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PREFACE

Each year, the editors of the volume you are about to read are tasked with the responsibility
of putting a coherent form to the proceedings from MendelNet, the international PhD

Students Conference of the Faculty of AgriSciences of Mendel University in Brno.

The event which reached, this year, on November 10, 2021, its 28" edition, is traditionally
aimed at both under and postgraduate students from the Czech Republic, Europe and beyond,
and proudly welcomes the participants of various professional and cultural backgrounds.
And while this time the people could not gather on-site due to globally-imposed covid-19
restrictions, the conference swiftly transformed itself into a virtual and fascinating beehive

of results, opinions and brand new research paths and ideas.

Here in Brno, under the spell of great genetician G. J. Mendel and the guidance of skilled
senior researchers and supervisors, students can introduce, defend and discuss their scientific
results while those who do not feel confident enough to present and pen their paper in English

are invited to join as spectators and follow-up discussion participants.

The best submissions are, after rigorous peer-review process, collected here and range
from plant and animal production to fisheries and hydrobiology to wildlife research
while agroecology and rural development, food technology, plant and animal biology,
techniques and technology and applied chemistry and biochemistry also belong to the core

areas being investigated.

The collection as varied and huge as this can succeed only as a team effort, both on authors’
and editors’ side, so we would like to express our thanks and gratitude to all committees

and reviewers both for their outstanding work and invaluable comments and advice.

The Editors



MN

10 November 2021, Brno, Czech Republic M
endel

TABLE OF CONTENTS

PLANT PRODUCTION

Comparing of observed and simulated field crop production in HERMES2Go model
at Hnévceves locality
BOHUSLAV J., KERSEBAUM K.C., MADARAS M., HLAVINKA P., TRNKA M., ZALUD Z. ............ 13

Modelling the onset of phenological phases of spring barley (Hordeum vulgare L.)
DIZKOVA P., BARTOSOVA L., HAJKOVA L., BALEK J., BLAHOVA M., BOHUSLAV J.,
POHANKOVA E., TRNKA M., ZALUD Z. ...ootutteitiiieeeeeeeeeeeeeeeeeeeeeeeeeereeeseseseeeeeeeessseeeesesreseee. 19

The effect of milk thistle cultivation technology [Silybum marianum (L.) Gaertner] on the yield
and contained compounds
FOIJTIKOVA L., BRADACOVA M., KUDLACKOVA B., BIELKOVA M., PLUHACKOVA H. .............. 25

Yield formation parameters of winter wheat under two CO, levels in water sufficient
and depleted environment
HLAVACOVA M., KLEM K., VESELA B., FINDUROVA H., HLAVINKA P., SMUTNA P.,
HORAKOVA V., SKARPA P., TRNKA M. L..iiiiiiiiiiiiiiiinieiseteee et 31

Use of unmanned aerial remote sensing for in-season diagnosis of winter wheat nitrogen status
HORNIACEK 1., LUKAS V., NEUDERT L., DUFFKOVA R., MEZERA J., SMUTNY V. .....cccccvvvvrrnn. 37

Seed vigour effected by total polyphenols content
JOVANOVIC 1., EDISON ALBA-MEJIA J., PSOTA V., STREDA T. ...cooviviiieieiieeeeeeeeeeeeeeeeeeen 43

A variety of transpiration in the young spruce stands with different thinning management
KYSELOVA I., SZATNIEWSKA J., VAGNER L., KREJZA J., PAVELKA M. ....ccoccovioiiiiiiiieeennn. 49

Estimation of winter wheat nitrogen status and prediction of crop yield by satellite and proximal
sensing
MEZERA J., LUKAS V., ELBL J., NEUDERT L., HORNIACEK I., SMUTNY V. .cccvvvriiiiiiiiiriieeeeeen, 55

Influence of vermicompost on growth parameters and content of chlorophylls in maize during
vegetation
NEUPAUER J., KOVACIK P. oottt ettt e e st e s 61

Interactive effects of adaptation technology, based on no-till sowing into the mulch of cover crop
residues, and nitrogen nutrition on photosynthetic performance of maize under drought stress
OPOKU E., HOLUB P., FINDUROVA H., VESELA B., KLEM K. ..ovivivieieieeeeeeeeeeeee e 67

A comparison of the efficiency of pheromone lures on the Cydia pomonella (codling moth)
PRAZANOVA Z., SEFROVA H. ..ottt ettt e eearaae e eanrae s 73

Evaluation of nutritional potential of selected sorghum varieties in relation to different types
of soil localities
RIHACEK M., NOVOTNY J., ZALESAKOVA D., HORAKOVA L., MRKVICOVA E.,
PAVLATA L., STASTNIK O., SMUTNY V., RABEK M. .....ootttitiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeveseeenens 78

5 |Page



MN

10 November 2021, Brno, Czech Republic M
endel

The effect of biochar co-application with soil prebiotic on biomass production and soil basal
respiration
RUZICKA D., POLACH V., ZAHORA J. .ottt e et e eneeseeeeeneeeeeneeeaeas 83

Effect of elevated CO, concentration and nitrogen nutrition on mais response to short-term high
temperature and drought stress
SIMOR J., KLEM K. .ttt ettt sttt ettt 88

Estimation of winter wheat yield using machine learning from airborne hyperspectral data
SVIK M., PIKL M., JANOUTOVA R., VESELA B., SLEZAK L., KLEM K., HOMOLOVA L. .............. 94

The effect of different technical details of drip irrigation on fruit yield and annual increments
of "Gala" apple
VASTIK L., MASAN V., BURG P., ZEMANEK P., HIC P. ....ooovvriiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee 100

ANIMAL PRODUCTION

Different selenium sources in medium-slow growing broiler chicken’s diets and their influence
on blood biochemical and performance parameters
HORAKOVA L., NOVOTNY J., ZALESAKOVA D., RIHACEK M., ROZTOCILOVA A.,
STASTNIK O., MRKVICOVA E., PAVLATA L. ...oviiiiiiiiieeieeeeee et 107

The influence of organic and inorganic selenium sources on the metabolism of broiler chickens
HORAKOVA L., NOVOTNY J., ZALESAKOVA D., RIHACEK M., STASTNIK O.,
MREKVICOVA E., PAVLATA L. ooooiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee ettt eeeaeeeaeseseaeessessesaseseeaees 113

The effect of stage and number of lactations on the incidence of milking success when using
Automatic Milking Systems
JENIK D., FALTA D., KOPEC T., VECERA M., LATEGAN F., CHLADEK G. ....cccoovvvveiieeeeenrrnnnnn. 118

Evaluation of reproductive parameters at a farm specializing in breeding of Czech Fleckvieh
dairy cows
KOCIANOVA K., FILIPCIK R., RECKOVA Z., PESAN V. ..ottt 122

Determination of the effectiveness of disinfectants containing organic acids for bovine footbaths
LANGOVA L., MACHACEK M., HAVLICEK Z., NEMCOVA P., NOVOTNAL .....ccccccvvvveiiinrrnnnenn. 126

The effect of breed on body indices in draft horses in Czech Republic
MATUSKOVA A., COUDKOVA V., FILIPCIK R., MARSALEK M. .......cccovviiiiiiiieeeireee e 131

Methods for assessing the health of the limbs and their relationship to the duration of treatment
for footrot: a pilot study
NEMCOVA P., HAVLICEK Z., LANGOVA L., NOVOTNA L .eeeieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeveeeaea 137

The influence of different feed particle size in broiler diets on the performance parameters and
digestive viscosity

NOVOTNY J., HORAKOVA L., ZALESAKOVA D., RIHACEK M., KUMBAR V.,

STASTNIK O., PAVLATA L. ettt ettt e et e e e aa e e e e aaeeeeenraeeeenes 142

6 |Page



MN

10 November 2021, Brno, Czech Republic M
endel

The effect of cumin (Carum carvi L.) on broiler chickens performance parameters
NOVOTNY J., HORAKOVA L., ZALESAKOVA D., RIHACEK M., MRKVICOVA E.,
PLUHACKOVA H., STASTNIK O., PAVLATA L. ..ottt 148

Determination of optimal insemination time in sheep by assessing cervical mucus arborization
PESAN V., HOSEK M., FILIPCIK R., SOUSKOVA K., PESANOVA TESAROVA M. ...cccevveveeennnn. 152

Effect of storage and preincubation on hatching egg quality and hatchability in meat type chicken
PESANOVA TESAROVA M., LICHOVNIKOVA M., FOLTYN M. w.cviitititeieeeeee et 158

Evaluation of Holstein cows originated from embryo transfer
POPELKOVA M., FILIPCIK R., KOPEC T., RECKOVA Z. ......ovvviiiiieieciiiieeee et e e 163

Condition of honeybee colonies overwintered with winter stores enriched by extracts
of polypore mycelia
PROUZA J., MUSILA J., PRIDAL A oottt et eee et et eeeeeaeeeeeeeeseeeeeseeeeeneneene 166

The effect of cumin (Carum carvi L.) on medium-slow growing chickens performance parameters
RIHACEK M., NOVOTNY J., HORAKOVA L., ZALESAKOVA D., ROZTOCILOVA A.,
MRKVICOVA E., STASTNIK O., PAVLATA L. ..ooiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeveeeeeeeeveaees 171

The influence of different variations of selenium sources in diets on blood biochemical
parameters in fast growing broiler chickens
ZALESAKOVA D., NOVOTNY J., RIHACEK M., HORAKOVA L., ROZTOCILOVA A.,
STASTNIK O., MRKVICOVA E., PAVLATA L. ..oiiiiiiiiieeeeeeeeeee e 176

Blood biochemical parameters in the evaluation of chicken nutrition during the starter feed period
ZALESAKOVA D., RIHACEK M., NOVOTNY J., HORAKOVA L., STASTNIK O.,
MREKVICOVA By PAVLATA L. oottt ettt ettt eae et ese e e e e 181

The effect of housing technology on the milk performance of Holstein dairy cows in selected
breeding
ZAPLETALOVA L., VECERA M., CHLADEK G., POPELKOVA M., LANGERR. ....cccccovurrrrrrrnnnnnnn. 187

FISHERIES AND HYDROBIOLOGY

Is oral application of plastic particles able to provoke the oxidative stress and alter expression

of an immunity related genes in rainbow trout?
HOLLEROVA A., HODKOVICOVA N., BLAHOVA J., FALDYNA M., MEDKOVA D., MARES J.,
SVOBODOVA Z. ..ottt ea s a s 193

Selected biochemical parameters of two common carp (Cyprinus carpio) breeds infected with koi
herpesvirus
MACHAT R., LEVA L., POJEZDAL L., FALDYNA M. ..ottt 197

Effects of pesticides on catfish (Silurus glanis) embryos
MEDKOVA D., LAKDAWALA P., DOUBKOVA V., BLAHOVA J., HOLLEROVA A.,
WEISEROVA Z., HODKOVICOVA N., SVOBODOVA Z., MARES J. ...vtrreiiiiieieeeiieeeeeee e 200

7 |Page



MN

10 November 2021, Brno, Czech Republic M
endel

Toxicity tests on Daphnia magna
MELEZINKOVA P., POSTULKOVA E., KOPP R. ..ottt eeee s 203

Rotifers and microcrustaceans communities in natural and restored peatlands
PFEIFER L., SORE M. ...ttt ettt e et e e e e e ettt e e e e e eseanaaaeeeeessesnnnenneeeas 208

Use of peas in fish nutrition
ZEZULA F., MARES J., MALY O., SORF M., PFEIFER L. ......cc0eiiviiiiiiiiiiiee e 213

WILDLIFE RESEARCH

Contribution to the faunistic research of beetles (Insecta: Coleoptera) in Natural Monument
Rizovy kopec near Mikulov
KOPR D ettt ettt a et b e bttt ettt e b et bt ebe e 219

Importance of cereals for population dynamics of common voles (Microtus arvalis) — a case
study from Moravia (Czech Republic)
SKOPALOVA G., SIPOS J., SUCHOMEL J. ....oiiiiiiiiiiiiiiieeciiie ettt aae e eeavaeee e 224

Influence of different forage mixtures treated selenium and zinc on pollinators
SODOMOVA K., HYBL M., SIPOS J. .eeeueiieiiieeieieiie ettt ete ettt eire et esaeeesveeeneaeesnseesnnnes 229

AGROECOLOGY AND RURAL DEVELOPMENT

Integrated national-scale assessment of climate change impacts on agriculture: the case
of the Czech Republic
ARBELAEZ GAVIRIA J., BOERE E., HAVLIK P., TRNKA M. ....coiviiiiiiieieecieeeeeeeeeeees e 236

Analysis of small forest catchments evapotranspiration determined by precipitation/runoff
measurements, remote sensing model DisALEXI and water balance model SoilClim
GHISI T., FISCHER M., OULEHLE F., ZALUD Z., TRNKA M. .....oottttiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeeeenees 242

Analysis of awareness of the implementation of agricultural production in Czech Republic
LANGER R, DRYSLOVA T ..ottt sttt 248

Historical and contemporary endangered wetland species of the southeastern part of the
Bohemian-Moravian Highlands
OULEHLA J., JIROUSEK M., STASTNA M. ittt e e e e e e 252

Variation of glomalin content in the Czech soils and the relationships to the chemical soil
characteristics and climatic regions
POLACH V., PATRA S, KLEM K. ...oiiiiiiiiee ettt e e 258

Determining the phytotoxicity of rubber granulate from waste tires
SOURKOVA M., ADAMCOVA D. ....eiiiiiiiieiieeteeeee ettt ettt e iae et eesiae e sbeeeneaeessseesnneaes 263

Optimization of ATS system for pollutants removing
TARBAJOVA V., CHALOUPSKY P., HUSKA D. ...ovvriiiiiiiiieeee e 268

8 |Page



MN

10 November 2021, Brno, Czech Republic M
endel

Foob TECHNOLOGY

Development of 3D printing in food processing
BAUER J., JANOUD S., BENO F., SEVCIK R. ....ooitiiiiiiiiiiiiiiiiiiieiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeevaeeeaees 275

Use of leftover bread for beer production
DYMCHENKO A., GERSL M., GREGOR T. . ..ottt 281

Reduction of weight loss after defrosting of meat using a gelatin-based coating
MARTINEK J., GAL R., MOKREJS P., SUCHACKOVA K. ....ooiiiiiiiiiiiiieee et 286

Quality of malt made from current and historical malting barley varieties
NEMETHOVA M., PSOTA V., GREGOR T. ...ooutiiiiiiiiiiee s ssssnnnnes 292

Encapsulation of fortifying ingredients in colloidal emulsions of lecithin
ONDROUSKOVA K., LAPCIKOVA B., LAPCIK L., SZYK WARSZYNSKA L., BURESOVA R. ......... 296

Quality of superworm (Zophobas morio) fats determined by Raman spectroscopy
PECOVA M., PLEVA B., POSPIECH M. ....ccoiiiiiiiiiiiiiiieeite ettt st 302

Effects of a preparation based on a functional collagen polymer on the skin in the periorbital area
PROKOPOVA A., PAVLACKOVA J., GALR.,, MOKREIS P. ...t 307

A comparative study on the selected quality properties of frankfurters with using chicken breast
meat
SLOVACEK J., GROSSOVA L., SNUPIKOVA N., PIECHOWICZOVA M., STASTNIK O., JUZL M. ...313

Possibilities of use and quality parameters of beaver canned meat (Castor fiber L.)
SLOVACEK J., JUZL M., POPELKOVA V., PIECHOWICZOVA M., DRIMAJ J., MIKULKA O. ......... 318

Quality of beer made from bakery leftovers
SNUPIKOVA N., GROSSOVA L., HRIVNA L., GREGOR T., KOURILOVA V.,
DUFKOVA Ry JUZL M. ittt ettt e ettt e e st e e et e s e snstaeessnssaeeennnsaeesnnnseas 324

PLANT BIOLOGY

Effects of intermittent-direct-electric-current (IDC) on growth and content on photosynthetic
pigments in hemp (Cannabis sativa L.)
BALOG N., VYHNANEK T., KALOUSEK P., SCHREIBER P. .......ccceoviviiiiiieiceeeeeeeeeeeeeeeeeeans 331

Method for simultaneous detection of Phytophthora infestans proteins and DNA in Solanum
tuberosum samples
BERKA M., BERKOVA V., KOPECKA R., GREPLOVA M. .....cottiiiiiiiiiiiiiieeeeeeeeecteeeeee e eeeevaeeens 337

Characterization of the potential biological control Acremonium alternatum using omics
approaches
BERKOVA V., MENSIKOVA S.; AUER S. .oiiiiiiiiieiiieeiieeetteeiee et e steeeiveesnteeeiaeeseseesnenesnnseesnnes 342

9 |Page



MN

10 November 2021, Brno, Czech Republic M
endel

Atmospheric CO, concentration, light intensity, and nitrogen nutrition affect spring barley
response to drought and heat stress
FINDUROVA H., VESELA B., OPOKU E., KLEM K. .....cciiiiiiiiiiiiiiieceeeee e 348

Determination of chlorophyll content, RWC and LDMC in leaves of sorghum and maize
during two different phenological stages in the field conditions
FRANTOVA N., RABEK M., ELZNER P., SMUTNY V. ...iiiiiiiiiieee e 354

Transcript levels of VRNI, PPD-D1, PPD-B1 and PPD-A1 genes during different developmental
stages of winter wheat
FRANTOVA N., SMUTNA P., HOLKOVA L. ...oooiiiiiiiiieiee et 360

Auxin or sugar? Which has higher impact on bud outgrowth regulation?
KUCSERA A., BALLA J.,, PROCHAZKA S. ...ttt ettt ettt ettt et eetree e e taea e e earaeeeeanneas 366

Identification of powdery mildew (Erysiphales) species on ornamental perennial plants
(Asteraceae) in the gardens of Mendel University in Brno
MICHUTOVA M., POKORNY R., SAFRANKOVA L ....cciiiiuiiiiieeiieeeeieeeeeeeeeee et 371

Short-term application of elevated temperature and drought influences the isotopic composition
of winter wheat grains
PERNICOVA N., URBAN O., CASLAVSKY J., KLEM K., TRNKA M. .....ccovtvrriririiiiieieieireeeeeeeeenennns 377

Methodology of phenotypes selection of hemp (Cannabis sativa L.) for secondary metabolite
production
SCHREIBER P., BALOG N. ...oiiiiiiiiiiiiiiieiitecie ettt ee et e st eiae e s teessaaeesnbeeensaeesnseesnseeas 383

ANIMAL BloLOGY

DNA barcoding and metabarcoding in forensic entomology: casuistic and future challenges
OLEKSAKOVA T., KLIMESOVA V., SULAKOVA H. .....ccoviiiiiiiiieiee e 390

Stallion semen cooling using different types of extenders
SouskovA K., RECKOVA Z., KOPEC T., BRUDNAKOVA M., FILIPCIK R. .........ccccceeviiinirrannnn. 394

Associations of SOST and TNFSF11 genes polymorphisms with bone parameters in broilers
STEINEROVA M., HORECKY C., KNOLL A., NEDOMOVA S., PAVLIK A. ......coooovviieiiiieeeerreeeens 399

TECHNIQUES AND TECHNOLOGY

Comparison of fatigue behaviour of AlSi10Mg CT samples prepared by casting and by additive
technologies
DVORAKOVA J., DVORAK K., CERNY M. ..oiiiiiiiiieiieeee ettt 406

Alternative mechanical pre-treatment methods of hot-dip galvanising surface to increase
of the organic coatings adhesion
LOZRT J., VOTAVA J., SMAK R. ..eoriiiiiie ettt e 412

10|Page



MN

10 November 2021, Brno, Czech Republic M
endel

Comparison of stress action of real specimens and computer model during tensile testing
PERNICA J., SUSTR M., DOSTAL P., VODAK M., SAROCKY R., BRABEC M., ZACALJ. .............. 418

Hyperspectral imaging LED and incandescent light source comparison for food quality inspection
ROUS R., ONDROUSEK V., JUZL M. ...coiiiiiiiiieiiieeiie ettt eiteesiteesveeeiaeesaeeesaaeesssaeensaaennsaesnnes 424

The evaluation of selected mechanical and physical properties of pelletized compost
SINKOVA A., BURG P., MASAN V., CIZKOVA A. ....oovriieeeiee ettt e e eeaaeeeeetreeeeeraaeeeens 430

Stability of intemetallic phases in the heat affected zone depending on shielding gases
SMAK R., VOTAVA J., LOZRT J., POLCAR A. ...eoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeee e eeeeeseseeeeeeeeeseneas 436

Mathematical models for temperature-dependent viscosity of FAME and diesel blends
TROST D., POLCAR A., FAIMAN M., VOTAVA J., CUPERA J., KUMBAR V. ....cccovvreiieiieerrnnnnn. 442

The evaluation of lawn quality cut performed by a robot lawn mower
VASTIK L., MASAN V., BURG P., ZEMANEK P. ....oooiiiiiiieieie e 448

APPLIED CHEMISTRY AND BIOCHEMISTRY

Exploring the pH-triggerable structure of siRNA-carrying liposomal nanoparticles as tools for
treatment of hepatitis B
KRATOCHVIL Z., DO T\ oottt ettt e e e et e e e e e e e s aaaaeeeeessessnnnanaeeeas 454

Pesticides and long-term denitrification conditions
PANIKOVA K., BILKOVA Z., MALA J. ...ocuiiiiiiiiiieieieeeeee ettt 458

Identification of volatile compounds produced by Laetiporus sulphureus using OSMAC
cultivation strategy
SCHLOSSEROVA N., BLAHUTOVA A., VANICKOVAL.P. ... 464

Cross-linked-Pd0 polyethyleneimine catalyst for bioorthogonal chemistry
TAKACSOVA Py PEKARIK V. oottt ettt et st ettt e sttt e sneeeeniaee s 469

Molecularly imprinted polymers as a recognition element for the determination of disease
markers
VODOVA M., VLCNOVSKA M., BEZDEKOVA J., VACULOVICOVA M. ....ccoovveiiiiieeeeeeeeiieeeen. 475

Copper and zinc in dogs: impact of sex, age, and diet on serum levels
ZENTRICHOVA V., PECHOVA A. ..ottt e e e e e e e e ennes 480

1l1|Page



MN

10 November 2021, Brno, Czech Republic M en d e lN et

PLANT PRODUCTION

12[Page



MN

10 November 2021, Brno, Czech Republic M
endel

Comparing of observed and simulated field crop production
in HERMES2Go model at Hnévceves locality
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Abstract: The main objective of this study was calibration and testing of crop growth model
HERMES2Go under long—term field experiment in Hnévceves locality (coordinate 50°18'N, 15°43°E,
altitude 265 m.a.s.l.). Observed data of yields and the other parameters like a weather data, soil
parameters, management practice, phenology phases etc. monitored in last 38 years was used for model
calibration. Input parameters were available for 4 different fertilizer practices: i) control, ii) manure, iii)
mineral fertilizer and iv) manure together with mineral fertilizer on each plot. Observed data are
available for yields of main and by—product and above ground biomass. The main grown crops were
sugar beet, spring barley, winter wheat, silage maize, oat and alfalfa. Outputs of the model for main
product are relatively accurate, but values of by—product requires additional calibration parameters
settings together with above—ground biomass.

Key Words: HERMES2Go, long—term experiments, simulation, yield, field crops

INTRODUCTION

Long—term experiments can help to identify effects of different management including temporal
changes and trends in soil properties, nutrient availability as well as production aspects. Stability
of the yields is very important parameter. Main factors, that can negative change both yield quantity
and quality are adverse weather conditions, unsuitable soil conditions, insufficient water and nutrients
and also pests and diseases.

Simulations are important for crop production assessment under various conditions including
changes in management or climate. Moreover, comparing simulated and observed values could
be conducted for different soil conditions. Only reliable crop growth model could be used for predictions
of yields and properties during the next decades. For this purpose, successful calibration and testing
of the model are necessary. And this is exactly what long—term experiments are used for.

The main aim of this study is calibration of relevant HERMES2Go parameters to estimate yields
(main products and by—products), and above ground biomass under four different fertilization
management. To test crop growth model HERMES2Go observed data from long—term field experiment
was used. This experiment started in 1980 at Hnévceves locality and data series end in 2017.

@ 13|Page
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MATERIAL AND METHODS

Characterization of growing locality, management of growing field crops, HERMES2Go

The Hnévceves experimental station is located in district of Hradec Kralové at 50°18" north
latitude and 15°43" east longitude, an altitude of 265 m.a.s.1. Part of the experimental plots is located
on a plain, part slightly sloping to the south. The soil type is classified as Luvisol (Czech taxonomic soil
classification system), clay—loamy, the based substrate is loess, about 2.34% of humus.

For calibration and testing data for the years 1980-2017 were used. The main goal of this
experiment is to compare different fertilization methods. Specifically, there are 4 variants: i) control
(without any fertilization), ii) only manure, iii) only mineral fertilization and iv) combination of manure
and mineral fertilizer. Different crops are alternated on the experimental plots, the order of which
is introduced in Table 1. For years with alfalfa and silage maize growing, by—product data are missing,
because it has been used as fodder. In some cases, post—harvest residues were left in the field, in others
removed. Catch crop (mustard) was sown in 2005, 2008, 2013 and killed by autumn tillage. Weather
data was used from the meteorological station, situated in experimental station.

All plots were managed by convention tillage, to a depth of approximately 24 cm for all time
of experiments. Before sowing of each crop seedbed preparation was carried out. Manure was applied
every 3-5 years, with amount approximately 40 t/ha. Manure was usually plough into soil in same day
or in earliest possible date. Application of mineral fertilizer was applicated in common amount for this
locality. For sugar beet between 100—150 kg/ha N, for silage maize 120—160 kg/ha N, for winter wheat
100125 kg/ha N, spring barley 60-90 kg/ha N for growing season.

The model HERMES2Go is a next type of the HERMES model (Kersebaum 2007). The new
version is much faster and have a progressive potential for space simulations. The main fundamentals
and the aim of the model is the simulation of soil water and nitrogen dynamics in different agricultural
plant—soil-systems. HERMES2Go includes main processes such as evaporation and transpiration,
nitrate and water transport in the soil, nitrogen mineralisation and denitrification, development of crop
including biomass and yield formation. Simulation is mainly for annual crops, which are defined
by external parameter files. This parameter files were calibrated and tested, using data from long—term
field experiments in Hnévéeves while HERMES2Go simulations were conducted as uninterrupted runs
from 1980 to 2017 for each variant.

Table I The list of cultivated crops

Harvest year Name of crop Harvest year Name of crop
1980 sugar beet 1999 alfalfa
1981 spring barley 2000 winter wheat
1982 oat + alfalfa 2001 silage maize
1983 alfalfa 2002 winter wheat
1984 winter wheat 2003 spring barley
1985 silage maize 2004 sugar beet
1986 winter wheat 2005 spring barley
1987 spring barley 2006 spring barley + alfalfa
1988 sugar beet 2007 alfalfa
1989 spring barley 2008 winter wheat
1990 oat + alfalfa 2009 silage maize
1991 alfalfa 2010 winter wheat
1992 winter wheat 2011 spring barley
1993 silage maize 2012 sugar beet
1994 winter wheat 2013 spring barley
1995 spring barley 2014 spring barley + alfalfa
1996 sugar beet 2015 alfalfa
1997 spring barley 2016 winter wheat
1998 spring barley + alfalfa 2017 silage maize
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RESULTS AND DISCUSSION

Results comparing observed and simulated values for main and by—product and above—ground
biomass are contained in next figures. In Figure 1 for control, in Figure 2 for manure, in Figure 3
for mineral fertilizer and in Figure 4 for manure + mineral fertilizer variant. The model works
in dependency on used fertilizers for all crops, where the lowest yields were observed for the control
and next for manure, mineral fertilizer and their combinations variants. In general, HERMES2Go
simulated the highest yields for the variant with a combination of both fertilizations.

In the future, it is necessary to better understand relationship between soil and crops, because soil
quality is declining, despite improvements in genetic and agronomic technologies, including used
fertilization (Macholdt et al. 2019b). Combination NPK and manure fertilization is very important
for stable yields under certain conditions for winter wheat. Variant with manure produced higher yield
stability of winter wheat. There is also next positive aspect of manure depending on support soil
properties, like a nutrient, physical, chemical and biological properties. The time of degradability
nutrients depends on the composition of material and to the other factors, for example weather conditions
like a precipitation or temperature during the year (Macholdt et al. 2019a).

For lower production risk and higher stability of yields is needed contributed with intensified
level of fertilization. The yields stability and reduction production risk support additional application
of manure (Macholdt et al. 2019b). Dry matter and nitrogen content in grain was clearly affected
for the amount of N in manure and speed of mineralization (Doltra et al. 2011). But the study Abyaneh
et al. (2017) shows that it is necessary to provide water and nitrate fertilizer to achieve maximum yield.

The amount of yield by—product was measured only for cereals and sugar beet. For cereals are
data more clearly, but for sugar beet is more complicated correct parameter setting, because fluctuation
of yield is more common in some years. In some cases, the values do not correspond to observed data.
Straw yields for spring barley are relatively good. Unfortunately, in 2016 year, the weight of the by—
product for winter wheat is missing, but it is in the end of period. About amount of by—side product
is necessary further development and improvement.

The values for total above—ground biomass contain different results compared to the observed
values. This is also caused by a wrong by—product calculation. In the future, more focus is needed
on the correct calibration yields of post—harvest residues, if data will be available.

Weaknesses and strengths for different performance model is identify by application unlike
indices. Different results between models suggest another need of calibration, although for some
parameters the outputs are sufficiently good (Kersebaum 2007).

Quality and quantity of all product is influenced by many different factors. Fertility
and sustainability of the soil can be mirrored in the crop yields. Pests, crop disease, weeds in a greater
extend can negatively reduce yields (Johnston and Poulton 2018). Observed data in some case have
a difference in the amount of yield compared to the model. This can be caused by incorrect
measurements or damage plants. The main factor, that can change yields of grain are primary fertilizer
combination (43%), weather conditions in vegetable period (40%) a level of fertilization (17%)
(Macholdt et al. 2019a).

But if we have a data for long period, years with considerable damage are more apparent. Model
is necessary calibrated for annual values over the years. Change parameter files for each crop can help
for better outputs of main product, by—product and a above ground biomass, depending on the observed
data for individual phenological phases.

Overall results of the comparison of 15 models show, that it is better to compare longer period
of simulation, instead of one—year simulation. In this case, the conditions of water, soil and nutrients
can be more accurately predicted, because the system follows each other through daily outputs (Kollas
et al. 2015).

In the next step is also very important to include catch crops. It is necessary to obtain more
available data in the future, because in addicted to climate change, their necessary inclusion in sowing
procedures can be expected. Especially for retain water in the soil, prevent wind and water erosion,
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enrich the soil with biomass and subsequently improve conditions for major crops. Across different soil
types and cropping system is possible effectively reduce N losses after condition using catch crop.
Increasing N leaching from manure can be prevented by using suitable catch crops (Doltra et al. 2011).

It is necessary to use alternating systems of field crops and frequent measurement of soil
conditions, especially for crops that have not been thoroughly researched so far (potatoes, sugar beets,
oats, etc.) (Kersebaum and Nendel 2014).

Comparing many different models suggest urgency to use crop rotation altogether, in continuity,
distribution resilience of cropping system to ecosystem services assuming change climate condition
(Kollas et al. 2015).

Figure 1 Comparing observed and simulated values for control variant
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Figure 2 Comparing observed and simulated values for manure variant
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Figure 3 Comparing observed and simulated values for mineral fertilizer variant
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Figure 4 Comparing observed and simulated values for manure and mineral fertilizer variant
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CONCLUSION

The HERMES model has undergone many significant changes over a long period
of its development. Now, his parameters are constantly calibrated and validated according to the latest
observed data and trends including to climate change or different management methods. In general,
the parameters for the individual fertilization methods looks right, but this development also needs
to be further improved. Especially for crops such as alfalfa, sugar beet or silage maize. Their rapid
increase in biomass represent difficult parameters for the model in the form of correct determination
of the weight of yields. Improving and developing model is addicted to high—quality experimental data.
A properly set model is able to warn of the impending agronomic risk in the production of agricultural
commodities and it is necessary to continue in model development.

The Hnévceves locality is first locality for HERMES2Go calibration and testing in the Czech
Republic, which is based on data from long—term field experiment. This is the beginning of the
development system for adaptation measures in the Czech Republic. In the future, similar treatments
within another 4 locations with long—term experiments will be conducted.
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Abstract: The onset of phenological phases of plant species is influenced mainly by air temperature.
Each phenophase has its temperature limits (base temperature and temperature sum), which must
be reached for each phase to occur. With knowledge of these limits, it is possible to predict the onset
of phenological phases in localities where only meteorological data are available and also in future
climate conditions. In this work, we used phenological ground-based data from 33 stations within
the Czech Republic to calculate the most relevant meteorological predictors. PhenoClim software was
used for phenological and meteorological data calibration and modelling. The smallest error that allows
us to predict the term of the phenophases was found for the heading of spring barley (Hordeum
vulgare L.), as the best predictor was the maximum daily temperature and the statistical error was
3.6 days.

Key Words: phenology, temperature, PhenoClim, climate parameters

INTRODUCTION

Spring barley (Hordeum vulgare L.) is one of the most cultivated field crops in the Czech
Republic. The monitoring of field crops and the ability to detect and predict specific phenological phases
can optimise agrotechnical interventions, such as fertiliser and pesticide applications or irrigation.

This can help reduce the use of chemicals and lead to more sustainable management (Mercier et al.
2020).

The phenology of plants is influenced by solar radiation, precipitation totals and air humidity
(Fuet al. 2020). However, the main factors influencing the onset of the phenological phases are
air temperature, length of photoperiod and water availability (Oteros et al. 2015), with air temperature
being the most significant (Fu et al. 2020). First of all, the plants need a certain minimum temperature
for their growth and development (Stfedova et al. 2017). Below this temperature, the phenological
development ceases; this is called the base temperature (Ty) (Salazar-Gutierrez et al. 2013) — in this
paper indicated as Tvase. Next, the onset of a certain phenological phase requires the sum of effective
temperatures (SET) (BartoSova et al. 2010) which will be represented by Twm in this paper.
The importance of the use of temperature sums for modelling phenological phases or phenological
periods of field crops can be noted in recent studies. For example, modelling based on temperature sums
was performed in Denmark with a focus on predicting the historical harvest dates of winter wheat
and spring barley (Pullens et al. 2021). In Argentina, they modelled the onset of the phenological phase
grain filling of barley based on temperature sums (Otero et al. 2021).

Knowledge of the dynamics of the development of field crops is important in terms of proper
agricultural technology and thus in achieving yields (Sujetoviene et al. 2018). Also, the knowledge
of temperature thresholds (Thase and Taum) for each phenophase allows us to calculate possible terms
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of plant development phases for localities or years where no in-situ data is available; these calculations
can then be used for remote sensing data verification. In response to the changing climate and the effort
to adapt to future climatic conditions, there are a number of studies dealing with the prediction
of the onset of phenological phases according to different scenarios of the future climate even in
Central Europe, including the Czech Republic (e.g. Olesen et al. 2012 or Eitzinger et al. 2013).

For this reason, the aims of this study were: (1) to process all available phenological data
for spring barley that were observed within various localities in the Czech Republic; (2) to use
phenological data and daily meteorological parameters and set the model for each phenophase based
on Tpase and Tsum (using software Phenoclim); and (3) to evaluate the best model (based on statistical
parameters) and calculate the terms of phenophases for the years with missing values (within
the observed localities) and fill the phenological observations for the period 1961 to 2020.

MATERIAL AND METHODS

In this study, we analysed the onset of phenological phases (emergence, tillering, first node,
second node, heading, yellow ripeness and ripening) of spring barely (Hordeum vulgare L.) in the period
1968 to 2012 from 33 localities. In-situ data sets were obtained from stations of the Czech
Hydrometeorological Institute (CHMI) and the Central Institute for Supervising and Testing
in Agriculture (CISTA) (Figure 1 and Table 1). Yellow ripeness and ripening were analysed
individually, because each of institutes observed a different specific phase throughout the period
of ripening. Data availability differs within each locality and phenophase (Table 1). For analysis,
the software PhenoClim was used.

This software makes it possible to model the onset of phenological phases in localities or time
periods where we only know the meteorological parameters (Bartosova etal. 2010) or (Cerna
etal. 2012). For this study, an optimization method called Calibration/Validation was used
in PhenoClim software. The process of estimating the onset of phenological phases using this tool can
be divided into several steps. First, in-situ phenological data are required for data calibration
and validation. Phenological data were used together with meteorological data, namely daily values
of minimum and maximum air temperature (°C), sum of precipitation (mm) and global solar radiation
(MJ/m?/day). For each of phenophases, each of the meteorological parameters was analysed
individually. The variable was the use of different combinations of stations and time periods. By testing
different software settings (different combinations), the strongest predictor is found for each
phenological phase, i.e., meteorological parameter on the basis of which the software is able to model
onset of phenological phases. For each of these parameters, the sum of effective temperatures (Tsum)
(or the sum of precipitation or of radiation) above the selected base temperature was calculated. Toum
means the sum of the daily average (maximum, minimum) temperatures exceeding the threshold when
the threshold value is subtracted. Base temperature (Trase) and the corresponding sum of effective
temperatures (Tqm) (precipitation or radiation) are the values that are needed to reach a certain
phenological phase. In modelling, Tpase is the temperature from which the software begins to calculate
Tsum, needed to reach a certain phenophase.

Other result parameters that complete the full interpretation of the result include mean bias error
(MBE), root mean square error (RMSE), and coefficient of determination (R?). RMSE gives the value
of the error (number of days), which defines the accuracy of the model and its ability to calculate
the terms of phenological phases. The MBE value indicates whether the shift in the onset of phenological
phases will be to an earlier or later date. Finally, the value of R? is the value of the coefficient
of determination, which indicates the strength of the relationship between a particular phenological
phase and a meteorological parameter. Based on the smallest RMSE, the strongest meteorological
parameter (i.e., predictor) was determined along with its corresponding Tpase and Tsum. Using these
values, the terms of onset of phenological phases were modelled for two time periods (1961-1968
and 2011-2020) for which we have only meteorological data at the input localities. The period with
available ground observations is specific for each locality, therefore the modelled period is also specific
for each locality and phenological phase.
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Figure 1 Phenological experimental sites from the Czech Hydrometeorological Institute (blue dots)
and from the Central Institute for Supervising and Testing in Agriculture (red dots)
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Table 1 Summary of basic information from two input data sets

Czech Hydrometeorological Central Institute for Supervising
Institute (CHMI) and Testing in Agriculture (CISTA)
Number of stations 9 24

emergence, tillering, first node,

Available phenological phases second node, yellow ripeness

emergence, heading, ripening

Time period (years) 1984-2012 1968-2011

Altitude range (m.a.s.l.) 179-725 171-647

RESULTS AND DISCUSSION

Various model settings were tested for each phenological phase and each meteorological
parameter (mean, maximum and minimum temperature, solar radiation and number of rainy days).
An overview of all detected RMSE ranges and Tpase and Team ranges is shown in Table 2, where
the smallest RMSE values for each phenophase and each meteorological parameter are highlighted
in grey. A smaller value of RMSE means a smaller deviation (greater accuracy) in modelling the onset
of the phenological phase and therefore a more suitable predictor. For most phenophases, average
and maximum daily air temperatures were found to be the best predictors.

The smallest uncertainty (errors of modelling) was found for the phenological phase of heading,
when the predictor was the maximum air temperature with RMSE = 3.6 days, Tiwse = 6.1 °C
and Tsum=932.8 °C. For the first node, the predictor was solar radiation, and for the second node it was
the minimum air temperature. The highest value of root mean square error, but still the best for this
phenophase, was found in the phenological phase of emergence, where the predictor was the maximum
air temperature with RMSE =7.0 days, Tose=6.0 °C and Tawm=259.7°C. The maximum
air temperature was also found to be the strongest predictor for the phenological phases of yellow
ripeness. For the phenological phases of tillering and ripening, the average air temperature was found
to be the strongest predictor. RMSE = 5.9 days was found for tillering and RMSE = 4.3 days was found
for ripening. In Germany, using a combination of genome-wide prediction and a phenology model,
researches achieved RMSE values in the range of 3.1 to 5.6 days for modelling the phenophase heading
of the spring barley (Uptmoor et al. 2017). Using calibration and cross-validation of the models,
Pullens et al. (2021) reached RMSE = 5.5 days for maturity not only in spring barley but also
in winter wheat.
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Table 2 Overview of the range of RMSE, Trase and Tyum results for each phenological phase — the smallest

E T FN SN H YR R
(CHMI/CISTA) (CHMI) (CHMI) (CHMI) (CISTA) (CHMI) (CISTA)
RMSE (days) 8.8-10.1 5.9-9.9 6.7-9.8 6.4-9.8 4.1-8.5 5.7-10.6 4.3-9.4
Tmean Tbase (°C) 0.0-3.6 0.5-5.3 0.8-6.2 0.4-6.4 0.0-5.0 0.0-5.2 0.04.7
Tsum (°C) 144.6-349.0 181.2-512.1 299.1-753.3 365.7-891.0 537.4-1066.1 1006.4-1814.5 1173.9-1921.0
RMSE (days) 7.0-9.3 6.7-10.4 7.1-11.2 7.1-11.7 3.6-8.7 5.5-14.0 4.6-9.1
Tmax Tbase (°C) 3.4-7.9 4.3-7.8 0.7-9.1 0.1-8.8 1.7-8.3 0.0-6.2 1.8-7.1
Tsum (°C) 184.4-400.0 328.1-579.3 464.6-1286.8 564.3-1493.6 730.2-1459.9 1607.1-2657.7 1635.0-2497.4
RMSE (days) 12.2-14.3 7.2-12.6 7.2-11.9 6.2-11.2 6.1-10.7 6.4-9.1 6.7-14.3
Tmin Tbase (°C) 0.0-6.1 0.0-2.7 0.0-3.9 0.0-5.3 0.0-0.9 0.0-3.8 0.0-0.4
Tsum (°C) 4.9-126.8 85.9-226.8 163.1-367.6 133.3-446.8 410.2-524.7 583.1-1020.7 964.2-1096.1
RMSE (days) 11.6-18.7 9.8-25.0 11.7-29.7 12.1-31.0 12.9-17.6 13.2-53.3 13.8-18.9
TTn:T?i);]— Tbase (°C) 0.0-5 0.0-6.8 0.0-6.4 0.04.6 0.0-4.4 0.0-2.3 0.0-0.9
Tsum (°C) 306.7-742.5 286.3-967.8 417.0-1229.8 635.3-1303.3 761.7-1413.0 1354.6-1892.5 1823.1-2005.2
RMSE (days) 9.2-11.7 7.3-12.5 5.9-12.0 6.3-13.4 6.0-9.5 6.1-12.5 10.0-13.4
Srad Tbase (°C) 0.8-4.3 0.0-7.0 0.0-2.9 0.0-2.8 0.3-5.0 0.0-3.1 0.0-5.0
Tsum (°C) 317.4-624.2 293.4-942.3 918.8-1320.4 973.7-1449.7 935.0-1654.2 1739.6-2371.1 1615.9-2676.3
RMSE (days) 26.0-32.6 24.8-32.1 24.4-31.4 23.6-31.3 23.0-30.9 23.7-49.4 30.6-43.6
Number
of rainy Tbase (°C) 0.0-0.0 0.0-8.8 0.0-8.4 0.0-7.5 0.0-5.9 0.0-6.4 0.0-0.0
days
Tsum (°C) 48.2-54.9 2.8-59.7 4.5-70.8 6.2-74.5 8.8-87.0 13.2-106.5 112.7-120.9

Legend: E — emergence, T — tillering, FN — first node, SN — second node, H — heading, R — ripening, YR — yellow ripeness

Each station has its altitude and the total number of stations with available phenological data

for heading was 11. By analysing the data observed and modelled for the phenological phase of heading,
the value of R? has a decreases trend with increasing altitude, as shown by localities with different
altitudes in Figure 2. This means that the correlation between the observed and modelled data decreases,
which means that at higher altitudes, the model can make larger errors. Figure 3 shows randomly
selected stations, which are only to be as an example of the specific relationship between the observed
and modelled terms of the onset of heading on stations with different altitudes. However, there is still
a strong relationship between the two parameters. High values of R? between the observed and predicted
data for heading (R? = 0.72-0.83) of winter wheat were found in a study from the south-eastern USA
(Salazar-Gutierrez et al. 2013).

Figure 2 The relationship between elevation and value of R’ on stations with available data set for
heading
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Figure 3 The relationship between selected observed and modelled terms of heading on stations
at different elevations: Lednice (171 m.a.s.l.), Puste Jakartice (295 m.a.s.l.), Chrastava (345 m.a.s.l.),
Lipa (505 m.a.s.l.)
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Based on the values of RMSE, Tpase and Tsum of the best predictors, the onset of phenological
phases were finally modelled for the years in which only meteorological data are known. We completed
the whole period 1961 to 2020. Figure 4 shows an example of the onset of heading (observed
and modelled) at four localities with different altitude in a given time period. The change in the onset
of phenological phases (at all four experimental sites) show a shift to an earlier date by two to four days
per decade (Lednice = 2.1 days, Puste Jakartice = 2.8 days, Chrastava = 2.9 days and Lipa = 3.5 days).

Figure 4 Course of observed and modelled terms of heading onset in the period 1961-2020 — using
Tmax as a predictor of modelling with RMSE = 3.6 days, Trase = 6.1 °C and Tgm = 932.8 °C

210 Lednice 210 | Puste Jakartice
190 190
170 170
%W’vﬁ% =
130 130
it ol — Inssitu Model
110 G e 110
%0 y=-0.214x+ 575.74 %0 y=-0.2842x + 728.76
R*=0.1869 R*=0.3295
-~ 70 70
s S @ O B P P P PO O O S @ O P & B P P PO O O
§ 2 & & S o & 40 &
& ICHEC G G I I i g ICHEC G A GG L I P O g
St
=]
g‘ 210 | Chrastava 210 Lipa
_ 190 1%
170 170 \
150 150
130 130
e | N-ST U Model — 0-Situ Model
110 110
90 y =-0.2899x + 741.26 90 y =-0.3511x + 868.73
R*=0.3229 R* = 0.4039
70 70
S O ® B B P P P D O O S O ® D P D P ® P O O O
CHEC I PG G A R G G AC RS S RN P P P
Year

@ 23|Page



MN

10 November 2021, Brno, Czech Republic M
endel

CONCLUSION

Ground-based phenological observations are still the most valuable in terms of data accuracy,
but are limited by the demands on observers and provides information on a local scale. Based
on the results of this study, it is possible to model the onset of phenological phases in localities and time
periods where only meteorological data are available. Using the determined temperature limits,
the PhenoClim software is able to model the onset of phenological phases with a relatively low error
(depending on the given phenological phase) and to increase the spatial resolution of phenological
observations. This study is the first step for follow-up work, which will address the possibility
of determining the onset of phenological phases by combining multiple approaches: modelling based
on temperature sums and the use of remote sensing data.
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Abstract: The method of milk thistle cultivation can have a significant effect on both the yield
and amount of contained compounds. The active complex of milk thistle is a mixture
of flavonolignans composed of four compounds: silybin, isosilybinin, silychristin and silydianin.
It is used as a cyto-protective agent for the treatment of liver disease, for the treatment and prevention
of cancer and as a supportive medicine against green toadflax (4dmanita phalloides) poisoning. Studies
have also shown other therapeutic effects against cancer, diabetes, Alzheimer's and Parkinson's
disease. Milk thistle is also significant by its oil content and composition. The aim of this study was
to compare four cultivation variants with a treatment against dicotyledonous weeds using
the registered product with selective postemergent effect and a wide spectrum efficacy against annual
dicotyledonous weeds and certain other annual weeds with a combination of desmedifam active
substances: desmedifam (4.35%), ethofumesate (6.94%), fenmedifam (5.56%) and lenacil (2.50%),
in the text referred as “ethofumesate”, and combination with another product with the active substance
chizalofop-p-ethyl. Weeding was also carried out in the plots and the importance of row width was
evaluated. The results showed that the average yield of milk thistle achenes was 0.59-0.82 t/ha.
The oil content varied in the range of 26.24-26.34% and the most important component
of the silymarin complex was silychristin at the concentration 4.02-4.32 mg/g. Statistically
significantly higher yield of achenes was found for variants 3 and 4. Higher average content
of the silymarin complex was observed for variants 1 and 2. The oil content was higher in the achenes
from experiment variants 3 and 4.

Key Words: milk thistle, oil, herbicide, cultivation technology, silymarin complex

INTRODUCTION

Milk thistle [Silybum marianum (L.) Gaertner] belongs to the Asteraceaec family,
it is a therapeutic medicinal herb with more than 2000 years long known history of use (Soleimani
etal. 2019). The active complex of milk thistle is a mixture of flavonolignans composed of four
compounds: silybin, isosilybinin, silychristin and silydianin. It is used as a cyto-protective agent
for the treatment of liver disease, for the treatment and prevention of cancer (Rainone 2015).

Milk thistle achenes are able to keep the germination ability for up to 15 years, which leads
to weeds in the subsequent crop. However, if a cereal crop follows the milk thistle, conventional
herbicide control will reliably remove milk thistle weeds. Unsuitable follow-on crops are sunflower,
root crops and rape (Habéan et al. 2009).

In the autumn, medium tillage is carried out without organic fertiliser, only mineral fertilisers
are added to the required level according to the soil chemistry. Early spring sowing is performed out
at a soil temperature of 5°C (Karkanis et al. 2011). Optimum stands are those where the leaf rosette
remains in the ground layer, the upper third of the plants are completely leafless, the plants have first

@ 25|Page



MWV

10 November 2021, Brno, Czech Republic M
endel

three flower heads at the same height, the leaf area dries out as the first flower heads mature,
and the height of the stand is up to 150 cm. It is advisable to have 4-6 plants per linear meter,
corresponding to a row width of 0.37 m to 0.40 m. The sowing rate is 8 kg/ha of seed, sown to a depth
0f 0.02-0.03 m. Weeder treatment can be carried out at the stage of 3—6 true leaves, rotary weeders can
be used once the stand is established. Milk thistle is characterised by uneven ripening time
of individual flower heads on the plant. Another disadvantage is the subsequent dropping of the hairy
achenes from mature plants. The optimum harvest time must therefore be chosen, which is usually
between July and September, when the fruit is at full biological maturity. The crop should have 30%
overripe flower heads, recognisable in dry weather by the opening of the flower head and white fuzz.
In wet weather the flower heads close, which is good for harvesting. It is done with a harvesting
thresher with the suspensions of the thresher removed, cereal shakers are replaced with shakers
for maize harvesting and the gap between the threshing basket and the drum is increased. The plants
are still green at the time of harvest. The yield is based on the first 3—4 fully ripe flower heads
on the plant. The achenes must be dried at a temperature of 45 °C at 12% humidity. The yield varies
from 0.75 to 1 t/ha. The post-harvest residues can be crushed with a flail harvester or any other
equipment capable of producing ploughable residues. Given the 20% post-harvest losses and the high
germination rate of the pods, it is advisable to leave the seeds to germinate and to plough the field
in the autumn after the plants have emerged as part of the autumn soil preparation (Andrzejewska
etal. 2011).

The plant germinates at an optimum of 2-15°C and the recommended sowing depth is
1-1.5 cm. Sowing takes place in autumn and spring and the row spacing is usually 40-75 cm,
with 20-30 cm between plants in the row. Milk thistle is highly adaptable to many different growing
conditions. The limiting factor in milk thistle production is weed interference. The nutrient
requirements of this crop are low to medium, as it is adaptable to low quality soils. Milk thistle
is considered drought tolerant and normal rainfall is often sufficient (Karkanis et al. 2011).

The active substances of milk thistle form the silymarin complex, a mixture of flavonolignans
composed of four bioactive compounds: silybin, isosilybinin, silychristin and silydianin. Most food
supplements are standardized according to their silibinin (often called silybin) content. Both silybin
and isosilybinin are mixtures of two diastereomers, silybin A and B and isosilybinin A and B,
respectively (Post-White et al. 2007).

MATERIAL AND METHODS

Variety and seeds

Mirel, purified and calibrated mercantile from the 2018 harvest with a germination rate
of 94.5%. The Mirel variety has been legally protected since 2010, the rights holder is Moravol Ltd.,
based in Miroslavské Kninice. The seed used was mercantile from the 2018 trials (control variant)
and was used with the consent of the sponsor of the trials, the Ministry of Agriculture of the Czech
Republic.

Localisation and characteristics of the experimental site

The experiment was established at the site in Bratrusov (GPS coordinates: 49.990453N,
16.960289E). The locality of interest is characterized by a moderately warm climate with an average
annual precipitation of 692 mm and an average annual temperature of 7.25°C. Precipitation is most
frequently distributed in the months of June, July and August (Table 1).

Table 1 Weather course of Bratrusov locality in 2020 (January—October)

Meteorology data April May June July August |September | October
Average temperature (°C) 9.9 11.6 16.9 17.1 18.6 13.9 9.5
Total precipitation (mm) 4.1 57.8 136.5 83.8 164.5 94.1 73.7

The area of Bratrusov is characterized by clay soil, illimerized, charred soil substrate with loess
cover. The soil is well workable, moderately rich in nutrients, and has pH 5.4 with a medium humus
content (Table 2). The average depth of the topsoil is 28 cm.
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Table 2 Soil analyses from Bratrusov site

Sample identifier | N (Kjeldahl) [%]| P [mg/kg] K [mg/kg] Ca [mg/kg]| Mg [mg/kg] |pH
BratruSov 0.135 55.1 (suitable) | 120.94 (suitable) 1691 186.47 (good) |5.4

Experiment establishment

Smoothing: April 20", 2020
Fertilisation: April 21%, 2020, NPK
Pre-sowing preparation: April 24", 2020
Sowing: April 25", 2020

Seed rate: 8 kg/ha

Table 3 Phenology phases: growth and development of milk thistle

Growth phase designation Date: Days from sowing
Emergence May 6™ 11

First pair of true leaves May 21* 26

Leaf rosette June 1* 37

Beginning of long-lived growth June 19" 55

Butonisation July 10% 76

Beginning of flowering July 15 81

10% of the growth still in bloom August 6" 102

Blooming ended, beginning of ripening August 15 111

Maturity of the main flower head and first order flower heads September 5" 133

The treatment during the growing season took place — first herbicide application: May 28"
2020, growth phase (first pair of true leaves), second herbicide application June 8%, 2020 growth phase
(leaf rosette) (Table 3). Treatment against dicotyledonous weeds was performed on May 22", 2020
ethofumesat, dosage: 1.5 I/ha and June 1%, 2020 ethofumesat, dosage: 2 1/ha together with chizalofop-
p-ethyl. A TECNOMA tractor mounted sprayer was used to apply herbicides. The insulation strips
at the beginning and end of each plot were 0.5 m. The experiment was repeated four times
and the total size of the experiment was 9 per 10 m, i.e. 90 m?. For variant 1, commonly registered
herbicides with a row range of 12.5 cm were used. For variant 2, double rows were used (range
25 cm), also with registered herbicides. Further, for variant 3, double rows were used (range 37 cm)
together with registered herbicides and weeding at the emergence stage. Finally, for variant 4, double
rows were used (range 37 cm) with registered herbicides and weeding at the beginning of leaf rose
formation. The effect of experimental variant on yield-forming elements and quality parameters was
studied.

The experiment with four different variants in four replications was established at the BratruSov
site in the Czech Republic. The yield of achenes was evaluated together with the weight of thousand
seeds (WTS) and number of plants per linear meter. Furthermore, quality parameters were determined
in obtained samples with respect to the variants of cultivation.

Date of harvest: September 15, 2020. The experiment was harvested with a SAMPO Rosenlew
small parcel harvester. Due to unfavourable weather conditions a large amount of moisture-increasing
impurities was present in the harvested product at the time of harvest. Because of that, pre-cleaning
was carried out immediately after the harvest and the harvested material was subsequently transferred
to cold air drying. From each sample, 500 g was taken separately and the remaining part was cleaned.

Determination of was carried out according to ISO 461011 Part 28 (Testing of oilseeds -
Determination of fat content), EN ISO 5509 (Preparation of fatty acid methyl esters), EN ISO 5508
(Analysis of methyl esters by gas chromatography) and EN ISO 542 (Oilseeds — Preparation
of laboratory sample to analytical sample).

The silymarin complex content was determined by the means of ultrasonic extraction, sample
weight 0.2 g weight, 5 min isooctane extraction to remove the oil followed by two 20 min extraction
steps with 15 ml MeOH each. For HPLC analysis, following analytical method and conditions were
used: Zorbax Eclipse C18 column, 150 x 4.6 mm i.d., 5 pm; isocratic elution, MeOH/Acetonitrile/
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Water + 0.1% formic acid, 45/3/52 (v/v/v); mobile phase flow rate 0.7 ml/min; injection 5 pl;
A =288 nm.

Statistical analysis

The obtained results were evaluated by single factor analysis of variance (ANOVA) followed
by testing at a 95% (P < 0.05) level of significance using the Fisher LSD test. The data were processed
using the STATISTICA CZ 12. Results are expressed as a mean value + standard deviation (SD).

RESULTS AND DISCUSSION

Evaluation of selective effect of herbicides and weeding efficiency

First application was performed on May 28" The cotyledons were fully developed
and phytotoxicity was not detected, but gradual emergence of new weeds was observed. Second
application was done on June 8" in the phase of four true leaves. Phytotoxicity was not detected,
increase in new weeds was observed again, but these were subsequently overcome by milk thistle
plants. The evaluation of weed infestation was carried out on June 26™. The weeds were present
in limited numbers in the variants with wider rows, where there were more plants in a row per linear
meter. In the variants with narrower rows and fewer plants per linear meter the weed infestation was
greater. On July 29" the number of plants per linear meter was determined for all variants. Another
evaluation of the experiment was carried out on August 9™. Plants in the variants with narrower rows
(1 and 2) were higher and less branched. The average height was 2 to 2.5 m. In the variants with wider
rows, the plants were shorter (1.7 m).

The effect of experimental variant on yield-forming elements and quality parameters

The yield of achenes was evaluated together with the WTS and number of plants per linear
meter. Furthermore, quality parameters were determined in obtained samples with respect
to the variants of cultivation.

