rpm with a chip size of 1mm. At each cutting speed,
the resulting graphs were recorded. The test material was chosen as the structural steel
12 050-structural plain steel for tilth and hardening ISO C60E4 ISO 683-1-87 (Ferona).
In the experimental part the methodology of continuous emission signal recording, continuous
processing and evaluation of the measured data and monitoring of the response of the stressed
material (during the machining process) was designed in real time. The detected values were
then inserted into this methodology, subsequently evaluated, it was the detection of emission
signals using the acoustic emission apparatus. Acoustic emission is a fast, short release of energy in
the form of elastic waves. The acoustic emission curve has several parameters that can
be used to characterize the source defect. Through an appropriately designed methodology
for detecting, processing, and evaluating AE signals, it is possible to track the progress
of the machining process, the measured data allow you to obtain new information about the processes
that accompany the machining. Thus, the emission signals can be used to indicate microcracks
in the internal structure of the stressed materials.
Key Words: machining, cutting material, acoustic emission, machining monitoring
INTRODUCTION
Nowadays, most engineering companies are engaged in increasing the productivity
of machining processes and also reducing operator demands. Therefore, it is very important to choose
a suitable monitoring system to prevent the production of faulty pieces. Machining is defined
as the stage at which the machining operation can be performed in the highest productivity
with the lowest cost (Seco). The principle of monitoring the machining process is based
on the monitoring or measurement of selected quantities or their combination. In the future, sound
analysis could be used, for example, in adaptive machine control. Auditory analysis can identify
excessive tool wear or vibrations that are undesirable in the machining process.
The aim of the measurement is to monitor the course of the machining process by means
of a non-destructive method using the acoustic emission monitoring system AE, which enables us
to identify defects such as cracks, corrosion, etc. Delamination creates transient elastic waves resulting
from sudden change in stress in the material. These elastic waves are called acoustic emission (AE)
phenomena. Acoustic emission measurement allows you to "listen" to the resulting defects
in the material using piezoelectric sensors. (Mistras) The machining process is realized in a machining
system, which is generally subdivided into subsystems of machine tools, cutting tools, handling
devices and machining environment. The machining system consists of a machine tool, a cutting tool,
a workpiece, and a tool (Humar 2008). For this measurement, a high-speed milling was chosen.
The machining process is a complicated process due to many ambient influences that can affect
the machining result. Therefore, it is necessary to identify these influences and identify such
influences that positively affect and remove unwanted effects.
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MATERIAL AND METHODS
The material for the test specimens was chosen to be 12 050 steel (ISO C60E4 ISO 683-1-87),
carbon steel. This steel is suitable, for example, for surface hardening. The cutter speed setting was
56 rpm at a single chip size of 1 mm. For these measurements, these feed rates were 28 mm/min,
40 mm/min and 80 mm/min. The cutting angles of cutting plates ZHUH Ȗ ॶ, Į  ॶ (Tumlikovo).
The tested samples were of the same shape with dimensions: height-4 cm, width-10 cm, length-20 cm.
The following table shows the chemical composition of the test steel.
Tabel 1 Chemical compocition of steel, mechanical properties of steel 12 050
Cmax.
Mnmax
Simax
Pmax
Smax
0.51

0.69

0.25

0.023

Crmax

0.017

0.15

Yield strength
Re

min. 250
MPa

Mechanical properties
Tensile
strength Rm

min. 370 MPa

Hardness

225 HB

TOS FNK 25 milling brackets with six indexable inserts from Pramet were used for machining.
The plates were made of sintered carbides coated with a TiD-based PVD method (Figure 1).
Figure 1 Cutter with indexable inserts ± Place the piezoelectric sensor on the sample

For each measurement, the piezoelectric sensor IDK-09 was placed on the sample. The acoustic
emission signals were scanned and analyzed by the Dakel XEDO measuring system
with one piezoelectric sensor. This sensor was fixed at the bottom of the samples with a second
adhesive. The contact surface of the sensor was equipped with an ultrasonic gel. Figure 2. The 2 to 8
MHz sample signal processing with 12-bit resolution was fully digitized. The gain is programmable
in the range of 0 to 80 dB. The counts 1 and 2, RMS and emission event parameters (time of arrival,
maximum, length, count 1 and 2 and the whole event) are evaluated (Dakel). Configuration
of the measuring instrument has been set: Amplifier values 10 dB, set levels (count 1) to 302%,
(count 2) 600% range, 4 MHz sampling and 1000 ms period.
Table 2 Technical data of piezoelectric sensor(Dakel)
PZT material
Dakel Class 200
Size PZT element
4 x 3 mm
Capacity
60 pF
Output
cabel with conector
Cover
Stainless steel
Touch screen
Corundum, 6 mm
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When measuring acoustic emission, the RMS signal of acoustic emission with the number
of exceedances of C1 (Counts 1) and C2 (Counts 2) was monitored. This parameter indicates
the so-called effective signal value. For alternating voltage, the RMS is equal to the DC voltage
which, when applied to the resistive load, would give the same average power. The RMS unit is mV.
This value corresponds to the quantitative characteristic of the measured acoustic emission events
(amount of energy). The overshoots of the set signal levels C1 and C2 characterize the behaviour
of the signal with respect to its time course.
RESULTS AND DISCUSSION
When measured, the acoustic emission sensor was placed directly on the material. The material
here serves as a waveguide for an acoustic signal. From which it follows that the composition
of the machined material can affect the signal characteristics. From Figure 2 to 4 are apparent
when comparing them that increasing the cutting speed increases the number of overshoots
in hard steel 12 050, as well as the RMS values and the regularity of the individual acoustic signals.
Individual overshoots across the set threshold are relatively accurate, and for this reason we can
assume that they are shots of each cutting tool's blades. During the measurement, it is possible
to record and identify individual shots of the tool's teeth, according to the total energy of the RMS
signal. From the forecast, we found that vibratory machines did not affect our measurement.
The acoustic emission depicts the dependence of the RMS signal size on the speed of the feed.
Therefore, we can assume that individual acoustic events characterize the cutting of material
by the individual blades of the cutter.
Figure 2 Record AE steel 12 050 at cutting speeds 0.0028 m/min

Cutting speeds 0.0028 m/min

On Figure 2 we can observe a 4 second record, in terms of the appropriate machining process
characteristics. As mentioned above, the feed rate affects the size and frequency of the RMS signal.
We can see that during the measurement, the signal did not exceed 800 mV. The RMS signal overlaps
here with the blades.
From Figure 3 we can see an increase in the frequency of signal overruns, this phenomenon will
be even more noticeable at Figure 4.
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Figure 3 Record AE steel 12 050 at cutting speeds 0.004 m/min
Cutting speeds 0.004 m/min

Figure 4 Record AE steel 12 050 at cutting speeds 0.008 m/min

Cutting speeds 0.008 m/min

There are sudden RMS anomalies in all records, but at the moment it is not known why this is
happening, it would be necessary to subject the sample to a larger number of measurements to produce
statistics. It can be assumed that acoustic emission statistics could be used here, but this is a matter
of more extensive research.
The acoustic emission system AE is usable as a monitoring process, but we can not directly
evaluate the machining conditions, Cutting speed, removal, etc.
Part of her record we can evaluate the hardness of the material. The hardness or toughness
of the machined material is one of the factors that influences the machining process, and the acoustic
emission is noticeable.
CONCLUSIONS
The work deals with the use of acoustic emission during machining. For the machining method,
the steep milling of the steel 12 050 was chosen, with a shift of 0.0028 m/min, 0.004 m/min
and 0.008 m/min. Chip removal of 1 mm for all feeds remained the same. The main tool used
to describe the internal characteristics during the measurement was the non-destructive acoustic
emission method. The paper demonstrates the real-time visualization capability of AE.
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The machining process is constantly influenced by a number of defect variables,
such as workpiece shape, material machining, cutting depth, cutting tool etc. The wear of the cutting
edge increases the number of pulses of acoustic emission when the cutting edge is worn. As a result,
the wear and tear of the cutting edge can also be observed. In this work, turning is monitored, turning
in comparison with milling is a major difference in the location of the acoustic emission sensor.
(1RYRWQê 2013) After evaluating the measured data, it can be seen that the acoustic emission system
appears to be a suitable monitoring system for machining, the acoustic signal is very dependent
on the material to be machined and the feed rate. It can be assumed that in the emission records,
acoustic events represent shots of the individual blade of the milling cutter. The acoustic emission
sensor thus provides inputs corresponding to the reality of the machining. For this reason, AE can be
used for continuous monitoring, especially for serial production, where thousands of dimensionally
identical workpieces are produced. In this way it would be possible to react in a timely and correct
manner to changes in the machining process, thus preventing the production of a non-conforming
workpiece from the point of view of dimensional or surface tolerances.
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Abstract: The aims of this study were the estimation of difference in physiochemical properties
and antioxidant activity of yoghurts supplemented by different natural additives. In addition,
the changes in physiochemical properties and antioxidant activity during five weeks storage were
performed. The change in antioxidant activities was evaluated using the ABTS radical cations
decolorizing assay. The statistical analysis showed that the yoghurt samples with the natural
supplement have higher antioxidant activity than the plain yoghurt. In addition, the storage period
affect the yoghurt properties by increasing its acidity and antioxidant activities by increasing
the storage time. Furthermore, the plain and supplemented yoghurts are still consumable until the fifth
week of storage but the favourable time to consume it with its higher antioxidant capacity is
the 3rd week of storage.
Key Words: yoghurt, natural additives, antioxidant activity, Trolox equivalent

INTRODUCTION
Various reactive oxygen species such as hydrogen peroxide, superoxide and hydroxyl radical
are known to cause oxidative damage not only to the food systems but also to living systems (Liu,
Chen et al. 2005). The free radicals are the causative agent of many serious diseases in human such
as cancer (Kinnula and Crapo 2004), cardiovascular diseases (Singh and Jialal 2006), neural disorder
(Sas et al. 2007) $O]KHLPHU¶V GLVHDVH (Smith et al. 2000) 3DUNLQVRQ¶V GLVHDVH (Bolton et al. 2000),
aging (Hyun et al. 2006), and atherosclerosis (Upston et al. 2003). The natural antioxidants from food
can protect the human body from the harmful effects of the free radicals, and they able to delay
the progress of many chronic diseases (Liu et al. 2005). The natural antioxidants are preferable than
the synthetic ones because some synthetic antioxidants have been reported to be carcinogenic
(Liu et al. 2005).
Milk proteins considered the main source of the bioactive peptides that played a vital role
in maintenance of antioxidant defence system (Gupta et al. 2009), the highest number of these
peptides have been in the hydrolysates milk protein and fermented dairy products (Korhonen
and Pihlanto 2006, Nagpal et al. 2011). Yoghurts are one of the most common fermented milk
products and it is a worldwide food. It is traditionally consumed as a healthy food, because of their
high nutritional values, health benefits, and its sensory properties (Gilliland 1989). Yoghurt is
a coagulated milk produced by fermentation using the lactic acid bacteria, Streptococcus thermophilus,
and Lactobacillus Bulgaricus (Gahruieet al. 2015). The fermentation process evolves the yoghurt
antioxidant activity by releasing various bioactive peptides and free amino acids during lactic acid
fermentation (Kudoh et al. 2001, Korhonen 2009). Yoghurts supplemented by different fruits,

826

November 8–9, 2017, Brno, Czech Republic

24
years

vegetables, and other natural products to increase their antioxidant activity by providing more
bioactive peptides and amino acids that act as a scavenger for the free radicals.
The aims of this study were to estimate the antioxidant activity and the pH of yoghurt
supplemented with a different weight percentage (1, 3, and 5 wt%) of different natural additives that
already known with their high antioxidant activity. Another aim of this study was to estimate the effect
of storage time on the antioxidant activity and pH of the different yoghurt samples for five weeks
storage in the fridge at 4 C.
MATERIALS AND METHODS
pH measurement
The pH of the different yoghurt samples was measured according to Zainoldin and Baba 2009
(Zainoldin and Baba 2009) using the pH meter (WTW 720 pH meter, Germany), by mixing 1 ml
of yoghurt and 3 ml of distilled water . The measurements were performed weekly in triplicate during
five weeks storage period to estimate the change in pH during the storage time.
Yoghurt samples preparation
The yoghurt samples were prepared at the Department of Food Technology laboratories
at Mendel University, different types of natural additives with different weight percentage (1, 3, and 5
wt%) were added to yoghurt after fermentation process completion. The natural additives that used
includes the Quinoa (Qu), Nopal (No), Apple fibres (Af), and Bamboo fibres (Bf), in addition
to the plain yoghurt sample without any additives. All samples were stored at 4 C and the pH
and antioxidant activity were measured weekly to detect the changes.
Preparation of water-soluble extracts of the yoghurt samples (WSE)
The water soluble extract of the yoghurt samples was prepared according to Perna et al. 2014
(Perna et al. 2014) with some modifications. Briefly, 50 ml of yoghurt samples were centrifuged
at 9000 rpm (Hettich Universal 32 R centrifuge, Germany) at 4 C for 15 min. The supernatant was
filtrated separately through  P PHPEUDQH ILOWHU DQG WKH ILOWUDWHV ZHUH VWRUHG at 4 C
for the analysis.
Antioxidant activity of ABTS radical scavenging system assay
The antioxidant activity of the different yoghurt samples was assayed according the method
described by Re et al. 1999 (Re et al. 1999). The ABTS (2, 2 ± Azino- bis (3- ethylbenzothiazoline-6sulfonic acid) diammonium salt radical solution was created by oxidation of 7 mM ABTS
solution with 140 mM potassium persulfate (K2SO4). The stock solutions of both reactants were
prepared in ACS water and the ABTS radical solution was prepared by mixing 10 ml of 7 mM
$%76 VWRFN ZLWK  O RI the K2SO4 solution, and the mixture kept in the dark at room
temperature for 12±16 hours before use. For estimation of the antioxidant activity, the ABTS
radical solution was diluted with (96%) ethanol to get the absorbance of   0.020 at 734 nm.
Two millilitres of the diluted ABTS radical solution were mix ZLWKORIWKH yoghurt WSE and
incubated at room temperature and the absorbance was measure after 30 min at 734 nm.
The Trolox standard curve (0±2 mM) was created to calculate the Trolox equivalent
antioxidant capacity (TEAC) for each sample and the resXOWV ZHUH H[SUHVVHG DV J
TEAC/ml of yoghurt extract. The 96% ethanol was used as a blank in each assay, all
the measurement was carried in triplicate and the percent of inhibition (%) was calculated
using the following equation: Inhibition (%) = [(A control ²A sample)/ (A control)@î100
Statistical analysis
The result analysis performed by IBM SPSS Statistics 21 software. The one-way ANOVA was
performed to detect the significance variations in pH, antioxidant activities, and TEAC between
and within the yoghurt samples during the storage period at the significant level (P < 0.05).
The correlation between the antioxidant activities and the additives percentage was estimated
by Pearson correlation at the significant level (P < 0.01).
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RESULTS AND DISCUSSION
Changes in pH during storage periods
The pH measurement considered a very sensitive tool to detect the acidity change of yoghurt
during a refrigerated storage (Salij and Ismail 1983). In our study, the initial pH of all yoghurt samples
during the first week was acidic and then its start to decline and be more acidic by increasing
the storage time. The changes in pH values for the different yoghurt samples during the storage
periods are shown in figure.1. The pH values were significantly (P < 0.05) decrease during
the different storage periods in all yoghurt samples including the control. In addition, there was
a significant difference (P < 0.05) in pH values between the different samples and within the same
samples. The change in pH values for the yoghurt samples with the additives compared to the control
related to the percentage and additives type, which affect the yoghurt taste and pH (Laye et al. 1993,
7DUDNoLDQG.XFXNRQHU . The continuous decline in pH of the yoghurt samples by increasing the
storage time is related to the amount of lactic acid production because of acidification process,
which is the main process during yoghurt fermentation $OR÷OXDQGgQHU, Nguyen and Hwang
2016). Furthermore, the continuous decrease in pH is considered an indicator for the high metabolic
activities of the lactic acid bacteria which is the starter culture in almost all yoghurt types (Zainoldin
and Baba 2009).
Figure 1 Change of pH of the yoghurts during different storage periods
4,6

Week 1
Week 2
Week 3
Week 4
Week 5

4,4
4,2

pH

4,0
3,8
3,6
3,4
3,2

Yoghurt and additives
Legend: Yog± yoghurt, Qu ± Quinoa, No ± Nopal, Af ± Apple fibre, Bf ± Bamboo fibres

Change in Antioxidant activity of ABTS radical scavenger assay and Trolox equivalent
antioxidant capacity (TEAC)
The most important feature of the antioxidants is their capability to trap the free radicals which
are exist in the biological system from different sources $OR÷OX DQG gQHU  . The free radicals
may oxidize the macromolecules (nucleic acids, proteins and lipids) and can initiate a serious diseases
(Zainoldin and Baba 2009, Srivastava et al. 2016). In our experiment, the yoghurt samples showed
a significant variation (P < 0.05) in their antioxidant activities and the TEAC (Figure 2 and Figure 3)
respectively. These variations between the different samples and within the sample with different
percentage of the supplement are strongly related to the percentage and additives types especially there
are many studies reported the antioxidant activities of our additives like Alvarez-Jubete et al. 2010,
Wu et al. 2012, El-Mostafa et al. 2014. Generally, it has been reported that the natural additives
HQKDQFH WKH DQWLR[LGDQW DFWLYLW\ RI WKH \RJKXUW DQG RWKHU IRRGVWXII WR HYROYH WKH FRQVXPHU¶V KHDOWK
against the pathological process that are related to the free radicals (Pereira et al. 2013). Furthermore,
the results showed that the antioxidant activity significantly (P < 0.05) increase with the storage time,
it has reached the maximum value in the third week of storage and then start to decrease gradually
for all samples including the control. The increase in antioxidant activity and TEAC equivalent are
strongly related to the fermentation and post acidification during storage that determine the production
of organic acids, and the decline in the antioxidant activity after the third week is related
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to the extensive proteolysis that produce smaller and less bioactive peptides (Correiaet al. 2005, Perna
et al. 2014). Our results are in agreement with (Shori and Baba 2013, Perna et al. 2014, Shori
and Baba 2014) who reported the increase in antioxidant activity of the yoghurt during the storage
period and then start to decrease after the 21 days (3 weeks). Moreover, the results showed that
the plain yoghurt without additives have also an antioxidant activity and its activity and the amount
of TEAC improved by the additives. Our results are in agreement with different studies that reported
the antioxidant activity of plain yoghurt like $OR÷OX DQG gQHU , Gjorgievskiet al. 2014,
Yilmaz-Ersan et al. 2016). Furthermore, there was no significant (P > 0.01) correlation between
the antioxidant activity and the additives amount in spite of different studies like (Prior et al. 1998, El
Samh et al. 2013) reported the increase of antioxidant activity of yoghurts or foods by increasing
the amount of additives.
Figure 2 Percentage change of antioxidant activity of yoghurts during storage periods
Week 1
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Week 3
Week 4
Week 5

140

Inhibition (%)

120
100
80
60
40
20
0

Yoghurt and additives
Legend: Yog± yoghurt, Qu ± Quinoa, No ± Nopal, Af ± Apple fibre, Bf ± Bamboo fibres

TEAC μg/ml

Figure 3 Change in Trolox equivalent capacity (TEAC) of yoghurts during storage periods
1,0
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Legend: Yog± yoghurt, Qu ± Quinoa, No ± Nopal, Af ± Apple fibre, Bf ± Bamboo fibres

CONCLUSION
This study shows the effect of storage on the physiochemical properties and antioxidant activity
of plain yoghurt supplemented with different natural additives. The results showed that the plain
yoghurt has antioxidant activity but this activity can be improved by these supplements which are
known for their antioxidant activities. Furthermore, the study showed that the storage conditions have
an effect on the physiochemical properties of yoghurt like increasing the acidity, probably due
to the increase of lactic acid production. Moreover, increasing the storage period of yoghurts improve
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their antioxidant activity regardless if they have additives or not, the progress fermentation during
the storage results in production of peptides and free amino acids that enhance the yoghurt antioxidant
properties. In addition, based on our results we can say that the proper storage time of the yoghurt is 3
weeks (21 days), after this period the yoghurt is still acceptable to use by the consumers but it will be
less quality considering our results that related to pH and antioxidant activity changes during
the storage period.
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Abstract: Protein and/or peptide loss is an undesired but inevitable side effect of purification procedures.
We compared three different containers, three different peptide standards and a representative complex
proteome digest, and show that a partial drying could improve sample recovery from a glass surface
and standard polypropylene tubes. Further, we show that the partial drying minimizes differences
between the low-binding and standard polypropylene tubes.
Key Words: proteomics, digest, sample preparation
INTRODUCTION
Peptide-based analyses often employ techniques that concentrate small-volume samples
to achieve the desired concentration or to remove volatiles such as methanol or acetonitrile.
Lyophilization, vacuum evaporation or evaporation under a stream of gaseous nitrogen are the most
common methods to reduce the sample volume. However, each of these methods presents a different
obstacle. The evaporation in a centrifugal vacuum concentrator which is often the method of choice in
proteomics does not require a sample freezing and vacuum effectively limits oxidations. However, the
dried sample has a high potential for adsorption to the wall of a container containing the sample. Here,
we compare the peptide recovery rates from three different containers and show that limited drying may
significantly improve the yield.
MATERIAL AND METHODS
Plant material
Leaf blades of barley (cv. Sebastian) were homogenized (Retsch Mill MM400), aliquoted
and stored at -&
Protein standards
Lyophilized ovalbumin and albumin (>97% purity) were purchased from Sigma Aldrich
and dissolved (8 M urea, 50 mM ammonium bicarbonate) to the final concentration of 1 mg/ml. Aliquots
FRUUHVSRQGLQJWRJZHUHGLOXWHGDQGGLJHVWHGRYHUQLJKWZLWKDQLPPRbilized trypsin (Promega)
DVGHVFULEHGSUHYLRXVO\ HJ6NDOiNet al. 2016).
Protein extraction
7RWDOSURWHLQH[WUDFWVZHUHSUHSDUHGE\DFHWRQH7&$SKHQROH[WUDFWLRQ ýHUQêHWDO41RYiN
et al. 2015) from app. 300 mg of ground tissue. The resulting protein pellets were solubilized
and digested with an immobilized trypsin (Promega) overnight.
Protein desalting
Samples were desalted on C18 SPE (Agilent) and dried (Speed-vac system, Thermo).
Peptide content determination
Peptide concentration was determined with a modified BCA colorimetric assay (Pierce
Quantitative Colorimetric Peptide Assay kit; Tecan Spectra Rainbow microplate reader)
and a commercial peptide standard included within this kit.
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LC-MS analysis
Protein analysis was performed as deVFULEHGSUHYLRXVO\ HJ%DOGULDQRYiHWDO %ULHIO\
tryptic digests analyzed by nanoflow C18 reverse-phase liquid chromatography using a 15 cm column
(Zorbax, Agilent), a Dionex Ultimate 3000 RSLC nano-UPLC system (Thermo) and a UHR maXis
impact q-TOF mass spectrometer (Bruker). Peptides were eluted with a 120-min, 4% to 40% acetonitrile
gradient and spectra were acquired at 2 Hz (MS) and 10 to 20 Hz (MS/MS) using an intensity-dependent
mode with a total cycle time of 7 s.
Protein identification
The PHDVXUHGVSHFWUDZHUHH[WUDFWHGE\%UXNHU¶V'DWD$QDO\VLVDQGSURFHVVHGDVGHVFULEHG
previously (e.g. Cerna et al. 2016) with minor modifications. In brief, spectra were recalibrated
by Preview (www.proteinmetrics.com) and were searched against barley (6/2016) protein sequence
database by Sequest HT with the following parameters: Enzyme - trypsin, max two missed cleavage
sites; Mass tolerance - 35 ppm (MS) and 0.1 Da (MS/MS); Modifications - up to three dynamic
modifications including Met oxidation, Asn/Gln deamidation, Lys methylation, N-terminal acetylation,
Ser/Thr/Tyr phosphorylation. Data were processed and visualized by ProteomeDiscoverer 2.2 (Thermo).
RESULTS AND DISCUSSION
In silico trypsin digestion
Routine protein digestion protocols employ an in-JHO GLJHVWLRQ HJ 'REUi et al. 2014) or an
in-VRO GLJHVWLRQ HJ ýHUQê et al. 2013). Prior the MS analysis, the resulting peptides have to be
extracted, desalted and concentrated. These steps are prone to an extensive sample loss. Hydrophilic
peptides are lost during the washing steps, shorter and more volatile peptides during the drying,
and large and hydrophobic peptides precipitate or may stick to the surface of the container.
Figure 1 Analysis of peptide loss in three different containers.

Here, we followed the last step in the procedure and compared sample loss in three different
containers: a low-binding tube designed to decrease protein/peptide interactions with the tube surface
(LT; LoBind Tube, Eppendorf), standard polypropylene 0.5 ml lab tube (ST) and glass insert (GT).
Samples of protein standards and barley leaf total protein extracts were desalted on C18 SPE columns
(Agilent) and eluted with a three-VWHSSRODULW\JUDGLHQW ȝOPHWKDQROȝODFHWRQLWULOHȝO
acetone). Each sample was divided into six equal fractions and processed as indicated (Figure 1).
)RU HDFK H[SHULPHQW WKUHH VDPSOHV ZHUH GULHG FRPSOHWHO\ UHFRQVWLWXWHG LQ DSS  ȝO VROXWLRQ
of 2% acetonitrile in 1% formic acid and sonicated for 10 min. In parallel, three samples were dried
to app. 30 ȝO PL[HG ZLWK  O  IRUPLF DFLG LQ XOWUDSXUH ZDWHU /&-MS grade, Sigma-Aldrich)
DQGGULHGDJDLQWRDSSO.
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Partial drying improves peptide yield
Previous studies have found that the peptide-surface interaction depends on the peptide
concentration and its primary sequence, and the materials and solutions used in the sample preparation
(Hoofnagle et al. 2016). The surface adsorption is not easy to compensate because the additives that
could improve the peptide recovery (e.g. surfactants dimethyl sulfoxide or Triton X-100) are not
compatible with an LC-MS analysis (Suelter and Deluca 1983, Midwoud et al. 2007). To compare the
peptide recovery rates from three different containers in fully- and partially-dried samples, we employed
a colorimetric assay and a label-free LC-MS analysis (Figure 2). We did not find any significant
difference in the absolute peptide content of fully dried samples of albumin (BSA), ovalbumin (OVA)
or a commercial peptide standard. However, we note that the qualitative results from the LT tubes were
slightly better which was reflected in the LC-MS base peak chromatograms (e.g. a peak at 57.0 min;
Figure 2B). Amines tend to adsorb to glassware via its positively charged chain (Broek et al. 2008) but
our results indicate that this binding is either reversible or that the glass insert surface capacity is lower
compared to that of polypropylene tubes. The partial sample drying improved the peptide yields in ST
and GT but not in the LT samples. The LT polypropylene tube features a protein-repelling surface that
prevents a protein adsorption and thus should have the highest peptide recovery rate. However, it seems
that this surface is increasing the sample loss during the repeated evaporation steps.
Figure 2 Peptide recovery rates in a high concentration low-complexity peptide sample. Effects
of drying and container material; (A) The means and standard deviations of total PSMs count in BSA
and OVA samples; (B) Representative base peak chromatograms of fully dried peptide samples.
A)

B)

Complications with a complex sample
Our results indicated that it would be beneficial to modify the sample preparation technique
and employ a method of a partial drying. To further support these results, we analyzed a complex
proteome sample obtained from barley leaf blades. In these experiments, the total protein input for
the digestion step was decreased by app. 90% to obtain samples of a high complexity and a low
concentration. We have analyzed three complete experimental replicates (Figure 3). In contrast
to the previous assays with standard digests, the testing with a complex barley proteome digest showed
a much lower recovery rate from the glass surface, indicating more than 80% higher sample loss than
in polypropylene tubes. The difference between the total yields in the LT and ST sets was not statistically
significant (p<0.05). We believe that the extensive sample loss in GT is related to peptide-surface
interactions and that the benefits of a glass surface observed earlier (Figure 2) are revealed only once
the surface is saturated. This seems to be well in line with the reported lower binding capacity
of the wetted solid surface area (John et al. 2004).
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We have also found a surprising difference between quantitative data from the peptide assay
(Figure 3A) and the PSMs-based total protein content approximation (Figure 3B). We did not see this
difference with the high-abundant standard digests and we believe that this overestimation
in the LC-MS quantitation originates in a disproportional sample loss and a depletion of some
of the high abundant peptides. In accordance, we have identified 5% more proteins in the GT samples
but we did not detect HORVU0Hr1G036870.1 and HORVU6Hr1G016850.1 that in polypropylene tubes
represent over 2% and 1% of the total PSMs, respectively.
Figure 3 Peptide recovery in a complex barley proteome digest in partially dried samples. (A) Peptide
content determined by the peptide assay (B) Relative peptide content from the total PSMs count;
The means and standard deviations of three independent replicates.
A)

B)

CONCLUSION
Our results showed that a limited drying could improve the peptide sample yield. We
demonstrated that the benefits of a modified low-binding surface are minimized during the drying
and that inexpensive polypropylene tubes have similar or higher peptide recovery rates. Our analyses
also imply that a glass surface could improve the protein identification by a limited depletion of abundant
proteins. However, the extensive sample loss and a certain level of unpredictability will limit
the applicability of this depletion technique.
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Abstract: The current study demonstrates design preparation and characterization of biocompatible
hybrid ruthenium core-shell nanoparticles (RuNPs) coated with polyvinylpyrrolidone (PVP)
and polyoxyethylene stearate (POES). The resulting RuNPs were loaded with doxorubicin,
as model anticancer drug. Resulting complex has an exceptional stability in physiological
conditions. The cytotoxic effects of the complex were tested using cell lines representing
breast and ovarian cancers and neuroblastoma. Although bare RuNPs had only negligible
cytotoxicity, RuPDox caused an enhancement of doxorubicin cytotoxicity when compared
to free doxorubicin. RuPDox promoted significantly increased stability of doxorubicin in human
plasma and pronounced hemocompatibility assayed on human red blood cells. Results demonstrate
that biocompatible RuNPs could have a great potential as versatile nanoplatform to enhance efficiency
of anticancer therapy.
Key Words: biocompatibility, nanomedicine, polyvinylpyrrolidone, polyoxyethylene stearate
INTRODUCTION
Nanotechnology is a term that defines design and testing of functional units on a nanoscale
Sahoo et al.  . Material scientists have performed exceptional accomplishments
in the design of various types of materials that can be used in nanomedical Giner-Casares et al. .
The frequent drawback of these materials is common systemic toxicity. One potent solution is
encapsulation of nanoparticles into polymeric shells. Quarta et al. . Among the most promising
belong biodegradable polymers, such as polyethylene glycol (PEG) or polyvinylpyrrolidone (PVP)
Beik et al.Calvo et al.Moghimi et al. .
Herein, we present hybrid organic-inorganic core-shell ruthenium nanoparticles (RuNPs) coated
with PVP-POES shell for delivery of conventional cytostatic agent doxorubicin (Dox, hereinafter
RuPDox for the whole complex). Ruthenium is notable for its pronounced biocompatibility, attributed
to ability to mimic the binding of iron to serum transferrins Kostova  . Particularly,
biocompatibility and magnetic properties make RuNPs primary candidate of selection for manifold
biomedical applications Gibb et al. .
Overall, we show that our designed RuPDox exhibit exceptional stability in non-target plasma
environment with only negligible adsorption of plasma proteins. Moreover, RuPDox possess
pH-responsive properties enabling for burst release of Dox in acidic pH present in endosomes
and tumor hypoxic tissue. RuPDox cytotoxicity was tested in vitro on three types of malignat cells ovarian, breast cancer and neuroblastoma. RuNPs are pronouncedly biocompatible, RuPDox
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formulation significantly enhanced Dox intranuclear accumulation. Our results imply high potential
of the use of RuNPs with PVP-POES as versatile nanoplatform to enhance efficiency of cancer
treatment.
MATERIAL AND METHODS
Reductive colloidal synthesis of RuNPs capped with PVP
RuCl3ā +2O in water was added to a stirred solution of PVP dissolved in 80 ml of water.
Black solution was stirred, NaBH4 was supplemented and release of hydrogen was observed.
The product was stirred overnight followed by volume reduction on Amicon 3k to final volume
of 50 ml.
RuNPs coating with POES and non-covalent complexation of Dox
Equal volumes of RuNPs and 20% solution of POES were mixed and ultrasonicated. After that,
the solution of RuNPs was mixed with Dox and ultrasonicated. Finally, resulting RuPDox was
centrifuged to remove unbound Dox and resuspended in MilliQ water. Loading efficiency (LE) of Dox
to RuNPs was analysed by UV-9LVVSHFWURVFRSH,QILQLWH352 7HFDQ0lQQHGRUI6ZLW]HUODnd)
DWȜQP
Attenuated total reflectance Fourier transform-infrared spectroscopy (ATR-FT-IR)
FT-IR spectra were collected using a Nicolet iS10 FT-IR spectrometer with diamond ATR
attachment (Thermo Electron Inc., San Jose, USA).
Transmission electron microscopy (TEM), Doppler electrophoresis and quasielastic dynamic
light scattering (DLS)
TEM analyses were performed using the sample deposited onto 400-mesch copper grids coated
with a continuous carbon layer E\ 7HFQDL )7(0 )(, (LQGKRYHQ 1HWKHUODQGV ȗ-potential was
evaluated using Doppler electrophoresis on Zetasizer Nano ZS90 (Malvern instruments, Malvern, UK)
as well as particle size analysis by DLS.
Evaluation of colloidal stability of RuNPs and RuPDox in physiological environments
To demonstrate their colloidal stability nDQRSDUWLFOHV GLVSHUVHG LQ WKH 5LQJHUV VROXWLRQ ZHUH
placed in the stationary rack and NHSWDW&
Cell lines and culture conditions
Three human cell lines were used: i) the A2780 human ovarian cancer cell line, ii)
the MDA-MB-231 - human breast cancer cell line, and iii) the UKF-NB-4 neuroblastoma
cell line. All cell lines were purchased from Health Protection Agency Culture Collections
(Salisbury, UK).
A2780 and MDA-MB-231 were cultured in RPMI-1640 with 10% foetal bovine serum (FBS),
UKF-NB-,VFRYH¶VPRGLILHG'XOEHFFRPHGLXP ,0'0 ZLWK)%60HGLDZHUHVXSSOHPHQWHG
with penicilliQ DQG VWUHSWRP\FLQ DQG WKH FHOOV ZHUH PDLQWDLQHG LQ D KXPLGLILHG LQFXEDWRU *DOD[\
170 R (Eppendorf, Hamburg, Germany). Prior all analyses, cells were counted using Countess II FL
(Thermo Fisher Scientific, Waltham, MA, USA).
Estimation of cytotoxicity
The viability was assayed using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
EURPLGH  DVVD\ &HOO ZDV LQFXEDWLRQ IRU  K DW  & ZLWK  &2 2 to ensure cell growth.
$IWHUWUHDWPHQWl of MTT [5 mg/ml in phosphate buffered saline (PBS)] was added to the cells
and incubated. After that, MTT-FRQWDLQLQJ PHGLXP ZDV UHSODFHG E\  l of dimethyl sulfoxide
'062  DQG DEVRUEDQFH ZDV GHWHUPLQHG DW  QP XVLQJ ,QILQLWH  352 7HFDQ 0lQQHGRUI
Switzerland).
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Analysis of formation of protein coronas and hemocompatibility
Plasma was isolated from whole blood. RuNPs, RuPDox and Dox were incubated in plasma.
The protein coronas were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and stained by Coomassie Brilliant Blue. Gels were visualized using Azure c600 (Azure
Biosystems, Dublin, CA, USA).
Hemocompatibility was assayed using human red blood cells sampled. The degree
of hemolysis was determined by measuring the absorbance of the supernatant at Ȝ  QP
after centrifugation.
Descriptive statistics
For the statistical evaluation of the results using paired t-test and ANOVA. Unless noted
otherwise, the threshold for significance was p < 0.05. For analyses Software Statistica 12 (StatSoft,
Tulsa, OK, USA) was employed.
RESULTS AND DISCUSSION
Physico-chemical characterization of RuNPs and complexation with Dox
Dox is one of the most commonly used chemotherapeutic agents Denel-Bobrowska
and Marczak . Several studies have shown Dox loading to different carriers such as liposomes,
polymeric nanoparticles and others Dawidczyk et al.  Ding et al.  Wang et al.  .
Therefore, we have designed, prepared and tested cytotoxicity and bioavailability of hybrid organicinorganic RuNPs loaded with Dox in this study. Reductive colloidal synthesis with Na [BH] 4 and PVP
ends resulted in well dispersed and colloid-stable RuNPs. Further surface functionalization was
performed using POES (Figure 1A).
RuPDox were tested for their LEs towards Dox. Table 1 illustrates that the highest LE
(63.7%) was achieved for RuNPs coated with 20% POES. Moreover, using 20% POES,
RuPDox was found to disperse readily and remained stable in dispersion for more than 24 h
(Figure 1B).
TEM micrographs showed that both RuNPs and RuPDox demonstrated relatively uniform ovalto-VSKHULFDO PRUSKRORJ\ DQG ZHUH ZHOO GLVSHUVHG )LJXUH &  7KH ȗ-potential values of RuNPs
and RuPDox in physiological conditions were -10.18 mV and -4.19 mV respectively. Although
WKH ȗ-potentials demonstrated relatively low values, nanoparticles were stable due to the presence
of large molecular weight stabilizers, which shift the plane of shear to a further distance
from the particle system, and thus resXOWV LQ D UHGXFWLRQ LQ WKH YDOXH RI ȗ-potentials Quaglia et al.
 . The average maximum distributions of hydrodynamic diameters under physiological conditions
were ~6 nm for RuNPs and ~9 nm for RuPDox (Figure 1D). The FT-IR spectra confirmed
the formation of RuPDox and represented characteristic fingerprints for individual components
forming RuPDox (Figure 1E).
Table 1 Analysis of Dox loading efficiency to RuNPs coated with various amount of POES.
LE  SD (%)
RuNPs
10% POES
20% POES

58.0 
54.1 
63.7 

Legend: 'DWDDUHVKRZQDVPHDQV6'RIWULSOLFDWHLQWKUHHLQGHSHQGHQWH[SHULPHQWV
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Figure 1 (A) Schematic illustration of synthesis of RuPDox from RuNPs by POES coating. (B)
Photodocumentation of colloidal stability of synthesized RuNPs, RuDox and RuPDox with 2% POES
demonstrating exceptional stability of RuPDox with 20% POES in start-point (0 h), and 24 h. (C)
TEM micrographs of RuNPs (left) and RuPDox (right). (D) Hydrodynamic diameters of RuNPs
and RuPDox determined by quasielastic DLS and ȗ SRWHQWLDO YDOXHV GHWHUPLQHG E\ 'RSSOHU
electrophoresis. (E) FT-IR spectra of RuPDox and individual components used for synthesis

RuNPs potentiate cytotoxicity of Dox in RuPDox formulation
Cytotoxic testing on three different types cells - breast (MDA-MB-231), ovarian cancer
(A2780) and neuroblastoma (UKF-NB-4) revealed that RuNPs exhibited only negligible cytotoxic
effects, while a complexation with Dox (RuPDox) resulted in a significant (p < 0.05) increase
in cytotoxic effects in all tested cells (with the IC50 YDOXHVEHWZHHQ- JPODOO,&50
values are summarized in Table 1).
Generally, cytotoxicity of RuNPs is poorly known. Ramasamy and co-workers have shown that
holloZ PHVRSRURXV 5X13V KDYH RQO\ VOLJKW F\WRWR[LFLW\ DW FRQFHQWUDWLRQV KLJKHU WKDQ  ȝJPO
Ramasamy et al. , which is consistent with our findings and supports the low cytotoxicity of our
RuNPs.
Table 2 Summary of IC50 values obtained from MTT assay for tested cell lines after 24 h treatments.
$OOYDOXHVDUHSUHVHQWHGDVPHDQ6'RIVL[ELRORJLFDOUHSOLFDWHV
Mean IC50 6' JPl)
Time (h)
Dox
RuNPs
RuPDox
Cell line
A2780
24
  
MDA-MB-231
24
  0.1
UKF-NB-4
24
  
Estimation of RuPDox biocompatibility
In general, high degree of biocompatibility is achieved when a tested nanomaterial interacts
with the body without inducing unacceptable toxic responses.
Pivotal aspect of biocompatibility is nanoparticle-blood interactions. Therefore, we firstly
studied a rate of protein coronas formation, which are plasma proteins adsorbed on the surface
of nanoparticles. Profiles of eluted proteins clearly demonstrate that bare RuNPs are capable to adsorb
some amount of plasma proteins (Figure 2A). Moreover, we show that even free Dox is able to cause
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plasma protein aggregation. Interestingly, RuPDox was shown to avoid most of unwanted interactions
with plasma proteins with only small amount of protein adsorbed on the surface.
Finally, as hemolysis is often toxic effect of nanoparticles, we studied hemolysis on human
RBCs. Hemotoxicity is connected with a positive surface charge, which is not present for RuNPs
and RuPDox. Figure 2B demonstrates that all tested formulations caused only insignificant (max. 1%)
release of hemoglobin from RBCs, which highlights exceptional hemocompatibility of RuPDox.
In general, surface sewing of the polymer produces extremely biocompatible hybrid materials.
That is why the development of drug delivery systems is the most important. We have remarkably
shown that RuNPs do not cause DNA fragmentation and, moreover, does not contribute to the natural
genotoxic potential of free Dox, which in itself causes relatively massive DNA damage due
to induction of DNA cleavage Manjanatha et al. .
Figure 2 (A) Protein corona profiles obtained after incubation of RuNPs, Dox and RuPDox with
human plasma and loading onto SDS-PAGE. (B) Hemocompatibility of RuPDox assayed on human
RBCs. PBS and 0.1% Triton X-100 were utilized as negative and positive controls, respectively.

