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MENDELNET 2016

PREFACE

This year’s 23" International PhD Students Conference for undergraduate and
postgraduate students is hosted by the Faculty of AgriSciences, Mendel University in
Brno, the Czech Republic, in November 9-10, 2016. The conference has provided
a 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 etc. with
participants from European educational and research institutions.

Their success is reflected in the papers received, with participants coming from diverse
backgrounds, allowing a real multinational and multicultural exchange of experiences
and ideas.

The accepted papers of this conference are published in this full text that will be sent
to international indexes.

Conferences such these can only succeed as a team effort, so the Editors want to thank
the Committees and the Reviewers for their excellent work in reviewing the papers as

well as their invaluable input and advice.

The Editors
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Abstract: In organic farming is not possible to rely on plants fertilizing during vegetation according to
their actual needs. The right crop rotation and harmonic nutrition are necessary for good and quality
products. This is realized mainly by cultivating green manure crop and fertilizing by organic fertilizers.
The 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 content of mineral nitrogen in soil. There are
four variants in this experiment: 1. Unfertilized control, 2. Green manure, 3. Green manure + renewable
external sources (27 t/ha of compost + 14 t/ha of digestate), 4. Green manure + farm fertilizers (27 t/ha
of manure + 14 t/ha of liquid manure). The result obtained from the experimental year 2016 show, that
the best variant providing good supply of nitrogen during vegetation is combination with green manure
and renewable external resources (compost + digestate). Soil in this variant contained around 83 kg/ha
of mineral nitrogen after emergence of potatoes. Variant with green manure and farm fertilizers
contained 77 kg/ha and unfertilized soil contained around 46 kg/ha of mineral N. Content of mineral
nitrogen in the flowering, around 55 kg/ha, was also the highest on variant 3. The remaining variants
had a similar nitrogen content in the soil, around 44 kg/ha.

Key Words: organic farming, nitrogen, soil, green manure, farm fertilizers

INTRODUCTION

Organic agriculture, a production system with a particular attention to the environment and its
individual components, is now 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 like leaching or volatilization.
The precursor for higher yield and quality of products is good and fertile soil (Dvorsky and 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 content of organic matter and quality of humus in the soil (Martin and MacRae 2014).

Today, the crucial nutrient is still nitrogen. However, balance of nitrogen in organic farming is
relatively well solvable. The basis of nutrition in organic farming should be a good crop rotation (Urban
et al. 2003). The supply of nitrogen from external environment is achieved primarily by growing
legumes and plants for green manure. Another invaluable source of nutrients is organic fertilizers,
especially manure and slurry, but also organic compost and in these days increasingly used digestate.
The combination of well-chosen crop rotation with adequate dose of properly selected organic fertilizer
is very interesting and for organic farming have irreplaceable role (Barker 2010).

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 content of mineral nitrogen in soil
in different vegetation stages of potatoes growth in year 2016 will be evaluated. There are also
interesting questions that may be answered — is green manure alone good enough for good nitrogen
supply or is the combination with some organic matter necessary? Will combination with green manure
and renewable external source provide enough content of nitrogen in comparison with farm fertilizers?
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MATERIAL AND METHODS

This work is a part of a long-term experiment established in 2014 by the Central Institute for
Supervising and Testing in Agriculture. The experiment was established as small-plot field experiment
ongoing at five different locations at the same time. These experimental stations are representing
a different production area with a different soil and climatic conditions (Table 1). The variant of
fertilization are described in Table 2. The experiment attempts to compare system of fertilization with
(Variant 4) and without livestock (Variant 3) in organic farming. There is also an unfertilized variant
(Variant 1) for control and variant based only on green manure (Variant 2). Every variant has three
repetitions.

Before the start of the experiment, the land at every experimental station was left fallow in year
2014. The forecrop for potatoes was winter wheat in 2015. The combination of Pisum sativum var.
arvense, Vicia villosa and Brassica campestris var. sylvestris was used as a green manure.

Potato fertilization in experimental year of 2016 is described in Table 2 and nitrogen content in
fertilizers in Table 3. Potatoes planting were performed approximately 14 days after the incorporation
of organic farming to the soil in early April. There is one average soil sample for each variant at every
location. For this average sample, soil was collected from every repetition in every variant. The soil was
collected before start of the experiment, after emergence and in flowering. The soil was collected by a
manual soil probe in soil profile 0-30 cm. The nitrate nitrogen was determined by ion-selective electrode
(ISE), the ammonia nitrogen was determined as Indolphenol spectrophotometry (Zbiral et al. 2004).
Content of mineral nitrogen was determined by summing nitrate and ammonia nitrogen.

Table 1 Characteristics of experimental stations

Characteristics
Experimental Average annual
station (district) Main MASL | Soil type Soil precipitation Average anmjal
crop texture (mm) temperature (°C)
Caslav Sugar | g | Black | gy 555 8.9
beet soil
Horazd’ovice | Potatoes | 475 | Cambisol Sandy 585 7.8
loam
S Cla
Jarom¢étice nad Cereals | 425 Brown Y 481 8.0
Rokytnou soil loam
Lipa Potatoes | 505 | Cambisol Sandy 594 7.5
loam
. Sugar Black
Vérovany beet 207 soil Clay 52 8.7

Table 2 Variants of fertilization used in the experiment

. Application of organic fertilizers
Variant PP g

Dose of fertilizer | Period Dose of fertilizer Period
1. Unfertilized - - - -
2. Green manure (GM) - - - -
3. GM + renewable external 27 t/ha of Autumn| 14 t/ha of digestate April
sources compost
4. GM + farm fertilizers 27 t/ha of manure | Autumn 14 tha of liquid April

manure
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Table 3 Nitrogen content in organic fertilizers in original state (same fertilizers for every location)

Variant Organic fertilizer Nitrogen content in original state (%)
Renewable external Compost 0.67
sources Digestate 1.37
- Manure 0.43
Farm fertilizers o
Liquid manure 0.06

RESULTS AND DISCUSSION

Mineral nitrogen content before start of the experiment in early April

The initial state of the mineral nitrogen content in the soil before starting the experiment with
potatoes is displayed in Figure 1. The lowest content of mineral nitrogen was located in unfertilized soil
as expected. Most mineral nitrogen contained the soil on variant 4 after autumn application of manure.
The nitrogen content on this variant was increased by 2.2 mg/kg compared to control variant. The current
soil supply after recalculation (mg/kg x 4.5) makes nearly 40 kg of nitrogen per hectare on variant 4.

A similar amount of N, around 38 kg/ha, was contained in soil in variant 2 with just green manure
crop. This result indicates a quick decomposing of green manure crop (Barker 2010). Green manure that
decomposes rapidly is an excellent source of immediately available nutrients but is unlikely to contribute
significantly to long-term development of soil organic matter (Martin and MacRae 2014). Content of
mineral nitrogen in soil after turning over just green manure is therefore almost comparable with variant
4, where the mineralization does not fully starts at this period.

Figure 1 Average content of mineral nitrogen in soil before start of the experiment in early April
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8,0 -
X 6,0 -
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£ 40 |58 & G2
2,0 -
0,0 1.1 : 1.1 : 1.1 ‘ 1.1 ‘
1. 2. Green 3.GM+ 4.GM+farm
Unfertilized manure (GM) renewable  fertilizers
external
resources

N - NH4+ N- NO3-

Legend: renewable external resources— compost + digestate; farm fertilizers — manure + liquid manure

There is an idea, that compost application is more efficient method compared to manure, because
compost contained more concentrated nutrients due to significantly less C, less water and reduced
potential for N loss through volatilization in time of application (Miller et al. 2009, Larney et al. 2006).
In this experiment, however, a smaller decrease of mineral nitrogen content appeared on variant
3 following autumn application of compost. This may be caused by not entirely good C/N ratio in
compost, which is quite common thing. A commonly used threshold suggests that amendments with
C/N ratios less than 20 will cause net mineralization (Loecke et al. 2012). The ratio of compost in this
case was 9 : 1, therefore a very thin ratio. This leads to very quick decomposition (Gale et al. 2006) and
probably to loss of some nitrogen due leeching during winter.

There is also a different idea, that autumn application of compost does not have same effect on
mineral nitrogen content in spring compared to application of quality manure (Hradil et al. 2007). This
corresponds with result of soil analysis in April in this experiment.
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On the other hand, some authors (Gale et al. 2006, Sanchez et al. 2004) have observed
immobilization of nitrogen for 60 or more days following incorporation of compost. They have also
claim, that compost is therefore a generally contributing to the slow-release pool of nitrogen and other
nutrients during vegetation. This idea is supported by result of soil analysis after emergence and in
flowering (Figure 2 and 3).

Mineral nitrogen content after emergence in early June

State of mineral nitrogen content in soil after fertilization in the experimental year 2016 is
reflected in figure 2. Soil samples were collected after emergence of potatoes around 6 June. At this
point, mineralization and nitrification in soil should be slightly after spring maximum.

The largest content of nitrogen, around 83 kg/ha, was noticed in the combination of green manure
and renewable external sources. This result support the idea of some authors, that digestate has higher
total nitrogen content ranging from 0.2—1% compared to other organic fertilizers (Smatanova 2012).
This fact is also evident from Table 3. Nitrogen content in applied digestate was higher compared to
liquid manure. Digestate also have a large proportion of highly usable ammonia nitrogen (Moller and
Muller 2012). This corresponds with low content of ammonia nitrogen in soil in the experiment.

Figure 2 Average content of mineral nitrogen in soil after emergence in early June
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Legend: renewable external resources— compost + digestate; farm fertilizers — manure + liquid manure

Average nitrogen content in liquid manure is around 0.23%, but content of N in liquid manure
used in this experiment was only 0.06%. The content is highly variable and dependent on the strong
dilution with water. 90% of nitrogen in liquid manure is located in easily soluble form with the largest
share of ammonia nitrogen (Urban et al. 2003). Application of liquid manure is also problematic due
volatilization loss of ammonia (Mahimairaja et al. 1994). This also corresponds with low content of
ammonia nitrogen in soil in the experiment. A smaller decrease of nitrogen content on variant 4, around
77 kg/ha, may be explained by all these facts.

Green manure is used in order to increase the content of rapidly decomposing organic matter, to
promote fixation of atmospheric nitrogen and to increase the activity of microorganism in soil. The
result obtained from the soil analysis in this stage of vegetation show, that mineral nitrogen content after
turning under green manure crop alone (around 59 kg/ha) is not as good as combination of green manure
and organic fertilizer. Green manure crop is ideal as a main crop on the field. This should be done every
three years on the field for best result (Barker 2010). But this situation is rather impossible in common
praxis. Green manure is often grown as a winter cover crop.

Green manure crop is not able to create enough organic matter during this short period (from
autumn to early spring). As mentioned before, such green manure crop decomposes rapidly due their
succulence. It is great on the start for early stages of vegetation, but may not provide the required supply
of nitrogen at later stage of vegetation. This is also evident from Figure 2 and 3. Therefore, it is useful
to combine green manure with further applications of organic matter, if possible (Kasal et al. 2010).
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Mineral nitrogen content in flowering in early July

Higher uptake of nitrogen by potatoes is starting before crop cover is complete. The highest
uptake starts in flowering (Kasal et al. 2010). Soil samples were collected at the begging of flowering
around 1 July. The plants depleted a part of available nitrogen at this stage, which is evident from
comparing Figure 3 and Figure 2.

The largest content of nitrogen in soil, around 55 kg/ha, remains after combination of green
manure and renewable external resources. This variant had contained more nitrogen in applied fertilizers
(compost + digestate) compared to variant 4 with farm fertilizers. As mentioned before, this result is
supporting work of some authors (Miller et al. 2009, Larney et al. 2006) that compost is generally
contributing to the slow-release pool of nitrogen and other nutrients during vegetation. On the other
hand, the result from 9-year experiment by Miller et al. (2010) is quite opposite. In this experiment, the
N availability of different fertilizers was also evaluated. Fresh manure increased the soil level of nitrogen
the most in this experiment.

Variants 2 and 4 in this experiment with average content of nitrogen around 44 kg/ha are
comparable, even with unfertilized variant. However, we can assume that nitrogen consumed by plants
on variant with fertilization will result in higher yields. This hypothesis will be of course analysed right
after harvest.

Figure 3 Average content of mineral nitrogen in soil in flowering in early July
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Legend: renewable external resources— compost + digestate; farm fertilizers — manure + liquid manure

Average content of mineral N in each experimental station at different stage of the experiment

As mentioned before, the experiment is ongoing on five different locations. The average content
of nitrogen for each experimental station in different stage of vegetation is displayed in Figure 4. Content
of nitrogen before start of the experiment is comparable on each location. Experimental station
Jaroméfice nad Rokytnou had higher nitrogen content in soil after emergence and in flowering. There is
a fertile brown soil at this station.

There is also a good combination of average annual precipitation and temperature as you can see
in Table 2. The very fertile black soil is at station Vérovany, where the content of nitrogen was the
highest in flowering. At this station were lower precipitation during early spring, therefore nitrogen
content was not so high after emergence. The lowest content of nitrogen was observed at exp. station
Céslav, although there is a fertile black soil at this locality. Not enough precipitation and mostly drought
caused a lower content of nitrogen at this station.
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Figure 4 Average content of nitrogen in soil in each experimental station
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CONCLUSION

The results obtained from soil analysis during the experiment shows that any application of
organic matter either from renewable external resources or farm fertilizers is increasing mineral nitrogen
content in the soil compared to unfertilized variant. However, in organic farming is not possible to rely
on crop fertilizing during vegetation according current needs. Application of any organic matter has
therefore a crucial role for plants.

Green manure in practice is often cultivated as a winter or stubble crop with a short growing
period. Turning under such green manure alone do not provide enough organic matter and decomposes
rapidly. Nearly 75% of such organic matter is rotted quickly in first season, leaving little residual effect
afterward. There is also option to apply only organic fertilizer, but such option may also be not so
tempting. We are losing erosion protection and competition against weeds and diseases in this case.
Combination with green manure crop and organic fertilizer may be also more economic due possibility
of lowering doses of organic fertilizer.

The result from this experiment show, that variant with combination of green manure and
renewable external resources provide more supply of nitrogen compared to variant with green manure
alone and variant with combination of green manure and farm fertilizers. In this variant with renewable
external resources, compost and digestate were applied. These fertilizers had higher content of nitrogen
in original state. There is also an idea, that compost provides more nutrients for plants in first year after
incorporation compared to manure, which is supported by result of this experiment.

Every organic fertilizers is of course dependent of their quality, but result from this experiment
is indicating, that farming without livestock can be as effective or even better as production with
livestock. The influence of these combinations on content of mineral nitrogen in soil and also influence
on yield needs to be of course further tested in this long term experiment.
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Abstract: The aim of this work was to highlight the great variability in the contained substances
of caraway (Carum carvi L.) samples obtained from different types of cultivation and harvest years. The
experiment included a total of 145 samples. At first, the isolation of essential oils by the means
of steam distillation was performed, followed by the analysis of individual components using gas
chromatography, where the main components carvone and limonene were determined. The presented
results indicate that the coefficient of correlation between the essential oil content and the carvone
content is relatively low statistically highly significant positive correlation (r = 0.32**) and
for limonene there is even lower negative statistically highly significant correlation (r = -0.23*¥),
suggesting a strong variability among individual samples regardless of their harvest year and origin.

Key Words: steam distillation, carvone, limonene, correlation, achenes

INTRODUCTION

The essential oils and other secondary plant metabolites have been used from the dawn of time in
a wide range of industries from culinary to phytotherapy. One such specie rich with the essential oil is
caraway (Carum carvi L.) (Kwiatkowski et al. 2015). It is a crop plant from the family Apiaceae, which
has long tradition of growing in the Czech Republic a nowadays is still a highly demanded cash crop.
Caraway is considered to be one of the oldest spice grown in Europe (A¢imovi¢ et al. 2015). According
to the Situation and perspective reports (2014), caraway was cultivated in the area of 2.173 hectares with
an average yield of 0.92 t/ha. The proof of the great importance of caraway cultivation and production
in our country is the fact that caraway was awarded the Protected Designation
of Origin "CZECH CARAWAY™" according to Council Regulation (EC) no. 510/2006 on the protection
of geographical indications and designations of origin for agricultural products and foodstuffs.
The conditions to be fulfilled for obtaining this mark are following: definition of the growing area
in the Czech Republic, the use of seeds of registered varieties of a biennial form and quality of achenes
specified by the content of the essential oil, which is appointed to a minimum of 2.8% (Ptibylova 2014).

Both biennial and perennial caraway can be found in fields in the Czech Republic. The amount
and composition of the essential oil in the achenes is different according to the selected type
of caraway. Andras et al. (2015) states that the essential oil content in the one-year varieties is about
2.5%, the essential oil content in biennial varieties can in exceptional cases even exceed 7%. However,
the essential oil is not only contained in the achenes, it can be found in the whole plant, but only in a
minimal amount (Ac¢imovi¢ et al. 2012).

The caraway essential oil is characterised as a clear, colourless liquid with a pleasant aroma
and spicy flavor. It consists of a broad spectrum of components (up to 30), wherein the main components
and the carrier of odour are carvone (50-80%) and limonene (up to 50%). Carvone and limonene create
about 95% of the total essential oil content and the remaining ingredients are present only in trace

30|Page



MENDELNET 2016

amounts. Terpenes, such as carvacrol, a-pinene, y-terpinene, linalool, carvenone and p-cymene belong
to these components (Seidler-Lozykowska et al. 2013, Agrahari and Singh 2014, A¢imovic et al. 2015,
Sachan et al. 2016). Both the use and effects of caraway essential oil and its quality depends mainly on
the content of carvone or the ratio of carvone and limonene (Solberg et al. 2016). During maturation,
the ratio of limonene and carvone is changing, there is an increase of carvone proportion and decrease
of the limonene percentage. The achenes contain not only the essential oil but also oil (10-18%), proteins
(20%), saccharides, flavonoids, beta carotene and minerals - calcium, potassium, magnesium and
phosphorus (Raghavan 2007, Kozera et al. 2013).

The use of caraway is versatile, both of its achenes and the whole plant. Achenes are mainly used
in gastronomy as the traditional spice and herbal medicine. Whole plants are treated as "green spice" in
the culinary arts and are effective also as a natural plant protection, because their scent obscures adjacent
cultivated plants that can have scents very alluring for pests and simultaneously it attracts predatory
insects to these flowers (Agrahari and Singh 2014). Furthermore, the caraway extract, especially some
of its ingredients, can be used as organic plant protection of stored vegetables against pests (Andras et
al. 2015).

From the phytoterapeutic point of view it can be said that the caraway essential oil contains
a wide spectrum of bioactive substances with carminative, anti-hypertensive, anti-diabetic, anti-cancer,
antioxidant, analgesic and diuretic effects that promote digestion and appetite, soothe the bronchi and
encourage the production of breast milk and lactation (Andras et al. 2015, Sachan et al. 2016).
The caraway essential oil is also known to have medium antimicrobial activity and thus preventing
the growth of many bacteria and fungi, including Staphylococcus aureus, Escherichia coli, Salmonella
typhi, Vibrio cholerae, Mycobacterium tuberculosis (Seidler-Eozykowska et al. 2013).

MATERIAL AND METHODS

Plant material

Caraway samples were obtained from the plant breeding material from the company Agritec Plant
Research Ltd. Sumperk (Czech Republic).

Determination of the essential oil content in caraway achenes

Isolation and determination of the essential oil in herbal drug was performed by the means
of steam distillation using a distillation apparatus according to the Pharmacopea Bohemica (2009).
Samples were ground using a laboratory mill and 2 x 10 g of ground caraway was weighed
for the determination with n = 2. Each dose of the sample was immediately transferred into a round
bottom flask and 200 ml of distilled water was added to the sample. Boiling chips were added to each
round bottom flask to prevent hidden boiling. The flasks were placed in a heating mantle
and connected to the distillation apparatus for essential oil distillation using ground joints.
The distillation was carried out for 90 minutes at a speed of 2—3 mL per 60 seconds. The density of the
caraway essential oil is 0.9090 g/cm’.

Determination of compounds contained in the essential oil

The analysis of carvone and limonene in the caraway essential oil was carried out by the means
of the gas chromatograph HP 4890D (Hewlett Packard) with a flame ionisation detector (GC-FID). The
separation was performed using the HP-5MS column (5% diphenyl-95% dimethylpolysiloxane, 30 m x
0.25 mm, id. 0.25 pm). Following temperature program was used for the analysis:
T1 =100 °C, t1 = 0 min, 15 °C/min to T2 = 280 °C, t2 = 0 min. The injector temperature was 270 °C,
the detector temperature 290 °C. 1 ul of the essential oil solution diluted in hexane (to the concentration
10 pl/ml) was injected into the column. The splitter ratio was set to 40:1. The flow-rate of the He carrier
gas was | ml/min. For the calibration, five calibration solutions were prepared in the rate of
concentrations 0.1-20 pl/ml of carvone and limonene. Resulting chromatograms were processed by the
means of the CSW workstation (version 1.7, Data Apex, Praha).

Processing of results

The resulting values of the content and composition of the essential oils have been converted
to 100% of caraway achenes dry weight. The moisture content was determined by drying 2 g
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of samples at 130 °C for 120 min. For the evaluation of the results, statistical program STATISTICA
(data analysis software system) by StatSoft, Inc. (2013), ver. 12 was used. The correlations between the
characteristics were calculated as Pearson correlation coefficient (r). The results are presented
in both numerical and graphic form in the paper.

RESULTS AND DISCUSSION

Table 1 The correlation coefficients of the relation between the essential oil content and investigated
essential oil components in caraway achenes (n = 290)

Average Standard Essential oil |Carvone Limonene
values deviation  |content [ml] |[mg/ml] [mg/ml]
Limonene [mg/ml ] 422.06 78.72 -0.23%* -0.66** 1.00
Carvone [mg/ml] 506.05 91.04 0.32%%* 1.00
Essential oil volume [ml] [0.33 0.10 1.00

Legend: * - p = 0.05; ** - p=0.01

Mutual dependence of parameters and characteristics is referred to as a correlation. Correlation
coefficient expresses the degree of closeness of relation between the essential oil content and its main
components, carvone and limonene. For the 145 samples of caraway, analysed in two repetitions,
a statistically highly significant negative relationship was found between the total content
of the essential oil and the content of essential oil component limonene (r = -0.23**) (see Table 1).
In contrast, a statistically highly significant positive relationship was found between the total content of
the essential oil and the content of essential oil component carvone (r = 0.32*%*) (see Table 1).
A highly significant negative relationship was also found between the content of investigated
components of essential oils, carvone and limonene (r = -0.66**) (see Table 1). Thus, with
the increasing total essential oil content, the amount of limonene component decreases and the amount
of carvone component rises. The value of the correlation coefficient and the points in the figures show
that the dependence can be influenced by many external factors (see Figure 1 and Figure 2). Since
the determination of total essential oil content and consequently the analysis of essential oil composition
was performed in various samples which came from different years of harvest
(2009-2015), the relation of the total content of the essential oil and their major components was very
likely affected also by the weather conditions during the harvest year and by storage time
and conditions.

Figure 1 The relationship between the total essential oil content and the ratio of the carvone component
in caraway achenes
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Figure 2 The relationship between the total essential oil content and the ratio of the limonene component
in caraway achenes
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Table 2 The comparison of average total essential oil content values and the content of essential oil
components described in this paper

Authors Essential oil [%] Carvone [%] Limonene [%]
Bosko et al. 2016 (not published yet) 0.32-7.306 2.52-79.44 17.70-95.58
Sedlakova et al. 2003 0.36-1.37 26.34-69.92 30.08-73.66
Seidler-Lozykowska et al. 2013 3.40-5.20 53.50-68.00 28.50-40.50
Acimovic et al. 2012 3.31-4.06 40.78-44.33 54.07-57.26
Solberg et al. 2016 13.57-14.65 69.93-71.49
Seo et al. 2015 48.70 24.20

In this work, the essential oils content was found to vary in the range of 0.32-7.31%
(0.1-0.8 ml/10 g) (see Table 2). The wide range of both the total essential oils content and the content
of carvone and limonene components was caused by the diversity of samples from breeding materials.
The authors Seidler-L.ozykowska et al. (2013), who observed the relationship between the total essential
oil content and the representation of major components of the essential oils, obtained results similar to
this work (-0.66**), a statistically highly significant negative relation between the essential oils
components carvone and limonene (-0.93*%*),

CONCLUSION

The results obtained in this work indicate that the relationship between the total essential oil
content and the content of main essential components oil were found to be statistically significant
according to the Pearson correlation coefficient. It was found that with increasing total essential oils
content, the relative content of the limonene component decreases. On the other hand, the percentage of
carvone in the essential oil rises with increasing total essential oil content.

However, the reference method for the determination of the essential oil content
and composition is time consuming and expensive. Results of these analyses will be further used
for creating a calibration model for the FT-NIR spectroscopy, a promising method for rapid
and non-destructive determination of the content of individual substances in caraway achenes. Because
of the fact that the samples were obtained from plant breeding material there was very often a problem
with insufficient amount of the samples for reference analysis and these analyses are also highly time
consuming. The calibration model for FT-NIR spectroscopy would shorten the time
of the determination significantly and since this method is non-destructive, the samples can be further
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used, eg. for determination of germination ability etc. FT-NIR can be used easily also
for the continuous monitoring of the content of substances after harvest and during the storage.
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Abstract: The achenes of milk thistle (Silybum marianum (L.) Gaertn.) are used in pharmaceutical and
cosmetic products, as well as an ingredient of functional food and animal feed because they contain
a variety of lipids, proteins and biologically active substances. The quality of seeds of milk thistle is not
only given by contained substances but also by their microbiological purity. The objective of the
vegetation experiment established in 2016 was to explore the effect of nitrogen (N) and sulphur (S)
fertilization on microbiological quality of milk thistle seeds. Six treatments were established in the
experiment: 1. N2So, 2. N3So, 3. N2S», 4. N3S3, 5. N1S1+N;S; and 6. N2S>+N,S» (Where: N —-25 kg/ha,
N> — 50 kg/ha, N3 — 100 kg/ha, So — without sulphur fertilization, S; — 12.5 kg/ha, S, — 25 kg/ha, Ss—
50 kg/ha). Variants 1-4 were treated with nitrogen and sulphur before sowing using one dose of
fertilizer. Split doses application was applied at variants 5 and 6 fertilizing before sowing and at the
beginning of extensive growth during elongation and branching of plants. In milk thistle achenes
collected in the period of maturity of terminal flowerheads, these groups of microorganisms were
determined: aerobic plate count, thermoresistant aerobic microorganisms and moulds. Protective effect
of the applied sulphur against moulds and thermoresistant aerobic microorganisms on the seed was
observed, but it was not significant. The aerobic plate count was not affected by fertilization.

Key Words: aerobic plate count, spore-forming microorganisms, moulds

INTRODUCTION

Milk thistle (Silybum marianum (L.) Gaertn.) is a popular herbal plant. Its seeds contain silymarin
which is used as medicinal substance. Moreover, milk thistle achenes contain about 25% of oil, 25-30%
of proteins, sterols (0.63%) with tocopherol (0.038%) and about 2% of flavonoids (Szczucinska et al.
2006).

Plant seeds may be contaminated by microorganisms in various ways. The main sources of
microbial contamination can include contaminated water, soil or organic fertilizers, as stated by Bylund
(2013). The high numbers of microorganisms on plant seeds may be also caused by inadequate hygiene
of personnel, presence of rodents or birds, or by insufficient sanitation during processing and storage.
Besides the above mentioned, microbiological purity of the seeds can be also affected by agricultural
technology whose integral part is nutrition and fertilization. The objective of this study is to evaluate the
effect of nitrogen and sulphur fertilization on the microbiological purity of milk thistle achenes.

MATERIAL AND METHODS

The effect of mineral fertilization with nitrogen (N) and sulphur (S) on the microbial
contamination of seeds of milk thistle was observed in the small-plot field experiment on the land of
Agritec Plant Research s.r.0. company in Sumperk. Milk thistle (variety Mirel) was seeded on April 22,
2016. Application of nutrients was carried out using single dose (before sowing on April 20, 2016) and
split doses (before sowing and during vegetation - in the beginning of the elongation growth during
elongation and branching of plants on June 24, 2016) according to the scheme in the following table
(Table 1).
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Table 1 Diagram of small-plot experiment

Variant of fertilisation | 2°%¢ of N (kg/ha) | Dose of S (kg/ha) | Fertiliser | Term of application*
1 N2So 50 0 LAV 1
2 N3So 100 0 LAV 1
3 N2S» 50 25 DASA 1
4 N3S;3 100 50 DASA 1
5 NiSI+N;S, 50 25 DASA 1+2
6 N2S>+N,S; 100 50 DASA 1+2

* Application terms: 1 - before sowing, 2 - in the beginning of the elongation growth

Nitrogen was applied in the form of calcium ammonium nitrate (CAN) fertilizer containing 27%
N. Ammonium sulphate nitrate (fertilizer DASA) which is composed of 26% N and 13% S was used on
variants with combination of sulphur and nitrogen application. All variants were set up in four
repetitions. Milk thistle achenes intended for microbiological analysis were taken in the period of
maturity of terminal flowerheads (August 4, 2016).

For microbiological analysis of milk thistle achenes, 3 g samples were used. The samples with 27
ml of sterile saline solution were shaken (2300 rpm, Multi Speed Vortex Biosan) for 2 minutes.
Subsequently, the following groups of microorganisms were determined in the samples of milk thistle
using standard procedures:

e aerobic plate count (APC) on PCA (Biokar Diagnostic, France) ) at 30 °C for 72 h,

e thermoresistant aerobic microorganisms (SPAE) on PCA (Biokar Diagnostic, France) at 30 °C
for 72 h after previous pasteurization at 85 °C for 10 min, and

e moulds on GCHK (Biokar Diagnostic, France) at 25 °C for 120 h.

The data from microbiological analysis were subjected to statistical analysis in Statistica CZ 12.
The influence of fertilization on monitored characteristics was described by mean values + standard
error (SE) and was evaluated by analysis of variance (Monofactorial ANOVA) followed by Fischer
assaying at 95% (p <0.05) significance level.

RESULTS AND DISCUSSION

Basic information about the extent to which the seeds are contaminated with microorganisms is
represented by the aerobic plate count. These values can be give information on microbial contamination
of the environment, where thistle was grown and also on the compliance with health guidelines in the
production, transport and storage (Burdychova and Sladkova 2007). Generally, plant seeds are usually
significantly contaminated with microorganisms. Prokopowich and Blank (1991) found in commercially
available seeds for germination (for edible sprouts) aerobic plate count from 3.0 x 10° to 4.0 x 10°
CFU/g. In a study of Peles et al. (2012), the APC of organically grown wheat grains was 8.0 x 10*
CFU/g. APC of Silybum marianum achenes was 1.7 x 10’ CFU/g on average. Influence of sulphur and
nitrogen nutrition on APC was not found to be significant (p <0.05), consider the following table (Table
2).
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Table 2 Average numbers of selected groups of microorganisms on seeds of Silybum marianum at
different variants of cultivation (CFU/g)

Variant of fertilization | APC (CFU/g+ SE) | SPAE (CFU/g+ SE) | Moulds (CFU/g + SE)
1 N2So 1.9 %1072+ 1.7 x 106 | 1.1 x 10*2+6.0 x 10? 2.0 x10*2+2.7 x 10°
2 N3So 1.8x1072+£54 % 10° | 1.6 x10%2+7.8 x 10? 2.3 x10*2+:4.0 x 10°
3 N2S» 1.8 x 1072+ 6.9 x 10° 1.2 x10%2+5.0 x 10! 2.4 x10%+1.7 x 10°
4 NsS; 1.6 x 1072+ 7.0 x10° | 5.3 x10?22x£2.1 x 10? 1.5 x10%*+2.9 x 10°
5 NiS;+N;S, 1.1 x1072+£49x10° | 1.8x1022+£1.7 x 10! 1.6 x 10*2+£2.5 x 103
6 N2S»tNS» 1.9x1072+£4.6 x10° | 1.1 x 10°2£ 7.0 x 10? 1.6 x 10*2+ 4.4 x 103

Legend: APC — aerobic plate count; SPAE — thermoresistant aerobic microorganisms, values expressed as mean * standard
error of the mean. Means followed by the same letters are not significantly different (p<0.05).

Another significant group of microorganisms contaminating dry seeds of the milk thistle were
micromycetes. Plant seeds contain low amount of water, therefore, they are prone to contamination,
especially by moulds whose number was on average 1.9 x 10* CFU/g. One of the major health beneficial
effects of milk thistle supplements is a positive effect on a liver, attributed to the high content of
silymarin. Herbal supplements may be contaminated with potentially toxinogenic moulds which can be
harmful to the liver due to their ability to produce mycotoxins (Tournas et al. 2013). In a study by
Tournas et al. (2013), 60% of the samples of milk thistle supplements were contaminated with moulds.
The whole seeds were the most contaminated (up 4.0 x 10° CFU/g), whereas moulds were not detected
in tea bags, alcohol-based extract, oil-based extract, capsules, or gel. The predominant genera of moulds
comprise Eurotium, Aspergillus, and Alternaria. Aspergillus flavus was detected in 29% of seeds.
Tournas et al. (2012) found in dietary supplements of milk thistle (seed and oil-based extract) only low
amounts of aflatoxins (0.04-2.00 ng/g). In ours samples, mainly Mucor and Penicillium genera were
identified. The results of the experiment indicate a protective effect of the applied sulphur against
moulds that are commonly reported in the literature (Williams and Cooper 2004, Rathi et al. 2015,
Skwierawska et al. 2016). Also Ribas-Agusti et al. (2013) present sulphur as one of the most important
natural fungicides used to protect plants against attack by molds. The number of colonies in variants
fertilized by this nutrient decreased by 17.4% on average, in comparison with the variants fertilized only
with nitrogen. The relatively low fungal infestation was recorded in the variant with the highest dose of
sulphur fertilization variants and two-dose applications where sulphur was applied during the growing
season.

In samples of milk thistle seeds, thermoresistant aerobic microorganisms were also detected. The
main risk is that these bacteria are able to survive unfavourable conditions or heat treatment. Thus, these
microorganisms may be subsequently originator of spoilage of products from a contaminated feedstock.
The source of contamination is especially soil and dust. We found the number of thermoresistant acrobic
microorganisms in the seeds of milk thistle was on average 7.2 x 10> CFU/g. Similarly, relative decrease
in their numbers was found in variants fertilized with sulphur, but the difference was not significant (p
<0.05).

CONCLUSION

Milk thistle is especially appreciated for its edible and medicinal seeds, which should be stored at
the appropriate temperature-humidity conditions, especially to prevent mould growth, thereby the
formation of mycotoxins. For proposing an appropriate technology for growing of this small-scale crop,
it is important to focus on the optimization of plant nutrition, which commonly affects not only the yield
but also the quality of production. Important parameters of milk thistle seeds quality is, inter alia,
microbiological purity, whether the seeds are intend to be used to produce animal feed, human food, or
pharmaceuticals. Development of microorganisms is an indicator of the plants health state, and is largely
conditioned by optimal nutrition. Therefore, in a one-year experiment the effect of N and S fertilizers
on the microbiological quality of milk thistle seeds was examined. Although the results of the field
experiment showed no significant effect of fertilizers on the number of monitored microorganisms, from
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the relative comparison, it can be seen some positive effect of the single and two doses applications of
sulphur on the microbiological quality of seeds.
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Abstract: Pelleting is used by seed companies to improve the sowability of small and unevenly shaped
seeds that could not be sown by a sowing machine. Petunia x hybrida is among the most popular annuals
worldwide. The "seeds are relatively small so young plants producers request pelleted seeds. The only
drawback of pellets could be lowering the germination rate after 3 years of guaranteed shelf live. Natural
seeds keep high germination longer, usually for 3—5 years. In this experiment was tested germination
rate of 14 F1 Petunia varieties from 2000 till 2014. In 2006 the seeds were pelleted. According to this
experiment the natural seeds kept high germination after 13 years if stored in optimal conditions. The
germination rate after harvesting and in 2014 was not statistically different on p = 0.05. The germination
of pelleted seeds and natural seeds stored in room temperature decreased over the years.

Key Words: seeds, Petunia, pelleting, long term storage, germination

INTRODUCTION

Pelleting is a technology nowadays widely used by seed companies. It does not influence the
physiological attributes of the seeds, like priming or pregermination, but improves the sowability of the
seeds (Halmer 1994). The layer of inert material significantly increases the size and weight of small
seeds and also changes their irregular shape. This enables mechanical sowing with a sowing machine
which is essential in cost-effective industrial production of young plants (McDonald and Kwong 2005).

Pellets differ in many attributes — size, shape, colour, material, but the pelletizing process is
always the same. The seeds are placed in the rotation drum and sprayed with a glue so the pelleting
material could stick to the seeds” surface. Multiple layers of pelleting material (usually clay or silicates)
and glue are applied until the specific size of the pellet is reached (Adkins et al. 2007, Baskin and Baskin
2014). Afterwards the pelleted seeds are slowly (2—3 hours) desiccated in a special drying unit where
circulates hot air (24-26 °C). If not desiccated properly, shelf life of the seeds is very limited (Job et al.
1999).

If pelleting material as well as the glue are inert and the pellets are dried properly, then pelleting
has limited impact on germination. The seed companies develop and constantly improve their own glues
and materials and test if pellets have required characteristics. The pellet has to dissolve easily after
sawing so the seed can start germinating. This technology also can’t dramatically lower the germination
rate, right after the application as well as in longer term (Styer and Koranski 1997). Seed companies
guarantee 3-years shelf life of pellets, if packed in three-layer bag (plastic foil, paper and aluminium
layer) the germination remains high.

Petunia x hybrida is among the worlds” top-selling annuals (Ball 1991). It is due to the big
variability - different sizes and colours of flowers, upright or spreading habitus (Anderson 2007). The
seeds are small, 0.6-0.7 mm in length and 0.5-0.6 mm in diameter (Gerats and Strommer 2008, Sink
1984) so young plants producers demand pelleted seeds. Petunia pellet is round, 1.0—1.2 mm in diameter
(McDonald and Kwong 2005) so it can be sawn by a sowing machine.

Seeds remain the germination level for at least two years if held in dry and cool place (Sink 1984).
Key role in germination rate of the seeds play conditions after harvesting, esp. temperature and relative
moisture level (Sajjan et al. 2013).
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The aim of this paper is to examine the declination of germination rate of Petunia x hybrida seeds
if stored in optimal conditions and determine if the pelletization decreases the germination rate of seeds
in short term (right after pelletization) and in long term if stored in room temperature. This simulates
the conditions under which the seeds in pictorial packages are sold and stored in the shops.

MATERIAL AND METHODS

Characterization of material, experimental design and germination testing

In the experiment were tested seeds of 14 varieties of Petunia x hybrida. The seeds were harvested
in 2000 and 2001, all varieties were F1 hybrid, represented original Czech breeding (company Cerny-
BioPro Ltd.), 6 varieties were grandiflora type (big flower) and 8 were multiflora type (small flower).
The plants were planted in the greenhouse and throughout the whole cultivation had good growing
conditions and were pest and disease free (except 1 component). Seed samples for the experiments were
collected from the standard seed production of the company that was sold in the Czech Republic as well
as exported. Every year is produced just a part of assortment due to extensive costs and space
requirements. This is a reason why seeds were harvested in 2 years — some varieties in 2000, other in
2001.

After harvesting, the seeds were dried for 3 months (20 °C) until the constant balance of 35% of
relative humidity was reached. Then the seeds were placed in the glass container with a metallic lid and
rubber seal. The containers were stored in dark in air conditioned storage where was maintained constant
temperature of 5 °C.

The germination of these 14 varieties was tested every year in March. The germination test of
natural seeds was according to ISTA methodics - Jacobsen germinator, filtration paper, 4 x 50 seeds, 21
days, 22 °C.

Second part of the experiment was to determine if the pelletization decreases germination rate —
right after pelletizing and in the longer term. In the seed shops are sold pelleted seeds wrapped in 3-layer
bag. These are stored in the room temperature for 3 years. Seed companies guarantee the same
germination for this time period. In order to do so, freshly harvested seeds with high germination are
used for pelleting.