Table 4 The effect of the treatment variant on yield, WTS and number of plants per m

Variant 1. (12.5 cm) 2. (25 cm) 3. (37 cm)* 4. (37 cm)**

Yield of achenes (t/ha) 0.59 + 0.16 *| 0.60 + 0.18 *| 0.82 + 0.04 *| 0.82 + 0.09 "
WTS (g) 21.28 + 3.99 #[23.02 + 3.22 *[23.72 + 290 *|23.25 + 1.83 °
Number of plants per meter 1.90 £ 023 #| 3.64 £ 030 °| 421 + 040 ¢| 434 + 031 ¢

Legend: The average values marked with different letters in the rows differ statistically significantly at p = 0.05; *weeding
at the emergence stage; **weeding at the beginning of leaf rose formation

The results (Table 4) indicate that statistically significantly higher yield of achenes was found
for variants 3 and 4, i.e. those with row width 37 cm (0.82 t/ha) with a lower standard deviation
compared to variants 1 and 2 (0.59 and 0.60 t/ha). There were no statistically significant differences
found among the weights of thousand seeds.

Table 5 The effect of treatment variant on oil content and fatty acid spectrum

Variant 1. (12.5 cm) 2. (25 cm) 3. (37 cm)* 4. (37 cm)**
Oil content (%) 2624 + 0.09 °|26.11 £ 0.09 *[26.34 + 0.08 *|26.29 = 0.06 °
Palmitic acid 10.75 £ 0.06 °|10.68 + 0.17 ®|10.45 + 0.13 *| 10.38 + 0.10 ®
__ | Stearic acid 540 £ 0.08 ®| 520 + 029 °| 493 + 0.13 *| 528 + 0.13°
=, | Oleic acid 23.58 £ 0.13 *[23.43 £ 0.17 *|24.58 + 0.05 *{24.40 + 0.08 °
E Linoleic acid 57.45 £ 0.06 | 5743 + 0.13 ¢| 5595 £ 0.13 ®| 5533 + 0.10 ®
§ Linolenic acid 0.53 £ 0.05 | 0.70 £ 0.08 °| 1.45 + 0.17 ¢| 1.78 + 0.05 ¢
Octadecatetraenic acid | 1.80 = 0.08 *| 1.98 + 0.10 ®| 1.95 £ 0.06 *| 2.13 + 0.05 ©
Eicosenoic acid 0.55 £ 0.06 *| 0.65 + 0.06 ®| 0.73 £ 0.05°| 0.73 £ 0.05°

Legend: The average values marked with different letters in the rows differ statistically significantly at p = 0.05; *weeding
at the emergence stage; **weeding at the beginning of leaf rose formation
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The oil content in the samples ranged from 26.11% to 26.34%. The most abundant fatty acid
was linoleic acid, which was statistically significantly higher in the samples from variants
1 and 2 (57.45% and 57.43%, resp.). Samples from variants 1 and 2 also showed higher content
of palmitic acid (10.75% and 10.68%, resp.). The stearic acid content in milk thistle samples varied
in the range 4.93%-5.40%. On the other hand, the samples from variant 4 contained highest levels
of linolenic and octadecatetraenoic acid (1.78% and 2.13%), resp. Both variant 3 and 4 showed higher
amount of eicosenoic acid (0.73%) (Table 5).

Fathi-Achachlouei et al. (2009) reported an average oil content of 26-31% for milk thistle,
which is consistent with the oil content observed in this work. The oil content can be influenced
by several factors such as growing location and cultivation method, as well as storage conditions
(Ruzickova et al. 2011). Nasrollahi et al. (2016) compared the oil content in milk thistle samples
obtained from different regions of Iran. These samples showed lower fat content of 21.28-25.61%
compared to 26.11-26.34% in samples grown in Bratrusov.

Table 6 The effect of the treatment variant on content of the silymarin complex components (mg/g)

Variant 1. (12.5 cm) 2. (25 cm) 3. (37 cm)* 4. (37 cm)**

Silychristin 423 + 037 ® | 432 +£ 030 °| 401 + 0.18 * | 402 + 0.17 ®
Silydianin 023 + 0.11 ®| 032 £ 008 ° 030 £ 011 ° | 019 + 0.04 °
Silybin A 349 + 031 * | 353 £ 023 *| 331 £ 0.15* | 333 + 0.12 *
Silybin B 418 £ 036 ° | 427 £ 028 °| 396 + 0.17 * | 399 + 0.14 ®
Isosilybin A 1.44 £ 013 @ | 151 £ 0.11 *| 138 £ 0.07 @ 137 £ 0.05 2
Isosilybin B 041 + 003 ®| 043 £ 003 °| 041 + 0.02 ®| 039 + 0.01 ®

Legend: The average values marked with different letters in the rows differ statistically significantly at p = 0.05; *weeding
at the emergence stage; **weeding at the beginning of leaf rose formation

Milk thistle is important not only for its spectrum of fatty acids, but especially for its
flavonolignans. Silychristin was the most abundant of the silymarin complex components and its
content was statistically significantly higher in variants 1 and 2 (4.23 and 4.32 mg/g, resp.).
The content of silybin B was also higher in these variants (4.18 and 4.27 mg/g, resp.) (Table 6).

Quantitative and qualitative evaluation of silymarin complex compounds in milk thistle was
also carried out by Habén et al. (2021). These authors reported that in 2015 and 2016 the content
of silychristin was 3.18 + 0.06 g/kg, silybin 0.91 + 0.01 g/kg, silybin A 3.06 = 0.06 and silybin B
7.04 + 0.07. Albassam et al. (2017) reported the following contents of selected silymarin complex
components: silybin A 10.39 + 3.21 pg/ml, silybin B 26.53 + 20.2 pg/ml, isosilybin A 8.77 + 2.35
pug/ml and isosilybin B 2.67 £ 1.18 ug/ml. In this case silybin B was also the most significant
constituent.

CONCLUSION

The results indicate that the highest yield of achenes was achieved in the variant where the milk
thistle was grown in 0.37 m rows and the average number of plants per linear meter in a row was 4.2.
The results showed a positive effect of wider rows on the weight of a thousand seeds. As for individual
components of the silymarin complex, higher average content was observed for variants 1 and 2 of the
experiment. As for the yield, however, variants 3 and 4 showed more favourable results. Unlike
the silymarin complex, the oil content was higher in the achenes from experiment variants 3 and 4.
Linoleic acid was found to be the most significant fatty acid contained in milk thistle achenes
(55.39%—57.5%). This acid belongs to so called ,,omega-6* fatty acids, a group of essential fatty acids
which are an important dietary supplement. From the viewpoint of the use of oil cake as a priority raw
material for pharmaceutical processing, it would be desirable to innovate the cultivation process
to yield raw materials more suitable for pharmaceutical processing and for processing into food
supplements.
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Abstract: Agricultural production faces with ongoing climate that in Europe takes form of changing
seasonal precipitation pattern with more frequent drought spells. These changes come on top of rising
air temperature and did and will affect productivity as well as onset and duration of key developmental
stages for yield formation of major staple crops such as wheat. In order to ensure stable agricultural
production and satisfy demand of the increasing human population, it is crucial to know responses
of major field crops to these abiotic stress factors to assess suitability of genotypes to specific
environmental conditions. The aim of this study was to evaluate final yield formation parameters of five
winter wheat genotypes cultivated in pots and exposed to two different levels of CO, concentrations
(400 ppm as ambient and 700 ppm as elevated CO, concentrations) and two water treatments (well-
watered control and drought-stressed plants). The experimental treatments were set up in growth
chambers from the end of heading stage (BBCH 59) to the beginning of ripening stage (BBCH 71)
to simulate the conditions under future climate. The results showed that elevated CO; concentration led
to: (1) mitigation of reduction in final yield formation parameters of drought-stressed plants compared
to those of control, (2) enhanced results of drought-stressed treatments compared to those of drought-
stressed treatments exposed to the ambient CO; concentration. Pannonia NS was found out as the less
responsive genotype to the exposition of CO, concentration (no statistically significant differences
among ambient and elevated CO, concentrations in all yield formation parameters were identified).
On contrary, harvest index of genotype Bohemia was identified as the most sensitive parameter
in response to drought stress as well as to the atmospheric CO, concentration.

Key Words: drought stress, elevated CO», Triticum aestivum L., growth chamber, yield formation
parameters

INTRODUCTION

Global climatic models predict occurrences of more frequent and more intense extreme weather
events such as drought and heat spells (Aiqing et al. 2018) with changes in precipitation pattern towards
much more intense precipitation but of lower number of precipitation events (Semenov
and Stratonovitch 2015). Moreover, global atmospheric CO, concentrations are projected to increase
from close to 400 ppm in 2015 to about 550 ppm in 2050 with increase in mean global temperature
about 2 °C by 2050 according to RCP8.5 scenario (Stocker et al. 2013). Human population
is continuously increasing when increase of about 50% is predicted by the year 2050 and intensification
of crop production (Fischer et al. 2014) is expected as a solution. Wheat belongs to the most cultivated
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crop world-wide, therefore, it is crucial to ensure its stable production also under changing climate.
Reproductive and grain filling stages of wheat are considered as the most sensitive to drought stress
resulting in significant losses of yields (Sehgal et al. 2018). Yield losses caused by drought-stress can
be compensated by elevated CO, concentration enhancing growth and yields of C3 crops (Kimball et al.
2002, Leakey et al. 2009). Elevated CO; in the range of 450—-800 ppm leaded to increases in grain yields
of wheat by 24% (meta-analysis of 59 studies by Wang et al. 2013). A rise in wheat grain yield
by 7-11% per 100 ppm increase in CO, with the highest enhancement of 30% at about 750 ppm was
found out in plants grown in pots under controlled conditions (Amthor 2001, Pritchard and Amthor
2005).

10 November 2021, Brno, Czech Republic

MATERIAL AND METHODS

Five winter wheat (7riticum aestivum L.) genotypes (Bohemia, Elan, Pankratz, Pannonia NS
and Tobak) were sown on 23 October 2018 into black plastic pots (10.5 x 10.5 x 21 cm) in the number
of 2 seeds per each pot with total number of 16 pots per genotype ensuring later 4 replicates (pots)
for each combination of factors (2 levels of CO, concentration x 2 levels of water availability). Soil used
for pots filling was a topsoil (0-30 cm) coming from experimental station in Polkovice (199 m.a.s.l.)
and it was analysed as Luvic Chernozem with silt-clay texture (21% clay, 70% loam and 9% sand).
Chemical analyses of soil showed pH CaCl, 7.16 and following contents: total nitrogen 0.23%, total
carbon 2.53%, 5701 mg/kg Ca, 247.33 mg/kg Mg, 427 mg/kg K and 84 mg/kg P. The pots were placed
onto the concrete floor of the vegetation hall of Mendel University in Brno (235 m.a.s.l.;
49°12'36.62892N, 16°36'48.64716“E) with a wire netting roof and surrounding walls where the plants
were cultivated under ambient weather conditions until their transportation into two growth chambers
of model FytoScope FS-SI 3400 (Photon Systems Instruments, spol. s.r.0., Brno, Czech Republic)
of Global Change Research Institute of the Czech Academy of Sciences (Brno, Czech Republic)
at the beginning of heading stage of development (BBCH 51). The plants were irrigated if needed
to prevent drought-stress prior initiation of experimental part. The plants were also fertilized
and protected both against frost (using expanded clay and/or non-woven fabric) and against pests
and fungal diseases (Table 1).

Table 1 Applications of fertilizers and treatments against pests and fungal diseases on winter wheat
plants (to be continued on the next page)

Date Treatment Substance name Dose/solutl_on Active ingredients
(form) concentration
Ammonium nitrate 45.4 kg N/ha (~ 27% N (13.5% N-NOs",
5 April 2019 FA with dolomite (LAD | (") g/l o | 13:5% N-NH;"), 7% Ca0, 5%
27%; GR) < &P MgO
8 April 2019 F * Boogie® Xpro (SF) 0.30% bixafen, prothlogonazole,
Spiroxamine
8 April 2019 [* NURELLE D (SF) 0.20% cypermethrin, chlorpyrifos
9% N (urea nitrogen), 5%
P,0s, 4% K0, 0.05% B,
15 April2019 | FA N Ral9s4 (8P 1.96% | 0.1% Mn, 0.02% Cu, 0.01%
Mo, 0.05% Zn, 0.02% Fe,
max. 3% CI
®
30 April 2019 I PROTE[(JSSF) HOOD T 169 thiacloprid, deltamethrin
30 April2019 | F | Boogic® Xpro (SF) |  0.30% bixafen, prothioconazole,
Spiroxamine
Ammonium nitrate 45.4 kg N/ha (~ 27% N (13.5% N-NOy3,
14 May 2019 FA with dolomite (LAD | *") g/l o | 13:5% N-NH,"), 7% Ca0, 5%
27%; GR) < &P MgO
®
14 May 2019 [* PROTE[(JSSF) 10oD 0.16% thiacloprid, deltamethrin
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Date Treatment Substance name Dose/solutl_on Active ingredients
(form) concentration
14May 2019 | F* | Boogie® Xpro (SF) 0.30% bixafen, prothioconazole,
Spiroxamine

Legend: FA — fertilizer application (GF — granular fertilizer, SF — solution form), F — fungicide treatment, I — insecticide
treatment, * — combined fungicide and insecticide treatment applied

The plants were left in the growth chambers for acclimation under ambient CO, protocols (see
Table 2 for details) and optimal irrigation until the end of heading stage (BBCH 59) when stress
treatments were launched. The plants were exposed to CO, and water availability treatments from the
end of heading stage (BBCH 59) to the beginning of ripening stage (BBCH 71). Different level of CO,
concentration was set up within each of two growth chambers: (1) ambient CO, with 400 ppm
concentration and (2) elevated CO, concentration with 700 ppm. Two different water regimes within
each growth chamber were set up: (1) drought-stressed treatment — plants were maintained at the level
of ~20% of soil volumetric water content (field capacity was 43%) when pots were irrigated individually
based on measurements of actual volumetric soil moisture using ThetaProbe Soil Moisture Sensor
(Delta-T Devices Ltd, http://www.delta-t.co.uk), (2) control treatment — plants were maintained at full
water capacity by capillary uptake of water from trays placed under the pots. Environmental conditions
were set up as protocols via control computer within each growth chamber (Table 2) and these values
changed continuously among two time points.

Table 2 Environmental conditions in growth chambers

Time PAR (umol/m?/s) t (°C) RH (%) CO; (ppm) VPD (kPa)
00:00-04:00 0 20-18 85-90 AC/EC 0.351-0.206
04:00-06:00 0 18 90 AC/EC 0.206
06:00-12:00 0-1500 18-26 90-45 AC/EC 0.206-1.850
12:00-14:00 1500 26 45 AC/EC 1.85
14:00-20:00 1500-0 26-22 45-75 AC/EC 1.850-0.661
20:00-00:00 0 22-20 75-85 AC/EC 0.661-0.351

Legend: PAR — photosyntetically active radiation, t — temperature, RH — relative humidity, CO: — level of CO: concentration,
VPD — vapour pressure deficit; AC — 400 ppm (ambient CO2 concentration; also during acclimation of plants), EC — 700 ppm
(elevated CO: concentration)

The pots were transported back to the vegetation hall after experimental part in the growth
chambers was finished. The plants were manually harvested at full ripening stage (BBCH 92)
and consequently, above-ground biomass was dried up at 105 °C for 12 hours. Yield formation
parameters of grain number per spike (GN), grain weight per spike (GW), thousand grain weight (TGW;
calculated using eq. 1) and harvest index (HI; calculated using eq. 2) were assessed per main spikes after
drying following these equations (eq. 1-2):

GW
T6w = (£7) x 1000 (1)
GW . . . .
HI = SWiSLW where SLW is a weight of straw and leaves of appropriate spike 2)

Statistical analyses (one-way and two-way ANOVA analyses with post-hoc Tukey’s HSD tests)
of each yield formation parameter under each treatment and treatments combination per each winter
wheat genotype were performed using STATISTICA 12.0 software (StatSoft, Tulsa, USA).

RESULTS AND DISCUSSION

Based on results, responses to different level of CO, concentration and water treatment were
specific for each genotype. Pannonia NS evinced to be the most resistant to both CO; concentration
level and water treatment except for thousand grain weight that was susceptible for water treatment
(P <0.001). On contrary, three of four yield formation parameters of Bohemia and Elan were
significantly affected by either level of CO, concentration (grain weight per spike in Bohemia and Elan:
P =10.004 and P =0.030, respectively, harvest index in Bohemia: P = 0.019) or water treatment (thousand
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grain weight in Bohemia and Elan: P < 0.001 and P = 0.004, respectively, harvest index in Bohemia:
P = 0.005). Harvest index of Bohemia was significantly affected by level of CO, concentration as well
as water treatment when assessed as single factors thus this parameter was identified as the most
sensitive in response to these factors. Grain weight per spike and harvest index were significantly
affected by water treatment in Tobak, while effect of CO; treatment as well as an interaction of water
treatment and level of CO; concentration was found out as statistically insignificant. Grain number
per spike was significantly affected by level of CO; concentration (P =0.005) and thousand grain weight
was significantly affected by water treatment (P = 0.041) in Pankratz. If genotypes were assessed all
together, yield formation parameters were affected significantly by water treatment except for grain
number per spike that was significantly affected by CO, concentration along with grain weight per spike
(Table 3). This result is in accordance with findings of Krenzer and Moss (1975) who tested two hard
red spring wheat genotypes (7riticum aestivum L.) in growth chambers and they found out that elevated
CO; of 600 ppm resulted in higher grain number and grain size when it was applied at grain development
stage from anthesis until maturity in the day/night temperature regimes of 25/20 °C. Sionit et al. (1981)
who tested three CO» concentration levels (350, 675 and 1000 ppm) found out for semi-dwarf spring
wheat (Triticum aestivum L., cv. GWO 1809) that grain weight per spike and grain number per spike
were significantly higher with elevated CO, concentration under optimal environmental conditions set
up in growth chambers. On contrary, Bourgault et al. (2013) found out insignificant response in final
yield of 20 wheat lines (Triticum aestivum L.) to various levels of CO; set up in controlled environment
of chambers and glasshouse where the levels of 420 ppm as ambient and 700 ppm as elevated CO,
concentrations were set up. Combined effect of CO, concentration level and water treatment was found
out as statistically insignificant in each yield formation parameter of each winter wheat genotype tested
(Table 3, Figure 1). Generally, application of simultaneous drought-stress and ambient CO»
concentration resulted in elevated grain number per spike in drought-stressed treatments compared
to those of the control treatments (~ 8.79% increase), nevertheless, it led to decreased grain weight
per spike (~ 15.38% reduction) as well as thousand grain weight (~ 25.01% drop) (Figure 1).

Figure 1 Yield formation parameters under ambient (AC)/elevated (EC) CO; concentrations in drought-
stressed (DS)/control (WW) treatments (means are presented as columns, standard errors of these
means are depicted as error bars) and statistical significances (P-values) of CO: concentration level
(ambient/elevated — L), water treatment (drought-stressed/control — T) and their interactions (L x T)
on individual yield formation parameters assessed with two-way ANOVA (o. = 0.05, n > 5) with post-
hoc Tukey's HSD test (different letters denote statistically significant differences)
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Table 3 Statistical significances (P-values) of CO; level (L), water treatment (T) and their interactions
(L x T) on individual yield formation parameters of specific winter wheat genotypes separately
and for data of all genotypes together tested by two-way ANOVA (o = 0.05, n > 5)

10 November 2021, Brno, Czech Republic

ANOVA Grain number Grain weight Thousand grain Harvest
Genotype . . . .

factors per spike per spike weight index
L 0.133 0.004 0.053 0.019
Bohemia T 0.307 0.054 <0.001 0.005
LxT 0.420 0.586 0.612 0.919
L <0.001 0.030 0.060 0.229
Elan T 0.161 0.110 0.004 0.072
LxT 0.334 0.473 0.460 0.533
L 0.005 0.525 0.807 0.056
Pankratz T 0.979 0.078 0.041 0.134
LxT 0.072 0.871 0.555 0.445
Pannonia L 0.490 0.517 0.877 0.675
NS T 0.312 0.268 <0.001 0.137
LxT 0.616 0.530 0.415 0.274
L 0.233 0.093 0.114 0.219
Tobak T 0.060 0.034 0.158 0.005
LxT 0.377 0.808 0.194 0.784
All L 0.016 0.003 0.968 0.620

genotypes T 0.383 <0.001 <0.001 <0.001
together LxT 0.291 0.825 0.464 0.271

Elevated CO; concentration level enhanced final yield formation parameters in drought-stressed
treatments compared to the drought-stressed plants under ambient CO; concentration. On the other hand,
thousand grain weight and harvest index parameters in control treatments under elevated CO;
concentration reached lower values of 3.36% and 1.49%, respectively, in elevated CO, compared
to those in ambient CO; concentration. Decline in harvest index (HI) under elevated CO, concentration
was found out earlier in soybean by Allen (1991). On contrary, no response and higher HI were observed
in two genotypes of durum wheat under elevated CO, of 700 ppm (pot experiment led by Aranjuelo
et al. 2013). In the case of grain weight per spike and grain number per spike parameters, elevated CO,
concentration with sufficient water amount led to increases values of these parameters compared to those
of ambient CO, concentration. Yield formation parameters of plants in environment of elevated CO-
concentration evinced less declines in drought-stressed treatments compared to the appropriate control
treatments than in cases of plants under ambient CO; concentration where these declines were higher
(0.13% in grain weight per spike, 5.25% in harvest index and 5.54% in thousand grain weight, except
for grain number per spike where the higher mean value was reached in drought-stressed treatments)
(Figure 1).

CONCLUSION

Final values of yield formation parameters of all tested winter wheat genotypes in drought-
stressed treatments were enhanced by increased CO» concentration at the level of 700 ppm and thus the
negative effect of drought stress was alleviated by 3.75% in thousand grain weight, by 4.23% in harvest
index, by 5.41% in grain number per spike and by 12.14% in grain weight per spike. While Pannonia
NS showed the lowest effect caused by different levels of CO, concentration and drought-stress
conditions, harvest index of Bohemia was identified as the most sensitive parameter to these factors.
Final values of yield formation parameters of wheat exposed to various levels of CO, concentration and
water treatments at the range of BBCH 59—71 developmental stages differed among specific genotypes.
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Abstract: Unmanned aerial survey allows more precise diagnosis of the plants in the site-specific crop
management by the ultra-high spatial resolution of raster data. This study is focused on the selection
of the most suitable sampling size by analysis of multispectral UAV images and its comparison
with Sentinel-2 satellite data, both aimed on the diagnosis of the nutritional status of winter wheat.
The data used for this study were collected in 2020 from the field experiment located in Kojcice
(Pelhfimov, Czech Republic) on two plots with the area of 16.2 ha and 12.1 ha. The survey was
realized by plant sampling in irregular grid for estimation of N content, total biomass, Nitrogen uptake
(Nupt) and Nitrogen Nutrition Index (NNI) in two vegetation stages important for the application
of nitrogen fertilizers to cereals (BBCH 31, BBCH 51). Simultaneously, aerial imaging was carried
out by UAV equipped with a MicaSense Altum multispectral camera. The results of statistical
evaluation by correlation and regression analysis showed a significant relationship between
the monitored crop parameters and vegetation indices from UAYV survey and from Sentinel-2 images.
Higher sensitivity to the amount of aboveground biomass was proved by the NDVI and SRI indices,
on the other hand, the NDRE and RENDVI indices showed higher correlations to the Nupt.
The comparison of different buffer zone analysis of UAV data showed the improvement
of the estimation accuracy by the increase of the sampling size to the 10 m. Explanation of this result
requires further study concentrating on the detailed investigation of the micro-variability of crop
parameters within the sampling site.

Key Words: crop status diagnosis, plant sampling, remote sensing, vegetation index, UAV, precision
agriculture

INTRODUCTION

Other benefits of precision farming include more precise hybrid selection, better orientation
in leases by reconciling actual farm conditions, better planning for the use of fertilizers with potential
crop yields, lower costs for the procurement of chemicals and fuels, and last but not least, field
crossings. and thus the reduction of environmental pollution. Thanks to precision agriculture,
companies can create high-tech jobs to be served by the necessary technologies (Mulla 2013).

The use of unmanned aerial vehicles (UAV) in precision agriculture is not new in today's world.
UAV can be used for different types of measurements; it only depends on the use of a suitable sensor.
We can use them, for example, to make crop zone management. With such a divided plot of land,
the farmer has the maximum chance to intervene in a timely and targeted manner on a specific
problem. Unmanned systems can be further used for crop health monitoring, disease detection, weed
management and detection, growth monitoring and yield estimation (Tsouros et al. 2019).

In agriculture, remote sensing is performed on the principles of non-contact measurements
of emitted solar radiation reflected from agricultural fie Ids. Intensity of rest from the properties
of the investigated plants. Most of the monitored parameters are light reflectance from the leaf surface,
fluorescence from chlorophyll, and light transmission through the leaves (Demotes-Mainard 2008).
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The aim of this study was the selection of the most suitable size of the evaluated area (buffer)
from multispectral images from UAV in comparison with freely available satellite images,
for the diagnosis of the nutritional status of winter wheat.

MATERIAL AND METHODS

Study site
The field experiment with winter wheat was established in 2020 at locality Kojc¢ice (Pelhfimov,
Czech Republic) on two field plots — see Table 1 with detailed information.

Table 1 Informations about experimental site

Company Year Field Area Crop Altitude Slope

ZD Kojcice 2020 Makyti 12.1 ha Winter wheat | 487.6 m.a.s.l. 3.5°

ZD Kojcice 2020 U Moucek 16.2 ha Winter wheat | 543.9 m.a.s.l. 3.7°

Plant sampling

Field monitoring consists of plant sampling realized in two important vegetation stages — stem
elongation (BBCH 31) and heading (BBCH 51), both sampled at 41 points in irregular grid on both
field plots. Plant samples were taken from two 0.5 x 0.5 m squares per sampling point. Plant samples
were analyzed in the laboratory to determine the nitrogen content [%] and the total amount of above-
ground dry biomass [t/ha]. These two parameters were the input for the calculation of the Nitrogen
uptake (Nupt) and Nitrogen Nutrition Index (NNI) based on the Lemaire calculation. NNI represents
the nitrogen status of plants, NNI <1 indicates insufficient fertilization N, NNI> 1 excessive nitrogen
fertilization (Lemaire 2008).

UAV survey

At the same time as the plant sampling, Skymaps company s.r.o. (Brno, Czech republic) carried
out a multispectral aerial survey using a UAV equipped with a MicaSense Altum multispectral
camera. Camera records image data in the visible (RGB), red-edge (RE) and near infrared (NIR) part
of spectrum, including measurement of incoming radiation by DLS to normalize lighting conditions.
Before each flight, camera was calibrated with reflectance panel according to the standard routine
recommended by camera producer. The acquired images were processed by photogrametric software
Agisoft Metashape to obtain the orthomosaic with a spatial resolution of 18 cm per pixel. A set
of seven broadband vegetation indices was calculated in ESRI ArcGIS; this study includes two
of them: NDVI and NDRE. Due to the high spatial resolution of the images, the average value of all
pixel values within the 2 m, 5 m, 10 m sampling size (buffer zone) around each sampling point was
calculated. Statistical evaluation of the relationship between plant parameters and aerial survey was
performed by correlation analysis and calculation of the regression equation in the software statistical
program Tibco Statistica.

Sentinel-2 satellite data

The Sentinel-2 images were downloaded from public available ESA Scihub repository
in the form of atmospherically corrected raster data (Level L2A). Individual scenes were selected
to be acquired close to the date of field monitoring while keeping lowest cloud occurrence. Images
were resampled to 10m spatial resolution by using ESA SNAP tool and set of vegetation indices was
calculated by an automated algorithm in ESRI ArcGIS. The pixel values were obtained at the sampling
points and exported as table data. Subsequently statistical evaluation of the relationship between plant
parameters and satellite survey was performed by correlation analysis and regression equation in Tibco
Statistica.

RESULTS AND DISCUSSION

Descriptive statistics of the results of laboratory analysis of plant samples for both monitored
fields “Makyti”, “U Moucek” and two phenological stages (BBCH 31 and 51) are shown in Table 2.
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Coefficients of variability (CV) show the highest variability in the field “U Moucek” (BBCH 31),
which corresponds to the higher spatial area of this field (16.2 ha) compared to the field “Makyti”
(12.1 ha). Higher variability of plant parameters was achieved in phase (BBCH 51), with all monitored
parameters there was an increase in variability by 5-10% in fields with winter wheat. In the case
of the experimental area "Makyti", there was a higher increase in dry biomass between the first
and second sampling of plants.

Table 2 Descriptive statistics of monitored localities

BBCH 31 BBCH 51
Makyti Biomass N NNI Nupt | Biomass N NNI Nupt
[t/ha] [%] [ke/ha] | [tha] | [%] [kg/hal
Average 1.80 3.00 0.72 54.13 8.05 1.67 0.78 135.78
Median 1.72 3.00 0.71 50.76 8.19 1.60 0.74 136.35
Std. 0.39 0.26 0.09 12.64 1.71 0.33 0.19 43.42
Min. 1.11 2.42 0.54 34.08 5.18 1.18 0.52 77.53
Max. 2.44 3.69 0.89 78.29 12.16 2.37 1.21 230.71
Count 20.00 20.00 | 20.00 20.00 20.00 20.00 | 20.00 20.00
CV [%] 21.53 8.61 12.39 23.36 21.19 19.95 24.06 31.98
U Moucek BBCH 31 BBCH 51
Average 1.91 3.15 0.78 60.24 7.83 1.90 0.88 150.94
Median 1.93 3.14 0.77 58.82 7.48 1.98 0.90 148.35
Std. 0.44 0.33 0.12 15.78 2.16 0.30 0.20 52.77
Min. 1.03 2.60 0.58 35.95 3.80 1.37 0.58 66.90
Max. 2.86 3.88 1.04 89.58 13.41 2.32 1.25 275.16
Count 21.00 21.00 | 21.00 21.00 21.00 21.00 21.00 21.00
CV [%] 23.25 10.48 15.09 26.20 27.56 15.55 22.45 34.96

As we can see from Table 3, correlations between unmanned survey, satellite survey and crop
parameters are statistically significant in most cases. This proved the usability of both remote sensing
methods for diagnosis of plant nitrogen status, which can be implemented for variable rate application
of nitrogen during the crop vegetation (EIbl et al. 2019). Similar to Lukas et al. (2016), the second
survey in late crop development (BBCH 51) showed lower values of correlation coefficients
in comparison to the survey in stem elongation (BBCH 31). This could be also used for prediction
of crop yield, as proved Duan et al. (2017) in their study, where the plant diagnosis by UAV
monitoring in late phenological stages achieved higher correlation between NDVI and final crop yield.

Considering both UAV and satellite sensing methods and the sampling size variants of UAV,
the best values were achieved by correlations with unmanned survey at the size of the monitored area
of 10 m (buffl0 m). The lowest values were achieved by correlations with the 2 m (buff2 m)
monitored area and correlations with satellite images. The increase of sampling size of UAV led
to improvement of the relationship of vegetation indices to the plant parameters (e.g. Biomass, Nupt).
In some cases, it was achieved higher correlation of UAV than with the Sentinel-2 (UAV buff10 m).
This confirms the survey of Mukherjee et al. (2019) that unmanned aerial sensing are more feasible
and preferred for crop mapping in precision agriculture. As identified by Wilke et al. (2021), ultra-
high spatial resolution of the UAV raster data allows also an estimation the plant density of cereals
even at the very early vegetation stages. However, the usage of UAV imagery for diagnosis of plant
nutrient status requires specific analysis of raster data to cover extended size of observed area.
Explanation of these effect in further research are needed as well as the study of integration of UAV
observation into robust growth models rather to transfer this technology to everyday practice
in precision farming (Maes and Steppe 2019).

Negative correlations of crop parameters with Sentinel-2 vegetation indices at field Makyti
in BBCHS1 (Table 3) are caused by atmospheric effects of satellite image. The weather condition
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in the May and June 2020 in the region of interest was not appropriate for satellite imagery — the
images were often cloudy. Analysed scene from 30. May was mostly clear for the field "U Moucek"
but there occurred clouds and their shadows over the "Makyti" field. However, UAV images were not
influenced by these effect because of low altitude survey (up to 300 m).

10 November 2021, Brno, Czech Republic

Table 3 Correlation coefficients between crop parameters and vegetation indices calculated
from unmanned aerial survey and Sentinel-2 survey. Colored background shows the level
of correlation (minimal-maximal values as red-green gradient), red values are statistically significant
at 95% probability.

UAV buff2 m UAV buff 5 m UAV buff 10 m SENTINEL — 2
Location| Crop parameters |NDRE NDVI RENDVI SRI [NDRE NDVIRENDVI SRI [NDRE NDVI RENDVI SRI [NDRE NDVIRENDVI SRI
| Biomass[tna] [0782 0703 0715 0.768] 0.696 0.563 0.601 0.7650.797 0.716 0.722 0.780 0.741 0.846 0.636 [0.845
%g N [%] -0.020 -0.109 -0.095 0.022[ 0.145 0.041  0.048 0.020] 0.310 0258 0229 0.254[0.106 0.017 -0.183 0.038
= NNI 0.624 0505 0519 0.6310.641 0467 0501 0.619[0.825 0.728 0.715 0.779] 0.642 0.687 0.416 0.698
- Nupt [kehha] | 0742 0.638 0.652 0.740 0.703 0.538 0577 0.736| 0.860" 0.764 0.762 0.831[0.726 0814 0.577 |0.820
| Biomass[tha] |0.582 0.556 0.618 0.642]0.701 0.673 0.639 0.694[0.709 0.691 0.663 0.691|0.118 0.076 0357 0.289
:%%' N [%] -0.026 -0.069 -0.004 0.029]| 0226 0229 0.228 0.209| 0.256 0312 0292 0.206
§§ NNI 0242 0.194 0269 0308|0460 0446 0428 0.439[0.483 0518 0488 0.433-0.285 -0.40 -0.235
T | Nupt(kghay | 0402 0357 0439 0478|0589 0.569 0.548 0.575| 0.608 0.628 0.601 0.570|-0.160 -0.256 -0.034 -0.045
_ | iomass[vna | 0548 0552 0553 0553 0:846 0786 0735 0806 0.805 0.782 0.849]0.808 0.739 = 0.861 0.755
§ § N [%] 0.169 0.174 0.189 0.190| 0.274 0.182  0.158 0.293[0.180 0.079 0.056 0.253|-0.123 -0.164 0.177 -0.098
Eé NNI 0515 0531 0545 0.533[0.799 0.707  0.653 0.775[ 0.759 0.656 0.624 0.782] 0.524 0.464 0.732  0.505
Nupt [kgha] | 0-563 0574 0583 0575 0791  0.735 0.846| 0.869 0.774 0.744 0701 0.629 | 0.847 | 0.664
| Biomass[tha] |0541 0577 0530 0557|0585 0.618 0.585 0.581/0.640 0.617 0.623 0659|0639 0593 0.699 0.641
éi N [%] 0286 0.284 0235 02830347 0300 0311 03910764 0.744 0.704 0.762| 0.238 0265 0428 0357
%é NNI 0480 0510 0468 0499 0.565 0.545  0.540 0.597m 0.826 10.518 0508 0.675 0.599
Nupt [kgha] | 0.532 0.565 0517 0.551[ 0597 0.597 0593 0.624| 0.778 0.766 0.772 0811 0.607 0.576 = 0.734  0.660

Graphs of relationship between vegetation index NDRE and Nitrogen uptake (Figure 1) shows

that the values of the NDRE index for nitrogen uptake have an increasing tendency. This trend can
also be seen for other parameters and indices in Table 3, such as the NDVI index for Biomass. This
information confirms, that the different sampling size affects the resulting correlation values calculated
from UAV images.

Figure 1 Set of regression graphs comparing nitrogen uptake and NDRE index, calculated
from unmanned aerial survey, at different sampling sizes (2 m, 5 m, 10 m) from the locality
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Figure 2 shows aerial photographs obtained by the unmanned survey. The images are
from the period of the first sampling (April 26, 2020) made by a multispectral sensor Altum
from the company MicaSense. In the pictures, white circles shows the buffer zones around
the sampling points. Images represent the higher spatial variability of the crop stand within both
experimental fields.
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Figure 2 Images of the experimental sites "Makyti" (left), "U Moucek* (right)

160

CONCLUSIONS

The results of this study showed that UAV imaging can be used to diagnose the condition
of winter wheat. The best correlations with unmanned survey reached the values of dry aboveground
biomass and nitrogen uptake. These crop parameters show statistically significant correlations
in almost all cases in both monitored plots and in both terms.

The results of this study also showed that a change in the sampling size demonstrably changes
the values of the obtained indices. The change in the size of the monitored area helped most
significantly on the U Moucek plot in the second phase of monitoring, where all indices showed
higher correlations with crop parameters. On the other hand, the smallest effect of improvement using
a 10 meter buffer can be observed at the Makyti field in the second phase of imaging.

It should also be emphasized, that increasing the monitored area to 10 meters, resulted
in an improvement in the correlation values compared to the values from the Sentinel-2 satellite,
whose data are freely available and thus often preferred for diagnosing crop conditions in precision
agriculture. Images obtained from UAVs have many times higher resolution than images obtained
from satellite surveys. The photos thus carry detailed information about the monitored areas,
which could be useful for field inspections. Correlation analysis of sampling sizes showed higher
sensitivity with 10-meter buffer, mainly calculated from red-edge spectral bands (NDRE, RENDVI).
The cause of the observed effect of an increase in index values with an increase in sampling sizes can
be affected by many factors and therefore requires furthermore extensive study.
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Abstract: Phenolic compounds are important products of secondary metabolism in plants and cannot
be synthesized in the human body, so they are mainly taken from food. For the performance of crop
seeds a key is the complex trait of seed vigour. It defines their ability to emerge across diverse
environmental conditions. It was published, an increase in total phenolic content correlated
with enhanced seed vigour in some plant species. The aim of this work was to investigate whether
higher content of total polyphenols in seeds affects seed vigour. For the purpose of this study
four varieties of spring barley from four localities were tested. Seed vigour was conducted in two ways:
in the first one, seeds were placed between two layers of germinating paper in the germinating box,
whereas in the second barley kernels were placed in Petri dishes without filter paper under the same
environmental conditions. Effect of drought and temperature stress (10°C) was simultaneously induced.
Drought stress -0.5 MPa was induced using polyethylene glycol (PEG 6000). Evaluated parameters
for seed vigour were root and plumula length and surface area performed through digital image analysis
with WinRhizo software. The content of total polyphenols in the grains was determined
spectrophotometrically from the previously prepared extract. The total polyphenols content (TPC)
was significantly affected both by variety and locality. The statistically significant correlation
between total polyphenols content and seed vigour was found.

Key Words: total polyphenols, human health, emergency, drought stress, cold stress

INTRODUCTION

Barley (Hordeum vulgare L.) is an ancient and important cereal crop, mainly used for beer
production. Moreover, there is a renewed interest in barley food, because of its nutritional value. Barley
grain provides low fat, complex carbohydrates (mainly starch), proteins, minerals, vitamins (especially
vitamin E) and other antioxidants, mostly phenolic compounds. More than 50% of polyphenols in barley

have been reported to be present in a conjugated form linked to the cell wall materials of the grain Arigod
et al. (2018).

Germination is defined as the protrusion of the radicle through the seed envelopes in favorable
conditions. However, unfavorable germination environment can impose stress on the seeds, which can
delay or prevent germination Saux et al. (2020). Germination is widely used to improve the nutritional
value of seeds for human consumption. Several studies have proved that content of folic acid,
y-aminobutyric acid, phenolic compounds can greatly enhance during the germination process
Li et al. (2019), Tang et al. (2021). Also, the level of total phenolics in germinated seeds and sprouts
can be changed during germination while having a distinct impact on bound phenolics Gan et al. (2017).

In some species, an increase in total phenolic content correlated with enhanced seed vigour
Burguieres et al. (2007), Chloupek et al. (2008). Seed vigour reflects properties of a seed to germinate
in a wide range of environmental conditions. Although, high vigour seeds are expected to perform better
under environmentally stressed conditions than low vigour seeds, even if standard germination test
results can be comparable Ullmannova et al. (2013), Bodner et al. (2013). Since then, the International
Seed Testing Association (ISTA) brought a more specific definition that considers not only those
properties that determine the activity and level of performance of seeds of acceptable germination
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in a wide range of environments but also the performance after storage. However, the vigour of seeds
can decline owing to improper storage, resulting in incalculable direct and indirect economic losses
in terms of breeding work Feng et al. (2021).

The amount and composition of polyphenols similarly to most other compounds in barley grain
depends on the genetic characteristics of the variety, growing and climatic conditions. As the protein
content of the grain increases, the polyphenol content decreases Basafova et al. (2015). Nitrogen
application significantly affects the protein concentration in barley grain and therefore it is important
to adjust the nitrogen dose.

Based on this knowledge, the aim of this study was to determine and explain the interaction
between seed vigour and the total polyphenols content in four varieties of barley grown from four
localities of Czech Republic.

10 November 2021, Brno, Czech Republic

MATERIALS AND METHODS

Plant material

The collection of four barley varieties was cultivated with of using common agricultural practices
in the four localities, carried out during the 2020 growing season and under observation of Central
Institute for Supervising and Testing in Agriculture and Research Institute of Brewing and Malting
which provided the seeds. Varieties (Bojos, Overture, Laudis 550, KWS Amadora) were selected based
on the content of nitrogen compounds, germination parameters (germination energy, germination
capacity) and resilience in the field under different environmental conditions. Additionally, the aim
was to maintain variability within the variety.

Table 1 Overview of meteorological conditions in 2020

Air temperature (°C)

March April May June
1991-2020 | 2020 | 1991-2020 | 2020 | 1991-2020 | 2020 | 1991-2020 | 2020
Lednice 53 6.2 11.1 11.2 15.6 13.8 19.2 18.6
?S};g;;ycgsm’h 4.6 5.5 10.1 100 | 147 | 127 | 182 18.0
Caslav 4.6 5.0 9.8 9.5 14.5 11.9 17.9 17.4
Chrastava (Liberec) 3.0 3.4 8.2 9.0 12.6 10.3 15.9 16.3

Precipitation totals (mm)

March April May June
1991-2020 | 2020 | 1991-2020 | 2020 | 1991-2020 | 2020 | 1991-2020 | 2020
Lednice 31.8 16.3 29.3 8.9 54.2 72.9 63.2 117.1
é&f;;ﬁigsm’h 315 180 | 327 |164| 601 | 685| 690 |127.1
Caslav 37.8 42.1 31.7 22.3 67.6 55.4 72.3 152.9
Chrastava (Liberec) 61.4 45.7 41.3 3.6 75.6 86.9 89.0 140.2

Localities (Céslav, Chrastava, Uhersky Ostroh, Lednice) were selected based on their variable
agroecological conditions. Data from the stations of the Czech Hydrometeorological Institute were used
to evaluate weather conditions of the year (Lednice, data from station Straznice for Uhersky Ostroh,
Céslav, data from station Liberec for Chrastava). Air temperatures in 2020 were close to normal except
for May, which was significantly colder in all regions. In terms of precipitations, in 2020, April
was subnormal, and June was above normal (Table 1).

Seed vigour determination

To evaluate the barley seeds vigour percentage after seven and fourteen days experiment
was conducted. Samples were stored under controlled laboratory conditions before any manipulation.
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The first step was sorting of the seeds and after, those seeds were soaked in 3% sodium hypochlorite
solution and then washed with distilled water three times. The seed vigour of harvested seeds
was then tested after the seeds had broken dormancy (i.e., six months after harvest). Fifty barley seeds
were chosen (four varieties, four regions, three replicates) and placed between two layers of germinating
paper, previously labeled, and placed in the germinating box. The seeds with germ length at least half
the length of the seed and at least three embryonic roots were considered properly germinated.

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/l. After germinating boxes were prepared, they were put
into plastic bags, to prevent evaporation. Additionally, six seeds of each variety were placed in a Petri
dish, with 10 ml of PEG inside. Also labeled and put into plastic bags. After that both germinating boxes
and Petri dishes were placed in a climate box under 10°C. After seven and fourteen days germinated
seeds from germinating boxes were counted. Germinated seeds from Petri dish were scanned
and analyzed in WinRhizo (Régent Instruments Inc., Quebec, Kanada). Seed vigour germinating boxes
were used in order to have seed vigour evaluated as number of germinated seed. Seed vigour under
drought in Petri dish was evaluated as Len 7; Len 14 (length of germ and roots after seven and fourteen
days) and as S.A. 7; S.A. 14 (surface area of 7 and 14 days). Usage of PEG in Petri dish without filter
paper might be a useful tool since filter paper can cause problems with breaking the root architecture
during samples manipulation.

Preparation of the extract

Twenty grams of barley grains from each variety was grounded finely on a 1 mm sieve barley
grinder. After that, 5 g of ground barley was weighed into a 200 ml tall beaker. Then, 100 ml of 75%
dimethylformamide solution was added. Shortly afterwards, the mixer head was immersed in the beaker
and mixed for ninety seconds. The mixture was supposed to be left from twelve to fifteen minutes
and the whole procedure was repeated three times in each sample. After the last mixing, the solution
was poured into a centrifuge tube. Samples were centrifuged at 3000 rpm for 10 min.
From the centrifuged solution 25 ml of the solution was pipetted into a 100 ml volumetric flask
and made up to the mark line with deionized water. The solution was poured into a centrifuge tube
and for the last time samples were centrifuged at 15000 rpm for 30 min. The pure solution has been used
for the determination of the polyphenols content.

Preparation of a blank solution

Twenty ml of extract was pipetted into a 50 ml volumetric flask. After that, 0.10 ml ammonium
ferric citrate was added. The solution was mixed thoroughly and made up to the mark line
with deionized water. Then it was let to stand for 10 min and the clarity of the solution was observed.

Determination of polyphenols

Twenty ml of extract was pipetted into a 50ml volumetric flask, then 16 ml
of ethylenediaminetetraacetic sodium hydroxide (CMC/EDTA) was added. To the solution
was also added 0.10 ml ammonium ferric citrate and the content was shaken. Then, 0.10 ml
of ammonium solution was added, made up to the mark line with deionized water and mixed
thoroughly. The absorbance was measured spectrophotometrically in 10 mm cuvette at a wavelength
of 525 nm against a blank solution.

Calculation and evaluation of total polyphenol content (TPC)

The calculation was performed according to the formula for calculating the content
of polyphenols in the original solution as previously published Jovanovic et al. (2020).
Correlation and ANOVA

Correlation between gained parameters was calculated based on Pearson correlation coefficient
r on the level of significance p = 0.05 for n = 16. The results were statistically analyzed by the analysis
of variance (ANOVA) method. The differences between mean values were evaluated by the Fishers
LSD test in STATISTICA 12 Software (Statsoft Inc. Tulsa, OK, USA) at the level of significance
p =0.05.
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The total polyphenol content ranged from 0.14-0.23% DM (dry matter). Seed vigour evaluated
as Len ranged from 11.43-133.37 mm, while seed vigour evaluated as S.A. ranged from 7.51-44.59

mm? (value for six seeds from Petri dish).

Figure 1 Differences of total polyphenols content among studied varieties and regions; effect of variety
(Bojos, Overture, Lauids 550, KWS Amadora) @) and localities (Caslav, Chrastava, Uhersky Ostroh,
Lednice) b) Eror bars show standard deviation, and letters indicate significant differences (p < 0.05).
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As previously mentioned, the Pearson correlation coefficient was used to explain how strong
the correlation between TPC and seed vigour evaluated as S.A. and Len after seven and fourteen days
was. Results have shown that there was statistically significant correlation between TPC and seed
vigour evaluated as S.A.14 (r = 0.536; n = 16). It can be concluded that higher TPC leads to vigorous
seeds. Higher content of TPC according to Basarova et al. (2015), is related to lower amount of nitrogen
in soil. There was no statistically significant correlation between seed vigour evaluated
as (Len 7, Len 14, and S.A. 7) TPC. Higher values of negative correlation coefficients were found
for the relationship of seed vigour evaluated as number of sprouted seeds and TPC (r=-0.615; n=16).
There is a dependency among these parameters, which implicates that with higher TPC the number
of vigorous seeds is lower. This result is in contrast with the previous one, which can be caused by some
deviation within environmental conditions. Other possible reason can actually be in compliance
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with findings of Chon (2013), Gan et al. (2017), which concluded that some phenolic compounds
have been modified during germination.

The results of ANOVA related to four varieties of spring barley grown in four different localities
and their TPC is presented in Figure 1 a) and b). Analysis of variance confirmed that the TPC in seeds
was significantly affected by variety and localities. However, differences in the effect of individual
factors were thoroughly observed. Accordingly, varieties Bojos and Overture had the highest level
of polyphenols content. Nevertheless, there was not a statistically significant difference among those
two varieties. Statistically significant difference was observed in variety Laudis 550 and KWS
Amadora (Figure 1 a). The differences for the TPC of barley varieties might be due to different
characteristics of the variety as well as differences in environmental conditions as previously
published in a similar study by Zrckova et al. (2019). From the Figure 1 b) it can be seen that the
effect of the locality was significant for the total polyphenols content in studied varieties. Within the
localities Lednice a Chrastava a statistically significant difference was observed. On the other hand,
there was no statistically significant difference among localities Céaslav and Uhersky Ostroh. It is
known that many antioxidants in plants are produced as response to abiotic stress, like water stress
and heat stress Lu et al. (2015). According to that, differences in temperature, precipitations among
different localities can be the possible cause of different impact each locality had on the polyphenols
content in tested varieties.

CONCLUSION

As results have shown the TPC content was significantly correlated to seed vigour. Also,
the effect of variety and localities was statistically significant regarding TPC in studied varieties. Based
on this research it can be concluded that, there is a strong correlation between TPC and seed vigour,
but as mentioned it also depends on environmental conditions. Therefore, further studies on this subject
need to be carried out to make a clear conclusion.
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Abstract: Managing the spruce forest growing beyond its favourable conditions is trading between water
consumption and increasing biomass. We examined tree transpiration in four stands with different
thinning intensities in a 40-year-old spruce forest in South Moravia. Tree transpiration was significantly
higher under moderate and heavy intensity compared to low intensity and control plots. Tree
transpiration differed also among trees of different sizes within the treatments and also between
the treatments. The stem increment was visibly increasing with the intensity of treatment, particularly
for suppressed trees. The findings show an ecological tree response two years after the thinning.

Key Words: Norway spruce, tree size, water consumption, sap flow, biomass production, thinning
treatment

INTRODUCTION

The increasing frequency, intensity and duration of a period with extreme weather conditions
have already led to a decrease in forest productivity (Allen et al. 2015). This emphasises a need
for silvicultural approaches for existing forest stands that have not reached economic maturity, suitable
short-term adaptation strategies to achieve a higher forest resistance and resilience to extreme climatic
events (Brang et al. 2014, Lasch et al. 2002). Moreover, still prevailing spruce forest growing beyond
its ecological suitable conditions is more vulnerable in terms of water deficit conditions,
which is increasing with climate change (Brazdil et al. 2015). Hence, the essential assumption
for an examination of the future of spruce-dominated forestry is the estimation of spruce water demand.
The thinning is suggested as an approach to climate adaptation in the short term and has a positive
impact of thinning on the growth performance of trees during drought. This has been shown in several
studies from America (D’ Amato et al. 2013, Hsiao 1973), Israel (Tsamir et al. 2019) and Europe (Elkin
et al. 2015, Nilsen and Strand 2008). However, a response of trees to any sudden long-lasting conditions
varies with a taxonomic class (conifer or broadleaved), species’ potential to occupy newly available
growing space, thinning intensities, time since the last thinning and stand age (Elkin et al. 2015), not
to mention the meteorological conditions. In this study, we evaluated the response of tree and stand
transpiration and diameter increment to the thinning treatments of different intensities.

MATERIAL AND METHODS

Study site description

The study site is located close to Rajec—Némcice (49°26'37"N, 16°41'47"E) at an altitude
of 625 m.a.s.l. The mean annual temperature from May until September in 2020 was 17 °C (long-term
annual average is 7.8 °C) and the amount of precipitation over the same period was 495 mm (long-term
average annual sum is 679 mm). It is 40 years old Norway spruce managed forest. The study area was
divided into four equally large plots, of an area of 625 m? and lastly managed in spring 2018 with three
thinning intensity treatments from below (low, moderate, heavy) and a control plot without thinning
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treatment (Table 1). The distribution of all trees’ diameter in breast height (1.3 m, further DBH) varied
between thinning intensities especially considering suppressed trees (Figure 1).

10 November 2021, Brno, Czech Republic

Figure 1 Distribution of the tree classes within the managed plots (625 m?)
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Table 1 Characteristics of the spruce stand in the different treatments

Thinning Stand Stand BA Mean LAI | Mean sap flow + Tstand
intensity density BA reduction | DBH + [-] SD [I/year/ha]
[tree/ha] | [m?/ha] [%] SD [cm] [kg/year/tree]
Control 3504 3.506 0 13+£5.2 5 1139 +518 399
Low 1424 2.514 28 18+5.1 4 1602 + 902 228
Moderate 1216 1.914 45 17+5.7 3 1686 + 389 205
Heavy 624 1.358 61 20+5.2 3 2145+ 1106 134

Legend: BA — basal area, SD — standard deviation, LAI — leaf area index, Tswana — stand transpiration

Sap flow measurement

The water consumption was calculated based on the measurement of the tree transpiration
by the sap flow modules EMS81 (EMS Brno, CZ), based on the tissue heat balance method
from (Cermaék et al. 2004). Data were measured in 2 minutes intervals, stored in 10 minutes averages
and then aggregated to daily values. The growth increment was measured by band automatic
dendrometers (DR 26, EMS Brno, CZ). We selected trees of similar diameter at breast height (DBH)
in each plot in four DBH classes representing co-dominant and dominant trees (DBH18, DBH20,
DBH23, DBH26). A software Mini32 (Environmental Measuring Systems s.r.0. Brno, CZ) was used
for sap flow and dendrometers’ data pre-processing. For data analysis, we used a selection of data
of the main growing season, from 8 May 2020 until 30 September 2020, and excluded days
with precipitation above 10 mm/day (moderate rain), according to the declining regression curve
between sap flow and precipitation. For the statistical analysis were used the standardized sap flow data,
expressed as mass flow from one centimetre of tree circumference [kg/day/cm]. Statistical analyses
and graphs were conducted in R (R Core Team 2019). The sap flow of an average tree (calculated
according to stand inventory data of DBH classes’ distribution) was calculated for each plot to represent
the stand density. The whole stand transpiration (Tswna) was calculated as the multiplication
of the average tree sap flow and the number of trees in each treatment. As the assumptions to meet
the requirement of homogeneity and normality were in most cases violated, we used the Kruskal-Wallis
test and post hoc tests: Dunn’s test for multiple groups means comparisons and the Median test
for median comparison. Statistical significance for all analyses was set at p < 0.05 for a=0.05.
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RESULTS AND DISCUSSION

Effect of thinning on the tree and stand transpiration

The yearly transpiration of the single average tree increased by 41% in the low thinned plot,
by 48% in the moderated, and by 88% in the heavily thinned in comparison with the average tree
at the control plot (Table 1), which corresponds with the findings of Tsamir et al. (2019). The highest
increase of tree sap flow was in a heavily thinned stand which is comparable with the results of Park
etal. (2018) and McJannet and Vertessy (2001). In our study, an increased thinning intensity led
to a reduction of total stand transpiration (Table 1), as also shown by Gebhardt et al. (2014) and Wang
et al. (2019). Annual stand transpiration was reduced by 43% in the low thinned plot, by 49%
in moderated and 66% in the heavy thinned plot compare to the control plot (Table 1). The proportional
decrease of stand transpiration concerning the reduction of the basal area through thinning agreed
with the findings of Morikawa et al. (1986) and Breda et al. (1995).

Figure 2 Variation of the sap flow among thinning intensity
Sap flow [ kg/day/em ]
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Legend: Different letters indicate significant differences in means of sap flow (red points) and notches in boxes show a 95%
confidence interval for the median (black lines)

We were expecting an increase of sap flow with increasing tree size in each treatment
in comparison to the un-thinned stand. According to the study of Lagergren et al. (2008), we were
expecting higher transpiration within the same tree size range of DBH in heavy thinning compared
to the control plot.

In our study sap flow differed significantly among treatments as well as among trees
from the same DBH classes (from now on the number in the DBH class name corresponds to the mean
DBH within class of 2 cm interval). The most contrasting mean transpiration was in heavy and moderate
thinning intensity when compared to the control plot and low intensity thinning (Figure 2). The observed
increase in tree sap flow after thinning can be related to various factors such as the increase in incoming
radiation to the lower crown layers, increase in tree leaf area and higher soil water availability (Jiménez
et al. 2008).

Comparing thinning intensity on selected DBH classes, we found that the heavy thinning had
a significant effect on the sap flow of the dominant trees (DBH23 and DBH26) compared to the control
(Figure 3). Despite the fact, that the mean tree transpiration of the control plot did not differ from low
thinning (Figure 2), there was a significant effect of thinning when the separate DBH classes were
considered. The most variance was among the trees in the DBH23 class, where all trees were different
from the control (Figure 3).

We were expecting sap flow to increase with the tree size according to Wang et al. (2019).
The largest differences in sap fluxes were shown in heavy thinning among all tree DBH variations
(Figure 4). Besides moderate intensity, the lowest tree and the largest (DBH26) are transpiring
significantly different. With moderate treatment, all trees were transpired very similarly, except
for the tree with DBH23.
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Figure 3 Tree sap flow response of various DBH classes to thinning management
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Figure 4 Comparison of the tree sap flow among variance of large trees within plots
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Biomass

We did not find any statistically significant differences in increments among the plots nor the tree classes
from averages of stem radial increment. Visually, the highest average radial stem increment was
in the heavy thinning only for the suppressed and co-dominant trees (Figure 5), which is probably caused
by an increase of the light availability for the crowns of the trees in lower social positions (Breda et al.
1995). A similar trend of increased diameter increment along with increased thinning intensity was
found in other studies (Manrique-Alba et al. 2020). On the contrary, Breda et al. (1995) reported
significantly higher stem circumference increment of dominant trees. The low thinning intensity
supported the higher growth only of dominant trees. Our results generally agree with other studies
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showing that thinning can greatly increase tree radial growth while stand transpiration decreases
due to the reduction of stand density (Wang et al. 2019).