CONCLUSION
In conclusion, we designed, prepared and tested cytotoxicity and biocompatibility of novel
RuPDox nanoparticles. We show that hybrid organic-inorganic nanoparticles based on RuNPs must be
taken into account as exceptional nanomedicine platforms. We also demonstrate that combining PVP
with FDA-approved POES, such core-shell nanoparticles can act in multiple ways, which significantly
enhances the Dox performance. Despite the validity of our in vitro results is limited and further in vivo
experiments might be conducted, it is obvious that ruthenium-based nanomaterials have enormous
potential for nanomedicine and our RuNPs with PVP-POES shell can serve as a versatile platform
for complexation with distinct antiproliferative agents. Finally, based on available literature, RuNPs
or ruthenium complexes are promising MRI contrast agents, hence their use will most likely enable
for tracing and imaging of accumulation.
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Abstract: Antioxidants are very important substances that counteract the formation of free radicals.
They are divided into exogenous, such as vitamin C which the body receives with food,
DQG HQGRJHQRXV 2QH RI WKH PRVW LPSRUWDQW HQGRJHQRXV DQWLR[LGDQWV LV JOXWDWKLRQH Ȗ-glutamyl-Lcysteinyl-glycine), which plays an important role in cellular defense against oxidative damage. Free
glutathione is presented within organisms in both reduced (GSH) and oxidized forms (GSSG).
Oxidative stress leads to a decrease in GSH level and therefore a GSH/GSSG ratio that can be used
as an indicator of oxidative stress and an indicator of various diseases. The aim of presented study was
to develop a sampling method for capillary blood testing, where we have found that this amount
(15 O LVVXIILFLHQWIRURXUWHVWLQJ$QRWKHUDLPZDVWRVXSSOHPHQWJURXSRIYROXQWHHUVZLWKFRIIHH
and to determine GSH levels and levels of total thiols after 0, 48 h and 96 h of supplementation
in capillary blood. HPLC with electrochemical detection was used for GSH determination
DQG(OOPDQ¶VPHWKRGIRUGHWHUPLQDWLRQRIWRWDOWKLROV:HFRXOGVee the GSH slight increase as well
as the levels of total thiols.
Key Words: antioxidant, coffee, glutathione, HPLC-ED, total thiols
INTRODUCTION
Antioxidants are extremely important molecules preventing negative effects of free radicals.
Oxidative stress results in damage to DNA, proteins, lipids and carbohydrates and is the cause of many
human diseases (Carru et al. 2003, Childs et al. 2016, Squellerio et al. 2012). Glutathione is one
of the most important intracellular non-enzymatic antioxidant (Giustarini et al. 2011, Wu et al. 2004).
GSH contains a thiol group in its molecule that is very reactive. Thiols have been and continue to be
of interest because they play an important role in a number of biological processes (Giustarini et al.
2015, Rossi et al. 2006). The primary function of glutathione is to remove reactive oxygen species
(ROS) (Kominkova et al. 2015, Minelli and Gogele 2011, Zhang et al. 2014). It also has many other
important physiological functions (Childs et al. 2016, Townsend et al. 2003, Wu et al. 2004).
The experiment was conducted on a beverage with proven antioxidant effects ± coffee. Coffee consists
of several biological active compounds, such as caffeine, diterpenes, chlorogenic acids,
and melanoidins, which may affect human health (Godos et al. 2014). The most important antioxidants
in coffee are polyphenols and the most represented polyphenol with antioxidant effects is chlorogenic
acid. Studies in recent years have generated new information regarding the effects of coffee
consumption on health, disproving the common belief that coffee is mostly harmful. A number
of recent experimental and epidemiological studies reported a substantial positive effect of coffee
consumption on human health, especially in relation with cardio-metabolic risk factors (Abrahao et al.
2013, Bakuradze et al. 2011, Ludwig et al. 2014, Salomone et al. 2014). Data published by Jung et al.
suggest that coffee has a physiological antioxidative and anti-inflammatory effect and these effects are
negatively correlated with roasting levels where antioxidant activity decreases with roasting time
(Jung et al. 2017, Kotyczka et al. 2011).
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For such experiments venous blood is commonly used (Wink et al. 2016), but for the detection
of glutathione in the blood by HPLC-ED and for spectrophotometric assay we can use a small amount
of capillary blood. This study is focused on supplementing a selected sample of coffee according
to the highest amount of polyphenols and determining GSH and total thiols in capillary blood.
MATERIAL AND METHODS
Chemicals
GSH and GSSG, 5,5'-dithiobis-(2-nitrobenzoic acid), cysteine, sodium acetate, Coomassie
Brilliant Blue G-250, Folin-Ciocalteu reagent (FCR), phosphoric acid, ferulic acid and trifluoroacetic
acid (TFA) were obtained from Sigma-Aldrich (St. Louis, MA, USA). Methanol in HPLC grade was
obtained from Chromservis (Prague, Czech Republic).
Biological material
The capillary blood was collected using the FDSLOODU\ IURP WKH KHDWHG  &  ODWHUDO SDUW
of the finger. A single lancet pen was used for injection. In total, 10-ORIEORRGZDVFROOHFWHGDQG
divided into three aliquots. All volunteers provided informed agreement and the experiment was
approved by the ethics committee of Mendel University in Brno.
Determination of total polyphenols
Folin-Ciocalteu method was used to determine total polyphenol compounds. Initial calibration
ZDVSHUIRUPHGRQIHUXOLFDFLGȝORI)&5DQGȝORIVDPSOHZHUHSLSHWWHGLQWRWKHWXEHVWKHQDOO
the tubes were mixed. Then 200 ȝO RI  VRGLXP FDUERQDWH VROXWLRQ ZDV DGGHG 6DPSOHV ZHUH
incubated at room temperature for 30 min. The colored product of reaction was determined using
,QILQLWH03UR 7HFDQ0lQQHGRUI6ZLW]HUODQG DWQP.
HPLC-ED
Analysis of GSH and GSSG was performed using HPLC-ED comprising two chromatographic
pumps, twelve-channel CoulArray electrochemical detector column containing reverse phase Zorbax
eclipse AAA C18. Detector consisted of three flow analytical chambers (Zitka et al. 2011). Mobile
phase consisted of A: TFA-water (3:97, w/w) and B: 100% methanol. The most optimal preparation
procedure found from optimization: an aliquot of 5 ȝO ZDV WDNHQ IURP WKH FROOHFWHG EORRG  ȝO 
and diluted with 45 ȝO RI  7)$, followed by freezing in liquid nitrogen for approximately one
minute. Each sample was then sonicated with an ultrasonic needle for 30 seconds, vortexed
and centrifuged for 20 minutes at 25,000 rpm and 4 & $SSUR[LPDWHO\  ȝO Zere taken from each
sample.
Total thiols analysis
Blood samples (5 ȝOfive times diluted with water) were mixed with 138 ȝORI(OOPDQ¶VUHDJHQW
(2 mM 5,5'-dithiobis-(2-nitrobenzoic acid) in 50 mM sodium acetate). The reaction was started using
addition of 16.5 ȝO7ULVEDVHEXIIHU 0S+ZDVDGMXVWHGXVLQJDFHWLFDFLG 7KHFRORUHGSURGXFW
RIUHDFWLRQ ȝO ZDVGHWHUPLQHGXVLQJ,QILQLWH03URDWQPZLWKLQ-well plate with flat
bottom.
%UDGIRUG¶VDVVD\
Bovine serum albumin was used as a standard. %UDGIRUG¶V UHDJHQW ZDV SUHSDUHG DV IROORZV
10 mg of Coomasie Brilliang Blue G-250 was dissolved in 5 ml of 100% ethanol, subsequently 10 ml
of 85% phosphoric acid was added and solution was filled to 100 ml with diVWLOOHG ZDWHU  ȝO
RI %UDGIRUG¶V UHDJent was mixed with blood samples. The coloured product of reaction was
determined using Infinite M200Pro at 595 nm. The scheme is shown in Figure 1.
RESULTS AND DISCUSION
The measured data is an average of three determinations. First, the total amount of polyphenols
was determined in 9 samples of coffee using Folin-Ciocalteu method. 2.5 g of coffee was poured into
100 ml of hot water (80 & DQGILOWHUHGDIWHU minutes.
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Figure 1 Concentration of polyphenols in 9 samples of roasted coffee.

For the experiment with the supplementation with roasted coffee, a sample 9, which contained
the highest concentration of polyphenols (namely 407.1 mg/100 ml of coffee  ), was selected
(Figure 1). The lowest concentration of polyphenols was detected in sample 2.
Content of GSH
Six volunteers took part in the experiment (23±30 years). Optimized method for GSH/GSSG
analysis was used for investigation of GSH levels in capillary blood samples of group of six volunteers
supplemented with coffee. Their GSH levels were determined before the start of supplementation,
48 and 96 h after supplementation. The dose of coffee was calculated according to volunteer weight
(2.5 g of coffee per 50 kg of weight for 1 cup) and 4 cups of coffee per day. Limited intake of food
and beverages with high antioxidant concentrations like green tea, wine, fruit, vegetable and dietary
VXSSOHPHQWV ZDV UHFRPPHQGHG WR YROXQWHHUV  O RI FDSLOODU\ EORRG ZHUH WDNHQ DQG *6+ OHYHOV
and total protein concentrations were determined.
Figure 2 GSH levels during experiment in case of women (A) and men (B).

From the results, we can conclude that consumption of coffee induced a slight increase of GSH
concentration in the blood (Figure 2). No increase was observed in case of women, but some changes
were observed in case of men. Increases occurred mainly between first and second sampling.
At the third sampling, the concentration was mostly stagnant or slightly declining. This may be due
to the fact that high antioxidant intake resulted in GSH pool saturation. GSH levels elevation
after coffee consumption also reporte (Bakuradze et al. 2011).
Another results VXJJHVWHG WKDW FRIIHH GLGQW LQGXFHG VWDWLVWLFDOO\ VLJQLILFDQW FKDQJHV RI *6+
levels during the test period (Teekachunhatean et al. 2012). Another important outcome is that we are
able to perform this analysis even from a small amount of capillary blood and which causes only
a minimal discomfort for volunteers.
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Content of total thiols
Figure 3 Total thiol levels during experiment in case of women (A) and men (B).

$QDO\VLV RI WRWDO WKLROV ZDV SHUIRUPHG RQ D VSHFWURSKRWRPHWHU XVLQJ WKH (OOPDQµV PHWKRG
)RU WKLV DQDO\VLV  ȝO RI EORRG ZDV QHHGHG ZKLFK ZDV WDNHQ DW WKH VDPH WLPH DV EORRG IRU *6+
determination and which was diluted with an appropriate amount of phosphate buffer. The results
of determination of SH groups mostly correlate with GSH content. This also confirms the accuracy
of the experimental data because GSH is one of the most abundant molecules in blood together
with the SH group (Giustarini et al. 2016, Wang et al. 2014). Almost all volunteers who consumed
coffee exhibited an increase in SH group concentrations in the first 48 hours. In the following days,
this growth of total SH group concentrations was stabilized and even decreased (Figure 3).
The scheme of sample preparation is shown in Figure 4.

Figure 4 Scheme of sample preparation

CONCLUSION
The aim of the study was to find out if we are able to observe changes in the content of thiol
substances in capillary blood affected by supplementation with beverage containing high antioxidant
concentration. First, it was important to optimize GSH assay methods on a high-pressure liquid
chromatograph with electrochemical detection. The coffee experiment, which was attended
by 6 volunteers (three men and three women), showed a slight increase in both GSH and total SH
group levels.
The highest increase was observed between the first (the average value LV 0.6 J*6+PJ
protein) sand the second sampling (the average value is 7.6 7 J*6+PJ SURWHLQ . At the third
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sampling, the increase was much smaller or even stagnated (the average value LVJ*6+PJ
protein). We showed that capillary blood is suitable for GSH/GSSG electrochemical analysis in fast
short-term study where due to this method change of GSH levels can be determined prior
to the change of the state of organism.
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Abstract: Looking for strategies against the development of antibiotic resistance is a major global
object of interest for the public health. This work deals with synthesis of antimicrobial composites
of graphene oxide (GO) with metal nanoparticles. GO has been prepared by modified Hummers'
method and characterized using scanning electron microscopy, Fourier transform infrared
spectroscopy (FT-IR) and differential pulse voltammetry. Composites of GO have been synthetized
with silve nanoparticles, which have been characterized. Potential antimicrobial activity
of the nanocomposites was tested against Escherichia coli, Staphylococcus aureus and methicilin
resistant Staphylococcus aureus (MRSA).
Key Words: graphene oxide, nanocomposite antimicrobial, Staphylococcus aureus, Escherichia coli
INTRODUCTION
Pathogens, whose resistance profiles present a new challenge for containing their spread
and their impact on human health, are appearing among drug-resistant bacteria (Webb et al. 2005).
For example, methicillin-resistant Staphylococcus aureus (MRSA) is worldwide a major nosocomial
pathogen (Wenzel et al. 1991, Cunha 1998, Witte 1999). The occurrence of bacterial resistance
phenotypes has been linked to the clinical use of antimicrobial agents to which the bacteria express
resistance (Rice 1999). In spite of antimicrobial therapy, morbidity and mortality associated with these
bacterial infections remain high partially as a result of the ability of these organisms to develop
resistance to practically all antibiotics. Therefore, new strategies are needed to identify and develop
the new generation of drugs or agents to control bacterial infections. Hence, the key for prevention
of staphylococcal and related bacterial infections are good standards of hygiene, avoidance of skin
trauma, and the use of antibacterial ointments or surface-coating agents with potential antibacterial
properties. (Jones et al. 2008). Recent advances in the field of nanotechnology, especially the ability
to prepare highly ordered nanoparticulates of any size and shape, have led to the development of new
biocidal agents. Several studies have shown that nanoparticles formulations can be used as effective
bactericidal agents (Tiller et al. 2001, Lin et al. 2002, Stoimenov et al. 2002, Kuhn et al. 2003, Sawai
2003, Sondi and Salopek-Sondi 2004, Lewis and Klibanov 2005, Rosi and Mirkin 2005, Ma et al.
2006). Nanotechnology provides a good platform for development and modification of nanoparticles
based on metal, with promising applications in diagnostics, cell labelling, biomarkers, contrast agents
for biological imaging, drug delivery systems, antimicrobial agents, and drugs based
on nanotechnology for treatment of various diseases (Marcato and Duran 2008, Singh and Nalwa
2011). Therefore, researchers are focusing on nanoparticles in general and silver nanoparticles in
particular to solve the problem with emergence of multi-drug resistant bacteria (Gemmell et al. 2006).
It has been presumed that graphene exhibits antibacterial efficiency against pathogenic bacteria
strains via lipid peroxidation. The recent studies have shown that antibacterial effect of graphene is
caused by inducing oxidative stress and membrane damage (Krishnamoorthy et al. 2012).
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The modifications of graphene with metal nanoparticles render this material more effective against
pathogenic bacteria.
MATERIAL AND METHODS
Preparation of graphene oxide
The graphene oxide (GO) was prepared by chemical oxidation of 5 g graphite flakes (Sigma$OGULFK DQG  PHVK  PLQ  LQ D PL[WXUH RI FRQFHQWUDWHG +2SO4 (670 ml, Sigma-Aldrich)
and 30 g KMnO4 (Sigma-Aldrich  DFFRUGLQJ WR WKH VLPSOLILHG +XPPHU¶V PHWKRG (Hummers
and Offeman 1958). The reaction mixture was stirred vigorously. After 4 days, the oxidation of
graphite was terminated by addition of H2O2 solution (250 ml, 30 wt% in H2O, Sigma-Aldrich).
Formed graphene oxide was washed 3 times with 1 M HCl (37 wt% in H2O, Sigma-Aldrich) and
several times with Milli-Q water (total volume used 10 l) until constant pH value (3±4) was achieved.
Synthesis of composite of graphene oxide with silver nanoparticles (AgNPs)
A solution of silver nitrate (50 ml, AgNO3, 1 mM, 2 mM, 4 mM, 8 mM resp., Sigma-Aldrich)
was added dropwise to the GO solution (1 ml, 5 mg/ml) under vigorous stirring. After that sodium
borohydride (40 mg NaBH4, Sigma-Aldrich) was added slowly to the reaction mixture
and the resulting mixture was stirred intensively for 24 h at room temperature to allow reduction.
The prepared composite was washed with Milli-Q water several times.
Differential Pulse Voltammetry
The electrochemical determination of silver by differential pulse voltammetry was performed
using a CH Instruments Electrochemical Workstation (CH Instrument Inc., Austin, TX, USA),
using glass measuring cell with three electrodes. The glassy carbon electrode was the working
electrode, an Ag/AgCl/3 M KCl was the reference and a platinum wire was the auxiliary one. The
SDUDPHWHUVRIWKLVPHWKRGZHUHDVIROORZVLQLWLDOSRWHQWLDOí9HQGSRWHQWLDO9PRGXODWLRQ
amplitude 0.05 V, step potential 1 mV. 0.2 M acetate buffer (pH 5) was used as a supporting
HOHFWURO\WH7KHYROXPHRILQMHFWHGVDPSOHZDVOWKHYROXPHRIHOHFWURO\WHZDVO)RU
results evaluation, the software CHI 440A (CH Instrument Inc., Austin, TX, USA) was used.
Fourier transform infrared spectroscopy
Fourier transform infrared spectroscopy (FT-IR) spectra were collected using a Nicolet iS10
FT-IR spectrometer with a diamond ATR attachment (Thermo Electron Inc., San Jose, USA). IR
spectra were recorded from 4000 to 650 cmí1 at a resolution of 4 cmí1. Each spectrum was acquired
by adding together 32 interferograms. Spectra were taken at 22 &7KH201,&VRIWZDUHZDVXVHG
for IR spectra recording, and the JDXview v0.2 software was used for further spectra evaluation.
Scanning Electron Microscopy
The structures of the GO with AgNPs composites were characterized by scanning electron
microscopy (SEM). For documentation of the nanoparticles structure, a MIRA3 LMU (Tescan, Brno,
Czech Republic) was used. This model is equipped with a high brightness Schottky field emitter
for low noise imaging at fast scanning rates. The SEM was fitted with In-Beam SE detector.
For automated acquisition of selected areas a TESCAN proprietary software tool called Image Snapper
(Tescan, Brno, Czech Republic) was used. The software enabled automatic acquisition of selected
areas with defined resolution. An accelerating voltage of 15 kV gave satisfactory results regarding
maximum throughput.
Cultivation of bacteria strains
Staphylococcus aureus (NCTC 8511), Escherichia coli (NCTC 13216) and MRSA (ST239)
were obtained from the Czech Collection of Microorganisms, Faculty of Science, Masaryk University
(Brno, Czech Republic). Cultivation media (Mueller Hinton) (Oxoid) were inoculated with bacterial
FXOWXUHDQGZHUHFXOWLYDWHGIRUKRQDVKDNHUDWUSPDQG&
Colony-Forming Capability Test
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Bacterial cultures (E. coli, S. aureus, MRSA) were diluted with MH medium to an absorbance
of 0.1 measured using a spectrophotometer Ultrospec 10 (Biochrom, Cambridge, United Kingdom)
at a wavelength of 600 nm. After that cultures were diluted by decimal dilution (to 10í7 cells per
millilitre) and LQFXEDWHG DW  & IRU  K After being exposed to different concentrations
of composites of GO with AgNPs at 37 &IRUKȝO of the cell suspension was spread onto MH
DJDU SODWHV 7KH QXPEHU RI WKH FRORQLHV ZDV FRXQWHG DIWHU DJDU SODWHV ZHUH LQFXEDWHG DW  &
in the dark overnight. The survival percentage was used to evaluate the antimicrobial effect
of composites of GO with AgNPs and it was defined as the following formula:
&RORQ\QXPEHUVRIWUHDWHGEDFWHULD
6XUYLYDO
î
&RORQ\QXPEHUVRIFRQWUROEDFWHULD
RESULTS AND DISCUSSION
Characterization of composites
Silver was detected as Ag(I) by glassy carbon electrode, and the electrochemical signal of Ag(I)
was observed at the potential +0.18 V. Based on the electrochemical determination, it can
be confirmed that the silver content was significant. The silver content in individual samples is shown
in Table 1.
Table 1 Determination of silver content using Differential Pulse Voltammetry
Name of sample

Concentration of Ag in
sample [mg/ml]

GO-Ag-1

1.36

GO-Ag-2

1.46

GO-Ag-3

2.74

GO-Ag-4

4.08

Figure 1 Characterization of GO and composites of GO-AgNPs by using A) SEM and B) FT-IR
A

B
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The SEM micrographs (Figure 1A) confirmed the preservation of the original structure
of the large area, which remained maintained in comparison with starting material. This method also
enabled determining the degree of exfoliation, which is crucial for nanoparticle character. The SEM
micrographs also allowed the rating of AgNPs adhesion to GO-based carrier.
The efficiency of GO modifications with AgNPs loading was investigated by FT-IR (Figure
1B). The addition of Ag NPs to the GO resulted in an increase in C=C moiety signals
in the 1500±1650 cmí1 region. Another increase has occurred in C=O signals in the 1700±1800 cmí1
UHJLRQ2í+VLJQDOVLQWKHíFPí1 region, and O±C signals in the 1320 cmí region. Increase
in overall intensity around 1500 cmí1 can be connected with the oxidation. The degree of drying may
DIIHFWWKHRFFXUUHQFHDQGQXPEHURI2í+JURXSV+\GURJHQERQGVLQWKH±3500 cmí1 region may
be affected by degree of drying. The FT-IR analysis showed the presence of hydroxyl, carbonyl
and epoxy groups on the GO sample surface.
The composites influence on pathogenic microorganisms
Antibacterial activity of GO and GO with AgNPs was determined using colony-forming
capability test and expressed in terms of the colonies after incubation. GO and composites of GO
with AgNPs were tested based on their antimicrobial effects on S. aureus, MRSA and E. coli strains.
Effect of GO and composites of GO with AgNPs on bacterial strains is shown in Figure 2. The highest
inhibitory effect after 24 hours of incubation can be seen after the addition of all composites on E. coli
(Figure 2). All composites of GO with AgNPs had stronger antimicrobial effect against all used
bacterial strains than GO itself.
Figure 2 Colony-Forming Capability Test

Legend: C ± control, GO ± graphene oxide, GO-Ag-1, GO-Ag-2, GO-Ag-3, and GO-Ag-4 are nanocomposites with different
concentration of silver nanoparticles
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CONCLUSION
In this study, the composites of graphene oxide with silver nanoparticles were synthetized
and characterized by different methods and their effect on bacterial strains was tested. The composite
showed inhibitory effect on three selected bacterial strains (S. aureus; E. coli; MRSA)
and the inhibitory effect were stronger than graphene oxide itself. It can be said that combination
of GO with metal nanoparticles seems like a promising way to fight against drug-resistant bacteria.
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Abstract: Elemental composition of glass differs based on raw material and additives used during
manufacturing process, therefore elemental analysis provides substantial information
from an archaeological point of view. Major, minor and trace elements in glass samples from Moldava,
Kyjov and Visegrad were determined. LA-ICP-MS was used for elemental analysis. Concentrations
of Na2O, MgO, Al2O3, SiO2, K2O, CaO, TiO2, MnO, Fe2O3, CoO, CuO, SnO2, Sb2O3, PbO and 7Li, 11B,
45
Sc, 51V, 52Cr, 60Ni, 66Zn, 75As, 85Rb, 88Sr, 89Y, 90Zr, 93Nb, 95Mo, 107Ag, 111Cd, 133Cs, 137Ba, 139La, 140Ce,
141
Pr, 146Nd, 147Sm, 153Eu, 157Gd, 159Tb, 163Dy, 165Ho, 166Er, 169Tm, 172Yb, 175Lu, 178Hf, 232Th, 238U
in 44 glass samples were determined. Samples were discriminated according to finding sites using
multivariate statistical methods. Elements used for discrimination (Sc, Zr, Ti, Zn, La) were determined
by the Random Forrest algorithm. For archaeological sites discrimination, Primary Component Analysis
(PCA) was used.
Key Words: medieval glass, LA-ICP-MS, elemental analysis, multivariate statistical analysis
INTRODUCTION
Elemental composition of glass depends on raw materials used during manufacture (Blomme
et al. 2016, Kurkjian and Prindle 1998). Manufacturing process differ across time as well as being
affected by the availability of materials from the local area. Therefore, elemental analysis is one
of the most important techniques used for classification of archaeological glass samples. Elemental
composition is also influenced by the addition of small quantities of colorants, opacifiers and clarifiers
to the glass melt (Henderson 1985). This work concerns the utilisation of LA-ICP-MS for the analysis
of archaeological glass samples from 3 different locations: Kyjov, Moldava and Visegrad. Measured
data were statistically processed by multivariate analysis with focus on classification based on location
where the glass was found.
MATERIAL AND METHODS
Characterization of glass samples
The dataset consists of 44 samples; 9 from Visegrad, 25 from Moldava and 10 from Kyjov. These
samples are part of the VITREA ($5&+(2/2*,&.é Ò67$9 $9 ý5, 2011) database
of archaeological glass samples. Samples found in Visegrad were dated to Post-Medieval times, whereas
samples from Moldava and Kyjov are from High Medieval times. These glass samples undoubtedly
belong to potassium rich silica glass type; with the average contents of Na2O = 0.48%
and K2O = 18.73%, except for sample 1149 from Visegrad, where the content of Na2O is highly above
average (11.40%). Colour and transparency were observed as well, since they affect elemental
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composition of glass based on additives used during manufacture. These properties are described
in Table 1 and Table 2.
Table 1 Colour of samples from 3 different locations
Location black brown colourless dark blue green-yellgreenish grey-green light green yellowish pink undetermined
Kyjov
0
0
0
1
1
4
0
0
2
1
1
Moldava
1
5
9
0
0
1
1
0
1
0
7
Visegrad
0
0
0
0
0
0
0
2
0
0
7

Table 2 Transparency of samples from 3 different locations
Location opaque translucent transparent not specified
Kyjov
0
10
0
0
Moldava
7
1
12
5
Visegrad
7
0
2
0

Characterization of measurement
For the measurement, an ICP-MS spectrometer Agilent 7500ce (Agilent Technologies, Japan)
with quadrupole mass analyser and ablation system UP 213 (New Wave, USA) was used. The repetition
rate of laser ZDV +] ODVHU EHDP GLDPHWHU P ODVHU EHDP IOXHQFH -FP-2, and wavelength
213 nm. For each sample 5 spots (median of these values was used for statistical analysis)
and 49 elements were measured. The following oxides: Na2O, MgO, Al2O3, SiO2, K2O, CaO, TiO2,
MnO, Fe2O3, CoO, CuO, SnO2, Sb2O3, PbO and elements: 7Li, 11B, 45Sc, 51V, 52Cr, 60Ni, 66Zn, 75As, 85Rb,
88
Sr, 89Y, 90Zr, 93Nb, 95Mo, 107Ag, 111Cd, 133Cs, 137Ba, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 153Eu, 157Gd, 159Tb,
163
Dy, 165Ho, 166Er, 169Tm, 172Yb, 175Lu, 178Hf, 232Th, 238U were monitored.
Statistical evaluation
A program in R was created for the automatic evaluation of an ICP-MS output file in CSV format;
for quantification, total sum content normalization was used. The programming language Python was
used for data treatment and statistical data evaluation.
RESULTS AND DISCUSSION
Concentrations of important elements are summarised in Table 3 and oxides in Table 4. These
variables were chosen for further analysis based on the application of the Random Forest algorithm
for future selection (selection of the key subset of original data in order to reduce the dimensionality).
For the implementation of this algorithm Scikit-Learn Python library was used (Pedregosa et al. 2011).
Applying this algorithm, a prediction model was build providing predicted importance of all variables.
Variable importance is shown in Figure 1.
Table 3 Average concentration of important elements (mg/kg)
Kyjov
Moldava
Visegrad

Ag
2.10
0.46
0.00

Ce
11.86
3.80
5.89

Ce
11.86
3.80
5.89

Cs
0.19
2.91
1.67

La
8.11
1.60
2.78

Li
11.93
5.88
15.00

Nd
4.43
1.52
2.22

Pr
0.34
0.08
0.78

Sc
62.55
31.59
2.78

Ti
967.10
530.16
450.22

Y
3.60
0.98
2.11

Zn
281.70
387.60
55.44

Table 4 Average concentration of important oxides (%); PbO and SnO are in mg/kg
Kyjov
Moldava
Visegrad

Al2O3
Fe2O3
1.38
0.39
0.73
0.18
0.89
0.38

MgO
2.50
2.58
2.13

MnO
0.79
0.91
0.62

Na2O
0.22
0.21
1.50

CaO
17.49
12.41
15.03

PbO
63.03
68.44
11.00

SnO
24.28
7.10
23.78

856

Zr
82.50
38.40
15.89

November 8–9, 2017, Brno, Czech Republic

24
years

Figure 1 Variable importance calculated by the Random Forest algorithm

Statistical analysis
Initially, an exploratory analysis of the data was carried out. Only the 20 most important elements,
according to variable importance, were subjected to a calculation of a correlation matrix. The correlation
(Pearson, Kendall Tau and Spearman) was monitored using Pandas library (McKinney 2010). Pearson
correlation matrix in Figure 2 shows positive correlation between Na2O and MgO as well as between
rare earth elements. Negative correlation can be seen for example between Fe2O3 and MnO; two often
used colourants in glass manufacturing.
Figure 2 Pearson correlation matrix

Of the total of 49 variables only 5 of them were actually used for multivariate analysis, since
the number of observations (samples) is very low (only 44). These 5 elements (Sc, Zr, Ti, Zn, La) were
chosen as 5 most important variables by predictive model of Random Forest algorithm (Figure 1).
Importance is calculated based on the ability of each variable to classify samples. Figure 3 shows
a box-plot of these 5 elements with differences between archaeological sites. Figure 4 shows a pair-plot,
where there are shown relationships between variables; both these variable values and their relationships
vary by archaeological sites. From Figure 2 and 3 it is obvious that samples from Kyjov are clearly
differentiated based on the content of La. The crucial difference between samples from Moldava
and Visegrad lies in the content of Zn and Sc.
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Figure 3 Box-plots showing concentration of Sc, Zr, Ti, Zn, La in medieval glass samples according to
the archaeological sites

Figure 4 Pair-plot showing interactions between concentration of Sc, Zr, Ti, Zn, La in medieval glass
samples according to the archaeological sites

To scale data around value 0, the Standard scaler function from Scikit-Learn Python library was
used. PCA (Tipping and Bishop 1999) was carried out to investigate variance between variables.
As it is shown in Figure 5, majority of variance can be expressed by first two principal components
(99.61%). Based on the scree-plot, the first two components were retained. Figure 6 shows
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the scatter-plot of those first two components and labels the data points based on archaeological sites.
Samples from Visegrad have much lower values of the first component than samples from Kyjov.
Therefore, the first principal component separates glass samples from Visegrad from those from Kyjov.
Analogously, the second principal component separates those two groups from samples from Moldava.
Figure 5 Scree-plot of variance explained by principal components

Figure 6 Scatter-plot of the first two principal components grouped by archaeological sites

CONCLUSION
By using multivariate analysis of elemental composition of medieval glass samples, it was
possible to discriminate samples from different archaeological sites, regardless of the colour,
transparency or type of object. 5 elements (Sc, Zr, Ti, Zn, La) were used for multivariate analysis; these
elements were chosen by Random Forest algorithm.
For future research, it would be interesting to use Random Forest algorithm directly for
the classification of samples.
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Abstract: The aim of the experiment was to determine the content of capsaicin and dihydrocapsaicin
in twelve varieties of chilli peppers (Brown Bhutlah II, Bhut Jolokia Yellow I, Pieto de Moca II,
Trinidad 7 POT II, 7 POT White II, Naga Jolokia I, Habanero Orange, Naga Viper II, Bhut Jolokia II,
Jalapeno, White Naga Bhut Jolokia I, Carolina Reaper II) using high performance liquid
chromatography UltiMate 3000 with UV/VIS detector. Each variety of chilli peppers was prepared
without seeds and partitions (septa) and with seeds and partitions (septa) in order to compare yields
of capsaicin and dihydrocapsaicin depending on the sample preparation. Based on the experiment, it
was shown that chilli peppers with seeds and partitions (septa) had a higher content of capsaicin
and dihydrocapsaicin compared to chilli peppers without seeds and partitions (septa). The highest
capsaicin and dihydrocapsaicin content was of chilli peppers Carolina Reaper II. From the contents
of capsaicin and dihydrocapsaicin was calculated so-called pungency in Scoville units (SHU) in order
to compare our results with previous studies.
Key Words: capsaicin, dihydrocapsaicin, high performance liquid chromatography, UV/VIS detection
INTRODUCTION
Chilli peppers are the pungent fruits from plants of genus Capsicum in the nightshade family,
Solanaceae, including 27 wild species and 5 main domestic species: Capsicum frutescens, Capsicum
pubescens, Capsicum chinense, Capsicum annuum, Capsicum baccatum (Gurnani et al. 2016, Nickels
2015). The fruits are commonly used to give a pungent or hot sensation too many different dishes
and food products all around the world (Duelund and Mouritsen 2017). The chilli peppers can be used
also to produce chilli oil or chilli resin also known as oleoresin (Fernandez-Ronco et al. 2011).
The compounds responsible for the pungency of the chilli peppers belong to group of secondary
metabolites known as capsaicinoids. Two major capsaicinoids found in chillies are capsaicin
and dihydrocapsaicin. Capsaicin and dihydrocapsaicin represent about 77±98% of total capsaicinoids
content in peppers. Other minor capsaicinoids found in chillies are nordihydrocapsaicin
and homocapsaicin (Duelund and Mouritsen 2017, Sarpras et al. 2016). Capsaicin was discovered
by P. A. Buchholtz in 1816. In 1846 L. T. Tresh isolated the capsaicin in a crystalline state and it was
him who named the pungent substance capsaicin (DeWitt and Bosland 2009). Dihydrocapsaicin was
described in 1957 (De 2004). Capsaicin is a very stable alkaloid, which is stable under exposure
to heat and cold, has no flavour, colour, aroma and is insoluble in water, but easily soluble in fat
or some organic solvents (DeWitt and Bosland 2009). Capsaicin is known for his pharmacological,
neurological and dietetic effectiveness. It has also significant antibiotic activity and the ability
to reduce the cholesterol level in blood (Gurnani et al. 2016). Capsaicin is also capable to kill some
types of cancer cells (Anandakumar et al. 2013, Dawan et al. 2017, Prasad et al. 2008) and provide
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relief in arthritis and respiratory ailments (Prasad et al. 2008), it is also antioxidant and has anticancer,
antiarthritic and analgesic properties (Dawan et al. 2017, Prasad et al. 2008).
The capsaicin biosynthesis involves two pathways, i.e. the phenylpropanoid pathway,
which provides the precursor phenylalanine for the formation of vanillylamine, and the valine pathway
which provides the precursor valine for 8-methyl-6-nonanoic acid. Capsaicin is biosynthesized
by capsaicin synthetase (CS) through condensation of products of the phenylpropanoid and valine
pathways (Prasad et al. 2008). Capsaicinoids accumulation is found specifically in the epidermal layer
called dissepiment of the placental tissue (Kybal 1988, Prasad et al. 2008, Sarpras et al. 2016).
The amount of capsaicinoids in chilli peppers depends on variety, age, degrees of maturity,
season and agronomic conditions. Generally, in the bigger fruits there is less content of capsaicinoids
than in the smaller fruits. Drying affects the content of capsaicinoids (Maradova 2015). Between
the colour and amount of chillies there is no relationship (Nickels 2015). The pungency of chilli
peppers is expressed by Scoville Heat Units (SHU). Scoville scale was invented by scientist Wilbur
Lincoln Scoville in 1912 when he used the organoleptic test. In this test, a certain amount of chilli is
extracted with ethanol, which then is diluted repeatedly until the pungent sensation no longer can be
detect on the tongue. The number of times the extract has to be diluted is then taken as the pungency
in units of SHU (Bosland and Votava 1999, Nickels 2015). Currently the content of capsaicinoids
in chilli peppers is measured by HPLC (high-performance liquid chromatography) or GC (gas
chromatography) (Duelund and Mouritsen 2017).
MATERIAL AND METHODS
In this experiment twelve varieties of chilli peppers were used (Figure 1).
Figure 1 Varieties of chilli peppers: (1) Brown Bhutlah II, (2) Bhut Jolokia Yellow I, (3) Pieto de
Moca II, (4) Trinidad 7 POT II, (5) 7 POT White II, (6) Naga Jolokia I, (7) Habanero Orange, (8)
Naga Viper II, (9) Bhut Jolokia II, (10) Jalapeno, (11) White Naga Bhut Jolokia I, (12) Carolina
Reaper II.

