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Preface

This year’s 22" International PhD Students Conference for undergraduate and
postgraduate students is hosted by the Faculty of Agronomy, Mendel
University in Brno, the Czech Republic, in November 11-12, 2015.
The conference has provided a platform to discuss new trends in plant and
animal production, plant and animal biology, agroecology, rural development,
food technology, 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: Fertilization with microelements in a crop production is not generally important until
deficiency symptoms appeared on plants. Soil application is expensive and foliar application may not
remove adeposit of microelements. Seed coating could be more economical way. Seeds
with microelements should be more complex and should provide enough nutrients, especially
for the first stage of growth and development. In the experiment, seeds were coated by manganese,
copper, zinc, molybdenum and by combination of Mn-Zn-Cu. The same fertilizers were used as foliar
nutrition. There was default fertilization with nitrogen for all variants. The control observation was
microelements free. The results showed no statistically difference between control variant and seed
coating or foliar nutrition in any category (value of N-tester, yield or grain quality). On the other side,
there were no deficiency symptoms on plants. Contents of micronutrients in leafs were slightly higher
than the control observation. Seed coating with micronutrients has fulfilled its preventive purpose.

Key Words: microelements, micronutrients, wheat, seed coating

INTRODUCTION

The proper and balanced nutrition is essential for optimal growth and development of wheat
(as a model crop) and any other plant (Vanék et al. 2007). The uptake of carbon, hydrogen and oxygen
is from air and water. Other nutrients come from the soil. They are divided into macro nutrients (N, P,
K, Ca, Mg, S) and microelements according to their content in the soil and especially to their total
requirement for the plants (Eyal 2007, Radulov et al. 2009). The total content of microelements
in the soil is small, but they are important terms of crop nutrition. Yet the importance of some
micronutrients for plants was not detected until the 21% century. Only a few microelements are known
to be essential for growth and development of plants (Vanék et al. 2007). Among the irreplaceable
micronutrients belong iron, manganese, zinc, copper, boron and molybdenum. Microelements have
mostly a catalytic function. Their deficiency may limit uptake and utilization of the other nutrients, while
a deep deficiency may cause physiological disorders (Bergmann 1992, HluSek et al. 2002).

Supply of microelements in soil is currently decreasing due to intensive agriculture (Fecenko,
Lozek 2000). Higher yields led to an overall higher nutrient uptake. Cultivated varieties often require
higher levels of available nutrients in the soil, because their ability to acquire nutrients is small.
One sided nitrogen fertilization or focus on the N, P, K fertilization, however, lead to a dilution
of the concentration of micronutrients in the soil and plants (Neuberg 1978). Intensive tillage, drainage
or liming treatment have resulted in stronger immobilization of certain elements, such as Fe, Mn, Zn or
Cu. Highly concentrated fertilizers do not always include these nutrients and there was also decrease in
organic fertilization. Fertilizing with microelements in practice is mostly ignored until deficiency
symptoms appeared on plants. Subsequent foliar application is not optimal, because
the influence of deficiency may already result in reduction of yield and quality.
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Preventive treatment with microelements to soil or by foliar application is therefore suitable
(Vanék et al. 2007). Such application is economically challenging and in practice is more important
fertilizing with macro elements. Seed coating and priming with micronutrients are offered as a relative
simple and cheaper alternative (Imran et al. 2008, Singh 2007). Seed coated with microelements should
provide plenty of nutrients needed for good germination and emergence (Farooq et al. 2012).
Combination with other additives like fungicide could be a complex prerequisite for optimal growth and
development. Application of micronutrients on seed may at least be partial prevention
of deficiency during the growing season.

The objective of this work was to determine whether application of micronutrient will be reflected
in the yields and quality of winter wheat in some way. There was also observed whether deficiency
symptoms will appear during vegetation.

MATERIAL AND METHODS

The research was conducted at the experimental field station Zabgice (GPS position
of the locality: 49°01'18.6"N 16°37'01.9"E) in the year 2013/2014 through small plot field experiment.
The size of one plot was 15 m?. The soil analysis was performed before start of the experiment.
The results show a good to very high content of P, K, Mg and Ca (extraction by Mehlich 3). Content of
microelements according to Neuberg is good (see Table 1). Soil pH was close to neutral (6.63).

Table 1 Content of nutrient (mg - kg %) in soil before start of the experiment (Zabcice, 2013)
P K Ca Mg Cu (DTPA) | Zn (DTPA) | Mn (DTPA) | Mo (total)
134 298 4007 458 1.28 2.23 30.42 0.44

DTPA = diethylene triamine pentaacetic acid, extraction by Lindsay and Norwell

The basic fertilization with P and K was made before sowing. The soil preparation was carried
out by the conventional way with plowing. The crop rotation in the experiment was wheat after wheat
(variety Midas) and the sowing was done on 7" October, 2013. Variants of fertilization investigated
in the experiment are displayed in Table 2. The work is primarily focused on the seed coating
with micronutrient, foliar application was added for better comparison. The nitrogen fertilization was
uniform for all variants — 60 kg - ha' N in limestone ammonium nitrate (LAN) during tillering
(11" March), 40 kg - ha™ N in LAN during stem elongation (4" April) and 40 kg - ha’ N in urea
ammonium nitrate during booting (6" May).

Table 2 Variants of fertilization used in the experiment (Zabcice, 2013-2014)

Variant Micronutrient application

Dose Period

Control (micronutrient free) - -
MANGAN Forte 31-t? On seed
KUPROSOL 31-t? On seed
ZINKOSOL Forte 31-t? On seed
MOLYSOL 11-tt On seed
MIKROKOMPLEX 31-t? On seed
F. app. MANGAN Forte 21-tt Spring
F. app. KUPROSOL 21-tt Spring
F. app. ZINKOSOL Forte 21-tt Spring
F. app. MOLYSOL 11t Spring
F. app. MIKROKOMPLEX 411t Spring
F. app. MIKROKOMPLEX 411t Autumn

MIKROKOMPLEX + F. app. MIKROKOMPLEX 411t On seed + Spring

F. app. = foliar application. Autumn application was performed on November 4%, spring application on April 4"
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The harvest was done on 19" July, 2014. The yield and quality parameter of wheat grain
(N-substances, gluten, density and sedimentation value) was investigated in the experiment.
The obtained results were statistically evaluated with the help of Statistica 12 Cz software.

The composition of used preparation. MANGAN Forte contained 11% Mn, KUPROSOL
contained 5% Cu, ZINKOSOL Forte contained 11% Zn, MOLYSOL contained 4% Mo,
MIKROKOMPLEX contained 6.5% Mn, 4.8% Zn and 1.2% Cu.

RESULTS AND DISCUSSION
Grain yield

Average yields of winter wheat in the experiment reached 6.73 t - ha, which is slightly higher
than the national average 6.61 t - ha™'. Good yields were influenced by good soil and climatic condition.
However, there was no statistically significant difference between the investigated variants (see Table
3). Only one option, MIKROKOMPLEX + MIKROKOMPLEX (f. app., spring) achieved slightly
higher yield than the control. This results support the idea about a positive synergy between individual
elements. The amount of micronutrients applied on seed was very small, which
in combination with overall very good soil and climatic condition could be a reason why this treatment
did not influence the yields.

Table 3 Average grain yields of winter wheat and their statistical significance according to Tukey test
(Zabcice, 2014)

. . Statistical
. tr? ee_d coatltn_g ¢ n (tﬁﬁ;(_jl) significance Relative %
with micronutrients of differences
Control 4 6.73+0.1 a 100
MANGAN Forte 4 6.54 £0.6 a 97.2
KUPROSOL 4 6.55+0.2 a 97.3
ZINKOSOL Forte 4 6.63 £0.3 a 98.5
MOLYSOL 4 6.68 +0.2 a 99.3
MIKROKOMPLEX 4 6.72+0.1 a 99.6
vield Statistical
Foliar application n 1 significance Relative %
(t-ha?) .
of differences
Control 4 6.73+0.1 a 100
F. app. MANGAN Forte 4| 6.32+0.6 a 93.9
F. app. KUPROSOL 4| 6.68+£0.1 a 99.3
F. app. ZINKOSOL Forte 4 6.66 +0.3 a 99.0
Foliar app. MOLYSOL 4| 653+0.2 a 97.0
F. app. MIKROKOMPLEX, Spring 4 6.67 +£0.1 a 99.1
F. app. MIKROKOMPLEX, Autumn 4| 6.48+05 a 96.3
vield Statistical
MIKROKOMPLEX n 1 significance Relative %
(t-ha?) .
of differences
Control 4 6.73+0.1 a 100
MIKROKOMPLEX, on seed 4 6.72£0.1 a 99.6
F. app. MIKROKOMPLEX, Spring 4| 6.67x0.1 a 99.1
F. app. MIKROKOMPLEX, Autumn 4| 648x05 a 96.3
MIKROKOMPLEX +
. 4 6.78 £ 0.2 a 100.7
F. app. MIKROKOMPLEX, Spring
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Some similar papers from abroad also show inconclusive results (Baloch et al. 2014, Johnson
et al. 2005). Other foreign experiments (Bameri et al. 2012, Farajnia, Benam 2007, Gomaa et al. 2015,
Malakouti 2008, Sarakhsi, Behrouzyar 2014, Wiatrak 2013, Zeidan et al. 2010) indicates increasing
yields after micronutrient application on seed, to the soil or on leafs. However, yields from these works
are averaging only about 3 t - hal. It must be noted that these experiments were conducted mainly in
developing countries in Africa, Asia or in poorer soil in America. These locations are characterized
mainly by drought and nutrient deficiency in soil. The content of organic matter
in the soil is also low. In such conditions, even a small amount of fertilizer with right application method
could be a good perception for influencing the yields.

Qualitative parameters of wheat grain

The average volume weight of wheat grain in the experiment amounted to 799.4 g - I'X. There was
no statistically difference between the control and any other variants. The content of N-substances
(average 13.54%) and gluten (average 31%) in grain was statistically insignificant too. Sedimentation
values were also statistically indifferent. Individual variants and their results are shown in Table 4. The
application of micronutrient have not influenced quality of grain probably because high content
of nutrient in soil and optimal weather conditions for growth and development of plants. As mentioned
before, the amount of micronutrient applied was also very small.

Table 4 Average values of qualitative parameters of winter wheat grain (Zabcice, 2014)

Seed coating N \Cg?rﬁf Content of N- | Content of | Sedimentation
with micronutrients @ _g|-1) substances (%)| gluten (%) Value (ml)
Control 4 798.5 13.52 31.00 38.25
MANGAN Forte 4 799.8 13.57 31.17 39.50
KUPROSOL 4 806.8 13.47 30.87 38.00
ZINKOSOL Forte 4 803.5 13.50 30.93 37.75
MOLYSOL 4 794.3 13.55 31.10 37.75
MIKROKOMPLEX 4 798.0 13.60 31.23 39.75
Foliar anplication 0 \C\Zlimr?f Content of N- | Content of | Sedimentation
PP @ ,?-1) substances (%)| gluten (%) Value (ml)
Control 4 798.5 13.52 31.00 38.25
F. app. MANGAN Forte 4 798.3 13.45 30.80 36.50
F. app. KUPROSOL 4 795.2 13.60 31.25 38.25
F. app. ZINKOSOL Forte 4 798.0 13.65 31.38 40.25
Foliar app. MOLYSOL 4| 7995 13.50 30.85 37.25
F. app. MIKROKOMPLEX, Spring | 4 792.5 13.40 30.65 38.00
F. app. MIKROKOMPLEX, Autumn | 4|  809.0 13.52 30.95 38.00
Volume . .
. Content of N- | Content of | Sedimentation
MIKROKOMPLEX : ge'%ﬁt) substances (%)| gluten (%) Value (ml)
Control 4 798.5 13.52 31.00 38.25
MIKROKOMPLEX, on seed 4 798.0 13.60 31.23 39.75
F. app. MIKROKOMPLEX, spring |4 792.5 13.40 30.65 38.00
F- app. MIKROKOMPLEX, = ;| g9 9 13.52 30.95 38.00
autumn
MIKROKOMPLEX +
4 797.3 13.63 31.28 38.25
F. app. MIKROKOMPLEX, spring
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Nutritional status of vegetation

The plants analysis performed in tillering (before fertilization) shows slightly higher content
of majority nutrient in leafs after seed coating with microelements (see Table 5). The symptoms
of deficiency were not observed during the vegetation. Seed coating with micronutrients has fulfilled its
preventive purpose. Slightly lower content of zinc and manganese can be associated with basic
fertilization with P. Higher content of phosphorus in soil in combination with soil pH between 5.5-6.9
leads to a formation of less soluble compound and has a negative effect to nutrient uptake.

Table 5 Results of plants analysis performed in tillering stage of winter wheat (Zabcice, 2014)

Variant % in dry matter mg - kg *tin dry matter

N P K| Cda | Mg| S |Zn|Mn| Mo | Cu

Control 0.94| 0.21 | 2.18]0.286(0.102|0.13|13.9|57.6|<0.215| 2.8
MANGAN Forte 1.30| 0.19 {2.19/0.328(0.105|0.14 | 13.6|52.3 - -

KUPROSOL 1.82| 0.24 |12.58|0.361|0.116{0.16|14.9|58.7 - 3.68
ZINKOSOL Forte 1.64| 0.24 |2.49/0.343(0.111{0.16|11.9|53.5 - -
MOLYSOL 1.83| 0.25 |12.45]|0.336|0.113{0.18|14.7|58.4 | <0.216| -

MIKROKOMPLEX 1.17| 0.21 | 2.27|0.305{0.098 | 0.14 | 13.3|59.6 - 2.83

F. app. MIKROKOMPLEX 11 5110240|2.44|0.296|0.102| 0.14| 11.4|628| - |2.74

autumn
CONCLUSION

A statistical evaluation of the results shows that the control observation is not significantly
different from any other variant in any category. The marketing year 2013/2014 was optimal
for growth and development of crops in terms of temperatures, rainfalls and their distribution. Content
of nutrients found in the soil before the foundation of the experiment shows a good to very good supply.
These factors together with a very small amount of microelements applied on seed or leafs are the reason
why the treatment is not reflected in vyields or grain quality. The different effects
of micronutrient to individual indicators can be then influenced not only by themselves, but also
by local differences in the soil.

Some foreign experiments conducted on soils with nutrient deficiency and drought observed
in most cases increasing yields after micronutrient application. If this experiment should continue
on our territory, change or addition of a new locality will be necessary for more relevant results.
For the overall evaluation of the application method is also required a multiannual experiment.
A possible solution in terms of unavailability of suitable soils (nutrient deficiency) in experimental
stations could be working with some agricultural cooperative. The experiment could be performed
in field terms on suitable locality.

The symptoms of deficiency were not observed during the vegetation. Seed coating
with micronutrients has fulfilled its preventive purpose.
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Abstract: The aim of this work was the determination of variability of the essential oil content
in lavender obtained from different sources. The results indicate that significant differences were found
both in the essential oil content and in its composition. The essential oil content varied in the range
of 2.10-2.83 ml.100 g*. Thus, it is important to distinguish individual lavender types according their
usage. The Czech Pharmacopoeia (2009) states that the lavender should contain 13 ml.kg? of the
essential oil.

Key Words: Lavender, essential oil, limonene, cineol, linalool, camphor, borneol, a-terpineol, linalyl
acetate

INTRODUCTION

The lavender (Lavandula angustifolia L.) has refreshing effects; inhaling the scent of lavender
soothes, relieves of depression and induces calmness. The generic name of lavender is derived from the
Latin word “lavoy”, “to wash”. Thanks to its insecticide, repellent, and especially aromatic properties it
is an ideal plant for use in the perfumery and cosmetics industry (Neugebauerova 2006, Small 2006).
Lavender is a perennial hemixylum belonging to the Lamiaceae family (Brabenec 1981, Neugebauerova
2006). Czech Pharmacopoeia (2009) defines the lavender flower as a flower of the specie Lavandula
angustifolia P. MILL. (Lavandula officinalis CHAIX.) (Lamiaceae), that has significant aromatic smell
and must contain at least 13 ml.kg? of the essential oil as a waterless drug.

Lavender essential oil is defined by the Czech Pharmacopoeia (2009) as a colourless or pale
yellow clear liquid with characteristic odour obtained from the flowering tops of the specie Lavandula
angustifolia P. MILL. (Lavandula officinalis CHAIX.) (Lamiaceae) by the means of steam distillation.

Lavender contains 0.5-1.5% of the essential oil, 12% of tannins, coumarins, flavonoids
and in the leaves about 0.7% of ursolic acid. The essential oil is composed of linalyl acetate (8-18%
in Lavandula angustifolia and 30-60% in Lavandula dentata), which is the main source of its smell,
and also of bornyl acetate, a-terpineol, linalool, 1,8-cineol, camphor, geraniol and other compounds
(Velgosova, Velgos 1988, Small 2006).

The drug acts mostly as a nervivum, sedativum, cholagogum a external derivans. It is often used
as a cure for migraine, for its beneficial effect on neurasthenia, hysteria, heart problems or insomnia.
It has spasmolytic effects during the spasms, relieves of pain and colic, stimulates the digestion
and increases the production of bile (Kresanek, Krejci 1988).

It was demonstrated in clinical and preclinical studies that lavender oil and its constituents,
particularly linalool, reduces anxiety (Tsang, Ho 2010, Perry et al. 2012).

The essential oil obtained from Lavandula angustifolia is of the highest quality, but often it is
forged with the essential oil of L. latifolia or similar species that are much cheaper to produce. Most
of the lavender oil found in shops is made of levandine (L. angustifolia x L. latifolia). This essential oil
has a quality comparable to Lavandula angustifolia (Neugebauerova 2006, Small 2006).

As for the industrial products containing lavender tops, there is for example herbal tea blend
Valofyt Neo - nervinum, Calmonal liquidum - a solution containing lavender extract used as external
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antirheumatic, the essential oil is a component of ointment Rheumosin unguentum - derivans
and an aromatic ointment Unguentum aromaticum SPOFA (Kresanek, Krej¢a 1988).

Estimated annual global production of the essential oil obtained from Lavandula angustifolia,
lavandine and L. latifolia is 462 tons, 768 tons and 64 tons, respectively (Lawrence 1992).

MATERIAL AND METHODS

Lavender flower
Samples of materials designed for commercial use were obtained from the Leros, Ltd. Company,
Prague-Zbraslav. Also the samples obtained from three different growers were evaluated.

Methods for the determination of contained compounds:

Determination of the content of lavender essential oil

Determination of the essential oil content was carried out according to a modified methodology
given in the Czech Pharmacopoeia (2009). Czech Pharmacopoeia (2009) states that
the essential oil content in herbal drugs must be determined by steam distillation. Essential oil
is separated from the drug at high temperature and subsequently condensed in the condenser, gathered
and collected in a special part of the condenser, the calibrated tube, above the surface of the aqueous
phase. The essential oil is caught into xylene and the agqueous phase returns automatically to the
distillation apparatus. The result is given as the essential oil content in ml.kg™ of dry matter.

The essential oil composition

Gas chromatograph Trace Ultra (Thermo Scientific) with the detector Trace DSQ (Thermo
Scientific) was used for the lavender oil analysis. The separation was carried out at the capillary column
SLB-5MS (60 m x 0.25 mm x 0.25 um). Following temperature program was used for the measurement:
T, = 50°C, t2 = 01 min, 3°C/min to T, = 150°C, t; = 10 min, 10°C/min
to T3 = 200°C, t3 =5 min. Injector temperature was 250°C with split: 1 min. lon source temperature was
200°C. 1 pl of the essential oil solution in hexane was injected to the column. Flow rate of the carrier
gas, he, was 1.5 ml.min’L. lonisation energy 70 eV and scan m/z: 20-450 were used. Calibration curves
and analyses performed by the method of external standard were processed
and evaluated by the means of the Xcalibur software.

RESULTS AND DISCUSSION

The essential oil content and composition

6 samples of lavender flowers (Lavandulae flos) of different origin were analysed.
Total essential oil content was determined, as well as selected essential oil components (limonene,
cineol, linalool, camphor, borneol, a-terpineol and linalyl acetate).

Table 1 Variance analysis for the total essential oil content and selected essential oil components
(limonen, cineol, linalool) in investigated variants of lavender

Source of Essential oil content [ml.100 g] Limonene Cineol [%] Linalool
: df. [%] [%]
variance
MS
variant 5 0.36*** 0.048***  |131.399*** | 274 55***
Error 6 0.00 0.001 0.431 0.79

Note: * - p <0.05; **-p <0.01; ***-p <0.001

Table 1, the variance analysis, shows very highly statistically significant effect of the variety both
on the essential oil content variations and on individual essential oil components (limonene, cineol,
linalool).

24|Page



MENDELNET 2015

Table 2 Average values of total essential oil content and selected essential oil components (limonene,
cineol, linalool) in investigated variants of lavender

Variant | Essential oil content [ml.100 g*] | Limonene [%] Cineol [%] Linalool [%]
14/1 283 d 0.50 b 20.77 bc 30.72 b
14/2 2.60 ¢ 0.61 ¢ 20.26 b 31.00 b
14/3 3.15 e 0.33 a 21.34 bc 29.80 b
14/4 2.10 a 0.77 d 21.00 bc 2441 a
14/5 233 b 043 b 22.28 ¢ 25.44 a
14/6 2.08 a 0.48 b 1.34 a 56.15 ¢

Note: Average values marked with different letters in columns vary on a statistically significant level at P=0.05

Statistically highest content of lavender essential oil was found in the samples of lavender variant
14/3 (3.15 ml.100 g%). On the other hand, the lowest content of lavender essential oil was found in the
samples of the variant 14/6 (2.08 ml.100 g*). However, these samples were not statistically significantly
different from the samples of lavender variant 14/4 (2.10 ml.100 g), (see Table 2 and Figure 1).

The highest content of the essential oil component limonene was found in the samples
of lavender variant 14/4 (0.77%). The samples of lavender variants 14/5 (0.43%), 14/6 (0.48%),
14/1 (0.50%) were not statistically significantly different from each other. The lowest content
of limonene was found in the samples of lavender variant 14/3 (0.33%).

Samples of the lavender variant 14/6 are significant due to lowest, extremely low content
of cineol (1.34%), in comparison with other investigated samples. These samples had higher content
of linalool instead (56.15%). The ratio of camphor in the essential oil was statistically significantly
lowest in these samples (0.76%) in comparison with other variants (see Table 4). The lavender variant
14/6 was statistically significantly different also as for the content of linalyl acetate (34.81%) (see Table
4). These samples were analysed repeatedly to prove that the results are correct.

The content of cineol was highest in the samples of lavender variety 14/5 (22.28%). The samples
of the lavender variants 14/2 (20.26%), 14/1 (20.77%), 14/4 (21.00%), 14/3 (21.34%) were not
statistically significantly different as for the cineol content.

The content of the essential oil component linalool varied in the samples of investigated lavender
variants in the range from 24.41% to 31.00-56.15%. Similar content of linalool was found
by Prusinowska, Smigielski (2015), 25.7-44.9%.

Figure 1 Total essential oil content in investigated variants of lavender
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Table 3 Variance analysis for the total essential oil content and selected essential oil components
(camphor, borneol, a-terpineol, linalyl acetate) in investigated variants of lavender

0, 0 _ 1 0 i 0
Source of variance d4f | Camphor [%] | Borneol [%] | al\t/lesrplneol [%] | Linalyl acetate [%]
variant 5 229.16*** 4 4F** 0.78*** 154 .41***
Error 6 1.02 0.13 0.01 0.41

Note: * - p <0.05; **-p <0.01; ***-p <0.001

All investigated essential oil components (camphor, borneol, a-terpineol, linalyl acetate) were
very highly statistically significantly affected by the variant.

Table 4 Average values of total essential oil content and selected essential oil components (camphor,
borneol, a-terpineol, linalyl acetate) in investigated variants of lavender

Variant Camphor [%] Borneol [%] a-terpineol [%] Linalyl acetate [%]
14/1 26.25 b 6.99 b 3.12 d 11.64 A
14/2 25.98 b 7.02 b 2.84 bc 12.30 Ab
14/3 25.80 b 6.76 b 2.69 b 13.29 B
14/4 28.14 b 712 b 1.65 a 14.87 C
14/5 28.12 b 7.05 b 181 a 16.91 D
14/6 0.76 a 3.48 a 2.97 cd 3481 E

Note: Average values marked with different letters in columns vary on a statistically significant level at P=0.05

Investigated samples of lavender variants 14/1-5 were not statistically significantly different as
for the content of the essential oil component camphor. The camphor content varied in the range
of 25.80-28.14% in these varieties (see table 4). With the exception of the sample 14/6 it was more than
what was found by Carrasco et al. (2015). These authors observed the content of camphor in the range
of 16-24% in the samples cultivated in Spain. Similar situation as for the camphor was found for another
essential oil component, borneol. Only the samples of lavender variant 14/6 with
the lowest content of 3.48% were statistically significantly different. All other investigated variants were
not statistically significantly different from each other.

In opposite to the work of Prusinowska, Smigielski 2015 (4.0-6.6% of borneol) most of the
samples showed higher content of the essential oil component borneol, which varied in the range
of 3.48-7.12%. The highest content of this essential oil component was found in the samples of the
variant 14/4. However, these samples were not statistically significantly different from other samples
of lavender variants 14/1-14/5.

The highest content of a-terpineol was found in the samples of lavender variant 14/1 (3.12%),
These samples were not statistically significantly different from the samples of lavender variant 14/6
(2.97%). The lowest content of the essential oil component a-terpineol was found in the samples of the
lavender variant 14/4 (1.65%), but these samples were not statistically significantly different from from
the variant 14/5 (1.81%). Prusinowska, Smigielski (2015) found higher percentage of a-terpineol,
4.1-8.5%.

The statistically lowest content of the essential oil component linalyl acetate was found in the
samples of lavender variant 14/1 (11.64%); these samples were not statistically significantly different
from the variant 14/2 (12.30%).

CONCLUSION

The total essential oil content was investigated in lavender flowers. The values varied in the range
of 2.10-2.83 ml.100 g in the investigated variants. These values are in good accordance with the
standards for pharmaceutical use given by the Czech Pharmacopoeia. The differences were found in the
essential oil composition, mostly in the samples of the variant 14/6; it was a sample obtained from the
area with lower total rainfall. The hypothesis that different essential oil composition could be caused
by the locality with lower total rainfall will have to be verified in further years of observation.
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Abstract: This paper focuses on the evaluation of weed species composition on the selected railway
sections between the cities Chrudim and Uhfetice. Weed species spectrum was evaluated according
to phytocoenology relevé. Eleven phytocoenology relevé were carried out in two periods, the first
in July and the second in August 2013. The obtained data were processed by multivariate analysis
of ecological data, segment analysis DCA (Detrended Correspondence Analysis) and Canonical
Correspondence Analysis (CCA). 85 species of plants were found on the railway. The highest coverage
had species as: Potentilla reptans, Urtica dioica, Equisetum arvense, Convolvulus arvensis. The highest
coverage on utilized railway had species Equisetum arvense, Urtica dioica, Potentilla reptans,
Convolvulus arvensis. Species as Potentilla reptans, Clematis vitalba, Linaria vulgaris, Senecio
vulgaris, Geum urbanum had the highest coverage on unused railway.

Key Words: weeds, railway, phytocoenology relevé

INTRODUCTION

Czech and Slovak Republic are countries with a dense railway network, which is used for personal
transport as well as for domestic and transit freight. Generally speaking, the largest number of expansive
weeds is found in large railway spots (Jehlik 1998). Due to the problems that may be caused
by the presence of weeds in the rail bed, it is necessary to remove weeds from railways (Schweinsberg
et al. 1999). Railway lines are sites that provide less favorable conditions for the vegetation growth.
However, certain species meet these conditions, such as mugwort, quinoa and many others (Dvoiék,
Smutny 2008). Foreign weeds, spreading by rail and shipping transport with various commodities (grain,
agricultural products etc.), are another problem. Ambrosia artemisiifolia belongs between these species,
which already had domesticated and are very dangerous for agricultural land. The problem
with the introduction of invasive weeds is significant and growing (Mikulka, Kneifelova 2005). Too
high vegetation impairs visibility during transport. Weeds make more difficult moving for trains
and increase workplace hazards. Growing weed in the tracks prevents visual check of railway. These all
influences increase risk of accident. It can also cause disturbances of signalling safety devices.
In addition, some weeds grow through the insulating film and reduce their effectiveness (Dvorak,
Smutny 2008). According to Jehlik (1998) habitat conditions of railway lands are very specific.
The chemistry of rail soils is affected by brown coal, which often has fertilizing effect. Three major
types of soils can be distinguished on the rail body by mechanical and chemical composition. These are
cinder soils, which are composed from almost pure cinder, soils with a predominance of sand and soils.
Soils are affected by the use of total herbicides against weeds. Herbicides on railways are used in order
to maintain the quality of the track and safe working environment for railway employees (Torstensson
2001).

The aim of this work was to evaluate the species composition of growing vegetation
on the selected railway sections and compare the differences in species spectrum on sections of utilized
and unused railway.
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MATERIAL AND METHODS

Characteristics of the area

Section Chrudim-Uhietice on the line Chrudim-Borohradek was selected for mapping. The length
of the monitored section is approximately 7 km. The climate of monitored area is within the Czech
Republic possible characterized as exceptionally warm with average total precipitation. The average
temperature is 7°C in the city. July belongs between the warmest month and has an average temperature
17.5°C. City belongs to areas with high groundwater reserves and is situated at an altitude of 243-300
meters asl.

The total length of the line is 36 km, run by the Railway Infrastructure Administration.
The maximum inclination is 17 %o, the maximum speed in the section Chrudim-Hrochtiv Tynec reaches
45 km.h and in the section Hrochiiv Tynec-Borohradek 60 km.ht. Chrudim-Borohradek railway line
connects Chrudim, Moravany, Holice and Borohradek. The line was put into operation on September
26, 1899.

Methodology of evaluation

Eleven different stations spaced along the line were chosen for observation. Weeds were
evaluated by using the phytocoenology relevé with the size 12 m2. On a selected section of the railway
is also part which is no longer used. Relevé were conducted at different sites such as: in the track,
on embankment, next to the embankment. Observations took place in two periods, the first week in July
and the second half of August 2013. Species composition of weeds and coverage were evaluated.
Coverage was determined using the Braun-Blanquet scale (Moravec et al. 1994):

r — rarely (sometimes used symbol -)

+ — coverage is negligible, scattered

1 — cover of less than 5%, widely scattered
2 — coverage of from 5 to 25%

3 — coverage of 25 to 50%

4 — coverage of 50 to 75%

5 — coverage of 50 to 75%.

The obtained data was processed in Excel. Czech and Latin names of each weed species were
used according to Kubat (2002).

The obtained data were processed by multivariate analysis of ecological data segment analysis
DCA (Detrended Correspondence Analysis) and canonical correspondence analysis CCA. A total
number of 499 permutations were calculated in Monte-Carlo test. Collected data were processed
by a computer program called Canoco 4.0 (Ter Braak 1998).

RESULTS AND DISCUSSION

A total of 85 plant species belonging to 33 plant families occurred in the monitored area.
The average coverage is given in Table 1.

The obtained data about evaluation of weed infestation were initially processed by the DCA
analysis which determined the length of the gradient, and it was 5.517. Based on this calculation
for further processing was selected canonical correspondence analysis CCA. Analysis CCA defines
the spatial arrangement of plant species and selected environmental factors. This is subsequently
graphically expressed by the ordination diagram. Weed species and monitored factors are shown
by points of different shape and color.

Influence railway use on the occurrence of weeds was according to the CCA analysis
significant at the significance level a = 0.004 for all canonical axes. The results are statistically highly
significant. According to the ordination diagram (see Figure 1) plant species can be divided into three
groups.
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Table 1 The average coverage of identified weed species (% coverage)

Species of plant

Type of railway and term of evaluation

Acer sp.

Acinos arvensis
Aegopodium podagraria
Achillea millefolium
Ajuga reptans

Allium sativum
Anagallis arvensis
Anthriscus sylvestris
Arrhenatherum elatius
Artemisia vulgaris
Atriplex oblongifolia
Calamagrostis epigejos
Capsella bursa-pastoris
Carduus acanthoides
Centaurea jacea
Cerastium lucorum
Cirsium arvense
Clematis vitalba
Convolvulus arvensis
Conyza canadensis
Cornus sanguinea
Crataegus monogyna
Dactylis glomerata
Digitaria ischaemum
Echinochloa crus-galli
Echium vulgare
Epilobium ciliatum
Equisetum arvense
Euonymus europaea
Euphorbia cyparissias
Euphorbia helioscopia
Falcaria vulgaris
Festuca pratensis
Fragaria vesca
Fraxinus sp.

Galium album

Galium mollugo
Galium verum
Geranium pratense
Geranium pusillum
Geum urbanum
Glechoma hederacea
Humulus lupulus
Hypericum perforatum
Chenopodium album
Chenopodium murale
Knautia arvensis

Utilized Unused
July August July August
0.09 0.14

0.13
2.21 0.36
0.14 0.09
0.01
0.07
0.05 0.05
0.03 0.07 0.13
0.79 0.09 0.75 0.13
0.01
0.13
2.86 0.73
0.01
0.01 0.01 0.03 0.03
0.07
0.07
0.63
3.78 3.78
2.23 2.29 0.13 0.13
0.07 0.13 0.65
0.01 0.01
0.01 0.01
0.43 0.09
0.14 0.65
0.50
0.03 0.63
0.07 0.28 0.28
5.66 5.36
0.09 0.37
0.07 0.36
0.03
0.13 0.13
0.07
0.13 0.13
0.13 0.13
0.01 0.01
0.50 2.57
0.01 0.01
0.01 0.09
0.01 0.07 0.03 0.03
0.09 0.01 0.63 0.63
0.01
0.07
0.13 0.13
0.03
0.01 0.01
0.07
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Lactuca serriola 0.07 0.07 0.63 0.13
Lamium purpureum 0.01

Linaria vulgaris 0.63 0.75
Lotus corniculatus 0.36 0.63 0.63
Lysimachia nummularia 0.09

Malva neglecta 0.07

Medicago falcata 0.01 0.07

Medicago lupulina 0.50 0.16 0.15 0.05
Microrrhinum minus 0.03

Myosotis arvensis 0.07

Oenothera biennis 0.36 0.36

Onobrychis viciifolia 0.07 0.07

Oxalis fontana 0.07

Pastinaca sativa 0.03 0.15
Persicaria lapathifolia 0.01 0.07

Plantago lanceolata 0.01 0.03 0.03
Poa annua 0.01 0.03 0.13

Polygonum aviculare 0.03 0.63
Potentilla reptans 2.50 2.50 3.75 8.75
Rosa canina 0.01 0.01 0.03 0.13
Rubus caesius 0.17 0.16 0.25 0.18
Salix caprea 0.07

Securigera varia 0.07 0.07

Senecio vulgaris 0.03 0.75 0.63
Setaria pumila 0.15 0.25
Setaria viridis 0.01 0.07 0.13
Solidago canadensis 0.39 0.16 0.78 0.28
Sonchus asper 0.07 0.14 0.03
Taraxacum sect. Ruderalia 0.10 0.16 0.70 0.20
Torilis japonica 0.07 0.07

Tragopogon dubius 0.13 0.03
Trifolium repens 2.14 0.36

Tripleurospermum inodorum 0.03 0.03
Urtica dioica 5.71 2.86 0.63 3.75
Verbascum thapsus 0.07 0.38 0.40
Veronica persica 0.03 0.03
Vicia sepium 0.03 0.17 0.13
Viola arvensis 0.13 0.03
Viola odorata 0.07 0.07

The first group of weed species occurred mainly on utilized sections of railway: Acer sp.,
Aegopodium podagraria, Achillea millefolium, Ajuga reptans, Allium sativum, Artemisia vulgaris,
Calamagrostis epigejos, Capsella bursa—pastoris, Centaurea jacea, Cerastium lucorum, Convolvulus
arvensis, Cornus sanguinea, Crataegus monogyna, Dactylis glomerata, Echinochloa crus—galli,
Eounymus europaea, Equisetum arvense, Euphorbia cyparissias, Festuca pratensis, Galium album,
Galium mollugo, Galium verum, Geranium pratense, Glechoma hederacea, Humulus lumulus,
Chenopodium murale, Knautia arvensis, Lamiun purpureum, Lysimachia nummularia, Malva neglecta,
Medicago falcata, Medicago lupulina, Myosotis arvensis, Oenothera biennis, Onobrychis viciifolia,
Oxalis fontana, Persicaria lapathifolia, Salix caprea, Securigera varia, Sonchus asper, Torilis japonica,
Trifolium repens, Viola odorata.
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Figure 1 Ordination diagram expressing the relation between weeds and use of railway
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Legend: Vyuzivan — utilized railway; Nepouziv — unused
railway

Acer sp. — Acer sp., Aci arve — Acinos arvensis, Aeg
poda - Aegopodium podagraria, Ach mille -
Achillea millefolium, Aju rept — Ajuga reptans, All
sati — Allium sativum, Ana arve — Anagalis arvensis,
Ant sylv — Anthriscus sylvestris, Arr elat -
Arrhenatherum elatius, Art vulg - Artemisia
vulgaris, Atr oblo — Atriplex oblongifolia, Cal epig —
Calamagrostis epigejos, Cap burs — Capsella bursa-
pastoris, Car acan — Carduus acanthoides, Cen jace
— Centaurea jacea, Cer luco — Cerastium lucorum,

Cir arve — Cirsium arvense, Cle vita — Clematis
vitalba, Con arve — Convolvulus arvensis, Con cana
— Conyza canadensis, Cor sang — Cornus sanguinea,
Cra mono - Crataegus monogyna, Dac glom -
Dactylis glomerata, Dig isch — Digitaria ischaemum,
Ech crus — Echinochloa crus—galli, Echi vulg —
Echium vulgare, Epi cili — Epilobium ciliatum, Equ
arve — Equisetum arvense, Euo euro — Euonymus
europaea, Eup cypa — Euphorbia cyparissias, Eup
heli — Euphorbia helioscopia, Fal vulg — Falcaria
vulgaris, Fes prat — Festuca pratensis, Fra sp. —
Fraxinus sp., Fra vesc — Fragaria vesca, Gal albu -
Galium album, Gal moll — Galium mollugo, Gal veru
— Galium verum, Ger prat — Geranium pratense, Ger
pusi — Geranium pussilum, Geu urba - Geum
urbanum, Gle hede — Glechoma hederacea, Hum
lupu — Humulus lulupus, Hyp perf — Hypericum
perforatum, Che albu — Chenopodium album, Che
mura — Chenopodium murale, Kna arve — Knautia
arve, Lac serr — Lactuca serriola, Lam purp -
Lamium purpureum, Lin vulg — Linaria vulgaris, Lot
corn — Lotus corniculatus, Lys numm — Lysimachia
nummularia, Mal negl — Malva neglecta, Med falc —
Medicago falcata, Med lupu — Medicago lupulina,
Mic minu — Microrrhinum minus, Myo arve -
Myototis arvensis, Oen bien — Oenothera biennis,
Ono vici — Onobrychis viciifolia, Oxa font — Oxalis
fontana, Pas sati — Pastinaca sativa, Per lapa -
Persicaria lapathifolia, Pla lanc - Plantago
lanceolata, Poa annu — Poa annua, Pol avic —
Polygonum aviculare, Pot rept — Potentilla reptans,
Ros cani — Rosa canina, Rub caes — Rubus caesius,
Sal capr — Salix caprea, Sec vari — Securigera varia,
Sen vulg — Senecio vulgaris, Set pumi — Setaria
pumila, Set viri — Setaria viridis, Sol cana— Solidago
canadensis, Son aspe — Sonchus asper, Tar Rude —
Taraxacum sect. Ruderalia, Tor japo — Torilis
japonica, Tra dubi — Tragopogon dubius, Tri inod —
Tripleurospermum inodorum, Tri repe — Trifolium
repens, Urt dioi — Urtica dioica, Ver pers — Veronica
persica, Ver thap — Verbascum thapsus, Vic sepi —
Vicia sepium, Vio arve — Viola arvensis, Vio odor —
Viola odorata

The second group of weed species were found mainly on unused sections of railway: Acinos
arvensis, Anagallis arvensis, Atriplex oblongifolia, Cirsium arvense, Clematis vitalba, Conyza
canadensis, Echium vulgare, Epilobium ciliatum, Euphorbia helioscopia, Falcaria vulgaris, Fragaria
vesca, Fraxinus sp., Geum urbanum, Chenopodium album, Lactuca serriola, Lotus corniculatus,
Microrrhinum minus, Pastinaca sativa, Polygonum aviculare, Rosa canina, Senecio vulgaris, Setaria
pumila, Taraxacum sect. Ruderalia, Tripleurospermum inodorum, Verbascum thapsus, Veronica

persica.

The third group was more influenced by other factors: Anthriscus sylvestris, Arrhenatherum
elatius, Carduus acanthoides, Digitaria ischaemum, Geranium pusillum, Plantago lanceolata, Poa
annua, Potentilla reptans, Rubus caesius, Setaria viridis, Solidago canadensis, Urtica dioica, Vicia

sepium.
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The negative effect of weeds causes railway disruption by overground and underground parts
of plants. Weedy path can become dangerous especially for trains and it can lead to a skid. Railway line,
which is weedy is not aesthetic for passengers even for neighboring lands.