Figure 5 Average values of stem radial increment for the social status of the trees growing on plots
with various thinning intensities
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CONCLUSION

The study confirmed the effect of thinning on the whole stand and mean tree transpiration.
The results showed a significant effect of the heavy intensity thinning on tree transpiration for all
measured tree DBH classes, where the tree transpiration increased in all thinning intensities compared
to the control. On the other hand, the stand transpiration decreased in all thinning intensities. However,
the transpiration of the dominant trees was primarily increased by the heavy thinning intensity, the stem
increment was not affected so much. Contrarily, the effect of thinning on co-dominant trees sap flow
was not consistent with diameter increment. Moreover, the highest stem radial increment was measured
on the suppressed trees which could not be connected with the sap flow measurements. Given
the limitation of sampling set and potential influence of other biometric and stand structural factors
further studies are recommended.
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Abstract: Remote and proximal sensing of crop has been widely used in the last decades for agricultural
applications, both for assessing vegetation condition and for subsequent yield prediction. In this work, we
take advantage of vegetation indices for an advanced monitoring of spatial variability of winter wheat
biophysical parameters, nitrogen status and prediction of crop yield estimation. Input data were obtained
from farm field trials with winter wheat in 2019 and 2020 at Zdounky and RaSovice (Czech Republic)
with a total area of 136 ha. To estimate the crop parameters, a plant sampling was realized in the stem
elongation vegetation phase and later the grain sampling before harvest. Spectral properties were obtained
from the satellite imagery of Sentinel-2 as the set of broadband vegetation indices (GNDVI, NDRE, NDVI,
NRERI, RENDVI) and proximal crop sensor systems (Fritzmeier ISARIA, Agleader OptRx). Spatial data
were processed and analyzed using tools of geographic information systems and then statistically evaluated
relationships between variables by using correlation analysis. The finding of high level of correlation between
in-vegetation crop sensing and grain yield showed the possibility to identify yield spatial variability by both
sensing systems in early stage of crop growth. This can be implemented for development of decision support
tools for yield zoning in site specific crop management — precision farming.

Key Words: precision agriculture, vegetation indices, crop sensing, Sentinel-2, grain yield

INTRODUCTION

Site-specific crop management is one of the main drivers of precision agriculture. Spatial
and temporal variability can be used to support decision-making in agronomy and can thus lead
to improved profitability and sustainability of agricultural production, taking advantage of sensors,
information and communications technologies (Fountas et al. 2016). Soil, vegetation or yield properties can
be used to define homogeneous management zones in order to apply site-specific management.
The identification within field variability is not an easy task and can be obtained by various technologies
(Shaddad et al. 2016). Today are used the advantages of proximal, remote and yield sensors in practice,
on the basis of which it is possible to obtain information on variability and subsequent data for decision in the
agronomy and plant production (De Benedetto et al. 2013). Assessment of plant status and crop biophysical
parameters is important information for decision support in agronomy to correct the crop management
practices, especially for application of nitrogen fertilizers (Vizzari et al. 2019, Lukas et al. 2016). Vegetation
index values can be obtained from several sources, e. g. ground sensors, UAV (unmanned air vehicles),
airborne and satellite sensors. These sources differ in spatial resolution, but also in the design of the sensor
and the range of wavelengths (Gozdowski et al. 2020).

The aim of the study was to verify the use of proximal sensing and satellite imaging to estimate
agronomically relevant biophysical parameters and nitrogen status of winter wheat crop stand
and to predict differences in crop yield.

MATERIAL AND METHODS

Study area

Data were acquired in year 2019 and 2020 from two experimental localities with winter wheat
in locality Zdounky and RaSovice (Czech Republic). The total area of the observation was 136 ha,
the overview of field trials is described in Table 1.
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Table 1 Description of localities

MWV

Mendel

. Area Altitude Slope o . Sampling Satellite image
Locality [ha] [m.a.sl] ] District Coordinates date date
Zdounky 95.84 275 6.45 Krométiz | 49.297N, 17.393E | 6.5.2019 1.5.2019
Rasovice 40 277-323 | 3.37-4.13 Vyskov 49.120N, 16.948E | 28.4.2020 25.4.2020
Field sampling

Field survey consisted of plant sampling during the vegetation (stem elongation, BBCH 32-39)
and crop sampling before harvest (BBCH 91). The number of sampling points was 20 in Zdounky
respectively 21 in Rasovice (Table 3, Table 4). Samples were taken from 0.5 x 0.5 m squares per each
sampling point localised by RTK-GPS. Plant samples were analysed in laboratory for estimation
of nitrogen content [%], total amount of aboveground dry biomass [t/ha], respectively number of ears
[n/m?], thousand seed weight [g], density [kg/m’] and yield (marked as Yield S) [t/ha] in case of harvest
sampling. To complete the determination of nutritional status of plants, a nitrogen uptake (Nupt, [kg/ha])
was calculated from nitrogen content and dry biomass as multiplication of N concentration by dry
biomass.

Proximal sensing

Proximal sensing was realized by using two crop sensing systems — Fritzmeier ISARIA (locality
Zdounky) and AglLeader OptRx (locality Rasovice) during second topdressing nitrogen application
(Figure 1). Nutrient status of plants is evaluated based on the spectral measurement of reflectance
by active LED lighting in near infrared, red and red-edge part of spectrum. The system ISARIA
calculated two vegetation indices — Isaria Reflectance Measurement Index (IRMI), which is related
to chlorophyll content, and Isaria Biomass Index (IBI) related to crop biomass. The system Agleader
OptRx calculated vegetation index NDRE (Normalized Difference Red Edge Index). From both
systems, data records of vegetation indices were downloaded from board computers as the spatial point
data in shapefile format.

Figure 1 Nitrogen application by crop sensing system Fritzmeier ISARIA (left) and AgLeader OptRx
(right) on the field. Photo by J. Mezera

Remote sensing by satellite platform Sentinel-2

The Sentinel-2 images were selected with the minimum of clouds occurrence and acquired near
to the date of field sampling. The datasets were downloaded from ESA open hub database as surface
reflectance product produced by sen2cor algorithm (Level L2A, Lantzanakis et al. 2017) and filtered
through a cloud mask derived with L2A scene classification dataset. Set of five vegetation indices was
calculated from multispectral bands by the automatized workflow in ArcGIS (see the list in Table 2).

Table 2 List of Sentinel-2 vegetation indices used in the study (Klem et al. 2014)

GNDVI | Green Normalized Difference Vegetation index
NDRE Normalized Difference Red Edge Index

NDVI Normalized Difference Vegetation Index
NRERI | Normalized Red Edge Index

RENDVI | Red Edge NDVI

The results of crop mapping by plant sampling and datasets from Sentinel-2 were processed
in Geographic Information System ArcMap 10.6.1 (ESRI, Redlands, USA). For each sampling point,
the pixel value of Sentinel-2 vegetation indices was obtained by overlay analysis. The data was then
exported to Microsoft Excel (Microsoft Corporation, Redmond, USA) and subsequently to Statistica 12
(Tibco, USA) for correlation and regression analysis.

Q0eo
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Yield data recording

Crop yield maps were recorded during the harvest of winter wheat in 2019 and 2020 for both
experimental localities. Data were acquired by grain harvesters equipped with sensor system
for estimation of grain flow, grain moisture and DGPS receiver. Outliers and error values were filtered
in ArcGIS, followed by spatial interpolation using the kriging technique to smooth out the differences
at small scale level. The final raster dataset contains information about crop yield (marked as Yield H)
in 5 m spatial resolution.

RESULTS AND DISCUSSION

Basic statistical characteristics of results from online sensors, laboratory analysis of plant samples
taken from two locations are shown in Table 3 and Table 4. High values of the coefficient of variation
(CV) indicate high variability within the fields, the highest CV was reached for Nupt in Zdounky
(18.06%) and for number of ears in Rasovice (36.47%).

Table 3 Basic statistics of plant sampling results in Zdounky, 20 samples

N plant | Biomass | Nupt IRMI | IBI Yield H | Number of | Yield S | TSW | Density | N grain
[%] [t/ha] [kg/ha] [t/ha] ears [n/m?] | [t/ha] [g] [kg/m3] [%]

Average 2.70 7.26| 196.71|23.86| 3.38 6.78 628.8| 10.29| 47.75 818.26| 13.81
Median 2.73 7.27| 204.84|24.00 | 3.42 6.98 622.5| 10.25| 47.93 819.84| 13.97
Minimum 2.10 4.98| 108.03 | 21.10| 2.82 4.92 420.0 7.65| 43.82 801.23| 10.78
Maximum 3.37 9.38| 282.39|25.77| 3.82 7.88 840.0 | 13.49| 52.85 834.42| 17.09
Std 0.31 099| 3552| 1.16| 0.26 0.80 100.8 171 2.23 9.19 1.53
CV (%) 11.32 13.59| 18.06| 4.84| 7.60 11.81 16.0| 16.62| 4.67 1.12] 11.07

Legend: Std — standard deviation; CV — coefficient of variation; N — nitrogen content;, Nupt — nitrogen uptake, Yield H — yield
harvest; Yield S — yield sample; TSW — thousand seed weight

Table 4 Basic statistics of plant sampling results in Rasovice, 21 samples

N plant | Biomass | Nupt | NDRE | Yield H | Number of | Yield S TSW [e] Density | N grain
[%] [t/ha] | [kg/ha] | OptRx | [t/ha] ears [n/m?] [t/ha] & [kg/m3] [%]

Average 2.45 7.53| 186.58 | 0.37 9.62 924.52 15.4 47.64 785.39 12.79
Median 2.53 7.591 200.48 | 0.39 9.71 890.00 15.6 47.23 784.38 13.24
Minimum 2.02 3.79| 81.97| 0.23 7.95 440.00 9.6 35.74 761.18 9.68
Maximum 3.01 10.44| 275.52| 0.44 10.51 1610.00 27.6 53.56 816.06 15.25
Std 0.29 1.83| 55.37| 0.05 0.65 337.18 44 4.69 15.36 1.36
CV (%) 11.69 2424 | 29.67| 14.02 6.73 36.47 28.7 9.85 1.96 10.60

Legend: Std — standard deviation; CV — coefficient of variation; N — nitrogen content; Nupt — nitrogen uptake, Yield H — yield
harvest; Yield S — yield sample; TSW — thousand seed weight

Table 5 Correlation coefficients between crop parameters, vegetation indices and harvest parameters
for locality Zdounky. Red values represent statistically significant results at 95% of probability

N plant | Biomass | Nupt |IRMI| IBI NoE TSW Density N grain | Yield S| Yield
%] | [vha] | [kehal ] | [g] | [keg/m’] | (%] | [tha] | H

[t/ha]
N plant [%] 1.000 0.018 0.700 | 0.546 | 0.572 0.491 -0.246 0.561 0.597 0.370 0.460
Biomass [t/ha] 0.018 1.000 0.594 | 0.175| 0.211 0.105 -0.274 -0.126 0.160 0.311 0.335
Nupt [kg/ha] 0.700 0.594 1.000 | 0.526 | 0.620 0.384 -0.304 0.444 0.509 0.472 0.508
IRMI 0.546 0.175 0.526 | 1.000 | 0.926 0.338 -0.036 0.141 0.090 0.669 0.444
IBI 0.572 0.211 0.620 | 0.926 | 1.000 0.373 -0.208 0.244 0.183 0.557 0.490
GNDVI 0.501 0.259 0.583 | 0.844 | 0.894 0.405 -0.235 0.211 0.140 0.693 0.650
NDRE 0.372 0.377 0.580 | 0.803 | 0.810 0.449 -0.066 0.110 -0.084 0.734 0.740
NDVI 0.429 0.188 0.415| 0.887 | 0.889 0.200 -0.090 -0.023 0.008 0.520 0.490
NRERI 0.431 0.448 0.618 | 0.857 | 0.831 0.306 -0.123 0.020 -0.020 0.611 0.647
RENDVI 0.457 0.433 0.624 | 0.867 | 0.835 0.299 -0.122 0.032 0.018 0.603 0.618
Yield H [t/ha] 0.460 0.335 0.508 | 0.444 | 0.490 0.666 -0.206 0.217 -0.012 0.639 1.000
NoE [n/m?] 0.491 0.105 0.384 | 0.338 | 0.373 1.000 -0.451 0.496 0.116 0.638 0.666
Yield S [t/ha] 0.370 0311 0.472 | 0.669 | 0.557 0.638 -0.054 0.167 0.027 1.000 0.639
TSW [g] -0.246 -0.274 -0.304 | -0.036 | -0.208 -0.451 1.000 -0.328 -0.131 -0.054 -0.206
Density [kg/m’] 0.561 -0.126 0.444 | 0.141 | 0.244 0.496 -0.328 1.000 0.506 0.167 0.217
N grain [%] 0.597 0.160 0.509 | 0.090 | 0.183 0.116 -0.131 0.506 1.000 0.027 -0.012

Legend: Std — standard deviation; CV — coefficient of variation; N — nitrogen content; Nupt — nitrogen uptake, Yield H — yield
harvest; NoE — number of ears; Yield S — yield sample; TSW — thousand seed weight
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The relationship between crop parameters, Sentinel-2 satellite indices and harvest parameters was
evaluated using the Spearman correlation coefficient (Table 5, Table 6). Attention was paid
to the sensitivity of vegetation indices from satellite and proximal sensing to the crop vegetation
parameters. Recent studies have shown the finding of relationship between the Nupt and red-edge
vegetation indices (e.g. NDRE, NRERI, RENDVI) from Sentinel-2 imagery and/or proximal sensing
(Lukas et al. 2019, Mezera et al. 2020). Both sites achieved showed moderate to strong level
of correlation between selected vegetation indices and Nupt, except NDVI at Zdounky. As shown
by Elbl et al. (2019), this outcome can be used as a basis for variable fertilizer application and grain
quality monitoring in precision farming.

Table 6 Correlation coefficients between crop parameters, vegetation indices and harvest parameters
for locality Rasovice. Red values represent statistically significant results at 95% of probability

N plant | Biomass | Nupt | NDRE NoE | TSW | Density | Ngrain | YieldS | Yield
[%] [Vha] | [kg/ha] | OptRx | [n/m?] | [g] | [kg/m’] [%] [t/ha] H

[t/ha]
N plant [%)] 1.000 0.410 0.662 0.558 0.568 | -0.411 0.005 0.785] 0.493| 0415
Biomass [t/ha] 0.410 1.000 0.919 0.825 0.596 | -0.739 -0.097 0.604| 0.419| 0.844
Nupt [kg/ha] 0.662 0.919 1.000 0.830 0.624 | -0.734 -0.152 0.743 | 0.475| 0.823
NDRE OptRx 0.558 0.825 0.830 1.000 0.695 | -0.836 -0.171 0.703 | 0.490| 0.703
GNDVI 0.605 0.812 0.858 0.917 0.665 | -0.796 -0.148 0.744| 0.516| 0.706
NDRE 0.542 0.869 0.875 0.942 0.695 | -0.818 -0.171 0.727 | 0.538| 0.743
NDVI 0.609 0.804 0.830 0.923 0.637 | -0.830 -0.231 0.723 | 0.455| 0.713
NRERI 0.594 0.821 0.845 0.938 0.755 | -0.734 -0.029 0.804| 0.626| 0.626
RENDVI 0.581 0.803 0.826 0.921 0.753 | -0.716 0.013 0.816| 0.630| 0.581
Yield H [t/ha] 0.415 0.844 0.823 0.703 0.418 | -0.718 -0.322 0.419| 0.282| 1.000
NoE [n/m?] 0.568 0.596 0.624 0.695 1.000 | -0.531 0.127 0.800| 0.937| 0418
Yield S [t/ha] 0.493 0.419 0.475 0.490 0.937-0.313 0.295 0.719 | 1.000| 0.282
TSW [g] -0.411 -0.739| -0.734| -0.836| -0.531| 1.000 0.390 | -0.531| -0.313| -0.718
Density [kg/m?] 0.005 -0.097| -0.152| -0.171 0.127 | 0.390 1.000 0.104| 0.295| -0.322
N grain [%)] 0.785 0.604 0.743 0.703 0.800 | -0.531 0.104 1.000| 0.719| 0.419

Legend: Std — standard deviation; CV — coefficient of variation; N — nitrogen content; Nupt — nitrogen uptake, Yield H — yield
harvest; NoE — number of ears; Yield S — yield sample; TSW — thousand seed weight

The spatio-temporal variability of crop growth and differences of yield formation at both
experimental sites were observed by the statistical evaluation of the results of crop yield mapping (Yield
S — sampled yield, Yield H — yield data from harvester sensor). Both localities resulted in statistically
significant moderate relationship among harvested and sampled yield and vegetation indices
from proximal sensors and from the Sentinel-2 satellite. Yang and Anderson (2000) have found strong
correlation coefficients (r = 0.90-0.95) between the NDVI index and crop yield when assessing
the relationship between grain yields of sorghum and spectral variability. The highest correlation
coefficient in this study was achieved for the NDRE vegetation index (r = 0.740 and 0.741), which
concluded in the high potential of early stage in-vegetation sensing to predict the main spatial differences
in crop yield, for example for yield zoning (Reznik et al. 2020). As shown by Reyniers et al. (2006),
there are differences in ground-truth and aerial NDVI measurement and its relation to crop yield
variables compared. This was not confirmed by the experiment, both crop sensing systems achieved
similar correlation to the satellite sensing. More detailed results of the analysis of linear relationship
and regression equation between Yield harvest and Sentinel-2 NDRE vegetation index is documented
by scatter plots (Figure 3). The low level of the correlation between harvested and sampled yield implies
from the differences of the measurement area and precision. In addition, the crop stand at Rasovice was
partially affected by lodging, which could also influence the field sampling. The investigation
of the main driven factor for crop yield formation differs at observed location. Results
from experimental site in Zdounky identified only moderate influence of plant nitrogen status (Nupt)
to the crop yield values, while in Rasovice it proved almost the highest level of correlation (r = 0.823).
Sampling of crop yield parameters highlighted the number of ears as the main factor for yield formation
at both sites.
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Figure 2 Sentinel-2 NDRE image (up) and yield maps (below) of the experimental fields, black crosses
represent sampling points
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Figure 3 Scatterplot of Yield harvest and Sentinel-2 NDRE vegetation index Zdounky (left) and Rasovice
(right)
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CONCLUSIONS

The relationships between vegetation indices from the online sensors, Sentinel-2 satellite,
diagnostics of the nutritional status and harvest parameters of the winter wheat crop stand was
investigated in this study. The evaluation was performed in 2019 and 2020 at the Zdounky and Rasovice
localities. When evaluating the relationships between the parameters of winter wheat crop stands
and yield, moderately strong dependences between crop yield and vegetation indices from proximal
sensors and Sentinel-2 satellite data were found for both observed. The strongest correlation coefficient
was achieved for the vegetation index NDRE (Sentinel-2). The NDRE index thus proved to be
a universal index for delineation of spatial differences in crop yield at an early stage of in-vegetation
mapping regardless the sensing system (proximal or satellite). This can be implemented for yield zoning
products for precision farming. Despite the free availability of Sentinel-2 data for users, their main
disadvantage in comparison to the proximal crop sensors is the occurrence of clouds and other
atmospherically objects in the provided image. Final analysis of yield formation parameters highlighted
the number of ears as the most important factor for both localities. It has been found that
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the grain yield taken from the samples and the yield measured by harvester may differ, which needed
to be considered in the further studies.
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Abstract: The influence of vermicompost on the growth parameters of cultivated crops is the subject
of research by many authors around the world. In the present work was observed the effect
of the increasing dose of vermicompost (vermicompost at dose of 170 kg/ha N; 10% and 20%
of vermicompost in the substrate). During vegetation was recorded the effect of vermicompost on plant
height, stem perimeter, growth phase, weight and content of chlorophyll a and b in maize (Zea mays L.).
The results show that increasing the dose of vermicompost had a positive effect on the measured
parameters. The highest plants with the largest stem perimeter were found in the variant with the highest
amount of vermicompost in the soil substrate. The 10 and 20% proportion of vermicompost
in the substrate resulted in an earlier onset of growth phases compared to the control variant. The weights
of the plants were significantly the highest in the variant with the highest proportion of vermicompost
20%. The content of chlorophyll a and chlorophyll » was the highest in the variant with the content
of vermicompost 10%. The lowest content of chlorophylls was recorded in the control variant without
vermicompost. However, it showed the highest ratio of chlorophylls a/b.

Key Words: growth parameters, earthworm, leaf dyes, corn

INTRODUCTION

The history of growing maize (Zea mays L.) dates in continental Europe to the end of the 15™
century when it was imported from North America. During the 16™ century began expansion
of cultivation throughout Europe. From that period, it began to be consumed as boiled, roasted,
in the form of popcorn, flour, beer and as fodder for cattle. It is also a renewable source of raw material
for industry (Smith et al. 2004). Maize is a crop with high demands on nutrients. Its average yields are
higher than crops type wheat or barley and then it need an adequate supply of nutrients in the soil.
Nutrients enter the soil through inorganic and organic fertilizers, to which maize responds very well
(Petrova et al. 20006).

Vermicompost is a material, that is obtained in the process of vermicomposting.
Vermicomposting is a simple biotechnological process of composting, which uses certain types
of earthworms. They improve the process of converting waste into a product of better quality (Adhikary
2012). In our region, the most used earthworm is Eisenia fetida (Kovacik and Kmetova 2017).
The earthworms’ casts become part of vermicompost and they are able to improve soil health
and nutritional status (Adhikary 2012). The raw materials entering the vermicomposting process can
be a mixture of leaves, straw, fruit peels, soil (Kova¢ik and Ryant 2019), waste from the industry
(Sharma and Garg 2018). The effect of increased dose of vermicompost on cultivated crops was
observed by several authors (Arancon et al. 2008, Kovacik and Kmetova 2017), who presented findings
on the effect of increased content of available macro and microelements in it. The aim of the work was
to assess how the dose of vermicompost affects the growth parameters of maize during vegetation
and to confirm the suitability of using vermicompost for fertilizing maize.

MATERIAL AND METHODS

The experiment pots were located in a vegetation cage in areal of the Slovak University
of Agriculture in Nitra. The soil was taken from the top layer of soil from a depth of 0.0-0.3 m from
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the locality Dolné Krskany and it was medium soil (Haplic Chernozems). The soil was sieved through
sieves of diameter 0.03 x 0.03 m. Vermicompost was obtained through a purchase from VermiVital
s. 1. 0. Four experimental variants were created. Variant 1 (S) contained 20 kg of soil without
vermicompost, variant 2 (Venin) contained 20 kg of soil and vermicompost (Vc¢) in a dose of 170 kg/ha
N (14.2 g/pot Vc;), variant 3 (Vcyo) contained 18 kg of soil and 2 kg of vermicompost with a ratio of 9:1
(10% of vermicompost) and variant 4 (Vca) contained 16 kg of soil and 4 kg of vermicompost with
aratio of 4:1 (20% of vermicompost). The dose 170 kg/ha N is the maximum permitted dose of nitrogen
in the form of organic manure for the growing season in vulnerable areas (91/676/EHS).
The agrochemical parameters of the used soil and vermicompost are shown in Table 1. The following
analytical procedures were used to determine these parameters: N-NH4" colorimetrically using Nessler's
agent; N-NOs™ colorimetrically with phenol 2,4-disulfonic acid; Nmin = N-NH4" + N-NOs". The contents
of available P, K and Mg were determined after extraction of the substrates with Mehlich 3 acidic extract
(Mehlich 1984). The content of phosphorus was determined colorimetrically, potassium photometrically
and calcium spectrophotometrically. The percentage of Cox was determined oxidometrically and pHxkci
potentiometrically.

Table 1 Agrochemical properties of the soil and vermicompost used in the experiment

Substrate N-NH:' [N-NOs' | Nwiw | P | K | Mg | pHka | Cox
Description Mark mg/kg %
Soil S 1.8 8.7 10.5 7 185 397 6.8 1.2
Vermicompost Ve 0 9745 |974.5 | 5,150 | 27,250 | 3,314 7.6 24.5

The experiment was established according to the method of random arrangement of pots with
the triple repetition. The model crop was maize (Zea mays L.) cultivar P9241. The sowing was carried
out on April 29", 2021 and 12 seeds were sown in the pot. During the vegetation, the field water capacity
was maintained at 75%. For 5 weeks were performed measurements of individual height, stem perimeter
and growth phase. The first measurement was performed one month after seed emergence on 6 June
2021 and then were taken weekly interval of measurements (15™ June, 22" June, 29" June, and 6™ July
2021). The height of the observed plants and perimeter of stem were measured using a measure tape.
The growth phase was determined based on the BBCH methodology (Meier 2001). Samples were taken
twice (7" June and 6" July) and was determined the weight of the individuals. The content of chlorophyll
a, chlorophyll b and total chlorophylls was determined based on the methodology of Sestak and Catsky
(1966) by the first sampling. The plant material was used from the 3™ fully developed leaf. Absorbances
wavelengths 663 (chlorophyll @) and 647 (chlorophyll b) were measured using acetone solution.
We calculated the concentrations according to the following equations (Lichtenthaler 1987):

Cla= (12.25 * A663 —2.79 * A647) *D [mg/l]
Clb=(21.5* Ags7— 5.10 * Ags3) * D [mg/1]
Cla+b=(7.15* Ags + 18.71 * Ags7) * D [mg/1]

Where D is the thickness of the cuvette (D = 1.000).

All measured data were statistically evaluated in the computer program Statgraphics 5.1 using
analysis of variance (ANOVA). Differences between variants were subsequently evaluated using
the LSD test at a significance level of 95% (a < 0.05).

RESULTS AND DISCUSSION

Table 2 presents the values of plant height during vegetation. The measurements show that with
increasing dose of vermicompost, the height of maize is also increased. In each measurement was
demonstrated a statistically significant difference between control and Vcio and Vcyg variants. Variants
Vcio and Voo showed a significant statistical difference in each measurement also compared to variant
Venin, in which vermicompost was at a dose of 170 kg N per hectare. Except for one measurement,
adose of 170 kg N per hectare, in the form of vermicompost, slightly increased the overall height
of the plants but was observed no statistically significant difference compared to the control variant.
The height of maize was in the variant with the highest amount of vermicompost (20% Vc content
on the substrate) 52% higher after the last measurement than in the control variant. The highest average
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weekly increase was achieved in the variant with the highest dose of vermicompost, up to 11.3 cm per
week. Kovacik and Kmetova (2017) also recorded a significant increase in the amount of maize due
to vermicompost.

Table 2 Influence of vermicompost on plant height during vegetation

Date Average
Treatment .
June 7 June 15 June 22 June 29 July 6 mcrease
n Mark cm/plant
1 S 212 a 26.5a 352a 452 a 532a 8.0a
2 VeNin 23.0a 285a 352a 46.3 a 559a 82a
3 Veio 35.1b 442 b 5540 71.70b 78.2b 10.8b
4 Veao 40.2 ¢ 51.6¢ 61.6¢c 76.8b 854 ¢ 11.3b
LSDy .05 3.98 3.78 4.50 5.43 3.57 1.26

Legend: n — number; LSDo.os— least significant difference at the level a < 0.05

Similar to the height of maize, vermicompost also affected the stem perimeter. The strength
of influence increased with increasing amount of vermicompost in the substrate (Table 3). The Vcio
variant showed a significant increase in stem perimeter compared to the control and the N 170 kg
per hectare variant. The variant with the highest vermicompost content (4:1) achieved significant
statistical differences between all other variants. There was also statistical significance between variants
Vcio and Ve, but in the later stages of growth the significance was lost, thus reducing the effect
of fertilization on the stem perimeter. These findings confirm the well-known fact that nutrient
deficiency in maize is manifested by reduced plant height and reduced stem perimeter (Gutiérez-Miceli
et al. 2008). The dose of 170 kg N per hectare caused an increase in stem perimeter compared
to the control, but apart from one measurement, no statistically significant difference was demonstrated
between them.

The positive effect of vermicompost on the height of plants and the perimeter of the stem is caused
by the increased content of accessible nutrients in it. The exudates of earthworms have an increased
content of nutrient and are enriched with microbial life (Adhikary 2012). Vermicompost, compared
to conventional composts, contain larger amounts of total nutrients and higher percentage of acceptable
forms (Kovacik and Ryant 2019). The total content of nitrogen in the vermicomposting process can
increase 2—3 times (Sharma and Garg 2018).

Table 3 Influence of vermicompost on the stem perimeter maize during vegetation

Date Average
Treatment :
June 7 June 15 | June22 June 29 July 6 increase
n Mark cm/plant
1 S 1.9a 22a 24a 29a 30a 03a
2 Venin 2.1a 23a 29b 30a 3.1a 03a
3 Vcio 33D 35D 42c¢ 45D 50b 04b
4 Voo 3.8¢ 42¢ 49d S.1c 52b 04b
LSDy .05 0.33 0.27 0.41 0.37 0.39 0.10

Legend: n — number; LSDo.os— least significant difference at the level a < 0.05

Vermicompost accelerated the onset of growth phases. Plants in variants Vcio and Vcao reached
growth phase approximately 2 weeks earlier than plants in variants 1 and 2 (Figure 1). At the beginning
of measure, plants in variants S and Vcnin were found mainly in the growth phase BBCH 14
and in variants Vcio and Vco BBCH 16. Two weeks later we observe the development of plants
in variant S on BBCH 16 and in variant Venin on BBCH 17. Vermicompost promotes faster and more
even germination seeds (Arancon et al. 2008), in this respect there is also a faster onset of growth
phases. Kovacik and Ryant (2019) report that the effect of vermicompost results in faster germination
of seeds by approximately 10 to 30 days. Agricultural crops need a significant amount of phosphorus
in the early stages of growth. Its supply is provided from germinating seeds as well as from easily
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acceptable forms of soil solution (Kovacik and Ryant 2019). Vermicompost has an increased content
of phosphorus, because the process of vermicomposting increases its content by 36 to 166%, depending
on the used type of raw material. Higher values of phosphorus, but also of potassium, in vermicompost,
can be attributed to the degradation of labile organic compounds by the release of CO; and the activity
of earthworms (Sharma and Garg 2018).

Figure 1 Effect of vermicompost on the growth phases of maize
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With increasing dose of vermicompost also increased the total weight of individuals.
Vermicompost significantly increased the weight of maize plants compared to the control, in the variant
with the highest dose by up to 1,059% in the first measurement and by 550% in the second measurement
(Table 4). In this variant was also achieved the highest average increase. The Vcjo variant achieved
statistically significant increases the weight in compare with the control variant and the Venin variant
in both measurements. There was no significant difference in the second measurement between the Vcio
and Vcyo variants, which suggests that the effect of vermicompost decreases during vegetation. A dose
of 170 kg N per hectare increased the total weight compared to the control, but there was no statistically
significant difference between them. As mentioned earlier, vermicompost increases the proportion
of acceptable nutrients for the plant that receive them, and they increase the total weight. The positive
effect of vermicompost is also conditioned by the increased content of humic acids and fulvic acids with
a predominance of humic acids, increased activity of microscopic bacteria, fungi, and enzymes such
as dehydrogenase and urease (Goméz-Fernandez et al. 2011).

The vermicompost changed contents of chlorophyll in variants. The lowest values of chlorophyll
a were recorded in the control variant (Table 5). The vermicompost increased its content but only
to the V¢ variant, where was recorded the highest value of chlorophyll a. Additional increases the dose
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of vermicompost resulted in a decrease in content of chlorophyll a, but its content was higher than
in the control variant and variant Vcnin. The content of chlorophyll 4 had the same dynamics
as the content of chlorophyll a. However, statistical significance was demonstrated only between
the control and other variants. They showed an increase content of chlorophyll . The highest
chlorophyll a/b ratio was recorded in the control variant. In the variant with a dose of N 170 kg
per hectare was recorded the lowest ratio. The a/b ratio was lower in variants Vcio and Ve than
in the control, and therefore we can agree with the findings of To6th et al. (2002), who found that with
increasing supply of soil nitrogen, the ratio a/b decreased.

Table 4 Influence of vermicompost on plant weight during vegetation (fresh matter)

Date
Treatment Increase
June 7 July 6
n Mark g/plant rel. 100% g/plant rel. 100% g/plant rel. 100%
1 S 1.57 a 100 1423 a 100 12.67 a 100
2 VeNin 1.99a 128 15.00 a 105 13.01 a 103
3 Veio 12.56 b 805 66.67 b 468 54.11b 427
4 \ 16.53 ¢ 1,060 78.33 b 550 61.80b 488
LSDy .05 2.50 22.50 28.90

Legend: n — number,; LSDo.os— least significant difference at the level a < 0.05

Table 5 Influence of vermicompost on the content of leaf pigments

Treatment Chlorophylla | Chlorophyll b | Total chlorophylls | Ratio a/b
n Mark mg/m’
1 S 151.0a 529a 203.9a 29b
2 Venin 163.1a 71.6b 234.7 ab 23a
3 Ve 213.0b 80.7b 293.7 ¢ 2.6 ab
4 Ve 192.0 b 75.7b 267.7 be 2.5 ab
LS 005 26.80 17.53 0.36 36.02

Legend: n — number,; a — chlorophyll a; b — chlorophyll b; LSDo.os— least significant difference at the level o. < 0.05

In our presented experiment, the content of total chlorophylls varied from 203.9 to 293.7 mg/m?.
The lowest values were recorded in the control variant and the highest in the Vcjo variant.
In the experiment Kovacik and Kmetova (2017) the content of total chlorophylls in the growth phase
BBCH 18 varied in the range of 147.7 to 249.7 mg/m”. Elevated values of total chlorophylls may
be due to an earlier growth stage or selection of the test leaf because the difference contents
of chlorophyll also differ by selecting a suitable leaf material.

CONCLUSION

The results of the experiment indicate a positive effect of vermicompost on the monitored
parameters. The highest dose of vermicompost 20% of growing substrate showed a significant increase
in the total height of plants and the stem perimeter of maize. Compared to the control, vermicompost
doses of 10% and 20% accelerated the onset of growth phases by approximately 2 weeks. During
the measurements was observed a more pronounced effect of vermicompost in the early vegetation
period, and in the later period the effect of vermicompost decreased. The total weight of the plants
and the highest increase were at the highest dose of vermicompost. As the dose of vermicompost
increased, the content of chlorophyll a and chlorophyll b also increased, but only to the variant with
10% vermicompost in the substrate. The highest dose of vermicompost had a negative effect on contents
of chlorophylls, without statistical significance, but the content was higher than in the control and in the
variant with a nitrogen dose of 170 kg per hectare. The dose of 170 kg N per hectare in the form
of vermicompost increased the monitored parameters in comparison with the control variant but were
not statistically significantly. The results show that vermicompost is a suitable organic fertilizer
to increase the growth parameters of maize.
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Abstract: The aim of this study was to evaluate the interactive effect of adaptation technology based
on no-till sowing into cover crop mulch and nitrogen nutrition on photosynthetic performance of maize
under short term drought stress induced by rain-out shelters. The experiment was established in two
locations in the same climatic condition but differing in soil fertility. The negative effect of drought
on CO; assimilation rate was modulated by nitrogen nutrition. However, while nitrogen nutrition led
to alleviating effect at the location with higher fertility, the opposite effect was found at the site with
lower fertility. Adaptation technology had only a minor impact on photosynthetic response to drought,
but it generally increased CO, assimilation rate at the site with higher soil fertility and decreased
at the site with lower soil fertility. We can conclude that adaptation technology, despite of assumptions,
did not significantly change the resilience of maize to drought, and probably longer use of such
technology is required to improve soil water retention and thus also balanced supply of water to plants.
At the same time, we did not find a negative impact of adaptation technology on photosynthesis which
can be related to cooler soil during maize emergence and slower mineralization, although the use
of adaptation technology seems to be more effective in soils with higher fertility.

Key Words: climate change adaptation, cover crops, drought, nitrogen nutrition, photosynthetic rate

INTRODUCTION

Global climate is associated with a rise in the atmospheric CO; concentration resulting in extreme
weather events such as a rise in temperature, heat waves, or changes in precipitation patterns.
This resulted in changes in the structure and functions of the terrestrial ecosystem, water and carbon
balance as well as general agricultural production (IPCC 2013).

Global average temperatures over the years have increased by 1.41 °C taking into considerations
periods between 1850-1900, which is the pre-industrial era and 1998 to 2018. This has caused a shift
in the hot and cold, day and night patterns, with the latter falling whilst the former has risen in number
(Ye et al. 2018). The earth surface has successively been warmer with time, showing 0.85 °C increase
in the average surface temperature of land and ocean globally from 1880 to 2012.

Climate change is leading to extreme weather conditions and weather events, which significantly
contribute to the reduction in food production. Some crop species and regions of the high latitude may
benefit from events such as warming with regards to crop production, but globally, extreme climate
events have resulted in the decline of crop production. Climate change impact on agricultural production
may thus significantly affect food security (IPCC 2014). Carbon dioxide (CO,) as the primary source
of carbon for terrestrial ecosystems, and the building block of organic compounds, has risen over
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the years in concentration which is also affecting (mostly stimulating) its fixation by the terrestrial
plants.

However, the positive effect of elevated CO; concentration on plants is usually overcome
by negative impacts such as heat and drought stress, which are tightly linked to climate change. Plants
being sessile are generally heavily affected by such adverse environmental conditions. Water availability
is a major limiting factor to the growth and development of plants. Climate change will likely increase
the scarcity of water as rainfall patterns changes and evapotranspiration increases due to rising
temperatures. Globally, the functions and productivity of plants and ecosystems are limited by drought.
Although plants are subjected to several stress factors during growth, reduced water availability
is currently the prominent plant stress factor globally (Jenks and Hasegawa 2014).

Weather and climate changes have a direct impact on agriculture; irrespective of the regional
differences in the impact of climate change, its impact at one place affects significantly global market
prices of food and other agricultural products (Uleberg et al. 2014). Because these changes are mostly
inevitable, and we can only expect moderation of these trends, if climate change mitigation measures
are successful, effective adaptation measures in crop production are necessary. However,
the environmental conditions that influence plant growth and development also contribute
to the effectiveness of adaptation measures and strategies, and potentially the adaptation measures
or the whole system of agronomic practices have to be adjusted according to specific environmental
conditions. This is the basic task of research in the coming years so as to maximize the effectiveness
of adaptation measures and, conversely, eliminate any losses caused by this transition on agricultural
production and provided ecosystem services.

The aim of this study was to test the effect of adaptation technology, based on no-till sowing
into cover crop mulch on photosynthetic performance of maize under drought stress and to evaluate
the interactions with nitrogen nutrition. We hypothesized, that adaptation technology increase water
infiltration and retention and thus will alleviate the drought impacts on photosynthesis. On the other
hand, we expected slower nitrogen mineralization under adaptation technology and thus also higher
requirements for nitrogen supply.

MATERIALS AND METHODS

Experimental site and design

The experimental sites were in the Czech Republic near the Banin municipality. The experiment
was carried out at two experimental sites Babicka (less fertile soil) 49 40.4°N 16 27.5’E, 460 m.a.s.l.
and Vetrolam (more fertile soil) 49 39.9°N, 16 28.4’E, 475 m.a.s.l during the 2021 growing season.
The mean annual temperature and precipitation are 7.6 °C and 629 mm respectively at this location (long
term average 2000-2012). According to the FAO soil groups, the soil type is classified as Retisols.
The area of plots was 12.5 m? (2.5*5m). Maize (Zea mays, Variety Jaipur, FAO 240) was sown on May
10, 2021, using the ED-6000-2C sowing machine (Amazone).

Immediately after sowing the nitrogen was applied as calcium saltpetre to the fertilized variants
in dose 75 kg/ha N (N75). Two treatments of nitrogen fertilization were established: 0 kg/ha N which
was left unfertilized (NO) and fertilized with calcium saltpetre 75 kg/ha N (N75). In the conventional
technology (CT) variant, the soil was cultivated before sowing to the depth of 6-8 cm using seedbed
cultivator with shoe coulters.

A 2 m buffering strips sown with maize were used to separate the plots representing nitrogen
fertilization and drought treatment within the block, and the blocks were separated by 3 m grass strips.
The blocks were further split lengthwise into conventional technology (CT) where after harvest
of preceding crop (spring barley) the shallow soil cultivation and then ploughing on depth 22 cm was
done, and adaptation technology (AT), where directly after harvest of preceding crop the no-till sowing
of species rich cover crops was done and no more cultivated as in (see Figure 1).
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The cover crop mixture comprised 25 kg/ha Fitsoil Nitro (consisting of Avena strigosa, Vicia
benghalensis, Vicia villosa, Trifolium incarnatum,Trifolium alexandrinum, Raphanus sativus, Brassica
juncea, Phacelia tanacetifolia, Linum usitatissimum), 15 kg/ha Greening 5 (consisting of Phacelia
tanacetifolia, Trifolium alexandrinum, Vicia sativa, Pisum sativum var. arvense, Fagopyrum
exculentum) and 15 kg/ha Lupinus angustifolius.

Figure 1 Sowing of maize using the sowing machine Amazone ED-6000-2C (left) and rain-out shelters
for induction of drought stress (right). The split plots with conventional technology based on ploughing
and no cultivation of cover crop (CT), and adaptation technology with no-till sowing into cover crop
mulch (AT) are visible on the left picture.

Physiological measurements

Light saturated CO; assimilation rate (Amax), Stomatal conductance (Gsmax) and transpiration rate
(E), were determined under ambient CO. concentration (400 ppm), photosynthetically active radiation
intensity 1200 umol/m?/s, leaf temperature 25 °C, and relative humidity 55% using gas exchange system
Li 6800 (LiCOR Biosciences, USA). The water use efficiency (WUE) was calculated as ratio between
Amax and E.

RESULTS AND DISCUSSION

Four-way ANOVA (Table 1) across all factors, including the location, showed a significant effect
of nitrogen application on Amax and Gsmax but not on WUE, while location showed a significant effect
on Gsmax and WUE but not on Amax. On the other hand, the technology effect was significant only
for Amax. Drought showed highly significant effects in all three gas exchange parameters evaluated, Amax,
Gsmax and WUE. Two-way interactions were significant for Ama in case of interactions nitrogen
x location, nitrogen x technology and location x technology. For Gsmax the interactions were significant
in case of nitrogen x location, location x technology, and location x drought. For WUE the two-way
interaction was not significant at all. Three-way interactions were significant for Amax in case of nitrogen
x location x drought and for WUE in case of nitrogen x location x technology.

The interactive effects, which are important mainly for location x technology, are evident also
in Figure 2. While in the location Babicka (which is characteristic with lower soil fertility) is observed
rather a negative effect of adaptation technology (AT) on Amax and GSmax rather, in location Vetrolam
(higher soil fertility) shows rather positive or no effect of AT. The role of fertility for the success of AT
is also evident from the nitrogen application effect. Nitrogen application (N75) completely alleviated
the negative effect of AT at site Babicka and stimulated the positive effect of AT at site Vetrolam.

The availability of nitrogen and probably also other nutrients seems, therefore, to be key
for achieving high physiological performance of maize and thus also its productivity. The effect
of technology on the physiological impact of drought was, despite the expectations, rather negligible
and insignificant. This is also evident from the interaction between technology and drought. Also,
nitrogen fertilization did not affect the drought response of maize significantly. WUE was affected
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mainly by drought, while drought increases WUE. The effects of drought on WUE were higher
at location Vetrolam.

Table 1 Results of four-way ANOVA indicating the significance (p-values) of individual factors,
and their interactions. Significant effects (p<0.05) are indicated in bold for the main gas exchange
parameters (Amax— light saturated CO; assimilation rate, Gsmax— light saturated stomatal conductance,
WUE — water use efficiency calculated as ratio of light saturated CO, assimilation and transpiration
rate).

Treatment Amax Gsmax WUE
Nitrogen (N) 0.000 0.000 0.067
Location (L) 0.084 0.013 0.018
Technology (T) | 0.047 0.214 0.963
Drought (D) 0.000 0.000 0.000
NxL 0.000 0.020 0.648
NxT 0.002 0.052 0.790
LxT 0.000 0.000 0.163
NxD 0.494 0.077 0.114
LxD 0.193 0.006 0.200
TxD 0.358 0.919 0.366
NxLxT 0.166 0.181 0.034
NxLxD 0.015 0.180 0.226
NxTxD 0.267 0.401 0.361
LxTxD 0.167 0.091 0.201
NxLxTxD 0.284 0.618 0.657

Plants responses to drought can be observed as a result of changes in their physiological processes
such as photosynthesis, respiration and transpiration (Knauer et al. 2017). Mechanisms such as stomatal
closure, as indicated by (Liu et al. 2018), affect the related physiological processes mentioned above,
and by this means, plants can restrain water loss due to suppression of transpiration under this
mechanism. Within this experiment, WUE was affected mainly by drought and slightly also by location
and the interaction location x nitrogen x technology.

The interaction of nitrogen application has had some diverging views, and there have been many
uncertainties regarding the interaction of water deficit and N deficiency on leaf gas exchange, respiration
and WUE (Xing et al. 2021). According to (Song et al. 2019), water stress was alleviated, and resistance
to drought improved when nitrogen supply was increased, whilst other studies from (Araus et al. 2020),
revealed that nitrogen application could weaken crops with limited water supply.

AT, which employs no-tillage, avoids frequent soil disturbance, and this is notable for its role
in crop residue maintenance on the soil surface (Soane et al. 2012). This technology is known to increase
organic matter content in the long term under tropical and temperate conditions, as recorded by (Miranda
et al. 2016, Kinoshita et al. 2017). Zhou et al. (2011) also reported the positive effect of organic mulch
on soil surface on maize yield under drought stress. Similarly, to our results, they did not reveal
the interactive effect of nitrogen nutrition with drought.
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Figure 2 Effects of nitrogen nutrition, technology and simulated drought by rain-out shelter during
the main elongation stage, on the main gas exchange parameters

10 November 2021, Brno, Czech Republic
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Legend: NO — without N fertilisation, N75 — 75 kg N applied after sowing in the form of calcium saltpetre, CT — conventional
technology with ploughing and no cultivation of cover crops, AT adaptation technology with no-till sowing of crop into mulch
of cover crops, Control — no rain-out shelters, Drought - exclusion of rainfall by rain-out shelters, Amax— light saturated CO2
assimilation rate, Gsmax — light saturated stomatal conductance, WUE — water use efficiency calculated as ratio of light
saturated CO2 assimilation and transpiration rate.

CONCLUSION

We can conclude that the application of AT has to be considered from the perspective of soil
conditions, and in the case of less fertile soils, the possible adverse effects of AT should be compensated
by a higher nitrogen rate. We did not find any positive effect of AT on drought impact, which probably
requires a longer period of using AT to reach the improved soil water infiltration and retention, allowing
to help the plants to cope with drought stress better than in conventional technologies, which are typical
with damaged soil structure, sealing of soil to infiltration by forming a crust on soil surface after heavy
rain, and higher sensitivity to soil compaction.
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Abstract: In May 2021-August 2021, the effectiveness of differently aged pheromone lures
from Propher and Pherobank on Cydia pomonella L., 1758 (codling moth) was compared. Monitoring
was carried out in the gardens of two villages in Mala Lhota and Ujezd u Cerné Hory. A total of six
green delta traps were put up by Propher. Pheromone lures from Propher from the years 2013, 2015,
2019 and 2020 were used. Pheromone lures from Pherobank with normal and increased pheromone
content were used from 2020. A total of 220 male Cydia pomonella was captured. Cydia pomonella was
recorded in all traps. The greatest number of individuals were captured in the trap with 2019’s
pheromone lure, with 66 in total. The 2013 s lure from Propher captured the lowest number of imagoes,
with a total of seven. A total of three non-target species were recorded, all of them Agrotis segetum.
Based on the monitoring, the effectiveness of two-year-old lures (2019, 2020) on Cydia pomonella was
demonstrated.

Key Words: codling moth, Cydia pomonella, pheromone lure, monitoring, orchard

INTRODUCTION

Pheromones are the most important category of chemicals used for insect communication (Hrdy
2006a). W. J. Roelofs pioneered the discovery of a sexual attractant for the Cydia pomonella. The main
component of this pheromone (codlemon) is (E,E)-8,10-dodecadien-1-o0l (abbreviated ESE10-120H).
In later years, another 8—12 components for this pheromone were identified (Hrdy 2006b). Currently,
three commercial preparations based on these pheromones are registered for Cydia pomonella
in the Czech Republic (CISTA 2021). A considerable advantage of pheromones is that non-target
organisms are not adversely affected by pheromones (Witzgall et al. 2010).

Cydia pomonella is the most important pest of apple trees in many countries (Pajac et al. 2011).
The first record of Cydia pomonella damage came from the Netherlands in 1635 (Geest and Evenhuis
1991). This species belongs to the family Tortricidae; its caterpillars cause apple blight and can
also damage pear and walnut trees (Razowski 2001). In our conditions (Czech Republic), it usually has
two generations (Hluchy 2011, Prazanova 2016), while in Europe, it can have up to three generations
(Razowski 2001). In our study, we tested the effect of the age of pheromone lures on their efficiency
and selectivity.

MATERIALS AND METHODS

Defining the study areas

The monitoring of Cydia pomonella took place in 2021 in the gardens of Mala Lhota and Ujezd
u Cerné Hory from May to August. These villages are located in the South Moravian Region
in the Blansko District at an altitude of up to 400 m above sea level. They are about 3.5 km away
from each other. The gardens are cultivated with fruit trees, mainly apple and plum trees, and less
commonly, pear trees. The fruit trees have not been chemically treated since 2017. The characteristics
of the study areas are stated in Table 1.
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Table 1 Description of study areas Mald Lhota and Ujezd u Cerné Hory (https://www.google.cz/maps)

Study area Mala Lhota Ujezd u Cerné Hory
. 49.3933722N, 49.3709506N,
Coordinates 16.5455886E 16.5431967E
Fauna square 6665 6665
Altitude 387 m 365 m
Area 2600 m? 3700 m?
Type of fruit tree apple, pear, plum apple, plum

Material

Green pheromone traps of the delta type from Propher (Figure 1) and pheromone lures
from Propher and Pherobank were used to monitor the Cydia pomonella. White sticky inserts were
inserted into the traps, which were included in the package. A total of six variants of pheromone traps
were put up. Several pheromone lures from different years of manufacture were used. From Propher,
lures CZ 2013, CZ 2015, CZ 2019, and CZ 2020 were used, and from Pherobank, which provided two
types of lures, one conventional (NL 2020) and one so-called super lure (NL super 2020) for Cydia
pomonella (Figure 2). The super lure should contain more attractant than the classic lure.
The composition of lures and the ratios of attractants used are trade secrets of manufacturers
and distributors.

Monitoring

The traps were placed in the gardens of Mala Lhota and Ujezd u Cerné Hory on 24 April 2021.
The traps were placed on trees at a height of approximately 1.6 m above ground and were spaced
approximately 25 m apart. In Mala Lhota, four traps were placed (CZ 2013, CZ 2015, CZ 2019, CZ
2020), and in Ujezd u Cerné Hory, two traps (NL 2020, NL super 2020) were placed. In Mala Lhota,
individuals were observed flying into Propher lures, and in Ujezd u Cerné Hory, Pherobank lures were
placed. The traps were shifted after a week, rotated by one position each time, to partially reduce
exposure conditions. The sticky inserts were checked weekly and replaced as needed, usually once every
14 days.

Figure 1 Green delta trap with sticky insert from Propher
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Figure 2 Pheromone lures of Cydia pomonella from two producers (Propher, Pherobank)

RESULTS AND DISCUSSION

Cydia pomonella

Cydia pomonella was recorded in all traps set out (Figure 3). A total of 220 male Cydia pomonella
was captured. A total of 90 and 130 imagoes of Cydia pomonella was captured in Mal4 Lhota and Ujezd
u Cerné Hory, respectively. Most of the imagoes were captured in a trap with a Propher lure from 2019,
with a total of 66. The Pherobank lure from 2020, type super, had a comparable effect. Here, only three
fewer individuals were recorded. The fewest adults were captured in the oldest 2013 Propher lure,
with only seven imagoes.

Figure 3 Numbers of Cydia pomonella males using different old pheromone lures from two producers
for tortricid moths
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The first Cydia pomonella record was from the week of 17. 5. to 23. 5. in almost all traps.
The first imago was registered one week later in the trap with lure NL 2020 and two weeks later
in the trap with lure CZ 2013. The graph shows two distinct flight waves of Cydia pomonella (Figure 4).
The number of captures increased around mid-June, and a second surge of individuals took place
in early July. These findings are consistent with results from 2015 in the same study area (Prazanova
2016). The number of captured Cydia pomonella individuals slightly decreased since the beginning
of August. Several other Czech authors have also monitored the occurrence of Cydia pomonella (Hrdy
2006b, Hluchy 2011, Spacilova 2011, Vymétal 2013, Kohoutova 2020). In these investigations, the first
occurrences of Cydia pomonella were detected in May, and the number of catches decreased
from mid-August onwards. The first flight maximum was captured from the end of May to mid-June.
A second flight maximum was recorded from mid to late July.
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Figure 4 Flight period of Cydia pomonella males in traps using different old pheromone lures
for tortricid moths
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Non-target species

A total of three non-target species were recorded. Two Agrotis segetum imagoes were recorded
in a trap with a lure from 2013 and one imago in a trap with a lure from 2020. Both of these were Propher
lure. Agrotis segetum was recorded in the traps at the beginning of July and August. The observation
is confirmed by the literature (Nowacki 1998). This species was caught earlier on the pheromone lure
Grapholita funebrana (Hrudova 2005). It is well known that the lures on the Cydia pomonella
are selective. Monitoring with older pheromone lures has shown that the lure continues to retain
its selectivity.

CONCLUSION

All traps, with all pheromone lures, recorded a male Cydia pomonella. According to the results,
I dare to say that older pheromone lures can be used to monitor this pest, and two-year-old pheromones
can be used without a decrease in effectiveness. The purchase price of Propher's lures is lower than that
of Pherobank. Propher pheromone lures perform comparably to Pherobank pheromone lures. Two-year-
old pheromones maintain their selectivity. Almost no non-target species were captured.
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Abstract: The aim of this study was to evaluate selected sorghum varieties and their nutritional potential
in relation to different types of soil locations. The comparison was done at the Field Experimental
Station in Zab¢ice at two different locations Obora (clay loam soil — fluvial soil) and Pisky (light sandy
soil). Sorghum varieties were analysed for basic laboratory parameters — ash, fat, crude protein, acid
detergent fibre (ADF), neutral detergent fibre (NDF) and digestibility of dry matter and organic matter
using in vitro pepsin by cellulase method. The analyses were performed according to the relevant
standards. The results of this research prove that the differences in selected nutritional parameters
between the compared locations are not very high. A statistically significant difference (P> 0.05) were
found for crude protein at Pisky location.

Key Words: sorghum, nutritional values, climate change

INTRODUCTION

Sorghum is one of the most important cereals grown mainly in warmer and drier climates.
In global production, sorghum is the fifth most widespread cereal in the world after wheat, corn, rice
and barley (Ratnavathi et al. 2012). Due to global warming, the possibility of using sorghum as feed,
but also use in human nutrition for gluten-free diet, interest in growing sorghum is extending. With
rising summer temperatures reaching up to 40 °C is possible to grow sorghum in the Czech Republic
and other Central and Estern European countries. However, the problem of growing sorghum
in the temperate climate of the Czech Republic and Central and Eastern Europe may be spring ground
frost and low temperatures in the morning.

Sorghum is considered as flexible crop with natural ability for adaptation to different
temperatures, day lengths, light and soil. This adaptability is futher used in breeding to increase
resistance to diseases, pests or stress (Chobotova and Prokes 2013). This sorghum varieties can be a high
guarantee of economic profitability in their cultivation (Bogan 2013).

A positive quality of sorghum is adaptability to different types of soils. Sorghum is also much
more tolerant to shallow soil and drought than corn, althought it grows the best on deep, fertile and well-
drainded clay soils. Sorghum is grown on soils with an optimal pH > 6.5.

Environmental requirements are quite low, for germination minimal temperature is 12—15 °C
and the annual requirement for the sum of temperatures is 2500-3000 °C. The lenght of the vegetation
period without frosts requires 120—180 days. Sorghum can grow without irrigation in areas with
an average total precipitation of 400-700 mm (Hermuth et al. 2012). The average dry matter yield
of forage sorghum variety is 24.4 t’ha and BMR of varieties 21.1 t/ha (Marsalis et al. 2010).
The resistance of sorghums to dry conditions is supported by an extensive root system and a waxy layer
on the surface of the leaves. From this point of view, there is a reduction of water loss and the ability
to stop growing in times of drought and subsequently resume their growth under appropriate conditions
(Brink et al. 2006).
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MATERIAL AND METHODS

Characterization of experimental location

Experimental part was perfomed on the Field Experimental Station in Zabg&ice located 179 meter
above sea level in maize production area of South Moravia in the Czech Republic. The annual average
temperature is 9.2 °C and the thirty-year annual average precipitation is 480 mm. Two habitats were
used for the experiment, Obora and Pisky, differing in soil quality. While Pisky are locations with
lighter, sandy and dry soils (chernozem), Obora is a location characterized by heavier soils with higher
groundwater levels (fluvisol). All varieties were grown in both localities.

Characterization of selected varieties

Six varieties were chosen: Triunfo BMR, Nutri Honey, Latte, KWS Freya, KWS Sole, KWS
Sammos (S. bicolor x S. sudanense). Seeds of these varieties were provided by SEED Service and KWS
companies.

Characterization of experimental design

To achieve optimal agrotechnical requirements during sowing, the rows distance was 45 cm
and the sowing depth 3 cm. Harvest area was always 5 meters in one row and repeated 3 times.
The dimensions and size of the harvest area were 2.25 m? (5 m x 0.45). The sowing was done on 22™
of May 2020. The harvest date was determined by the value of the dry matter from samples of plants
(28% of dry matter and above) as the important indicator. Sampling of sorghums varieties were
performed on September (4", 11", 18™), 2 kg of fresh matter was obtained from each variety. Then
the samples were chopped (VIKING GE 375), pre-dried in oven Venticell 707 (BMT Medical
Technology s.r.o., CZ) at the temperature 65 °C for 24 hours and grinded FRITSCH (Pulverisette,
Germany) through a 1 mm sieve. Laboratory dry matter, ash, crude protein, fat, fibre, acid-detergent
fibre (ADF), neutral detergent fibre (NDF) and in vitro digestibility of dry matter (DMD — dry matter
digestibility) and in vitro digestibility of organic matter (OMD — organic matter digestibility) were
determined for all varieties.