Sample preparation is described in Figure 2. At first, chilli peppers were divided into two parts.
The first part of samples has got rid of seeds and partitions whereas in the second part of samples
seeds DQGSDUWLWLRQVZHUHSUHVHUYHG7KHVHVDPSOHVZHUHGULHGGD\VDW& 'U\LQJDQGKHDWLQJ
chamber BINDER ED 56, Verkon, Czech Republic). After drying the samples were milled (IKA M20
Universal mill) and from each sample was weighted 20 mg (Analytical Balance EP 240A, Precisa,
Czech Republic). Then weighted samples were subsequently homogenized with 3 ml 100% ethanol
and 0.05±0.1 g sea sand in friction bowl. Then homogenate was transferred to the microtube
(Eppendorf, Germany) and centrifuged at 7 USPDW&IRUPLQFinally, 1 ml of supernatant
was collected from each sample to glass vials (Chromservis s. r. o., Czech Republic).
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Figure 2 Scheme of preparing samples of chilli peppers for HPLC analysis.

The capsaicin and dihydrocapsaicin was determined by HPCL UltiMate 3000 (ThermoFisher
Scientific, Waltham, USA) with UV/VIS detector (UltiMate 3000 Variable Wavelength Detector). The
scheme of high performance liquid chromatograph is shown in Figure 3.
Figure 3 (A) HPLC UltiMate 3000 (B) Scheme of high performance liquid chromatograph with
UV/VIS detection.

For the separation of capsaicin and dihydrocapsaicin, the column HYPERSIL GOLD DIM
with GLPHQVLRQV[PPDQGDSDUWLFOHVL]HRIPZDVXVHG7he column was equilibrated
at 30 &0RELOHSKDVH$was 0.2% acetic acid and mobile phase B was 100% methanol. Flow rate
of mobile phase was 1.0 ml/min. The compounds were eluted with a linear upward gradient:
0±6 min (70% B) 6±9 min (70±100% B) 9±12 min (70% B). The separated substances were
detected at a wavelength of 280 nm. Calibration curves for contents of capsaicin and dihydrocapsaicin
ZHUHOLQHDUIURPWRJPOZLWKFRUUHODWLRQFRHIILFLHQWVRIIRUERWKFDSVDLFLQRLGV
of chilli peppers without seeds and partitions and 1.00 for both capsaicinoids of chilli
peppers with seeds and partitions. All used chemicals were purchased from Sigma-Aldrich
(St. Louis, USA). Capsaicinoids contents were re-calculated to Scoville heat units (SHU)
by multiplying the pepper dry weight capsaicinoids concentration in parts per million (ppm)
by the coefficient of the heat value for each compound. The coefficients are 16.0 for both capsaicin
and dihydrocapsaicin.
Statistical analyses
Content of capsaicin and dihydrocapsaicin in twelve varieties of chilli peppers were made using
standard deviation from three determinations.
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RESULTS AND DISCUSSION
Determination of the presence and content of capsaicin and dihydrocapsaicin were done by high
performance liquid chromatography with UV/VIS detection. The results have been recalculated
per 1 g of chilli pepper.
Figure 4 Determination of capsaicin and dihydrocapsaicin (A) for the extract of chilli peppers without
seeds and partitions, (B) for the extract of chilli peppers with seeds and partitions.

For chilli peppers without seeds and partitions (Figure 4A) we found the highest
content of capsaicin (81  4 mg/g) and dihydrocapsaicin (32  2 mg/g) in Carolina Reaper II.
The lowest content was in Jalapeno (0.03  0.002 mg/g capsaicin and 0.  0.002 mg/g
dihydrocapsaicin). The contents of capsaicin and dihydrocapsaicin in chilli peppers with seeds
and partitions are shown in Figure 4B. The highest content of capsaicin (100  5 mg/g)
and dihydrocapsaicin (28  1 mg/g) in chilli peppers with seeds and partitions also was
in Carolina Reaper II. The content of capsaicin has increased in all chilli peppers with seeds
and partitions whereas the content of dihydrocapsaicin was very various. The content
of dihydrocapsaicin slightly increased in four varieties of chilli peppers with seeds
and partitions (Bhut Jolokia Yellow I, 7 POT White II, Naga Jolokia I, Jalapeno), in rest
of varieties we found less dihydrocapsaicin except Jalapeno. Jalapeno had same
level of dihydrocapsaicin in chilli pepper with seeds and without seeds and partitions. Similar
results of content of capsaicin and dihydrocapsaicin in Jalapeno were reported in study
of (Pena-Alvarez et al. 2009) where, was used different sample preparation and method
of determination.
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Figure 5 Determination of total capsaicinoids (A) and determination of Scoville units (B).

In Figure 5A there is shown the concentrations of total capsaicinoids
(capsaicin + dihydrocapsaicin) in chilli peppers with seeds and partitions and without seeds
and partitions. From the figure 5A it is obvious the total content of capsaicinoids was higher in chilli
peppers with seeds and partitions than in chilli peppers without seeds and partitions. The biggest
difference was in Jalapeno where the content of total capsaicinoids increased by 739%. The least
variance was in varieties of Carolina Reaper II (13%) and Naga Viper II (16%). For the remaining
varieties, capsaicinoids increased in range from 20 to 84%. From the contents of capsaicinoids was
calculated so-called pungency in Scoville units (SHU) (Figure 5B). Recently study (Duelund
and Mouritsen 2017) found the pungency of Habanero 247 000 000 SHU and Carolina Reaper
1      6+8. We found a pungency of Habanero Orange with seeds and partitions
157 837  7 892 SHU and Carolina Reaper II 2 056 026  SHU.
CONCLUSION
Based on the results of measurement of capsaicin and dihydrocapsaicin we can conclude,
that the total content of capsaicinoids depends on a sample preparation, whether extract is prepared
from chilli pepper with or without seeds and partitions. The amount of capsaicinoids in chilli peppers
also depends on variety, age, degrees of maturity, season and agronomic conditions. The highest
concentration of capsaicin and dihydrocapsaicin was determined in Carolina Reaper II so it means it
was also the most pungent chilli pepper.
Our future aim will be to test other sample preparation and monitor the change
in the concentration of capsaicin and dihydrocapsaicin.
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Abstract: UV spectrometry is very simple and cheap method for quantitative and qualitative analysis
of compounds. Furthermore, it provides intricate information about the bonded ʌ-electron transitions
and also non-bonded n-electron transitions. The aim of this work was to identify electron transition
bands in two homing peptides of the human norepinephrine transporter (hNET); namely:
GASNGINAYL (978 Da) and SLWERLAYGI (1206 Da). Electron transition bands directly indicate
structural conformations, particularly the ones associated with double bonds, i.e. conjugated ʌ-bonds
of aromatic and peptide bonds. The results show unusual spikes in absorbance in the far UV at low
temperature for GASNGINAYL and even more at other temperatures for SLWERLAYGI peptide.
The latter supports the hypothesis of a stacking between tyrosine and tryptophan resulting in helix
structure. Infrared spectrometry also showed abundant helix structure in SLWERLAYGI but less
abundant in GASNGINAYL peptide. Based on ʌ-stacking, an UV spectrometry method can be
developed to monitor the helicity of some peptides, such as SLWERLAYGI.
Key Words: UV spectrometry, peptide, tyrosine, tryptophan, targeted therapy
INTRODUCTION
The spectral analysis of amino acids and polypeptides in the UV region was intensively studied
more than fifty years ago (Ham and Platt 1952, Wetlaufer 1963, Nielsen and Schellman 1967).
UV-Vis spectrometers are used to analyse absorbance of photons that excite electrons to jump
from the non-bonding and bonding orbitals to anti-bonding orbitals (Figure 1). Electrons of the ʌ-bond
(in double bonds) and free electrons (in the n-orbitals) exhibit unique and quantitative
band fingerprints for each molecular structure and in the presence of different solvents, pH
and temperature.
The peptide group ±CONH± contains four ʌ-electrons and free electrons on the oxygen atom.
7KHHQHUJLHVRIWKHWZRʌ-orbitals occupied by electron pairs are -15.04 and -12.68 electron volts (eV).
The nonbonding n-orbital at -12.63 eV and the free anti-bonding orbital at +1.24 eV (Simon 1976).
Aromatic amino acids such as tryptophan and tyrosine are rich in conjugated ʌ-electrons, and thus
have direct influence on absorbance in the UV-Vis region.
Kuipers and Gruppen studied the absorbance of peptide bond at 214 nm (Kuipers and Gruppen
2007). Their findings showed a molar extinction coefficient (İ) of 923 1/M.cm for the peptide bond.
This parameter, which is specific for each wavelength, describes how strongly one molar
concentration of peptide bond can absorb photons in 1 cm light-path. At 214 nm, tryptophan had
highest absorptivity (İ   1/M.cm). Tyrosine, phenylalanine and histidine reported similar
absorptivity (İ DQG1/M.cm, respectively) at that wavelength, whereas methionine
KDGVLPLODUİWRWKDWRIWKHSHSWLGHERQG İ 1/M.cm)3UROLQHKDGWKUHHWLPHVKLJKHUİZKHQLWLV
at the N-WHUPLQXV İ  1/M.cm) EXW\HWQHJOLJLEOHİLQVLGHWKHSHSWLGHFKDLQ Several studies also
investigated the peptide bond absorptivity at 205 nm (Scopes 1974, Anthis and Clore 2013). Anthis
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and Clore showed İ 1/M.cm for the peptide bond (Anthis and Clore 2013). They also reported
İIRUWU\SWRSKDQ İ  1/M.cm), phenylalanine (İ 8600 1/M.cm), tyrosine (İ 6080 1/M.cm),
histidine (İ 5200 1/M.cm) and other amino acids.
Figure 1 Molecular orbitals and electron transitions detectable via UV-Vis spectrometry
A) Molecular orbitals
B) Expected output

Calculation of sequence-specific İYDOXHVIRUDZLGHUDQJHRIZDYHOHQJWKVLQWKH89VSHFWUDFDQ
give accurate estimations on the contribution of residues and peptide bonds to spectral bands. While
this is applicable for quantitation of large proteins, UV spectrometry can also be used to give insight
on structural changes in relatively small peptides of known sequence.
In this study, two homing peptides (shown in Figure 2) are analysed by spectrometry to shed
the light on their structural properties. Our objective is to extract structural information from UV
spectrum that can help in development of these peptides. Both peptides were derived from Į-helix
regions in hNET and were shown to have Į-helix secondary structure in silico (Haddad et al. 2016).
hNET protein is one of the most promising therapeutic targets in Neuroblastoma (Matthay et al. 2012).
Development of homing peptides for hNET is a new strategy that can replace radio-therapeutic
targeting of hNET, and ease the suffering of patients.
Figure 2 Norepinephrine transporter homing peptides structures at pH = 7
A) GASNGINAYL peptide
B) SLWERLAYGI peptide

MATERIAL AND METHODS
Peptide Synthesis
Peptides were synthesized on Liberty Blue synthesizer (CEM, NC, USA) and stock solutions
of 1 mM were prepared in ACS water.
UV-Vis Spectrometry
Specord S600 spectrometer (Analytik Jena AG, Germany) was used for analysis. Temperature
of the spectrometer chamber was controlled manually using JUMO dTRON 308 regulator
(Analytik Jena AG, Germany). Quartz cuvettes of 1 cm path were used (Hellma, UK). Samples were
equilibrated at each temperature for three minutes prior to each reading. ACS water was used
as reference. Spectra, measured at 0.5 nm resolutions, were normalized at 280 nm point for peptides
at each temperature separately. Peaks were identified manually as highest point(s) with one
or two shoulders.
Attenuated Total Reflectance Fourier Transform-Infrared Spectroscopy (ATR-FT-IR)
FT-IR spectra were collected using a Nicolet iS10 FT-IR spectrometer with attenuated total
reflection (ATR) attachment (Thermo Fisher Scientific, USA), equipped with diamond crystal. Spectra
were recorded at 25 & from 4000 to 650 1/cm at a resolution of 2 1/cm. Each spectrum was acquired
by merging 128 interferograms. Peptide samples were directly analysed in lyophilized form.
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RESULTS AND DISCUSSION
The double bonds, particularly conjugated double bonds in aromatic structures and peptide
ERQGVDUHULFKRIʌ-electrons that can be excited in the near and far UV spectrum. The near and far
89 VSHFWUXP FDQ EH XVHG WR LGHQWLI\ RYHUODSSLQJ \HW VRPHWLPHV GLVWLQJXLVKDEOH ʌĺʌ  Qĺʌ 
and other electronic transitions. Indeed, the overlapping peaks (as predicted in Figure 1B) around
WKHQPFDQEHDWWULEXWHGWRQĺʌ WUDQVLWLRQWKDWRYHUODSVWKHʌĺʌ UHJLRQLQDGGLWLRQWRRWKHU
hidden electronic transitions (Wetlaufer 1963). The shoulder of this peak is slightly red shifted
in SLWERLAYGI peptide due to larger number of double bonds in its structure when compared
to GASNGINAYL peptide (Figure 3). Researchers use different spectrometric methods to resolve
the type of electron transition, such as UV-Vis spectrometry analysis in presence of different solvents,
pH titration and substitution with different chemical groups.
The UV spectral peaks for GASNGINAYL peptide at different temperatures are summarized
LQ7DEOH7KHUHDUHVHYHUDO³VDWXUDWHG´VSLNHVLQWKHVSHFWUXPSDUWicularly at low temperature (Figure
3A). The spikes correspond to 6.61±6.53 eV and 6.33±6.29 H9HQHUJ\EDQGVDW& 7DEOH :H
believe these spikes belong to the aggregation and stacking of the tyrosine aromatic rings
in the peptides. The fact that these spikes are in the far UV region suggests that they are a result
RIʌĺʌ KRZHYHUIXUWKHUFRQILUPDWLRQLVUHTXLUHG
Figure 3 UV Spectra of the hNET homing peptides
A) 6SHFWUXPDW&
B) 6SHFWUXPDW&

D) 6SHFWUXPDW&

E) 6SHFWUXPDW&

G) Spectrum at &

H) 6SHFWUXPDW&

C) 6SHFWUXPDW&

F) 6SHFWUXPDW&

The UV spectral peaks for SLWERLAYGI peptide are summarized in Table 2 at different
temperatures. This peptide contains an additional aromatic residue (i.e. tryptophan). As expected, more
saturated spikes were identified in low temperature (Figure 3A). The spikes correspond
to 6.44±6.42 eV, 6.36 eV, 6.18±6.15 eV and 5.93±5.88 eV energy bands at 5 C (Table 1).
Surprisingly, the spikes do not disappear at higher temperatures (Figure 3C, 3D and 3G). Energy
bands of these sSLNHVDW&DUH 6.68±6.65 eV and 6.42±6.41 H9$QGDW&WKHHQHUJ\EDQGV
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for spikes are 6.61±6.56 eV, 6.44±6.42 eV, and 5.93±5.88 H9$QRWKHUVSLNHDSSHDUVDJDLQDW&
in the energy band 6.56±6.47 eV. These results demonstrate that the tyrosine and tryptophan stacking
is rather a phenomenon inside the peptide and not between peptide aggregates. Unfortunately, we have
no data on the spectral behaviour of individual tyrosine or particularly tryptophan under different
temperatures. Indeed, tyrosine lost these spikes at higher temperatures; however, it was not possible
to know if tryptophan alone exhibits more excited electrons at higher temperature. Esfandiary et al.
reported gradient shift in the peaks of aromatic amino acids in the 250±300 nm region that correlate
with change in temperature, however such shifts did not exceed 1nm in 10± & UDQJH
(Esfandiary et al. 2009).
Table 1 Spectrum peak wavelengths (nm) for GASNGINAYL peptide at different temperatures
Energy (eV)
6.76±6.72
6.70±6.65
6.61±6.53
6.56±6.47
6.46±6.44
6.46±6.41
6.39±6.33
6.33±6.29
6.33±6.23
6.20±6.18
6.18±6.17
6.15±6.12
6.11±6.09
6.08±6.03
5.99±5.98
5.98±5.93
5.93±5.88
5.85±5.81
5.78
5.77±5.69
5.67±5.66
5.65±5.61
5.60±5.55
5.51±5.50

70 C
185.5±186

60 C
184.5
186.5

50 C
184
186

40 C
184
186

191

190.5

189±189.5

193.5
195.5

193
194.5

193.5
195.5±196

197.5
200

196±197.5
200±200.5

198.5
200.5

190
192
193.5
195
196.5
198.5
200

202.5

202±202.5

201.5±202

202±202.5

204.5

204.5±205

205±205.5
207±207.5

207.5±208
209.5±210

208±208.5
210.5±211
213

204±204.5
207
208.5
211
213

30 C
184
185.5
188.5
191±191.5

20 C
183.5

190
192.5

193±193.5
194.5±195
196±196.5
198.5±199

198.5±199
200

201

218
219.5±220
223

220
221.5

209±209.5
212.5±213

203.5
205±205.5
207
208.5±209
210.5
212.5±213

216±216.5

216.5

219.5±220
221.5±
222.5

201.5±202
203.5
205.5

10 C
183.5
185
187.5
189.5
192±192.5
195
197±197.5

5 C
185
188.5±190

192.5±193
194
196.5±197
198.5
200.5

200.5±201
202
205±205.5
207±207.5

208±208.5
210±210.5
212

210
213±213.5

220

216.5±217
218.5±219
220.5

215±216
218.5±219
220.5±221

222.5

223±223.5

223.5

203
205±205.5
207
209.5
212
214.5
216.5±217
219
223±223.5

225±225.5

ATR-FTIR is a useful method for analysing vibrational frequency of different amide
modes. Amide I is one of the most widely used mode in protein structural studies (Adochitei
and Drochioiu 2011). Based on infrared spectra of many proteins, bands in the range 1650±1658 1/cm
were found to be correlatHG ZLWK Į-helix secondary structures while bands in the range
1620±1640 1/FP FRUUHODWHG ZLWK ȕ-sheet secondary structures (Haris and Chapman 1992).
$QRWKHUVWXG\LQGLFDWHGWKDWWKHȕ-sheet range was between 1621 and 1640 1/cm followed by random
coil region at 1641±1647 1/cm, helix at 1648 1/cm, turns and bends at 1658±1696 1/cm which
LVDOVRVHSDUDWHGE\Dȕ-sheet gap at 1671±1679 1/cm (Wilson et al. 2000). In this study, the amide I
EDQG VKRZHG D SUHGRPLQDQW SHDN LQ WKH Į-helix range for SLWERLAYGI peptide as expected
(Figure 4). Surprisingly, GASNGINAYL SHSWLGH VKRZHG PDMRU DPLGH , SHDN DW WKH ȕ-sheet
UDQJH LQ DGGLWLRQ WR D PLQRU VSLNH LQ WKH Į-helix range. It is unclear if this was a direct result
of C-terminal amidation during peptide V\QWKHVLV 7KH Į-helix conformation of SLWERLAYGI
SHSWLGH DOORZV IRU VWDFNLQJ RI W\URVLQH DQG WU\SWRSKDQ ZKLFK FDQ H[SODLQ WKH XQXVXDO ʌĺʌ 
transitions peaks in UV spectra (Figure 3A, 3C, 3D, and 3G). Similar saturated peaks for UV
spectra of GASNGINAYL peptide occurs only at 5 & SRVVLEO\ GXH WR DJJUHJDWLRQ 7KH UROH
RI ʌ-stacking is well documented in protein structures. The most common form is an off-centred
parallel stacking of the aromatic rings, followed by less common T-shaped stacking (McGaughey
et al. 1998).
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Table 2 Spectrum peak wavelengths (nm) for SLWERLAYGI peptide at different temperatures
Energy (eV)
6.76±6.72
6.68±6.65
6.61±6.56

70 C
184.5
186.5
188

60 C
183.5
186.5

6.56±6.47

191

190

6.44±6.42
6.42±6.41
6.36
6.33±6.28
6.25
6.23±6.20
6.18±6.15
6.15±6.11
6.09±6.08
6.06±6.00
6.00±5.98
5.98±5.95
5.93±5.88
5.86±5.82
5.82±5.78
5.78±5.70
5.70±5.66
5.64±5.60
5.58±5.55
5.54±5.51
5.50±5.46
5.46±5.41

192.5

50 C
186.5
189

40 C
183.5
185.5
188.5±189

30 C
183.5

186.5
188

190

191

190

192.5

192.5±193

192.5

193±193.5
195
196±196.5
199.5
201
202.5
206

211
213
215±215.5
220.5
223±223.5
224.5±225
226.5
228

196
198.5
200.5±201
202.5±203
205
207.5
210
212
213.5±214
216.5
220±220.5
222.5
224
227±227.5

198.5
200
202
204
205
208.5
210.5
213
216.5
217.5±218
220.5±221
223±223.5
225.5±226
228

195
197
199.5
201.5±202
203.5
206.5±207
207.5
209.5
212
213.5±214
216.5
221
224
226

20 C

196.5±197
199
201
202.5±203

10 C
184
186±186.5
188.5
190.5±
191.5

5 C
185.5
187.5
189±189.5
192.5

193.5
195
197.5

193.5
195
197

196
198.5

200
201±201.5
202.5

205.5
207

204.5

209
212
214.5
217±217.5
219
220.5
222±222.5
224
226
227.5

209.5
212.5±213
216
221.5
224
226.5
228

202.5
204
206±206.5
207.5
209.5
211.5

209
211.5
213
214.5
218
220
223
225

215.5
218±218.5
220±220.5
222±222.5
224.5±225
226.5±227

228±229

Figure 4 ATR-FTIR Spectrum of amide I band for the hNET homing peptides

Circular dichroism (CD) can be used to directly separate the bands in the UV spectra via
polarization of light beams. CD spectrometry is the key method for determination of secondary
structure in peptides and proteins. More insights on the structure of peptides can be gained by
application of molecular dynamic computations as well as wet lab techniques such as Raman
spectrometry and nuclear magnetic resonance (NMR). Detailed analysis of the UV spectrum can be
done using mathematic derivatives to accurately point the peaks and curvature of spectrum curve (Kus
et al. 1996) or the use of deconvolution to resolve hidden peaks (Antonov and Stoyanov 1993).
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CONCLUSION
UV spectral analysis provides insights on peptide conformations and structure based
on knowledge of electron transitions between molecular orbitals. Using peptide UV spectra at different
temperatures, we identified over 25 bands that correspond to peaks in the 185±230 nm range. Also, we
KLJKOLJKW VRPH EDQGV WKDW PLJKW FRUUHVSRQG WR ʌ-stacking of tyrosine and/or tryptophan and can be
used to monitor the helicity of peptides such as SLWERLAYGI.
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Abstract: Molecular imprinting has appeared to be an effective technique for creating of selective
recognition sites in synthetic polymers. This procedure comprises polymerization of monomer
in a presence of target molecules (template). The subsequent template removal forms tailor-made
cavities that are complementary in shape and size to the template molecules. For protein imprinting,
the choice of the suitable polymers is limited and polymerization conditions need to be optimized.
In our work, dopamine monomer was chosen for polymer formation due to its nontoxicity, ease
of preparation and self-assembly. For the optimization of conditions, lysozyme with molecular weight
of 14.3 kDa was used and the functionality was evaluated by fluorimetry. Different concentration
of dopamine and lysozyme for polymerization were tested. Under the optimized conditions, the limit
of detection for lysozyme was found to be 7.8 JPO Moreover, conditions for polymer formation
for a purpose to reduce the overall time of analysis were investigated. The use of dopamine
as a monomer in molecular imprinting shown to be beneficial in many aspects.
Key Words: polydopamine, molecularly imprinted polymer, lysozyme
INTRODUCTION
A molecularly imprinted polymer (MIP) is a polymer with selective recognition sites Mosbach
 . In the procedure, a template molecule is added into a solution of suitable functional monomers
Bergmann and Peppas . The most common methods of imprinting are bulk imprinting (for small
template) and surface imprinting (cells or viruses); other methods are used as an alternative imprinting
strategies, e.g. substructure imprinting, substructural analogues, antibody replica, or molding
Schirhagl  . A substantial step is template removal, which is especially challenging when
imprinting macromolecules. Template can be removed by using various solvents, such as acids
or bases, detergents; the polymer can be heated, or digestive enzymes (proteases) could be used. After
removing of the imprinted molecule, the cavities formed in the polymer are complementary
to the template in size, shape, and orientation of functionalities are left behind, and are capable
to selectively recognize the target molecule Dechtrirat et al. . The optimization of the polymer
structure is extremely important. The polymer should have the following properties: stiffness
of the polymer structure, high flexibility, good accessibility, mechanical stability and thermal stability
Wulff .
Molecular recognition is a key principle in biology and bioanalysis Dechtrirat et al.  .
The first report about molecular imprinting for detection of protein was published in 1985,
when organic silane was used as monomer for polymerization on silica beads and enzyme was
entrapped Glad et al. . The following years were addressed to molecular imprinting of proteins
due to the fact that proteins could not be always compatible with organic solvents used during polymer
preparation Bossi et al. . Further, proteins easily subject to external influences, e.g. temperature.
In the course of molecular polymerization, it is important to think of functional groups that are able
to interact with functional monomer.
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It is anticipated that MIPs with specificity for proteins will be applied in medicine, diagnostics,
proteomics, environmental analysis, sensors and drug delivery Bossi et al. . Recently, the MIPs
have been widely used for extraction, drug delivery, sensors, catalysis, and drug discovery
applications based on their high selectivity, stability and adsorption capacity Yin et al. . Today,
laboratory practice is almost dependent on systems utilizing antibodies for specific protein capture
in various assays, for isolation, extraction and biosensors Turner et al. . The disadvantage is that
these systems are often expensive and usually suitable only for single use. There is a growing demand
for inexpensive, robust and reusable systems that have the desired level of selectivity and specificity.
Recently, the attention has been focused on the dopamine monomer. Its advantage is that it can
self-polymerize in an alkaline or oxidative aqueous solution without a cross-linking or initiating agent
Yin et al. . By using dopamine as a monomer, the time of analysis can be reduced due to facile
polymer preparation Yin et al. . The low cost and limitations in the use of chemicals are also
beneficial. As an example, Nematollahzadeh et al.  selectively adsorbed human serum albumin
on imprinted polydopamine nanolayer on the surface of porous silica particles. Besides, Lin et al.
prepared a boronate-functionalized imprinted monolithic column with polydopamine coating
for glycoprotein enrichment. In other study, proteins were imprinted on the surface of amino-modified
Fe3O4 nanoparticles using dopamine as a monomer Gao et al. .
The aim of this work was the optimization of polymerization conditions for dopamine
monomer. Different concentrations of monomer, template and polymerization conditions were
assessed. The detection limit of fluorescence spectrometric detection of a model protein was also
determined.
MATERIAL AND METHODS
Chemicals
All chemicals were obtained from Sigma Aldrich (St. Louis, MO, USA). 20 mM Tris-HCl
buffer used throughout this experiment was prepared from 7UL]PD (TRIS base), pH was adjusted
to 8.5 with hydrochloric acid (reagent grade, 35%). The pH was measured by using pH meter WTW
inoLab (Weilheim, Germany).
Preparation of polydopamine MIP
Molecularly imprinted polymer (MIP) was prepared by self-polymerization according
to literature Gao et al.  Zhang et al.  . In brief, a dopamine hydrochloride (monomer)
in different concentrations was dissolved in 20 mM Tris-HCl buffer (pH 8.5). Then, the template
molecules of lysozyme were mixed with the monomer in a 1 : 1 (v/v) ratio. ȝORIthe polymerization
mixture was pipetted into 96-well microplate (Corning, NY, USA) in 6 repetitions. The resultant
polymer was then washed 5 times with mixture of 5% acetic acid (HAc) (v/v) and 10% sodium
dodecyl sulfate (SDS) (v/w) to remove the imprinted molecules and once with water. Subsequently,
sample (lysozyme dissolved in Tris-HCl buffer) was applied for 1 hour; the microplate was shaken
on Eppendorf Thermomixer R W/1.5ml Thermoblock (Eppendorf, Hamburg, Germany). The sample
was then removed, unbound target molecules, and interferents were washed out with water. The MIP
formation process is shown in Figure 1.
Non-imprinted polymer (NIP), serving as a control, was prepared and treated under the same
conditions but with absence of template molecules.
Fluorimetric detection
Fluorescence intensity was measured using fluorimeter Infinite M200 Microplate reader (Tecan,
Switzerland). Lysozyme emission (at pH 8.5) was measured at wavelength Ȝex QPDQGȜem 330 nm
with gain of the detector set to 100. Before measurements,  ȝO RI 7ULV-HCl buffer was added
to the each well.
Statistical analysis
All data were statistically analyzed using Dean-Dixon test (also Q test) and the remote outliers
were rejected (with 6 observations at 90% confidence, Q90% = 0.56).
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Figure 1 Scheme of MIP polymerization
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RESULTS AND DISCUSSION
Optimization of monomer concentration
For polymerization, concentrations of dopamine monomer 10, 5, 2.5 and 1 mg/ml were tested.
Template concentration of 1 mg/ml was used and concentration of sample was set to 0.125 mg/ml
throughout this optimization. Figure 2 A shows fluorescence intensity for different amount
of dopamine. Qualitatively, the polymers were evaluated as a relative difference between MIP
and NIP. According to our experiment, the best result was achieved in the third case, thus 2.5 mg/ml
of dopamine was resulting concentration used further in our experiments.
Optimization of template concentration
In Figure 2 B, the concentrations of template are compared. The initial concentration of 1 mg/ml
was sequentially reduced by half. Dopamine concentration was 2.5 mg/ml and sample was
0.125 mg/ml during this experiment. As the most effective, it seems using of template concentration
1 mg/ml (maximal used), where is an evident difference between NIP and MIP, and more templateselective cavities were formed. Other concentrations did not prove to be suitable for the imprinting
technique because the fluorescence intensity is comparable between NIP and MIP.
Figure 2 Determination of optimal monomer concentration (A) and template concentration (B)
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Determination of detection limit
Subsequently, a limit of detection of the created imprinted polymer with optimized
concentration of monomer 2.5 mg/ml and template 1 mg/ml was determined. We have examined
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concentrations of sample in range from 125.0 to 3.9 ȝg/ml. Figure 3 shows differences between NIP
and MIP among these concentrations. With lower concentration of applied sample, fluorescence
intensity declines. For each concentration, there is an obvious difference between NIP and MIP.
However, for concentration of JPOZHFDQQRWGHILQLWHO\GHWHUPLQH1,3IURP0,3 due to the fact
that the error bars overlap. Therefore, the lowest value that we are able to detect using fluorimeter
,QILQLWH00LFURSODWHUHDGHULVJPO

Fluorescence intensity [a.u.]