Species with higher coverage were situated on unused sections of railway. This fact may be due
to the absence of chemical control against weeds, so-called herbicides. Therefore nothing prevents
weeds in further distribution. It is likely that there will be a succession on this railway sector. This means
developmental sequence and succession of changes in species composition and in the internal relations
of biocoenosis.

The biggest threat are those weeds that are perennial, easy to expand and have a well developed
root system. From this perspective, these can be dangerous weed species as Solidago canadensis,
Convolvulus arvensis, Taraxacum sect. Ruderalia, Polygonum lapathifolium.

CONCLUSION

Differences in vegetation between utilized and unused railway are apparent. Species with higher
coverage were situated on unused railway, such as Clematis vitalba, Linaria vulgaris, Senecio vulgaris,
these species occurred significantly less on utilized railway. Species composition was also different
on unused sections of railway than on the utilized part, such as: Falcaria vulgaris, Microrrhinum minus
or Acinos arvensis.
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Abstract: For the fulfilment of the positive effects of catch crops it is necessary to create a sufficient
amount of biomass. The amount of biomass of catch crops is traditionally evaluated by destructive
sampling that are labour and time consuming and may not represent the whole monitored area.
Within the period of 2013-2014, the aboveground biomass of catch crops was evaluated using ground
measurements of vegetation index NDVI and the results were compared with traditionally carried
sampling of plant matter. The study took place on a small-plot field trial established in 2006
at the experimental field station in Zab&ice (South Moravia, Czech Republic). The experiment included
nine kinds of catch crops. Catch crops growths were set up after every harvest of winter wheat
(in mid-August). The experiment included control variant without catch crop sowing. Regression
analysis for both years of monitoring showed positive dependence between the amount
of vegetable matter (fresh and dry matter) and vegetation index NDVI. The accuracy
of the measurement depends on the state of growths, particularly with regard to the lower sensitivity
of the NDVI when a certain degree of leaf area index is reached. Despite these shortcomings,
the spectral measurement is a good alternative to traditional methods, mainly due to rapid and simple
measurement and its easy repeatability without damaging the crop.

Key Words: growth, vegetation index, spectral measurement

INTRODUCTION

Catch crops are crops grown between two main crops. Catch crops are valued for reducing
the risk of soil erosion and leaching of nitrates (Chen et al. 2010, Valkama et al. 2015). Other important
benefits include improved balance of organic matter, weed control, and reduction
of the spread and incidence of diseases and pests (Rudokas, Rainys 2005, Caner, Tuncer 2001,
Murakami et al. 2000, LeskovSek et al. 2013). The importance of these benefits is dependent
on the total amount of generated above-ground biomass (Brant et al. 2009). Traditionally,
the evaluation of the amount of biomass is carried out based on destructive sampling of above-ground
plant parts, which is arduous and time consuming. In addition, in the case of larger plots, survey can be
concentrated on a few places that may not accurately represent the whole monitored area (Fitzgerald et
al. 2010). There is growing interest in the use of sensors, alongside traditional methods, which in most
cases use measuring of spectral properties of plants and vegetation. Vegetation has
a specific reflectance in particular bands of electromagnetic radiation. In this connection, we can use the
normalized difference vegetation index — NDVI. NDVI evaluates the growth via ratio
of the reflectance in the red (R) and in near infrared spectrum (NIR) using the formula
NDVI = (NIR — R) / (NIR + R). The NDVI value indicates the total amount of biomass (Yang et al.
2011, Johansen, Temmervik 2014). The result of NDVI calculation is a dimensionless value which
ranges between —1 and 1. Positive NDVI values represent green vegetation while high values indicate
higher growth density. NDVI values around zero indicate bare soil and rocks, while negative ones
suggest bodies of water and buildings (Astsatryan et al. 2015, Johansen, Temmervik 2014). According
to the results of some studies (Cao et al. 2015, Gnyp et al. 2014), the relationship between the density
of vegetation and NDVI is not perfect. The vegetation index shows a negative trait, the so-called
saturation at high density of the growth. When reaching a certain degree of leaf area index (LAI),
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the NDVI value does not increase anymore, so the growth density is not indicated. The reason is lack of
sensitivity to changes of the NDVI to chlorophyll content, especially for medium and higher
concentrations. Rating growths of agricultural crops on the basis of NDVI measurements is historically
documented by number of studies, but monitoring of catch crops is only marginal. The aim of this study
was to evaluate the amount of aboveground biomass of selected species of crops using ground
measurements of vegetation index NDVI and compare the results with those carried out
by traditional methods of sampling plant matter.

MATERIAL AND METHODS

The study took place on a small-plot field trial established in 2006 at the experimental field station
in Zabgice (South Moravia, Czech Republic; 49° 1' 19" N, 16° 36' 52" E). Table 1 lists the nine species
of stubble catch crops included in the experiment. Catch crops growths were set up after every harvest
of winter wheat (in mid-August). The experiment included control variant without catch crop sowing.
To determine the amount of biomass, traditional sampling of fresh vegetable matter of catch crops was
used in October from 0.25 m? surface with four replications and then it was dried. Simultaneously,
contactless measurements of normalized difference vegetation index (NDVI) were made using a
handheld Trimble GreenSeeker device. This instrument uses an active radiation LEDs for measuring
reflected radiation above the growth in the red (660 nm, bandwidth ~25 nm) and near infrared (780 nm,
bandwidth ~25 nm) spectrum. The sensor displays the measured value in terms
of an NDVI reading (ranging from 0.00 to 0.99) on its display screen. Three measurements were made
for each replication of catch crops. The results were statistically processed using the Statsoft Statistica
12 software package.

RESULTS AND DISCUSSION

Table 1 shows the results of monitoring yields of catch crops and NDVI values for 2013
and 2014. On the control variant without catch crops, the measured value was greater than zero due
to the presence of weeds and natural reflectance of soil background, which on the site was
NDVI=0.1t00.2.

Table 1 Aboveground biomass of catch crops and NDVI

2013 2014

Catch crop Freéhh??)tter Dr()t/ }rlr:lz_alt)ter NDV| Freéhh??)tter Dr(yt/ }rlr;it)ter NDVI
Sinapis alba 17.38 3.16 0.75 9.14 2.04 0.50
Raphanus sativus v.
oleifera 15.57 2.09 0.67 11.94 1.70 0.65
Phacelia
tanacetifolia 21.44 2.49 0.78 13.75 1.87 0.76
ﬁqetﬁzlsaﬁ;eale v 8.90 1.92 0.66 4.40 1.13 0.47
Panicum miliaceum 1.08 0.22 0.56 1.71 0.31 0.23
Crambe abyssinica 19.47 2.59 0.81 10.32 1.76 0.66
Malva verticillata 9.03 1.33 0.82 562 0.81 0.72
Phalaris canariensis 8.88 1.16 0.76 269 0.61 0.42
Carthamus tinctorius 19.14 3.70 0.82 9.12 1.45 075
\(,:V(i)t?]tés»l[ \C/:{é?]nér;ps 0.00 0.00 0.56 0.00 0.00 0.16

Regression analysis for both years of monitoring showed positive dependence between the
amount of vegetable matter (fresh and dry matter) and vegetation index NDVI (Figure 1). Higher values
of NDVI in selected catch crops correspond with greater weight of aboveground biomass, which
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correlates with the described growth density effect (Astsatryan et al. 2015, Johansen, Temmervik 2014).
The exception in both years was Malva verticillata, where the measured NDV1 values were at almost
the highest levels (NDVI 0.82 in 2013, 0.72 NDVI in 2014), but at the same time its yields were lower.
This can be related to the formation of large leaves, which increase reflectance in the near infrared
spectrum. The results show a lower sensitivity of NDVI to changes in the amount of biomass in the
species of catch crops with a high increase of vegetable matter. This corresponds with the described
saturation effect of NDVI (Cao et al. 2015, Gnyp et al. 2014), when after reaching a certain degree of
leaf area index, the NDVI does not change. This phenomenon can be eliminated by using vegetation
indices of measurement in narrow spectral bands (Mutanga, Skidmore 2004).

Figure 1 Regression analysis between the vegetable matter of catch crops and vegetation index NDVI

CONCLUSION

The results of this study demonstrate the potential of using ground NDVI measurements
in assessing the amount of aboveground biomass of catch crops. The accuracy of the measurement
depends on the state of growths, particularly with regard to the lower sensitivity of the NDVI
when a certain degree of leaf area index is reached. Despite these shortcomings, the spectral
measurement is a good alternative to traditional methods, mainly due to rapid and simple measurement
and its easy repeatability without damaging the crop.
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Abstract: Catch crops are grown between two main crops, their significance is multifaceted. Catch crops
may affect the subsequent crop. The aim of this study was to evaluate the production capabilities
of catch crops in the years 2011-2014 and their impact on the grain yield of spring barley in the years
2012-2015. The field experiment was set up in an experimental field station in Zabg&ice, South Moravia,
Czech Republic. The experiment included ten kinds of catch crops: Sinapis alba, Raphanus sativus v.
oleifera, Phacelia tanacetifolia, Fagopyrum esculentum, Secale cereale v. multicaule, Panicum
miliaceum, Crambe abyssinica, Malva verticillata, Phalaris canariensis, Carthamus tinctorius. The
experiment also included a control variant - without catch crops. Catch crop growths were set up after
winter wheat. Catch crops were left on the lot wuntil spring. The subsequent crop
after catch crop was spring barley. Weather conditions affected the production capabilities of catch
crops. From the point of view of securing the purpose of growing catch crops, it is necessary
to include Sinapis alba, Raphanus sativus v. oleifera, Crambe abyssinica and Phacelia tanacetifolia,
which reached regularly the highest yields. When there is enough water in the winter and spring, catch
crops have no negative impact on yields of spring barley.

Key Words: dry matter of catch crops, weather conditions, competition for water

INTRODUCTION

The high proportion of cereals in the structure of crops leads to soil degradation. Catch crops
might be the solution. Catch crops are crops grown between two main crops. In addition
to the beneficial effect on the environment as far as the nutrients and soil and water conservation are
concerned, catch crops can also serve as a protection against weeds, diseases, and pests (Leskovsek et
al. 2013, Campliglia et al. 2015, Larkin et al. 2011). The yield of catch crops biomass depends
on weather conditions during the autumn (Satkus, Velykis 2014). Many authors study the influence
of catch crops on subsequent crops. Chen et al. (1993) reported that catch crops have improved growth
and development as well as increased the yield of subsequent crops such as corn, wheat, and rice. Sinapis
alba did not have a negative impact on productivity of corn (Romaneckas et al. 2012). Sinapis alba,
Phacelia tanacetifolia did not change dramatically the yield of spring barley (Gaweda 2011). However,
some authors point out negative effects of catch crops on the yield of subsequent crops (Balnyté et al.
2009). Sinapis alba were the least beneficial to the productivity of spring barley
in a drier beginning of the year (Gaweda 2011). Saptoka et al. (2012) reported that catch crops decreased
the yield of spring barley, probably due to competition between the catch crop and cereal
for nitrogen, water, and light. The aim of this study was to evaluate the production capabilities of catch
crops and their impact on the yield of spring barley.

MATERIAL AND METHODS

The small-plot field experiment was set up in an experimental field station in Zabg&ice (South
Moravia, Czech Republic; 49° 1' 19" N, 16° 36' 52" E). The experiment included ten kinds of catch
crops. The experiment also included a control variant - without catch crops. Catch crop growths were
set up after winter wheat. Pre-sowing preparation of soil and sowing catch crops with residue-free seeder
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(OYORD) was carried out after the harvest of winter wheat. Kind of catch crops and seed amounts were
as follows: Sinapis alba (25 kg - ha?), Raphanus sativus v. oleifera (25 kg - ha?), Phacelia
tanacetifolia (15 kg - ha'), Fagopyrum esculentum (70 kg - hal), Secale cereale v. multicaule
(150 kg - ha'), Panicum miliaceum (20 kg - ha), Crambe abyssinica (25 kg - ha'), Malva verticillata
(15 kg - ha'l), Phalaris canariensis (25 kg - ha), Carthamus tinctorius (30 kg - ha'). To determine the
amount of biomass, traditional sampling of fresh vegetable matter of catch crops was used in October
surface and then it was dried to a constant value. Catch crops were left on the lot until spring. Sowing
of spring barley was carried out by sowing combination (in a single operation is pre-sowing preparation
of soil and sowing). Nitrogen fertilization at 60 kg - ha* N was carried out in the spring. The subsequent
crop after catch crop was spring barley. Spring barley harvest was carried out in full maturity and the
yield was recalculated at 14% moisture. The experiment took place on clay-loam gleyic fluvisols,
with 2.97 per cent humus content and pH/KCI 6.8. Average annual rainfall is 480 mm and the average
annual temperature is 9.2°C. Table 1 shows rainfall and average temperature in individual years. During
the 2011 growing season of catch crops, there was lower rainfall than the long-time average. During
the beginning of the growing season of spring barley, higher than the long-time average rainfall occurred
only in 2013. The lack of water was during the spring in 2012. The results were statistically processed
using the Statsoft Statistica 12 software package.

Table 1 Rainfall and temperature from Zabcice in the years 2011-2015

Month

Year I I " v \% VI VII | VI IX X Xl | Xl
Rainfall (mm)
2011 | 214 | 46 | 393 | 332|462 | 429 | 798| 424 311 | 226 | 1.6 | 146
2012 | 272 | 74 | 24 | 198|214 | 1012 | 646 | 43.0 40.2 | 49.2 | 19.4 | 35.6
2013 | 20.2 | 42.1 | 40.8 | 20.2 | 109.0| 147.4 | 4.7 | 436 63.2 | 352|204 | 6.2
2014 | 220|126 | 56 | 11.2 | 628 | 43.4 | 850 | 113.6 | 116.2 | 46.4 | 29.2 | 28.7
2015 | 200 | 74 | 28.0| 94 |338| 224 - - - - - -

norm.
61-90

248 | 249|239 | 332|628 | 686 | 57.1| 543 355 | 31.8 | 36.8 | 26.3

Temperature (°C)
2011 | 04 | -09 | 54 | 124|153 | 194 | 192 | 205 171 | 93 | 25 | 22
2012 | 10 | -34 | 70 | 108|169 | 198 | 214 | 211 162 | 94 | 65 | -1.2
2013 | -10| 0.7 | 1.8 | 106|147 | 183 | 219 | 20.3 139 | 101 | 53 | 21
2014 | 11 | 27 | 85 (118|145 | 188 | 215 | 17.9 156 | 115 | 75 | 24
2015 | 1.8 | 1.6 | 55 | 10.1 | 147 | 19.1 - - - - - -

norm.
61-90

20 | 02 | 43 | 96 | 146 | 17.7 | 193 | 186 147 | 95 | 41 | 0.0

RESULTS AND DISCUSSION

Table 2 shows the results of production capabilities of catch crops. The lowest average dry matter
yields of catch crops were reported in 2011. In all the monitored years, the catch crops
that regularly produced the highest yields included Sinapis alba (1.13 to 3.16 t- ha'), Phacelia
tanacetifolia (1.22 to 2.80 t - hal), Crambe abyssinica (1.19 to 2.90 t - hal), and Raphanus sativus
v. oleifera (1.33 to 2.25 t - ha). Variable and above all lower dry matter yields were achieved
with Fagopyrum esculentum (0.64 to 3.65 t - hal), Secale cereale v. multicaule (0.54 to 1.92 t - ha?),
Panicum miliaceum (0.22t0 1.98t - hat), Malva verticillata (0.81t0 2.25t - hal), Phalaris canariensis
(0.14t0 1.16 t - ha't), and Carthamus tinctorius (0.63t0 3.70 t - hal).
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Table 2 Dry matter yields of catch crops in the years 2011-2014

Dry matter yields of catch crops (t - hal) 2011 2012 2013 2014
Sinapis alba 1.13 2.50 3.16 2.04
Raphanus sativus v. oleifera 1.33 2.25 2.09 1.70
Phacelia tanacetifolia 1.22 2.80 2.49 1.87
Fagopyrum esculentum 0.64 3.65 1.09 1.98
Secale cereale v. multicaule 0.54 1.40 1.92 1.13
Panicum miliaceum 0.89 1.98 0.22 0.31
Crambe abyssinica 1.19 2.90 2.59 1.76
Malva verticillata 0.88 2.25 1.33 0.81
Phalaris canariensis 0.14 0.78 1.16 0.61
Carthamus tinctorius 0.63 1.53 3.70 1.45
Average 0.86 2.20 1.98 1.37

Table 3 and Figure 1 show the yield results of spring barley after catch crops. In 2012, spring
barley yields ranged from 2.09 to 3.72 t - ha'™. Yields less than 2.5 t - ha™ of spring barley were reached
after Sinapis alba, Raphanus sativus v. oleifera, Phacelia tanacetifolia, and Malva verticillata. In 2013,
yields of spring barley (ranging from 5.27 to 7.07 t - ha*) was higher for the majority of crops than the
variant without catch crops (6.43 t - ha'). Lower yields of spring barley than in the variant without catch
crops were only after Secale cereale v. multicaule. The highest yield was after Crambe abyssinica.
In 2014, the yields of spring barley ranged from 4.25 to 7.74 t - hal, with the lowest yields being after
Secale cereale v. multicaule and Phalaris canariensis. The highest yields were obtained after Malva
verticillata, the variant without catch crops, and Crambe abyssinica. In 2015, spring barley yields ranged
from 6.59 to 8.54 t - hal. Yields less than 7 t - ha® of spring barley have occurred after Phalaris
canariensis, Secale cereale v. multicaule, and Phacelia tanacetifolia. The highest yields were in the
variant without catch crops, Panicum miliaceum, Crambe abyssinica, and Malva verticillata.

Table 3 Grain yield of spring barley after catch crops in the years 2012-2015

Grain yield of spring barley (t - ha™) 2012 2013 2014 2015
Sinapis alba 2.09 6.83 6.65 7.59
Raphanus sativus v. oleifera 2.19 6.97 6.65 7.66
Phacelia tanacetifolia 2.37 6.67 6.03 6.90
Fagopyrum esculentum 2.92 6.43 6.95 7.17
Secale cereale v. multicaule 2.54 5.27 4.25 6.76
Panicum miliaceum 3.67 6.80 6.92 8.31
Crambe abyssinica 2.55 7.07 7.20 8.29
Malva verticillata 231 6.90 7.74 8.20
Phalaris canariensis 3.37 6.43 571 6.59
Carthamus tinctorius 2.67 6.77 7.16 7.39
Control variant — without catch crops 3.72 6.43 7.21 8.54
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Figure 1 Example of regression analysis between the yield of biomass crops and spring barley in 2012
(lack of water in winter 2011 and spring 2012)

Weather conditions also affected production capabilities of catch crops. Satkus, Velykis (2014)
also state that the yield of catch crops biomass is dependent on weather conditions during the autumn.
Catch crops may affect yields of subsequent spring barley. Yields of spring barley after catch crops
higher than the variant without catch crops were in 2013, when there was enough water during
the sowing and growth of spring barley. In other years, spring barley yields were similar
or significantly lower, especially after catch crops with higher amounts of biomass. Decline in yields of
spring barley occurred during increasing deficit of water in the winter and spring. Saptoka et al. (2012)
also mentioned competition for water between the remnants of catch crops and subsequent crop, stating
that the cause may also include competition for light and nitrogen. Regular, secure yields were achieved
in crops from the family Brassicaceae including Sinapis alba, Raphanus sativus
v. oleifera, and Crambe abyssinica, as well as Phacelia tanacetifolia. It was found that Sinapis alba,
Raphanus sativus v. oleifera, and Phacelia tanacetifolia did not change significantly the vyield
of spring barley, as Gaweda (2011) also found for Sinapis alba and Phacelia tanacetifolia. However,
in a drier year (e.g. 2012), there was a risk of significant yield reduction of spring barley after Sinapis
alba, Raphanus sativus v. oleifera, and Phacelia tanacetifolia. For example, Gaweda (2011) also
reported that for Sinapis alba. An interesting catch crop could be Crambe abyssinica, which despite
its amount of produced biomass had no negative impact on yields of spring barley. It turned out that
Secale cereale v. multicaule is not a suitable catch crop before spring barley.

CONCLUSION

Weather conditions affected the production capabilities of catch crops. From the point of view
of securing the purpose of growing catch crops, it is necessary to include Sinapis alba, Raphanus sativus
v. oleifera, Crambe abyssinica and Phacelia tanacetifolia. These catch crops produced regular, high
yields of biomass, more so than Fagopyrum esculentum, Secale cereale v. multicaule, Panicum
miliaceum, Malva verticillata, Phalaris canariensis, and Carthamus tinctorius. In the dry beginning
of the year, growing catch crops from the family Brassicaceae and Phacelia tanacetifolia as well as and
other crops with more biomass, could be risky for spring barley. An exception could be Crambe
abyssinica, which did not have so negative impact on yields of spring barley. The study showed
that Secale cereale v. multicaule is not suitable catch crop before spring barley. When there is enough
water in the winter and spring, catch crops have no negative impact on yields of spring barley.
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Abstract: The aim of the presented study was to assess the effect of high temperatures and water shortage
during anthesis on thousand grain weight (TGW) of two winter wheat varieties (Tobak and Pannonia).
In addition, numbers of grains per spike were also assessed. The six growth chambers were used to
simulate heat stress conditions within following gradient of temperature maxima: 26°C (control
chamber), 29, 32, 35, 38 and 41°C. The relative humidity (RH) course and photosynthetically active
radiation (PAR) intensity were controlled via protocols. Additionally, drought stressed (dry)
and well-watered (wet) treatments were established within each growth chamber. The plants were
removed from the growth chambers after 14 days and they were left until a full maturity, exposed
to actual weather conditions. The TGW at 14% moisture were evaluated for particular treatments within
both winter wheat varieties. TGW was generally more affected by high temperatures under drought
stress than in well-watered conditions. The results revealed that Pannonia TGW was much more affected
by the water deficiency in combination with high temperature (particularly 38
and 41°C) than Tobak TGW.

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

INTRODUCTION

A wheat is considered to be particularly sensitive to extremely high temperatures during
the reproductive stage (Saini et al. 1983, Marcellos, Single 1984, Alghabari et al. 2014, Vara Prasad,
Djanaguiraman 2014). With global warming, the frequency of high temperatures occurring around
anthesis is predicted to increase in Europe (Semenov, Shewry 2011, Stratonovitch, Semenov 2015).
Therefore, the presented study is focused on the assessment of the difference between thousand grain
weight (TGW) of the two winter wheat varieties when exposed to the high temperatures and water
shortage stresses during the phenological stage of anthesis.

MATERIAL AND METHODS

Plant material and pre-experiment and within-experiment treatments

Two winter wheat varieties (Tobak and Pannonia) were sown (in the number of 2 seeds per
1 pot) on October 22", 2014 into black plastic pots with inner dimensions of 10.5 x 10.5 x 21.5 cm.
Tobak was selected as a one of a modern winter wheat variety, bred in conditions of temperate zone and
recommended for the Czech Republic (CISTA 2015). Pannonia was selected due to its supposed
resistance to drought and to higher temperatures (Palik et al. 2009), and so it appears to be suitable
for growing within the future climatic conditions predicting more frequent drought periods and higher
temperatures. The soil used for pots filling came from the experimental station in Polkovice (altitude
199 ma.s.1., 49°23'30" North latitude, 17°15'33" East longitude) within Moravia in the Czech Republic.

43|Page



MENDELNET 2015

Based on soil probes, the soil type was qualified as a luvic chernozem with loess as a mother substrate.
The pots were placed onto the concrete floor of the vegetation hall of Mendel pavilion
of Mendel University in Brno where the pots were exposed to ambient weather conditions until reaching
the boot stage. To protect the pots from freezing these were surrounded by the expanded clay. The
protection against diseases was ensured by fungicide applications (see Table 1 lower for the overview).
The whole nitrogen dose was applied at once (March 17", 2015) using ammonium nitrate dissolved in
water (0.29 g of fertilizer per 14 ml of water per 1 pot to supply the dose of 90 kg N per ha). The aphid
infestation was controlled by three applications of an insecticide Plenum (Syngenta)
in concentration 0.1% (on May 28" 2015, on June 2", 2015, and on June 4", 2015), and by one
application of an insecticide KARATE WITH ZEON TECHNOLOGY 5 CS in concentration 0.05%
(on June 23, 2015). The pots were subsequently transported to Global Change Research Centre,
Academy of Sciences of the Czech Republic, v. v. i. on May 15", 2015 and put into six growth chambers
(FS 3400, PSI, Cz) for acclimation to individual temperature treatments (on May 15"
in the case of Pannonia, on May 22™ in the case of Tobak) at the boot stage of development.

Table 1 Overview of fungicide treatments and application dates

Application date Fungicide applied Fungicide concentration [%]
March 31, 2015 PROSARO® 250 EC 0.13

April 14, 2015 Fandango® 200 EC 0.4

April 28, 2015 PROSARO® 250 EC 0.28

The growth chambers protocols and water stress establishment

Tables 2 and 3 below show temperature and PAR, RH protocols respectively running within each
chamber. The PAR (photosynthetic active radiation) intensity and RH (relative humidity) course was
the same within all chambers. The pots were divided into 2 groups: well-watered (wet) and drought
stressed (dry) with 7 replications (pots) for each combination of water regime and temperature.

Table 2 Protocols within the growth chambers (CH) — daily temperature (t) course (CH 1 = control
chamber) presented in °C, the values of individual environmental factors changed continuously between
two time points

Time CH1 CH 2 CH3 CH 4 CHS CHG
t[°C] t[°C] t[°C] t[°C] t[°C] t[°C]
0:00 20 20 20 20 20 20
4:00 18 18 18 18 18 18
6:00 18 18 18 18 18 18
12:00 26 29 32 35 38 41
14:00 26 29 32 35 38 41
20:00 22 22 22 22 22 22
24:00 20 20 20 20 20 20

Table 3 Protocols within the growth chambers — PAR (photosynthetically active radiation, presented
in umol - m? - s) and RH (relative humidity, presented in %), the values of individual environmental
factors changed continuously between two time points

Time PAR [umol - m2 - s7] RH [%]
0:00 0 85
400 0 90
6:00 0 90
12:00 1500 45
14:00 1500 45
20:00 0 75
24:00 0 85
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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. The soil moisture was
maintained below 30% of the maximum water holding capacity within the pots of the dry variant, and
it was maintained to not decrease below 70% in the case of the wet variant.

Thousand grain weight (TGW) assessment

Both varieties were harvested manually. Grain numbers per main spikes within particular
temperature and water stress treatments were counted, and also grain weight per main spikes at actual
moisture and as a dry matter was found out using balances with accuracy of 0.001 g. The TGW was
assessed by the dry matter conversion into 14% moisture and grain weights were evaluated by the actual-
moisture weight also recalculated to 14% moisture where actual moisture (Act.m.) was calculated based
on Hellevang (1995). The final TGW at 14% moisture (TGWuwy%) was calculated
by the following equation (eq. 1):

_ TGW pct.m.X(100-Act.m.)
TGWi4y, = 100—-14 (1)

RESULTS AND DISCUSSION

The responses of TGW to temperature and water regime treatments for individual varieties are
shown in the Figure 1. The means were calculated from the data for main spikes for both sown plants
per pot. The results show that high temperatures have a negative effect on TGW particularly when
combined with drought stress. While under sufficient water supply was the decrease of TGW
considerably lower and was observed in a variety Tobak at temperatures above 38°C and in variety
Pannonia at temperatures above 35°C, under drought stress was this decrease found at temperatures
above 35°C and 32°C for Tobak and Pannonia respectively. TGW decline was generally more
pronounced in variety Pannonia which is surprising finding given the fact that the variety comes
from warmer region (Serbia). This significant decline of TGW with temperature in the variety Pannonia
is evident in both water regime treatment, i.e. sufficiently supplied by water and drought stressed. This
temperature effect is significant in the case of combination of higher temperatures with drought stress.
The drought stress treatments show also shift in temperature optima for TGW among varieties. While
in the case of a variety Tobak it is obvious the temperature optimum for TGW around 29-32°C, then
for variety Pannonia it is lower and it ranges around 26°C. In the case of plants adequately supplied with
water, this shift is less pronounced. The results also show that at the highest temperature (41°C),
in combination with drought, there is an increase of TGW within both varieties. This increase can be
attributed to a significant drop in the number of grains per spike (see Figure 2)
at the highest temperature which is then compensated by the increase of TGW.

Figure 1 Thousand grain weight (expressed in grams) at 14% moisture, means (points) and 95%
confidence intervals are presented (n>7)
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When compared with the general mean value for Tobak TGW reaching 46 g (CISTA 2015), this
value was reached within dry variant at 26°C (control), and wet variant at the same temperature showed
even higher value (slightly above 50 g). The situation was completely different for Pannonia where the
general mean TGW value is 50 g (Palik et al. 2009) and this value was not reached in any case during
the presented study (only the value reached within dry variant at 26°C was very close). While Pannonia
is classified as a variety very resistant to drought and it is suitable for warmer areas, the combination of
severe drought and extremely high temperatures can cause the markedly negative affect on TGW values.
Tobak is also categorized as a variety strongly resistant to dry periods, nevertheless, the TGW values
showed that the negative effect of the extremely high temperature
and severe drought does not affect the TGW values as markedly as in the case of Pannonia.

Figure 2 Number of grains per spike (expressed in pcs), means (points) and 95% confidence intervals
are presented (n>7)
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The mean number of grains per spike was calculated from the data for main spikes for both sown
plants per pot (Figure 2). While in variety Tobak the well-watered treatment showed similar number
of grains per spike up to the temperature of 32°C, under drought stress the decrease of grain number was
observed already at the temperatures above 29°C. However, the minimal drop in grain number was
found in both treatments at the temperature 41°C. Contrary to variety Tobak, Pannonia evinced
increasing number of grains per spike at the temperatures from 26 to 32°C with reaching maximum
at the temperatures between 32-38 and 32-35°C in wet and dry treatment respectively, followed by the
rapid decrease at 38°C within dry and at 41°C within wet variants. There is also more pronounced
difference in grain number per spike between wet and dry treatments compared to variety Tobak. The
results on number of grains per spike show that variety Pannonia responds very positively on water
supply even at higher temperatures. When the water supply is sufficient, Pannonia variety is able to
produce much more grains than under drought stress even at the higher temperatures.

CONCLUSION

The results showed that negative effect of high temperatures on TGW and also on number
of grains is more pronounced under drought stress and combination of these two factors more affects
Pannonia than Tobak.
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Abstract: The aim of this work was to assess the content of mycotoxins with regard to habitat and fertilization
of cocksfoot crops (Dactylis glomerata L.) varieties Niva. Experimental forests were based on two sites
with different altitudes. The harvest took place at the beginning of the earing (half of May) when the first cuts
of the biomass were analyzed. The samples were analyzed for nutrients (ash, crude protein and crude fiber), the
quality of the water extracts (ammonia, ethanol, pH, lactic acid, acetic acid) were evaluated, and the contents
of mycotoxins (deoxynivalenol — DON, zearalenone — ZEA) were determined in green mass of silage. The data
was assessed by analysis of variance ANOVA P < 0.05 on the surface. Fertilization did not influence the content
of the organic nutrients in the silages. The difference (P < 0.05) in the quality of the silage extracts made from
fertilized and unfertilized biomass, higher (P < 0.05) acetic acid content and a lower content of ethanol were
noticeable. There was also noticeable higher content of ZEA in unfertilized stands. Silage did not show increased
content of mycotoxins. The evaluation of the content of organic nutrients and acids proved that the quality
of silage is very good.

Key Words: mycotoxins, silage, fertilization, cocksfoot, crude protein, lactic acid

INTRODUCTION

Myecotoxins are secondary metabolites produced by microscopic fungi - molds. Mold growth is
determined by a number of factors that affect the ultimate composition of the mycoflora silage (Dolezal
2009). Causes of mycotoxines production by moulds have not been entirely clarified yet (Kala¢ 2012).
Their production is affected by a number of factors, either biotic (presence of more toxic mold species
leads to different reactions) or abiotic (humidity, temperature, water activity, pH, O, content),
(Skladanka et al. 2011).

Mycotoxins can cause fatal diseases at animals and they may have acute and chronic course
(Barug 2004). Among the acute manifestations, degeneration of parenchym organs, circulatory system
and CNS damage are included. Chronic course is manifested by teratogenic, mutagenic and carcinogenic
effects (Dolezal 2012). Effects of long-term exposure to the animal organism are diverse and depend
on many factors (health, age, duration of exposure to the toxin). They can be e.g. disorders of
reproduction, decrease in immunity, and allergic reactions. Research on mycotoxins is increasingly
important as contaminated products directly present a threat to the health of the people (Ned€lnik et al.
2006). They affect the proper function of the ruminant rumen, may pass into the milk or meat, and
further harm the sucking young animals (Alonso et al. 2013). The transition of mycotoxins to the animal
products (milk, meat, eggs) is causing economic loss (Opitz von Boberfeld 1996).

Nowadays, there are known approximately 400 types of mycotoxins. The most commonly
occurring mycotoxins in silage are deoxynivalenol (DON), zearalenone (ZON), fumonisin B1 (FB1),
ochratoxin a (OTA), citrinin and patulin (Yiannikouris, Jouany 2002).

Monitoring of the contents of the DON in feed revealed i.e. there were 48 samples of dried forage
positive for the contents of this mycotoxin in the year 2000 (Ned¢lnik, Moravcova 2005). DON is
probably the best known and the most common contaminant of grains and their products. Its positive
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occurrence in food and feed has been demonstrated in more than 90% of the total number
of samples and it represents an indicator of potential occurrence of other mycotoxins
(Sobrova et al. 2010). According to Skladanka et al. (2011) the highest contamination of mycotoxins
arises already in the field or in the grasslands. Zearalenone (ZEA) and deoxynivalenon (DON) were
mycotoxins mostly found at monitored grasses. This means that high amount of mycotoxins enter the
food chain of animals from the green mass.

The importance is exemplified by the results of Zachariasova et al. (2014) indicating the expected
intake of mycotoxins in corn silage per kg of living weight of the animals observed on the basis of the
analyses. In cattle, there were determined amounts 2.3-5.4 ugkg! FW for nivalenol,
9.2-10.8 pg.kg? FW for deoxynivalenol, 1-1.4 ug.kg? FW for fusarenon X, 0.2-0.4 ug.kg® FW
for ochratoxin A, 0.03-1.8 pg.kg* FW for enniatin and 0.5-5.4 pg.kg® FW for mycophenolic acid.

The aim of the work was to determine whether fertilization of permanent crop of cocksfoot affects
nutritional and quality parameters of silage, and whether manure is affected by the mycotoxin content
in the harvested biomass and silage.

MATERIAL AND METHODS

The experimental crops were based in the Research Forage station Vatin located in the
Czech-Moravian highlands (560 m. a. s. I.) and the Research Institute of Forage Troubsko near Brno
(270 m. a. s. I.). The monitored variety of cocksfoot (NIVA) was sown in the spring in 2013 on the
experimental plot with an area of 1.25 x 8 m in three repetitions on the habitats Vatin and Troubsko.
The assessed factor was fertilization (unfertilized and fertilized with the dose of 170 kg.ha* N) and the
treatment of ensiled biomass with chemical treatment (control and chemical treatment). The subject
of the evaluation was silage biomass from the harvesting of the first cut in the year 2014 (the first
utilitarian year) at the beginning of the earing (May). Experimental silages were prepared in containers
with a diameter of 150 mm. Preparation of experimental silage is described in Vysko¢il et al. (2011).
Samples of silage were taken after 60 days of ensilage. Samples of forage and silage were dried
at a temperature of 60 °C, milled to a particles of size <1 mm, and then the analysis of the content
of the mycotoxin deoxynivalenol (DON) and zearalenone (ZEA) using the ELISA test according to
a Skladanka et al. (2011) was carried out. The concentration of the toxins is expressed in parts per million
(ppm) and a billion (ppb). The quality was further evaluated using the extracts (pH, lactic acid, acetic
acid, the content of ammonia and ethanol) and nutrient parameters (ash, crude protein and crude fibre).
Analytical procedures including the preparation of the water extract is described by Dolezal (2002). The
results were evaluated by analysis of variation (ANOVA) and subsequently by Tukey test. The
evaluation was carried out at the level of significance of P<0.05.

RESULTS AND DISCUSSION

DON levels ranged in the levels from 0.9 to 2.23 mg.kg? in green mass and from
0.39 to 0.63 mg.kg* in the silage. In the monitored samples, DON levels reached the lowest limits. The
maximum quantity of mycotoxins shall be 0.9 to 12 mg.kg? at DON and 0.1-3 mg.kg* at ZEA
in the EU. Fusarium and Alternaria are the main genera of fungi which are already present in the green
mass (Rasmussen et al. 2010) and are able to survive the acidic and anaerobic environment
of the fermentation process (Samson et al. 2002). From the results obtained, it is evident that the content
of DON was about the same on both sites. The amount was not affected by the fertilization
at the reference crop. Ensilaging of contaminated mass did not cause any further increase
of mycotoxins.

Table 1 Content of DON [ppm] in the silage and green mass of unfertilized and fertilized variants
of cocksfoot.

Variation Site Green mass Silage
.- Vatin 2.23 0.43
Unfertilized Troubsko 1.27 0.63
- Vatin 1.33 0.39
Fertilized Troubsko 0.9 0.39
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Table 2 Content of ZEA [ppb] in the silage and green mass of unfertilized and fertilized variants
of cocksfoot.

Variation Site Green mass Silage
. Vatin 74.1 28.64
Unfertilized Troubsko 22.57 30.7

. Vatin 67.49
Fertilized 41.31
Troubsko 18.63 4001

The green mass of silage contained the permissible amount of ZEA. Values ranged from 0.0009
mg.kg? to 0.074 mg.kg? in the green mass and from 0.029 to 0.040 mg.kg* in the monitored silage.

Driehuis et al. (2008) indicate the average content of ZEA 0.017 mg.kg? and the maximum
content 0.308 mg.kg? in the green mass. Fertilized grassland of cocksfoot showed a lower amount
of ZEA compared to the unfertilized one. According to the D'Mello (2006), the concentration
0.2-1 mg.kg? of zearalenone is toxic even for rodents. Forage containing more than 0.5 mg.kg*
of zearalenone is not recommended for feeding (Marasas et al. 1979). According to the determined
values, the contents of mycotoxins did not exceed the standard allowable its use for feeding animals.

Ensilage is the process where lactic acid bacteria cleave simple sugars and produce acids. This process
decreases the pH and which reduces the growth of undesirable microorganisms. Due to the fact that the
anaerobic environment reduces the growth of mold, from this point of view, silage should
be an effective strategy in order to avoid further formation of mycotoxins (Cheli et al. 2013).

Table 3 Content of ash, crude protein and crude fiber in the unfertilized and fertilized variants after
use of chemical additive in comparison with non-protective variant of cocksfoot [g.kg™]

Variation Treatment Ash Crude protein Crude fiber
Control 45.05 85.33 243.63
Unfertilized
Kemisile 37.85 81.8 242.5
Control 53.6 99.1 283.25
Fertilized
Kemisile 48.4 1115 288.85

Legend: Different letters in the columns indicate statistically significant differences at a level of P<0.05

The amount of ash content was observed in the standard levels at both variations (see the Table
3). In the samples treated with organic acids, lower ash content was recorded. The latter is an indicator
of the pollution of the biomass with the soil. During the harvest of fodder, the ash is able to get there
especially in case when low height of the stubble is chosen and there are unsuitable weather conditions
(Skladanka 2011). The content 139 g.kg of ash in the grass silage shows slight pollution with soil. The
ash content of 265 g.kg™ indicates high degree of contamination of silage with soil (Jakobe 1987). This
pollution can lead to the development of undesirable microflora and increase further content
of natural harmful substances in silage. Zeman (1995) indicates contents 93 g.kg™ of the CP in average
at green mass of cocksfoot crop. This value is referred to silage made from unfertilized stands
of cocksfoot.

The content of the crude fiber was comparable (243.63 and 283.25 g.kg™) in the silage made
of fertilized and unfertilized crops. The content of the crude fiber was not affected by treatment or
fertilization of the crop (Table 3). Mikyska (2013) presents the content of the crude fiber
256.9 g.kgtin the silage of permanent grassland. Its value is close to the silage made of unfertilized
crop. According to Zeman (1995), the content of crude fiber should be 322. 9 g.kg? in the grass. This
value is higher compared to ensiled samples. Skladanka (2009) indicates 210 g.kg™ of the crude fiber
content at the beginning of the earing in the green crop of cocksfoot.
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Table 4 Content of ammonia, ethanol, pH and acids in the unfertilized and fertilized variants after use
of chemical additive in comparison with non-protective variant of cocksfoot [g.kg™]

Variation Treatment Ammonia pH Lactic acid | Acetic acid | Ethanol
Unfertilized Control 0.332 4.08% 23.18 4532 4532
Kemisile 0.28° 3.96° 21.15 2.2b 8.96°
Fertilized Control 0.68° 4,76° 17.68 5.3 3.5
Kemisile 0.35° 42 22.58 3.48° 243

Legend: Different letters in the columns indicate statistically significant differences at a level of P<0,05

From our results (Table 4), it is apparent that the amount of ammonia was higher in the fertilized
compared to the unfertilized samples of silage. A very good result was achieved using treatment with
organic acids at fertilized stand of cocksfoot. The amount of ammonia was reduced (P<0.05) from 0.68
g.kg! to 0.35 g.kg™. The content of the ammonia did not exceed standard values indicated by Dolezal
(2010), (0.3-0.7 g.kg?). The use of chemical preservatives caused reduction (P<0.05) of the
concentration of ammonia in both silages made of unfertilized and unfertilized stands. Jakobe et al.
(1987) list the value of ammonia 0.68 g.kg! in dry matter of silage made of grass after
seventy days. Animals are able to tolerate ammonia in the range of 1.4-2 g.kg? in dry matter
(Kala¢ 2012).