According to commision regulation (EC) No. 152/2009 for determination of methods used
in sampling and laboratory testing for the official control of feeding stuffs, the analysis are carried out
according to current methodics of Central Agricultural Inspection and Testing Institute. The dry matter
was determined at 103 + 2 °C. Ash (macro-elements and micro-elements) can be determined from
the dry matter by incineration at temperature of 550 = 20 °C to constant weight in a muffle furnace.
Crude protein was determined by the Kjeldahl method and then multiplied by factor of 6.25, expressed
as nitrogen content. After hydrolysis, the fibre remains in diluted sulfuric acid and diluted lye
of potassium hydroxide. After washing of the fibre with an organic solvent and after deducting the value
of the ash was determined. The method of Henneberg and Stohmann is used to determine the value.
The nitrogen-free extractives are determined by calculation after deducting the values of fat, crude
protein, ash and fibre obtained from dry matter. The fat was determined according to the Soxhlet
reaction, in which the sample is extracted by diethyl ether. The digestibility of dry matter and organic
matter was determined by the pepsin cellulase method in vitro using an ANKOM Daisy Analyzer
incubator (Ankom Technology, NY) was monitored. The digestibility of dry matter and organic matter
by pepsin cellulas method in vitro is based on incubation of the sample in acidic pepsin solution,
the hydrolysis of starch at elevated temperature and the subsequent incubation in a buffered cellulase
solution.

Statistical analyses

The results of the experiment were processed using Microsoft Office (USA) and STATISTICA
version 12 (USA). Gathered values were tested using by one-way analyses of variance (ANOVA)
and post-hoc Sheff s test, where P < 0.05 value was considered as statistically significant difference.

RESULTS AND DISCUSSION

The following table (Table 1) presents a comparison of the achieved laboratory values of sorghum
at both sites — Obora and Pisky.
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Table 1 Overview of average values of laboratory parameters of sorghum at both localities

Location Obora Pisky
n 6 6
Mean + SE

Laboratory dry matter (%) 94.24 + 0.12 93.81 + 0.23
Ash (%) 7.68 + 0.55 7.40 + 0.23
Crude protein (%) 7.88 + 0.12° 9.15 + 0.35%
Fat (%) 2.26 + 0.07 2.21 + 0.06
Fibre (%) 27.25 + 1.40 28.49 + 0.85
ADF (%) 37.39 + 1.65 38.29 + 0.72
NDF (%) 53.91 + 2.18 59.43 + 1.44
DMD (%) 49.25 + 3.85 47.92 + 1.58
OMD (%) 46.12 + 4.30 44.18 + 2.06

Legend: 2P means differ significantly at P < 0.05; n — number of cases; SE — standard error; ADF — acid detergent fibre; NDF
— neutral detergent fibre; DMD — dry matter digestibility; OMD — organic matter digestibility

A statistically significant difference (P > 0.05) was found for crude protein. At Pisky, the value
was higher (9.15%) in comparison to the other locality Obora (7.88%). This was also proved in study
of Baholet et al. (2018). They compared sorghum varieties in the same locations, while individual
sorghum varieties reached higher values (8.38-14.2%) at Pisky. Even though this site was not fertilized.
This may correspond with the fact that the soil is well supplied with nitrogen. However, low values are
not a problem, due to crude proteins can be increased in crop by higher fertilization. According
to Dolezal (2014) range of crude protein in sorghum is from 13% to 18%. This corelates with the study
of Rajc¢akova (2005), where the range of crude proteins was 13.1-18.6%.

There were not found any statistically significant differences among other parameters (P > 0.05).
According to Raj¢akova (2005) the range of values NDF was from 54-55.2%. In the research of Baholet
et al. (2018) values of neutral detergent fibre were found in varieties of sorghum from 41.72% to 54.12%.
These results show large differences between selected varieties, differences between the habitats are not
very high. Similar values were also found in the study of Rihacek et al. (2020) for selected sorghum
varieties in both habitats. The results of acid detergent fibre at both habitats also correspond with
the study of Baholet et al. (2018). According to a study of Hermuth et al. (2012), sorghum has higher
NDF (48-62%), ash (6—12%), crude fibre (32-44%) and higher DMY, in comparison to maize.

According to Assefa and Ledin (2001) both NDF (hemicelluloses, cellulose, and lignin) and ADF
(cellulose and lignin) are considered to be important indicators of forage quality. Better forage quality
exhibits low content of NDF and ADF because these indicators are negatively correlated with
the ruminants’ nutrient intake and food digestibility (Guretzky et al. 2011, Bean et al. 2013). According
to a study of Hermuth et al. (2012), sorghum has higher NDF (48-62%), ash (6-12%), crude fibre
(32-44%), in comparison to maize.

Digestibility of dry matter and organic matter belong to important parameter in animal nutrition.
Statistically significant differences were found among tested varieties (DMD 73.21 + 1.57%, OMD
70.58 + 2.12%) in the study of Kolackova et al. (2020), of Ruzrok (DMD 73.99 + 3.11%, OMD
71.46 £ 3.71%) and KWS Sole varieties (DMD 74.13 £ 2.03%, OMD 71.91 £ 2.48%). The highest
digestibility was observed in Triumfo BMR (DMD 79.57 + 0.72%, OMD 77.90 = 0.64%), Sweet Susana
(DMD 82.11 + 0.94%, OMD 80.62 + 0.97%) and DSM 45-480 (DMD 86.70 + 1.22%, OMD
85.67 £ 1.41).

The average digestibility of organic matter is in the range of 45-60% (Prikryl 2014). Sriagtula
etal. (2017) claims that the digestibility of organic matter was affected by mutant lines of sorghum.
In their study BMR sorghum achieved higher digestibility of organic matter (66.59%). Traditional
varieties without BMR mutation contained lower digestibility of organic matter (60.59%).

Average temperature in June 2020 was 18.3 °C and normal temperature 17.7 °C. Extremely high
temperatures were measured in August (21.7 °C) and normal (18 °C). These findings may indicate a high
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potential for future agricultural use of sorghum in higher and lower production systems in areas affected
by climate change.

CONCLUSION

The results of this research prove that the differences in selected nutritional parameters between
the compared localities are not very high. A statistically significant difference (P> 0.05) was found
for crude protein at Pisky location. This parameter is therefore influenced by habitat conditions
and fertilization. We can state that both locations are suitable for growing sorghum. The main advantage
of this crop above all is the ability to withstand and even thrive in poor soil conditions without much
maintenance. Therefore selected varieties can be included among common agricultural crops. Then
the ideal variety for animal nutrition is the form of sorghum, which is important.
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Abstract: One of the most important problems of this century is an increase in abundance
of atmospheric CO,. Because of this phenomenon, slowing down the climate change through
sequestration of carbon in soil has been a popular topic of discussion during the last decade. At the same
time, we are as a society dealing with another urgent problem of soil degradation. The goal
of this contribution is to assess co-application of biochar combined with soil prebiotic in context
of its biomass production and basal respiration influence. Two kinds of biochar were used to conduct
the pot experiment (composted biochar — beech wood feedstock and fresh sewage sludge biochar).
Co-application of composted biochar with soil prebiotic resulted in decrease of shoot biomass
meanwhile no significant change in root biomass occurred compared to composted biochar treatment
with no prebiotic applied. Co-application of fresh sewage sludge biochar with prebiotic leaded
to significant decrease in root biomass meanwhile there was no significant difference in shoot biomass
observed compared to the control whatsoever. Application of both types of biochar in combination with
soil prebiotic significantly decreased soil basal respiration in comparison with only biochar addition.

Key Words: biochar, soil prebiotic, biochar co-application

INTRODUCTION

One of the most important problems of this century is an increase in abundance of atmospheric
CO; (Lal 2009). Because of this phenomenon, slowing down the climate change through sequestration
of carbon in soil has been a popular topic of discussion during the last decade (Powlson et al. 2021).
At the same time, we are as a society dealing with another urgent problem of soil degradation.
Gomiero (2016) in his study defined soil degradation as a global pandemic, because it is a world
problem. One of the many forms of soil degradation is a depletion of organic matter (DeLong
etal. 2015).

There are many tools to achieve sustainability and all of them shall be included as part
of a solution for this global crisis, because there is no silver bullet. For example, biochar as a soil
amendment is one proposed tool and, while it is getting a lot of attention, it is still crucial to promote
the role of soil biology, particularly soil microbiology, which is key for soil fertility, quality, and health
sustainability (Lehman et al. 2015). The goal of this contribution is to assess co-application of biochar
combined with soil prebiotic in context of its biomass production and basal respiration influence.

MATERIAL AND METHODS

The pot experiment was conducted on 21 May 2021-10 July 2021 in the vegetation hall which
belongs to the pavilion M of Mendel University in Brno (49.2101792N, 16.6136814E), in the South
Moravian Region, Czech Republic.

Containers made of polyvinylchloride (volume of 0.6 dm?) were used for this pot experiment.
The soil for the experiment was taken from the conventionally managed area at coordinates
49.6643967N, 16.4728317E from an altitude of 479 m. The soil was removed with a spade from
the upper 10 centimetres of the soil profile. This soil was classified as luvizem modal. The soil was dried
at room temperature and then homogenized on 2mm sieves and then mixed with appropriate additives
and poured into containers (see Table 1).
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Two different kinds of biochar were obtained for the experiment. First one was made from sewage
sludge. The second used biochar was obtained by mixing biochar from beech wood into the compost
stack in a ratio of 1:10. Soil prebiotic is manufactured by Gaiago, which presents this product
as NUTRIGEO®. It’s distributed on the czech market by BIOCONT LABORATORY, spol. s r.o.,
according to available materials, the mechanism of its influence is to promote the abundance
of organisms involved in the humification of organic residues. It contains polysaccharides, organic
acids, and microelements. The model plant that was planted to pot experiment to ensure the supply
of root exudates to the soil was Lactuca sativa L. var. Capitata L.

Basal soil respiration was determined by the capture of respirated CO; on natrocalcite according
to the methodology of Keith and Wong (2006). Incubation was conducted at room temperature for 24 h.
For the measurement of basal respiration 4 soil samples were collected for each variant.

The extracted underground and aboveground biomass of the model plants was dried at 105 °C
to constant weight, and then weighed. For measurement 4 plants (root + shoot) out of each variant were
collected. Values of root to shoot ratio are represented as a shoot biomass values divided by root biomass
values.

Obtained data were processed by data-analytical program STATISTICA. Analysis of variance
(one-way ANOVA) with subsequent testing of the significance of differences between variants
by Tukey's HSD test at level of significance P < 0,05 were conducted.

Table 1 Variants of the vegetation pot experiment

Variant Treatment Biochar dose [Mg/ha] | Prebiotic dose [dm*/ha]

A Composted biochar 20 -
(beech feedstock)

B Composted biochar 20 40
(beech feedstock) +
prebiotic

C Biochar (sewage 2 -
sludge feedstock)

D Biochar (sewage 2 40
sludge feedstock) +
prebiotics

E Prebiotics - 40

F Control - -

RESULTS AND DISCUSSION

Biomass of the lettuce planted in experimental pots

Significant increase in shoot biomass (Figure 1a, variant A) was observed compared to the control
variant with no treatment. Kaye and Hart (1997) in their study confirmed that in a N-poor soils
heterotrophic organisms can outcompete plants in a context of N utilization. It can be assumed
that significant difference between variant A and B (Figure 1) could be caused by favourable soil
conditions for soil microorganisms due to the soil prebiotic addition. This assumption can be also
supported by the value of root to shoot ratio (Figure 2, variant A, B). Kuzyakov and Xu (2013) in their
study describes a factor contributing to increased competition between microorganisms and root
in the sense of nutrient uptake. Available carbon in root zone leads to an increase in abundance of soil
microorganisms and microbial activity in rhizosphere. Due to this phenomenon depletion zones occur.
When uptake of limiting nutrient per unit of root mass decreases plant starts to develop its root system
at the expense of shoot biomass (Shipley and Meziane 2002).
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Figure 1 The effect of biochar co-application with soil prebiotic on biomass
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Another interesting significant difference occurred in root biomass (Figure 1b, variant C, D),
meanwhile no significant change occurred in shoot biomass of those treatments. As we can see, there
is no significant difference between variants C, E (Figure 1b), neither sewage sludge biochar nor soil
prebiotics didn’t decrease root biomass itself.

It can be assumed that plant was able to obtain more nutrients per unit of root mass because
of an interaction between sewage sludge biochar and soil prebiotics.

Figure 2 The effect of biochar co-application with soil prebiotic on root to shoot ratio
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Influence of treatments on soil basal respiration

According to the results (Figure 3), co-application of both types of biochar with soil prebiotic
resulted in a decreased basal respiration compared to their paired variants with no soil prebiotics added.
This phenomenon could be attributed to higher efficiency of available carbon utilization (Zimmerman
etal. 2011). However, SOM content was not measured for this contribution.

No significant difference in soil basal respiration occurred within all present variants when
compared to control variant.

Figure 3 The effect of biochar co-application with soil prebiotic on basal respiration
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CONCLUSION

Co-application of composted biochar with soil prebiotic resulted in decrease of shoot biomass
meanwhile no significant change in root biomass occurred compared to composted biochar treatment
with no prebiotic applied. Co-application of fresh sewage sludge biochar with prebiotic leaded
to significant decrease in root biomass meanwhile there was no significant difference observed
compared to the control whatsoever. Application of both types of biochar in combination with soil
prebiotic significantly decreased soil basal respiration when compared to both types of biochar additions
without soil prebiotics.
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mais response to short-term high temperature and drought stress

Jan Simor?, Karel Klem??
'Department of Agrosystems and Bioclimatology
Mendel University in Brno
Zemedelska 1, 613 00 Brno
2CzechGlobe — Global Change Research Institute, CAS
Belidla 986/4a, 603 00 Brno
CZECH REPUBLIC

jan.simor@gmail.com

Abstract: Within an experiment conducted in open top chambers in which two mais genotypes differing
in stay-green trait were cultivated under elevated atmospheric CO; concentration (EC) in comparison
with ambient CO, concentration (AC), and in two contrast levels of nitrogen nutrition, the effect
of acclimation to these factors on photosynthetic performance and water use efficiency, and subsequent
response to short-term high temperature and drought stress was studied. Although EC improved water
use efficiency, this effect did not alleviate the response to drought stress, and under some combinations
of factors even led to a decrease in CO; assimilation rate under drought stress. Differences in the stay-
green trait between genotypes did not have a major effect on the response to high temperature
and drought stress. Differences between genotypes were manifested mainly in the interaction with
nitrogen nutrition, while in the Korynt genotype, non fertilised variants showed a lower response of CO»
assimilation rate to drought. Slight alleviating effect of higher nitrogen dose was found under EC
conditions, while no nitrogen fertilisation rather increased drought resilience under AC conditions.

Key Words: mais, elevated carbon dioxide, nitrogen nutrition, drought stress

INTRODUCTION

Climate change is one of the world's most significant problems today. This phenomenon is not
a question of a distant future, but it is actually affecting our lives. Crop growth and development are
influenced continuously by changing environmental conditions related to climate change causing
numerous biotic and abiotic stresses. Between the abiotic stresses, drought belongs to most frequent
across world regions, which often synchronises with higher (or extreme) temperature leading
to increasing severity of drought stress (Barnabas et al. 2008.) and could cause a negative impact on crop
production (Field et al. 2012). Raising the CO, concentration in the atmosphere is another factor which
is related to climate change. Anthropogenic activities between the pre-industrial period and year 2000
caused an increase in CO, concentration by 90 ppm (House et al. 2002). The current state (September
2021) of CO; concentration in the atmosphere is 413 ppm, with an average increase of more than 2 ppm
per year (NOAA 2021). These factors determine the growth and yield of crops significantly and thus
can result in food shortage and compromise food security of the world (Mosley 2015). For this reason,
understanding the interactions between the effect of elevated CO» concentration, drought stress and its
timing, nitrogen nutrition and other factors associated with climate change is crucial for predicting future
food security. The aim of this study was to analyse the impacts of mais acclimation to elevated CO,
concentration and nitrogen nutrition on the response to subsequent high temperature and drought stress.

MATERIAL AND METHODS

The multifactorial field experiment was carried out in Open Top Chamber (OTC) facility
in experimental station Domaninek near Bystfice nad PernStejnem (Figure 1). The experiment consists
of 24 OTCs, in which two very early mais genotypes (FAO < 250) but differing in the stay-green trait
(Korynt, stay-green type, FAO 240; Nestor, dry-down type). The sowing was done manually on April
29th in density 7 grains/m’ into rows with distance 0.75 m. Directly after sowing the nitrogen
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fertilisation of split plots was done using calcium saltpeter at dose 200 kg/ha (N+ treatment)
and the second split plot was left unfertilised with nitrogen (N- treatment). From the growth stage of first
leaf (DC 11) the plants were also exposed to two levels of CO, concentration: ambient (AC,
ca 400 ppm), elevated (EC, ca 700 ppm). Until the stage of 6-8" leaf (DC 1618, acclimation phase) all
variants were regularly watered using the irrigation system with amount of water 15 mm per week.
At the end of acclimation phase, gas exchange parameters (light saturated CO; assimilation rate, Amax;
transpiration rate, £) were measured using the instrument Li-6800 (Li-COR, Nebraska, USA) on the first
fully developed leaf from the top. Gas exchange parameters were measured under environmental
conditions of given variant, including the CO, concentration. Water use efficiency after acclimation was
calculated as WUE = Apav/E.

After acclimation period the short term (14 days) high temperature stress was applied to all
chambers and drought stress to one half of chambers with randomisation of this treatment within
experiment. The temperature increase was set to +7 °C compared to ambient temperature and was
regulated automatically by passive warming (closing the lamellar roof and reducing the active air
exchange). The drought stress was ensured by omitting irrigation, while the control variants were
regularly irrigated by 15 mm of water per week. At the end of high temperature and drought stress
treatment, the measurement of gas exchange parameters was conducted again with instrument Li-6800.

Figure 1 Open top chambers for manipulation of CO, concentration and water availability (left)
and the detail of gas exchange measurement with the instrument Li-6800 (right).

RESULTS AND DISCUSSION

ANOVA revealed significant effect of both acclimation factors, CO, concentration and nitrogen
nutrition on light saturated CO; assimilation rate (4max) in both genotypes, but only CO; concentration
had significant effect on WUE (Table 1). The interactive effects of both acclimation factors were also
found only for Amax. Such interactive effect was more pronounced in genotype Korynt (p<0.05).

The acclimation to elevated CO, concentration (EC) significantly increased Amax in both
genotypes (Table 1). Such increase was higher in variant without nitrogen fertilisation (N-), particularly
in the genotype Korynt. While the effect of nitrogen fertilisation was positive or neutral in genotype
Korynt, it was negative in genotype Nestor. WUE significantly increased under EC conditions
in the acclimation phase, and such increase was slightly higher in genotype Nestor. Nitrogen showed
no effect on WUE in both genotypes tested (Figure 2).

Table 1 Results of two-way ANOVA indicating the significance of effects (p-values) of individual factors
and their interaction after acclimation phase on Amax— light saturated CO; assimilation rate and WUE
— water use efficiency calculated as ratio of light saturated CO; assimilation and transpiration rate.
Significant effects (p<0.05) are indicated in bold.

Korynt Nestor
Aumax WUE Apmax WUE
CO; <0.001 <0.001 <0.001 <0.001
Nitrogen <0.001 0.704 <0.001 0.462
CO; x Nitrogen <0.001 0.127 0.033 0.212
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Figure 2 Effects of atmospheric CO; concentration (AC — ambient CO; concentration ~400ppm, EC —
elevated CO; concentration ~700ppm) and nitrogen fertilisation (N- no nitrogen fertilisation, N+
fertilisation with 200 kg/ha nitrogen applied after sowing in the form of calcium saltpetre) on the light
saturated CO; assimilation rate (Ama), and water use efficiency calculated as ratio of light saturated
CO: assimilation and transpiration rate (WUE) in two mais hybrids, Korynt and Nestor, after
acclimation phase (before applied short term heat and drought stress). Means (columns) and standard
errors (error bars) are presented (n=6). Different letters indicate significant differences (p< 0.05)
between means based on Fischers’s LSD ANOVA post-hoc test.
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Table 2 Results of three-way ANOVA indicating the significance of effects (p-values) of individual
factors and their interaction after short term heat and drought stress on Ama— light saturated CO;

assimilation rate and WUE — water use efficiency calculated as ratio of light saturated CO; assimilation
and transpiration rate. Significant effects (p<0.05) are indicated in bold.

Korynt Nestor

Amax WUE Amax WUE
Drought <0.001 <0.001 <0.001 0.003
CO» 0.069 <0.001 0.319 <0.001
Nitrogen 0.097 0.018 0.084 0.027
Drought x CO» 0.119 0.047 0.824 0.311
Drought x Nitrogen 0.013 0.002 0.222 0.136
CO; x Nitrogen 0.420 0.105 0.033 0.207
Drought x CO, x Nitrogen 0.140 0.001 0.042 0.036

According to ANOVA results, after short term high temperature and drought stress, drought has
a significant effect on Amax and WUE in both genotypes. On the contrary, atmospheric CO, concentration
and nitrogen fertilisation affected WUE significantly in both genotypes; however, this effect was more
pronounced (p<0.01) for the CO; effect. Significant interactive effects were found in genotype Korynt
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for interactions drought x CO; (in case of WUE), drought x nitrogen (in case of both Amax and WUE),
and for interaction drought x nitrogen x CO; (in case of WUE). In genotype Nestor, significant
interactive effects were found for interaction CO; x nitrogen (in case of Amax) and for interaction drought
x nitrogen X CO: (in case of both Am.x and WUE).

After short-term high temperature and drought stress, the positive effect of EC on Amax
disappeared, or Amax was even lower compared to AC in response to high temperature. The combination
of drought and high temperature showed the highest reduction of Amax under AC N+ in genotype Korynt
and under EC N- in genotype Nestor.

WUE was significantly increased after short term high temperature and drought stress in response
to EC and drought. On the contrary, nitrogen fertilisation and genotype did not affect WUE.

The importance of interactions between atmospheric CO, concentration and nitrogen nutrition
on mais response to drought stress were documented by (Markelz et al. 2011). They found no stimulation
of CO, assimilation rate be EC when water availability was sufficient, but under drought stress EC
alleviated its negative impacts on photosynthetic performance. Limiting nitrogen supply exacerbated
the drought impacts (Table 2).

In our experiment limited nitrogen availability effect on drought was genotype-specific,
but in contrary to Markelz et al. (2011), it rather reduced the impact of drought on CO; assimilation,
particularly in stay-green genotype Korynt.

Although the effects were mostly insignificant, our results also indicate that mais plants
acclimated to EC were more sensitive to high temperature stress and the stimulation of CO; assimilation
rate, which was observed after the acclimation phase mostly disappeared after short-term heat stress
(Figure 3).

Figure 3 Light saturated CO; assimilation rate (Ama, upper), and water use efficiency calculated
as ratio of light saturated CO; assimilation and transpiration rate (WUE) after short term high
temperature (light grey) and combined high temperature and drought stress (dark grey) in two mais
hybrids, Korynt and Nestor, following the acclimation to atmospheric CO; concentration (AC — ambient
CO:; concentration ~400ppm, EC — elevated CO; concentration ~700ppm) and nitrogen fertilisation (N-
no nitrogen fertilisation, N+ fertilisation with 200 kg/ha nitrogen applied after sowing in the form
of calcium saltpetre). Means (columns) and standard errors (error bars) are presented (n==6). Different
letters indicate significant differences (p< 0.05) between means based on Fischers’s LSD ANOVA post-
hoc test.
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The response of plants with C4 photosynthetic metabolism to EC is generally lower compared
to C3 plants (Poorter and Navas 2003), however, recent work shows that C3 and C4 plants can show
also reversal response in this comparison (Reich et al. 2018). The mechanisms for such reversal are not

yet known, but it is expected that such change in favour of C4 plants is mainly caused by rising
temperatures and reduced water availability in last years (Boretti and Florentine 2019).
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CONCLUSION

In our experiment, we found that although acclimation to elevated CO, concentration increases
WUE significantly in mais, this effect was not reflected in the mitigating effect of elevated CO>
concentration on CO; assimilation rate under drought stress. Nitrogen nutrition only slightly modulates
the response to drought. Alleviating effect of higher nitrogen dose was found under EC conditions, while
no nitrogen fertilisation rather increased drought resilience under AC conditions.
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Abstract: Methods based on optical remote sensing allow nowadays to assess crop conditions over larger
areas. The assessment of crop conditions and potential estimation of crop yields in the early growth
stages can help farmers to better target their management practice such as application of fertilizers.
In this study we analysed airborne hyperspectral images acquired several times during the growing
season over two experimental sites in the Czech Republic (Ivanovice and Lukavec). The field
experiments on winter wheat included 12 levels of fertilisation (combination of organic and mineral
fertilisers). Such an experiment design and the possibility of combining the data from two sites together
increased the variability in our wheat yield dataset, which varied between 2.8 and 10.0 t/ha. Further,
we used a machine learning method — namely gaussian process regression from the ARTMO toolbox
to train two variants of models: a) combining the spectral data from both sites and from the multiple
acquisition days and b) combining the spectral data from both sites for individual acquisition days.
The results showed that it was feasible to predict wheat yield already at the beginning of April with
R? > 0.85. This promising result, however, requires more thorough validation and therefore we plan
to include more data from other sites in the next steps.

Key Words: hyperspectral, machine learning, remote sensing, winter wheat, yield

INTRODUCTION

Wheat (Triticum aestivum L.) is the dominant crop in the Czech Republic, and it plays
an important role in the food security in the world especially in Europe. Due to still more frequent
weather extremes and expected climate changes (Palmer et al. 2021), increased attention is nowadays
paid to identification of varieties more resilient especially to drought.

The field experiments where varieties are tested are also excellent data sources for development
of remote sensing (RS) approaches predicting crop yields (Raya-Sereno et al. 2021). Early yield
prediction is useful both for farmers but also in the connected food production industry.

Yield prediction is traditionally based on the process-based models parameterized primarily
by climatic and soil variables. With rapidly increasing temporal resolution of RS data with mid- to high
spatial resolution new approaches of yield prediction solely from RS data or combination of RS data
and process-based models are emerging (Migdall et al. 2009, Dong et al. 2020). Tools such as ARTMO
toolbox (Caicedo et al. 2014) allow to evaluate several empirical approaches and can help researchers
to develop solely RS-based methods more effectively. Therefore, in this study we tested machine
learning methods to develop a model to predict winter wheat yield from airborne hyperspectral images.

MATERIAL AND METHODS

Experiment sites and field data

Airborne and field data were collected at two sites Lukavec (49°33°23”N, 14°58’39”E,
620 m.a.s.l.) and Ivanovice (49°18’40°°’N, 17°05’°45’E, 225 m.a.s.l.) that are part of the Czech
stationary long-term crop rotation experiment. Different amounts of fertilizers (N, P, K, Mg) were
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applied to each subplot within the study site (white polygons in Figure 1) with four independent
replicates. Detailed information about the site conditions and experiment design are provided
by Kunzovéa and Hejcman (2009) and Hejecman and Kunzova (2010). To eliminate the edge effect, only
the central 5 m x 5 m area of each 8 m x 8 m experimental plot was used for the determination of yield
sample collection.

Figure I Location of two study sites Lukavec and Ivanovice. Both sites contain fertilization experiments
with 12 levels of combinations of different approaches. Each experiment has four repetitions.
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Remote sensing data

Airborne hyperspectral images were acquired at several days of year (DOY) along the vegetation
season of winter wheat from April to July in 2020 (corresponding DOY and BBCH stages are shown
in Table 1). The images were acquired with a CASI sensor (Itres Research, Calgary, AB, Canada)
in the range of 383-1053 nm (48 bands with spectral sampling distance of 14.25 nm and pixel size
of 0.5 m) and with a SASI sensor (Itres, Research, Calgary, AB, Canada) in the range of 957-2442 nm
(100 bands with spectral sampling distance of 15 nm and pixel size of 1.25 m). Corrections
of the hyperspectral images were carried out in a data processing chain established at the CzechGlobe
institute (Hanu$ et al. 2016). Radiometric corrections were performed using the factory calibration
coefficients in the post-processing software developed by the sensors’ producer. Geometric corrections
(i.e. image orthorectification and geo-referencing) were performed using the GeoCorr software provided
also by the sensors’ manufacturer. Atmospheric corrections were made using ATCOR-4 software
(Richter and Schlédpfer 2002). The mean spectral information was extracted for each field, so that all
the pixels contain only pixels from a given polygon (Figure 1) and for each sensor separately.
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Table 1 Summary of remote sensing acquisitions in day of year (DOY) and corresponding BBCH stages
on Ivanovice and Lukavec

Lukavec Ivanovice
Date DOY | BBCH Date DOY | BBCH
2 April 93 23-24 7 April 98 24-25

23 April 114 | 25-27 23 April 114 | 27-30
18 May 139 | 31-32 18 May 139 32
2 June 154 | 57-59 1 June 153 | 61-65
22 June 174 | 71-75 13 June 165 | 77-79
10 July 192 | 83-85 10 July 192 | 85-87

Models and retrievals

For creating yield estimations an ARTMO toolbox (Caicedo et al. 2014), specifically its machine
learning regression algorithms (MLRA) toolbox, was used. Firstly, data from both CASI and SASI
sensors were joined together in order to obtain better representation of spectral behaviour.

We made two variants of models. For the first variant (called “Pooled DOY” in further text), data
from both sites and all the suitable RS acquisition dates were pooled together into one dataset with paired
yields and spectra. For the second variant (called “Individual DOY” in further text), data from both sites
but from pairs of individual RS acquisitions (e.g. DOY 93 on Lukavec and DOY 98 on Ivanovice) were
used. For both variants the data were first randomly split into calibration (70%) and validation (30%)
datasets. For calibration of the Pooled DOY model we excluded data from Ivanovice DOY 192 because
the grain was lying down due to strong wind and rain.

From a large number of machine learning algorithms provided by ARTMO, we decided to use
gaussian process regression (GPR) which was shown to have good estimation power by Verrelst et al.
(2013). Furthermore, GPR not only computes estimate but it also provides associated uncertainty values,
expressed as the standard deviation (SD) around the mean estimate. In order to reduce number
of correlated spectral bands, we first applied principal component analysis to compress the full spectral
information (CASI and SASI bands) into components. First five components were then used for model
training.

After the training of the models, they were then used for the estimation of winter wheat yield: a)
on the validation datasets and b) directly on two hyperspectral images for each pixel. To evaluate model
performance, we computed basic statistics — coefficient of determination (R?) and root mean square error
(RMSE) for model calibration and validation.

RESULTS AND DISCUSSION

The performance for all six pairs of acquisition dates and for both model variants is shown
in Table 2. From these six pairs of acquisitions, three (DOY 93/98, DOY 139 and DOY 192) were
chosen to show in the form of a scatterplot (Figure 2). The results show that estimation of yields even
in the early stage (at the beginning of April) of the winter wheat growth is feasible. Both from Pooled
DOY model (R? = 0.78, 0.92, and 0.92 for Lukavec, Ivanovice, and both sites together respectively,
Figure 2 — upper graphs) and from Individual DOY model (R* = 0.68, 0.82, and 0.87 for Lukavec,
Ivanovice, and both sites together respectively, Figure 2 — bottom graphs). Although in the case
of Pooled DOY model, the GPR are trained on a dataset containing the same values of yields for different
spectral information, the algorithm estimates yield accurately and is able to cope with this ambiguity.
As Table 2 shows, high R? between estimated and measured yield values was observed for all other
dates, except the last DOY 192 (R*= 0.70) at the Ivanovice site in the case of Pooled DOY model (grain
was lying down). The reason for difference in the estimation power between model variants is discussed
in the next section.
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Table 2 Calibration and validation statistics (R> and RMSE) of models used for wheat yield estimation
Pooled DOY model Individual DOY models
RZcal R%a | RMSEci | RMSEv | R R%a | RMSEc | RMSE,a
DOY 93/98 0.92 0.53 0.90 0.87 0.53 0.67
DOY 114 0.89 0.63 0.95 0.93 0.39 0.48
DOY 139 o 0.84 © 0.81 0.94 0.93 0.39 0.49
DOY 153/154 S 0.95 S 0.53 0.94 0.93 0.34 0.51
DOY 165/174 0.93 0.54 0.93 0.93 0.44 0.51
DOY 192 0.70 1.25 0.91 0.87 0.49 0.68

Figure 2 Scatter Plot of measured vs estimated values of winter wheat yield (t/ha) on Ivanovice (blue)
and Lukavec (red) sites in three image acquisition dates (indicated by day of year — DOY). Estimates
from Pooled DOY model are on the upper graphs, estimates from Individual DOY models are
on the bottom graphs. Coefficient of determination (R’) and regression line for each site is included.
Value of R’ is also shown for both sites together (black).
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Pooled DOY model is more robust, but it can give worse estimations when an unexpected event
is introduced in the data. In the case of Ivanovice DOY 192 for example, the grain was lying down
due to the strong wind and rain which affected the spectral information. Individual DOY model is able
to handle these cases by using training data only from the same DOY, but this means that the model
is biased and cannot be used for yield estimation of wheat in stable condition. Furthermore, our goal
is to make Pooled DOY model even more robust by using DOY or BBCH stage as one of its input
parameters.

High values of R? as soon as in the beginning of April can be attributed to the fact that the spectral
information is sufficiently distinguishable even at those early stages of crop growth (Raya-Sereno et al.
2021). But the spectral information is only a part of the equation. The other part, equally as important,
are other variables like irrigation, fertilization, weather conditions etc. Even if the spectral information
is the same at the same DOY, those other variables can have a huge impact on the resulting yields.
Therefore, we have to be careful when interpreting these high values of R? and if possible, take those
other variables into account in further developments of the model.
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Spatial retrieval of the wheat yield for each site is tested at both sites from Pooled DOY model
on 18 May (DOY 139, Figure 3 — left panels) and it shows that the yield prediction varies according
to fertilisation levels. The uncertainty of estimated yields is rather low (0—1c) and stable across all
the fields (Figure 3 — right panels).

Figure 3 Prediction of wheat yields (t/ha) and corresponding uncertainty (¢) for Lukavec and Ivanovice
sites from hyperspectral airborne images acquired on 18 May (DOY 139)
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Despite the fact that the atmospheric correction of the airborne imagery might introduce some
uncertainty (without any reference spectral data, we were unfortunately not able to quantify this
uncertainty), no bias was observed when the model was applied on different dates (Figure 2).
As the processing chain of hyperspectral RS images is not able to remove all atmospheric and other
influences, the overall improvement of results could be done by smoothing the data across the DOYs
as proposed for instance by Magney et al. (2016).

The next step is to extend the estimations to other study sites with other crop experiments run
under various conditions to better evaluate the robustness of the proposed retrieval approach.
It is expected to introduce slight modifications to cover any possible variability, which was not part
of experiments at Lukavec and Ivanovice study site. The model could be simplified to use only a given
vegetation index or list of indices (Magney et al. 2016, Prey and Schmidhalter 2020). The same approach
would be tested among other crops typically grown in the Czech Republic such as maize, rapeseed,
or barley.

CONCLUSION

In this study, we trained and compared two variants of models using hyperspectral data from
CASI and SASI sensors and field data of winter wheat yield on two study sites (Lukavec, Ivanovice)
during multiple days of the year 2020. Combining both sites together expanded the variability
in the training dataset, which allowed to develop a robust model for winter wheat yield prediction.
Individual DOY models yielded better estimates than Pooled DOY model on average because they were
tuned to each specific acquisition period, but these models are less robust and hardly transferable to other
sites and dates. Application of the models showed that it was feasible to predict wheat yield already
at the beginning of April (DOY 93 and 98) with R?> > 0.85. However, we must admit that these
predictions might have been only possible to obtain because of the relatively stable conditions over
the study area during the study period and adverse events like drought might negatively affect
the estimation power of the models. Therefore, further data from different growing seasons will
be needed to account for those different conditions. For further research, we plan to develop and evaluate
even more robust model which would take DOY/BBCH as an input parameter and test the models both
on year 2021 growing season and on different research sites.
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Abstract: The entire Earth's climate system is changing which causes significant changes in precipitation
conditions in the various seasons within Central Europe. The dry season in the summer months
is growing, while forcing fruit and vegetable growers to think about the economic and ecological water
consumption used for irrigation and to make the best use of it. Therefore, the experiment deals with
various technical details of implementing the drip irrigation in an orchard. Four variants of technical
details were monitored: IR+F-A (drip hose placed on the wire — common method), IR+F-B (drip hose
placed on the auxiliary structure from the left and right side of trees, 0.5 m above the soil surface), IR+F-
C (drip hose located on the left and right side of trees, 0.3 m below the soil surface), NON-IR (without
irrigation). A drip hose with a drip flow of 2.1 1/h and a drip distance of 0.75 m from each other was
used to irrigate the variants. The best results were found in the IR+F-C variant and demonstrably
the worst in the NON-IR variant, where the importance of irrigation and fertilization of fruit plantations
was shown. The highest weight was found for the IR+F-C variant of 178 g and the lowest for the NON-
IR variant of 148 g. The largest diameter of apples was achieved with the IR+F-C variant 73.7 mm
and the smallest with the NON-IR variant 66.4 mm. Also, when measuring the length of annual
increments, the longest increments of shoots were measured for the IR+F-C variant, namely 797.1 mm,
demonstrably the shortest increments were measured for the NON-IR variant of 501.2 mm.

Key Words: drip flow, irrigation, fertigation, apple tree, orchard

INTRODUCTION

The areas of orchards are gradually increasing worldwide. In 2008, for example, around 48,000
ha of orchards were registered in Germany (Blanke 2008). In 2016, more than 2,200,000 ha of fruit
orchards were registered in Brazil, making it third largest fruit producers in the world (Blanke 2017).
While the intensive planting care is required to achieve the highest possible yields.

Intensive orchards are characterized by a high degree of intensive care, agrotechnical measures
and used are the latest technologies in establishment and cultivation (Blanke 2008). Technological
factors such as irrigation, fertilization, integrated pest management and the use of quality nursery sprouts
and rootstocks, which eliminate the negative impact of ecological factors on production, should be used
to increase yield per unit area when growing, as in all other areas of agricultural cultivation (Ucar et al.
2016).

During the growing season, the orchard must fight diseases and pests. Among the most famous
pests are aphids (4Aphis pomi), which suck on young shoots of trees, the shoots stun and deform,
which reduces the quality of trees in the upcoming years. Another important pest is the codling moth
(Cydia pomonella), which damages in the form of a larva. The larva gets from the surface of the apple
to the nucleolus, which eats. The fruits then fall and rot. An important disease is also sunburn. Sunburn
is a physiological damage to the fruit that has a major impact on the quality of fruit and reduces its value.
The change occurs mainly on the surface or in the upper layers of the fruit. Later, phytopathogenic fungi
may appear on the fetuses due to infection of the injured skin. This disease reduces the value of fruit
and therefore fruits are not suitable for sale (Racsko et al. 2005).
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Intensive orchards are characterized by regular irrigation and fertilization, which are, in addition
to protection against diseases and pests, another important agrotechnical operations (Radivojevic et al.
2020). Drip irrigation is characterized by its slow dosing of water directly to the roots of fruit trees
and thus avoids unnecessary irrigation of the grassy surroundings. In areas with a lack of water during
the summer months (Israel), drip irrigation is located below the soil surface. Water with fertilizers
thus reaches directly to the roots and surface evaporation is prevented (Fallahi 2017).

The aim of this experiment was to evaluate four variants of technical details of the implementation
of drip irrigation in an orchard and its impact on the weight and diameter of fruits and annual increments.

MATERIAL AND METHODS

The growing conditions

The experiment is based on previous measurements, which were performed in the Plantex
company fruit orchard and are described in the article by Masan et al. (2018). The company called
Plantex is located in the village of Veselé, 10 km south of Piestany (latitude: 48 © 33'4.25 "N, longitude:
17 © 43'57.78" E). The experiment examined 16 year old Gala apples, a Schniga clone grown on low-
growing M9 rootstocks. The trees were grown in the shape of a slender spindle. The stem strip was
maintained with herbicides and the intercrop was grassed and mowed regularly. The trees were planted
inaclip3.6 x 1 m.

Irrigation and fertigation

The orchard was irrigated by drip irrigation with fertigation. Drip irrigation is mounted
on the bottom row of the wire. Droppers are located in the so-called in-line pipeline. The distance
of the drippers is 0.75 m. The diameter of the drip hose is 22 mm and the flow rate of the drip tray
is 2.1 1/h of water. Four methods of irrigation were observed in the experiment: IR+F-A (drip hose
placed on the wire — conventional method), IR+F-B (drip hose placed on the auxiliary structure
from the left side and the right side of the trees, 0.5 m above the soil surface), IR+F-C (drip hose located
on the left side and the right side of the trees, 0.3 m below the soil surface), NON-IR (without irrigation
and fertigation). For variants IR+F-B and IR+F-C, the irrigation was performed alternately after two
weeks. First from the left side of the trees and then from the right side (Table 1). Fully water-soluble
fertilizers from Haifa Chemicals (Israel) were used for fertilization: ammonium sulfate, iron chelate 6%
EDDHA, Humifirst, KNO3 Multi K, K2SO4 Solupotasse, MKP. Irrigation with fertigation
in the orchard was performed by an automatic irrigation system.

The evaluation of experiment

When experimenting, the weight of fruits was determined on an accurate KERN PCB 1000-2
scale (England). The weight of apples determined was recorded and then averaged. One hundred apples
from each variant were randomly selected for weighing.

The diameter of the fruit was measured by using plastic scales with circular holes, the diameter
of which was gradually increased by 5 mm. These scales are a commonly used part of harvesting
technology to separate the size gauges of apples. The measured fruit diameter was recorded in a table
and then averaged. To measure the diameter, 100 apples from each variant were randomly selected.

At the end of vegetation, the length of annual increments was measured. One hundred shoots were
randomly selected from each variant. The length of shoots was measured from the terminal bud scale
scar from the previous vegetation to the terminal bud of the measured shoot. The measured shoots were
selected evenly, between the wires of the supporting structure. To measure the length of annual
increments, a steel tape measure was used.

Statistical analysis

One hundred apples and one hundred shoots from each variant were selected for statistical
analysis. Data are reported as mean # standard deviation. SHD test and one-way ANOVA
with interaction (P <0.05) were used to determine differences. Statistical analyses were performed
with "Statistica 12.0" software (StatSoft Inc., USA).
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Table 1 The amount of precipitation and the amount of irrigation during the year of 2020 in Plantex
Veselé orchard

Irrigated variants
Month | precipitation (mm)
(mm) No irrigation With irrigation

I. 15.8 0 15.8
II. 55.1 0 55.1
I11. 71.7 10.5 82.2
IV. 16.7 100.8 117.5
V. 38.4 113.4 151.8
VI. 15.6 79.8 95.4
VIIL 58.1 50.4 108.5
VIII. 61.9 81.9 146.8
IX. 135.3 0 135.3
X. 132.1 0 132.1

XI. 214 12.6 34
XII. 58.8 0 58.8
> 703.8 675.2 1379

RESULTS AND DISCUSSION

Fruit weight

The highest average fruit weight was found in the IR+F-C variant, namely 178 g. This was
followed by the IR+F-B variant, where the average fruit weight was about 171 g. The IR+F-A variant
had the lowest average fruit weight among the irrigated variants, more precisely 167 g. The lowest
average fruit weight among all variants was found for the NON-IR variant, where it was 148 g, which
was expected because it is an non-irrigated and unfertilized variant (Figure 1). Nazari et al. (2021)
reports significant differences between underground (IR+F-C) and aboveground (IF+F-A) irrigation
of approximately 7%, which also agrees with our results. Wang et al. (2019) reported for the irrigated
(IR+F-A) and non-irrigated (NON-IR) variants approximately the same results as found
in this experiment. The results point to the advantage of underground irrigation, which supplies water
and fertilizers directly to the root zone of apple trees and thus prevents surface evaporation of water.
These results are from the second year after the start of the experiment, and it is assumed
that the following year the differences between the variants will increase even more (Robinson 2006).

Figure I Impact of irrigation on "Gala" apple fruit weight in Plantex Veselé orchard, 2020
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Fruit diameter

The classification into quality classes and subsequently the price of apples depends on the average
fruit. According to the CSN 46 3010 standard (Czech Standards Institute 1995), apples of a diameter
of 70+ mm with dyed flesh of at least 80% belong to the selected quality, apples of diameter 55-69 mm
with dyed flesh of at least 40% belong to the I. class, and apples below 55 mm in size and less than 40%
dyed flesh belong to the II. class. Apples of selected quality are the most valuable for the producer.
The largest fruit diameter was found in the IR+F-C variant with a diameter of 73.7 mm. This was
followed by the IR+F-B variant, where the fruit diameter was found to be 72.2 mm, and the IR+F-A
variant with a fruit diameter of 71.6 mm. The presumed smallest fruit diameter was found for the NON-
IR variant, namely 66.4 mm. The difference in the diameter of the apples was demonstrated only
between the variants IR+F-C and NON-IR (Figure 2). The share of apples in the selection quality was
the largest in the IR+F-C variant, namely 68.4%. In the I. class the largest share was 36.7% in the variant
IR+F-A and in the II. class was the largest proportion of apples in the NON-IR variant, namely 20%
(Table 2). Nazari et al. (2021) shows approximately the same results as the IR+F-C variant. Wang et al.
(2019) show the fruit diameter 10 mm larger in the IR+F-A variant. Mert et al. (2007) report an apple
diameter 15 mm smaller than that found for the NON-IR variant. The results of the fruit average are
closely related and point to the importance and need for fruit collection. If the fruit is insufficiently
harvested on the trees, this subsequently affects the fruit diameter. It is recommended to load the tree
with apples in the number of 100-120 pieces.

Figure 2 Impact of irrigation on "Gala" apple fruit diameter in Plantex Veselé orchard, 2020
80

78 i
76
74

72 ’_‘__,____.--—-*“//‘

70

Fruit diameter {(mm)

68 —t

66

64

62
IR+F-A IR+F-B IR+F-C NONAR Legend: vertical columns indicate 0.95

Vaiant confidence intervals

The length of annual increments

Annual increments on apple trees represent the basic vegetation element on which leaf —
vegetative and flower — generative buds are differentiated. From the leaf buds new shoots continue
to develop in the following vegetation, while from the flower buds flowers develop and subsequently
after pollination and fertilization the fruits. In general, the more horizontal the growing shoots,
the sooner the flower buds differentiate on them. In order to maintain a balance between the vegetative
and generative parts of apples, there should be approximately 30 leaves per apple (Webster et al. 2000).
Root pruning also plays an important role in the length of annual increments. The demonstrably longest
average annual increments were found in the IR+F-C variant, namely 797.1, followed by the IR+F-B
variant of 665.7 mm. For the IR+F-A variant, the average length of the annual increments was 582 mm.
Demonstrably the most beautiful average annual increments were measured with the NON-IR variant
501.2 mm (Figure 3). Nazari et al. (2021) states shorter increments for underground irrigation. Neilsen
and Neilsen (2002) report longer increments in the IR+F-C variant, which is caused by higher doses
of nitrogen during vegetative growth. Another factor that affected the length of annual growth was
the total precipitation during the month of May, when the growth of shoots is intense. The shortest
annual increments were as long as Iancu et al. (2011). Longer annual increments bring the possibility
of better generation of generative buds and thus can bring more crops
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Figure 3 Impact of irrigation on length of annual increments on "Gala" apple in Plantex Veselé orchard,
2020
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Table 2 Proportion of quality classes for individual irrigation variants on "Gala" apple in Plantex
Vesele orchard, 2020

Variant IR+F-A IR+F-B IR+F-C NON-IR
Selective

quality (%) 57.1 60.7 68.4 26

L. class (%) 36.7 34.9 29.1 54

I1. class (%) 6.2 4.4 2.5 20

CONCLUSION

Intensive fruit orchards are characterized by high level of agricultural technology — regular care
in the form of chemical treatment, annual pruning, fertilization and, last but not least, drip irrigation,
which is an integral part of every intensive fruit orchard. Thanks to high level of agricultural technology,
it is possible to achieve higher yields, better fruit quality and keep the trees in the best possible vitality.
The highest fruit weight was found in the underground variant of irrigation IR+F-C 178 g. Variants
with above-ground irrigation had a gradually lower fruit weight. The lowest fruit weight was found
for the NON-IR variant of 148 g. The difference was shown only between the IR+F-C and NON-IR
variants. The largest fruit diameter was found in the IR+F-C variant, namely 73.7 mm. The smallest
diameter reached the NON-IR variant 66.4 mm. Both in terms of fruit weight and on average,
the difference was demonstrated only between the IR+F-C and NON-IR variants. The demonstrably
longest annual increments were measured for the IR+F-C variant (797.1 mm), while the demonstrably
shortest increments were measured for the NON-IR variant (501.2 mm). The results of the experiment
point to the importance of irrigation, while the influence of underground irrigation compared to above-
ground irrigation can be observed. This is the second year of the experiment, and it is possible to expect
an increase in the differences in individual variants in the upcoming year. From the results it is possible
to evaluate that in intensive orchards it is suitable to build underground drip irrigation. However, in order
to demonstrate the suitability of building such irrigation, it is necessary to continue research.
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Abstract: The aim of the present study was to investigate the influence of different dietary sources
of selenium on blood biochemical parameters in medium-slow growing broiler chickens. The study was
conducted on 54 male Hubbard JA 57 broiler chickens which were divided into three groups.
The Control group was fed a diet without the addition of selenium (Se), the Organic group was fed diet
with a natural Se content in the feeds and organic source of Se (Saccharomyces cerevisiae CNCM I-
3060), the Inorganic group was containing a natural source of Se and the addition of sodium selenite.
No influence on the feed consumption and body weight was found at the end of trial (50 days of age).
However, the effect of selenium sources was reflected in several biochemical parameters of blood:
aspartate aminotransferase (AST), Se and glutathionperoxidase (GPx). One of the significant differences
was for the AST between the Organic and Inorganic group, where its value in the Organic group reached
2.73 pkat/l and in the Inorganic group 2.39 pkat/l. Other significant difference was for the Se between
Control vs Organic and Inorganic groups, where its value in the Control group reached 0.10 mg/l,
in the Organic group 0.17 mg/l and in the Inorganic group 0.18 mg/l. Another significant difference was
for the GPx also between Control vs Organic and Inorganic groups, where its value in the Control group
reached 120.54 U/gHb, in the Organic group 207.46 U/gHb and in the Inorganic group 211.56 U/gHb.
In conclusion, the addition of organic and inorganic selenium sources to the diet can increase selenium
levels and glutathione peroxidase activity in the blood of broilers.

Key Words: Saccharomyces cerevisiae, sodium selenite, Hubbard JA 57, broiler nutrition

INTRODUCTION

Selenium (Se) is an essential micronutrient required for normal growth and normal functioning
in poultry. The major biological forms include sulfur analogs of selenium such as selenomethionine,
selenocysteine and selenocystine. Selenium plays a number of essential roles in the body, including
the regulation of glutathione peroxidase activity, thyroid hormones, strengthens the role of vitamin E,
has a positive effect on immune and reproductive functions and protects against heavy metals such
as mercury and cadmium (Shlig 2009, Surai 2002). It is well understood that selenium deficiency has
a negative effect on the performance of broiler chickens. The amount of selenium in poultry feed
is different. This fact depends on the plant additives in the feed ration and the properties selenium
of the soils in which the plants were grown. According to Mahan (1995) and NRC (1994),
the recommended concentration of selenium in broiler feed ranges from 0.01 mg/kg to 0.15 mg/kg
and selenium is supplied to the feed as an inorganic complex in the form of sodium selenite (Na>SeO3)
or the organic form such as selenomethionine derived from selenized yeast. However, the efficiency
of using organic and inorganic sources of selenium is different.

The aim of the present study was to investigate the influence of different sources of selenium
on growth performance and blood biochemical parameters in medium-slow growing chickens.
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MATERIAL AND METHODS

Characterization of the experiment

The experiment was performed in the experimental stables of Mendel University in Brno
and the animal procedures were reviewed and approved by the Animal Care Committee and by the
Ministry of Education, Youth and Sports (MSMT-21593/2020-3). The microclimatic conditions
and light regime were set and controlled according to the requirements for the actual age of the chickens.

Animals and experimental diets

The total of 54 male medium-slow growing (Hubbard JA 57) broiler chickens were used in our
experiment. The trial started at 1** day of the age and finished 50" day of the age of broiler chickens.
Broiler chickens were fed experimental starter diets until 21 day of age and with experimental grower
diets until 35" day of their age. The last feed mixture was experimental finisher diet from 36™ day of age
until the end of the experiment. At the first day of age broilers were divided by body mass into three
groups with two replicates per treatment, i.e., there were placed 18 broilers in one experimental
treatment. Three types of diets were used in this experiment: control and two experimental (Organic
and Inorganic). The Control group (n=18) was fed a diet without addition of selenium (selenium was
supplied only with its natural content in the feeds), the Organic group (n=18) was fed the natural content
of selenium in the feeds and organic source of selenium (Sel-Plex — Saccharomyces cerevisiae CNCM
1-3060). The last experimental group (Inorganic; n=18) was fed the natural content of selenium
in the feeds and inorganic source of selenium (Sodium selenite — Na;SeOs). Diets were designed
to be isoenergic and isonitrogenous. The broiler chickens had free access to water, and they were fed
ad libitum.

Ingredient and chemical composition of used diets are shown in Table 1, Table 2 and Table 3
for starter, grower and finisher, respectively. The chemical compositions were determined for dry
matter, crude protein, crude fat, crude fibre, and ash according to the EC Commission Regulation
(Commission Regulation 152/2009).

Table 1 Ingredient and chemical composition of starter diets

Component Unit Control Organic Inorganic
Maize g/kg 330.0 330.0 330.0
Soybean meal g/kg 341.0 341.0 341.0
Wheat g/kg 252.2 252.2 252.2
Rapeseed oil g/kg 33.6 33.6 33.6
Premix* g/kg 30.0 30.0 30.0
Limestone milled g/kg 0.8 0.8 0.8
Monocalcium phosphate g/kg 10.0 10.0 10.0
DL-Methionine g/kg 24 24 2.4
Sodium selenite g/kg - - 0.0078
Saccharomyces cerevisiae g/kg - 0.155 -
Dry matter % 88.00 88.00 88.00
MEN* MlJ/kg 12.29 12.29 12.29
Crude protein % 20.26 20.32 20.51
Ether extract % 5.53 5.34 5.40
Crude fibre % 2.15 1.98 2.00
Crude ash % 5.69 5.60 5.69

Legend: *One kg of premix contained: L-lysine 2.34 g; DL-Methionine2.4g; Threonine 0.99 g; calcium 5.25 g; phosphorus
1.95 g; sodium 1.44 g; copper 15 mgiron 84 mg; zinc 99 mg, manganese 99 mg; iodin 0.99 mg; retinol 13,500 IU
(international units); calciferol 5, 001 1U, tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg; riboflavin 8.4 mg;
pyridoxin 6 mg; cobalamin 30 ug; biotin 0.21 mg; niacinamid 36 mg; folic acid 1.8 mg; calcium pantothenate 13.5 mg; cholin
chloride 180 mg. *MEN— Apparent metabolizable energy.
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Table 2 Ingredient and chemical composition of grower diets

Component Unit Control Organic Inorganic
Maize g/kg 357.6 357.6 357.6
Soybean meal g/kg 295.0 295.0 295.0
Wheat g/kg 272.0 272.0 272.0
Rapeseed oil g/kg 37.6 37.6 37.6
Premix* g/kg 30.0 30.0 30.0
Monocalcium phosphate g/kg 5.6 5.6 5.6
DL-Methionine g/kg 2.20 2.20 2.20
Sodium selenite g/kg - - 0.008
Saccharomyces cerevisiae g/kg - 0.155 -
Dry matter % 88 88 88
ME\* MJ/kg 12.64 12.62 12.62
Crude protein % 19.62 20.11 19.34
Ether extract % 6.11 5.81 6.08
Crude fibre % 1.68 1.72 1.87
Crude ash % 5.32 5.16 5.16

Legend: *One kg of premix contained: L-lysine 2.58 g; DL-Methionine 2.52 g; Threonine 1.47 g; calcium 5.04 g; phosphorus
1.65 g; sodium 1.38 g; copper 15 mg; iron 75 mg; zinc 99 mg,; manganese 99 mg, iodine 0.9 mg, retinol 9,900 1U (international
units); calciferol 5,001 1U; tocopherol 45 mg,; phylloquinone 1.5 mg; thiamine 4.2 mg; riboflavin 8.4 mg, pyridoxin 6 mg;
cobalamin 28.8 ug, biotin 0.18 mg; niacinamid 36 mg; folic acid 1.71 mg; calcium pantothenate 13.35 mg; cholin chloride
180 mg. *MEN— Apparent metabolizable energy.

Table 3 Ingredient and chemical composition of finisher diets

Component Unit Control Organic Inorganic
Maize g/kg 399.1 399.1 399.1
Soybean meal g/kg 252 252 252
Wheat g/kg 272.5 272.5 272.5
Rapeseed oil g/kg 40 40 40
Premix* g/kg 30 30 30
Monocalcium phosphate g/kg 4.90 4.9 4.9
DL-Methionine g/kg 1.5 1.5 1.5
Sodium selenite g/kg - - 0.0083
Saccharomyces cerevisiae g/kg - 0.16 -
Dry matter % 88 88 88
MEn* MlJ/kg 12.85 12.85 12.85
Crude protein % 17.49 17.45 17.94
Ether extract % 6.33 6.29 6.32
Crude fibre % 1.45 1.63 1.42
Crude ash % 4.89 4.96 4.94

Legend: *One kg of premix contained: L-lysine 2.58 g; DL-Methionine 2.52 g; Threonine 1.47 g; calcium 5.04 g; phosphorus

1.65 g; sodium 1.38 g; copper 15 mg; iron 75 mg; zinc 99 mg, manganese 99 mg; iodine 0.9 mg; selenium 0.36 mg, retinol
9,900 1U (international units); calciferol 5,001 IU; tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg, ri-boflavin
8.4 mg; pyridoxin ; cobalamin 28.8 ug; biotin 0.18 mg, niacinamid 36 mg; folic acid 1.71 mg; calcium pantothenate 13.35 mg;

cholin chloride 180 mg. *MEN— Apparent metabolizable energy

Blood sample collection

The blood samples were collected into heparinized tubes after the slaughtering. Plasma was
collected after centrifugation (10 minutes, 3,000 rpm) till 2 hours after blood collection and then it was
frozen (-20 °C) until biochemical examination. Biochemical parameters were determined using Erba
Lachema commercial sets on the Ellipse biochemical analyzer in plasma samples. Following parameters
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were measured: AST — aspartate aminotransferase, GMT — gamma-glutamyltransferase, ALT — alanine
aminotransferases, ALP — alkaline phosphatase, LD — lactate dehydrogenase, Tbili — total bilirubin, TG
— triglycerides, cholesterol, urea, CK — creatine kinase, creatinine, TP — total protein, albumin, Se —
selenium, GSH-Px — glutathione peroxidase. The content of globulins (total protein minus albumin) was
calculated.

