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FOREWORD

Cli mat e slcéheam greeadeonrodsesd ,t hwi tgh odbleanges varying |
bet ween regions. sGBhi maté ckhaongecempabimodi aet v
and all sectors of agricultural food producti
affects climate change and contributes ¢ ooft he
the ocean$)| ameéelerisngt he occurrence of floods, f
soil s, rivers, | akes, seas, di sruption of huma
species, and i ncreasnsng Tghree einhoruesas eg aisn elmi man
urbanization ahdadhedostdiuati pwh icliosi 4 r alelge aldan d ,0
temperatures and drought negatively affect cro

Climate changlkr amagedrmiec factson hgvecuonkgatabvepti
food gedwotrihttyhe tkhkéespiimgpeaetadsde i n t h¥e chumd o gp apal
cultivation systems that genealasg® iimermpasiantigli ge
CQl evenad nitrogeam edepnpd iotyieaborhii teos ey igerledast eirn i nt
agriculTéhiissea d so otdo cont ami natiisosfumeastd ofbho @ad paft dtoyg
bi ol ogical and hog)c Theemnsatepobhéusafety of f

i mprove food production, adapt to cli masoef chan
climate change on agriculture. This requires
politicians, and the publ socf tcol idneavteel ocph aanwgaer eonne

the need for adaptation through the devel opmen
emi ssiionmatreeussso anfdest rtai dgabnd achi eveinsgufrioimggh vy
security in the future.

Theproceediersgnt the results of r es esaornc hsoocni oc |

economic development, agricultural producti on,
composition, hydrol ogical -ezxmdypedms pgivaali abhh
mor pphhoy si ol ogi cal , bi octhhemsexali pr ampmru adaineds ntadhnea erp

adaptive capacity.

The papers present results aimed at addressing

and anthropogenic effects on agricultural pro
agricultural production, nwhaofc hnew cd euirdeetsy pberse etdii ¢
climate change and the development and introdu
t he participants of t he 12t h JEEP I NTERNAT
CONFERENCE MARKe p2u0b2I5i ¢ S e rhbainag,e s" Glnidmaegceolcogi c al
agriculture and food production in Serbia, the
the work and discussions to improve the balanc

change ocmdnatamraggled ecosystems.

Prof. dr ¢Deevsiiimir



C ON T E N T
PLENARY ARTICLES

EARLY SORTING FOR HERBICIDE RESISTANCE IN DOUBLED HAPLOID:
OF RAPESEED
Elena V. Kozar, El ena A. Bederalb dtate BBedgetary Scientit
Institution Federal Scientific Vegetable Center (FSBSI FSVC), VNIISS
Moscow,Russia

SMART TECHNOLOGIES AND CLIMATE RISKS:INNOVATIONS AND
TECHNOLOGIES TO SUPPORT CLIMATE RISK MANAGEMENT O
ECOSYSTEMS AND AGRICULTURE

Ne Kk e YlaamavinAbdulhameeBicle University, Faculty of Agriculture, Dep!
of Farm Structures and Irrigation, DiyarbaKiirkiye

ECOINNOVATIVE SOLUTIONS FOR CLIMATESMART AGRICULTURE
AND FOOD PRODUCTION )
Ml aden T oGIHEAM-WMediterranean agronomic Instutute of Bétialy

SOCIGECONOMIC RESPONSES TO CLIMATE CHANGE: NEW POLICIE
AND APPROACHES FOR SMART AGRICULTURE
Predrag Terz lInstitute for Political Studies Belgradserbia

CHEMICAL WEED CONTROL IN CONDITIONS OF CLIMATE CHANGE
Zvonko Pacanoski, Faculty for Agricultural Sciences and Food, Ss. Cyril ¢
Methodius University, Skopjé&North Macedonia

INNOVATIVE INDEX FOR OPTIMIZING USING SALINE WATER IN
IRRIGATION

Isam Mohammed AbdulhameedN e k e  YUppeaBuphrates Basin Developir
Centre, University of Anbatraq

THE RELATION BETWEEN THE FOOD EXPENDITURE AND THE
RELATIVE POVERTY IN ROMANIA

Cosmin Salasaret al., Universidad Catolica del Maule/University of Life Scienc
AKi ng Mi hai RdmaniaTi mi soar a,

12

22

35

47

49



10.