Figure 3 Limit of detection for lysozyme determined using fluorimetry
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Optimization of polymerization conditions
The advantage of dopamine polymer is self-polymerization and shorter time of polymerization
against most of the polymers. As proposed elsewhere, the polymerization time can be reduced
with use of different techniques, such as UV light Du et al.  or increased temperature Zhou
et al.  . We tried to shorten the overall time of the analysis by polymerization of imprinted
polymers in a laboratory oven Memmert UE 400 (Schwabach, Germany). NIP and MIP were prepared
as mentioned above. We have tested the polymerization at 40& IRU  KRXUV DQG FRPSDUHG WR RXU
results when the polymer was dried overnight. In both cases, samples with concentration of lysozyme
0.125 mg/ml and 0.0625 mg/ml were applied. As shown in Figure 4 A, we can see the difference
between NIP and MIP in both concentrations when the polymer was dried overnight. Nevertheless,
in Figure 4 B, there is difference between NIP and MIP only in concentration of applied lysozyme
0.125 mg/ml. This result indicates that the polymerization at the elevated temperature is effective but
yields to decreased sensitivity. However, the conditions may be further investigated for dopamine
polymerization, more preferably with lower temperature and longer time of drying.
Figure 4 Comparison of dopamine dried overnight (A) and at WHPSHUDWXUH & IRU  KRXUV %
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CONCLUSION
In this work were optimized conditions of polymerization dopamine monomer. The best results
were achieved with monomer concentration of 2.5 mg/ml; optimal concentration of template
(lysozyme) was 1 mg/ml. Under these conditions, fluorimetric method was used for determination
of lysozyme due to its simplicity, low costs and effectivity. We were able to measure the protein
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in concentration as low as 7. ȝg/ml. To accelerate the dopamine polymerization, conditions &
for 4 hours were tested. Under these conditions, the polymerization was effective; however the created
polymers did not attain such functionality as when they were dried at room temperature overnight.
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Abstract: Chemotherapy often results in various side effects, which can negatively affect health.
Neuroblastoma, one of the most common types of childhood cancer, is but one of the examples, where
side effects of chemotherapeutic treatment lower the quality of SDWLHQW¶V life. Modern way how to fight
that is to enclose cytotoxic drug into some nanocarrier and its targeting to receptors overexpressed
in membranes of cancer cells. Apoferritin (Apo), a natural protein cage, is very suitable
as a nanocarrier, as it has no toxicity, immune system does not react to it, and drug can easily be
loaded into its cavity. We enclosed ellipticine, clinical tested anti-cancer drug, into Apo cavity
(creating ApoElli). The percentage of encapsulation was 61% and size and transmission electron
microscopy analysis showed the preserved Apo ~12 nm icosahedral structure after this encapsulation.
Then we modified Apo outer surface with in silico-modelled peptides with hNET affinity and tested
its toxicity and hemolytic activity. ApoElli modified with anti-hNET peptides was able to internalize
into neuroblastoma cells and to deliver the drug. However, it proved to be safe for human RBC, unlike
pure ellipticine, which caused observable hemolysis at the same concentration.
Key Words: ellipticine; hemolysis; nanoconstruct; neuroblastoma; toxicity
INTRODUCTION
Neuroblastoma is the most common cancer among children; the average age of diagnosis is 17
month (Davenport et al. 2012). This cancer is arising in adrenal medulla or paraspinal ganglia
and affects development of sympathetic nervous system. Over 50% of tumours are present
in abdomen, neck, chest or pelvis (Vo et al. 2014). It is well known for its wide variety of clinical
behaviour depending on the site of primary tumour, presence or absence of metastatic disease sites etc.
(Park et al. 2010). Diagnosis is performed by INSS (International Neuroblastoma Staging System),
whose criteria were first formulated in 1986 (Brodeur et al. 1993). Initial tests include CT or MRI
to evaluate primary tumour, localize it, and define its size and possible spreading. Pathological
confirmation is performed from biopsy of tumour tissue or from neuroblastoma tumour cells in bone
marrow sample (Park et al. 2010). Treatment methods include surgery, chemotherapy, radiotherapy
and biotherapy, as well as observation with selected circumstances (Maris et al. 2007). Approved
drugs for neuroblastoma are for example doxorubicin hydrochloride, vincristine sulphate, Clafen,
Cytoxan or CEM. Side effects of chemotherapeutic drugs can be very serious; some of them might
appear years after successful treatment, such as 65% of childhood patients treated with doxorubicin
hydrochloride who suffer from its cardiotoxicity in adulthood Hutchins et al. .
One way how to protect organism against these side effects is to close these drugs into some
nanocarrier. For this experiment, apoferritin (Apo) was selected. It is a regular, uniformly selfassembling nano-sized protein cage with excellent biocompatibility and unique structure that allows
encapsulation of small molecules into its inner core (Belletti et al. 2017). It has many positive
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characteristics, the mechanism of drug loading can be based on passive penetration process through
pores (Linder 2013) or active pH-dependent disassembly/reassembly protocol (Dostalova et al. 2017).
Apo has a long lifetime and has affinity for tumour cells, though it has the ability to bind at human
TfR1 receptor, which is over-expressed in rapidly proliferating cells (Li et al. 2010).
Apo surface can be further modified (Blazkova et al. 2013) and so can be directed to different
cell types which increases its specificity. In this paper, we modified Apo surface with gold
nanoparticles and use them to further modify the surface with peptides with high affinity for human
norepinephrine transporter (hNET). The affinity of various peptide sequences for this receptor was
tested using homology modelling (Haddad et al. 2017), and two different peptides were chosen
for in vitro studies. This modification allowed to increase the Apo specificity and allow transport
into cells through norepinephrine transporter receptor overexpressed on the membranes
of neuroblastoma cells (Haddad et al. 2017).
The ability to deliver drug molecules to neuroblastoma cells was tested using ellipticine (Elli). It
is an alkaloid that was first isolated from Ochrosia elliptica. Preclinical and clinical studies showed
that ellipticine has ability to arrest growth of several cancer cell types (Poljakova et al. 2009), but has
multiple toxic side effects, including hemotoxicity (Auclair 1987). The mechanism of action has not
been precisely described , but it combines DNA damage by inhibition of topoisomerase II, generation
of cytotoxic free radicals, regulation of Bcl-2 family protein, rescue of mutant p53 activity
and initiation of mitochondrial apoptosis pathway (Kuo et al. 2005). However Elli is a possible
mutagen (Stiborova et al. 2001) and has no specificity, so can also eliminate healthy cell. To protect
healthy cells from effects of Elli and also specify place of toxic effect, we encapsulated Elli into
Apo creating ApoElli.
MATERIAL AND METHODS
Chemicals
All chemicals of ACS purity were obtained from Sigma-Aldrich (St. Louis, MO, USA), unless
stated otherwise. The pH was measured using pH meter WTW inoLab (Weilheim, Germany).
Encapsulation of Elli into Apo and modification of its surface with hNET peptides
200 l of 1 mg/ml Elli (dissolved in 150 : 1 1 M HCl) was added to 20 l of 50 mg/ml horse
spleen Apo and 100 l of ACS water. The solution was mixed for 15 min. 0.66 l of 1 M sodium
hydroxide was added to increase the pH and encapsulate the Elli inside Apo (creating ApoElli).
The solution was mixed for 15 min. To remove non-encapsulated Elli molecules, solution exchange
was performed three times (6000 g and 4 & IRU  min).  l of 1.3 nm gold nanoparticles was
added to the sample and the solution was mixed for 12 h, creating ApoElli+Au. To remove unbound
gold nanoparticles, solution exchange was performed two times. Next, 2. l of 1.25 mg/ml antihNET peptide A (GASNGINAYLC, creating ApoElli+hNET pA) or anti-hNET peptide
B (SLWERLAYGIC, creating ApoElli+hNET pB) was added to the sample. The sample was mixed
for 1 h at 600 rpm and 45 &Solution exchange was performed two times to remove unbound peptide
molecules. Samples were stored at 4 & until used.
Characterization of nanocarrier
To evaluate Elli concentration in ApoElli and its encapsulation efficiency, absorbance
at wavelength of 420 nm and fluorescence with excitation wavelength of 420 nm and emission
wavelength of 450 nm ZHUH PHDVXUHG XVLQJ 7HFDQ ,QILQLWH  352 7HFDQ 0lQQHQGRUI
Switzerland).
The average size of the nanocarrier was determined by quasielastic dynamic light scattering
with Zetasizer Nano ZS instrument (Malvern Instruments Ltd., Worcestershire, UK). The nanocarrier
was diluted with ACS water (1 : 200), placed into polystyrene latex cell and measured at a detector
DQJOHRIZDYHOHQJWKRI nm and temperature of 25 &ZLWKWKHUHIUDFWLYHLQGH[RIGLVSHUVLYH
phase 1.45 and 1.333 for the dispersive environment. For each measurement, disposable cuvettes type
=(1 ZHUH XVHG FRQWDLQLQJ  l of sample. The equilibration time was 120 s.
The measurements were performed in hexaplicates.
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Visualization of the nanocarrier shape was performed using transmission electron microscopy
(TEM) with negative staining technique. For this purpose, an organotungsten compound, Nano-W
1DQRSUREHV<DSKDQN1<86$ ZDVXWLOL]HGl of samples was deposited onto 400-mesh cooper
grids coated with a continuous carbon layer. Dried grids were imaged by TEM (Tecnai F20; FEI,
Hillsboro, OR, USA).
Toxicity of peptides and nanocarrier
MTT toxicity test were performed with neuroblastoma cell lines NB4, and SH-SY5Y
to evaluate the cytotoxicity of anti-hNET peptides A and B (in concentration range of 0.98-1000 μM),
Elli, ApoElli, ApoElli+hNET pA and ApoElli+hNET pB (in Elli concentration range of 0.078-80 μM).
5000 cells in 50 l of medium were seeded in each well of 96-well plate. The cells were incubated
at 37 &IRUDWOHDVW h. 50 l of samples diluted in culture medium was added to cells, with one well
receiving only culture medium. The plates were incubated at 37 & IRU  h, after which 10 l
of 5 mg/ml of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) dissolved in PBS
(pH 7.4; 0.137 M NaCl + 0.0027 M KCl + 0.0014 M KH2PO4 + 0.0043 M Na2HPO4), was added
to every well. After further incubation at 37 & IRU  h, the solution was removed and 100 l
of dimethylsulfoxide was added to disrupt the cells and release purple formazan. Absorbance
of the samples at 570 nm was measured by Tecan Infinite 200 PRO.
Hemolytic assay was performed to evaluate hemotoxicity of Apo, Elli, ApoElli,
ApoElli+hNET pA and ApoElli+hNET pB). Fresh blood is centrifuged at 3000 rpm for 10 min. Blood
plasma was removed and red blood cells (RBCs) were repeatedly washed by 150 mM sodium chloride
and centrifuged at 3000 rpm for 10 min, until supernatant cleared from haemolytic RBCs. After that,
the RBCs were diluted with PBS and 150 l was mixed with 150 l of various concentrations
(0.0468-0.375 mM) of the tested Elli nanoformulations. PBS was used as negative control and 0.1%
Triton X-100 was used as positive control. All samples were incubated at 37 & for 1 h
and centrifuged at 3000 rpm for 10 min. Absorbance of 50 l supernatant at 540 nm was measured
using Tecan Infinite 200 PRO. The percentage of hemolysis was calculated using formula:
(1)
%hemolysis = [(At - Ac)/(A100% - Ac)] • 100
At stands for absorbance of supernatant from sample, Ac represents absorbance of supernatant
from negative control and A100% stands for absorbance of supernatant from positive control.
RESULTS AND DISCUSSION
Table 1 Average size of the tested nanocarriers
Sample
Apo
ApoElli
ApoElli+hNET pA
ApoElli+hNET pB

Average size (nm)
12.0
15.7
18.2
43.8

Average Elli encapsulation efficiency into Apo was 61%, as evaluated by absorbance
measurement. The average size of the nanoparticles was measured to further confirm
the surface modifications (Table 1). While the average size of empty Apo is ~12 nm, encapsulation
of Elli increased it to 15.7 nm. This could be caused by less rigid assembly after filling of the cavity
or by drug molecules attached to the outer surface of the nanocarrier. Modification with anti-hNET
peptide A increased the size to an average of 18.2 nm, proving that if there were drug molecules
on the outer surface, their presence did not hamper binding of targeting peptides. The biggest
size, around 43.8 nm, was measured for ApoElli modified with anti-hNET peptide B. Since during
the homology modelling the peptide B was found to bind to other peptide B molecules, this was
probably caused by formation of multiple ApoElli connected by these peptides.
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Figure 1 TEM visualization, A ±Apo; B ± ApoElli; C ± ApoElli +Au, arrow shows Au nanoparticles, D
± ApoElli+hNET pA, arrows show visible peptide tails E ± ApoElli+hNET pB, arrows show visible
peptide tails

To evaluate the structure of nanoparticles, TEM visualization was used (Figure 1). The structure
of unloaded Apo (Figure 1A) shows icosahedral cage with empty cavity. On the next picture is Apo
loaded with Elli (Figure 1B, ApoElli) where a filled cavity can be clearly observed. Gold nanoparticles
on ApoElli surface can be seen as a dark ring around ApoElli (arrow on Figure 1C, ApoElli+Au).
Peptides present on the surface of ApoElli+hNET pA and ApoElli+hNET pB were observed as small
protein tails on the icosahedral cage (arrows on Figures 1D and 1E, respectively). However, all
pictures showed typical apoferritin structure in its stable and assembled state, proving that
the performed surface modifications did not lead to disassembly of its structure.
Table 2 MTT toxicity test
Cell line
SH-SY5Y

NB4

Sample
anti-hNET peptide A
anti-hNET peptide B
Elli
Apo
ApoElli
ApoElli+hNET pA
ApoElli+hNET pB
anti-hNET peptide A
anti-hNET peptide B
Elli
Apo
ApoElli
ApoElli+hNET pA
ApoElli+hNET pB

24IC50 (M)
330.0
203.0
8.8
ND
16.5
16.5
20.7
ND
216.0
7.3
ND
16.3
16.2
15.5

To evaluate the cytotoxicity of these nanocarriers for neuroblastoma cells, MTT toxicity test
was performed using two different neuroblastoma cell lines, SH-SY5Y and NB4. The peptides
themselves proved non-toxic for these neuroblastoma cells lines, where their 24IC50 was 30 fold
higher than that used for ApoElli targeting. Empty Apo was did not show any toxicity. Samples
containing Elli reached 24IC50 at low dosage, and encapsulated Elli reached 24IC50 with concentration
2.5 fold higher than pure Elli. These results show that Apo nanocarrier was able to deliver Elli cargo
to cells, where its structure was disassembled due to acidic endosomal environment and Elli was
released.
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Figure 2 Hemolysis test; Letter describe samples, A ± Apo, B ± Elli, C ± ApoElli, D ± ApoElli+hNET
pA, E ± ApoElli+hNET pB, graph shows percentage of hemolysis by highest concentration of samples

Hemolytic test was performed using fresh RBCs. 0.1% Triton was used as a positive control,
as it hemolysed 100% of RBCs. PBS was used as a negative control. Empty Apo had no hemolytic
effect at all (Figure 2A). Pure Elli caused observable hemolysis, as it hemolysed 3.6% of RBCs at its
highest concentration (Figure 2B). Elli encapsulated into Apo (Figure 2C) and its modifications
with anti-hNET peptides A (Figure 2D) and B (Figure 2E) were not hemolytic for RBCs. Percentage
of hemolysis caused by these nanoformulations was below 1% at all tested concentrations. It can be
seen, that ApoElli with peptide B was a little less hemolytic then ApoElli and ApoElli with peptide A.
CONCLUSION
We managed to create possible nanocarrier loaded with anti-cancer drug ellipticine. By closing
Elli into this protein carrier Apo we can protect healthy cells as with modification of Apo surface we
are able to specifically target it to cancer cells. In this paper we encapsulated Elli into Apo
and modified its outer surface with gold nanoparticles and anti-hNET peptide A and hNET peptide B
for neuroblastoma targeting. We characterized the size and structure of these particles and proved that
these modifications did not affect the structure of Apo and so its function. We also demonstrated
safety of this nanocarrier by itself, but also when loaded with Elli and modified with targeting
peptides. Elli itself proved toxic for both cancer and red blood cells, even in low concentration.
Whereas the encapsulation in Apo keeping the toxicity for neuroblastoma cancer cells while
eliminating the toxicity for red blood cells, although the highest concentration applied to red blood
cells was almost 25 fold higher than that used on neuroblastoma cancer cells. By modifying of Apo
surface, we proved that the transport of cytotoxic drug with many side effects can be more specific
to affect only target cancer cells. Still, further experiments are needed to evaluate the targeting
and in vivo behaviour of this nanocarrier.
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Abstract: A hyphenated method consisting of transient electrokinetic dosing on-line coupled
to isotachophoretic analysis was developed for the pre-concentration, pre-separation and analytical
determination of a model substance ± anionic herbicide glyphosate (gly) ± in aqueous samples
containing very low concentration of the analyte of interest. Various parameters were investigated
in the framework of an optimisation study; the aim was to reach minimal concentration limit
of detection decreasing in minimum time. The developed method consists of 2 phases. In the first one,
a sample with addition of convenient buffer (dosing electrolyte) is electrokinetically dosed
to the isotachophoretic column with proper leading electrolyte. During the dosing time, a movingboundary electrophoresis zone of accumulated sample is created in the column and it is slowly moving
through column. The accumulation of zone is proportional to the time and driving current
and to the composition of dosing electrolyte. After some time of accumulation of the zone, dosing
electrolyte is replaced with terminating one. Now, the regular isotachophoretic separation and analysis
starts. The electrolyte composition and the dosing time were thoroughly optimized and 14 fold
of accumulation was reached in 25 minutes in comparison to classical isotachophoretic analysis.
The method is simple and applicable to all commercial isotachophoretic analysers.
Key Words: isotachophoretic analysis, glyphosate, separation, ampholyte, electrolyte
INTRODUCTION
In the environment, balanced conditions are created naturally for the existence of all living
organisms, including pests and weeds. To protect the crops from these unwanted phenomena,
herbicides and pesticides are still often used in agriculture, but the trend is to use preparation
with good bio-degradation abilities that do not create long-term environment pollution and do not
leave toxic residua in produced food. Thus, monitoring of the behaviour of these substances and their
impact on the environment and human health is required on a regular basis (=iNRQ þ 17/1992 Sb.,
RåLYRWQtPSURVWĜHGt 
The isotachophoretic analysis (ITP) is one of chemical methods suitable for monitoring of such
substances, for example in water. This method belongs to the family of electromigration separation
method. Thanks to the current level of instrumentation, it is possible to measure the quantitative
amount of the substance of interest in the sample directly by the means of a suitable program.
At the same time, qualitative analysis is done - it is possible to find out what kinds of substances are
present in liquid sample.
In isotachophoretic analysis, the sample is separated according to its electrophoretic mobility:
speed of the charged particles in the homogeneous electric field. The sample is inserted to the system
consisting of two electrolytes with different mobility. A highest mobility electrolyte is called
the ³OHDGLQJHOHFWURO\WH´ /( DQGORZHVWPRELOLW\RQHLVUHIHUUHGWRDVWKH³WHUPLQDWLQJHOHFWURO\WH´
(TE) (Klouda 2003). When the voltage is inserted to the system, the charged components start
to migrate at different speed and organize themselves according to their mobilities. After
the separation phase they migrate in their zones according to their mobilities from the highest
WRWKH ORZHVW RQH 3RVStFKDODQG *ORYLQRYi  7R REWDLQ JRRGUHsults, it is necessary to choose
a suitable electrolyte system in which the analysis will precede and in which the appropriate
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separation-distribution of the monitored analytes will be achieved. The choice of the electrolyte
system can also influence the sensitivity, speed and accuracy of the analysis (Klouda 2003).
The analyte of interest, glyphosate (systematic name N-phosphonomethylglycine) is a broadspectrum herbicide applied to plant leaves. Glyphosate is an ampholytic substance; its structure
contains three functional groups: the basic amine and acidic carboxy and phosphonyl group (see
Figure 1) (Newman et al. 2016).
Figure 1 The structural formula of glyphosate (Available from http://www.wikiwand.com/cs/Roundup)

Substances used as herbicides and pesticides play crucial roles in our lives and can be found
IRUH[DPSOHDVUHVLGXDLQIRRGRUDVSROOXWDQWVLQWKHHQYLURQPHQW 3RVStFKDODQG*ORYLQRYi 
The research performed in the framework of the Friends of Earth Europe projects included, among
other things, analyses of 182 volunteers across 18 European Union countries and it was found out that
80 volunteers had glyphosate in their bodies (Institute of Science in Society, 2015).
The aim of this work was to develop and validate a new isotachophoretic method
for the determination of glyphosate in aqueous samples that would allow much better analyte
accumulation and thus enable the determination of much lower concentrations of this herbicide
in water, and at the same time to keep the time of analysis at practically short level.
MATERIAL AND METHODS
All experiments were performed using a commercially available isotachophoretic instrument
(CS Isotachophoretic analyzer, Labeco, Slovak Republic, see Figure 2). Standard
of N-phosphonomethylglycine was bought from Sigma Aldritch, St. Louis, Missouri, USA. Deionised
water used for the preparation of model samples was prepared in Milli-Q Ultrapure Water Systems,
Merck, Darmstadt, Germany. The operating electrolytes used for individual analyses are given
in Table 1.
The validation of the measurement for both old and new method were performed during
the same day without any changes of instrumentation. Thus the cLOD and cLOQ (limit
of quantification) were constant under these conditions.
Figure 2 Schematic diagram of the isotachophoretic analysis (VN-High voltage power supply)
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Table 1 Operating electrolytes used for individual analyses
Parameter

Basic primary /LE

Acid primary DE

Terminating TE

Solvent

Water

Water

Water

-

C6H5COO-

Anion

Cl

Concentration

0.01 mol/l

0.0001 mol/l

0.01 mol/l

Cation

Bala

Bala

Bala

Concentration

0.02 mol/l

0.02 mol/l

0

Additive

PEG; TRITONE

Concentration (%)

10;

C6H5COO

-

1

0;

0

0;

0

Legend: Abbreviations: LE ± leading electrolyte; DE ± dosing electrolyte; TE ± terminating electrolyte; Bala ± beta alanine
All chemicals were obtained from Sigma-Aldrich and were analytical grade.

RESULTS AND DISCUSSION
Presented method of lowering concentration limit of detection (cLOD) is based on the transient
electrokinetic dosing of the analyte to the column, i.e. sufficient (maximal) amount of the sample must
introduced to the column during some period of time at a given electric current.
This amount is proportional to the driving current and to the transference number of the analyte
in the dosing electrolyte, which is given by the ratio of conductivities of the sample and whole
electrolyte. Sample conductivity is a product of effective mobility of sample ion species and their
concentrations. Effective mobility is a function of ionic mobility and pH. Thus, there are four variables
to be optimized and one given parameter: time, current, conductivity of DE, pH and the concentration
of ions in the sample, respective.
Time
Time of the dosing (at a constant driving current) is limited by the geometry of column
and the LE concentration ± the total time of the sample passage through the column, which is constant,
can be divided into the separation and dosing time. Thus, the dosing time for the given column, current
and sample must be evaluated experimentally. Here, the separation electrolyte quality is important;
better and shorter separation time in a given column gives more time for the dosing.
Driving current
Maximum attainable current is given by column ability to dissipate Joules heat, i.e. it is given
by geometry and physical properties of the column and by conductivity (concentration)
of the electrolyte. Again, the current must be set up on maximal value experimentally.
pH of the DE
Proper value of pH is setting up a dosing speed and selectivity. pH should be set up such a way
that transference number of the sample (effective mobility) is maximal and the transference number
of disturbing substances low. In the case of known mobilities of the separated substances this
parameter can be optimized successfully by computer simulation.
Conductivity of DE
This parameter should be kept as low as possible. The approach of minimal manipulation was
adopted, where a sample buffered to a proper value of pH is used as a DE. A buffer addition setting up
the pH should not increase the given conductivity of the sample ± DE too much.
During all experiments, the DE was buffered by ampholytes in its electrical point (pI), so
the conductivity was not increased. Different ampholytes with different pI -pH were used to set up
different selectivity. Histidine (HIST), pI 7.4, and Bala, pI 5.5, were used as DE buffers. 0.02 mol/l
Bala was selected as final buffer for our analyses, because this amino acid is more acidic and is not
dosing the hydrogen carbonate. 0.01 mol/l benzoic acid was used as the terminating electrolyte,
because this acid is available in extreme clean grade and that means that unnecessary impurities are
not concentrated in the system.
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0.01 mol/l HCl and 0.02 mol/l Bala were used as leading electrolytes. The samples containing
glyphosate and marker dye SPADNS in different concentrations were injected into the system.
In the first step glyphosate cLOD was determined by classical ITP analysis, the obtained value
was 0.0005 mol/l.
Figure 3 Zone length of the glyphosate-to-concentration graph. TE: 0.01 mol/l C6H5COOH,
LE: 0.02 mol/l HCl + 0.02 mol/l Bala, SAMPLE: GLY + SPADNS

Figure 4 Zone length of the glyphosate-to-dosing time graph. TE: 0.01 mol/l C6H5COOH,
LE: 0.02 mol/l HCl + 0.02 mol/l Bala, DE:0.0001 mol/l C6H5COOH + GLY 0.00005 mol/l

The cLOD (see Figure 3) in the framework of the method optimization, cLOD concentration
was dosed to the column for 1500 seconds when the boundary reached physically half of the column.
Thus, the dosing time was thoroughly optimized and 14 fold accumulation was reached in 25 minutes.
After that the dosing electrolyte was changed for terminating one and classical ITP analysis
with conductivity detection was performed. The dependence of the zone length on the dosing time
at the concentration 0.00005 mol/l and maximum dosing 1500 second (see Figure 4). The cLOD was
calculated from the calibration curve as a 3Sd/slope at zero concentration of analyte.
CONCLUSION
With the increasing need of environmental monitoring it is necessary to investigate suitable
electrolyte systems and develop new quick and robust methods which would enable to perform
the analyses in the shortest possible time and give us reliable data.
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The new method consists of 2 phases. In the first one was a diluted sample with addition
of convenient buffer (dosing electrolyte) dosed to the ITP column with proper leading electrolyte.
Then dosing electrolyte was replaced with terminating one. After that started the regular ITP analysis.
The electrolyte composition and the dosing time were thoroughly optimized and 14 fold accumulation
in comparison to classical ITP analysis was reached in 25 minutes.
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Abstract: The aim of this study is to obtain data based on an experimental procedure and check
the effectiveness of some antibacterial agents against pathogenic bacteria. In the present experiment,
two different nanoparticles (Cadmium Telluride Quantum dots with Lanthanides: Gadolinium
and Terbium) were used to check their antibacterial properties on Pseudomonas aeruginosa.
The Cadmium Telluride Quantum dots without the Lanthanides, Gadolinium nitrate and Terbium
nitrate were also tested on those bacteria as control. In the present experiment, the following methods
were employed: disc-diffusion test, the determination of the growth properties of the bacteria
and comparison of absorbance after treatment with antimicrobial agent. From the results it has been
found that the tested Cadmium Telluride Quantum dots with Lanthanides (Gadolinium and Terbium)
have good antimicrobial effects. Additionally, GdQDs show stronger antibacterial effect than Tb QD
and other tested compounds.
Key Words: Pseudomonas aeruginosa, antimicrobial activity, lanthanides, quantum dots
INTRODUCTION
Bacterial infections are one of the major threatening for human health. A serious problem is
the treatment of diseases causing resistant bacteria and bacteria forming a biofilm (Pseudomonas
aeruginosa). More than 70% of nosocomial pathogens have become resistant to the drugs considered
to be their first line treatment Muto et al. .
In hospitals antibiotic resistance is an important issue Cook et al. . In the last 50 years,
the number of bacterial strains resistant to antibiotics has increased almost uniformly around
the world. The bacteria started to be resistant to antimicrobial agents by changing their chromosomes
and exchanging their genetic materials through plasmids Lutsar et al.  . Due to excessive use
of these drugs, antibiotic resistance increases rapidly Andersson and Levin .
Pseudomonas aeruginosa is one of the important nosocomial pathogens worldwide. Nosocomial
infections caused by this organism are often hard to treat. Pseudomonas aeruginosa has intrinsic
resistance and remarkable ability to acquire further resistance mechanisms to multiple groups of
antimicrobial agents Strateva and Yordanov .
Nanoparticles with unique chemical and physical properties have shown an increasing
importance in biomedical and pharmaceutical applications. Inorganic nanomaterials are regarded
as good candidates to replace traditional organic antimicrobial agents, because they have large specific
surface area and high bioactivity. A number of nanoparticles with antimicrobial activities have been
reported recently. QD are crystalline clusters synthesized from semiconductor materials. Due to their
wide potential, the study of antimicrobial activity of QDs go up logically Lu et al. . Lanthanide
complexes are of increasing importance in diagnosis and therapy, due to the versatile chemical
and magnetic properties Teo et al. .
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Due to the increasing antibiotic resistance CDTE QDs modified with Lanthanides have been
manufactured and their antimicrobial activity on Pseudomonas aeruginosa was investigated in this
study.
MATERIAL AND METHODS
Chemical compounds
All the reagents for quantum dots synthesis, standards, and other chemicals were purchased
from Sigma-Aldrich (St. Louis, MO, USA) in ACS purity, unless noted otherwise. Media
for cultivation of microorganisms were purchased from OXOID CZ (ThermoFisher Scientific - CZ).
Preparation of CDTE QDS modified by a Gadolinium-schiff base complex (GDQDs) and
Terbium-schiff base complex (TBQDs)
The
Schiff
base,
[(2-[(E)-2-pyridylmethyleneamino]-N-[2-[(E)-2-pyridylmethyleneamino]ethyl]ethanamine)] was prepared according to previous experiment Kopel et al.  .
In a separate beaker, methanol was mixed with an aqueous solution of gadolinium nitrate, which was
subsequently added to the Schiff base solution. The prepared Gd-SB solution was stored at 25 &XQWLO
use. Microwave preparation of the CdTe QDs was carried out according to our previous study
Moulick et al.  with necessary modifications. Next, the Gd-SB solution was added
to the prepared CdTe QD solution, followed by heating using 300 W under microwave irradiation
WR SUHSDUH WKH *G4'V 7KH VDPSOH DQG FRQWURO SDUWLFOHV ZHUH ILOWHUHG WKURXJK  P PHPEUDQHV
and subsequently dialysed against deionized water several times to remove the unreacted initiators.
Then, the particles were dispersed in deionized water for further characterization and use. TBQDS
were produced in a similar way like GDQDs where Terbium nitrate was used in place of gadolinium
nitrate.
Collection of wound swabs from the patients with bacterial infections
The smears, collected from infected wounds with the agreement of patients from Trauma
Hospital in Brno, were sampled by rolling motion at the wound using a sterile swab sampler. All
patients were divided into two subgroups, on the grounds of infection severity: deep and superficial
wound. A detailed description of comorbidities and duration of treatment was obtained. Patients were
classified according to the Classification of surgical wounds ± SSI (surgical site infections). Infected
wounds were sampled by using disposable tampon swabs maximizing collection of representative
microflora. Tampons were subsequently stored in transport medium (inorganic salts, sodium
thioglycolate, 1% agar, activated charcoal). The important part of our work-flow process comprised
sampling in duplicates with further transport in both aerobic and anaerobic conditions to preserve
bacterial viability Chudobova et al. .
Cultivation of clinical specimens
Four types of selective nutrient media (blood agar enriched by 10% NaCl, Endo agar, blood
agar without any other component, and blood agar with amikacin) we employed for further
microbiological selection. Petri dishes, containing the above mentioned media were subsequently
incubated according to conventional protocols, as described elsewhere, to maintain suitable conditions
for growth of all types of bacteria. These Petri dishes were incubated for 24±48 h at 37 C
VXSSOHPHQWHG E\ 7*< PHGLXP  J /íJOXFRVH  J /íWU\SWRQH  J /í\HDVW H[WUDFW 
6XEVHTXHQWO\LQGLYLGXDOFRORQLHVZHUHFROOHFWHGIURPHDFK3HWULGLVKDQGVWRUHGLQ/RIHQULFKHG
media. These samples were processed and utilized for both ± MALDI-TOF MS identification and PCR
with subsequent sequencing. The glycerol stocks were prepared from bacterial cultures and 80%
glycerol for long-term storage and further use Chudobova et al. .
Cultivation of bacterial strains
The pathogenic bacterial strain Pseudomonas aeruginosa from the infected wounds
of the patients were cultivated. The composition of cultivation medium was as follows: Mueller
Hinton broth 21 g and 1000 mL distilled water with 18 0ȍ0XHOOHU+LQWRQDJDUJLQWRWKH
mL of distilled water. The pH of the cultivation medium was adjusted to pH 7.4. Prior experiments,
the cultures were diluted by Phosphate-buffered saline (PBS) to OD600 nm = 0.5 McF standard
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Chudobova et al. . PBS was prepared with NaCl 8 g, KCl 0.2 g, Na2HPO4 1.44 g, KH2PO4 0.2 g
and 1000 mL of miliQ water Chudobova et al. .
Analysis of the inhibition zones using agar microdilution method
To determine the antimicrobial effect of the compounds on the bacterial culture
of Pseudomonas aeruginosa the measurement of the inhibition zones was performed. Agar surface
in Petri dish was covered with a mixture of 0.5 McF VWDQGDUG EDFWHULDO FXOWXUHV  / RI  K
EDFWHULDOFXOWXUHVLQWKHH[SRQHQWLDOSKDVHRIJURZWKDQGP/RI0+EURWK 'LVFV FP ZHUH
ILOOHG ZLWK  / RI  P0 DQWLPLFURELDO DJHQWV 6RDNHG GLVFV ZHUH WKHQ ODLG RQ D 3HWUL GLVK 3HWUL
dishes were insulated against possible external contamination and placed in a thermostat (Tuttnauer
2450EL, Israel) at 37 &IRUK$IWHUKRXUVRILQFXEDWLRQWKHLQKLELWLRQ]RQHVZHUHPHDVXUHG
and photographed in each Petri dish Chudobova et al. .
Determination of growth properties
The second procedure for the evaluation of an antimicrobial effect of antimicrobial agents
employed apparatus Multiskan EX (Thermo Fisher Scientific, Germany) for analysis of bacterial
growth curves. The diluted cultures (OD600nm = 0.5 McF and next dilution 1:100 with MH medium)
ZHUHSLSHWWHG LQWR D PLFURSODWH WRWDO YROXPH RI ȝ/  DORQH DV D FRQWURO YDULDQW RU ZLWK YDULRXV
concentrations of antimicrobial agents. The concentrations of compounds were 0; 15.6; 31.25; 62.5;
    ȝ0 0HDVXUHPHQWV ZHUH FDUULHG RXW DW WLPH  WKHQ HDFK  PLQ IRU  hours
at 37 &DWDZDYHOHQJWKRI nm Chudobova et al. .
Statistical analysis
Software STATISTICA (data analysis software system), version 10.0 (Tulsa, Oklahoma, USA)
was used for data processing. The general regression model was used to analyse differences between
WKH PHDVXUHG YDOXHV 7R UHYHDO GLIIHUHQFHV EHWZHHQ WKH FHOO OLQHV 7XNH\¶V SRVW KRc test
within homogenous groups was employed. Unless noted otherwise, p < 0.05 was considered
significant Berney et al.Milosavljevic et al. .
RESULTS AND DISCUSSION
The antibacterial activity of CdTe QDs modified with Lanthanides has been determined using
disc-diffusion method and diameter size of the inhibition zone (mm) was showed (Figure 1). CdTe
QDs modified with Lanthanides were applied on Pseudomonas aeruginosa. The influence of CdTe
QDs modified with Lanthanides on pathogenic bacteria has been shown in Figure 1, 2 and 3.
The highest inhibitory effect after 24 hours of incubation can be seen after the application of GdQD
on P. aeruginosa.
Disc-diffusion method
The graphics and pictures below show the results of inhibition zones after the application
of circular discs with antibacterial compounds against the pathogenic bacterial strain. Bacterial pathogen
(OD600 = 0.5 McF) was exposed to a 2mM antibacterial agent and the incubation was carried out
at 37 &IRUKRXUV
Figure 1 Results of the disc-diffusion test on Pseudomonas aeruginosa
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Legend: The discs on the plate: 1. QD CdTe; 2. TbQD; 3. TbQD; 4. GdQd; 5. Gadolinium nitrate; 6. Gadolinium nitrate; 7.
Terbium nitrate; 8. Terbium nitrate
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It can be noticed with the graphic and picture above, that the two compounds with lanthanides
have the best results, with a significant difference between the QD CdTe and them. Although GdQD is
working better than TbQD against Pseudomonas aeruginosa.
Determination of the growth properties of bacteria
The growth curves of bacteria alone and after application with antimicrobial agent show that
GdQD is the compound with higher effectiveness against P. aeruginosa in measurement by using
Multiscan EX.
Figure 2 Growth curves after application of different compounds on Pseudomonas aeruginosa
FRQFHQWUDWLRQRIWKHFRPSRXQGLV0
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P. aeruginosa

0,4

QD CdTe

0,3

GdQD
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Gadolinium nitrate
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5

10
15
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Comparison of the absorbance after 24 hours by Multiscan EX. The pathogenic bacteria were
treated with and without different antimicrobial agents. In the Figure 3 it can be seen that each
antimicrobial compound inhibited bacterial growth. The most effective in this case was GdQD
on Pseudomonas aeruginosa.
Figure 3 Measurement of absorbance of Pseudomonas aeruginosa after 24 hours

Legend: The concentration of compounds, which was used in the experiment of measurement of Absorbance: the figure left
0 for each compound; the figure right 0 for each compound