10 November 2021, Brno, Czech Republic

Statistical analysis

All measured data has been processed by Microsoft Excel (USA) and StatSoft Statistica version
12 (USA) was used to perform one-way analysis of variance (ANOVA). The Scheffe’s test was used
to determine the significant differences among respective groups, where the differences among
evaluated groups were considered significant at P < 0.05.

RESULTS AND DISCUSSION

Feed consumption and live weights of chickens

The average feed consumption per day and whole trial is shown in Table 4. The value of feed
conversion ratio (FCR) is also shown here.

Table 4 Feed consumption and FCR of fattened chickens in respective dietary groups

Control Organic Inorganic
Average consumption per trial/bird (g) 4315.58 4330.22 4163.83
Average consumption per day/bird (g) 88.07 88.37 84.98
FCR (kg/kg) 1.67 1.68 1.64

Legend: FCR — feed conversion ratio

The calculated FCR in Control group was 1.67; 1.68 in Organic and 1.64 in Inorganic group. FCR
reached satisfactory values in all groups. The experiment Wang et al. (2008) also did not find statistically
significant differences in FCR values in diets containing selenium. The Figure 1 shows live weight
of broiler chickens.

Figure I Live weights of broiler chickens in respective dietary groups
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the respective groups.

The average live weight was 2590 g in the Control group, 2583 g in the Organic group and 2539
g in the Inorganic group, i.e. the weights were quite similar in all groups during the trial. There was not
found any statistically significant differences (P > 0.05) in average live weights of chickens.
In the experiment of Skiivan et al. (2008) was found that the addition of selenomethionine to feed had
positive effect on the live weight of the broilers whose weight has increased by 3%. In contrast, Dalia
et al. (2017) found in their study that various sources of selenium did not significantly affect the growth
performance of broilers.
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Blood biochemical parameters of chickens
The results of biochemical examination of blood are presented in Table 5.

Table 5 Blood biochemical parameters of broilers in relation to dietary treatment

Group Control Organic Inorganic

n 6 6 6
Parameter | Unit Mean + Standard error

ALT pkat/1 0.09 £ 0.02 0.08 £ 0.01 0.06 = 0.01
AST pkat/l 249 + 0.07 273 £ 0.03 * 239 £ 0.07 b
GGT pkat/l 0.25 £ 0.07 032 £+ 0.02 0.30 £ 0.06
ALP pkat/1 17.93 + 2.72 18.54 £+ 2.08 30.09 + 6.11

LD pkat/1 46.64 + 1.19 52.39 + 4.51 4777 + 3.69

CK pkat/l | 187.58 + 18.91 213.69 + 29.31 211.55 + 69.94
Thili pumol/l 6.33 + 0.54 6.50 + 0.32 7.10 £ 0.47
Urea umol/1 1.41 + 0.03 1.43 + 0.09 1.46 + 0.05
Creat umol/1 2927 + 1.25 29.17 £ 1.77 3330 £ 1.22

UA umol/l | 329.60 + 82.00 241.77 + 40.05 248.63 + 3.58

TP g/l 34.00 £ 1.57 3443 + 1.07 34.67 £ 1.23

Alb g/l 19.04 + 1.13 18.96 £ 0.45 17.28 + 1.08
Glob g/l 14.96 + 0.59 15.47 £ 1.47 17.38 £ 0.16

Glu mmol/l| 13.65 £ 0.36 14.05 £ 0.72 13.86 = 0.75
Chol mmol/l 348 + 0.21 3.28 + 0.10 335 + 0.14

TG mmol/l 0.83 + 0.08 0.86 £ 0.04 0.85 £ 0.10

Se mg/l 0.10 £ 0.00 ° 0.17 £ 0.02 * 0.18 + 0.01 a
GPx U/gHb | 120.54 + 2.84 ° 207.46 + 2639 * 211.56 + 11.09 @

Legend: Means in the row not sharing a common letter (a — b) are statistically different (P < 0.05); n — number of cases per
group. ALT — alanine aminotransferase, AST — aspartate aminotransferase, GGT — gamma glutamyl transferase, ALP —
alkaline phosphatase, LD — lactate dehydrogenase, CK — creatine kinase, Thili — total bilirubin, Creat — creatinine, UA — uric
acid, TP — total protein, Alb — albumin, Glob — globulin, Glu — glucose, Chol — cholesterol, TG — triglycerides, GPx —
glutathione peroxidase.

In the analysis of biochemical blood parameters were found statistically significant differences
(P < 0.05) in the parameters of AST, Se and GPx. For the AST, a significant difference was found
between the Organic and Inorganic group, where its value in the Organic group reached 2.73 pkat/l
and in the Inorganic group 2.39 pkat/l. In another study, inorganic and organic selenium were found
to significantly affect serum ALT and AST activity and creatinine concentration (Dalia et al. 2017).
In the Control group was measured only 0.10 mg/l Se, in the experimental groups this value was much
higher (Organic=0.17; Inorganic=0.18 mg/1). It was similar with the GPx value, where the lowest value
was shown by the Control group (120.24 U/gHb). According to Arnaut et al. (2021) GPx levels
in chicken blood increased after diets containing selenium yeast, higher values were also observed
in chickens fed sodium selenite.

CONCLUSION

In our experiment, no significant differences in average live weight were found between
the control and organic or inorganic group of broiler chickens. The addition of selenium to the diet in our
experiment had no influence on the total feed consumption at the end of trial. However, a statistically
significant differences were observed in the evaluation of blood biochemical parameters among assessed
dietary groups, specifically for the parameters of AST, Se and GPx. In conclusion, the addition
of organic and inorganic selenium sources to the diet can increase selenium levels and glutathione
peroxidase activity in the blood of broilers.
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Abstract: The aim of the present study was to investigate the effect of organic and inorganic forms
of selenium addition to the diet and their effect on the metabolism of broiler chickens. The study was
conducted on 84 Ross 308 male broiler chickens which were divided into three groups. It was evaluated
the average live weight, feed consumption, carcass yield and biochemical blood parameters in the study.
Control group was fed a diet containing only natural content of selenium in the feed. Organic group was
fed the organic source of selenium (Saccharomyces cerevisiae CNCM 1-3060). Inorganic group was fed
the inorganic source of selenium (sodium selenite — Na,SeOs). The selenium was added to its total
content of 0.5 mg/kg of feed in both groups. The addition of selenium to the diets had no influence
on average live weight, feed consumption at the end of trial and on the carcass, breast and legs yields.
The analysis of blood biochemical parameters revealed a statistically significant difference (P<0.05)
in glutathione peroxidase activity between the control and experimental groups. No significant
differences in assessed traits of broilers were found between groups fed by organic and inorganic forms
of selenium.

Key Words: organic selenium, broiler chickens, Saccharomyces cerevisiae, sodium selenite

INTRODUCTION

Selenium (Se) is an essential microelement required for the normal functioning of living
organisms (Chen et al. 2014). Sufficient Se in animal nutrition is important for maintaining their good
health and performance. Thanks to the higher concentration of Se in meat, milk and eggs, its intake into
the human diet can also be increased (Otrubova 2018). This microelement is well known for its
importance for growth, feather development, antioxidant and immune systems, and also for reproduction
(Zhou and Wang 2011). Selenium deficiency in poultry reduces their growth, muscular dystrophy
and lower lipid absorption (Zuberbuehler et al. 2006). Selenium plays an important role in regulating
various metabolic processes in the body (Olson and Palmer 1976). Together with vitamin E,
it is involved in protecting cell membranes from oxidative damage (World health organization 2004).
The aim of the present study was to investigate the effect of organic and inorganic forms of selenium
with their different content in the poultry diet and to monitor their effect on the metabolism of broiler
chickens.

MATERIAL AND METHODS

Experimental conditions

The animal procedures were reviewed and approved by the Animal Care Committee of Mendel
University in Brno and by the Ministry of Education, Youth and Sports (MSMT-21593/2020-3).
Animals and diets

The experiment was performed with 84 Ross 308 male broiler chickens and started at the 1 day
of their age. Broiler chickens were divided into three equal groups with four replicates in each.
The broilers had access to water and feed ad /ibitum. Control group (n=28) was fed a diet containing
only natural content of selenium in the feed. First experimental (Organic) group (n=28)was fed
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the organic source of selenium (Saccharomyces cerevisiae CNCM 1-3060). The second experimental
(Inorganic) group (n=28) was fed the inorganic source of selenium (sodium selenite — Na;SeO3). In
Organic and Inorganic group, selenium was supplied with its natural content in the feed plus selenium
was added that its total content was 0.5 mg/kg in both groups. The three isocaloric and isonitrogenous
diets were formulated according to the recommended nutrients content for Ross 308 broiler chickens
with use 2-phase feeding program.

The health status of broiler chickens was monitored daily. The live weight was measured
periodically, and two deaths were recorded during the trial. At the end of the experiment at the 35" days
of age of broiler chickens, all animals were weighed and slaughtered by decapitation. After slaughter,
the yield of the main meat parts of the chickens was evaluated. Yield was calculated from live body
weight. Blood of two birds per group was collected into the heparinized tubes and centrifuged
for 15 minutes at 3,000 rpm. The blood plasma was stored frozen (-20 °C) until biochemical
examination.

The chemical compositions of diets were determined for dry matter, crude protein, crude fat, crude
fibre, and ash according to the EC Commission Regulation (Commission Regulation
152/2009). Ingredient and chemical composition of used starter and grower diets are shown in Table 1
and Table 2, respectively.

Table 1 Ingredient and chemical composition of used starter diets

Component Unit Control Organic Inorganic
Maize g/kg 297.5 297.5 297.5
Wheat g/kg 190.0 190.0 190.0
Rapeseed oil g/kg 45.0 45.0 45.0
Soybean meal g/kg 424.0 424.0 424.0
Premix* g/kg 30.0 30.0 30.0
Limestone milled g/kg 5.5 5.5 5.5
Monocalcium phosphate g/kg 8.0 8.0 8.0
Saccharomyces cerevisiae g/kg - 0.03 -
Sodium selenite g/kg - - 0.013
Dry matter a/kg 100 100 100
MEx* Ml/kg 12.24 12.24 12.24
Crude protein g/kg 26.48 26.21 25.07
Ether extract g/kg 7.22 6.93 7.13
Crude fibre g/kg 4.29 4.9 4.37
Crude ash g/kg 7.27 7.32 7.23

Legend: *Premix added to 1 kg of feed contained: L-lysine 2.34 g; DL-Methionine 2.4 g; Threonine 0.99 g; calcium 5.25 g;
phosphorus 1.95 g; sodium 1.44 g; copper 15 mg, iron 84 mg; zinc 99 mg; manganese 99 mg; iodin 0.99 mg; retinol 13,500 IU
(international units), calciferol 5, 001 1U; tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg; riboflavin 8.4 mg;
pyridoxin 6 mg; cobalamin 30 ug; biotin 0.21 mg; niacinamid 36 mg, folic acid 1.8 mg, calcium pantothenate 13.5 mg; cholin
chloride 180 mg. *MEN— Apparent metabolizable energy.

Statistical analysis
All detected values has been processed by Microsoft Excel (USA) and the StatSoft Statistica
version 12 (USA) was used to evaluate the data, in which one-way analysis of variance (ANOVA) was

used. The Scheffe’s test was used to determine the significant differences among respective groups.
The differences among evaluated groups were considered significant at P< 0.05.
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Table 2 Ingredient and chemical composition of used grower diets

Component Unit Control Organic Inorganic
Maize g/kg 292.0 287.0 287.0
Wheat g/kg 250.0 250.0 250.0
Rapeseed oil g/kg 45.0 45.0 45.0
Soybean meal g/kg 370.0 375.0 375.0
Premix* g/kg 30.0 30.0 30.0
Limestone milled g/kg 4.0 4.0 4.0
Monocalcium phosphate g/kg 6.0 6.0 6.0
Saccharomyces cerevisiae g/kg - 0.25 -
Sodium selenite g/kg - - 0.01
Chromium oxide g/kg 3.0 3.0 3.0
Dry matter a/kg 100 100 100
MEy* MJ/kg 12.40 12.38 12.38
Crude protein g/kg 24.18 25.61 25.19
Ether extract g/kg 7.13 7.26 7.29
Crude fibre g/kg 4.25 4.12 4.25
Crude ash g/kg 7.02 6.94 6.9

Legend: *Premix added to 1 kg of feed contained: L-lysine 2.34 g; DL-Methionine 2.4 g; Threonine 0.99 g; calcium 5.25 g;
phosphorus 1.95 g; sodium 1.44 g; copper 15 mg; iron 84 mg; zinc 99 mg, manganese 99 mg; iodine 0.99 mg; retinol 13,500
1U (international units); calciferol 5,001 1U; tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg; riboflavin 8.4 mg;
pyridoxin 6 mg; cobalamin 30 ug;biotin 0.21 mg; niacinamid 36 mg; folic acid 1.8 mg; calcium pantothenate 13.5 mg; cholin
chloride 180 mg. *MEN— Apparent metabolizable energy.

RESULTS AND DISCUSSION

Evaluation of broiler chickens live weight and feed consumption

The live weight of broiler chickens is shown in Figure 1. The average live weight was 2325 g
in the Control group, 2340 g in the Organic group and 2251 g in the Inorganic group at the end
of the trial. No statistically significant differences were found (P>0.05) in average live weights
of chickens during the experiment. In the experiment of Dlouha et. al (2008) was found that the addition
of 0.3 mg/kg Se-chlorella had the positive effect on the live weight of the broilers.

Figure 1 Average live weight (g) of broiler chickens during the experiment
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The average feed consumption per whole experiment was 3093 g for the Control group, 3056 g
for Organic group and 2919 g for Inorganic group. The average total feed consumption per a day was
88 g for the Control group, 87 g for Organic group and 83 g for Inorganic group. The calculated feed
conversion ratio (FCR) was 1.33 for the Control group, 1.31 for Organic group and 1.30 for Inorganic
group, respectively. FCR reached satisfactory values in all groups. This fact is evidenced
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by the guidelines for Ross 308 (Aviagen group 2019), where they consider 1.473 to be the optimal FCR
value. The measured results show that no statistically significant differences (P>0.05) were found among
evaluated groups. Wang and Bao-Hua (2008) also did not find statistically significant differences
in FCR values in their experiment studying different selenium sources.

Table 3 shows the carcass weight and yield of main meat parts of broilers at the end of the trial.

Table 3 Carcass weight and yields of main meat parts of broilers in relation to the dietary group
of broilers

Group Control Organic Inorganic
n 8 8 8

Mean = Standard error
Carcass weight (g) 1629.52 + 67.10 1619.60 + 43.63 1606.99 + 37.47
Carcass yield (%) 71.03 + 0.56 69.64 + 0.65 70.24 + 0.61
Breast (%) 32.16 + 0.76 32.84 + 0.50 3241 + 047
Leg meat (%) 21.75 + 0.55 20.83 + 0.67 20.89 + 0.39

Legend: There was not found statistically significant differences (P > 0.05) among dietary groups; n — number of cases per
group.

Blood biochemical parameters of broilers
The results of the biochemical analysis are presented in Table 4.

Table 4 Blood biochemical parameters of 35-day old broilers in relation to the dietary group

Group Control Organic Inorganic
n 8 8 8
Parameter| Unit Mean =+ Standard error

ALT pkat/1l 0.05 <+ 0.00 0.04 = 0.00 0.05 £ 0.01
AST pkat/l 523 =+ 0.5 4.89 + 0.51 5.30 £ 0.56
GMT pkat/1l 027 £ 0.03 0.21 £ 0.02 0.23 £ 0.02
ALP pkat/l | 98.61 =+ 13.77 84.30 + 1491 67.41 £ 08.11
LD pkat/l | 2557 £ 5.30 2330 + 2.65 2453 + 2.71
CK pkat/l | 328.51 =+ 38.68 327.66 + 49.06 376.09 + 45.50
Thili pmol/l | 1.34 £ 042 1.11 £ 0.20 1.60 = 0.36
Urea pmol/l | 0.83 + 0.05 0.89 £+ 0.06 0.97 £ 0.05
Creat pmol/l | 36.00 =+ 2.29 32.79 + 0.95 3391 + 1.93
UA umol/l | 173.64 =+ 19.26 129.56 + 17.45 184.06 + 22.71
TP g/l 26.50 + 2.15 2523 + 0.98 2545 + 1.19
Alb g/l 1258 + 1.09 12.25 + 0.50 1233 + 0.46
Glob g/l 1393 + 1.06 1298 + 0.48 13.12 + 0.73
Glu mmol/l| 12.76 + 0.85 12.27 + 0.50 1297 + 0.34
Chol mmol/l| 2.68 + 0.24 242 + 0.09 237 + 0.12
TG mmol/l| 048 + 0.08 0.37 + 0.03 0.54 + 0.09
GPx U/gHb | 47.83 + 277 ° 190.26 + 11.82 *® 192.08 + 14.15 @

Legend: Means in the row not sharing a common letter (a — b) are statistically different (P < 0.05); n — number of cases per
group. ALT — alanine aminotransferase, AST — aspartate aminotransferase, GMT — gamma glutamyl transferase, ALP —
alkaline phosphatase, LD — lactate dehydrogenase, CK — creatine kinase, Thili — total bilirubin, Creat — creatinine, UA — uric
acid, TP — total protein, Alb — albumin, Glob — globulin, Glu — glucose, Chol — cholesterol, TG — triglycerides, GPx —
glutathione peroxidase.

Chen et al. (2013) conducted a study examining the effect of adding different levels of selenium-
enriched yeast on growth factor, performance parameters, immune system, oxidation resistance, meat
quality and selenium content in broiler tissue. A total of 540 one-day-old Arbor Acres broilers were used
in their study and fed diets supplemented with 0.0, 0.3, 0.5, 1.0 and 2.0 mg of organic selenium/kg
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of feed. The experiment lasted 42 days. The results showed that the effect of different levels of selenium
on growth factor, immune system, etc., did not differ significantly (P>0.05) among different selenium
dietary levels. However, serum glutathione peroxidase (GSH-Px) activity and selenium content were
significantly increased (P<0.05) at the end of the study. The results showed that organic selenium had
no apparent effect on the performance of broilers, but significantly affected the oxidative resistance
of broilers.

CONCLUSION

At the end of the experiment, no significant differences in average live weight were found between
the control and experimental groups of broiler chickens. The addition of selenium to the diet in our
experiment had no influence on feed consumption at the end of trial, carcass yield and yields of breast
and leg meat. However, a statistically significant difference was observed in the GPx activity, which
showed differences between the control group and the experimental groups with added selenium.
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Abstract: One of the characteristics of automatic milking systems is that cows can visit the Automatic
Milking System (AMS) voluntarily for milking. This leads to variations in the frequency of visits
of cows to the AMS. The number of visits, rejections and volume of milk produced were studied using
data from the private farm ZD Libin, located in the South Bohemian region. The dairy herd under
observation consisted of 147 Montbeliarde cows. Data were collected from 1 January to 7 December
2020, creating a total of 23 389 data records. The average daily milk yield during the observation period
was 33.7 kg milk per cow with a maximum of 59.3 kg milk per cow. Each cow in the herd was milked
on average, 2.6 times per day. Only in rare cases were some cows milked less than twice or more than
four times per day. Results show that high producing cows go to the AMS more often. During the first
stage of lactation the cows produced an average of 35.9 kg of milk per day and were milked on average
2.8 times a day. Data further shows that 44.3% of cows were never rejected by the AMS because they
were ready to be milked.

Key Words: dairy cows, automatic milking system, rejection, Montbeliarde

INTRODUCTION

The increasing demand for investment in livestock production due to higher workloads, higher
material costs and increased organizational complexity, compel livestock breeders to continuously
intensify production and strive to meet optimum biological and economic objectives and increase
the economic profitability of livestock production systems using the genetic potential of animals
(Bouska 2006, Kuczaj et al. 2020).

Current knowledge of Automatic Milking Systems (AMS) does not claim to be a milking
management solution for all types of herds in all production conditions since the effectiveness of their
application is determined by a number of operational and economic factors (Kuczaj et al. 2020).
Research suggests that AMS is a suitable system for herds of 60 to 240 cows and, under certain
conditions with controlled movement of animals, for herds of 300 to 400 cows (Vacek and Smutny
2021).

The benefit of AMS lies in the fact that it allows for the natural extraction of milk. Milking
becomes a natural process that the cow seeks out of own accord, to allow for the cow’s biological
processes and avoid stress. AMS represents not only a new milking system but also a new way of milking
management. The AMS is positioned in the stable and contributes to improving the welfare of dairy
cows. Cows are allowed to determine when they need to be milked, rested or graze (Madsen et al. 2009).
During milking they do not have to lose visual contact with the rest of the herd, so it never feels separated
from the herd. At the same time, due to the increasing frequency of milking, it improves udder health
(Machalek et al. 2011).

MATERIAL AND METHODS

The Automatic Milking System Lely Astronaut was used as experimental automatic milking
system for the purpose of this study. The feed composition was typical for the region (460 meters above
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sea level) and a mineral premix was also included. Nutrient levels in the feed were optimized to maintain
daily milk production and the feed ration was fed in the form of total mixed ratio (TMR). The cows were
fed twice a day and excess feed regularly pushed closer to the animals. The cows were housed in cubicles
using mattresses replacing bedding material. Cows entered the AMS voluntarily but twice daily the herd
was monitored for animals avoiding the AMS. This was done in order to prevent milking mastitis
or other health complications associated with skipped milkings.

Data were collected by means of an electronic recognition device, which was part of the AMS.
This device recognizes individual cows, each with an unique ID. The AMS records the date, the milking
yield, number of milkings per day and number of rejections per day. Rejections were registered when
cows were refused entry by the AMS. This rejection occured when cows attempted to enter the AMS
more often than permitted. The AMS settings only allowed cows for milking more than 3 hours after
the last milking. Cows were also rejected when they tried to enter the AMS more than 7 times a day.
In this way a total of 23,389 data recordings were created.

Data were collected at the private farm ZD Libin in the South Bohemian Region where
Montbeliarde cows are kept. Data collection took place from 1 January to 7 December 2020. The herd
consisted of 147 dairy cows, which, on average produce 8,809 kg of milk per lactation. The cows calved
the first time at the age of 26 months.

All data from sick cows and cows in heat were discarded. Cows that were lactating for 306
or more days were excluded from the results. The data were statistically analyzed using Statistica CZ
12 software. The significance of the effects and the differences between the means were tested using
the analysis of variance and Schéffe test. Statistical significance was tested at a significance level
of a=0.01.

According to their stage in lactation, cows were divided into three groups. The first stage (I)
1-100 days in milk (DIM), the second stage (I) 101-200 DIM and the third stage (IIT) 201-305 DIM.
Cows were also sorted according to their number of lactations. The first lactation (36.9% of the cows),
in the second lactation (24.5% of the cows), in the third lactation (17.2% of the cows) and in their fourth
lactation or higher (21.3% of the cows).

RESULTS AND DISCUSSION

Descriptive analysis of the observed herd showed the following frequencies of distribution
of cows in different lactation stages. In DIM stage I were 52.4% of the cows, in DIM stage 11 32.4%,
and in DIM stage III 15.2% of the cows. Figure 1 shows the distribution of successful milkings per cow
per day. The average number of milkings per cow per day was 2.6 for the whole herd. A herd maximum
of 7 milkings per day per cow (4 observations only) was recorded at the peak of their lactations.
Machalek et al. (2011) state that the average number of milkings per day in the range of 2.5-3 is
satisfactory, which was also proved by this measurement. Closer reflection indicates that more than 95%
of the herd was milked more than once per day. This is in contrast with comparative manual milking
systems where generally 100% cows in lactation are milked twice per day.

Table 1 shows the distribution of milk yields, successful milkings and rejections by lactation
stages. Results suggest that cows achieved the highest milk production in the first stage of lactation.
This is confirmed by Zizlavsky and Miksik (2005) and Zizlavsky et al. (2008), who stated that milk
production gradually increases (ascending) immediately after calving and continues for about 30-60
days. After reaching the highest daily milk yield, the milk production decreases until the end
of the lactation. Furthermore, we can observe the same tendency in changes of milk production
with changes in the number of the milkings per day. The opposite tendency is observed between
the changes in rejections with changes in DIM stages. In the first DIM stage, when the highest average
milk yield is 35.9 kg per day, the cows are milked on average 2.8 times a day. At the same time the least
rejections by the AMS is reccorded (1.7 times a day). In subsequent stages this number gradually
increases.
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Figure 1 llustration of the frequency of milkings per day
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Table 1 Milk yield and milkings and rejection numbers by lactation stages
DIM stage x milk yield (kg) Max Min Std
1. (0-100) 3594 59.3 43 8.173
II. (101-200) 33.08 54.4 11.6 6.707
I11. (201-305) 28.3¢ 48.1 1 6.506
X milkings (times a day) Max Min Std
1. (0-100) 2.84 7 1 0.924
IL. (101-200) 2.58 7 1 0.870
111. (201-305) 22€ 6 1 0.713
X rejection (times a day) Max Min Std
L. (0-100) 1.74 48 0 2.815
II. (101-200) 1.8° 31 0 2.982
111. (201-305) 22€ 90 0 4.101

Legend: Values in the same columns marked with different letters (4 to C) are statistically different (P < 0.01).

Table 2 Milk yield and milkings and rejection numbers by number of lactations

Lactation x milk yield (kg) Max Min Std
1 28.54 50.3 1 5.928
2nd 34.0"° 54.5 0.8 7.329
3rd 38.1¢ 59.2 2 7.833
4t 4 37.9¢ 59.3 0.4 7.909

X milkings (times a day) Max Min Std
1 224 5 1 0.561
2nd 2.78 6 1 0.880
31 3.0¢ 7 1 1.081
4t 4 2.9° 7 1 0.931

X rejection (times a day) Max Min Std
1 1.34 31 0 2.239
2nd 228 90 0 3.806
31 2.5€ 48 0 3.725
4t + 1.9° 35 0 3.023

Legend: Values in the same columns marked with different letters (A to D) are statistically different (P < 0.01).

Table 2 shows the distribution of milk yields, successful milkings and rejections by number
of lactation. Momani and Sada (2010) stated that milk yield increases with increase in the number
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of lactations, with apex production in the third lactation. It is then kept at the same level for one to two
lactations and then gradually decreases. This tendency is strongly supported and confirmed in Table 2.
The same tendency as with milk yield per lactations can be seen with the number of milkings
per lactation. This tendency is also true for the number of rejections per lactation. Findings suggest that
cows with higher milk yields tend to enter the AMS successfully more often. The higher rate
of rejections could possibly be because of the higher number of entrances to the AMS. This may be
an indication of the increased need to be milked due to higher production. This could be an important
theme for the further investigation.

CONCLUSION

Looking at the basic indicators of milking success findings suggest that the use of artificial
intelligence in the optimization of milking systems has positive prospects for improving the animal
welfare status of dairy production without negative consequences for dairy production systems. It allows
for dairy cows to move freely throughout the day while voluntarily participates in the milking activities
with the minimum force and stress. This creates a more stable, relaxed and conducive environment
for optimum milk production by cows. The absence of a rigid milking routine associated with
conventional milking parlours contributes largely to a more relaxed and productive milking session.
Normal activities associated with the management and control of milking parlours (manure removal
and feeding) have a far less disturbing effect on dairy cows. The hygienic procedures associated
with the AMS before, during and after milking eliminates human error and negligence. This improves
and protects the general health status of the mammary glands of the dairy cow. In conclusion it can
therefore be stated that the AMS not only improves the welfare of the animals but also saves breeders
time, manpower and costs.

REFERENCES

Bouska, J. 2006. Chov dojeného skotu. 1* ed., Praha: Profi Press.

Hulsen, J. 2005. Cow signals: a practical guide for dairy farm management. Zutphen, Netherlands:
Roodbont Publishers.

Kuczaj, M. et al. 2020. Relationships between Selected Physiological Factors and Milking Parameters
for Cows Using a Milking Robot. Animals (Basel) [Online], 10(11): 2063. Available at:
https://doi.org/10.3390/ani10112063. [2021-09-05].

Machalek, A. et al. 2011. Analyza a metodika hodnoceni interakci systému cloveék - zvife - robot
na farmach dojnic. Praha: Vyzkumny ustav zemédélské techniky, v.v.i., 49 pp. Certified methodology,
ISBN 978-80-86884-63-9. Available at: www.vuzt.cz/svt/publ/P2011/085.PDF. [2021-09-01].
Madsen. J. et al. 2009. Concentrate composition for Automatic Milking Systems — Effect on milking
frequency. Livestock Science [Online], 127(1): 45-50. Available at:
https://doi.org/10.1016/j.1ivsci.2009.08.005. [2021-09-09].

Momani, M.S., Sada, 1. 2010. Zaklady chovu zvitat v TS 1. 1% ed., Praha: Ceskéa zemé&délska univerzita.
Vacek, M., Smutny, L. 2021. Ekonomika robotického dojeni. Na§ chov [Online], 6: 75. Available at:
https://www.naschov.cz/ekonomika-robotickeho-dojeni. [2021-09-01].

Zizlavsky, J., Miksik, J. 2005. Chov skotu. Brno: Mendelova zemédélska a lesnické univerzita v Brng.
Zizlavsky, J. et al. 2008. Chov hospodaiskych zvifat. 2™ ed., Brno: Mendelova zemé&délska a lesnicka
univerzita v Brné.

@ 121|Page



MN

10 November 2021, Brno, Czech Republic M
endel

Evaluation of reproductive parameters at a farm specializing
in breeding of Czech Fleckvieh dairy cows

Kristyna Kocianova, Radek Filipcik, Zuzana Reckova, Vojtech Pesan
Department of Animal Breeding
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC

kriskocil2(@seznam.cz

Abstract: The aim of this study was to evaluate the level of selected reproductive parameters at a farm
specializing in breeding Czech Fleckvieh dairy cows. The study was carried out at the farm AZOS,
s. 1. 0. Zaktany. Reproductive parameters were assessed in 291 cows in the years 2017, 2018 and 2019.
The longest calving interval was 400 days for cows on the 4th lactation and there was not a statistically
conclusive (p>0.05) difference. The shortest calving interval of 378 days was found in cows at 2™
lactation and there was not a statistically conclusive (p>0.05) difference. Cows had more difficult
calvings when they had twins than when they had one offspring. It was also established that the length
of gestation was shorter in twin pregnancies. There was a statistically conclusive (p<0.01) difference
in gestation length for cows with a single offspring, where the length of gestation was 285 days,
and cows with twins, which were pregnant for 279 days.

Key Words: Czech Fleckvieh cattle, reproduction, reproductive parameters

INTRODUCTION

The reproductive performance of cows together with the yield achieved are among the most
important factors influencing the output and economic results of breeding farms. Ensuring regular
reproduction is thus the main condition for successful breeding, because reproduction is the cornerstone
of profitable breeding (Coufalik 2013). With increasing demands on the yield of dairy cows comes
a deterioration in the reproductive rate (Rodriguez-Martinez et al. 2008). One of the main problems
is the low heat detection rate and the prolongation of postpartum anoestrus (Coufalik 2013). Other
complications may include the higher incidence of ovarian abnormalities (Royal et al. 2000), shorter
oestrus and lower intensity of oestrus symptoms (Lopez et al. 2004) or increased incidence of early
or late embryonic mortality (Humblot et al. 2009). Nowadays, many synchronization programmes (e.g.
Ovsynch, Cosynch etc.) are used to improve reproductive efficiency. However, these programmes are
costly and do not address the causes of the problems. The main condition for the resumption
and physiological functioning of the sexual cycle after parturition is that each cow be healthy
after calving with a trouble-free puerperium (Coufalik 2013).

MATERIAL AND METHODS

The study assessed reproductive indicators in the selected Czech Fleckvieh cattle farm
for the years 2017, 2018 and 2019. These parameters were assessed in a total of 291 cows.
The individual values were acquired from farm records, breeding cows’ cards and monthly yield
recording results.

At the farm in question, insemination is carried out using semen from both proven and genomic
bulls. As a last resort, insemination doses from beef sires are employed when dairy cows have problems
conceiving. Visual checks for oestrus are conducted twice a day. If oestrus is not detected in a cow
or if she is found to be infertile during a pregnancy examination, oestrophan is used to induce heat.
Diagnosis of pregnancy is carried out rectally two months after service. Dairy cows are dried off
for at least two months before the expected calving date and are moved to a group maternity pen three
weeks prior to calving.

@ 122|Page



MN

10 November 2021, Brno, Czech Republic M
endel

As part of performance monitoring, the average milk yield achieved at the farm was 7641 kg
in 2017, 8279 kg in 2018 and 8624 kg in 2019.

At the selected breeding farm, the following factors were assessed: the effect of year (2017, 2018,
2019), number of offspring (singleton, twins) and lactation order (2, 3, 4, 5, 6 and above) on the length
of calving interval, length of gestation and difficulty of parturition (1 = easy delivery, 2 = assistance
required during delivery). Statistical analysis of the data was performed using the statistical programme
STATISTICA 12.0, with variance analysis being employed. An HSD test was used to determine
significance among the levels of the individual factors.

RESULTS AND DISCUSSION

Table 1 summarizes the results for the effect of year, number of offspring and lactation order
on gestation length, difficulty at parturition and length of calving interval.

Table 1 Effect of year, number of offspring and lactation order on gestation length, calving interval
and difficulty at parturition

Gestation length Difficulty | Calving interval

N (days) at parturition (days)
X Sx X Sx X Sx
Total 291 285 527| 1.26 | 0.44 | 388 54.07
2017 | 104 2842 546(120%| 0.4 385 53.07
Year 2018 | 95 285 5.02(1.20%| 0.4 385 50.94
2019 | 92 286° 521(1.38%] 049 | 394 58.23

. 1 269 2854 502|125 | 0.44 | 388 | 53.25
No. of offspring

2 22 2798 4.59| 132 | 048 392 64.24
2. 88 284 499 | 1.28 | 045 378 41.47
3. 71 285 538 1.24 | 0.43 382 51.95
Lactation order 4. 58 283.43 5.06| 1.18 | 0.39 | 400 60.2
5 39 285.79 6.03| 1.32 | 047 | 398 60.83

6.+ | 35 285.49 493 | 131 | 047 | 392 62.84

Legend: the different letters (a,b; A,B) denote separately statistically significant differences between years, numbers of calves
and lactation order. a, b= p<0.05, A, B= p<0.01.

The analysis of the data revealed a statistically significant (p<0.05) difference in gestation length
between the years 2017 and 2019. In 2017 the average gestation length was 284 + 5.46 days, and in 2019
it was 286 = 5.21 days. In 2018 the average gestation length was 285 days with a variability of + 5.02
days. For the effect of the number of offspring on gestation length, it was statistically proven (p<0.01)
that if the cow was carrying twins, gestation was significantly shorter. The average gestation length was
285 + 5.02 days for cows with a single offspring and 279 + 4.59 days for cows with twins. In the case
of twins, gestation was thus shortened by almost 7 days, which is also confirmed by Coufalik (2013),
who stated that in twin pregnancies gestation is shortened by 5-10 days. In their study, Bezdicek
and Louda (2009) report a gestation length of 281 days for Czech Fleckvieh cows with twins
and a shortening of gestation by 5.84 days compared to single pregnancies.

When assessing the difficulty of parturition, it was found that in the years 2017 and 2018 there
were easier births at the farm (1.20 £ 0.40 points). In 2019 there was a significant (p<0.01) deterioration
in this indicator (1.38 £+ 0.49 points). The average calving difficulty was 1.25 £+ 0.44 points for a single
pregnancy and 1.32 £+ 0.48 points for a twin pregnancy. Grummer et al. (2008) stated in their study
that cows with twins are more likely to require assistance during delivery. The most difficult births were
in cows on the 5th lactation and above. Jakubec et al. (2012) stated that the age of the cow and birth
weight of the calf are the most important traits influencing the difficulty of parturition.

The average length of calving interval was 385 + 53.07 days in 2017, 385 + 50.94 days in 2018
and 394 + 58.23 days in 2019. The length of the calving interval was 388 & 53.25 days for cows
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with a single offspring and 392 + 64.24 days for cows with twins. The shortest calving interval was
378 +£41.47 days for cows on the 2nd lactation, and the longest calving interval belonged to cows
on the 4th lactation, where the average length was 400 £ 60.20 days. According to Kvapilik et al. (2019),
the optimal length of calving interval is up to 385 days, but an extension of up to 400 days is tolerated
in high-producing cows. Chagas et al. (2007) stated that an extension of the calving interval may result
from a prolonged postpartum anoestrus. According to Coufalik (2013), a calving interval longer
than 380 days is a sign of poor reproductive efficiency. In 2017, according to Kvapilik et al. (2018),
the average length of calving interval for cows in the Czech Republic was 401 days, and in 2018,
according to Kvapilik et al. (2019), it was 397 days. Andrysek et al. (2018) stated that in 2017
the average length of calving interval for Czech Fleckvieh cows was 391 days, and in 2018, according
to Andrysek et al. (2019), it was 390 days. Bucek and Kucera (2019) stated from the results of milk
yield recording that in 2019 the calving interval for cows in the Czech Republic was 396 days long,
and 391 days long for Czech Fleckvieh cows. The cows assessed at the farm in 2017 and 2018 achieved
more favourable values than the national average. In 2019 the length of calving interval was calculated
to be 393 + 58.23 days, which points to a slight deterioration in the conception rate among dairy cows
compared to previous years. In their study, Rehak et al. (2012) determined the length of calving interval
among Czech Fleckvieh cattle to be 382 days. Of the assessed cows, the only ones to achieve better
results are those on the 2nd lactation, the figure being 378 + 41.47.

CONCLUSION

It was determined that among the cows there was a statistically significant (p<0.05) difference
in gestation length between the years 2017 and 2019, when the length of gestation was extended
by 1.85 days. Furthermore, a statistically conclusive (p<0.01) difference was found in gestation length
for cows with a single offspring, where the length of gestation was 285 days, and cows with twins,
which were pregnant for 279 days. For cows with twins, there was thus a shortening of gestation
by an average of six days.

There was also found to be a statistically significant (p<0.01) deterioration in the difficulty
of parturition between the assessed years. In the years 2017 and 2018, the mean calving difficulty was
1.2, and in 2019 it was 1.38. Twin births were more difficult than births of a single offspring,
with the average value being 1.25 for single pregnancies and 1.32 points for twin pregnancies.

In 2019 there was a prolongation of the average length of calving interval by 8.6 days.

At the selected farm, relatively good results were achieved for reproduction: in the majority
of cases, the individual reproductive parameters correspond to optimal values, and for the most part
the values are superior to the average for the Czech Republic.
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Abstract: Disinfection footbaths are a common practice for controlling and preventing the spread
of infectious diseases causing lameness (dermatitis digitalis, footrot) in dairy cows. On the market there
exists many disinfectants for cattle footbaths, but their effectiveness on farms is often disputable. In vitro
tests were performed to verify the effectiveness of disinfection according to CSN EN 1656. The effect
of different disinfectants on bacteria in various concentrations at a specified temperature of 20 °C was
verified. The aim was to determine their effectiveness even at temperatures of 10 and 5 °C, which are
really in lavage baths on farms. Effectiveness verification of the disinfectant consists of ideal conditions
of two steps, tests of the effectiveness of the disinfectant in the laboratory and controlled field conditions.
Three disinfectants with organic acids (A) organic acids (lactic, propionic, formic), zinc, aloe vera,
aldehyde, glycerin, (B) organic acid (lactic), zinc, copper and (C) iodine, organic acid (lactic) were
tested in the laboratory by dilution-neutralization method and membrane filtration method. Laboratory
tests have shown better bactericidal effects of organic acids in selected bacteria with another active
substance (zinc, copper in disinfection B and iodine in disinfection C), colony-forming units were
reduced by at least by 5 logs at low temperatures.

Key Words: disinfection, organic acids, footbaths, dairy cow, lameness, effectiveness

INTRODUCTION

The antibacterial mechanisms of organic acids are based primarily on lowering the pH
of the environment, accumulating cellular anions, and lowering cellular pH (Wang et al. 2019). Organic
acids can cross bacterial membranes and dissociate into protons and organic anions in the cytoplasm.
Organic acid molecules vary in the length of the carbon chains and the number and nature of attached
acidic and other chemical groups. A study by Wales et al. (2013) yielded conflicting findings regarding
the relative antibacterial activity of different organic acids, probably due to many different conditions
(humidity, pH, and bacterial physiological conditions) that may affect measurements (Wales et al. 2013).
Efficient penetration of bacterial cells occurs when organic acid molecules are in an electrically neutral,
undissociated state. So, their activity is markedly increased in an acidic environment, where most weak
acid molecules are undissociated (Ricke 2003). Carrique-Mas et al. (2007) demonstrated the "masking"
of viable bacterial cells due to organic acids lowering the pH of the culture medium (Carrique-Mas et al.
2007), with the aldehyde / organic acid mixture showing little masking compared to products containing
only organic acids. This effect could potentially overestimate the apparent efficacy of organic acids.
Masking would probably not overestimate the effect of products associated with a low or moderate
reduction (up to about 3 log units) in bacterial counts (Wales et al. 2013).

Low temperature reduces the disinfecting effect against many bacteria, which can be significant,
especially in colder periods (Wales et al. 2013).

Among organic acids, lactic acid and acetic acid have disinfectant effects and are commonly used
(Olmez and Kretzschmar 2009). Lactic acid is a better antimicrobial agent in reducing the number
of aerobic mesophilic bacteria, Listeria monocytogenes and Escherichia coli O157: H7 compared
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to acetic acid (Wang et al. 2019). Furthermore, citric, and malic acids have confirmed antimicrobial
properties (Park et al. 2011). Phytic acid also shows high antimicrobial activity (Kim and Rhee 2016).
The disinfectant consists of citric and lactic acid inactivated Yersinia enterocolitica, L. monocytogenes
and E. coli (Virto et al. 2006). Propionic, acetic, lactic, malic, and citric acid also inactivated E. coli
O157: H7, S. Typhimurium and L. monocytogenes (Park et al. 2011).

The combination of different organic acids shows more effective disinfection results. Individual
and/or combined disinfection with citric, malic and phytic acid inactivated Escherichia coli
and Staphylococcus aureus depending on concentration and time. At one selected concentration,
the mixture of these acids effectively reduced the viability of E. coli and S. aureus by approximately
99.9% in 10 minutes. The combined application of the three organic acids led to a higher bactericidal
activity, indicating a synergistic effect between the acids. Combined acid treatment disrupted
the integrity of the bacterial membrane and increased intracellular reactive oxygen species.
The inactivation efficiency of said mixture of organic acids is also effective on Salmonella
Typhimurium, Pseudomonas aeruginosa and Listeria monocytogenes (Seo et al. 2021).

The combined use of an organic acid with an oxidizing agent is more effective than a single
organic acid disinfectant alone, as dissociated acid and oxidizing agent molecules can cause protein
agglutination and membrane destruction. Organic acids and ozone show increased efficiency
in disinfection against E. coli O157: H7, Shigella spp. and L. monocytogenes (Singla et al. 2011).
The antimicrobial reduction has also been observed using organic acid and electrolyzed water, as well
as with hydrogen peroxide (Zhang and Yang 2017). A mixture of sodium chloride and various organic
acids (acetic, citric, lactic, malic and phytic) was effective against E. coli O157: H7 (Kim and Rhee
2016). The bactericidal activity of organic acids is generally dependent on the acid composition
and requires a high concentration, increased costs, odour, and corrosion. Therefore, it would
be interesting to explore new combinations of organic acids to achieve effectiveness with lower amounts
and higher safety (Seo et al. 2021).

The disinfectant efficacy observed with organic acids is relatively variable and sometimes
disappointing (Wales et al. 2013). This study aimed to determine the effectiveness of individual
combinations of organic acids with other active substances in temperature conditions that mimic field
applications.

MATERIAL AND METHODS

Disinfectants were tested by dilution-neutralization and membrane filtration methods according
to CSN EN 1656 (665208) Chemical disinfectants and antiseptics - Quantitative suspension test
to determine the bactericidal effect of chemical disinfectants and antiseptics used in veterinary care —
Test method and requirements.

The tested microorganisms were bacteria used for testing disinfection by neutralization
and membrane method (Enterococcus hirae CCM 4533, Staphylococcus aureus CCM 2022,
Pseudomonas aeruginosa CCM 7930, Proteus hauseri CCM7011) according to CSN EN 1656. Bacteria
were from the Czech University gelatin discs or lyophilized. A bacterial suspension was prepared
to a value of 1.5x10%-5x10® CFU/ml (optical density around 0.5 McFarland).

Three tested disinfectants contained organic acids as active compounds in combination with other
active ingredients. Disinfection (A) contains organic acids (lactic, propionic, formic), zinc, aloe vera,
aldehyde, glycerin, (B) organic acid (lactic), zinc, copper and (C) iodine, organic acid (lactic).

RESULTS AND DISCUSSION

Organic acid-based disinfectants were tested at 20, 10 and 5 °C. The disinfectant has a bactericidal
effect if the defined CFUs (colony forming units) have been reduced by at least 5 logs. The effect can
be considered bacteriostatic if the defined CFU is reduced by 3-5 logs.

For disinfection A containing organic acids (lactic, propionic, formic), zinc, aloe vera, aldehyde
and glycerin, the test results are in Table 1. A demonstrable bactericidal effect (by 5 logs) was only
in Pseudomonas aeruginosa. For the other bacteria (Proteus hauseri, Enterococcus hirae
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and Staphylococcus aureus), the efficacy was less than the reduction of 3 logs, which did not correspond
to the bacteriostatic effect and the product was evaluated as ineffective.

Table 1 Results of disinfection testing containing organic acids, zinc, aloe vera, aldehyde, glycerin
in concentrations of 1, 3 and 5% (A4)

Bacteria/ Temperature 20 °C 10°C | 5°C
Pseudomonas aeruginosa 1% | 3% | 5% | 1% 1%

Proteus hauseri

Enterococcus hirae

Staphylococcus aureus
Legend: tinted green - reduction by more than 5 logs, bactericidal efficacy; tinted red - no bactericidal or bacteriostatic effect

Formic acid has the best disinfecting effect of all organic acids. Propionic acid is not very effective
against bacteria, and its use is more limited against fungi (Skaloud 2013). Aldehydes are unstable
in the environment depending on the temperature. Ricke (2003) found that denaturation of acid-sensitive
proteins is an antibacterial mode of action of organic acids. This result is consistent with the results
of Wang et al. (2015). Wang et al. (2019) hypothesized that due to the different structures of cellular
proteins and extracellular polysaccharides of different bacteria, the binding sites of lactate, propionate
anions are different, making some specific bacteria resistant to disinfection. Through the combined
action of lactate and propionate anions, the disinfection efficiency can be improved by affecting multiple
protein sites. Overall, these results suggest that the mixture of acids and individual acids have different
effects on the bacteria tested.

Table 2 Results of disinfection testing containing organic acids, zinc, copper in concentrations of 1, 3
and 5% (B)

Bacteria/ Temperature 20 °C 10°C | 5°C
Pseudomonas aeruginosa 1% | 3% | 5% 1% 1%
Proteus hauseri 1% | 3% | 5%

Enterococcus hirae

Staphylococcus aureus 3% | 5% 3%

Legend: tinted green - CFU reduction by more than 5 logs, battery efficiency, tinted light green - bacteriostatic effect, CFU
reduction between 3 and 5 logs; tinted red - no bactericidal or bacteriostatic effect

The results of the disinfection tests B containing lactic acid, zinc, copper, given in Table 2, show
that it has poorer efficacy in cocci and Proteus hauseri at reduced temperatures. It is bactericidal
in Staphylococcus aureus only at 20 °C and higher temperatures. At lower temperatures, it behaves
bacteriostatic ally, or the efficacy is not proven. Lactic acid is effective for disinfection in concentrations
of 1 and 2% (Skaloud 2013). The results of the study by Michaels et al. (2005) examining
the disinfecting effects of copper compounds show a bactericidal effect on E. coli O157: H7 for ninety
minutes at room temperature (20 °C) (Michaels et al. 2005). At cold temperatures (4 °C), copper
inactivates more than 99.9% of E. coli O157: H7 within 270 minutes (Wilks et al. 2005). Since
we followed CSN EN 1656, the exposure time of disinfection with bacteria was 5 minutes which is not
enough for the oligodynamic effect of copper.

Table 3 Results of disinfection testing containing organic acid (lactic), iodine 0.5, 0.75 and 1% (C)

Bacteria/ Temperature 20 °C 10°C | 5°C
Pseudomonas aeruginosa 0.5% | 0.75% | 1% | 0.5% | 0.5%
Proteus hauseri 0.5% | 0.75% | 1% | 0.5% | 0.5%
Enterococcus hirae 0.5% | 0.75% | 1% | 0.5% | 0.5%
Staphylococcus aureus 0.5% | 0.75% | 1% | 0.5% | 0.5%

Legend: tinted green - reduction by more than 5 logs, battery efficiency, tinted red - no bactericidal or bacteriostatic effect

The disinfection C had the best results (Table 3) in in vitro testing. The disinfection had
bactericidal effects at all temperatures and in all bacteria tested. The iodine content of this disinfection
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is much higher, and the organic acid was in second place in the composition. It is possible that
disinfection would be effective even without organic acids. The combined use of an organic acid
and an oxidizing agent is advantageous in terms of the action of the dissociated acid molecule,
and the oxidizing agent can cause protein agglutination and membrane destruction (Seo et al. 2021).

CONCLUSION

In vitro tests and trials of footbath products at various concentrations would help to develop
an optimal strategy for the control and prevention of infectious diseases of the limbs and to make the use
of disinfectants more effective. Laboratory tests have shown that organic acids in combination with
other active substances (zinc, copper, and iodine) are effective with selected bacteria even at low
temperatures. Given the different modes of action, the combination of organic acids and oxidative
disinfectants may be a promising approach to controlling infectious diseases of cattle limbs.
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Abstract: Growth of cold-blooded horses is rarely monitored, but the numbers of horses of breeds bred
in Czech Republic are rapidly decreasing. Body indices are useful tools to monitor and evaluate
horses’ built and quality of growth. Thirteen body measurements of horses on four farms were taken
every three months (227 sets of measurements) and five hippometric indices were calculated
for 3 draft horses breeds: Czech-Moravian Belgian (CMB), Noriker (N) and Silesian Noriker (SN).
The effect of breed on these indices was analyzed. The index of compactness (CI) and massiveness
(MI) showed as affected by breed (p<0.001), when the value 114.17 of CI was significantly the lowest
in SN and value 123.78 of MI was significantly the highest in N. The index of boniness (p<0.1)
and skeletal strength (p<0.1) indicated statistical significance of breed effect. The index of body frame
didn’t prove statistically significant effect of breed at all (p>0.05). Populations of these horses are
small, with more data would be possible to get clearer results and analysis of the effect of age would
be a viable option.

Key Words: draft horse, hippometric index, growth, colt, stallion

INTRODUCTION

There are three breeds of cold-blooded horses in Czech Republic — Czech-Moravian Belgian
(CMB), Noriker (N) and Silesian Noriker (SN). Two of these three breeds (CMB, SN) are in national
genetic resources program, so their breeding is financially supported by the state, Noriker on the other
hand is the black sheep. Counts of all these horses are usually going down every year, Noriker
especially. They are being bred by people working in forestry, agriculture or by people with passion
for these breeds. There is no guarantee of work for the trained horse, more often there is no work
for them. There are few competitions for these breeds and their special skills, but the prizes are mostly
symbolic, so again, there are not opportunities to get financial revenue in sports etc.

Head counts for every breed are interesting. Breeding mares are the foundation of every breed.
In 2001, CMB studbook included 900 breeding mares, N studbook 800 mares, and SN studbook
400 mares. In 2019, there were 750 CMB mares, 520 N mares and 507 SN mares. According to these
numbers, it is obvious that counts of cold-blooded horses are lowering in general, biggest fall
is in numbers of Noriker horses, exception are SN horses which are rising (Marsalek 2020).

Dusek et al. (1999) define “draft horses™ as pulling horses, who use mainly walk while working.
These horses are supposed to be more massive in size, bulky, with heavy less pronounced head shape,
but with wide, barrel-like chest. These definitions are often connected with skeletal strength, tighter
and tougher constitution. Characteristics like these are needed for pulling large loads either on wheels
(in a cart) or by slide (forestry work).

Dusek et al. (1999) characterize the most common Czech breed of cold-blooded horses — Czech-
Moravian Belgian — as of early development, body of these horses should have square frame, meaning
these horses should have height at withers approximately the same as length of their body (this ration
is expressed as body format index). They usually have large chest circumference in comparison
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to the rest of these breeds. This breed description by Dusek et al. (1999) is in agreement with breed
description in Code of studbook of CMB breeders’ association (Asociace svazii chovatelti koni Ceské
republiky 2010). Marsalek and CiviSova (2016) add that CMB mature fairly early and that allows them
to work at approximately two years of age.

Silesian Noriker is described best in “Goal of breeding” chapter of Code of studbook of SN
breeders’ association (Asociace svazil chovatelti koni Ceské republiky 2008). The ideal Silesian
Noriker horse should be a little bit of “late bloomer” and should reach adulthood between five and six
years of age. The horse should have slightly longer body, i.e., rectangular form, unlike CMB. This
breed has its origin in Noriker breed, but was regionally specified, in this case is the region Silesia
in Czech Republic.

Noriker is supposed to have large rectangular body frame with large chest and maturing rather
late (Strupl et al. 1983). Bilek et al. (1957) describe Noriker as heavy, wide, and tough and highlights
his endurance and modesty. In Czech Republic is now being officially founded Czech Noriker
as a breed, so Czech breeders can have autonomy and don’t have to be under Austrian breeders
association.

Studies from Poland are the closest to horse breeding in Czech Republic, because Poland is one
of a few countries, where are cold-blooded horses bred as work horses and some breeds are in genetic
resources conservations program, same as in Czech Republic. Polak (2019) was studying genetic
variability using pedigree analysis of such horses, focusing on Sztumski and Sokolski breeds. Those
breeds are part of the genetic resources’ conservation program. The study included 4 718 horses. Both
populations were bred by imported stallions, but over 40% of Polish founders-mares had
no documented origin, which once again shows the overlook of pedigrees of breeding mares, which
is common, only in warmblood horse breeding are dam lines slowly getting more attention. This trend
has yet to arrive to draft horse breeding.

While individual studbooks have chapters regarding description of breeding goals, including
basic body measurements and some directions for visual assessment and evaluation, the values are
often outdated. The evaluation of these horses is depending mostly on subjective evaluation
and assessment, but even these definitions can’t be properly used on today’s horses. This statement
is confirmed in study by Polak and Lewczuk (2017).

Polak and Lewczuk (2017) published study concerning cold-blooded horses, focusing
on stability of conformation and movement traits evaluation in cold-blooded horses of different
endangerment status. Authors wanted to analyze the stability of traits assessment at draft horse show
by individual judges, analyzing the factors influencing the results. Ninety-three horses of different
endangerment status were part of the analysis of variance, these horses were assessed by six judges
at the same horse show. The fixed effects of sex, breed of the sire and dam, type of breeder (state,
national) and age were considered. Results showed significant effects of parents® breed on individual
judges scores. Evaluation of body condition showed as the most difficult. The ,,trot* was also the trait
most dependent on genetic endangerment status of horses’ pedigree. These results show that
definitions of these traits are outdated and should be newly established, especially for the needs
of conservation programs, where the breeding is the most sensitive because of small populations
of these horses, and visual evaluation is the first phase of the selection process. Introducing body
indices into the process of selection and evaluation could be very helpful and practical tool.

At present time, only breeding plan of the Noriker breed has defined values for index of body
frame. The rest of the breeds have nothing of this sort, even though these breeds are endangered
and put in conservation program and they should pay the most attention to these details.

Growth of these horses is not often monitored, but in this work were young growing stallions
periodically measured in rearing stations since the age of approximately 10 months until the end
of basic training, which occurs at 2.5 years of age. Fourteen measurements and weight were taken
every three months. The three-month period between measuring was chosen to accommodate possible
effect of season and other environmental circumstances. He et al. (2020) focused in their work
on the effect of season on growth of muscle and fat in 16 horses under 4 years of age. Their research
proved that season influenced fat deposition the most in fall (p=0.05) but had virtually no effect
on growth of muscles.
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Indices calculated from these body measurements can provide a lot of additional information
about individual breeds, and their growth.

Bilek et al. (1957) describe “hippometric indices” as important for comparison and evaluation
of physical build of more individuals or comparison between breeds. Authors also define indices
as expression of individual body measurements and their anatomical or physiological relations.

MATERIAL AND METHODS

Data collection

Measurements of draft horses were performed on four farms in a year and a half (February
2020-August 2021). All four groups were living in herds, of which one group resided solely
on a pasture, other groups were stabled overnight, still in groups. Their feed rations were composed
of unlimited pasture, and hay, especially during winter months. All groups had unlimited access
to water. Horses were measured every three months. A total 227 sets of measurements of draft horses
at 10 to 24 months of age were recorded. The biggest group was consisted of measurements
of 132 CMB stallions, followed by 71 SN stallions, and 24 N stallions. The age ratio was the same
in composition of all breed groups. In total, 15 variables including 13 body measurements (height
at withers measured by stick, height at withers measured by tape, saddle height, croup height, dock
height, cannon circumference, chest circumference, sternum height, shoulder width, chest width,
anterior pelvis width, central pelvis width, pelvis length, body length), and weight, and five indices
(body frame, compactness, massiveness, boniness, and skeletal strength) were determined.