11.

12.

13.

14.

15.

16.

17.

INVITED ARTICLES AND ARTICLES

SAFETY CONSIDERATIONS FOR CEREALS IN CONNECTION WITH
MICROBIAL CONTAMINATION - Invited article )
Mirjana Menkovska,Marija Ga r DekimirKne ge v i |

AGRI-FOOD IN ALBANIA AND THE QUALITY OF ALBANIAN WINE: AN
OVERVIEW OF CHALLENGES, OPPORTUNITIES, AND SUSTAINABLE
DEVELOPMENT - Invited article

Merita Stafasani, Artiona Laze, Mariola Kodra, Dorina Beli

THE IMPACT OF CLIMATE CHANGE ON WHEAT PRODUCTION IN BOSNIA
AND HERZEGOVINA )
Vesna Milil, l gor nurtbil, Branka Ge¢

MEMBER SELECTION FROM ACLIMATE MODEL ENSEMBLE FOR CROP
MODEL IMPACT ASSESSMENT IN NORTH GREECEInvited article
Melpomeni Nikou, Aristeidis K. Georgoulias, Vassilis G. Aschonitis, Dimitris
M. Papamichail, Theodoros Mavromatis

RENEWABLE ENERGY AND Al IMPLEMENTATION AS SUSTAINABLE
STRATEGY FOR AGRIC'ULTURE RESILIENCE TO CLIMATE CI-'|A'NGE
Invited article, lvan Stevovi , Sabahudi Br dladslobav | i

MANAGERI AL APPROACHES TO SUSTAI NAB
I N NORTH MACENTOENGRATI NG -EMARMATAGRI CL
PRECI SI ON FARMI NG, AND SOIL MANAGEN
Vi ktorija Stoj kovsiDiameB&mi,elKatRel iny

STABILITY OF GRAIN WEIGHT PER SPIKE IN DIFFERENT WHEAT
GENOTYPES IN YEARS WITHPRONOUNCED CLIMATE CHANGE

Invited article, Kristina Lukovi |, Kamenko Bratkovil
Al eksandra Rakonj ac, lvan Tupajil,

STATUS AND PROSPECTS OF LIVESTOCK BREEDING AND ANIMAL FEEI
PRODUCTION IN THE REPUBLIC OF SERBIA IN THE CONTEXT O
CLIMATE CHANGE

Zoran Lugil , VI adimir Zornil, Mirjana P«
Racil, Violeta Mandiil, Snegana Babi

IMPACT OF FOLIAR FERTILIZATION ON GRAIN WEIGHT PER SPIKE IN
DURUM WHEAT GROWN UNDER ORGANIC FARMING

Mirela Matkovil Stoj gin, Vesel inka
Lukovili, Milan Stojgin, Dragana St

VARIABILITY OF NON-PRODUCTIVE TILLERING IN WINTER WHEAT
(Triticum aestivunl.) - Invited article

Desimir Knegevil, Dugan Urogevil,
St o jAgtionalaze,Dani ca MiDiaan ¢ eil laV eksoenl diinik, a

56

65

73

84

90

98

107

115

128

136



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

VARIATION OF SPIKE HARVEST INDEX IN WHEAT(Triticum aestivun_.)
DugaUrrogeV|DeS|m|r Knegey|l, Mirela
Brankovil, Vesna nurovil, Vladimir

EFFECT OF |INTERCROPPING ON SOMEIMPORTANT YIELD
COMPONENTS OF SMALL GRAINS )
Viadimir Perigil Dejan Cvi kil , Ve

Kamenko Bratkovil, Kristina Lukovil

SPIKE LENGTH AND NUMBER OF GRAIN PER SPIKE OF WINTER WHEA
(Triticum aestivuni..) GROWN ON TECHNOGENIC SOIL
Nenad Malil , Danijela Kondil, Il vana Togi