In 2006 the seed sample of the examined varieties was pelleted. The same seeds as in the first part
of experiment were used. Seeds were harvested in year 2000 or 2001 and stored in dark and temperature
5 °C. Pelleting glue BioPro Coat SuperFine (starches and modified starches) and pelleting material
BioPro Powder Sili (silicates) were used. Pellets were dried properly in the drying unit (26 °C, 3 hours).
Samples of pelleted and natural seeds were stored in the 2 ml freezer Epruvet with seal lid and silicon
gasket. Samples were stored in air conditioned room with maintained temperature 20 °C. The diameter
of the pellet was 1.0—1.2 mm.

The germination of pellets was tested immediately after pelleting and then every 2 years in March.
The germination of pellets was tested in the soil test according to ISTA methodics. The pellets samples
(4 x 50 pellets) were tested in the germinating chamber (24 °C, relative humidity 90-100%, above the
shelves are special fluorescent tubes with modified spectrum Osram Biolux, light intensity 2750 lux, 16
hours light, 8 hours dark). Natural seeds were tested also every 2 years but on the Jacobsen germinator.

Seed companies test the germination of seeds according to ISTA methodics. Natural seeds are
tested on the filtration paper on the Jacobsen germinator placed on the Jacobsen table. Germination of
pellets is tested in the soil. Jacobsen germinator is not optimal for this purpose because the pellets are
not dissolved properly and the seed can’t start germinating. On the other hand, natural seeds tend to float
to the lower levels of soil after irrigation and the germination rate is significantly influenced.

This experiment consists of 2 parts:

1) What is the decline of germination rate in a long term, if the seeds are dried properly and
stored in optimal conditions in 5 °C.

2) Examine if the pelleting glue and material (BioPro Coat SuperFine and BioPro Powder Sili)
are suitable also for older seeds (seeds harvested in 2000 and 2001) and if the pelleting don’t
negatively influence germination for at least 3 years if stored in the room temperature.
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The results were evaluated in program STATISTICS with the t-test.

RESULTS AND DISCUSSION

Long term storage of natural seeds — optimal conditions (5 °C)

If the natural seeds were stored in optimal conditions and the temperature 5 °C was maintained,
the germination level of all 14 tested varieties remained high and did not statistically differ (on p = 0.05).
Seed companies usually don’t sell seeds with germination lower than 85% because it is uneasy to
guarantee the minimal germination 85% for the 3 years which is a usual shelf life of seeds packed in the
3-layer packages. Only one variety — Laska F1 had low germination level, right after harvesting and also
during the whole duration of the experiment. The difference between the germination right after
harvesting in 2001 (79%) and in 2014 (77%) is not statistically significant (p = 0.003839). Low
germination of variety Laska F1 could be a result of worse health conditions of the maternal component
due to Oidium spp. The germination of Petunia x hybrida seeds according to scientific research papers
maintains for 3—5 years (Sink 1984, Gerats and Strommer 2008, McDonald and Kwong 2005). But
according to our experiment the seeds remained their high germination rate much longer, more than 10
years (Table 1).

Table 1 Germination rate of natural seeds Petunia x hybrida — stored in optimal conditions

. Germination rate (%)
Varky | Sanlitrs (0
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014

Angelika F1 M 90 92 90 94 88 93 97 93 95 95 92 94 93 92 91
Belinda F1 M 94 95 92 92 92 94 98 95 95 95 97 97 93 94 94
Lucie F1 M 96 98 97 96 94 95 97 100 98 99 96 97 94 98 97
Marika F1 M 97 97 96 97 99 95 98 97 96 96 95 95 96 96 96
Rita F1 M 97 98 95 95 97 97 96 92 95 95 92 96 96 96 97
Simona F1 M 96 97 96 96 95 94 96 97 96 97 97 96 96 95 97
Brigitta F1 M 96 95 96 96 94 96 94 95 95 96 96 96 94 96
Sylvie F1 M . 98 96 96 95 98 95 97 97 99 97 96 97 95 96
Pratelstvi F1 G 92 93 91 92 91 91 93 91 93 93 91 92 91 92 91
Radost F1 G 94 92 92 93 89 92 94 94 93 93 94 92 93 92 92
Laska F1 G 79 78 80 77 80 80 82 77 83 87 80 79 79 77
Pivab F1 G 94 93 94 93 94 94 93 93 92 94 94 93 93 93
Touha F1 G 93 94 93 92 94 92 93 93 94 93 94 94 93 94
Usmév F1 G 97 96 93 92 93 93 96 96 98 94 94 94 98 98

Figure 1 Germination rate of natural seeds Petunia x hybrida — stored in 20 °C
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Figure 2 Germination rate of pelleted seeds Petunia x hybrida — stored in 20 °C

The pelleting process decreases the germination rate right after the process. This could be
explained by existence of a barrier of an inert material (Figure 2). The seed has to have bigger vigour to
start germinating. This is also the reason why the seed companies pellet only the seeds from new crop
with high germination rate. In this experiment the seeds were pelleted 5 years after harvesting. T-test
was not performed for the germination rate before and after pelleting due to different methodology of
germination test. Natural seeds (before pelleting) are tested using Jacobsen germinator, pellets are tested

in soil.

Table 2 T-test for natural and pelleted seeds — difference between 2006 and 2010

Results of t-test (p-value)

Variety
Pellets Natural seeds
Angelika F1 0.620220 0.113532
Belinda F1 0.386704 0.670412
Lucie F1 0.087080 0.437237
Marika F1 0.266570 1.000000
Rita F1 0.382175 0.467994
Simona F1 0.270829 0.730358
Brigitta F1 1.000000 0.620220
Sylvie F1 0.190116 0.207031
Pratelstvi F1 0.320206 0.597620
Radost F1 0.142800 0.550415
Laska F1 0.779559 0.620220
Plivab F1 0.190116 0.390259
Touha F1 0.779559 0.133975
Usmév F1 0.647967 0.670412

Four years after pelletization pellets remain the same germination rate as right after pelleting
(Table 2). The same conclusions were obtained for natural seeds. The differences in germination rate
are not statistically significant, all p-values are higher than 0.05.
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Germination rate statistically significantly drops according to t-test on the significance level p =
0.05 after more than four years of storage in room temperature 20 °C. This drop is not only significant
in pelleted seeds but also the same trend is by natural seeds (Figure 1). After 8 years of storage in these
conditions natural seeds as well as pellets are not usable for professional purposes. The producers of
young plants request the germination at least 90%, by Petunia seeds even above 95%. The results
correspond with the conclusions in the literature (Sink 1984, McDonald and Kwong 2005, Sajjan et al.
2013). The storage conditions, especially the temperature play the main role in determination of
germination rate over the storage time.

CONCLUSION

Seed pelleting has many positives. According to our experiment the pelleting glue BioPro Coat
SuperFine (starches and modified starches) and pelleting material BioPro Powder Sili don’t influence
the germination in long term. The drop in germination is significant right after the pelleting, because the
pellet is a barrier in germination. The gradual decrease of germination over longer period of time is the
same for pelleted seeds as well as natural seeds. If the natural seeds are dried properly and stored in
optimal conditions where temperature 5 °C is maintained, the germination level does not change over
more than 10 years. Pellets as well natural seeds remain the guaranteed germination level even if they
are stored in room temperature.
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Abstract: This paper deals with the evaluation of selected physical properties of soil in experimental
plots of the Faculty of Horticulture, Mendel University in Brno. Measurements were carried out in spring
and autumn 2015 in vineyards, fruit orchards, and vegetable plots. Individual measurements included
sampling and analysis of intact soil samples, penetrometer measurements, measurements of infiltration
capacity of soil, and determination of soil structure. The gained results confirm differences between the
bulk density reduced in spring and autumn. The values of bulk density in the spring ranged between
1.43 and 2.30 g/cm’ and in the autumn between 1.50 and 2.89 g/cm’. Penetrometer measurement results
confirm the higher values of soil penetration resistance in tyre tracks, compared with the centre between
rows or areas near the planted rows. The highest values were measured in vineyards. The best values of
infiltration measured by the Minidisc infiltrometer were measured in vegetable plots. The soil
homogeneity in this variant facilitates good infiltration capability throughout the soil horizon. Soil
structure was evaluated using structural coefficient, which expresses the relationship between
agronomically valuable (0.25 to 10 mm) and less valuable structural elements (>10 and <0.25 mm). The
results indicate that lower values of the structural coefficient are in Vineyard.

Key Words: soil, penetrometry, infiltration, soil structure

INTRODUCTION

The current status of soils is the result of long-term development affected by natural causes and
the current ever increasing human activity. Therefore, careful management ought to seek to minimize
the effects of degradation leading to water and wind erosion, soil compaction and acidification, as well
as loss of organic matter in soil linked to edaphon or soil life (Cofie et al. 2000, Dexter 2004, Adam
2016).

Numerous studies such as Ferrero et al. (2005) and O'Green et al. (2006), increasingly point to
the current critical state of agricultural soils, where soil compaction manifests itself in varying extents.
This problem is most apparent in the case of permanent plantations, including vineyards.

Besides the intensification of vineyard production, which is one of the main causes of the
degradation of agricultural land, the insufficient supply of organic fertilizers to soil has a great influence
on soil compactness. This type of fertilizer not only improves the buffering (absorbing) capacity and
soil structure, but also improves the holding capacity of soil for water (Bortivka 2001, Kalina 2004).

Soil structure is defined by balanced relationship between basic physical factors and has a decisive
influence on the intake of water, as well as air and nutrients to the root system of plants. This situation
may be in intensively managed soils disturbed by their pressing, especially by frequent use of
mechanization (Arvidsson and Ristic 1996, Strauss 2006).

Compaction process, which is primarily induced by pressure, was dealt with by a number of
authors (Fic 1983, Johnson and Bailey 2002, Pokorny et al. 2003). Compaction is a cumulative process,
in which the cumulative adverse effects on the soil add up. For pressures with values lower than 0.1
MPa, in favourable moisture conditions, we can count on reversible changes. At higher pressures,
irreversible changes may happen, in which also other factors can participate (Paglia et al. 2004).

Accurate assessment of bearing capacity of soil in the field is very problematic. It depends on
many variables and constant factors, such as moisture, soil structure, chemical composition, grain size,
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and so on. Widespread and rapid way to assess terrain passability is by using a penetrometer (Bengough
2001, Defossez et al. 2003).

The aim of this study was to evaluate the physical properties of soils on the property of the Faculty
of Horticulture of the Mendel University in Brno.

MATERIALS AND METHODS

Experimental stations

Measurements were carried out in spring and autumn 2015 in vineyards (variant 1), orchards
(variant 2), and vegetable plots (variant 3). Individual measurements consisted of sampling and analysis
of intact soil samples, penetrometer measurements, measurements of infiltration capacity of soil, and
assessment of soil structure. From the climatological point of view, the locality is a part of the T4 warm
area (warm, dry climate with dry and mild winters). The average annual temperature is 8 to 9 °C while
the average annual rainfall is 500 mm. The average relative humidity is 78%. From the pedological point
of view, it is degraded chernozem on loess. In terms of soil typology, it is a modal pararendzina (PRM)
with carbonates throughout the profile.

Evaluation of properties
Sampling and analysis of soil samples

Physical properties of the soil were monitored by means of rollers according to Kopecky.
Monitoring provided the following determinations: reduced bulk density, total porosity, current contents
of water and air, the maximum capillary water capacity, and minimum air capacity. Samples were taken
from three depths of soil, namely 0 to 0.10 m, 0.10 to 0.20 m, and from 0.20 to 0.30 m in five repetitions.

Soil penetration resistance (penetrometry)

Penetrometer measurements were carried out crosswise between rows at a distance of 200 mm,
in triplicate. Each measurement was performed to a depth of 520 mm. The device used for the actual
measurement was a penetrometer type P1.52 made by the EIJKELKAMP Company. The device consists
of measuring tip, tensiometric sensor, optical sensors for measuring depth, and evaluation electronics
with a microprocessor and battery.

Measurement of infiltration properties of soil

Infiltration measurements were performed using MINIDISK infiltrometer. This infiltrometer
permits to set and for the time of measurement to maintain a slight vacuum on its lower edge in the
range of pressure height between -0.5 cm and -6 cm. The results represent a chronology of infiltrated
water volumes. Measurements were recorded every 60 s for at least 0.45 hr in triplicate, at the beginning
and at the end of the vegetation period. Infiltration rate was calculated from the amount of infiltrated
water per unit area for each repetition, and subsequently averaged for each measurement.

Soil structure

Soil structure was determined by screening the dry soil on sieves with average openings of 0.25
mm, 0.5 mm, 2 mm, 5 mm, 10 mm, and 20 mm. Samples were collected from two depths, namely 0 to
0.15 m and 0.15 to 0.30 m in triplicate. Each structural fraction was weighed separately and converted
to percentages. For the actual assessment, a structural coefficient was calculated. This coefficient
expresses the relationship between agronomically valuable (0.25 to 10 mm) and less valuable structural
elements (>10 and <0.25 mm).

RESULTS AND DISCUSSION

Table 1 shows the results of physical properties of soil. When measurements were taken, reduced
bulk density averages corresponding to the soil conditions were assessed. There were significant
differences between the reduced bulk density measured in spring and autumn seasons. The values of
bulk density in the spring season ranged between 1.43 and 2.30 g/cm’, while in the autumn season, they
ranged between 1.50 and 2.89 g/cm’.

The water content at the station was satisfactory and the air capacity was within limits. The total
soil porosity at the experimental station corresponded to the values of soil compaction.
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Table 1 The values of results of the physical properties of soil

Exp. Replicati Depth of so il Bulk The total Currently Max. Min. air
variants on (m) density porosity content cap. capacity
(g/em?) (%) (% vol.) capacity
Water Air (% vol.)
0-0.1 1.43 4878 | 20.13 | 2873 | 36.14 12.64
, 0.1-0.2 1.45 50.04 | 20.06 | 24.17 | 37.01 13.03
Spring 0.2-0.3 1.52 4721 2587 | 25.19 | 34.69 12.52
Vineyard Average 0-0.3 1.47 48.68 22.02 | 26.03 35.95 12.73
(var. 1) 0-0.1 1.39 4767 | 2241 | 2536 | 36.46 11.21
0.1-0.2 1.46 49.99 | 2231 | 2190 | 37.43 12.56
Autumn 0.2-0.3 1.51 48.58 | 28.09 | 2431 | 36.02 12.38
Average 0-0.3 1.45 4875 | 2427 | 2386 | 36.64 12.05
0-0.1 1.56 4958 | 20.15 | 2945 | 27.53 13.64
. 0.1-0.2 1.86 5098 | 20.68 | 24.86 | 3821 13.98
Spring 0.2-03 1.68 48.05 2643 | 2643 | 3549 13.26
Orchard Average 0-0.3 1.70 4954 | 2242 | 2691 | 33.74 13.63
(var. 2) 0-0.1 1.48 4836 19.86 | 28.64 | 2648 13.48
0.1-0.2 1.68 5042 | 20.03 | 24.13 | 37.89 13.46
Autumn 02-0.3 1.53 48.02 | 2608 | 2897 | 34.81 12.92
Average 0-0.3 1.56 4893 | 21.99 | 2725 | 33.06 13.29
0-0.1 1.71 50.16 | 2095 | 3145 | 29.42 14.56
. 0.1-0.2 245 5243 | 21.63 | 2586 | 39.56 15.06
Spring 0.2-0.3 1.98 50.12 | 27.84 | 27.83 | 37.09 15.24
Vegetable Average 0-03 |  2.05 5090 | 2347 | 2838 | 35.36 14.95
(Vf§a3) 0-0.1 1.67 4984 | 20.75 | 31.01 | 29.16 1421
vt 0.1-0.2 231 52.41 2141 | 25.16 | 39.23 14.56
0.2-0.3 1.73 49.79 | 2698 | 27.64 | 36.84 14.95
Average 0-0.3 1.90 50.68 | 23.05 | 27.94 | 35.08 14.57

Figures 1 to 3 show the values of soil penetration resistance measured at individual experimental
plots. For perennial crops, measurements were taken crosswise between rows at a distance of 200 mm,
in triplicate. The values in the figure show a significant difference between spring and autumn values.
In the spring season, they ranged from 0.3 to 1.6 MPa and in the autumn season between from 1.3 to 3.4
MPa. The highest average values of soil penetration resistance were measured in permanent plantations
along tyre tracks. When comparing the values obtained with the values reported by Arshad et al. (1992),
the values in variant 1 and variant 2 exceeded the critical threshold for loamy soils.

Figure 1 Penetration resistance of soil — var.1 Figure 2 Penetration resistance of soil — var.2

In vegetable plots, individual measurements were carried out at five random locations. The results
show that the values of the soil resistivity do not exceed the critical threshold, as shown in Figure 3.
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Figure 3 Penetration resistance of soil — var.3

Figures 4 to 6 show infiltration of water into the soil in all monitored variants. Infiltration was
measured from three sites in each variant. The course of the infiltration capacity of soil has been given
by the shape of the curves that explain good or bad homogeneity of profile. The best infiltration
characteristics of the soil were measured in variant 3 (Figure 4). The homogeneity of the soil in this
variant facilitated good infiltration capability throughout the soil horizon. In the variant 2, the water
infiltration was a little slower and smaller (Figure 5). The worst water infiltration capacity of the soil
was in variant 1 (Figure 6), where the water infiltration, due to excessive compaction, was below the
critical threshold. The figures indicate a better infiltration capacity in the spring compared to autumn.
Badalikova et al. (2014) also examined the infiltration capacity of soil. Her published results confirmed
a better infiltration capacity at the beginning of the growing season.

Figure 4 Infiltration of soil — var.1 Figure 5 Infiltration of soil — var.2

Figure 6 Infiltration of soil — var.3

Table 2 shows the resulting values of structural coefficient in the three evaluated variants. The
structural coefficient measures the degree of damage of the soil structure. At values higher than 1.0, the
soil has a better structure and thus lower the risk of undesirable compaction, while values less than 1.0
are below the structural stability. This relates to the qualitative composition of soil humus, which forms
agronomically valuable structure.
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The results indicate that structural coefficient reaches lower values in variant 1, while at a depth
from 0.00 m to 0.15 m the values of structural coefficient are around 1.3. This condition can lead to
a reduction in the quality of soil environment in terms of other physical properties and consequently
may negatively affect the chemical properties of soils.

Table 2 The average values of the structural coefficient

Structural elements
Exp. S Depth (%o weight) Structural
variants Replication (m) over below | coefficient
510 | 2-5 | 0.5-2 | 0.25-0.5
10 0.25
0.00-0.15 | 41.62 | 17.72 | 22.14 | 1631 | 092 | 157 136
. 0.15-030 | 31.29 | 2324 | 22.18 | 1930 | 1.13 | 3.54 2.46
Spring Average | 36.46 | 2048 | 22.16 | 17.81 | 1.03 | 2.56 1.91
Vineyard St. deviation| 7.30 | 3.90 | 0.03 | 2.11 | 015 | 139 0.78
(var. 1) 0.00-0.15 | 42.01 | 17.89 | 22.65 | 16.89 | 1.06 | 1.98 1.39
0.15-0.30 | 31.85 | 23.45 | 22.68 | 19.84 | 134 | 3.96 2.87
Autumn
Average | 36.93 | 20.67 | 22.67 | 1837 | 120 | 2.97 2.13
St. deviation| 7.18 | 3.93 | 0.02 | 2.09 | 020 | 1.40 1.05
0.00-0.15 | 51.35 | 1546 | 17.89 | 12.63 | 0.89 | 1.95 0.97
Spring 0.15-0.30 | 32.12 | 18.32 | 23.57 | 1932 | 145 | 5.51 1.89
Average | 41.74 | 16.89 | 2073 | 1598 | 1.17 | 3.73 1.43
Orchard St. deviation | 13.60 | 2.02 | 4.02 | 473 | 040 | 252 0.65
(var. 2) 0.00-0.15 | 52.15 | 16.70 | 18.31 | 13.25 1.12 2.15 1.08
0.15-0.30 | 32.54 | 18.76 | 23.61 | 20.06 | 1.76 | 5.89 1.92
Autumn
Average | 42.35 | 17.73 | 2096 | 16.66 | 144 | 4.02 1.50
St. deviation | 13.87 | 146 | 3.75 | 482 | 045 | 2.64 0.59
0.00-0.15 | 52.16 | 17.23 | 19.98 | 15.16 | 2.06 | 2.87 1.91
Spring 0.15-0.30 | 34.51 | 19.98 | 25.81 | 21.52 | 242 | 6.35 2.69
Average | 43.34 | 18.61 | 22.90 | 18.34 | 224 | 461 2.30
Vegetable St. deviation | 12.48 | 194 | 412 | 450 | 025 | 2.46 0.55
(foa3) 0.00-0.15 | 54.12 | 18.65 | 2141 | 1642 | 224 | 3.02 1.98
Autumn | 0157030 [ 36.04 | 21,00 | 2642 | 21.98 | 284 | 658 3.79
Average | 45.08 | 19.87 | 23.92 | 1920 | 2.63 | 4.80 2.89
Stdeviation | 12.78 | 1.73 | 3.54 | 393 | 030 | 252 1.28
CONCLUSIONS

In 2015, selected physical parameters were evaluated at the experimental plots with different
horticultural crops. Individual measurements consisted of sampling and analysis of intact soil samples,
penetrometer measurements, measurements of infiltration capacity of soil, and determination of soil
structure. Data from analyses focused on the evaluation of intact soil samples show that the highest
values were reached in the autumn, when they ranged between 1.50 and 2.89 g/cm’. Results of
penetrometric measurements indicate that the greatest soil compaction occurs in areas around tyre tracks
in vineyards and orchards. The values of soil penetration resistance here crossed a critical threshold and
amounted from 0.3 to 1.6 MPa in the spring and from 1.3 to 2.4 MPa in the autumn. From the perspective
of infiltration properties of soils, the best values were measured in the areas of vegetable plots, where
R? = 0.9981. The soil homogeneity in this variant provides good absorption capacities throughout the
soil horizon. In vineyards and orchards, the infiltration capacity was below normal values, ranging
between 0.7195 and 0.9926. Results of soil structure evaluated by structural coefficient suggest that the
best structural coefficient was measured in variant 3, where it reached 1.9. Depending on the depth, the
structural coefficient in the depth from 0.15 m to 0.30 m was one times better than in the depth from
0.00 mto 0.15 m.
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Abstract: Growing catch crops has many positive effects. The aim of this trial is to evaluate the effect
of catch crops on the grain yield and quality of spring barley. The field trial was set up in Zabé&ice, one
of the driest and warmest places in the Czech Republic. The trial examined the following crops: Sinapis
alba and Secale cereale v. multicaule. The trial also included a control variant without catch crops. Catch
crop growths were planted after winter wheat and left on the field until the spring. Spring barley was
sown after the catch crops. Sinapis alba produced more biomass than Secale cereale v. multicaule. The
grain yield of spring barley is mainly influenced by the species of catch crops and in combination with
a particular year. Sinapis alba, except a drier beginning of the year, had no negative effect on the grain
yield of spring barley. Secale cereale v. multicaule regularly reduced the grain yield of spring barley.
The content of nitrogen compounds in grains in comparison with the control was lower after Sinapis
alba and higher after Secale cereale v. multicaule, but with the exception of 2014, none of these results
were statistically significant.

Key Words: grain yield, spring barley, quality, dry conditions, Sinapis alba, Secale cereale v. multicaule

INTRODUCTION

Catch crops are crops grown between two main crops. Catch crops enrich soil with biomass,
reduce wind and water erosion, as well as leaching of nutrients and hold soil moisture. (Slepetiené and
Kinderiené 2007, Rinnofner et al. 2008, Turmel et al. 2014, Scalise et al., 2015, Sparrow 2015) Catch
crops suppress weeds and reduce the spread and incidence of diseases and pests (Murakami et al. 2000,
Caner and Tuncer 2001, Romaneckas et al. 2012). In drier areas, such as Zabgice, catch crop water use
may outweigh their positive effects. Sapkota et al. (2012) reported in their study that catch crops reduced
the grain yield of barley probably because of competition between catch crops and barley for nitrogen,
water, and light. However, Rinnofner et al. (2008), in their study found that catch crop water
consumption has never affected the yield of subsequent crops (spring barley). Likewise Gaweda et al.
(2012) found that Sinapis alba did not significantly change the grain yield of spring barley. However
Gaweda (2011) stated that in a drier year, there is a risk of a decrease in the grain yield of spring barley
after Sinapis alba. The aim of this trial is to evaluate the effect of catch crops on the grain yield and
quality of spring barley.

MATERIAL AND METHODS

The field experiment was carried out on the experimental field station in Zabéice (South Moravia,
Czech Republic). The experiment took place on a clay-loam fluvisols. Annual precipitation is 480 mm
and the average annual temperature is 9.2 °C. Table 1 shows monthly precipitation and average monthly
temperature in the years. The trial examined the following crops: Sinapis alba and Secale cereale v.
multicaule. The experiment also included a control variant without catch crops. Catch crop growths were
planted after harvesting winter wheat in mid-August. The harvest of aboveground mass of catch crops
was conducted in late October. Traditional harvest of fresh plant mass of crops took place from the area
of 0.25 m* with four replications for each variant of catch crops and subsequent drying to a constant
value. Catch crops were left on the field until spring. In the spring, nitrogen fertilization with 60 kg/ha
N was carried out. Spring barley was sown as the next crop after catch crops. After the harvest of spring
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barley, grain yield and nitrogen compounds in the grain were evaluated. Catch crops results are for the
period 2012 to 2015 while the results of spring barley after catch crops are for the years 2013 to 2016.
The results were statistically processed by analysis of variance (ANOVA Statistica 12) and a subsequent
use of Fisher's LSD post-hoc test at the significance level of 0.05.

Table 1 Monthly precipitation and average monthly temperature from Zab¢ice in the years 2012—2016

Month

Year I‘II‘III‘IV‘V|VI|VII‘VIH‘IX‘X‘XI‘XII

Precipitation (mm)

2012 (272 | 74 | 24 | 198 | 214 | 101.2 | 64.6 | 43.0 40.2 | 49.2 | 194 | 35.6
2013 | 20.2 | 42.1 | 40.8 | 20.2 | 109.0| 1474 | 4.7 43.6 63.2 | 3521204 | 6.2
2014 | 220 | 126 | 56 | 112 | 62.8 | 434 | 850 | 113.6 | 1162 | 464 | 29.2 | 28.7
2015 [ 200 | 74 | 280 | 94 |33.8| 224 | 224 | 1060 | 23.8 | 48.0 | 24.8 | 17.2
2016 | 25.6 | 64.7 | 30.4 | 41.6 | 509 | 43.5 |192.0 - - - - -

Norm.

61-90 248 | 249 | 239 | 332 | 62.8 | 68.6 | 57.1 | 543 35.5 | 31.8 | 36.8 |26.3

Temperature (°C)

2012 10 | -34 | 70 | 10.8 | 169 | 198 | 214 | 21.1 16.2 94 | 65 |-12
2013 | -1.0 | 0.7 1.8 | 10.6 | 147 | 183 | 21.9 | 203 139 | 10.1 | 53 | 2.1
2014 1.1 | 27 | 85 | 11.8 | 145 | 188 | 21.5 | 179 156 | 115 | 7.5 | 24
2015 1.8 1.6 | 55 | 10.1 | 147 | 19.1 | 229 | 23.6 15.9 96 | 62 | 29
2016 | -1.2 | 5.1 55199 | 157 | 198 | 213 - - - - -

Norm. | » o | 02 | 43 | 96 | 146 | 177 | 193 | 186 | 147 | 95 | 41 | 00
61-90
RESULTS AND DISCUSSION

Results in Table 2 show the differences in the amount of dry mass from catch crops for the years
2012 to 2015 and among species of catch crops. Growth and development of catch crops is dependent
on weather conditions in a given year. In all the tracked years, Sinapis alba reached the highest yields.
Low yields of Secale cereale v. multicaule can be attributed to larger water need. Tables 3 and 4 also
show the influence of these catch crops on the grain yield and quality of spring barley. For the years
2013 to 2016, the average highest grain yield of 7.02 t/ha was achieved for spring barley with the control
variant without catch crops. Slightly lower grain yield of 6.88 t/ha was achieved after Sinapis alba while
the lowest grain yield was recorded after the Secale cereale v. multicaule, namely 5.25 t/ha. In 2013,
a statistically significant difference was in the grain yield of spring barley after catch crops. The grain
yield of spring barley was even higher after Sinapis alba than in the variant without catch crops. In 2014,
there was a statistically significant difference in the grain yield of spring barley between the variants
after the Secale cereale v. multicaule (lower grain yield) and in control variant, after Sinapis alba. There
was no statistically significant difference between the grain yield of spring barley after Sinapis alba and
in the control variant. In 2015, there was a statistically significant difference in the grain yield between
the spring barley in the control variant and after Secale cereale v. Multicaule or Sinapis alba. After the
catch crops, there was a lower grain yield than in the control variant. In 2016, there was a higher grain
yield of spring barley after Sinapis alba and in the control variant. There was no statistically significant
difference between the grain yield of spring barley after Sinapis alba and control variant. With the
exception of 2014, in each of the studied years, there was no statistically significant difference in the
nitrogen content in grains of spring barley. When compared with the control variant, the lowest nitrogen
content in grains of spring barley was, with the exception of 2015, reached after Sinapis alba. After
Secale cereale v. multicaule, higher nitrogen content in grains of spring barley was recorded in almost
all years. Nitrogen content in grains of spring barley after monitored catch crops was observed in the
range of required values, but some risk can occur after Secale cereale v. multicaule. In years with
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favourable precipitation, such as 2013 and 2016, after Sinapis alba, even higher grain yields of spring
barley than in the control variant were recorded. Likewise, Rinnofner et al. (2008) and Gaweda (2012)
in their studies found that catch crop water consumption has not significantly changed the yield of next
crop. However, in case of water shortage during the winter and beginning of the growth season of spring
barley, there is competition for water between the remnants of Sinapis alba and spring barley. It agrees
with the claim of Gaweda (2011) that in a drier year, there is a risk of a decrease in yield of spring barley
after Sinapis alba. The lowest yields of spring barley, even in a year with favourable precipitation, were
recorded after Secale cereale v. multicaule, even though it forms a smaller amount of dry mass. A
possible cause could be a reduced growth quality of the succeeding crop because Secale cereale v.
multicaule is an overwintering crop.

Table 2 Dry mass yields of catch crops in the years 2012-2015

Dry mass yields of catch crops (t/ha) 2012 2013 2014 2015
Sinapis alba 4.28 3.67 1.60 1.13
Secale cereale v. multicaule 1.40 1.92 1.13 0.38
Average 2.84 2.80 1.37 0.76
Table 3 Grain yield of spring barley after catch crops in the years 2013-2016
Grain yield of spring barley (t/ha) 2013 2014 | 2015 | 2016 | Average
Sinapis alba 6.73° | 6.82° | 7.59* | 6.37° 6.88"
Secale cereale v. multicaule 5.27% 4.25% 6.76* | 4.70* 5.25%
Control variant — without catch crops 6.43%° | 7.21° | 8.54° | 5.90° 7.02°

Legend: The results were statistically processed by analysis of variance (ANOVA Statistica 12) and a subsequent use of Fisher's
LSD post-hoc test at the significance level of 0.05.

Table 4 Content of nitrogen compounds in grain of spring barley

Content of nitrogen compounds
) , . 2013 2014 2015 2016 | Average
in grain of spring barley (%)

Sinapis alba 10.00* | 10.85* | 10.80* | 10.75% 10.65%
Secale cereale v. multicaule 11.60* | 12.80° | 11.96* | 10.95° 11.78°
Control variant — without catch crops 11.35% 11.40° | 10.56* | 11.25° 11.14®

Legend: The results were statistically processed by analysis of variance (ANOVA Statistica 12) and a subsequent use of Fisher's
LSD post-hoc test at the significance level of 0.05.

CONCLUSION

The trial studied two types of catch crops and their impact on the grain yield and quality of spring
barley. Sinapis alba has produced more biomass than Secale cereale v. multicaule. The grain yield of
spring barley is mainly influenced by the species of catch crops and in combination with a particular
year. In the studied years, the Sinapis alba, except for a drier beginning of the year, had no negative
effect on the grain yield of spring barley. The Secale cereale v. multicaule has regularly reduced the
grain yield of spring barley. The content of nitrogen compounds in grains in comparison with the control
was lower after Sinapis alba and higher after Secale cereale v. multicaule, but with the exception of
2014, none of these results were statistically significant. In one of the warmest and driest places in the
Czech Republic, Sinapis alba seems to be the favourite. However, given the close cropping practices
with a prevalence of Brassica napus, it is not appropriate to include Sinapis alba. The Secale cereale v.
multicaule is a less suitable catch crop, which because of low yields cannot meet the goals for catch crop
cultivation while it also reduces the grain yield of subsequent spring barley.
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Abstract: Importance of catch crops in crop production is multi-layered. However, not all catch crops
provide the same benefits. The aim of the study was to monitor the yield of selected species of catch
crops in a mixture, their biological differences, and the suitability of the mixture. The field trial was set
up on a clay-loam fluvisol at a field experimental station in Zabéice (South Moravia, Czech Republic)
in 2015. The trial included two mixtures of catch crops. The first mixture (Variant 1) is composed of
Sinapis alba, Phacelia tanacetifolia, Fagopyrum esculentum, Crambe abyssinica, Pisum sativum, and
Vicia sativa. The second mixture (Variant 2) includes no legumes and is composed of Sinapis alba,
Phacelia tanacetifolia, Fagopyrum esculentum, and Crambe abyssinica. A statistically significant
difference in dry matter yield was not observed among the mixtures of catch crops, but was recorded
among the species of catch crops in the mixture. The highest yield and also rapid initial growth as well
as good soil coverage was reached by Phacelia tanacetifolia and Sinapis alba. A similar growth
dynamics also occurred in Fagopyrum esculentum that may be also incorporated into the mixture.
Among Pisum sativum was the better choice. When deciding which species of catch crops to mix, it is
necessary to respect biological differences among the different species of catch crops, especially similar
growth dynamics, and their representation ratio.

Key Words: catch crops, yield, dry conditions

INTRODUCTION

Catch crops are crops grown between two main crops. Their importance in crop production is
multi-layered. An important function of catch crops is enrichment of soil with organic matter and
retention or binding of nitrogen. Significant application includes restoring of microbial life of the soil.
Catch crops reduce the degree of compaction of our soils. Catch crops use rainfall in between growth
periods to produce biomass and to reduce wind and water erosion as well as unproductive evaporation
when compared with soils without vegetation cover. (Slepetiené et al. 2007, Rinnofner et al. 2008, Chen
etal. 2010, Scalise et al. 2015, Sparrow 2015) Catch crops act as breakers in crop rotation. They suppress
weeds and reduce the spread and incidence of diseases and pests. (Murakami et al. 2000, Caner and
Tuncer 2001, Romaneckas et al. 2012)

However, not all catch crops provide the same benefits. Individual species of catch crops often
provide only one or two functions (White et al. 2015). Clark (2008) reported that mixtures of two or
more catch crops are often more effective than planting a single species, for example to ensure the
emergence of at least part of the crop under adverse conditions for germination, stabilizing the
production of aboveground and belowground biomass, depending on weather conditions. However,
determining the appropriate catch crops for the mixture and their seeding rates can be difficult (White
et al. 2015). One of the fundamental factors influencing the successful establishment and subsequent
development of crops is suitable choice of species in terms of growth dynamics and mixing ratio, such
as predominance of less competitive species (Brant et al. 2015, White et al. 2015). Very important is the
actual presentation of individual species at a site in relation to weather conditions and the manner of
utilizing catch crops (Brant et al. 2015). Since 2015, there is a novelty in the Czech Republic called
Greening (Payment for agricultural practices beneficial for climate and environment). To comply with
the conditions of greening, a farmer can use catch crops cultivation, namely a mixture of catch crops.
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The study aims to track the yields of selected species of catch crops in a mixture, their biological
differences and suitability for growing in a mixture.

MATERIAL AND METHODS

The field experiment was set up on a clay-loam fluvisol at a field experimental station in Zab&ice
(South Moravia, Czech Republic) in 2015. The content of nutrients in the soil: P—140 mg/kg, K-336
mg/kg, Ca—5.513 mg/kg and pH/KCI-7.1 in soil depth 0—0.3 m. In layer 0.3—0.6 m the values are
P-87 mg/kg, K-227 mg/kg, Ca—5.570 mg/kg and pH/KCI-7.3. Annual rainfall is 480 mm and the
average annual temperature is 9.2 °C. This is one of the driest and warmest areas in the Czech Republic.
Table 1 shows rainfall and average temperature during the reporting period, from sowing to sampling
the aboveground mass of catch crops. The trial was set up as four replicates with the size of experimental
plots of 10 m% It included two mixtures of catch crops. The first mixture (Variant 1) is composed of
Sinapis alba, Phacelia tanacetifolia, Fagopyrum esculentum, Crambe abyssinica, Pisum sativum, and
Vicia sativa. The second mixture (Variant 2) includes no legumes and is composed of Sinapis alba,
Phacelia tanacetifolia, Fagopyrum esculentum, and Crambe abyssinica. The catch crop mixtures were
planted after the harvest of winter wheat on August 17. The planting was done by sowing combination.
After the catch crops, spring barley was grown. For determining the catch crop yield, a traditional
sampling of fresh plant matter of the catch crops took place on October 22. The sampling of fresh plant
matter of catch crops was conducted from 0.25 m? plot with four replications for each variant of catch
crop mixture, and was followed by drying to a constant value. The results were statistically processed
by analysis of variance (ANOVA Statistica 12) and a subsequent use of Fisher's LSD post-hoc test at
the significance level of 0.05.

Figure 1 Rainfall and temperature from sowing after sampling of catch crops, Zabcice, CR, 2015

Table 1 Sowing individual species of catch crops in mixtures

Sowing species of catch crops in mixtures (kg/ha)
Catch crops - -
Variant 1 Variant 2
Sinapis alba 2 2
Phacelia tanacetifolia 7 7
Crambe abyssinica 3 3
Fagopyrum esculentum 20 20
Pisum sativum 20 -
Vicia sativa 20 -
Total 72 32
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RESULTS AND DISCUSSION

In Table 2 shows the results of aboveground dry mass of the two mixtures of catch crops and
individual species of catch crops in the mixture. A statistically significant difference in dry matter yield
was not observed among the mixtures of catch crops, but was recorded among species of catch crops in
the mixture. In the mixture of catch crops in Variant 1, Phacelia tanacetifolia and Sinapis alba achieved
the highest yields. Pisum sativum and Fagopyrum esculentum achieved lower yields. Almost
immeasurable yield was recorded for Vicia sativa. The Variant 2 mixture of catch crops included no
legumes. The highest yield was recorded for Sinapis alba, Phacelia tanacetifolia, and Fagopyrum
esculentum. Crambe abyssinica had the lowest yield. In general, catch crop yields are influenced mainly
by the amount and distribution of rainfall and temperature. Chart number 1 indicates that in 2015, after
sowing the catch crops, three days of rain brought nearly 90 mm of rain, which positively affected their
initial growth and development. However, this was followed by unfavourable distribution of rainfall and
this stress negatively affected all catch crops. As already mentioned, the highest yields in both mixtures
were achieved by Phacelia tanacetifolia. Its seed quantity ratio in the mixture was the highest compared
to the total amount of seed per hectare. Phacelia tanacetifolia and Sinapis alba in a mixture were
characterized by rapid start of growth and good coverage as well as the highest biomass yield in a chosen
seed rate. Despite the very small seed rate in the mixture compared to the total amount per hectare,
Sinapis alba was very competitive and probably overcame some species in the mixture, as also presented
by Bazzaz and Harper (1976). For Sinapis alba, we can choose a lower seed rate than the one tested.
But in today's constricted rotations with predominance of Brassica napus, Sinapis alba cannot
completely fulfil the function of protection against pests and diseases. It is possible to include Sinapis
alba to the mixture for cereal crop rotation. Crambe abyssinica, a member of the Brassicaceae family
just like the Sinapis alba, achieved very low yields of dry matter. It may be appropriate to include
Fagopyrum esculentum in the mixture, as it was characterized by a very rapid start of growth and good
soil coverage. Depending on the usage, it could be a disadvantage for Fagopyrum esculentum to be
affected by the first autumn frosts, as some plants were brown at sampling, which led to loss of soil
coverage. The more preferable legume than Vicia sativa in the mixture is Pisum sativum. The cause of
low yield of Vicia sativa can be a poor growth due to lack of light from other competing catch crops as
also stated by Clark (2008).

When deciding which species of catch crops to mix, it is necessary to respect the biological
differences among the different species of catch crops, especially similar growth dynamics and their
representation ratio. This agrees with Brant et al. (2015) and White et al. (2015). Cultivating properly
blended mixtures of catch crops, we can combine more of their benefits together or eliminate their
weaknesses even in conjunction with weather conditions.