Selected indices were calculated using the following formulas:

bodv fr ndex = body length % 100
ody frame index = stick height at withers

] chest circumference
compactness index = % 100
body length

chest circumference
massiveness index = — - - x 100
stick height at withers

) _ cannon circum ference
boniness index = — - - »* 100
stick height at withers

_ cannon circum ference
skeletal strength index = : »x 100
chest circumference

Statistical Analysis

MS Office and Statistica.12 (Tibco®, Prague, Czech Republic) were used for data processing.
The effect of breed was assessed using analysis of variance followed by the Tukey test for multiple
comparisons. Statistical significance was set at P < 0.001 (***), P < 0.01 (**) and P < 0.05 (*)
and tendencies were defined as 0.05 < P < 0.10 (+). Data are presented as means =+ standard error
of the mean (SEM) unless otherwise indicated.

RESULTS

Table 1 shows the significant effect of breed on indices of compactness and massiveness.
The results of multiple comparisons using the Tukey HSD test demonstrate, that breed SN differ from
CMB and N in compactness index with the highest value 119.16. In case of massiveness index, breed
N differ from CMB and SN with the highest value 123.78.
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Table 1 The effect of breed on body indices assessed by analysis of variance (means + standard error
of the mean)

Breed/Index CMB (N =132) SN (N=71) N (N=24) | p-value | significance
Body frame 98+1.68 95.79+2.30 103.96+3.95 | 0.204 -
Compactness 117.65+0.45% 114.17£0.62° | 119.16+1.06* | 0.000 otk
Massiveness 118.89+0.37* 119.51+0.50* | 123.78+0.86" | 0.000 oAk
Boniness 18.10+1.80 24.03+2.45 15.98+4.22 0.098 +
Skeletal strength 15.23+1.52 20.11£2.06 12.91+£3.55 | 0.094 +

Legend: N — number of observations; CMB — Czech-Moravian Belgian; SN — Silesian Noriker; N — Noriker

Data are presented as statistical significance P<0.001 (***), P< 0.01 (**), P< 0.05 (*), tendencies were declared
at P< 0.10 (+), P> 0.10 ().

@b Different superscripts in a row indicate significant differences among breeds (P<0.05).

Graphic form of these results can be seen in Figure 1. Tendencies of significant effect of breed
was observed in case of boniness and skeletal strength indices. The highest boniness index was
observed in SN (24.03). In case of skeletal strength index the lowest value was in N (12.91) and the
highest in SN (20.11).

Figure 1 Graphic results of analysis of variance which asses the effect of breed on compactness and
massiveness indices.
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Legend: CMB — Czech-Moravian Belgian; SN — Silesian Noriker; N — Noriker

DISCUSSION

The body frame index represents the ratio between body length and stick height at wither, value
100 means the body is perfect square, values under 100 indicates longer body — rectangle laying
on the long side. In Table 1 is visible that Noriker horses, who are supposed to be of a longer frame
are meeting this requirement. On the other hand, Silesian Norikers, who should also have longer body
frame, are going against this rule, that confirms the fact, that there wasn’t found effect of breed. CMB
horses, who are supposed to be square framed are close to the ideal value. The standard errors
of means are probably corresponding with population size in individual breed group, meaning higher
value of the standard error of means is evidence of bigger effect of each individual in the group
(as seen in Noriker group). The large population of CMB horses shows more balanced values.
Oravcova et al. (2014) compared basic body dimensions and hippo-metrical indices of Hucul horses
around Slovakia and Hungary. Authors wanted to discover differences between these countries
interms of age, gender, line, and environment. The effect of gender and environment showed
as the most statistically significant. Out of nine body measurements and indices, six proved as highly
significant. Interestingly, age wasn’t statistically significant factor. Matousova-Malbohanova
et al. (2004) are one of the few publications with significant population of horses. They measured
17 body measurements and analyzed 11 indices on 209 breeding Hucul horses and analyzed influence
of country of origin, sex, age, and sire line. For purposes of this contribution says the effect of age
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and sex the most. Authors describe as surprising the fact, that the effect of sex was proved only
in seven out of 17 measurements. On the other hand, age plays a major role in 10 out of 17 body
measurements and in 10 out of 11 indices.

The compactness index is the ratio between chest circumference and body length. This index
is affected by breed, as indicated in the significance column. Again, values over 100 shows larger
chest than body length, which visually presents as bulkiness of the horse. In lighter warmblood horses
is this index going to be clearly lower than in horses of “respiratory” type build. Norikers should have
large chest and look more massive, Silesian Noriker should give off a lighter impression and value
of this index corresponds. Since CMB are more square-bodied, their index of compactness should
be lower, which contradicts the results above. Possible reason for this is their early maturity, so they
get more “compact” earlier than N and SN. Again, standard error of the mean is higher in Norikers,
probably because smaller population, but still shows pretty balanced composition in all three herds.
Kostukova et al. (2015) studied morphological parameters in donkeys in Czech Republic. They
gathered 23 body measurements and six indices were calculated. Their sample group included
70 donkeys, of which were 23 stallions and 47 mares. The most significant influence had gender
on five measurements. Even more interesting was statistically significant difference in the length
of scapula influenced by age, because previous study by Oravcova et al. (2014) didn’t find age
as statistically significant influence.

The index of massiveness is fairly balance in all three breeds. This value is lower in lighter
horses and heavier the horse, higher the value. In the results above are numbers again corresponding
with description of breeds themselves. This also confirms the finding of effect of breed on this value.
The value is higher in Norikers, who should present as heavier and bulky horses, while CMB should
be lighter. Silesian Norikers are in the middle values, which also corresponds with the requirement
of lighter horse than Noriker. The fact SN horses have value closer to CMB is up for debate,
depending on how much lighter they should be in comparison with N horses.

The boniness index represents how heavily is horse built. This value should be the lowest
in light horses as thoroughbreds, cold-blooded horses should be heavier and stronger, and this value
reflects that. As seen in significance column, there is indication of proven effect of breed.
It is interesting, that this value is significantly highest in SN horses and after a big gap follows CMB
and Noriker is last. The results of CMB are probably again because of their early maturing age,
Norikers are late bloomers, so their value of this index probably grows with age.

The index of skeletal strength, like boniness index, shows indication of affection by breed.
To calculate this index, cannon and chest circumference is used. Cannon circumference is considered
indication of bone strength of a horse in breeders’ circles. Chest circumference is the most unbalanced
in all horse breeds, because it’s affected by body condition and nutrition of the individual horse,
and shows horse breeds, that more of a “respiratory” type. The skeletal index combines the two,
so the ratio shows not only build of a horse, but also heaviness of his build, which is essential in cold-
blooded horses. It’s interesting, that this index is the highest in SN stallions, the lowest in N stallions
and CMB horses are in the middle. The significant difference between both Noriker breeds is again
up to debate, since SN should be slightly lighter, but still similar to N.

CONCLUSION

Body measurement and assessment of horses are two of the most common a most practical tools
in monitoring growth and overall exterior quality of horses and is used to adjust breeding plans. Hippo
metric indices provide even more clarity in overall body composition and potential deficiencies
in practical sense.

Repeated observation would provide more conclusive results and more detailed information
about body conformation of young stallions. The effect of breed on hippo metric indices and inter-
breed differences are obvious, but because of lesser amount of data wasn’t possible to include
the effect of age. It is recommended to repeat this experiment when more data is available and analyze
the effect of age on body development of young stallions for the future contributions.
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Abstract: Footrot is an infectious disease with a major impact on the health of dairy cows, their
performance, reproduction and breeding economics. The timeliness of the diagnosis of footrot
is therefore important in terms of treatment and prevention of the disease. The work aimed to verify
and compare methods of identification of lame dairy cows by locomotion scoring and by infrared
thermography. The study included 24 cows with footrot. It was found that the infrared thermography
revealed a change in the health status of 25% of lame cows of patients with footrot in the preclinical
phase, that is before of clinical symptoms were expressed. In dairy cows with a disease diagnosed
by infrared thermography, the treatment time was shorter by 3.7 days, as the treatment time was
21.2 days in lame cows, compared to non-lame cows, but with an increased temperature score
of 17.5 days. Due to the small number of animals, these differences were not statistically tested.

Key Words: cow, footrot, locomotion score, thermal score, infrared thermography, lameness

INTRODUCTION

The lameness of cattle has a heavy impact on milk production, the prosperity and profitability
of farms. Limb disease harms milk yield (Charfeddine and Perez-Cabal 2017, Langova et al. 2020),
reproductive performance, high treatment costs for affected cows and high risk of forced slaughter
(Charfeddine and Perez-Cabal 2017). Previous studies have found that the presence of a hoof lesion has
been associated with increased locomotor scores and behavioural changes (Thomsen et al. 2012).

In addition to the evaluation of locomotion score used so far, new approaches are being sought,
including the method of infrared thermography, which has been successfully used in various veterinary
medicine applications, for example, to test early oestrus detection, to diagnose mastitis etc. However,
little information is available on the use of infrared thermography to detect lameness in dairy cows
(Alsaaod and Biischer 2012). It is a non-invasive, non-radiation, rapidly evolving diagnostic method.
For veterinary applications, the recommended resolution range for studies in Equidae, cattle and birds
is 320 x 240 to 640 x 480 pixels. Image quality and resolution are directly proportional to the number
of pixels (LokeshBabu et al. 2018). One of the main functions of infrared thermography is the detection
of temperature changes in the body caused by changes in superficial blood circulation. This principle
can also be used to measure the surface temperature of dairy limbs (Alsaaod et al. 2015). The limb with
the lesion has a higher surface temperature than a healthy one (Novotna et al. 2019). The thermal imager
should always be at the same angle and distance from the animal being monitored. Thermograms should
be created at the same time of day and in a place free from direct sunlight and drafts (LokeshBabu et al.
2018). Thus, the disease can be diagnosed before the animals become lame and experience pain (Alsaaod
et al. 2015).

Often, lesions caused by footrot (necrobacillosis) are identified for the first time in the overall
treatment of the hoofs, indicating shortcomings in the assessment of the health of the dairy limbs. Footrot
is an acute and highly infectious disease of cattle characterized by swelling and lameness. This extremely
painful condition can become chronic if treatment is not provided, allowing other foot structures
to become affected. Therefore, there is a need for alternative methods of diagnosing hoof disease
(Thomsen et al. 2012) that can detect hoof abnormalities earlier than in the evaluation using
the subjective locomotion score (Alsaaod and Biischer 2012, Novotna et al. 2019). In addition
to the above methods of locomotion scoring and thermographic (infrared) scoring, many technologies
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are currently being tested to help breeders detect lameness in herds (Dutton-Regester et al. 2020,
Alsaaod et al. 2015), by hand/visually based traditional techniques, such as monitoring changes in gait
(Leach et al. 2012), to fully automated technologies that include force plate evaluation and infrared
thermography (Alsaaod and Biischer 2012).

One of the major diseases that can be diagnosed based on changes in locomotion score
and temperature score determined by infrared thermography is the footrot (Havlicek et al. 2021).
In general, footrot occurs as a sporadic disease in cattle. The frequency or prevalence has been reported
being 0.2-5% in herds, but some other reports of earlier outbreaks of footrot exist where the incidence
may be as high as 31.42%. It can arise from several causes and has serious economic consequences.
It significantly reduces daily milk production, and intensive preventive measures must be implemented
on the farm to prevent spread (Osova et al. 2017).

MATERIAL AND METHODS

Evaluation of limb health was evaluated for four months by the locomotion scoring (Hulsen 2011,
Havlicek et al. 2021) once a week, always after morning milking. At each pass to the milking parlour,
the health of the limbs was assessed by the infrared thermography. The camera was in the passage
corridor to the milking parlour. The measurement process took place automatically without any animal
restrictions. For the evaluation was used the Thermo-veterinary system from the company "TMVSS",
which assigns the result of the temperature score in the range of 1-4 based on changes in the temperature
fields of the limbs.

Animals with an increased value of the temperature score, which had an increased value
of the locomotion score, were included for examination by a veterinarian to diagnose footrot disease.
The experiment included dairy cows in which the veterinarian diagnosed necrobacillosis with swelling
and erythema of the soft tissues of the interdigital space and the adjacent coronary stripe. The skin
of the interdigital space was discoloured; it later fragmented into exudate formation. An unpleasant
odour was characteristic. All sick animals that were treated were included in the experiment. Was carried
out common treatments include rubbing a sterilized rope or twine between the animal's toes to remove
the necrotic tissue, followed by applying a topical antimicrobial and simply keeping the foot clean
and dry. All animals included in the experiment were treated with parenteral antibiotics.

In the footrot, the time from the first changes in temperature score to the first clinical signs
of lameness was monitored. The time required for healing (average length of treatment) was then
monitored in all animals (for cows, who started treatment within three days of changes in locomotion
score, for cows, who started treatment from four to seven days after the change in locomotion score
and for cows who were treated only based on changes in temperature score, without symptoms of limb
pain, i.e. lameness). Due to the small number of animals, these differences were not statistically tested.

RESULTS AND DISCUSION

From May to August, the incidence of footrot was monitored, which was diagnosed based
on lameness in dairy cows, i.e. with an increased locomotion score and with regular overall hoof
adjustment. Of the 24 cases of footrot found (Table 1), signs of an altered locomotion score above 1 were
identified in 18 cases that were treated within 3.9 days. While in the study by Leach et al. (2012), cows
were not treated until after 14 days of observation of the locomotion score. In 6 animals that showed
changes in temperature score, without signs of lameness, the disease was diagnosed with regular hoof
trimming. The increase in the surface temperature of the diseased limb when the lesion occurred was
confirmed by Alsaaod and Biischer (2012).

Table 1 Evaluation of temperature and locomotion score for limb health

Duration of Time of LS change | Time of TS change
Lameness n treatment to treatment to treatment Legend. n — number
of dairy cows, x — mean
X SD X SD X SD duration of treatment, SD
NO 6 | 175 | 554 0 0 42 271 - standard deviation, LS -
locomotion score, TS —
YES 18 21.2 5.97 3.9 2.82 5.2 5.61 thermal score
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The temperature score was increased for 4.2 days before veterinary service organized treatment.
In the case of lame animals, the treatment of the disease lasted on average 21.2 days, i.e. when found
in a cage, with the absence of clinical signs of lameness, it was 17.5 days. Differences in the duration
of treatment were found (Table 2). In the case of dairy cows without a change in locomotion score,
the average healing of footrot was found to be 17.5 days, with the dairy cows included in the treatment
recovering the fastest within three days after the change in temperature score (15.7 days).

Table 2 Evaluation of treatment duration based on changes in locomotion and temperature scores

Lameness Change of temperature score | n X SD
within 3 days 31 157 | 5.51
NO 4-7 days 2| 19.0 | 8.49
without temperature changes 1| 20.0 -
within 3 days 6| 212 | 5.67
YES 4-7 days 8 213 6.39 Legend: n — number of dairy cows,

) X — mean duration of treatment,
without temperature changes | 4 | 21.3 | 7.27  SD - standard deviation

In the case of later treatment in the period from 4 to 7 days of increased temperature score,
the duration of the disease was 19 days. In dairy cows, without clinical signs of a change in locomotion
score and without a change in temperature score, which was one case, the treatment lasted 20 days.
The results cannot be assessed in terms of statistical significance of differences, as this is a pilot study,
so far with a small number of sick dairy cows. Despite this, lagging cows have been treated for more
than 21 days.

The results shown in Tables 1 and 2 show that the infrared thermography can be used for the early
detection of footrot, as 25% of the animals included in the cage treatment did not show changes
in the movement expressed by the locomotion score, in contrast to the Renn et al. (2014), which states
that 97% of cows were lame on at least one leg. In the case of lame dairy cows, a change in temperature
score was observed as a manifestation of the disease 1.3 days before the first signs of pain expressed
by locomotion score appeared. The study by Schaefer et al. (2007) confirmed that infrared thermography
was able to identify animals in the early stages of the disease, often several days to more than a week
before clinical signs appeared.

In the case of the system used to assess the health of the limbs based on visual analysis of animal
movement, expressed by a change in locomotion score (Table 3), the hypothesis of a positive effect
of early treatment of the patient's hoof with footrot was confirmed, as the duration of treatment increased
with later treatment.

Table 3 Duration of footrot treatment depending on the timeliness of treatment with LS changes

Treatment of dairy cows n X SD
within 3 days 13 19.9 5.06
4-7 days 5 24.6 7.40 Legend: n — number of dairy cows, x —
mean duration of treatment, SD —
regular treatment of hooves— 6 17.5 554  standard deviation, LS — locomotion
without changes in LS ' ' score

This is evidenced by the treatment period of 6 dairy cows of 17.5 days, in case of finding this
disease with the regular preventive general treatment of the limbs. If the dairy cows were treated within
three days of the first lameness, the treatment lasted 19.9 days, and if the treatment was up to one week,
the treatment lasted 24.6 days. A study by Leach et al. (2012) shows a median duration of treatment
of 65 days, which is 2.6 times more than in our study after treatment over 7 days. The same study states
that dairy farmers prefer to treat cows with an LS higher than 3, suggesting a tendency towards
insufficient measures.

CONCLUSION

Due to the severity of the disease by necrobacillosis and the known costs caused by this disease,
we should take measures that reduce the likelihood of its occurrence and the success of treatment.
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It is primarily a matter of creating good conditions for the animal, and early diagnosis of the disease
is also important. The results of the study showed that it is appropriate to use automated methods
for assessing the health of the limbs by infrared thermography, which seems promising from the point
of view of the future. With this tool, up to 25% of cases of footrot can be detected in the preclinical
phase, i.e. before the onset of clinical symptoms expressed by lameness, because out of a total of 24 sick
cows, necrobacillosis was diagnosed in 6 animals only by the infrared method, without a change
in the locomotor score. It was further confirmed that early treatment of the limbs affects the
effectiveness of treatment expressed by a shorter duration of treatment, and thus a shorter duration
of pain in the limbs of dairy cows. In dairy cows included in the treatment on the basis of early diagnosis
with an Infrared Thermography, recovery occurred within 20 days, and in dairy cows with clinical
symptoms in 21.3 days. This is the original first work of this type, so far with a small number of animals.
Therefore, it is necessary to continue the work and perform a statistical analysis based on a sufficient
number of animals.
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Abstract: The effect of different feed particle size used in broiler chickens’ diet on performance
parameters and chyme viscosity was evaluated. Broilers were divided into three different groups based
on the structure of particles (coarse vs. medium vs. fine). Geometric Mean Diameter (GMD) (1,109.95
vs. 953.00 vs. 732.58) and Geometric Standard deviation (GSD) (1,067.75 vs. 845.23 vs. 611.70)
of particles size were calculated. In the experiment were not observed statistically significant differences
(P > 0.05) among dietary groups in the final live weight (2,415.50 g vs. 2,373.56 g vs. 2,423.17 g), feed
intake (83.56 g/bird/day vs. 82.12 g/bird/day vs. 87.82 g/bird/day), carcass yield (64.70% vs. 68.55%
vs. 68.49%) and viscosity of chyme (5.46 mPa.s vs. 4.66 mPa.s vs. 5.36 mPa.s).

Key Words: poultry nutrition, Geometric Mean Diameter, Geometric Standard Deviation, Ross 308

INTRODUCTION

The feed industry strives to produce a homogeneous feed, however, it is stated that various factors
including particle size, shape, density, electrostatic charge, dustiness, hygroscopicity and flowability
can significantly affect the quality of the compound feed (Axe 1995, Behnke 1996, Schofield 2005).
The nature of the particles, especially their size, is one of the most controversial problems not only
in poultry nutrition. From the economic point of view, the optimal size distribution should be adapted
to the physiological needs of the animal, which allows optimal utilization of nutrients and increases
the performance parameters. However, the recommendations regarding the optimum particle size are
contradictory, as shown by feeding experiments. These are influenced by several factors, including
the physical form of the feed, the composition of the diet, the type of grain, the hardness
of the endosperm, the method of grinding, the quality of the pellets and the particle size distribution
(Amerah et al. 2007, Vukumirovi¢ et al. 2017). It is generally stated that finer grinding increase energy
consumption during grinding and reduces the capacity of the grinding equipment, increases dust
problems and, most importantly, too fine particles are associated with a negative effect on the health
and function of the gastrointestinal tract. Thanks to their mechanoreceptors located in the beak, birds
are able to distinguish the particle size of the feed they receive (Denbow 1994). Chickens have been
found to prefer larger particle sizes in diets. With increasing age, these preferences deepen (Schiffman
1968, Nir et al. 1994). Therefore, it is desirable for the particles in compound feeds to gradually increase
with age. This could achieve optimum poultry performance. Evenly formulated feed mixtures save
the energy that poultry would consume when searching for and selecting larger particles (Amerah et al.
2007).

Non-starch polysaccharides forms gels in the digestive tract, which significantly increases
the viscosity of the chyme (Kiarie et al. 2013, Zarghi 2018). That leads to impaired digestibility
of nutrients and minerals (especially Na, P, Ca), their accessibility to digestive enzymes and mechanical
inhibition of diffusion and movement of nutrients to the intestinal wall. This is negatively reflected
in lower increments and other disorders as greasy feces and limb burns, so-called “hock burns”, which
are common in broiler chickens (Rada and Havlik 2010).

The aim of this study is to determine the influence of different feed particle size in diet
on performance parameters and chyme viscosity of broiler chickens.
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MATERIAL AND METHODS
Animals and diets

The total of 54 male broiler chickens Ross 308 were randomly divided into 3 different
experimental groups (Coarse group, Medium and Fine group — 6 birds per cage, 3 replicates).
The lighting program, temperature and humidity was set according to the technological instruction
(Aviagen 2018). Till 10 days of age, the starter diets were used. After that, chickens were fed
experimental grower diets from 11th day until 35th day of age. The chickens were fed ad libitum
and animals had free access to water. The feed intake of each group was daily recorded. The body weight
was regularly noticed. The experiment lasted 35 days. At the end of the trial, broilers were slaughtered,
the chyme was collected, and the selected yields were evaluated.

There were used three diets of the same composition differing in the particle size (Coarse,

Medium, and Fine group named by using particle size in diet). The compounds and chemical
composition of used diets shows Table 1.

Table I Ingredient and chemical composition of used diets on the dry matter basis

STARTER GROWER
Component Coarse  Medium Fine Coarse  Medium Fine
Maize (g/kg) 331.65 331.65 331.65 366.4 366.4 366.4
Soybean meal (g/kg) 438.0 438.0 438.0 396.0 396.0 396.0
Wheat (g/kg) 130.0 130.0 130.0 153.2 153.2 153.2
Rapeseed oil (g/kg) 52.0 52.0 52.0 40.0 40.0 40.0
Premix (g/kg) 30.0 30.0 30.0 30.0 30.0 30.0
Limestone milled (g/kg) 5.5 55 5.5 4.0 4.0 4.0
Monocaleium phosphate 7.7 7.7 7.7 5.9 5.9 5.9
(g/kg)
DL-Methionine (g/kg) 2.0 2.0 2.0 1.5 1.5 1.5
Wheat gluten (g/kg) 3.1 3.1 3.1 - - -
Chromium oxide (g/kg) - - - 3 3 3
MEN MJ/kg)* 12.42 12.42 12.42 12.3 12.3 12.3
Crude protein (g/kg) 231.9 239.6 234.4 2154 215.1 209.9
Ether extract (g/kg) 71.2 72.4 71.7 73.7 73.1 73.5
Crude fibre (g/kg) 38.2 36.1 36.6 47.6 46.9 42.4
Crude ash (g/kg) 62.7 65.9 64.7 61.3 60.2 60.6

Legend: Premix for starter contains (per kg): L-lysine 2.34 g; DL-Methionine 2.4 g; Threonine 0.99 g; calcium
5.25 g; phosphorus 1.95 g; sodium 1.44 g; copper 15 mg; iron 84 mg; zinc 99 mg; manganese 99 mg; iodine
0.99 mg, selenium 0.18 mg; retinol 13,500 IU (international units); calciferol 5,001 1U; tocopherol 45 mg;
phylloquinone 1.5 mg; thiamine 4.2 mg; ri-boflavin 8.4 mg; pyridoxin 6 mg; cobalamin 30 ug; biotin 0.21 mg;,
niacinamid 36 mg; folic acid 1.8 mg; calcium pantothenate 13.5 mg; cholin chloride 180 mg. Premix for grower
contains (per kg): L-lysine 2.58 g; DL-Methionine 2.52 g; Threonine 1.47 g; calcium 5.04 g; phosphorus 1.65 g;
sodium 1.38 g; copper 15 mg; iron 75 mg, zinc 99 mg, manganese 99 mg, iodine 0.9 mg, selenium 0.36 mg; retinol
9,900 1U (international units), calciferol 5,001 IU; tocopherol 45 mg; phylloquinone 1.5 mg, thiamine 4.2 mg; ri-
boflavin 8.4 mg, pyridoxin 6 mg; cobalamin 28.8 ug; biotin 0.18 mg; niacinamid 36 mg; folic acid 1.71 mg;
calcium pantothenate 13.35 mg; cholin chloride 180 mg. * Apparent metabolize energy, calculated value.

The feed particle size was evaluated by dry sieving on a separator (Retch AS 200 Control) using
a representative sample of 100 g for 10 minutes. The amplitude was set on 1.8 mm/g. The samples were
passed through the set of sieves with different mesh size (3 mm—0.3 mm). The amount of particles

on each sieve was determined and the GSD and GMD were calculated using formulas according
to Asabe (2008).

Samples and analysis

The feed consumption and body weight of broilers during the trial were evaluated. The carcass
yield was calculated as the carcass weight/slaughter live weight * 100 from 6 bird per group. Yield
of breast meat and leg meat were calculated as their proportion from the carcass weight. FCR (Feed
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Conversion Ratio) was determined as average consumption/average weight body gain. The chyme was
collected in test tubes and then centrifuged for 10 minutes at 3500 rpm. The resulting supernatant was
pipetted into eppendorf tubes. The samples were analysed to determine the dynamic viscosity on an RST
instrument (Brookfield, MA, USA) at a constant shear rate of 50 s-1 with geometrical spindle cone
arrangement (RCT-50-2; o = 2°) including duplicator for tempering sample. The measurement was
performed in 10 replicates at 40 °C and the sample volume was approx. 2 ml. The obtained data were
evaluated by specialized software Rheo300 (Brookfield; MA, USA). This software allows you
to program measurements, acquire and process data on rheological and viscosity properties
of substances. It also allows statistical evaluation and inserting appropriate mathematical models.

Statistical analysis

Data has been processed by Microsoft Excel (USA) and StatSoft Statistica 12 (USA). It was used
one-way analysis of variance (ANOVA). To evaluate differences among groups, the Sheffé’s test was
used. P <0.05 was a significance level determine a statistically significant difference.

RESULTS AND DISCUSSION

Diets analysis

Figure 1 shows the differences between particle size distribution in the Coarse, Medium and Fine
grower diet.

Figure I Particle size distribution used in grower diets
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Feed particle size in diets were determined by dry sieving. It is obvious that there are statistically
significant differences in feed particle size among used diets. Differences in amount of particles on sieve
were found on each sieve (P < 0.05). That proves variety of used mixtures.

According to the weight fraction on individual sieves the Geomitric Mean Diameter (GMD)
and Geometric Standard Deviation (GSD) were calculated (see Figure 2).

There were found statistically significant differences between GMD for coarse, medium and fine
diet (P < 0.05). Values of GMD correspond to values in the study of Ege et al. (2019) which dealt with
the similar issue. They calculated values of GMD were 707 um vs. 1096 pum. The GSD, which
is a homogeneity indicator of diet also showed the statistically significant differences (P < 0.05) among
respective assessed groups. That means the diet with the fine particle size is more homogenous.
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Figure 2 GMD and GSD of grower diets
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Legend.: “>¢ means with different superscript letters differ significantly at P < 0.05; GMD — Geometric Mean Diameter; GSD
— Geometric Standard Deviation

Feed consumption, body weight and carcass characteristics

Table 2 shows values for feed consumption. There were not found statistically significant
differences among values for feed consumption (P > 0.05) in chickens.

Table 2 Feed consumption of broilers (g/bird) in relation to physical properties of diets (per day)

Coarse Medium Fine
Mean + SE (g/bird)
Starter 22.30 + 1.03 23.16 £ 0.24 22.95+0.68
Grower 108.07 £9.78 105.71 £ 8.35 113.76 + 4.50
Trial 83.56 +7.27 82.12+5.92 87.82 £ 3.40

Legend: There was not found statistically significant differences (P > 0.05) among evaluated dietary groups, SE — standard
error

The body weight (Figure 3) of all three broiler groups were similar during the trial. The highest
weight at the end of the experiment was recorded for the Fine group (2,423.17 g), but the Coarse group
had a minimal difference (2,415.50 g). The lowest average body weight had the Medium group
(2,373.56 g), but no statistically significant differences were found among all three groups (P > 0.05).

Table 3 shows values of carcass yield and yield of main meat parts. There were found
no statistically significant differences among the evaluated carcass traits (P > 0.05). The highest value
of FCR had the Fine group (1.34 = 0.01), then Medium group (1.34 = 0.01) and the lowest FCR had
the Coarse group (1.36 = 0.02). No statistically significant difference (P > 0.05) was found among
the respective groups.

Nir et al. (1995) stated that broiler chickens fed a coarse mixture of wheat and sorghum had
a higher body weight and better feed conversion compared to broilers fed a finely ground mixture.
Amerah et al. (2007) confirmed that chickens fed a mixture with finely ground wheat had reduced weight
gain and lower feed intake than groups given a diet with a high proportion of medium and coarse
particles.

Viscosity of the chyme

In Table 4, there are shown values concerning the viscosity and the density of chyme. There were
not found any statistically significant differences among groups (P > 0.05).
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Figure 3 Live weight of broilers during the trial
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Table 3 Carcass characteristics of broilers in relation to physical properties of diets

Coarse Medium Fine
n 6 6 6
Mean + SE
Slaughter weight (g) 2,348.00 £ 217.06 2,211.33 £ 146.10 2,542.00 + 147.22
Carcass weight (g) 1,516.85+179.72 1,514.63 +£97.98 1,746.47 = 120.24
Carcass yield (%) 64.70 £ 4.40 68.55+0.79 68.49 +0.91
Breast meat (%) 33.56 £2.66 29.83 +£0.71 30.99+0.76
Leg meat (%) 25.38+2.73 23.03+£0.27 22.95+0.20

Legend: There was not found statistically significant differences (P > 0.05) among evaluated dietary groups; n — number
of cases, SE — standard error

Table 4 Viscosity and density of chyme in relation to physical properties of broiler diets

Particles of diet Viscosity (mPa-s) Density (kg/m®)
n Mean + SE
Coarse 6 5.46+0.16 1,034.52 + 17026
Medium 6 4.66 +0.18 1,029.57 £ 0.87
Fine 6 5.36 £0.47 1,031.05 £ 1.85

Legend: There was not found statistically significant differences (P > 0.05) among evaluated dietary groups; n — number
of cases, SE — standard error

In contrast to our experiment, Yasar (2003) recorded a high value of chyme viscosity in birds fed
a fine mixture compared to feeds containing medium or coarse wheat particles in diets.

CONCLUSION

In the present study, broiler performance parameters and viscosity of chyme were evaluated.
The diets with a different particle size (coarse, medium, and fine) showed no influence on feed
consumption, body weight, and yield of carcass, breast meat and leg meat. The chyme viscosity was
also monitored, while no significant differences in its values were found among the respective dietary
groups containing a different particle size.
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Abstract: The effect of the addition of cumin (Carum carvi L.) on broilers performance parameters were
evaluated. The male Ross 308 broiler chickens were used in the experiment and divided into two groups
(Control and Cumin group). The control diet did not contain the cumin, while the Cumin group
consumed diet with 1% of cumin. No influence on feed consumption, feed conversion ratio, final body
weight, carcass yield and on breast and leg meat yields was found. The addition of 1% cumin in diet had
no positive neither negative effect on performance parameters assessed in broilers.

Key Words: poultry nutrition, phytoadditives, carcass yield, caraway

INTRODUCTION

Cumin is known for its positive effect on digestion, helping with stomach cramps and bloating
(Rausch et al. 2014). It is the only one of about 30 species of the genus Carum that has a medicinal
effect and can be used in the food industry (Jahodat 2010). Plants of the genus Apiaceae have real use
in food production. The essential oils contained in cumin give a taste and stimulate digestive enzymes
and thus improve nutrient digestibility. The benefits that result from this are better productivity, quality,
and quantity of broiler chicken meat (Lee et al. 2004).

Khajeali et al. (2012) investigated the addition of cumin to the diets of broiler chickens. With
the addition of 1-1.5% of cumin, the body weight of the chickens was significantly increased.
Conversely, if the cumin in the diet was 2%, the body weight was lower, probably due to the bitterness
of the cumin and thus the reduced palatability and lower feed intake. Simultaneously with the increase
in chicken weight in the 1 and 1.5% cumin groups, a lower feed intake was recorded, indicating that
cumin has a positive effect on nutrient digestibility. In another experiment, where different amounts
of cumin added to the feed ration for broilers were compared, the effect of these doses on growth, feed
conversion and serum parameters was studied. The addition of 1% cumin to the feed ration appeared
to be the best for these parameters (Gandkanlo et al. 2011).

Also in Japanese quails, the addition of cumin has been shown to be beneficial. In an experiment
in which 1, 1.5 and 2% of cumin were included in the diet, the results showed that the addition of cumin
to the quail feed mixture had significant effects on performance, carcass characteristics and blood
biochemical parameters. The highest daily gain and the best feed conversion was achieved in the group
with 2% of cumin. The highest daily feed intake was recorded in the group with an intake of 1.5%
of cumin. Total serum cholesterol and triglyceride levels were significantly lower in the 1.5 and 2%
groups compared to the control group (Jafari 2011).

The aim of present study is to determine the influence of cumin in 1% addition in diet
on performance parameters of broiler chickens.

MATERIAL AND METHODS

The animal procedures were reviewed and approved by the Animal Care Committee of Mendel
University in Brno and by the Ministry of Education, Youth and Sports (MSMT-21593/2020-2).
The experiment was performed at the experimental stables of Mendel University.
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Animals and diets

The total of 46 male broiler chickens Ross 308 were used in the experiment. At the first day of age
broilers were divided by body mass into two equal groups (23 birds in one experimental pen). The trial
lasted from one day to 35™ day of chicken’s age. Broilers were fed experimental starter diets until
10 days of age. Chickens were fed experimental grower diets from 11™ day until 35" day of age.
The chickens were fed ad libitum and animals had free access to water. The feed intake of each group
was daily recorded. During the experiment, the microclimatic conditions and the light regime was
controlled according to the requirements for actual age of chickens (Aviagen Group 2018).
A conventional system of deep litters with wood shavings was used as the bedding material. The body
weight was regularly and individually noticed. The experiment lasted 35 days and after slaughtering
some carcass traits were evaluated.

There were used two diets in the experiment in meal form. The Control group (n = 18) was fed
a diet without addition Carum carvi. The experimental group (Cumin group, n = 18) was fed a diet
containing 1% achenes of Carum carvi. The compounds and chemical composition of used diets shows
Table 1. Diets were formulated as isoenergic and isonitrogenous according to the Broiler nutrition
specifications (Aviagen group 2019). The chemical compositions of both diets (starter and grower) were
determined for dry matter, crude protein, crude fat, crude fibre, and ash according to the EC Commission
Regulation (Commission Regulation 152/2009).

Table 1 Composition and chemical analysis of used diets in 88% dry matter

STARTER GROWER
Component Control Cumin Control Cumin
Maize (g/kg) 300.0 300.0 370.0 370.0
Soybean meal (g/kg) 436.0 436.0 395.5 391.83
Wheat (g/kg) 176.7 168.5 151.7 145.37
Rapeseed oil (g/kg) 40.0 40.0 40.0 40.0
Premix (g/kg) 30.0 30.0 30.0 30.0
Limestone milled (g/kg) 5.5 5.5 3.3 33
Monocalcium phosphate (g/kg) 8.0 8.0 8.0 8.0
DL-Methionine (g/kg) 2.0 2.0 1.5 1.5
Wheat gluten (g/kg) 1.8 - - -
Cumin (g/kg) - 10.0 - 10.0
MEx MJ/kg)* 12.1 12.1 12.3 12.3
Crude protein (g/kg) 233.9 2434 222.4 221.3
Ether extract (g/kg) 58.9 63.6 61.1 61.2
Crude fibre (g/kg) 35.7 36.3 36.4 33.6
Crude ash (g/kg) 65.9 66.2 61.0 62.5

Legend: Premix for starter contains (per kg): L-lysine 2.34 g; DL-Methionine 2.4 g; Threonine 0.99 g; calcium 5.25 g;
phosphorus 1.95 g; sodium 1.44 g; copper 15 mg; iron 84 mg; zinc 99 mg; manganese 99 mg; iodine 0.99 mg; retinol 13,500 IU
(international units), calciferol 5,001 IU; tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg; riboflavin 8.4 mg;
pyridoxin 6 mg; cobalamin 30 ug; biotin 0.21 mg; niacinamid 36 mg; folic acid 1.8 mg; calcium pantothenate 13.5 mg; cholin
chloride 180 mg. Premix for grower contains (per kg): L-lysine 2.58 g; DL-Methionine 2.52 g; Threonine 1.47 g; calcium
5.04 g; phosphorus 1.65 g; sodium 1.38 g; copper 15 mg; iron 75 mg; zinc 99 mg; manganese 99 mg; iodine 0.9 mg; retinol
9,900 1U (international units); calciferol 5,001 IU; tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg; ri-boflavin
8.4 mg; pyridoxin 6 mg; cobalamin 28.8 ug, biotin 0.18 mg; niacinamid 36 mg, folic acid 1.71 mg; calcium pantothenate
13.35 mg; cholin chloride 180 mg. * Apparent metabolize energy, calculated value.

Samples and analysis

The feed intake and body weight of broilers during the experiment were evaluated. The carcass
yield was calculated as the carcass weight/slaughter live weight * 100. Yield of breast meat and leg meat
were calculated as their proportion from the carcass weight. The Feed Conversion Ratio (FCR) was
determined as total feed consumption/ weight body gain.
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Statistical analysis

Data has been processed by Microsoft Excel (USA) and StatSoft Statistica 12 (USA). It was used
a one-way analysis of variance (ANOVA). To evaluate the differences between groups, the Sheffé’s test
was used. P < 0.05 was a significance level determine statistically significant difference.

RESULTS AND DISCUSSION

Feed consumption, body weight and carcass characteristics

Table 2 shows the average feed consumption of a broiler per day and whole trial. There is also
recorded FCR.

Table 2 Feed consumption and feed conversion ratio of broilers in relation to the dietary group

Control Cumin
Average consumption per trial (g/bird) 2,696.22 2,715.49
Average consumption per day (g/bird) 79.30 79.87
FCR (g/g) 1.34 1.33

Legend: FCR — Feed Conversion Ratio

It was found in both groups of broilers a good feed conversion ratio. According to the guidelines
for Ross 308 chickens (Aviagen group 2019), the conversion on day 35 is 1.473. Khajeali et al. (2012)
in his study achieved an improvement in feed conversion in the cumin experimental group compared
to the control group. The feed conversion ratio in the experimental group was significantly worse than
FCR in the control group (1.71 vs. 1.87, respectively) in their trial.

Figurel Live weight of broilers during the trial
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Live body weight curve during the trial is shown in Figure 1. The average live weight at the end
of the trial was 2,064 g in the Control group and 1,994 g in the Cumin group. The live weights of broilers
were in both dietary groups quite similar during the trial. There was found statistically significant
differences (P < 0.05) between live weights only in 7" and 14™ day of age. After that, there were no
statistically significant differences in live weights (P > 0.05).

In the experiment of Khajeali et al. (2012) was found out that addition of 1% of cumin had
a positive effect on body weight, while their trial lasted till 42 days of age. The better weight gain
in the group with 1% of cumin in the diet during the whole trial proved also Gandkanlo et al. (2011).

Table 3 is concerning about evaluated carcass traits. There were not found any statistically
significant differences in values of carcass yield and yields of main meat parts between dietary groups
of chickens (P > 0.05).
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Table 3 Carcass characteristics of broilers in relation to the dietary group

Trait Control Cumin
n 6 6
Mean + SE
Carcass weight (g) 1,495.04 +£45.03 1,541.85 +72.84
Carcass yield (%) 67.69 + 0.65 69.24 +0.48
Breast meat (%) 29.35+0.80 31.20+0.82
Leg meat (%) 21.54+0.43 21.50 £0.57

Legend: There was not found statistically significant differences (P > 0.05) between dietary groups; n — number of cases; SE
— standard error

CONCLUSION

In the trial the effect of addition of cumin on broilers performance parameters were evaluated.
The diet with addition of 1% cumin (Carum carvi) had no influence on feed consumption, final body
weight, carcass yield, and breast and leg meats yields of chickens. The cumin had no positive neither
negative effect on performance parameters in broiler chickens in this trial.
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Abstract: Insemination and estrus synchronization are one of the most used biotechnological
reproductive methods used in sheep breeding, but also in most other livestock species. Subsequent
insemination values are influenced by several factors such as age, condition, health, hereditary
establishment of the animals, quality of the insemination doses and the quality of the performance
of the insemination itself. Another way to optimise the insemination values is to determine the optimal
time for insemination, which varies between livestock species but may also vary slightly within
the individuality of the individuals within the breed. One way of determining the optimal time
for insemination is to assess the arborisation of cervical mucus, which forms different types of structures
after crystallisation at different stages of estrus. Changes in the arborisation structures are influenced
by endocrine changes, by the action of oestrogen on the cervical glands, where electrolytes are
concentrated and which, after association with mucin and subsequent crystallisation, form typical
structures. The experiment took place from September 2020 (synchronization of estrus
and insemination) to March 2021 (end of lambing). In this experiment, it was found that the type
of crystallization structures at the time of insemination has a conclusive effect on the subsequent
pregnancy rate. Animals with "V" type crystallization achieved the best pregnancy rate (80%).

Key Words: arborization, cervical mucus, insemination, sheep, Zwartbles

INTRODUCTION

Small ruminants are generally seasonally polyestrous animals. Sexual activity is influenced
by the length of the light day and its shortening affects the onset of the reproductive season. In tropical
animals, reproductive activity is not affected by seasonal variation and estrus can occur throughout
the calendar year. The methods used to synchronize estrus or induce estrus depend on the season: ither
breeding season, transitional period and nonbreeding season (Romano 2021).

Synchronisation of estrus (whether using natural or artificial methods) is used mainly to save
time, reduce labour intensity and the associated economic demands of breeding, because of more
accurate recording of animals, facilitating the assessment of health status and the possibility
of scheduling births into a targeted period, which is associated, for example, with greater seasonal sales
of lambs or dairy or meat products. The synchronisation of estrus results in turntable lambing, which
allows group weaning and subsequent rearing in larger and more balanced groups of lambs (Stolc et al.
2007, Whitley and Jackson 2004).

Thanks to the subsequent breeding of the sheep (natural breeding, insemination or a combination
of both, for example by forming harems after insemination) we are able to select the best males, shorten
the period of breeding and know the approximate date of birth, thanks to the synchronisation of estrus,
we can situate it in a suitable period to be able to produce lambs at Easter and Christmas, when
demand is highest, or to focus on off-season production of lambs for slaughter (Kuchtik et al. 2007,
Stolc et al. 2007).

After the synchronization of estrus, the choice of the method of insemination is important. Due
to the lower labour, time and economic requirements (compared to the laparoscopic method)
and the good results of insemination, which are around 60%, vaginal insemination with vaginal
speculum and intracervical deposition is mainly used (Kuchtik et al. 2007). Due to the very complex
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structure of the cervical septum, intracervical deposition of the insemination dose is only possible
to a depth of one to three centimetres (Leethongdee 2010). The success rate of insemination increases
significantly with greater depth of penetration. However, this is influenced by cervical openness, breed
affiliation and age of the ewe (Eppleston and Maxwell 1995). (Eppleston and Maxwell (1995) reported
that, on average, it is possible to insert the insemination pipette to a cervical depth of 1 cm in 31%
of animals, 2 cm in 31% of animals, 3 cm in 30% of animals and only 8% of inseminated animals
to a depth exceeding 4 cm.

Therefore, determining the optimal stage of estrus and the optimal time of insemination
is essential for insemination. The activity of the females, changes in the genital organs (swelling,
redness, quantity and quality of cervical mucus, openness of the cervix, etc.) are monitored.

The average length of an estrus cycle is 17 days and estrus lasts 24 to 36 hours in ewes. Ovulation
occurs towards the end of estrus (24 to 27 hours after the start of estrus). The ovulation rate is between
1 and 3 eggs per cycle and increases with age, peaking between 3 and 6 years of age and then gradually
decreasing. After ovulation, the egg is capable of fertilization for 10 to 25 hours (Gimenez and Rodning
2007). Cunat et al. (2013) state that in ewes with natural onset of estrus, insemination is best performed
12 to 18 hours after the onset of estrus and in ewes synchronized with intravaginal sponges
50 to 60 hours after removal.

One of the methods of determining the optimal insemination time is to assess the arborization
(crystallization) of cervical mucus, which forms different types of structures after crystallization
in the different stages of estrus. Changes in arborization structures are influenced by endocrine changes,
namely the action of estrogen on the cervical glands/epithelium, where electrolytes are concentrated
and form typical structures after association with mucin and subsequent crystallization (Cortés et al.
2014).

Several authors have addressed this issue in cattle. There are not many publications with results
of arborization evaluation in sheep (or goats), especially studies related directly to the determination
of the appropriate time of admission/insemination. Recent studies include, for example, the evaluation
of cervical mucus in goats — Fonseca et al. (2017), Maddison et al. (2017), or the evaluation
of crystallization forms from saliva smears in sheep — Gongalves et al. (2020).

MATERIAL AND METHODS

A total of 51 Zwartbles sheep were monitored in this experiment. The age of the sheep ranged
from 2 to 8 years with a BCS (body condition score) of 3. The sheep were housed on the family farm
of Mr. Ing. Martin Hosek Ph.D. in Mohelno. The experiment itself was conducted from September 2020,
when estrus synchronization was performed using intravaginal sponges, until March 2021, when
the lambing of the group of animals under study ended. Before the actual insemination (mid-October
2020), the collection of the rams' ejaculate, its evaluation and dilution were carried out. Pregnancy
diagnosis was carried out in mid-December 2020.

Inseminated ewes and breeding rams used for ejaculate collection and insemination doses were
fed on silage from stale forage and hay ad libitum. As flushing, 200 g of fodder potatoes and 400 g
of cereals per head were used one month before insemination and one and a half months after
insemination. Flushing was mainly used to modify the condition of the animals, improve ejaculate
quality, accentuate estrus symptoms and improve pregnancy rates.

To synchronise the estrus, which took place at the end of September and the beginning of October
2020, intravaginal sponges (tampons) (Ovigest - medroxyprogesterone acetate 60 mg, Laboratorios
Hipra, Spain) were used, which were injected into the sheep vagina for 14 days. After their subsequent
removal, sheep were injected intramuscularly with lyophilized serum gonadotropin (PMSG -
0.2 ml/sheep = Sergon 200 IU, Bioveta Ivanovice, CZ).

Ejaculate was collected from rams into an artificial vagina on the day of insemination (Minitiibe,
Germany) after the ejection on an ewe in heat (fixed on a fixation pad). In case of a smaller quantity
of collected ejaculate, a second jump was performed. The ejaculate was then macroscopically
and microscopically evaluated and diluted to the required amount according to sperm concentration
and motility. The diluted ejaculate ready for insemination was stored in plastic containers cooled
to 3 °C in a refrigerated box until the time of insemination.
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For each inseminated ewe, several parameters (colour and amount of cervical mucus, cervical
openness, genital blood supply and behavioural activity — willingness to mate) were monitored before
insemination and a cervical mucus sample was taken for arborization examination. Prior to insemination,
the external genitalia were cleaned and disinfected, and the vagina was inspected using an ovine vaginal
speculum. Each insemination dose of cooled dilute ejaculate was injected in a quantity of 0.4 ml through
the vaginal speculum using a plastic loader into the cervix to a depth of approximately 1 to 2 centimetres.

The cervical mucus sample was collected using a plastic loader through the vaginal speculum
before insemination. This sample was transferred to a microscope slide immediately after collection
and then smeared at an angle of 45 °. Once the cervical mucus had sufficiently dried on the slide, it was
labelled (date and time of collection, ewe number) and placed in a plastic box. The smears were then
examined microscopically (Olympus BX51TF; Olympus Optical CO., LTD, Tokyo, Japan). At 200x
magnification and their crystallization type were evaluated (examples of crystallization types
in Figure 1). The procedure of smear formation, their evaluation and crystallization types were
determined according to standard methodologies for assessing cervical mucus arborization in cattle
(Cortés et al. 2014, Stadnik et al. 2013). The individual samples were divided into different groups
according to the type of crystallization (V: twigg-shaped, V + P: twigg-shaped-clubmosses,
P: clubmosses, P + K: clubmosses-fern frond, K: fern frond, Z: swollen, C: cellularization).

Sequence of crystallization types during estrus is: Type "V" (pre-estrus period), type "V+P", type
"P" (beginning of estrus), type "P+K" (half of estrus), type "K" (second half of estrus). The undesirable
structures include type "Z" (swollen crystallization - post-estrus period) and "C" (cellularization -
occurring during inflammation) (Stadnik et al. 2013).

Type "V" is characterised by fine structures that resemble twigs, type "P" is characterised
by branching structures that resemble plants of the genus Lycopodium (clubmosses), type "K"
is characterised by a shape that resembles palm leaves or fern frond. The swollen crystallisation of type
"Z" produces enlarged branched crystals. Type "C" crystallizes into simple forms composed of several
short segments.

Figure 1 Examples of crystallization types

we

C Z_ ANERR 2 B
In Figure 1 are the examples of crystallization types: type V (twigg-shaped: pre-estrus), type P

(clubmosses: beginning of estrus), type C (cellularization: occurring during inflammation) and type Z
(swollen: post-estrus).

Preliminarily, the value of pregnancy rate was determined during pregnancy diagnosis
and control, which took place on days 43 and 83 after insemination using OVI-SCAN ultrasound (BCF
technology, Scotland. The exact value of the pregnancy rate was determined by recording the date
and time of insemination and insemination. Subsequently, trimming values were compared with each
type of cervical mucus crystallisation: post-estrus period).
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STATISTICA 12.0 was used for statistical evaluation of the results.

RESULTS AND DISCUSSION

The cervical mucus samples were divided into several groups according to the type
of crystallization. These types of crystallization structures change during estrus.

Table 1 Total frequency of crystallization structures

Type of crystallisation Number of samples (n) Frequency (%) Sx Vx
\% 15 29.4
V+P 16 314
P 7 13.7 10.05181023 | 0.66067239
P+K 6 11.8
V4 3 59
C 4 7.8

Legend: Sx — Standard deviation, Vx — Coefficient of variation

Table 1 shows the frequency of the individual crystallization structures. Most of the inseminated
sheep (60.8%) had "V" type crystallization (29.4%) and a mixed form of "V"+"P" type crystallization
(31.4%). In 25.5% of inseminated sheep, "P" and mixed forms of "P"+"K" crystallization occurred.
Crystallisation of the "K" type did not occur in the animals studied. In 5.9% of the inseminated sheep,
a swollen crystallization of the "Z" type occurred, and in 7.8% of the animals, a crystallization of the "C"
type occurred.

Table 2 Influence of crystallization type on pregnancy rate

Type of crystallisation Number of samples (n) Number of pregnant sheep (n) Pregnancy rate (%)
A% 15 12 80.0
V+P 16 7 43.8
P 7 4 57.1
P+K 6 3 50.0
Z 3 2 66.7
C 4 0 0.0
P =0.002858
> 51 28 54.9

Legend: P < 0.01 = high statistically significat differences

According to Stadnik et al. (2013), the optimal form of crystallization structures (suitable time
for insemination) is the "P"+"K" and "K" type, which occurs in cattle in the second half of estrus.
According to the results shown in Table 1, it can be assumed that most of the inseminated animals were
inseminated prematurely around the beginning of estrus (type "V", "V"+"P", "P").

Table 2 and Figure 2 show the effect of crystallization types on the pregnancy rate. The highest
value of pregnancy (80.0%) was found in animals that had a "V" type crystallization pattern.
For the "V+P", "P" and "P+K" types, a total of 48.3% (14 pregnancies out of 29 inseminated) were
crystallized. The type of crystallization structures "V", "V"+"P", "P" and "P"+"K" had a highly
statistically significant effect (P = 0.002858) on the pregnancy rates.

In cattle, the highest values of pregnancy at insemination are reached at the time of crystallization

structures "P" to "K". On the contrary, the lowest values of pregnancy are achieved by animals
with atypical crystallization (Jezkova et al. 2007, Jezkova et al. 2008, Stadnik et al. 2013).

The value of pregnancy in inseminated animals with "Z" type crystallization was 66.7%.
As this is a structure occurring in cattle at the end of estrus/postpartum, the higher values (compared
to similar observations - see Stadnik et al. (2013): 20.0%) are probably due to the low number of animals
with this type of crystallisation. The lowest values of pregnancy were found for crystallization type "C"
(0.0%), which occurs in inflammation.
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Figure 2 Influence of crystallization type on pregnancy rate
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The overall rate of pregnancy rate after insemination was 54.9% (28 pregnancies out of 51
inseminated). This is below average, compared to the average of 60% reported by Kuchtik et al. (2007).

CONCLUSION

In this research, it was found that the type of crystallization of cervical mucus at the time
of insemination had a conclusive effect on the subsequent pregnancy values. Animals with type "V"
crystallization had the highest values of pregnancy and animals with atypical type "C" crystallization
had the lowest values.

The most common types of crystallization in the animals studied were the "V" type and the mixed
"V"+"P" form. These forms occur in cattle in the pre-estrus and early estrus. In relation to the temporal
sequence of changes in crystallization patterns reported in cattle, these values are opposite,
with a decreasing trend in the values of pregnancy.

The resulting values for the different types of crystallisations differ from those reported for cattle.
To obtain more accurate results, it is necessary to repeat the experiment on a larger number of animals
and to determine at what times during estrus the changes in each type of crystallisation occur
and, in particular, whether the sequence of changes in crystallisation structures during estrus is identical
to the results reported for cattle.
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Abstract: The aim of the study was to evaluate the effect of hatching eggs storage and their preincubation
on eggs quality, hatchability and one-day old chick weight in young meat-type ROSS 308 parent stock,
31 weeks of age. Total of 1920 hatching eggs were used in this experiment for incubation, for egg quality
analysis. Eggs were divided into three groups and stored for 21 days. Group PO was not treated
by preincubation. Group P1 contained hatching eggs which were preincubated once at the fifth
of storage. Group P2 contained hatching eggs which were preincubated at days 5 and 10 during storage
period. Egg quality was analysed for fresh eggs too. Long storage and repeated preincubation decreased
both egg weight and yolk dry matter (P <0.05). After application of preincubation, the degree
of embryonic development significantly increased (P <0.05). Preincubation and 2lday storage
of hatching eggs had no effect on hatchability and embryonic mortality. The weight of day-old chicks
significantly decreased in chicks hatched form eggs twice treaded by preincubation.

Key Words: embryonic development, embryonic stage, broiler, quality of hatching eggs

INTRODUCTION

Long term storage has a negative effect on hatchability of chickens, increases embryonic
mortality, especially early embryonic mortality (Fasenko et al. 2001), reduces the quality of one day-
old chicks and their viability. Negative effects of long-term storage include increased hatching time
(Tona et al. 2003), increased mortality after hatching (Yassin et al. 2008), impaired growth after
hatching, which is reflected in reduced growth and quality during and at the end of fattening (Tona
et al. 2004). The reduction in hatchability is around 0.2% per day up to 7 days of storage, after 7 days
of storage the hatchability decreases by 0.5% (Yassin et al. 2008).

Storage temperatures must correspond to the so-called physiological zero, ie the temperature
at which the embryo's ability to continue embryonic development is almost stopped (Funk and Biellier
1944). The way, to eliminate these negative consequences of long-term storage at least partially
is the application of modern biotechnological methods, such as the method of preincubation hatching
eggs. The preincubation of hatching eggs is carried out once or repeatedly during storage, the first
preincubation is applied until the 7™ storage, most often on the 5th day of storage. The principle of this
method is to increase the temperature above physiological zero, preferably with the help of the Re-Store
device (Fasenko 2001). Preincubation can also have a negative effect on the hatchability of chickens
if the application of elevated temperature is longer than optimum and thus exceeds the stage
of embryonic development 13 developmental stage according to the methodology of Eyal-Giladi
and Kochav (1976), when the hypoblast is completely formed, in the next phase already forms the basis
of the primitive strip (Fasenko et al. 2001, Tesafova 2018). When applying preincubation, it is therefore
necessary to determine the stage of embryonic development before and after its application, so that
the 13 developmental stage is not exceeded (Fasenko et al. 2001). Although preincubation has a positive
effect on the hatchability of chickens with the correct application of preincubation, ie not exceeding
13 degrees of embryonic development according to the methodology of Eyal-Giladi and Kochav (1976),
in some cases this positive effect is lost and hatchability is reduced. This negative effect occurred
in long-term stored eggs that came from an older parent flock at 45 weeks of age. Hatching eggs which
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were not preincubated before and during long-term storage showed 1.1% higher hatchability than eggs
treated before and during long-term storage by preheating. The same parental flock at the age
of 30 weeks responded to the application of preincubation before and during long-term storage
by increasing the hatchability by 3.11% (Tesafova 2018). Reijrink et al. (2009) also reported that
a parent flock of the Cobb 500 hybrid combination at 61 weeks of age showed that preincubation had
a negative effect on stored eggs for 12 days, reducing hatching by 6.2%. On the contrary, a young parent
flock at the age of 28 weeks showed a positive reaction to preincubation and subsequently
to hatchability. Eggs stored 11 days after preheating were increased by 5.3% compared to the
unpreincubated control.