EFFICACY OF CERTAIN INSECTICIDES IN CONTROLLING THE CEREAI
LEAF BEETLE (Qulema melanopug.) IN WHEAT CROPS IN THE LAPLJE
SELO AREA

Dragan ,Get¢iaki j Mi Inoka \, Ar@rej| Sakalarac, Sn e g a
Gogi l Mondbj uNVeARs RBj il il

THE EFFECT OF INTERCROPPING WINTER OATS AND PEAS C
POWDERY MILDEW CONTROL AS A PROTECTIVE STRATEGY IN
ORGANIC FARMING

Mi |l osav Gr | ak, Dragan Gr | ak, Desin
GupunBrkanka Orbovil

EFFECT OF SOWING TIME AND IRRIGATION REGIMES ON YIELL
COMPONENTS OF SWEET CORNInvited article

lvan Tupajil, norle Morav|evii, Mar
Nenad KorsfinalJéu&omai$tojiljkovil

GRAIN YIELD OF BUCKWHEAT (Fagopyrum esculentunMoench) IN
DIFFERENT SOW DENSITIES Invited article

Olivera Nikoli iZgranaSr el kov, VI adi mir Sabado
FOOD SOVEREIGNTY AND RIGHTS TO SEEBInvited artjcle )
Gordana nuril, Gvozden | Mialnial ,Ra@a1wi
Mi il

ALLELOPATHY AND WEED CONTROL IN,CHANGING'CLIMATE i
Liiljana Radivoj-KrvdrmanoMarli,j adred éejnieal
Ljiljana Gantril, Danijela Gikuljalk

IMPACT OF ENVIRONMENTAL CHANGES ONSOYBEAN WEED FLORA
Mar kol a Saul il , Urog Ml adenovi |,
Al eksandar Stevanovi |

CLIMATE CHANGE IMPACT ON SUGAR BEET PRODUCTION IN SERBI#
Invited article, Anj a Mi | os aJlajte&wi I Mi | i | eMendd,
Trkulja

145

153

161

169

178

186

193

201

213

221

227



29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

ADAPTATION OF SUGAR BEET PRODUCTION IN TIMES OF CLIMATE
CHANGE ) )
Zlatko Milil evi | , Anja Milosavljevil, Ar

Nenad Trkulja

EXAMINING THE IMPORTANCE OF BIODIVERSITY CONSERVATION
FACTORS )
Vojislav Stojanovil, Bojana Ristanc

ASSESSMENT OF ENERGY SAVINGS IN PUBLIC BUILDINGS IN THE CIT®
OF NOVI SAD ) ) )
Vojislav SatogaaoRatpana, |l vanovi l

EVALUATION OF SUSTAINABLE AGRICULTURAL TOURISM CRITERIA
Mirosl av Nedeljkovil, SlalLana Vujil

FOOD PRESERVATIONTHERMAL PRESERVATION OF FOOD
Darko Veljanovski, Blagojce Najdovski, Dzulijana Tomovska, Borche
Makarijoski, Daniel Simakoski

WEED FLORA COMPOSITION IN EXCEPTIONALLY HOT AND DRY YEARS
Maj a Mesel dijudial,, Miaddiocvaan Begovi l,

IMPACT OF CLIMATE CHANGE ONAmbrosia artemisiifolie..
Bojan Konstantinovil Milena Popov, NaSamardiil , TiStanpan
Stefan Ugrinov

APPLICATION OF THE EPIC MODEL FOR THE PRODUCTION O
KHORASAN WHEAT IN THE CONDITIONS OF CLIMATE CHANGE IN
SERBIA AND LIBYA

Snegana Jankovil, Ayi mBhvnGmaBi nmall
Gavr il ovi @GkuljakD defalkgnevii vetoRakil

ENVIRONMENTAL SUSTAINABILITY AND INFLUENCE OF DIGESTATES
ON RYE HEIGHT IN BIOGAS PRODUCTION

Snedgana Janklandvyi iJel Mi k\od raa RR&imma)u
Simii, Danijela Gikuljak, Slalan St