According to the Wilkinson (2005), the ideal pH of the silage should be in the range of 4-4.2.
Dolezal (2012) reported 3.7-5. These values were achieved in the experimental silage of cocksfoot.
At both variants after the addition of organic acids, reduction (P<0.05) of pH values (4.08 to 3.96
in unfertilized and 4.76 on 4 fertilized variants) was achieved.

Kotal (1962) reported that the content of lactic acid in quality silage should be 2/3 of the total
guantity of acids. Zeman et al. (2006) also reports the tables of evaluation of the quality of the silage
where the minimum content of the lactic acid is 70% from the total amounts of acids. Higher amount of
lactic acid was detected at unfertilized variants - 23.18 g.kg™ and 21.15 g.kg* at variant treated with
Kemisile. Silage made of fertilized crop showed higher representation of lactic acid in the samples that
had been treated with chemical treatment (22.58 g.kg?). The content of acetic acid was influenced
by the fertilization and way of treatment. The addition of organic acids decreased (P<0.05) acetic acid
at both monitored variations - unfertilized variants from 4.53 to 3.96 g.kg? and fertilized from
5.3t0 3.48 g.kg™.

The optimum content of the acetic acid should be 20-30% in dry matter from the total
representation of the acids in the silage (Wilkinson 2005). Drevjany et al. (2004) reported the proportion
of acetic acid 4-9 g.kg?in dry matter as 35-35 %.

CONCLUSION

It was found that the addition of nitrogen does not cause further increase of the content of DON
and ZEA in the green mass of the crop. During the process of ensilage, the concentration of the
monitored mycotoxins was not increased. The content of ash, crude fiber and crude protein was slightly
higher in the silage made from fertilized crop. However, these differences were not significant. At the
silage produced from fertilized stand, content of ammonia and acetic acid was a higher
and a concentration of ethanol lower. Nevertheless, all of the monitored parameters did not exceed the
standards. Silages were very good with sufficient content and fermentation acids. Fertilizing does not
have significant impact on the quality and nutritive value of silage.
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Abstract: Remote sensing can be very useful tool for drought monitoring, providing valuable
information about yield-limiting moisture conditions and crop response under current climate
conditions. In this study the Atmosphere-land Exchange Inverse (ALEXI) model was used. The ALEXI
model uses the morning surface temperature (LST) rise and provides information on the surface moisture
status. In this paper correlations between yields and satellite indicators of crop water use or
evapotranspiration (ET) were studied for the period 2002-2014. Correlations were studied for winter
wheat at district scale in Vyso€ina, Jihomoravsky and Olomoucky regions since winter wheat is one of
the traditional and most important crops grown in these regions. The Evaporative Stress Index (ESI)
was used for these correlations as an ET-based index. Time series of Pearson correlation coefficient (r)
computed between ESI and winter wheat yields at district scale were analysed. Strongest correlations
are associated with districts within the Southern Moravian lowlands in Jihomoravsky and Olomoucky
region, where frequency of occurrence of severe drought was highest over the period of record. Severe
drought resulted in significant yield impacts, particularly in years 2003 and 2012. Correlations tend to
be lower over the highlands districts of Vysoc¢ina and surroundings. In these districts, yields are more
temperature than moisture limited and were more stable over the period of record.

Key Words: Remote sensing, drought, yield, ALEXI, ESI

INTRODUCTION

Drought events in recent years have significantly impacted crop yields and water availability
in the certain regions of the Czech Republic. One of the most vulnerable regions is the south-east part
of the country — Southern Moravia (mostly the Jihomoravsky region) which is important agriculture
region, known also for its production of wine. 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).

Satellite data can provide excellent spatial detail, but no single satellite provides all
the information required to adequately support all agricultural applications. Different wavebands
provide information about different characteristics of crop development. Visible (shortwave) reflectance
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data can be used to estimate amount of vegetation. They are typically used at resolutions of 5 to 300 m.
Thermal infrared radiation (TIR) can be used to map land-surface temperature (LST) which can
be related to patterns in canopy stress and water use at resolutions of 60 m to 5 km. Microwaves enables
mapping of soil moisture and surface temperature at coarser spatial scales that are smaller than 5 km. It
is good to mention that thermal and shortwave retrievals are restricted to clear sky conditions, while
collecting of coarser resolution microwave can be done under nearly all sky conditions (Gao et al. 2012).

There is clearly a benefit to integrate information from multiple satellites. This paper describes
a strategy for uniting multi-satellite remotely sensed data at multiple wavelengths to support water use,
drought monitoring and yield analysis. Examples of results at coarse resolution (5 km) are provided for
districts in the Vysocina, Jihomoravsky and Olomoucky regions. All together, there were 14 districts
studied in these 3 regions. Studied districts can be divided into lowlands and highlands showing the
different moisture and temperature distribution and drought vulnerability. One of the most vulnerable
districts towards the drought events is the Znojmo district in the Jihomoravsky region (Zahradnicek
et al. 2014). Generally, districts in the Vyso¢ina region have good moisture distribution and therefore
are not as vulnerable as districts in the Southern Moravia.

The long-term goal of this work is to identify remote sensing ET, drought and yield monitoring
tools that can be used at multiple spatial scales not only in the certain regions of CR but over
the whole country and surroundings. Remote sensing outputs should complement the existing tools
created by the InterDrought team.

MATERIAL AND METHODS

Due to the influence of evaporation on land surface temperature, thermal remotely sensed data
can provide useful information about the surface moisture conditions. The Atmosphere-land Exchange
Inverse (ALEXI) model was used to provide data related to the surface moisture status (Anderson
et al. 2007). It uses time-differential signals of morning land-surface temperature (LST) rise, typically
collected by geostationary satellites in order to map daily ET and other surface fluxes at 3 to 10 km
resolution (Anderson et al. 2015). The ALEXI model is constrained to work under clear sky conditions
when the surface is visible to the satellite sensor. An algorithm for estimating fluxes during cloudy days
is used, defining moisture stress function which is obtained from the model on clear sky days. During
the clear days, model estimates available water fraction in the soil surface layer and root zone (Anderson
et al. 2007).

Table 1 Full names, abbreviations and region localisation of studied districts of the Czech Republic

Region of CR District Abbreviation
Vysocdina Havlickt Brod HR
Jihlava JI
Pelhfimov PE
Tiebic TR
Zd’4r nad Sazavou |ZR
Jihomoravsky Blansko BK
Brno-venkov Bl
Breclav BV
Hodonin HO
Vyskov VY
Znojmo ZN
Olomoucky Olomouc OL
Prost&jov PV
Prerov PR

In this paper correlations between yields and satellite indicators of crop water use or
evapotranspiration (ET, as conveyed by the Evaporative Stress Index — ESI) were studied
for the period 2002-2014. Correlations were studied for winter wheat at district scale in the Vysocina,
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Jihomoravsky and Olomoucky regions. The Table 1 shows all studied districts, their abbreviations and
region localisation. Figure 1 shows a map with 3 studied regions of the Czech Republic.

The ESI is formulated as standardized anomaly in ET normalized by a potential or reference ET
(ETrer) expected under non moisture-limiting conditions (frer = ET/ET r) (Anderson et al. 2007, 2011,
2013, 2015). Different indicators provide information on different aspects of environment. Precipitation-
based drought indicators provide information on variability in moisture supply and soil moisture-based
indicators on moisture storage. The ESI is one of ET-based drought indicators
that over full vegetation cover sample primarily anomalies in plant water use. These anomalies are more
tightly related to plant health and functioning. Response assessments during periods of rapid drought
onset (so called “flash drought”) suggest that TIR-based ESI responded more quickly
to changing conditions than did precipitation or vegetation index-based drought indicators and may
provide early warning of degrading health (Anderson et al. 2013, Otkin et al. 2013, 2014).

Figure 1 A map showing 3 studied regions of the Czech Republic

VYSOCINA JIHOMORAVSKY OLOMOUCKY
ALEXI model application over the Czech Republic

This study is a result of collaboration of teams from Mendel University in Brno, the Czech Globe
InterDrought project (Intersucho in the Czech language), USDA — Agriculture Research Service and
University of Maryland. Together, a preliminary investigation of the utility of ESI for drought
monitoring and yield assessment within the Czech Republic has been conducted. In this prototype
application, ESI time series computed from 3-month composites of ALEXI-derived frer were extracted
at 7-day intervals from a global dataset. During this process, morning LST rise inferred
from Moderate Resolution Imaging Spectroradiometer (MODIS) day/night temperature differences
were used (Anderson et al. 2015).

Index-yield correlations were quantified by use of the Pearson correlation coefficient (r).
Coefficient was computed from ny x ns samples, where ny represents number of years of yield data
included in the study (2002-2014), ns is the number of districts included in regional evaluation. It is
also important to mention that yields were reported as ratio of production (tons) per harvested area (ha).
Yield dataset over the period 2002-2014 was provided mainly by Ministry of Agriculture
of the Czech Republic and partly by the Czech Agrarian Chamber. Yield dataset was collected for 14
districts in the regions of Vyso¢ina, Jihomoravsky and Olomoucky which are located in the south-central
Moravia (eastern part of the Czech Republic). Especially southern part of Jihomoravsky region (the
Znojmo district) is known for its sensitivity for severe drought events (Zahradnicek et al. 2014).
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RESULTS AND DISCUSSION

Results are shown in following figures. Figure 2 compares maps based on ESI in April
and September of 2014 with drought maps of Drought Intensity (DI) from InterDrought website
(intersucho.cz). Presentations of DI product reflect moisture conditions in the depth from 0 to 1 m
of soil profile as estimated with the SoilClim water balance modelling system developed by the Czech
Globe team. The SoilClim model is based on the climate conditions between 1961 and 2000 (Hlavinka
et al. 2011). Maps of ESI show bigger area, whereas maps from InterDrought website show just
the area of the Czech Republic. Even thought there are different drought intensity scales, impacted areas
are still clearly visible.

Figure 2 Comparison of Drought Intensity (DI) and Evaporative Stress Index (ESI) maps for April
and September of 2014.

Figure 3 Correlations between Evaporative Stress Index (ESI) and district-level yields for 2002-2014
as a function of date (week of year) of averaging window end-date. Dotted line indicates nominal harvest
date for winter wheat.
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Figure 3 shows time series of Pearson correlation coefficient (r) computed between ESI (sampled
at different times during the growing season) and winter wheat yields reported at district scale in the
Vysoc¢ina, Jihomoravsky and Olomoucky regions. Dotted line in the figure indicates nominal harvest
date for winter wheat under the conditions of the Czech Republic.

Peak correlations are obtained within the weeks prior to the typical harvest window for winter
wheat, indicating some utility for yield forecasting. Strongest correlations are connected with districts
within the Southern Moravian lowlands found in Jihomoravsky and Olomoucky region, where
frequency of occurrence of severe drought was highest over the period of record. Correlations tend
to be lower over the highlands districts of Vysocina and surroundings (especially Blansko district).
In these districts, yields are more temperature than moisture limited and were more stable over the period
of record.

CONCLUSION

Peak correlations behave differently in case of the Southern Moravian lowlands
and the highlands districts mostly founded in Vysoc¢ina region and surroundings, showing different
drought vulnerability. Despite of these results, the study is related only to one crop and 3 regions
of the CR. It is therefore necessary to expand these yield analyses to include additional districts, crops
and drought/vegetation indicators. Previous study done by the USDA team in Brazil (Anderson et al.
2015) suggested that the optimal yield indicator, or combination of indicators, may vary
with geographic location within the country and with crop type. The insight brought through this kind
of spatial analysis can facilitate development of a multi-index yield analysis approach.
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Abstract: The temperature in the ground of wheat canopy was compared with those measured on
standard climatological station by regression analysis. Measurements in the wheat stand were carried
out on two localities — Zabgice (site Obora and Pisky) and Branidovice from year 2015. The course
of temperature in the wheat stand ground differed meaningly, the length of particular winter wheat
vegetation stages was different, too. The regression equations reveal the differences of standard
environment and the ground of wheat canopy. These differences were dependent on the growth stage
of winter wheat and experimental site. These differences can be caused by different conditions
of experimental localities on results.

Key Words: temperature, wheat canopy

INTRODUCTION

Data concerning weather course are used for modelling of crop yield and prediction of pests
and pathogens occurrence in many models. They are measured and collected from standard
climatological station in 2 meters above grass cover in the Czech Republic, usually. Specific
microclimate of field crops canopy can be different in comparison with surrounding environment.
Vertical distribution of air temperature and humidity are fluctuating and there are differences in these
data recorded in canopy (Krédl et al. 2012). In our previous work we focused also on differences between
soil temperatures under wheat canopy and standard grass cover (Krémafova et al. 2013a)
and modelling of soil temperatures in different depth from the course of air temperature on the ground
of wheat canopy (Krémarova et al. 2013b). The comparison of the course air temperature in the wheat
canopy ground with the data from standard climatological station is presented in this contribution.

MATERIAL AND METHODS

The microclimate data were obtained from two sites in Zabgice localities (GPS 49°1'18.656"N,
16°36'56.150"E) — Obora and Pisky. The third site was located in BraniSovice (GPS 48°96'28.106"N,
16°43'18.469"E).

Data recording for wheat was conducted by means of a mobile meteo station equipped with digital
temperature sensors (Dallas semiconductor, DS18B20 type). The spring vegetation period
of wheat was divided into three stages: I. BBCH 23-32 (tillering to beginning of stem elongation),
I1. BBCH 33-69 (stem elongation to the end of flowering) and III. BBCH 70-89 (development of fruit
and ripening). The data from standard climatological station in Pohofelice were obtained from the Czech
Hydrometeorological Institute. The distance between this station and Zabgice and BraniSovice is 7 km,
approximately. The values of air temperature were collected in 15 minute interval,
for statistical processing the data were adjusted into hourly unit intervals by arithmetic average. The
linear regression analysis was carried out to evaluate interrelationships between air temperatures
measured in the ground of wheat canopy and climatological station in Pohotelice.
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RESULTS AND DISCUSSION

As can be seen from Figures 1 and 2 the course of temperature in wheat stand ground differed
meaningly, both during the light part of day (from 6 a.m. to 6 p.m.) and night (from 6 a.m. to 6 p.m.),
especially between the two sites in Zabéice locality and BraniSovice. In comparison of localities,
the highest temperatures we usually measured in BraniSovice during the light part of the day,
on the other hand in the highest temperatures were determined in Zab&ice and Pisky. The length
of particular winter wheat vegetation stages was different, too (Figure 1).

Figure 1 The course of air temperature during the light part of the day and during the vegetation periods
in locality Zabcice (sites Obora a Pisky) and locality BraniSovice in year 2015.

Figure 2 The course of air temperature during night in locality Zabcice (sites Obora a Pisky)
and locality Branisovice.

The individual regression equations between course of air temperatures in the ground of winter
wheat canopy in particular experimental sites and standard climatological station in Pohoftelice
and coefficient of determination are given in Table 1.

The regression equations revealed the differences of standard environment and the ground
of wheat canopy. These differences were dependent on the growth stage of winter wheat
and experimental site. In the first stage for model temperature 20°C in Pohotelice station the computed
temperatures were 18.9; 17.1 and 17.4°C for Obora and Pisky (Zabgice) and BraniSovice
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sites, respectively. In the stage Il for the same model temperature computed temperatures were 18.2;
19.3 and 19.8°C and in the stage III 19.8; 21.1 and 22.6°C.

Table 1 Regression equations between course of air temperatures in the ground of winter wheat canopy
in particular experimental sites and standard climatological station in Pohorelice and coefficient
of determination

Locality Obora Pisky BraniSovice

|stage | Y= 09404x+0.0609 | ¥~ 0.6917x +3.3078 y=1.0981x — 1.4021
R2 = 0.9292 R2 = 0.9089 R2 = 0.8973

llstage | Y =0-8226x +1.7177 y=08354x+2.6141 | y=11387x —2.2357
R2 = 0.9285 Rz = 0.8491 R2 = 0.9048

listage | Y™ 0.8889x +2.0075 | Y= 0.8708x + 3.6374 y =1.2422x - 3.503
' R2 = 0.9242 R?2 = 0.9224 R2 = 0.9031

The microclimate of winter wheat canopy was studied by several authors. Franzaring et al. (2010)
found out increasing of temperature in wheat stand in the height 0.3m above the ground
by 0.7°C in average. On the other hand, in experiments carried out by Kimbal et al. (1995)
the temperature in wheat canopy was by 0.3°C lower in comparison with surrounding environment.
These differences can be caused by different conditions of experimental localities. Whereas former
authors held their observation in humid climate of central Europe, latter experiments were situated
in arid area of Arizona, USA. As can be seen from our results from warm and arid region of the Czech
Republic, these differences were more pronounced in the winter wheat developmental stages from
tillering to end of flowering and were by 0.2 to 2.9°C lower. In the stage of ripening the temperature
was almost the same as in the surrounding environment in Zab¢ice and Obora, but by 1.1 or 2.9°C higher
in sites Pisky and BraniSovice.

CONCLUSION

The course of temperatures in the crop stand can be different from the surrounding environment.
In our experiments we proved the temperature in the ground of wheat canopy is different comparison
with standard climatological station in dependence with winter wheat developmental stage
and experimental site. This should be taken in consideration in modelling of plant pathogen infection,
especially if the developed on soil surface.
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Abstract: The main aim of this study was to evaluate the response of the production types of grasses
to stress-induced reduction of normal precipitation in relation to their production characteristics
and the structure of biological phytomass. The covers were established by planting of pre-grown plants
of the individual grass species in the spring of 2009 in the form of a small-plot experiment
in two blocks. Block A — normal precipitation mode, Block B — reduced precipitation mode consisting
in roofing of 50% of the experimental area coverage by a special film with a minimum reduction
of light conditions in order to drain a half of rainfall out of the area. In the crop year 2011 the annual
total Rainfall was relatively lower by 14.0% (632.8 mm) than the long-term average, i.e. 736 mm.
The species with the highest ability to create fodder of Dactylis glomerata significantly decreased fodder
production and formation of above-ground shoots due to reduced precipitation in meadow utilization. A
simile trend was also observed in the utilization in Festuca pratensis. The lowest reduction in production
due to drought appeared in Lolium perenne.

Key Words: Drought, Dactylis, Festuca, Lolium

INTRODUCTION

In recent years, the increasingly frequent topic is climate change. This change (rising
temperatures, lengthening of the growing season, increasing evaporation) significantly affects
agricultural production in traditional production areas of Central Europe, as illustrated by example better
results in growing of corn on its northern or upper height limit. Changes in the amounts and timing of
rainfall events will probably affect ecosystem processes, including those that control carbon (C) cycling
and storage. In relation to the ongoing global warming, it is desirable to test resistance
of grass species to a lack of moisture. Seasonal variation in precipitation and temperature are important
controls of soil and plant processes in grasslands (Fiala et al. 2012).

Many species respond to drought by maintaining high water potential by reducing water losses or
better adsorption. Limitation of water losses can be reduced in the development of water stress
by rolling the leaves or fast closing stomata. The plants, however, not only reduce transpiration, but also
reduce photosynthesis and thus growth and development (Xu et al. 2006). Interaction of drought stress
with high temperature has a greater effect than the damaging effects of each stressor separately. There
is a loss of water by transpiration required for cooling and thus faster drying (Jiang, Huang 2001).
Almost a third of the fresh water that is consumed in Europe is used in agriculture, mostly
for irrigation (Florkea, Alfami 2004).

A high water demand for creation of grass production is found in Novak (2008). The range
of transpiration coefficient of 600-800 I of water for production of 1 kg of dry matter of foyer points to
the differences between grass species. Rychnovska (1993) gives the daily maximum of transpiration in
production grasses (cock’s-foot, meadow fescue, timothy-grass) at the level of 10-30 mg- g™' of dry
matter per minute, and in case of grasses of hygrophyte character up to 60 mg- g™' of dry matter per
minute. On hot days, high evaporation causes a so-called saturation water deficit in grassland amounting
to ca. 20% of the water needs even if there is sufficient moisture in the soil.
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MATERIAL AND METHODS

Characterization of growing locality and experimental design

Experimental studies are conducted at the experimental site of the Mendel University in Brno, in
the Fodder Research Station of Vatin. From an agronomic categorization point of view it is
a potato-growing region, with altitude of 535 m.

Weather conditions:
* average annual temperature 6.9°C (of which for vegetation 12.6°C annual),
» amount of precipitation 736 mm (of which for vegetation 440 mm).

The covers were established by planting of pre-grown plants of the individual grass species
in the spring of 2009 in the form of a small-plot experiment in two blocks. Block A — normal
precipitation mode, Block B — reduced precipitation mode consisting in roofing of 50% of the
experimental area coverage by a special film with a minimum reduction of light conditions so as
to drain a half of rainfall out of the area. The mode of precipitation regulation was applied only
in the second year after planting for the reason of allowing the same conditions for initial growth
and development of plants. In the years 2010-2012, precipitation regulation was implemented during
the warm months, i.e. from 01. 04. to 31. 10.

Growing Variants:

Each variant consisted of planting 25 pcs of individuals grown in layouts of 200 x 200 mm
in triplicate (a, b, c). Planting was carried out in June 2009. In the first year, clearing the covers
of weeds was done manually. Harvest of the covers (individual plants) was carried out 2x a year only in
the year of establishment. From 2010 was subjected to a “model” 5-fold mowing grazing utilization and
3-fold mowing. NPK fertilizer was applied to the surface of the (dose of N 50 kg - ha'?) before planting.
In the next year’s crop fertilization was 150 kg N - hal, of which 1/3 NPK after hibernation and 2 more
doses after mowing LAV 27.5%.

The subject matter of monitoring and evaluation was a total of 3 grass species (Dactylis
glomerata, Festuca pratensis and Lolium perenne) and their suitable varieties, as for meadow
and grazing character (see the overview given below). Harvest of the covers (individual plants) was
carried out system of 3-fold mowing meadow utilization and “model” 5-fold mowing simulated grazing
utilization.

Evaluation of inter-species differences in production and differences in production among
the water mode were subjected to the ANOVA test. Results were evaluated with Tukey's test.
Differences were declared to be statistically significant when P < 0.05.

RESULTS AND DISCUSSION

Grazing utilization

When applying the simulated grazing 5-fold mowing utilization, was Dactylis glomerata with
total weight of 470.5 g - 1 plant in the average of moisture modes, then Lolium perenne and Festuca
pratensis with a relative decrease of 16.9% and 21.9%. In Dactylis glomerata, the production was even
slightly higher (rel. + 3.1%). In Lolium perenne there was a decline in production due to reduced
precipitation of rel. - 15.3%, while a conclusively lower production applies to years 2011 and 2012.
In Festuca pratensis the production was relatively reduced by - 11.9%. A lower production is conclusive
in 2012. Despite the overall lower fodder production, utilization of multiple mowing may be related to
better adaptation to an uneven course of precipitation during the growing season.

Influence of the year on differences in plant weight is generally very significant. In Lolium
perenne differences between the year 2010 and the two following harvest years are significant, with
a clear tendency to decreasing production capability and in both good moisture modes. In Dactylis
glomerata, there was a significant difference only of decline in production in the third year 2012
in the normal moisture mode. In Festuca pratensis there is a significant drop in production in the third
year 2012, too, in both moisture modes.
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Table 1 Weight of plants of grass species (in grams per plant) in dry state in simulated grazing utilization
(5 mowings), in two moisture mode, 2010-2012.

Speci Moisture | Weight of plants (g - I piece) in dry matter >2010-2012
pecies mode
2010 2011 2012
, N 218.6 a 113.0b 88.6 b 420.2
Lolium R 226.3 a 81.7 a 483 a 356.3
perenne
Rel. % 1035 723 48.3 84.7
St N 177.1a 166.2a 1146 a 457.9
gloﬁeﬁfa R 183.1a 169.3a 1197 a 472.1
Rel. % 103.4 101.9 104.4 103.1
N 162.7a 1452a 793a 387.2
Festuca R 142.2 a 1348a 67.9a 344.9
praten5|s
Rel. % 87.4 92.8 84.2 89.1

Different letters indicate statistically significant differences.

Meadow utilization

The highest weight of dry fodder plants for three harvest years and an average of both moisture
modes were achieved in Dactylis glomerata 586.4 g - 1 plant. Production in Lolium perenne 464.2
g - 1" plant and Festuca pratensis 453.7 g - 1'% plant is relative lower by - 20.8% and 22.6%, which is a
significant difference. The effect of reduced precipitation was manifested in decreased production
at most in Dactylis glomerata to the level of 58.8%, further in Festuca pratensis by a decrease of 1/3
(rel. to 66.5%) and at least in Lolium perenne where the production dropped to the level of 90.1%.
However, a significant effect of reduced precipitation on production was, except for partial differences
in certain mowings, only found in Festuca pratensis and that was only in 2012. The influence of year
on production was significant.

Table 2 Weight of plants of grass species (in grams per plant) in dry state in meadow utilization
(3 mowings/year), in two moisture mode, 2010-2012

i Weight of plants (g - I"*piece) in dry matter
Species Mrﬂ'gé‘;re ght of plants (g - Mpiece) in dry 5 2010-2012
2010 2011 2012
N 2459 a 116.9 a 125.7 a 488.5
Lolium perenne R 236.8 a 1140 a 89.2 a 440.0
Rel. % 96.3 97.5 70.0 90.1
. N 163.1a 236.8 a 338.8a 738.7
Dactylis R 132.9a 137.7b 163.5a 434.1
glomerata
Rel. % 81.5 58.1 48.3 58.8
N 151.9a 198.6 a 194.6 a 545.1
Festuca R 1122 a 149.7 a 100.4 b 362.3
praten5|s
Rel. % 73.9 75.4 51.6 66.5

Different letters indicate statistically significant differences.

CONCLUSION

The species with the highest ability to create fodder of Dactylis glomerata significantly decreased

fodder

production and formation of above-ground shoots due to

reduced precipitation

in meadow utilization. A simile trend was also observed in the utilization in Festuca pratensis.
The decrease in both production and the number of shoots was conclusive due to the year. The lowest
reduction in production due to drought appeared in Lolium perenne. In this species, production decreases
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significantly with ageing of the cover. In case of the grazing system, production of all grass species was
insignificantly lower as compared with meadow exploitation. The effect of drought
on decrease in production (in Lolium perenne) has not been proved.
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Abstract: Three shallow pools were done during the restoration project in 2012, with a goal to create
a suitable habitat for competitively weak wetland species surviving on the long-term drained locality
only in a seed bank. After that, the floristic and phytosociological research was done for whole area
of the wetland with special attention to pools, where succession of vegetation was continuously
monitored on permanent plots. In total, 101 taxa of vascular plants and bryophytes were recorded on the
study site (57 of them in the permanent plots in pools), nine recorded plant species are endangered
in the Czech Republic. Vegetation of the study site consists predominantly of tall sedges in most wet
places, surrounded by abandoned drained wet meadows. Vegetation of oligotrophic water bodies
quickly enveloped in dug pools. During our 2-year monitoring, continual successional change
of vegetation was found, with the gradual infiltration of species from surrounding vegetation. Strong
effect on the vegetation has also the fluctuating water level. We assume that in the long-term perspective,
both the hydrological conditions and other restoration activities will be crucial for surviving
of competitively weak endangered wetland species on the locality.

Key Words: bryophytes, Czech Republic, eutrophication, nature conservation, vegetation change

INTRODUCTION

Nature protection and conservation is carried out all over the world to maintain the rest of the still
existing and most valuable habitats and their specific organisms (Bakker 2005). Recently, there are many
scientific studies which present useful practices that can be used, if there are no financial, legal or social
obstacles, by nature conservation agencies for conservation of valuable and mostly endangered habitats
or organisms and protecting them against possible deteriorations. In industrial and agriculture landscape
of many European countries, including Czech Republic, the restoration of degraded habitats is
a common technique for nature conservation (Pfadenhauer, Grootjans 1999, Klétzli, Grootjans 2001,
Hajkova et al. 2009). For wetlands, re-hydrating of drained habitats and oligotrophication should be the
crucial approach to boost biodiversity (Pfadenhauer, Grootjans 1999). Also upper soil removal can be
used where annual vegetation survives in seed bank under competitively strong vegetation (Bossuyt,
Honnay 2008). Re-introduction of species is necessary for seed-depleted habitats in heavily fragmented
landscape (Pfadenhauer, Grootjans 1999).
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In the Moravian Karst, wetlands are rare habitats for two reasons. Naturally, because
of the permeable limestone bedrock and further, because of drainage created here in the past for better
agriculture land use. Therefore a wetland situated close to the Cisarska cave is a valuable area in terms
of the nature conservation and protection. It is peculiar that no botanical research took place here before.
Only few records of plants were recorded by Lustyk: Batrachium aquatile, Carex acuta, Cephalanthea
longifolia and Phalaris arundinacea (Z. Musil in verb.) or were found in an electronic popular science
material about Moravian Karst: Batrachium aquatile, Lemna minor (Balak et al. 2006). Boukal et al.
(2007) during the inventarization of water beetles recorded here 46 species including few endangered
beetles.

In October 2012, the restoration intervention took place in the study site. The ground was
deepened by excavators. In deepest patches were created shallow pools, where new oligotrophic wetland
plant species germinated from seed bank in a wet mud, and formation of some rare vegetation types
in region might occur.

Questions of the present study are: (i) Are there any target plant species for nature conservation
on the study site at all? Which species appear after restoration project in newly dug pools? (ii) Which
types of vegetation were recorded on the study site and which of them appeared newly in pools? (iii)
How did the vegetation change in pools during two years of initial succession and (iv) Was it sufficient
restoration intervention for nature conservation on the study site?

MATERIAL AND METHODS

Study site

Wetland near the Cisarsaka cave is situated to north of the village Ostrov u Macochy,
in the Moravian Karst, Czech Republic (49° 23" 03" N, 16° 46" 01"E, 460 m a. s. |.). Total area
of the wetland is about 2.4 ha. This wetland is one of the biggest and the most preserved in the Moravian
Karst. The climate is moderately warm, annual average temperature is about 7-8°C, and annual average
rainfalls are about 600-700 mm (Quitt 1971, Musil 1993). Geological bed rock is very interesting
because of rearrangement of Devonian lime stone over Culm slate and this situation has major impact
to local hydrology. Water in this area comes from creek Lopac and from Cisarska cave, quantity of water
from each source is dependent on water level and crossing groundwater. Water is able to flow in both
directions. This phenomenon was described as an estavela (Demek et al. 1988).

Digging of pools
In October 2012 were excavated three shallow pools and new water basin. This operation
improved water situation in wetland. First pool extent is 90 m? with a maximum depth 0.4 m, second

pool extent is 25 m? and maximum depth is 0.2 m and last pool has 30 m? and maximum depth is 0.2 m.
Water basin is flowing through second pool and meandering near the another pools (Hala$ 2011).

Field sampling

The study area was visited several times during years 2013-2014 and total plant species
occurrence in wetland area was recorded. We focused especially on dug pools, where started succession
of vegetation on bare wet mud. In each pool, one permanent plot was establish for regular monitoring
of vegetation change. During two years, six phytosociological relevés were recorded in Pools 1 and 3,
only five relevés in Pool 2. The area of the plots is 25m?. New Braun-Blanquet scale (Westhoff, van der
Maarel 1978) was used for estimation of species cover. Water level position was measured
simultaneously with vegetation data sampling in a close hole.

The nomenclature in the paper follows Danihelka et al. (2012) for vascular plants and Kucera et
al. (2012) for bryophytes.
Data analyses

The phytosociological relevés were digitalized and exported into JUICE 7.0 software
(Tichy 2002), where automatic expert system was used for automatic classification of phytosociological
relevés (Koéi et al. 2003, Tichy 2005). Both classified and unclassified relevés were further compared
with logical formulas, diagnostic species and other characteristics according Chytry (2011).
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A multivariate analysis of phytosociological data was used to visualize the successional changes
of vegetation on permanent plots (Canoco 4.0). We used Principal Component Analysis (PCA; log
transformation, centred by species) because of linear response of species to the main gradient
of variability (Iength of the 1% axis in Detrended Correspondence Analysis was 2.457). Environmental
data (time, total cover of plants and water level) were displayed in the figure (Figure 1) as dummy
variables and have only informative value. Time was used as main explanatory variable for Redundancy
analysis (RDA) to display the main successional trend (terBraak, Smilauer 2002).

RESULTS AND DISCUSSION

Floristic survey

The total amount of plant taxa was 101, where 92 taxa were vascular plants and 9 taxa were
bryophytes. Three plant species, Arrhenatherum elatius, Cirsium arvense and Conyza canadensis, are
considered as invasive (PySek et al. 2012). Nine recorded plant species are considered as endangered:
Batrachium aquatile, Berula erecta, Cephalanthera longifolia (long term persistence outside
the restored parts of the wetland), Lemna trisulca, Limosella aquatica, Stellaria palustris, Utricularia
australis, Veronica scutellata (Grulich 2012) and Physcomitrium eurystomum (Kucera et al. 2012).
The total list of plants found on the study site as well as detailed descriptions and localisations
of endangered species are published in Novakova (2015).

Phytosociological description

Vegetation in pools changed during time of the monitoring from species-rich vegetation types
with a dominance of annual hygrophilous plants (class Isoéto-Nano-Juncetea) with transitions to
vegetation from class Phragmito-Magno-Caricetea which was growing in the surrounding of pools. In
the surrounding of pools, we found vegetation dominated especially by tall sedges, Carex acuta
(association Caricetum gracilis), C. vesicaria and C. vulpina (association Caricetum vesicariae) or by
Typha latifolia (association Typhetum latifoliae; Chytry 2011). Vegetation of association Limosello
aquaticae-Eleocharitetum acicularis (class Littoreletea uniflorae) formed only a small patch in Pool 3.
Aguatic plants (Callitriche sp., Potamogeton crispus) were recorded in pools after water level increasing
but never formed larger coverage.

Initial succession of vegetation in pools

Succession of vegetation was monitored on three permanent plots and started almost a year after
the digging of pools. During two years, five (in Pool 2) or six (in Pools 1 and 3) phytosociological
relevés were recorded. On each of the permanent plots the different change in species composition was
found (Figure 1). For permanent plots in Pools 1 and 2, the plant species composition did not change
much in comparison with permanent plot in Pool 3, where much larger shifts in species composition
were observed. The slow change of vegetation with same direction as time indicate slow successional
pattern without any other strong influences (Pool 2 in Figure 1A). If we focus on dominants in Pool 2,
cover of dominant sedge Carex vesicaria was equally high throughout the whole time of monitoring,
whereas Persicaria maculosa declined and Phalaris arundinacea increased (Novakova 2015).

The species composition on permanent plot in Pool 1 haven’t changed very well according to the
diagram (Figure 1). Never the less, we found continual change in species composition, where
competitively weak annual species (Limosella aquatica, Potentilla supina, Rumex maritimus) were
overgrown by Ranunculus repens and Trifolium hybridum (Novéakova 2015). On permanent plot in Pool
3, the species composition change was probably more influenced by water level fluctuations (high
Callitriche sp. or Potamogeton crispus occurrence in July 2013, no individual was found two months
later) and perhaps also by phenology of annuals (e.g., Persicaria maculosa, Rumex maritimus), which
appear and create a lot individuals in one time and almost disappear two months later during next
monitoring visit. Similarly, to the previous plot, also here we found continual change of species
composition from vegetation with competitively weak annuals (e.g., Chenopodium polyspermum,
Eleocharis acicularis, Gnaphalium uliginosum, Limosella agquatica) to vegetation with competitively
stronger perennial plants (Alopecurus aequalis, Phalaris arundinacea, Ranunculus repens, Trifolium
hybridum; Novéakovéa 2015).
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Figure 1 PCA ordination of samples with passively projected environmental data (A), RDA ordination
of species, where time was used as environmental variable (B). Only 26 taxa (from total number of 57)
are displayed in the Figure 1B in order to improve graph clarity, species selection meets the following
criteria: (i) at least two occurrences in the phytosociological data setand (ii) species fit range >18%.

A B

Legend: o' — sample position and number, —— environmental variable, A- species position. Numbers of squares correspond
to plot numbers, 1-6 for Pool 1, 7-11 for Pool 2, 12-17 for Pool 3. Colours of samples and lines indicate plot series for
particular Pools, dark blue for Pool 1, violet for Pool 2, green for Pool 3.

The general pattern of succession is evident from species composition change in Figure 1B
(a note: environmental variable time was not significant in the analysis, F = 1.63, p=0.077, Monte Carlo
permutation test with 999 permutations was used), where plant species found during beginning of the
monitoring are in the right part of the figure, whereas plant species which occur during later phases
of monitoring are displayed in left (see red arrow time). In addition to the previously mentioned species
we can see also Peplis portula or some bryophytes as typical plants of early stage of succession
on the one hand and Carex acuta or Juncus effusus as typical plants of later succession on the second
hand.

During the first year of monitoring, mean number of intended species increased from July
to September from 20 to 29 species per plot. During the second year, the mean number of intended
species was about 20 per plot and relatively constant during a vegetation season (April: 19, June: 19,
August: 21, October: 17; Novakova 2015). However, from the restoration point of view, species
numbers are a more relevant indicator in older stages than in more initial stages. Moreover, the number
of target species for nature conservation is a more important characteristic in ecological restoration than
the total number of species (Prach et al. 2014).

CONCLUSION

During our botanical research, the list of plant species included both the vascular plants
and bryophytes were done for the first time on the wetland close to the Cisarska cave. A total number
of 101 taxa were found, from which 92 were vascular plants and 9 were bryophytes. Nine most
interesting records are appointed in the present paper.

Due to the fact that the monitoring of vegetation on permanent plots took only two years, we can
only express to the initial phases of the succession. However, we found that initial phases
of the succession were very important for dwarf annual amphibious swards that occurred only during
first year of monitoring (Funaria sp., Limosella aquatica, Peplis portula). Then the successional trends
leading from vegetation with dominance of annuals to vegetation with dominance of perennial plants
was recorded. The long-term perspective of overall effectivity of restoration project should be evaluated
after future research. Strong influence on vegetation change will have water level fluctuation and only
future monitoring will show to us, if some target annual species will be found repeatedly or not. If not,
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disturbation of vegetation in pools or creating other pools in the surrounding will be important
for surviving of the both endangered plants and vegetation of annual amphibious swards.
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Abstract: The aim of this study was to evaluate the effect of Puccinia graminis on important economic
characteristics. The experiment was carried out in cooperation with the Breeding Station
in Vétrov. The results of lawn experiments in 2014 showed that the selection of genotypes of perennial
ryegrass less infected by rust was positively reflected not only in improved health but also in better
overall appearance of progenies of selected plants. In November, the level of green was very intense
while intensity in July and August was weaker. Statistically significant difference between
the indigenous populations and the selection was evident only in August (0.008). Monitoring of rust
will be extended by forage grasses and the attention will be paid to laboratory testing and artificial
infection when testing on the field.

Key Words: plant disease, resistance, race

INTRODUCTION

The Puccinia spp. has represented serious danger for turfgrasses especially in the warmer south
areas of Europe, New Zeland, Australia and America (Rau et al. 2007). Strong stem rust infection rate
was recorded in also Central and Western Europe due to climate change.The rust causes considerable
damage to the seed producing areas and to stands of forage production and turfgrasses. Effort
of breeders is to create varieties with higher resistance to rusts (Fu et al. 2014).

For a long time, the selection for the resistance against rusts has been performed in the breeding
station in Vétrov. In the field, only plants with minimal signs of the rusts infection were selected
but there was no targeted breeding for resistance. However, such simple choice of healthy or slightly
infected genotypes usually did not lead to the desired breeding goal. The progeny of previously selected
materials were often attacked by another species of rust. The breeders decided for selection
of genotypes resistant against particular species of rusts in separate programs of resistant breeding.

The aim of this paper was to evaluate the impact of Puccinia graminis in terms of turfgrass value.
Turfgrass types devoted for turfgrass purpose and selected for this work were breeded
it the Breeding Station in Vétrov (Lolium perenne). The Breeding Station in Vétrov provided exactly
identified genotypes-clones or selected plants of individual turfgrass types grown on the different areas
in different breeding nursery.

MATERIAL AND METHODS

Characteristic of experimental materials

All the experiments were performed on the plant materials at breeding nursery in the breeding
station Vé&trov (GPS 49.5172314 N, 14.46802278 E). The plant material was Lolium perenne. Selection
of Lolium perenne was carried out and plant materials were identified as VV-LP- 01301.