Table 2 Yield of dry mass of the mixtures of catch crops

Yield of dry mass of catch crops (t/ha)
Catch crops Variant 1 Variant 2
Sinapis alba 0.50" 0.65°
Phacelia tanacetifolia 0.81° 0.62°
Crambe abyssinica 0.05* 0.08*
Fagopyrum esculentum 0.13? 0.33%®
Pisum sativum 0.21% -
Vicia sativa 0.02¢ -
Total 1.71% 1.68°

Legend: The results were statistically processed by analysis of variance (ANOVA Statistica 12) and a subsequent use of Fisher's
LSD post-hoc test at the significance level of 0.05.

CONCLUSION

The study aims to track the yields of selected species of catch crops in a mixture, their biological
differences and suitability for growing in a mixture. Two mixtures of catch crops were monitored. The
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first mixture was composed of Phacelia tanacetifolia, Sinapis alba, Crambe abyssinica, Fagopyrum
esculentum, Pisum sativum, and Vicia sativa. The second mixture was composed of Phacelia
tanacetifolia, Sinapis alba, Crambe abyssinica, and Fagopyrum esculentum. The yield results of dry
matter of catch crops are from 2015. In one of the driest and warmest places in the Czech Republic, the
results show that among the mixtures of catch crops, there was no statistically significant difference in
their yields. Very important is the composition of the mixture depending on the biological differences
among individual species of catch crops and especially on similar growth dynamics and their
representation ratio. The highest yield and also rapid initial growth as well as good soil coverage was
reached by Phacelia tanacetifolia and Sinapis alba. Phacelia tanacetifolia and Sinapis alba can be sown
in a mixture at a lower dose than had been tested. It is not appropriate to include Sinapis alba in mixtures
of catch crops in crop rotations with a predominance of Brassica napus. Similar growth dynamics was
also experienced by Fagopyrum esculentum, which can be a good part of the catch crop mixture. Among
the legumes, the most preferable is the Pisum sativum but to maximize the use of the fixation of
atmospheric nitrogen, we need to increase the seed rate. Thus composed mixture of catch crops can then
secure more necessary functions, such as a certainty of production of sufficient biomass, rapid initial
growth, soil coverage, and fixation of atmospheric nitrogen.
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Abstract: The contribution is focused on the evaluation of species composition of vascular plants of bio-
belts and weed plants on the neighboring plots on the land blocks with the following crops: maize (Zea
mays), soya (Glycine max), and spring barley (Hordeum vulgare). The monitored plots are located in
the cadastral areas of Rostenice-Zvonovice and Hlubocany in South Moravian region. The total species
composition and cover of weed plants were recorded in the field in July 2016. The total number of
eleven weed species was found in the selected area. The most varied spectrum of species plants was
found in bio-belts. The most frequently represented weed species was Chenopodium album which had
also the highest mean cover in plots. Other weed species, Avena fatua, Cirsium arvense and Convolvulus
arvensis, may represent menace for planted crops in the region.

Key Words: biodiversity, phytosociological plot, agriculture, environmentally friendly farming

INTRODUCTION

The problem of reducing biodiversity is considered as one of the major global problems
(NATURE 2009). In many parts of Europe, agricultural landscapes are more than 2000 years old
(Groppali 1993). The agricultural landscape in the Czech Republic, like in most of Europe, is the most
common type of environment (occupies 54% of the state) (Marada et al. 2013). As part of agricultural
landscape we can find significant landscape segments, for example fragments of native vegetation.
Management systems that support the restoration and management of valuable habitats are usually
expensive and therefore less viable (Demo et al. 2011).

Agri-environment schemes aim to counteract the negative-effects of modern agriculture on the
environment by providing financial incentives to farmers for adopting environmentally friendly
agricultural practices. Agri-environment schemes are considered the most important policy instruments
to protect biodiversity in agricultural landscapes (EEA 2004). Donald and Evans (2006) argues that
environmental measures can bring wider benefits. Agri-environment schemes could compensate some
of the negative impacts on biodiversity agricultural habitats (Donald and Evans 2006).

In the Czech Republic, the agri-environmental measures are supported by the Rural Development
Programme for years 2014-2020. One of them is to support the creation of bio-belts. A bio-belt is
defined as a food line field of a width 624 meters. Seeds for the establishment of bio-belts comprise of
spring cereals, buckwheat (Fagopyrum esculentum), millet (Panicum miliaceum), forage kale (Brassica
oleracea) and from seeds of two other plants according to the choice of the bio-belt founder (Rural
Development Programme for years 2014-2020). Bio-belts are among measures with the greatest
benefits for biodiversity. They can provide food for a number of animal species, some bird species are
even able to nest in bio-belts (Sarapatka 2008). The importance of bio-belts for the landscape is also
great, because they increase the diversity and variety of landscapes, for example appropriately located
on sloping land bio-belts can reduce soil erosion (Ministry of the Environment 2007).

MATERIAL AND METHODS
Characterization of selected area

The monitored areas are located in the cadastral areas of Rostenice-Zvonovice and Hlubocany
in South Moravian region. Farmland in the cadastral area is farmed by Rosténice Inc. and private
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farmers. Rostenice Inc. founded monitored bio-belts. The lands are farmed in the conventional mode of
agriculture.

The area is located in the climatic zone T2, which is characterized by long, hot and dry summer,
a very short transition period to warm up slightly warm spring and autumn and short, moderately warm,
dry to very dry winter with very short duration of snow cover (Quitt 1971). Geological bedrock is made
up of loess and loess soil and is coverd by modal black soils on the surface.

Characterization of bio-belts

Bio-belts were sown in the period from 1. 4. to 31. 5. 2016. Their composition is as follows:
Fagopyrum esculentum, Triticum aestivum, Panicum miliaceum, Pisum sativum, Brassica oleracea and
Phacelia tanacetifolia. Three bio-belts were evaluated in July 2016. Bio-belts were located on land
blocks with the following produced crops: maize (Zea mays), soya (Glycine max), and spring barley
(Hordeum vulgare).

Evaluation of vegetation

Some preparatory works had to be conducted before the field research started. First, it was
necessary to search for land blocks on which there are bio-belts. Subsequently, they were searched in
LPIS (Public land register) and it was identified where to place phytosociological plot. Depending on
the size of bio-belts, four or five phytosociological plots were recorded. Furthermore, phytosociological
plots were recorded on the land block in the vicnicity of bio-belts and at the edge of the land block,
where are no bio-belts, as a control. The plot size was 4 m*. Total cover and list of plant species in plot
with particular cover value were recorded in each of the phytosociological plots. Cover was estimated
in percentage scale. Species composition of vascular plants and coverage were evaluated in Microsoft
Excel. Plant names used in this text follow Kubat et al. (2002). 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 the more species occurring in similar habitats, we present
here only Amaranthus sp. on a genus level.

RESULTS AND DISCUSION

Land block with soya

The following tables (Table 1, Table 2 and Table 3) show the founded species on the land block
with soya. 10 species of plants were found in bio-belts, including 5 species of weeds. 5 species of plants
were found in the neighbouring land block, including 4 species of weeds. Weed species Chenopodium
album, Cirsium arvense, Galium aparine, Equisetum arvense, Amaranthus sp. were found on the land
block with soya in bio-belt. Weed species Chenopodium album, Echinochloa crus-galli and Equisetum
arvense were found in the vicinity of bio-belt on the same land block. The same weed species were
found on the edge of the land block with soya.

Table 1 Species in bio-belt on the land block with soya

Number of phytosociological plot 1 2 3 | 4 ‘ 5
Species name Cover within plot (%)

Fagopyrum esculentum” 15 15 15 25 25
Triticum aestivum® 5 20 8 15 15
Panicum miliaceum” 5 15 5 10 10
Pisum sativum® 2 5 3 10 5

Brassica oleracea” - 1 1 2 -

Chenopodium album 10 20 5 15 3

Cirsium arvense - 2 -

Galium aparine - - - 3 -

Equisetum arvense - - - - 40
Amaranthus sp. - 15 20 2 -

Legend: the symbol * marks plants sown in bio-belts, the same in the following tables
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Table 2 Species on the land block in the vicinity of bio-belt on the land block with soya

Number of phytosociological plot 1 2 3 4 5

Species name Cover within plot (%)

Glycine max (crop) 60 60 55 65 70

Chenopodium album 5 10 8 20

Echinochloa crus-galli 3 2 10 15

Galium aparine 1 3 - 2 3
Table 3 Species on the edge of the land block (without bio-belt) on the land block with soya
Number of phytosociological plot 1 2 3 4 5
Species name Cover within plot (%)
Glycine max (crop) 50 60 90 70 70
Chenopodium album 3 2 14 15 5
Echinochloa crus-galli 1 3 2 3 1
Equisetum arvense - - - - 2

Land block with maize

The following tables (Table 4, Table 5 and Table 6) show the founded species on the land block
with maize. 9 species of plants were found in bio-belts, including 4 species of weeds. 6 species of plants
were found in the land block, including 5 species of weeds. Weed species Chenopodium album, Cirsium
arvense, Amaranthus sp. were found in bio-belt on the land block with maize. Echinochloa crus-galli
was the only species that was found in the vicinity of bio-belt on the same land block. Species Lolium
multiflorum, Convolvulus arvensis, Amaranthus sp., Calystegia sepium, Echinochloa crus-galli were

found on the edge of the land block (without bio-belt).

Table 4 Species in bio-belt on the land block with maize

Number of phytosociological plot 1 ‘ 2 | 3 ‘ 4

Species name Cover within plot (%)

Fagopyrum esculentum” 15 10 10 8

Triticum aestivum” 20 15 10 10

Phacelia tanacetifolia® - -

Panicum miliaceum” 10 10

Pisum sativum” 10 5

Chenopodium album 35 20 40 50

Cirsium arvense - - 3 0

Amaranthus sp. 5 3 2 3

Seedling of Acer negundo - - 2 -
Table 5 Species on the land block in the vicinity of bio-belt on the land block with maize

Number of phytosociological plot 1 2 3 4

Species name Cover within plot (%)

Zea mays (crop) 60 75 75 75

Echinochloa crus-galli 2 1 2 1
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Table 6 Species on the edge of the land block (without bio-belt) on the land block with maize

Number of phytosociological plot 1 | 2 | 3 | 4
Species name Cover within plot (%)

Zea mays (crop) 60 70 75 75
Lolium multiflorum 1 1 - 0
Convolvulus arvensis 2 1 - 0
Amaranthus sp. - 1 - 1
Calystegia sepium - 1 - -
Echinochloa crus-galli - - 1 1

Land block with spring barley

The following tables (Table 7, Table 8 and Table 9) show the founded species on the land block
with spring barley. 7 species of plants were found in bio-belts, including 3 species of weeds. 6 species
of plants were found in the land block, including 5 species of weeds. Species Chenopodium album,
Amaranthus sp., Equisetum arvense were found in bio-belt on the land block with spring barley. Two
species were found in the vicinity of bio-belt on the same land block, Cirsium arvense and Avena fatua.
Species Galium aparine, Chenopodium album, Convolvulus arvensis and Avena fatua were found on

the edge of the land block.

Table 7 Species in bio-belt on the land block with spring barley

Number of phytosociological plot 1 | 2 | 3 | 4 5
Species name Cover within plot (%)

Triticum aestivum® 10 15 10 5 10
Panicum miliaceum” 10 5 5 8 5
Pisum sativum” 5 2 5 4 5
Fagopyrum esculentum’ 15 20 15 10 10
Chenopodium album 20 30 40 25 30
Amaranthus sp. 15 3 2 5 10
Equisetum arvense - - - - 1

Table 8 Species on the land block in the vi

cinity of bio-belt on the land block with spring barley

Number of phytosociological plot 1 | 2 | 3 | 4 | 5
Species name Cover within plot (%)

Hordeum vulgare (crop) 100 100 100 100 100
Cirsium arvense - 1 2 - -
Avena fatua - - - - 3

Table 9 Species on the edge of the land block (without bio-belt) on the land block with spring barley

Number of phytosociological plot 1 | 2 | 3 | 4 | 5
Species name Cover within plot (%)

Hordeum vulgare (crop) 100 100 100 100 100
Galium aparine 5 4 2 - -
Chenopodium album 2 2 3 - -
Convolvulus arvensis 1 1 - - -
Avena fatua - - 1 - 2

Some differences were observed among appearing weed species during the field survey. The

smallest differences were observed among weed species in bio-belts. Weed species Chenopodium album
and Amaranthus sp. were found in all three bio-belts, whereas Cirsium arvense was found only in bio-
belts on the land blocks with soya and maize. Equisetum arvense occurred in bio-belts on the land blocks
with soya and spring barley. Acer negundo is not a typical weed, but was found rarely as a seedling in
bio-belts on the soil block with maize. It probably got in bio-belt from the nearby windbreak.

There is no distinguishable difference among weed species found in bio-belts, in the vicinity of
bio-belts and at the edge on the land block. The exception can be perhaps the presence of Echinochloa
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crus-galli which was found as a weed species in soya and maize, but it wasn't found in any bio-belts.
Echinochloa crus-galli is a typical weed of wide-row crops, especially maize. Echinochloa crus-galli is
also a late spring annual weed species, so there is a very low possibility to expand into full-grown
vegetation of bio-belts during field observations. Further, Avena fatua is a typical weed of spring cereals.
Our results confirm it by presence of Avena fatua only in spring barley and absence in all of the other
plots. Amaranthus sp. was found only in bio-belts and it was not present neither in the vicinity of bio-
belts or on the edge of the land block. Based on the one observation we can conclude that is very
uncommon that this species does not spread in the nearby crops. However, further studies should be
performed to prove the spreadability of Amaranthus retroflexus to the crops.

Weeds in bio-belts are considered as a source of weeds for the surrounding arable land. Spreading
of weed species from bio-belts to the crop was not recorded. However, weeds can enrich the soil seed
bank and it can cause a weed infestation of the area in the coming years. [t may be problematic especially
for the species which have fruits and seeds spread by wind (Cirsium arvense), or species that produce
large amounts of seeds with long viability in the soil (Chenopodium album).

CONCLUSION

A total of 11 weed species was found during the field research. The most frequently represented
weed species was Chenopodium album which had also the highest coverage. Avena fatua, Cirsium
arvense and Convolvulus arvensis belongs to the weed species that can menace crop plants.

The most varied spectrum of species of plants was found in bio-belts. Bio-belts are designed to
promote plant and animal biodiversity. With the founding of bio-belts are connected by certain rules
that must be respected by the farmer. No plant protection products or fertilizers should be applied in bio-
belts and the nearest vicinity . Farmers can be dissuaded these rules from establishing bio-belts. There
is also the possibility of potential expansion of undesirable weed plants.

Problems of the influence of bio-belts to weed infestation of crops are not yet sufficiently
explored. It would be appropriate to examine this issue more closely.
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Abstract: The object of this study was to find out what is the behaviour of the same winter wheat variety
(Bohemia) plants cultivated within pot and field experiment. Therefore, the main aim of this study was
to verify (based on the pot experiment results) whether the pot experiment (that is limited by the soil
area) does not substantially affect plant reactions. The pot experiment was carried out in growth
chambers where daily temperature course, relative humidity (RH) and photosynthetically active
radiation (PAR) were set via protocols. The pots were exposed to the drought stress for 14 days with the
daily maximum temperature 26 °C from noon to 2 p.m. The pots were split into 2 groups: (1) Dry where
the soil moisture within pots were maintained below 30% of the maximum water holding capacity,
(2) Wet where the soil moisture did not decrease below 70% of the maximum water holding capacity.
The plants within Wet variant were considered as a control group. The pots were placed onto the concrete
floor of a vegetation hall (where the plants were exposed to the weather conditions) prior and after stress
regime exposition. The field experiment was conducted within experimental station in Bystfice nad
Pernstejnem belonging to the Bohemian-Moravian Highlands in the Czech Republic. The drought stress
was established through the transparent roofs installed above plants’ tops level in the field. The control
experimental plot without roofs was nearby there as well. The plants were harvested when the full
maturity was reached and the selected yield formation components were evaluated.

Key Words: grains number, growth chamber, Thousand Grain Weight (TGW), water shortage, winter
wheat

INTRODUCTION

The Czech agricultural production is being increasingly faced with a problem of agricultural
drought. The reason is an increase in the mean annual air temperature (the increase of 1.3 °C in the mean
annual air temperature over the last 170 years), the total precipitation amount is still the same (Zalud
2016), but the precipitation distribution has been only changing over time (Trnka et al. 2014). However,
there is increased tendency to lower soil moisture and the drought periods and higher temperatures are
expected to be more frequent in the future too (Trnka et al. 2014). The risk of field crops yield decrease
is supposed to increase as a consequence (Trnka et al. 2014, Zalud 2016). The wheat is the second most
cultivated cereal all around the world (Reyer et al. 2013, Trnka et al. 2014), and it is the most grown
cereal in the Czech Republic (Czech Statistical Office 2016). In order to understand better to the risk,
we joint the experimental efforts to understand consequences of drought and increased temperatures.
Most of our experiments has to be conducted as a pot experiments in order to use control climate
of climate chambers but pot experiment can lead to bias compared to the field conditions. In order to
explore this issue, we compared the results from 2 various experiments (pot vs. field experiment) with
the same winter wheat variety (Bohemia). The main aim was to find out whether the winter wheat variety
Bohemia cultivated in pots responses in the same way as Bohemia cultivated on fields, i.e. whether the
results of pot experiments are applicable also on the field conditions. The plants were cultivated due to
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the demands on nutrients and water that differed in the pots and in the field. The differences among the
selected yield formation components (thousand grain weight — further abbreviated as TGW — and grains
number — further abbreviated as GN) and percentage yields reductions were compared for these
purposes.

MATERIAL AND METHODS

Experiment 1: Pot experiment design

Bohemia winter wheat variety belongs to the modern varieties reaching high yields within
the conditions of the Czech Republic and also belonged to the winter wheat varieties with the largest
seed production area in 2014 (CISTA 2015) and the second one in 2015 (CISTA 2016a). The Bohemia
winter wheat variety seeds were sown (2 seeds per 1 pot) on 22 October 2014 into black plastic pots
(inner dimensions: 10.5 x 10.5 x 21.5 cm). The soil used for pots filling came from the experimental
station in Polkovice (altitude 199 m a.s.l.) belonging to Moravia in the Czech Republic. The soil type
was qualified as a luvic chernozem with loess as a mother substrate. The pots were placed onto the
concrete floor of a vegetation hall at Mendel University in Brno where the pots were exposed to ambient
weather conditions until reaching the heading stage (Table 2). The data coming from the near
climatological station (located at the arboretum of Mendel University in Brno: 239 m a.s.l.) was used
for assessing of the weather conditions during the pots placement at Mendel University in Brno. This
data included the daily temperature courses and daily precipitation amount. In relation to the
precipitation and temperature course, the pots were irrigated if needed and the irrigation amounts were
read from 2 garden rain gauges (the value was calculated as an arithmetic mean) placed directly within
the experimental plot (Table 4). The pots were surrounded by the expanded clay to protect them from
freezing. Fungicides and insecticides were also applied to protect plants against diseases and pests at
doses recommended by the producers. The nitrogen doses were applied once (see Table 3)The pots were
transported to Global Change Research Institute CAS on 15 May 2015 and put into one growth chamber
FytoScope FS-SI 3400 model (Photon Systems Instruments LLC, www.psi.cz) for acclimation
at the heading stage of development (18 May 2015, BBCH 51-52). The daily temperature course, PAR
(photosynthetically active radiation) and RH (relative humidity) protocols, running within the chamber,
are presented lower (see Table 1), and the values of individual environmental factors changed
continuously between two time points. The drought stress regime was started on 21 May 2015 at BBCH
55-57 developmental stage. The pots were divided into 2 groups: well-watered (Wet) and drought
stressed (Dry) with 7 replications (pots). The actual volumetric soil moisture was measured using
ThetaProbe Soil Moisture Sensor (Delta-T Devices Ltd, http://www.delta-t.co.uk) for feedback control
of irrigation of Dry variant. The soil moisture was maintained below 30% of the maximum water holding
capacity within the pots of the drought stressed (Dry) variant, and it was maintained to not decrease
approximately below 70% in the case of the well-watered (Wet) variant (the pots were still maintained
wet, else irrigated). The pots were transported back to the vegetation hall of Mendel University in Brno
after 14 days of stress conditions exposition within the growth chamber. The plants were harvested
manually at the full maturity (July 2015).

Table 1 Protocols within the growth chamber — daily air temperature course (t, presented in °C),
photosynthetically active radiation (PAR, presented in pumol/m?/s), relative humidity (RH, presented
in %)

Time t[°C] PAR [pmol/m?/s] RH [%]
0:00 20 0 85
4:00 18 0 90
6:00 18 0 90
12:00 26 1500 45
14:00 26 1500 45
20:00 22 0 75
0:00 20 0 85
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Experiment 2: Field experiment design

The field experiment was carried out at the experimental station in Bystfice nad Pernstejnem
(560 m a.s.l.). The soil type was qualified as a dystric cambisol and soil fraction was loamy. The
Bohemia winter wheat variety seeds were sown on 30 September 2014 (see Table 2). Herbicides and
fungicide were applied to protect plants against weed and diseases at doses recommended by the
producers. The nitrogen doses were applied three times (see Table 3). The field experiment consisted of
small plots (3.1 x 8 m) in two variants and three repetitions. The first variant Wet plot was uncovered,
i.e. all ambient rainwater turned out there. The second variant Dry plot was covered through mobile
rain-out shelters. Mobile rain-out shelters diverted all (100%) ambient rainwater away from coverage of
the plots. The corrugated material polycarbonate Suntuf (PALRAM Ltd. — IL, UK) with clear colour
was used for manufacture of the roofs. The thickness of polycarbonate Suntuf was 0.8 mm. The
polycarbonate trapeze is impermeable to UV. The manufacturer states that the transmitted spectral
composition of solar radiation, except UV, of this material is 90%. Mobile rain-out shelters were
installed during part of the vegetation season (from 19 May 2015 to 6 August 2015), and crops were
exposed to drought stress during that period. Harvested area was middle part of each plot (1.5 x 8 m) to
avoid borderline effect to yield components. The sensors TDR (time domain reflectometry, CS 616,
Campbell Scientific Inc., Shepshed, UK) were installed within Wet and Dry plots to measure soil
moisture to the depth of 30 cm. Temperature and humidity were also measured — from 14 July 2015 to
6 August 2015 — both within Wet and Dry plots. The temperature within Dry plot was 0.37% higher in
comparison to the Wet plot and the relative humidity was 5.97% higher within the Dry plot. Other
meteorological parameters were monitored by meteorological station located near the field experiment.
This data included daily temperature and daily precipitation amount as in the case of the pot experiment
(see Table 4).

Yield formation components

Grains number (GN) per each main spike and numbers of tillers per 1 m* was counted for pot
experiment. Grains weight per each main spike at actual moisture and as a dry matter was found out
using balances with accuracy of 0.001 g. TGW was evaluated by the dry matter conversion into 14%
moisture and grains weights were assessed by the actual-moisture weight also recalculated to 14%
moisture where actual moisture (Act.m.) was calculated based on CISTA (2016b). The final TGW
at 14% moisture (TGW 4) was calculated by the following equation (eq. 1):

TGWy sy, = TGWAct,,Z,:O(itl)Z Act.m.) (1)

Number of tillers and number of grains per spike (GN) were counted also within the field
experiment. Thousand grain weights were also determined and recalculated to 14% moisture by the eq.
1. Grains weight per each main spike at actual moisture and as a dry matter was found out using balances
with accuracy of 0.1 g.

The pot and field experiment sites comparison overview

The plants within pot and field experiment (i.e. in Brno and Bystfice) had various phenological
stages onsets (see Table 2). Both experiments were fertilized by N fertilizers during vegetation season
(see Table 3). The mean temperatures and precipitation amounts were also different across
the experimental sites (see Table 4).

Table 2 The comparison of the actions related to the phenological stages onsets within pot and field
experiment

Event Brno Bysttice
Sowing date 22 October 2014 30 September 2014
1* germination 10 November 2014 13 October 2014
Shooting 23 April 2015 27 April 2015
Heading 18 May 2015 2 June 2015
Harvesting 14 July 2015 6 August 2015
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Table 3 Nitrogen doses treatments and application dates for A) pot experiment and B) field experiment
that were different due to the conditions of cultivation

Application date Fertilizer applied N [kg/ha]
17 March 2015 NH4NO3 90
Application date Fertilizer applied N [kg/ha]
9 March 2015 DASA 35
19 March 2015 LAV 25
30 April 2015 LAV 60

Table 4 The total precipitation amounts, mean irrigations (pot experiment) and the mean air
temperatures during the experiments durations (to be continued on the next page)

Month, year Total precipitation [mm] Total[llll;rr;g]atlon Mean air temperature [°C]
Bystfice Brno Brno Bystrice Brno
October 2014 29.2 46.3 - 8.9 10.6
November 2014 32.6 19.8 19.9 5.6 7
December 2014 37.2 19.6 — 0.4 2.1
January 2015 424 16 — -0.5 1.2
February 2015 7.0 4.9 - -0.7 1.2
March 2015 46.0 24.4 - 3.5 5.1
April 2015 14.6 6.3 14.1 7.3 9.3
May 2015 38.2 40.8 19.3 * 11.5 13.5
June 2015 17.7 30.2 359 % 16.0 18.1
July 2015 56.4 29.5 533 19.9 21.8

Legend: * 15 May 2015 — 17 June 2015: plants were put into the chambers where the actual soil moisture was controlled by
the ThetaProbe Soil Moisture Sensor (Delta-T Devices Ltd, http://www.delta-t.co.uk) for feedback control of irrigation. The
soil moisture was maintained below 30% of the maximum water-holding capacity within Dry variant, and to not decrease
below 70% of water-holding capacity within Wet variant. The last irrigation of pots was carried out on 13 May 2015
before transportation to the chambers. The following irrigation after transportation back to the vegetation hall was carried
out on 18 June 2015

RESULTS AND DISCUSSION

Pot and field experiment results

The descriptive statistics data sets are presented for number of grains (GN) and thousand grain
weights (TGW) values both for pot and field experiment (see Table 5 and 6). The data sets within tabular
outputs are compared separately both for pot and field experiment.

Table 5 The descriptive statistics of GN data sets (from left to right): arithmetic mean, median, standard
deviation, minimum and maximum value for A) pot and B) field experiment

A) Mean Me OGN GNuin GNimax
Wet 34.4 34.0 4.2 27.0 43.0
Dry 32.8 34.0 5.2 23.0 41.0

B) Mean Me OGN GNuin GNimax
Wet 31.3 31.0 7.8 14.0 49.0
Dry 31.4 31.0 10.6 13.0 64.0
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Table 6 The descriptive statistics of TGW data sets (from left to right): arithmetic mean, median,
standard deviation, minimum and maximum value for A) pot and B) field experiment

A) Mean Me OTGW TGWin TGW nax
Wet 50.5 51.3 6.0 39.5 59.1
Dry 46.5 51.2 12.1 25.2 58.9

B) Mean Me OTGW TGWin TGW max
Wet 49.7 50.1 1.2 47.6 51.3
Dry 48.8 48.9 0.2 48.5 49.0

When the mean GN values from the presented experiments are compared, the higher value was
found out for pot experiment both within Dry plots (1.4 pcs higher than in the field experiment) and Wet
plots (3.1 pcs higher for pot experiment). If the GN mean values within Dry plots are related to the
corresponding Wet plots, the mean GN value for pot experiment reached 95.3% of the Wet plot and it
was 100.4% of the Wet plot within field experiment. Unlike the mean GN values for Dry plots, the mean
TGW values for Dry plots evinced the higher mean value within field experiment than the pot
experiment (2.3 g higher value for field experiment). On the other hand, the mean TGW values for Wet
plots were recorded to be higher for pot experiment (0.9 g higher value). When the TGW mean values
within Dry plots are related to the corresponding Wet plots, the mean TGW value for pot experiment
reached 91.9% of the Wet plot and it was 98.2% of the Wet plot within field experiment. The total grain
yield was reduced by 36.2% within Dry plot compared to Wet plot in the case of the pot as well as field
experiment. The number of tillers per 1m* was 181.4 within Dry plot and 298 within Wet plot of the pot
experiment design and these mean values were 459 and 458 for field experiment, respectively. The yield
of Bohemia winter wheat variety is based especially on a TGW value and less also on a number of grains
per spike. It is the variety of a high A quality, with big sizes of grains and less number of tillers (CISTA
2016a). Based on the three-year results (2013—2015), the mean Bohemia TGW value was 50 g within
CISTA experimental plots (CISTA 2016a) and it was even 52 g within the years 2011-2014 (CISTA
2015). The lower mean TGW value (48-50 g) was found out during long-term experiments of the
company Agrotest fyto in Krométiz (Palik et al. 2009). Dierauer and Stoppler—Zimmer (1994) obtained
the mean wheat TGW ranging from 45.1 g (early sowing — 19 September) to 41.7 g (late sowing — 31
October) within ecological agriculture soil management. Horcicka et al. (2012) recorded a value of the
mean grain number per winter wheat spike from 41.46 (at number of 430 spikes per 1 m?) to 37.32 (at
number of 581 spikes per 1 m?) in relation to the number of spikes per 1 m? within the experiments
carried out in 2008-2011. They found out that the more spikes per 1 m? is, the smaller the number
of grains per spike is. This fact corresponds to the obtained mean values within pot as well as field
experiment.

CONCLUSION

The percentage yield reductions within pot and field experiments were approximately the same
value as well as the mean GN and TGW values were very similar. The pot as well as field experiments
are going to be established also in the following years.
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Abstract: The aim of this study was to assess the effect of drought and high temperatures on Tobak
winter wheat variety during one of the most sensitive developmental stage (anthesis) from the viewpoint
of harvest index (HI) and spike productivity (SP). The 5 growth chambers (where the plants were
exposed to these stress factors) were used for these purposes. The various protocols consisting
in photosynthetically active radiation (PAR) course, relative air humidity (RH) and daily temperature
courses were run. The plants were divided into 2 groups within each growth chambers: (1) Drough-
stressed (Dry) and (2) well-watered (Wet). Two lengths of stresses duration were tested: 3 and 7 days.
The plants were exposed to ambient weather conditions up to the full maturity after stresses exposition
within the growth chambers. Subsequently, the plants were harvested manually and HI and SP were
evaluated. The statistical analyses showed that the effect of each stress factor separately was statistically
significant both for HI and SP14, nevertheless, these two factors interaction was statistically significant
only in the case of HI.

Key Words: growth chamber, harvest index (HI), spike productivity, Tobak, winter wheat

INTRODUCTION

The pilot study covering the whole Europe region (Trnka et al. 2014) showed that although
the climatic estimations face with high uncertainty, the most of the significant agricultural regions will
be affected by events related to great yields decreases (both the increase in frequency or drought intensity
and also higher risk of the critical temperatures within sensitive phenological stages of wheat, especially
during the time of anthesis and following stages). Recently, not a lot of studies dealing with systematic
quantification of short periods of high temperatures impacts on winter wheat as the most important
cereal within the middle Europe region. A wheat is known to be very sensitive to the extreme high
temperatures during reproduction stage (Saini et al. 1983, Marcellos and Single 1984, Alghabari et al.
2014, Vara Prasad and Djanaguiraman 2014). The higher frequency of the high temperature at anthesis
stage is expected in Europe (Semenov and Shewry 2011, Stratonovitch and Semenov 2015) in relation
to the global climatic change. The temperatures above 30 °C may cause the complete grains sterility
(Saini and Aspinall 1982). The temperature stress at the anthesis stage has also the serious impact
on the number and grain size (Saini et al. 1983). A good indicator of field crops responses
to the climatic changes is so called harvest index, further abbreviated as HI (Ludlow and Muchow 1993,
Hay 1995), expressing the ratio of a grain yield mass and a rest of the above-ground biomass (Huehn
1993). Therefore, the objective of this study was to evaluate the effect of drought and high temperatures
on Tobak winter wheat variety during anthesis, as one of the most sensitive developmental stages,
from the viewpoint of harvest index (HI) and spike productivity (SP).
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MATERIAL AND METHODS

The black plastic pots of the inner dimensions of 10.5 x 10.5 x 21.5 cm were used for the Tobak
seeds sowing at the dose of 2 seeds per 1 pot on 10 October 2015. Prior the sowing, the pots were filled
using the soil from the experimental station in Polkovice (altitude 199 m a.s.l.) belonging to Moravia
in the Czech Republic. The soil type was qualified as a luvic chernozem with loess as a mother substrate.
The pots were placed onto the concrete floor of a vegetation hall at Mendel University in Brno where
the pots were exposed to ambient weather conditions until reaching the anthesis. The plants were
irrigated if needed to support the growth and development. Subsequently, the Tobak plants were
transported to the 5 growth chambers (FytoScope FS-SI 3400 model; Photon Systems Instruments LLC,
www.psi.cz) of Global Change Research Institute CAS (Brno, Czech Republic) at BBCH 61 (beginning
of flowering: 10% of flowers are opened), see details lower (Table 1a, b). The length of high temperature
and water regime (Wet vs. Dry) exposition was also studied. The 130 plants in total were exposed to the
stress conditions for the period of 3 days (designated as +3) and 7 days (designated as +7). The pots
number was 9 per Wet and 9 per Dry variant within the control chamber (tmax = 26 °C), the pots numbers
in other chambers were 7 within Dry and 7 within Wet per 1 stresses exposition length (i.e. the same
number per stresses length exposition 3 days and 7 days). Wet variant plants were irrigated on the soil
layer of the pots and to small bowls placed under the pots using garden hose until the pots’ soil seemed
to be sufficiently wet. Dry variant plants were irrigated only on the soil layer of the pots with water dose
of 100 ml per 1 pot. The actual volumetric soil moisture was controlled using ThetaProbe Soil Moisture
Sensor (Delta-T Devices Ltd, http://www.delta-t.co.uk) within Dry variants to maintain the volumetric
soil moisture about 15%. The particular plants were gradually moved from their actual growth chamber
to the chamber with the controlled environmental condition (tmax = 26 °C) after stresses exposition
finishing within the regime +3 and subsequently +7. After ending of the stress regimes, the plants were
transported to the vegetation hall when were placed up to their manually harvest at the full maturity
stage.

Table 1la Growth chambers protocols: air temperature protocols — the tmax represents maximum
temperature within particular growth chamber; the particular environmental factors changed
continuously between two time points

Time tmax = 26 °C tmax = 32 °C tmax = 35 °C tmax = 38 °C
0:00—4:00 20-18 20-18 20-18 20-18
4:00-6:00 18 18 18 18
6:00-12:00 18-26 18-32 18-35 18-38

12:00-14:00 26 32 35 38
14:00-20:00 26-22 32-22 35-22 38-22
20:00-24:00 22-20 22-20 22-20 2220

Table 1b Growth chambers protocols: photosynthetically active radiation (PAR) and relative air
humidity (RH); the particular environmental factors changed continuously between two time points

Time PAR [pmol/m?/s] * RH [%] ** RH [%] ***
0:00—4:00 0 85-90 85-90
4:00-6:00 0 90 90
6:00—12:00 0-1500 9050 90-75
12:00-14:00 1500 50 75
14:00-20:00 15000 50-75 75

20:00-24:00 0 75-85 75-85

Legend: * valid for the chambers with tmax = 26, 32, 35, 38 °C; ** valid for the chambers with tmax = 26, 32, 35, 38 °C; ***
valid for the chamber designated as 38K with tmax = 38 °C

The harvest indices (HI) and spike productivities at 14% moisture (SP14) were assessed for the
main spikes within pots. At first, the weights of the above-ground biomass parts were found out on the
scales with accuracy of 0.001 g. The grains weights were also assessed. The harvest index was calculated
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as the ratio of the grains weight (X) and the sum of the weights of grains, straws, leaves and rest
of spikes without grains (S) by the following equation — eq. 1 (Huehn 1993, Pennington 2013):

HI=X/(X+S5) (1)

Subsequently, the grains were dried out at 70 °C for 48 hours (to avoid the grains fertility ability).
Then, their weights were found out again and the moisture at the harvesting (act.m.) was calculated (see
Hellevang 1995 or CISTA 2013). The final spike productivity was assessed at 14% moisture (SP14)
was established by the recalculation of the grains weights with moisture at the harvesting (SPact.m.)
by the recalculation to the standardized moisture (CISTA 2013) by the following equation (eq. 2):

SP14 = (SPact.m.x (100 — act.m.))/(100 — 14) )

RESULTS AND DISCUSSION

Arithmetic means and standard deviations (SD) are presented, subsequently, the results
of statistical evaluations are shown both for harvest indices (HI) and spike productivity at 14% moisture
(SP14). The statistical analyses (two-way ANOVA summary and subsequent Tukey's HSD test that was
also calculated for one-way ANOVA analyses) were performed separately for HI and SP14 data sets.
At first, these results for HI are presented (see Table 2 and Table 3a, b). The mean minimal HI value
was reached within the chamber with tmax = 38 °C within Wet variant plants exposed to the stress regimes
for the period of 7 days, while mean maximum was recognized within the chamber with ty.x = 35 °C
within Dry variant plants exposed to the stress regimes for the period of 7 days.

Table 2 Arithmetic means and standard deviations of HI values

D+3 D+7 W+3 W+7
Temperature
Mean SD Mean SD Mean SD Mean SD
26 0.458 0.042 0.458 0.042 0.482 0.036 0.482 0.036
32 0.404 0.057 0.459 0.069 0.496 0.017 0.458 0.062
35 0.473 0.043 0.517 0.016 0.494 0.028 0.493 0.013
38 0.420 0.054 0.415 0.061 0.469 0.033 0.382 0.087
38 HAEE 0.446 0.055 0.441 0.084 0.495 0.037 0.384 0.070

Legend: **** valid for the chamber designated as 38K with tmax = 38 °C but with the different daily RH course

When field crops are exposed to serious stress conditions (water, temperature, floods, diseases),
the very low HI values may be expected (Comeau and Barnett 1979, Hay 1995). The pot experiment
carried out in Australia can be mentioned as an example. The HI values for wheat cultivars exposed
to serious water stress ranged between 0.45 to the value less than 0.1 in the mentioned experiment
(Passioura 1977), while in another experiment (also from Australia), the decrease in HI values of plants
grown inside greenhouse was noticed to be significant but milder with HI values between 0.49 and 0.36
(Davidson and Birch 1978). The HI values of a common wheat (Triticum aestivum L.) within the Czech
Republic mostly range close to 0.5 (Konvalina et al. 2010).

The statistical analysis of HI data set was also performed (see Table 3a, b lower). The summary
results of the two-way ANOVA (Table 3a) showed statistically significant effect both temperature and
water regime (Wet versus Dry) factor as well as these stress factors interaction.