THE TWIN THREATS OF CLIMATE CHANGE AND PLANT INVASIONS IN
SERBIA

Ana AnlLel kdaiji 4 Novkovidv,i j aDuogvainik,a
Marisavljevil, Danijela Gikuljak, ¢

OPPORTUNITIES FOR SUSTAINABLE FOOD PRODUCTIGMNALYSIS OF
THE CITIZENS ATTITUDES IN EASTERN SERBIA
Marija Stvawdreavai IJovanovil, Marko V

ASSESSMENT OF CRITICAL METEOROLOGICAL AND EDAPHIC DATA
FOR DROUGHT FORECASTING )
Marija Stevanovil , Milog Milovan| evil

234

240

246

250

257

263

271

276

284

294

301

308



41.

42.

45,

46.

47.

49,

50.

51.

52.

53.

THE ROLE OF NATURAL BIOSTIMULANTS IN CLIMATESMART
AGRICULTURE: ASCOPHYLLUM NODOSUM'S IMPACT ON ALFALFA
YIELD

ZoranSeG.ulil, Sanja nurov
Petrilevil, Maga Radojili

il, Boris
i, Tanja
ECOLOGICAL  SIGNIFICANCE, BIOCHEMICAL ACTIVITY AND
PROTECTION OF PLANT TAXONS

Ljubi ca -Toaddseiviielvi I, Kri sRdrmial \VoJdml
Ni kola norlevil, Andrijana Zuber

INNOVATION IN SUSTAINABLE AGRICULTURE - Invited article
Al eksandrNedljwdtjiklo Karabasil, Boj ar
Sl alan Stankovil, Bogidar Milogevil

CLIMATE CHANGES BETWEEN TWO STANDARD PERIODS IN
MONTENEGRO (19611990 AND 19912020) USING THE THORNTHWAITE
MOISTURE INDEX- Invited article

Jovan Mihajlovii ,Dr agan Buri i, Il vana Penji
Mirosl av Doderovil

THE IMPORTANCE OF INNOVATION POLICY FOR SUSTAINABLE
TRANSFORMATION OF AGRICULTURE IN SERBIA
Jovana,D8iamialn Mi | et i |

THE IMPACT OF EU CLIMATE AND AGRICULTURAL POLICIES:
SUSTAINABILITY, FOOD SECURITY, AND GLOBAL SHIFTS

Invited article,Vesna Gantner, KrunosMiaki Zmja
Zvonimir Steiner, Kredgimir Kuterove

ANTIBIOTIC USE IN DAIRY FARMING: IMPLICATIONS FOR
ENVIRONMENTAL SUSTAINABILITY AND RESISTANCE MITIGATION
Invited article,Bor i s Ljubojevil, Zvonimir S

PREDICTORS OF ATTITUDES TOWARD THE PURCHASE ANI
INTENTIONS TO PQRCHASE ORGANIC MILK Invited article o
Milivoje Losil, MAd @lkjsamdlraan owitli |,

RAISING AWARENESS OF CLIMATE CHANGE: NLP APPROACH T(
STRENGTHENING RESILIENCE IN AGRICULTURE
Adisa Tufo

WOMEN IN AGRICULTURE )
Slalana Vujidbindyri Mersida

DEVELOPMENT OF AGRICULTURE PRODUCTION AND AGROBUSSINE
IN CLIMATE CHANGE CONDITIONS IN SERBIA AND NEIGHBOR REGION
Sl alana Viatiarakvanevill, Adri ana Radosava

DIGITAL TRANSFORMATION OF THE ECONOMY ANDPOPULATION
Biljana Grujil Vul kovski, Dragana ¢

THE ORGANIZATION OF THE SCHOOL COOPERATIVE AS ADM
IMPORTANT LINK IN THE PROMOTION OF AGRICULTURE, FOOD:
PRODUCTION AND CLIMATE CHANGE