Evaluation of turgrass value

The turgrass experiment was used to verify whether the selection of genotypes resistant to stem
rust affects the overall status of grassland established for breeding purposes. In the experiment, there
were compared the freshness of turfgrass sown from unselected populations with turfgrass
from selected progenies. 24 new breeding populations of perennial ryegrass and 24 other populations
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developed by resistant breeding were included in the experiment. 12 toughest of 140 plants in total were
selected in the selection plot. The experiment included a total of 48 trial subjects in triplicate
per 1m2 Turfgrass experiment was treated moderate intensively — with spindle lawn mowing
1-3 times a week, fertilizing 6 times a year with no irrigation and no application of pesticides.

Seasonal color and color retention ratings are a measure of overall plot color. There was used
nine-point scale with 1 being brown straw and 9 being dark green. Seasonal color can be used
for successful differentiation of color differences based on damage caused by disease or insect pests,
nutrient deficiency or environmental stress. Color retention is used to assess the ability of the entry
to hold color as seasons change. This is especially useful in quantifying the response of warm-season
grasses to temperature changes or frost occurring in fall. A nine-point scale was used
for the evaluation - the higher number, the better overall status (9 means the plot was lush green without
signs of infestation by leaf diseases; 1 indicates perished vegetation as a result of assault;
5 represents a medium level of resistance). In the experiment, freshness of the lawn was evaluated three
times — on the 29" of July at the onset of rust, on the 25" of August 2014 at the time of the full
development of rust and on the 9" of November 2014 when rust has receded. The experiment was
evaluated by comparing the state of selected and unselected progenies coming from the same starting
population.

Statistical evaluation

The results were compared using basic statistical indicators. T-test of two dependent samples was
carried out, the level of significance was 5% (p = 0.05.), then Kruskal-Wallis test was performed.
Statistical analysis was performed in the program Statistica 9.0.

RESULTS AND DISCUSSION

The freshness of the turfgrass was evaluated three times — on the 29" of July 2014 at the onset
of rust, on the 25" of August 2014 at the time of the full development of rust, and on the 9" November
2014 when the rust has receded (the Figure 1). The experiment was evaluated by comparing the state
of selected and unselected progenies coming from the same starting population. We have chosen
11 variations in 2 samples (original and selected).

Figure 1 Color retention ratings in scale 1-9 for Lolium perenne in Vétrov 2014
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In November, the level of green was very intense while intensity in July and August was weaker.
Large differences were observed between selected and non-selected plants. Within monitoring
of the occurrence of rust on the perennial rye-grass across Europe, there was observed rust often occurred
in Eastern Europe and on two sites in Italy. Additionally, the disease was observed sporadically in other
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places (Germany, France, and Switzerland). The first occurrence was observed
in June but the most common occurrence in August (Schubiger et al. 2010).

The rapid increase in the occurrence of the disease was observed during the late summer.
Roscher et al. (2007) reported that both of pathogens produced visible sporangia especially in late
summer and autumn. Puccinia graminis appeared on perennial rye-grass in mid-July, grew quickly
and receded slightly in the autumn. The temperatures were slightly above average in the summer
and autumn in 2014 which promotes the development of rust until late autumn. In 2014 infection
of rust on selected genotypes of perennial ryegrass was lower. Furthermore, better overall appearance
of progenies of the selected plants was observed. The different breeding strategies are used in order
to achieve the most enduring resistance (Hanzalova et al. 2013).

Diversification of the genetic basis of resistance may also provide a growing lines or varieties
with different resistance genes (Terefe et al. 2014). The mixtures for Breeding Station in Vétrov
are in progress. The intensive agricultural technology associated with using of pesticides increases
the resistance. There has been paid less attention in last decade. The breeding for disease-resistance
is more important than agricultural technology (Ziems et al. 2014). The emergence and spread of new
virulent races is the main problem of breeding for resistance (Tan, Carson 2013).

Table 1 Color retention ratings of Lolium perenne using t-test

t-test for dependent samples; identified differences are significant to the level
P<0.05 (red number)
Date Average Standard N t sv p
Deviation
29.7.2014 | 4.944 0.579 - - - -
- original
29.7.2014 | 4.958 0.542 72 -0.178 71 0.859
- selection
25.8.2014 | 4.736 0.731 - - - -
- original
25.8.2014 | 5.014 0.682 72 -2.742 71 0.008
- selection
9.11.2014 | 4.889 0.640 - - - -
- original
9.11.2014 | 4.972 0.556 72 -0.903 71 0.369
- selection

Statistically significant difference between the indigenous populations and the selection was
evident only in August (0.008). The rust infection was very intense in all the grasses this month.
Infection was weaker in July and November. These results show that the total appearance
of the turfgrass can be significantly improved by one-time selection of resistant plants in the period
of strong occurrence of rust-breeding for resistance can therefore improve the usefulness of the lawn.

CONCLUSION

The results of turfgrass experiments from 2014 demonstrated the selection of genotypes
of perennial rye-grass decreases infection with stem rust. Additionally, it was positively reflected not
only in improved health but also in better overall appearance of progenies of selected plants.
This confirms the effectiveness of the selection. The very susceptible genotypes were selected among
the tested materials. Such materials could serve as carrier of infection in the planned greenhouse tests
of resistance against rusts. Genotypes relatively resistant to various rusts were identified as well.
If their resistance is confirmed even in the following period, they may be used as donors of resistance
at breeding and as resistant standards in assays. The presented results of the first stage of cooperation
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are only preliminary and they need to be verified it in the following stages. Monitoring of rust
will be extended by forage grasses and the attention will be paid to laboratory testing and artificial
infection when testing on the field.

ACKNOWLEDGEMENT
The research was financially supported by the IGA 1IP 37/2015 Microclimate effect
on the incidence of genus Puccinia spp. in turf grasses and their resistance.

REFERENCES

Fu Y., Duan X., Tang C., Li X. Voegele R. T., Wang X., Kang Z. 2014. TaADF7,
an actin-depolymerizing factor, contributes to wheat resistance against. Puccinia striiformis f. sp.
tritici. The Plant Journal, 78(1): 16-30.

Hanzalova A., Barto$ P., Sumikova T. 2013. Physiological specialization of wheat leaf rust (Puccinia
triticina Eriks.) in the Czech Republic in 2009-2011. Czech Journal Genetics and Plant Breeding,
49(3): 103-108.

Roscher C., Schumacher J., Foitzik O., Schulze E. D. 2007. Resistance to rust fungi in Lolium perenne
depends on within-species variation and performance of the host species in grasslands of different plant
diversity. Oecologia, 153(1): 173-183.

Rau D., Attene G., Brown A. H., Nanni L., Maier F. J., Balmas V., Papa R. 2007. Phylogeny and
evolution of mating-type genes from Pyrenophora teres, the causal agent of barley “net blotch”
disease. Current genetics, 51(6): 377-392.

Schubiger F. X., Baert J., Bayle B., Bourdon P., Cagas B., Cernoch V., Boller B. 2010. Susceptibility
of European cultivars of Italian and perennial ryegrass to crown and stem rust. Euphytica,
176(2): 167-181.

Tan M. Y. A, Carson M. L. 2013. Screening wild oat accessions from Morocco for resistance
to Puccinia coronata. Plant Disease, 97(12): 1544—1548.

Terefe T. G., Visser B., Herselman L., Prins R., Negussie T., Kolmer J. A., Pretorius Z. A. 2014.
Diversity in Puccinia triticina detected on wheat from 2008 to 2010 and the impact of new races
on South African wheat germplasm. European Journal of Plant Pathology, 139(1): 95-105.

Ziems L. A, Hickey L. T., Hunt C. H., Mace E. S., Platz G. J., Franckowiak J. D., Jordan D. R. 2014.
Association mapping of resistance to Puccinia hordei in Australian barley breeding germplasm.
Theoretical Applied Genetics, 127(5): 1199-1212.

7T7|Page



MENDELNET 2015

EFFECT OF NUTRIENTS DEFICIENCIES ON ROOT
ARCHITECTURE AND GROWTH OF WINTER WHEAT

RATTANAPICHAI WUTTHIDA?, KLEM KAREL*?
!Department of Agrosystems and Bioclimatology
Mendel University in Brno
Zemedelska 1, 613 00 Brno
2CzechGlobe-Global Change Research Centre AS CR v.v.i.
Belidla 986/4a, 603 00 Brno
CZECH REPUBLIC

xrattana@node.mendelu.cz

Abstract: The study of the effects of N, P, K deficiencies on root architecture and growth was tested
in phenotyping platform with winter wheat (Bohemia variety). The experiment was arranged with 4
treatments: Complete nutrient, Without N, Without P and Without K. The root were grown
on the surface of vertically fixed black filter paper sheets (30x60cm), covered from both sides by black
plastic sheets (PVC-P). The system was setup with a micro-irrigation channel in the top of sheets
to ensure circulation of hydroponic medium as hydroponic system. Eighteen days after transplanting,
we took the root images by the standard RGB digital camera. To evaluate the root architecture
parameters the “SmartRoot” software was used. The results showed that nutrient deficiency had effect
on root architecture of winter wheat. N deficiency increase in total seminal root and lateral root length
and root/shoot ratio, while P deficiency resulted in increase of mean root diameter, total root area when
compared to the control. N deficiency also decreased root and shoot dry weight and total leaf area.
However, nutrient deficiency slightly decreased lateral density. There was a slight effect of K deficiency
on root architecture when compared to the complete nutrient application. The increasing of leaf dry
weight was related with the increased of root dry weight.

Key Words: winter wheat, SmartRoot, nutrients deficiencies, root system architecture (RSA), root
phenotyping

INTRODUCTION

Root systems are an importance organ which are responsible for capturing resource from below-
ground such as nutrients and water. Improvement of crop production was directly influenced
by modifications in geometry and function of root-system architecture (RSA). A strong root system can
be helpful in the biological control of plant diseases, and improvement of root system promotes active
acquisition of water and nutrients for the production of high yields. Nutrient availability have profound
impact on RSA by altering the number, length, angle, and diameter of roots and root hairs (Benjamin
et al. 2013). In nutrient deficiency, root weight often increases in a quadratic manner with the addition
of chemical fertilizer. Increasing nutrient supplies in the soil may also decrease root length bot increase
root weight. On the other hand, root with adequate nutrient supplies may also have more root hair than
nutrient deficient roots (Fageria, Moreira 2011). When roots grow under phosphorus deficiency, roots
exhibit a shallower architecture that results from the inhibition of primary root elongation and increase
in lateral root formation (Williamson et al. 2001). In contrast roots grow under nitrogen deficiency
stimulates primary root and particularly lateral root elongation but not lateral root initiation (Linkohr
et al. 2002, Lopez-Bucio et al. 2003). Under severe N deficiency, the formation of lateral root is almost
completely absent (Krouk et al. 2010). These examples indicate that the difference of nutrient
availability can effects on RSA that depend upon which type and concentration of nutrient is supplied.

The aim of this work is to study the effect of N, P and K deficiency on root architecture
and growth in winter wheat at establishment state. And to present a new simple technique which have
been develop for measuring root architecture.
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MATERIAL AND METHODS

a) The phenotyping platform

The phenotyping system (see Figure 1A-B) consisted of a plastic bin, 12 growth units,
and a pump for controlling watering system (see Figure 1A). Each growth unit consisted of 30x60 cm
of black filter paper sheets then covered from both sides by black plastic sheets (PVC-P). On the top
of these sheets were fixed on the top with holder which was setup with a micro-irrigation channel
to ensure circulation of hydroponic medium and evenly wetting of paper sheets. Each bin system was
equipped with a watering system consisting of a suction pump connected with micro-irrigation tube.

Figure 1 Phenotyping system, growth unit (A) and the Phenotyping platform which were kept in growth
chambers that allows manipulation with light and temperature (B).

A) B)

b) Experimental design

This experiment were carried out with the winter wheat hybrid Bohemia within phenotyping
platform which were designed as hydroponic system. The experiments were arranged in 4 treatments
of hydroponic solution with 3 replications. Four treatments consisted of the control which is complete
nutrient solution (+NPK), N deficiency (-N), P deficiency (-P) and K deficiency (-K). Hydroponic
solutions we used in this experiment was Knop’s hydroponic solution (pH 5.7) which was shown
in table 1. Salts which were added in hydroponic solutions for maintaining the same level of osmotic
potential of every treatment by without any stress. The roots were grown on the vertical surface
of phenotyping platform. Seeds were germinated on filter paper. After radicle emerges from seed, it was
transplant into each growth unit which was set up with micro-irrigation tubes. The 12 growth units were
moved into the bin and connected the micro-irrigation tube with micro-irrigation pump to facilitate
circulation of hydroponic medium within bin. The phenotyping platform were kept in growth chamber
(see Figure 1B) which allow manipulation of temperature and light intensity. Temperature and light
were gradual increased from 20°C and 0 pmol - m? - st at night to 30°C and 680 umol - m? - s at day
respectively. Eighteen days after transplanting, we took the root images by the standard RGB digital
camera. The root architecture parameters were evaluated by using the “SmartRoot” software (see Figure
2). The root data we obtained were total root length, surface area of root and shoot, mean diameter,
and lateral density. Root and shoot biomass were also measured.

Table 1 Knop’s Hydroponic solution which was used in the experiment. Total volume is 1,000 ml

Solution +NPK -N -P -K
1g Ca(NO3), V - V V
0.259 MgS04.7H,0 V V V V
0.01g FeCl3.6H,0 V V V V
0.25g KH2PO, \ \ - V
0.125g KClI \ \ V -
0.09g NaCl - - - \
0.03g CaCl, - \ - -
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Figure 2 The example of root images after root tracing by SmartRoot software

RESULTS AND DISCUSSION

The results showed that nutrient deficiency had effect on root architecture of winter wheat (see
Figure 3A—H). The roots in the N deficiency treatment gave the highest total seminal root (SR) length
and total lateral root (LR) length by 32% and 15% compared to the control (see Figure 3A) but, there
were no significant (see Table 2). However, Fageria and Moreira (2011) stated that when there is
deficiency of a determined nutrient, root try to grow longer to take nutrients from lower soil depths.
Regarding mean root diameter (see Figure 3B), there was no effect between N deficiency, K deficiency,
and the control, while P deficiency showed the opposite effect. P deficiency significantly promoted both
of SR and LR diameter. In barley, high concentration of NO*  had no effect on the diameter
of the seminal axis (Drew et al. 1973).

P deficiency increased both of SR and LR area when compared to the other treatment and
significantly increased the total root area (up to 170%) when compared to the control (see Figure 3C).
The treatment of N deficiency had a slight effect on root area when compared to the control.
No significant difference was found in root area between K deficiency and the control (see Table 2).
Moreover, N, P and K deficiencies decreased lateral root density by 7.7-38.7% (see figure 3D).
However, there was some research showed that low P level in soil solution promoted lateral root growth
by reducing the primary root elongation and increasing lateral root elongation and density in Arabidopsis
(Williamson et al. 2001, Linkohr et al. 2002).

There was no significant of nutrient deficiency on root dry weight (see Table 2) nevertheless
nutrient deficiencies decreased root dry weight by about 14.1-46.8%, especially N deficiency
(see Figure 3E). Some researchers stated that N (Noulas et al. 2010) and P (Baligar et al. 1998) improved
root dry weight of wheat. Forde and Lorenzo (2001) reported that plant growing on concentrated nutrient
solution develop a short, compact and densely branched root system, while in diluted solution or water
the roots were long and more sparsely branched. In complete nutrient treatment had significant highest
shoot dry weight (see Figure 3F). N deficiency profoundly decreased shoot dry weight. In the same
with leaf area, N deficiency significantly decreased leaf area (see Figure 3G). Because Nitrogen is
a major constituent of several of the most important plant substances. Nitrogen deficiency most often
results in stunted growth, slow growth, and chlorosis (Hopkins, Huner 2008). Root/shoot ratio of winter
wheat was profoundly enhanced by the absence of N (see Figure 3H). P and K deficiency also
slightly improved root/shoot ratio. Effects of nutrient deficiencies on plant development showed
a decrease in shoot/root ratio, particularly in fast-growing species adapted to sites of high fertility
(Chapin 1980). There was high positive regression between root dry weight and shoot dry weight
with R?=0.72 (see Figure 4). The increasing of leaf dry weight was related with the increasing of root
dry weight.
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Figure 3 Effect of nutrients deficiencies on total SR and LR length (a), mean root diameter of SR and
LR (b), total root area of SR and LR (c) lateral density (d), root dry weight (e), shoot dry weight (f),
total leaf area (g), and root/shoot ratio (h) of winter wheat. Column presented meanzStandard
deviation, n=3
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Figure 4 The regression of root dry weight and shoot dry weight
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Table 2 The mean square error and F-value from ANOVA test. Significant values was indicated: ™,
no-significant; **, P<0.01; *, P<0.05

Traits Mean square error F-value Significance
SR length 440.674 0.824 0.534™
LR length 6073.622 0.374 0.776 ™
SR diameter 0.009 35.576 0.000**
LR diameter 0.000 32911 0.001**
SR area 8.701 19.605 0.003**
LR area 86.190 3.197 0.105™
Total root area 137.453 6.251 0.038*
Lateral density 0.526 4.642 0.053 "™
Root dry weight 0.001 1.840 0.240 ™
Shoot dry weight 0.000 16.022 0.003**
Total leaf area 12.686 7.306 0.028*
Root/Shoot area 0.013 28.512 0.001**
CONCLUSION

Roots play important roles in plant growth and development cycle and their development is
remarkably sensitive to nutrient application. The results showed that N deficiency increased in seminal
root length, lateral root length and root/shoot ratio but they decreased root and shoot dry weight and leaf
area. P deficiency resulted in an increase of root area and mean root diameter. There was a slight effect
of K deficiency on root architecture when compared to the complete nutrient application.
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Abstract: The San Jose scale (Diaspidiotus perniciosus) is a wide spread pest in the Czech Republic. Its
harmfulness is increasing over the last years. The trees may die due to suction of the phloem. The only
stage that is sensitive to treatments is a crawler that is not protected by cover. Possible control methods
are limited to applications of oil based preparations in early spring in organic agriculture. We were
testing different preparations suitable for organic agriculture against San Jose scale nymphs during years
2014 and 2015. In 2014 the highest efficacy was achieved with preparation Naturalis up to 85.2% but
the most stable efficacy during the whole season was achieved with treatment Spintor (38.9-78.4%).
In 2015 the results were not statistically significant due to very extreme temperatures during the periods
of applications.

Key Words: San Jose scale, Beauveria bassiana, Pongamia pinnata, spinosad

INTRODUCTION

The San Jose scale (Diaspidiotus perniciosus) is known all over the world and it is widely
distributed. This pest is important especially in fruit production and it is often intercepted in quarantine
mainly on oranges and tangerines (Miller, Davidson 2005). The European Union deleted it from the list
of quarantine pests because of its extension in almost all European states. Significant damages are
recorded mainly on apples, pears, peaches, plums, currants and many other plants. On fruit trees this
scale develops on vegetative organs, blossoms and fruits and it is often found on trunks and branches
(Figure 1). Due to suction of the phloem the trees may die (Crop Protection Compendium 2014). The
population of the San Jose scale started to increase at the end of the 90s because the nonselective
pesticides were eliminated in the integrated pest management in the Czech Republic (Kocourek, Stara
2011).

The San Jose scale is almost all its life protected by protecting cover, which makes the control
of this pest very difficult. Because of the cover, applied pesticides cannot reach any sensitive part of its
body, and are therefore not providing effective control. The only stage that is sensitive to treatments is
nymph (crawler) that crawls out of female cover (Figure 2, 3) after 33 to 40 days after fertilization.
When the crawlers find a suitable place to suck they settle down and start to make their own cover. This
can happen even after two hours if the conditions are appropriate. Therefore it is necessary to manage
the application of pesticides in time (Miller, Davidson 2005). The emergence of males is observed using
pheromone traps.

The aim of this research was to find a suitable biological treatment effective against the San Jose
scale.

MATERIAL AND METHODS

In 2014 and 2015 we tested three products: Spintor (a.i. spinosad, dosage 0.6 | - ha'?), Naturalis
(a.i. spores of Beauveria bassiana, dosage 2 | - hal, Figure 4) and Wetcit (a.i. orange oil, dosage 0.3%).
Control variant without any application was included. The treatments were applied by packpack sprayer.
The small-plot trial was carried out in pear variety Williams in Kobyli (South Moravia). Each variant
included 20 trees.
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The presumed terms of emergence of males and crawlers were set according to Alston et al. (2011)
using the effective temperature sums recorded from data from meteorological stations. The exact term
of male emergency was set by pheromone traps. Sexual pheromone of San Jose scale female from
International Pheromone Systems Ltd was used in all traps. Occurrence of crawlers was determined
using double site sticky tape on branches. They were checked every day in expected period of crawler
emergence. The first term of application was set as 7 days after the first crawler emerged in each
generation. Following applications were done 6-10 days after the previous one according to weather
conditions. The evaluations were done just before the next application as following: 10 lengths of shoot,
each 20 cm long, were randomly selected on all trees in each plot. Counts of living scales were made
under a binocular microscope. The efficacy is set according to Abbott's formula.

In year 2014 we made three applications of treatments against first generation in June 9", June
15" and June 21%, and three applications against the second generation in August 12", August 19"
and August 29", Evaluations were done in June 15", June 21%, June 25", August 19", August 29""
and September 4" 2014.

In year 2015 we made three applications of treatments against first generation in June 18", June
29" and July 6. The evaluations were done in June 29", July 6" and July 10" 2015.

RESULTS AND DISCUSSION

The occurrence of San Jose scale was highly variable in different variants in 2014. Branches
without any scales and also branches with hundreds scales were recorded. Therefore the statistically
significant difference was found only in two terms in the second generation (Table 1). The number
of scales in Spintor variant was significantly lower than in control variant in August 19", All variants
were significantly different from the control variant (F 4.45, p 0.005) in September 4. In total Spintor
was the most stable of all treatments in this year (56.6% in average), but the ecotoxicological profile is
worse compared to Naturalis. The treatment Naturalis reached very high efficacy in some terms (85.2%
in June 15™), however it had almost no efficacy in other terms of application (2.1% in June 25M).
The oil treatment Wetcit had high variability of efficacy and satisfactory in few terms, but it had
the lowest efficacy in average (31.5%). Shaw et al. (2000) found out that oil treatments have a good
efficacy also during the vegetation in New Zealand and can be a good alternative to chemical control
of San Jose scale.

Table 1 Average occurrence of San Jose scale covers in 2014. The efficacy is set according to Abbott's
formula

Date Spintor Naturalis Wetcit Control
Average  Efficacy | Average  Efficacy | Average  Efficacy | Average
occurrence % occurrence % occurrence % occurrence
June 150 4.7° 68.5 2.2¢ 85.2 6.0? 59.7 14.9°
June 21% 25.3° 38.9 15.42 62.8 32.2¢ 21.3 41.42
June 25" 16.3° 50.6 32.3 2.1 37.2¢ - 33
Aug 19" 5.2° 78.4 13.6%® 43.6 18.4% 23.7 24.1°
Aug 29" 13.3° 43.2 19.42 17.1 21.3° 9.0 23.4°
Sept 4" 20.9° 60.2 24.9° 52.6 29.5° 43.8 52.52

The year 2015 was very extreme for San Jose scale. There were no significant differences between
used treatments in the first generation. The population of crawlers was too low in the second generation,
that it was not possible to realize the experiment. The temperatures were very high in the periods
of applications. It affected the efficacy of treatments and emergency of crawlers the most.
The developmental thresholds are 10.6-32.2°C (Badenes-Perez et al. 2002).

It is known that spores of Beauveria bassiana are damaged caused by direct sunlight. It can be
assumed Naturalis has rather short-term efficacy and it is not very suitable for use in periods with high
intensity of solar radiation.
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CONCLUSION

In 2014 the highest efficacy was achieved with preparation Naturalis, which has also very good
ekotoxicological profil. The most stable efficacy during the whole season was achieved with treatment
Spintor.

The right timing of treatment application is the most important, because the crawlers can create
their protective cover in several hours if the conditions are suitable. That is why it is necessary to observe
this pest and set the right term of applications, when there is the highest density of uncovered crawlers.
Also the weather, mainly the solar radiation and temperature can negatively affect the efficacy
of treatments.

Figure 1 Infested branch Figure 2 San Jose scale female with nymphs
Figure 3 Mobile nymphs called crawlers Figure 4 Crawlers attacked by Beauveria
bassiana
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Abstract: This paper deals with the evaluation of weed species diversity on chosen land with
photovoltaic power plant. At the same time, the impact of different regulatory interventions
on the species diversity is observed. The area is located in South Moravia, Brno-country district in the
village Unin. Evaluation of vegetation was carried out by method of phytocoenology relevé. Three
different types of maintenance was performed on selected frames, without any intervention for the first
one, second one with herbicide application and third one prepared by string trimmer. The obtained data
were processed by multivariate analysis of ecological data segment analysis DCA (Detrended
Correspondence Analysis) and canonical correspondence analysis CCA (Canonical Correspondence
Analysis). We consider species Cirsium arvense, Tanacetum vulgare, Salix triandra, Salix alba,
Anthriscus sylvestris as problematic for the operation of photovoltaic power plant. These species may
be difficult for operation of the power plant if the maintenance is not regular.

Key Words: weeds, photovoltaic power plant, phytocoenology relevé

INTRODUCTION

Photovoltaics originates from two words, one from Greek phos (light) and the name of the Italian
physicist Alessandro Volt. The photovoltaic effect was first described by Edmond Becquerel. First
selenium solar cell with a thin layer of gold, which efficiency was below 1%, was constructed (Charles
Fritts) in 1883. Albert Einstein described this phenomenon physically in 1904 and was awarded with
the Nobel Prize in 1921 (Ministry of Regional Development 2014). The gradual development
of photovoltaics has been observed since 1980, when the US installed power around 3MW. The number
of installed power increased to 25 MW within five years (Lodhi 1995). According to figures
of the Energy Regulatory Authority (2014), there has been a significant increase in installed photovoltaic
power in in Czech Republic in 2010.

The reason for the massive expansion of renewable energy is to reduce emissions particularly
CO3. The boom of photovoltaics is still awaited. One kWh produced from solar sources will save 0.6—
1 kg of CO,. The solar industry supports the environment and also provides work for several thousands
of people (Tsoutsos 2005).

The photovoltaic panel is very sensitive to a number of factors. An essential factor is shading.
Just a single weak solar cell in the entire panel and power will be limited to the performance
of the weakest cell. The only overshadowed panel can reduce the performance of the whole loop (MLAB
2012). Shading may be caused by the small distance of the module from the fence, surrounding trees or
too tall plants. Therefore, it is necessary that the operator keep the maintenance of the area. Otherwise,
it runs the risk of financial loss (Rehak et al. 1998).

The options of weed regulations are several. Mulching is the process of covering the soil surface
with the organic material to a height of at least 3 centimeters. Chopped grass can be an organic material.
We use mulch as soon as possible during the vegetation period until the weeds are too small. Coverage
of the soil layer with organic material makes impossible the supply of solar radiation and thereby reduces
their further growth (Urban, Sarapatka 2003).
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Biological weed control is the most natural and least intrusive at all. The advantage here is
the process of self-regulation. This means, more weeds occur, than more their pests we can observe.
Some insects and fungal parasites can destroy certain weed species under certain conditions (Deyl 1964).

An important regulator of weeds, outside of arable land, are sheeps. More and more operators
of solar power plants use their quality grazing (Respol 2014).

Herbicides are substances with phytotoxic effects. The effect consists in tissue damage or block
the vital processes in the plant. Herbicides contain besides active substance (phytotoxic compound) as
well as various fillers, emulsifiers, solvents and colorants for better storability and dilutability.
To improve the effect of the use of so-called. Adjuvants are used to improve the effect of use (Dvorak,
Smutny 2008).

This paper deals with the evaluation of weed species diversity on chosen land with photovoltaic
power plant. At the same time, the impact of different regulatory interventions on the species diversity
is observed. Evaluation of the impact of regulatory interventions on the species diversity
and determination of difficult controllable weed species will be the result of this research.

MATERIAL AND METHODS

Characteristics of the area

The monitored area is located in the South Region, Brno-country district, in the village Unin,
which is located northwest from Brno city. Climate region is moderately warm and humid.
With an average annual temperature of 6-7°C and an annual precipitation with 650-750 mm.

The entire plant is located on a total land area of 18.147 m?, of which 2.593 m? consisted of arable
land and 2.373 m? were permanent grassland. The rest consists of other areas. Unin photovoltaic power
plant was put into operation in 2010. Installed capacity is 0.627 MW.

Evaluation of vegetation and statistical processing

Evaluation of vegetation was performed by method of phytocoenology relevé in three periods of
observation. The size of each relevé was 20 m?. Each image was first performed for determination
of the plant species and subsequently was assessed their coverage.

Places of individual relevé were selected in different conditions within the monitored land. Three
different types of maintenance were carried out, the first one without intervention, a second one with
application of herbicide and third one prepared by string trimmer. Czech and Latin names of each weed
species were used according to Kubat (2002).

The obtained data were processed by multivariate analysis of ecological data segment analysis
DCA (Detrended Correspondence Analysis) and canonical correspondence analysis CCA (Canonical
Correspondence Analysis). A total number of 499 permutations were calculated in Monte-Carlo test.
Collected data were processed by a computer program called Canoco 4.0 (Ter Braak 1998).

RESULTS AND DISCUSSION
A total of 57 weed species of has been identified, this indicates species community strongly
varied. The average coverage of weed species is shown in Table 1.

The obtained data about frequency and coverage were initially processed by the DCA analysis
which determined the length of the gradient, and it was 3.528. Based on this calculation was for further
processing selected canonical correspondence analysis CCA. Analysis CCA defines the spatial
arrangement of plant species and selected environmental factors. This is subsequently graphically
expressed by the ordination diagram. Weed species and different habitats are shown by points
of different shape and color.
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Table 1 The average weed coverage under different variants of maintenance

Type of maintenance
Species Abbreviations Without oo _
intervention | applications Mowing

Acer campestre Ace camp 0.13
Achillea millefolium Ach mill 3.13 13.33 0.75
Alopecurus pratensis Alo prat 1.67

Anthemis arvensis Ant arve 0.81

Anthoxanthum odoratum Ant odor 0.67 3.75
Anthriscus sylvestris Ant sylv 0.33

Apera spica-venti Ape spic 33.75 1.33

Armoracia rusticana Arm rust 1.13 0.33

Calamagrostis epigejos Cal epig 3.33 20.00
Capsella bursa-pastoris Cap burs 7.00

Cirsium arvense Cir arve 1.00 30.00 22.63
Crepis biennis Cre bien 0.67 0.13
Dactylis glomerata Dac glom 11.88 28.33 55.00
Digitaria sanguinalis Dig sang 31.88

Epilobium ciliatum Epi cili 3.13

Equisetum arvense Equ arve 0.63 0.75
Erigeron annuus Eri annu 1.67

Fallopia convolvulus Fal conv 0.63

Festuca rubra Fes rubr 3.75 42.50
Fragaria vesca Fra vesc 1.88 6.67

Galium aparine Gal apar 0.63 38.33 10.00
Geranium pusillum Ger pusi 6.25

Chelidonium majus Che maju 0.67

Chenopodium album Che albu 3.13

Impatiens parviflora Imp parvi 1.67 1.25
Lamium album Lam albu 17.50
Lamium purpureum Lam purp 5.00 1.67

Lathyrus pratensis Lat prat 0.13

Leucanthemum vulgare Leu vulg 0.38

Lolium perenne Lol pere 2.50
Medicago lupulina Med lupu 5.00 30.00
Phleum pratense Phl prat 3.00
Plantago major Pla majo 1.67

Plantago media Pla medi 0.63 1.67 0.25
Prunus domestica Pru dome 0.17

Ranunculus acris Ran acri 0.67

Rosa canina Ros cani 2.00 1.25
Rubus idaeus Rub idae 1.88 3.33 1.25
Rumex crispus Rum cris 1.00 2.50
Salix alba Sal alba 0.25 0.50

Salix cinerea Sal cine 0.75

Salix triandra Sal tria 0.67

Sambucus nigra Sam nigr 0.06 10.00 2.50
Senecio vulgaris Sen vulg 26.67 0.75
Solanum nigrum Sol nigr 0.33

Sonchus oleraceus Son oler 0.63 1.25
Tanacetum vulgare Tan vulga 5.00 27.00 11.50
Taraxacum officinale Tar offi 34.38 25.00 36.50
Trifolium hybridum Tri hybr 20.00

Trifolium pratense Tri prat 1.88

Trifolium repens Tri repe 23.13 16.67

Tussilago farfara Tus farf 0.63 0.33

Urtica dioica Urt dioi 1.25 33.33 10.00
Urtica urens Urt uren 1.38 10.67 35.00
Vicia cracca Vic crac 3.33 1.25
Vicia sepium Vic sepi 11.38

Viola arvensis Vio arve 3.33
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Influence of the control method on the frequency of occurrence and species abundance was
according to the CCA analysis significant at the significance level o = 0.002 for all canonical axes.
The results are statistically highly significant. According to the ordination diagram (Figure 1) plant
species can be divided into several groups. The first group of species have more and frequently occurred
on a variant without treatment with stable panels, where originally was arable land: Trifolium repens,
Tussilago farfara, Lamium purpureum L., Armoracia rusticana, Apera spica-venti, Trifolium pratense,
Leucanthemum vulgare Lam., Trifolium hybridum, Chenopodium album, Digitaria sanguinalis,
Epilobium ciliatum, Vicia sepium, Fallopia convolvulus, Salix cinerea, Geranium pusillum, Lathyrus
pratensis, Anthemis arvensis.

The second group of species have occurred on a variant with herbicide application and it were
species: Tanacetum vulgare, Urtica dioica, Galium aparine, Vicia cracca, Sambucus nigra, Crepis
biennis, Senecio vulgaris, Plantago major, Salix triandra, Chelidonium majus, Anthriscus sylvestris,
Ranunculus acris, Capsella bursa-pastoris, Solanum nigrum, Prunus domestica, Alopecurus pratensis,
Erigeron annuus, Viola arvensis.

The third group of weed species was more often identified on the variant of mowing: Dactylis
glomerata, Rumex crispus, Urtica urens, Medicago lupulina, Calamagrostis epigejos, Anthoxanthum
odoratum, Festuca rubra, Lolium perenne, Acer campestre, Lamium album, Phleum pratense.

Effect of selected type of weed control had a very significant impact. Species as shepherd's-purse
and common groundsel and others were recorded on a variant with herbicide application. Conversely
species as common dandelion, common horsetail and common sow thistle are strictly occurred outside
the area exposed to the herbicide.

Species as cock's-foot, perennial rye-grass, annual nettle and others were present on relevé
exhibited to the influence of mowing.

Species as ox-eye daisy, Dutch clover, hairy crabgrass, windgrass and others were found
on relevé without any treatment.

Figure 1 Ordination diagram expressing the effect of regulation methods on the occurrence
and coverage of found plant species
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Legend: Variant of maintenance: Herbicid means the control with herbicide applications. Seceni is the control by mowing —
mulching or with string trimmer. Bez zasa means without intervention, plants were left without control.
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CONCLUSION

Based on the observations we can classified as this species as heavily regulated: creeping thistle,
which is heavily regulated herbicide in case of excessive growth. It must be applied herbicide
of a greater concentration. At the same time, if we regulate the incidence by mowing, then the vegetation
of thistle causes extreme burden on mulching machines.

Common tansy is another problematic species. Here again, if we let overgrow plants above one
meter, it is a strong burden on mowing equipment.

As problematic plants for operation of photovoltaic plants we consider these species: Cirsium
arvense, Tanacetum vulgare, Salix triandra, Salix alba, Anthriscus sylvestris. Weeds may be difficult
for operation of the power plant in case of irregular maintenance. If weeds overgrow over one meter,
they can cause shading of photovoltaic panels. This creates a place called hotspot, a part of the panel,
which is excessively hot and will reduce the production of electricity. As a result, not only the investor
loses profits, but if the problem persists for some time, it can lead to permanent damage
of the photovoltaic panel.
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Abstract: The aim of this paper is to evaluate species structure of weeds on lands with photovoltaic
power plant in Moravsky Krumlov. The observation was carried out on twelve test spots also under
photovoltaic panels and between them. Vegetation was evaluated via phytocoenology relevé.
The evaluation took three months (July, August, September) in 2013. The observation was statistically
evaluated using DCA and CCA analysis. A total of 66 weed species were found on land
with photovoltaic power plant. The largest coverage was noticed by species Poa pratensis L., Lolium
perenne L., Achillea millefolium L. The most common specie between rows were: Plantago major L.,
Achillea millefolium L., Cerastium holosteoides Fr. The most occurring weed species under panels were:
Poa pratensis L., Lolium perenne L., Festuca rubra L., Agrostis capillaris L., Bromus tectorum L.

Key Words: weeds, photovoltaic power plant, phytocoenology relevé

INTRODUCTION

A total radiant power of 180 000 TW reaches the earth's surface illuminated by the Sun. The
power consumption of our entire civilization is only about 10 TW. A total offer of solar energy is more
than sufficient and give the opportunity to replace all other sources (Murtinger et al. 2007).

A total of 87.6 TWh electricity was produced in the Czech Republic in 2012. The largest portion,
namely 54% produced through coal power plants, 34.6% of the electricity have supplied nuclear power
plants. Energy obtained from renewable sources is 9% (Energy Regulatory Authority 2014). Among
the unique benefits of obtaining energy from the Sun is the fact that the Sun is an inexhaustible source
of energy. Relatively low operating costs, easy operation, saving fossil fuels, nature is not polluted
by emissions of SO,, CO2, NOy and dust, long life solar cells, which is guaranteed for 15-20 years.
Over this period efficiency of the device decreases, but the function can last up to 50 years (Information
portal about solar energy 2014).

Turney and Fthenakis (2011) states that the obtaining of solar energy is environmentally more
favorable than the traditional method, also with regard to land use and wildlife protection. Photovoltaic
power plants are environment-friendly in all material aspects, negative effects are from an environmental
perspective negligible. Less land per kWh is used in gaining energy from the Sun than from coal.
According Tsoutsos et al. (2005), solar energy technology represents a tremendous environmental
benefits compared to conventional energy sources. In addition, the energy from the Sun belongs
to renewable natural resources. A major advantage is almost total absence of any emissions into the air
and waste products. In other words, solar energy is considered to be almost totally clean and safe energy
source.  Significant  fluctuations in  radiation and  diversity of intensity are
a disadvantage of solar energy in particular areas, then there are high initial costs, devices operate only
during the day, a large area is needed for the application of solar panels (Renewable energy sources
2014). Plant communities are formed on such a surface.

Plant community is a plant complex formed as a co-existence of species populations in a specific
environment. In phytocoenology the choice of species and their populations is determined by the terms
of the environment (Neuhduslova-Novotna, Guth-Jarkovskd 1980). According to Moravec (1994),
the species composition of the community means both, qualitative species spectrum and quantitative
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representation of their populations. The number of species of a certain size, that are on the surface,
provides basic information about species richness that depend on habitat conditions.

The aim of the study was to evaluate the composition of the vegetation growing on lands with
photovoltaic power plants and assess selected environmental factors influencing vegetation.

MATERIAL AND METHODS

Characteristics of the area

Monitored vegetation is placed on land with photovoltaic power plant in Moravsky Krumlov.
This city is located in the district of Znojmo in the South Moravia region and is situated between
the Bohemian-Moravian Highlands and the Dyje-Svratka ravine. Black soils dominate near the
Moravsky Krumlov area (Culek 1996).

This area belongs to the drier places of our country. We classify it into the warm climate T2,
which is characterized by long, warm and dry summers, very short period of transition, warm spring
and autumn, a short, warm and dry winter with very short duration of snow cover. The area of interest
is situated at an altitude of 323-340 m.

There used to be a waste dump on most of the area, currently there is a photovoltaic power plant.
This landfill has been successfully recultivated at the end of 2005. Part of the area was arable land
and the rest was infertile land. Moravsky Krumlov city sold part of the lands to the SKI-TURIST-
SPORT company in 2009. This company began with the construction of photovoltaic power plant and
end in late 2009. This is a unigue solar photovoltaic power plant, which in addition to traditional fixed
panels uses an automatic rotating stands with a polar axis tracking of the Sun. Both-sided bifacial solar
panels able to produce electricity with rear side of the solar panel was used to increase efficiency.

Methodology of evaluation of weed infestation and statistical processing

A number of 12 phytocoenological relevé were formed in June 2013. Each within an area
of 9 m2. Relevé 1 and 2 were located at the habitat, which was earlier arable land. Other relevé were
located at habitat which was earlier barren land. Farmland classification of land parcels of both habitats
is 23716. The evaluation was recorded in three terms (July, August, and September) in 2013. Coverage
of each species was estimated in percentage. Czech and Latin names of each weed species were used
according to Kubét (2002).

The obtained data were processed by multivariate analysis of ecological data segment analysis
DCA (Detrended Correspondence Analysis) and canonical correspondence analysis CCA (Canonical
Correspondence Analysis). A total number of 499 permutations were calculated in Monte-Carlo test.
Collected data were processed by a computer program called Canoco 4.0 (Ter Braak 1998).

RESULTS AND DISCUSSION

A total of 66 plant species were identified on land of photovoltaic power plant. The average
coverage of found species is shown in Table 1.