Table 3a A summary of two-way interactions in ANOVA for HI data set

Df Sum Sq Mean Sq F value Pr(>F)

Temperature 4 0.167 0.042 14.543 <0.001

WaterRegime 3 0.078 0.026 9.025 <0.001

Temperature: WaterRegime 12 0.104 0.009 3.015 <0.001
Residuals 232 0.667 0.003

Since the two-way ANOVA proved the statistical significance of the factors effects studied, the
subsequent Tukey's HSD test was performed to show how the differences are statistically significant
(see Table 3b). Tukey's HSD tests for one-way ANOVA analyses are also presented to show the
interactions among particular temperatures as well as water regimes.
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Table 3b Tukey's HSD tests of one-way and two-way ANOVA analyses for HI data set showing
differences among stress variants; the values denoted by *, ** and *** mean the significance level
for p-values p < 0.05, p <0.01 and p < 0.001, respectively; only statistically significant differences are

presented; the most significant statistical difference is highlighted as bold

Interaction p-value Interaction p-value
38-26 <0.001%** 38:W+7-35:D+7 <0.001%**
35-32 0.001* 38K:W+7-35:D+7 < 0.001%**
38-32 0.016%* 32:W+3-38:D+7 0.041*
38-35 <0.001%** 35:W+3-38:D+7 0.032%*

38K-35 <0.001%** 38K:W+3-38:D+7 0.036%*

W+3-D+3 <0.001*** 35:W+7-38:D+7 0.026%*

W+3-D+7 0.026* 38:W+7-26:W+3 <0.001

W+7-W+3 <0.001*** 38K:W+7-26:W+3 0.001**

38:W+7-26:D+3 0.03* 38:W+7-32:W+3 <0.001%**
35:D+7-32:D+3 <0.001 38K:W+7-32:W+3 <0.001%**
26:W+3-32:D+3 0.031* 38:W+7-35:W+3 < 0.001%**
32:W+3-32:D+3 0.013* 38K:W+7-35:W+3 <0.001%**
35:W+3-32:D+3 0.009%** 38:W+7-38:W+3 0.011*

38K:W+3-32:D+3 0.011* 38K:W+7-38:W+3 0.032%*
26:W+7-32:D+3 0.031* 38:W+7-38K:W+3 <0.001***
35:W+7-32:D+3 0.008** 38K:W+7-38K:W+3 < 0.001%**
38:W+7-35:D+3 0.005%* 38:W+7-26:W+7 <0.001%**

38K:W+7-35:D+3 0.017* 38K:W+7-26:W+7 < 0.001%**
35:D+7-38:D+3 0.002%* 38:W+7-32:W+7 0.04*
38:W+7-26:D+7 0.03* 38:W+7-35:W+7 <0.001***
38:W+7-32:D+7 0.031* 38K:W+7-35:W+7 <0.001***
38:D+7-35:D+7 <0.001%**

If the temperature factor is assessed separately, the most significant statistical difference was
found out among the chambers with tm.x = 35 and 38 °C. When the water regime factor is evaluated
separately, the most significant statistical difference was recorded among the Wet regimes with the
exposition lengths for 3 and 7 days, the less significant statistical difference was found out among the
regimes Wet and Dry with the exposition lengths of 3 days. The most significant statistical difference
was found out among the Wet variant in the chamber with tmax = 38 °C and Dry variant in the chamber
with tmax = 35 °C — both with exposition to the stress factors for 7 days.

At first, the arithmetic means and standard deviations of SP14 are presented (see Table 4).

Table 4 Arithmetic means and standard deviations of SP14 values

D+3 D+7 W+3 W+7
Temperature

Mean SD Mean SD Mean SD Mean SD
26 1.274  0.645 1.274 0.645 1.604 0.356 1.604 0.356
32 1.041 0.305 1.361 0.398 1.701 0.372 1.336 0.555
35 1.615 0.469 1.756 0.165 1.721 0.177 1.657 0.293
38 1.160 0.382 1.104 0.305 1.359 0.489 1.078 0.479
38K 1.343 0.514 1.239 0.178 1.626 0.422 1.082 0.562

The mean minimal SP14 value was reached within the chamber with tm.x = 32 °C within Dry
variant plants exposed to the stress regimes for the period of 3 days, while mean maximum was
recognized within the chamber with tmax = 35 °C within Dry variant plants exposed to the stress regimes
for the period of 7 days.
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The statistical analysis of SP14 data set was also performed (see Table 5a, b lower). It is obvious
that when the stress factors are tested separately, the effect is statistically significant, whereas their
interaction is statistically insignificant (Table 5a). Therefore, the separate effects of the particular
temperatures, particular stress regimes and also interactions of these two factors can show the effects by
the better way (Table 5b). Tukey's HSD tests of one-way ANOVA (separate effect of temperature
as well as water regime was evaluated) and also Tukey's HSD test of two-way ANOVA (interaction
of these two stress factors evaluation) are presented for these purposes (see summary in Table 5b).

Table 5a A summary of two-way interactions in ANOVA for SP14 data set

Df Sum Sq Mean Sq F value Pr(>F)
Temperature 4 7.103 1.776 8.465 <0.001
WaterRegime 3 3.700 1.233 5.879 <0.001
Temperature: WaterRegime 12 3.229 0.269 1.283 0.229
Residuals 244 51.184 0.210

Table 5b Tukey's HSD tests of one-way and two-way ANOVA analyses for SP14 data set showing
differences among stress variants; the values denoted by *, ** and *** mean the significance level
for p-values p < 0.05, p <0.01 and p < 0.001, respectively; only statistically significant differences are

presented; the most significant statistical difference is highlighted as bold

Interaction p-value
35-26 0.029*
38-26 0.025%*
35-32 0.003**
38-35 <0.001%**

38K-35 0.002**

W+3-D+3 <0.001

W+3-D+7 0.009%**

W+7-W+3 0.015%

35:D+7-32:D+3 0.023*
38:W+7-35:D+7 0.028%*
38K:W+7-35:D+7 0.047*

When the temperature stress factor effect is evaluated separately, the most significant statistical
difference was recorded among the chambers with tmax = 35 and 38 °C. When only water regime effect
is evaluated, the most significant statistical difference was among the regimes Wet and Dry with the
exposition to this factor for 3 days. If the interaction of both stress factors is evaluated, the most
significant statistical difference was found out among the varieties within Dry variants at the chambers
with tmax = 32 and 35 °C with exposition lengths to these factors for 3 and 7 days, respectively.

CONCLUSION

When the factors were evaluated separately, the most significant statistical difference was
recorded among the chambers with tm. = 35 and 38 °C and almost the same significance level was
recorded among Wet variants with exposition lengths of 3 days for HI as well as SP14 data sets. The
most significant statistical difference was found out among the Wet variant in the chamber with
maximum temperature 38 °C and Dry variant in the chamber with tm.x = 35 °C — both with exposition
to the stress factors for 7 days — for HI data, and it was among the varieties within Dry variants at the
chambers with tmax = 32 and 35 °C with exposition lengths to these factors for 3 and 7 days, respectively,
for SP14 data set.
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Abstract: In this study, we examined the application of selenium in various forms and doses on the
growth of red clover. The first experimental factor was the form of selenium — sodium selenite and
selenium nanoparticles modified pork gelatin. The second experimental factor was dose selenium — 0, 2
and 20 mg/m’. Sampling was conducted at an interval of 14 days. It has been shown that high doses of
sodium selenite and selenium nanoparticles decrease the yield of green clover. Conversely used form of
selenium had no effect on the yield and other indicators.

Key Words: Trifolium pratense L., selenium, yield, GSH, forage

INTRODUCTION

Selenium (Se) is a widely studied a trace element and its role in plant growth and physiology are
well documented. At low concentrations plays a protective role in abiotic stress tolerance, while higher
concentrations show phytotoxicity. Plant species differ markedly ability to scavenge and accumulate
selenium. Insufficient supply of the organism that element leads to many diseases (Hasanuzzaman et al.
2014, Kaur et al. 2014, Wu et al. 2015). It is part of selenoproteins (e.g. glutathione) prevents oxidative
destruction the biological diaphragms. Its deficiency causes therefore weakening the overall health
status (Horky et al. 2016, Skalickova et al. 2016).

Selenium nanoparticles exhibit excellent biological activity and low toxicity (Zhang et al. 2001,
Wang et al. 2007).

The tripeptide glutathione in animal and plant cells is represented in a high concentration and
contributes to the elimination of free radicals. The reduced form of glutathione (GSH) in cells involved
in protective and detoxification processes (Wiinschiers 2012, Fajt et al. 2009).

The perennial red clover belong to the family Fabacae and this is one of the most commonly used
clover for feed purposes. It is very suitable for grazing use, because it contains high-quality and
digestible protein. Deep roots allow it to grow even during the summer and drought (Graves et al. 2012).

The aim of this study was to determine the effect of foliar application of selenium in various forms
and doses on antioxidant status and forage yield of red clover.

MATERIALS AND METHODS

The experiment was established as a pot experiment in climate chamber CLF PlantMaster — CLF
Plant Climatics (Wertingen, Germany). Mode was set to 24 °C day temperature, 20 °C night
temperature, humidity of 65% throughout the day, duration of sunshine 12 hours, light intensity of 300
um/m/s. To provide the experiment was chosen species red clover (Trifolium pratense L.), two forms
of selenium (sodium selenite and selenium nanoparticles modified pork gelatin). It was used as substrate
grass substrate with silica sand. To each container was weighed 500 g substrate, 0.05 g of red clover
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seed and supplemented by additional 50 g of substrate. The experiment was maintained only watering
demineralized water as needed, until the cover is fully engaged.

37 days after the establishment of the experiment was performed application of solutions of
various concentrations outside climate chamber (Table 1). On the day of application were prepared
solutions and with the help of hand sprayer applied to individual groups of homogeneous test plants.
The plants were then left for 24 hours after application in standard conditions (22 °C, 70% relative
humidity) and then displaced back to climate chamber.

Table 1 Forms and dose applied solutions (mg/m?)

Factor Dose of Se
Control 0
A — Sodium selenite 2
B — Sodium selenite 20
C — Selenium nanoparticles modified pork gelatin 2
D — Selenium nanoparticles modified pork gelatin 20

The first samples were taken on the day of application of selenium. Other sampling took place 14
and 28 days after application. Overhead phytomass from each container was trimmed to 1 cm stubble
height, weighed and immediately after sampling deep-frozen. The vegetation was nursed only watering
demineralized water evenly in all groups. Continuously throughout the duration of the experiment was
weeding vegetation..

To optimize the determination of the reduced form of glutathione (GSH) was used flow injection
analysis with electrochemical detection system (FIA-ED). GSH was determined by HPLC-ED (Potésil
et al. 2005).

The results were processed in the STATISTICA 10 CZ (Czech Republic) using a multifactor
analysis of variance ANOVA. Differences were considered significant at a P <0.05.

RESULTS AND DISCUSSION

Yield of green forage clover was the day of application and the first collection of all experimental
groups balanced. 14 days after application of selenium yield increased independent of dose and form of
selenium. 28 days after application is observed a lower yield of green forage in groups B and D with
selenium dose of 20 mg/m?, compared to the control group. Conversely application selenite and
selenium particles at a dose of 2 mg/m” had no significant effect on the yield of red clover (Figure 1).

Figure 1 Effect of selenium in various forms and dose on the yield of red clover (g/m?
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Legend: A — selenium as selenite 2 mg/m?; B — selenium as selenite 20 mg/m?; C — selenium as selenium nanoparticles 2
mg/m?; D - selenium as selenium nanoparticles 20 mg/m?. Error bars indicate 95% confidence interval.
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Figure 2 Effect of selenium in various forms and dose on the GSH of red clover (uUM)
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Legend: A —selenium as selenite 2 mg/m?; B — selenium as selenite 20 mg/m?; C — selenium as selenium nanoparticles 2
mg/m?; D — selenium as selenium nanoparticles 20 mg/m?. Error bars indicate 95% confidence interval.

GSH content as indicators of antioxidant potential of the organism is illustrated in Figure 2. For
the control group is the marked reduction in value between the first and third collection. Generally
observed in all other groups, reduction of GSH values in time. It does not depend on the dose used or
the form of selenium, after application temporarily GSH values slightly increase (P> 0.05), then there is
a reduction values. A GSH level varies depending on the selenium content in forage (Figure 3). After
application increases the value of selenium in the phytomass and over time these values decrease as
selenium in the organism metabolized and stored in the root system.

Figure 3 Effect of selenium in various forms and dose on the selenium contain of red clover (ug/g)
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Legend: A - selenium as selenite 2 mg/m?; B — selenium as selenite 20 mg/m?; C — selenium as selenium nanoparticles 2
mg/m?; D — selenium as selenium nanoparticles 20 mg/m?. Error bars indicate 95% confidence interval.
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CONCLUSION

Our results show that selenium affects the selenium content in the biomass and the value of GSH
in the first two weeks after application. It was also observed decrease of the yield on treated crops of
selenium. Used form of selenium had no significant impact on the evaluation indicators (yield, GSH and
selenium content). It can therefore be understood selenium nanoparticles as an alternative form of
selenium in nutrition of plants.
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Abstract: The aim of the diploma thesis was to analyse the effect of seeding on forage quality as well as
the participation of added varieties of the clover meadow and other hybrids. Sowing machines with
different intensity of the original turf were chosen for seeding. The types of sowing machines were
included: GP TP-300, SE 2024 and PP-2. The crop yield of dry basis, the content of nitrogenous
substances, a fibre and NEL were evaluated. The values were specified using the method of
Spektroscopy in the near infrared area (NIR Systems 6500). Participation of added species was evaluated
using the projective dominance method. Significance difference in the content of growth nitrogenous
substances was not proved in the added varieties but the content of CP was different with regard to the
sequence of mowings (P<0.05). The seeding of clover meadow had a positive influence on the content
of NEL in the growth phase (P<0.05). It is recommended to add Felina variety to a pasture for horses
because of its suitability for seeding and providing advantages such as resistance to trampling or
appropriate hibernation. It also provides high crop yield and due to its structure and nutrient content
can be used for horse feeding.

Key Words: seeding, pasture for horses, pasture renewal

INTRODUCTION

The pastures are communities of plants that were formed during a long historical development.
Since the beginning, the basis for livelihoods especially domesticated animals have been created, but in
addition to them, for example, forest wildlife. Typical grazing animals include horses characterized by
specific requirements for grassland (Skladanka et al. 2010).

We often call pastures the semi-natural growths. They are a colourful herb-grass communities.
Pastures formed from the feed of valuable species, their composition, and especially the quality,
maintain long years, they are very valuable (Sramek 2001).

The quality of pasture growth is a crucial factor in the security of animal nutrition. Pasture quality
is influenced by many factors. Habitat conditions, the composition of the grassland, growth stage, the
use of meadows and pastures, and many others belong to them. Forage quality can also affect many
pratotechnic hits. The grassland and forests with a high proportion of valuable species can regenerate
through seeding (Skladanka et al. 2010).

The grassland can be supplemented with a number of valuable species, and thereby increase its
nutritional value using seeding method. Different technologies are used for seeding. In practice, we were
mainly interested in these parametres the stand — pulp, nitrogenous substances, NEL. The contents of
folders are most affected by the composition of the vegetation, thus seeding success, mows rank and
utilitarian year (Sramek 2001).

The nitrogenous substances content in the crop should be viewed in terms of the type of farm
animal and its needs. Other composition of grassland can be useful for cattle and other horses for
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example. It should be considered the category of animals for which the pasture is intended. In the case
of meadow vegetation, the vegetation used to produce hay and the difference in use, for example
clovergrass or so meadow vegetation.

Therefore, the aim is to create more productive and qualitative area with long-term effect. In the
case of plant introduction it concerns of the increase of grassland species diversity in the selected
locations (Kohoutek 2007).

MATERIALS AND METHODS

The experimental area

The experimental station is located in the Vatin (CZE), which is a part of the forage research
station of the Institute of Animal Nutrition and Forage Mendel University. The Vatin village is located

and belongs to Vysocina region. The complex of research station is located on the Czech-Moravian
highlands at an altitude of 430—450 m above sea level (Hrabé and Buchgraber 2009). The optimal annual
rainfall for grassland is between 700-800 mm and 400-500 mm, which is usual during the growing
season (Skladanka et al. 2009). Monthly precipitation of Vatin stations are shown in Table 1.

Table 1 Monthly precipitation for Vatin stations in 2012 and 2013

Year [ m 1 2 3 4 5 6 7 8 9 10 11 12 | Summary
S|[102.6 40.6 21.2 274 424 49.7 131.8 67.8 50 504 30.8 702 657.9
N[ 454 306 41.6 38 66.5 75 79.5 62.5 532 384 40.6 46.2| 617.5
S| 8.1 55 365 199 1022 119 323 777 79.7 46.6 249 273 7052

N| 454 306 416 38 665 75 79.5 62.5 532 38.4 40.6 46.2| 6175
Legend: m —month, S — rainfall in mm, N — Long-term rainfall normal for the years 1961-1990 mm

2012

2013

Temperature is important for plant growth affecting vegetation throughout the year. The
temperature of 17-20 °C can be regarded for the optimum growht. The average monthly temperature of
stations Vatin is shown in Table 2.

Table 2 Average monthly temperatures for Vatin stations in 2012 and 2013

Year|m| 1 2 3 4 5 6 7 8 9 10 11 12 Average

2012 T|-1.6 -6.8 -03 69 133 16.1 174 17.1 12.1 6.5 43 -3.1 6.8
N[-33 -1.7 2.1 6.6 122 149 164 163 12 72 1.8 -1.5 6.9

2013 T(-23 -02 -1.1 69 109 14.7 18.1 173 11.1 88 3.5 04 7.34
N[-33 -1.7 2.1 6.6 12.2 149 164 163 12 72 1.8 -1.5 6.9

Legend: m — Month, T- temperature in °C, N — long-term average air temperature for the years 1961-1990
Species

Individual varieties were double-seeded into a semi-natural permanent grassland (dominant
species were Taraxacum officinale, Phleum pratense, Dactylis glomerata L.) in seed rate 35 kg/ha.

Seeding was implemeted in two Term: 16 June 2012 (Term of double-seeding 1) and 18 July 2012 (Term
of double-seeding 2).

Amos variety is tetraploid, medium-early variety of red clover. It is used as a component in clover
stands and also suitable for seeding into unploughed meadows and pastures. Amos proves a high yield
of green mass and even in drought conditions. The variety is resistant to Erysiphe polygoni. It is a
perennial in the second year of the utility, the rate of regrowth after mowing shows to be high. Amos
also produces high-quality material with a lower fiber content but higher content of soluble sugars and
very high in protein and slow aging.

Suez variety is diploid early to mid-early variety of red clover. It has medium rapid growth in the
spring. Suez is used in the classic crop rotation system as a biennial. Suez is suitable for clover and
meadow vegetation. Suez is moderately resistant to diseases and lodging.
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Felina is variety suitable for meadow usage. In the spring, it quickly develops. It is intergeneric
hybrid ryegrass and fescue and it is festucoid type of festulolium. It is appropriate for preparation of
grass-clover mixture, which is resistant to disease, drought and high water table.

Hostyn is tetraploid variety for meadow use. Rapid grow in the spring, after mows it grows
moderately fast. Medium length of the flag leaf, wide, medium green leaf color. Resistant variety against
snow mold, less resistant to rusts. High forage yield. It is intergeneric hybrid fescue and perennial
ryegrass and it is loloid type of festulolium.

Machines for seeding

Land intendent to double-seeding is mowed on the low stable and afterward, all the mass is taken
out. Before seeding, fertilization should be applied to increase their competitiveness of the original
grassland. In the case of a large growth of the weeds, we can treate with Roundup applied on a rate of
0.5-1.0 liters per 200 liters of water. Seeding can be performed three weeks after the application of
Roundup (Skladanka et al. 2010).

Seeding machine SE 2-024

It is a belt seeder, which partially distorts the original sward. The machine is used to slit sowing
grass and clover mixtures for regeneration and seeding of meadows and pastures. Grass mixture is sown
into treated tape rotation coulter with a width of 4—6 cm. The depth can be modified with regard to the
sown seed but usually of 2—4 cm. Seeds are stored at the bottom of the groove and covered with flying
soil.

Seeding machine GP TP 300

The sod is not disturbed during the seedbed preparation of full width thus reducing side effects of
erosion. The preparation is proved by cutting the land because the intrusion is not into mulch seedbed.
Thrust washers in the rear of the machine provide a complete closed seeding slots and thus create the
optimal conditions for germination. The machine designe allow seeding in slope without any difficulties.
The machine is equipped with a fine nap seed wheels. Starting dose of mineral fertilizer can also be
applied at sowing customer.

Seeder PP-8 (PP-2 for use in small plot trials)

Drill PP-8 can perform seeding in the same range as shallow surface seeding. The exceptions are
stony soils and soils with bedrock protruding from the profile, finely dispersed backbone is no barrier
to the use of PP-2 machine. The machine rotary mills of 8 slots in the spacing of 45 cm. Width of milled
row is 15-17 cm, depth loosening could be set to 5-15 cm. Seeds are sown on the surface milling line
or disc coulters and subsequently incorporated in the profile milling line. The machine is equipped with
a pneumatic drill device.

Sampling and sample evaluation, forage quality evaluation using NIRS

The methods of near infrared spectroscopy (NIR Systems 6500) were used to evaluate the quality
of the forage. We found out the content of crude protein.

The samples, coming from Vatin small plot experiments, were used for evaluating the quality of
forage taken immediately after harvest, and dried at 60 °C and then homogenized to a particle size of 1
mm.

NIR Systems 6500 is machine for samples evaluating without need of degradation or depletion.
The sample should contain the C-H, N-H, S-H and O-H, measured at a concentration of more than 1
g.kg!. You can measure samples of all three states at normal temperature. It is a secondary method and
must be calibrated. The evaluation of the sample is very fast; it does not take more than 2 minutes.

RESULTS AND DISCUSSION

We are focused on effect of double-seeded variety of red clover and grasses intergeneric hybrid
during the monitoring of effect of CP (g/kg) content in harvested forage in the first and second crop
year. We have taken into consideration the influence of the used drill and order cuts. The experiment
was established in two sowing dates. The higher differences in the content of CP in forage have been
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reached in the order of cuts. Supreme crude protein content (P>0.05), identically in both years, was
evaluated in the third mowing, to 195.03 g/kg crude protein.

Hrabé and Buchgraber (2009) found out that the concentration of essential nutrients decreases
with increasing fiber content. For example crude protein decreases from 200 g/kg up to 70 g/kg. Aging
of forage is important for the forage digestibility, availability and hygiene.

The relatively high nitrate content can be monitored in Amos variety, which in the third mowing
reaches values above of 200 g/kg (Figure 1). An interesting result is very similar to Hostyn variety
(Figure 2).

Table 3 Effect of variety, seed technology, rank and date of establishment cuts to crude protein content
(9/kg) in the stand in 2012 and 2013

Content of Crude protein (g/kg)

Factor 2012 | ’ 2013
Variety

Amos 167.34° 167.04°

Suez 159.43° 16232

Felina 161.91° 171.13 %

Hostyn 150.34° 156.98°
Technology — Machine

SE 2-024 155.69 159.49 ¢

GP TP 300 162.42 158.73°

PP-2 161.16 164.89
Order cuts

1. 131.53% 128.71°

2. 166.36° 169.37°

3. 181.37° 195.03 °
Term of double-seeding

1/2012 159.33 164.05

2/2012 160.18 164.68

Legend: Among the average values of various indexes (a, b, ¢) in the columns is significant difference at p <0.05

Figure 1 Contents of nitrogenous substances (g/kg) in dry matter in the stand with more cut variety
AMOS (Trifolium pratense L.), depending on the drill from 1 to 3 mowing, 2013, in the first and second
term foundation.

260

240

220

200

180

160

140

120

80

60

Machine 1 2 3 Machine 1 2 3

Term of double-seeding: 1 Term of double-seeding: 2

=% 1. cutNL 2013
—&— 2. cut NL 2013
== 3. cutNL 2013

Legend: Machine 1 - SE 2-024, Machine 2 - GP TP 300, Machine 3 - PP-2.
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Figure 2 Crude protein content (g/kg) in dry matter in the stand with more cut variety HOSTYN (loloid
type of festulolium), depending on the drill from 1 to 3 mowing, 2013, in the first and second term
foundation.
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Legend: Machine 1 - SE 2-024, Machine 2 - GP TP 300, Machine 3 - PP-2.

CONCLUSION

More sawn type (variety) had effect on the crude protein content of forage grass. Crude protein
content affect also the order of cuts. Crude protein content in the year 2013 was the lowest (P<0.05)
(128.71 g/kg) in the first mowing, while in the third mowing high - up to 195.03 g/kg.
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Abstract: The diamondback moth is known globally by many as the most destructive and economically
important insect pest of cruciferous crops. It is also known to have developed resistance to numerous
synthetic insecticides including those with newer active ingredients (Shelton et al. 2008); and this has
triggered the development of alternative measures, including botanical insecticides (Oyedokun et al.
2011). The aim of this study was to evaluate the toxic effect of Azadirachta indica, Chrysanthemum
cinerariaefolium and Quassia amara extracts and their mixtures on the diamondback moth larvae; in an
attempt to find a superior mixture with more than one major active ingredient for the control of
diamondback moth. The study consisted of two separate experiments; a feeding test, and a tarsal contact
test. Mortality was recorded at 24, 48 and 72-h intervals from the start of the study. Varying levels of
mortalities was recorded in both tests; mortalities ranged between 2—58% and 8% to 76% for the feeding
test and the tarsal contact experiment respectively. In both experiments, the highest mortality was
recorded in the first 24h and in formulations with the highest concentration. For the feeding test,
Pyrethrins, Azadirachtin + Pyrethrins and Azadirachtin + Pyrethrins + Quassin extract/extract mixtures,
produced the best effect; with Pyrethrins recording a 54% total mortality count, Azadirachtin +
Pyrethrins combination producing a 48% mortality count and a 58% mortality count from Azadirachtin
+ Pyrethrins + Quassin extract combination. In the contact experiment, the highest mortality was
observed in Pyrethrins, and Pyrethrins + Azadirachtin mixture; recording 76% and 64% mortality count
respectively.

Key Words: botanical insecticides, feeding test, contact test, larval mortality, brassica pests

INTRODUCTION

The diamondback moth (Plutella xylostella) is considered the most destructive and economically
important insect pest of cruciferous crops in the world (Sarfraz et al. 2006, You and Wei 2007). The
economic loss due to this pest has been estimated worldwide to be US$4-US$5 billion (Zalucki et al.
2012). In addition to crop losses, the annual management costs for controlling this pest were estimated
to be more than US$1.0 billion globally (Grzywaez et al. 2010). As a result, a lot of effort has been
devoted to find alternative control measures for this pest because of the negative impact of pesticides
and the problems encountered in controlling diamondback moth populations (Isman 2006). Having
observed that some plants protect themselves better than others, humans developed the use of plants as
pesticides. Historically, botanicals were used before other kinds of pesticides. They are mentioned in
Hieroglyph, Chinese, Greek, and Roman antiquity and also in India where the use of the neem tree
(Azadirachta indica Juss.; Meliaceae) was reported in the Veda, a body of manuscripts written in archaic
Sanskrit dated at least 4,000 years ago (Philogéne et al. 2005).

Botanical pesticides are naturally occurring chemicals extracted from plants. The plant kingdom
is the most efficient producer of chemical compounds (primary and secondary metabolites), synthesizing
many products having wide array of functions that are used in defence against herbivores (Croteau et al.
2000). Extracts from Azadirachta indica, Chrysanthemum cinerariifolium and Quassia amara have all
been reported individually to possess insecticidal effects against the diamondback moth larvae. Grainge
et al. 1984, and others; stated the neem plant possessed Insecticidal, Contact Poison, Stomach Poison,
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Growth Inhibitory, Antifeedant and Repellant activity against the diamondback moth. They also
reported that the whole plant, bark, stem, leaves, fruits and seeds, were among plant parts from which
extracts could be made.

Pyrethrum (active component being pyrethrins) is the powdered, dried flower head of the daisy;
Chrysanthemum cinerariaefolium (Asteraceae). The flowers are ground to a powder and then extracted
with hexane or a similar nonpolar solvent (Casida and Quistad 1995, Glynne-Jones 2001). The
insecticidal action of the pyrethrins is characterized by a rapid knockdown effect, particularly in flying
insects, and hyperactivity and convulsions in most insects. These symptoms are a result of the neurotoxic
action of the pyrethrins, which block voltage-gated sodium channels in nerve axons. In purity, pyrethrins
are moderately toxic to mammals (rat oral acute LD values range from 350 to 500 mg/kg), but technical
grade pyrethrum is considerably less toxic (ca. 1,500 mg/kg) (Casida and Quistad 1995). Technical
grade pyrethrum, the resin used in formulating commercial pesticides, typically contains from 20-25%
pyrethrins (Casida and Quistad 1995, Isman 2006).

Two types of botanical pesticides can be obtained from seeds of the Indian neem tree; Azadirachta
indica (Schmutterer 1990, 2002); at the physiological level, azadirachtin blocks the synthesis and release
of molting hormones from the prothoracic gland, leading to incomplete ecdysis in immature insects.
And in adult female insects, a similar mechanism of action leads to sterility. In addition, azadirachtin is
a potent antifeedant to many insects. Neem oil, obtained by cold-pressing seeds, can be effective against
soft-bodied insects and mites but is also useful in the management of phytopathogens. Apart from the
physical effects of neem oil on pests and fungi, disulfides in the oil likely contribute to the bioactivity
of this material (Dimetry 2012).

Quassia amara is a neotropical forest shrub or small tree, whose range extends from Mexico to
Ecuador, including the Caribbean basin, where it normally grows in the forest understory, but it also
grows easily in disturbed areas (Villalobos 1995). Its wood contains several quassinoids with
insecticidal properties (Polonsky 1973). Daido et al. (1995), also noted that many cytotoxic quassinoids
have been shown to have insect antifeedant activity.

It is assumed that a binary mixture (having two components, A and B) can elicit at least three
types of responses on an insect (Bitterman 1996, Caouvillon and Bitterman 1982). Two of these
correspond to each of the components, where the response of one of the components dominates over the
response to the other, and would be similar to the effects produced when presented separately. These
elemental qualities might be diminished or enhanced in intensity via mixture suppression or synergism
(Cromarty and Derby 1997). A mixture of A and B could also give rise to a third element (AB) that is
activated only when both elemental stimuli are present. And it is AB that is associated with
reinforcement instead of A and B themselves (Rudy and Sutherland, 1992).

Based on the many available evidence on the insecticidal activities of the Neem, Pyrethrum and
the Quassia amara extracts individually, we decided to further investigate the effects of extracts from
those plant; individually and in a 1:1 and 1:1:1 mixture on DBM larvae under laboratory conditions.

MATERIALS AND METHODS

This research work was conducted in the laboratories of the Faculty of Horticulture of the Mendel
University in Brno (Czech Republic) between September and December 2015. All botanical pesticides
(NeemAzal T/S, Spruzit®, and Quassia wood chips) used for this experiment were purchased from local
authorized dealers in the Czech Republic.

Cabbage, Brassica oleracea var. capitata L. (HORNET F1) was planted in plastic pots (100 mm
diameter) in a mixture of 70% peat substrate and 20% perlite. Plants were maintained under normal
greenhouse conditions, and six weeks-old plants were used for the experiments.

Plutella xylostella larvae used in this study were obtained from the laboratory Crop Research
Institute; Czech Republic. The colony was reared on cabbage seedlings (Brassica oleracea var capitata
L.) and maintained at room temperature (20-25 °C), RH of 60-65% and a 16:8 h light: dark regime.
Bio-pesticides Used

A test solution of Spruzit, [with 4.59 g/l Pyrethrins; equivalent to 18.36 g/l natural pyrethrum and
825.3 g/l rapeseed oil]; with different concentrations (2.0%, 1.0%, and 0.50% v/ v) was prepared with
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PYRETHRIN being the active ingredient. For the Neem extract/Azadirachtin (NeemAzal-T/S), with
azadirachtin 10.6 g/l (Azadirachtin A 1%); a test solution with different concentrations of NeemAzal-
T/S (2.0%, 1.0%, and 0.5% v/ v) were prepared with AZADIRACHTIN being the active ingredient.
A test solution of 3% w/v which was latter diluted to 1.5% and 0.75%, was also prepared from Quassia
amara (Quassia wood chips) with QUASSIN being the active component. The aqueous extract of
Quassia amara was prepared by soaking Quassia wood chips overnight in water and boiled for 30
minutes, following procedures similar to those described by Dodia et al. (2008) and Zijp and Blommers
(2002). A brown-coloured solution which was subsequently obtained was decanted and used
immediately. The supplier did however not specify the amount of quassins in the wood chips, but it is
known that the source of quassin and neoquassin is the wood of Quassia amara L. (Sapindales:
Simaroubaceae), containing; depending on the age, 0.14—0.28% of quassinoids (quassin and neoquassin)
(Villalobos et al. 1999). In all, there were eight formulations/treatments, including a control and a 1:1
mixture and 1:1:1 mixture of the above bio-pesticides. Each treatment consisted of 3 concentrations;
designated C1, C2 and C3; for high, medium and low treatments concentration respectively.

Feeding Bioassays

Diamondback moth larvae collected from the rearing chamber were starved for two hours. Fresh
un-infested cabbage leaf disks produced under greenhouse conditions were used for this experiment.
Leaf disks were treated with the respective doses of the botanical preparations by dipping the leaf disks
in the solutions for 20 second and then air-drying for one hour on a paper at room temperature before
being fed to larvae. The fresh treated un-infested leaves were then placed in Petri dishes with moistened
Whatman filter paper placed beneath the leaves to avoid desiccation of the leaf disc in the Petri dishes.
Ten starved third instar larvae were transferred into each Petri dish and allowed to feed on the treated
leaf disks. There were eight (8) formulations in all, including a control and each treatment replicated
five (5) times. The experiment was carried out at 16:8 h light/darkness regime, 20-25 °C and 65%
relative humidity. Treated leaf disks were replaced with untreated leaf disks after 24 h after exposure of
the larvae to the treated leaf disks, and mortality recorded. Mortality was determined 24, 48, and 72-h
after treatment.

Tarsal Contact Bioassays

Before transferring Diamondback moth larvae into petri dishes with the various treatments, the
larvae were fed on untreated cabbage leaves to reduce the amount of feeding on the labelled solution.
A 125mm Whatman filter paper soaked with 2ml of the various labelled solutions, was placed in a
150mm petri dish. Ten third instar Diamondback moth larvae were transferred onto the wetted filter
paper in the petri dish and then covered. After an hour of exposure of the larvae on the wetted filter
paper, the larvae were transferred into a clean petri dish and fed ad libitum with untreated cabbage
leaves. Each Petri dish was kept under ambient laboratory conditions (20-25 °C, 60—-65% RH and a 16:8
h light: dark regime). Mortality was determined 24, 48, and 72-h after treatment. There were eight (8)
formulations in all, including a control and each treatment replicated five (5) times.

Data Collection and analysis

Data analysis was done with STATISTICA 12; statistical differences among the treatments were
determined by a t-test analysis; and all treatments were compared to the controlled treatment.
Significance to the corresponding control is designated as follows: "*' P<(.05, '**' P<0.01, "***'P<(.001.

In both the feeding and tarsal contact bioassays, larval mortality was determined and recorded at
24, 48 and 72 hours after feeding starved larvae on treated leaf disks in petri dishes and exposure by
walking on the wetted filter paper respectively. Larvae were considered dead if they failed to respond
to stimulation by touch.

RESULTS AND DISCUSSION

All formulations; individually or mixtures, revealed varying level of efficacy against the
diamondback moth larvae. The highest mortalities were recorded in the first 24-h (less than 10%
mortality was recorded after 48-h and 72-h after exposure of larvae to treatments) and in preparations
with the highest concentration. Mortalities decreased with treatment concentration and time in both
bioassays. It decreased from C1 treatment concentrations to C3 treatment concentration, and from 24-h
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to 72-h in both tests; very little or no mortality was recorded after 48 and 72-h of feeding and exposure
to treatments in both bioassays. Results also revealed that the highest level of diamondback moth larval
mortality was recorded in the feeding test as seen in Table 1. With the exception of the treatment with
Quassin as the only active ingredient, all other treatments in the feeding bioassay, produced a significant
effect, especially in C1 treatment concentrations.

In the tarsal contact bioassay, only treatment with Pyrethrin as the active ingredient (C1 and C2
treatment concentration), and Azadirachtin + Pyrethrin active ingredient combination (C1 treatment
concentration) produced a significant effect. All other treatments in the tarsal contact bioassays did not
produce a significant effect, as seen in Table 2. Also, in both bioassays, only Pyrethrin, and Azadirachtin
+ Pyrethrin combination produced the most consistent and highly significant results.

Table 1 Mean Plutella xylostella larval mortality, 72-h after larval exposure to the treated leaves in the
Feeding Test (% £ SD).

| Conc. [C | A P Q A+P A+Q P+Q A+P+Q
Cl 0 | 18+84% |54+ 14+55 |48+ 16+8.9*% |20+ 58 +
11.4%%% | 13.0%* 7.1%% 8.4k
C2 0 |8+84 24 & 4+55 30 + 6+5.5 8+84 |56+15.2
16.7* 7.1k ok
C3 0 |2+45 16 + 4+55 16 + 4+55 4+55 |16+152
11.4* 13.4%

Legend: In both Table 1 and 2, and in Figure 1 and 2; A - Azadirachtin, P - Pyrethrin, Q - Quassin, A+P - Azadirachtin +
Pyrethrin, A+Q - Azadirachtin + Quassin, P+Q - Pyrethrin + Quassin, A+P+Q - Azadirachtin + Pyrethrin + Quassin.

Table 2 Mean Plutella xylostella larval mortality, 72-h after larval exposure to wetted filter paper in
the Tarsal Contact Test (% + SD).

Conc. |C | A P Q A+P A+Q P+Q A+P+Q
Cl 0 |16x16.7 76 + 4+89 64 + 4+89 8+11.0 | 16 +16.7
16.7%** 8.9 **
C2 0 |8+11.0 28 + 0 16+16.7 |0 0 0
11.0%*
C3 0 |0 12+11.0 |0 0 0 0 0

In the feeding bioassays, the highest percentage mortality was recorded by Pyrethrin,
Azadirachtin + Pyrethrin combination, and Azadirachtin + Pyrethrin + Quassin active ingredient
combinations, producing 54%, 48% and 58% total mortalities respectively, as against Pyrethrin (76%)
and Azadirachtin + Pyrethrin combination (64%) in the tarsal contact bioassay. Figure 1 and 2
summarizes treatments effects for all the bioassays.

Figure 1 Total larval mortality, 72-h after larval exposure to the treated leaves in the Feeding Test.
Figure 2 (right) Total larval mortality, 72-h after larval exposure to the wetted filter paper in the Tarsal
Contact Test.
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The study also reveals that, formulations from all individual species (Azadirachtin, Pyrethrin and
Quassin) resulted in varying level of larval mortalities in both tests, and these preparations could be
a better option for the control of Plutella xylostella. All the individual formulations confirm previous
studies which states their efficacies against the Plutella xylostella larvae; and in line with many other
studies that also stated that extracts from these plant species resulted in Plutella xylostella larval
mortality. With respect to the mixtures, even though our results are in line with Cromarty and Derby’s
(1997) revelation that intensities of elemental qualities in mixtures might be diminished or enhanced
through mixture suppression or synergism, observed synergism or depression was in both tests. We
however did not determine whether the effects shown by the mixtures was as a result of an interaction
between the individual components, as stated by Rudy and Sutherland (1992).

Among all the formulations; Pyrethrin alone, Pyrethrin + Azadirachtin mixture, and Pyrethrin +
Azadirachtin + Quassin combination, proved much effective than the rest. As seen in figure 1 and 2,
these extracts show very strong feeding and contact effects on the diamondback moth larvae; and could
have a strong collective effect for the control of the diamondback moth larvae.

CONCLUSION

The results proved that Azadirachta indica, Chrysanthemum cinerariaefolium and Quassia amara
extracts are effective as botanical insecticides for the control of Plutella xylostella larvae, and also
exhibiting mutual effects in a 1:1 or 1:1:1 mixture. Performance however corresponded to treatment
concentrations; the higher the concentration, the higher the performance.

With the exception of Pyrethrin alone as the active ingredient, formulations made from
a combination of active ingredients were much effective than all other formulations. All in all,
Azadirachtin + Pyrethrin, and Azadirachtin + Pyrethrin + Quassin combination produced the best
performance in both the feeding test and the tarsal contact experiment.

Azadirachtin + Pyrethrin formulation applied at 2% v/v Neem and 2% v/v Pyrethrin in a 1:1 ratio,
exhibited better insecticidal activity in both the feeding test and the tarsal contact experiment than all
other combined formulations. Pyrethrin, and Azadirachtin + Pyrethrin formulation could also be easily
prepared and economically, and thus strongly recommended for the control of Plutella xylostella.
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Abstract: Remote sensing can be very useful tool for agriculture management. In this study, remote
sensing methods were applied for yield estimation in the field level. There were compared remote
sensing data together with yield data obtained from the field. The study area is located in Polkovice in
Olomoucky region and a crop planted there in the year 2016 was spring barley as one of most important
crops grown in the region. The study area in Polkovice is located at lower elevations with intensive crop
production and is climatologically warmer and drier than other areas of the Czech Republic. Year 2016
was the first year when the harvest device has been used for yield analysis in this study area. The output
of this method is the yield map displaying the amount of crop harvested in the particular place in the
field. The yield data from the field were then compared with remote sensing data in the form of
vegetation indices. Two of them were used for comparison — Normalized Difference Vegetation Index
(NDVI) and a two-band Enhanced Vegetation Index (EVI2). These indices have been often used for
yield estimation in different studies but mostly in larger scales. This study investigates use of NDVI and
EVI2 at more detailed scale while using various remote sensing methods. Comparisons show that remote
sensing data can provide accurate estimation and can be used for yield forecasting or supplement
traditional ways of yield estimation. Results of the study show that yield-index correlations are stronger
for satellite data than for the drone data. NDVI showed slightly stronger correlations than EVI2.
Strongest correlations between vegetation indices and yields were found for NDVI from Sentinel 2.