The reduction in hatchability can be caused by cell death in a few processes, that take place inside
the egg during long-term storage. These negative consequences can be caused by a change in the weight
of the yolk and protein, thinning of the vitreous membrane of the yolk, weight loss of the egg,
enlargement of the air chamber, and a rapid and high increase in pH of the white and yolk (Scott
and Silversides 2000). Protein has an average value of 7.6 in fresh eggs, during long-term storage it can
reach up to 9 (Lapdo et al. 1999). During storage, the pH of the yolk also changes, although not
as significantly as in the case of egg white. The pH value after laying in the yolk is approximately 6,
it can reach values up to 6.8 pH (Kirunda and McKee 2000). The pH value of the yolk is affected not
only by the storage time, but also by the storage temperature, the higher the temperature, the faster
the pH rises (Jin et al. 2011). Increasing the weight of the yolk due to the migration of water from
the protein further causes a thinning of the yolk vitreous membrane and a loss of elasticity due to which
increases its susceptibility to mechanical damage Moran (1936).

MATERIAL AND METHODS

In a total 1920 hatching eggs of meat type hybrid ROSS 308 at the age 31 weeks were used
in this study. Thirty fresh eggs (control group) were used for their quality measurements at the day,
when they arrived to the hatchery. The rest of these eggs was divided into three groups and these eggs
were stored 21 days prior incubation.

Group PO was not treated by preincubation. Group P1 contained hatching eggs which were
preincubated once at the fifth of storage. Group P2 contained hatching eggs which were preincubated
at days 5 and 10 during storage period.

Hatching eggs were preincubated according to the standard Petersime program. This program
heated hatching eggs to 95 °F and, after reaching this temperature, heated the hatching eggs for one
hour. The temperature of the hatching eggs was monitored with Ovoscan. The storage temperature was
14 °C, humidity 70% and during storage the eggs were turned at hourly intervals at an angle of 90 °.

In each group eggs were sat in 11 trays, 60 eggs per 10 trays and one tray with 30 eggs. These
thirty eggs in each group were used for egg quality measurements at 21° day of storage.

At day 7 of incubation, all hatching eggs were candled, and clear eggs were opened
to macroscopically determine embryonic mortality and fertility; blastoderms and blastodics were
differentiated. On hatching day, live hatched chicks were counted per basket. All unhatched eggs were
opened to determine the stage of embryo mortality; early stage embryonic mortality to 9d of incubation
(black eye visible, embryo without feathers), middle stage embryonic mortality 10-17d of incubation
(small embryo with feathers), late stage embryonic mortality 18-21d (full grown embryo with yolk
out or full grown embryo dead or alive with yolk subtracted). Because fertility was determined
macroscopically, it is possible that an embryo that died during storage was classified as an infertile egg,
therefore hatchability and embryonic mortality were calculated as a percentage of set eggs, where egg
origin was the same for all treatments. One hundred randomly selected chicks per treatment were
weighed.

Under egg quality following parameters were evaluated: egg weight, yolk weight, shell weight,
shell thickness, egg shape index, eggshell strength, Haugh units, pH of yolk and white and dry matter
of yolk and white. Furthermore, the degree of embryonic development of the eggs was evaluated.

Blastoderm from hatching eggs were isolated and subsequently determined according
to the methodology for determining the degree of embryonic development Eyal-Giladi and Kochav
(1976).
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Observed characteristics were expressed by means and variability by standard error
and coefficient of variability. The results for egg quality and incubation variables were analysed
by ANOVA with a general linear model procedure (Unistat 5.1 software, UNISTAT Ltd, ENGLAND).
Mean differences were tested using the LSD test.

RESULTS AND DISCUSION

The results show (Tablel) that during long-term storage, the pH of the albumen increased
and the quality of the white expesed by Haugh units decreases (P <0.05). However preincubation did
not have effect on white pH.

Table 1 Egg quality in fresh and 21 days stored eggs and stage of embryonic development

Experimental groups

Monitored 50 Pl > c l
ontro
parameters _ SE Vx _ SE Vx _ SE Vx _ SE Vx
(X) X X X
Weight of eggs 56.0° 0.32 0.03 55.3% 0.48 0.05 54.9* 0.51 0.05 57.8¢ 0.72 0.05
Weight of yolk 16.5* 0.17 0.05 16.7* 0.20 0.06 16.8* 0.23 0.07 16.4* 0.20 0.05

Yolk dry matter 49.00° 0.21 0.01 48.35° 0.27 0.02 4532 1 099 | 0.07 50.27¢ 0.12 0.01
White dry matter 13.3 0.55 0.13 13.2¢ 0.55 0.13 12.47* | 0.62 | 0.15 12.67° 0.24 0.06

pH of yolk 629 | 003 | 0.02 6.5¢ 0.05 | 004 | 638 | 004 | 003 6.3% 0.05 | 0.04
pH of white 9,1 0.01 | 0.01 9.1° 0.01 | 0.01 9.1* | 0.02 | 0.01 9.06° 0.03 | 0.01
Eggshell 352° | 074 | 0.11 352° | 0.83 | 0.2 | 343% | 1.05 | 0.15 32.50 129 | 0.17
strength

Eggshell 0.5° 0.01 | 0.06 0.5° 0.01 | 0.00 0.5° | 0.01 | 005 0.5° 0.01 | 0.05
thickness

Eggshell weight 5.40 0.19 | 0.18 | 529 | 0.09 | 0.09 51 | 0.07 | 007 5.10 0.09 | 0.08
Egg shapeindex | 80.2* | 044 | 003 | 79.9% | 038 | 002 | 80.1* | 059 | 0.04 79.0° 0.68 | 0.04
HU 80.5° | 091 | 006 | 83.18° | 1.05 | 0.07 | 817 | 0.96 | 0.06 96.8¢ 077 | 0.03
Stage of

embryonic 10° 0 0 103° | 0.09 | 0.05 1.5 | 019 | 0.07 10° 0 0

development
Legend: SE — standard error of the mean, vx — coefficient of variation, a,b,c — means in the same row designated by different
letters are significantly different (P <0.05), PO is the mean for the group that was stored, P1 is the mean for the group that was
stored and preincubated (1x), P2 is the mean for the group that was stored and preincubated (2x)

These data are consistent with the results of Lapao et al. (1999), which state that overall, albumen
pH increased from 8.20 to 9.15 in eggs stored between 0 and 8 day, but most of this increase occurred
during the first 4 d of storage. These results are confirmed by the results of Tona et al. (2004) who also
report a reduction in HU after long-term storage.

Alsobayel et al. (2017) report that long-term storage (15 days) increased the yolk pH from 6.10
to 6.36. The results in this experiment show that the yolk pH of the control group was 6.3 and of PO
6.29, without significant difference. Preincubation significantly increased yolk pH in groups P1 and P2
compared with PO (P <0.05).

The weight of the eggs decreased after the application of long-term storage and pre-incubation
(P <0.05), and these results agree with the results of Khan et al. (2014), who report that the weight
of hatching eggs from RIR decreased after 9 days of storage from 44.7 to 43.63 g.

In the yolk, there was a slight increase in weight in groups PO, P1 and P2 compared to the control
group. Khan et al. (2014) report an increase in yolk weight after 9 days of storage from 15.90 to 17.27 g.

Due to the migration of water from the white to the yolk during long-term storage, the vitelline
membrane is mechanically stretched and its elasticity is reduced (Moran 1936). Due to the increase
in water in the yolk, the dry matter content of the yolk decreases and the dry matter in the barrel
increases. In this experiment, the dry matter of the white increased from 9.06% to 9.01% and the dry
matter of the yolk decreased from 50.27% to 49.0% for group PO, 48.35% for P1 and 45.32% for P2
(P <0.05).

After preincubation, the degree of embryonic development shifted in both groups (P <0.05).
Similar data were concluded by Tesarova (2018), who determined stage of embryonic development
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in hybrid meat type ROSS 308 at the age of parent flocks 30, 45 and 58 weeks. Most fertilized eggs
were stage X, but stage XI eggs were observed in all three groups.

Table 2 Hatchability, embryonic mortality and weight day-old chick

Monitored parameters Experimental groups
P_O SE Vx P_l SE Vx P_2 SE Vx
X X X
Hatchability 88.82 1.91 0.07 | 87.1* 1.12 0.04 | 87.2* 1.08 0.04
Early embryonic mortality 7.32 1.4 0.6 7.7% 0.7 0.3 7.42 1.11 0.47
Middle embryonic 100 | 037 | 1.16 | 1.5* | 046 | 096 | 1.00 | 045 | 14
mortality
Late embryonic mortality 3.2¢ 0.78 0,77 3.7* 0.89 0.75 4.4 0.44 0.32
Weight of day-old chick 39.1° | 0.22 0.06 | 38.9% | 0.24 0.06 | 38.6° | 0.24 0.06

Legend: SE — standard error of the mean, vx — coefficient of variation, a,b — means in the same row designated by different
letters are significantly different (P <0.05), (P <0.05), PO is the mean for the group that was stored, Pl is the mean
for the group that was stored and preincubated (1x), P2 is the mean for the group that was stored and preincubated (2x)

Preincubation (Table 2) had no significant effect on the hatchability of chickens compared
to the non-preincubated group. The same result was achieved by Tesafova (2018) in chickens at the age
of the parent flock of 45 weeks.

The weight of day-old chicks decreased in both groups to which preincubation was applied. These
results correspons with Tona et al. (2004), who also reported reduced chicken weight after long-term
storage. The weight reduction of day-old chicks is also reported by Khan et al. (2014). In their
experiment, the weight was reduced from 30.46 g to 29.89 g after 9d storage hatching eggs from RIR
(rhode islands red).

CONCLUSION

Long storage and repeated preincubation decreased both egg weight and yolk dry matter
(P <0.05). After application of preincubation, the degree of embryonic development significantly
increased (P <0.05). Preincubation and 21day storage of hatching eggs had no effect on hatchability
and embryonic mortality. The weight of day-old chicks significantly decreased in chicks hatched form
eggs twice treaded by preincubation.
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Abstract: Embryotransfer (ET) is used in reproduction worldwide. This thesis deals with the evaluation
of milk yield at Holstein cows that were from ET. This evaluation was done by performed flushes
and transferring the offspring, born and included in the breeding during the years 2015 and 2016.
All data for the experiment evaluation was obtained from an agricultural cooperative, which has three
farms located in the region Pardubice. For statistical analysis of the data, we used multifactor analysis
of variance. In 2015, 14 donor cows were flushed. A total of 212 embryos were obtained from which
113 embryos could be used. In 2016, 19 donor cows were flushed and 241 embryos were obtained,
but only 113 embryos met the criteria. In the experiment, we evaluated the performance of daughters
from embryo transfer and compared their performance with their peers (not from ET) born in the same
stable and the same years. Performance evaluation was obtained during the first and second lactation.
From the results, where the production performance is compared, it is evident that there was
no statistically significant different production difference between dairy cows from ET and their peers.

Key Words: embryo transfer, Holstein cows, donors, reproduction, milk yield

INTRODUCTION

Embryotransfer (ET) is used worldwide. In the context of dairy cows, it is commonly used
as a tool for genetic improvement. In addition, ET can be used to increase the reproductive efficiency
of herds, especially among cows that live in specific physiological conditions such as heat stress
(Oliveira 2016). Embryotransfer has multifaceted and broad importance. It is still a popular technique
in cattle breeding that achieves top performance (Jezkova 2020). It interferes with the reproduction
and breeding of cattle (Vanek et al. 2002). For all livestock species, the result of embryo transfer depends
mainly on the quality of the recipients and the quality of the embryo. If the embryo meets
the morphological criteria, it can be referred to as usable embryo. In terms of dairy breeds, heifers are
declared to be better recipients than cows, especially for their easy manipulation or frozen embryos
(embryos obtained from cryopreservation process). This statement can be partly explained by the fact
that heifers have a higher concentration of progesterone in the blood (Machaty et al. 2012). Biological
reproduction procedures that are based on embryo transfer have in particular a significant increase
in the number of oocytes that ovulate and can be subsequently fertilized. This makes it possible to obtain
a larger number of calves that a cow can produce in one year (Jezkova 2019).

Embryotransfer offers the breeder the acquisition of more offspring from a particular cow
(Jezkova 2020). It enables the production of meat breeds from dairy cows in a relatively short time
and the acquisition of a purebred herd of a specific breed (Vanék et al. 2002). Embryotransfer allows
us to produce offspring of the desired sex. It is used to produce calves from genetically valuable parents.
Another advantage of ET is also that we can obtain offspring from infertile mothers (Jakubec et al.
2012).

MATERIAL AND METHODS

All data for the experiment evaluation was obtained from an agricultural cooperative, which has
three farms located in the region Pardubice. The company manages 3,000 ha of agricultural land
in 14 cadastral areas over an altitude of 450 meters above sea level. The evaluation of embryo transfer
was performed on data from the years 2015 and 2016. Among donors, the number of usable embryos
and the number of transferred and frozen embryos were monitored too. Additionally, we monitored
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the attachment of the embryos and the number of born calves. Dairy cows that were selected as donors
achieved three lactations. As a result, they produced 12,819 kg of milk. The fat content was around
3.99% and the protein content was around 3.21%. The fat content in kg was 509 kg and the protein
content was 410 kg.

In the second part of the experiment, we evaluated the performance of daughters from embryo
transfer and compared their performance with their peers born in the same stable and the same years.
Performance evaluation was obtained during the first and second lactation. The main utility parameters
that were monitored are the efficiency during lactation with the protein and fat content in relative
and absolute terms.

For statistical analysis of the data, we used multifactor analysis of variance available in program
STATISTICA 12.0.

RESULTS

Table 1 evaluated the effect of embryo transfer on milk yield. The milk content from ET dairy
cows averaged 11,445 + 2,634 kg. For peers cows, the values averaged 11,214 + 2,311 kg. There was
no statistically significant (p > 0.05) difference between dairy cows. The fat content from ET dairy cows
averaged 3.98 £ 0.41%. For their peers, the values ranged on average 3.98 = 0.39%. No statistically
significant (p > 0.05) difference was found in fat content (kg). The values for dairy cows from ET
averaged 452 +98.81 kg. The values from peers were the same, with a fat content averaging 452 + 56.88
kg.

There was no statistically significant (p > 0.05) difference in milk production between dairy cows
derived from ET and their peers (Table 2). It was also proven that there is no significant difference
in relative and absolute milk fat content. Dairy cows from ET produced an average of 11,150 + 2,774
kg of milk, which is on average about 1 066 kg more than the production from their peers. Peers
produced an average of 10,084 + 2,689 kg of milk. Regarding the fat content from ET dairy cows,
the values ranged from 3.79 £ 0.33 %. The fat content of their peers was almost comparable to 3.78 +
0.36%. The absolute fat content from ET dairy cows was 420 £+ 99.70 kg. The values of their peers were
41 kg lower (379 + 100.23 kg). The values in ET dairy cows averaged 3.35 + 0.19% and their peers had
a protein content of 3.35 £ 0.20% in milk. Higher absolute protein content (374 + 93.38 kg) was
demonstrated in ET dairy cows. Their peers produced 337 + 88.44 kg of proteins during lactation. There
was no statistically significant (p > 0.05) difference between the monitored protein contents. The amount
of protein in ET dairy cows reached a similar average of 3.27 = 0.17% as in contours on average 3.27 +
0.21%. The average protein content of dairy cows from ET was 373 + 80.84 kg, the average protein
content of their peers was 374 + 53.51 kg. The higher absolute protein content (374 + 93.38 kg) was
demonstrated at ET dairy cows. Their peers produced 337 + 88.44 kg of proteins during lactation.

Table 1 Comparison of performance between dairy cows from ET and their peers born in 2015, 2016

Cows Number Milk (kg) Fat (%) Fat (kg) Protein (%) Protein (kg)
From ET 43 11445+2 634 3.98+£0.41 452 £98.81 3.27+0.17 373 +£80.84
peers 42 11214 +2311 3.98 £0.39 452 +56.88 3.27+0.21 374 +53.51

Table 2 Comparison of performance between dairy cows from ET and their peers born in 2016, 2017

Cows Number Milk (kg) Fat (%) Fat (kg) Protein (%) Protein (kg)

From ET 38 11150+2 774 3.79 +£0.33 420 +99.70 3.35+0.19 374 +93.38

peers 38 10 084 £2 689 3.78 £0.36 379 +100.23 3.35+020 337 + 88.44
DISCUSSION

From 1992 to 2009, the author Doormaal (2013) followed the growth trend in the number
of embryos obtained from donors. He stated that 10 or more embryos can be obtained from one donor.
Doormaal (2017) stated that it was possible to obtain 20 or more embryos per flush from some
individuals. The results of this work agree with the author. In our work we obtained around 20 or more
embryos from one donor which is comparable to the xpextation. Hasler (2014), in his study, reported
that it is possible to obtain 6 embryos by a single flush from only a single donor. The total obtained
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number of embryos can affect the age of the donor, which according to the author should be within
8 months.

From the results shown in tables 1 and 2, where the production performance is compared,
it is evident that there was no production difference between dairy cows from ET and their peers. Their
values in milk, fat, and protein production were similar. A smaller difference was recorded in Table 4,
where 11,150 kg of milk was obtained from dairy cows from ET and 10,084 kg of milk were obtained
from their peers. The other values of milk components don’t differ. The author Szabari (2009) stated
in his work that there was a smaller difference in milk production between dairy cows that are from ET
and are not from ET. Dairy cows from ET produced an average of 8,762 kg and their peers produced
an average of 8,419 kg of milk. Furthermore, in his publication, the author stated that most dairy cows
from ET reach a maximum of 2 lactations and then they are excluded for health reasons. Szabari et al.
(2008) report that in dairy cows derived from ET, milk, fat, and protein production tended to exceed
their contour lines.

CONCLUSION

When evaluating the quality of Holstein cows, which came from ET, we found that it was possible
to obtain 25 or more embryos from some donors. A higher number of embryo attachments was recorded
in immediately transferred embryos. A lower number of attachments was seen after the transfers
of frozen embryos. Heifers predominated in the number of live births and in the sex ratio.

The subsequent evaluation was based on a comparison of the performance of daughters who came
from ET with their peers. There was no significant difference in the effect of lactation order
on the performance of dairy cows in the first and second lactation. Dairy cows produced slightly more
milk on the second lactation than on the first lactation. The fat content in % was higher on the first
lactation compared to the second lactation. The protein content in % in dairy cows at the first and second
lactation did not differ significantly. It can be stated that dairy cows on both, the first and the second,
lactations achieved high production.

When comparing dairy cows that came from ET with their peers, milk yield doesn’t differ
significantly. Dairy cows from ET were as productive as their peers. A smaller difference was found
when dairy cows from ET had slightly higher milk production. The content of milk components of fat
and protein was balanced between both dairy cows.
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Abstract: The health of honeybees is current issue namely due to colony collapse disorder. The presence
of healthy long-living honeybees is necessary for successful overwintering of the colony. However,
vitality of the honeybees is threatened by the synergy of pathogens, pesticides and malnutrition. It was
found that mushroom extracts decrease honeybee viral load. We tested a potential of the mycelial
extracts (Fomes fomentarius, Ganoderma lucidum) as additive in winter stores for improving
of the overwintering. Treated colonies showed a slight tendency to overwinter in stronger condition.
The possible effects of tested mycelial extract are discussed.
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INTRODUCTION

Studies about the positive effect of mushroom extracts on honeybees have been published
recently. After feeding the mushroom supplement the colonies became stronger (brood rearing, adult
population growth) (Patruica et al. 2017, Stevanovic et al. 2018), the bees lived longer (Parish et al.
2020), the Nosema ceranae infection was reduced (Glavinic et al. 2021) and in the case
of Zygosaccharomyces sp., this yeast is considered to be a source of essential ergosterol important
for larval metamorphosis (Paludo et al. 2018). It was found the fungicides can reduce diversity of fungi
in bee bread. Following this, there arose suggestion that any substances from fungi can lack in bee bread
(Yoder et al. 2013).

In winter, the survival of honeybee colony is particularly dependent on the longevity of bees
(Doke et al. 2015) while viral infections are considered to be one of the causes of the colony collapses
(McMenamin and Genersch 2015). Evidence that ethanol extracts from mycelia of Polyporales reduce
viral load in honeybees and increase their lifespan is therefore particularly interesting (Stamets et al.
2018, Stamets 2020).

The promising effects of mycelial extracts from Polyporales have not been tested in wintering
colonies yet because the antiviral effects were tested only in cage experiments and in 12-day summer
experiment in the nucleus colonies (Stamets et al. 2018, Stamets 2020) and effects on the longevity were
tested only in cage experiments (Stamets 2020).

Towards beekeeping practice, it is desirable to prove the potential benefit of mushroom
supplements. The aim of this experiment was to test the effect of the polypore mycelial extract added
to the winter colony stores on colony overwintering and early spring growth.

MATERIAL AND METHODS

Preparation of mycelial extract

The mycelial extract was prepared from Fomes fomentarius (collected as the basidiocarp
in a birch forest Kurimska Nova Ves, Czech Republic 49°20'52"N, 16°17'6"E) and from Ganoderma
lucidum (purchase as mycelium from Dipl.-Ing. N. Krdmer, Hannover, https://shii-take.de). Cultivation

and extraction procedure was carried out according the method by Stamets et al. (2018) as described
in Prouza et al. (2020).
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Field experiment groups of colonies settings

There were six experimental and six control colonies of Apis mellifera in comparable condition
in the experiment. The condition for the selection of colonies was assessed on a subjective scale of 1-5
grades reflecting a strength of colony (1 = very weak, 2 = weak, 3 = medium, 4 = strong, 5 = very strong
colony). This and other subjective evaluations of the experiment were always performer by the same
person. Four medium, one weak and one strong colony formed the experimental or control group. All
colonies were of the same origin (inseminated queens, Vigor® strain).

In the late summer, winter stores of colonies were supplemented by feeding of sucrose syrup
(3:2 sucrose/water, w/w). In total, 16.5 kg of sucrose per colony was fed in three partial doses during
the second half of July 2019. In contrast to the control colonies, the doses of sucrose syrup
for experimental colonies were enriched by one or two percent (v/v) of the extract from F. fomentarius
or G. lucidum (colonies with ME). Specifically, doses of syrup fed to experimental colonies contained
mycelial extract in the following proportions: 1% dose — F. fomentarius extract (1%), 2™ dose —
4/5 F. fomentarius extract and 1/5 G. lucidum extract (1%), 3™ dose — G. lucidum extract (2%).

Evaluation of the colony condition during field experiment

The evaluation was performed in as short as possible time interval in the morning as long
as the honeybees were predominantly inside the hive to prevent recording of differences caused
by increasing of temperatures. The early spring condition was assessed on 18" March 2020.
The parameter “condition after winter” reflects the subjective evaluation of colony strength after
overwintering on a scale of 1-10 grades (zero is given for dead colony). Colonies can be divided
according to this scale as follows: Grade 1-3 (very weak colonies without growth potential and with
less than three occupied frames), grade 4 and 5 (weak colonies with substandard growth), grade
6 and 7 (colonies in good condition with standard growth), grade 8—10 (strong colonies with above-
standard growth). Besides condition after winter, other partial parameters were evaluated. Namely
the rest of winter stores in kilograms, the number of occupied supers and frames (gaps among frames),
the number of brood frame, the area of brood in square decimetres and number of extremely weakened
colonies which had to be shrunk.

The spring condition was assessed on 22" April 2020, i.e. at the cherry florescence. Spring growth
was evaluated, i.e. the overall subjective impression of the spring growth colony condition that was
classified using the same subjective ten-point scale as in the early spring. In addition to the spring
growth, other parameters were also evaluated such as the number of occupied frames, the number
of brood frames and the area of brood in square decimetres again.

Statistical evaluation

Condition and partial parameters of colonies in early spring and spring were always averaged
within a specific parameter, separately for the group of colonies with ME and for the group of control
colonies. The deviations given correspond to the standard error of the mean. Student’s t-test (two-sided
division, two-sample with equal variance) was always used to compare the experimental and control
group of colonies in a specific parameter. Differences with a p-value above 0.05 (p > 0.05) were
considered statistically insignificant.

RESULTS

All colonies overwintered successfully. Colonies supplemented with the mycelial extract (ME)
showed the average value of the condition after winter and the spring growth slightly higher compared
to the control colonies wintering without the addition of ME in winter stores (Figure 1, Figure 2).
The differences were statistically insignificant (p condition after winter = 0.157 @ P spring growth = 0.088).
The specific distribution of condition after winter and spring growth values for individual colonies
is depicted in Figure 3. Some tendency towards better overwintering is more pronounced for colonies
with ME here. The colonies with ME are accumulated more in the left while the control colonies are
predominantly in the right part of the figure.

Some of the partial parameters in early spring showed statistically significant differences.
Colonies with ME occupied on average more frames (p = 0.043) and supers (p = 0.01), on the contrary,
these colonies had less rest of winter stores after winter (p = 0.035). Other parameters were not
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statistically significant. The area of the brood was insignificantly larger in colonies with ME in early
spring (p = 0.141) and during spring growth (p = 0.467). Colonies with ME also reared insignificantly
fewer brood frames in early spring (p = 0.667), but these colonies had already more of it during spring
(p = 0.57). In contrast to the control colonies, colonies with ME were not shrunk in early spring
(p = 0.145) and during the spring growth occupied insignificantly more frames (p = 0.061).

Figure 1 Condition and partial parameters of colonies in early spring, average values
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Figure 2 Condition and partial parameters of colonies in spring, average values
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DISCUSSION

The results suggest that the addition of ME to winter stores of colonies can positively affect colony
strength in early spring and spring. It is in agreement with a similar experiment where increased colony
strength was observed after Agaricus brasiliensis extract treatment (Stevanovic et al. 2018). However,
it has to be emphasized that no colony losses were observed at apiary that winter. Therefore, the expected
beneficial effect of ME was not countered by other negative factors. Stronger colonies are more likely
to overwinter successfully (Doke et al. 2015). Strong colonies resist cold weather better and can be more
resistant to viral infections (Di Prisco et al. 2011). There can be no significant differences between
colony strength and the prevalence or viral load (Cirkovic et al. 2018). The condition of the colony is not
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only about its strength but also about the health of the colony which does not have to affect the number
of honeybees in the colony just now. To what extent the tested ME affected the health or the number
of honeybees remains a question. Previous studies about the effect of mushroom extracts on honeybees
suggest both of these effects (Patruica et al. 2017, Stamets et al. 2018, Stevanovic et al. 2018, Stamets
2020, Glavinic et al. 2021).

Figure 3 Condition of colonies during the field experiment, values of individual colonies in descending
order of wintering
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Legend: Shades of blue represent colonies with ME, control colonies are in shades of orange.

Similarly to the experiment by Prouza et al. (2020), Stevanovic et al. (2018) also did not observe
any significant effect of their ME on prolongation of the lifespan in worker honeybees in cage
experiment. In their experiment the positive effect of the extract on colony strength also was not apparent
until the field experiment with colonies was carried out. This supports the hypothesis that the mushroom
extracts could have a positive effect on the queen’s egg-laying (Patruica et al. 2017). In early spring,
when honeybee colony is still dependent on winter stores, the increase in brood rearing was more
apparent in colonies with ME than in the spring when spring flow replace winter stores, i.e. the supply
of ME.

The second point of view considers that ME positively affect honeybee health especially that
reducing viruses in honeybees (Stamets et al. 2018) and increases bee’s lifespan at the same time
(Stamets 2020). Due to viruses are common in honeybee colonies (Tentcheva et al. 2004, Cirkovic et al.
2018) and that temperature decline could lead to increase severity of the viral infection (Di Prisco et al.
2011), some interaction could have occurred during the winter. The toxicological question can also
be considered if honeybees are exposed to pesticides which can have a negative effect on their health
including reproduction (Chmiel et al. 2020). At the same time, there is a presumption that the mycelial
extract could have a detoxifying effect (Stamets 2020). The mycelial extract could contribute to a re-
increase in egg-laying, to return to a standard brood rearing and to increase lifespan of honeybees
and thus to make the colonies stronger in general. The experimental colonies with ME showed
statistically insignificant tendency to have more brood on fewer frames. Even this more compact
structure could be an advantage for these colonies.

The effect of ME on honeybee nutrition is another question. It can be presumed that the lesser
rest of the winter stores in early spring could be caused by higher consumption. If due to higher
palatability or number of bees in colony is not clear.
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CONCLUSION

Results of the field experiment suggest that colonies wintered with stores enriched by the polypore
mycelium extracts overwintered in slightly better condition (number of bees and brood) compared with
the control colonies. It was followed by better spring colony growth in experimental group too.
The differences were with low or without statistical significance, therefore, the expected beneficial
impact of polypore mycelial extract on the condition of overwintered honeybee colonies remains
unconfirmed.
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Abstract: The aim of this study was to evaluate the effect of addition of cumin (Carum carvi) on broilers
performance parameters. The male broiler chickens Hubbard JA 57 were used in the experiment and
they were divided into two groups (Control and Cumin group). The control group was fed a diet without
addition of Carum carvi and the Cumin group was fed a diet containing of 1% of Carum carvi in a diet.
Carum carvi had positive influence on body weight of medium-slow growing chickens. Also, it was
confirmed that dietary cumin addition affected the jejunum length and cecum weight of slaughtered
chickens.

Key Words: Hubbard JA 57, poultry nutrition, Carum carvi, digestive tract

INTRODUCTION

Cumin (Carum Carvi L.) is an herb that is grown in West Asia, Europe and North America
(Pourmortazavi et al. 2005). Nowadays the main producer of cumin is the Netherlands. It's also grown
in Bulgaria, Canada, Germany, Great Britain, India, Morocco, Poland and United States (Weiss 2002).

This plant contains approximately 30 compounds (carvone and limonene represent about 95%
of them). Cumin seeds contain trace amount of other compounds such as acetaldehyde, furfural,
carveole, pinene, thujone, camphene, phellandrene, etc. The volatile oils are the main constituents
of Carum Carvi including carvone (40—60%), limonene, carveol, dihydrocarveol and thymol in addition
to glycosides and flavanoids. Furthermore, seeds contain 9-13% water, 13—-21% fats, 25-36% nitrogen
compounds, 5-10% of extractive nitrogen-free compounds, 13—19% of crude fibre, 5-7% of ash, 1.5%
of waxes and small amount of tannins and resin (Spaldon et al. 1986). The current research trend
is to find natural by-products of feed sources used as feed additives to increase feed efficiency
and growth rate of broilers (Lee et al. 2004). According to Seidavi et al. (2020) cumin seed support
improved performance (at supplementation levels of 3—5 % in diet) and positively affect (at 2-3 % levels
of dietary supplements) the intestinal microflora of broilers. The available literature reports that
the effects of cumin could have a positive effect on growth, nutrient digestibility, increased breast
and thigh muscle (Khajeali et al. 2012), meat quality (Lee et al. 2004) and serum parameters (Gandkanlo
etal. 2011).

MATERIAL AND METHODS

Experimental design

The animal procedures were reviewed and approved by the Animal Care Committee of Mendel
University in Brno and by the Ministry of Education, Youth and Sports (MSMT-21593/2020-3).
The experiment was performed at the experimental stables of Mendel University in Brno. During
the experiment, the microclimatic conditions and the light regime was controlled.). A conventional
system of deep litters with wood shavings was used as the bedding material.

Animals and diets

The total of 36 medium-slow growing male chickens (Hubbard JA 57) were used. The trial lasted
from one day to 50" day of chicken’s age. Broilers were fed experimental starter diets until 21% day
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of age. Chickens were fed experimental grower diets until 34™ day of age. Broilers were fed
experimental finisher diets from 36™ day of age until the end of the experiment. At the first day
of age broilers were divided by body mass into two equal groups with two replicates per treatment, i.e.,
there were 18 broilers in one experimental pen. The control group (Control; n=18) was fed a diet without
addition of Carum carvi. The second experimental group (Cumin; n=18) was fed a diet with addition
of 1% Carum carvi. Diets were formulated as isoenergic and isonitrogenous.

10 November 2021, Brno, Czech Republic

Chickens had free access to water and feed. Composition of used diets are shown in Table 1,
Table 2 and Table 3 for starter, grower and finisher diets, respectively. The chemical compositions
of all diets (Table 4) were determined for dry matter, crude protein, crude fat, crude fibre, and ash
according to the EC Commission Regulation (Commission Regulation 152/2009).

Table 1 Ingredient composition (g/kg) of starter diets

Component Control Cumin
Maize 330.0 354.1
Soybean meal 341.0 339.0 Levond: *Premi s (per kg): Llysine 2.4 g DL
egend: *Premix contains (per kg): L-lysine 2.34 g; DL-
Wheat 2522 220.0 Methionine 2.4 g; Threonine 0.99 g; calcium 5.25 g;
Rapeseed oil 33.6 33.6 phosphorus 1.95 g; sodium 1.44 g; copper 15 mg; iron
Premix* 30.0 30.0 84 mg; zinc 99 mg; manganese 99 mg; iodine 0.99 mg;
. X . selenium 0.18 mg; retinol 13,500 IU (international units);
Limestone milled 0.8 0.8 calciferol 5,001 IU; tocopherol 45 mg; phylloquinone
Monocalcium phosphate 10.0 10.0 1.5 mg; thiamine 4.2 mg; ri-boflavin 8.4 mg; pyridoxin 6 mg;
. cobalamin 30 ug; biotin 0.21 mg; niacinamid 36 mg, folic
Cumin - 10.0
) acid 1.8 mg; calcium pantothenate 13.5 mg; cholin chloride
DL-Methionine 2.4 2.5 180 mg.
Table 2 Ingredient composition (g/kg) of grower diets
Component Control Cumin
Maize 357.6 372.0
Legend: Legend: *Premix contains (per kg): L-lysine 2.58
Soybean meal 295.0 292.0 g; DL-Methionine 2.52 g; Threonine 1.47 g; calcium 5.04 g;
Wheat 272.0 251.15 phosphorus 1.65 g; sodium 1.38 g; copper 15 mg; iron
Rapeseed oil 37.6 37.0 75 mg; zinc 99 mg; manganese 99 mg; iodine 0.9 mg;
- selenium 0.36 mg; retinol 9,900 IU (international units);
Premix 30.0 30.0 calciferol 5,001 1U; tocopherol 45 mg; phyllogquinone
Monocalcium phosphate 5.6 5.6 1.5 mg; thiamine 4.2 mg; ri-boflavin 8.4 mg,; pyridoxin 6
) L mg; cobalamin 28.8 ug; biotin 0.18 mg; niacinamid 36 mg;
DL Methlonme 22 2.25 folic acid 1.71 mg; calcium pantothenate 13.35 mg; cholin
Cumin - 10 chloride 180 mg.
Table 3 Ingredient composition (g/kg) of finisher diets
Component Control Cumin
Maize 399.1 393.0 . PR ns (per kg): Llysine 2.58 g: DL
egend: *Premix contains (per kg): L-lysine 2.58 g; DL-
Soybean meal 252.0 247.8 Methionine 2.52 g; Threonine 1.47 g; calcium 5.04 g;
Wheat 272.5 272.5 phosphorus 1.65 g; sodium 1.38 g; copper 15 mg; iron
Rapeseed oil 40.0 40.25 75 mg zinc 99 mg; n.'tanganese 99 mg iodt:ne 0.9 mg
ok selenium 0.36 mg,; retinol 9,900 IU (international units);
Premix 30.0 30.0 calciferol 5,001 IU; tocopherol 45 mg; phylloquinone
Monocalcium phosphate 4.9 4.9 1.5 mg; thiamine 4.2 mg, ri-boflavin 8.4 mg, pyridoxin
) L 6 mg; cobalamin 28.8 ug; biotin 0.18 mg; niacinamid
DL Methlomne L5 L.55 36 mg; folic acid 1.71 mg; calcium pantothenate 13.35 mg;
Cumin - 10 cholin chloride 180 mg.

Samples and analysis

During the experiment chickens feed intake and body weight were evaluated. The percentual
carcass yield was calculated as the carcass weight / slaughter live weight * 100. Yield of breast meat
and leg meat was calculated as their proportion from the slaughter weight. The feed conversion ratio
(FCR) was determined as total feed consumption/weight body gain at the end of trial. Some of individual
parts of digestive tract, liver and heart were determined.
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Statistical analysis

The one-way analysis of variance (ANOVA) was used to evaluate the differences between
the groups. Post-hoc testing of differences between groups was performed by the Sheffe’s test. P < 0.05
was regarded as a statistically significant difference.

RESULTS AND DISCUSSION

Feed consumption

The following table (Table 4) expresses the values of feed consumption per day and whole
experiment. FCR values are also included here. As shown in the table the experimental group with
Cumin had a higher average feed consumption per day and per whole experiment. According to results
of the Ustrasice test station live weight of the group without addition of cumin was 2 405 g in Hubbard
JA 57 chickens.

Table 4 Feed consumption and FCR of fattened chickens in relation to the dietary group

Trait Control Cumin
Average feed intake per trial/bird (kg) 4.08 4.41
Average feed intake per day/bird (g) 83.17 90.03
FCR (kg/kg) 1.63 1.66 Legend: FCR — Feed Conversion Ratio
Body weight

Table 5 shows the body weights of the chickens during the experiment. Statistically significant
differences between dietary groups assessed were found at 8%, 15" 36" 43 and 50" day of age
(P <0.05). At the end of the trial the average live weight was 2 502 g in the Control group and 2 654 g
in the Cumin group. In an experiment of Khajeali et al. (2012), which lasted 42 days, the live weights
were significantly higher (P <0.05) in the group with addition of 1 % cumin compared to the control
group. However, the study of Gandkanlo et al. (2011) confirms even better increase in live weights
of chickens with the addition of 1 % cumin in feed. In study of Guler et al. (2007) was found out no
significant difference in daily feed intake for 42 days in broilers fed a diet containing 1% cumin seeds.
However, mean daily weight gains between the treatments were significantly different.

Table 5 Live weight (g) of broilers in relation to the dietary group

Age Control Cumin
n 18 18
1% day 37.50+0.83 37.89 + 0.66
8t day 96.17 +£3.18° 108.00 + 3.552
15" day 246.56 = 9.35° 274.50 £ 6.43?
22" day 527.17 £ 15.20 561.22+13.45
28" day 891.78 £ 12.44 920.00 + 15.46
36™ day 1430.61 £ 22.01° 1496.50 +22.12°
rd a b Legend: “" means with different
43" day 1956.39 £ 32.07 2057.50 = 28.15 . > -
" . X superscript letters differ s‘tgmﬁcantly
50" day 2501.33 £36.25 2654.89 +32.07 at P < 0.05; n — number of cases

Weight of digestive tract, liver and heart

There were found significant differences (P > 0.05) in the jejunum length and cecum weight
of chickens between the dietary groups (Table 6).

Carcass characteristics

Table 7 shows the carcass characteristic of slaughtered chickens. There were found no significant
differences in values for the carcass weight and yield and yields of main meat parts (P > 0.05) between
dietary groups of chickens. Based on the results of carcass analysis at 49 days of age Hubbard JA 57
achieved 74.80 % (Machander 2018). The breast meat yield in the control group of the present study
was 25.97% and chickens of the cumin group reached this yield at the level of 26.75%. In contrast,

@ 173|Page



MN

10 November 2021, Brno, Czech Republic M
endel

the leg meat yield was 19.54% in the control group and 19.88% in the experimental group. Machander
(2018) reports the achieved values of breast yield 19.07% and of leg yield 22.72%.

Table 6 Weights and length of particularparts of digestive tract, and weights of liver and heart
in chickens (per kg of BW) in relation to the dietary group

Control Cumin
n 6 6
Mean + SE

Crop (g) 2.46+0.29 3.54+£0.1.10
Proventriculus (g) 3.69 +0.30 3.83+0.05
Gizzard (g) 13.35+0.45 12+0.62
Duodenum (g) 4.49+0.50 4.23+0.01
Duodenum (mm) 120.28 +5.48 112.90 + 6.60
Jejunum (g) 7.60 £0.49 9.20+£0.45
Jejunum (mm) 243.39 + 1.34° 274.12 + 4.642
lleum (g) 6.70 £ 0.99 7.12+0.57
lleum (mm) 215.49 £ 12.67 206.74 £9.77
Colon (g) 1.13+0.19 1.16£0.10
Colon (mm) 39.90 £ 8.46 36.73 £5.27
Cecum (g) 2.75+0.28° 3.62 +0.20°
Cecun (mm) 6497 6.65 72262 183 Legend: “* means different superscript letters
Liver (g) 1520+ 0.62 15.91+0.35 difjé:'er s‘igm'ﬁcantly at P < 0({5 n —pnumber
Heart (g) 4.91+0.07 6.06 + 1.04 of case,; SE — standard error
Table 7 Carcass characteristics of chickens in relation to the dietary group

Control Cumin

n 6 6
Mean + SE
Carcass weight (g) 1846.89 +42.59 1803.18 +33.81
Carcass yield (%) 71.84+ 0.20 70.68 +0.52 Legend: There was not found statistically
Breast meat (%) 25.97+0.29 26.78 +0.65 significant differences (P > 0.05) between
dietary groups;, n — number of cases; SE —

Leg meat (%) 19.54 + 0.49 19.88 £ 0.16 standard error

CONCLUSION

In the trial the effect of dietary addition of cumin on broilers performance and carcass parameters
were evaluated. The diet with addition of 1% cumin (Carum carvi) had the positive influence
on the body weight of medium-slow growing chickens. Also, it was confirmed that dietary cumin
addition affected the jejunum length and cecum weight as individual parts of the digestive tract assessed.
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Abstract: The effect of different forms of selenium on blood biochemical parameters was monitored
in 35-day-old broilers of the Ross 308 hybrid combination. A total of 69 one-day-old chickens were
divided into 3 groups: Control without selenium supplementation, Organic with organic selenium
supplementation (selenomethionine from Saccharomyces cerevisiae) and Inorganic with inorganic
selenium supplementation (sodium selenite). The total added selenium content was 0.4 mg/kg
fo Organic and Inorganic group. No significant differences in feed consumption and conversion ratio
were observed between groups during the experiment (P<0.05). Statistically significant differences were
observed in live weights from 28%-35" day of fattening — the difference was noted between the higher
weight control group and the lower weight organic and inorganic group (2203 g vs. 1990 g, resp. 2081
g). In the case of biochemical parameters, significant differences (P<0.05) were recorded between
the parameters of selenium (Se) and glutathione peroxidase (GSH-Px), which were higher in the organic
and inorganic groups (0.18 mg/1, 0.15 mg/1 for Se; 216.9 U/g Hb, 181.23 U/g Hb for GSH-Px) compared
to the control groups (0.03 mg/l for Se; 33.22 U/g Hb for GSH-Px). In none of the monitored cases
the organic and inorganic group significantly differ from each other.

Key Words: broiler nutrition, selenite, selenomethionine, Saccharomyces cerevisiae, Ross 308

INTRODUCTION

Selenium is an essential microelement, commonly added to feed rations and mixtures of livestock.
It mainly ensures the optimal function of the immune system (Surai 2002), which is related to the activity
of the enzyme glutathione peroxidase (GSH-Px). This enzyme was discovered in 1973 and it was
subsequently identified as a very effective antioxidant, protecting the body from damage caused by free
radical oxidation (Rotruck et al. 1973). The activity of GSH-Px is directly related with the supply
of selenium to organism (Watanabe et al. 1997).

Selenium is usually added to poultry feeds in organic form such as selenomethionine or inorganic
form, mainly selenate or selenite (Surai and Fisinin 2014). The organic form of selenium obtained
from yeast provides higher bioavailability than the inorganic form (Mahan 1999, Mahmoud and Edens
2003). Some experiments have shown that organic selenium from yeast increases the quality of meat
and the growth of feathers (Wang and Xu 2008) as well as the oxidative stability of meat and thus its
quality (Mahan 1999), which is desirable in fattening chickens. In contrast, Payne and Southern (2005)
reported that plasma GSH-Px activity was not affected by the form or concentration of selenium added
to feed mixtures. The aim of this experiment is to verify whether and how the different forms of selenium
supplied to the feed mixtures will affect the concentrations of selenium and GSH-Px in the blood plasma
of fattened chickens and whether they affect other blood biochemical parameters.

MATERIAL AND METHODS

Experimental conditions

Mendel University laboratory was used for the experiment. The microclimatic conditions
and light regime in laboratory were controlled via computer and kept in requirements according to actual
age of chickens (Aviagen 2018). The Animal Care Committee of Mendel University in Brno
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and The Ministry of Education, Youth and Sports (MSMT-21593/2020-3) reviewed and approved
animal procedures used in this experiment.
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Animals and diets

In this study 69 male Ross 308 broiler chickens were used. Length of experiment was 35 days,
starting with 1% day of chicken’s age. Feeding was realized by experimental starter diet for first 10 days,
after that experimental grower diet was used until the end of the study. At the first day of the study
which is also first day of age for examined chickens, they were split according to body mass into three
even groups with different diet. First was control group (Control; n=23) which was fed with a diet
without addition of selenium (selenium was supplied only with its natural content in the feeds), followed
by the first experimental group (Organic; n=23) which was fed with natural Se content in the feeds
and organic source of selenium (Sel-Plex — Saccharomyces cerevisiae CNCM 1-3060) and lastly
the second experimental group (Inorganic; n=23) which was fed with natural Se content in the feeds
and inorganic source of selenium (Sodium selenite — Na,;SeOs). The total added selenium content was
0.4 mg/kg for Organic and Inorganic group.

According to the EC Commission Regulation (Commission Regulation 152/2009) fraction of dry
matter, crude protein, crude fat, crude fibre, and ash in both diets were determinate as is show in Table 1
together with used diets composition.

Table 1 Composition and chemical analysis of starter and grower diets

Starter Grower
Components (g/kg) Control  Organic  Inorganic Control Organic  Inorganic
Maize 300 300 300 370 370 370
Soybean meal 436 436 436 395.5 395.5 395.5
Wheat 176.7 176.7 176.7 151.7 151.7 151.7
Rapeseed oil 40 40 40 40 40 40
Premix! 30 30 30 - - -
Premix? - - - 30 30 30
Limestone milled 5.5 5.5 5.5 33 33 3.3
Monocalcium phosphate 8 8 8 8 8 8
DL-Methionine 2 2 2 1.5 1.5 1.5
Wheat gluten 1.8 1.8 1.8 - - -
Sodium selenite (mg/kg) - - 7.5 - - 7.8
Saccharomyces cerevisiae ) 150 i ) 155 )
(mg/kg)
Dry matter (g/kg) 880 880 880 880 880 880
AMEN (MJ/kg)? 12.1 12.1 12.1 12.33 12.33 12.33
Crude protein (g/kg) 233.9 234.7 230.1 222.4 219.6 222.8
Ether extract (g/kg) 58.9 62.4 59.1 61.1 59.8 62.8
Crude fiber (g/kg) 35.7 35.6 37.5 36.4 36.3 38.4
Crude ash (g/kg) 65.9 65.8 65.4 61 61.2 61.5

Legend: 'Premix contains (per kg): L-lysine 2.34 g; DL-Methionine 2.4 g; Threonine 0.99 g; calcium 5.25 g; phosphorus
1.95 g; sodium 1.44 g; copper 15 mg; iron 84 mg; zinc 99 mg; manganese 99 mg, iodine 0.99 mg; retinol 13,500 IU
(international units), calciferol 5,001 1U; tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg, riboflavin 8.4 mg;
pyridoxin 6 mg, cobalamin 30 ug; biotin 0.21 mg; niacinamid 36 mg; folic acid 1.8 mg, calcium pantothenate 13.5 mg, cholin
chloride 180 mg. *Premix contains (per kg): L-lysine 2.58 g; DL-Methionine 2.52 g; Threonine 1.47 g; calcium 5.04 g;
phosphorus 1.65 g; sodium 1.38 g; copper 15 mg; iron 75 mg; zinc 99 mg; manganese 99 mg; iodine 0.9 mg; retinol 9,900 IU
(international units); calciferol 5,001 IU; tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg; riboflavin 8.4 mg;
pyridoxin 6 mg; cobalamin 28.8 ug; biotin 0.18 mg; niacinamid 36 mg; folic acid 1.71 mg, calcium pantothenate 13.35 mg;
cholin chloride 180 mg. 3Apparent metabolize energy — calculated value

There were health status checks on daily basis with weight measurement performed periodically.
On the last day of experiment all chickens were weighted and slaughtering by decapitation. Blood
samples were collected from 6 chickens from each group. During study only one premature death was
registered.
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Sample collection and data processing

The feed intake was calculated daily, the weight changes were measured weekly. The blood
samples were collected into heparinized tubes after the slaughtering. Plasma was collected after
centrifugation (10 minutes, 3,000 rpm) till 2 hours after blood collection and then it was frozen (-20 °C)
until biochemical examination. Biochemical parameters were determined using Erba Lachema
commercial sets on the Ellipse biochemical analyzer in plasma samples. Following parameters were
measured: AST — aspartate aminotransferase, GGT — gamma-glutamyltransferase, ALT — alanine
aminotransferases, ALP — alkaline phosphatase, LD — lactate dehydrogenase, TBili — total bilirubin, TG
— triglycerides, cholesterol, urea, creatine kinase, creatinine, TP — total protein, albumin, Se — selenium,
GSH-Px — glutathione peroxidase. The content of globulins (total protein minus albumin) and albumins
to globulins ratio were calculated.

The obtained data were processed in StatSoft Statistica, version 12.0 and Microsoft Excel.
Analysis of Variance (ANOVA) with a one-way design using the general linear model was performed
and the level of significance was established at P<0.05.

RESULTS AND DISCUSSION

Feed consumption and live weight of chickens

A distinct effect of different diets didn’t occur in feed consumption and feed conversion ratio
of fattening chickens, as shown in Table 2.

Table 2 Average feed consumption and feed conversion ratio per bird

G Average feed intake per Average feed intake per day Average FCR per
roup ) .
experiment (g) (2) experiment
Control 2881.66 84.75 1.31
Organic 2710.88 79.73 1.36
Inorganic 2681.39 78.86 1.29

Legend: FCR — feed conversion ratio; P>0.05

In performance objectives of Aviagen Group (2019), average feed consumption per 35-day-old
chicken is 3476 g and feed conversion ratio are 1.463. In our study these values were lower in all groups.
Between groups with selenium supplementation and control group was only small difference in feed
consumption (control group had slightly higher feed consumption) which wasn’t statistically significant
(P>0.05).

However, significant changes (P<0.05) were detected in life weights of chickens during
the fattening (n = 22), represented in Figure 1.

Figure 1 Average life weight (g = SE) of chickens during the experiment
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The differences in weights began to show 21 day of age and from the 28" day of age they became
statistically significant. This finding is likely to be related to the slightly higher feed intake of the control
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group compared to the selenium-supplementation groups. However, live weight in all groups
in the end of the experiment reached less values (Control 2203 g, Organic 1990 g, Inorganic 2081 g)
than stated by the performance objectives of Aviagen Group (2019), which is 2376 g. Closest to this
value was the control group. Our results do not correspond with the results of other authors who observed
a positive effect on live weight after supplementation of selenium into the feed mixture (Skiivan
et al. 2008, Sevéikova et al. 2006). In opposite, Wang and Xu (2008) didn’t find any significant
difference in live weight after adding the organic selenium form to feed mixture.

Blood biochemical parameters of chickens
The results of blood analysis are shown in Table 3.

Table 3 Blood biochemical parameters of 35-day-old chickens

Group Control Organic Inorganic
n 6 6 6

Mean + SE
ALT (ukat/l) 0.09 + 0.01 0.12 + 0.01 0.10 + 0.01
AST (pkat/l) 3.80 £ 023 367  + 022 3.81 £ 024
GGT (pkat/l) 0.27 £ 0.02 026 £  0.02 0.27 £ 003
ALP (ukat/l) 112.19 + 14.25 74.01 + 20.77 73.35 + 13.23
LD (ukat/l) 6920 +  7.76 7632  +  18.98 6885  + 12.12
CK (ukat/l) 35430 £ 77.22 21701+  30.71 287.44 & 9435
Tbili (umol/l) 5.60 + 025 480 £+ 017 5.48 + 038
Urea (mmol/l) 1.46 + 0.06 1.49 + 0.04 1.46 + 0.05
Creat (umol/l) 22.82 + 1.56 20.48 + 1.43 20.32 + 0.52
UA (umol/l) 24843 £+  30.51 287.95 + 2423 26822 + 27.54
TP (g/1) 30.45 + 0.24 30.25 + 0.73 30.05 + 0.53
Alb (g/1) 1776  +  0.18 17.64 £+ 054 1762+ 044
Glob (g/1) 1269 £ 024 1261 £ 0.0 1243  + 029
Alb/Glob 1.40 + 0.03 1.41 + 0.07 1.42 + 0.05
Glu (mmol/l) 7.65 + 0.61 7.96 + 0.43 8.46 + 0.38
Chol (mmol/1) 2.74 + 0.04 2.70 + 0.14 2.62 + 0.08
TG (mmol/l) 0.73 + 0.04 0.83 + 0.07 0.82 + 0.03
Se (mg/1) 0.03 + 0.00? 0.18 + 0.01° 0.15 + 0.01°
GSH-Px (U/g Hb) 33.22 + 3.95% 216.90 + 12.51° 181.23 + 9.55°

Legend: n — number of cases; SE — Standard Error; “* — different characters show statistically significant differences P<0.05;
ALT — alanine aminotransferase; AST — aspartate aminotransferase; GGT — gama-glutamyltransferase; ALP — alkaline
phosphatase; LD — lactate dehydrogenase; CK — creatine kinase, Thili — total bilirubin; Creat — creatinine; UA — uric acid;
TP — total protein; Alb — albumin; Glob — globulin; Glu — glucose; Chol — cholesterol; TG — triglycerides; Se — selenium,
GSH-Px — glutathione peroxidase

As we can see, there were no differences (P>0.05) between groups in liver enzymes activity
or indicators of nitrogen, lipid or energetic metabolism. This could indicate that they were not affected
by selenium supplementation. Statistically significant differences (P<0.05) were observed in value
of selenium, which was higher in organic (0.18 mg/l) and inorganic group (0.15 mg/l) and lower
in control group (0.03 mg/l). Differences were also detected in GSH-Px activity, which corresponds
with selenium level of blood plasma: it was lower in control group (33.22 U/g Hb) compared to organic
(216.90 U/g Hb) and inorganic group (181.23 U/g Hb). These findings correspond to results of Hu
et al. (2012) and Arnaut et al. (2021). Even if the values of selenium and GSH-Px in organic group are
slightly higher than in inorganic group, these results are insignificant, which corresponds with trial
of Wang and Xu (2008).

CONCLUSION

In presented study, feed consumption, conversion ratio, live weight and blood biochemical
parameters of broiler chickens were monitored. The experiment didn’t show any significant differentials
(P>0.05) in feed consumption during the trial. Significant differences were observed in live weight
from 28" till 35™ day of age, which was lower in selenium supplemented groups comparing to control
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group and in blood indicators of selenium and GSH-Px, which was higher in supplemented groups
comparing to control group. The data obtained from this study suggest that the addition of various form
of selenium to feed can affect blood biochemical parameters and live weight of fattening chickens.
However, no differences between the organic and inorganic groups were noted.
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Abstract: The effect of age and different diets on the blood biochemical parameters of the 1 to 8-day-
old Ross 308 broilers during the starter fattening period was evaluated. The chickens were divided into
three different groups fed: a standard feed mixture (C — control group), a mixture with a 30% deficiency
of crude protein (N group), and a mixture with a 30% deficiency of calcium, phosphorus, zinc, copper
and selenium in the mineral premix (M group). Feed consumption and body weight didn’t differ between
groups (P>0.05) during the experiment. Significant differences (P<0.05) were demonstrated
in biochemical indicators of nitrogen, fat, mineral and energy metabolism between 1% and 8" day
of chicken’s age. Depending on the different diets, at 8" day of age significant changes were detected
mainly in the parameters of total protein, albumin, globulin, triglycerides, cholesterol and glucose.
The parameters of mineral substances in blood were not affected by using diets with different nutrients
content in present study.

Key Words: poultry nutrition, Ross 308, mineral substance, crude protein

INTRODUCTION

In the assessment of nutritional control through the biochemical parameters of blood,
it is important to focus on especially those parameters that we consider to be the basic indicators
of metabolism. The existence of the organism depends not only on the received nutrients of the feed,
but also on the ability to use them and the subsequent exclusion of the final products of metabolism
(Jelinek et al. 2003). In contrast to large livestock, where blood tests are widely used, poultry medicine
lacks a large number of reference physiological blood values. Their evaluation enables the identification
of metabolic changes and helps to detect possible health problems already in the preclinical phase
of the disease (Silva et al. 2007).

Many experiments have shown that with a standard diet, the blood biochemical parameters change
with age. Total protein and albumins increase (Filipovi¢ et al. 2007, Piotrowska et al. 2011) while
the level of the final product of protein metabolism, uric acid, remains higher in younger chickens (Silva
et al. 2007). Similar changes were observed in other parameters, some of them raise with increasing age
— for example calcium, phosphorus (Ansar et al. 2004) or liver enzyme aspartate aminotransferase
(Meluzzi et al. 1992). Others decrease — eg magnesium, iron (Piotrowska et al. 2011) or alkaline
phosphatase activity (Silva et al. 2007). The results of individual studies then differ on the possibility
of influencing biochemical parameters depending on eventual nutrient deficiency. The aim of this
experiment was to determine how the young broilers blood biochemical parameters will change during
the starter period of the chickens' nutrition and to assess whether they will be affected by predetermined
nutrient deficiencies.

MATERIAL AND METHODS

Animals and experimental diets

A total of 90 1-day-old male broilers of the Ross 308 hybrid combination were included
in the experiment. They were divided into 3 groups in 3 replicates. The chickens were placed in a room
with a computer-controlled temperature and humidity using an automatic sensor. The set parameters
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corresponded to the technological instructions for the selected hybrid combination. Chickens was
regularly health checked, had unrestricted access to drinking water and was fed ad libitum.

A total of three non-pelleted starter feed mixtures were used for feeding. The mixture
for the control group was formulated according to the recommended nutritional requirements of chosen
hybrid combination. Another mixture contained approximately a 30% crude protein deficit (N group)
compared to the control group and the third group (M) was fed a mixture with approximately 30%
deficiency of selected minerals (calcium, phosphorus, zinc, copper, selenium) in the mineral premix.
The composition and nutritional composition of these mixtures is shown in Table 1.