The obtained data about frequency and coverage of individual species were initially processed
by the DCA analysis which determined the length of the gradient, and it was 4.089. Based on this
calculation was for further processing selected canonical correspondence analysis CCA. Analysis CCA
defines the spatial arrangement of plant species and selected environmental factors. This is subsequently
graphically expressed by the ordination diagram. Weed species and different habitats are shown
by points of different shape and color.

Influence of the original habitat on the frequency of species occurrence and coverage was
according to the CCA analysis significant at the significance level oo = 0.002 for all canonical axes.
The results are statistically highly significant. According to the ordination diagram (Figure 1) plant
species can be divided into several groups.

The first group of species occurred more frequently on site, which was originally arable land:
Agrostis capillaris, Achillea millefolium, Amaranthus retroflexus, Apera spica-venti , Arrhenatherum
elatius, Artemisia absinthium, Artemisia vulgaris, Bromus hordeaceus, Bromus tectorum, Capsella
bursa-pastoris, Carduus acanthoides, Cichorium intybus, Convolvulus arvensis, Conyza canadensis,
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Dactylis glomerata, Descurainia sophia, Echium vulgare, Festuca rubra, Geranium pratense,
Geranium robertianum, Hordeum murinum, Chenopodium album, Lamium purpureum, Logfia arvensis,
Lolium perenne, Lotus corniculatus, Medicago lupulina, Phragmites australis, Plantago lanceolata,
Plantago major, Poa pratensis, Polygonum aviculare, Potentilla reptans, Rumex acetosella, Rumex
crispus, Silene vulgaris, Stellaria media, Symphytum officinale, Taraxacum officinale, Trifolium
arvense, Trifolium pratense, Trifolium repens, Tripleurospermum inodorum, Urtica dioica, Vicia cracca
and Viola arvensis.

Table 1 Average coverage of identified weed species

. L The initial land use
Species Abbreviations
Arable land Others

Agrostis capillaris Agr capi 3.70
Achillea millefolium Ach mill 3.11 8.00
Amaranthus retroflexus Ama retro 0.44
Anagallis arvensis Ana arve 1.33

Apera spica-venti Ape spic 23.44 0.67
Arenaria serpyllifolia Are serp 1.22

Arrhenatherum elatius Arr elat 3.22 0.37
Artemisia absinthium Art absi 0.67 0.11
Artemisia vulgaris Art vulg 1.85
Atriplex patula Atr patu 0.33

Berteroa incana Ber inca 1.00

Bromus hordeaceus Bro hord 1.63
Bromus sterilis Bro ster 5.19
Bromus tectorum Bro tect 2.56 3.56
Calamagrostis epigejos Cal epig 0.67

Capsella bursa-pastoris Cap burs 111 0.52
Carduus acanthoides Car acan 2.33 1.89
Cerastium holosteoides Cer holo 15.00

Cerasus avium Cer aviu 0.07
Cichorium intybus Cic inty 0.63
Convolvulus arvensis Con arve 0.70
Conyza canadensis Con cana 0.78 1.30
Dactylis glomerata Dac glom 1.00 2.15
Descurainia sophia Des soph 0.33
Echium vulgare Ech vulg 0.59
Elytrigia repens Ely repe 1.11
Festuca rubra Fes rubr 1.22 4.56
Geranium pratense Ger prat 0.37
Geranium robertianum Ger robe 1.67 0.22
Geum urbanum Geu urba 0.33

Hordeum murinum Hor muri 2.22 1.04
Chenopodium album Che albu 0.11
Inula conyzae Inu cony 2.22

Inula helenium Inu hele 0.33

Lamium purpureum Lam purp 0.33 0.26
Logfia arvensis Log arve 6.67 1.67
Lolium perenne Lol pere 1.56 15.48
Lotus corniculatus Lot corn 0.33
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Malva neglecta Mal negl 1.11 0.67
Medicago lupulina Med lupu 5.11 0.93
Melilotus officinalis Mel offi 0.33

Papaver rhoeas Pap rhoe 0.67

Phragmites australis Phr aust 0.63
Picris hieracioides Pic hier 0.67

Plantago lanceolata Pla lanc 0.78 0.85
Plantago major Pla majo 0.33 0.19
Poa pratensis Poa prat 16.67 25.81
Poa trivialis Poa trivi 2.00

Polygonum aviculare Pol avic 1.00 0.63
Polygonum convolvulus Pol conv 0.44

Potentilla reptans Pot rept 0.56 3.26
Rumex acetosella Rum acet 0.15
Rumex crispus Rum cris 0.78 2.67
Silene vulgaris Sil vulg 0.52
Stellaria media Ste medi 0.33 0.26
Symphytum officinale Sym offic 1.89
Taraxacum officinale Tar offi 7.89 3.33
Trifolium arvense Tri arve 0.33 0.33
Trifolium pratense Tri prat 0.44 0.11
Trifolium repens Tri repe 10.67 1.19
Tripleurospermum inodorum Tri inod 3.56 0.56
Urtica dioica Urt dioi 0.74
Verbascum densiflorum Ver dnes 1.67
Veronica persica Ver pers 1.33

Vicia cracca Vic crac 0.22
Viola arvensis Vio arve 1.22 0.11

The second group of species occurred more frequently on spot that was originally recultivated
and infertile land: Achillea millefolium, Anagallis arvensis, Apera spica-venti , Arenaria serpyllifolia,
Arrhenatherum elatius, Artemisia absinthium, Atriplex patula, Berteroa incana, Bromus tectorum,
Calamagrostis epigejos, Capsella bursa-pastoris, Carduus acanthoides, Cerastium holosteoides,
Conyza canadensis, Dactylis glomerata, Festuca rubra, Geranium robertianum, Geum urbanum,
Hordeum murinum, Inula conyzae, Inula helenium, Lamium purpureum, Logfia arvensis, Medicago
lupulina, Melilotus officinalis, Papaver rhoeas, Picris hieracioides, Plantago lanceolata, Plantago
major, Poa pratensis, Poa trivialis, Polygonum aviculare, Polygonum convolvulus, Rumex crispus,
Stellaria media, Taraxacum officinale, Trifolium arvense, Trifolium pratense, Trifolium repens,
Tripleurospermum inodorum, Veronica persica Poir. and Viola arvensis.

A third group was more influenced by another factor that this analysis does not include: Bromus
sterilis, Cerasus avium, Elytrigia repens, Malva neglecta and Verbascum densiflorum.

The area of interest belongs to the warm areas and therefore is more likely to observe species
which require drier conditions, such as Silene vulgaris and Festuca rubra. These species occurred
mainly on sunny locations. Soils are sandy loam to loam sandy, which can be ideal for Plantago major.

The land is near the road, so we can assume a slight salinity of the soil, resistant species are
for example Agrostis stolonifera and Tripleurospermum inodorum. The vegetation is trampled
and grazed by cattle. Species as Poa pratensis and Lolium perenne are resistant. Species composition
may be affect by not very instense grazing. Some species can be suppressed by kinds of cattle and there
is possible subsequent expansion of other plant species. Cattle feces enrich the soil with nitrogen
compounds, which could also support the emergence of nitrophilous species, such as Geranium
robertianum or Urtica dioica. Plant species composition is more varied on reclaimed landfill. Apera
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spica-venti, Cerastium holosteoides and Trifolium repens were significantly represented on formerly

cultivated sites.

Figure 1 Ordination diagram expressing the effect of habitat on the occurrence and coverage of found

plant species
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Plant species that tolerate treading, have smaller stature and there is no high risk of expansion
into neigh boring arable crops are welcome on the site of a photovoltaic power plant. One of these
species is Lolium perenne. Negative ones for maintaining the photovoltaic power plant may be species,
that are sturdy and significantly impair operating with photovoltaic panels or cause its shading. Species
Carduus acanthoides i sone of them, plus it is detrimental to the digestive tract of sheeps.
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The entire spectrum of plants has positive effects on the environment, ensures high biodiversity
here, as well as ensures shelter for small mammals and is a source of pollen and nectar for pollinators.
Negative species are expansive, which clearly extend to the surroundings.

Analysis of species composition on lands with photovoltaic power plants provide a very valuable
and interesting insights. | suggest the continuation of research to assess the long-term development
of vegetation.
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Abstract: Assessment methods for the seed germination are designed in an environment of ideal
conditions, however, it is necessary to know the real behaviour in the field conditions. At this stage,
on the series comes an important factor, which is based on the ability of germination — the seed vigour.
The seed vigour is characterized ability by the seeds to emerge and create a basis for a new plant under
real or stress conditions. The purpose of this study was to obtain general facts
about the heritability of the seed vigour. Effect of drought stress on the observed characteristics
of spring barley (Hordeum vulgare L.) was evaluated in the pot experiment. The root system size
and seed vigour were evaluated in four genotypes. Seed vigour as the germination percentage under
drought (-0.5 MPa) and temperature stress (10°C) was evaluated. It was also evaluated the relationship
between seed vigour and the root system size of the parents and their progenies. Statistical significant
correlations (r = 0.747-0.801) of the root system size in the stage of stem elongation and seed vigour
in Variant 11l (moderate stress) were found. The root system size of parents at the stage of heading
in unstressed variant (Variant Il) statistically significantly (r = 0.730-0.939) influenced the length
of the plumula and roots of the progenies in both variants of seed vitality testing (i.e. control and drought
stress).

Key Words: root system size, seed vigour, stress conditions

INTRODUCITON

Climate models predict air temperature increase and change of precipitations regime accompanied
by frequent episodes of drought in the future. However, water deficit may not be caused by lack of water
solely. The reason may be salinity of the soil as well (Hirt, Shinozaki 2004). Although drought reduces
the development of cereal crops in all stages of growth, the most critical impact has during flowering
and grain filling and leads to substantial losses. The yield of the crop is therefore dependent on the
intensity and also duration of droughts (Farooq et al. 2014). An important phase
of growth in terms of drought is primarily seed germination. It is obvious that a certain environment and
year has a significant impact on the germination or vigour respectively. Laboratory testing of seed
germination simulates ideal conditions, but does not provide adequate results, which indicate
the quality of seeds in natural or conditions burdened with increasing stress. For practical use, it is
important to know the real behaviour of seeds outside the optimum conditions — the seed vigour
(Hampton, TeKrony 1995). Seed vigour is the ability of seeds to germinate and form the basis
for a future plant growth and development in standard and stress conditions (drought, low temperatures,
a lack of nutrients). When the soil conditions were unfavourable, the results of field emergence for wheat
were more closely correlated with the direct stress vigour tests than laboratory germination (Hampton
1981). Standard method that is used at this time for the seed vigour evaluation, is confined to simple
physiological binary fact germinated/non-germinated. The seed vigour, however, should be viewed
primarily as a quality feature for the possibility of selection of genotypes
(or individual plants), that are tolerant to abiotic stresses (KlimeSova et al. 2015, Rajjou et al. 2012).
In general, seed vigour is the result of many factors. Tests which are based on researching of only one
feature do not determine the vigour of seeds reliably, because only the combination can give a good
field emergence forecast (Hampton, Coolbear 1990).
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Plants represent integrated system unit, which is responsible for resistance to adverse
environmental conditions on the basis of evaluation of characters at the aboveground parts and the root
traits. The seed vigour, as well as the growth of the root system and the whole plant, can adversely affect
a number of environmental factors, and thus significantly affect the activity of the whole plant. The
genotypes with good seed germination under unfavourable conditions develop in filial generation larger
root system in field conditions (Blaha, Stfeda 2016). The more vital seeds are then able to avoid any
dryness in a period of stand establishment. In a case that it soon creates a sufficiently large root system
it will be more resistant to drought and vegetation will be better emanate. Using many studies have been
demonstrated stronger root growth, while the growth of aboveground plant parts is suppressed. This
results in a decrease in plant transpiration while roots may grow into deeper soil layers and thus use
more water supplies (Mohr, Schopfer 1995). Under the limited soil moisture conditions the roots may
play an important role in relation to obtaining the yield stability of the active absorption of water from
the soil. Targeted integration of the root system features into a breeding programs requires knowledge
of the root diversity, its properties and also effective methods for its research. It's a very comprehensive
understanding of the impact of drought on the crop, which is essential for increasing its resistance to
drought.

In this connection essential is whether the seed vigour (the ability to create the basis for a new
plant, the ability to response to a certain drought and other increasingly difficult conditions as a faster
and increased biomass growth etc.) is in correlation with the size of the root system and also whether
there is a statistically conclusive interconnection. If so, successful selection focused on vigour increase
may lead to tolerance of progeny to drought.

MATERIAL AND METHODS

The spring barley malting varieties Diplom, Jersey, Prestige and Saloon were mutually crossed
in 2010 in a diallel manner; i.e., each variety was crossed with all others, including reciprocally
(as both mothers and fathers). The resulting 12 combinations (mark as U1 — U12). These genotypes were
reproduced in winter 2010/2011 in a glasshouse. F, and F3; generation was sown on 2012
and 2013 in a field at the Hrubgice Plant Breeding Station and at the ZeleSice Plant Breeding Station.
With four selected genotypes with the highest seed vigour (U2 - Prestige x Jersey,
U9 - Jersey x Diplom, U1l — Diplom x Saloon, U12 — Diplom x Jersey) was founded a pot experiment
in 2014. These plants were grown in plastic containers with a volume of 0.19 m?
with dimensions of 72 x 54 x 51 cm. Inside the containers were kept four different moisture soil
conditions: variant — natural rainfall (hereinafter referred to as variant I), unstressed variant at a level
exceeding 65% of the available soil water holding capacity (AWHC) (hereinafter referred to as variant
I1), moderate-stressed variant at 65% AWHC (hereinafter referred to as variant 111) and heavily stressed
variant at wilting point (hereinafter referred to as variant V), two samples from each variant. Subsequent
moisture in the containers was continuously recorded with sensors VIRRIB (Amet Velké Bilovice).

The root system size of genotypes were measured with the aid of electrical capacitance (Chloupek
1972, Chloupek et al. 2010). The size of the root system was measured in the nanofarads (nF). It was
used the impedance bridge ESCORT ELC-131D LCR meter (Escort Instruments Corporation, Taiwan),
that was set up to parallel capacitance measured at a frequency of 1 KkHz.
The size of the root system (RSS) were measured as above and again in the most important phases
of the vegetation — stem elongation, heading, grain filling (BBCH 30, 51, 71).

The seed vigour of harvested seeds was then tested after the dormancy period (i.e. six months
after harvest). The germination was carried out in Petri dishes, after 6 caryopsis (each dish duplicated),
4 variants measured. Seed vigour of barley as the germination percentage under drought (-0.5 MPa) and
temperature stress (10°C) was evaluated. Drought stress -0.5 MPa was induced using Polyethylene
Glycol (PEG 6000) at a concentration of 193 g.I"t. Control variant (without drought stress) was
established in parallel. Seed vigour was evaluated using software WinRHIZO (Régent Instruments Inc.,
Quebec, Canada) after scanning of germinated caryopsis (see Figure 1). The caryopsis was scanned after
7, 11 and 18 days, the result was independent size of the length (cm) of plumula
and roots. The results were processed using the program STATISTICA.
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Figure 1 Scanned caryopsis before the evaluation of vigour, after 11 days of germination

RESULTS AND DISCUSSION

The results of correlation analysis relationship of root system size and the selected parameter
vitality seeds (length of plumula and roots) see in Table 1. Statistical significant correlations
of the root system size in the stage of stem elongation and seed vigour in Variant 111 (moderate stress)
were found. It is likely that the rapid increase of the root system of parents in drought stress conditions
has enabled the rapid growth of the roots of progenies at the beginning of vegetation. However,
statistically significant relationship was found only in the control variant (i.e. without drought stress -
0.5 MPa).

The root system size of parents at the stage of heading in unstressed variant (Variant 1)
statistically significantly influenced the length of the plumula and roots of the progenies in both variants
of seed vitality testing (i.e. control and drought stress). This indicates that the genotypes
with higher root system size, from the optimal conditions, provide vigorous progeny for stress
conditions.

High correlation coefficients (statistically insignificant) in Variant | (natural conditions) were
found. It is thus likely that under natural conditions the higher root system size of parents brings greater
seed vigour of progenies.

Table 1 The relationship of root system size of parental plants, measured as the electrical capacity in
three phenological stages and seed vigour of their progeny (n = 8), measured as the length of roots and
plumula after 7, 11 and 18 days in wet (Control) and drought stressed variant (Stress)

Term of RSS | Seed vigour Variant | Variant Il Variant 111 Variant IV
measurement parameter | Control Stress | Control  Stress |Control Stress | Control Stress

length 7 days 0.297 0.178 | 0.649 -0.163 | 0.314 -0.110( 0.310 0.317
length 11days | 0.174 0.666 | 0.563  0.169 |0.747* -0.010| 0.222 0.048
Jlength 18 days | 0.250 0.748*| 0.141  -0.082 |0.795* -0.314|-0.194 0.318
length average | 0.236 0.700 | 0.488 -0.004 | 0.801* -0.174| 0.107 0.211

RSS stem
elongation

length 7 days 0.383 0.156 | 0.510 0.601 | -0.214 0.014|-0.035 0.023
RSS heading [length 11 days | 0.305 0.570 [0.843** 0.939**| -0.500 -0.394]-0.131 0.007
length 18 days | 0.327 0.702 | 0.730* 0.852**| -0.553 -0.132( -0.022 0.455
length average | 0.338 0.636 |0.881** 0.899** | -0.549 -0.260] -0.087 0.211

X

length 7 days 0.346 0.346 | 0.246  0.103 | 0.341 0.349 | 0.086 0.089
length 11 days | 0.429 0.590 | 0.574 0.572 |-0.416 -0.166|-0.104 0.069
Jlength 18 days | 0.412 0.696 | 0.133  0.370 | -0.509 0.169 | -0.269 0.367
length average | 0.419 0.652 | 0.374 0.420 | -0.398 0.041|-0.162 0.212

RSS grain
filling

Legend: statistically significant P<0.05*; statistically significant P<0.01**

CONCLUSION

Effect of drought stress on the observed characteristics of spring barley (Hordeum vulgare L.)
was evaluated in the pot experiment. The root system size and seed vigour were evaluated in four
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genotypes. Thanks to the digital images of the roots appointed four varieties of maternal plants, sown in
2014 in containers in four variants of the water regime (variant with natural rainfall, drought unstressed
variant at the level of the field water capacity of soil, drought stressed variant and highly drought stressed
variant at soil wilting point), evaluated with a program WinRHIZO, has been proved a positive
correlation between the root system size of the maternal plants and vigour of their seeds. It means, plant
breeding could contribute to resolving problems associated with shortages of water
for cereal cultivation.
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Abstract: Discovery of novel laccases with different substrate specificities produced by different fungal
species is important for industrial, biotechnological and environmental applications. The aim of this
work was to monitoring of laccase production by thirty five locally isolated white-rot fungal species. In
five strains with the highest enzyme secretion laccase activity was examined using two different
substrates (ABTS and syringaldazine) under different conditions (shaking, static).
The measuring laccase activity using ABTS and syringaldazine as substrates confirmed that one
of the best producers proved to be Fomes fomentarius and Trametes strains.

Key Words: white-rot fungi, ligninolytic enzyme, enzyme activity, laccase

INTRODUCTION

The white-rot fungi are able to degrade recalcitrant biopolymers such as lignin, wide range
of pollutants and huge variety of materials (different type of wood, textile, plastic and many xenobiotics)
due to their extracellular non-specific ligninolytic enzyme system. (Songulashvili et al. 2006, TiSma et
al. 2010). Laccase (Lac, E.C. 1.10.3.2) and three heme peroxidases: lignin peroxidase (LiP,
E.C.1.11.1.14), Mn dependant peroxidase (MnP, E.C. 1.11.1.13) and versatile peroxidase (VP,
E.C. 1.11.1.16) are one of the most important ligninolytic enzymes, which are secreted extracelullary as
secondary metabolites of different fungi. Their production is influenced by different aspects, such as
fungal species, aeration (stationary or shaking) or time of cultivation (Elisashvili, Kachlishvili 2009).

The most important enzyme is laccase, which belongs to a family of blue multicopper oxidases
containing four copper atoms per molecule in their catalytic center and catalyzes the four electron
reduction of oxygen to water (Giardina et al. 2010). Laccase oxidizes many organic or inorganic
compounds, including phenols and aromatic amines.

Laccase production by fungi is strongly affected by many fermentation parameters such as time
of cultivation, stationary or submerged cultures, aeration by shaking or static conditions (Kocyigit et al.
2012).

The low substrate specificity makes this enzyme interesting for biotechnological purposes
in various industries such as food, textile and for various technological applications, decolorization dyes,
degradation of polyaromatic hydrocarbons and in nanobiotechnology as biosensors.

The use of enzyme for these purposes entails certain limitations. These are mainly the high-cost
of commercial preparations and therefore are constantly looking for new, cheaper and natural sources
of enzyme and the search for the most potential enzyme producers attains considerable attention
(Songulashvili et al. 2006).

A number of screening studies of white-rot fungi are conducted to discover promising producers
of ligninolytic enzymes (Kiiskinen et al. 2004, Songulashvili et al. 2006, Elisashvili, Kachlishvili 2009).

In recent years, new potential laccase producers such as marine fungi and different genera
of basidiomycetes were found (Valeriano et al. 2009). Laccase-producing fungi are tested on solid media
containing colored indicator compounds that facilitate the visual detection of laccase production or by
liquid cultivations during which enzyme activity is monitored. Kiiskinen et al. (2004) screened novel
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laccase producing fungi by a plate method based on polymeric dye compounds — guaiacol and tannic
acid. The use of colored indicators is generally simpler as no sample handling and measurement are
required. The screening strategy must aim to identify fungal strains and enzymes that will work under
industrial conditions.

Therefore, the current study examined the laccase production and activity by different white-rot
fungi from Czech forest to search new potential sources of laccase.

MATERIAL AND METHODS

Fungal strains and culture conditions

Thirty five locally isolated fungal strains (Armillaria cepistipes, Armillaria ostoyae, Cerrena
unicolor, Daedaleopsis confragosa, Fomes fomentarius, Ganoderma applanatum, Ganoderma
carnosum, Ganoderma resinaceum, Grifola frondosa, Heterobasidion annosum, Inonotus dryadeus,
Perenniporia fraxinea, Phellinus hartigii, Phellinus igniarius, Phellinus punctatus, Phellinus robustus,
Phellinus tuberculosus, Pleurotus ostreatus, Schizophyllum commune, Stereum hirsutum, Trametes
cervina, Trametes gibbosa, Trametes hirsuta, Trametes suaveolens, Trametes versicolor) obtained from
the Culture Collection of the Faculty of Forestry and Wood Technology of the Mendel University in
Brno (Czech republic) were used in this study.

All strains were microscopically identified and kept on potato dextrose agar (PDA) at 4°C
and periodically sub-cultured to maintain viability. All strains were tested for laccase production.

Cultures were cultivated on PDA for 10 days at 22°C. After this time three 1x1 cm? plugs were
cut and added into Erlenmeyer flasks containing 40 ml of the Potato Dextrose Broth (PDB). The flasks
were prepared in duplicates, first were incubated statically (28°C) and second were incubated
in a shaker (150 rpm, 28°C). Supernatant was separated from the mycelia by centrifugation (10 000 rpm,
4°C, 5 min) and laccase activity was determined.

Quialitative laccase activity assay

The plugs of mycelium from each strain were inoculated onto PDA plates containing 0.3 g
ABTS/300 ml PDA and then incubated at 28°C for 7 days. The formation of dark-green halo in the
ABTS supplemented plates indicates a positive laccase secretion.

Enzyme assay

The enzyme activity was determined spectrophotometrically using a UV/VIS Lambda 25
Spectrophotometer (Perkin-Elmer). Laccase activity was measured at 415 nm by detecting the oxidation
of 2,2-azino-bis-[3-ethyltiazoline-6-sulfonate] (ABTS, Sigma Aldrich) at pH 4.5 in 0.1M sodium acetate
buffer (Bourbonnais, Paice 1990). For comparison, laccase activity was assayed by detecting the
oxidation of syringaldazine (Sigma Aldrich) at 530 nm in 0.1M citrate phosphate buffer (Harkin, Obst
1973). One unit of enzyme activity was defined as 1 pmol of substrate oxidized per minute under the
assay conditions. The enzyme activity assay was always performed in triplicate.

RESULTS AND DISCUSSION

Qualitative laccase activity assay

Preliminary screening of thirty five white-rot fungi for laccase production was carried out
at the Petri dishes containing ABTS as indicator. Colored indicators are used for the visual recognition
of laccase production (Gnanasalomi, Gnanadoss 2013).

Green color around the colonies was due to the oxidative polymerization of ABTS
in the presence of extracellular fungal laccase. Among the 35 isolates 20 were found to be laccase
positive by the formation of dark-green halo in ABTS supplemented plates and was considered as
a positive reaction for laccase activity. The test confirmed that one of the best producers proved to be
Trametes strains. Five fungi (Trametes versicolor, Trametes gibbosa, Trametes suaveolens,
Daedaleopsis confragosa, Fomes fomentarius) (see Figure 1) were chosen for another experiments due
to the highest color intensity. The isolates which did not show any color change were not considered for
further work.
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Our results agree with work Fonseca et al. (2010), who showed that Trametes versicolor had
the highest color intensity of oxidation zones.

Figure 1 Fungi cultivated on Potato-Dextrose Agar with ABTS for 7 days

Figure 2 Laccase activity using ABTS as substrate A) Static conditions B) Shaking conditions
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Legend: TV- Trametes versicolor, TG- Trametes gibbosa, TS- Trametes suaveolens, DC- Daedaleopsis confragosa, FF- Fomes
fomentarius

Laccase activity

The enzyme production is species-dependent and strain-dependent and thus laccase secretion
by new fungal strains from Czech forests has been studied to find new more important enzyme
producers.

The laccase activity of five fungal strains Trametes versicolor, Trametes gibbosa, Trametes
suaveolens, Daedaleopsis confragosa and Fomes fomentarius was studied using two different substrates
(ABTS and syringaldazine) under different conditions (shaking, static).

Trametes is known as a significant producer of ligninolytic enzymes. Therefore, many studies
with Trametes strains have been extensively conducted. Our results indicated that Trametes sp.
and Fomes fomentarius seem to be one of the best producers of laccase under shaking conditions. Our
results agree with the study of Songulashvili et al. (2007), where Fomes fometnarius was observed as
the best producer of laccase using ABTS and syringaldazine as substrates. Opposite results were
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published in the work of Rodrigues et al. (2008), where Trametes versicolor was better laccase producer
in comparison with Fomes fomentarius.

In relation to the influence of different culture conditions (static or shaking) on laccase activity,
our results are comparable to those described by other authors (Kocyigit et al. 2012, Dong et al. 2005),
who have reported increases of enzyme activity under shaking conditions (see Figure 2A-B).

The literature data reporting laccase activity of white-rot fungi are usually based on the use
of nonspecific substrates like ABTS or naphtol while syringaldazine oxidation has rarely been reported.
Cordi et al. (2007) studied laccase activity of Trametes versicolor and the reagent syringaldazine was
used as substrate. The results agree with our data under static conditions (see Figure 3C-D). Similar
results were observed in the work of Minussi et al. (2007), who detected laccase activity using
syringaldazine as substrate in a liquid culture and in their study the maximum value for laccase activity
was obtained with Trametes versicolor at 21 days of growth.

Figure 3 Laccase activity using syringaldazine as substrate C) Static conditions D) Shaking conditions
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Legend: TV- Trametes versicolor, TG- Trametes gibbosa, TS- Trametes suaveolens, DC- Daedaleopsis confragosa, FF- Fomes
fomentarius

CONCLUSION

The screening study revealed five white-rot fungi as suitable laccase producers. The measuring
of laccase activity confirmed that one of the best producers seems to be Trametes versicolor
and Fomes fomentarius. It seems to be preferable to use a substrate ABTS than syringaldazine.
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Abstract: The aim of the study was to evaluate the effect of green fodder addition to the diet on slow
growing chicken’s performance. Both sexes (464 chickens) of slow growing hybrid Hubbard JA 757
were used in the experiment. The chickens were divided into two groups with six replications. From the
21 days of age green fodder was daily added to special feeders to the chickens in the third experimental
groups in amount 10 g/chicken. From 28 days of age the amount was 20 g/chicken. The live weight
of chickens at 49 days of age was 2.34 kg in the experimental group and the same 2.34 kg in the control
group. The live body gain from 21% to 49" days of ages was also the same in both groups 1.84
kg/chicken. Feed conversion ratio during the experimental period (21-49 d) was the same too, 1.86
kg - kg. The mortality in experimental and control groups were 0.43% and 0.86%. The daily addition
of green fodder in amount 10 and 20 g/chicken from 21% to 49" days of age had no significant effect
on growth and feed conversion ratio in slow growing chickens.

Key Words: green fodder, slow growing chicken, clover, feed conversion ratio

INTRODUCTION

Production of eggs and poultry meat from alternative technologies have increased continuously
due to increasing interest of consumers. They believe that the products from alternative technologies are
of better quality in comparison with the products form intensive technologies. Higher level of animal
welfare in alternative technologies is also very important for consumers (Skiivan 2015).

In the Czech Republic, concerning alternative technologies for poultry meat production, there are
only two systems. One of the alternative system is prolonged fattening period till 49-56 days of ages.
The condition for chickens during prolonged fattening are almost the same as in intensive system
and they are both without free range. Special hybrids with lower growth intensity are used for this kind
of fattening. Only several thousands of chickens are fattened according to organic legislation in Czech.
The lower interest of consumers in organic chickens is caused by very high price of this meat. On the
other hand the demand for certified (Label Rouge, free range) chicken meat has increased in abroad.
Both in France and Great Britain more than 20% of chickens is produced just in these certified systems,
in contrast with organic production. Breeding company also offer a lot of slow growing hybrids
for alternative technologies. Popularity of free range production increases in Germany, the Netherlands
or Hungary too. Anyway the green fodder is only part of the free range (Lorenz et al. 2013). Free range
is positive from the welfare point of view but moreover quality pasture forages can improve sensory
quality of chicken meat (Horsted, Hermansen 2007, Michiels et al. 2014, Ponte et al. 2008, Rodriguez-
Aurrekoetxea et al. 2015). Management how to keep the free range in good condition is very difficult
therefore there are some projects dealing with using green fodder in the poultry houses. Lorenz et al.
(2013) estimated that green fodder could cover about 10-15% of total daily dry matter intake in broilers.
Slow growing chickens have lower nutrient requirements in the diets so they seem to be more suitable
for green fodder feeding.

The aim of the study was to find the effect of green fodder addition to the diet on slow growing
chickens’ performance.
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MATERIAL AND METHODS

Birds

Both sexes (464 chickens) of slow growing meat hybrid Hubbard JA 757 were used
in the experiment. The chickens were divided into two groups with six replications (232 chickens
in each group). Hubbard JA 757 is recommended for prolonged feeding till 42-81 days, usually till 56
days of age.

Housing and feeding

The chickens in each group were divided into six boxes, 40 + 5 chickens in each one. The boxes
were equipped with nipple drinkers with cups, mechanical tube feeders and wood shavings and peat
as litter material. The birds were provided with one hour of darkness following a period of 23h light
during the first week of age and since the second week of age the light regime was changed to 6 hours
of darkness followed by 18 hours of light. The environmental conditions were in accordance with
Ordinance 208/2004 Sh. and 464/2009 Sb.

Starter, BR1 (crumble pellets), was fed till 12 days of ages, grower (BR2 - pellets) was fed from
12 to 35 days of ages and finisher (BR3 - pellets) was fed from 35 to 49 days of age. The composition
of the diets is shown in the Table 1 and the content of nutrients in the diets is shown in the Table 2. Both
the water and feed were available ad libitum.

Table 1 Composition of the diets

[%]
Component
BR1 BR2 BR3

Wheat 36.9 48.4 48.7
Corn 20.0 20.0 20.0
Soybean meal 29.4 15.9 12.6
Soybeans 5.0 4.0 4.0
Rapeseed meal 1.5 15 2.0
DDGS 0 2.5 4.0
Soybean oil 1.3 0 0
Limestone 1.3 1.0 0.9
MCP 1.0 0.7 0.6
Fish meal 1.0 0
Animal fat 0.9 4.1
Lysine 0.4 0.6 0.4
Methionine 0.3 0.3 1.0
NaCl 0.3 0.3 0.3

DDGS = Dried Distillers Grains with Solubles, MCP = monocalcium phosphate

The experimental period, when chickens fed were green fodder, lased from 21% to 49" days
of age. Anyway we submitted the green fodder to the chickens in the experimental group since 12" day
of age to accustom this feed. Since 21 days of age green fodder was daily added to special feeders
to the chickens in the experimental groups in amount 10 g/chicken. From 28 days of age the amount was
20 g/chicken. The experimental group were fed by 114 kg of green fodder in total and it wasn't
calculated in feed conversion ratio.

The green fodder was cut on lawn each second day and it was stored at temperature +4°C.
The high of the vegetation was 10-15 cm. The botanic composition was as following: 38% Trifolium
repens, 10% Lolium perenne, 10% Taraxacum officinale, Poa pratensis 6%, Phleum pratense 6%,
Trifolium pratense 5%, Dactylis glomerata 4%, Plantago lanceolata 4%, Nardus stricta 4%, Bellis
perennis 2%, Ajuga reptans 2%, Medicago lupulina 2%, Glechoma hederacea 1%, Achillea millefolium
2%, Lotus corniculatus 1%, Festuca rubra 1%, Festuca rubra 1%, Festuca arundinacea 1%.
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Table 2 Content of nutrients in the diets

Content nutrients [g.kg™] BR1 BR2 BR3
Crude protein 229.0 180.0 171.7
MEn [MJ] 11.98 12.89 13.13
Fat 55.0 72.2 80.7
Fiber 35.8 34.9 36.2
Lysine 13.7 11.1 9.51
Methionine 6.1 5.2 433
Ca 8.3 6.4 6.0

Na 1.7 1.6 1.6

P 6.58 5.2 5.0

All chickens were weighted 21 and 49" days of age, feed intake and mortality were recorded
and feed conversion ratio (FCR) was calculated for the experimental period.

Data were analyzed by t-test using software package Unistat 5.1 (Unistat Ltd, England).

RESULTS AND DISCUSSION

At the beginning of the experiment, 21% day of age, the live weight of the chickens was 503 g,
total feed consumption till this age was 674 g/chicken, feed conversion ratio was 1.44 kg - kg*
and mortality was 0.98% (Table 3).

Table 1 Chickens performance till 21 days of age

Live weight (g) | Feed consumption (g) FCR Mortality (%)
503 674 1.44 0.98

The results of the experimental period from 21% to 49" days of age are shown in tables 4-7.
The results in both experimental and control groups were very similar or almost the same, there were no
significant differences between the groups. Live weight at the end of the experiment was in experimental
group 2.34 kg and the same in control group 2.34 kg. The average live weight gain was also the same
1.84 kg in both groups. Cumulative feed intake per chicken was 3.40 kg in both groups. The FCR was
the same too, 1.86 kg - kg* (1.861 kg.kg™ experimental group, 1.864 kg - kg control group). Mortality
was 0.43% in experimental group and 0.86% in control group.

Ponte et al. (2008) also published that addition of green fodder to complete diet, fed ad libitum,
had no significant effect on live body weight at 50" day of chickens age, 1.53 kg was the weight
in group fed green fodder and 1.51 kg in control group. Anyway feed conversion ratio from 36" to 64
was positively affected by pasture, 3.85 kg - kg in control group vs 3.65 kg - kg in experimental

group.

All chickens

Table 4 Live body gain (kg/chicken) Table 5 Feed consumption (kg/chicken)
H st _ th H

Parameter Gam- 21° — 49" day Parameter Feeq consumption
Experiment | Control Experiment | Control

Average 1.837 1.835 Average 3.399 3.396

SE 0.0273 0.0397 SE 0.0275 0.0500

Vi« (%) 3.64 5.30 Vx (%) 1.98 3.61

Significance NS Significance NS

NS§>0.05 NS >0.05

Skiivan (2015) also reported positive effect of pasture on FCR. In his experiment, pasture
decreased FCR till 42™ day of age in hybrid Ross 308 from 1.85 kg - kg to 1.80 kg - kg™. He also
observed lower mortality from 0.96% in control group to zero in experimental group. On the other hand,
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Sun et al. (2014) evaluated the effect of pasture on live weight and they found lower live body weight
in chickens on pasture in comparison with live body weight of chickens without pasture 2.21 vs. 2.63

kg.

Table 6 Feed conversion ratio (kg - kg™)

Table 7 Mortality from 21% to 49" day of age (%)

FCR Parameter Experiment Control
Parameter - -
Experiment | Control Mortality 0.43 0.86
Average 1.842 1.8464
SE 0.0295 0.0251
Vi (%) 2.95 3.33
Significance NS
NS >0.05
CONCLUSION

The addition of green fodder to the complete diets in amount 10 g/chicken and consequently 20
g/chicken from 21% to 49" days of age had no significant effect on both live body gain and feed
conversion ratio during the experimental period. Live weight at the end of experiment was the same
in both groups too.
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Abstract: Plants produce a wide range of organic compounds including tannins, organic acids, essential
oils and micronutrients, which can inhibit growth, reproduction and other life processes. These
compounds can be found in various plants. Extracts from plants can be used for food preservation
and for human or animal healing. In this study the effect of ethanolic extract of Cannabis sativa L.,
Silypum marianum and Hippophae rhamnoides was tested on Escherichia coli (CCM 7929),
Enterococcus faecalis (CCM 4224), Lactobacillus rhamnosus (CCM 1828) and Candida tropicalis
(CCM 8223). Antimicrobial activity was tested by disc diffusion method.

Key Words: microorganisms, ethanolic herbal extract

INTRODUCTION

Human population growth with its effects on the environment over the past million years has
resulted in the emergence of infectious diseases. The discovery of antibiotics during the 20™ century
coupled with significant advances in antimicrobial drug development improved human health through
improved treatment of infections. Even though pharmacological industries have produced a number
of new antibiotics in the last years, resistance to these drugs by microorganisms has increased.
In general, bacteria have the genetic ability to transmit and acquire resistance to drugs, which are utilized
as therapeutic agent (Cohen 1992, Aminov 2010). The problem of microbial resistance is growing
and the outlook for the use of antimicrobial drugs in the future is still uncertain. Therefore, actions must
be taken to reduce this problem, for example, to control the use of antibiotic, developing research
to better understand the genetic mechanisms of resistance, and to continue studies to develop new drugs,
either synthetic or natural (Nascimento et al. 2000). The ultimate goal is to offer appropriate and efficient
antimicrobial drugs to the patient. This has significantly limited the efficacy of antibiotics, warranting
alternative strategies to combat microbial infections. Bacterial illnesses are orchestrated by means
of an array of virulence factors that facilitate various aspects of their pathophysiology critical for disease
in the host (Furuya, Lowy 2006, Falkow 1991) These include adhesins and membrane proteins that
mediate bacterial attachment, colonization, and invasion of host cells. In addition, microbial toxins cause
host tissue damage, and bacterial cell wall components such as capsular polysaccharide confer resistance
against host immune system (Wu et al. 2008).

Hence, more studies pertaining to the use of plants as therapeutic agents. The objective of this
study was to evaluate the potential of plant extracts on standard microorganism strains.

MATERIAL AND METHODS

In this study, antimicrobial activity of herbal ethanolic extracts was tested by disc diffusion
method on the following microorganisms: Escherichia coli (CCM 7929), Enterococcus faecalis
(CCM 4224), Lactobacillus rhamnosus (CCM 1828) and Candida tropicalis (CCM 8223). These
microorganisms were used as a pure cultures from Czech collection of microorganisms. Suspensions
of density 1 McF were prepared from 24 hours culture of each bacterium. Herbal ethanolic extracts were
prepared from dry and mashed plants Cannabis sativa L., Silybum marianum and Hippophae
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rhamnoides. Herbs were weight out and mixed with 50% ethanol. Our extracts had concentration
of 50%, 25% and 10%. Suspensions of bacterium Escherichia coli, Enterococcus faecalis and Candida
tropicalis was inoculated on Petri dishes with PCA agar (Biokar diagnostics, France). Suspension
of Lactobacillus rhamnosus was inoculated on Petri dishes with MRS agar (Biokar diagnostics, France).
Sterile paper discs of 9 mm diameter were impregnated with 30 ul of ethanolic extract and placed onto
a medium with inoculated bacterium. On each Petri dish, three discs were placed. All variants
with bacteria and extracts were performed in triplicate. Prepared Petri dishes were placed in a thermostat
at 30°C. Zones of inhibition were twice evaluated by a ruler, after 24 hours and 48 hours. Pure culture
of each microorganism were used as control tools.

RESULTS AND DISCUSSION

The average values of diameters of zones of inhibition in mm are stated in Table 1 (after 24 hours)
and Table 2 (after 48 hours). If diameter was 9.00 mm, the extract did not exhibit
any antimicrobial activity, because 9.00 mm is the diameter of used paper disc.