Key Words: Yield, drone, spring barley, NDVI, EVI2

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). Remote sensing indicators are now widely used in agriculture
for monitoring crop condition and forecasting yield (Brown et al. 2008). Indicators commonly used in
agriculture include vegetation indices, such as the Normalized Difference Vegetation Index (NDVI) and
the Enhanced Vegetation Index (EVI), that track crop progress and evolution in green biomass amount
(Becker-Reshef et al. 2010, Esquerdo et al. 2011). There are also other more physically based vegetation
indices that describe light-harvesting capacity or photosynthetic rates, including the Leaf Area Index
(LAI) or the fraction of Absorbed Photosynthetically Active Radiation (fAPAR) (Doraiswamy et al.
2005, Guan et al. 2015). Another class of remote sensing indicators is connected with various aspects

of the surface moisture status, e.g. plant water use via satellite-based estimates of evapotranspiration
(ET) (Anderson et al. 2007).

Many studies have investigated correlation between various satellite indices and crop yields
(Anderson et al. 2016). Conclusions of these studies showed that no single indicator is valuable always
and everywhere, and its performance depends on many factors, e.g. climate, soils, management, crop
type, growing season or limitation of given device or sensor (Johnson 2014).
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There is clearly a benefit to integrate information from multiple satellites (Anderson et al. 2016)
or even compare satellite data and ground observed data. This paper describes a strategy for combining
satellite remotely sensed data with other modern technologies to support water use, drought monitoring
and yield analysis.

The goal of this work is to identify remote sensing data and yield monitoring tools that can be
used at more detailed scale — at the field level in the certain regions of CR and neighboring countries.

MATERIAL AND METHODS

The important part of the study was yield estimation done by NDVI that has been widely used to
monitor vegetation at regional to global scales (Tucker et al. 1985). The NDVI (Tucker 1979) is a
numerical transform of the visible red (RED) and near infrared (NIR) spectral bands that takes following
form (Tucker 1979):

_ NIR-RED
NIR +RED

NDVI represents a dimensionless, radiometric measure that obtain different response from the
incident visible red (absorbed by chlorophyll) and NIR (that is reflected by the mesophyll layer of
leaves) radiation with the vegetation canopy. NDVI correlates with the relative abundance and condition
of green vegetation, therefore NDVI time series have been widely used in research connected to drought
and agriculture, as e.g. quantification of seasonal events, classification of land cover types or vegetation
conditions (Brown et al. 2008).

The second vegetation index used in the study is EVI2 which is two-band EVI — without a blue
band. EVI2 was developed due to limitation of EVI to sensor systems designed with a blue band, in
addition to the red and near-infrared bands. This fact made it difficult generate long-term time series as
we know e.g. from NDVI. EVI2 has the best similarity with the 3-band EVI, particularly when
atmospheric effects are insignificant and data quality is good (Jiang et al. 2008). 3-band EVI is calculated
as showing following form:

NDVI

NIR - RED
NIR + C,RED -C,BLUE + L

NIR, RED and BLUE are the reflectances in near infrared, red and blue bands respectively. G is
a gain factor; C; and C, are the coefficients of the aerosol resistance term which uses the blue band to
correct for acrosol influence in the red band. L functions as the soil-adjustment factor (Jiang et al. 2008).
EVI2 is calculated in the following way:

EVI2Z=G

EVI =G

NIR — RED
NIR +(6-7.5/C)R +1

Parameter G is to be determined according to the ¢ value. Parameter c comes from the relationship
RED =c¢ x BLUE. It should be noted that ¢ derived by fitting the blue reflectance to the red reflectance
might not be the same as that derived by fitting EVI2 to EVI. The reason is that NIR reflectances are
involved in fitting EVI2 to EVI but they aren’t used to relate the blue reflectance to the red reflectance
(Jiang et al. 2008).

In this study, data for computing NDVI and EVI2 for Polkovice site were obtained from more
sources. As mentioned above, study area is located in Olomoucky region in the eastern part of the
country. Coordinates (GPS position) of locality is following: 49°23'50.05"N, 17°14'52.25"E. One of
sources was a drone overpassing the study area. Another important set of data were satellite data. Data
for NDVI and EVI2 were obtained from Landsat 8 with the spatial resolution 30 m. NDVI was also
computed from another satellite — Sentinel 2 with the spatial resolution 10 m. Values of vegetation
indices from drone and satellite data were extracted from 20 places located in the field. NDVI measured
in the field was used for yield-index correlation, too. NDVI was measured by the GreenSeeker handheld
crop sensor. There were 20 measurement points in the field (Figure 1).

All available remote sensing data were used for correlation with yield data obtained in the field.
There were two data sets available. Firstly, yield was calculated from harvest sampling done shortly
before harvest. Sampling was done in the same points where NDVI were measured during the growing
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season. The result yield was calculated in grams per m?. Secondly, yield data were obtained from harvest
device located in the harvester. The result of this yield analysis is the yield map demonstrating variability
in field level. From this yield map, yield data were extracted for the same 20 points as harvest sampling
was done. Result yield data are in tons per hectare. Then index-yield correlations were quantified by use
of the correlation coefficient.

Figure 1 A map showing measurement points in the study area in Polkovice

RESULTS AND DISCUSSION

Exploration of dependencies between vegetation indices and crop yield data was undertaken by
use of the correlation coefficient. Results are shown in the Table 1 that shows values of correlation
coefficient between NDVI and EVI2 and yield data. Two yield data sets are highlighted in bolt for easier
orientation.

Table 1 Correlation coefficients between vegetation indices and yields

1 2 3 4 5 6 7 8 9| 10| 11| 12| 13
1 1
2| 0.66 1
3] 0.54] 0.77 1
4| 040 0.64| 0.42 1
5/ 0.56] 0.59| 0.33| 0.59 1
6] 0.32] 0.68| 0.59| 0.47| 0.44 1
7] 040] 0.73| 0.68| 0.46| 0.45| 0.96 1
81 049| 0.81| 0.68| 0.53| 0.48] 0.89]| 0.93 1
91 024] 0.70| 0.63| 0.40| 0.45| 0.74]| 0.70| 0.71 1
10| 0.43] 0.59| 0.50| 0.65]| 0.55] 0.79] 0.78| 0.72| 0.43 1
11| 0.55]| 0.86| 0.64| 0.77| 0.66| 0.66]| 0.70| 0.75| 0.69| 0.67 1
12| 0.47| 0.64| 0.64| 0.72| 0.61| 0.66| 0.66| 0.65| 0.50| 0.82| 0.78 1
13| 0.46| 0.71| 0.61| 0.58| 0.69| 0.55| 0.67| 0.71| 0.59| 0.55| 0.83| 0.70 1
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1 — EVI2 obtained from the drone on 7. 6. 2016

2 — NDVI obtained from the drone on 7. 6. 2016

3 — NDVI measured in the field by GreenSeeker on 19. 5. 2016
4 — NDVI measured in the field by GreenSeeker on 23. 6. 2016
5 — NDVI measured in the field by GreenSeeker on 4. 7. 2016
6 — EVI2 obtained from Landsat 8 on 9. 5. 2016

7 — NDVI obtained from Landsat 8 on 9. 5. 2016

8 — EVI2 obtained from Landsat 8 on 25. 5. 2016

9 — NDVI obtained from Landsat 8 on 25. 5. 2016

10 — NDVI obtained from Sentinel 2 on 6. 5. 2016

11 — NDVI obtained from Sentinel 2 on 25. 6. 2016

12 — yield obtained from harvest sampling (g/m?)

13 —yield obtained from the harvest device during the harvest (t/ha)

The strongest correlations between NDVI and yield were indentified in data from Sentinel 2.
Correlation coefficient was 0.82 for the scene from 6. 5. 2016 and 0.78 for the scene from 25. 6. 2016.
These correlations are between NDVI and yield data coming from harvest sampling. The strongest
correlation between EVI2 and yield was found for the Landsat 8 scene from 25. 5. 2015. Correlation is
0.71 and compared yield data comes from the harvest device. NDVI measured by GreenSeeker crop
sensor show also good results. Correlation between GreenSeeker NDVI and yield from harvest sampling
are between 0.61 and 0.72 and are a bit higher than in the case of yield data from harvest device. Figure
2 shows relationships between vegetation indices and yield data (both from crop sampling and harvest
device) for the Landsat 8 scene from 25. 5. 2016 that showed also strong correlations — from 0.5 to 0.71.

Figure 2 Comparison of vegetation indices and yields
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CONCLUSION

According to rather strong correlations between vegetation indices and yield data, it seems to be
obvious that vegetation indices can be used for pre-harvest yield estimation and calibration of yield
analysis coming from both traditional and modern methods. Yield-index dependence should be
investigated in bigger detail especially for the field level analysis that is quite new subject of study.

Following study should include other index or indices, e.g. Evaporative Stress Index (ESI) — an
indicator of agricultural drought expressed as standardized anomalies in the ratio of actual-to-potential
ET (Anderson et al. 2011, 2013, 2015). It would be also very useful to compare yield-index correlation
for longer time scale — to include remote sensing and yield data for more than one growing season.
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Abstract: The aim of this work was to investigate the possibilities of stabilisation of the juice freshly
pressed from young barley by the means of the essential oils of selected plant species. Barley was grown
in the laboratory into the development phase DC 29. Spring barley variety Francin was used
for the experiment. Essential oils of fennel (Foeniculum), cinnamon (Cinnamonum), lemon balm
(Melissa) and mint (Mentha) were used in various concentrations for the stabilisation of the young barley
juice. Sensory evaluation was performed for individual samples of young barley juice after
the essential oil addition. The results indicate that cinnamon and mint essential oils proved to have the
best preservation effects, but the best in terms of taste the use of fennel and lemon balm essential oils.

Key Words: barley, essential oils, fennel, cinnamon, lemon balm, mint, preservation

INTRODUCTION

The many of essential oil have been proven to have significant antimicrobial, antifungal,
antihelmitic and antiseptic effects against a wide range of microorganisms. Significant antioxidant
properties of the essential oils were also demonstrated and thus they can be used in food industry
as active preservation agents (Ghabraje et al. 2016).

Food preservation is a procedure which is able to prolong the shelf time of raw materials
and foodstuff. The treated products are more sustainable in the short or long term. It is important
to keep the organoleptic properties unchanged during the preservation, as well as the nutritional
components of the food (Ingr 2007).

A significant characteristic of young barley is the content of active enzymes that constitute about
40% of its weight. Young barley contains cytochrome oxidase, which is responsible for cellular
respiration, peroxidase, which decomposes hydrogen peroxide, catalase, oxidase of fatty acids
and transhydrogenase (Dallen et al. 2010, Takano et al. 2013, Yamura et al. 2013, Lahouar et al. 2015).

Cinnamon is a plant from the Lauraceae family. Both wood and leaves, seeds, bark and roots
of the plant are used. The main active agent is cinnamon essential oil, consisting mostly
of cinnamaldehyde, eugenol, cinnamyl acetate, cinnamyl alcohol, o-methoxycinnamaldehyde
and cinnamic acid. Other metabolites such as diterpenes, hydroxy alcohols, mucilage and tannins are
also present. It is recommended to use cinnamon against anorexia, indigestion, to improve
the immunity and in the case of hormonal disorders (Jahodar 2010).

Fennel belongs to the Apiaceae family. It is a biennial perennial herb desired for its fruits,
elongateddiachenia (Wenzel 2014). The fruits contain mostly the essential oil with anethole, fenchone
and estragole as major constituents. Epoxy-p-menthane, hydroxycoumarins, furanocoumarins,
pyranocoumarins, flavonoids, beta—carotene and phytosterols are also present (Gresik 2013). It is used
against flatulence and to stimulate bowel movements, the release of mucus, to increase the production
of breast milk, where it also influences the course of digestion in infants, to inflamed eyes washing and
for cosmetic coverings (Erdelska et al. 2008).

Lemon balm is a perennial herb from the Lamiaceae family with typical lemon scent (Erdelska et
al. 2008). The plant contains hydroxycinnamic acids - rosmarinic, coumaric, caffeic and chlorogenic
acid. The compounds responsible for the properties of the essential oils are citral, citronellal, geraniol,
nerol, linalool, humulene, farnesyl acetate, beta-caryophyllene and eremophilene. In contains also
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flavonoids, tannins and pentacyclictriterpenic acids (Jahodai 2010). Lemon balm soothes the nervous
system in the case of exhaustion, insomnia, headaches, dizziness and also is used for painful
menstruation, treatment of heart activity and to lower blood pressure, digestive disorders and problems
with gallbladder function (Wenzel 2014).

Mint is a perennial herb belonging to the Lamiaceae family. The main components
of the essential oils are menthol (35—45%), menthone (15-25%), methyl acetate (3—5%) ,neomenthol,
isomenthol, menthofuran, terpenes, flavonoids, tannins and phenolic acids (Jahodai 2010). It is used
mostly to ease the pain, to suppress the sensitivity of nerve endings, to promote the excretion of bile
during digestion and against diarrhea (Wenzel 2014).

MATERIAL AND METHODS

Plant material

To obtain the young barley juice, Francin variety of spring barley has been used, grown
at the laboratory conditions at the temperature 22 °C. Juice from the barley grown into the phase
DC 29 was extracted by the means of the instrument Healthy Juicer for the green mass processing.
Essential oils of selected species of medicinal plants - fennel (Foeniculum), cinnamon (Cinnamonum),
lemon balm (Melissa) and mint (Mentha) were added into fresh juice in two different concentrations
(lower - 0.1 ml/l; higher - 0.2 ml/I).

The volume of barley concentrate created during the juicing was diluted with water to the ratio
1:8. The resulting solution was divided into nine samples where the sample no. 2 was conducted
as a control without the addition of any essential oil and to the others essential oils were added (see
Table 1). The control sample no. 2 was compared with the sample no. 1, which was prepared from the
product available on the market, green barley powder from the Green Ways company (GW). The
composition and antimicrobial activity of the essential oils was taken into the account during their
selection.

Table 1 List of the samples for sensory evaluation and monitoring of the effects of preservatives

Sample | Form Amount Essential oil
1. Young barley, powder - -

2. Young barley, fresh - -

3. Young barley, fresh Lower Cinnamon
4. Young barley, fresh Higher Cinnamon

5. Young barley, fresh Lower Fennel

6. Young barley, fresh Higher Fennel

7. Young barley, fresh Lower Lemon balm
8. Young barley, fresh Higher Lemon balm
9. Young barley, fresh Lower Mint

10. Young barley, fresh Higher Mint

Selected criteria for the sensory testing were the scent, the presence of extraneous scent, the
presence of extraneous flavours, flavour intensity and the total impression. 25 respondents were
interviewed, of which one third were men and two thirds were women. There were 10 samples to
evaluate. Then the samples were stored in the refrigerator and the preservation effects of the essential
oils were monitored during a four weeks period.
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RESULTS AND DISCUSSION

Sensory tests

Sensory tests were evaluated and graphically presented. At first, sensory tests comparison
of the beverages prepared from the powder made by Green Ways and the juice freshly pressed from
barley plants were performed.

Overview of the results (dilution ratio 1:8)

Figure 1 The comparison of fresh juice and the beverage prepared from powder
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Results obtained from the monitored samples suggests that barley from GW company had,
according to the respondents, better scent than fresh juice from young barley, and some respondents
considered the smell of the young barley juice unpleasant. Figure 1 shows that the presence
of extraneous scent was imperceptible for respondents in most cases, but 16% of respondents considered
the presence of extraneous scent strong in the GW barley and 44% of respondents registered the presence
of extraneous scent in the young barley juice. Taste of both investigated samples was mostly pleasant
for the respondents (barley GW-56%, juice from young barley—80%).

Another set of sensory tests was performed using young barley juice with the addition
of various amounts of essential oil. Cinnamon, fennel, lemon balm and mint essential oils were studied.

Figure 2 The scent of young barley juice with the addition of essential oil
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It is evident from the Figure 2 that the respondents found the scent of spring barley juice
with lemon balm essential oil the most pleasant, both in lower and higher concentrations (84; 80%). On
the other hand, the odour of spring barley juice with higher amount of cinnamon essential oil was found
unpleasant by the respondents (48%).

According to the respondents, the strong presence of extraneous scent was found in 84% of the
cases in juice with higher amount of mint essential oil. As can be seen in the Figure 3, the most
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unnoticeable extraneous scent was reported in the juice with higher amount of fennel essential oil (40%
of the respondents).

Figure 3 The presence of extraneous scent in young barley juice with the addition of essential oil
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Figure 4 The flavour of young barley juice with the addition of essential oil
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During the sensory evaluation, the taste was of one of the most important criteria. As you can see
from Figure 4, the juice with fennel essential oil had a pleasant taste in both the lower
and the higher concentration (68; 50% of the respondents). The spring barley juice enriched with higher
concentrations of mint essential oil was unpleasant for 95% of the respondents.

Figure 5 The presence of extraneous flavour in young barley juice with the addition of essential oil
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As can be seen in Figure 5, 100% of the respondents reported the strong presence
of extraneous taste in the young barley juice with higher amounts of mint essential oil. In the juices
enriched with lower amounts of fennel essential oil, only 12% of the respondents didn't consider
the presence of extraneous flavour as unnoticeable.

According to the respondents, the most intense flavour had young barley juice with higher amount
of mint essential oil (92% of the respondends). As shown in Figure 6, the weakest taste was found for
the sample with a lower concentration of lemon balm oil.
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Figure 6 Flavour intensity of the young barley juice with the addition of essential oil
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Figure 7 Total impression of the young barley juice with the addition of essential oil
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The respondents agreed that the young barley juice enriched with lemon balm essential oil made
an excellent impressionin lower amount (76%). On the other hand, 80% of the respondents rated
the juice with a higher amount of cinnamon essential oil as bad. However, cinnamon essential oil is
important from the technological point of view. Despite the fact that the impression of juice
with higher amount of cinnamon essential oil was rated negatively, we can see from the Figure 7 that
the juice with a lower amount of cinnamon essential oil was rated as excellent by 36% of the respondents.

The preservative effects of essential oils to the young barley juice

In terms of the preservation effects, the results of this work showed that untreated young barley
juice can be stored at temperatures 5—8 °C for about five days. Best preservation effects were found for
the cinnamon essential oil.

The samples treated with cinnamon essential oil didn't show any changes during the four weeks
period. Fennel and lemon balm essential oils were found to have less effective preservation properties
than the cinnamon essential oil, but at temperatures 5—8 °C these essential oils also showed preservation
effects for 3 weeks.

The preservation effects of mint essential oil to the young barley juice was found out to be suitable
during the four weeks period. The tests of microbiological purity will be also performed
as a part of future research.

The preservation of young barley was investigated by Kovarova (2013). They present methods of
preservation by freezing and sterilisation in their paper. However, the enzymes and active ingredients
present in young barley are very susceptible both to the high temperatures used
for sterilisation and low temperatures used for freezing. The exposition to high temperatures leads
to sensory changes of the colour of the sample and the taste. Freezing causes the precipitation
of samples. The use of the essential oils doesn't require any thermal interference. On the contrary,
the essential oils are natural products that enrich young barley juice with favourable substances.
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CONCLUSION

It is evident from the obtained results that the best preservative effects were found
for the cinnamon essential oil. However, the sensory evaluation of the flavour of young barley juice
enriched with cinnamon essential oil was rather negative. The sample with the addition of cinnamon
essential oil didn't show any changes during the four weeks of storage. Fennel essential oil proved to
have less effective preservation properties than cinnamon, but even this essential oil showed protective
effects for 3 weeks. Within the sensory evaluation, the young barley juice enriched with fennel essential
oil was assessed rather positively. Lemon balm essential oil, characterized by its typical lemon scent,
proved to have preservation effects for 3 weeks similarly to the fennel essential oil. However, young
barley juice with the addition of this essential oil was found tasty by the respondents, who rated the
flavour as rather pleasant. The preservation effects of the mint essential oil to the young barley juice
were also monitored in this work. Mint essential oil is characterized by its refreshing scent, even in very
small quantities; its fragrance is very intense. Mint essential oil proved to be very useful preservation
agent for up to 4 weeks of storage. However, according to the respondents, young barley juice enriched
with mint essential oil was rather unpleasant, especially at higher concentrations of the essential oil in
the sample.

The results indicate that cinnamon and mint essential oils proved to have the best preservation
effects. The efficiency of essential oils was studied also in low concentrations, because the use
of essential oils in larger quantities is not organoleptically acceptable. The treatment of the beverages
with trace amounts of essential oil could have a positive effect also on their taste. Although
the evaluation was not always positive, in terms of the product conservation the activity of used essential
oils is not insignificant.
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Abstract: Seed vigour is the ability of seeds to germinate and form the basis for future plant growth
and development in standard and stressed conditions (drought, low temperatures, lack of nutrients). The root
system size of 39 winter wheat genotypes (Triticum aestivum L.) planted in field experiment was evaluated
in relation to the seed germination and seed vigour and grain yield. Statistically significant inter-varietal
differences in average root system size values from the entire growing season were found. Positive relationship
between root system size in the grain filling stage and germination of harvested seed was confirmed for early
genotypes. Root system size of late genotypes was statistically significantly associated with seed vigour. Grain
yield was not affected by the seed vigour and seed germination of sown seeds, but by the root system size.
Genotypes with a higher average values of root system size and root system size at stem elongation stage
achieved higher grain yield. It is possible to provide selection for cultivar tolerance to stress already at the seed
germination stage and on the quality of plant root systems. Seed vigour and quality of the embryonic roots
is important for the following growth and plant development.

Key Words: seed germination, abiotic stress, grain yield, wheat, breeding

INTRODUCTION

The most serious abiotic stress causing losses to European crop farmers is currently drought stress.
The ability to germinate and produce of vigour plants when the soil moisture conditions are below optimum
or stressful may be vital for herbage creation in periods with limited water supply or those when cold episodes
occur. Higher seed quality may be particularly important in low-input agriculture because poor early
performance is not as readily compensated for later on by mineral fertilisers and pesticides as it is
in conventional agriculture. Furthermore, quality and seed vigour are important factors for competitiveness
against weeds: the seeds of low vigour resulted in a perceptible increase in weed biomass and decrease in crop
yield. Seed vigour is generally described as the sum of the seed properties that determine the potential level
of activity and performance of the seed during germination and seedling emergence (Perry 1978). The
significance of this trait was documented by Pedersen et al. (1993), who reported that an increase in the mean
germination time due to poor seed vigour resulted in a significant loss in grain yield. Biological quality
of seeds so often affects the growth of both root and shoot during the whole vegetation period (Bldha and Sera
2014). It is supposed that genotypes with more vigorous seeds develop, among others, drought tolerance.
Sprouted seeds from more vigorous grains are able to escape from possible drought during the initial vegetation
stages, develop larger root system and will be more drought resistant in further vegetation stages (,,drought
escape‘). At the same time, root system quality along with its size can be an important factor for gaining yield
stability by effective water absorption from the soil in critical stages of plant growth. Large root system is also
one of the aspects of higher drought resistance of crops.

The aim of this work was (i) to evaluate the differences of root system size (RSS) of selected wheat
genotypes, (ii) to quantify the relationship of RSS, germination of seeds and vigour of seeds on the basis
of correlation analysis and (iii) evaluate the RSS, seed germination and seed vigour effect on the yield of grain.

MATERIAL AND METHODS

Root system size (RSS), seed vigour and seed germination were evaluated for 39 genotypes of winter
wheat (RAGT Czech s.r.0.) in field experiment at BraniSovice locality (South Moravia, Czech Republic, GPS
location: 48.9534597N, 16.4287542E) in 2015. The experiment was realized in four repetition. Electrical
capacity measurement (measured in nanofarads — nF) was used to evaluation of the RSS according to Chloupek
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(1972) during the BBCH (Meier 1997) stage 30, BBCH stage 50 and BBCH stage 75, using parallel model
of LCR meter at 1 kHz frequency. Grain yield was evaluated at full-ripening stage. After the harvest, seed
germination and seed vigour of evaluated genotypes was tested. Seed vigour was defined as the percentage
of germinated seeds under stress conditions, e.g. at temperature of 10 °C and physiological drought -0.5 MPa
in polyethylene glycol-water solution PEG 6000 (Ullmannova 2013). Simultaneously, other seeds (other
variant) were exposed to optimum humidity conditions and temperature of 20 °C. 50 seeds of each variant
were set in germinators with filter-paper. This procedure was repeated 3 times. The seeds with germ length
at least half the length of the seed and at least 3 embryonic roots were considered properly germinated.
Percentage of germinated seeds was evaluated every 2 weeks. The data were then processed in STATISTICA
10 software. Analysis of variance (p < 0.05) and correlation analysis were carried out.

RESULTS AND DISCUSSION

Root system size of wheat plants was evaluated during main vegetation period (April-July),
when precipitation totals reached only 60% of long-term precipitation average and plants were exposed
to lack of water. Analysis of variance showed statistically significant differences between RSS of monitored
varieties (p < 0.05), and tendencies to develop either larger or smaller root system. Lower RSS values were
observed during the whole vegetation period, while higher RSS values occurrence was dependent on the
phenophase. Higher RSS values were observed in genotypes 527, 517, and 528 (measurement in the stem
elongation stage), in genotypes 527, 528, 526, and 536 (measurement in the heading stage), and in genotypes
526, 536, 515 (measurement in the grain filling stage). On the other hand, low RSS values during all monitored
phenophases was shown by genotypes 523, 509, and 507. Statistically significant difference was found
between root system size of genotypes 527, 528, 517, 519 (large RSS) and 523, 533, 507, 509 (small RSS).
For average RSS values see Figure 1.

Statistically significant relationship was found between RSS in the first (BBCH 30) and second (BBCH
50) term of RSS measurement (r = 0.445**) and between second (BBCH 50) and third (BBCH 75) term of
RSS measurement (r = 0.499**). Root system size (in the stem elongation stage) had essential influence on
root development in the following period. Thus it is probable that plants partially adjust their root system size
actively during vegetation. This ability is one of the desirable features of varieties resistant to abiotic stressors.

Figure 1 Average RSS values (nF) of monitored common wheat genotypes during vegetation period in 2015
(vertical columns represent confidence intervals at p <0.05)

1.2

117

1.0¢

0.9y

0.8

0.7 |

0.6

0.5 ; :
N~
o
n

RSS - average values (nF)

23 —————

TANMTODOMNOODOTTANMITUOMNOONOTTANMNMITUVOMNONOTANMNTOONOWOOD

OCOO0O0O0O QO NN N ANANANANNMMMOMMOMOMMOMOOM®M

LLLLLLLLLOLOLLOLLLOLOLLLLLLLLOLLOLLOLLLLOLLLLLLLLOLLOLLOLLLLLOLLW
Genotype

Good seed germination and vigour of the seeds can accelerate the plant growth and drought escape
in the initial ontogenetic phases in both spring and autumn. It was found that size and vigour of the seeds are
associated to wheat drought tolerance (Rebetzke and Richards 1999). Also large root system is associated
to lack of water tolerance and it was discovered that larger root system is related to barley (Svacina et al. 2014)
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as well as wheat (Hefmanska et al. 2015) grain yield. Combination of these features may lead to cultivation
of a genotypes with higher drought tolerance potential. Larger RSS and higher seed vigour synergy
in 39 monitored wheat genotypes was not confirmed. Correlation analysis did not confirm statistically
significant relationship of RSS and seed germination or seed vigour (see Table 1; column Total). However,
seed vigour and RSS relationship is also influenced by the earliness of the genotype. In the genotype set there
were 26 early and 11 late genotypes, while 2 were not tested. Seed germination of the early genotypes was
positively correlated with the RSS values (in the grain filling stage; r = 0.411*). Higher seed vigour was shown
by genotypes with larger RSS at the end of vegetation. Larger RSS in this phase can thus be a consequence
of higher seed vigour and quality in the beginning of growth, which ensured large root system. On the other
hand, root system of the late genotypes was not influenced by the seed germination but by their vigour.
Interesting is the statistically significant negative relationship of RSS (in the heading stage), average RSS
and seed vigour (Table 1). It is possible to assume that RSS of the late genotypes is important from the aspect
of production also in latter ontogenetic phases. In case of fast root biomass growth in the beginning
of vegetation and the water supply in spring months is not sufficient (April-June 2015), root system growth
in the consecutive generative phase can be inhibited in order to save resources and assimilates for the
photosynthetic aparatus and grain development. Relationship between seed germination and seed vigour
among the late genotypes was not discovered.

Table 1 Relationship (expressed as the correlation coefficients) of wheat RSS in three vegetation stages and
seed vigour, seed germination and grain yield of genotypes differentiated by earliness

Seed vigour Seed germination Grain yield
Early | Late Total Early Late Total Early Late Total
genot. | genot. genot. genot. genot. genot.

RSS in stem | 0.109 | -0.497 0.046 0.235 0.123 -0.036 0.494* | 0.350 0.414%*
elongation

RSS in 0.229 | -0.799** | 0.255 0.301 -0.020 0.004 0.028 0.362 0.161
heading
RSS in grain | 0.388 | -0.184 0.150 0.411* 0.211 0.095 0.109 0.029 0.159
filling

Average 0.241 -0.829** | 0.138 0.369 0.148 -0.010 0.417* 0.454 0.394*
Legend: correlation coefficient is significant at p <0.05*; and p <0.01**

Seed vigour and seed germination was not related to grain yield, which may have been caused by long
vegetation period of winter wheat, which is strongly influenced by weather conditions during winter months
(Table 2). Previous results (Ullmannova et al. 2013) indicate the possibility of successful selection for higher
seed vigour as an important factor of agronomic and malting quality, even in good years (vigour 93-95%),
for the traits given above. However, in the years with generally much lower vigour (61-86%), the success
could be more responsive because the effect of the variety prevailed over the effect of the environment for bad
years.

Table 2 Correlation relationship of seed vigour/germination and grain yield of monitored wheat genotypes
differentiated by earliness

Seed vigour Seed germination
Early Late Total Early Late genotypes Total
genotypes | genotypes genotypes
Grain yield -0.117 -0.055 -0.258 -0.078 0.142 -0.164

Legend: correlation coefficient is significant at p <0.05*; p <0.01**

Grain yield was considerably positively influenced by RSS during all the vegetation period, in early
genotypes mainly (in the stem elongation stage; r = 0.494%). In late genotypes it is possible to see the influence
of root system size on the yield also (in the heading stage; Table 1). Higher grain yield in 2015 at an
experimental locality in South Moravia was statistically significantly related to larger root system size of the
wheat plants.
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CONCLUSION

It is possible to provide selection for cultivar resistance to stress already at the seed germination stage
and on the quality of plant root systems.
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Abstract: The purpose of the work is to compile a list of species growing in vineyards of the winery
village Pouzdiany and further to evaluate importance of occurring plant species in view of the
ecosystem. According to the winery law, the village Pouzdrany is registered as winery village belonging
to the winery region Morava and Mikulov winery sub-region. Within the winery village, three vine lines
were delimited: Kolby, Stard hora, Grunty. 102 plant species were found during the monitoring. In
vineyards of the vine line Kolby, 88 plant species were found, of this 7 endangered and protected. In
vineyards of the vine line Stara hora it was 26 plant species. In vineyards of the vine line Grunty we
found 28 plant species.

Key Words: vegetation, vineyards, plant species, Pouzdiany

INTRODUCTION

Plant community is a group of plants, formed by coexistence of individual plant species
populations in the given environment. Selection of species and their populations is determined in the
phytosociology by conditions of the given environment, thus by the set of factors affecting the
phytosociology and mutual competition (Neuhduslova-Novotna and Guthova-Jarkovska 1980).

Species diversity of the plant community is necessary for creation of stable bonds in the vineyard
agroecosystem (Pavlousek 2011). Numerous organisms are present generally in soil, thus also in the
vineyard, in microedaphon, mezoedaphon and macroedphon (Jandak 2010). Just the vegetation growing
in vineyards above ground as well as under ground contributes to biological diversity here. Important
organisms have enough food and therefore stable environment for life here (Hejduk 2009).

The soil would contain approximately 200 earthworms per sq. meter; during our study of
biodiversity we encountered a situation in conventionally cultivated vineyard, when 1 m? contained in
average 5 earthworms only. Suitable vegetation in vineyards solves partly the problem of biologically
degraded vineyard (Hluchy 2014a).

Higher number of plant species in vineyards contributes to occurrence of useful insect species
helping in fight against pests. These positive species include e.g. predatory heteropters and ichneumon-
flies (Ekovin 2016). A three-year study of biodiversity of vineyards in South Moravia proved that just
composition and quality of herb vegetation in the inter-rows is the second most important factor
influencing occurrence of butterfly species (Hluchy 2014b).

Grass cover brings benefits for earthworms (improved structure of soil), seven-spot ladybird
(natural predator for aphis), lacewing (its grubs live on aphis), syrphid fly (its grubs live on thrips, aphids
and other parasitic insect), earwig, spiders, ground beetles, frogs, songbirds, etc. These organisms
contribute significantly to maintaining of natural balance of vineyards. Moreover, organic substances
(above all, humic acids) agglutinate earth aggregates resulting in effective retaining of water (Hejduk
2009).

Live organisms in soil are also necessary in processes of transformation of humus. This releases
nitrogen, phosphorus, sulphur and trace elements utilised subsequently by (Kalina 2004). In non-grassed

106 |Page



MENDELNET 2016

vineyards the soil dries up and this limits biological activity in the top layer. This earth is also loosened
on the surface resulting in destroying corridors and cavities created by the earth edaphon (Hejduk 2009).
Loss of species diversity in agricultural country is a big problem now. E.g. populations of free living
insect have big importance in vineyards. Parasites of eggs, caterpillars and pupas help to suppress
spreading of pests in considerately cultivated vineyards. The pests potato leathoppers are suppressed by
specific parasitoides, etc. (Pavlousek 2014).

The ECOWIN project by a Vienna institute Bioforschung Austria and Association Ekovin was
realised in 2009 to 2012. Its purpose was to create conditions for existence of a big number of plant and
animal species on more than 1000 ha of vineyards. A group of scientists working on a project VineDivers
exists in France in last years. The purpose of this project is to analyse impacts of various farming systems
on vineyards on biodiversity and ecosystem services (Vinedivers 2016).

Whereas zoological research activities has already brought a number of interesting results
regarding to biodiversity in vineyards, floristical knowledges are still extremely poor and a well-advised
research was not done in the Czech Republic up to this time. The purpose of the work is to compile a
list of species growing in vineyards of the winery village Pouzdfany and evaluate the importance of
occurring species from the point of view of the ecosystem.

MATERIAL AND METHODS

Characteristics of the interest territory Pouzdi‘any

The cadastral unit of the village Pouzdfany is situated in the South Moravian region,
approximately 40 km south of Brno. The altitude varies from 177 to 220 meters. The territory lies in
very warm and dry climatic region. Geological subsoil consists of Paleogene claystones and sandstones
of flysch zone, covered discontinuously with loess and loess soils. The valley is filled with deluviofluvial
sandy clay sediments. The soil types are represented by pararendzina typical and cambisol. In the part
Kolby it is brown soil typical and luvisol typical. National natural monument Pouzdianska steppe —
Kolby is a part of the cadastral territory of the village. Decree of the Ministry of the Environment, no.
151/2014 Coll. specifies protected organisms.

Total area of the cadastral territory of the village Pouzdtany is 1349.9 ha, of this farmland 841.7
ha. As for the farmland, arable land makes 742.8 ha, meadows and pastures 38.4 ha and permanent
cultures 60.5 ha.

According to the winery law, the village Pouzdtany is registered as winery village, belonging to
the winery region Morava and Mikulov winery sub-region. Three winery lines are recognised and
studied: Kolby, Stara hora, Grunty.

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. Scientific names of individual plant species were used according to Kubat et
al. (2002), categories of plant rarity and endangerment follow redlist of Grulich (2012). Inspection routes
were determined on the selected territories within the winery lines. 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:
. 3 — very frequently occurring species with dominant occurrence (dominant species)

. 2 — common species with frequent occurrence on some parts on the vineyard only
(sub-dominant species)

o 1 — rare species with rare and sporadic occurrence

107|Page



MENDELNET 2016

RESULTS AND DISCUSSION

List of plant species found on the evaluated winery lines

The vine line Kolby was the first evaluated territory. Most of the area belonging to this line
consists of vineyards. Most of the vineyard area is arranged in a similar way. Alternating of grassy
inter-rows is used here, or inter-rows are cultivated. There were 88 plant species found during the
monitoring.

The species with frequent occurrence on vine line Kolby (level 3 of the scale): Lolium perenne,
Amaranthus retroflexus, Achillea millefolium, Falcaria vulgaris, Convolvulus arvensis and Erigeron
annuus.

Species with common occurrence on vine line Kolby (level 2 of the scale) were: Anagallis
arvensis, Arrhenatherum elatius, Calamagrostis epigejos, Cirsium arvense, Conyza canadensis,
Festuca rubra, Hordeum murinum, Chenopodium album, Chenopodium hybridum, Linaria vulgaris,
Lotus corniculatus, Medicago lupulina, Plantago lanceolata, Reseda lutea, Robinia pseudacacia,
Securigera varia, Setaria pumila, Silene vulgaris and Taraxacum sect. Ruderalia

Species with rare or sporadic occurrence on vine line Kolby (level 1 of the scale) were: Agrimonia
eupatoria, Anagallis foemina, Arenaria serpyllifolia, Artemisia absinthium, Artemisia vulgaris,
Astragalus glycyphyllos, Atriplex patula, Berteroa incana, Bromus inermis, Bromus sterilis, Bryonia
alba, Capsella bursa-pastoris, Carduus acanthoides, Centaurea stoebe, Cichorium intybus, Clematis
vitalba, Cornus sanguinea, Crepis tectorum, Cynoglossum officinale, Daucus carota, Dictamnus albus,
Echinops sphaerocephalus, Echium vulgare, Elytrigia intermedia, Erodium cicutarium, Eryngium
campestre, Fragaria viridis, Fraxinus excelsior, Galium verum, Geranium pusillum, Hyoscyomus niger,
Hypericum perforatum, Chondrilla juncea, Lactuca serriola, Lathyrus tuberosus, Leucosinapis alba,
Melica transsilvanica, Melilotus officinalis, Mercurialis annua, Morus alba, Onobrychis viciifolia,
Origanum vulgare, Peucedanum alsaticum, Phacelia tanacetifolia, Plantago major, Polygonum
aviculare, Potentilla tabernaemontani, Prunus sp., Rosa canina, Salvia nemorosa, Sambucus nigra,
Scabiosa ochroleuca, Sisymbrium officinale, Sonchus oleraceus, Stachys annua, Tragopogon dubius,
Trifolium pratense, Trifolium repens, Tripleurospermum inodorum, Verbascum austriacum, Verbascum
blattaria, Vicia cracca and Viola arvensis.

The line Stara hora was the second evaluated winery line. Vineyards are only on a part of this
line. These are mostly vineyards that form a part of gardens or lie on small pieces of land and are
cultivated by small private wine producers. Cultivated inter-rows with intensive regulation of vegetation
is mostly utilised here. During the monitoring we could find 26 plant species on this line.

Species with frequent occurrence on this line include (level 3 of the scale): Lolium perenne,
Amaranthus retroflexus and Erigeron annuus.

Species with common occurrence on vine line Stara hora (level 2 of the scale): Achillea
millefolium, Calamagrostis epigejos, Carduus acanthoides, Cirsium arvense, Convolvulus arvensis,
Elytrigia repens and Chenopodium album.

Species with rare or sporadic occurrence on vine line Stara hora (level 1 of the scale): Anagallis
arvensis, Arrhenatherum elatius, Atriplex patula, Bromus sterilis, Consolida regalis, Dactylis
glomerata, Dipsacus fullonum, Falcaria vulgaris, Hordeum murinum, Chenopodium hybridum, Lactuca
serriola, Papaver rhoeas, Portulaca oleracea, Prunus sp., Setaria pumila and Urtica urens.

The line Grunty was the third evaluated winery line. Territory of this line consists mostly of
abandoned or very little maintained vineyards, orchards and gardens. Maintenance of vegetation is very
extensive here. On this line we could find total 28 plant species.

Species with very frequent occurrence on vine line Grunty (level 3 of the scale): Calamagrostis
epigejos, Carduus acanthoides, Dactylis glomerata, Erigeron annuus and Urtica dioica.