Table 1 Composition and nutrient content of feed mixtures

Components (g/kg) C N M
Wheat 195 382 200.10
Maize 290 352 290
Soybean meal 430 195 430
Limestone milled 6 7 3.5
Rapeseed oil 41 20 41
Vitamin-mineral premix 1 30 30 -
Vitamin-mineral premix 2 - - 30
Monocalcium phosphate 8 8 4.3
L-Lysine - 5.8 -
DL-Methionine - 0.7 -
AMEN (MJ)? 12.12 12.39 12.20
Dry matter 860 860 860
Crude protein 231.23 161.12 226.49
Ether extract 6.48 4.69 6.37
Crude fiber 3.03 2.49 3.10
Ash 63.24 51.84 55.49
Ca 17.34 25.88 11.53
P 4.42 4.23 2.93
Cu (mg/kg) 11.22 10.61 6.40
Zn (mg/kg) 120.50 106.60 75.60

Legend: 'Vitamin-mineral premix for starter contains (per kg): L-lysine 2.34 g; DL-Methionine 2.4 g; Threonine 0.99 g;
calcium 5.25 g; phosphorus 1.95 g; sodium 1.44 g; copper 15 mg; iron 84 mg; zinc 99 mg; manganese 99 mg; iodine 0.99 mg;
selenium 0.18 mg; retinol 13,500 IU (international units), calciferol 5,001 1U; tocopherol 45 mg; phylloquinone 1.5 mg;
thiamine 4.2 mg; riboflavin 8.4 mg; pyridoxin 6 mg; cobalamin 30 ug; biotin 0.21 mg; niacinamid 36 mg; folic acid 1.8 mg;
calcium pantothenate 13.5 mg; cholin chloride 180 mg. *Vitamin-mineral premix for starter contains (per kg): L-lysine 2.34 g;
DL-Methionine 2.4 g; Threonine 0.99 g; calcium 3.675 g; phosphorus 1.365 g; sodium 1.44 g; copper 10.5 mg; iron 60.6 mg;
zinc 69.3 mg; manganese 99 mg; iodine 0.99 mg; selenium 0.126 mg; retinol 13,500 1U (international units), calciferol 5,001
1U; tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg; riboflavin 8.4 mg, pyridoxin 6 mg, cobalamin 30 ug; biotin
0.21 mg; niacinamid 36 mg; folic acid 1.8 mg, calcium pantothenate 13.5 mg; cholin chloride 180 mg. 3Apparent metabolize
energy, calculated value. Ca — calcium; P — phosphorus; Cu — copper; Zn — zinc; C — control group; N — group with 30%
crude protein deficiency, M — group with 30% deficiency of mineral substances

Sample collection and data processing

The experiment lasted 8 days. On the 1*' and 7" day of age all chickens were weighed. The feed
was renewed regularly at the same time every day and the unaccepted residues were weighed. Blood
was collected on the 1% and the 8" day after slaughtering of selected broilers (2 samples from each
replicate, 6 samples from group). Blood samples were taken into heparinized tubes and then placed
in a centrifuge where blood elements and plasma were separated. Centrifugation lasted for 15 minutes
at 3,000 rpm. The obtained plasma was kept frozen (-20 °C) until biochemical determination was made.
For this operation, standardized biochemical methods using commercial Erba Lachema kits were used
and performed on an Ellipse automated biochemical analyzer. The following parameters were assessed:
enzymes activity AST — aspartate aminotransferase; GGT — gamma-glutamyltransferase; ALT — alanine
aminotransferases; ALP — alkaline phosphatase, LD — lactate dehydrogenase and CK — creatine kinase.
As other markers of hepatic metabolism, nitrogen and fat metabolism were determined concentrations
of the total bilirubin — Bili, TG — triglycerides, cholesterol, urea, creatinine, TP — total protein
and albumin. The content of globulins (total protein minus albumin) and albumins to globulins ratio
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were calculated. Minerals were also determined, specifically calcium, phosphorus, magnesium, sodium,
potassium, chlorine, zinc, copper, iron, selenium, as well as the activity of the enzyme GPx — glutathione
peroxidase.

The obtained data were processed by Microsoft Excel and StatSoft Statistica, version 12.0. One-
factor and two-factor ANOV A were used to evaluate the results. Differences between groups were tested
by Scheffe’s test. The level of significance was established at P<0.05.

RESULTS AND DISCUSSION

Feed intake and live weight

In our experiment average feed rate of chicken from the control group compared to the chickens
of other groups (N, M) showed no significant differences (P>0.05) as shown in Table 2.

Table 2 Average feed intake of starter diets

Group n | Average feed intake per experiment (g) | Average feed intake per day (g)
Mean + SE
C 3 185.52 + 12.61 28.28 + 1.76
N 3 189.71 + 4.28 28.65 + 0.70
M 3 168.45 + 8.87 25.94 + 1.38

Legend: n — number of cases; SE — Standard Error; C — control group; N — group with 30% crude protein deficiency; M —
group with 30% deficiency of mineral substances; P>0.05

Although there were no significant differences in feed intake, the group with the deficiency
of selected minerals had a slightly lower feed intake. This does not correspond with the experiment
of Khajali et al. (2006), which observed the opposite trend, but concerned the later stages of fattening.
However, average consumption for the age categories of all groups approximately corresponded
to the performance targets presented by Aviagen (2019).

In the case of comparing live weights (n = 20), significant changes between groups in the 1% and
7™ day of life wasn’t observed (P>0.05) as shown in Figure 1.

Figure 1 Average weight of chickens (g = SE) in I*' and 7" day of age

160 136.4+3.4

3674 .
110 136.2£3.6 | 135335

120
100
80

60 38806 M

39305 | 393=05
40

Legend: C — control group; N —
20 group with 30% crude protein
deficiency; M — group with 30%
0 deficiency of mineral substances;

1th day 7th day SE — Standard Error; P>0.05

Although the weight differences between groups in the 1 and 7" days of age were insignificant,
it can be assumed that in the next phases of the experiment the groups would start to differ. As Maia
et al. (2021) prove, chickens fed with a higher proportion of crude protein weighed more compared
to chickens fed with lower proportion of crude protein. The mineral deficiency did not cause
any significant weight decrease compared to groups with normal mineral levels. In our experiment
the average weight of 1-day-old chicken was approximately 39 g and 7-day-old chicken 136 g in all
groups which is less than the performance targets presented by Aviagen (2019), which is 43 g on 1%,
respectively 0™ day of age (after hatching) and 207 g on 7" day of age.
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Blood biochemical parameters

In blood biochemical parameters, differences between sampling in the 1 and 8" days of age were
monitored. We also monitored the differences between the individual groups in 8™ days of age. Obtained
results is shown in Table 3.

Table 3 Blood biochemical parameters in broiler chickens during the starter feeding period

Group 1 day ALL 8t day C 8" day N 8" day M
n 6 6 6 6
Mean + SE

ALT (ukat/1) 043 + 004 | 014 = 0.04 ° 0.17 + 0.02 @ 0.12 + 0.01 =@
AST (ukat/l) 263 = 0.16 321 = 0.53 339 + 0.32 3.18 + 0.12
GMT (pkat/1) 0.12 =+ 0.01 0.19 =+ 0.02 0.16 =+ 0.01 0.18 + 0.04
ALP (ukat/l) 3095 £ 1.29 ®[360.57 + 19.77 ® | 287.00 + 40.86 * |288.37 + 5556 *
LD (pkat/l) 1208 + 0.78 | 1450 + 1.03 | 1609 + 086 ° | 1397 =+ 0.81 =@
CK (pkat/1) 3421 £+ 627 ®|13553 + 1857 * | 99.51 =+ 2793 | 120.52 + 14.87 *
Tbili (umol/1) 393 = 0.64 202 = 0.59 487 + 1.68 450 + 0.84
Urea (mmol/l) 635 + 053 °| 1.85 =+ 0.15 @ 1.36 = 0.07 * 1.67 =+ 0.08 ?
Creat (umol/l) | 33.03 + 1.99 28.63 + 1.02 3445 + 4.02 3192 + 0.89
UA (umol/1) 857.18 + 213.28 623.50 + 61.05 598.48 + 65.61 673.82 + 59.18
TP (g/1) 2170 + 057 | 2817 + 1.10 ® | 1985 =+ 157 * | 2782 £+ 092 °
Alb (g/l) 519 + 031 °| 1436 + 1.00 * | 1036 =+ 090 © | 1504 =+ 029 °
Glob (g/l) 16.51 + 055 2| 13.81 £+ 160 * 949 + 074 % | 1278 + 0.64
Alb/Glob 032 + 002 ° 1.13 =+ 0.16 *® 1.09 + 0.05 @ 1.19 + 0.04 @
Glu (mmol/1) 1203 £ 026 | 14.62 + 041 ®| 2245 + 1.64 ¢ | 1644 + 044 °
Chol (mmol/l) 856 + 032 °| 340 =+ 0.19 °© 399 + 0.37 @ 374 + 0.11 @
TG (mmol/1) 071 + 0.08 *| 088 =+ 0.06 | 1.60 + 030 ¢ 128 =+ 0.16 ¢
Ca (mmol/l) 212 £ 009 °| 267 =+ 011 °@ 256 + 021 @ 263 + 0.07 @
P (mmol/1) 121 + 010 °| 237 =+ 0.16 ° 229 + 021 °* 207 +£ 0.07 *
Mg (mmol/l) 079 + 007 °| 126 =+ 0.09 @ .31 = 0.06 ? 1.29 += 0.04 @
Na (mmol/l) 14192 £ 6.71 13190 + 1.01 129.85 + 148 132.77 + 2.01

K (mmol/l) 446 <+ 0.11 477 + 0.31 388 + 033 445 <+ 0.14

Cl (mmol/1) 12363 + 565 °[10628 = 0.88 * [108.12 = 092 * |10598 + 091 2
Zn(umoll) | 1663 + 079 | 2575 + 195 | 2355 + 123 | 2424 + 101 °
Cu (umol/l) 384 + 028 560 + 076 507 + 044 559 + 024

Fe (umol/l) 1210 = 2.67 1581 + 2.56 1417 + 2.08 20.18 + 227

Se (mg/l) 0.17 + 001 *| 010 + 001 *| 009 + 001 *| 010 + 001 @
GPX (ukat/l) 34098 + 1698 °[193.38 + 1290 * | 17698 + 1648 * |209.10 + 12.70 2

Legend: “b¢ — the different characters indicate a statistically significant differences P<0.05. ALT — alanine aminotransferases;
AST — aspartate aminotransferase; GMT — gama-glutamyltransferase; ALP — alkaline phosphatase; LD — lactate
dehydrogenase; CK — creatine kinase; Tbhili — total bilirubin,; Creat — creatinine; UA — uric acid; TP — total protein; Alb —
albumin; Glob — globulin; Glu — glucose; Chol — cholesterol; TG — triglycerides; Ca — calcium; P — phosphorus; Mg —
magnesium; Na — sodium,; K — potassium; Cl — chlorine; Zn — zinc, Cu — copper, Fe — iron; Se — selenium, GPx — glutathione
peroxidase; n — number of cases, SE — Standard Error

A large part of the monitored biochemical parameters between the initial state in the 1% day of age
with the 8" day of age is significantly different (P<0.05). Differences occurred in the liver enzyme ALT,
whose activity has fallen in all groups, as well as the ALP, where the activity increased. However, this
does not match the findings of other researchers, such as Silva et al. (2007). Differences concerning
nitrogen metabolism were then captured for CK, Urea, TP, Alb and Glob parameters. Piotrowska et al.
(2011) states that TP and Glob increasing during the fattening, which, in our study, is confirmed only
by TP in comparison of day 1 with C and M group of day 8. For N group TP decreased. Globulins were
significantly higher in the 1% day of life and then decreased. UA is the end product of nitrogen
metabolism of poultry. As mentioned by Szabo et al. (2005), its level should be higher for younger
chickens compared to the older. Our experiment didn’t support this statement with significant difference,
but higher value of UA was monitored in 1* day of life in comparison with 8" day of life. Same trend
was detected in urea values, which was confirmed in our experiment too (P<0.05). Important differences
were also observed in cholesterol, TG and glucose parameters. Cholesterol was highest in the first day
of life and then its value dropped, while the representation of TG increased. Peebles et al. (1997) claims
that TGA in the initial stages of fattening have a descending tendency, which was not confirmed in our
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study. However, similar experience applies to cholesterol (Piotrowska et al. 2011), which our
experiment clearly confirmed. The glucose level is then significantly increased in the N group, which
indirectly confirms the Herndndez et al. (2012), who found that blood glucose concentration decreases
in the chickens fed with a higher crude protein proportion. In the assessment of the level of mineral
substances, significant changes in the following parameters have occurred: Ca, P, Mg, Cl, Zn and Se.
Together with selenium, GPx activity has changed. All mentioned parameters except chlorine
and selenium had ascending tendency, chlorine, selenium and GPx activity decreased after a week
of life. The increasing tendency of monitored minerals is also confirmed by Ansar et al. (2004) or Silva
et al. (2007).

Statistically significant differences (P<0.05) in the parameters of individual groups at the 8" day
of age were observed for the parameters of nitrogen metabolism in the following values: TP, Alb, Glob.
TP was significantly higher in the groups not suffering from crude protein deficiency, which
is in accordance with their higher content in the diet. Higher levels of TP, albumins and globulins
in the blood have also been observed in chickens fed a higher dose of mineral premix (Islam et al. 2004).
Although there were no observed statistically significant difference, uric acid was lower in the N group,
which is consistent with the experiment of Hernandez et al. (2012). The findings from their experiment
also correspond to our results regarding glucose levels, which were significantly higher in the N group.
In present study were also observed differences in the parameters of cholesterol and TG, where it was
found that the N group had higher level of cholesterol and TG compared to the C and M groups without
crude protein deficiency. Other experiments have shown similar results (Jariyahatthakij et al. 2018, Abd-
Elsamee et al. 2020). The parameters of blood minerals and liver enzymes in our experiment were not
significantly affected using various diets.

CONCLUSION

Feed intake, live weight and blood biochemical parameters were monitored in broiler chickens
during the starter period. Our experiment did not show any significant differentials (P>0.05) in feed
intake and live weights between groups. But almost all monitored blood biochemical parameters (except
of several liver enzymes, bilirubin, creatinine, uric acid and several mineral substances) were
significantly different (P<0.05) between the 1*' and 8" day of the age. The value of important indicators
of nitrogen, fat and energy metabolism was significantly different between groups on the 8" day of age.
For mineral deficiency groups compared to groups without mineral substances deficit, no more
significant differences were observed in the representation of mineral substances in the blood. The data
obtained from this study suggest that in the initial stages of the fattening, the biochemical parameters
are changing, and the early nutrient reduction can affect some of them, which was reflected
in the changes of several blood metabolites.
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Abstract: The goal of the research was to analyse the effect of the housing technology on the milk
performance of Holstein dairy cows. The analysis took place in the Dubicka zemedelska Inc. between
January and December in 2020. The analysis was performed on two technologies - the tie stall barn
system and the loose-housing system. During the research were used the milk performance data
and pooled milk samples data. We obtained and subsequently evaluated the data considering the number
of cows, milk performance, fat and protein content of the milk, lactation sequence, lactation stages
and the somatic cell count (SCC) in the milk. When comparing the tie stall barn system and the loose-
housing system it was found that the housing technology did not have great impact on milk performance.
However, it had a major impact on the somatic cell count in the milk. Using the loose-housing system
had leaded to better results.

Key Words: housing system, milk performance, Holstein dairy cows, loose-housing system, the tie stall
barn system

INTRODUCTION

The cow population in Czech Republic is decreasing as we import cheaper milk from abroad
while domestic stockbreeders are facing low farm gate prices. There is an effort in dairy to close
the complex: breed - feeding - environment - human, which determines the success of the breeding
and the economic efficiency. The choice of the ideal housing system is the essential element
for achieving this complex. Long-term breeding efforts have led to improvement in the cow lactation,
increased milk performance, nutrient conversion, health, shape and functional properties
of the mammary gland, and others (Bouska et al. 2006). The success of stockbreeding can therefore
guarantee a better efficiency and an individual production costs reduction (Matousek et al. 1996).
We have to provide the best possible living conditions if we want to achieve these results. The stable
for dairy cows should meet the following requirements: adequate ventilation, plenty of light, permanent
access to water, easy access to feed ration. It should also provide overall comfort for ensuring the milk
performance preservation and improvement, as well as health and well-being of the cows. (Trch 2010).
The results of the diseases are worsened milk and reproductive performance and thus endanger
the effectiveness of production (Huzzey and Keyserlingk 2013). The current major task is to eliminate
heat stress and prevent breeding risks (low reproduction, an increased incidence of mastitis, limb
diseases). In dairy farming the loose-housing system is the most preferred, not only because
of the animal wellbeing, but also due to lower work intensity and higher possibilities of automation,
which saves time and money. Apart from loose-housing systems which can be either in boxes or stalls
both with or without litter we also recognize the tie stall barn systems that can be with or without litter
aswell. (Bouska et al. 2006).

MATERIAL AND METHODS

Material

The research took place in the Dubicka zemedelska Inc. in Dubicko (Olomouc Region)
and follows up the breeding of Holstein cattle. In 2020 Dubicka zemedelska Inc. had 687 Holstein dairy
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cows. The company was used two housing technologies. These technologies were named A (the tie stall
barn system) and B (the loose-housing system) for the use of the research.

For the technology A, it was a tie stall barn system with the medium stand space with a total
capacity for about 200 dairy cows. Cleaning the coat of a dairy cows twice a day was provided the cow
keeper during his working hours. Dairy cows in the tie stall were not divided according to production.
Cow waterers serve as a source of water, one was used by two cows. The cows were milked twice
by tube milking devices.

For the technology B, it was a loose-housing system, which was a reconstructed stall.
The production part was divided into sections according to production, according to which was the feed
for the cows modified. One section was holder about 60 cows. The capacity of one hall was
approximately 228 dairy cows. The vertical drop of the roof ridge was about 3.5 meters. The manure
corridor and feeding space were 2.5 metres wide, the grazing table was 3.5 metres wide. The size
of the box was 2.5 x 1.25 metres in the production part. The number of boxes was equal to the number
of cows — the ratio of 1 : 1 was maintained. There were also scrubbing brushes available for the cows
to clean themselves, as well as tempered waterers for drinking. They were milked twice a day
in the herringbone milking parlour.

Methods

The data on milk recording scheme and pooled milk samples were collected for both housing
technologies throughout the year 2020. Data on the number of cows, milk yield, fat content, protein
content, lactation sequence, lactation stages, and SCC were all obtained from the milk recording scheme
report. The pooled milk samples were collected from milk tanks once a month contained mixed milk
from both evening and morning milking - 24 samples in total were collected and evaluated. The samples
were frozen and transported in insulated boxes. The analysis of the samples took place in the research
laboratory of the Department of Animal Breeding, Faculty of AgriSciences, Mendel University in Brno.
For analysis, the samples were slowly unfrozen in a water bath. Subsequently, their analysis was
performed using the Julie C5 Automatic device by Scope Electric. The obtained data were arranged
in the MS Excel program and evaluated by one-factor analysis (ANOVA) in the program STATISTICA
12.0.

RESULTS AND DISCUSSION

According to results of the milk analyses, the tie stall barn system had worse values in the somatic
cell count when compared to the loose-housing system (Table 1). The average values for fat, protein
and lactose content, solids non fat, density, water content, dry mass and freezing point were identical
and statistically inconclusive, except for SCC, where the values were statistically significant difference
p <0.05.

In the data obtained from the Milk Recording Scheme (Table 2), the tie stall barn system showed
better results for fat and protein content but worse results in the amount of obtained milk and the lactation
sequence. The obtained values were statistically inconclusive in milk production performance
and lactation stage. The values were statistically significant difference p < 0.01 for the fat and protein
content and lactation sequence.

The average daily milk yield was 29.59 kg of milk while using the tie stall barn system
and 29.66 kg of milk while using the loose-housing system. The average amount of collected milk was
lower with the tie stall barn system, as the comfort of the animals was reduced and the dairy cows were
more exposed to heat stress than with loose-housing system, which leaded to reduction of the milk yield.
The results of the "Development of purebred Holstein cows milk performance in Milk Recording
Scheme" showed a value of 10 196 kg of milk per lactation (i.e. 33.4 kg of milk per day) in 2019 (Bucek
et al. 2020). The breeding goal and the breeding standard of the Holstein breed for 2019 set a value
for milk yield in standardized lactation for adult cows of 10 000 kg of milk and more (i.e. 32.8 kg of milk
per day) and for first calves 9 000 kg of milk and more (i.e. 29.5 kg of milk per day) in 2019 (Svaz
chovateld holstynského skotu CR 2019). The results showed that the dairy cows reach lower values
at the average daily milk yield in analyzed company. This could be caused by worse housing conditions
(reduced lighting intensity, insufficient air circulation, disturbing the animals by stable work, reduced
water intake, higher temperature of the environment) resulting in a decrease in milk yield and poorer
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environmental hygiene (especially with the tie stall barn system), as well as worse management
of the company, mainly due to inappropriate nutritional arrangements, or even a larger number of first-
calf cows included in the herd.

The average content of fat and protein was higher for the tie stall barn system, as the content
of milk components correlates negatively with the amount of milk - the content of milk components
increased with decreasing yield. The protein and fat then correlated positively.

The average fat content was 3.8% in cow's milk (Stolc et al. 1999). The results
of the "Development of purebred Holstein cows milk performance in Milk Recording Scheme" showed
a value of 3.84% in 2019 (Bucek et al. 2020), while the breeding goal and breeding standard
of the Holstein breed in 2019 set a value only 3.5% for fat content (Svaz chovateli holStynského skotu
CR 2019). In Tables 1 and 2, the average annual value of fat content in milk was higher. This can
be caused by nutrition, milk yield, individuality of the animals and environmental conditions, including
the microclimate of the stall. The difference can also be seen when comparing the fat content in pooled
milk analyses and data from Milk Recording Scheme. From analyses of pooled milk samples came out
higher percentage of fat comparing to data from Milk Recording Scheme. The higher percentage of fat
can also be caused by the fat rising to the surface during milk storage, so it was necessary to mix the milk
well before sampling. Although this condition was met, but the milk was mixed only by the ladle not
mixing blades and it could have had an effect to a higher fat content.

The average protein content was 3.2% to 3.4% (Frelich et al. 2001). The results
of the "Development of purebred Holstein cows milk performance in Milk Recording Scheme" showed
a value of 3.37% in 2019 (Bucek et al. 2020). While the breeding goal and breeding standard
of the Holstein breed set a value for protein content of 3.4% and more in 2019 (Svaz chovatelt
holstynského skotu CR 2019). A lower value appeared in pooled milk samples, while a higher value
was obtained from data of Milk Recording Scheme. The same factors were affected the protein content
as well as the fat content.

The average content of lactose in cow milk was 4.8% (Fox 2003). The lactose content in milk can
only be affected to a very small extent by nutrition. The decrease in lactose content occurred with
diseases of the mammary gland and the fluctuation also occurred during metabolic disorders (alkalosis,
ketosis, acidosis) (Navratilova et al. 2012). In the analyses of pooled milk samples, the values were
rather below the optimum or close to it. This was affected by the presence of mastitis, especially
in the period of high temperatures from June to October, and also by metabolic disorder — ketosis, which
was associated with poor nutritional arrangements provided by the food supplier.

The optimal somatic cell count was up to 300 000 cells/ml (Stolc et al. 1999). The laboratory set
a limit of up to 400 000 cells/ml (Laboratot pro rozbor mléka 2021). According to the analyses, the count
of somatic cell was ideal. It was higher in the tie stall barn system, as their number was significantly
affected by housing and milking technology. The higher somatic cell count was further affected by dairy
cow diseases and mammary gland inflammation (Frelich et al. 2001). Somatic cell count was associated
with the cellular immune response to the inflammatory process (Lindmark-Ménson et al. 2006). More
somatic cell count occurred in the spring and autumn months due to changes in the feed doses.
In the spring, the feed dose was enriched with green feed, and in the autumn it was switched to winter
feed dose (Frelich et al. 2011). The count of somatic cell was therefore affected by the seasons. There
was fewer somatic cell count in the colder months, while they increase in the summer months, also due
to bad hygiene of the breed (Kadlec 2003). Kadlec's statement about the seasonal factor on the somatic
cell count was to a certain extent different from the founded values. The tie stall barn system had
the highest average somatic cell count — 509 000 cells/ml - during August. The second largest count was
in February, when the value reached 430 000 cells/ml. The highest value for the loose-housing system
was 355 000 cells/ml in November. The biggest influence on somatic cell count had higher annual
temperatures associated with the heat stress together with the development of microorganisms
and consequently even higher incidence of mastitis. Furthermore, there could be the effect of milking
technology or poor hygiene in the stall, especially with the tie stall barn system. Another cause
of the increased somatic cell count in the second part of the year was secondary contamination and decay
of the haylage after heavy rainfall when the water got into the underground channels. Subsequently,
a large increase in somatic cell count in milk occurred.
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The average achieved lactation sequence was lower for the tie stall system, which was related
to lower quality of housing conditions and welfare when dairy cows were more exposed
to environmental stress (heat stress, limited movement, etc.). That leaded to a worsened health, reduced
longevity and bigger exhaustion of the animals, which results to the reduction of dairy cows. The average
achieved lactation sequence was only 2.2 for tie stall barn system, while 2.4 was for loose-housing
system. The breeding goal and breeding standard of the Holstein breed in 2019 set a value for the average
number of completed lactations of 3.5 (Svaz chovateli holitynského skotu CR 2019). The lower number
of lactations indicated poorer cows health on the farm and increased herd replacing.

The Czech and Moravian Society of Breeders (further CMSCH) stated that the ideal content
of solids non fat was at least 8.50% (Laboratof pro rozbor mléka 2021). Pooled milk samples met
this value.

The density of milk was in the range from 1.027 to 1.033 g/cm’. It was affected by a number
of factors, such as temperature, milk composition and changes also occurred with diseases or metabolic
disorders associated with malnutrition. The content of proteins, lactose and minerals increased
the density. The fat content or the addition of water reduced the density (Navratilova et al. 2012).
The values were in the optimal range for milk analyses.

The water content was 0%, which also indicated that in the Czech Republic it is illegal to add
and remove anything from the milk or dilute it with water to increase the volume.

The freezing point values for cow's milk were -0.512 °C to -0.550 °C. Its value was influenced
by factors such as the breed, lactation stage, the incidence of mastitis, nutrition, heat stress or water
intake (Navratilova et al. 2012). The values of individual pooled milk samples mostly met this range,
only in a few cases the values were slightly higher, however, the average annual value fell within
the optimal range.

Table 1 Effect of housing technology on milk yield parameters (data from analyses of pooled milk
samples)

Average
Average SNF Average Average Average | Average | Average Average Average
fat . . protein lactose added dry . somatic
Technology | n (solids density freezing
content | fat) | [g/em’] content | content | water | matter oint [°C] cell count
[%] 4] & [%] [%] [%] %] | P [cells/ml]
The tie stall 1451 4 39 8.53 1.03 3.14 4.69 000 | 070 | -0.548 |196909°
barn system
The loose-
housing 12| 4.39 8.52 1.03 3.13 4.68 0.00 0.70 -0.548 172 545°
system
The levelof || g NS NS NS NS NS NS NS *
evidence
Total 24| 4.39 8.53 1.03 3.13 4.68 0.00 0.70 -0.548 184 727

Legend: The level of evidence = statistically significant difference/N.S. = non significant. The values in the columns marked
with different letters are conclusive at the level of p < 0.01 ** (A, B); p < 0.05 * (a, b); p > 0.05 NS. Total is the sum
for the whole data set. n — number of pooled milk samples

Table 2 Effect of housing technology on milk yield parameters (data from Milk Recording Scheme)

Average milk Average fat Average protein Average Qrder Avergge
Technology n ield [kg] | content[%] | content [%] of lactation | lactation
Y & ’ ’ [n] stage [days]
The tie stall barn system | 1 862 29.59 4244 3.574A 224 177
The loose-housing 5028 29.66 4078 3538 248 174
system

The level of evidence - NS ok ok ok NS
Total 6 890 29.64 4.12 3.54 2.3 175

Legend: The level of evidence = statistically significant difference/N.S. = non significant. The values in the columns marked
with different letters are conclusive at the level of p < 0.01 ** (A, B); p < 0.05 * (a, b); p > 0.05 NS. Total is the sum
for the whole data set. n — number of cows
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CONCLUSION

Compared to the loose-housing system, the tie stall barn system showed lower milk yield, higher
fat and protein content, lower average lactation sequence and higher somatic cell count at the average
annual values from Milk Recording Scheme. The values from the pooled milk samples only differed
in the somatic cell count, when the tie stall barn system showed a higher number, because there was
areduced udder cleanness, poor hygiene during milking and worsened health of the animals. When
comparing the tie stall barn system and loose-housing system, it was found that the housing technology
did not have much effect on milk yield in terms of the amount of the produced milk, protein content
and fat content. However, it had a major effect on the somatic cell count in the milk. When comparing
these two technologies, loose-housing system shows better hygiene and health for the cows and better
reproductive and production indicators. The loose-housing systems are more perspective when
considering wellbeing of the cows and production conditions. Also they give advantages in terms
of work and time, which is why they are slowly replacing tie stall barn systems.
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Abstract: In these days aquatic pollution by plastic materials is a worldwide environmental problem
and may negatively affect the health of organisms exposed to oral intake of these contaminants.
The main task of this study was the evaluation of polystyrene (PS) microparticles effects on selected
health parameters of rainbow trout (Oncorhynchus mykiss) juveniles. Tested fish were divided
into 4 groups — with 0.5%, 2% and 5% concentration of PS microparticles in diet and control group
without the addition of microplastics. The experiment was divided into two samplings — after 4 weeks
and 6 weeks of exposure. Significant differences were found in liver tissue and gills in the highest PS
concentration related to control. In conclusion, PS microparticles can affect health indices of O. mykiss
and the potential risk for aquatic environment and even human consumption should be considered.

Key Words: microplastics, aquatic environment, Salmonidae, QRT-PCR, oxidative stress, toxicology

INTRODUCTION

Plastic production is showing dramatic growth around the world and is rated as a serious threat
to aquatic organisms, mainly due to poor recycling of these materials. Moreover, the massive use of face
masks due to emergency of covid-19 and the global pandemic disrupted the ongoing regulation of plastic
pollution in the environment and, in contrast, caused higher burden for the aquatic environment (Aragaw
2020). In the aquatic environment, the external conditions promote the release of smaller particles from
larger plastic objects — these are called as microplastics with defined size < 5 mm (Eerkes Merano et al.
2015). The presence of microplastics has been showed in the digestive tract of most aquatic organisms
at various trophic levels, with negative effects on viability, oxidative stress parameters, immune system
and others (Hollerova et al. 2021). In addition, microplastic particles are not stored in the gastrointestinal
tract and particles < 0.6 mm in size are able to cross the intestinal barriers, enter the blood stream or can
be transported to body tissues (Hodkovicova et al. 2021). Polystyrene (PS) is plastic material commonly
used in various industries, which highly contributes to water pollution and oral exposure was defined
as the main way of microplastic exposure in fish (Vivekanand et al. 2021).

The PS particles with an average size of 52.5 = 11.5 um (EPRUI Biotech Co. Ltd, China) were
used in our experiment, when have been added to the feed of the tested groups. The main task
of the study was to confirm the hypothesis that PS have effects on the expression of selected genes
and oxidative stress parameters of rainbow trout’s liver tissue and gills.
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MATERIAL AND METHODS

Our study was performed with 128 juveniles of O. mykiss (average body length 188.7 = 12.1 mm,
average body weight 81.8 £ 16.4 g), which were divided into 8 water tanks of 18 fish each with
connection to recirculation system. At first, juveniles were acclimatized for two weeks to laboratory
conditions. The experimental phase lasted six weeks and two samplings were performed during
the experiment — at 4™ and 6" week. The study was conducted in duplicate — two tanks were exposed
to 0.5% PS, two tanks to 2% PS and two tanks to 5% PS concentration in feed. Two aquariums served
as a control without addition of PS in the diet. Fish were fed three times a day with a total dose of 1.5%
of their body weight; this dose was adjusted every two weeks according to the current weight of the fish
mass. The water condition was monitored every 12 hours and the average parameters were as follow:
temperature 16.2 = 0.1 °C, oxygen saturation 8.8 £ 0.2 mg/l, pH 7.3 £+ 0.2, total ammonia < 0.01 mg/I
chlorides 113.6 + 4.3 mg/1, nitrites < 0.01 mg/1.

At the end of 4™ and 6™ week, fish were stunned with a blow to the head, killed by spinal
transection and each piece was individually measured for basic biometric parameters (body mass, total
length, width, height, liver mass) and autopsy. For the subsequent analysis, the samples of liver and gill
were immediately frozen at — 80 °C (n = 8 per one PS concentration).

For oxidative stress analysis, the tissue samples were homogenized in phosphate buffer (pH 7.2)
in a 1:10 weight: volume ratio. Half of the homogenate was used for lipid peroxidation analysis using
malondialdehyde (MDA) measurement by the thiobarbituric acid reactive substances method (TBARS)
according to Lushchak et al. (2005). The second part of homogenate was centrifuged (11,000 x g for 20
min at 4 °C) to obtain the supernatant and then used for spectrophotometric analysis of enzyme activities.
The glutathione-S-transferase (GST) activity was measured according to Habig et al. (1974), glutathione
peroxidase (GPx) catalytic activities were measured according to Flohe and Gunzler (1984).

Samples of tissues for gene expression analysis with quantitative real-time polymerase chain
reaction (qQRT-PCR) method were processed according to Hodkovicova et al. (2021); the primer
sequences of selected genes — tumor necrosis factor alpha (znfar), interleukin 1 beta (i/1f) and reference
gene 608 ribosomal protein were adapted from the same study.

The difference was considered as a statistically significant and highly significant if p < 0.05
andp < 0.01. Box plot graphs were constructed using medians with whiskers of maximum
1.5 interquartile range and outliers denoted as points.

RESULTS AND DISCUSSION

There was no statistically significant difference in biometric parameters during the study lasting.

Regards the oxidative stress indices, a statistically significant increase of TBARS activity in liver
(p <0.05) was observed in the highest PS concentration (5%) after six-week exposure. In the gills,
the GPx activity (p < 0.05) increased in highest PS concentration (5%) after four-week exposure related
to the control group.
Oxidative stress is valuable tool in ecotoxicology testing, which is applied for the evaluation of balance
between production of reactive oxygen species (ROS) and antioxidant capacity (Velisek et al. 2011).
Proki¢ et al. (2019) referred that the PS microparticles may affect mitochondrial function that led
to higher ROS production, altered activity of oxidative stress enzymes which could, in conclusion, cause
the tissue damages. The results of our experiment showed that PS microparticles may negatively affect
antioxidant system of the rainbow trout due to changes in GPx and TBARS marker. The results are
given in Figure 1.

During the experiment lasting, the expression of gene mfo (p < 0.05) increased in the group
exposed to the highest PS concentration (5%) in the liver tissue after six weeks. Also in the gills, the
expression of i/ (p < 0.05) increased as well in 5% PS after six week exposure. The results are given
in Figure 2. The increased expression of the pro-inflammatory cytokines, i/// and tnfo, may cause severe
chronic diseases and could lead to changes in leukocyte migration ability, altered neutrophil activation
and phagocytosis (Gionfra et al. 2019). The inflammation discovered in liver and gills by gene
expression analysis will be further verified by histopathological examination. Even with these results,
the impact of PS on immunological processes in tissues is obvious. As the liver and gills are main
detoxifying, metabolic and osmotic organs, their prolonged weakening can cause severe homeostatic
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and immunity changes with consequent susceptibility to infectious diseases and increased fish mortality
(Hodkovicova et al. 2021).

Figure 1 The results of oxidative stress indices in gills and liver for GPx and TBARS parameters. Results
are given as n = SD (n=38).
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Figure 2 The results of relative gene expression in liver and gills for selected genes (tnfo, illf)
in relation to the reference gene 60S. Results are given as n £ SD (n=8).
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CONCLUSION

Our study confirmed the hypothesis that PS microparticles (in average size 52.5 um) contained
in diet of rainbow trout (Oncorhynchus mykiss) have the negative effect on antioxidant and immune
system of liver and gill tissue. After four- and six-week exposure to the highest tested PS concentration
(5%), differences were observed for tnfa and illb gene expression and for GPx and TBARS activity.
The prolonged weakening of the liver and gills may cause severe homeostatic and immunity disruption
and increased fish mortality.
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Abstract: Koi herpesvirus (KHV) is infective agent causing one of the most serious diseases of common
carp. Koi herpesvirus disease (KHVD) morbidity and mortality might reach 100%. Two common carp
breeds with completely different susceptibility to KHV were chosen in this study. Koi carp, which
is highly susceptible to KHV and amur wild carp. In this study, levels of chosen biochemical markers
at 7 dpi (days post infection) were measured, namely: total protein, albumin, alanine aminotransferase,
aspartate aminotransferase, glucose, triglycerids, cholesterol, calcium. Nevertheless, no differences
in monitored blood factors were measured at this time point.

Key Words: koi carp, amur wild carp, cyprinid herpesvirus 3, blood plasma, biochemic analysis

INTRODUCTION

Common carp is one of the most economically important freshwater fish in the world. According
to FAO (Food and Agriculture Organization of the United Nations) data, both fishery and aquaculture
produced more than 4.2 million tons of common carp, which constitute more than 7.5% of global
freshwater fish production in 2017 (FAO 2020). Significance of common carp is even higher in Europe,
where carp accounts almost one third of freshwater fish production.

Koi herpesvirus, taxonomically called Cyprinid herpesvirus 3 (CyHV-3), causes emerging disease
affecting only common carp, its subspecies and some hybrids of common carp with other cyprinids
(Bergmann et al. 2020, Hedrick et al. 2006). KHVD is seasonal disease, which manifests itself in water
temperatures between 18 °C and 28 °C (Pokorova et al. 2005). KHV causes significant economic losses.
As no treatment or vaccine for KHVD has been approved in EU so far, all that remains after KHVD
detection is complete eradication of affected fish farm (Bergmann et al. 2020). KHVD mortality
influence multiple factors, except of water temperature also for example stress, age, overall physical
condition of host fish and belonging to the breed of common carp (Piackova et al. 2013). KHVD
is severe disease, because is spread almost all around the world. (Ilouze et al. 2011, Novotny et al. 2010,
Toffan et al. 2020, Zrn¢i¢ et al. 2020)

KHYVD can cause pathological changes in liver (Gotesman et al. 2013). Biochemical parameters
for analysis were chosen to describe expected changes in liver functioning as well as changes in overall
metabolism of two breeds of common carp with totally different susceptibility to KHV.

MATERIAL AND METHODS

Experimental design

Two breeds of common carp were chosen as experimental organisms, highly KHV resistant
breed- Amur wild carp (AS), and KHV susceptible breed- koi. Twenty-six fish from both carp breeds
were divided into four groups: two control (five fish in each group) and two infected (eight fish in each
group). Carps from control groups were injected intraperitoneally with virus free media. Carps
from infected groups were injected intraperitoneally with dosage 10* TCID50/mL of KHV suspension.
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Both groups were kept in separated water tanks with the same temperature 23 °C for 7 days. The time
point was chosen because deaths of KHV infected koi carps were reported repeatedly at approximately
7 dpi (Gilad et al. 2004, Hedrick et al. 2000, Piackova et al. 2013). Further, blood samples were collected
at 7 dpi. Blood samples were centrifuged, and plasma samples were removed for further use. However,
only blood plasma of two control fish per carp breed and six infected fish per carp breed was used
for biochemical analysis, because small amount of blood was acquired from remaining fish.

10 November 2021, Brno, Czech Republic

Biochemical analysis

Total protein, albumin, glucose, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), triglycerids, cholesterol, calcium were analysed in blood plasma by enzymatic-colorimetric
method using BS-200 chemistry analyser (Mindray, Shenzhen, China) and commercial kits (Greiner
DiagnosticGmbH, Bahlingen, Germany). Actual concentration of plasma albumin was calculated
by its conversion from total protein concentration in samples.

Statistics

Data acquired from infected groups were statistically evaluated in this study. Obtained data were
evaluated using GraphPad Prism 5.03 software. Nonparametric Kruskal-Wallis statistic method was
used for analysis.

RESULTS AND DISCUSSION

Biochemical analysis of blood plasma samples

Six plasma samples from infected koi and six from infected AS were compared searching
for changes in plasma levels of markers of liver damage (mainly ALT, AST), marker of stress (glucose)
etc. influenced by KHV infection between carp breeds. Control samples could not be compared, because
their small amount. No mortalities were among fish and only two fish showed symptoms of KHV. One
AS showed very high production of mucus and one koi carp had haemorrhages at base of fins.
The changes of selected biochemical parameters at 7 dpi were expected as we measured significant
differences in levels of expression of some immune system related genes between AS and koi (data not
yet published; Gilad et al. 2004, Hedrick et al. 2000, Piackova et al. 2013). However, no changes were
measured in biochemical parameters (Table 1).

Until now, only a few published studies, which include biochemical analysis, are available. After
oral application of KHV suspension no significant differences were measured in plasma concentration
of calcium and total protein at 8 dpi (Negenborn et al. 2015). Further, plasma concentration of albumin,
ALT, AST, glucose, and total protein in common carps infected with KHV remained in physiological
range in samples acquired during KHV monitoring in 2005 (Pokorova et al. 2008). For this reason,
the current results are not entirely surprising. Faint course of the disease may be the reason
of insignificant differences in concentrations of selected plasma parameters.

Table 1 Biochemical analysis of blood plasma composition of common carp breeds

Indices Units AS control AS infected Koi control | Koi infected
Albumin g/I*total protein | 0.59 +=0.06 0.46 +0.19 0.25 +0.09 0.56 £0.13
ALT ukat/1 0.72 £0.28 1.13£0.98 0.69 = 0.00 097+1.17
AST pkat/1l 10.31 £4.28 | 10.51+£2.06 | 9.60+4.97 6.85+£2.90
Glucose mmol/l 5.98 +0.35 5.45+3.01 5.46 £0.61 6.43 £0.88
Triglycerids mmol/l 224 +0.41 2.06 +0.73 1.61 +£0.25 1.87£0.35
Total protein g/l 39.70 £3.13 | 26.93+7.82 | 33.54+£7.27 | 31.01 +5.17
Cholesterol mmol/l 5.53+0.79 2.57+0.98 3.60 £ 0.46 3.23+£0.63
Calcium umol/l 3.08 +£0.40 2.26 £0.52 2.20+£0.52 2.40£0.32

Legend: ALT - Alanine aminotransferase, AST -

expressed as mean + SEM

@oEe

Aspartate aminotransferase, AS — amur wild carp, Koi — koi carp. Data are
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CONCLUSION

Biochemical analysis of blood plasma samples retrieved from KHV infected amur wild carps
and koi carps shows no significant differences in monitored factors at 7 dpi. Nevertheless,
this observation is not so unexpected, because no mortalities of fish were there, and one koi carp and one
AS had symptoms of KHV.
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Abstract: Pesticides and many other types of contaminants have been constantly entering the aquatic
environment. Pesticides, which are commonly used in agriculture, can have a negative impact on non-
target species as well as human health. In the few past decades, water pollution caused by pesticides has
become a commonly discussed issue. Residues of pesticides enter water environment, where they persist
and have bioaccumulation potential. The aim of this research was to compare the effects of herbicide
MCPA (4-chloro-2-methylphenoxyacetic acid), fungicide prochloraz and herbicide metazachlor
on catfish (Silurus glanis) embryos in 96 hours long acute toxicity test with the five different tested
concentrations. In the study, statistically significant changes were observed only at high concentrations
that do not occur in nature. The results of the study show that the substances had a negative effect on fish
development at some tested concentration. However, this screening study must be followed by studies
of sub chronic and chronic toxicity with focus on lower tested concentrations in order to reveal
a potential negative impact of long-term exposure to non-target species.

Key Words: development, malformation, mortality, hatching

INTRODUCTION

Surface waters are polluted by residues of various substances, such as industrial chemicals,
substances used for plants protection, pharmacological active substances or personal care products.
There are many studies that show a negative effect on the development of non-target aquatic organisms.
Fish are on the top of the aquatic food chain, therefore, they are a good model organisms for toxicity
tests on aquatic organism (Sehonova et al. 2016).

Pesticides are commonly used products in agriculture and in households. Among the most used
products belong herbicides and fungicides. Residues of these substances are frequently found in surface
and ground waters. Moreover, they are known to be persistent and also to have a bioaccumulation
potential. These properties can subsequently result in negative effects on aquatic biota, such as fish
and other non-target organisms (Rahman et al. 2021). Gaillard et al. (2016) monitored pesticide
concentrations in surface water in the north-east of France, where the concentration of MCPA was
26.5 ug/l. In Australia, herbicides as MCPA, simazine, diuron, and atrazine were detected at five places
near Melbourne (Allinson et al. 2017). MCPA, metazachlor, and other pesticides were regularly detected
in European surface waters (Sjerps et al. 2019). Metazachlor is one of the most used herbicide
in the United Kingdom and in Germany (Mohr et al. 2008). Mohr et al. (2008) reported the concentration
of metazachlor in surface waters to be up to 100 pg/l. Pesticides are used widely in agriculture and they
can enter to surface water (Sjerps et al. 2019), also Rodriguez Ortega et al. (2019) described
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that prochloraz is widely used imidazole fungicide. The aim of study was to evaluate potential negative
effect of pesticides (MCPA, prochloraz, metazachlor) on development of catfish embryos in the acute
toxicity test.

MATERIALS AND METHODS

Fish embryonic acute toxicity test was performed according to the Guideline for Test No. 236:
Fish Embryo Acute Toxicity (FET) Test (OECD 2013) for the period of 96 hours with five different
concentrations of each substances and three control groups (explained below). Catfish (Silurus glanis)
eggs came from commercial farm Rybnikatstvi Pohofelice a.s. (Czech Republic). The quality of eggs
was checked and eggs were selected using binocular microscope. Fertilized eggs were distributed into
24-microwell plates, dead and unfertilised eggs were destroyed. For each concentration and the control,
24 embryos were used. MCPA and metazachlor were tested at concentrations 0.05 pg/l (environmentally
relevant), 50 pg/l, 500 ug/l (wastewater relevant), 5 000 ug/l and 100 000 pg/l, prochloraz was tested
at the concentrations 0.1 pug/l (environmentally relevant), 1 pg/l, 100 pg/l (wastewater relevant),
1 000 pg/l and 100 000 pg/l. Tested pesticides are insoluble in water, prochloraz and metazachlor are
soluble in DMSO, MCPA is soluble in ethanol. Therefore, three control groups had to be created. First
control group was exposed to ISO water only prepared according to standard ISO 7346 (ISO 1996),
second control group was exposed to ISO water with DMSO and third control group was exposed to ISO
water with ethanol. Temperature during the test was 23 °C and photoperiod was 12 hours light/12 hours
dark. Tested solutions were changed every day and embryos were observed to record lethal and sublethal
endpoint (coagulation, lack of somite formation, malformation rate, and hatching) (OECD 2013).

Statistical analysis was conducted using Unistat 5.6 (Czech Republic). Cumulative mortality,
development and hatching data were analyzed using chi-square and contingency tables.

RESULTS AND DISCUSSION

No significant changes were  Figure 1 Mortality of catfish during 96hour exposure at the
observed in the control group. highest tested concentration (100 000 ug/l)
MCPA exposure did not cause

any effect on hatching or mortality. 1002/" ] ] F[ ] =
However, MCPA had a negative 90?’
effect on embryos development 80 0/°
at the highest tested concentration, 70%

. 60%
where malformations were 50%
observed in 37.5% (p<0.05) ’

40%

of catfish embryos. The most 30%
common malformation caused 200/:
by MCPA was heart oedema and 10% @ H H H
blood clot. Johansson et al. (2006) 0% : R : :
reported LC50 for fish 100 mg/l 24 hpf 48 hpf 72 hpf 96 hpf

and for amphibians 3.6 g/l.
Prochloraz and metazachlor had
anegative effect on catfish
mortality, where mortality at the concentration 100 000 ng/l of metazachlor reached 100% (p<0.01)
after 24 hours post fertilization (hpf). Mortality of catfish exposed to prochloraz at the concentration
100 000 pg/l was 54% after 48 hpf and increased to 100% at 72 hpf. Moreover, embryos exposed
to prochloraz and metazachlor showed significantly higher malformation rate compared to control
groups. In case of prochloraz, 33% (p<0.05) of malformation were observed at the concentration
of 1 000 ug/L at 96 hpf. Similarly, at 48 hpf, 33% of specimen coming from the concentration
of 100 000 pg/l were also found to have some developmental malformations. At 96 hpf, metazachlor
at 5 000 pg/l caused malformations to 29.1% (p<0.05) of catfish embryos and at the concentration
of 500 pg/l to 33.3% (p<0.05) embryos. In the study of Mohr et al. (2008), metazachlor had a strong

OMCPA BPROCHLORAZ OMETAZACHLOR
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effect on the stream and pond mesocosm communities at the concentration higher than 5 pg/l.
Prochloraz and metazachlor did not have significant effect on hatching.

CONCLUSION

The results of the study show that prochloraz and metazachlor are more toxic than MCPA.
Prochloraz and metazachlor caused a high percentage of mortality at the concentration of 100 000 pg/l
and malformation at the concentration 1000 ug/l and 100 000 pg/l of prochloraz and at the
concentration 500 pug/l and 5000 ug/l of metazachlor. MCPA had significant effect only
on malformation rate. LOEC for prochloraz was determined to be 1 000 pg/l and for metazachlor was
determined to be 500 pg/l. Pesticides can have a negative effect on development of aquatic organisms,
thus it is important monitor the concentrations in surface water.

ACKNOWLEDGEMENTS
This research was supported by project PROFISH - Mendel University in Brno,
CZ.02.1.01/0.0/0.0/16_019/0000869 and IGA VETUNI 223/2021/FVHE.

REFERENCES

Allinson, M. et al. 2017. Herbicides and trace metals in urban waters in Melbourne, Australia (2011-
12): concentrations and potential impact. Environmental Science and Pollution Research, 24(8):
7274-7284.

Gaillard, J. et al. 2016. Potential of barrage fish ponds for the mitigation of pesticide pollution in stream.
Environmental Science and Pollution Research, 23(1): 23-35.

ISO 7346. 1996. Waterquality — Determination of the acute lethal toxicity of substances
to a freshwaterfish [Brachydanio rerio Hamilton-Buchanan (Teleostei, Cyprinidae)] — Part 1: Static
method.

Johansson, M. et al. 2006. Toxicity of six pesticides to common frog (Rana temporaria) tadpoles.
Environmental Toxicology and Chemistry, 25(12): 3164—-3170.

Mohr, S. et al. 2008. Response of plankton communities in freshwater pond and stream mesocosms
to the herbicide metazachlor. Environmental Pollution, 152(3): 530-542.

OECD. 2013. Test No 236: Fish Embryo acute Toxicity (FET) Test. OECD Guidelines for the Testing
of Chemicals, Section 2, OECD Publishing, Paris, France.

Rahman, M. et al. 2021. Monitoring of pesticide residues from fish feed, fish and vegetables
in Bangladesh by GC-MS using the QuEChERS method. Heliyon, 7(3): €06390.

Rodriguez Ortega, P.G. et al. 2019. Synthesis and structural characterization of a ubiquitous
transformation product (BTS 40348) of fungicide prochloraz. Journal of Agricultural and Food
Chemistry, 67(31): 8641-8648.

Sehonova, P. et al. 2016. Embrya ryb jako alternativni modely v toxikologii. Veterinatstvi, 66(9):
692-696.

Sjerps, R.M.A. et al. 2019. Occurrence of pesticides in Dutch drinking water sources. Chemosphere,
235:510-518.

@ 202|Page



MWV

10 November 2021, Brno, Czech Republic M en d e l

Toxicity tests on Daphnia magna

Petra Melezinkova, Eva Postulkova, Radovan Kopp
Department of Zoology, Fisheries, Hydrobiology and Apiculture
Mendel University in Brno
Zemedelska 1, 613 00 Brno
CZECH REPUBLIC

xmelezin@mendelu.cz

Abstract: The aim of this study was to determine the toxic effect of chemicals on the tested organism
Daphnia magna. The following substances were selected for testing: polyaluminium chloride (PAX 18),
its aqueous solution (PAX 19) and potassium dichromate (K>Cr,O;) as a reference substance.
The experimental concentrations for PAX 18 were in the intervals 1-100 mg/l, for PAX 19
10-300 mg/l and for K>Cr,O; 40-150 mg/l. Testing was performed in three replicates with ten
specimens. Each test took 48 hours without changing the medium. The test organisms were not fed,
and a tap water was used as a medium. The 24hEC50 values were as follows: 45.06 mg/l for PAX 18,
97.82 mg/l for PAX 19 and 1,57 mg/1 for potassium dichromate. The 48hEC50 values were as follows:
22.62 mg/l for PAX 18, 37.20 mg/l for PAX 19 and 0.864 mg/l for K,Cr,O7. Changes in pH, dissolved
oxygen content and number of inhibited individuals were regularly monitored. The pH values
for PAX 18 were between 4.56-8.40, for PAX 19 within the range of 5.63-8.40 and for K»Cr,O7 did not
drop below 7. Low pH values for PAX 18 and PAX 19 can be explained by very low pH value
of the test substances, therefore the results can be considered as valid. The oxygen content was sufficient
for all three test substances. The concentrations of chemical substances used in toxicity tests were more
toxic for daphnids than the concentrations introduced into the aquatic environment.

Key Words: PAX 18, PAX 19, toxicity, Daphnia magna, ecotoxicology, inhibitions, biotests, acute tests

INTRODUCTION

The ever-increasing level of the economy and industry brings certain risks of adverse effects
on ecosystems. All components of the environment are, to a certain extent, contaminated by a constant
supply of substances produced by human activity. They can be past or present substances, which enter
the nature in various ways. Due to these events improves monitoring of the movement, intensity

and amount of these substances, together with their development and impact on organisms (Melezinkova
2019).

One of the possibilities of environmental contamination monitoring are ecotoxicological assays,
which can be defined as experiments on organisms to determine if a test substance toxic
to organisms occur in a particular ecosystem and to what extent. These assays are provided under
the precisely defined conditions. The concentration of the test substance is very important because
survey results are based on monitoring of reaction of the test organism. A certain concentration
of a toxic substance can cause either mortality or alterations in development or changes in metabolic
functions (Koc¢i and Mocova 2009).

Due to the existence of innumerable toxicants, toxicity tests have to meet the following standards:
simplicity, repeatability of results, easy implementation and low costs (Hodgson 2010). And that is why
Daphnia magna were chosen for biotic toxicity tests as they can meet the above criteria. For example,
flexible repeatability of tests is in fact the result for rapid reproduction of Daphnia.

Here we evaluated the acute toxicity effect of three chemical substances on Daphnia magna:
PAX 18, PAX 19 and potassium dichromate. PAX 18 is a concentrated solution of polyaluminium
chloride. Its active substance is A’ in a concentration of 9.0 + 0.3%. It has a clear yellowish colour,
acidic properties, is odourless, non-flammable and soluble in water. It is used in the treatment of drinking
water and pool water, wastewater, and industrial water treatment etc. PAX 19 is an aqueous solution
of polyaluminium chloride, and its active substance is AI** in a concentration of 12.5 + 0.3%. It is a light
yellow, colourless solution odourless and non-flammable. It is used in the treatment of drinking water,
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industrial water, wastewater treatment and in the cosmetic industry. Potassium dichromate (K>Cr,O7)
is an orange-red toxic substance, standardly used as a reference substance in toxicity tests.

MATERIAL AND METHODS

We used Daphnia magna as the test organism. Concentration series of test substances (PAX 18,
PAX 19 and K,Cr,07) were prepared using aged tap water. The tests were performed according to CSN
ISO 6341. A mixture of green algae Parachlorella kessleri (80%) and Tetradesmus obliquus (20%)
as food for breeding individuals. Ten individuals of Daphnia magna were pipetted into a 100 ml flask.
Then aged tap water and the appropriate concentration of test substance were added, the final volume
of medium was 100 ml. Three replicates were prepared for each concentration and the control. Daphnids
were not fed during the test. Temperature was set to 23 + 0.3 °C, light conditions corresponded to 16:8
hours (day:night). The organisms were checked after 24 and 48 hours and immobilised individuals were
recorded. Individuals showing no signs of motion — either dead or with no significant motion until
15 seconds after gentle mixing (even if they still moved their antennules) were identified as immobilised.
The test was performed with no pH adjustment. The pH value and dissolved oxygen content was
measured using a Eutech PD 450 multimeter.

The EC50 value was determined by linear regression in the GraphPad Prism 7 software.
A statistically significant difference of the monitored substances as a function of time (24, 48 h) was
evaluated by F-test.

RESULTS

The tested substance PAX 18 had different effects on the inhibition of Daphnia magna at different
concentrations and the results showed lower toxicity after 24 hours than after 48 hours. Toxicity values
after 24 hours are highly significantly different from toxicity values after 48 hours (p < 0.001).

Concentration ranges of 1-100 mg/l was chosen for the experiments. The pH value at lower
concentrations (1-40 mg/l) did not deviate from the range of optimal values for Daphnia magna
(6-9) throughout the test. At concentrations of 60 mg/l and higher, the pH ranged between 4.60-6.16.
The pH increased gradually and was initially outside the requested optimum at higher concentrations
of test substance. This condition was caused by the very low pH of PAX 18 (1.0 £ 0.5). The dissolved
oxygen content was sufficiently high during the test — it did not fall below 82% saturation. Although
the value slightly decreased during the test, all measured values were high without a negative effect
on the tested organism. The 24hEC50 value for PAX 18 was determined to be 45.09 mg/l (501 mg/I
PAX 18) and the 48hEC50 value to be 22.62 mg/1 (251 mg/1 PAX 18).

Figure 1 Results of acute toxicity tests with PAX 18 on Daphnia magna. Toxic effect (EC) expressed
in AP*concentrations

24hics0 1.654 45.09 0.775
48hIC50 1.354 22.62 0.752
100+
—— 24h
= -~ 48h
c
L
§ 5o ,
= Legend: D. magna — curve of dependence of daphnia
g 25 immobilization on the test substance PAX 18 (data
E are logarithmic and present the degree of effect +
0 y : SEM). The values of the acute toxicity test after
1 10 100 24 hours are  statistically — highly  significant
Concentration [mg/l] (p < 0.001) from the values after 48 hours.

The test substance PAX 19 had different effects at different concentrations on the inhibition
of Daphnia magna and the results showed less toxicity after 24 hours than after 48 hours. Toxicity
values after 24 hours were significantly different from toxicity values after 48 hours (p < 0.001).
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The pH value increased gradually, but usually