CONCLUSION
The aim of this experiment was to study the antimicrobial effects of Cadmium Telluride
Quantum dots with Lanthanides (Gadolinium and Terbium) and the chemicals themselves
without Quantum dots against pathogenic bacterial strain (Pseudomonas aeruginosa).
The antimicrobial activity of prepared CdTe QD with Lanthanides was measured by a disc-diffusion
method, measurement of growth properties and comparison of absorbance measured after 24 hours
by Multiscan EX. In view of the results obtained with the experiments carried out, it can be
established as a conclusion that the QDs with Lanthanides are working well against the pathogenic
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bacteria (Pseudomonas aeruginosa). Additionally, GdQDs showed stronger antibacterial effect than
Tb QD and other tested compounds. The use of CdTe QD in combination with Lanthanides (mostly
Gadolinium) appears to be a good way for the reduction of bacterial infection.
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Abstract: This work is aimed at the possibilities of targeted drug delivery into the tumour tissue. This
approach can greatly reduce the otherwise serious side effects of conventional treatment ± systemic
toxicity. For this purpose, ubiquitous protein cage apoferritin was employed as a carrier of cytotoxic
drugs. Its molecule size of 10±12 nm allows it to employ the effect of increased permeability and
retention as well as to avoid renal clearance. The cellular uptake of this carrier is known to be
mediated via the transferrin receptor 1 (TfR1), which is overexpressed on metabolically highly active
FHOOVVXFKDVFDQFHUFHOOV7KHUHIRUHDSRIHUULWLQ¶VDELOLW\WRGHOLYHUGUXJPROHFXOHVWRVLWH-of-action
was tested using cell lines with high, medium and low expression of TfR1. The optimal conditions for
studying the expression of TfR1 using western blotting were as follows: lysate of 50 000 cells applied
in non-reducing non-denaturing buffer and the concentration of the primary antibody of 1.0 g/ml.
The properties of encapsulated doxorubicin were not affected by apoferritin, thus preserving its
toxicity for cells with high level of TfR1expression (30% growth inhibition of these cells after 24 h of
treatment). The suitable usage of apoferritin as a nanocarrier for chemotherapeutic delivery was
confirmed in this work.
Key Words: apoferritin, cancer, doxorubicin, nanomedicine
INTRODUCTION
Even with advances in health care, more and more people die of cancer every year. The main
guilt lies on unhealthy life style, the environment we live in, and also on genetic predisposition. Every
5th woman and every 4th man in developed countries dies of cancer. Although these figures are
alarming, not only the mortality itself but also the quality of life of patients with diagnosed and treated
cancer should raise the question. Although we are able to treat various types of cancer, each
of the administered treatment is accompanied by many side effects that negatively affect not only
the physical but also the psychological aspects of patients' lives.
Chemotherapy can be divided into groups based on various factors including their chemical
composition and function. This work is focused on anthracycline doxorubicin, one of the most
commonly used chemotherapeutics Erkekol  . Doxorubicin has been used for the treatment
of cancer for over 30 years. Although its ability to kill fast-dividing cells and to slow development
of disease is known for several decades, its use is limited by its high toxicity. Like most drugs,
doxorubicin enters the cells through passive diffusion. It mainly accumulates in the liver, most likely
due to the role of liver in drug metabolism. Up to 40% of patients with this treatment suffer from some
form of liver damage. One of the other reasons why dose of doxorubicin should be limited is its

894

November 8–9, 2017, Brno, Czech Republic

24
years

cardiotoxicity. Patients are negatively affected to varying degrees from chronic to acute conditions.
Doxorubicin is responsible for structural changes in cardiomyocytes in the heart, especially their
magnification Carvalho et al. .
Systemic toxicity of anti-cancer treatment can be limited by its targeting to tumour cells only.
This can be limited by encapsulation of chemotherapeutic drugs into a suitable carrier that can be
targeted to specific glycoproteins overexpressed on the membranes of tumour cells. One type of such
antigens is the transferrin receptor 1(TfR1). This work deals with the employment of natural antigen
for these receptors ± apoferritin, which uses these transferrin receptors for internalization in cells.
Apoferritin is suitable for use as nanocarrier of anti-tumour drugs to tumour cells, due to its properties.
8QOLNHRWKHUDUWLILFLDOQDQRFDUULHUVDSRIHUULWLQ¶VSDUWLFOHVDUHKRPRJHQHRXVDQGKDYHDXQLIRUP size
of approximately 12 nm Iwahori et al.  . Its main advantage is its ability of reversible
dissociation and association depending on the surrounding pH, whereby small-molecule drugs can be
easily and efficiently encapsulated into the internal cavity of the apoferritin without use of any organic
solvents that are needed for encapsulation in other nanocarriers. Its safety and biodegradability are also
ensured, due to its natural presence in organisms Zang et al. .
In this study, the conditions for the study of TfR1 expression in various tumour cell lines were
optimized. The results obtained were verified by short- and long-term in vitro testing of the antitumour effect of apoferritin loaded with doxorubicin.
MATERIAL AND METHODS
Chemicals
All chemicals of ACS purity were obtained from Sigma-Aldrich (St. Louis, MO, USA), unless
otherwise stated. The pH was measured using pH meter WTW inoLab (Weilheim, Germany).
Transferrin receptor 1 expression study
Quantitative expression of transferrin receptor 1 (TfR1) in cell lysates was studied using
western blot. 50 000 FHOOVZHUHO\VHGZLWK5,3$EXIIHUDQGJRIWKHO\VDWHproteins was separated
on 12.5% SDS PAGE. The proteins were transferred to the Immun-%ORW39')membrane (Bio-Rad,
Hercules, CA, USA). Anti-Transferrin Receptor antibody 13E4 (ab38171, Abcam, Cambridge, UK)
was used, diluted in antibody buffer [1 mg/ml BSA in phosphate buffered saline (PBS)] in 1 : 2000, 1 :
1500, 1 : 1000 and 1 : 500 ratio, respectively.
Study of the short-term effect of apodox on cells with varying levels of TfR1 expression
The encapsulation of doxorubicin into apoferritin (creating apodox) and doxorubicin
concentration measurements were performed according to previous publication Dostalova et al.
 . Internalization of doxorubicin / apodox into cells and their short-term effects on them were
monitored by ambient and fluorescence microscopy using the IX 71S8F-3 (Olympus, Tokyo, Japan).
î5 UKF-NB4 (high TfR1 expression), PC-3 (medium TfR1 expression), and MDA-MB-231 (low
TfR1 expression) cells in 1 ml of IMDM (for UKF-NB4) or RPMI 1640 (for PC-3 and MDA-MB231) medium was seeded in a 12-well culture plate and incubated for 21 h. After the incubation,
the medium was replaced with 200 ȝl of fresh medium containing 34 ȝ0 GR[RUXELFLQ  DSRGR[
The doxorubicin / apodox-treated cells were incubated for additional 2 h. Living cells were stained
with CellRox *UHHQ 7KHUPR )LVKHU 6FLHQWLILF :DOWKDP 0$ 86$  DFFRUGLQJ WR PDQXIDFWXUHU¶V
instructions. Cell morphology was monitored under ambient light, fluorescein isothiocyanate filter
(excitation of 460±495 nm, emission of 510±550 nm, dichroic mirror at 505 nm) was used to visualize
oxidative stress, and fluorescence of doxorubicin was monitored using the Texas Red filter (excitation
of 545±580 nm, emission of 610 nm, dichroic mirror at 600 nm) at 200-times magnification. All
photos were uploaded and edited using the Stream Basic software.
Study of the long-term effect of apodox on cells with variying levels of TfR1 expression
To monitor the long-term effect of doxorubicin and apodox on tumour cell lines with varying
levels of TfR1 expression, the XCELLigence RTCA DP (Roche Diagnostics, GmbH, Basel,
Switzerland) was used. The background LPSHGDQFH ZDV PHDVXUHG ZLWK  ȝl of culture media
with doxorubicin / apodox. Then, 1.5î104 FHOOVLQ ȝl of culture medium were plated in 16-well
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culture plate (Roche Diagnostic GmbH). Incubation was carried out at 37 & LQ DQ DWPRVSKHUH
containing 5% CO2. Cell proliferation was monitored every 30 s for 10 min, then every 30 min
for 24 h. The experiments were performed in triplicates.
RESULTS AND DISCUSSION
Apoferritin is a protein cage composed of 24 subunits self-assembled by ferritin subunits
in medium that does not contain iron. Ferritins are present in almost all living organism where their
main function is the storage and transfer of iron Zang et al.  . Ferritin employs TfR1
to internalize into cells Suzumoto et al. . According to literature, TfR1 is extensively expressed
by some neoplastic cells on the surface of their cytoplasmic membrane to satisfy their higher
metabolic needs Peer et al. .
To test the possibility of TfR1 use in nanomedicine, its expression in various cancer cell lines
was evaluated (Figure 1). For this purpose, following cell lines were used: MDA-MB-231 (breast
cancer cell line), PC-3 (prostate cancer cell line) and UKF-NB4 (neuroblastoma cell line). Significant
differences in TfR1 expression were observed among these cell lines. UKF-NB4 showed the highest
TfR1 expression (relative TfR1 expression of 1.9). PC-3 showed medium levels of TfR1 expression
(1.4). The lowest levels of TfR1 expression were found in MDA-MB-231 cells (of 0.6).

Relative expression of
TfR compared to
expression of GAPDH (-)

Figure 1 Relative expression of TfR1 in different cell lines. MDA-MB-231- breast tumor; PC-3 prostate cancer androgen independent; UKF-NB4 - neuroblastoma. * Determines a statistically
significant difference (p < 0.05) in TfR1 expression between UKF-NB4 cells and other cell lines
2,50
2,00

*

1,50
1,00

*

0,50
0,00
MDA-MB-231

PC-3
Cell line (-)

UKF-NB4

(YHQWKRXJKDSRIHUULWLQ¶VFDYLW\LVQDWXUDOO\XVHGWRVWRUHLURQLRQVLWFDQEHDUWLILFLDOO\XVHG
to store and transfer any molecule of suitable molecular weight. Nanoparticles with a diameter below
100 nm can use the enhanced permeability and retention (EPR) effect in tumour tissues, so they can
easily get into irregular, leaky tumour vessels with relatively large pores. In contrast, nanoparticles
below 10 nm can be removed by normal vascular extravasation and renal clearance Svenson .
Due to its size, apoferritin can employ the EPR effect of tumours for accumulation in cancerous tissue
Suzumoto et al. and TfR1 can then be employed in order to penetrate inside individual tumour
cells Peer et al.  . Moreover, apoferritin is suitable as a nanocarrier also due to its
biocompatibility, high symmetry, solubility and stability, uniformity and ease of genetic and chemical
manipulation Zang et al. .
The structure of the hollow protein cage was verified using a transmission electron microscope
(Figure 2A). The size of the molecule was proven to be as expected, 10±12 nm in diameter Suzumoto
et al.  . The size did not increase after encapsulation (Figure 2B) and apoferritin retained its
structure of icosahedral cage, although it can be seen that its cavity was filled by doxorubicin
molecules, compared to apoferritin which showed empty cavity. However, the increase of its negative
surface charge from -19.8 mV to -26.0 mV demonstrated that some doxorubicin molecules were
probably bound to the surface of apoferritin during encapsulation and were not only encapsulated
in the cavity. The amount of these doxorubicin molecules on the outer surface of apoferritin was low
enough to not change the overall size of apoferritin (10±12 nm).
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Figure 2 (A) ± TEM apoferritin; (B) ± TEM apodox; (C) ± Absorbance spectra of apoferritin (blue
colour), doxorubicin (red colour) and apodox (green colour); (D) ± Fluorescence spectra
of apoferritin (blue colour), doxorubicin (red colour) and apodox (green colour)

Furthermore, the optical properties of apoferritin, doxorubicin and apodox were characterized.
The absorption spectrum (Figure 2C) clearly showed that apoferritin molecules absorbed only in UV
area (with a specific absorbance of aromatic amino acids at 280 nm). Doxorubicin showed specific
absorbance with maximum at 480 nm. Apodox showed absorbance spectrum containing both peaks
characteristic for apoferritin and doxorubicin, although absorbance of encapsulated doxorubicin was
lower than that of free doxorubicin. After filtration of non-encapsulated doxorubicin molecules,
encapsulation efficiency was measured as 77%.
Doxorubicin also showed fluorescence after excitation at 480 nm (Figure 2D). It retained its
fluorescent properties after encapsulation in apoferritin (creating apodox), which could be useful
for detection of doxorubicin distribution in vivo. Due to the conditions for detection of doxorubicin,
apoferritin fluorescence was examined at excitation wavelength of 480 nm. It is clear that apoferritin
under these conditions showed no fluorescence.
Study of the short-term effect of apodox on cells with varying levels of TfR1 expression
Thanks to the optical properties of doxorubicin, fluorescence microscopy was employed to
evaluate the internalization of doxorubicin and apodox into tumour cells with different expression of
TfR1 and their influence on oxidative stress of these cells (Figure 3). Oxidative stress is one of the
main mechanisms by which doxorubicin and therefore apodox eliminate tumour cells ShafieiRoudbari et al. .
No autofluorescence after excitation at 480 nm was detected in control sample of untreated
cells. Free doxorubicin fluorescence differed among the cell lines. The highest fluorescence (39 a. u.)
was observed in the tumour cell line with high TfR1 expression (line UKF-NB4). Medium
doxorubicin fluorescence (35 a. u.) was observed in cell line PC-3 and lowest fluorescence (31 a. u.)
was observed in cell line MDA-MB-231.
Oxidative stress is produced as a by-product of metabolism, by oxidation, degradation
and detoxification of reactive intermediates. Therefore, this condition was observed not only in treated
cells, but also untreated ones. After application of apodox and free doxorubicin, an increased oxidation
stress level was expected. The level of oxidative stress caused by free doxorubicin was highest in case
of UKF-NB4 (32 a. u.). Medium level of oxidative stress was observed in MDA-MB-231 cell line
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(8 a. u.), while PC-3 cell line showed similar level of oxidative stress after doxorubicin treatment as
in untreated cells.
Figure 3 Fluorescence microscopy showing fluorescence (red colour) of doxorubicin and doxorubicin
encapsulated in apoferritin (apodox) internalized into tumour cell lines with low (MDA-MB-231),
medium (PC-3) and high (line UKF-NB4) expression of TfR1. Fluorescence microscopy showing
the degree of oxidative stress (green colour) after treatment with doxorubicin and apodox

In the case of apodox treatment, the dependence of internalization of apodox into the cells was
assumed to be higher. The difference between the cancerous cell lines with the highest and lowest
TfR1 expression was statistically significant. The higher the expression of TfR1, the higher was the
observed apodox fluorescence (33 a. u. for UKF-NB4, 29 a. u. for PC-3 and 27 a. u. for MDA-MB231). However, oxidative stress showed different trend where highest level was observed in UKF-NB4
cells (26 a. u.), followed by MDA-MB-231 cells (4 a. u.), while PC-3 cells showed no level
of oxidative stress when compared to untreated cells.
Study of the long-term effect of apodox on cells with varying levels of TfR1 expression
Figure 4 Cell proliferation rates at 6 h intervals at the MDA-MD-231 (A); PC-3 (B) and UKF-NB4
(C) cell line untreated and treated with doxorubicin and apodox. * Determines a statistically
significant (p < 0.05) decrease in the growth of the treated cells as compared to that of control cells.
** determines a statistically significant increase (p < 0.05) in the growth of treated cells compared
to that of control cells

Since the internalization of free doxorubicin and apodox showed the same trend in the shortterm study, and the fluorescence of doxorubicin at its high concentrations may not be reliable,
the long-term effect of doxorubicin and apodox on these cells was further studied (Figure 4).
The growth of all of the tested cell lines was inhibited after 24 h of doxorubicin treatment (25%
for MDA-MB-231, 63% for PC-3 and 66% for UKF-NB4). However, their growth during treatment
with apodox was significantly dependent on their TfR1 expression. Both MDA-MB-231 (Figure 4A)
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and PC-3 (Figure 4B) cell lines showed increase in their growth after treatment with apodox. This was
probably caused by hormetic effect, increase in cellular growth caused by adaptive response of cells
to low concentration of toxic molecules Mattson  . However, cells with high TfR1 expression
were apparently able to internalize enough apodox to inhibit their growth by 30% after 24 h treatment.
The significant differences caused by different TfR1 expression show reliable natural targeting
of apoferritin nanocarrier and therefore its suitability for use in nanomedicine.
CONCLUSION
The experiment presented in this work dealt with the evaluation of the ability of naturally
occurring and versatile protein apoferritin to deliver anti-tumour drugs selectively to cancer cells via
transferrin receptors. Overall, the presented nanocarrier showed the optimal size in the range
of 10±12 nm, required for passive targeting to tumours via EPR effect, while avoiding removal
from the body through renal clearance. The various degrees of internalization of apodox into cells
with different TfR1 expression and its long-term effect on these cells have been observed. This has
confirmed the presumption of transferrin receptor function as a mechanism by which the nanocarrier
penetrates metabolically highly active cancer cells.
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Abstract: In this study, the effect of selected phenolic and flavonoid compounds of black pepper
and caraway seeds on prostate cells (PNT1A, 22RV1 and PC3) was observed. Synthetic standards
of 3,4-dihydroxybenzaldehyde and naringenin chalcone, identified previously by HPLC-MS in black
pepper seeds extracts, and neochlorogenic acid and apigenin, identified in caraway seeds extracts,
were applied. For the evaluation of the potential inhibitory effect of selected compounds on PNT1A,
22RV1 and PC3 cells, the clonogenic assay and the microscopic observation of cells were done.
The results of clonogenic assay showed that phenolic compounds had the strongest inhibitory effect
on 22RV1 and PC3 cells, while the flavonoid compounds had the strongest inhibitory effect
on PNT1A cells.
Key Words: spices, clonogenic assay, phenolic compounds, flavonoid compounds, prostate cell lines
INTRODUCTION
Prostate cancer is the second cause of cancer death for men (Atabi et al. 2017). A number
of studies which show the anti-carcinogenic effects of piperine (Samykutty et al. 2013), curcumine
(Nakamura et al. 2002, Chendil et al. 2004, Wei et al. 2012) or capsaicine (Surh and Kundu 2011)
in prostate cancer cells have been conducted. In the context of previous research our experiment was
focused on the studying of anti-carcinogenic ability of selected phenolic and flavonoid compounds
identified by HPLC-MS analyses in methanolic extracts of blank pepper seeds and caraway seeds.
Previously published studies were focused on anti-cancerogenic effect of piperine, originated
from black pepper seeds, on prostate cancer cells (Ouyang et al. 2013, Samykutty et al. 2013).
Regarding the effect of caraway seeds phenolic extracts on prostate cells, no studies have been
published yet. The selection of the most common phenolic and flavonoid compounds in caraway
and black pepper seeds was based on our previous experiment (Lackova et al. 2016). This experiment
showed that the most abundant phenolic and flavonoid compounds in black pepper are
3,4-dihydroxybenzaldehyde and naringenin chalcone, respectively. In caraway seeds, the most
abundant phenolic compound was identified a neochlorogenic acid, whereas the most abundant
flavonoid compound was an apigenin (Lackova et al. 2016). 3,4-dihydroxybenzaldehyde has
anti-inflammatory and antioxidant effects, decreased proliferation effect on human cancer and induced
apoptosis properties (Banerjee et al. 2016). Naringenin chalcone has inhibitory effects on some cancer
cells (Zhang et al. 2016). Neochlorogenic acid has demonstrated the antioxidant and chemopreventive
activity in some cancer cells (Banerjee et al. 2016). Apigenin inhibits tumor growth and angiogenesis
induced by different cancer cells (He et al. 2012). Nevertheless, the effect of these four compounds has
not been investigated in the prostate cells yet.
Based on our previous study (Lackova et al. 2016), we decided to determine the effect
of selected phenolic and flavonoid compounds on the prostate carcinoma cell lines. In this experiment,
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prostatic cells were exposed to selected phenolic and flavonoid compounds followed by clonogenic
assay and cell observation performed under a microscope in time-dependent manner.
MATERIAL AND METHODS
Selected phenolic (3,4-dihydroxybenzaldehyde, neochlorogenic acid) and flavonoid (naringenin
chalcone, apigenin) compounds were used. Apigenin and neochlorogenic standards were purchased
from Extrasynthese (Genay, France). Naringenin chalcone standard was purchased from Phytolab
(Vestenbergsgreuth, Germany). Three types of prostatic cells, PNT1A (immortalization of normal
adult prostatic epithelial cells), 22RV1 (androgen dependent) and PC3 (androgen independent) cells
were used. All cell lines used in this study were purchased from Health Protection Agency Culture
Collection (Salisbury, UK). PNT1A, 22RV1 and PC3 cell lines were cultured in RPMI-1640 medium
with 10% fetal bovine serum, supplemented with penicillin (100 U/ml) and streptomycin (0.1 mg/ml).
Cells were then harvested, washed four times with PBS, pH 7.4, and counted using Countess IIFL
Automated Cell Counter (Life Technologies, Carlsbad, CA). Other chemicals were purchased
from Sigma-Aldrich (St. Louis, MO, USA) in ACS purity.
The preparation of samples containing phenolic and flavonoid compounds for observation
of cells under a microscope (EVOS FL Auto Cell Imaging system, TermoFisher Scientific, USA) was
performed at 0, 1, 3, 6 and 12 hours of treatment (Figure 1). ,PDJHVDWDPPDJQLILFDWLRQZHUe
obtained. Experiments were performed in duplicate.
Figure 1 Scheme of samples preparation for a microscopic observation

After observation of cells under a microscope, a clonogenic assay was performed (Figure 2).
Cells were washed with Milli-4 ZDWHU ,PDJHV ZHUH REWDLQHG ZLWK &DQRQ (26 ' &DQRQ ÏWD
Japonsko). Experiments were performed in duplicate.
Figure 2 Scheme of samples preparation for a clonogenic assay
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RESULTS AND DISCUSSION
The results of cells observation under a microscope (Figure 3) showed that PNT1A cells did not
exhibit significant changes in growth over the 12-hour period compared to controls. PNT1A cells were
growing very slowly in control samples. Nevertheless, different results were obtained for 22RV1
and PC3 cells when compared with PNT1A cells. The selected phenolic and flavonoid compounds
have caused an inhibitory effect on 22RV1 and PC3 cells. In both cases, there was a gradual
accumulation of cells and their inhibition compared to the control at time 0 hours.
Figure 3 Results of observation of cells under a microscope from 0 to 12 hours

A clonogenic assay assesses the number of colonies growing after the treatment with the test
compound, in our case with selected phenolic and flavonoid compounds. In all cell lines, the reduction
of the number of colonies after the treatment with phenolic and flavonoid compounds was observed
in comparison to control cell lines. The highest number of colonies, compared with control, was
observed for PNT1A cells treated with naringenin chalcone. Conversely, the lowest number
of colonies was observed when apigenin was applying, compared with control. For 22RV1 cells,
the highest number of colonies was observed after the application of 3,4-dihydroxybenzaldehyde,
and the lowest number of colonies was observed after the application of neochlorogenic acid,
compared with control. For PC3 cells, the results were similar as in the case of 22RV1 cell lines.
The highest number of colonies, compared with control for PC3 cells, was observed when naringenin
chalcone was applied, while the lowest number of colonies was observed after the treatment
with neochlorogenic acid.
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Table 1 Results of clonogenic assay for PNT1A, 22RV1 and PC3 cells
PNT1A cells
Compounds

Number of colonies*

Control

21.5

22RV1 cells
%

PC3 cells

Number of colonies* %

100

Number of colonies* %

132.5

100

164.5

100
25

2.5

12

44.5

34

40.5

19.0

88

31.0

23

46.5

28

Apigenin

1.5

7

34.0

26

31.5

19

Neochlorogenic acid

3.0

14

2.5

2

24.5

15

3,4-dihydroxybenzaldehyde
Naringenin chalcone

Legend: * average of two measured values

Figure 4 Growing colonies in controls (A) for PNT1A cells, (B) for 22RV1 cells, (C) for PC3 cells

CONCLUSION
The aim of the experiment was to investigate inhibitory effect of selected phenolic
and flavonoid compounds of black pepper and caraway seeds on three prostate cells (PNT1A, 22RV1
and PC3). From black pepper, 3,4-dihydroxybenazldehyde and naringenin chalcone were used.
From caraway seeds, neochlorogenic acid and apigenin were used. The results of observation of cells
under a microscope showed that all four applied compounds had inhibitory effect on all cell lines used
in the study. The results of clonogenic assay showed that the lowest number of colonies was observed
for PNT1A treated with apigenin compared with control. For 22RV1 and PC3 cells, the lowest number
of colonies compared with control was observed after the treatment with neochlorogenic acid.
This data serves as a pilot study for a larger experiment evaluating the effect
of 3,4-dihydroxybenzaldehyde, neochlorogenic acid, naringenin chalcone and apigenin on prostate cell
lines.
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Abstract: The first aim of the experiment was an optimization of the method for determination
of hydroxyproline in a pig skin using high-performance liquid chromatography with fluorescence
detector (HPLC-FLD) and ion-exchange liquid chromatography with VIS detector (IEC-VIS).
On the basis of the experiments performed, it was found that HPLC-FLD method is three times more
sensitive than IEC-VIS method. For IEC analysis of hydroxyproline, the limit of detection (LOD) was
 ȝJPO ZKHUHDV WKH OLPLW RI TXDQWLILFDWLRQ /24  ZDV  ȝJPO For HPLC analysis
of hydroxyproline, the limit of detection (LOD) was 1 ng/ml whereas the limit of quantification (LOQ)
was 3 ng/ml. The second aim was the testing of influence of different volume of 6M HCl on extraction
of sample (50 mg) for analysis using HPLC-FLD. Here it was found that the best volume was 250 O
6M HCl.
Key Words: hydroxyproline, HPLC-FLD, IEC-VIS, microwave hydrolysis, pig skin
INTRODUCTION
Hydroxyproline (C5H9O3N) is a non-proteinogenic amino acid produced by hydroxylation
of the amino acid proline via prolyl hydroxylase enzyme (Gorres and Raines 2010). Hydroxyproline
and proline are a main part of collagen of animals (Zhang and Duan 2017) and humans (Sugioka et al.
2017). Hydroxyproline organize the triple-helical structure of collagen and played key role in collagen
stability (Shoulders and Raines 2009). Content of hydroxyproline in biological fluids is used
as a parameter of collagen catabolism (Lv et al. 2017), especially bone resorption or tissue
degradation (Kimura et al. 2017). Different changes in hydroxyproline metabolism play major roles
in the pathophysiology and pathogenesis of various diseases (Srivastava et al. 2016). The elevated
level of hydroxyproline was observed in several disorders, i.e. graft versus host disease, keloids,
vitiligo, cases of depression and stress (Srivastava et al. 2016, Dong et al. 2017). Decreased level
of hydroxyproline is a marker of poor wound-healing (Srivastava et al. 2016). Degradation of collagen
may accelerate the increased amount of reactive oxygen species (ROS) (Shi et al. 2016).
Hydroxyproline is a potential oxidative biomarker for diagnosis of fibrosis in hepatitis C (Attallah
et al. 2007), adiposity and cardiometabolic health (Jennings et al. 2016).
Several methods are usually used for determination of hydroxyproline from different types
of matrices, including high-performance liquid chromatography with fluorescence detection (Ren et al.
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2017), high-performance liquid chromatography with tandem mass spectrometric detection
(LC/MS/MS) (Shiota et al. 2017), hydrophilic interaction chromatography with tandem mass
spectrometry and ion-exchange liquid chromatography with post-column derivatization (Rigas 2012,
Zhu et al. 2014).
We have focused this work on optimization of two chromatographic methods, namely,
ion-exchange liquid chromatography with VIS detector and high-performance liquid chromatography
with fluorescence detector.
MATERIAL AND METHODS
A pig skin was used in this experiment. The preparation of samples for high-performance liquid
chromatography with fluorescence detector (HPLC-FLD) and ion-exchange liquid chromatography
with VIS detector (IEC-VIS) were a bit different. For the first aim of this experiment, the sample
preparation included the following process numbers (Figure 1): 1 A, 2, 3, 4, 5, 6, 7 A, 7 B, 8 and 9 A.
As an alternative sample preparation procedure, we chose different volumes of 6M HCl for sampling
50 mg of a sample. This sample preparation method was used for HPLC-FLD analysis. For the second
aim of this experiment, the sample preparation included the following process numbers (Figure 1): 1
B, 2, 3, 4, 5, 6, 7 C and 9 B.
The dilution buffer consisted of thiodiglycol (5 ml/l), sodium azide (0.1 g/l), citric acid (14 g/l)
and sodium chloride (11.5 g/l).
Figure1 Scheme of the pig skin sample preparation for IEC-VIS and for HPLC-FLD analysis
and scheme of optimization of the pig skin samples preparation for HPLC-FLD analysis

For the primary determination of hydroxyproline, an ion-exchange liquid chromatograph
AAA-400 (Ingos, Czech Republic) with post column derivatization by ninhydrin and an absorbance
detector in visible light range (VIS) were used. A glass column with an inner diameter of 3.7 mm
and a length of 350 mm was filled manually with strong cation exchanger (LG ANB, Ingos, Czech
Republic) with ~12 P SDUWLFOHV DQG  SRURVLW\ 7KH FROXPQ ZDV equilibrated at 60 &
A double-channel VIS detector with an inner cell of 5 O was set to two wavelengths: 440 and 570 nm.
A prepared solution of ninhydrin was stored under nitrogen atmosphere in the dark at 4 &
The elution of amino acids was carried out by buffer containing 10.0 g of citric acid, 5.6 g of sodium
citrate, and 8.4 g of sodium chloride per one liter of solution (pH 2.7). The flow rate was 0.25 ml/min.
The reactor temperature was set to 120 & All chemicals were purchased from Ingos (Ingos, Czech
Republic).
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For alternative determination of hydroxyproline, a high-performance liquid chromatograph HP
1100 Series with FLD detector (HP, Germany) was used. The HPLC chromatographic system was
controlled with ChemStation software (rev. A 07.01). The column effluent was monitored
with a diode-array detector at 338 nm (10 nm bandwidth) and a fluorescence detector at 340ex/450em
nm using the OPA reagent for precolumn derivatization. For the separation of amino acids, the column
Zorbax Eclipse AAA (Agilent Technologies, USA) with dimensions 150 x 4.6 mm and a particle size
RI  P ZDV XVHG 7Ke column was equilibrated at 40 & A mobile phase A consisted
of 40 mM Na2HPO4 at pH 7.8 (5.5 g of NaH2PO4 monohydrate + 1 l of H2O, adjusted to pH 7.8
with 10M NaOH solution) and a mobile phase B was acetonitrile/methanol/water (45:45:10 v/v).
The flow rate of mobile phase was 2 ml/min. The compounds were eluted with a linear upward
gradient: 0.0 min (0% B) 0.8 min (57% B) 10.0 min (100% B) 12.5 min (0% B) to 14.0 min. All
chemicals were purchased from Sigma-Aldrich (St. Louis, USA).
RESULTS AND DISCUSSION
A determination of the presence and concentration of hydroxyproline was held
by a high-performance liquid chromatography with fluorescence detection and an ion-exchange liquid
chromatography with VIS detector. The content of hydroxyproline in a pig skin was expressed
as mean  standard deviation from three replicates.
Two calibration curves were prepared in the ranges 1.56 ± 100.00 J/ml for IEC-VIS
and 6.25 ± 1000.00 ng/ml for HPLC-FLD. The calibration curve for IEC-VIS showed a good linearity
with correlation coefficient R2 = 0.9987 and R.S.D. = 2.1% (Figure 2A, B). The calibration curve
for HPLC-FLD showed a good linearity with correlation coefficient R2 = 0.9987 and R.S.D. = 1.75%
(Figure 2C, D).
Figure 2 (A) Chromatograms from calibration dependence of hydroxyproline determined by IEC-VIS,
(B) calibration curve measured within the range from 1.56 to 100 JPO under the experimental
conditions, (C) chromatograms from calibration dependence of hydroxyproline determined by HPLCFLD, (D) calibration curve measured within the range from 6.25 to 1000.00 ng/ml under
the experimental conditions

After comparing the results of HPLC-FLD and IEC-VIS methods, it was clear that HPLC-FLD
provided higher assay sensitivity than IEC-VIS. A higher sensitivity of HPLC-FLD is demonstrated
by a calibration curve where the calibration range is in an order of ng/ml, whereas the calibration
range for IEC-VIS method is in an order of g/ml. Another advantage of HPLC-FLD is that FLD is
a selective detector and therefore HPLC-FLD could be used as a confirmatory method. HPLC-VIS
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results always need to be confirmed using any other method, for example LC-MS. This may be
the subject of further experiments. Another advantage is the sample volume, which is  ȝO
for IEC-VIS and ȝOIRU HPLC-FLD, respectively. Therefore, only HPLC-FLD was used for further
experiments. The initial preparation of the sample was replaced and different volumes of 6M HCl
were optimized for a load of 50 mg of a sample.
The representation of influence of different volumes of 6M HCl for mineralization of a pig skin
sample is shown in figure 3C. For each vial containing 50 mg of a pig skin, the following volumes
of 6M HCl were added: DQGȝOThe results shown in figure 3C indicate that
the best yield of hydroxyproline was acquired usiQJ D YROXPH RI  ȝO RI 0 +&O FRPSDUHG
to the other volumes of 6M HCl.
In figures 3A and 3B, the HPLC-FLD chromatogram of real samples of a pig skin is shown.
The chromatogram in figure 3A shows the presence of hydroxyproline in a 50 mg real sample
GLVVROYHG LQ  ȝO RI 0 +&O +\GUR[\SUROLQH FRQFHQWUDWLRQ ZDV  QJPO 7KH chromatogram
in figure 3B shows the presence of hydroxyproline in a 50 mg real sample dissolYHGLQȝORI0
HCl spiked with 10 ng/ml of a standard hydroxyproline. Hydroxyproline concentration was 14 ng/ml.
Figure 3 Chromatogram of real sample of a pig skin (50 mg), mineralized in 200 ORIM HCl, (A)
without spike and (B) spiked with standard of hydroxyproline (10 ng/ml). (C) Influence of added
different volume of 6M HCl to the 50 mg of real samples of a pig skin on the concentration
of hydroxyproline after microwave mineralization.