Table 1 Diameters of inhibitory zones after 24 hours in mm

T}lppophdae Silybum marianum Cannabis sativa L.
Microorganism rhamnoices
50% | 25% | 10% 50% 25% 10% 50% | 25% 10%
9 9 9 9 9 10 11 9 9
Escherichia coli 9 9 9 9 9 11 10 9 10
9 9 9 9 9 10 9 10 10
Enterococcus 9 % % 10 1 12 J % J
taecalis 9 9 9 10 9 10 9 9 9
9 9 9 15 9 12 9 9 9
9 9 9 9 9 9 9 9 9
Candida tropicalis | 9 9 9 9 9 9 9 9 9
9 9 9 9 9 9 9 9 9
Lactobacillus 9 J J J 10 10 J J J
rhamnosus 9 J J J 9 J J J J
9 9 9 9 9 9 9 9 9

After 24 hours of incubation is the most effective Silybum marianum extract. It is very effective
against Enterococcus faecalis in each concentration. The inhibitory effect of Silybum marianum is
observed in 10% concentration against Escherichia coli and Lactobacillus rhamnosus. Quite effective
is Cannabis sativa L."s extract also. Antimicrobial effect against Escherichia coli (each of concentration)
was demonstrated. The other strains were resistant. Extract from Hippophae rhamnoides was evaluated
as inefficient. After 48 hours of incubation was confirmed trend, that most effective is extract from
Silybum marianum. Some of inhibitory zones were smaller than in 1% observation, but this extract is still
most effective. We determined inhibitory effect against all of microorganisms: Enterococcus faecalis
and Lactobacillus rhamnosus (in all concentration), Escherichia coli (10%), Candida tropicalis (25%).
As the 2" more effective ethanolic extract was shown Hippophae rhamnoides. It was effective against
Lactobacillus rhamnosus in all concentration. Against Candida tropicalis was effective in higher
concentration (50%). Medium concentration (25%) of this herb was efficient against Enterococcus
faecalis. Escherichia coli was resistant against Hippophae rhamnoides. The less efficient was Cannabis
sativa L. extract. It was effective against Lactobacillus rhamnosus in all concentration. One zone
of inhibitory (12 mm) was observed in 50% concentration by Escherichia coli. Enterococcus faecalis
and Candida tropicalis were resistant in all concentration.
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Table 2 Diameters of inhibitory zones after 48 hours in mm

Hlppop_hae Silybum marianum Cannabis sativa L.
Microorganism rhamnoides
50% | 25% | 10% 50% 25% 10% 50% | 25% 10%
9 9 9 9 9 10 9 9 9
Escherichia coli 9 9 9 9 9 11 10 9 9
9 9 9 9 9 9 9 9 9
EN{erococeUs 9 10 9 10 10 12 9 9 9
taecalis 9 9 9 11 9 10 9 9 9
9 9 9 10 9 11 9 9 9
13 9 9 10 9 9 9 9 9
Candida tropicalis 9 9 9 9 9 9 9 9
9 9 9 9 9 9 9 9
L actobacillus 14 10 11 10 10 10 12 10 10
FhaMNoSUS 10 11 11 10 12 11 14 10 10
10 10 9 11 9 12 11 10 9

Anecdotal evidence and the traditional use of plants as medicines provide the basis for indicating
which essential oils and plant extracts may be useful for medical conditions. Historically, many plant
oils and extracts have been used as topical antiseptics, or have been reported to have antimicrobial
properties. According to Nissen et al. (2010) Cannabis sativa L. exhibited good antimicrobial activities
expressed as minimum inhibitory concentrations (2.00% v/v) against gram-positive and gram-negative
bacterium. The present results show promising inhibitory activities of Cannabis sativa L. against gram-
positive opportunistic/pathogens such as Clostridium spp. and Enterococcus spp. (Sturm et al. 1980,
McFarland 2006). The antimicrobial effect of chive against Escherichia coli and yeast (Pichia
membranaefaciens CCRC 20859) has been also reported (Mau et al. 2001). According to Dostalova et
al. (2014) parsley in concentration 1:10 and 1:15 expressed strong antimicrobial activity against
Escherichia coli. Extracts of Acacia nilotica, Cinnamum zeylanicum and Syzygium aromaticum showed
the most potent activity against all of the microorganisms studied. Enterococcus faecalis
and Escherichia coli strains were found to be sensitive to extracts of Acacia nilotica, Cinnamum
zeylanicum and Syzygium aromaticum (Khan et al. 2009). According to Parekh and Chanda (2006) none
of the extracts except the ethanolic extract of Launaea procumbens Roxb. exhibited anticandidal activity
against Candida tropicalis. Candida sp. was resistant to the extract of Convolvus althaeoides, it was
affected by extract of Convolvus arvensis at extract amounts (200 and 150 mg.ml2). This could be due
to the genetic variations between the two species or higher concentration of extract need to be used.
The lowest concentration (50 mg.ml?) of Anthemis pseudocotula and Artemisia heba-alba showed no
antimicrobial activity against the growth of Candida sp (Hassawi, Kharma 2006). It has been
documented that garlic extracts exert a differential inhibition between beneficial intestinal microflora
and potentially harmful enterobacteria (Rees et al. 1993). Inhibition observed in Escherichia coli was
more than 10 times greater than that seen in Lactobacillus sp. for the same garlic dose (Skyrme 1997).

CONCLUSION

Some herbs tested in our experiment could be used for animal treatment or as a food or forage
preservating. Using of herbs is very important by medicine preparing or for food lifetime extension,
because microorganisms cannot develop resistance to their effective compounds. In the future, we plan
to test the other herbs against another microorganisms strain.
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Abstract: The aim of this study is to evaluate the effect of different intensities of fertilization on the
species composition of the grassland on the experimental area of Kameni¢ky. The evaluated factors
were in the range of the intensity of fertilizer. It means the unfertilized level, PK, N90+PK
and N180+PK. The unfertilized crops do not always show high species diversity. The highest
and balanced species diversity was assessed in the crops with PK fertilization while the lowest one was
found out in the grassland fertilized with N90+PK during these years. The proportion of grass, compared
to the unfertilized variant, was the most increased (P<0.05) in the variant of N90+PK (60.3%) at the
expense of other herbs (33.7%). The PK fertilizer (14.8%) significantly (P<0.05) increased the
development of legumes in the grassland.

Key Words: permanent grassland, species composition, diversity, grass quality of grassland

INTRODUCTION

The grassland is defined as a multispecies community consisting of three basic components. It is
a component of grass (Poaceae family - Poaceae), Viciaceae (Viciaceae) and herbal. Dicotyledonous
species of short-term to permanent create the component, which are the second widespread grassland
on the planet proving a number of production and non-production functions. Without long-term insertion
of the additional energy in the form of mowing and grazing, the original forest vegetations would not
be stable. Permanent grassland exists in the so-called absolute habitat at which the adverse
environmental conditions prevent the cultivation of crops (Hrabé, Buchgraber 2004, Urban, Sarapatka
2003).

The species composition of the grassland is highly dependent on the management method. It has
been proved that diversity decreases with the increasing productivity. The application of organic
fertilizers, the proportion of herbs, and an incorrect application cause other adverse effects on
biodiversity. The decrease of species diversity of grassland has a direct impact on reducing species
diversity of fauna (Urban, Sarapatka 2003).

With a decrease of cattle in 2006, a degradation of the management and the use of permanent
grassland happened. From an economic point of view, it is important to perform a proper management.
Green forage of permanent grassland is a relatively cheap feed. In the ecological terms, grassland
provides the best protection against the erosion and leaching. Grassland management also has an impact
on the number of species (Kohoutek et al. 2007, Gaisler et al. 2004).

Industrial fertilizers provide nutrition and reduce the deficit of nutrients in the soil losing them
by high harvests of crops. World consumption of pure nutrients (N, P.Os, K,0) in mineral fertilizers
increases from 1.7 mil. of tonnes to 111.7 mil. of tonnes from 1900 to 1980. Grasslands are effectively
able to use high doses of nutrients. For this reason, they are highly valued in the protection of water
sources. In the conditions of the Czech Republic, a low content of the acceptable phosphorus and higher
potassium content are in the soils (Urban, Sarapatka 2003, Havelka 1984).

The most important nutrients are N, P, K, Ca and Mg for the formation and quality of the fodder.
Nitrogen is a critical nutrient for yield. Permanent grassland, which is unfertilized with the mineral
or organic fertilizers approximately reach the hay yield from 3to 4.5t - ha. NPK fertilizer can increase
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from 2 to 3 times the forage yield of dry matter. Permanent grasslands reacts better to the fertilizer
treatment than fields left fallow (Hrab¢&, Buchgraber 2004, Laies, Moisuc 2009).

The nitrogen is present from 98 to 99% in the organic form in the soil. It is the inaccessible form
for plants. The remaining of 1-2% are in the soil in the form of ammonium and nitrate ions, which are
available for plants. Organic nitrogen is partially released by the microorganisms mineralization,
immobilization, denitrification and fixation of atmospheric nitrogen for plants. Symbiotic bacteria are
capable to store up to 3 kg.ha of N in the 1% of legume representation in the grassland by fixing
of the atmospheric nitrogen. The air precipitations supply approximately 10 kg - ha® of N per year.
The decomposition of organic matter is supplied up to 30 kg - ha* of N per year. Nitrogen fertilization
change the qualitative composition of the forage. With a balanced fertilizer of P and K, the content
of nitrogen substances and digestibility of dry matter are increased. In the excessive doses of N, solids
content and water-soluble sugars are reduced. Fiber content is increased and the palatability of forage
was reduced followed by the increase of the content of the nitrogen fraction of NO3-N or PDIN and it
can be worsen the course of the fermentation process in silage. An indirect effect of nitrogen is to reduce
the proportion of legumes in the grassland and thereby supports the growth of grasses and herbs (Hrabé,
Buchgraber 2004, Urban, Sarapatka 2003).

Phosphorus fertilization affects not only the P content in the forage but also its mutual relationship
with calcium. It supports the development of legumes and improves the taste and quality of forage.
The changes in species composition are negligible at first, then increased having long-term duration
in the use of phosphorus fertilizing. The importance of potassium is to transfer energy - ADP, ATP. It
is a nutrient proving a high retention in the soil and limited danger of leaching losses. Phosphorus is
mostly bound in the form of organic compound in the grassland. Its usefulness is dependent on soil pH.
In acidic soils, plants usefulness is lower because of forming insoluble ferric and aluminum phosphates.
The phosphorus content varies according to the proportion of grass or herbal ingredients in the fodder.
Other factors, affecting phosphorus content in the forage, are the stage of plant growth and seasons.
More important factor than the phosphorus content is the ratio between the Ca: P in forages. In lactating
dairy cows, it should be from 1.5 to 2:1(Urban, garapatka 2003, Havelka 1984, Hrab¢, Buchgraber
2004).

MATERIALS AND METHODS

Plot

The experimental plot of the Department of Animal Nutrition and Forage Production at Mendel
University is called Kamenicky located in Ceskomoravska vrchovina (CHKO- protected landscape area,
Zdarské vrchy) in the land register of Kamenicky village. The experimental plot lies at an altitude
of 650 m, on the south-facing slope with an inclination of 3°. Soil type is classified as pseudogley, sandy
soils to loamy. The average annual precipitation was of 785 mm and the average annual temperature
was of 6.7°C in the same period (Nawrath et al. 2013).

Experimental organization

Small-plot trial with four replications was established in 1992. The size of each parcel was 1.5 x
10m. The test factor was the level of fertilization, which means the unfertilized level, PK (30 kg - ha'
of P and 60 kg - ha! of K), N90+PK (90 kg - ha* of N, 30 kg - ha* of P, 60 kg - ha* of K) a N180+PK
(180 kg - ha' of N, 30 kg - ha of P, 60 kg - ha? of K). Fertilizers used for to nutrients supply were
ammonium nitrate (27% N), potassium salt (60% K-O) and hyperkorn (26% P,Os). Nitrogen was
applied in two doses - 2/3 in the spring and 1/3 after the first mowing. Potassium and phosphoric
fertilizers were applied in the spring. The harvest takes place three times - in early June, early August
and early October (Nawrath et al. 2013).

Proportion of agrobotanical groups

The proportion of agrobotanical groups was determined in all three mowings. The samples were
taken from the above-ground phytomass area of 0.5 m?. The samples were divided into clover, grasses
and other herbs, than dried at 60°C, weighed and calculated to a percentage of each agrobotanical group
of the harvested forage (Rychnovska 1987).
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Hill's diversity index N2

Species diversity (variety) of community is dependent on the species richness but the number
of species is not sufficient. For a better expression, it is preferable to calculate the ratio of the number
of species to the number of individuals (Sramek et al. 2001). The Hill's diversity index is used for its
simplicity in practice and is calculated according to the formula

N, = (Yxi)*/ Y.(xi?), where . = Sum;  X; = projective dominance i- th species in grassland [%]
It is in the range of values from 1 to 100, where 100 is only theoretical value and 1 indicates a

pure monoculture. In Central Europe, the richest communities reach a value of N, from 40 to 50 (Jurko
1990, Spellerberg 1995).

Hill's index was assessed only on the first mowing without repetition in our experiment.

Statistical evaluation

For the processing and evaluation of the results, Microsoft Office Excel version 2007 was used.
The data were put into the tables from which were subsequently created the graphs of average values.
Statistical evaluation was performed in Statistica CZ 12 using multi-factor analysis of variance
(ANOVA) followed by Tukey test.

RESULTS AND DISCUSSION

Proportion of agrobotanical groups

In the grassland, the proportion of agrobotanical groups, depending on the intensity
of fertilization, ranged from 37.5 to 60.3% of the grass, from 1.0 to 14.8% of the clover and from 33.7
to 55.6% of other herbs (Table 1).

Raus et al. (2013) observed in their experiment that grasses accounted for an average of 46%
in crops. Novak (2004) gives the average proportion of grass of 38.3% in the meadow community, which
corresponds with our results. Stybnarova, Hakl (2011) found out that the proportion of grass was the
largest in the variant N180+PK (80%) in the crops, the least proportion was observed in the unfertilized
variants, and in PK variants, it was identically reached of 55%. Velich (1996) in his publication states
that the proportion of grasses formed 55% in unfertilized crops and at an intensity of N200+PK fertilizer,
it was up to 90%. These high values can be attributed to the different intensity of fertilization
(200 kg - ha of N).

Novéak (2004) indicates the proportion of clover was up to 13.2% in a meadow vegetation.
Stybnarova, Hakl (2011) describe that the proportion of legumes in the grassland was low up to 2%
in the variations of N90+PK and N180+PK. In the fertilized variant, it was up to 3% and up to 6% was
in the PK variant. Velich (1996) shows in his work that the proportion of legumes was up to 12%
in the fertilized crop and in a PK variant, it was even up to 21%. The fertilization of phosphosilicate-
potassium fertilizers significantly promotes the development of legumes in the grassland. Nitrogen
fertilizers resulted in the retreat of legumes.

Stybnarova, Hakl (2011) reported that the proportion of other dicotyledonous plants decreases
with higher intensity of fertilization. In the unfertilized variant, the representation of 42% of the other
herbs was evaluated in the grassland, in the variant of N180+PK was only up to 18%. According to
Velich (1996), other herbs consist of 30% of the meadow grassland with the fertilization of 60 kg - ha*
of N + PK, with higher fertilization rate of (N200+PK), this proportion decreases up to 9%.

The retreat of other dicotyledonous species is not a damage. A large part of them is not
an important feed and can reduce the quality of the entire crop. Phosphorus fertilization increases the

proportion of legumes in the grassland at the expense of other dicotyledonous herbs (Mrkvicka, Vesela
2001).

Hill's diversity index N

The values of Hill's diversity index N, were in the wide range from 4.24 to 11.55 (low to high
species diversity) in all vegetation. The variants of N90+PK and N180+PK prove medium to low species
diversity (in 2. and 3. year). The PK variant achieves medium to high species diversity, and in 2. year
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(upt0 10.19), in 3. year (up to 10.18) and in 5. year (up to 11.55). The unfertilized variant predominates
medium species diversity, and between 2. and 5. year, even high species diversity was observed.
Nawrath et al. (2013) reported in his experiment that the highest species diversity reached (up to 8.4) in
the grassland fertilized with phosphorus and potassium. Crops, fertilized with nitrogen (N90+PK,
N180+PK), showed significantly reduced species diversity up to 2.5. The deterioration of species
diversity can also be caused by the improper use of nitrogenous fertilizers (Mrkvicka, Vesela 2001).

Table 2 shows the change in species diversity N, among the fertilization variants from 1. to 5.
year. In the unfertilized variant, a reduction in species diversity can be seen from 2. to 4. year. This
decrease can be explained by higher proportion of sedge vegetation, which was developed in the
grassland in the dependence on higher temperatures and lower rainfall in the springs from 2. to 4. year.

The comparison of the values of generic diversities of the individual variants of fertilization
between each other can be seen in the PK variant, which shows N, almost always higher than in other
variants. The highest value of N, (up to 11.55) was determined in PK variations in year 5.

From the mentioned results, it can be indicated that the unfertilised grassland does not always
prove the highest species diversity as stated in the available literature. Species diversity is also greatly
affected by climatic conditions - rainfall and temperature.

Table 1 Effect of fertilization on proportion of agrobotanical groups (the average) (Kamenicky)

Treatment Grasses (%) Clovers (%) Other herbs (%)
Unfertilized 40.32 4.1% 55.62
PK 37.52 14.8° 47.8®
N90+PK 60.3° 6.0° 33.7°
N180+PK 59.6° 1.0° 39.40¢

Different letters in the columns indicate statistically significant differences at a level of p<0.05

Table 2 Hill diversity index of N2 of individual variants of fertilization (Kamenicky)

Year Unfertilized PK N90+PK N180+PK
1 8.82 7.77 6.69 6.32
2 1111 10.19 4.24 8.31
3 7.44 10.18 6.51 4.30
4 6.54 9.24 7.80 7.51
5 11.04 11.55 6.19 8.04
CONCLUSION

The agrobotanical proportion of component in grassland varies on the intensity of fertilization.
The fertilized crops with nitrogen show significantly higher proportion of grasses (up to 59.6%) than
the unfertilized crops (up to 40.3%). Conversely, the proportion of clovers decreases in the use
of nitrogen fertilizers to a minimum (up to 1.0%) compared to the unfertilized grassland (up to 4.1%),
as well as other herbs representation decreases from 55.6% to 39.4%. The fertilization
of phosphosilicate-potassium fertilizer has a positive impact on the representation of legumes in the
grassland up to 14.8%. With a regard to a fiber content, NL a NEL appear to be as the most valuable
fodder crops fertilized with phosphorus and potassium in Kamenic¢ky experimental plot.

The fertilizing of grassland is needed to ensure the production of high-quality forage. Fertilized
crops are indeed richer, but in terms of the feed, are not suitable for nutrition of high productive animals.
They can be recommended in the areas with higher requirements for non-production functions, and for
the extensive use such as grazing of less demanding cattle breeds.
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Abstract: The aim of this work was evaluate the effect of different intensity fertilization on grassland
quality and basic nutrition characteristics (dry matter, fiber, nitrogenous substances, carbohydrates, ash
and NEL). The monitored grass stands are situated in the BohemianMoravian Highlands. The
fertilization with degree unfertilization is the test factor, PK fertilized, fertilized N90+PK and fertilized
N180+PK. There was monitored the grassland quality and basic NIRS parameters. The grassland quality
increased with the level of fertilization. The grassland quality was lowest in unfertilized variants
(average 22.50), nitrogen fertilization proven its value increases (average 59.65). As a feed crop was the
best PK, with regard to the content of NEL (5.5 MJ - kg?), fiber (204.9 g - kg?), carbohydrates
(53.4 ¢ - kg?) and NL (149.3 g - kg?).

Key Words: Permanent grassland, grassland quality, NIRS, fertilization

INTRODUCTION

The grassland is defined as a multispecies community, which consists of three basic components
— grass Poaceae, Viciaceae and herbal. The grassland is the second most widespread vegetation cover
on the planet. The grassland is characterized production and non-production functions. The grassland
are stable due long — term inserting additional energy as moving and grazing. The permanent grassland
are on the absolute sites. They are the sites, on which adverse environmental conditions don’t allow
cultivation field crops (Hrab¢, Buchgraber 2004, Urban, Sarapatka 2003).

Deterioration of management and use grasslands has been with the decline in castle in 2006.
Green forage from grasslands is relatively cheap feed from an economic viewpoint. The meadows and
pastures provide the best protection before erosion and leaching in terms of ecological. Grassland
management also has got effect on the number of species in the growth (Kohoutek et al. 2007, Gaisler
etal. 2004). Grasslands are able to effectively use high doses of nutrients. The grasslands are very valued
in the area protection of water resources. The low content acceptable phosphorus and conversely higher
content potassium (Urban, Sarapatka 2003, Havelka 1984).

N, P, K, Ca and Mg are the most important nutrients for the formation and quality of the fodder.
The nitrogen is critical yield sequestering nutrient. The unfertilized permanent grasslands reach yield
hay 3-4.5 ha - t*. The fertilizer NPK can increase yield dry matter forage until 2-3 times. Permanent
grasslands react on the treatment fertilizers better than field left fallow (Hrabe, Buchgraber 2004, Laies,
Moisuc 2009).

The nitrogen is present in the organic form in the soil from 98-99%. Symbiotic bacteria can store
until 3kg - ha N fixation of atmospheric nitrogen. Nitrogen is deliveres 10 kg - ha per year deductions
from the air. Nitrogen fertilization changing the qualitative composition forage. Content and digestibility
nitrogenous substances in dry matter increase with a balanced fertilizer P and K. Content dry matter
and soluble decreases with excessive doses nitrogen (Hrab&, Buchgraber 2004, Urban, Sarapatka 2003).
Fertilization phosphorus affects content P in forage, improves the taste and quality of forage.
The importance of potassium is the transfer of energy — ADP, ATP. Phosphorus is bound mostly
in the form of organic compounds in grasslands. Usefulness phosphorus is dependent on soil pH.
The mutual ratio Ca:P is more important than content phosphorus in forages. The mutual ratio Ca:P
for milk cow should be 1.5-2:1 (Urban, Sarapatka 2003, Havelka 1984, Hrab&, Buchgraber 2004).
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Collected samples use to determine the quality of the phytomass. Samples were determined dry
matter at 60°C, then were determined laboratory content fiber, nitrogenous substances, fat, ash
and minerals (Ca, P, Na, K, Mg, Fe, Cu, Zn). The nitrogen — free substances process colors is determined
by calculating, BE, ME, NEL, NEV, PDIN a PDIE is calculating using regression equations. Organic
matter digestibility was determined using methods TILLEY and TERRY or is derived based on the
NIRS method. The determination of concentrations NEL in forage permanent grassland replaces earlier
used starch unit. The aging process fodder characterizes increasing content fiber in relation to the
phenological. Fertilization NPK is reflected to the content nitrogen substances. Concentration nitrogen
substances decreases aging stand opposite than the fiber. Content nitrate nitrogen in the crop increase
with high doses nitrogen fertilization — 0.3 % N-NOz3 is considered for toxic border (Hrab¢&, Buchgraber
2004, Vesely et al. 2011, Urban, Sarapatka 2003, Havelka 1984).

MATERIAL AND METHODS

The experimental area

The experimental area of the Department of Animal Nutrition and Forage Mendel University is
located in the BohemianMoravian Highlands, in the land Kamenicky. Station lies at an altitude of 650
m, on the south-facing slope with an inclination of 3°. Soil type is classified as pseudogley, soil is sandy
to loamy. Average annual precipitation was 785 mm, average annual temperature in the samee period
was 6.7°C (Nawrath et al. 2013).

The experimental arrangement

The small — plot experiment was established in 1992 with four replications. The size of each
parcel is 1.5x10 m. The fertilization with degree unfertilization is the test factor, PK (30 kg - ha' P
and 60 kg - ha'l K), N90+PK (90 kg-ha® N, 30 kg-ha! P, 60 kg-ha'! K) and N 180+PK
(180 kg - ha® N, 30 kg - ha P, 60 kg - ha! K). Nitrogen was applied in two doses — 2/3 and 1/3 of the
spring after the first mowing. Potassium and phosphoric fertilizers were applied in the spring.
The harvesting took place in three deadlines in early June, early August and early October (Nawrath et
al. 2013).

Quality grassland EGQ

The water content, chemical composition (fat, carbohydrates, lipids), the content of toxic
substances and essential oils, vitamins, odor, morphological structure, digestibility, palatability
and other effects decides the feeding value of each species. Feed indexes of individual species include
in the fresh state and may vary depending on the excess or deficiency of nutrients, humidity, etc. EGQ
reaches values of -50 to 100 — toxic to highly valuable (Novak 2004, Jurko 1990).

The average basic nutrition characteristics (dry matter, fiber, nitrogenous substances,
carbohydrate, ash and NEL) were determined method NIRS.

Statistical evaluation

Microsoft Office Excel 2007 was used for processing and evaluation of the results. The data was
entered into the tables from which they were subsequently created graphs of average values. Statistical
evaluation was performed in Statistica CZ 10 method multi-factor analysis of variance ANOVA
followed by Tukey test testing.

RESULTS AND DISCUSSION

Grassland quality EGQ

The values quality grasslands moved in variants of fertilizations from 18.40 to 64.61 (Table 1).
This corresponds vegetation worthless and very little valuable to less valued and valuable. Novak (2004)
reached similar results, which in his work shows that the average value EGQ meadow vegetation was
59.8 with representation 35 species. ECQ decreased variants PK, N90+PK and N 180+PK between year
3 and 4. Slight increase is possible to observe in variant unfertilizied. The reduce quality is caused
development of species with low or negative value feed-bulrush, buttercup yellow — gold and sedge.
The quality unfertilized grassland ranges from 18.4 to 25.5, that is worthless to less valuable crop. The
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very few valuable to less valuable vegetation prevails the variant PK in recent years. The change quality
vegetation less valuable tu valuable was observed in year 1and 3. The growth fertilization N90+PK was
classified as less valuable up valuable in each years. The reducing the quality of the grasslands there up
to EGQ =48.17 in year 4. Mrkvicka, Vesela (2001) states that although nitrogen fertilizer demonstrable
increases quality forage. Incorrect application can result in reduces quality and falatibility of forage.
Low values EGQ in variants unfertilized and PK is attributable to a higher proportion of buttercups in
rapid growth.

Novak (2004) in his work shows that grass and clover, which represent a major component
of vegetation with a high feed values, accounted for only 52% of the total share. The reducing
the representation of other herbs in the stand can significantly affect the quality of the grass.

Table 1 The grassland quality (EGQ) of individual variants of fertilization (Kamenicky)

Year Unfertilized PK N90+PK N180+PK
1. 23.96 56.92 64.61 57.91
2. 18.40 37.73 63.10 45.41
3. 20.94 50.54 58.55 55.34
4. 23.71 39.66 48.17 45.49
5. 25.50 38.85 63.82 47.20

The nutritional characteristics

The values of fiber indicated in Table 2 ranged from 204.9-223.2 g - kg™. According Hrabg,
Buchgraber (2004) is high fiber typical for vegetation heavily fertilization. The fiber reached in our
experiment the highest (P<0.05) values in variant N180+PK. This confirms their claims. Kohoutek
et al. (2007) say, that the fiber of the forage decreases with increasing proportion of legumes in the
vegetation. The clover in crop PK reached the highest proportion. This is confirmed by our results.

The content nitrogenous substances in the forage value reached 133.7-149.3 g.kg. Hrabg,
Buchgraber (2004) say that fertilization nitrogen fertilizes increases content nitrogen substances in the
forage. Unfertilized growth and growth N180+PK reached similar values (Table 2). It doesn’t match
previous statements. Those results are statistically insignificant.

Table 2 Effect of fertilization on basic nutrition characteristics growth — NIRS (Kamenicky)

Fiber NL Carbohydrates Ash NEL

Treatment [9 - kg] [9 - kg] [9 - kg] [9 - kg] [MJ - kg”]
Unfertilized 209.4 2 137.22 53.12 114.9 % 56°
PK 20492 149.3° 53442 120.2° 55%
N90+PK 214.6% 133.72 5752 118.2 552
N180+PK 223.2° 135.7 2 63.3° 114.1# 5.3°

Different letters in the columns indicate statistically significant differences at a level of P<0.05

Concentration NEL in forage was ranged of values from 5.3 to 5.6 MJ - kg?, when lowest values
(P<0.05) reached vegetation N180+PK. Pozdisek et al. (2008) reported, that optimum function rumen
can be use dat a ratio of 130 g nitrogenous substances and 5.9 MJ NEL. Unfertilized vegetations is much
closer this ratio according to Table 2. Their feeding is useful only in areas where there is an emphasis
on quality (Table 1).

CONCLUSION

The quality grasslands with the increasing intensity of fertilization also increased. The growth
N90+PK (61.57 — less valuable to valuable growth), reached the highest value. The unfertilized growth
reached the lowest value (24.76 — worthless and very little valuable growth). The content fiber of the
forage increase with increasing intensity of fertilization, conversely concentration NEL decreases.
With regard to the fiber content, NL and NEL Kameni¢ky station to appear as the most valuable fodder
crops fertilized only phosphorus and potassium.
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Fertilizing grassland is needed to ensure the production of high-quality forage. Unfertilized
vegetation are indeed richer, but in terms of the feed are not suitable for nutrition high productive
animals. They can be recommended in areas with higher requirements for non — production functions,
and extensive use such as grazing cattle breeds less demanding.
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Abstract: The aim of this study was to determine the influence of lower doses of calcium
and magnesium in the diet on performance parameters of broiler chickens. The purpose of the research
is reduction of Ca and Mg contents in premixes. Calcium was supplemented using CaCOs
and magnesium by MgSO4. The basal diet contains 2.33 g Ca and 1.58 g Mg per kilogram. Control
group received feed mixture with added CaCOs in dose of 19.485 g - kgtand 0.407 g - kg* of MgSO4.
Three experimental groups contain added CaCOg; in dose of 11.832 g - kg?! and 0 g - kg MgSOy;
CaC0;5 11.832 ¢ - kgtand 0.407 g - kgt MgSQO4; CaC0319.485¢g - kgtand 0 g - kgt MgSQO4 (groups
Expl; Exp2; Exp3, respectively). In the trial feed intake and live weight of chickens were monitored.
The experiment was conducted from day 11 to day 36 of chickens age. At the end of trial experimental
animals were weighed and slaughtered. Feathers were removed and chickens were eviscerated. Carcass
yield was calculated. Selected chickens were deboned and breast muscle and leg muscle were weighed.
Subsequently, these values were calculated by the percentage of live weight of breast and leg muscle.
Dose reduction of Ca and Mg in the feed ration had no negative influence on the monitored parameters
in broiler fattening. Comparison of the results with the control group did not show worsening parameters
of fattening. Differences between groups in performance parameters were not significant (P>0.05).

Key Words: calcium, magnesium, carcass yield, poultry nutrition

INTRODUCTION

Minerals such as calcium, phosphorus and magnesium have important biological functions
and must be provided in adequate amounts in poultry diets (Blair 2008). After hatching the broiler
skeleton is poorly mineralized. The highest intensity of growth of skeletal tissue occurs the first 2 weeks
after chickens hatched (Angel 2007). The requirement to calcium is highest early in life, when the
fractional growth rate is highest, and decreases as adult body weight is reached (NRC 1994).
Recommended nutrient content by Zelenka et al. (2007) indicates the delivered amount of calcium
and magnesium in feed mixtures for fattening chickens 9 g - kg? of calcium and 0.5 g- kg*
of magnesium. Approximately 90% of calcium and 60-70% of magnesium in the body is represented
in the skeleton (Suttle 2010). Calcium is an essential nutrient for many biochemical processes,
the strength and integrity of the skeletal tissues. Calcium deficiency can lead to skeletal deformations
rickets and tibial dyschondroplasia, fractures and neural weakness (Abdollahi 2015). Magnesium has
the basic functions in the cell metabolism and bone development (Shastak, Rodehutscord 2015).
Magnesium deficiency in growing poultry is characterised by poor growth and feathering,
incoordination, convulsive attacks, coma, and death. In laying hens, symptoms include reduced egg
production, hypomagnesemia, decreased feed consumption, nervous tremors, and seizures (Morii 2007).
Yang et al. (2012) reported that dietary MgSO4 supplementation significantly prevented heat stress-
induced oxidative damage and improved growth performance in broilers compared with that
of control because of restoration of the activity of anti-oxidative enzymes.
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The aim of this study was to determine the influence of lower doses of calcium and magnesium
in the diet on performance parameters of broiler chickens. The purpose of the research is reduction
of Ca and Mg contents in premixes.

MATERIAL AND METHOD

An experiment was performed with cockerels of Ross 308 hybrid (n = 120) which were fattened
in cage batteries from day 11" to 36" day of age. Cockerels were divided into 4 groups in four
replications. It was determined contain of Ca and Mg in the feed components and subsequently was
balanced to the desired values. The basal diet contains 2.33 g Ca and 1.58 g Mg per kilogram.
The composition of the basal diet is shown in Table 2.

Calcium was completed using CaCO3 and magnesium by MgSOa4. Control group received feed
mixture with added CaCOs in dose of 19.485 g - kg* and 0.407 g - kg™ of MgSQ,. Three experimental
groups contain added CaCOs in dose of 11.832 g - kg and 0 g - kg MgSO,; CaCO; 11.832 g - kg*
and 0.407 g - kgt MgSO4; CaCO; 19.485 g - kg™ and 0 g - kgt MgSO4 (groups Expl; Exp2; Exp3,
respectively). See Table 1.

The crumbly feed mixture was supplied ad-libitum and its consumption was recorded every day.
Access to drinking water was also ad-libitum. Weighing of chickens was carried out on the start
and on the end of trial. Microclimate and lighting regime was modified according to the technological
instructions of Ross 308. The values of microclimate were recorded every day. During the experiment
was no found mortality.

The experimental animals were weighed and slaughtered. In selected chickens (n = 10) were
weights carcass Yyield. In these selected chickens were deboned and weighed breast muscle and leg
muscle. These values were calculated by the percentage of live weight.

Table 1 Addition of CaCO3 and MgSO;4 (g - kg™) and total levels of Ca and Mg (g - kg™) in the diets

C Expl Exp2 Exp3
CaCOs 19.485 11.832 11.832 19.485
MgSO4 0.407 0 0.407 0
Total Ca 9 6 6 9
Total Mg 2.08 1.58 2.08 1.58

Table 2 Composition of the basal diet (g - kg™)

Component C Expl Exp2 Exp3
Corn 340 340 340 340
Wheat 310 310 310 310
Soybean meal 260 260 260 260
Sunflower oil 40 40 40 40
Vitamin-mineral premix* 20 20 20 20
Experimental premix** 25 25 25 25
Chromium oxide 5 5 5 5

*Legend: premix content of one kg: lysine 101.65 g.kg?, methionine 135.63 g.kg™, threonine 51.22 g.kg*,calcium 68.31
g.kg%, phosphorus 98.19 g.kg™, natrium 62.89 g.kg™, magnesium 4.7 g.kg™?, sulphur 0.39 g.kg%, chlorine 119.69 g.kg™, copper
752.5 mg.kg?, iron 3768.6  mg.kg, zinc 3400 mg.kg, manganese 6046.07 mg.kg1, cobalt 11 mg.kg™?, iodine 47.95 mg.kg"
1, selenium 8.96 mg.kgt, retinol 680000 1U, cholecalciferol 250000 1U, alfatocoferol 2250 mg.kg, K3 74.8 mg.kg™?, B1 206.44
mg.kgl, B2 344 mg.kg?, B6 300.44 mg.kg?, B12 1999.2 mg.kg?, biotin 11 mg.kg?, niacinamid 1793.4 mg.kg?, calcium
pantothenate 676.2 mg.kg™, folic acid 82.8 mg.kg, choline chlorid 9000 mg.kg

**Experimental premix: Content different levels of CaCO3s and MgSO4 according to Table 1
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Data has been processed by Microsoft Excel (USA) and Statistica version 12.0 (CZ). We used
one-way analysis (ANOVA). To ensure statistical differences Sheffe’s test was applied and differences
were considered significant at P<0.05.

RESULTS AND DISCUSSION

Feed consumption

Feed consumption data (Table 3) revealed not significant differences. The highest mean feed
consumption was (3 495.89 + 1 078.82 g) in Exp3. Against it the lowest consumption was observed
in C group (3 348.90 + 1 014.64 g).

Van Der Hoeven-Hangoor et al. (2013) observed feed consumption 3 484 g/broiler from 14 d
to 36 d of broilers age in their trial when fed MgSO4 at dose of 0.255 ¢ - kg™

Rama Rao et al. (2003) fed chickens diet with calcium supplement of 7 g - kg* and found feed
intake 2 558 g per chicken. In our experiment we found a higher feed intake in the trial.

Table 3 Average total feed consumption per chicken and trial

Group n Mean (g) * standard deviation
C 30 3348.90° + 1014.64
Expl 30 3468.13* + 1055.30
Exp2 30 3487.14* + 1160.49
Exp3 30 3495.89* + 1078.82

a — mean statistically significant differences (P<0.05)
Body weight gain
Table 4 Mean live weight and body weight gain of chickens
C Expl Exp2 Exp3

Group —
Mean (g) * standard deviation
f’rtigto“he 311.10° + 17.48 312.17° + 1965 313.90° + 19.85 313.00° + 18.00
End of the trial 1955:27 4 28;).9 212a9.90 . 25;.3 212a6.53 . 2112.8 2081.30 23;.2
Body weight 1611.03 1817.73 1758.20 1751.20
gain per trial

a — mean statistically significant differences (P<0.05)

The highest average body weight at the end of fattening was achieved in the experimental group
Expl with value 2 129.90 + 257.33 g, while the lowest weight was observed in the control group 1
955.27 + 280.92 g (Table 4). The differences were not significant (P>0.05). According
to the technological procedure for ROSS 308, the average body weight of cockerels would be 2 388 g
at 36 days of age (Anonymous 2014).

Van Der Hoeven-Hangoor et al. (2013) observed in their trial when fed MgSO; at dose of 0.255
g - kgt, the weight of chickens at the end of experimental period (36 day of age) 2 064 g. In our trial we
found in group Exp2 body weight of chickens at the end of experimental period 2 126.53 g.

Delezie et al. (2012) found in their experiment by using feed mixture with a content of 0.60%
calcium in the grower and 0.52% of calcium in the finisher feed mixture body weight at the end
of the experiment 2 752 g.

The highest carcass yield was found in the experimental group 3 (73.40 £ 1.91%). The lowest
mean carcass Yyield (72.40 = 1.73%) was found in the control group (Table 5). The differences among
groups were not statistically significant. Carcass yield stated in the technological procedure for ROSS
308 (Anonymous 2014) is 71.72% for 2 000 g live weight.

Percentages of breast muscle of body weight were highest for group Exp1 (21.48 + 1.96%), while
the lowest value was observed in the control group (20.24 + 2.16%) but differences among all groups
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were not significant. In the manual of hybrid Ross 308 (Anonymous 2014) is stated similar percentage
of breast muscle of body weight to our results.

Carcass yield
Table 5 Carcass yield

Carcass Breast meat Leg meat without bone
Group n
Mean (%) + standard deviation
C 10 72400+ 1.73 20.24¢  + 2.16 1491 + 0.86
Expl 10 73.15* % 1.71 2148 1.96 1534  + 0.48
Exp2 10 73.11@ 1.65 20.79*  + 1.66 15.13* + 1.27
Exp3 10 73.40* % 1.91 2048 =+ 2.33 1497* « 1.07

a — mean statistically significant differences (P<0.05)

Percentages of leg meat of body weight was attempted highest for Expl group
(15.34 *£0.48%), while the lowest value was observed in control group (14.91 % 0.86%).
The differences among all groups were not significant. The manual for the hybrid Ross 308 (Anonymous
2014) indicates a yield of leg meat 16.01% for 2 000 g live weight.

CONCLUSION

Dose reduction of Ca and Mg in the feed ration had no negative influence on the monitored
parameters in broiler fattening. Comparison of the results with the control group didn’t show worsening
parameters of fattening. The results were not statistically significant (P>0.05).
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Abstract: Selenium (Se) as part of the enzyme and non-enzyme antioxidants (e.g. glutathione) has many
antioxidant and detoxification functions in the cells. Its content in plants depends on its content
in the soil. Its adequate intake may decide about the health, production and reproduction of the livestock.
One of the possible ways to enrich feed ration of this element may be the foliar application. The aim
of this study was to determine the effect of foliar application of selenium in different forms and doses
on the antioxidant glutathione content in the forage of perennial ryegrass. In the experiment, perennial
ryegrass (Ahoj variety) was included. The experiment took place in climabox. For foliar application,
the solutions of selenium at the doses of 2; 4 and 20 mg - m of Se were used. As a source of selenium,
selenite sodium or selenate was applied. After the application, the samples of green mass of each group
were sampled at a regular 14 day intervals (14" day, 28" day and 42" day after the application).
The determinations of GSH and GSSG were performed by HPLC-ED. The foliar application of selenate
and selenite increased the content of glutathione (GSH and GSSG) in aboveground mass of perennial
ryegrass. The increase (P<0.05) of GSH content after foliar application of selenate was observed after
all doses of selenium throughout the experiment. Between the doses there were no differences (P<0.05).
The application of selenate caused the increase of GSSG (P<0.05), but it was evident especially in the
first 28 days after application. After application of selenite the content of GSH increased (P<0.05).
It was observed after application of the doses 4 and 20 mg - m? in every term of sampling. The
application of selenite increased (P<0.05) the content of GSSG. It increased after each used dose
and term of sampling except 42" day, when it decreased on the level of the control group. Due to the
increase of both forms of glutathione can be assumed that the application of selenium on plants acts as
a stress factor.