Species with common occurrence on vine line Grunty (level 2 of the scale): Arrhenatherum
elatius, Artemisia absinthium, Bromus sterilis, Cirsium arvense, Clematis vitalba, Elytrigia repens,
Falcaria vulgaris, Rosa canina and Solidago canadensis.

Species with rare or sporadic occurrence on vine line Grunty (level 1 of the scale): Asparagus
officinalis, Astragalus glycyphyllos, Cornus sanguinea, Crepis tectorum, Epilobium ciliatum, Galium
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aparine, Galium verum, Lactuca serriola, Melilotus albus, Melilotus officinalis, Onopordum acanthium,
Plantago major, Securigera varia and Setaria pumila.

Evaluation of occurrence of plant species on the monitored winery lines

The highest number of species was found on the winery line Kolby. Also several endangered and
protected plant species were found there. As for the found species, now the following species are
considered as endangered: Anagallis foemina (C3), Dictamnus albus (C3), Chondrilla juncea (C3),
Melica transsilvanica (C4a), Peucedanum alsaticum (C3), Stachys annua (C2t), Verbascum austriacum
(C4a), Verbascum blattaria (C2b).

Significantly lower number of plant species was found on winery lines Stard hora and Grunty.
Species that can be extirpated with difficulties or invasive species dominated there.

Each of the explored winery lines has different arrangement that dominates here. The line Stara
hora is typical by smaller vineyards that are separated by gardens, orchards or fields. Regulation of
vegetation is very intensive on most of the vineyards. To the contrary, vineyards on the line Grunty are
maintained very extensively and many of them are overaged and abandoned. In view of the species
spectrum, these two ways of the vineyards arrangement leads to decreasing number of plant species and
spreading of invasive plant species.

On the line Kolby the intensity of regulation of vegetation on vineyards is limited on most of the
areas to mowing of grassed inter-rows, mechanical cultivation and possibly chemical regulation only in
the strip along the stems. The vineyards are arranged in larger continuous areas that are bordering
directly with balks, bosks and other dispersed greenery. This greenery functions probably as a resource
of new plant fruits and seeds and contributes therefore to higher number of the plant species found on
this line. Reasonable regulation of vegetation in the vineyards, applied on continuous areas as well as
direct contact with surrounding vegetation as the resource of seeds of various plant species is probable
the reason of varied composition of the plant society on this winery line.

CONCLUSION

During the monitoring of vegetation on vineyards in the winery village Pouzdfany we found 102
plant species. Most of the species were found on the winery line Kolby. On this line in the vineyard we
found 7 endangered and protected plant species. On other winery lines Stard hora and Grunty we found
much less plant species, with dominating species that we consider as weed or invasive species.

This comparison shows that reasonable regulation of vegetation in vineyards, applied on
continuous areas is important to preserve high number of plant species in vineyards. Also, important is
the border of vineyards with surrounding vegetation as the resource of original plant species.

Plants are the basis of the food chain and resource of food for many animals. Variety of the plant
society is important for good functioning of the whole vineyard ecosystems. Maintained vineyards may
also be places of occurrence of protected plant species and contribute to their survival in our country.
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Abstract: The purpose of the work is to compile a list of species growing in vineyards of the winery
village Popice and evaluate importance of occurring plant species for growing of vine. According to the
winery law, the village Popice is registered as winery village belonging to the winery region Morava
and Mikulov winery sub-region. Within the winery village there were delimited 8 vine lines: Mitrberk,
Panensky kopec, Pisky, Rafle, Sonberk, Stard hora, Svidrunk and Unédy. During our monitoring we
found 104 plant species. As for the found species that can compete directly with vine, we can mention,
above all, Cirsium arvense, Convolvulus arvensis, Elytrigia repens, Elytrigia intermedia, Artemisia
vulgaris, Arrhenatherum elatius and Medicago sativa. Further, there were species that can be considered
as invasive and may compete negatively with vine, such as Robinia pseudacacia, Lycium barbarum,
Calamagrostis epigejos and Solidago canadensis.

Key Words: vegetation, vineyards, plant species, Popice

INTRODUCTION

The Czech Republic is classified as small winery country. Within Europe, this includes winery
regions located on the north and spreading over two winery regions, in Bohemia and Moravia. In
Bohemia, two sub-regions can be distinguished, M¢élnik and Litoméfice. In Moravia, sub-regions
Znojmo, Mikulov, Velké Pavlovice and Slovacko (Pavlousek 2011). Further the vineyards are divided
into winery villages and finally into winery lines (Obirkova 2013). Winery regions of the Czech
Republic belong to warm and dry regions with mild winter and slight lack of precipitations (Kraus 1999).
These conditions have big influence on quality of grapes. Particularly the course of day and night
temperatures is significant (Pavlousek 2011).

Each winery region consists of typical mosaic of ecosystems and each individual winery region
consists of a mosaic different from any other (Kraus 1999). Vegetation growing in the vineyard has
positive influence on its whole ecosystem. We can see increase of organogenous nitrogen, improvement
of permeability and structure of soil, increase of the content of humus in top layers, reduction of water
erosion and elution of nitrogen and other nutrients, increase of the content of edaphone, enhancement
of thermal regime of soil, improved infiltration of water, increased water capacity of soil, restricted
growth of weed, support and stabilisation of fauna and arthropods in the vineyard, etc. (Trioli and
Hofmann 2009).

In the years 2009 to 2012 the ECOWIN project was realised by the Vienna institute Bioforschung
Austria and Association Ekovin, whose purpose was, among others, to create conditions for existence
of a big number of plant and animal species on more than 1000 ha of vineyards. A group of scientists
working on a project VineDivers exists in France in last years. The project has to analyse impacts of
various farming systems in vineyards on biodiversity and ecosystem services (Vinedivers 2016).

The purpose of the work is to compile a list of species growing in vineyards of the winery village
Popice and evaluate the importance of occurring species in view of vine growing.

111 |Page



MENDELNET 2016

MATERIAL AND METHODS

Characteristics of the interest territory Popice

The cadastral unit of the village Popice is situated in the South Moravian region, approximately
30 km south of Brno. The altitude varies from 175 to 308 meters. The territory lies in very warm and
dry climatic region. Geological subsoil consists of Paleogene claystones and sandstones of flysch zone,
covered discontinuously with loess and loess soils. Soil types are represented by pararendzina typical
and cambisol, brown soil typical and luvisol typical.

According to the winery law, the village Popice is registered as winery village, belonging to the
winery region Morava and Mikulov winery sub-region. Eight winery lines are recognised within the
winery village: Mitrberk, Panensky kopec, Pisky, Rafle, Sonberk, Stara hora, Svidrunk and Unédy. On
winery lines Pisky and Réfle no vineyards were found in time of the evaluation and their territories
consisted mostly of arable land and therefore evaluation of vegetation was not performed there.

Total area of the cadastral unit Popice is 999.2 ha, of this farming land makes 832.6 ha. As for
farming land, arable land makes 431.1 ha, meadows and pastureland 36.6 ha, permanent plantation 353.2
ha.

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. Scientific names of individual plant species were used according to Kubat et
al. (2002). Itineraries of the inspection routes were determined on the selected territories within the
winery lines. The found species were registered during the inspections. Occurrence of each found
species was evaluated using a simple three-point scale after completion of the inspections.

Scale evaluating occurrence of species:
e 3 —very frequently occurring species with dominant occurrence (dominant species)

e 2 -—common species with frequent occurrence on some parts in the vineyard only (sub-dominant
species)

e | —rare species with rare and sporadic occurrence

RESULTS AND DISCUSSION

List of plant species found on the evaluated winery lines

In the course of monitoring, there were found total 104 plant species. Their occurrences on
individual winery lines and intensity of their occurrences can be found in Table 1.

Table 1 Occurrence of species on winery lines of the winery village Popice

Winery line

25| &2 | 8 | E | B | 3
Species § = 2 S 5 = g

I Z z Z g
Lolium perenne 3 3 3 3 2 3
Setaria pumila 2 2 1 3 3 3
Chenopodium album 3 3 2 1 2 3
Cirsium arvense 2 2 2 2 3 3
Amaranthus retroflexus 2 2 1 1 3 3
Convolvulus arvensis 2 2 3 2 - 3
Elytrigia repens 3 2 1 2 - 3
Achillea millefolium 1 3 2 2 - 2
Tripleurospermum inodorum 1 2 2 - 2 2
Trifolium repens 3 - - 3 - 3

112|Page



MENDELNET 2016

Taraxacum sect. Ruderalia
Falcaria vulgaris
Carduus acanthoides
Echinochloa crus-galli
Plantago lanceolata
Polygonum aviculare
Conyza canadensis
Hordeum murinum
Lactuca serriola
Artemisia vulgaris
Crepis tectorum
Medicago lupulina
Plantago major
Arrhenatherum elatius
Bromus tectorum
Erigeron annuus
Atriplex patula

Arctium tomentosum
Daucus carota
Consolida regalis

Rosa canina

Dactylis glomerata
Medicago sativa
Mercurialis annua
Cichorium intybus
Melilotus officinalis
Astragalus glycyphyllos
Ballota nigra

Malva neglecta

Bromus sterilis

Crepis biennis
Calamagrostis epigejos
Echinops sphaerocephalus
Setaria viridis

Lathyrus tuberosus
Capsella bursa-pastoris
Urtica dioica

Festuca rubra
Tragopogon dubius
Astragalus exscapus
Atriplex prostrata
Linaria vulgaris
Papaver rhoeas
Chenopodium hybridum
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Sonchus oleraceus
Fallopia convolvulus
Juglans regia
Arenaria serpyllifolia
Elytrigia intermedia
Phragmites australis
Reseda lutea
Agrimonia eupatoria
Seneciovulgaris
Galium verum
Portulaca oleracea
Lotus corniculatus
Robinia pseudacacia
Dictamnus albus
Onobrychis viciifolia
Epilobium ciliatum
Conium maculatum
Securigera varia
Origanum vulgare
Anagallis arvensis
Scabiosa ochroleuca
Leucosinapis alba
Picris hieracioides
Sisymbrium officinale
Trifolium pratense
Geranium pusillum
Urtica urens
Astragalus cicer
Lycium barbarum
Atriplex sagittata
Poa pratensis
Arctium lappa
Artemisia absinthium
Erodium cicutarium
Cerastium arvenxe
Xanthium strumarium
Dipsacus fullonum
Rumex crispus
Rumex acetosa
Hypericum perforatum
Vicia cracca

Viola arvensis
Cerinthe minor
Solidago canadensis

—_— e N

—_— N =
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Evaluation of occurrence of plant species on the monitored winery lines

The winery line Panensky kopec was the first evaluated territory. Most of the area, belonging to
this line, is occupied by vineyards. Similar arrangement of vineyards is applied on larger areas, with
alternating cultivated and grassed inter-rows; alternatively the cultivated inter-rows were sown by
annual plants. During the monitoring there were found 46 plant species on this line. As for the found
plant species on this line that can compete directly with vine, we can mention particularly Elytrigia
repens, Convolvulus arvensis, Cirsium arvense, Artemisia vulgaris, Medicago sativa, Arrhenatherum
elatius, Rosa canina and Calamagrostis epigejos.

The line Unédy was the second evaluated winery line. Most of the line area consists of vineyards
and similar arrangement of vineyards is applied here. Grassy inter-rows are used here with alternating
intentionally and spontaneously grassed inter-rows. During the monitoring we could find 37 plant
species on this line. As for the plant species found on this line, we can mention particularly Cirsium
arvense, Convolvulus arvensis, Elytrigia repens and Rosa canina.

The line Sonberk was the third evaluated winery line. Most of this line area consists of vineyards
and similar arrangement of vineyards is applied here. Grassy inter-rows are used here with alternating
intentionally and spontaneously grassed inter-rows. During the monitoring we could find 59 plant
species on this line. As for the plant species found on this line that can compete directly with vine, we
can mention particularly Convolvulus arvensis, Cirsium arvense, Arrhenatherum elatius, Elytrigia
intermedia, Artemisia vulgaris, Elytrigia repens and Calamagrostis epigejos.

The line Svidrunk was the fourth evaluated winery line. Most of this line area consists of
vineyards and similar arrangement of vineyards is applied here. Grassy inter-rows are used here with
alternating grassy and cultivated inter-rows. During the monitoring we could find 42 plant species on
this line. As for the plant species found on this line that can compete directly with vine, we can mention
particularly Cirsium arvense, Convolvulus arvensis, Elytrigia repens, Arrhenatherum elatius, Artemisia
vulgaris, Calamagrostis epigejos and Solidago canadensis.

The line Stara hora was the fifth evaluated line. Most of this line area consists of orchards and
lands with other types of utilisation. Vineyards form a minor part here and are newly planted. All inter-
rows are cultivated here. During the monitoring we could find 15 plant species on this line. As for the
plant species found on this line that can compete directly with vine, we can mention particularly Cirsium
arvense.

The line Mitrberk was the sixth evaluated line. Vineyards on this line are cultivated in different
ways that alternate very frequently. A part of the vineyards is used by small private wine producers.
Grassy and cultivated inter-rows are used here including their alternating. During the monitoring we
could find 54 plant species on this line. As for the plant species found on this line that can compete
directly with vine, we can mention particularly Cirsium arvense, Convolvulus arvensis, Elytrigia repens,
Artemisia vulgaris, Robinia pseudacacia, Medicago sativa, Melilotus officinalis, Phragmites australis
and Lycium barbarum.

CONCLUSION

During the monitoring of vegetation in vineyards in the winery village Popice we found 104 plant
species. As for the found plant species that can compete directly with vine, we can mention particularly
Cirsium arvense, Convolvulus arvensis, Elytrigia repens, Elytrigia intermedia, Artemisia vulgaris,
Arrhenatherum elatius and Medicago sativa. Further there were found species that we can consider as
invasive and may compete negatively with vine, such as Robinia pseudacacia, Lycium barbarum,
Calamagrostis epigejos and Solidago canadensis.

Currently the vineyards are perceived as a plant community, where in addition to vine also other
plant species are growing. Occurrence of numerous plant species prevent erosion, provides food for
insect and vertebrate species, enriches soil with nitrogen. Some of these plant species may compete with
vine, e.g. species with deep root systems and possible species with allelopathic abilities. However, also
invasive species occur in vineyards; these represent danger for vegetation of the vineyards as well as for
the surrounding ecosystems.
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Abstract: Biochar application to the soil and its influence on soil physical, chemical and biological
properties remains one of the most arguing topics last decades. Nowadays it is used as soil amendment
in the terms of the strong negative impact mitigation of anthropogenic activities. Especially it may be
found a lot of controversial statements regarding biochar’s impact on soil microorganisms. Main
representatives of soil microbiota such as key groups of microorganisms along with arbuscular
mycorrhizal fungi considered to be sensitive indicators of soil state changes. Thus, in this study there is
a try to enlighten the biochar’s effect on soil microbiota and colonization of roots by arbuscular
mycorrhizal fungi (AMF). Investigation involved five types of soil treatments with the lettuce as a model
indicator plant (Lactuca sativa). Two types of bacterial inoculums applied to model plants in
combination “with” and “without” the addition of the mineral fertilizer were exposed in controlled pot
experiment. In order to avoid the estimation of the primary effect on plants immediately after the fresh
biochar application, which could be partly deleterious, there were estimated only the results from the
second generation, after the first plant generation has been harvested. The second generation of plants
have been seeded into the same soil with the redosing the inoculum and fertilizers addition only. It has
been analysed the colonization of roots by AMF and the total number of microorganisms including
nitrogen-fixing bacteria, actinomycetes, spore-forming bacteria and micromycetes. Research results
have shown of root colonization by AMF in the second plant generation with no significant differences
between the treatments. The enumeration of different microorganism groups demonstrated sharp
increase in all the applied treatments that corresponded to the root biomass increase as well.

Key Words: arbuscular mycorrhiza, biochar, soil fungi, soil microorganisms

INTRODUCTION

Strong anthropogenic impact on the environment and especially on its soil component force to
find new sustainable ways to improve their state. Thus a charred carbon-enriched material or biochar is
used last decades as a soil amendment to sequester carbon in soil and enhance its quality. Quite big
amount of studies exists describing positive influence of biochar on soil physical and chemical properties
and remains a lot of questions concerning its effect on soil microbial habitat (Jien and Wang 2013). It is
known, that biochar changes the physical and chemical environment of the soil and consequently affects
the characteristics of soil biota acting. All the possible biochar impacts on soil organisms can potentially
interpret changes in nutrient availability and crop productivity (Domene et al. 2014). Biochar’s structure
with its pores can provide a safe habitat for many microorganisms by protecting them from predators
and by providing many of them with carbon, energy and mineral nutrients (Warnock et al. 2007). Soil
microorganisms directly interact with plants in the rhizosphere, and this may occur as a result of
mutualistic associations between plant roots and microorganisms, as for example with the arbuscular
mycorrhizal (AM) fungi or the nitrogen N,-fixing rhizobia bacteria (Lehmann and Joseph 2009). It
depends upon the composition of biochar’s residual pyrolysis compounds: they may serve as substrates
for microbial growth and metabolism, (Steiner et al. 2008). From the other side, these compounds may
also be toxic to plants and probably to some types of microorganisms (McClellan et al. 2007). Some
researchers have shown that soils have a higher microbial biomass and abundance of culturable bacteria
and fungi, adding biochar could indicate that the biochar is inhibiting the activity of biochar-colonizing
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microorganisms, changing bacterial to fungal ratios Moreover, microorganisms colonizing fresh biochar
that has post-pyrolysis condensates on its surfaces will differ from ones colonizing the biochar surfaces
after the substances have been metabolized (Lehmann and Joseph 2009). A lot of biochars are very low
in inorganic N content and this gives diazotrophs a competitive advantage for surface colonization
(Lehmann and Joseph 2015).

Mycorrhizae are sensitive to management interventions, for example adding biochar, and it can
speculate on the possible synergistic effects of mycorrhizal inoculation and biochar application in
improving soil quality and plant growth (Schwartz et al. 20006).

The aim of our research is to investigate the lagging of the biochar influence after the first
generation of plants harvesting along with inoculums adding on arbuscular mycorrhiza fungi (AMF)
and microbiota of soil in general.

MATERIAL AND METHODS

Characterization of sampling locality, experimental design

Soil samples have been collected from the plots situated in the protection zone of underground
drinking water source “Brezova nad Svitavou”. Experimental soil samples have been taken according
to CSN ISO 10 381-6 (CSN is “Czech Technical Standard”). After they have been homogenized and
sieved through a sieve with a grid size of 10 mm. Four different types of treatments have been prepared
that included four replications of each treatment resulted into twenty plastic containers (10x10x11) filled
with 800 g of topsoil. An overview of the applied inoculums and fertilizers including their active
ingredients are displayed in Table 1.

Table 1 Overview of applied treatments

Treatment | Amendment | Application rate | BBCH Active ingredients
Control
T1 without any - - -
additives
Azospirillum brasilense,
Biochar + Azotobacter vinelandii, Bacillus
50 t/ha 13 - .
T2 “Bactofil” Uh { megaterium, Bacillus polymyxa,
inoculum 11/ha >-18 | pseudomonas fluorescens,
Streptomyces albus
Azospirillum brasilense,
Biochar + 50 t/ha Azotobacter vinelandii, Bacillus
“Bactofil” 13 megaterium, Bacillus polymyxa,
T3 . 1 1/ha
inoculums + 15—-18 | Pseudomonas fluorescens,
DAM 390 140 kg/ha (N) Streptomyces albus, mineral
nitrogen
Biochar + Azospirillum spp., Azotobacter spp.,
50 t/ha 13 ; . :
T4 “NovaFerm” 10 Uh Bacillus megaterium, Bacillus
inoculum 0 l/ha 15-18 | qubtilis
Biochar + 50 t/ha -
@ » Azospirillum spp., Azotobacter spp.,
NovaFerm 13 - . ;
T5 . 10 I/ha Bacillus megaterium, Bacillus
inoculums + 15-18 btili . I ni
DAM 390 140 kg/ha (N) subtilis, mineral nitrogen

Taking into account our previous research results we have decided to apply the same soil with
already mitigated biochar and to plant the second generation of plants to see its effect (Mikajlo et al.
2015). It is important to notice, that after first generation of plants harvesting again and before the second
generation of plants seeding all the root biomass has been removed and experimental soil has been
homogenized again. It may be observed from the table with the treatments overview that soil has been
amended with biochar in all the treatments except the first control one. Beech wood biochar made at
slow pyrolysis with the use of low temperature 470 °C has been applied to experimental containers. The
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inoculation by “Bactofil” and “NovaFerm” additives took place at the beginning of vegetation of the
second generation of plants. After one week of exposition mineral N have been applied in a DAM 390
liquid fertilizer form that contains 30% of nitrogen; the ratio of ammonium, nitrate, and amidic nitrogen
is 1:1:2. Lettuce (Lactuca sativa) has been chosen as an experimental plant — the same as in our previous
studies with the first generation of plants.

Experimental set up has been conducted in the growth box phytotron with the following
laboratory ambient conditions: 22 °C daily temperature, 19 °C night temperature, 65% humidity with a
day length of 12 h and light intensity of 380 umol/m/s in the period from June 2015 until October 2015.

Estimation of roots colonization by arbuscular mycorrhizal fungi

Roots colonization by arbuscular mycorrhizal fungi has been determined by taking samples from
the root system of each experimental plant after harvesting according to (Koske and Gemma 1989).
Lettuce roots in 0.5 g of each sample and about 3 cm in length have been washed-out with water and
stored in FAA solution (formaldehyde — acetic acid — ethanol 50%). Then samples have been rinsed and
incubated with 10% (w/v) KOH solution for 1 h at 90 °C aiming to increase stain penetration and
mycorrhizal roots clearing. The acidification process with 10 ml of 1% HCI was following. With the
next step roots have been transferred directly into a beaker containing 10 ml of 1% trypan blue in lacto
glycerol and incubated for 1 h at 90 °C. After the incubation stained roots have been cut into 15 mm
long segments that have been randomly taken from each plant and adjusted to slides (20 segments from
each root). Experimental segments have been studied with the routine microscope Olympus CX41. We
have analyzed the presence or absence of root colonization by arbuscules, vesicles, extra and intraradical
hyphae (see Figure 1). Total dry root biomass has also been measured.

Figure 1 Root segment colonization by AMF Figure 2 CFU: actinomycetes and micromycetes

Microbiological analysis

Colony forming units (CFU) dilution plate method has been used for microbial diversity
determination in soil samples according to CSN EN ISO 6887-1 (Czech/International Technical
Standard — “Part 1 — Preparation of test samples, initial suspension and decimal dilutions for
microbiological examination). Total number of soil microorganisms including spore-forming bacteria,
microscopic fungi, actinomycetes and nitrogen-fixing bacteria have been estimated. MPA nonselective
medium has been prepared to estimate total number of microorganisms and spore-forming bacteria that
have been heated at 85 °C for 15 minutes before their seeding. The number of microscopic fungi has
been seeded on Czapek Dox agar, actinomycetes on starch and ammonia agar, nitrogen-fixing bacteria
on Ashby agar (see Figure 2). Values have been expressed in CFU per g.

RESULTS AND DISCUSSION

Root AMF colonization values

Previous research has showed that in the first plant generation the roots were colonized by AMF
only by 30-50% (Mikajlo et al. 2015). Only “Bactofil” inoculum has showed colonization stimulation
of 25%. Comparing two generations of plants, that have been grown in the same amended with biochar
and bacterial inoculums soil, we may notice the following differences (see Figure 3). Second generation
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of plants has shown the increase of AMF colonization in all the treatments, except the “Novaferm”
treated one where the values stayed on the same level of 52-53%. We may state, that the importance of
AMF for the plants nutrition in the second generation was higher rather in the first generation.

Figure 3 Root colonization percentage by AMF in | and Il generation of plants (in %), 2015
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Legend: T1-control treatment; T2-*Bactofil” inoculum; T3-*Bactofil”’+ DAM additive; T4- “NovaFerm” inoculum; T5-
“NovaFerm”+ DAM (mean values + SD, n = 3)

% of AMF colonization

Basically there were estimated rather big differences between the treatments from AMF
colonization values from the first and the second generation of plants. Based on the literature
(Covacevich et al. 2012) there were probably no optimal offers of the key nutrients and/or sufficient
collaboration with other groups of soil microorganisms, and therefore it was efficient for the control
plants to invest carbohydrates into the mycorrhizal partners (especially in the case of ‘“Bactofil”
inoculum treatment where the AMF colonization reached almost 65%). Rondon et al (2007) examined
whether arbuscular mycorrhizal fungi colonization was increased by adding biochar, but did not observe
any significant effects which confirms our results. From the other hand AMF percentage with a
“Bactofil” treatment has been higher which can be related to a low underground biomass production
(see Figure 4). Thus, active ingredients of this additive invested to arbuscular mycorrhizal fungi growth.

Figure 4 Plant root biomass production (in g), 2015
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Legend: T1-control treatment; T2-*Bactofil” inoculum; T3-*Bactofil”’+ DAM additive; T4- “NovaFerm” inoculum; T5-
“NovaFerm”+ DAM (mean values + SD, n = 3)

Microorganisms diversity assessment

Taking into account results after two plant generation vegetation we may notice that all the groups
of microoorganisms have risen in the second generation (see Figure 5, Table 2). We may argue that the
second additive application definitely influenced this increase trend in a positive way. Soil amendment
with DAM fertilizer mobilized sources in soil. Spore-forming bacteria and the total bacteria amount
have grown in almost 3 times higher comparing to the first generation results. These specific kinds of
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bacteria are helping all the plants to improve nutrition in general that resulted in the aboveground
biomass growth as well. Overall, soil microbiota activity intensively affects soil function and as a
consequence crop growth and yield. Our investigation results have common conclusions with the other
research (Domene et al. 2014).

Figure 5 Differences between | and 11 plant generation microbiological diversity (in CFU x (10%) g soil),
2015
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Legend: T1-control treatment; T2-*“Bactofil” inoculum; T3-*“Bactofil”’+ DAM additive; T4- “NovaFerm” inoculum; T5-
“NovaFerm”+ DAM (mean values + SD, n = 3); | gen-first generation, Il gen-second generation; SF- spore-forming
bacteria, NF- nitrogen-fixing bacteria, AC- actinomycetes, FN- microfungi

Table 2 Comparing I and 1l plant generations data of CFU analysis

Treat Total T Total I gen | SFIgen SF II gen NF I gen NF II gen ACI ACIIgen | FNIgen FNI
gen gen gen

T1

50+6.4 150+7.6 1.240.4 39.12+15.2 6.85+0.3 13.75+8.2 17+£5.5 34.37+13 0.55+0.03 | 0.64+0.2
T2

120+7.7 258.7549.1 5.9+0.7 70.5+22 13.97£09 | 16.25+6.8 20+4.7 59+18 0.4+0.02 0.66+0,2
T3

170+10 413.75+19.8 | 1.76+0.1 46.25+21 5.34+0.1 17.5+£8.5 13,542.4 | 84.12434 | 0.46+0.03 | 3.33+0.7
T4 13.125+

195+3.4 238.75+9 3 80.12+12.8 | 19.45+6.2 14.93+7 29+8.8 60.5+24 0.62+0.04 | 2.76+0.8
T5

95+7.3 406.25+17.8 | 1.04+0.5 57.87+22 10,06+2.8 | 18.12+7.9 13£1.6 52.6+14.5 | 0.55+0.02 | 1.53+0.9

CONCLUSION

Amending soil with biochar starting to be one of the most promising soil management strategies.
Definitely it should be concentrated on a support of soil biota to carry out the key ecosystem functions.
Microorganisms ensure long-term soil fertility and sustained crop production. Research results have
stated on undoubtedly better biochar and inoculums influence on soil microbiota including AMF after
first generation of plants harvesting. We may observe bright rise of all the representatives of
microorganisms in terms of CFU analysis. Though there was no significant difference between the
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treatments while analysing AMF colonization. Still the results showed higher values comparing to the
previous studies with the first plant generation. Taking into consideration dry biomass results it may be
also admitted positive influence of treatments especially with “Novaferm” inoculum amendment.

Our next investigations will take into consideration different biochar concentrations and lagging

of'its effect in the soil by adding/mixing it with organic matter and consequently completing the lacking
nutrients.
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Abstract: Biochar is formed in the thermochemical transformation of plant biomass through pyrolysis.
It is considered that biochar improves soil properties, and that its application in the soil increases the
carbon sequestration by pumping CO- out from the atmosphere. It was confirmed in our previous studies,
that the freshly applied biochar to soils can worsen the growth of plants. Because of it, the real influence
of biochar after dissipation of its initial adverse effects was examined in the next generation of plants
cultivated in pots. After the addition of identical inoculums to model plants as was made in the first
generation, the soil was tested concerning the fate of nitrogen - in terms of the amount of its mineral
forms, their availability in the soil and the rate of leaching. For the second generation of plants five kinds
of soil treatments have been prepared with the same indicator plant salad (Lactuca sativa) as in the first
generation experiment. Estimation of nitrogen availability in soil and assessment of mineral nitrogen
leaching have been investigated using ion exchange resin method. Experimental results have showed
the lowest values of nitrogen leaching in terms of inoculum additives along with biochar application
that lead to microbial development and consequently to nitrogen immobilization. Nitrogen availability
investigation has indicated the increase of its amount released from the microbial biomass after second
generation of plants harvesting. Hence, it may be stated that the interactions between soil mixture with
biochar, native soil microorganisms and/or bacterial inoculums and experimental plants have been
improved during the second plant cultivation.

Key Words: biochar, mineral nitrogen, inoculum, soil

INTRODUCTION

Industrialised and developing countries almost in equal way suffer from soil productivity loss and
degradation that form an acute problem nowadays (Obalum et al. 2012, Lehmann and Joseph 2009).
This occurs mainly due to the strong anthropogenic impact with the negative consequences that include
irrigation, and input of fertilizers, pesticides and intensive use of agrochemicals (VaiCys and Mazvila
2009, Sobral et al. 2015). Thus, finding new sustainable ways to overcome these destroying soil actions
becomes one of the main targets today. Biochar believes to play a key role in expanding options for
sustainable soil management by improving soil productivity, decreasing environmental impact with
positive consequences for soil properties in general. (Verhejien et al. 2009, Lal 2015) Biochar is
produced from sustainably provided waste biomass such as crop residues, manures, timber, forestry
residues and green waste with the use of modern pyrolysis technologies (Woolf et al. 2010). Actually
this material provides a unique opportunity for soil fertility and nutrient-use efficiency increase with the
use of locally available and renewable materials in a sustainable way. Biochar has also an impact on soil
nitrogen cycling that is highly recognized as plants require this element for growing (Prommer et al.
2014). In the agriculture nitrogen makes the main annual input in the form of inorganic or organic
fertilizers for crop nutrition. Except for biochar does not supply nitrogen, as it is one of the elements
that is volatile at pyrolysis temperatures. Moreover, nitrogen is eliminated as gas, or integrated with
carbon into the stable molecular structures that is uppermost in biochar. Nevertheless, biochar interacts
with soil mineral nitrogen and mineral nitrogen that has availability through organic matter
mineralisation. Mineral nitrogen of soil consists only small per cent of total nitrogen in soil exactly in
the form accesible for the plant roots (Harmsen 2003). Nitrate is a product of ammonium transit by
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microbes. Occasionally evident biochar effect on nitrous oxide emissions and leaching, in a case of their
decrease, has been contributed to the indirect effect on ammonium sorption. A decrease in nitrate
concentrations of soil can be fractionally explained by the ammonium capture and it depends on the
biochar rate application in general. At the same time, ammonium sorption impact can have negative
influence in terms of plant growth, taking into account the short term (Lehmann and Joseph 2009). Since
ammonium can in general be accessible for plants, sorbed to internal pores of biochar ammonium could
be physically inaccessible to roots.

The main aim of the investigation is to study the effect of biochar with the mitigated properties
mixed with the inoculums on nitrogen availability for soil microorganisms and to investigate mineral
nitrogen leaching influenced by the same conditions.

MATERIAL AND METHODS

Characterization of sampling locality, experimental design

Plots where we have collected our samples are situated in the protection zone of underground
drinking water source “Brezova nad Svitavou”. These soil samples have been taken according to CSN
ISO 10 381-6 (CSN is “Czech Technical Standard”). Next step is based on samples homogenization and
sieving through a sieve with a grid size of 10 mm. Four different types of treatments have been mixed
with four replications per each treatment. As a result, we obtained twenty plastic containers (10x10x11
cm) filled with 800 g of topsoil. An overview of the applied treatments is displayed in Table 1.

Table 1 Overview of applied treatments

Treatment | Amendment Apprlil(t:gtlon BBCH Active ingredients
Control
T1 without any - - -
additives
Biochar + Azospirillum brasilense, Azotobacter
T “Bactofil” 50 t/ha 13 vinelandii, Bacillus megaterium,
inoculum 1 1/ha 15-18 | Bacillus polymyxa, Pseudomonas
fluorescens, Streptomyces albus
Biochar + Azospirillum brasilense, Azotobacter
“Bactofil” 50 t/ha 13 vinelandii, Bacillus megaterium,
T3 . 1 I/ha Bacillus polymyxa, Pseudomonas
inoculums + 15718 | fluorescens, Streptomyces albus
DAM 390 140 kg/ha (N) u 15, Streptomy us,
mineral nitrogen
Biochar + 50 t/ha 13 Azospirillum spp., Azotobacter spp.,
T4 “NovaFerm” Bacillus megaterium, Bacillus
inoculum 10 V/ha 15-18 subtilis
Biochar + 50 t/ha .
“NovaFerm” 13 Azogplrlllum spp., Azotobgcter spp.,
T5 . 10 I/ha Bacillus megaterium, Bacillus
inoculums + 15-18 1 subtilis, mineral nitrogen
DAM 390 140 kg/ha (N) > g

It may be seen from the table with the applied treatments that soil has been amended with biochar
in all the treatments except the first control one. Biochar made from beech wood at slow pyrolysis with
the use of low temperature 470 °C has been applied to experimental containers. The repeated inoculation
by “Bactofil” and “NovaFerm” additives after the first plant generation harvesting inoculation” took
place at the beginning of vegetation of the second generation of plants. After one week of additives
persistence soil mineral N have been applied in a DAM 390 liquid fertilizer form. It contains 30% of
nitrogen; the ratio of ammonium, nitrate, and amidic nitrogen is 1:1:2. Lettuce (Lactuca sativa) has been
chosen as an experimental plant — the same as in our previous studies with the first generation of plants
(Mikajlo et al. 2015). It is significant to point out, that after first generation of plants harvesting and
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before the second generation of plants seeding all the root biomass has been removed and experimental
soil has been homogenized again.

Research has been conducted in the growth box phytotron with the following laboratory ambient
conditions: 22 °C daily temperature, 19 °C night temperature, 65% humidity with a day length of 12 h
and light intensity of 380 pmol/m/s in the period from June 2015 until October 2015.

Nitrogen availability measuring

The main approach of nitrogen availability in soil determination is based on the method that has
been established and described by the authors Bundy and Meisinger (1994). The specific procedure
includes two stages of the experiment. One helps to estimate mineral nitrogen content before soil
incubation. While another one serves to measure ammoniacal nitrogen content in the term of soil
incubation within 7 days with the 4 M potassium chloride application. Basically available soil nitrogen
NH," is liberated foremost from the cytoplasm of microbial biomass where it has been formed.

Mineral nitrogen leaching estimation

In accordance with the authors Novosadova et al. (2011) we have measured mineral nitrogen
(Nmin) leaching. Ion Exchange Resins (IER) have been used to evaluate these particular values. In total
mineral nitrogen content, have been measured in the soil with two basic values ammonium nitrogen
(NH4"-N) and nitrate nitrogen (NO3-N). Special discs with IER (75 mm diameter and is 5 mm thick)
are made from plastic (PVC) and nylon mesh (grid size of 0.1 mm) cutted tubes and filled with CER —
Cation Exchange Resin and AER — Anion Exchange Resin in the ratio 1:1. After the experiment finish
these discs have been dried at laboratory temperature at 20 °C for seven days. Nmin has been extracted
using 100 ml of 1.7 M sodium chloride. Method of distillation and titration has been used for the
estimation of released Nmin according to Peoples et al. (1989). Investigation results have been expressed
in mg of Nmin. After the first generation of plants harvesting we have applied to the same soil (with the
redosing of amendments) IER discs to measure nitrogen leaching in terms of second generation of plants
growing.

RESULTS AND DISCUSSION

Mineral nitrogen leaching from soil

Previous studies on the estimation of mineral nitrogen in soil that have been conducted with the
first generation of plants with the same additives (biochar, inoculums and mineral nitrogen) have shown
relatively low amounts of mineral nitrogen in leachetes which are displayed in Figure 1 (Mikajlo et al.
2015). Lower amounts of percolating nitrogen, that significantly differ from the other applied treatments,
have been caused mainly by the immobilization of soil nitrogen via the active bacteria which are added
in the treatments B and N.

Figure 1 NH,"-N and NOs™-N leaching from arable soil in | generation of plants (in mg), 2015
0,35

0,3 B N-NH4 = N-NO3 I
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Legend: T1-control treatment; T2-“Bactofil”” inoculum; T3-“Bactofil”’+ DAM additive; T4- “NovaFerm” inoculum; T5-
“NovaFerm””+ DAM (mean values + SD, n = 3)

Microbial control of the fate of mineral nitrogen during the second plant cultivation has not been
so precise as during the first generation of plants cultivation in the case of Novaferm inoculum
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amendment. Investigation data shows that the highest N leaching up to 1.69 £+ 0.19 mg occurred with
the “Novaferm” application comparing to the control unamended soil (0.24 + 0.01 mg) (see Figure 2).
It is important to notice that basically N leaching have not changed in first and second generation taking
into account the control soil without any treatments with just a slight difference (0.18 = 0.05 mg and
0.24 + 0.01 mg). Soil treated with “Bactofil” inoculum showed no significant changes between the first
and second generation. Thus no remarkable nitrogen leaching values have been occurred compare to the
control. Moreover, application of “Bactofil” amendment with biochar indicated on the lowest level of
N leaching. “Bactofil” with DAM treatment stated on a decrease of N leaching comparing to the first
generation of plants (0.23 + 0.05 to 0.2 = 0.01 mg). Slight N leaching in 0.63 + 0.2 has been occurred in
soil treated with “Novaferm” inoculum and DAM amendment.

Thus, it may be seen from the results that “Bactofil” inoculum with or without DAM adding along
with biochar application leads to microbial activity development and nitrogen immobilization. Based on
these results we may suppose that the real soil nitrogen availability would be better during the repeated
cultivation in the soil mixture with biochar.

Figure 2 NH,"-N and NOs™-N leaching from arable soil in Il generation of plants (in mg), 2015
2

15 :[

® N-NH4 = N-NO3
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Legend: T1-control treatment; T2-“Bactofil”” inoculum; T3-“Bactofil”’+ DAM additive; T4- “NovaFerm” inoculum; T5-
“NovaFerm”+ DAM (mean values + SD, n = 3)

Availability of nitrogen for soil microbes

Previous studies have indicated on N availability increase in soil treated with bacterial inoculums
along with biochar and mineral fertilizer amendment (Mikajlo et al. 2015). Investigation results on N
availability in soil after the first and second generation of plants growing can indicate the following
trends (see Figure 3).

Figure 3 Differences between I and Il plant generation NHs+-N availability in microbial biomass (in
mg/kg), 2015
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Legend: T1-control treatment; T2-“Bactofil”” inoculum; T3-“Bactofil”’+ DAM additive; T4- “NovaFerm” inoculum; T5-
“NovaFerm”+ DAM (mean values + SD, n = 3); | gen-first generation, Il gen-second generation; SF- spore-forming bacteria,
NF- nitrogen-fixing bacteria, AC- actinomycetes, FN- microfungi
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It may be seen that all the values after the second generation of plants harvesting have been higher
comparing to the first generation values. Thus N index has gradually increased with each treatment while
the control unamended soil values remained the lowest (362.53 = 12 mg/kg). The highest N increase has
been fixed in the soil treated with “Novaferm” inoculum (667.16 = 55 mg/kg), almost twice higher
comparing to the control soil. Treatment with “Novaferm” additive and with DAM fertilizer also
resulted in high values of N availability (619.72 + 33 mg/kg). “Bactofil” inoculum with and without
mineral fertilizer treatments have indicated on an increase of N availability as well (605.59 + 64 mg/kg
and 538.34 £+ 42 mg/kg respectively). Comparing the first and second generation of plants it can be
noticed that N availability has risen in the second generation practically in each treatment application.
Hence, it may be argued that definitely inoculated biochar with mitigated properties after the first
generation of plant harvesting has positive influence on microbial activity development and thus on soil
state improve and plant growth.