CONCLUSION
Based on the experiment, the comparison of two tested methods, HPLC-FLD and IEC-VIS,
showed that the HPLC-FLD method is much more sensitive than the IEC-VIS method
for the detection and quantitation of hydroxyproline. The HPLC-FLD sensitivity versus IEC-VIS
sensitivity was three orders better JPO YHUVXV ng/ml). Another advantage is the used sample
volume, which is ȝOfor IEC-VIS and ȝO for HPLC-FLD. From the results of the optimization
of the 6M HCl volume used in dilution of 50 mg of a real sample, it was found that the best for the
highest yield of hydroxyproline from the real sample was a  ȝO RI 0 +&O The hydroxyproline
concentration 4 ng/ml in the real 50 mg sample was optimized with the use of 200-ȝO0+&O It was
proved, that HPLC-FLD is a suitable method for analysis of hydroxyproline in low concentrations
and sample amounts and can be used as a detection method for analysis of real samples of a skin
for further experiments.
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Abstract: Protein identification and quantitation is routinely based on oligopeptides longer than six
amino acids. Here, we examined theoretical tryptic digests of five contrasting model proteomes
and evaluated potential benefits of shorter peptide sequences for proteome analyses. Our results indicate
that pentapeptides should not be excluded and shorter sequences may present valid targets in a dedicated
targeted analysis.
Key Words: protein identification, protein quantitation, oligopeptides, tryptic peptides
INTRODUCTION
In the last two decades, mass spectrometry has been established as a method of choice to identify
and quantify proteins. The so-FDOOHG³%RWWRP-XS´VKRWJXQDSSURDFKLVE\far the most common method
to do that. In this technique, a protein or a protein mixture is digested and the resulting peptides are
analyzed. The key to this technique is the detection of a unique peptide that is exclusive to a given
protein and can not originate from a homologous sequence in a different one. However, evolution
and gene duplication events resulted in homologous sequence motifs that are shared between different
proteins and it is thus often impossible to distinguish between them. In this article, we provide
a comparative analysis of tryptic protein digests of five representative model organisms and discuss
the implications for targeted quantitative analyses and peptide-based identifications.
MATERIAL AND METHODS
Proteome sequences
Proteome sequences were downloaded from the Ensembl (H. sapiens), EnsemblBacteria (E. coli),
EnsemblFungi (S. cerevisiae), Araport (A. thaliana) and NCBI (P. palmivora) databases.
Analysis of tryptic peptides
Tryptic digests were generated with Protein Digestion Simulator (https://omics.pnl.gov/); MS
Excel was used for the data filtering and Skyline 3.7 (https://skyline.ms/) to assess the peptide
uniqueness.
Protein identification
The spectra from Arabidopsis seedlings (Baldrianova et al. 2015) were processed against Araport
11 database by Sequest HT with the following parameters: Enzyme - trypsin, max two missed cleavage
sites; Mass tolerance - 35 ppm (MS) and 0.1 Da (MS/MS); Modifications - up to three dynamic
modifications including Met oxidation, Asn/Gln deamidation, Lys methylation, N-terminal acetylation,
Ser/Thr/Tyr phosphorylation. The search against concatenated database of unique tetra-, pentaand hexapeptides had the following parameters: Enzyme - trypsin, no missed cleavage; Mass tolerance
- 35 ppm (MS) and 0.1 Da (MS/MS); Modifications - no modification allowed. Data were processed
and visualized by ProteomeDiscoverer 2.2 (Thermo).
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RESULTS AND DISCUSSION
In silico trypsin digestion
There are 22 known proteinogenic amino acids and thus there could be 22n possible combinations
IRUSHSWLGHVHTXHQFHWKDWFRQWDLQVQDPLQRDFLGV ýHUQêet al. 2013). However, peptides are not random
combinations and thus not all possibilities are found in nature. In fact, our data show that only a minor
fraction is actually employed in real protein structures. We analyzed sequences of all putative tryptic
peptides three to seven amino acids in length that could originate in the tryptic digest of five contrasting
species: bacteria Escherichia coli, yeast Saccharomyces cerevisiae, plant pathogen Phytophthora
palmivora and Homo sapiens (Table 1). Trypsin is the most commonly used enzyme for a protein
digestion with high substrate specificity and cleaves next to arginine or lysine. It was believed that
trypsin does not cleave before proline but this so-called Keil rule has been challenged in the past. Our
putative tryptic peptides were thus generated to include any amino acid sequence that could be present
in the fully trypWLFGLJHVWZLWKQRPLVVHGFOHDYDJHVRU³3UROLQH5XOH´7KLVPHDQVWKDWWKHUHFRXOGH[LVW
î(n-1) unique combinations.
Table 1 Putative tryptic peptide combinations. Calculated number of all possible combinations
and peptides found in silico in fully tryptic digests of five evolutionary distant model proteomes.
Numbers in thousands.
Peptide
n.
E. coli
S.
P.
A. thaliana H. sapiens
length
combinations
cerevisiae
palmivora
3
8.8
1.1
1.1
2.4
2.2
3.4
4
176.0
6.1
8.7
13.0
12.8
15.4
5
3520.0
9.8
20.3
53.2
56.8
62.0
6
70400.0
8.9
20.0
62.6
68.4
76.9
7
1408000.0
8.5
17.7
57.9
64.9
71.0
The ratio of theoretical amount to real amount of amino acid combinations has a logarithmic
dependence on peptide length
As expected, the highest percentage of the available combinations is found for tripeptides
(up to 38% in human proteome; Figure 1), and the smallest proteomes (E. coli, 5,494; S. cerevisiae,
6,692 proteins) contain significantly lower amounts of amino acid combinations in their respective
peptide sequences. We assessed the occurrence of peptide sequences and found that either LLR or LLK
is the most abundant tripeptide in the analyzed species. The ranking of longer tryptic peptides was not
similar which is well in line with the evolutionary distance of these five organisms. The occurrence
of different oligopeptides increases with the peptide length but the dependence curve has a hyperbolic
VKDSHDQGGRHVQRWIROORZî(n-1) dependence.
How many amino acids do we need for a proteotypic peptide?
Shorter peptides are often excluded from protein identification and quantitation analyses because
they can be often found in multiple different proteins. The default settings for proteomic software
restricts the peptide length by limiting m/z ratio to 350 - 400. This represents at least four amino acids
in a singly-charged peptide for a protein identification and the quantitation limits are even higher
(e.g. Novak et al. 2015, Cerna et al. 2017). We examined our putative tryptic digests and the results are
summarized in the Table 2 and Figure 2.
We have found that tetrapeptides may represent a significant portion of proteotypic peptides
in a prokaryotic cell and should not be excluded in any proteomic analyses of an organism with a known
genome. For instance, unique tetrapeptides in A. thaliana can be employed to identify and quantify over
2,400 proteins. However, without any prior knowledge of a peptide uniqueness, more than four
independent tetrapeptides should be used and thus their usefulness is limited. The size of A. thaliana
proteome (~48,000) and that of P. palmivora (~35,000) are quite similar and this similarity is reflected
in statistics. The probability that a pentapeptide or a hexapeptide in P. palmivora or A. thaliana is unique
is around 70% and 90%, respectively. In contrast, the human proteome database contains over 104,000
protein models. We did not consider proteoforms in our analyses and duplicate peptide sequences
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originating from the same gene were always removed. However, the ratio between unique and nonunique peptide sequences in H.sapeins digest is still low and seven in ten heptapeptides are not unique.
A. thaliana and H.sapiens have a similar amount of protein-coding genes and it is tempting to speculate
that our limited knowledge of plant genome/proteome produces bias in our data.
Table 2 Putative tryptic oligopeptides three to seven amino acids in length (AA) and their uniqueness
in model proteomes. Only sequences that are found in three and less different protein models are listed.
Occurrence
3 AA
4 AA
5 AA
6 AA
7 AA
E. coli
Unique
381
3090
8821
8533
8218
2
59
1380
791
254
203
3
19
749
134
64
49
S. cerevisiae
Unique
404
3017
17208
19189
17200
2
51
1730
2418
639
386
3
8
1194
453
64
44
P. palmivora
Unique
1209
3060
35727
55514
53144
2
380
1265
10110
4767
3208
3
127
1055
3683
1097
712
A. thaliana
Unique
1097
2768
37040
60615
59752
2
336
1194
11425
5946
3972
3
90
1002
4376
1112
706
H. sapiens
Unique
1143
3125
14763
23367
22526
2
565
1085
10562
16812
16164
3
312
652
7929
11384
10387
Figure 1 The number of existing amino acid combinations correlates with a proteome size

Is it possible to detect tripeptides and tetrapeptides in LC-MS analyses?
Standard proteomics databases dedicated to the targeted protein identification do not contain short
peptide sequences (e.g. Desire et al. 2006). However, we believe that this should be changed and thus
we reanalyzed raw LC-MS data of A. thaliana seedlings (Baldrianova et al. 2015) employing a modified
FASTA database containing only tryptic peptides of four to six amino acids. A single LC-MS run
processed with the original settings contained 775 protein families representing 1507 protein
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identifications. The inclusion of shorter peptides to the identification list provided additional 30 protein
families, representing a low but significant increase in protein IDs. However, all newly identified
peptides were only doubly charged hexapeptides. Shorter peptides were not detectable in this dataset.
This was not unexpected because only precursors over 350 m/z were selected for fragmentation. Further,
the MS/MS based untargeted identification is not very practical for shorter sequences. The number
of peaks in the MS2 fragmentation pattern is low and an automatic scoring of these spectra does not
work properly. Smaller peptides are also more likely to be lost during the desalting step. We believe
that a metabolomic-based approach that is optimized for lower molecular masses could be beneficial
to further improve the proteome coverage. In this context, we should note that the new release
of the NIST metabolomic database contains entries for over 400 dipeptides and 800 tryptic peptides
(Yang. 2017).
Figure 2 How many peptides do we need for a confident identification and quantitation? (A) The
probability of uniqueness of a random peptide sequence of given length. (B) Minimal number of peptides
of given length that is required for confident (p<0.05) identification and quantitation of a protein.
These calculations do not include proteoforms.
A)

B)

CONCLUSION
Our results indicate that the length restriction in protein identification and quantitation should be
lowered and known unique oligopeptides included in analyses. However, we note that the present-day
proteomic workflow may not be optimal for shorter peptides and that techniques dedicated to small
molecule analyses could improve the proteome coverage.
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Abstract: Zinc is an important biogenic element which is able to connect with indicators such
as a spiropyran. The spiropyran is known for its fluorescent character and selectivity towards zinc ions
(and some other metal ions, e.g. cadmium). This complex, especially with zinc, gives a high
fluorescence intensity which was analyzed by fluorescence spectra and by capillary electrophoresis
with laser induced fluorescence detection. In addition, the influence of visible light irradiation on zinc
release was tested. The spiropyran specificity to zinc was also investigated by coupling with copper
and cadmium.
Key Words: the spiropyran, zinc, fluorescence intensity, vis irradiation
INTRODUCTION
Zinc is a very important biogenic element which plays many roles in human body and other
living organisms. In terms of the human body, it is a cofactor of lots of enzymes and an important
component of insulin molecule and insulin metabolism. Further, zinc ions participate in metabolism
of saccharides, proteins, and phosphorus Maret . It is predominantly an intracellular element. It
is possible to detect and determine zinc using many methods, e.g. UV spectroscopy, atomic force
microscopy Taranath et al.  , methods using extractions, atomic absorption spectrometry
or spectrophotometry Smith et al. . Zinc ions can be also detected by fluorescence probes such
as FluoZin Kimura andKoike . Here, a sensoris meant a molecule which binds other molecules,
elements, hormones, and other substances and is able to transmit them under certain conditions
Pijanowska et al. .
One of the newly synthesized receptors is a spiropyran. The spiropyran is a receptor which is
fluorescent and photoregenerable. It is selective towards zinc(II) ions. Creation of a complex is
connected with a structure isomerization in a response to electromagnetic irradiation. After creation
of metastable merocyanine, the phenolic oxygen with a negative charge causes the ability to bind
metal ions (e.g. zinc) Natali et al. .
Due to the fluorescent character of the spiropyran, it is possible to use fluorescence
spectrometry to measure fluorescence intensity. The advantage of fluorescence intensity detector is
that it has much larger range of application than absorbance scan and differences between single
measurements are more perceptible and it is much easier to evaluate them Strickler andBerg .
The next step to complete information of fluorescence intensity is using capillary electrophoresis
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with laser induced fluorescence detection (CE-LIF). This method is universal, highly effective
and very sensitive and accurate Huang et al. .
In this study the photosensitive spiropyran was synthesized. Effect of zinc complexation
(and other metals) and effect of visible light (vis) irradiationwere characterized by fluorescence
spectra. The fluorescence signal was analyzed also by CE-LIF.
MATERIAL AND METHODS
The spiropyran synthesis
All chemicals of ACS purity were obtained from Sigma-Aldrich (St. Louis, USA) unless
otherwise stated. The spiropyran was prepared from commercially available starting material in three
steps (Figure 1). First, 2,3,3-trimethyl-3H-indole-5-carboxylic acid (1) was alkylated
with 2-bromomethyl pyridine (2) in presence of N,N-diisopropylethylamine (DIPEA) leading
to compound 3 Natali et al. . In parallel, ortho-vanilin(4) was nitrated with nitric acid in acetic
acid providing 3-methoxy-5-nitrosalicylaldehyde (5) Darwish et al.  .Then a condensation
reaction of compounds 4 and 5 in ethanol led to desired the spiropyran 6 Natali et al. .
Figure 1 The scheme of the spiropyran synthesis

Fluorescence spectrometry analysis
Dimethyl sulfoxide (DMSO) was chosen as an appropriate solvent for fluorescence
spectrometry analysis. Before analysis DMSO was deprived of zinc ions by using Chelex 100 Resin
(Bio-Rad, USA). The amount of Chelex in DMSO constituted of about 10% of the total volume.
The whole solution was then once more treated by Chelex. Then spiropyran (1 mg/ml) in DMSO was
mixed with equal moles of ZnCl2, CdSO4 or Cu(NO3)2. The fluorescence spectra were measured
on fluorimeter Infinite M200 PRO microplate reader (Tecan, Austria). The data were compiled
by fluorimeter software i-control 1.9 (Tecan). All samples were monitored using excitation
wavelength Ȝex 490 nm.
Visible light irradiation
White LED (6000 K, Roithner Lasertechnik, Austria) was used to illumine the samples before
measurement. Different times of irradiation were tested (1 and 5 min).
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Capillary electrophoresis with laser-induced fluorescence detection (CE-LIF)
Samples of spiropyran with and without zinc were analyzed by CE-LIF. The capillary
electrophoresis separation was implemented on 7100 CE System (Agilent, Germany)
with a fluorescence detector (ZetaLIF, Picometrics, France) and a solid-state laser (Ȝex = 488 nm)
as an excitation source. The uncoated fused silica capillary (Polymicro Technologies, USA) with inner
diameter 75 m, the total length 64 cm, and effective length 43cm was used. All data evaluation was
performed with Agilent ChemStation software. The 20 mM borate buffer (pH 9.2) was used
as a background electrolyte. The hydrodynamic injection by 30 mbar for 5 s and the separation voltage
of 25 kV was employed.
RESULTS AND DISCUSSION
The spiropyran interaction with zinc ions
First of all, the fluorescence intensity of spiropyran itself with fluorescence intensity
of the spiropyran complexed with zinc was compared. The fluorescence intensity maximum
for spiropyran was at 605 nm and for the complex at 625 nm. As it is obvious (Figure 2A),
the spiropyran complexed with zinc has much higher fluorescence intensity than the spiropyran alone.
In the presence of zinc ions, the fluorescence intensity increased six times. Compared to commonly
used zinc-sensitive fluorescent probes (e.g. FluoZin-3 de Silva et al. ), the here presented probe
belongs to the group of stimuli-responsive materials and therefore after irradiation by visible light,
the captured zinc ions are released.
Visible light irradiation
Subsequently the influence of vis light irradiation on zinc release and re-complexation was
investigated (Figure 2B). Samples of complexes were illuminated by white LED for 1 and 5 min
causing decrease of fluorescence intensity by 40 and 80 %, respectively. This observation corresponds
to zinc ions release from the complex. Then the sample was placed in lightproof box in order to survey
re-complexation. As was shown in Fig 2B, not even after 15 hours the fluorescence intensity did not
reach the original value. This fact indicates very slow or partial re-complexation of the zinc ion
to the spiropyran.
Figure 2 Development of fluorescence intensity depending on the conditions

Legend: A ± difference between fluorescence intensity of the spiropyran (blue) and the spiropyran with zinc (red), B ±
fluorescence intensities depending on enlightenment changes, C ± differences between fluorescence intensity
of the spiropyran with other metals

Specificity study
Finally, the spiropyran interaction with other metals was investigated (Figure 2C). In case
of copper, no fluorescence signal was observed, because copper does not react with the spiropyran at
all. The situation changes in case of cadmium which forms a complex with fluorescence intensity
higher than the spiropyran alone however intensity reaches about 70% of fluorescence intensity
in comparison with the spiropyran±zinc complex. These results are in agreement with the work
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by Natali et al. where the interaction with a variety of ions (mono-, di-, and tri-valent) was tested;
however the exact explanation of the selectivity was not wholly explained yet.
CE-LIF analysis
Preliminary results obtained by CE-LIF shoed (Figure 3) that the solution of spiropyran alone
led to formation of peaks in migration times of 2.3 min, 2.7 min and 3.7 min. In case
of the spiropyran-zinc complex, another peak with migration time of 3.1 min appeared (*).
Figure 3 The typical electropherogram of the spiropyran and the spiropyran with zinc

*

CONCLUSION
Aim of this study was to investigate the influence of presence of zinc ions and influence
of illumination on the spiropyran fluorescence intensity.
As found, the spiropyran formed a highly fluorescent complex with zinc ions. This complex
dissociated by LED illumination, but its reassociation in darkness was much slower. The spiropyran
was also able to bind cadmium but not to copper. As observed, it is convenient to use the spiropyran
as a probe of zinc, because it is easy to determine this complex and utilize this knowledge in other
studies. Future work includes not only detail investigation of the probe sensitivity and selectivity
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Abstract: This study pays attention to the possibilities of using column tests in order to determine
parameters of contaminant migration through soils. The column tests were performed in the Trautwein
apparatus by the constant head method. In this research solution of chlorides prepared on the basis
of distilled water has been used as a conservative marker. Based on breakthrough curves, velocity
of flow, dispersion coefficient, longitudinal dispersivity and Peclet number were calculated for each
sample tested using CXTFIT-STANMOD package. Obtained Peclet numbers (Pe=0.82, Pe=0.57,
Pe=19.01, respectively) have indicated that advection is dominant mechanism of chloride transport
in sand whereas diffusion dominates during the chlorides transport through silt loam. Velocity
of chlorides flow in silt loam samples were almost equal to 5 î 10-7 m/s, whereas in sand was equal
to 3.1 î 10-4 m/s. It was concluded that the column experiment can be used as an efficient method
to provide input data for numerical modeling of non-reactive tracers transport and fate in the soil-water
system for the purpose of surface and groundwater protection.
Key Words: chlorides, migration, CXTFIT, advection, diffusion, dispersion
INTRODUCTION
Contaminants can be subdivided into three general groups: (a) aqueous contaminants dissolved
in water, including inorganic major ions, nutrients, trace elements and dissolved organic compounds,
(b) non-aqueous contaminants, including petroleum products or chlorinated solvents, and (c)
particulate matter that may be inert or biologically active (Bear and Cheng 2010).
By the migration of contaminants is meant the transport of specific chemicals together
with the transformations they may undergo during transport (Knox et al. 1993). The combination
of physical, chemical and biological processes is the most often associated with the movement
of pollutants in the soil-water environment. In the subsurface, the various contaminants undergo
complex physical, chemical, and biological transformations (US.EPA 1987).
The issue of the transport and fate of contaminants in the soil-water environment is a subject
of numerous researches worldwide and is strictly linked to the need of protection of environmental
components from contamination. In recent years, the attention has been focused mainly
on contamination of the soil-water system by landfill leachate, agricultural activities (the use
of fertilizers, herbicides, pesticides), spills of oil and other toxic liquids or hazardous industrial wastes
(Sieczka and Koda 2016a, Sieczka and Koda 2016b, $GDPFRYi et al. 2017, Koda et al. 2017,
9DYHUNRYi et al. 2017).
While many studies have been conducted to characterize the processes of pollutants migration
for various types of sorbents (Khan et al. 1997, Xie et al. 2013), only few literature reports concern
the description of migration processes of pollutants in natural soils. The studies on migration
of contaminants through natural soils, generally through sands collected from areas of groundwater
intakes, carried out in Polish scientific institutes, so far have been mainly concerned with conservative
SROOXWDQWV HJ FKORULGHV  0DUFLQLDN HW DO  2NRĔVND ). Similarly, Ojuri and Ola (2010)
expended considerable efforts to determine parameters of chlorides migration through sandy soils.
In order to provide complete overview of the migration of contaminants in the soil-water
environment, it is required to have sufficient information about the medium in which the migration
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takes place as well as the parameters occurring in mathematical equations describing the transport
of pollutants (Koda 2012, Koda et al. 2013).
Due to the presence of numerous sources of contamination (e.g. agriculture, industry, communal
infrastructure facilities, landfill sites), from which pollution can enter the soil-water environment, it is
justified to undertake research activities aimed at recognizing basic processes responsible
for contaminant migration as well as at developing procedures to control their spread for the purpose
of the protection of the natural environment. Some studies have been conducted so far to identify
the processes of transport of agricultural contaminants using tracer techniques. In these methods,
chloride and bromide are being used commonly because they are not adsorbed by the soil and do not
undergo biological transformations. Kanwar et al. (1997) showed in their work that chloride can be
applied as a tracer of nitrate migration through soils.
Worth mentioning is also the application of the electrical resistivity methods which in the field
conditions are being effectively used as a tool to interpret the migration paths of contaminants
(Wychowaniak et al. 2015).
Although several methods can be used to determine the parameters of contaminant migration
'RZJLDááRHWDO  this research focuses on the application of dynamic method in the assessment
of the parameters of chlorides migration through natural soils.
MATERIAL AND METHODS
Tested materials
Soil samples collected from the agricultural areas were used as research materials. Identification
of the particle size distribution was conducted using the sieve analysis and the Casagrande method
LQ 3UyV]\ĔVNL modification according to the standard presented in PN-B-04481:1988. The textural
names of the tested soils were determined based on the classification of the Polish Society of Soil
Science (2009). Effective porosity (ne) of the tested materials was calculated using the formula
presented by Marciniak et al. (2006).
Column experiment
In this study the solution of chlorides imitated the contamination. Contaminant transport
parameters were determined based on a column experiment using the Trautwein apparatus,
a photograph of which is presented in Figure 1.
Figure 1 Experimental set-up for chlorides transport parameters testing
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Dynamic tests were carried out in the saturated conditions using the constant head method
with regard to the ASTM D5084-00 procedure. To imitate the stress conditions in the tested soils,
the confining pressure equal to 40 kPa was applied. Effluent samples were collected at different time
intervals regarding the flow rate and the volume of solution which passed through the soil sample
during the experiment. The results of the column (dynamic) tests were presented in the form
of breakthrough curves showing the concentration of contaminant versus time.
The results of a column experiment conducted in a Trautwein apparatus in the conditions
of the constant head and full saturation were analysed using the CXTFIT - STANMOD package
(Toride et al. 1999). Based on the breakthrough curves obtained in the laboratory studies,
the parameters of advective-dispersion equation of contaminants migration were determined using
a nonlinear least-square procedure of inversion parameter estimation. Basic equation taken
into account during analysis was as follows:
߲ܥ
߲ଶܥ
߲ܥ
ܴ
ൌ  ܦଶ െݒ
߲ݐ
߲ݖ
߲ݖ
where:
R - retardation factor (-), C ± concentration (mg/l), t - time (s), z - distance (m) and D - dispersion
coefficient (m2/s).
Prior to the column experiment, the soil samples were saturated with the distilled water
and then, after the flow rate had become stable, the injection of chlorides solution started.
The chlorides input concentration was of 100 mg/l. Samples were analysed for their chlorides content
using Mohr method. All reagents were of analytical grade.
RESULTS AND DISCUSSION
Particle size distribution and effective porosity
Particle size distribution curves of the tested materials presenting the content of particular
fractions are shown in Figure 2. According to the classification of the Polish Society of Soil Science,
the tested soils were classified as silt loam (samples 1 and 2) and sand (sample 3), respectively.
Effective porosity were equal to 0.40 for sample 1 and 0.38 for samples 2 and 3.
Figure 2 Particle size distribution of the tested materials

Parameters of chlorides transport
On the basis of the chlorides breakthrough curves, it was possible to calculate the velocity
of flow (v), dispersion coefficient (D), longitudinal dispersivity (ĮL) and Peclet number (Pe) (Table 1).
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Average hydraulic conductivities obtained during column studies were equal to 1.58 î 10-8 m/s
for sample 1, 6.00 î 10-8 m/s for sample 2 and 4.94 î 10-5 m/s for sample 3. Based on obtained
breakthrough curves, it was stated that the maximum concentration of conservative markers were
achieved after 3000 minutes for sample 1, after 830 minutes for sample 2 and after 9 minutes
for sample 3 (Figure 3). Times period required to reach the maximum concentration in effluent were
strictly dependent on the hydraulic permeabilities of the tested soils.
Table 1 Parameters of chlorides transport obtained using CXTFIT-STANMOD package
Parameter
Unit
Sample 1
Sample 2
Sample 3
-7
-7
Velocity of flow
m/s
4.8 î 10
4.9 î 10
3.1 î 10-4
Dispersion coefficient
m2/s
3.5 î 10-8
1.2 î 10-7
1.5 î 10-6
Longitudinal dispersivity
m
6.0 î 10-3
1.4 î 10-2
9.2 î 10-3
Peclet number
0.82
0.57
19.01
Retardation factor
1.0
1.0
1.0
Figure 3 Observed and predicted breakthrough curves for chlorides
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Coefficients of determination calculated between observed and predicted chlorides
concentrations were as follows: R2=0.98 for sample 1, R2=0.99 for sample 2 and R2=0.98 for sample 3.
These values indicate very strong correlation between concentrations measured in laboratory and those
calculated using CXTFIT-STANMOD software.
The Peclet number is commonly used as a measure which determines the ratio of advective
to diffusive transport (Berkowitz et al. 2008). According to Yong et al. (2012), the transition zone
between dominantly diffusive transport and predominantly advective transport of the contaminant
solution occurs in the range of Peclet numbers between 0.01 and 10, and when Pe is greater than 10,
advection becomes the dominant process of contaminant transport. In reference to the results obtained
in our study, it can be stated that the advection dominates during the chloride transport through sand.
For silt loam, both dispersion and diffusion must be taken into account to describe the phenomena
of chloride migration through cohesive soils.
CONCLUSION
Column experiments were performed to determine parameters of chloride migration through
natural soils. The analysis of the breakthrough curves allowed us to estimate the parameters
of advection-dispersion equation of contaminant transport. Results obtained indicate that the advection
dominates when the chlorides flow through sandy soil. On contrary, considering the chlorides flow
in cohesive soils with the significant content of clay fraction, the diffusive transport starts to dominate
over the advection, which was strictly confirmed by calculated Peclet numbers. The outcomes
obtained using CXTFIT-STANMOD package pointed out a significant correlation with results
obtained under laboratory conditions. The values of velocity of flow clearly indicate that considering
the hydrogeological conditions in which the aquifer is located beneath the layers composed of silt
loam, the chlorides achieve the groundwater six hundred times slower than in the case when the upper
part of the soil profile is composed of sandy materials. Low values of hydraulic conductivity measured
for silt loam indicate that soil layers composed of this material can form a natural barrier against
the spread of contaminants (e.g. chlorides) into groundwater. Moreover, it is worthy of note that
the column experiment can be an efficient method to provide input data for numerical modeling
of non-reactive tracers transport and fate in the soil-water system for the purpose of the aquatic
environment protection.
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Abstract: It has been shown that sarcosine suplementation stimulates the proliferation of prostate cells
and also their invassiveness. In present study we show that enzymes conected with sarcosine
conversion to glycine (sarcosine dehydrogenase, pipecolic acid oxidase) are stimulated due
to sarcosine treatment. Further, sarcosine treatment increases S-adenosylmethioneine-to-Sadenosylhomocysteine ratio, which indicates a release and utilization of free methyl groups
from sarcosine degradation pathway. We identified the highest induction of global methylation
in non-malignant PNT1A cells, but global methylation profiles were altered also in malignant (22Rv1)
and metastatic (LNCaP) cells. The influence on methylation changes was further verified using
hypomethylating agent 5-azacytidine (5-aza). Co-treatment of prostate cells with 5-aza and sarcosine
resulted in decrease in cells invassiveness when compared to treatment with sarcosine alone. This
correlates with sarcosine-related hypermethylation of genes involved in cells growth and cell cycle.
Key Words: sarcosine, methylation, prostate, prostate cancer, human cells
INTRODUCTION
Sarcosine is an imino acid and a potential biomarker of prostate cancer (PCa). Concentration
of sarcosine is substantially increased during PCa progression to its metastasis (Sreekumar et al.
2009). In its biochemical pathway, sarcosine is formed from dimethylglycine by dimethylglycine
dehydrogenase (DMGHD, EC 1.5.8.4) (Metallo 2012) or from glycine by glycine-N-methyltransferase
(GNMT, EC 2.1.1.20). On the other hand pipecolic acid oxidase (PIPOX, EC 1.5.3.1) or sarcosine
dehydrogenase (SARDH, EC 1.5.8.32) can demethylate sarcosine to form glycine while providing free
methyl group to methyl-donor S-adenosylmethionine (SAM), which is further demethylated into
S-adenosylhomocysteine (SAH) (Dodt et al. 2000). This can be associated with a methylation
of an acceptor (DNA, RNA, neurotransmitters or lipids). Methylation processes can impact a wide
array of biological processes, including gene transcription, which could be connected with initiation
and progression of PCa. For instance, methylation of cytosine-phosphate-guanine dinucleotides
in promoter can inactivate the genes. Although the connection between epigenetics and cancer are well
known, there is lack of data regarding the effect of increased amount of sarcosine on methylation
status of prostate cells (Ianni et al. 2013).
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MATERIAL AND METHODS
Prostatic cell lines
Three human prostatic cell lines were used for an experiment, representing benign
and malignant cells: i) the PNT1A human cell line established by immortalization of normal adult
prostatic epithelial cells by transfection with a plasmid containing SV40 genome with a defective
replication origin, ii) 22Rv1 which is a human prostate carcinoma epithelial cell line derived
from axenograft that was serially propagated in mice after castration-induced regression and relapse
of the parental, androgen-dependent CWR22 xenograft, iii) LNCaP human cell line estabished from
an androgen-sensitive metastasis located in the left supralavicular lymph node. All cell lines used
for experiments were purchased from Health Protection Agency Culture Collections (Salisbury, UK).
Culture conditions and treatment protocols
All cell lines were cultured in RPMI-1640 medium with 10% fetal bovine serum (FBS)
supplemented by penicillin (100 U/ml) and streptomycin (0.1 mg/ml). The cells were maintained
DW  & LQ KXPLGLILHG LQFXEDWRU ZLWK  &22. The exogenous supplementation with sarcosine
ȝ0 DQGD]DF\WLGLQH ȝ0 ZDVLQLWLDWHGDIWHUFHOls reached ~80 % confluence. The cells were
harvested after 2; 6 ;12 and 24 h for HPLC-MS analysis and scratch test, after 24; 48 and 72 h
for western blotting, and after 24 h for imunofluorescence. All experiments were designed as five
biological replicates (n = 5) measured three times at each time point.
Imunofluorescence of sarcosine metabolsim-related enzymes
For imunofluorescence (IF) were culture cells seded into eight-well chamber slides and after 24
h of adherence werHWUHDWHGE\VDUFRVLQH ȝ0 DQGD]DF\WLGLQH ȝ0 $VDFRQWUROZHUHXVHG
cells without treating. Cells were fixated after 24 h incubation by 4% formaldehyde, permeabilizated
by 0.25% Triton X-100, blocked in 5% bovine serum albumin in PBS and imunostained by primary
DQWLERG\ RYHUQLJKW LQ  & 'HWHFWLRQ ZDV DFFRPSOLVKHG XVLQJ IOXRUHVFHLQ LVRWKLRF\DQDWH
(FITC)-conjugated or CruzFluor™ 645 (CFL 645) labeled secondary antibodys. DNA staining
by Hoechst were used for counter. IF was evaulated by fluorescent microscope for GNMT, SARDH,
DMGDH, and PIPOX as a enzymes involved in sarcosine metabolism.
Extraction and quantitation of SAM and SAH
SAM and SAH were extracted in MeOH and acetic acid (80 : 20; v/v). Solvent was added
to the frozen cells followed by slow thawing on ice. After that, the cells wer snap-freezed in liquid
nitrogen and thawed on ice again. After three times freez/thaw cycle were samples centrifuged
at 9000 î g. The supernatant was transfered to 1.5 ml glass vial and washed with solvent.
The quantitation of SAM and SAH was performed using high-performance liquid chromatography
with
electrospray
ionization
quadrupole-quadrupole-time-of-flight
mass
spectrometer
(HPLC-ESI-QqTOF MS). The samples were separated on C18 reverse phase column. As mobil
phases, water with 0.1% (v/v) formic acid and methanol with 0.1% (v/v) formic acid were used.
Global analysis of DNA methylation
The DNA was extracted by the ExtractNow™ '1$ 0LQL .LW DQG TXDQWLILHG DW Ȝ   QP
The global methylation was performed using a methylation DNA quantification kit, incubated
with capture and detection antibodies DQG UHDG E\ Ȝ   QP 4XDQWLILFDWLRQ RI JOREDO '1$
methylation was compared to positive control that had been previously fully methylated.
The methylation level depends on global amount of methylated cytosines (5-mC) in samples relative
to global cytidine (5-mC + dC).
Wound-healing assay (Scratch test)
The cells were seeded into 16-well plate to reach confluence ~80%. After seeding a pin was
used to a scratch and remove cells from a discrete area of the confluent monolayer to form a cell-free
zone. $IWHUWKDWFHOOVZHUHWUHDWHGZLWKVDUFRVLQH ȝ0 '1$ hypomethylating agent 5-azacytidine
(5-$]Dȝ0 $IWHUDQGKWKHPLFURJUDSKVRIFHOOVZHUHWDNHQXVLQJ(926)/$XWR&HOO
Imaging System and compared with micrographs obtained in 0 h, using TScratch software.
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Descriptive statistics
For the statistical evaluation of the results, the mean was taken as the measurement of the main
tendency, while standard deviation was taken as the dispersion measurement. Differences between
groups were analyzed using paired t-test. Unless noted otherwise, the threshold for significance was p
< 0.05. For analyses Software Statistica 12 (StatSoft, Tulsa, OK, USA) was employed.
RESULTS AND DISCUSSION
First, we focused on sarcosine stimulatory vs. inhibitory effects on enzymes involved
in sarcosine metabolical pathway (GNMT, DMGDH, SARDH and PIPOX). Figure 1 illustrates
representative immunofluorescence micrographs of sarcosine metabolism-related enzymes in prostate
cells incubated without or with sarcosine (10 0 together with quantitation of expression of certain
enzymes. The stimulatory effects were found for SARDH and PIPOX, which are mainly connected
with sarcosine degradation. Hence, it is obvious that an exogenous addition of sarcosine results in its
demethylation through sarcosine degradation pathway. Methyl groups can be further used
for methylation of various acceptors such as DNA, RNA, etc., which is one of the major hallmarks
of cancer development and progression (Suh et al. 2011).
Figure 1 (A) Representative IF micrographs andquantitation of IF of analysed enzymes. (B) IF images
of LNCaP cells for SARDH expression after sarcosine treatment compared to control

We further focused on estimation of ratio between SAM and SAH. Figure 2 clearly shows
that SAM/SAH ratio changed when compared control cells and cells treated with sarcosine.
The highest SAM/SAH ratio was determined at LNCaP cells treated with sarcosine after 24 h
of incubation. These findings indicate that SARDH/PIPOX degradation of sarcosine had significant
stimulatory effects on a formation of methyl-donor SAM, which delivers free methyl groups
to the target site (Shukeir et al. 2006). Simultaneously, we identified slight decrease in SAH,
which indicate higher needs of prostate cells to maintain SAM activity for transferring
the methyl groups.
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Figure 2 Values of SAM and SAH and their ratios in PNT1A, 22Rv1 and LNCaP cells nonand supplemented with sarcosine

With respect to the obtained data we analyzed global methylation profiles in all tested cells.
The highest level of global methylation was found in PNT1A after 72 h treatment (63.8%),
which corresponds to the sarcosine-related induction of their proliferation and invassiveness
investigated in our previous studies. Methyl groups coming from sarcosine can be used by DNA
methyl transferase to methyation of DNA promotors. Overall, we show that sarcosine can efficiently
provide free methyl group for DNA methylation processes.
Figure 3 Global methylation index of prostate cell lines treated with sarcosine

To determine whether sarcosine and 5-Aza treatment suppress cell migration was
performed (Figure 4). The migration was stopped in the LNCaP by sarcosine treatment after 24 h.
The migration was higher after sarcosine supplementation in all three cell lines. That indicate
sarcosine as a potential donor of methy group, what can be used for methylation of regulatory
genes. In non-malignant cell line PNT1A was not different in migration after 24 h supplementation
by 5-Aza and combination of 5-Aza+Sarc. It highlights different metabolism of sarcosine
in non-malignant cells and inhibition of methylation. In malignant cells (LNCaP and 22Rv1)
after 24 h was proliferation slower in combinant treatment with 5-Aza+Sarc. Hypomethylation
caused by 5-Aza probably inhibited methyl group transfer in malignant prostatic cells metaboslim
connected with sarcosine metabolism.
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Figure 4 (A) Representative IF images for DNMT1 ater treatment. (B) Sarcosine effect on migration
of prostate cells