Key Words: pot experiment, forage, GSH, GSSG, oxidative stress

INTRODUCTION

The micronutrients have a significant effect on the health status of animals and humans. Although
their requirement is a very small (of the order of micrograms) may be a key factor that can decide on
the health, production and reproduction of livestock. One of the possible ways to enrich
the feed ration of these elements can be foliar application (Gupta, Gupta 2002). The built micronutrient
in chelate form in plant tissues is more effectively usable for animals (Meyer et al. 2014) and may even
bring benefits also grown plant (Tang et al. 2015, Diao et al. 2014). Enrichment of various crops
of micronutrients after foliar application has been performed by many authors (Nawaz et al. 2015,
Fofana et al. 2014, Smolen et al. 2014), but the efficiency for forage crops has not been given sufficient
attention.

Selenium (Se) is an essential element significantly influencing health status of animals and
humans. The insufficient supply of organism with this element leads to many disorders. Conversely,
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higher intake can be toxic (Kaur et al. 2014, Wu et al. 2015). As a part of selenoproteins (e.g.
glutathione), it regulates the antioxidant system and thus prevents the oxidative destruction of biological
membranes and prevents the damage of the body by heavy metals. Consequently, its deficiency disrupts
the overall health of animals and humans because of involvement of selenium compounds in many
biological functions. The deficiency causes the reproductive and immune system disorders, muscular
dystrophy and heart disease (Surai, Fisinin 2015, ElI-Ramady et al. 2015, Steinbrenner et al. 2015).
Selenium concentration of plant biomass is derived from its content in the soil and may considerably
vary depending on the region (Guerrero et al. 2014, Zhu et al. 2009).

The tripeptide glutathione (GSH, y-Glu-Cys-Gly) is synthesized by the specific enzymes. It is
in the animal and plant cells present in relatively high concentration. The reduced form of glutathione
(GSH) participates in cell on the rows protective and detoxification processes. Glutathione as the main
intracellular antioxidant contributes to the elimination of free radicals and other reactive oxygen species
(Winschiers 2012, Fajt et al. 2009). In these reactions, the oxidized form (GSSG) creates, which is again
reduced by the enzyme glutathione reductase (Bender 2012). Glutathione is also involved in redox state
stabilization of peptides and proteins, cell transport of amino acids into the y-glutamyl cycle,
neutralization of xenobiotics and phytochelatins synthesis in plants (Wiinschiers 2012, Hopkins 1999).
This prevents damage to DNA, RNA and cellular proteins (Murray 2012).

The perennial ryegrass belongs to the family Poaceae, it is one of the most frequently used forage
crops. This is a typical grazing species, but some varieties are well also applied to meadows, temporary
grasslands and lawns. It provides high-quality forage (Skladanka et al. 2014).

The aim of study was determine the effect of foliar application of selenium in different forms
and doses of the antioxidant glutathione content in the forage of perennial ryegrass.

MATERIAL AND METHODS

In the experiment, perennial ryegrass (Ahoj variety) was included. Into each prepared pot with
soil was seeds planted. Subsequently, the pots were stored in climabox. The pots with plants were
located there throughout the experiment. In climabox, daily temperature was set at 24°C and 20°C
overnight, 65% of humidity and the length of day light lasted for 12 hours (light intensity of 380
umol - m?-s). Within the first 20 days after sowing, the plants were periodically watered. For the rest
of the experiment, they were automatically watered. For foliar application, the solutions of selenium at
doses of 2; 4 and 20 mg - m of Se were used. As a source of selenium, selenite sodium or selenate were
applied. Two experimental groups (selenium as selenite or selenate) and one control group (without
treatment) were created. Selenium doses in the above mentioned forms were sprayed on 25" day on the
leaf after sowing. The control samples were not affected by selenium during the whole experiment. After
the application, the samples of green mass of each group were taken at a regular 14 day intervals (14"
day, 28" day and 42" day after the application).

The sampled leaves were immediately weighed and frozen to -20°C prior to detection of total
content of GSH and GSSH. The chromatographic analysis was performed using high performance liquid
chromatography with electrochemical detection (HPLC-ED).

The results were processed in STATISTICA CZ program version 10 (Czech Republic) using a
multifactor ANOVA. The differences were considered as significant with P<0.05.

RESULTS AND DISCUSSION

After application of selenate was observed a significant (P<0.05) increase in GSH content
in comparison to the control group (without treatment). But in our experiment no difference was found
(P<0.05) between individual variants (doses) of selenate (Figure 1). Doses selenite 4 and 20 mg - m
are led to an increase (P<0.05) of the content of GSH in comparison with the control group. After
application selenite at a dose of 4 mg - m? Se the content of GSH increased (P<0.05) in compared
to the dose of 20 mg - m Se. The increase (P<0.05) of content of GSH compared with control group
after application dose 2 mg-m? Se was found in only 42" day after application (Figure 2).
In experiments by other authors (Hermosillo-Cereceres et al. 2014), high doses of selenium increased
the activity of antioxidant enzymes. The high doses therefore had toxic effect and led to creation
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of reactive oxygen species (ROS). This reaction was more pronounced after application selenite.
Excessive use of selenium leads to an increase in the content of inorganic selenium in plants and
deterioration of antioxidant capacity (Han et al. 2013).

Figure 1 The content of GSH in forage after foliar application of selenate
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Figure 2 The content of GSH in forage after foliar application selenite
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We note the difference between used doses, but the amount of GSH did not increase
proportionately with increasing dose of selenium. Madhava Rao (2006) considers the content
of glutathione in the cells of a marker of oxidative stress. This view but cannot be interpreted
unambiguously. According to other authors (Fitter, Hay 2002) it is just necessary to take into account
the plant species. Some species had to respond on exposure to stress factors by reducing and others
by increasing the amount of antioxidants. By contrast, according to Hasanuzzaman et al. (2012) is
to increase the content of GSH after adequate supplementation of selenium result of increased
antioxidant capacity and detoxifying abilities of plants. A similar view has also Diao et al. (2014), which
argues that selenium regulating antioxidant defense systems in the cells and increases the resistance
of plants. This is especially apparent for plants which are exposed to stress conditions.

Antioxidants are produced in plant tissues throughout the life of the individual. Among the plant
species, however, there are huge differences at current levels of these substances (Fitter, Hay 2002).
Selenium helps plants to cope with a number of stresses: cold, drought, high light, water, salinity
and heavy metals (metalloids). However, the mechanisms associated with this are very complicated and
still not completely understood (Feng et al. 2013).

Wang et al. (2011) followed plant white clover (Trifolium repens L.) under drought stress increase
the content of GSH and reduction GSSG after application of selenium. In our case, however,
it increased content of GSSG. At all sampling terms (14", 28" and 42" day) showed an increase
(P<0.05) of the contents GSSG after application dose selenate 2 mg - m2 Se. The increase (P<0.05)
of content of GSSG was recorded on the 14" and 28" day after application the dose 4 mg - m? Se
and on the 28" day after application dose 20 mg - m? Se (Figure 3). Application selenite led to
an increase (P<0.05) the content of GSSG 14" and 28" day in all experimental variants. However,
on 42" day after application was not observed difference (P<0.05) between the experimental group
and the control group (Figure 4).

Plant response to selenium supplementation is not fully understood. On the one hand it is
an element that is part of a series of enzymatic and non-enzymatic antioxidants that help protect
and detoxification plant tissues. On the other hand, when exceeding a relatively thin boundary it has
toxic effect on plants. Due to differences in the data reported by other authors cannot evaluate the results
obtained clearly. Increase the content of GSH could be seen as a response to stress or favorable increase
in antioxidant capacity. However, the increase in the content GSSG almost all treated variants can be
considered as a result of exposure to oxidative stress of plants.

Figure 3 The content of GSSG in forage after foliar application of selenite
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Figure 4 The content of GSSG in forage after foliar application selenite
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CONCLUSION

Foliar application of selenate and selenite increased content of glutathione (GSH and GSSG)
in the above-ground mass of perennial ryegrass. Increase GSH content after application of selenate was
observed for all the doses of selenium to the entire length of the experiment. Between doses showed no
differences. Application selenate caused increase GSSG, but it was evident especially in the first 28 days
after application. After application selenite increased GSH content of selenium for doses of 4 and 20
mg - m Se in all the terms of sampling. Application selenite increased GSSG content for all doses used,
and the date of sampling except for 42" day, when it dropped to the level of the control group. Due
to the increase of both forms of glutathione can be assumed that application of selenium to plants acts
as a stress factor.
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Abstract: Males of four laying-type DOMINANT hybrids (D 104; D 109; D 459; D 853) from
the company Hatchery Studenec, s.r.o. were used in the experiment. Approximately 208 laying-type
males of each hybrid, in total 830, were fed till 11 weeks of age in two technologies—cage system
and littered floor system. Both the housing technology and hybrid had significant effect on live weight
of laying-type cockerels at 3", 7" and 11" weeks of age. In floor system the live weight was higher than
in cage system. On the other hand there was no significant effect of hybrid or technology on feed
conversion ratio. In littered floor system the hybrids D 104 and D 109 were significantly heavier
(P<0.05) than hybrid D 853.
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INTRODUCTION

The negative correlation between characteristics of reproductive performance and growth
in the poultry industry resulted in an early separation of production for eggs and for poultry meat.
The intensive breeding on egg production or on growth performance in the respective production branch
has caused an extreme specialization of breeds. While, in fattening of broilers both female and male
chickens (broilers) can be reared economically, no economically sustainable use could be developed for
the males from laying hen breeds. Male layer chicks have only a moderate growth performance, and the
quantity and distribution of meat in the carcass does not meet consumer expectations (Koenig 2012).
Therefore these newly hatched male chicks are usually killed immediately after hatching. Considering,
that approximately 10 million male layer chicks are affected by this killing action in the Czech Republic,
in EU it is more than 280 million each year. Nevertheless, killing has raised concerns in highly welfare
sensitive societies, resulting in calls for abandoning the practice and making alternative use of male
chicks form layers (Ellendorff, Klein 2003). An alternative to this process could be in ovo-sexing
determination of the gender in the egg (Nandi et al. 2003). Further approaches include the fattening
of the male layer chicks and their marketing as specialty products, or the breeding of dual purpose
breeds, which is also demanded by animal welfare organizations. The breeding of dual-purpose breeds,
however, would lead to a significant decline both in egg production and in growth performance (Koenig
2012). Anyway till 1960°s the male chicks had been fattened in the Czech Republic and the consumers
were very interested in their meat.

The aim of this study was to investigate the potential use of male laying chicks reared in two
technologies in view of their performance.

MATERIAL AND METHODS

Males of four laying—type DOMINANT hybrids (D 104; D 109; D 459; D 853) from the company
Hatchery Studenec, s.r.o. were used in the experiment. DOMINANT SUSSEX D 104 is an attractively
colored layer, very similar as old native breed Sussex Light, for small scale and free range production
conditions.

DOMINANT BLACK D 109 is very popular layer program, result of crossing Rhode Island Red
paternal stock with Barred Plymouth Rock maternal stock. DOMINANT RED BARRED D 459 is result
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of crossing Rhode Island Red BARRED paternal stock with our Sussex maternal stock. DOMINANT
RED D 853 is very similar as old native breed RHODE ISLAND RED (Tyller 2008-2014).

Approximately 208 laying-type males of each hybrid, in total 830, were fed till 11 weeks of age
in two technologies-cage system and littered floor system. The average weight of day old cockerels was
36.8g.

During the first week the cockerels were housed in littered floor boxes according to the hybrids
in agreement with technological guide requirements concerning the environmental conditions.
Temperature in the room ranged from 28 to 29°C. The birds were provided with one hour of darkness
following a period of 23h light. Both the water and feed were available ad libitum.

At day eight of the age, the cockerels were randomly divided into cages (316 chicks) and littered
floor boxes (514 chicks). In cage system the cockerels were housed in total in 36 cages in three-floor
batteries, it means 9 replications per hybrid, 8-9 cockerels in one cage. The cages were equipped
with nipple drinkers with cups and with mechanical feeders.

In floor system the cockerels were divided into 12 boxes, 3 replications per hybrid, equipped
with nipple drinkers with cups, mechanical tube feeders and wood shavings as litter material. In both
technologies water and feed were available ad libitum. The light regime was changed to 6 hours of
darkness followed by 18 hours of light. The environmental conditions were in accordance
with Ordinance 208/2004 Sbh. And 464/2009 Sb..

Starter, BR1 (crumble pellets), was fed till 3 weeks of ages, grower (BR2—pellets) was fed from
4 to 7 weeks of ages and finisher (BR3—pellets) was fed from 8 to 11 weeks of age. The composition
of the diets is shown in the Table 1 and the content of nutrients in the diets is shown in Table 2.

Table 1 Composition of the diets

Component [%]
BR1 BR2 BR3
Wheat 43.2 47.9 53.2
Maize 20.0 20.0 20.0
Soybean extraction meal 29.0 25.0 20.0
Yeast 2.0 2.0 2.0
Vegetable oil 1.5 15 15
Natural rock salt 0.2 0.2 0.2
K2 200* 0.2 0.2 0.2
Lysine 0.3 0.25 0.25
Threonine 0.1 0.1 0.05
Methionine 0.3 0.25 0.2
Monocalcium phosphate 1.3 0.9 0.7
Calcium carbonate 1.7 15 15
Sodium hydrogen carbonate 0.2 0.2 0.2

*K2 200- premix for pullets

Feed consumption of each cage and each box were recorded. All cockerels were weighted three
times during the experiment, with the first weighting at third week of age, following in 7" and 11" week.
On the basis of these data the feed conversion ratio (FCR) was calculated.

Data were analyzed by two ways ANOVA, evaluating the effect of hybrid and housing technology
and their interaction on growth and feed conversion ratio. LSD test was used for subsequent testing
using software package Unistat 5.1 (Unistat Ltd., England).
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Table 2 Content of nutrients in the diets

Content nutrients [g - kg™] BR1 BR2 BR3
Crude protein 211.8 197.9 180.4
MEn [MJ] 11.9 12.1 12.3
Fat 325 32.6 32.6
Linoleic acid 11.9 12.0 12.2
Fiber 28.7 28.4 27.9
Lysine 135 12.0 10.7
Methionine 6.1 55 4.7
Methionine + cysteine 10.0 9.2 8.3
Threonine 9.0 8.4 7.1
Tryptophan 2.7 25 2.3
Arginine 13.6 125 111
Ca 9.9 8.4 7.9
Na 15 15 15
P 7.1 6.1 55
P- availability 4.0 3.2 2.7

RESULTS AND DISCUSSION

Live weights of cockerels at 3, 7 and 11 weeks of age in both cage and littered floor technologies
are shown in the Tables 3-5.

At the age of three weeks D 459 was significantly heavier (P<0.05) than D 104 and D 853
in littered floor on the other hand in the same age in cage technology D 109 had significantly highest
(P<0.05) live body weight in comparison with all other hybrids.

In littered floor D 459 was also significantly heaviest (P<0.05) at seven weeks of age. In the same
age the cockerels had lower weight in cage system but there was found lower variability among the
cockerels in comparison with littered floor. In cage system in this age the lowest weight (P<0.05) was
found in hybrid D 853.

At eleven weeks of age hybrid D 853 had significantly lowest body weight (P<0.05)
in comparison with D 109 and D 104 in littered floor. In cage technology there was no any significant
difference in live body weight among the hybrids.

Murawska et al. (2005) also did experiments with cockerels of laying type (Astra S) and they
published live weight of cockerels at six weeks of age 669 g and at eighteen weeks of age 2.4 kg.
Anyway it is hard to compare their results with results of this experiment because they used another
hybrids.

In Thailand it is also popular to feed national chicks, which reach at four months live weight
1.5 kg (Jaturasitha et al. 2008).

Table 6 shows the P values of factors at different ages for live weight. The live weight
of cockerels, regardless hybrids, was significantly higher in floor system in comparison with cage system
during whole experiment period. Hybrid also had significant effect on live weight during whole
experiment.

At the end of experiment, 11 week of age, there was no significant difference among the hybrids
in live weight in the cage system (P>0.05). On the other hand, in littered floor system the hybrids D 104
and D 109 were significantly heavier (P<0.05) than hybrid D 853.
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Table 3 Weight of cockerels at the age of three weeks in the cage and littered floor technologies [g]

Littered floor Cage technology
Hybrid average + SE Vx Hybrid average + SE Vx
D 104 243% + 2.5 114 D 104 238°+£2.8 10.4
D 109 248™ + 2.7 12.0 D 109 249° + 3.4 12.7
D 459 251°+£25 10.9 D 459 2372+ 3.0 11.7
D 853 2372+ 2.9 134 D 853 2352+ 2.7 10.7

a, b means of the same order designated by different letters are significantly different (P<0.05)

Table 7 shows feed conversion ratio at 121" week of age. Neither the hybrids nor technology had
significant effect on feed conversion ratio. FCR ranged from 2.93 to 3.15 kg - kg*. There was no
interaction between hybrid and technology for FCR.

Koenig et al. (2009) reported lower feed conversion ratios (FCR) in the research with laying-type
cockerels; 2.3 kg - kg? in Lohmann Brown and Hy-Line Brown. Lohmann Selected Leghorne and
Dekalb White had a little higher FCR 2.7 kg - kg™. It is necessary to mention they fed them as Poussin
chicks, it means till 650g of live body weight.

Damme a Ristic (2003) fed cockerels of laying type and at age 80 days they reached FCR
3kg - kg

Table 4 Weight of cockerels at the age of seven weeks in the cage and littered floor technologies [g]

Littered floor Cage technology
Hybrid Average + SE Vx Hybrid Average + SE Vx
D 104 1050% + 22.7 23.8 D 104 927° +15.7 15.2
D 109 10732+ 23.5 24.4 D 109 932°+13.3 13.1
D 459 1179°+ 27.4 25.3 D 459 905% + 13.4 134
D 853 1081* + 22.5 23.1 D 853 878*+ 13.7 143

a, b means of the same order designated by different letters are significantly different (P<0.05)

Table 5 Weight of cockerels at the age of eleven weeks in the cage and littered floor technologies [g]

Littered floor Cage technology
Hybrid Average + SE Vx Hybrid Average + SE Vx
D 104 2037° + 34.0 18.4 D 104 1878* + 30.0 143
D 109 2037° + 34.0 21.3 D 109 1839* + 31.5 15.7
D 459 1976% + 36.2 19.9 D 459 1820* + 31.3 15.6
D 853 1883*+ 34.0 20.0 D 853 1795* + 39.6 20.1

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

vx- coefficient of variance (%)
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Table 6 The effect of technology, hybrid and their interaction on live weight in 3", 7" and 11" week

of age (P value)

Factor Age
3week 7" week 11" week
Hybrid P <0.001 P<0.01 P<0.01
Technology P <0.05 P <0.001 P <0.001
Interaction P>0.05 P<0.01 P>0.05
Table 7 Feed conversion ratio at 12 weeks of age [kg - kg™]
Hybrid Average + SE Vx
D-104 3.10*+0.08 6.13
D-109 2.932 £ 0.09 7.68
D-459 3.15+0.11 8.71
D-853 3.11*+0.08 6.34
Littered floor 2.99% + 0.06 6.65
Cage technology 3.158+ 0.07 7.37
P value
Hybrid P>0.05
Technology P>0.05
Interaction P>0.05

a, b means of the same order designated by different letters are significantly different (P<0.05)

CONCLUSION

Both the housing technology and hybrid had significant effect on live weight of laying-type
cockerels at 3", 7" and 11" weeks of age. On the other hand there was no significant effect of hybrid
or technology on feed conversion ratio. In littered floor system the hybrids D 104 and D 109 were
significantly heavier (P<0.05) than hybrid D 853.
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Abstract: This article reviews intake and preference of mineral lick with different Ca:P ratio
for cervidae. Experiment was held on Vyso¢ina region from March 2013 till February 2014. Experiment
took place in small farm, where was kept 20 head herd of fallow deer. As a model animal, fallow deer
was used, mainly for its popularity among Czech farm and hobby cervidae breeders.
For data collecting of intake, digital weight was used. For observation of deers and for collecting data
about frequency of intake, camera trap, which monitored surroundings of licks for whole duration
of experiment, was used. Data itself was evaluated by standard statistic methods. We discovered, that
preferred ratio of Ca:P was 1:1. The peak of intake was between July and August. This is probably
caused by lactation and antler grow in this period.

Key words: Cervidae, mineral licks, intake, Ca:P ratio, dama dama, fallow deer

INTRODUCTION

Nutrition of cervidae has same importance as feeding of any other animal kept for production.
Wild cervidae are reffered on their own ability to survive and natural resources. According
to Tuckwell (2003) fallow deer loose 20% of its own body weight during the winter session. Also, need
of nutrients is 2 times higher during female lactation, than during winter session (Cermak 2004). This
shows that nutrition of wild and also of farm-breed cervidae is important not just for their survival, but
also for production that is vital for cervidae farmers.

Meat, that is the main product of cervidae farms, is important for human nutrition. For correct
growth of muscles, whole body needs to be in balance. For all biochemical processes, correct supply of
mineral elements is required. These substances are vital for correct neural, digestive and also growt
processes (Kvasni¢kova 1998). Mineral components are not important just for restoring overall mineral
substances supply, they have also direct and instant influence on the production and welfare (Zeman
2006).

Experiment for this article was made on fallow deer, because of its wide spread in Czech cervidae
farms and because of its hard constitution and relative ease of breeding (Cerveny 2003).

MATERIAL AND METHODS

Experiment took place on farm on Vysocina region. Fallow deers on this farm have 0.78 ha
of space available for their needs and social interactions. In summer deers were fed fresh grass,
in winter they get hay, jerusalem artichokes and other root crops, and oat straw. Every other day there
was a bucket of barley and oat given to the deers. Dose of these feed was 0.3 kg per day and head. Root
crops were also given out of winter session, but it was irregularly.

There were 9-10 deers in the herd through whole yeah. The basic herd was made by 1 male
and 6 females. Rest of the herd was offspring of the main part of herd. These young deers were later
sold. Female gave birth to 4 youngs in total in period between 4. and 25. June.

The heat of female took place in a standard date, 2" half of October. During the experiment
period, there were no losos or diseases recorded in the herd. In February, the medicated mix WILD 2 by
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MIKROP company was used. This mix is used agains parasitosis and it was presented to the herd
for 2 days instead of regular feed. Dose of the mix was 0.7 kg/day/head.

Experiment itself was started on 3.15.2013 and finished on 3.1.2014. There were four different
mineral lick at total installed on the farm. The licks were signed A, B, C and D. Licks were planted
in identical wooden oblong boxes, that were vertically installed on the pillars near the feeding area
of the herd. Each pillar held two boxes with licks. Mineral blocks had standard, normally used
commercial composition, except for the content of Ca and P and their ratio.

Fallow deers were, during the whole duration of experiment, monitored by camera trap installed
on the nearby tree. Camera trap faced the lick installation and data from it were collected every week.
For the evaluation of weight loss of the mineral blocks, digital scale was used. Blocks were weighted
every first day of month. All data were evaluated by standard statistic methods. Ca:P ratio is shown
in Table 1.

Table 1 Ca:P ratio of mineral blocks

Block Ca:P ratio
A 2:1
B 151
C 11
D 0.5:1

RESULTS AND DISSCUSION

Weight analysis

Weight analysis showed, that the highest consumption of mineral blocks means, largest intake,
was between July and August.

In Figure 1 we can see that the deers preferred block C. This trend was persistent almost
througout whole year, except for the start of the year, where block C was temporarily replaced
by block D. This can be caused by different need of elements during the winter session. Large increase
of C block intake took place in end of August. This could be caused by growth peak of antlers
of males. Fallow deer skin his antlers from August to September (Vach 1999), which is after the C block
intake peak.

Figure 1 Intake of mineral blocks (in kg)
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Another reason for increased mineral blocks intake in this time period is lactation of female.
Youngs are born in July, therefore end of August seems like the period in which female needs higher
intake of mineral elements because of depleted supply of own mineral elements.

This conclusion is in contrary with findings of Babi¢ka et al. (2010) who found out, that the best
intake of mineral blocks of game is between May and June. Difference between these conclusions are
probably caused by different conditions of experiment. Our herd was breed in farm conditions with
higher production and lower living space. Mentioned work also indicates on more need of mineral
elements during the antler growth. This would explain earlier peek of mineral elements need.

Frequency of intake analysis
Figure 2 Frequency of visits
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On Figure 2 we can, again, see that the most visited mineral block was block C and that
the peek of intake frequency is in September. This is slightly later than on the first Figure. If we take the
overall frequency intake peak, we can see it is similar to Figure 1 (August-September). This support
conclusion from weight loss analysis. Differences in block C intake can be caused by air humidity, that
could be absorbed to the licks, or other exogennic factors, like temperature or sufficient water supply
of herd, that were not part of this research.

Overall block C intake support statement from weight loss analysis, that the favorite block is C.
In the winter period intake of block C decreases as well as overall intake of all blocks. This could be
caused by higher intake of hay. Hay made on sunlight contains higher amount of vitamin D, which is
vital for calcium utilization. Higher levels of vitamin D in body lowers need of calcium thanks
to higher utilization. This fact combined with lower total need of calcium, thanks to no lactation
or antlers growth, could explain this deviation.

Similar experiment was made by Chladek and Zapletal (2006) on beef cattle. They used similar
4 blocks in their experiment. Results were different as beef cattle favored blocks with Ca:P ratio of 2:1
and 0.8:1. In our experiment 2 most favored blocks were block C (Ca:P 1:1) and block D (Ca:P 0.5:1).
This support the statement, that licks for beef cattle are not suitable for cervidae. This is also supported
by conclusion of Andrade et al. (2002) that ideal Ca:P ratio for cattle is 1.9:1. Other evidence of this
hypothesis is that in our experiment, bloks with ratio of 1.5:1 were refused completely.

CONCLUSION

Experiment, that was made for this paper shows, that mineral nutrition of cervidae is different
from mineral nutrition of other ruminants. According to results of experiment ideal Ca:P ratio is 1:1.
This is the main difference between beef cattle and cervidae. Even though both species are ruminants
used for meat production, we cannot feed them under same terms, at least not in mineral nutrition field.
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There was also discovered, that peek of intake is in period between July and September.
As mentioned above, this could be caused by intense milk production for offspring and peek of antler
growth. Differences between our work and works of other authors could be caused by different need
of mineral substances for wildlife, species differences or deviations in block composition.

This finding could be important for cervidae breeders for better efficiency of their production.
Meat production and antler production is vital for satisfying the demand and also for preservation
of wildlife
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Abstract: In this study, the relationship between inbreeding depression and semen production was
examined. During the period from May 2008 to December 2014, semen samples (n =2929) were
collected using an artificial vagina. Immediately after collection, laboratory examinations were made
for all samples, which included finding out volume of ejaculate, sperm activity, concentration
of spermatozoa and total sperm count. Volume of ejaculate was measured using the graduated tube,
sperm activity was assessed by subjective method according to the percentage of motile sperm in the
native ejaculate and concentration of spermatozoa was determined using a spectrophotometer. Total
sperm count was calculated by multiplying volume of ejaculate by concentration of spermatozoa.
Monitored characteristics were expressed in weighted average and standard deviation. The effect
of inbreeding depression on bovine semen production was tested by the general linear model (GLM)
in SAS 9.4. The inbreeding coefficient (Fx) was calculated by the program FSpeed version 2.04.
For comparison between each level of inbreeding Duncan’s Multiple Range Test was used. Based on the
ascertained results we can conclude that inbreeding depression had the significant influence (P < 0.001)
on all monitored semen parameters of the Czech Fleckvieh bulls.

Key Words: bovine semen, Czech Fleckvieh bulls, inbreeding depression, semen production

INTRODUCTION

Acrtificial insemination (Al) is one of the most powerful and the most valuable biotechnology
methods that allows to dairy cattle breeders to use of quality proven Al sires and thus to improve genetic
potential and increasing profitability of their herds. Knowledge of factors affecting sperm production
and semen quality is of importance with regard to reproductive efficiency and thus genetic improvement
as well as for the productivity and profitability of Al centers (Fuerst-Waltl et al. 2006). Evaluation
of qualitative and quantitative parameters of bovine semen was done by many authors (Vilakazi et al.
2004, Sarder 2007, |Igna et al. 2010) who consider external influences, namely:
the effect of season, stable microclimate and sampling techniques, for the most important factors which
affecting semen quality. Internal factors are described too, mainly the genetic (Mathevon et al. 1998,
Brito et al. 2002). The increasing rate of Al application during the past few decades has resulted in the
widespread use of only a few top sires (Behmorad et al. 2015). The best animals accumulate
in pedigrees so that it is nowadays practically impossible to find animals without multiple genetic ties
to certain individuals in a given dairy cattle breed (Croquet et al. 2006). The mating of related
individuals is called inbreeding. The concept of inbreeding is based on the probability that two genes
at one locus are identical, and could be shared witch ancestors (Falconer etal. 1996). Inbreeding is
typically measured by the correlation between the parents of and individual (Thompson et al. 2000).
Number of studies has shown a contrary effect on production traits and non-production traits (Cassell et
al. 2003, Wall et al. 2003, Sewalem et al. 2006, Behmorad et al. 2015). Inbreeding depression
is expressed as the average variation of the traits per increase in the breeding percentage (Gengler et al.
1998). In the case of traits with low heritability such as fertility are expected to be more severely affected
by inbreeding, due to low genetic variation and inbreeding is expected to decrease heritability, although
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results from empirical studies are inconclusive (Kristensen et al. 2005). A few studies also dealt with
inbreeding depression of bovine semen and mostly a negative effect was described (Maximini et al.
2011, Behmorad et al. 2015). The potentially negative effect of inbreeding can also be problem for
livestock, primarily where large population often stem from a little number of founding members
(Malhado et al. 2013). The objective of this study was to evaluate the effect of inbreeding depression
on semen production in the Czech Fleckvieh bulls.

MATERIAL AND METHODS

Characterization of location and experiment design

The project was realized in Al center of Breeding Cooperative Impuls at Vyso€ina Region
in the Czech Republic (GPS: 49°28'25.137"N, 16°4'3.303"E and 558 m above sea level). In period from
May 2008 to December 2014, the study was carried out on a biological matherial consisting
of 2929 semen samples from the 163 Czech Fleckvieh bulls. All bulls were kept intensively and were
fed ad libitum of hay and 3 kg of a 14% protein concentrate diet per bull per day. Water was available
ad libitum too. All ejaculate were made by the sampling team of Al center, in room specially adapted to
this task, the sampling method to artificial vagina on a dummy (Louda 2001). A standard bovine
artificial vagina with a temperature of 42°C was used. The bulls were paraded around a teaser bull
to increase the libido prior to semen collection (Vilakazi et al. 2004).

Laboratory evaluation of bovine semen

Immediately after collecting, macroscopic and microscopic examination of all samples was
performed in laboratory of Al center. Which included the measure of the volume of ejaculate,
concentration of spermatozoa and sperm activity. The volume of ejaculate was detected directly, reading
from the scale calibrated collection containers. Sperm activity was assessed by subjective method
according to the percentage of motile sperm in the native ejaculate. We evaluated the percentage
of sperm with progressive direct movement after the head (Louda 2001) and concentration

of spermatozoa was evaluated by spectrophotometer calibrated for bovine semen. Total sperm
count was determined by calculation of the concentration of spermatozoa per mm? and a total volume
of ejaculate (Fuerst-Waltl et al. 2006).

Input data and statistical analysis

For statistic evaluation of the effect of inbreeding depression on semen production, based
on the calculated inbreeding coefficients (Fx), bulls were divided into 8 groups, as indicated in Table 1.
Statistical analyses of the input data were done using the general linear model (GLM)
procedure of SAS software 9.4 (SAS Institute Inc. 2005). For comparison between each level of
inbreeding Duncan’s Multiple Range Test was used. Pedigree data with an average depth of seven
complete generations back per bull was provided to calculate of inbreeding coefficients using by
program FSpeed 2.04 (Tenset Technologies Ltd. 2009) on the basis of the following formula (Mrode
1996).

Fo=3(3) @+ Fo )

Legend: n = number of generations to a common ancestor, Fa = inbreeding coefficient of common ancestor.

To estimate the effect of inbreeding depression on semen production was used following model:

Yijkimn = u+tagei+fxj+interval  +season | +year m +int jxm + @ n + € ijkmn 2

Legend: y = observed parameter of semen; age = fixed class of age; fx = coefficient of inbreeding; interval = interval between
successive collections; season = season of collection; year = year of collection; int = interactions between each fixed affects
age, fx, interval, season and year; a = effect of each animal and e = residual error.
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Table 1 Division of the Czech Fleckvieh bulls into the individual classes of inbreeding

FCLASS | Unit| 1 2 3 4 5 6 7 8

Fx % | 00 | 0.1-0.2 | 0.3-0.4 | 05-0.9 | 1.0-1.4 | 15-1.9 | 2.0-2.9 | >3.0
Frequency | Pcs | 391 647 401 648 365 232 103 142
Percent | % | 134 | 22.1 13.7 22.1 12.5 7.9 3.5 4.9

RESULTS AND DISCUSSION

The effect of inbreeding depression on bovine semen production was expressed by inbreeding
coefficients (Fx). In order to investigate, bulls were divided into 8 classes allow meaningful statistical
analysis were defined. Distribution of inbreeding coefficients in observed group of Czech Fleckvieh
bulls are presented in Figure 1.

Figure 1 Distribution of inbreeding coefficients in the observed group of the Czech Fleckvieh bulls
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In the 8 analyzed classes, the inbreeding coefficient ranged from 0.0 to 12.8%. The largest number
of bulls (648 pcs.) represented the 4" class (Fx = 0.5-0.9%). The smallest 7" class (Fx = 2.0-2.9%) was
represented by 103 bulls. Although almost every bull was inbred to some extent, the 50.0% of all tested
bulls did not exceed the 0.5% value of inbreeding level and only 10.0% of them had inbreeding
coefficients higher than 2.0%. Still a highly significant effect (P < 0.001) of inbreeding coefficient on
semen production was found (Table 2). In the similar publications, the effect of inbreeding depression
on bovine semen production only a small number of authors solved (Maximini et al. 2011, Behmorad et
al. 2015).

Table 2 Effect of inbreeding coefficient on monitored parameters of bovine semen

TRAIT Unit N Mean SD SE P value

Volume of ejaculate mi 2897 71.96 6.37 0.12 <0.0001
Sperm activity % 2914 7.95 3.15 0.06 <0.0001
Concentration of spermatozoa | - 10% ml 2838 1311.82  484.56 9.09 <0.0001
Total sperm count -10% ml 2837 10.38 5.62 0.11 <0.001

Legend: N = number of observation; SD = standard deviation; SE = standard error; P value = statistical significance.

In the case of all monitored parameters, statistically significant negative effect (P < 0.05)
of inbreeding depression on semen production of the Czech Fleckvieh bulls was found (Table 3), when
downward trend of values was observed with increasing inbreeding coefficient. Despite the quite low
inbreeding level, the effect of inbreeding depression on semen quality traits was observed in earlier
studies in cattle (Smith et al. 1989, Flade et al. 1992). Results of studies in other mammal species (Van
Eldik et al. 2006, Asa et al. 2007) suggested that inbreeding depression would be more severe
in higher inbreeding levels, a non-linear relation is assumed (Bezdicek et al. 2010).
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Table 3 Significant differences between average means of monitored parameters of bovine semen

CLASSOF | vV A c TsC
INBREEDING (ml) (%) (- L0mi) (- 10%ml)
COEFFICIENT /= Mean Mean Mean Mean

Fx 1 8.98 7 72.16™ 1352.85® 10.81°
Fx 2 8.34 ¢ 72.48 % 1364.01 9.82°
Fx 3 7.93° 73.11° 1317.21 % 11,19
Fx 4 7.33 71.48 131412 11.78°
Fx 5 7.41° 72,52 1261.91 ¢ 10.87°"
Fx 6 7.83" 71.83 " 1208.47 % 8.51°
Fx 7 6.98 ¢ 7152 1195.63 8.90 ¢
Fx 8 7.18 70.71¢ 1154.26 ¢ 9.04 ¢

Legend: V =volume of ejaculate; A = sperm activity; C = concentration of spermatozoa; TSC = total sperm count; a, b, c, d,
e = means with the same letter are not significantly different (P < 0.001).

CONCLUSION

Based on the ascertained results we can conclude that the inbreeding level and the inbreeding
depression do not seem to be alarming currently in the case of the Czech Fleckvieh cattle. Still,
the negative influence of inbreeding coefficient on chosen parameters of bovine semen was found, when
downward trend of values was observed with increasing coefficient of inbreeding. However, all
parameters of spermatozoa, in all levels of evaluated effects, reached values necessary for producing of
insemination doses. Completing the pedigree of Al bulls and monitoring the effect of inbreeding
depression on semen production is recommended to avoid unrecognized deterioration of such traits. It
would also be useful to breeders assembles parental couples with regard to the inbreeding level
of the offspring due to prevent increased incidence of genetically abnormalities and illnesses, increased
proportion of abortions and other reproduction and production problems.
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Abstract: The aim of this study was to evaluate influence of the milk thistle seed cakes at dose
5 and 15% in feed mixture. Seventy five cockerels were divided into three equal groups. The
experimental groups received feed mixtures containing 5% of milk thistle seed cakes (MT5), 15%
of milk thistle seed cakes (MT15) and third group was control — without milk thistle seed cakes (C).
Average feed consumption per one chicken was evaluated. Carcass yield was calculated for each group
like as percentage of live weight. Feed consumption in the groups fed with milk thistle seed cakes was
lower. Feed conversion ratio was a worse in experimental groups than the control group. Broiler carcass
yield was negatively affected (P<0.05) by dietary treatment. Milk thistle seed cakes in the amount used
in this experiment are not a suitable component in feed mixture of broiler chickens.

Key Words: broiler chickens, performance parameters, carcass yield, feed conversion ratio, milk thistle

INTRODUCTION

Milk thistle (Silybum marianum L.) have been used for almost 2 000 years as a natural treatment
for the liver diseases (Ding et al. 2001). The main active substances occurring in milk thistle are
flavonolignans, which are hepatoprotective substances. The seeds of milk thistle contain flavonoids
guercetin, taxifolin, and particularly flavonolignans in an amount of 1.5-3%. The mixture of silydianin
(10%), silychristin (20%) and silybin (50-60%) is known as silymarin (Opletal, Skrivanova 2010, Ding
et al. 2001, Zahid, Durrani 2007). Silymarin complex exhibits chemopreventive activity against
chemical, viral, bacterial and fungal toxins, inhibits lipid peroxidation, and stabilizes the cell membranes
of the liver parenchyma (Opletal, Skrivanova 2010). Various trials showed that silymarin addition
in diet or silymarin administration increased productive and reproductive performances
and improved livestock health status of animals (Tedesco 2001).

This study was conducted to evaluate influence of the milk thistle seed cakes at dose 5% or 15%
in feed mixture on performance parameters of broiler chickens.

MATERIAL AND METHODS

The experiment was performed with cockerels of Ross 308 hybrid (n = 75) which were fattened
on conventional deep litter system. Wood shavings were used as bedding material. The trial was
conducted from day 12 to day 37 of chick’s age. Room temperature and humidity were controlled.
Lighting system was 16 hours light and 8 hours dark. Cockerels were divided into three equal groups.
The two experimental groups received feed mixtures containing 5% and 15% of milk thistle seed cakes
(groups MT5 and MT15, respectively). The third group was without milk thistle seed cakes (Control
group). The used milk thistle seed cakes contained 3.73% of flavonolignans. Table 1 shows chemical
composition of used milk thistle seed cakes. The rations were calculated according to the Recommended
nutrient content in poultry diets and nutritive value of feeds for poultry (Zelenka et al. 2007). The
composition of feed mixtures is shown in Table 2.

The chickens were fed ad-libitum. Health status was evaluated daily and live weight measured
every week during the trial. Body weight gain was measured individually.
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At the end of experiment six birds were selected randomly from each group, weighed
and slaughtered. Feathers were removed and chickens were eviscerated. Carcass yield was calculated.
In these selected chickens were deboned and weighed breast muscle and leg muscle. These values were
calculated by the percentage of live weight.

Table 1 Chemical composition of milk thistle seed cakes (g - kg™)

Dry matter (g) 927
Gross energy (MJ - kg?) 18.8
Crude protein (g) 201.2
Crude fat (g) 9.3
Crude fibre (g) 27.1
Crude ash (g) 6.3

Table 2 Composition of feed mixture (g - kg™)

Component MT15 MT5 Control
Wheat 269 271.8 378.2
Corn 251 282.4 247
Milk thistle seed cakes 150 50 0
Soybean meal 128 120 105
Soybean extruded 78 190 190
Rapeseed oil 40 30 20
Wheat gluten 40 15.2 18.8
Premix* 30 30 30
Monocalciumphosphate 7 6.5 7
Limestone milled 5 4 4
L-lysine 2 0 0
Chemical composition (per kg of diet)

Dry matter (g) 925 920 912
Gross energy (MJ) 17.6 17.5 16.4
Crude protein (g) 213 200 194.1
Crude fat (g) 8.6 8.6 7.4
Crude fibre (g) 6 3.8 3
Crude ash (g) 6 5.8 5.4

* Premix contains (per kg): lysine 60 g; methionine 75 g; threonine 34 g; calcium 200 g; phosphorus 65 g; sodium 42 g; copper
500 mg; iron 2500 mg; zinc 3400 mg; manganese 4000 mg; cobalt 7 mg; iodine 30 mg; selenium 6 mg; tocopherol 450000
mg; calciferol 166700 1U; tocoferol 1500 mg; vit K 350 mg; Bl 140 mg; B2 230 mg; B6 200 mg; B12 1000 mg; biotin 7 mg;
niaciamid 1200 mg; folic acid 57 mg, calcium pantothenate 450 mg; choline chloride 6000 mg; salinomycin sodium 2333 mg.