CONCLUSION

Taking into account the results of the previous studies it has been decided to continue research on
biochar, inoculums and mineral fertilizer with the same soil and the same plants cultivated in consequent
second generation (Mikajlo et al. 2015). Investigation data claim on a slight increase of soil nitrogen
amount using the treatment with biochar and “Bactofil” inoculum with and without mineral fertilizer
amendment. No great difference in mineral nitrogen leaching has been found between the treatments
applied in the first and second generation. Nitrogen availability results have stated on the rise of nitrogen
indexes after the second generation of plants harvesting and thus its positive influence on microbial
activity development. Especially it may be admitted that biochar with “Novaferm” inoculum have
prospered to the rise of nitrogen availability particularly while applying this kind of treatment.

Next planned research will be aimed to study various concentrations of biochar and its mitigation
influence by organic matter adding to complete the lacking nutrients.
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Abstract: In this study was investigated the state forest soils around Lenora (district Prachatice) of risk
of elements lead. The aim of your experiment was to assess the influence of glassworks in Lenora
(1834-1995) on the pollution of forest soils. From the neighborhood of Lenora were collected 42
samples from 5 locations, further sorted out into 8 sampling points up to 3 km in area of Velké Nivy,
Radvanovické saddle, the hill Chlustov, the hill Ptacnik, Zatonska mountain. EDTA-extractable
(bioavailable) lead in the collected soil is the most accumulated in humus (H) organic horizons due to
its high sorption capacity. The found average content of EDTA-extractable lead in the evaluated forest
soils are in the range 8.5 to 28.6 mg/kg DM with a mean value of 17.6 mg/kg DM. Only three of the
eight sampling points (Velka niva, Hill Chlustov east and Radvanovické saddle-spruce forest) exceeds
the determined content of 30 mg/kg DM.

Key Words: EDTA, lead, soil, glassworks

INTRODUCTION

In nature, the lead is pervasive as most of the trace elements, the average concentration is about
36" place of elements in the Earth's crust. In the last 50 years it was extracted and concentrated a large
amount of lead from ore and it was re-released into the environment in the form of eg. tetracthyl in
leaded gasoline. Thus, animals are exposed to the health risks and their body tissues and fluids can
contain more lead than would correspond to the natural background. Infants and children may be at risk
if they inhale the dust-bound pollutants. The lead content in the blood is generally accepted as the
indicator organism load (Komarek et al. 2008).

The main source of error in the determination of lead in environmental and biological samples
could be the secondary contamination that may occur during sampling and during their own analysis.
Lead enters the environment during production, use and recycling of the lead compounds, the
combustion of fossil fuels (coal, gas), the use of mineral fertilizer, sewage etc. The estimation of
emissions from individual lead sources shows that anthropogenic sources in the atmosphere are more
important in contrary with the natural sources (Chen et al. 2009).

The lead contamination of the atmosphere is estimated to be 5,000 years old (younger Stone Age-
Neolithic). It began when the first imperfect smelting was done in Southwest Asia (Mesopotamia). The
former world lead production was approximately 200 tons per year. Isotopic studies of lead can provide
information on the pollution of the various parts of the environment. Lead is a toxic element, which has
no known function in biological systems (Hansmann and Képpel 2000).

The aim is to obtain information about the properties of lead and its geochemical position
especially in forest soils, which are characterized formed soil horizon.

MATERIAL AND METHODS

Description of locations

The examined locations are located in the area former glassworks of Lenora. In the nearby of
Lenora village on Prachatice region, is located eight sampling sites (Figure 1) at a height of 786 m
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AMSL. The samples were collected mainly on forest soils according to the developed horizons. From
the area of the top of the hill Chlustov located on the west side of Lenora at a height of 1094 m AMSL,
the samples were collected from the beech stand on the western side of the hill and on the east side of
beech-fir forest. From the area of the hill Pta¢nik which lies eastward from the village at a height of 868
m AMSL were collected samples of spruce forest as well as from the experimental area around ZF JCU
directly above the Lenora and from the area of forest Velka Niva. Additional sampling site is located at
Zatoniské mountains (1028 m AMSL), where is the vegetation change on spruce-beech. Next samples
were collected from the site of Radvanovické saddle lies from the south side of the village. Examined
samples were collected from the two places characterized by different vegetation of spruce and beech
stands. Mentioned sampling areas were located about 100 m apart. Considering the fact, the location
belongs to Sumava National Park, there is necessary to have an entry permit from the competent forester
from Zaton.

Figure 1 Map of locations

Table 1 GPS locations around Lenora

Location GPS coordinates

The hill Chlustov — west (VCH-Z) N 48°55.612°; EO 13°45.167°
The hill Chlustov — east (VCH — V) N 48° 55.734’; EO 13° 45.649°
Zatoniska mountain (ZH) N 48° 56.664’; EO 13° 50.108°
The hill Pta¢nik (VP) N 48° 55.572; EO 13° 48.481°
Experiment area ZF JCU N 48°55.535’; EO 13° 48.418°
Velka niva (VN) N 48° 55.505’; EO 13° 48.709°
Radvanovické saddle (RS) N 48° 53.706’; EO 13° 47.460°

MATERIAL AND METHODS

Soil samples of forest sites were sort out by soil horizons, which are created in the soil. Samples
were divided to the the litter (L), fermentation horizon (F), humification horizon (H), the first mineral
horizon (A1) and the second mineral horizon (A2). The strength of horizons were different, and it was
depended on the type of vegetation, the rate of decomposition of substances in these horizons and stand
age. Other forest soils samples were divided by the depth of sampling to 15 cm, 30 cm and 40 cm.
Horizons L, F, H of forest soils were collected using a garden shovels, mineral horizons and other soil
samples were collected using a soil sampling probe. All the samples were stored in plastic bags with a
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precise description of the location and the date of collection. Subsequently, they were allowed to air dry,
to be prepared for further processing Kudrava and Rurikova (2005).

Preparation of the sample for analysis

Firstly, well-dried samples were processed using a mortar and pestle or a laboratory mixer (for
horizons L and F). They were pulverized to a fine part and then sieved through a sieve of mesh size 2
Mesh screen (Bollhofer and Rosmann 2001). In this process, the samples were rid of coarse impurities.
The treated samples were re-sieved in a mortar and then they were passed through sieve 0.5 Mesh screen.

Analytical methods

The 0.05 M EDTA solution was prepared. 18.6 g of Chelatone-3 was dissolved and transferred
into a 1 1 volumetric flask. pH of the solution was determined on pH meter (Mettler DL25, Switzerland)
and adjusted by adding approximately 6 ml of ammonia solution (p. a. Penta manufacturer) until
stabilization of pH = 7. The 0.5 g of soil was transferred to vials for extraction (Falcon tubes) then the
25 ml of extraction solution EDTA was added. Samples were mixed on a shaker for 60 minutes
(Bermond et al. 1998). After that, the samples were centrifuged on ultracentrifuge (type 2-5, Sigma,
Germany) for 10 minutes on 3900 rpm. The supernatant was filtered through a filter paper with a blue
stripe type (Watmann, GB). Overall lead content in the extract were determined by ICP - OES (ICAP
6000, Thermo Scientific Cambridge UK). Prior the analysis, the samples were diluted according to the
lead concentration approximately of 20 ug/l (Chrastny et al. 2008).

RESULTS AND DISCUSSION

EDTA-extractable content (Organic accessible) of lead in soils is shown in the following graph
(Figure 2). The graph shows the most of the lead is accumulated in humus (H) organic horizons. This
trend could be explained by the high sorption capacity of this kind of soil.

Figure 2 The content of EDTA-extractable lead in forest soils near Lenora

Legend: VN - Velkd niva, VCh -V hill Chlustov east, VP - 2 hill Ptacnik, VP-1 hill Ptacnik over the experimental area, ZH -
Zatoriska mountain, RS-b Radvanovické saddle — beech forests, VCh - Z The hill Chlustov west, RS - S Radvanovické saddle -
spruce forest

The total content of lead in the most soils of the Czech Republic regardless of type (forestry,
agriculture), its diameter does not exceed 20 mg/kg DM (Sanka and Materna 2004). The found average
content of EDTA-extractable lead in the evaluated forest soils are in the range 8.5 to
28.6 mg/kg DM with a mean value of 17.6 mg/kg DM. Only three of the eight sampling sites (Velka
niva, the hill Chlustov east and Radvanovické saddle - pine grove) exceed the determined content of 30
mg/kg DM (Figure 2). Velka niva, Radvanovické saddle are comparable stands (spruce) and also the
order of the contents of lead large floodplain corresponds to 21.1 + 14.7 mg/kg DM, Radvanovické
saddle - spruce corresponds to 22.6 + 14.6 mg/kg DM. Velka niva is closer to the source of the order of
about 2 km from the glassworks in the direction of the prevailing winds than Radvanovické saddle pine
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grove. Radvanovické saddle spruce forest is about 4 km north of the source from which it follows that
it should not be equally affected by glassworks. In terms of soil horizon (Figure 3) is the most
contaminated horizon H which reaches 39.7 £ 15 mg/kg DM, which is twice higher the lead content in
soils according to Weiss et al. (1999). However, H-term horizon forest soil is very thin (a few
centimeters). The minimum value of lead concentration at the site of the Velky Ptac¢nik experimental
area was estimated to 14.4 mg/kg DM and the maximum value of the lead concentration on the area of
hill Chlustov east was estimated to 82.4 mg/kg DM. Other horizons, except F horizon, is varied in the
range 6.5 £ 2.6 mg/kg DM, 13.4 + 1.4 mg/kg DM, which is lower than results by Matikova (2008). The
average value of the content of Pb*" in all horizons at all locations is approximately a half lower in the
comparison with H horizon 18.5 £ 7.1 mg/kg DM. This result is in good agreement with the results by
Papanikolaou et al. (2005).

Figure 3 Average content of EDTA-extractable lead in the soils at all locations

Legend: VN - Velka niva, VCh-V hill Chlustov east, VP - 2 hill Ptac¢nik, VP-1 hill Ptacnik over the experimental area, ZH -
Zatoriskd mountain, RS-b Radvanovické saddle - beech forests, VCh- Z The hill Chlustov west, RS-S Radvanovické saddle -
spruce forest

Figure 4 Average content of EDTA-extractable lead in soil horizons

Legend: litter (L), fermentation horizon (F), humification horizon (H), the first mineral horizon (A1) and the second mineral
horizon (A2)

Determined levels of lead in selective locations Radvanovické saddle in the most contaminated
H-horizons (spruce 45 mg/kg DM, beech 23 mg/kg DM) could be explained by the higher adsorptive
capacity of greater leaf area spruce stand.
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CONCLUSION

All samples were collected from soil horizons L, F, H, A1 and A2. It was found that EDTA-
extractable (bioavailable) lead in the collected soil is the most accumulated in humus (H) organic
horizons due to its hight sorption capacity. The obtained average content of EDTA-extractable lead in
the evaluated forest soils was in the range from8.5 to 28.6 mg/kg with a mean value of 17.6 mg/kg DM.
The EDTA-extractable Pb** usually represents only about one tenth of the total content. Only three of
the total eight sampling sites (Velka niva, the hill Chlustov east and Radvanovické saddle - pine grove)
exceed the limit 30 mg/kg DM of lead.
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Abstract: Drought is considered as one of the most important abiotic stress factors. The severity
of drought is unpredictable as it depends on many factors such as occurrence and distribution of rainfall,
temperature, evaporation and moisture storing capacity of soil. Understanding of drought stress
and water use in relation to plant growth is important for sustainable agriculture. Currently, the breeding
of new varieties of barley is increasingly focused on improving the level of resistance to abiotic stresses,
especially drought while maintaining good health and corresponding yield and grain quality. New
genetic resources with higher resistance to drought are searched for among genotypes well adapted
to dry conditions. In this work there were evaluated lines derived from reciprocal crosses between
cv. Tadmor (originating from Syria, with potentially high tolerance to drought) and cv. Jersey (advanced
European spring malting barley). The obtained lines (F5 and F6 generation) with parent genotypes were
cultivated at two locations (Brno, Zabé&ice) differing in the water retention capacity of soil.
The assessment was aimed at traits associated with yield and quality — thousand grain weight (TGW),
protein and starch content.

Key Words: barley, drought, proteins, starch

INTRODUCTION
Water is necessary for all life processes of plants. Drought reduces photosynthesis and also
reduces the potential harvest index, especially the dry weight of the grain. Lack of moisture in cereals

suffering from stress leads to a reduction of yield and damage to the grain (Keyvan 2010, Pour-Siahbidi
and Pour-Aboughadareh 2013).

Drought is unpredictable because it depends on many factors, such as the occurrence
and distribution of precipitation, temperature, soil type and structure etc. The seriousness of damage
depends on the particular stage of plant growth, which is affected by drought (Dolferus et al. 2011).
Kilic and Yagbasanlar (2010) claim that although drought stress usually reduces grain yield, it can
significantly increase the level of the other constituents of economic yield, as the protein content.

Barley (Hordeum vulgare L.) is widely used as food or feed for animal. For malting and brewing
purposes specific quality parameters are very important, including protein and starch content
(Gous et al. 2015). Grain protein content varies greatly across different environments. Barley suitable
for malting should have moderately low grain protein content (10—11.5%). High protein content will not
only reduce malt extract, but also deteriorate final beer quality (Molina-Cano et al. 1997, Wu et al.
2015). Abiotic stress can negatively effects starch biosynthesis, resulting in starch structural changes,
which may make the grain less suitable for malting and brewing (Hollmann et al. 2014).

MATERIAL AND METHODS
For the experiment F5 and F6 generation lines were chosen, which were derived from reciprocal
crosses between Tadmor and Jersey variety.

Variety Tadmor was developed from Syrian landrace Arabi Aswad under the breeding program
by ICARDA (International Center for Agricultural Research in the Dry Areas). It can be distinguished
by its black colour of hull and is characterized by very good adaptation to drought, increased resistance
to oxidative stress from excessive radiation due to lower content of chlorophyll in leaves, higher osmotic
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potential and high efficiency of water use (Tardy et al. 1998, Teulat et al. 1997, Teulat et al. 1998,
Teulat et al. 2001, Teulat et al. 2002). Variety Jersey (Limagrain Advanta Nederland BV, NL) belonged
to the most grown malting varieties in the Czech Republic till the 2008 year. It is characterized by high
malting quality, resistance to powdery mildew (mlo) and relatively higher sensitivity to drought.
Evaluation of F5 and F6 generation lines was carried out in field conditions at two locations Brno
(GPS position of the locality: 49°12'42.2"N 16°36'57.1"E) and Zabgice (GPS position of the locality:
49°01'18.6"N 16°37'01.9"E), which differ in terms of weather and soil conditions. In both experiments
the same set of 85 lines (TxJ designated as lines 1 and combination JXxT designated as lines 2) was
planted in two rows of 21 seeds each.

All plants were harvested by hand, then threshed and cleaned using laboratory thresher Haldrup
LT-20. The grain samples were used for determination of thousand grain weight (TGW). Starch
and protein contents were evaluated by the FT-NIR spectrometer (Nicolet). Reference method for starch
was used according to Ewers and for protein by Kjeldahl.

RESULTS AND DISCUSSION

Climate conditions

Temperatures in both years were higher by 1-2 °C in comparison with the normal temperature
for the years 1960-1990. Precipitation was lower than normal rainfall in both years and in 2015,
the precipitation was only 50% of normal precipitation (Table 1).

Table 1 Average temperature and precipitation on location Zabcice

Normal Normal 2014 2015
temperatures precipitation Average Precipitation Average Precipitation
(1961-1990) (1961-1990) | temperature temperature

©C) (mm) ©C) (mm)
March 43 23.9 8.5 5.6 54 28.0
April 9.6 33.2 11.8 11.2 10.1 9.4
May 14.6 62.8 14.4 62.8 14.7 33.8
June 17.7 68.6 18.8 43.4 19.1 22.4
Total - 188.5 - 123.0 - 93.6

Thousand grain weight (TGW)

The thousand grain weight is an important character determining the yield and product quality
in barley. The lack of water together with high temperatures can shorten the length of the grain filling
and thus reduce the weight and size of the grains (Doganlar et al. 2000).

Table 2 Evaluated parameters in parental varieties of barley

. 2014 2015
Character Variety — —
Brno | ZabCice | Brno | Zabdice
Thousand grain weight (g) Tadmor 49.4 43.9 51.4 49.4
Jersey 48.2 41.9 49.3 44.2
Protein content (%) Tadmor 16.5 17.8 13.8 13.4
Jersey 13.9 18.7 11.7 11.2
Starch content (%) Tadmor 55.2 53.5 61.4 61.2
Jersey 61.2 56.6 65.3 66.7

Between parental varieties no distinct differences were observed, however, there was a significant
difference between locations (Table 2). Variety Jersey showed a lower TGW at both locations,
but variety Tadmor showed only slight difference at dryer location Zabgice (2 g). Figure 1 and 2 show
variation in TGW among evaluated lines on both locations in 2014 and 2015 year. The significant effect
of location on TGW was observed only in 2014. Lines 1 (TxJ) showed higher TGW as contrast
lines 2 (JxT), especially at location Zab&ice. In 2015 only slight reduction was in Zab¢ice and difference
between evaluated lines was not significant. It could be explained by higher precipitation in May
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and June (Table 1). Thousand seed weight is one of the characters, which is mainly influenced
by the genes. Under certain conditions some genotypes are able to compensate the yield loss caused
by drought by increasing the TGW (Pasam et al. 2012).

Figure 1 Thousand grain weight in evaluated lines of barley in 2014

Figure 2 Thousand grain weight in evaluated lines of barley in 2015

Legend: 1_Brno = Tadmor x Jersey, 2_Brno = Jersey x Tadmor, 1_Zab¢ice = Tadmor x Jersey, 2_Zabcice = Jersey x Tadmor

Protein and starch content

Lower protein content and high starch content is important for malting purposes (Goodall et al.
2013). The concentration of both substances is partly influenced by genotype, but environment has
a great impact has — nutrition, the effect of abiotic and biotic stresses (Psota and Kosar 2002).

In 2014, grain harvested at dry location (Zabgice) showed generally higher protein content than
grain harvested at wetter location in Brno (Figure 3 and 4). It is thus apparent that greater drought caused
an increase of protein content and also reduced starch content of the grain. It is consistent with the results
of'e.g. Robredo etal. (2011) and Ahmed et al. (2012). In 2015, when precipitation was higher, the protein
content was consequently lower than in 2014. In 2014, lines 2 (JxT) showed higher protein content
at location Brno. At location Zabgice lines 2 (JxT) showed higher nitrogen content in 2015.
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Figure 3 Protein content in evaluated lines of barley in 2014

Figure 4 Protein content in evaluated lines of barley in 2015

Legend: 1_Brno = Tadmor x Jersey, 2_Brno = Jersey x Tadmor, 1_Zabc¢ice = Tadmor x Jersey, 2_Zab¢ice = Jersey x Tadmor

Figure 5 Starch content in evaluated lines of barley in 2014
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Figure 6 Starch content in evaluated lines of barley in 2015

Legend: 1_Brno = Tadmor x Jersey, 2_Brno = Jersey x Tadmor, 1_Zabcice = Tadmor x Jersey, 2_Zabcice = Jersey x Tadmor

Occurrence of water deficit in cereals can reduce the total starch content up to 40%
(Thitisaksakul et al. 2012). This is in accordance with obtained results. On drier site the reduction
in starch content was observed in almost all lines (Figure 5 and 6). Malting variety Jersey retained
at both locations high potential starch accumulation compared to Tadmor variety (Table 2). In 2015,
starch content was similar at all locations and in all lines. However, lines 2 (JxT) had apparently lower
starch content at both locations in 2014. Negative correlation between the starch and protein content
was described in many works, e.g. Hubik and Marecek (2002), which was consistent with our findings.

CONCLUSION

Two generations of experimental lines were grown at location Brno and at drier location Zab&ice
in 2014 and 2015 year. TGW, protein and starch content were evaluated.

Parental varieties and evaluated lines showed decrease of TGW at location Zabgice in both years.
In 2014 lines 2 showed higher TGW at both locations, but in 2015 TGW was similar between
lines 1 and lines 2. Experimental lines showed higher variability than parental varieties. TGW
in evaluated lines was 30—60 g, but in parental varieties only 40-50 g.

As the qualitative parameters protein and starch concentrations in harvested grain were assessed.
Tadmor showed higher protein content and lower starch content compared with Jersey at both locations.
Grain of experimental lines harvested at drier location Zab&ice showed a higher protein content
than grain harvested at location Brno. In 2014 decrease in starch content was apparent at dry location
Zabgice and lines 2 (JxT) showed lower starch content at both locations. Significant differences between
lines 1 and 2 were not detected in 2015.

Some of these experimental lines of barley could be serve as a source of genetic variability for
breeding to improve drought tolerance.
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Abstract: Root system plays important role in uptake of nutrients which influences the crop quality and
yield. On the other hand, soil bioavailable nutrient supply is one of main limiting factor affecting
development of the roots. The aim of hydroponic cultivation experiment was the determination of the
nutrition deficient impact on the root system of maize (Zea Mays L.). In this experiment the root system
was described by electric capacity due to we are able to find the active parts of root which are responsible
for main uptake of nutrition. Three deficiency variants (nutrition solution without nitrogen, phosphorus
and potassium) and one variant with all nutrition (control variant) were observing. LCR meter was using
for measuring the root electric capacity and also the weight of dry matter of whole plant and root was
determined. The weight of root dry matter of variant with P deficiency was increased in time (from
20 to 77 mg/plant), on the contrary the weight of root dry matter of variant with K deficiency was
decreased in time. The electric capacity has similar trend, it was increased in variant with P deficiency
and it was decreased in variant with K deficiency in the 3™ term (0.078 nF).

Key Words: maize, hydroponic cultivation, deficient nutrition, root dry matter, root electrical capacity

INTRODUCTION

Maize (Zea Mays L.) is plant with huge root system. The root system has essential importance for
water and nutrition uptake. The nutrition is one of the limiting factor involves the growth
and development of the roots. The bioavailability of nutrients in the soil solution may determine growth,
size and activity of root system. Important developmental processes, such as root-hair formation,
primary root growth and lateral root formation, are particularly sensitive to changes in the internal and
external concentration of nutrients (Lopez-Bucio et al. 2003). Contents and bioavailability of soil
nutrients are critical factors for plant growth and productivity (Baligar et al. 1998). Nitrogen (N),
phosphorus (P) and potassium (K) are the nutrients that are responsible for alter post-embryonic root
developmental processes (Zhu et al. 2005, Wissuwa et al. 2005, Liu et al. 2008, Hawkesford et al. 2012,
Kellermeier et al. 2013).

For evaluation of the size of root system could be use measurement of root capacitance which is
a nondestructive method to estimate the size of plant root systems (Chloupek 1977, Dalton 1995). This
method enables to find only the active (life) part of root because the polarization of life membranes or
cells is realising there, so the live parts are electric active (Stfeda and KlimeSova 2016). The positive
relative between root electric capacity and the weight of root system was found during many
experiments, for example at sunflower (Rajkai et al. 2005) or at durum wheat (Nakhforoosh et al. 2012).

The aim of this work was to characterize the effect of primary nutrients (N, P and K) deficiency
on the maize root system weight and electrical capacity in the earliest stages of development.

MATERIAL AND METHODS

Vegetation pots experiment in the form of an aqueous culture with maize (Zea Mays, L.) was
commenced in growth chambers of the Department of Agrochemistry, Soil Science, Microbiology and
Plant Nutrition, Faculty of AgriSciences, Mendel University in Brno in 2014.
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Maize was sown into a nutrient-free substrate and when the plants” roots reached approximate
length 3 cm (5 days after beginning of germination — DAG), they were put into vegetation pots with
nutrient solutions of different composition (Table 1). The solution had been prepared by using the
method of Hoagland (Hoagland and Arnon 1938). 11 litre glass pots, which were wrapped around in
non-transparent film, were used as vegetation pots. In each pot the nutrient solutions were aerated at
regular time terms (5 minutes in each 3 hours). The vegetation pots were in growth chambers
(PlantMaster, CLF Plant Climatics GmbH, Germany) in controlled temperature, humidity and light
mode (12 h day length, temperature of 23/18 °C (day/night) and relative humidity of 55/70%,
photosynthetic photo flux density of 350 umol/m?/s). When the experiment was set up, 0.5% solution
of iron (ferric chloride) was added to all solutions (Lasttivka and Minai 1967). The pH value of all
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)

Nutrient Chemicals

solutions Ca (NO3)2 KNO3 KZSO4 KH2P04 Ca (H2P04)2 CaSO4.2H20 MgSO4
complete 0.821 0.506 — 0.136 - - 0.120

without N - - 0.871 - 0.117 0.344 0.060

without P 1.231 - 0.861 - - - 0.241

without K 1.231 - - - 0.117 - 0.241

As model crop was used maize variety SY ONDINA. Syngenta (2004) presents this variety like
mid-early hybrid with FAO 290, for grain and silage use, flinty dent grain type, hybrid is stable, adapted
to growing in various climatic zones, moderately high plants, high harvesting potential, high starch
content, highly tolerant to rust and helminthosporiosis. During the experiment the sampling of plants
was in regular terms of 7 days (13 DAG, 20 DAG, 27 DAG).

Immediately after sampling, the electrical capacity of the root system was determined (Chloupek
1977, Dalton 1995). It was measured by LCR meter ELC-131D at a frequency of 1 kHz in nanofarads
(nF) in distilled water of constant composition (in a bottle according to Woulf). One electrode was
attached to the plant hypocotyl and the other electrode was inserted in a constant position at the bottom
of the bottle. The electric capacity was measured in the electrical circuit where the alternating current
passes between the root system and water. The plants were divided into root and aboveground parts after
determination of electrical capacity and afterwards the dry matter weight of these parts were established.

The Statistica 12 CZ programme was used for statistical evaluation of the electrical capacity of
the root system. The effect of the deficient nutrient on the formation of the root system was evaluated
by ANOVA analysis of variance. 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

Table 2 shows that the root dry matter weight of plants from complete solution and plants with
P deficiency were increasing during the experiment. The root architecture of plants can undergo several
changes in response to P deficiency. The long-term P deficiency can cause the excessive root elongation
(Anuradha and Narayana 1991) which might be responsible for increasing the dry matter of plants with
P deficiency. The increase of lateral root growth and secondary root branching at the expense of primary
root elongation were observed in maize (Mollier and Pellerin 1999, Zhu et al. 2005), beans (Lynch and
Brown, 2001) and rice (Wissuwa 2005). The ratio between the root weight and the whole plant weight
in variant with P deficiency did not change a lot during the terms (25.78-28.95) in contrast to the variant
with complete solution (the ratio was descending during the terms).

First, the weight of plants with nitrogen deficiency was decreased (in 1 and 2™ term) but the
raising of weight is obvious in the last 3™ term. When the plant is long-term in the condition of
N deficiency, it starts to change the structure of root system. The plant enhances the creating of lateral
root in order to extend the nitrogen uptake (Chun et al. 2005, Hawkesford et al. 2012). Maize reduces
the number of primary roots but increase the total root length under low-N conditions (Liu et al. 2008).
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Maizlish et al. (1980) present when numbers of primary root per plant of maize increased with increasing
nitrogen, but the elongation rate of an individual primary root did not respond strongly to increased N.

The bigger reduction of root weight was found in the K deficiency variant. The ration between
dry matter weight of whole plant and root was 20.63% in the last term. Baligar et al. (1998) present that
plants with insufficient K nutrition reduce the root growing. The seedlings of Arabidopsis showed
a strong reduction of lateral root elongation in potassium deficiency (Kellermeier et al. 2013). Similarly
Armengaud et al. (2004) present plants of Arabidopsis grown on K-free medium developed visible
symptoms potassium deficiency on 10 days after germination, which included chlorosis of older leaves
and a typical growth arrest of lateral roots.

Table 2 Dry matter weight of whole plant and root (mg/plant) and proportion of root dry weight to total
plant weight (%) , 1° term 13 days after sowing, 2" term 20 days after sowing and 3" term 27 days after
sowing

Dry matter weight (mg/plant

Treatment Part of plant i 5 ght (mg/plant) 5

1% term 2" term 3" term
Complete Whole plant 55 180 502
solution Root 18 (32.73%) 54 (30.00%) 118 (23.51%)
Nutrient Whole plant 56 75 194
solutions without
N Root 24 (42.86%) 19 (25.33%) 70 (36.08%)
Nutrient Whole plant 76 128 266
solutions without
P Root 20 (26.32%) 33 (25.78%) 77 (28.95%)
Nutrient Whole plant 47 116 160
solutions without
K Root 16 (34.04%) 37 (31.90%) 33 (20.63%)

Figure 1 Electrical capacity of maize root system (nF). Means followed by the different letters are
significantly different (P<0.05)
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From Figure 1 is obvious the difference in electric capacity among each term. The value of electric
capacity was rising during the experiment, excepting K deficiency variant. The plants from deficiency
solution have almost ever lower electric capacity then control plants, only in the last 3™ term)
P deficiency plants had little bit higher electric capacity than control plants (not significance). Baligar
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et al. (1998) present that P deficient nutrition induces enhancing length of primary root and the
secondary root branching which increases the density of root-hair. Similarly Johnson et al. (1996),
Dubrovsky (1997) and Zhu and Lynch (2004) reported increasing the root system forms of short lateral
roots with large numbers of root hairs, when plants were exposed to low P conditions. The mentioned
changes in root architecture increased absorptive surface which means higher electric capacity.

The plants from N and K deficient variants have significantly lower electric capacity in contrast
to control plants. The most expressive different is in the last term, N deficient plants have of 55.24%
lower electric capacity than control variant and K deficient plants have of 68.55% lower electric capacity
in contrast to control plants. Similar small electric capacity was noticed in K deficient sunflowers
(Skarpa 2011). Potassium significantly influences the cell turgor that drives cell expansion and
elongation. The low K concentration in cytosol decreases the cell turgor, which is needed for the
elongation of root hairs (Lew 1991).

Figure 2 Relation between the electrical capacity (nF) of root maize and their root dry matter weight;
a — complete solution, b — nutrient solutions without P, ¢ — nutrient solutions without N, d — nutrient
solutions without K
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Figure 2 shows high correlation between the electrical capacity and root dry matter weight of
maize. The significant relation was measured in variant with nutrient solution without phosphorus (r =
0.999; P<0.01), the relation of the others variants were not significant (P<0.05). McBride et al. 2008
studied four maize genotypes in the pots experiment and they were determinated significant relation
between electric capacity and root weight. Really close correlation was also found at sunflowers (Rajkai
et al. 2005). The relation between electric capacity and root dry matter weight was also noticed by Ozier-
Lafontaine and Bajazet (2005) at spinach.
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CONCLUSION

Nutrients deficiency in maize nutrition had significant effect on dry matter weight of whole plant
and root and root electrical capacity. The root dry matter weight of plants from complete solution and
plants with P deficiency were increasing in time. First, the roots weight in variant with N deficiency was
decreased, but it was enhanced in 3™ term. The biggest roots weight reduction and their share in the
whole plants weight was detected in variant with K deficiency. High correlations between the root
electrical capacity and root dry matter weight were found in variants with all nutrients deficiency. This
relation was significant in variant with phosphorus deficiency. Knowledge of roots development in
deficient environment can be exploited by breeding of varieties for different deficiency conditions.
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Abstract: The study presents result of the research that was realised in year 2015 (May—October) in the
Berek floodplain forest (SE edge of Nové Zamky). Research was aimed at invasive plant communities
on 3 differently managed areas of forest cover. We were able to document 114 species on 9 permanent
research plots. There were identified 35 non-native species and 20 taxa were in the category of invasive
species. Using expert systems, we identified some potential plant communities: Sambuco nigrae-
Aceretum negundo, Rhamno catharticae-Cornetum sanguineae, Hyoscyamo nigri-Conietum maculati,
Festuco arundinaceae-Althaeetum officinalis. Factors of non-native species dispersion are mainly
caused by uneven flooding of the floodplain forest during the spillage of river Nitra, exploitation of
wood and maintain felled sites under power lines. Spreading of non-native especially invasive species
in the lowland floodplain forest reduces species diversity of plant and animal communities and economic
use cover. Therefore, we consider it necessary to manage non-native especially invasive species.

Key Words: plants invasions, floodplain forest, clear-cuts, Slovakia

INTRODUCTION

Biotical invasive plants are a phenomenon in the world, threatening biodiversity and only few
ecosystems are occurrence free of invasive species (Catford et al. 2012). In context of the spread of
invasive plant species the floodplain forests belong to the most threatened ecosystems. Permanent
disruption of these native communities creates ideal conditions for introduction, occurrence and spread
non-native especially invasive plant species which are threats for native biotopes. Machar (2002) states,
that the greatest risk of spread of non-native species are all the new forest roads, buildings and bridge
structures which involve the disruption of the surface of the soil. Chytry and Pysek (2009) state, that
clear-cut areas are the worst way of forest management, because the excess of free resources is used by
species that can easily and quickly spread here. Dominance of invasive plants on attacked areas is a
phenomenon at the community level that talks about the suppression of natural species. The richness of
species and its decline in specific areas depends on the identity of non-native species, which expanded
in the area (Hejda et al. 2009). Problematics of invasive species with significant consequences for nature
protection, forestry and agriculture can be fully understood only when we realize how intensely
interrelated biotic invasive and landscape changes are. Invasions are also the driving force behind the
landscape changes and their partial consequence (Pysek and Sadlo 2004).

The aim of the study was to identify the species richness of invasive plant species and determine
invaded plant communities in the Berek floodplain forest (district Nové Zamky, SW Slovakia).

MATERIAL AND METHODS

Floodplain forest Berek of approximately 100 ha is situated on the SE edge of Nové Zamky town
(centre of the site has coordinates 47°58"20.544" N, 18°7'39.970" E, cover length is 2.6 km, the largest
width is 0.6 km). Forest is located in the Nové Zamky in the Nitra region, on Danubian Flat in the
southern part of western Slovakia. The Berek forest is remnant of original native floodplain forest
complex and part of Special Protection Areas (bird areas) Dolné Povazie (NT 2016). Climatic conditions
of Nové Zamky town and surroundings are characterized as area of warm, very dry with mild winter
(Lapin et al. 2002). Mean annual values of climatic moisture indicator for the area of Nové Zamky point
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to the lack of rain (Tomlian 2002). Average precipitation in January is only about 30 mm and in July is
about 60 mm (Fasko and Stastny 2002). Mean annual temperature of active soil surface for Nové Zamky
town and surroundings is 12 °C (Tomlain and Hrvol’ 2002).

Areas were selected in 3 different habitats and those are: (i) clear-cut (C1-C3), (ii) forest cover
(F1-F3) and (iii) poplar monoculture (M1-M3). Forest cover areas (FI1-F3) represent remnant of
original native floodplain forest complex. Phytocenological relevés we have made repeatedly in the
period May—October 2015 in monthly intervals within the diploma thesis (Sofkova 2016). Size of
relevés we selected is 20 x 20 m in each plot. The method of the Zurich-Montpellier school with seven
membered Braun-Blanquet scale coverage and frequency was used for phytocenological relevés
(Moravec et al. 1994). Categorization of non-native species was made by Gojdicova et al. (2002) and
compare properties by Medvecka et al. (2012).

The relevés were processed and imported into the program JUICE (Tichy and Holt 2006). By
using TWINSPAN procedure’s crispness value we specified the optimal number of clusters, grouped by
the Sorensen similarity index. Limits for division into clusters is coverage rate (%) of values 0, 5, 15
and 25 (in JUICE the so-called values of cut level). Using expert system we have assigned communities
(associations) with indices (FPFI - combined index frequency and fidelity, FPD - positive index fidelity,
FQI - frequency index) under formal definitions to the clusters of relevés. Slovak expert system does
not have forest vegetation processed, therefore we used the comprehensive expert system for the Czech
Republic. To analyse the relationship (correlation) of species/relevés, we used indirect linear analysis
(PCA) in the program Canoco (Ter Braak and Smilauer 2002), the discovered length of the gradient of
species data (SD = 3.835). Graphical representation was created using the tool CanoDraw.

RESULTS AND DISCUSSION

On 9 research plot, we created 64 phytocenological relevés from which we identified 114 taxa.
Thirty-five species were identified in the list of non-native species out of them 20 were invasive
(Gojdicova et al. 2002). The most occurring species were: Solidago gigantea, Impatiens parviflora, and
Aster lanceolatus. The lowest frequency of invasive species has been in remnant of original native areas
in the forest cover, specifically F2 with only 2 species. The highest number of frequency was on clear-
cuts, specifically on the area C1 with 13 species and on area C2 was 9 species. The Table 1 shows the
categories of species and information about their properties, such as: invasion status, time of
introduction, life forms and origin of the taxon.

Table 1 Overview of the characteristics of identified non-native species (Medvecka et al. 2012) and their
categorization by Gojdicova et al. (2002)

L Medvecka et al. (2012) Gojdicova et al. (2002)
Latin title — -
IS | RT TI LF Origin Categories
Abutilon theophrasti nat | neo 1865 T As 2
Amaranthus retroflexus inv | neo 1830 T C Am SAm 2
Ambrosia artemisiifolia inv | neo 1949 T NAm la)
Arctium lappa nat | arch - He E As -
Arrhenatherum elatius - - - - - 8
Artemisia vulgaris - - - - - 8
Aster lanceolatus - - - - - la)
Aster novi-belgii inv | neo 1865 He NAm la)
Atriplex sagittata nat | arch B T E As 1b)
Bidens frondosa inv | neo 1947 T NAm 1b)
Bromus sterilis nat | arch N T He E As 1b)
Calamagrostis epigejos - - - - - 8
Celtis occidentalis nat | neo 1840 Ph NAm 3
Cichorium intybus nat | arch - He E As Af 1b)
Cirsium arvense - - - - - 8
Cirsium vulgare - - - - - 1b)
Conium maculatum nat | arch M T He E As Af 1b)
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L Medvecka et al. (2012) Gojdicova et al. (2002)
Latin title — -
IS | RT TI LF Origin Categories
Convolvulus arvensis nat | arch 1 He G E As Af -
Conyza canadensis inv | neo 1791 T NAm la)
Capsella bursa-pastoris nat | arch - T E -
Chelidonium majus nat | arch R He E As -
Datura stramonium cas | neo 16¢ T ? 2
Echinocystis lobata inv | neo 1933 T NAm la)
Epilobium ciliatum inv | neo 1946 He | NAm CAm 2
Galega officinalis nat | neo 1791 He E 6
Galinsoga parviflora inv | neo 1853 T SAm la)
Helianthus tuberosus inv | neo 1830 He NAm la)
Impatiens parviflora inv | neo 1897 T As la)
Iva xanthiifolia nat | neo 1934 T NAm la)
Juglans nigra nat | neo 1770 Ph NAm 3
Lamium purpureum nat | arch R T E As Af -
Malva sylvestris nat | arch - T E As Af -
Negundo aceroides cas | neo 1794 Ph NAm la)
Parthenocissus quinguefolia | nat | neo 1897 Ph NAm 2
Populus x canadensis nat | neo 1800 Ph HC -
Phleum pratense - - - - - 8
Robinia pseudoacacia inv | neo 1720 Ph NAm la)
Rumex confertus - - - - - 8
Sambucus nigra - - - - - 8
Solidago gigantea inv | neo 1909 He NAm la)
Stenactis annua - - - - - la)
Tanacetum vulgare - - - - - 1b)

Legend:

IS - invasive status: cas - casual, nat - naturalized, inv - invasive. RT - residence time: neo - neophyte, arch -

archaeophyte. Tl - time of introduction: B - Bronze Age, | - Iron Age, N - Neolithic and Aeneolithic era, M - Medieval period,
R - Roman and Migration period. LF - life forms: G - geophyte, He - hemicryptophyte, Ph - phanerophyte, T - therophyte.
Origin of the taxon: Af - Africa, As - Asia, C - from cultivation, E - Europe, Cam - Central America, H - hybrid, Nam - North
America, Sam - South America. Categories: 1a) invasive taxa neophyte, 1b) - invasive taxa archaeophyte, 2 - potential invasive
taxa, 3 - often accomplishing taxa, 6 - domesticated taxa, 8 - expansive taxa.

Using TWINSPAN analysis we sorted phytocenological relevés into 6 clusters, their numbers
were found using crispness value analysis. Table 2 indicates the number of relevés allocated to each
cluster site on which the vegetation has been studied and their corresponding coordinates.