CONCLUSION
The mechanistically increased level of sarcosine stimulates expression of enzymes involved
in its metabolism. Sarcosine can hence be utilized as efficient donor of methyl group. Aftervards
the methyl groups can be transferred by DNMTs (DNA methl transferases) to promotor areas,
which can be hypermethylated. This can result in abnormal transcription with subsequent alterations
in cellular proliferation, cell cycle control, etc.
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Abstract: Zinc oxide nanoparticles are one of the most versatile materials, due to their diverse
properties, functionalities, and applications. Their potential in agriculture is also not negligible.
The zinc in form of nanoparticles has better ability to penetrate into the plant roots. This makes this
form of zinc more available for plants. However, there is still lack of information about their toxicity.
In this work we focused on the evaluation and comparison of the effect of common zinc source
(ZnSO4.7H2O), and zinc in form of nanoparticles (nanoZnO) in Helianthus annuus L. Our pilot results
show that that nanoZnO have significantly negative impact on the growth parameters of the sunflower.
Growth retardation increased with increasing applied concentration of excess zinc. Our results also
indicated that as opposed to control, zinc ions with a prolonged experimental time significantly
inhibited protein production in plants in the roots, stems, and in the leaves.
Key Words: zinc nanoparticles, phytotoxicity, Helianthus annuus, plant nutrition, stress biomarkers
INTRODUCTION
Nanotechnology is one of the revolutionary technology of this century. It deals
with nanoparticles that are atomic or molecular aggregates characterized by size less than 100 nm.
These are modified forms of basic elements derived by altering their atomic and molecular properties
of elements (Wang 2004). This technology has a wide range of uses, as optics, electronics,
and biomedical and material sciences. Among other applications, nanotechnology has a great potential
to modify conventional agricultural practises. Nanoparticles could be used to minimize losses
of nutrients, reduce the applied amounts of plant protection products and increase yields through
optimized nutrient management (Das et al. 2015, Rizwan et al. 2017). Full understanding of the
interaction mechanism between nanoparticles/nanomaterials and biological systems, however, is still
out of sight. In this respect, significant progress has been made in research regarding the use
nanotechnologies in medicine; however, the study of the nanoparticles and plant interaction that could
find use in the future agriculture is only in its beginnings.
Zinc is an essential mineral element for plants. Zinc deficiency in plants, common in alkaline
soils, results in growth arrest and sterility, but on the other hand, zinc can also become toxic
at elevated concentrations. Zinc sulfate is ordinarily used as a main component of common zinc
fertilizers, but there is growing interest in the use of zinc oxide nanoparticles (ZnO NPs) in agriculture.
The normal ZnO and its nanoparticles are commonly added to plastic, glass, ceramics, cement,
and rubber materials, as well as pigments, paints, food supplements, batteries and non-flammable
materials. The reason for this is their wide range of suitable properties, which is also linked with
the easy availability and low price of the chemical. These properties include relatively high electrical
and thermal conductivity, stability in high temperatures, ability to absorb UV radiation and,
with a neutral pH, mild antimicrobial effects (Moezzi et al. 2012).
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On the one hand ZnO NPs have potential to boost yield and growth of crops (Prasad et al. 2012,
A El-Kereti et al. 2013), but on the other hand, toxicological effects of these NPs should be also taken
into consideration. In this case, one of the most important toxicity factors is concentration of ZnO NPs
treatment, which should not reach too high levels (*DUFtD-*yPH]HWDO, Lin and Xing 2007).
In this study, we chose to compare the effect of ZnSO4.7H2O and ZnO nanoparticles
on sunflower plants and evaluate both positive and negative effects caused by these treatments.
MATERIAL AND METHODS
Plant cultivation and experimental design
We used sunflower (Helianthus annuus L.) Kongo hybrid as an experimental plant. The achenes
were sterilized 20 minutes in 20% SAVO solution and planted in perlite substrate, then germinated
for seven days at 22 & ZLWK SKRWRSHULRG GD\QLJKW  KRXUV After this period, we transplanted
the grown seedling plants into the hydroponic container containing a Richter nutrient solution
(/DãWĤYND DQG 0LQiUࡅ 1967). Extra boric acid solution was added due to the sunflower sensitivity
to boron deficiency (Blamey et al. 1979). We also adjusted pH to 5.6 with KOH (1M).
Plants (2 weeks old) were treated for a month with ZnSO4.7H2O or ZnO nanoparticles at zinc
ions concentration 0, 0.6, and 6 mg/l. The samples (six individual plants) were harvested every week
(for 3 weeks totally). First, we evaluated growth parameters (root and shoot length, fresh weight, and
dry weight), and secondly, we determined the content of stress biomarkers (described below)
spectroscopically. For spectroscopic measurements, plants were powdered in liquid nitrogen
and aliquots were taken for analysis. The determination was done for roots, shoots, and leaves
separately.
Spectroscopic measurement
Spectrophotometric measurements were carried out using an automated chemical analyser
BS-400 (Mindray, Shenzhen, China). Reagents and samples were placed at cooled sample holder
& DQGDXWRPDWLFDOO\SLSHWWHGGLUHFWO\LQWRSODVWLFFXYHWWHVAll incubations SURFHHGHGDW& All
measurements were done in triplicate. Methods were calibrated using these standard compounds
(from Sigma Aldrich, St. Luis, MO, USA): Bovine Serum Albumin for Bradford reaction,
acetylcysteine for Ellman reaction, L-ascorbic acid for DPPH test, and gallic acid for phenolic
compounds.
Determination of antioxidant activity by the DPPH test
This test is based on the ability of the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
to react with hydrogen donors. A solution of radical is decolourized after reduction with an antioxidant
or a radical. A 200 Pl volume of DPPH reagent was incubated with 20 Pl of sample and absorbance
was measured after 15 minutes at wavelength 510 nm.
Determination of total protein ± Bradford reaction
Reagent Coomassie Brilliant blue G-250 (0.01% Coomassie Briliant Blue G-250, 4.7%
CH3CH2OH, 8.5% H3PO4) in volume of 190 Pl was pipetted. The sample in volume 10 Pl was added.
Mixture was incubated for 10 min and absorbance was measured at wavelength 595 nm.
Statistical analysis
Samples were analysed by one-way analysis of variance (ANOVA) with significant differences
between means (n=3) (p<0.05). The data were analysed by using software STATISTICA version 12.
RESULTS AND DISCUSSION
In our experiment we exposed the 14-day old sunflower plants to excess zinc in form
of ZnSO4.7H2O and ZnO nanoparticles (nZnO), separately. In both cases, we used these
concentrations of excess zinc: 0 (control); 0.6; 6 mg/l. The experimental treatment lasted for 3 weeks.
Six plants were evaluated each week for the effect of zinc ions on growth and stress markers.
The results are summarized in Table 1. In the case of ZnSO4, it has been observed that plants exhibit
mild growth stimulation throughout the experiment compared with the control. However, this increase
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was 22% higher in the first week in comparison to control, 7% higher in the second week and only
4.4% higher in the third week. However, when we applied the same concentration of ZnO
nanoparticles to the plants, we observed the opposite trend. These plants with prolonged experimental
period and increasing zinc concentration exhibited increasing growth depression, ranging from 8.2%
(after the first week) to 15.6% (after three weeks).
In addition to growth, we were also interested in the influence of applied forms of zinc ions
on the growth of biomass. We determined both fresh weight and dry matter of plants. In the case
of fresh weight, in the variant when the plants were exposed to zinc ions in the form of ZnSO 4, we
observed that in the first weeks, compared with the control, the biomass increased significantly
by up to 44.7%. With a prolonged experiment time, however, this trend was slowing down,
and a moderate growth depression of up to 3.4% was observed in all the ZnSO4 zinc concentrations
in the last week. We observed a similar trend in this variant even in the case of dry matter, except that
no statistically significant increase in dry matter was observed in any of the applied concentrations
in the last week (compared to the control).
When ZnO nanoparticles were applied to the plants, we observed a decrease in biomass
by 21.5% in the first week, and we determined similar values in the second week. However, in the last
week of the experiment, the decrease in biomass was again reduced by 21.2% compared to the control.
In the case of dry matter, we found that the plants exposed to 0.6 mg/l at all times showed a slight
decrease in the dry matter content of 6.2% over the whole time, while at the applied concentration
of 6 mg/l this decrease was much more pronounced (by 47.9%).
Table 1 Overview of treatments in comparison to control (% difference). The asterisk (⁕) indicates
significant differences (p < 0.05) between control samples and individual treatment samples.
Growth
Treatment
Week 1
Week 2
Week 3
parameter
ZnSO4 (both
concentrations)

 ⁕

⁕

⁕

nZnO (both
concentrations)

-

-12.8 % ⁕

-⁕

ZnSO4 (both
concentrations)

⁕

40.6% ⁕

⁕

nZnO (both
concentrations)

-21.5% ⁕

-⁕

-⁕

ZnSO4 (both
concentrations)

⁕

⁕

no data

nZnO (0.6 mg/l)

-

nZnO (6 mg/l)

-⁕

plant
length

fresh
weight

dry matter

From these basic data, we can state that zinc nanoparticles have significantly negative impact
on the growth parameters of the sunflower. Growth retardation increased with increasing applied
concentration of excess zinc.
In addition to the growth parameters, we have also explored the effects of nanoparticles
on stress markers in our experiments. In particular, we were interested in the effect on protein content
and antioxidant activity.
Our results show, that as opposed to control, zinc ions with a prolonged experimental time
significantly inhibited protein production in plants in the roots, stems, and in the leaves. In the case
of antioxidant activity, it was found that defensive mechanisms of plants were triggered in first week.
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Plants treated with excess zinc exhibited higher antioxidant activity in comparison to control plants.
Surprisingly, their antioxidant activity decreased in the second week. In third week, it regained
the level comparable to the activity level in the first week.
These results (in general) slightly differ from majority of other studies targeting different plant
species. One example is study about comparison of effect of ZnSO4 and ZnO nanoparticles on tomato
plants (Singh et al. 2016). Concentration of treatment was similar to our experiment. Nanoparticles
had (in this case) positive effect on the observed plant parameters (seedlings vitality, germination,
protein content).
The reason for this reverse effect may not be only the different plant species, but also the youth
of plants. The ZnO nanoparticles in low concentration have positive effect (in general) on germination
and growth of young seedlings. As example can be used study done on these plant species: Vigna
radiate and Cicer arietinum (Mahajan et al. 2011). Authors applied ZnO nanoparticles in different
concentrations. Lowest concentration (1 mg/l) promoted the germination and vitality of Cicer
arietinum. Vigna radiate plants had the best vitality at 10 and 20 mg/l.
The studies concerning impact of ZnO nanoparticles on plant in the long term experiments are
still sparse. However, in these rare studies a toxicity trend emerges. As example can be used
greenhouse experiment made on tomato plants and bean plants (*DUFtD-*yPH]HWDO). Authors
observed plants for total 90 days and compared effect of ZnO nanoparticles and ZnSO4 in various
concentrations. Both treatments caused similar toxicity associated with reduction of chlorophyll
content and increase of antioxidant activity. These results show similarity to results of our experiment.
The ZnO nanoparticles seem to have harmful effects on plants in prolonged period of time.
CONCLUSION
Zinc belongs to the micronutrients and conventional fertilizers (not only) of zinc are faced
with the problem of poor bioavailability, due to the fixation of this element to insoluble compounds
in the soil. Improving the knowledge about individual forms of zinc and their up-take and assimilation
within higher plants may be the first step towards a wider involvement of zinc nanoparticles
into agriculture in the field of plant nutrition (nanofertilizers) and protection (nanopesticides). We
have touched the issue by our pilot experiments in which we compared the difference of effect
on the plants between zinc in form of nanoparticles and zinc in form of simple inorganic salts.
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Abstract: Many researchers are developing nanocarriers in order to minimalize side effects
of cytotoxic drugs during cancer treatment via chemotherapy. Nanocarriers can serve as a suitable
platform for targeted drug delivery. To overcome their failure in in vivo use, the effects of surface
modifications (PEGylation and PASylation) of natural nanocarriers based on apoferritin were tested
in this work. Various properties of these modified apoferitin nanoparticles were studied,
such as their size or degree of hemolysis. TEM characterization was also performed. The formation
of hard coronas on these particles in plasma environment was evaluated using
SDS-PAGE electrophoresis. The best biocompatibility results were obtained using apoferritin
nanoparticles with PEG surface modification.
Key Words: apoferritin; nanomedicine; protein coronas; surface modifications
INTRODUCTION
Nowadays there are over 200 different types of cancer affecting humans Broto et al. 
Chemotherapy is a method for treating cancer using cytotoxic agents, whose main disadvantage
is their non-specify for cancer cells. This means that they are also strongly affecting healthy cells.
Thus, the actual dose of cytostatic received by affected tissue is hard to control Broto et al.  .
By targeting of cytostatics directly to diseased tissue, it is possible to minimize the serious side effects
of chemotherapy, such as the cardiotoxicity of doxorubicin or mutagenicity of ellipticine
Bazak et al.  . The number of nanocarriers that could be used for this purpose is growing
exponentially, but only a few of these nanocarriers are currently tested in clinical trials and even lower
number is used in clinical practice. To improve the success of their therapeutic use,
a better understanding of their biological identity is needed. Many nanoconstructs cannot fulfil their
role after exposition to body environment; they can even lead to hemolysis or aggregation of blood
platelets. Or, upon entering blood stream, nanoparticles are often coated by protein corona, changing
their surface, and hampering their internalization into diseased cells. Protein corona forms after
exposure of nanocarrier to plasma proteins that occur at 60-80 g/l Broto et al. . We can define
protein corona as a natural interface between nanomaterials and living matter in biological milieu
Monopoli et al. .
In order to control and reduce the binding of additional biomolecules and formation of protein
corona, surface modifications with various polymers can be used. In this contribution, we studied
the effects of modification with poly-ethylene glycol (PEGylation) and peptides rich in proline,
alanine and serine residues (PASylation). PEGylation represents chemical conjugation with synthetic
hydrophilic and uncharged synthetic polymer PEG Binder andSkerra  . This usually happens
via WKHİ-amino group of lysine residues or the thiol group of cysteine. PEGylation is the most widely
established method of prolonging the half-life of drug in bodily fluids Pasut andVeronese  .
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To this date, there are up to 15 approved PEGylated drugs Gabizon et al. . The main drawbacks
of using PEG for surface modification are its high cost, non-biodegradability and possible cellular
vacuolation caused by PEG Ivens et al.  . PASylation is a biological alternative to PEGylation
based on genetic fusion or chemical coupling of nanoparticles with polypeptides Chow et al. .
PASylation bypasses disadvantages of PEGylation, such as its high cost and polydispersity. Moreover,
PAS has lower viscosity and is more hydrophilic than PEG, which enables intravenous administration
of PASylated drugs or nanoparticles Binder and Skerra  . Their most important features
are their non-immunogenicity Harari et al.  , stability in plasma Kuhn et al. 
and quick degradation by intracellular/lysosomal proteases after cellular uptake, which does not cause
cellular vacuolization Binder and Skerra .
The effects of PEGylation and PASylation on in vivo behaviour of nanoparticles were studied using
ubiquitous protein cage apoferritin (Apo) with encapsulated ellipticine (Elli). Apo self-assembles
into hollow rhombic dodecahedral cage of 12 nm in diameter, which stores and transports iron
and iron ions in organism Bulvik et al. . Ellipticine is a natural pyridocarbazole type alkaloid
showing cytotoxic activity against many cancer cell lines but it is highly mutagenic, which
can be risky for healthy cells Kizek et al.  . We encapsulated Elli into Apo and modified
its surface with PEG or PAS sequences. The characterization of these nanoformulations
was performed via dynamic light scattering (DLS) and transmission electron microscopy (TEM).
The behaviour of these nanoparticles in human blood was evaluated using SDS-PAGE electrophoresis
and hemolytic assay.
MATERIAL AND METHODS
Chemicals
All chemicals of ACS purity were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Encapsulation of Elli into Apo
The stock solution of ellipticine with concentration of 1 mg/ml was prepared by dissolving Elli
in 1 M HCl and deionized water in ratio 1 : 150. For each sample, 200 l of 1 mg/ml Elli was added
to 100 l of deionized water and 20 l of 50 mg/ml horse spleen Apo and gently mixed for 15 min.
To reassemble the Apo structure disassembled by acidic Elli and encapsulate Elli in Apo cavity,
0.66 l of 1 M sodium hydroxide solution was added and the samples were mixed for further 15 min.
To filter out non-encapsulated Elli, solution exchange was performed three times (centrifugation
at 6000 g for 15 min).
Surface modification with PEG
50 l of 10 mM PEG maleimide in PBS (phosphate buffered saline, pH 7.4: 0.137 M NaCl
+ 0.0027 M KCl + 0.0014 M KH2PO4 + 0.0043 M Na2HPO4) and 629 l of PBS was added
to ApoElli and mixed for 1 h. To filter unbound PEG, the sample was 5 times diafiltrated using
$PLFRQ8OWUD 0-5 ml 50K Merck Millipore (Billerica, MA, USA) at 6000 g for 15 min.
Surface modification with PAS
25 l of 1.3 nm gold nanoparticles was added to ApoElli and the samples were mixed
for 14 h to allow binding of Au nanoparticles on the surface of ApoElli nanoparticles (creating
ApoElli-Au). Solution exchange was performed two times to remove unbound Au nanoparticles.
3 l of 1.25 mg/ml PAS-10 (ASPAAPAPASC) and PAS-20 (ASPAAPAPASPAAPAPSAPAC)
was added to ApoElli-Au and the samples were incubated for 1 h at 45 C to allow binding of cysteine
to gold. Then, solution exchange was performed to remove unbound molecules of PAS peptides.
Characterization of prepared samples
Concentration of encapsulated Elli
The concentration of encapsulated Elli was evaluated by absorbance measurement
at 420 nm using Tecan Infinite 200 PRO (0lQQHGRUI6ZLW]HUODQG).
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Size characterization by DLS
The average size of prepared nanoparticles was determined by quasielastic dynamic light
scattering using Zetasizer Nano ZS instrument, Malvern Instruments Ltd. (Worcestershire, UK).
Polystyrene latex cells ZEN0040 were used for measurements and the conditions of measurements
were as followsGHWHFWRUDQJOHRIZDYHOHQJWKRI nm and temperature of 25 &HTXLOLEUDWLRQ
time 120 s. The measurements were performed in hexaplicates.
TEM characterization
Visualization of nanocarriers and their surface modification was performed using transmission
electron microscopy (TEM) with negative staining technique. An organotungsten compound Nano-W
Nanoprobes (Yaphank, NY, USA) was used. 4 ȝ RI VDPSOHV ZHUH deposited onto 400-mesh copper
grids coated with a continuous carbon layer. Dried grids were imaged by TEM Tecnai F20; FEI,
(Hillsboro, OR, USA).
In vitro evaluation of behaviour in human blood
Blood samples were collected into EDTA coated Vacutainer tubes and centrifuged at 3 000 rpm
and 25 & for 10 min. Red blood cells (RBC) were used for hemolytic assay while pooled plasma was
further centrifuged at 22 000 rcf and 4 & and for 30 min and used to evaluate formation of protein
corona.
Hard corona formation
100 l of plasma was mixed with 100 l of 200 g/ml Elli, either free or encapsulated
in modified and unmodified Apo nanocarrier. The samples were incubated at 600 rpm and 37 C
for 35 min. To remove unbound plasma proteins from nanoparticles, 4 times solution exchange was
performed. To determine the degree of protein corona formed on tested nanoformulations, SDS-PAGE
electrophoresis was used. Proteins were separated at 200 V for 35 min using 12.5% polyacrylamide
gel.
Hemolysis assay
RBC were centrifuged at 3 000 rpm for 10 min multiple times and resuspended in 150 mM
NaCl until the supernatants were transparent. Then, RBCs were diluted with PBS and 150 μl was
mixed with 150 μl of decreasing concentrations of Elli (100; 50; 25; 12.5 and 6.3 μg/ml), either free
or encapsulated in Apo nanoformulations; negative control (PBS) or positive control (0.2% Triton
X-100). The samples were incubated at 37 C and 600 rpm for 1 h. Incubation was followed
by centrifugation at 3 000 rpm for 10 min. Absorbance at 540 nm was measured and the percentage
of hemolysis was calculated via following formula:
%hemolysis = [(At - Ac)/(A100% - Ac)] • 100
(1)
where At VWDQGVIRUDEVRUEDQFHRIVDPSOH¶VVXSHUQDWDQWAc UHSUHVHQWVDEVRUEDQFHRIQHJDWLYHFRQWURO¶V
supernatant, A100% VWDQGVIRUDEVRUEDQFHRISRVLWLYHFRQWURO¶VVXSHUQDWDQW
RESULTS AND DISCUSSION
Characterization of prepared samples
Elli encapsulation efficiency, size characterization by DLS
The highest encapsulation efficiency (9%) was achieved in sample with PEG modification
(Table 1). The size measurements (Table 1) showed that the size of Apo increased from 12 nm
to 18 nm after encapsulation of Elli. The various surface modifications further influenced the size
of ApoElli, where PAS-10 modification caused aggregation of multiple ApoElli molecules while
PAS-20 and PEG modifications did not cause any aggregation.
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Table 1 Characterization of prepared nanoparticles
Sample
Number

Surface
modification

Encapsulation efficiency
[%]

Size of prepared
nanoparticles
[nm]

91.20
52.83
43.96
69.00

13.545
79.671
13.545
18.166

PEG
PAS-10
PAS-20
No surface
modification

1
2
3
4

TEM characterization
TEM characterization was performed to detect changes in apoferritin structure after surface
modifications (Figure 1). The results showed that the tested surface modifications did not cause
disassembly of Apo quaternary structure, as typical icosahedral particles were observed in all samples.
The presence of polymer on ApoElli surface can be seen in PEGylated samples. PASylation
was also proven by thicker protein shell of ApoElli.
Figure 1 TEM images, scale corresponds to 25 nm (from left to right: apoferritin modified with PEG;
apoferritin modified with PAS-10; apoferritin modified with PAS-20; control without any surface
modification)

Hemolysis assay
Table 2 Degree of hemolysis caused by all tested formulations
Concentration
of Elli
PEG
PAS-10 PAS-20
>Jml]
100.00
50.00
25.00
12.50
6.25

0.05
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

No surface
modification

Elli

0.06
0.00
0.00
0.00
0.00

5.41
3.74
1.67
0.84
0.15

To evaluate hemotoxicity of the tested nanoparticles, RBC hemolytic assay was performed.
The results of hemolytic assay are summarized in Table 2. The lysed RBC caused red coloring
of the supernatant, whereas transparent supernatant showed no occurring hemolysis. Free Elli caused
hemolysis at all tested concentrations (see Figure 2) and the degree of hemolysis was dependent
on Elli concentration (5% at 100 μg/ml). The encapsulation of Elli in Apo nanocarrier favorably
influenced this hemolysis caused by Elli. Very low degree of hemolysis was observed only at highest
Elli concentration in samples containing PEGylated ApoElli and sample without any surface
modification (0.05% for PEGylated ApoElli and 0.06% for ApoElli). Samples with surface modified
with PAS-10 (see Figure 3) and PAS-20 did not show any degree of hemolysis. The obtained results
clearly show that all ApoElli nanoformulations, both unmodified and surface modified, are highly
biocompatible with human RBC.
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Figure 2 Samples without using apoferritin nanocarrier (from left to right: negative control;
6.25; 12.5; 25; 50 and 100 g/ml Elli; positive control)

Figure 3 Samples modified with PAS-10 (from left to right: negative control; 6.25; 12.5; 25; 50 and
100 g/ml Elli encapsulated in Apo modified with PAS-10; positive control)

Evaluation of protein coronas
We further performed SDS-PAGE in order to evaluate the influence of PEGylation
and PASylation on the formation of protein corona on ApoElli surface (see Figure 4). The ideal
surface modification of nanocarrier should minimalize interactions between the surface of nanocarrier
and plasma proteins, which naturally occur in human plasma. Efficient surface modification would
reduce binding of proteins on the surface of nanocarrier, which leads to reduced protein corona
formation or even inhibits protein corona formation all together. The surface modification
with PAS-10 and PAS-20 did not decrease the interactions with plasma proteins and the protein
corona was formed in a very similar way to that formed around unmodified ApoElli.
Thus it can be concluded, that these modifications were not suitable for surface modifications
of nanocarriers in order to avoid protein-nanocarrier interactions in bodily fluids. On the other hand,
PEGylated ApoElli showed presence of no proteins from human plasma. Surface modification
with PEG proved more suitable for future in vivo use as it was able to significantly lower
protein-nanocarrier interactions.
Figure 4 SDS-PAGE (L - NEB Protein Ladder 10-250 kDa; 1 - PEGylated ApoElli; 2 - protein
corona on PEGylated ApoElli; 3 - PAS-10ylated ApoElli; 4 - protein corona on PAS-10ylated
ApoElli; 5 - PAS-20ylated ApoElli, 6 - protein corona on PAS-20ylated ApoElli; 7 - ApoElli;
8 - protein corona on ApoElli)
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CONCLUSION
The experiment presented in this work dealt with the prediction of in vivo behaviour
of apoferritin nanocarrier, based on in vitro tests of their hemotoxicity and formation of protein corona
around these particles in human plasma environment. The surface of this apoferritin nanocarrier was
modified with polymer (PEG) and peptides (PAS) in order to decrease these negative interactions.
Overall, the results showed that while all tested modifications favourably influenced unwanted
hemotoxicity of ellipticine, only PEGylation was able to lower interactions between nanocarrier
surface and proteins in bodily fluids.
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Abstract: The classical hand pipetting approach can be partially substituted in several cases
by sophisticated devices that are taking over the necessity of sample manipulation. The automatic
pipetting method can facilitate routine laboratory work, but the created method has to meet several
criteria including ± minimizing the possibility of contamination. In this work is briefly summarized four
years experiences with the liquid handling system BioNex Nanodrop II. This device is able to pipette
(using eight pipetting tips) small volumes in the UDQJHRIOup WROLQWRWKHWKUHHFRPPRQ
microplate formats ± MTP 96, MTP 384 and MTP 1536. The possibility of sample (bacteria, bacterial
plasmids and DNA templates for PCR) cross-contamination was estimated in three experiments.
The cross-contamination was not presented or it was detected at very low level. The main
advantages ± speed and accuracy ± of the automatic pipetting are described in the last experiment where
the enzyme activity was measured.
Key Words: liquid handling system, pipetting, cross-contamination, E. coli, enzyme kinetic
INTRODUCTION
In the field of molecular biology and biochemistry where pipetting samples and chemical reagents
is daily necessity any help is useful. Each researcher is responsible for precision, accuracy
and reproducibility of obtained results. In several experimental procedures and methods numbers
of pipetting samples is enormous and therefore arise the chance of mistakes caused by manual pipetting.
A programmable pipetting equipment (the liquid handling system) offers in such particular situation
a solution. The correct choice of appropriate devices is always challenging task because each device
has several limitations. To facilitate this problematic decision we present here our four years experiences
with the BioNex Nanodrop II pipetting station. This device is able to aspirate liquids (max. volume
500 O for each tip  DQG HLJKW SLSHWWLQJ WLSV DOORZ WR GLVSHQVH YROXPH PLQ  O  mainly
into MTP96, MTP384 and MTP1536 plates. Tips are fixed on a robotic arm that moves
in X, Y and Z dimensions above the plate(s). The inner and outer surface of pipetting needles (tips) have
to be washed after each pipetting cycle in detergents or water to clean residual liquids (samples)
(Bionex 2017).
Each researcher is concerned about the possibility of contamination (that may occur during
the sample pipetting) that complicates the interpretation of experimental result. For that purpose
four examples here are presented where the most important and sensitive problem
is tested ± the cross-contamination.
MATERIAL AND METHODS
Used materials and methods
All experimental details are partially described in the main text or can be found in full details
in particular publications cited in text.
Used equipment
A Nanodrop II liquid handling system (BioNex Solutions, USA) was used for all pipetting steps.
Absorbance and fluorescence were measured using an Infinite M1000Pro plate reader (Tecan, CH).
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4XDQWLWDWLYH3&5ZDVSHUIRUPHGXVLQJWKH/LJKW&\FOHUSYBR Green I Master kit (Roche Applied
6FLHQFH  DQG 3&5 ZDV SHUIRUPHG ZLWK /LJKW&\FOHU  6\VWHP 7HFKQRORJ\ 52&+( &+),
as described in (6NDOiN 2016).
RESULTS AND DISCUSSION
The Nanodrop II (the liquid handling system) was used in experiments where the high precision
of pipetting is required. In this article we demonstrate the reliability of pipetting of the Nanodrop II
in four examples where different experimental conditions were tested.
Test of E. coli cross-contamination
Figure 1. (A) Arrangement of E. coli and control medium in the source MTP96 plate. Blue arrows
represent the sequence of PRYHPHQW7KHVHTXHQFHRISLSHWWLQJVDPSOHV / LQWRWKHWDUJHW073
plate is: 1. dashed arrow - E. coli pipetting, 2. solid arrow - the pipetting needles were washed
in 50% bleach (SAVO) and 2x in distilled water container, 3. dotted arrow - and then control medium
was pipetted. (B) Picture of the target MTP384 plate. Fluorescent product is visualized by UV light.
As expected, the fluorescence is visible only in those parts where E. coli were growing (odd lines).
Other parts (even lines) are not contaminated from previous pipetting of E. coli and therefore
the fluorescence is not detected. There is a typical correlation between increasing concentration
of the activator and final fluorescent intensity. (C) Fluorescence measurement of the target MTP384
plate. Fluoresce was measured for all wells of the MTP384 plate and the signal appeared in those where
E. coli were present. There are three replicates for each concentration of the activator in every row
of the MTP384 and the test was performed by eight independent needles. Each point then represents
PHDQ6' Q  

2.

(A)

(B)

1.

3.

(C)

E. coli is very often used in many biological assays and therefore it is necessary to take care
about the cross-contamination of biological sample(s) during manipulation. The Nanodrop II is normally
used in our experiments where E. coli is transferred between two plates. To test the possibility
of bacterial cross-contamination, elegant test was performed where two parameters
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are measured: a) optical density and b) activity of the signalling pathway
(measured in fluorescence assay) of transferred E. coli. For H[SHULPHQWDOGHWDLOVVHH .OLPHã7b)
and principle of signalling pathway is described in (Yamada 2001, Suzuki 2001). From a technical point
of view ORIE. coli (over-night culture) was aspirated from the wells of column A of the MTP96
VRXUFH SODWH ILOOHG ZLWK  O RI EDFWHULDO VXVSHQVLRQ and  O of this bacterial culture
was dispensed 24-times into odd rows of the MT3 WDUJHW SODWH SUHILOOHG ZLWK  O RI JURZWK
medium containing concentration gradients of activators for the E. coli signalling pathway).
All needles were washed in 50% bleach (SAVO) and 2x in distilled water containers.
7KHQORIcontrol medium was aspirated from the column B of the identical MTP96 source plate
(filled only ZLWK  O RI sterile medium) and  O ZDV dispensed 24-times into the even rows
of the MTP384 target plate (also SUHILOOHG ZLWK  O RI JURZWK PHGLXP containing concentration
gradients of activators for the E. coli signalling pathway). The pipetting sequence is indicated in Figure
1 A. Such prepared plate was cultivated according to .OLPHã E . During that time
E. coli were growing and the signalling pathway was responding to external activators presented
in growth medium. Results of the test are presented in Figure 1 B, C.
Optical density was measured in all wells. The MTP384 plate without medium has optical density
  Q 384). Optical density of odd lines (lines with E. coli) was   Q  
DQGIRUHYHQOLQHV ZLWKWHVWHGPHGLXP ZDV   Q 2) at the end of the experiment.
Comparison of these values between each other provides clear evidence that contamination
has not occurred in even lines of the MTP384 plate.
In this experiment it was confirmed that E. coli is not transferred from column A to column B
during pipetting and so the cross-contamination has not occurred. The washing step of pipetting needles
in bleach (50% SAVO) and distilled water (to remove traces of bleach) is sufficient to keep pipetting
needles clean. Moreover all eight needles were used in pipetting so eight biological replications
are presented at the same time and all of them are consistent.
Test of plasmids cross-contamination in procedure of E. coli transformation
Figure 2. (A) Scheme of samples arrangement in source MTP96 plate. Black arrow represents
the GLUHFWLRQ DQG RUGHU RI SLSHWWLQJ VDPSOHV  /  LQWR WDUJHW 073 SODWH QRW VKRZQ 
After each sample pipetting, the pipetting needle was washed in 50% bleach (SAVO) and 2x in distilled
water containers. After the pipetting of the last sample (from well no. 8) into target MTP96 plate,
WKH FRPSHWHQW ( FROL ZHUH DGGHG LQWR ZHOOV RI WKDW SODWH SODWH ZDV FXOWLYDWHG IRU  KRXU DW  &
and cell suspension was spread with the same order on the agar plate. (B) The agar plate with E. coli
colonies after the transformation. The numbers represent order of samples pipetting. If DNA was
presented in particular wells, E. coli colonies appear in corresponding regions. Empty regions
corresponds with wells where DNA was not present (was not transferred during pipetting DNA samples
into these wells).

(A)

(B)
1

2

3

4

5

6

7

8

E. coli transformation is one of the classical laboratory procedure that can be parallelized
when multiple transformations are needed. Protocol itself consist of several follow-up steps
and begins mixing the bacterial plasmid (DNA) with competent E. coli together in a test tube. In standard
manual procedure one tip for each DNA sample is used and after use the tip is discarded.
So the contamination is in principle very unlikely. In the case of parallelization where the MTP96 plate
is used as storage container of bacterial plasmids, one needle must be used in pipetting
of several DNA samples and the chance of contamination increase. The following test was designed
to reflect the real experimental needs and also possibility of cross-contamination caused
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by transferring DNA samples. The order of DNA samples in source MTP96 plate,
pipetting pattern for one needle and results of the experiment are presented in Figure 2.
Result presented in Figure 2 B practically demonstrates three conclusions:
1.) Washing procedures (used during pipetting procedure) are sufficient to avoid
the transferring of bacterial plasmids (DNA) into the water samples (absence of colonies
in 2, 4, 6 and 8 segments).
2.) Washing procedures designed for pipetting needles are sufficient to keep them sterile after
E. coli pipetting and E. coli are presented only in expected segments 1, 3, 5 and 7 of the agar plate.
3.) The last and most important one - with the Nanodrop II it is possible to perform
(and so parallelize) the transformation procedure in the MTP96 plate format.
So in one experimental setup up to 96 different bacterial plasmids are transformed into competent
E. coli.
Test of sample cross-contamination in Real Time-qPCR
RT-qPCR is very sensitive technique where small amount of DNA is detected.
Sample preparation and DNA isolation depends on the type of biological material provided as a source.
In final step samples (DNA template) have to be transferred into detection plate where master mix
(with PCR reagents) is added subsequently. During PCR is the fluorescence intensity measured after
each cycle (in ³UHDOWLPH´ in special transparent plates and if sample contains targeted gene sequence,
fluorescence slowly increases after each PCR cycle. The ILQDO ³curve shape´ is used
for DNA quantification and obtained results are then relatively compared in relation to the control.
Figure 3 (A) Graph bellow represents record from RT-qPCR where fluorescence intensity is measured
for each sample at the end of each PCR cycle. Time points are transformed into individual smooth lines.
Regular samples represent green lines and four red lines represent water (non-template control).
Red lines rise up in later cycles compared to regular samples. That is, original source wells (with water)
indicate possible contamination from the previous sample pipetting. (B) The estimation
of contamination level in water is based on the measurement of the cycle shift between the regular
samples and water. Black lines and arrows helps to follow the explanation indicated in main text under
the graph.

(A)

(B)

Sample pipetting can be handled still manually in the MTP96 detection plate but in case
of the MTP384 detection plate the automatic pipetting procedure is needed. Also in this situation
the special care is taken for sample (DNA template) cross-contamination. One typical sample
arrangement is described in the following example. The pipetting sequence is straight:
1.) Sample one (of four) was transferred from the source MTP96 plate to the target MTP384 detection,
2.) all pipetting needles were intensively washed in distilled water and then next sample was pipetted
into other position into the MTP384 detection plate. Previous two steps were repeated for all four
samples. Based on this arrangement one pipetting needle was transferring four samples: three real
samples and one negative control (water sample was pipetted as the last one). Then the RT-qPCR
procedure was performed. The RT-qPCR of the MTP384 detection plate provides a substantial amount
of results and therefore only the representative data set is presented in the Figure 3.
As mentioned before, only the order of samples pipetting was described. Results were
intentionally chosen to show that sample cross-contamination can occur but on the other hand,
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this contamination can be easily distinguished from the real sample (containing the targeted genome
sequence). Based on the principle of the PCR it is possible to estimate the level of contamination
by simple comparison of the number of cycles where the contamination was detected. The regular
and water samples had the same fluorescence intensity (10 fluorescence units) approximately
in the 26 and 39 PCR cycle. The difference is 13 cycles (Figure 3 B). Because PCR products
in approximation arise exponentially, the initial amount of contamination presented in water was
213 = 8 192 times lower compared to regular samples. For other red lines is the contamination even lower
or not present. Based on this estimation, the level of contaminations do not significantly change
the RT-qPCR interpretation and is in accepted range.
Measurement of the rate of enzymatic reaction
Rate of enzymatic reactions can be also investigated using the Nanodrop II. In this part is omitted
the sample and chemicals preparation, only direct pipetting and measurement is considered.
All other experimental details were published in .OLPHã 7). The following steps are described
for one pipetting needle, in reality 8 needles were used simultaneously. Whole target MTP384 was
prefilled with the stop solution (0.2 M Na2CO3).  O of enzyme was dispensed into one well
(MTP96 plate). Into the same well ORIVXEVWUDWHwas pipetted and the enzymatic reaction has started.
 O RI this ³UXQQLQJ´ UHDFWLRQ PL[WXUH was aspirated DQG WKHQ  O ZDV GLVSHQVHG eight times
in 5 second interval into eight different wells of the MTP384 plate with the stop solution
(0.2 M Na2CO3). The yellow product of enzymatic reaction was measured at 405 nm and the dependence
of absorbance and time was plotted. Measured absorbance and time points were interpolated by linear
regression. Rate of enzymatic reaction was estimated for 11 different substrate concentrations and results
are summarized in Figure 4.
Figure 4 (A) The rate of product formation measured as an increase in absorbance over time
is presented for 11 different substrate concentrations. Each concentration was measured at least three
times and liner regression represents the best fit for particular substrate concentration. Naturally,
the increasing absorbance corresponds with the product concentration formed during the enzymatic
reaction. (B) Detailed information about linear regressions.