Data has been processed by Microsoft Excel (USA) and Statistica version 12.0 (CZ). We used
one-way analysis (ANOVA). To ensure evidential differences Scheffe’s test was applied and P<0.05
was regarded as statistically significant difference.

RESULTS AND DISCUSSION

Bodyweight gain
The average bodyweight gain of cockerels per each week of trial are shown in Table 3.

From the second week of the experiment control group showed a significantly higher body weight
compared to experimental group MT15 and from third week compared to both experimental groups.

At the end of trial we observed significant (P<0.05) higher weight (2169.24 = 134.72 @)
in control group.
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Table 3 Mean body weight gain (g)

Week of MT5 MT15 C
trial n Mean + standard deviation
1 25 282,12 + 2487 * 288.72 + 1514 ¢ 279.40 = 1349 2
2 25 45244 + 4387 ® 39924 + 2867 ° 456.28 + 27.67 ®
3 25 82156 + 98.07 & 73052 + 6699 ° 91216 * 66.80 °
4 25 1322.68 + 128.40 # 1190.20 + 9570 ® 147572 + 11461 °
5 25 1970.20 + 185.23 ? 1846.16 =+ 147.78 ® 2169.24 + 134.72 ¢

abc_ different letters on one line - statistically significant differences (P<0.05)

According to the technological procedure for ROSS 308, the average body weight of cockerels
would be 2 493 g at 37 days of age (Aviagen Group 2014). This is much closer to the value
of the control group (2169 g).

Suchy et al. (2008) in their experiment observed then the addition of 0.2% and 1% Sylibum
Marianum seed cakes caused a decrease in the weight gain and feed conversion ratio. Gawel et al. (2003)
found an increase in the slaughter weight in broilers when supplied with silymarin. Wojcik
et al. (2002) added to fattened chicken with a silymarin supplement. They discovered lower slaughter
weight and higher feed conversion ratio compared to the control group.

Feed consumption

The highest average feed consumption during the experiment was observed in the control group.
See Table 4. Conversely, the lowest feed consumption showed MT15 group, making were also lower
live weight of chickens. It seems therefore that a selected relatively high percentage of milk thistle seed
cakes worsens feed intake, respectively it is palatability. This may be due to the content
of substances with a bitter taste.

Feed conversion ratio

Feed conversion ratio was better in control group as compared to the experimental group MT15.
FCR showed in Table 4. In the control group was found the highest feed consumption, but the best feed
conversion ratio.

Table 4 Feed consumption, feed conversion ratio (kg)

Group MT5 MT15 C
Feed consumption 3.1 3.0 3.3
Feed conversion ratio 1.8 1.9 1.7

Carcass yield

The carcass yield parameters of chickens at the end of experiment were presented in Table 5.
In carcass yield was found the significant higher (P<0.05) differences in control group vs. MT5
in percentage of carcass and vs. MT5 and MT15 by percentage of leg meat. Carcass yield stated
in the technological procedure for ROSS 308 (Aviagen Group 2014) is 71.72% for 2 000 g live weight.

The higher breast yield was found in the group 5% of milk thistle cakes (21.34 + 0.97%).
The differences among groups were not statistically significant (P<0.05). In the manual of hybrid
Ross 308 (Aviagen Group 2014) is stated similar percentage of breast muscle of body weight to our
results.

The highest significant difference (P<0.05) in leg meat yield was observed in the control group
(15.67 £ 0.72%) compared to the experimental groups. The manual for the hybrid Ross 308 (Aviagen
Group 2014) indicates a yield of leg meat 16.01% for 2 000 g live weight.
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Liver weight was highest for MT15 group but differences were not significant (Table 5).
Table 5 Carcass yield

Carcass Breast meat Leg meat Liver
Group n -
Mean (%) + standard deviation
MT5 6 6928 + 085 @ 2134 + 097 ° 1403 + 066 ® 233 + 045 °

a

+

MT15 6 69.64 + 155 ® 2024 + 165 @ 1450 + 0.84 ® 269 + 0.18
C 6 7350 * 414 ° 2113 + 212 @ 1567 * 072 @ 233 = 045

a

+

abc_ different letters on one line - statistically significant differences (P<0.05)

Schiavone et al. (2007) observed in their trial that addition of silymarin did not significantly affect
growth performances but slightly reduced slaughtering yields probably by feed consumption reduction
and modulation.

CONCLUSION

The addition of milk thistle seed cakes (dose of 5% and 15%) negatively affected the growth
of chickens, because the final body weight of chickens (at 37 days of age) with part of milk thistle seed
cakes in feed mixture was significantly lower (P<0.05).

Feed conversion ratio was therefore a worse in experimental groups (5 and 15% of milk thistle
seed cakes) than in the control group. Broiler carcass yield was negatively affected (P<0.05)
by dietary treatment. Addition of milk thistle seed cakes at doses of 5 and 15% appears to be high. Milk
thistle seed cakes in the amount used in this experiment are not a suitable component in feed mixture
of broiler chickens.
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Abstract: The aim of the experiment was to evaluate effect of 5% and 15% of hempseed cakes in feed
mixtures on performance parameters of broiler chickens. A total of 75 sexed Ross 308 hybrid cockerels
were divided into three equal groups. The two experimental groups obtained feed mixtures containing
5% and 15% of technical hempseed cakes (groups HS5 and HS15, respectively). The third group was
without hempseed cakes (control group). In our study live weight, feed conversion ratio and carcass
yield were evaluated. There were significant differences (P<0.05) in bodyweight gain.
The 15% of hempseed cakes in diet decreased live weight and worst feed conversion ratio. The carcass
yield was not affected by the hempseed contents. The addition of hempseed cakes (15%) negatively
affected the growth of chickens. The final body weight of chickens with part of hempseed cakes
in feed mixture was significantly lower (P<0.05).

Key Words: hempseed cakes, feed conversion ratio, carcass yield, poultry

INTRODUCTION

Cannabis sativa L., commonly referred to as hemp, is a widely cultivated plant of industrial
importance, as an important source of whole seed, hulled seed, seed meal, oil, fibre (Callaway 2004).
Hemp seed protein is free of trypsin inhibitors and oligosaccharides which be found in soybeans
(Eriksson, Wall 2012).

Whole hempseeds contain approximately 25% of crude protein, 31% of crude fat, and 34%
of saccharides. It is oil contains 75-80% polyunsaturated fatty acids, in addition to vitamins and minerals
(Darshan, Rudolph 2000, Leizer et al. 2000, Callaway 2004). The gross energy (GE) content of an oil
variety of hempseed has been estimated as 22.0 MJ/kg and hempseed proteins are regarded as easily
digested (Callaway 2004). Industrial hempseeds have low contents of tetrahydrocannabinol (~0.3%)
(Konca et al. 2014). Tetrahydrocannabinol (THC) is potent lipophilic antioxidants which stimulates
appetite (Hampson et al. 2000, Koch 2001). Cannabinol (CBD) is a metabolite
of tetrahydrocannabinol, with potential immunosuppressive and anti-inflammatory activities (Pubchem
2015).

After extracting the oil, the remaining hempseed cake may be used as a protein feed. Hempseeds
cakes are with a high content of crude protein and the active substance remaining in seeds cakes.
Although hempseed cakes seems to be a promising alternative protein feed for animals, there have only
been a few studies published (Karlsson et al. 2010).

The aim of the experiment was to evaluate effect of 5% and 15% of hempseed cakes in feed
mixtures on performance parameters of broiler chickens.

MATERIAL AND METHODS

A total of 75 sexed Ross 308 hybrid cockerels were fattened on conventional deep litter system.
Wood shavings were used as bedding material. The trial was conducted from day 12 to day 37
of chicken’s age. Room temperature and humidity were controlled. Lighting system was 16 hours light
and 8 hours dark. Cockerels were divided into three equal groups. The two experimental groups received
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feed mixtures containing 5% or 15% of technical hempseed cakes (groups HS5 and HS15, respectively).
The third group was without hempseed cakes (control group).

Table 1 shows chemical composition of used hempseed cakes. The used hempseed cakes
contained 0.017% of cannabidiol. The content of tetrahydrocannabinol (THC) and cannabinol (CBD)
are non-detectable in feed or in feces (when these values were measured by gas chromatography system).
The compositions of experimental rations are presented in Table 2. The rations were calculated
according to the Recommended nutrient content in poultry diets and nutritive value of feeds for poultry
(Zelenka et al. 2007).

The chickens were fed ad-libitum. Health status was evaluated daily and live weight measured
every week during the trial. Body weight gain was measured individually.

At the end of experiment 6 birds were selected randomly from each group, weighed
and slaughtered. Feathers were removed and chickens were eviscerated. Carcass yield was calculated.
In these selected chickens were deboned and weighed breast muscle and leg muscle. These values were
calculated by the percentage of live weight.

Table 1 Chemical composition of hempseed cakes

Dry matter (Q) 928
Gross energy (MJ.kg?) 18.92
Crude protein (g) 276.4
Crude fat (g) 89
Crude fibre (g) 302
Crude ash (g) 67.2

Table 2 Composition of feed mixture (g - kg™?)

Component HS 15 HS 5 Control
Wheat 279 271.9 378.2
Corn 283 287.5 247
Hempseed cakes 150 50 0
Soybean meal 98 120 105
Soybean extruded 78 190 190
Rapeseed oil 40 30 20
Wheat gluten 30 10.1 18.8
Premix* 30 30 30
Monocalciumphosphate 5 6.5 7
Limestone milled 5 4 4
L-lysine 2 0 0
Chemical composition (per kg of diet)

Dry matter (g) 922.1 924.1 922
Gross energy (MJ) 17.6 17.6 16.4
Crude protein (g) 209.1 201.2 194.1
Crude fat () 8.8 8.8 7.4
Crude fibre (g) 6.2 4.1 3
Crude ash (g) 5.7 5.7 54

* Premix contains (per kg): lysine 60 g; methionine 75 g; threonine 34 g; calcium 200 g; phosphorus 65 g; sodium 42 g; copper
500 mg; iron 2500 mg; zinc 3400 mg; manganese 4000 mg; cobalt 7 mg; iodine 30 mg; selenium 6 mg; tocopherol 450000
mg; calciferol 166700 1U; tocoferol 1500 mg; vit K 350 mg; Bl 140 mg; B2 230 mg; B6 200 mg; B12 1000 mg; biotin 7 mg;
niaciamid 1200 mg; folic acid 57 mg, calcium pantothenate 450 mg; choline chloride 6000 mg; salinomycin sodium 2333 mg.
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Data has been processed by Microsoft Excel (USA) and Statistica version 12.0 (CZ). We used
one-way analysis (ANOVA). To ensure evidential differences Scheffe’s test was applied and P<0.05
was regarded as statistically significant difference.

RESULTS AND DISCUSSION

Bodyweight gain

The mean bodyweight of chickens during the experiment were presented in Table 3. In the third
week of the experiment it was found significantly lower (P<0.05) mean live weight for the group HS15
(789.80 = 86.03 g) in comparison with control and HS5 groups. In the fourth week
of the experiment live weight of the control group (1475.72 £ 114.61 g) was significantly higher
(P<0.05) in comparison with all experimental groups (HS5 and HS15).

Table 3 Mean bodyweight per trial (g)
Week HS5 HS15 C
of trial n Mean = standard deviation
1 25  284.64 1797 @ 281.32 1815 @ 27940 + 1349 @
2 25  462.00 37.73 *  442.00 3298 2@ 45628 + 2767 *
3 25 891.12 118.77 ® 789.80 86.03 @ 91216 + 66.80 °
+
+

4 25 1360.64 156.38 ?* 1296.68 184.29 & 1475.72 11461 °®

5 25 204092 + 21076 @ 187504 + 14982 P 2169.24 13472 ¢
abe_ different letters in one column - statistically significant differences (P<0.05)

+ O+ W
+ O+ W

Performance parameters

Final body weight was significantly higher (P < 0.05) in the control group (2169.24 + 134.72 g)
and significantly lowest in the group of HS15 (1875.04 £ 149.82 g). In accordance with
the performance targets for ROSS 308, the average body weight of cockerels would be 2 493 g at 37
days of age (Aviagen Group 2014).

Table 4 shows average feed conversion ratio for each groups. The higher FCR was observed
in the group of HS15 with value 2.04 kg.

Eriksson and Wall (2012) found in their trial at classification of hempseed cakes at 35 days of age
chickens live weight of 1 194 g and 2.09 FCR. While in our experiment were observed higher live
weight and a better FCR at 37 days of age chickens. Mahmoudi et al. (2015) found feed conversion ratio
of 2.04 kg for the period of 1-42 days when including 25 g - kg of hempseed cakes in diet of chickens.

Table 4 Feed conversion ratio, carcass yield

n HS5 HS15 C
Mean + standard deviation

Parameters

Live performances

FCR (kg) 1.87 2.04 1.76
Slaughtering yields

Carcass weight (%) 6 7031 + 1882 6991 + 116 * 7350 + 414 2

Breast muscle (%) 6 2133 + 179 * 1942 + 1302 2113 + 212 °

Leg muscle (%) 6 1478 + 133 2@ 1439 + 144 % 1567 + 07232

ab_ different letters in one line - statistically significant differences (P<0.05)

The highest carcass yield was found in the control group (73.50 £ 4.14%) but differences between
groups were not significant. See Table 4. The lowest value was observed in group HS15. Carcass yield
stated in the technological procedure for ROSS 308 (Aviagen Group 2014) is
the 71.72% for 2 000 g of live weight.

Percentages of breast muscle of body weight (Table 3) were nonsignificant highest
for experimental group HS5 (21.33 + 1.79%), while the lowest value was observed in the group HS15.
In the manual of hybrid Ross 308 (Aviagen Group 2014) is stated similar percentage of breast muscle
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of body weight to our results. Technological manual indicates 21.20% of breast muscle at 2 000 g
of liveweight.

Percentages of thigh muscle of body weight was attempted highest for control group
(15.67 + 0.72%), while the lowest value was observed in group HS15. The manual for the hybrid Ross
308 (Aviagen Group 2014) indicates a yield of leg meat 16.01% for 2 000 g live weight. The differences
among groups in slaughtering yields were not statistically significant (P > 0.05).

Khan et al. (2010) observed in their experiment when including of 5% hempseed cakes carcass

yield of 61.3%, 2.5 feed conversion ratio and live weight 1 717.2 g and 4 506.9 g of total feed intake
at the age of 42 days of chickens.

CONCLUSION

The addition of hempseed cakes (especially dose of 15%) negatively affected the growth
of chickens, because the final body weight of chickens (at 37 days of age) with part of hempseed cakes
in feed mixture was significantly lower (P < 0.05). A higher proportion (15%) also worsened feed
conversion ratio. Data of carcass yield were not affected (P > 0.05) by inclusion of hempseed cakes.
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Abstract: The experiment was carried out to investigate the effects of feeding different level of zinc (Zn)
on feed consumption, weight gain and slaughter weight of broilers. Total of 140 male broiler chicks
(Ross 308) were divided into four groups and raised up to 35 days of age. During the trial, control group
(control) of birds were given basal diet containing 28 mg - kg of total Zn without zinc supplement
and other groups were given the diets modified by adding either 20 (Zn20), 40 (Zn40) or 120 (Zn120)
mg - kg of Zn supplied as zinc oxide. The results show that maximum feed consumption, weight gain
and slaughter weight of broilers occurred at a zinc supplement of 20 mg - kg* (corresponding to about
49 mg total zinc) and this parameters decreased by adding 40 and 120 mg - kg ! of Zn to the basal diet.
Differences between these groups were not significant (P>0.05). Chicks fed a non-supplemented basal
diet (control) had lower weight gain and slaughter weight than other treatment groups. There was
significant difference (P<0.05) between control group and group with zinc supplement of 20 mg - kg
Feed conversion ratio was the lowest by added 40 mg - kg of zinc and the highest by added 20 and 120
mg - kg ! of zinc.

Key Words: zinc, zinc oxide, broiler, feed consumption, weight gain

INTRODUCTION

Zinc (Zn) is an essential trace mineral, it is a cofactor of more than 200 enzymes and plays a very
important role in chick growth, feathering, and immune system and disease resistance. Zinc affects all
cellular functions, especially growth and development of organisms (Ao et al. 2011). For broiler
chickens, the values for zinc requirements/allowances vary between 35 and 70 mg - kg diet and for
recommendations between 70 and 140 mg - kg diet (EFSA 2014). The NRC (1994) estimates the zinc
requirement for broilers at 40 mg - kg diet. The technological instructions of Ross 306 recommend to
add 110 mg - kg* of Zn to basal diet. Zinc is added to the diets in inorganic sources (usually zinc oxide,
zinc sulphate, zinc chloride) or in organic forms complexed to amino acids, proteins, or carbohydrates.
The nutritional value of mineral sources depends on the composition of the diet, concentration in the
feed, interactions with other mineral elements, and the bioavailability of the element to the chicks (Star
et al. 2012). The inorganic zinc sources are preferred rather than organic ones due to their lower prices.
Inorganic mineral sources have been over-formulated to ensure adequate concentration but these high
doses may cause antagonism between minerals and present an environmental burden (Ao et al. 2011).

MATERIAL AND METHODS

The experiment was conducted with 140 male chicks of hybrid Ross 308. Chicks were marked
by wing tags and housed in the balance cages, each cage had feeders and drinkers. The lighting regime
was 18 hours light and 6 hours dark. The room temperature and humidity were managed according
to Management Handbook for broilers Ross 308. Temperature and relative humidity was recorded every
day. Chicks were given ad libitum access to feed and tap water. The experiment started at 11 days
of broiler age and chicks were fattened up to 35 days of age. A basal diet was formulated to be adequate
in all nutrients except zinc. Composition of the basal diet is given in Table 1. The feed consumption was
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noticed every day. Body weight of each chicks was measured at the start, then twice a week and at the
end of the experiment.
Chicks were divided into 4 dietary treatments. Dietary treatments included:
(1) control diet without supplementation of Zn (control);
(2) control + 20 mg - kg of zinc (Zn 20);
(3) control + 40 mg - kg* of zinc (Zn 40);
(4) control + 120 mg - kg* of zinc (Zn 120).

Table 1 Composition of the basal diet

Ingredient g - kgt
Maize 340
Wheat 315
Soybean meal 260
Sunflower oil 40
Vitamin-mineral premix ! 20
Experimental Zn-premix>? 20
Chromium oxide 5

Supplied per kilogram of premix: lysine 101.65 g, methionine 135.63 g, threonine 51.22 g, calcium 200 g, phosphorus 98.19
g, natrium 62.89 g, sulphur 0.39 g, chlorine 119.69 g, copper 752.5 mg, iron 3768.6 mg, zinc 44.73 mg, manganese
6046.07 mg, cobalt 11 mg, iodine 47.95 mg, selenium 8.96 mg, vitamin A 680000 1U, vitamin D 250000 1U, vitamin E 2250
mg, Ks 74.8 mg, B1 206.44 mg, B2 344 mg, Bs 300.44 mg, B12 1999.2 mg, biotin 11 mg, niacinamid 1793.4 mg, calcium
pantothenate 676.2 mg, folic acid 82.8 mg, cholinechlorid 9000 mg
2 Content different levels of Zn according to the dietary treatments

Data has been processed by Microsoft Excel (USA) and Statistica version 12.0 (CZ). We used
one-way analysis (ANOVA). Sheffe’s test was applied to defined statistical differences and differences
were considered significant at P<0.05.

RESULTS AND DISCUSSION

The total zinc concentration was analysed in each of the experimental diets (Table 2). The basal
diet without supplemental zinc contained 28 mg - kg of zinc originated only from feedstuffs.

Table 2 Analytical concentration of Zn in dietary treatments

Treatment Zn (mg - kg?)
(1) Control 28
(2) Zn 20 49
(3) Zn 40 77
(4) Zn 120 164

The effects of different zinc level in this study on daily gain of broilers and total weight gain from
11 d to 35 d of age and slaughter weight are presented in Table 3.

Table 3 Effects of different Zn levels on daily body weight (bw) gain (g/d/broiler), total weight gain
(g/broiler) and slaughter weight (g/broiler)

Daily bw gain Total weight gain Slaughter weight
Group n

mean(g) + sd mean(g) + sd mean(g) *sd
(1) Control 35 62470 £ 803 1687542 * 23232 1975662 ¥ 247.21
(2) Zn20 35 69.12° * 859 1832.34° * 26842 215857° *  242.46
(3) Zn40 35 67.47%® * 767 1800.66% * 220.68 2074.09% *  247.94
(4) Zn120 35 64.21* * 846 1737.37% * 22099 2040.34% *  229.05

a,b, ab ;

Different letters in the columns indicate significant differences at a level of P<0.05

162|Page



MENDELNET 2015

Feed consumption and feed conversion ratio (FCR) is shown in Table 4.

Table 4 Effects of different levels of Zn on feed consumption of broilers and FCR during the trial

Experimental group Feed consumption (g/broiler) Feed conversion ratio
(1) Control 2744 1.63
(2) Zn 20 3000 1.64
(3) Zn 40 2902 1.61
(4) Zn 120 2844 1.64

The results show that maximum feed consumption, daily gain, total gain and slaughter weight
of broilers occurred at a zinc supplement of 20 mg.kg™ diet (49 mg - kg of total Zn) and decreased by
adding 40 and 120 mg - kg of zinc to the basal diet (77 and 164 mg - kg of total zinc). Differences
between these groups were not significant (P>0.05). Huang et al. (2007) fed chickens for fattening diets
containing zinc concentrations up to 170 mg for 21 days and observed that maximum feed consumption
and weight gain occurred at about 50 mg - kg of total zinc. Similarly, Jahanian et al. (2008) observed
that in broiler chicks, increasing zinc concentrations from 105 to 145 mg - kg diet (by supplementing
zinc to a basal diet containing 25 mg - kg?) for 42 days significantly decreased average feed
consumption (EFSA 2014). In the study reported by Ao et al. (2011) chicks were fed the basal diet
containing 30 mg - kg of zinc and those fed diet with zinc supplement of 12 mg - kg had lower feed
consumption and weight gain than chicks fed the diet with added 40 mg - kg™ of zinc to the basal diet.

CONCLUSION

In this experiment, different zinc levels were evaluated for their effects on the growth performance
of broiler chicks from 11 days up to 35 days of their age. The best results were achieved by a zinc
supplement of 20 mg - kg™ diet (49 mg - kg* of total Zn). There was significant difference (P<0.05)
between this group (Zn 20) and control group. Weight gain and slaughter weight were not significantly
affected by adding 40 and 120 mg - kg™of zinc (77 and 164 mg - kg™of total zinc) in comparison with
other treatment groups.
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Abstract: This study was carried out on a commercial dairy farm located in the Central Bohemia region
of the Czech Republic. Dairy cows of Holstein cattle were monitored during 2 times of year
(winter-summer). There were recorded temperature characteristics for selected cows. They were divided
into 3 groups according to the period of lactation. The characteristics were obtained by using
a thermographic camera and rectal thermometer. Data about ambient temperature were acquired using
manually air temperature sensor. It was investigated the influence of the ambient temperature
in behavior and welfare of dairy cows in the stable during 2 seasons. It was not detected ambient
temperature effect on behavior in animals due to optimum conditions in the barn.

Key Words: temperature, dairy cows, thermographic camera, welfare

INTRODUCTION

Cattle generally belong to animals with very good thermoregulation capabilities. It is able to be
much better adapted to low temperature environment than at high temperatures (Dolezal 2010, Soch
2005). For the thermal comfort of cattle is considered temperature -5 to 20°C. It always depends on the
actual performance of the animal, on his condition, individuality, and not least on the values of other
elements of microclimate (relative humidity of the air, cooling value, air velocity, etc.) (Zejdova et al.
2014). A body temperature belongs to the best indicators of physiological response to stress. It is under
non-stressed conditions almost constant. On the basis of its changes can be quickly deduce the thermal
load on the body and on the involvement of adaptive mechanisms (Novy et al. 1996). Individual parts
of the body vary in temperature, which is caused by their different metabolic levels, blood flow in the
area, or distance from the body surface. It is the most stable inside the body in the abdomen, chest and
skull — called “core body temperature”. The temperature of the body skin (skin, subcutaneous tissue,
superficial muscles) is more dependent on the ambient temperature.

The method of thermography has found many applications not only in the industry, but also
in human and veterinary medicine, particularly for diagnostic purposes (Knizkova 2007). It was used to
investigate the organism of livestock, specifically changes in the vascular circulation as a result of an
increase or decrease in temperature of the tissue, as a measuring method for the assessment of these
areas (Harper 2000). Spruyt (1995) recommends thermography measurement as a good method for the
study of thermoregulation. The main advantage of this method is that it does not require direct physical
contact with the monitored surface, and thus allows a direct reading of the temperature distribution
(Speakman, Ward 1998).

Observing the distribution of surface temperature by infrared thermography as an alternative
method for the examination of environmental and physiological processes associated with the thermal
comfortdealte.g. Zotti (2011). Infrared camera can detect changes in peripheral blood flow and resulting
changes in heat loss, so this method can be a useful tool for measuring stress to the animals (Stewart
2005).
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MATERIAL AND METHODS
This experiment was carried out in stables with free boxing barns in the agricultural cooperative
Petrovice in the Central Region in the Czech Republic. The measurement conducted within the barn
in which cows were fixed in boxing. There were evaluated three different groups of cows and heifers
in two stables with different microclimate conditions. A total of 36 selected dairy cows and heifers were
divided by 12 pieces into three groups. In the first group were cows and heifers from the second day to
two months after calving. The second group consisted of cows from 4 to 5 months after birth. The third
group included cows in seventh to eighth month after calving. The surface temperatures of the body core
areas were scanned using thermographic camera TESTO 875. These temperatures were given
in correlation with ambient temperature, which was sensed by a thermal TESTO 425 axnemometer with
permanently attached thermal probe. Operating temperature of this unit is in a range from -20 to +50°C
and the probe measuring range is from -20 to +70°C. The probe is measured with an accuracy of £ 0.5°C
and 0.1°C Fgrther, for each of these selected Figure 1 Thermal image of the body surface
cows and helfgrs thefe_was measured a rectal (Svejdové 2014)
temperature using a digital rectal thermometer.
There were compared temperatures during the
winter and summer of 2014.

Thermal images of core body
of animals were taken using thermographic
camera TESTO 875 with the record in the
memory (Figure 1). Recording images was
then evaluated and tabulated. The resulting
values were summarized in tables and graphs
using Microsoft Excel.

RESULTS AND DISCUSSION

There are the results of the correlation of core body temperature of each group of dairy cows
and heifers with the ambient temperature (see Figure 2-4). The average rectal temperature of the
measurements animals ranged between 37-38°C. Literature mentioned that range of rectal temperature
in cattle is 37.5 to 39.5°C. Bukvaj (1986) states based on the actual measurement of rectal temperature
fluctuations in dairy cows from 36.9 to 39.1°C. According to Knizkova, Kunc (2003) temperatures
above 39.5°C are considered to be a response to high temperature environments. The average rectal
temperature was the highest in summer, when there were measured also the high air temperatures.
According to Zejdova (2014) 20°C is considered to be a borderline temperature when there is threaten
a heat stress.

Regarding the effect of high temperatures on the welfare of dairy cows, according to Dolej$
(2005) in the interval 16—21°C there is no significant changes in yield, animal behaviour and the quality
of their products. In the same way Vokialova, Novak (2005) show, that the thermoneutral zone for dairy
cows is given in the range of -5 to + 24°C, and for high yield dairy cows with moved to the upper limit
of 21°C. Increased heat load causes the behavioral and physiological responses including the increase
of body temperature and reduction of respiration activity, food intake and milk production. Significant
differences in measured values rectal temperatures, especially in summer, were located at the 3™ group
of dairy cows and heifers. In this group were cows and heifers at the highest level of lactation compared
to the previous group, so there were most striking fluctuations in rectal temperature values.

According to Dolezal (2010) high yield lactation dairy cows at the top of lactation are especially
sensitive to the heat stress, due to its narrowly focused production function, high efficiency of feed
utilization, and thus high production of metabolic heat. In a herd of dairy cows are more susceptible on
heat stress cows with high milk yield than cows with low milk yield and dry cows. This group of cows
and heifers was in stable where the ventilation only through open doors and windows was. In contrast
to the barn, where there was a 1st and 2nd group of cows and heifers and where ventilation was used by
fans and open doors. In an environment with high temperatures cattle feed consumption fluctuates and
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this decline is given in connection with the decline of milk production (Dolezal 2010). In the case
of this experiment, it was found that the effects of high temperatures during the summer months, which
moved up to around 26.4°C, there was no significant decrease in the average yield of animals.

There is a comparison of average winter and summer measured body surface temperatures (see
Figure 5). The surface temperature during the measurement does not be altered significantly. The most
striking difference between winter and summer was for the first group of cows and heifers. Surface
sensing of body frame are most often affected by external factors such as light, air temperature and air
flow. Also, characteristics such as structure, color and coat pollution play a very important role. Finally,
it also depends on the correct setting of the thermographic camera, the distance the subject and
emissivity. The highest values of surface temperatures occurred mainly during the summer. Sensing
temperatures in this period, however, were very influenced by microclimate conditions in the barn
(ventilation equipment, sprinkling).

Figure 2 The relationship of body temperature and ambient temperature - Group 1
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Figure 3 The relationship of body temperature and ambient temperature - Group 2
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Figure 4 The relationship of body temperature and ambient temperature - Group 3
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Figure 5 The comparison of body core temperatures
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CONCLUSION

The monitoring results show that the welfare of cows in optimal conditions in the stable is not
affected by summer or winter temperatures. It was examined how the high temperature affects the
organism, what is their impact on heat stress and how overall comfort of dairy cows and heifers is
influenced. The average rectal temperature of the animals was between 37-38, 5°C. The aim was
to identify and assess how the high temperature affects the organism and whether it can be used as
thermal radiation mechanism referring to the health status and welfare of animals. The surface
temperature is in the sensing a thermal camera most affected by external environmental conditions (flow
and air temperature, light, humidity).

A big impact on the resulting surface temperatures also have characteristics such as surface
emissivity especially, structure of hair, colour, and pollution. Suitable stable environment,
corresponding to all the essential requirements of the housed animals is one of the decisive factors in
the success of farming. In this experiment must be taken into account that it have been taken only during
the summer and winter temperatures. Therefore it would be appropriate to repeat the experiment
to verify the accuracy of the data.
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Abstract: The aim of this study was evaluating the influence of air temperature on behaviour of Holstein
calves in individual outdoor calf hutches according to age of calves. Experimental part of this study has
been done on the university’s dairy facility - farm Zab&ice. Among the analysed behavioural
manifestations were especially: time spent standing or lying down, either inside or outside the hutch.
Within obtained results it can be said that the temperature is important factor while evaluating its impact
on Holstein calves kept in individual outdoor calf hutches behaviour, however more important factor
was the age of calves.

Key Words: age, calves, individual outdoor calf hutches, temperature

INTRODUCTION

Air temperature is an important factor of stable microclimate and it affects the microclimate
the most. Along with other physical characteristics, such as airflow and relative humidity it also has
the greatest impact on the thermal condition of animal and its thermal comfort (Dolezal et al. 2004).
The range of thermal comfort — the thermoneutral zone, does not only depend on the species of livestock,
but also on the breed, gender, performance, weight, nutrition, but mainly on age. Cattle, in comparison
with other species, shows relatively broad thermoneutral zone (10°C or more). But in calves the range
of optimal temperature is very narrow (Mala et al. 2010). Despite the fact that even newborn calves can
resist cold and deal with it very well, the risk of hypothermia threatens about 5% of their (Jedlicka 2006).
Calves have also greater difficulty coping with sudden temperature changes within first few days after
birth (Borderas et al. 2009). Immediately after birth the newborn calf gets in temperature discomfort
because of the change of environment — from the inner environment of mother’s uterus with optimal
temperature to much cooler outside environment (Dolezal et al. 2008). The lower critical temperature
to newborn calves in draft-free conditions is 9°C (Mala et al. 2010, Jezkova 2014, Dolezal 2012).
For older calves the lower critical temperature is 0°C (Jezkova 2014). Successful adaptation of dairy
calf to cold depends on adequate nutrition (Nonnecke et al. 2009). If the animal is not able to remove
sufficient heat via sweating to ensure the maintenance of thermal balance, the body temperature
is increasing and heat stress occurs, to which all the environmental factors contribute, but the most
important one is the increase of air temperature (Colturato 2012). While calves are born with a very well
developed thermoregulation, calves born in summer or during tropical days are worse off than those
born in winter months (DoleZal 2012), because the temperature and intensity of sunlight in the summer
often exceeds the critical (Dolezal 2008) and air temperatures above 25°C means a significant burden
for the calf’s organism (Mala et al. 2014). We can assume that this is due to the fact that older categories
of cattle have already created a more efficient system to eliminate the heat stress (Roznovsky,
Litschmann 2005).

MATERIAL AND METHODS

For the purpose of this study the behavioural observation of calves was conducted. There were
two phases of observation — at low temperatures (from 31% January to 7" March 2014) and at high
temperatures (from 20" June to 25" July 2014). The behaviour at low and high temperatures was
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important. The observation took place at university’s dairy facility in Zabgice. Only Holstein heifers
from 4 days of age were observed. All animals were housed in individual outdoor calf hutches of same
type and common sizes. Hutches were placed side by side in two rows with inlet openings situated
to the east or west. Both stages of observation took place since morning feeding to afternoon feeding
(6.30 to 16.30). Data were recorded at 15 minute intervals to ethogram. Calves were divided into two
groups by their age — young age and advanced age. The average age of young calves in the period
from 315 January to 7" March 2014 was 24 days. The average age of advanced calves in the same period
was 46 days. The average age of young calves in the period from 20" June to 25" July 2014 was 22
days. The average age of calves in the same period was 41 days. The number of calves in the group were
taken into account within days. Throughout the study calves were fed ad libitum starter and water. They
were also fed milk replacer two times a day. In this ethological monitoring, time spent lying down
or standing, either outside or inside the hutch, were observed. The results of observation are displayed
in Table 1. The results of observation were processed by conventional mathematical — statistical
methods.

RESULTS AND DISCUSSION

Table 1 Basic parameters of ethological observation at lower daily temperature — the impact of age
on the monitored vital signs in calves

Basic parameters of ethological First stage — observation at lower daily

observation temperature z
Date of observation 31.1. 7.2. 142. 212, 282. 7.3. | 6weeks
Number of records 925 950 1064 1064 1064 1092 6159
X
Average age (days) 22 29 33 40 47 54 38
Average weight (kg) 49.7 49.7
Average temperature (°C) 0.6 1.7 34 4.8 3.1 51 3.1
Maximum temperature (°C) 1.7 4.2 9.6 11.7 8.4 9.6 7.5
Minimum temperature (°C) -0.9 -3.2 -3.7 -2.1 -1.3 1.2 -1.7
Monitored major activities and their frequency in the group )
o Total standing 207 173 223 221 202 225 1251
% Total lying 200 245 309 311 330 321 1716
>8- Outside the hutch 45 74 138 169 168 170 764
Inside the hutch 362 344 394 363 364 376 2203
Monitored major activities and their frequency in the group z
%, Total standing 279 248 200 199 193 228 1347
k2 Total lying 239 284 332 333 339 318 | 1845
% Outside the hutch 106 177 152 167 169 190 961
Inside the hutch 412 355 380 365 363 356 2231

The results show that in the period from 31% January to 7" March 2014 - Basic parameters
of ethological observation at lower daily temperature — the impact of age on the monitored vital signs
in calves are displayed in Table 1; animals were lying more than standing and they were more inside
the hutch than outside, and with rising temperature and increased age calves in the group of young age
tend to lie even more, which corresponds to the claim (Hauptman et al. 1972), which states that the
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younger calves spend more time lying down than standing. Assuming calves had well littered bed, dry
and clean bedding, we can assume that more calves were lying due to the assertion (Mala et al. 2014),
which states that dry bedding is very important for thermoregulation, since it reduces heat loss from the
body by conduction, thus helps calves overcome low temperature environment. Preference of these
calves to stay in hutch was in decline, but it still held a higher proportion than staying outside. Calves
in the group of higher age preferred more lying than standing with increasing temperature and age, while
with rising temperature and age the preference of staying in the hutch was in decline, but still held
a higher proportion than staying outside. The differences in observed vital signs between the group
of young and higher age were not particularly striking during this period.

Table 2 Basic parameters of ethological observation at higher daily temperature — the impact of age
on the monitored vital signs in calves

Basic parameters of ethological

Second stage — observation at higher daily

observation temperature x
Date of observation 20.6. 27.6. 4.7. 11.7.  18.7. 25.7. | 6 weeks

Number of records 468 640 760 760 760 760 4148

X

Average age (days) 21 23 26 33 40 47 32
Average weight (kg) 49.2
Average temperature (°C) 15.6 18.7 21.1 18 22.6 20.1 19.4
Maximum temperature (°C) 21.5 27.5 29.2 25 32.6 29.5 27.6
Minimum temperature (°C) 8.9 8.7 9.6 13.6 15.8 12.8 11.6

Monitored major activities and their frequency in the group z
= Total standing 97 6 132 9% 8 96 | 569
§ Total lying 176 178 210 246 256 246 1312
S Outside the hutch 98 61 116 80 79 81 515
Inside the hutch 175 179 226 262 263 261 1366

Monitored major activities and their frequency in the group )
%’ Total standing 74 129 104 119 129 159 714
3 Total lying 121 271 314 299 289 259 1553
2 Outside the hutch 58 125 96 97 121 154 | 651
Inside the hutch 137 275 322 321 297 164 1516

Behavioural observation during the time period from 20" June to 25" July 2014 — basic
parameters of ethological observation at higher daily temperature — the impact of age on the monitored
vital signs in calves, are displayed in Table 2 — shows, that calves were lying down more than standing
and they were more inside the hutch than outside, while with increasing temperature and age, calves
in the group of younger age tend to lay down more, apart from 2™ and 3" week of monitoring, when
compared to the 1% week we observed a big drop of this preference. The preference of staying
in the hutch was increasing, except for the 2™ week of observation, where there was big drop
of this preference compared to first week. Calves in the group of higher age preferred lying down more
than standing, while with increasing temperature and age the trend to lie down was in decrease from
the 3 week, but still held a higher proportion than the trend to stand. A trend to stay inside the hutch
was in decrease with increasing temperature and age, but still held a higher proportion than being outside
the hutch. High temperature definitely has the effect of raising the surface temperature of the body
of calves (Roznovsky, Litschmann 2005) and in individual outdoors calf hutches there is significant
relationship between the inside temperature and sunshine intensity, i.e. the higher the intensity of solar
radiation, the higher the temperature inside the hutch (Vegricht et al. 2013). These allegations are
in accordance with the detected results. When comparing the preferences to lie down and stay inside
the hutch in calves of young and higher age, during this observation period (from 20" June to 25" July
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2014) there were noticeable differences in observed vital signs. In the group of young age calves
compared to higher age calves it is evident that older calves tend to stay inside the hutch more.
Furthermore, the preference to lying down was higher with higher age calves than with younger calves,
despite the fact that (Bonk et al. 2013) indicates that there is some relationship between time spent lying
down and age, or: the elderly calves are, the more they increase their activity and they prefer lying less
(Hrouz 2012). It can therefore be concluded that there was some age influence. When comparing
the results for the entire observation at lower and higher daily temperature (impact of age), there are
noticeable differences in overall preference to lying between younger calves at lower and higher daily
temperature. Young calves spent 27.9% observation time lying down at lower daily temperature
and 31.6% observation time at higher daily temperature. We can conclude that there was some influence
of the temperature. Furthermore, calves of higher age at lower daily temperature spent 30%
of observation time lying down and at higher daily temperature 37.4% time. We can assume that
the difference of 7.4% was due to the temperature. Out of the results regarding the stay inside the hutch
we can conclude that younger calves at lower daily temperature were lying down 35.8% of observation
time and at higher daily temperature it was 32.9% of observation time. It can be said that the temperature
had only marginal impact in this case. Calves of higher age at lower daily temperature lay 36.2%
of observed time and at higher daily temperature they lay 36.5% of observed time.

CONCLUSION

When observing the impact of age to the vital signs of calves at lower and higher temperature,
calves were generally lying down more than staying and they were more inside the hutch than outside.
The differences in observed vital signs between the group of young and higher age at lower temperature
were not significant. There are, however, apparent differences at higher daily temperature, especially
of higher age were more inside the hutch than younger calves. Also the preference to lie down was
greater in older calves.
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