Table 2 Overview of phytocenological relevés and their localization

Cluster Relevés Research N. O,f Coordinates
plot relevés

43,44, 45, 46, 47, 48, 49 F1 47°58"27.5"N 18°07'55.4"E
1 50, 51, 52, 53, 54, 55, 56, 57 F2 22 47°58'19.9"N 18°08'12.4"E

58, 59, 61, 60, 62, 63, 64 F3 47°5820.2"N 18°0821.6"E
2 1,2,3,4,5,6,7 Cl 7 47°58722.0"N 18°08'26.9"E
3 8,9,10,11,12,13, 14 C2 7 47°58'18.9"N 18°07'39.8"E
4 15,16, 17, 18, 19, 20, 21 C3 7 47°5820.9"N 18°07'40.5"E
5 36, 37, 38, 39, 40, 41, 42 M3 7 47°5824.9"N 18°07'50.6"E

22,23, 24,25,26,27, 28 47°58'17.2"N 18°08"25.5"E
6 M1 M2 14

29, 30, 31, 32, 33, 34, 35 47°58'18.4"N 18°0826.9"E

Based on analysis of synoptic tables in program JUICE we
and dominant species for each associated entry with the cluster. Expert

found diagnostic, constant
systems generated potential

communities (see Table 3). Higher precision device relevés in the communities were shown using
the Czech expert system that assesses the woody vegetation as well. Quotation marks next to community
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codes indicate the likelihood of inclusion in the syntaxon, which can be explained by the transitional
nature of the analysed covers. Their species composition and structural properties are modified by the
introduction of invasive plants and they are also communities greatly affected by people (JaniSova et al.

2007).
Table 3 Competence phytocoenosis types of research plots, clusters and number of relevés the
communities
Communities Cluster N. Of Research
relevés plot
?7KBDO03 Sambuco nigrae-Aceretum negundo - C 6,5 21 Mﬁ/{l;/lz
. . M1 M2
?KBB05 Rhamno catharticae-Cornetum sanguineae - C 6,4 21 3
?XCE03 Hyoscyamo nigri-Conietum maculati - C 3,2 14 c2cCi1
?7XCBO08 Artemisio vulgaris-Echinopsietum sphaerocephali - C ) ; 1
"MCAO04 Phragmitetum australis — C
?XDDO03 Anthriscetum trichospermae - C N1
?7KBEO1 Chelidonio majoris-Robinietum pseudoacaciae - C 1 22 N2
?XDCO05 Urtico dioicae-Parietarietum officinalis - C N3
. L M1 M2
MAHO02 Festuco arundinaceae-Althaeetum officinalis - S 6,4,3 28 C3C2
?MAEI13 Filipendulo ulmariae-Menthetum longifoliae - S 5 7 M3
"MAHO04 Agropyro repentis-Rorippetum austriacae - S ) 7 cl
?MAHOS Potentilletum reptantis — S
Non - identified woody vegetation by the system - S 1 22 F1F2F3

Legend: C - Czech expert system, S - Slovak expert system

For graphical representation of the correlation relevés we used nonlinear principal component
analysis. Clumps of relevés were assigned to the clusters (see Figure 2) by TWINSPAN clustering

methods.

Figure 2 PCA scatter plot phytocenological relevés and their assignment clusters

The Sambuco-Aceretum negundo
community in synecologically characterized by
Valachovi¢ (2012) in regards to occurrence on
different habitat. Invasive neophyte tree species
Negundo aceroides aggressively invades onto
ruderal habitats in urban and industrial areas. It
massively invades the banks of watercourses, it
prefers bank cover and floodplain forests, where
it is the dominant part of shrubs and lower tree
floor. Sambucus nigra is the most prevalent in
lower shrub floor.

The Hyoscyamo nigri-Conietum maculati
community occurs in sufficiently sunlit and dry
habitats with soil rich on nitrogenous
compounds (VEG 2016). The work Sibik and
Kliment (2012) confirms in the record
correlating the area of cover near the edge of the
forest the occurrence of ruderal communities
consisting of species Conium maculatum, lva
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xanthiifolia, Ambrosia artemisiifolia, Urtica dioica, Galium aparine, which are the same as in our
studied areas.

The Chelidonio majoris-Robinietum pseudoacaciae settles community the edges of Berek’s
cover. At present, it massively invades the inner parts of the forest cover and it substitutes some of the
autochthonic woody vegetation, especially those that were panted in the past. It often occurs as the
substitute for oak cover in the valleys of some rivers and streams. Vitkova (2014) states, that Robinia
pseudoacacia has the ability to change the composition of species of herbal vegetation. The numbers of
weaker rivalling species are shrinking and nitrophilous species are becoming more prevalent, e.g.
Chelidonium majus, Sambucus nigra, Galium aparine, Urtica dioica, Impatiens parviflora.

The Artemisio vulgaris-Echinopsietum sphaerocephali community is the typical species of
Echinops sphaerocephalus which is categorized in the invasive species neophyte in Czech Republic
(Pergl et al. 2013), in Slovakia it still has a nondescript status (Medvecka et al. 2012). Only a singular
subject was found in Berek’s clear-cut, but it can be assumed that it will be able to build a viable
population in the coming vegetation periods. The vegetation settles anthropogenic sunlit habitats.

The Festuco arundinaceae-Althaeetum officinalis community was observed both in
anthropogenic and natural habitats along the rivers and their alluviums and also next to backwaters. The
main factors were groundwater and sufficient mechanical treading (HegediiSova et al. 2014).

CONCLUSION

Out of the 20 found invasive species the most common: Solidago gigantea, Impatiens parviflora
and Aster lanceolatus. The lowest presence of invasive species has been in remnant of original native
areas in the forest cover. It can be concluded that the most invaded communities were found in the clear-
cuts. There were 12 communities found in all. The most commonly occurring invaded communities
were Chelidonio majoris-Robinietum pseudoacaciae and Hyoscyamo nigri-Conietum maculati with
invasive species: Robinia pseudoacacia and Conium maculatum. The study provides findings about the
disrupted communities and may be an asset in further observation and comparison of occurrences on
differently used areas.
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Abstract: Hibernal is an interspecific cultivar of grapevine that has been cultivated in Germany. It was
created by crossing the cultivars Rheinriesling and Seibel 7053 and has very promising potential in terms
of fungus-resistant (PIWI) cultivars, so that it can be used for organic wine-making. The study is focused
on the impact of seven selected rootstocks (125AA, Amos, Borner, CR2, 5SBB, K1SO4, and T5C) on
the quantitative characteristics of variety Hibernal. The experiment was carried out in 2015. The aim
was to evaluate the influence of rootstocks in the selected locality, based on the following traits: plant
vitality, yielding capacity of individual plants, number and weight of bunches per vine, and the weight
of 50 berries. The results show that rootstock cultivar 125AA and K1SO4 performed best in the
evaluation.

Key Words: Hibernal, quantitative characteristics, PIWI varieties, rootstock

INTRODUCTION

Currently, there are an increasing number of people, who are at the forefront of breeding new
varieties and rootstocks  with  higher resistance. These varieties, called PIWI
(from German world “pilzwiderstandsfihige Rebsorten™), are more resistant against pest Viteus vitifolie
and pathogens Erysiphe necator and Plasmopara viticola. The bases in turn affect the grafted varieties,
not only in terms of the size of fruit and earliness of harvest, but more importantly they solve problems
concerning resistance to drought and frost, pests and diseases, and the different chemistry of the soil
(Brighenti et al. 2011).

The effect of rootstocks is dependent on the ratio between the leaf area of the plant and its yield.
Examinations of the uptake of nutrients and water show them to be closely related to changes in the
phenology of plants and it is well known that these processes are significantly influenced by rootstocks
(Pulko et al. 2012).

In quantitative terms, it is therefore important to monitor the growth vitality of the varieties of
rootstocks used, since the quantity and quality of the harvest depends on it (Brighenti et al. 2012).

When establishing a new vineyard, a well-chosen rootstock and scion combination represents one
of the first important steps on the way to success (Keller et al. 2012).

The aim of this work was to evaluate the influence of rootstock used for quantitative parameters
on monitored grafted variety of Hibernal at a given location. Hibernal is medium-late to late,
interspecific wine grape vine variety, used for producing white wine, first bred in 1944 in Germany
(Hillebrand et al. 2003).

MATERIAL AND METHODS

Characteristics of the vineyard

The grapes used in individual analyses were harvested in the vineyard with the gene-pool
collection facilities of the research station Mendeleum in Lednice na Moravé (Czech Republic). The
altitude of this locality is 176 m a.s.l. and — from the bioclimatological point of view — it is characterised
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as a dry region (sub-region dry, district warm and dry with mild winters). The locality is open and well
insulated. The plot is predominately flat and slightly sloping to the north-east. The soil is classified as a
sandy clay loam with 20-24% of clay particles.

Climatic characteristics

The average annual number of rainy days is 90. A long-term average of the annual sum of
precipitation is 524 mm (of this, 61% occurs within the growing season. The period with air temperatures
higher than 10 °C lasts from the April 10 to October 10 - i.e., 175 days.

Experimental design

The cultivar under study (i.e., “Hibernal”) was grafted onto 7 different rootstocks (125 AA, Amos,
Borner, CR2, 5BB, K1SO4, and T5C). Vines were planted in the year 2005. The vine training was of
the medium height with one cane (8—10 eyes per cane). The spacing of vines was 1m x 2.2m.

Cultivar Hibernal

This variety was bred by H. Becker et al. in Geisenheim (Germany) as the second filial generation
seedling crossed with varieties of Chancellor (Seibel 7053) x Rheinriesling 239. In the Czech Republic,
the variety has been allowed since 2004 (Sotolai 2006).

Rootstocks

Altogether, 7 rootstock varieties were tested. All of them are routinely used in viticultural practice.
Two were very vigorous (5BB, Borner), two showed medium vigour (125AA, CR2), and the growth of
the remaining three (Amos, K1SO4, and T5C) was weak (PospiSilova et al. 2005).

125AA - Vitis berlandieri x Vitis riparia

Amos - Severnyj (Malingre x V.amurensis) x Schwarzmann (V. riparia x V. rupestris).

Borner - Vitis riparia 183G x Vitis cinerea ,,Arnold“

CR2 (Craciunel 2) - Vitis berlandieri x Vitis riparia

5BB (Kober 5BB) - Vitis berlandieri x Vitis riparia

K1S0O4 - LE/K1 x SO4

T5C (Teleki 5C) - Vitis berlandieri x Vitis riparia

Sampling

Samples were collected at regular weekly intervals (0-5), namely on September 2, September 9,
September 16, September 23, and September 29, 2015. Average samples of berries were collected on
50 plants from different parts of grapes. Each sample consisted of 200 berries. From these berries were
randomly selected 3 x 50 berries and these berries were processed in the laboratory on the day of
sampling. The evaluation of the harvest (i.e., the number and weight of grapes and the number and
weight of annual shoots) was performed on September 29, 2015. In each combination of rootstocks and
Hibernal grafts, parameters were evaluated from samples collected from 7 plants.

Evaluation of uvological parameters

Individual vines were monitored from the agrotechnical and ampelographical points of view. The
following basic parameters were evaluated: number of annual shoots per vine, weight per plant, average
weight of one annual shoot, number and weight of grapes per vine, average weight of one bunch of
berries, and weight of 50 berries (this was a modified classificator CPVO-TP/50/1).

Statistical analysis

A statistical analysis was performed using the Excel 2007 package (Microsoft Office, USA) and
table sheets and graphs were produced using the statistical software Statistica 10 (Copyright © StatSoft).
Results in figures are expressed by mean. It was counted from 7 plants of each rootstock. Error bars
represent the 95% confidence interval of a mean. Statistical significance was determined by examining
the basic differences between among individual rootstocks using ANOVA and Scheffé’s test.
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RESULTS AND DISCUSSION

Evaluation of grapes and annual shoots

In 2015, an extensive study of the effects of 7 rootstocks on a selected grapevine cultivar
(Hibernal) was performed in the Mendeleum vineyards in Lednice na Moravé (Czech Republic). The
ripening of grapes of this cultivar was monitored at weekly intervals. Simultaneously, the yields and
some other quantitative parameters were recorded. The results obtained were processed statistically and
are presented below.

The number and weights of the grapes were evaluated because only these characteristics were
influenced by tested rootstocks. The growth of the plants was also evaluated; specifically, the number
of annual shoots per vine, and their weight.

The number and weight of grapes per plant

As shown in Figure 1A, the highest number of grapes in 2015 was obtained using the rootstock
Amos, with 22 pcs per plant. Other high values were also obtained by rootstocks 125AA and K1SO4
(19 pieces).

Figure 1B shows that the highest weight of the grapes on the plant was achieved with rootstock
K1S04 (3.2 kg). Low yields were obtained with rootstocks Borner and TSC (weighing less than 2 kg).

Figure 1 Number and weight of grapes per plant
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The weight of 50 berries

The lowest and highest values of the weight of 50 berries were recorded in the beginning in
variants with rootstocks Amos and 125AA respectively (72 and 81 g.). In the course of the ripening
period, the highest value of the growth rate of berries was observed with the rootstock K1SO4. On the
other hand, the lowest growth rate (negative growth rate) was recorded in the variant crossed with the
rootstock CR2. The graphs presented in Figure 2 illustrate the growth rates of individual combinations
of rootstocks.
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Figure 2 Weight of 50 berries (in grams), as determined on different sampling dates (I.-V.) in
experimental combinations with individual rootstocks — (A) 125AA; (B) 5BB; (C) Amos; (D) Borner;
(E) CR2; (F) K1SO4 and (G) T5C.
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The number and weight of annual shoots per plant

The average number of shoots between rootstocks was very balanced, at around 10 pcs. A slightly
higher yield of 12 pcs was obtained with rootstocks Amos and 125AA. The highest weight based on
trimmed vines was achieved using rootstocks 125AA and CR2, at 0.7 kg. The lowest weight was with
the rootstock Amos. Other rootstocks have balanced weights.

Figure 3 Number and weight of annual shootsper plant
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Average weight of one grape and annual shoot

The weight per vine corresponds in this case with the weight of all cropped cuttings. The highest
values were from rootstock CR2, and the lowest were again from rootstock Amos, with only 16 g per
shoot.

The weight of one grape ranged from 100 to 150 g. The highest weights were obtained by
rootstocks K1SO4, 5BB, and CR2.
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Figure 4 Weight of one grape (first blue column) and one annual shoot (second grey column)
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The number of shoots on the plant should be roughly constant (this is also dependent on the
cutting). If there are more annual shoots on the plant, it has shorter internodes and there will be more
grapes on the plant, but they are smaller and lighter. If there is a lower number of annual shoots, it has
longer internodes, meaning the shoots are larger, there are large leaves, and the grapes are fewer but
larger and heavier. By contrast, stronger shoots need more nutrients. The number and weight of the
shoots should be regulated using appropriate measures (Cohen and Naor 2002). It was also found that if
row spacing (distance) was reduced to 1 meter for a number of shoots on the vine, yields per unit area
(i.e., per hectare) were higher, while qualitative parameters remained unchanged (Kliewer et al. 2000).
Tethal et al. studied effects of rootstock varieties on qualitative parameters of Cerason juice in 2011 in
vineyards of Mendel University in Lednice. In the juice of the berries, the following parameters were
monitored: concentrations of sugar, total acids, tartaric acid, malic acid, ratio of tartaric to malic acid
(B-ratio), concentration of yeast assimilable nitrogen, and pH value. The best results were recorded in
125AA and 5BB rootstock varieties (Tethal et al. 2015).

The varieties grafted on the rootstock Amos consist of shorter internodes, resulting in the expected
higher number of shoots. At the same time, however, they lead to weaker growth shoots, and their weight
reached lower values. The fertility has good characteristics, in that it is high, and creates medium-sized
grapes of a favourable weight. The T5C base is suitable for loamy soils with ground water; it grows
weakly and also forms shorter internodes. Their numbers were comparable to other rootstocks, but their
weight was the second lowest. The average weight of one annual shoot was also the lowest in these two
rootstocks. In a given year, the T5C rootstock has average numbers of grapes, but their weight is among
the lowest. The size of the grape was also the smallest. The 125AA rootstock is an average in lush of
growth. The number of shoots left on the plant was the highest, but their weight was too high. The
number of bunches and the weight was the second highest. The grapes are medium-sized, creating the
assumption that there will be ideal ripening, i.e., there is a good balance between quantity and quality.
The luxuriant rootstock 5SBB showed a lower number of shoots, but the mass of shoots on the plant was
middling. Regarding the grapes, their number was on this rootstock high, but their weight shifted her to
diameter.

Borner is an exuberant, moderate to strong-growing rootstock, which reached the average number
of annual shoots with less weight on the annual shoots per plant and the weight of one annual shoot. The
number of grapes was average and their weight was very low, suggesting small grapes. This is not an
ideal level of fertility for the given conditions. The CR2 base is an average lush, with the low number
of annual shoots compensated by a higher weight. It is therefore logical that they will achieve the
maximum weight, reflecting their very strong growth. The number and weight of grapes from this
rootstock was average; the average weight of one grape, however, was the highest. The K1SO4 base
had an average number of annual shoots and weight. This rootstock was the third best. It was the highest
rated in terms of the weight of bunches on the plant, and was among the highest concerning the average
weight of one grape.

CONCLUSION

This study was intended to evaluate the suitability of a combination of Hibernal variety with seven
grapevine rootstocks. The best combinations were chosen on the base of an evaluation of a number of
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selected parameters. The results of the yields also played a key role. Rootstocks 125AA and K1SO4
performed the best, while 5SBB could also be a suitable rootstock for Hibernal. The experimental values
obtained could have been influenced by the weather conditions in the year 2015 or by the pedological
conditions of the experimental vineyard.
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Abstract: Wheat is a crucial dietary stable and economic commodity around the globe. It plays an im-
portant role in health benefits to combat oxidative stress in the human body by maintaining a balance
between antioxidants and oxidants. The objective of this study was to determine the contents of antiox-
idant activity (tocopherols) in varieties of einkorn, emmer, spelt and Triticum aestivum L. and identify
the richest sources for improving the nutritional value of bread, pasta and other wheat products. The
field experiment were arranged in Ceske Budejovice from 2010 to 2012 with 26 wheat varieties. 2,2-
diphenyl-1-pycrylhydrazyl assay was used to evaluate the level of antioxidant activity. The results reve-
aled that antioxidant activity (AOA) ranged from 225.45 mg/kg Trolox DM to 400.83 mg/kg Trolox
DM and its values were significantly different among varieties, ploidy level and wheat accessions. Also,
modern wheat varieties showed higher AOA than ancient wheat varieties apart from emmer varieties.

Key Words: Antioxidant activity, wheat, food grain sources, phytochemical, reactive oxygen species

INTRODUCTION

Wheat is plant grown on more land area than any other commercial crop. It is also one of the most
important food grain sources for people all over the world because of the universal use of wheat for a
wide variety of products such as bread, noodles, cakes, biscuits, etc. Wheat kernel is composed of en-
dosperm (81-84%), bran (14—16%), and germ (2—3%) (Pomeranz 1988). Endosperm is the inner part
playing a role as storage of energy and functioning protein. Bran is outer layer protecting the grain and
germ is the kernel’s reproduction system. Whereas wheat endosperm contains mostly starch and protein,
bran and germ are rich in dietary fiber, vitamins, minerals and phytochemicals playing an important role
in nutrition and health benefits for humans (Pomeranz 1988). The customers are, therefore, strongly
recommended to consume whole-grain foods with at least three servings per day. The recent studies
have showed that regular consumption whole wheat grain has been found to be associated with reduced
total mortality, as well as reduced risk of coronary heart disease, ischemic stroke, type 2 diabetes (Archie
et al. 2006), hypertension in women and colorectal cancer (Schatzkin 2007).

The aim of this study was to determine the level of antioxidant activity (tocopherols) in varieties
of einkorn (T. monococcum L.), emmer (T. dicoccum Schuebl [Schrank]), spelt (T. spelta L.) and
T. aestivum L. and identify the richest sources for improving the nutritional value of bread, pasta and
other wheat products.

MATERIAL AND METHODS

Used varieties

The varieties came from the Gene bank of the Crop Research Institute in Prague-Ruzyne. In the
precise three-year field experiments in 2010, 2011 and 2012 four varieties of wheat einkorn, eight
varieties of emmer, seven varities of spelt, four varieties of landraces of bread wheat and three varieties
of spring wheat as control (SW Kadrilj, Vanek, Jara) were used.
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Field Trials

The field experiments were arranged in a randomized complete design with two replications. Plot
size of this treatment was 10 m”. Varieties were sown on the organic certified research area of the Uni-
versity of South Bohemia in Ceske Budejovice, the Czech Republic. The seeding rate was adjusted for
a density of 350 germinable grains per m”. 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. Characteristics of the conditions of the University of South Bohemia in Ceske Bu-
dejovice research area: Mild warm climate, soil type — pseudo gley cambisols, kind of soil — loamy
sandsoil, altitude of 388 m.

Laboratory analysis

Finely ground wheat samples (ca 5.0 g) were weighed into 100 mL volumetric flasks and dissolved
in methanol. The flasks were filled up with methanol to volume of 100 mL. For AOA determination,
100 pL aliquots of sample solutions were pipetted. Determination of AOA with DPPH assay. Indirect
method described by Roginsky and Lissi (2005) was used. Sample containing antioxidants reacts with
a solution of stable synthetic radical being converted to a colourless product (DPPH assay). Methanolic
DPPH solution [absorbance (tp) 0.600 + 0.01] was prepared and 100 pL of the sample were added.
Reaction time was 20 min. Absorbency was measured at wavelength A = 515 nm. AOA was calculated
as the decrease of absorbency according to the equation (1): AOA (%) = 100 — [(Ano/Aw) % 100]
(1)Where: Aty— absorbency in time 20 min; Ao— absorbency in time 0 min. Calculated AOA was ex-
pressed in mg Trolox/kg DM. Aty and Apo were determined from the standard calibration curve (1> >
0.9945). Calibration curves were prepared using working solutions of Troloxin methanol between 5-25
pg Trolox/mL (LOD = 0.601 pg Trolox/mL, LOQ = 2.000 pg Trolox/mL, RSD = 1.83%). All samples
were analysed in duplicates.

Statistical analysis

The data were subjected to analysis by using software Minitab 17.0. Specifically, ANOVA mul-
tiple factorial analysis, Turkey’s HSD test and t-test were used for analyzing the parametric data and
non-parametric data.

RESULTS AND DISCUSSION

Whole grain phytochemicals have antioxidant activity, the ability to scavenge free radicals that
may oxidise biologically relevant molecules (Liu 2007). Thank to this, whole wheat foods could to con-
tribute to the health benefits of people such as reducing the risk of heart disease, diabetes type 2, cancer
and etc. In the present study, there were highly significant differences (p < 0.05) among 26 varieties for
antioxidant activity (Table 1).

Table 1 Content of antioxidant activity in different wheat grains.

Variety D11* D12* D13* D14* D17* D18*
AOA (mg Trolox/kg DM) | 400.83° 364.15® | 341.60* | 288.36°¢ | 304.56°T | 351.62°
Variety D19* RUDICO* J1** Jox* T4 Jo**
AOA (mg Trolox/kg DM) | 339.92% | 332909 | 247.42¢" | 306.16°T | 293.239 | 327.73%¢
Variety Pl P2k P33k P4k | QPlkkx | Qppk
AOA (mg Trolox/kg DM) | 345.88> | 362.25® | 365.26 | 360.95® | 225.45" | 226.55"
Variety SP3*k** | QP@Hkk | QP7EAkk | QPREskk | QPOEkkE | JARA
AOA (mg Trolox’kg DM) | 232.63" | 265.56™ | 280.63" | 281.10% | 248.82¢" | 357.36%
Variety SW VANEK
AOA (mg Trolox’kg DM) | 336.98%¢ | 353.70

Legend: Values marked with different small letters are significantly different at P < 0.05
* Emmer varieties; ** Einkorn varieties; *** Landrace of T. aestivum; **** Spelt varieties
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Mean antioxidant activity among varieties ranged from 225.45 mg Trolox/kg DM to 400.83 mg
Trolox/kg DM. This demonstrates a broad range of antioxidant content in wheat species. There were
eight groups in which the means were not significantly different from one another. Having 400.83 mg
Trolox/kg DM, D11 variety belonged to lead group and was significantly different from all other varie-
ties except P3, D12, P2, P4 and JARA. In contrast, the varieties containing the lowest content of antiox-
idant were SP6, SP9, J1, SP3, SP2 and SP1 with 266.57 mg Trolox/kg DM, 248.82 mg Trolox/kg DM,
247.42 mg Trolox/kg DM, 232.63 mg Trolox/kg DM, 226.55 mg Trolox/kg DM and 225.45 mg
Trolox/kg DM, respectively.

According to the findings of Lachman et al. (2012) the antioxidant activity content of 7 varieties
ranged between 134.0 and 197.5 mg Trolox/kg DM. Obviously, our results are approximately two-time
higher than these ones. This means that the varieties in our experiment are potential to breeding new
wheat varieties, as well as its essential as a source of functional food ingredients.

It is known that antioxidant activity content can be influenced by stress factors of the weather
conditions during the vegetation period and genotype effects. Comparing the data collected from 2010
to 2012 of four species (Figure 1) show that there is a decrease gradually the mean of antioxidant during
the three-year period with 23.26 mg Trolox/kg DM. These differences are, however, not statistically
significant.

Figure 1 Antioxidant activity in 26 varieties harvested in 2010, 2011 and 2012
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The cultivated diploid (einkorn), tetraploid (durum wheat), hexaploid (bread wheat) and varieties
possess antioxidant activity due to their content of hydrophilic (phenolics, selenium) and lipophilic (ca-
rotenoids, tocopherols) antioxidants (Hidalgo et al. 2008).
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Figure 2 Content of antioxidants in wheat grains from the harvests 2010, 2011 and 2012
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Analysing ANOVA Tukey’s HSD revealed statistically significant differences between Tetraploid
and Diploid as well as between Tetraploid and Hexaploid (Figure 2). The mean antioxidant activity of
tetraploid from 2010 to 2012 (340.49 £+ 39.11 mg Trolox/kg DM) was higher than the value of diploid
and hexaploid (293.64 + 34.82 mg Trolox/kg DM) and (303.08 mg Trolox/kg DM), respectively. Our
results are different to those of Lachman (2012). While antioxidant values in our findings increase from
diploid (einkorn) to tetraploid, the reverse is true for Lachman’s results. This is because our experiment
used 26 varieties in three years compared to 7 varieties in two years of Lachman’s experiment.

Figure 3 Antioxidant activity values of four species
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The figure 3 illustrates the differences of four varieties. T. aestivum and emmer wheat shared the
highest value with 354.44 + 24.97 mg Trolox/kg DM) and 340.49 + 39.11 mg Trolox/kg DM, respec-
tively. The second high value belonged to T. monococcum (293.64+34.82 mg Trolox/kg DM). With
251.54 +29.60 mg Trolox/kg DM), T. spelta had the lowest value in total four species (P < 0.05)

CONCLUSION

Wheat contains a huge essential antioxidants such as dietary fiber, tocopherols, tocotrienols, and
etc. The consumption of wheat is associated with reducing risk of chronic diseases including type
2 diabetes, obesity, and cardiovascular disease. In this study, the content antioxidant activity of 26 vari-
eties of whole wheat are reported. Antioxidant activity ranged from 225.45 mg Trolox/kg DM to 400.83
mg Trolox/kg DM. The antioxidant activity values were significantly different among varieties, ploidy
level and wheat accessions. Also, this study showed a genotypical variation in the antioxidant activity
of einkorn, emmer, spelta and T. aestivum.
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Abstract: This paper focuses on the evaluation of weed species diversity on selected land with
photovoltaic power plant in 2013, 2014 and 2015. Furthermore, it is aimed on the evaluation of
representation of individual species depending on different conditions within the area. The area is
located in South Moravia, Brno-venkov district in the village Unin. Evaluation of vegetation was carried
out by multivariate analysis of ecological data, concretely by a redundancy analysis (RDA). Overall, 65
plant species were identified on monitored land. Plant species with highest cover values in
phytocoenology relevés were: Taraxacum sect. Ruderalia, Dactylis glomerata, Cirsium arvense and
Digitaria sanguinalis. The regular management of land with photovoltaic power plant is crucial to
prevent the occurrence of tall species causing overshadow of photovoltaic cells which would result in
reduction of the production of electricity.

Key Words: vegetation, photovoltaic power plant, species diversity

INTRODUCTION

Photovoltaics is the science using a sunlight for conversion into electricity. Basic components of
photovoltaic power plant are photovoltaic modules and inverters. In terms of environmental impact, it
is one of the cleanest sources of energy, which is known so far (Quaschning 2010).

The reason for the massive support of photovoltaics is a fact that renewable energy sources help
us to protect the environment. One kWh produced from solar sources saves 0.6 kg of CO,. It is very
likely that the expansion of photovoltaics will continue (Hernandez 2014). Turney and Fthenakis (2011)
reported, that the savings of CO, for production of 1 kWh from photovoltaic module is up to 1100 g,
compared with production from black coal.

According to forecasts, photovoltaics have constantly untapped potential and its development will
increase in the future. Development of connected stations has reached such an extent in 2010, that the
distribution companies have declared a stop state on February. This situation lasted a year and
a half, afterwards roof power plants up to 30 kW were allowed to join (Solarni novinky 2011).

One of the most important factor for green plant is light, important for photosynthesis, which does
not take place in the dark. The amount of radiation depends on the angle of sun rays, clarity of
atmosphere and day length. These patterns are influenced by an altitude, a latitude and a condition of
atmosphere. The light rays fall on the ground from half as a direct radiation and half as diffuse radiation
(Rokia et al. 2014).

Although light is not one of the factors causing germination, it can encourage it or slow down
(Attridge 1990). Rokia et al. (2014) stated, that an amount and type of vegetation depends on the specific
habitat condition. According to (Baskin and Baskin 2014) these conditions are specified as climatic
factors. These factors are determined by climatic processes and modified by climatic factors of territory.
The basic factor is the solar radiation that is applied directly as an environmental factor in the form of
heat radiation and light.

The aim of this paper is to determine the differences in species composition of vegetation in
habitats with different conditions within the property of photovoltaic power plant, caused by prolonged
overshadow of photovoltaic panels.
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MATERIAL AND METHODS

Characteristics of the area

The monitored area is located in the South Moravia, in the village Unin, which is located
northwest from Brno. Climate region is moderately warm and humid. The average annual temperature
reaches 6—7 °C and an annual precipitation is 650—750 mm. The area of interest falls geographically into
Boskovicka furrow with an altitude of 461 m asl (mapy.nature.cz 2016).

The entire plant is located on a total land area of 18 147 m?. 2 593 m?® are arable lands and
2 373 m’ are permanent grasslands. The rest is consisting of other areas (Nahlizeni do katastru
nemovitosti 2016).

Evaluation of vegetation and statistical processing

Evaluation of vegetation was carried out by method of phytocoenology relevé. The size of each
relevé was 20 m? and coverage was estimated in percentage. Monitoring took place in 2013, 2014 and
2015 and three observations were done each year. The first in spring, the second in summer and the third
one took place in autumn. 45 observations were conducted in total. Within the area of photovoltaic
power plant, three different stands were used for monitoring, area between panels (Mezi_panely), area
under panels (Pod panely) and area around panels and alleyway (Volne). Scientific names of weed
species were used according to Kubat et al. (2002).

The obtained data were processed by multivariate analysis of ecological data. Selection of the
optimal analysis followed the lenght of the gradient, which was detected by segment analysis DCA.
Furthermore, redundancy analysis (RDA) was used, which is based on linear response. A total number
0f' 999 permutations were calculated in a Monte Carlo test. Tested environmental factors were individual
stands: under photovoltaic panels (Pod panely), alleyways or between photovoltaic panels (Mezi
panely), on open area (Volne). Monitored years were used as covariates (covariables) in analysis. The
collected data was processed by a computer program called Canoco 4.0 (Ter Braak 1998).

RESULTS AND DISCUSSION

Sixty-five plant species were found in total. The average coverage of identified species on
monitored stands in particular terms of evaluation is indicated in Table 1.

Table 1 The average coverage of weeds on different stands within 3 years of monitoring (% - average
coverage)

. Stands
Species Abbrev. -
Volne Pod_panely | Mezi_panely

Acer campestre Ace camp 0.03 0.01
Achillea millefolium Ach mill 14.06 8.42 11.61
Alopecurus pratensis Alo prat 1.78 4.21 3.15
Anthemis arvensis Ant arve 2.89 0.03 1.39
Anthoxanthum odoratum Ant odor 0.11 1.32 0.60
Anthriscus sylvestris Ant sylv 2.50 0.05 1.03
Apera spica-venti Ape spic 7.58 8.33
Arctium tomentosum Arc tom 1.56 0.05 0.65
Armoracia rusticana Arm rust 0.72 0.53 0.75
Calamagrostis epigejos Cal epig 4.44 0.53 2.02
Capsella bursa-pastoris Cap burs 0.06 3.47 1.50
Cirsium arvense Cir arve 11.67 0.39 4.88
Crepis biennis Cre bien 0.13 0.06
Dactylis glomerata, Dac glom 39.17 0.79 16.49
Digitaria sanguinalis Dig sang 11.67 10.53 14.94
Epilobium ciliatum Epi cili 0.28 0.54
Equisetum arvense Equ arve 0.17 0.26 0.18
Erigeron annuus Eri annu 0.06 0.42 0.20
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Fallopia convolvulus Fal conv 0.26 0.11
Festuca rubra Fes rubr 38.61 3.16 17.82
Fragaria vesca Fra vesc 0.56 6.05 3.44
Galium aparine Gal apar 12.89 2.37 6.22
Galium mollugo Gal moll 0.00 1.32 0.64
Geranium pusillum Ger pusi 1.78 1.84 1.55
Chenopodium album Che albu 0.72 0.53 0.73
Chelidonium majus Che maju 0.00 0.11 0.04
Impatiens parviflora Imp parvi 0.61 0.11 0.29
Lamium album Lam albu 5.56 0.00 2.25
Lamium purpureum Lam purp 222 0.26 1.01
Lathyrus pratensis Lat prat 0.34 0.37
Leucanthemum vulgare Leu vulg 0.19
Lolium perenne Lol pere 3.33 1.35
Malva neglecta Mal negl 0.11 0.22
Medicago lupulina Med lupu 10.28 0.79 4.49
Convolvulus arvensis Conarv 0.83 0.89 0.72
Phleum pratense Phl prat 3.17 0.00 1.49
Plantago major Pla majo 3.42 1.46
Plantago media Pla medi 2.44 5.79 3.45
Potentilla anserina Pot Anse 3.22 1.56
Prunus domestica Pru dome 0.03 0.14
Ranunculus acris Ran acri 0.53 0.31
Rosa canina Ros cani 0.89 0.05 0.38
Rubus idaeus Rub idae 2.06 0.00 0.83
Rumex crispus Rum cris 222 0.11 0.94
Salix alba Sal alba 0.06 0.13 0.72
Salix cinerea Sal cine 0.11 0.39
Salix triandra Sal tria 0.11 0.04
Sambucus nigra Sam nigr 2.58 1.04
Senecio vulgaris Sen vulg 0.83 6.53 3.11
Silene latifolia Sil Lat 0.06
Solanum nigrum Sol nigr 0.06 0.02
Sonchus oleraceus Son oler 2.06 2.89 2.49
Tanacetum vulgare Tan vulga 4.50 437 4.74
Taraxacum sect. Ruderalia Tar offi 16.17 14.47 21.84
Trifolium hybridum Tri hybr 5.83 2.63 8.16
Trifolium pratense Tri prat 0.83 1.26 1.19
Trifolium repens Tri repe 9.72 8.42 15.39
Tussilago farfara Tus farf 0.33 0.13
Tripleurospermum inodorum Trip ino 0.89 0.55
Urtica dioica Urt dioi 6.44 2.84 3.81
Urtica urens Urt uren 13.72 6.05 8.12
Veronica chamaedrys Ver cham 0.22 0.32 0.31
Vicia cracca Vic crac 1.44 0.32 0.72
Vicia sepium Vic sepi 0.11 2.63 3.61
Viola arvensis Vio arve 0.56 0.22

Results of evaluation of vegetation were firstly processed by Detrended Correspondence Analysis
(DCA). Based on this calculation was determined the length of gradient, which was 2.609 and it is used
for selection of further processing. Redundancy analysis was chosen for subsequent processing.

Based on the RDA analysis and frequency of occurrence of found species was created the spatial
arrangement of found species that have been graphically displayed using the ordination diagrams. Plant
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species are shown as vectors (arrows), which have a different direction and colour, and selected stands
are displayed as points. In case the vector of relevant species tends to a direction of specific point,
representing the stands, the occurrence of this species was increased just on this area.

The results of RDA analysis, which evaluated the relation between stand and plant species, are
significant at the level & =0.001 for all canonical axes. Other factors of environment (year of observation
and maintenance mode) were analysed as covariates. The results are highly statistically significant
(Figure 1).

The first group of plant species occurred more frequently and with higher coverage on stands
called “volne”, which represent open areas. Species as Rubus idaeus, Sambucus nigra, Dactylis
glomerata, Viola arvensis, Rosa canina, Impatiens parviflora, Vicia cracca, Salix triandra, Anthriscus
sylvestris, Lamium album, Festuca rubra, Geranim pussilum, Trifolium pratense, Lamium purpureum,
Cirsium arvense, Tussilago farfara and Urtica dioica dominated on these stands.

The second group is represented by species, which occurred more frequently and with higher
coverage on stand called “mezi panely”. Occurring species were: Epilobium ciliatum, Tanacetum
vulgare, Trifolium hybridum, Salix alba, Vicia sepium, Prunus domestica, Salix cinerea, Leucanthemum
vulgare, Taraxacum sect. ruderalia, Apera spica-venti, Anthemis arvensis, Trifoium repens, Silene
latifolia, Lathyrus pratensis, Malva neglecta, Potentilla anserina.

The third group are species identified on area called “pod panely”. Achillea millefolium,
Convolvulus arvensis, Crepis biennis, Anthoxanthum odoratum, Chelidonium majus, Equisetum
arvense, Erigeron annuus, Acer campestre, Fallopia convolvulus, Fragaria vesca, Urtica urens, Senecio
vulgaris, Plantago major, Plantago media, Capsella bursa-pastoris, Galium mollugo, Sonchus
oleraceus, Lolium perenne, Medicago lupulina.

Vegetation of monitored photovoltaic power plant is influenced by previous land use. Part of the
area was originally non-agricultural land and only a smart part was used as arable land. This factor may
affect species spectrum of vegetation. Weed management may be another influencing factor. The
vegetation was left to arbitrary growth till 2013. Subsequently, the vegetation was intensively regulated.

Figure 1 Ordination diagram expressing the relation of found species and different stands on land with
photovoltaic power plant (RDA, Trace = 0.111, F-ratio = 4.022, P-value = 0.001)
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Legend: ““Pod panely” expresses the occurrence of species under photovoltaic panels. “

Mezi panely” expresses alleyways, the

occurrence of species between photovoltaic panels and ““Volne” means the occurrence of species on an open area.
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CONCLUSION

Sixty-five plant species in total were identified on area of photovoltaic power plant in Unin during
three years of observation (2013-2015). It was found, that different stand affects the occurrence of
individual species.

Species as Achillea millefolium, Convolvulus arvensis and Plantago media occurred most
frequently on stand under photovoltaic panels. Species typical for stand in alleyway were: Taraxacum
sect. Ruderalia, Apera spica-venti and Trifolium repens. Species occurred on an open area were:
Dactylis glomerata, Urtica dioica and Cirsium arvense.

Found species as Antryscus sylvestris, Apera spica-venti, Cirsium arvense, Dactylis glomerata,
Chenopodium album, Rosa canina, Rubus idaeus, Salix alba, Salix cinerea, Sambucus nigra,
Tripleurospermum inodorum and Urtica dioica can be potentially problematic for working of

photovoltaic power plant. Due to its excessive growth, some species may cause overshadow of
photovoltaic cells and reduce a production of photovoltaic power plant.
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Abstract: The aim of our work was to verify the possibility of using Fourier transform near infrared
spectroscopy (FT-NIR) for the determination of the content of individual silymarin complex components
in the achenes of milk thistle [Silybum marianum L. (Gaernt.)] and to evaluate the possibility of
distinguishing 