(A)

(B)

Slope
Pearson corr.
(Abs405 · s-1 · 10000)
coefficient
Rel.
Substrate Average
Average
SD error
SD
concentration slope
R2
(%)
40 mM
20 mM
10 mM
5.0 mM
3.0 mM
2.0 mM
1.5 mM
1.0 mM
0.75 mM
0.50 mM
0.25 mM

71.0
68.3
65.7
55.8
45.9
36.1
32.1
22.6
17.3
12.4
7.1

3.7
1.8
2.1
3.8
1.4
1.1
0.8
0.4
0.5
0.2
0.7

5.2
2.6
3.2
6.8
2.9
3.1
2.6
1.8
2.9
1.7
10.4

0.992
0.992
0.991
0.993
0.987
0.981
0.989
0.972
0.961
0.959
0.882

0.004
0.003
0.003
0.003
0.001
0.001
0.001
0.004
0.010
0.007
0.136

n
3
3
3
3
3
3
3
6
6
6
6

In experiment presented above were measured enzymatic reaction rates using 11 substrate
concentrations. In total there were 45 individual measurements (Figure 4 B, the sum of the n parameter).
Hand pipetting of the one enzymatic reaction takes 2.5 minute because 20 second is needed to get one
point from eight while robotic arm is able to pipette eight reactions simultaneously in 40 seconds. When
WKH³UHDFWLRQWLPH´LVWDNHQinto account, a hand pipetting needs 8ā20ā45 = 2 hours (to get complete data
set) and an automatic pipetting needs 8ā5ā(45/8) = 3.75 minute (but robotic arm have to pipette
45 reactions 6 times, so the correct time is 4 minute) to get complete data set. The time saving
is not so enormous in reality because the time needed to experiment preparation have be added in both
calculations. Depending on the experimental conditions, the automatic procedure is still approximately
eight times faster than manual pipetting .OLPHã7).
All measurements have reproducibility highly visible (Figure 4 A) which is reflected also in lower
relative error (less than 10%). Moreover, calculated Pearson correlation coefficients are very close
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to 1 that clearly show the linearity of individual measurement is very high (Figure 4 B). All these results
indicate that automatic measurement of enzyme kinetic is possible with great accuracy.
In general, lower substrate concentration concentrations is always challenging to measure.
The substrate is consumed very fast and prolonged time of reaction does not facilitate
(rather complicates the absorbance measurement). The amount of final product is presented in very low
concentration (Cornish-Bowden 2014) that can be difficult to detect, especially for chromogenic
substrates. One possible solution can be using the fluorescent substrate or/and measure the enzymatic
reaction in very short time (Mazura 2006).
CONCLUSION
Molecular biology and biochemistry in principle require manipulation with liquid samples.
Any automation can be useful but on the other hand the researcher have to consider limitations
that are connected with the chosen solution. Here was briefly described 4 years of experiences
with the liquid handling system BioNex Nanodrop II that was used in different experiments to show
one of the possible solution for the parallel sample manipulation. The main emphasis was put
on the technical implementation of samples pipetting with regard to the possibility
of cross-contamination. In four examples were explained testing conditions and obtained results.
The cross-contamination was not detected or it was in acceptable range. In summary, the liquid handling
system opens new possibilities of automation and miniaturization of lab-routine as well as advanced
procedures.
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FLUORESCENCE IMAGING FOR EVALUATION
OF WATER AVAILABILITY TO PLANTS
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'HSDUWPHQW RI&KHPLVWU\ DQG%LRFKHPLVWU\
0HQGHO8QLYHUVLW\LQ%UQR
=HPHGHOVND %UQR
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[YDQHFN#PHQGHOXF]
$EVWUDFW 7KH DLP RI WKLV VWXG\ LV WR LQYHVWLJDWH WKH DSSOLFDELOLW\ RI IOXRUHVFHQFH LPDJLQJ IRU G\QDPLF
DVSHFWV RI VRLOZDWHU DYDLODELOLW\ WR SODQWV 5KRGDPLQH % VROXWLRQ ZDV XVHG DV D IOXRURSKRUH
DQG LWV WUDQVSRUW WKURXJK WKH SODQWV ZDV PRQLWRUHG 0DLQO\ WKH IOXRURSKRUH RSWLPDO FRQFHQWUDWLRQ
DQGLPDJH DFTXLVLWLRQ SDUDPHWHUVZHUHLQYHVWLJDWHG
.H\:RUGV IOXRURSKRUHVSODQWVLPDJLQJ
INTRODUCTION
7KH SURSHU FLUFXPVWDQFHV DUH QHFHVVDU\ IRU SODQW JURZWK ZKLFK HQKDQFHV WKH VORSHV VWDELOLW\
E\ PHFKDQLFDO VXSSRUW RI SODQW URRWV DQG LPSURYHWKHDERYHJURXQGELRPDVVE\WKHSUHVHQFHRIZDWHU
LQ VRLO 7KHUHIRUH LW LV HVVHQWLDO WR LGHQWLI\ WKH DSSURSULDWH PDWHULDOV LPSURYLQJ WKH ZDWHUKROGLQJ
FDSDFLW\ RIVRLO <DQJHWDO 
:DWHU VKRUWDJH LV FRPPRQO\ UHODWHG WR LQFUHDVHG OHYHO RI UHDFWLYHR[\JHQVSHFLHVZKLFKDIIHFWV
QHDUO\ DOO SODQW IXQFWLRQV +LJK WHPSHUDWXUHV DQG LUUDGLDWLRQ DQG ORZ ZDWHU DFFHVVLELOLW\ GXULQJ
WKHJURZLQJ VHDVRQUHVXOWLQVWUHVVSHUFHSWLRQ )DU]L HWDO 
6LOLFDEDVHG JUDQXOHV DV ZHOO DV K\GURJHOV DUH WZR W\SHV RI WKH PRVW FRPPRQO\ XVHG
ZDWHUUHWHQWLRQ DGGLWLYHV +\GURJHOV DUH FRQYHQWLRQDOO\ SRO\DFU\ODPLGH JHOV LQ D FU\VWDOOLQH IRUP
ZKLFK DUH FDSDEOH RI DEVRUELQJ ZDWHU XS WR VHYHUDO KXQGUHGWLPHV RI WKHLU RZQ ZHLJKW
6L2EDVHG DGGLWLYHV RQ WKH RWKHU KDQG DUH XVXDOO\ HQULFKHG ZLWK FDUERQ FRPSRQHQWV RU FHOOXORVH
DQG WKHUHIRUH WKH\ DUH DEOH WR DGKHUH WR VRLO SDUWLFOHV 7KLV HIIHFW OHDGV WRLQFUHDVHRIWKHVXUIDFHDUHD
IROORZHG E\DGVRUSWLRQ RIZDWHURURWKHUQXWULHQWV )DUUHOO HWDO 
,Q WKLV VWXG\ IRU WKH ILUVW WLPH WKH DSSOLFDELOLW\ RI UHDOWLPH PRQLWRULQJ RI VROXWLRQ WUDQVSRUW
E\ IOXRUHVFHQFH LQ YLYR LPDJLQJ V\VWHP ZDV LQYHVWLJDWHG 7KH DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH
LI WKH IOXRUHVFHQFH LPDJLQJ WHFKQLTXH PD\ VHUYH IRU FKDUDFWHUL]DWLRQ RI ZDWHUUHWHQWLRQ DGGLWLYHV
DQG IRUREVHUYDWLRQ RIWKHZDWHUDYDLODELOLW\ 
MATERIAL AND METHODS
Preparation of experimental plant model
6XQIORZHU +HOLDQWKXV DQQXXV  XVHG DV DQ H[SHULPHQWDO SODQW ZDV FXOWLYDWHG E\ SURFHGXUH
DV GHVFULEHG LQ SUHYLRXV ZRUN 9DQHFNRYD HW DO   ,Q ILUVW H[SHULPHQWV OHDYHV RI  ZHHNV ROG
SODQW ZHUH FXW ZDVKHG ZLWK ZDWHU DQG LPPHUVHG LQ  PO WXEH FRQWDLQLQJ ZDWHU VROXWLRQ
RI UKRGDPLQH %
6LPLODUO\ ZKROH SODQWV ZLWK URRWV  ZHUH ILUVW ZDVKHG DQG WKHQ SODFHG LQ WKH  PO WXEH
FRQWDLQLQJ WKHIOXRURSKRUH $OO WKHSODQWPRGHOVZHUHIL[HG LQWKHWXEHZLWKSDUDILOP
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Fluorescence imaging
7KH IOXRUHVFHQW LPDJHV ZHUH FDSWXUHG E\ ,Q9LYR ;WUHPH ,PDJLQJ6\VWHP %UXNHU0$86$ 
5KRGDPLQH % LQ SODQWV ZDV H[DPLQHG DW H[FLWDWLRQ ZDYHOHQJWK Ȝ H[  QP DQG HPLVVLRQ ZDYHOHQJWK
ȜHP  QP 7KH SDUDPHWHUV RI LPDJLQJ ZHUH VHW DV IROORZV IVWRS  ILHOG RI YLHZ  î  FP
H[SRVXUH WLPH DQG ELQQLQJ ZHUH PDQXDOO\ RSWLPL]HG WR PD[LPL]H GHWHFWLRQ HIILFLHQF\ )OXRUHVFHQFH
LQWHQVLW\ LQWKHUHJLRQV RILQWHUHVWZDVTXDQWLILHG E\%UXNHU0ROHFXODU ,PDJLQJ 6RIWZDUH
RESULTS AND DISCUSSION
Imaging parameters optimization
$V D ILUVW VWHS LPDJLQJ SDUDPHWHUV ZHUH RSWLPL]HG 8QGHU WKH H[SRVXUH WLPH  V DQG ELQQLQJ
î )LJXUH  WRS  ZH ZHUH DEOH WR YLVXDOL]H UKRGDPLQH % LQ FRQFHQWUDWLRQ RI î  0
)LJXUH7RSOHIW ZKHUHDVWUDQVSRUWRIUKRGDPLQHLQFRQFHQWUDWLRQRIî  0 )LJXUH7RSULJKW 
FDQQRW EH FOHDUO\ VHHQ LQ WKH SODQW +RZHYHU LQFUHDVHG H[SRVXUH WLPH DQG ELQQLQJ HQDEOHG WR H[SDQG
WKH GHWHFWLRQ FDSDELOLW\ $V VKRZQ LQ )LJXUH  %RWWRP FRQFHQWUDWLRQ DV ORZ DV î  0
FDQEHREVHUYHGXQGHUDFTXLVLWLRQ SDUDPHWHUV H[SRVXUH WLPHV DQGELQQLQJ  î 
)LJXUH)OXRUHVFHQFHLPDJHVRIVXQIORZHUOHDYHVLPPHUVHGLQUKRGDPLQH%VROXWLRQ î  0 ± OHIW
î 0 ± ULJKW H[FLWDWLRQZDYHOHQJWKQPHPLVVLRQZDYHOHQJWKQP7RS± H[SRVLWLRQWLPH
VHFRQGVELQQLQJî%RWWRP ± H[SRVLWLRQWLPH VHFRQGVELQQLQJî

Time dependence
%DVHG RQ WKH UHVXOWV REWDLQHG XVLQJ WKH OHDYHV WKH ZKROHSODQW H[SHULPHQWV ZHUH FDUULHG RXW
$V VKRZQ LQ )LJXUHWKHVXQIORZHUSODQWZDVLPPHUVHGLQWKHUKRGDPLQH%VROXWLRQDQGLPDJHVZHUH
WDNHQ DW VSHFLILF WLPHLQWHUYDOV   DQG  KRXUV  ,Q FRPSDULVRQZLWKFRQWUROH[SHULPHQW LPPHUVLRQ
LQ SXUH ZDWHU  VLJQLILFDQW LQFUHDVH LQ IOXRUHVFHQFH LQWHQVLW\ ZDV REVHUYHG LQ GHSHQGHQFH RQ WLPH
RI WUHDWPHQW 7KH SURSRVHG PHWKRG LVHQDEOLQJQRWRQO\WRPRQLWRUWKHH[WUHPHO\ORZDPRXQWVRIIOXLG
EHLQJ WUDQVSRUWHG LQWR WKH SODQW EXW DOVR UHDOWLPH YLVXDOL]DWLRQ RI WKH GLVWULEXWLRQ ZLWKLQ WKH SODQW
)LJXUH   0RUHRYHU LW LV SRVVLEOH WRTXDQWLI\WKHIOXRUHVFHQWVLJQDOLQWKHSDUWLFXODUSRLQWRIWKHSODQW
DQGWKHUHIRUHWRGHWHUPLQHWKHWLPH UHTXLUHGWRGHOLYHU WKHVROXWLRQ WRWKHVSHFLILF SODQW SDUW )LJXUH  
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)LJXUH 3KRWRJUDSKRIVXQIORZHUSODQWLPPHUVHGLQUKRGDPLQHVROXWLRQ

)LJXUH  :KROH SODQW LPDJLQJ LQ KRXU WLPH LQWHUYDOV 7RS URZ ± UKRGDPLQH î0 LQ ZDWHU 
ERWWRPURZ± FRQWURO ZDWHU 

)LJXUH  4XDQWLILFDWLRQ RI IOXRUHVFHQFH LQ WKH VXQIORZHU VWHP PHDQ LQWHQVLW\ FRQWURO VLJQDO
VXEWUDFWHG
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(YHQ WKRXJK WKH SUHVHQFH RI WKH UKRGDPLQH % PLJKW SRWHQWLDOO\ LQIOXHQFH WKH XSWDNH
RI WKH IOXLG IURP WKH ZDWHUUHWHQWLRQ FRPSRXQG GXH WR WKH WR[LFLW\ WR WKH SODQW FHOOV WKH VHQVLWLYLW\
RI WKH IOXRUHVFHQFH LPDJLQJ HQDEOHV WKH XVH RI H[WUHPHO\ ORZ FRQFHQWUDWLRQV VXEPLFURPDODU 
$V VKRZQHOVHZKHUH 7DQHWDO  WKHWR[LFHIIHFWGXHWRWKHUHDFWLYHR[\JHQVSHFLHVZDVREVHUYHG
LQ WKRXVDQGWLPH KLJKHU FRQFHQWUDWLRQV VXEPLOLPRODU  7KHUHIRUH LW LV EHOLHYHG WKDW WKH LQIOXHQFH
RI URRWFHOO GDPDJH RQWKHIOXLG WUDQVSRUWLVHOLPLQDWHG
CONCLUSION
%DVHG RQ WKH UHVXOWV WKH IOXRUHVFHQFH LPDJLQJ LV GHPRQVWUDWHG WR EH FDSDEOH RI PRQLWRULQJ
DQG HYDOXDWH WKH DELOLW\ RI WKH ZDWHUUHWHQWLRQ DGGLWLYH WR GHOLYHU ZDWHU WR WKH SODQW
8VLQJ WKH VXEPLFURPRODU FRQFHQWUDWLRQV RI IOXRURSKRUHV HJ UKRGDPLQH %  LW LV SRVVLEOH WRTXDQWLI\
WKHHIIHFWLYLW\ RIZDWHUVXSSO\ V\VWHPVLQORQJWHUP UHDOWLPH H[SHULPHQWV
,Q IXWXUH WKH ZDWHUUHWHQWLRQ DGGLWLYHV ZLOO EH VRDNHG E\ WKH VROXWLRQ RI UKRGDPLQH %
DQGWKHLUDELOLW\ RIZDWHUVXSSOHPHQWDWLRQ ZLOO EHLQYHVWLJDWHG
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Abstract: Upconversion nanoparticles (UCNPs) are a novel class of luminescent tags for applications
in life and material sciences. Unlike traditional fluorophores, UCNPs exhibit emission of shorter
wavelength under near-infrared excitation (typically 980 nm). In this work, we have examined
these unique photophysical properties by fluorescence spectrometry and capillary electrophoresis.
UCNPs co-doped with Yb(III) and Er(III) were characterized using laboratory-made fluorescence
spectrometer. We have exploited and evaluated two excitation sources and the dependence
of the fluorescence of UCNPs on the relative excitation power. Moreover, capillary electrophoresis
with laser-induced fluorescence (CE-LIF) detection was for the first time used for characterization
of the nanoparticles. It was proved that CE-LIF is a valuable method to be used for investigation
of upconversion luminiscence and monitoring of the interactions of UCNPs with other molecules
of interest.
Key Words: upconversion nanoparticles, UCNP, fluorescence spectrometry, capillary electrophoresis
INTRODUCTION
Lanthanide-doped photon upconversion nanoparticles (UCNPs) have been in the focus
of research interest due to their unique photophysical properties. The anti-Stokes shifted luminescence
is a result of a sequential photon absorption (Nadort et al. 2016, Zhu et al. 2017). Most upconversion
materials rely on a crystalline host such as metal fluoride (most commonly NaYF 4, CaF2),
oxide (Y2O3), or phosphate (YPO4), and are co-doped with a single Ln3+ ion or a combination
of Ln3+ such as Er3+, Yb3+, Tm3+ Ho3+, and Gd3+ (Gai et al. 2014).
Advantageous features of UCNPs are basically no background due to anti-Stokes shifted
emission (Zhu et al. 2017), low toxicity (Zhou et al. 2015), no photobleaching or photobrightening
(Zheng et al. 2015, Zhou et al. 2015), applicability for long-term imaging (Wu et al. 2015),
and particularly well suitability for deep tissue imaging (Wu et al. 2015, Xu et al. 2013, Yang 2014,
Zhou et al. 2012). Therefore, UCNPs can in many ways overcome limitations of traditional fluorescent
reporters, such as organic dyes or semiconductor nanocrystals (quantum dots).
Due to their superior properties, a broad field of applications of UCNPs can be found. Recent
progress enabled an increasing number of (bio)analytical (Hlavacek et al. 2016, Hlavacek et al. 2017,
Chatterjee et al. 2010), diagnostic (Yang 2014), and sensing applications (Hao et al. 2013,
Shi et al. 2015), as well as photovoltaic (Ramasamy et al. 2014) and security applications
(Meruga et al. 2014).
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Despite above mentioned advantages, there is no commercially available system with ability
to measure upconversion properties, which limits further expansion of the applications of UCNPs.
To measure fluorescence emission properties, one needs to utilize custom-made spectrometers.
This analytical tool, however, needs to be standardized. As mentioned in literature, different
applications have specific requirements regarding laser power density (Kaiser et al. 2017).
In addition to the fluorescent spectrometry and gel electrophoresis (Hlavacek et al. 2014,
Sedlmeier et al. 2016), capillary electrophoresis is a useful tool to characterize nanoparticles.
As reviewed in work of (Stanisavljevic et al. 2014), CE is an indispensable method for examination
of bioconjugation to targeting ligands (e.g., folic acid, RGD peptide) or monitoring
of their interactions with other molecules of interest.
In this study, we have characterized carboxyl-silica-coated UCNPs by laboratory-made
spectrometer. We have examined two excitation sources and the dependence of the fluorescence
of the UCNPs on the excitation power. In addition, CE was involved to characterize the proposed
nanoparticles. To the best of our knowledge, this is the first time that CE was used for characterization
of UCNPs.
MATERIAL AND METHODS
Synthesis of the upconversion nanoparticles
UCNPs were synthesized by high-temperature coprecipitation method according to a protocol
described elsewhere (Hlavacek et al. 2014, Wang et al. 2010). Subsequently, carboxyl-silica-coated
UCNPs (COOH-UCNPs) were prepared by a reverse microemulsion method: UCNPs (418 mg)
were diluted in cyclohexane to a final volume of 36.8 ml. This dispersion was mixed
with 4600 mg of Igepal CO-DQGȝORIWHWUDHWK\ORUWKRVLOLFDWH 7(26 DQGVWLUUHGLQWHQVLYHO\
for 10 min. A mL[WXUHRIȝO ZY RIDTXHRXVDPPRQLXPK\GUR[LGHDQGȝORIZDWHUZDV
DGGHGWRIRUPDPLFURHPXOVLRQWKDWZDVVORZO\VWLUUHGRYHUQLJKW7KHQȝORI7(26ZHUHDGGHG
DQG WKH PLFURHPXOVLRQ ZDV DJDLQ VWLUUHG IRU  PLQ $IWHU DGGLQJ  ȝO RI  ZY  VRGLXP
carboxyethylsilanetriol in water, the microemulsion was first sonicated for 15 min and then stirred
for 60 min. The COOH-8&13VZHUHH[WUDFWHGZLWKȝORIGLPHWK\OIRUPDPLGHDQGZDVKHGIRXU
WLPHVZLWKPORIDFHWRQHDQGILYHWLPHVZLWKȝORIZDWHU
Laboratory-made spectrometer
A laboratory-made detection device for optical characterization of the nanoparticles was built
using modular spectrometer components purchased by Ocean Optics (Dunedin, FL, USA) and external
light sources, laser diode (980 nm, 300 mW) or LED diode (980 nm, 3 mW), obtained from Roithner
Lasertechnik (Vienna, Austria). Spectra of UCNPs under excitation with different relative power
of the diode were acquired (scans to average 2, integration time 1000 ms) with use
of OCEANview 1.6.3 software and postprocessed in MATLAB.
Capillary electrophoresis with IR light source
Capillary electrophoresis Beckman Coulter PACE/MDQ was coupled with the external 980 nm
laser diode connected via optical fibre. The separation was performed in uncoated fused silica
capillary with internal dimeWHU RI  ȝP WRWDO OHQJWK RI  FP DQG HIIHFWLYH OHQJWK RI  FP
20 mM borate buffer (pH 9) was used as a separation electrolyte and separation voltage of 25 kV was
applied.
RESULTS AND DISCUSSION
Comparison of excitation sources
UCNPs spectra were measured using LED light source set to 100±700 mA (Figure 1A).
Laser diode was set to 10 values of power from 200 mA (1.75 V) to 670 mA (3 V) (Figure 1B).
As expected, increasing excitation power leads to higher fluorescence yields. Based on the results
obtained, the laser diode was used in subsequent CE experiments taking into account the extremely
low sample volume injected into CE (nl).
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Figure 1 Emission spectra of UCNPs ± comparison of the excitation sources and their settings.
A) LED diode, B) laser diode

CE-LIF characterization
According to the literature, CE-LIF is an excellent tool for characterization of nanoparticles
as well as for monitoring of their interaction with other biomolecules (e.g. antibodies).
As shown in Figure 2A, UCNPs exhibited under given CE conditions a single peak
with migration time of 6.7 minutes. The peak height was linearly dependent on nanoparticle
concentration. The coefficient of determination R2 = 0.9996 (Figure 2B) was reached and obtained
limit of detection (LOD = 3 î SD/slope) was 0.26 mg/ml. The absolute amount of the injected
nanoparticles was calculated to be 9.1 ng (injected volume was 35 nl).
Figure 2 CE characterization of UCNPs@Yb,Er. A) electropherograms of different concentrations
of UCNPs, B) calibration curve obtained from the peak heights

The potential improvement of LOD would involve increasing the excitation power used,
however the main limitations are in the imperfect coupling of the laser diode light into the optical fibre
used in the CE instrument. Despite these limitations, it was possible to compare the behaviour
of the prepared UCNPs and commercially obtained nanoparticles. As shown in Figure 3,
the fluorescence intensity of the prepared nanoparticles was significantly hiJKHU î %RWKSDUWLFOH
types were carboxylated and therefore negatively charged in pH of the separation electrolyte (pH 9).
The fact that migration time of the commercial nanoparticles was shorter (2.4 minutes) corresponds
to the smaller size declared by the supplier (60 nm) in comparison to the size of prepared nanoparticles
(105 nm).
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Figure 3 CE characterization. Carboxyl-silica-coated UCNPS@Yb,Er (blue) and commercially
available UCNPs (red), both in concentration 7 mg/ml (diluted by water)
Our UCNPs
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UCNPs
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CONCLUSION
Upconversion nanoparticles belong to a group of novel nanomaterials exhibiting fluorescence
with large anti-Stokes shift. In this work, laboratory-made spectrometer was built. Different excitation
sources and power were used for spectra acquisition. Additionally, UCNPs were characterized
by capillary electrophoresis. In comparison to commercially available UCNPs, prepared nanoparticles
exhibited 5.6-times higher fluorescence intensity.
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Abstract: Platinum-based cytostatics are the metal-containing anticancer cytostatic drugs that have
found application in clinical practice. Antitumor activity of platinum-based drugs is caused
by the crosslinking of DNA and formation of DNA adducts with subsequent triggering the apoptosis
leading to cell death. Disadvantage of this type of cytostatics is that some kind of cancer is resistant
against them. This resistance can be potentially caused by metalloproteins such as metallothioneins
(MTs) that bind platinum to their structure and make the interaction with DNA of cell impossible.
MTs are low molecular mass, intracellular cysteine-rich, metal-binding proteins and ensure a number
of functions in body for example detoxification of heavy metals or maintenance cellular zinc
homeostasis. In this work, the interaction between two isoforms of MTs (MT3 and MT2) and several
types of platinum cytostatics (oxaliplatin, carboplatin and cisplatin) as well as platinum nanoparticles
(size of 10 and 40 nm) were examined by fluorimetric analysis using a fluorescence zinc indicator
(Fluozin-3). Fluorescence spectrometry with laser-induced fluorescence detection (ex±488 nm,
em±520 nm) was used in the study.
Key Words: platinum, cytostatics, nanoparticles, metallothionein, fluorescence
INTRODUCTION
Platinum cytostatics have been commonly used for treatment of cancer for a long time
but mechanism of their action is still not completely clear. It is assumed that platinum-based
cytostatics destroy cancer cells by binding to DNA and interfering with the cell's repair mechanisms,
which eventually leads to cell death (Knipp 2009). The cytotoxic effects of the platinum drugs
are directly related to the quantity of drug that enters the cell. However, large number of platinum
cytostatics may be inactivated by creation of stable Pt-thiol adducts with metallothionein in cytosol
and only 1% or less of the intravenously administered platinum binds to DNA (Nejdl et al. 2015a).
Metallothioneins (MTs) are a family of small cysteine-rich metal-binding proteins,
which FRQVLVW IURP WZR GRPDLQV Į ȕ  7KHVH SURWHLQV DUH SUHVHQW LQ DOPRVW DOO IRUPV RI OLIH
Mammals express at least four isoforms of MT (MT1±MT4) and 13 MT-like human proteins were
identified (Palumaa et al. 2005). Mammalian MTs contain 61±68 amino acids, and among them,
20 are cysteines. The differences between the isoforms come mainly from post-translational
modifications, small changes in primary structure, or speed of degradation. Differences
are also in their presence in individual organs. MT1 and MT2 are present almost in all types of soft
tissues, MT3 is expressed mostly in brain tissue, but also in heart, kidneys and reproductive organs
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and the MT4 isoform was detected in some epithelial cells. MTs participate in the regulation
of cellular metabolism of zinc and copper, and in protection of cells against reactive oxygen species.
But their most studied function is detoxification of heavy metals and maintaining of essential metal
ion homeostasis given by their high affinity to these metals (Ruttkay-Nedecky et al. 2013).
One of the possible solutions currently being investigated is to prevent the interaction between
MTs and platinum cytostatics by use of platinum nanoparticles (PtNPs) for treatment of cancer.
There is a hypothesis that PtNPs are not interacting directly with the DNA in their particulate
form, but instead release soluble Pt species (Pt2+ ions) that form complexes with DNA
(Gehrke et al. 2011). Use of PtNPs seems to be an appropriate solution for the problem of resistance
of some cells against platinum-based cytostatics.
MATERIAL AND METHODS
Materials
PtCl4, polyvinylpyrrolidone (PVP, 40 k), HCl (37%, w/w), NaBH4 were purchased
from Sigma-Aldrich (USA) in ACS purity. All chemicals used for electrochemical
detection
were purchased
also
from
Sigma-Aldrich
(USA)
in
ACS
purity.
N-[2-(2-{2-[bis(carboxymethyl)amino]-5-methoxy
phenoxy}ethoxy)-4-(2,7-difluoro-6-hydroxy-3oxo-3H xanthen-9-yl)phenyl]glycine (FluoZin-3) was purchased from Labeling and detection (USA).
HEPES was obtained from Merck KGaA (Germany). MT2 and MT3 were supplied from Karolinska
Institute in Stockholm (Sweden). Zinc, platinum and lead was used in AAS standard
from Sigma-Aldrich (St. Louis, MO, USA). Carboplatin and Oxalplatin were purchased from Teva
(CZ). Cisplatin was purchased from Sigma-Aldrich (USA). Chelex 100 Resin was from BIO-RAD
(USA).
Preparation of platinum nanoparticles
Platinum nanoparticles were prepared by dissolving PtCl4 (0.034 g) in acidic water (5 mL)
with 16 ȝ/ RI  +&O 7KH VROXWLRQ RI 3W&O4 (5 mL) was added, with stirring, to another solution
of 0.135 g PVP in water (45 mL). The mixture was stirred for 1 hour at temperature 25 &
After the addition of NaBH4 (50 mg) the final colour of the solution became black. The mixture was
stirred overnight (Buchtelova et al. 2017).
Electrochemical detection
MT was determined by differential pulse voltammetry (DPV). The measurement was performed
with 663 VA Computrace instrument (Metrohm, Switzerland), using a standard cell with three
electrodes (working electrode ± hanging mercury drop electrode with a drop area of 0.4 mm2,
the reference electrode ± Ag/AgCl/3M KCl electrode and auxiliary electrode ± glassy carbon
electrode). For data processing 663 VA Computrace software from Metrohm CH was employed.
For de-oxygenation of analysed samples was used purging with argon (99.999%).
The Brdicka supporting electrolyte containing 1 mM [Co(NH3)6]Cl3 and 1 M ammonia buffer
(NH3(aq) + NH4Cl, pH = 9.6) was used. The supporting electrolyte was exchanged after each analysis.
The parameters of the measurement by differential pulse voltammetry were as follows: initial potential
of -0.7 V, end potential -1.8 V, deoxygenating with argon 90 s, deposition 120 s, time interval 0.2 s,
step potential 1.95 mV, modulation amplitude 25 mV, and modulation time 0.57 s.
For electrochemical measurement, the volume of injected sample was 10 / Dnd volume
of measurement cell was 2 mL (10 / RI VDPSOH + 1990 / DPPRQLXP EXIIHU  $OO PHDVXUHPHQWV
were carried out at temperature 6  1 &(Nejdl et al. 2015b).
Samples preparation
For comparison of interaction between both MT isoforms 5 O  nM protein in MiliQ water
was used. 3 M Fluozin-3 (Fluozin-3 was prepared in 100 mM HEPES, pH 7.4) was added followed
by 5 l of 800 nM metal ion in MiliQ water. Reaction of MT with metal (e.g. Pt2+, Pb2+ and other) led
to release of zinc. Released zinc was detected by Fluozin-3 (Zn2+ selective fluorescent indicator).
Fluorescence of FluoZin-3 and Zn2+ was measured at 25 & by an Plate UHDGHU ,QILQLWH 200
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PRO-Tecan (Switzerland) using a NanoQuantPlate (Tecan). All measurements were repeated three
times. The evaluated data are the average of three repeated measurements.
RESULTS AND DISCUSSION
Verification of actual protein concentrations
This work aims at finding differences in binding affinity of two isoforms of MT to various
platinum species (ions, Pt-based cytostatics, as well as Pt nanoparticles). The experiment is based
on interaction of FluoZin-3 (selective fluorescent Zn2+ indicator) and zinc released from the protein.
By this method is possible to prepare calibration curve of zinc (Figure 1A). Linear dependence
in Zn concentration on fluorescent signal of FluoZin-3 was observed exhibiting the coefficient
of determination R2 = 0.9976.
Subsequently, this method was applied to detection of zinc released from MT. Comparison
of concentrations of both isoforms of MT was carried out by DPV. As can be seen in the Figure 1B,
the concentrations of both isoforms detected in the stock solutions were equal (6.5 0 .
Each MT contains in his structure seven atoms of zinc that can be released by interaction with another
metal ion with higher affinity (e.g. Pt2+, Pb2+ etc.). In this experiment, Pb2+ was used for release of zinc
from MT. Released zinc was detected by interaction with Fluozin-3. By this interaction is possible
to define calibration curves of both MT isoforms.
From calibration curves (Figure 1C) is noticeable that MT3 is providing higher zinc signal
compared to MT2. MT3 has distinct primary structure and also is produced in other part of body
compared to MT2. As already mentioned above, MT2 is present almost in all types of soft tissues.
However MT3 is expressed mostly in brain tissue. MT3 plays a special role in brain zinc metabolism
and therefore it is expected that it has to be able to release zinc flexibly upon certain stimulus.
There is the theory that MT3 has lower affinity for zinc than MT2 because his role is balancing
of concentration of zinc in brain. These results are in agreement with previous study of Sweden
scientists (Palumaa et al. 2005). Figure 1D also confirms that concentrations of both isoforms of MT
are same.
Figure 1 In the picture A there is calibration curve of zinc. Verification of protein concentration
was performed by electrochemistry (picture B). In the picture C there are calibration curves
of MT2A and MT3. Picture D shows the same data like picture C plus conformation
that concentrations of both proteins are same.
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Study of reaction between MTs and platinum-based cytostatics
In second part of this study, the reaction between both isoforms of MTs and different types
of platinum-based cytostatics (cisplatin, carboplatin, oxaliplatin) was examined. The reaction
of platinum-based cytostatics with both isoforms led to release of zinc that was detected by FluoZin-3.
As can be observed from Figure 2, MT3 again showed lower affinity to zinc (higher ability
to release zinc) than MT2. Also was established that difference platinum-based cytostatics show
different reaction with MTs. Lead exhibited higher affinity to MTs compared to platinum ions
so it was used such as control in this case. From acquired data can be seen that carboplatin
had the highest intensity of interaction from studied platinum-based cytostatics with MT reports.
On the other hand, the lowest intensity of interaction had cisplatin.
Figure 2 Interaction between
of metallo-thionein (MT2, MT3)

platinum-based cytostatic

and

lead with

both

isoforms

Study of reaction between MTs and PtNPs
This experiment is focused on investigation of use of platinum nanoparticles as an alternative to
antitumor drugs. Two types of platinum nanoparticles of different size (40 and 10 nm) were studied
and compared. As shown in Figure 3, the nanoparticles with smaller size interact (10 nm) with both
isoforms of MTs with higher intensity than the bigger ones (40 nm). Higher reactivity of smaller
nanoparticles may be connected with their higher ratio of surface to volume.
There is also a hypothesis that PtNPs are not interacting directly with the DNA
in their particulate form, but instead they release soluble Pt2+ ions that forms DNA complexes
(Asharani et al. 2010). This hypothesis was verified also for the interactions with MT. Particles of size
of 10 nm were divided to two aliquots. Chelex resin particles, which are able to bind Pt2+ ions released
from PtNPs, were added to one of the aliquots for 48 hours. It was observed that PtNPs kept in
presence of chelex resin interacted with metallothionein with lower ability to replace zinc ions
in comparison to PtNPs kept in absence of chelex resin. So, this means that ions released from PtNPs
were removed from solution by the resin and therefore they were not able to interact
with MT replacing the zinc ions. The results are shown in Figure 4.
There is a possibility that smaller PtNPs have higher tendency to decay and release bigger
amount of platinum ions than the bigger ones because they have higher ratio of surface area to volume.
Therefore, it is probable that PtNPs would create in the cell a source of ions which will be constantly
attacking DNA of cells and cause of apoptosis in a long time. Maybe it is the advantages in compare
with conventional platinum-based cytostatics. Confirmation of this theory would require further
research.
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Figure 3 Comparison of interaction between MT isoforms with PtNPs of different size (10 and 40 nm)

Figure 4 Differences between interactions of MT2A with PtNPs (10 nm) in presence of chelex resin
and in absence of chelex resin

CONCLUSION
It was demonstrated that the interaction of MT3 isoform with either platinum-based cytostatics
or PtNPs caused the release of higher amount of zinc ions in comparison to isoform MT2.
The difference of affinity is probably due to the different role of both isoforms of MTs in organisms.
Also differences between the particular cytostatics (cisplatin, carboplatin, and oxaliplatin)
in the ability of zinc release were observed. From acquired data is seen that the highest ability
to release zinc ions was observed in case of carboplatin. On the contrary, cisplatin exhibited the lowest
replacing ability.
Next, the interactions of metallothionein with two nanoparticles with different size
(10 and 40 nm) were investigated. It was found that smaller PtNPs react with both isoforms of MT
with higher intensity than the bigger ones. This phenomenon is probably caused by high ratio
of surface area to volume of smaller particles.
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