Ramona Rul nov

315

320

329

338

352

361

370

377

385

392

400

408

417



’ 12. JEEP MEDUNARODNA NAUCNA AGROBIZNIS KONFERENCIJA-MAK 2025
f ﬂ 12" JEEP INTERNATIONAL SCIENTIFIC AGRIBUSINESS CONFERENCE-MAK 2025
¢ ,Climate change and ecological sustainability in agriculture and p

food production in Serbia, the region and Southeast Europe™
SERBIA, KOPAONIK January 30th to February 2nd, 2025. MAK

1
AN DAoL S, W=2o2s

doi :10.46793/ MAK2025. 001K
EARLY SORTI NG FOR HERBI CI DE RESI STANC
HAPLOI DS OF RAPESEED

El ena V, Ebran* A. Dombl i des

Federal State Budgetary Scientific Institution
VNIl SSOK, Mogsgkoww, |Rnodiek,@gmail . com

Abst rRapeseed i s an herbaceousBrrilsant addta eti lse a
all otetraploid (2n=38) with two genomes A and
bet wRremscsa mpelst,ritshe donor Bofasglaearaimee &t handonor
genome C. Genome A has ten chromosomes and geno
Rapeseed is an i mportant oilseed crop worl dwid
One of the most i mportant parameters determini
yield. The yield of this crop is affected by m:
that compete with rapetsreieantfor a@mudlplghhdi,c avlat epe
is a serious problem and | imi-64%tbemparceéd b ¢
i out weeds (Bijanzadeh et al ., 2010; Guo et
feesgual ity of raw materi al, because the pr
gual ity of oil and complicatreessiisttanpr o @<
eties and hybrids is a preaotriivtey taacelas off orb rw
et al ., 2005) . Herbicides to which resist
ded into six groups: gl uf osmiomatse, tgliyargh ;ms a
onyl ureas (vGo,nchChlr & ). aRhadp eCoadd resi stant to
onylureas has been bred by conventional pl
cultivation is prohibited. The i mbeaawde nol
stance has been developed without genome e
p of herbicides to mammals and | ow applicat
he 1980s, resi smadtzobhi henkeesaardcbmmher ds a
of the ClearfieldE production system ( Gon
in the names of varieties and hybrids. I m
nmihdg ibd ¢ i AAge tAoHAaSc.t at e synt hase (ALS or AH
nt hesicshaadfn barmed mooh eadc i d s . Five AHAS | oci h
l oci, AHAS2, AHAS3 and AHAS4 orijianm

—+ —h = 5 = 0w >

ocwp——<o-@- -~

~3

e
y ci

e de f
5 originate from the C genome (Rutledge e
s are constitutively expressed and encode
th and devel opment. Mut atsbasce noft heslks ge
az i nones (BhAHAS1R (Ser653Asp), BnAHAS3
)

m

N—0 3 >0

he presence of even one mutation alrea
zolinones, b uti mporr tiamd u g thraita It hper ordeusci tsit
n varying the herbicide treatment ther e
[
B
e
i

js})

i on, forms with both mutations at the
ergistic effect on resistance, and it
in the homozygous state of the all el
nones widcdchrual odikasusies odi fDfH c
mar kers have been developed for the i mid

ique for early selection of rapeseed for

~pHmTOoOT TN TQ@P>PHT OIS TQ T OV Va~< * S S
® "3 *>S55003 " OIS +TOYPSI- DTS- ITO -~

SOoOQDP< T —ROASONO®N OO~ C

O > ™o


https://doi.org/10.46793/MAK2025.001K

usually much more complex and in additien to t
target genes that also influenca&sgdsihet ecksdsltantc
significant | imitationskeas iforialhopopses il kel &
provide a particular t r aaists.i sTlhar esfedreec,t i wmen i u
number of resistant genotypes wil/l not be ider
degreéeésofances of genotypes in comparison with e:
On t other-asandtednbmaeekéeng there is al ways
mar k are not al ways well reproducible in ot
problems described above can be solved
ons. By wusing nutrient media with diff el
nt forms wildl beal i comtciefnited,ti and by ot
nce assessment, it is possible to deterrt
ons in comparison with each other. I n oL
iitthi otnheofaditdhe f ol l owi ng cohc?2nf r @5 lomgs o
3715 Magcrloshoots of doubled haploids prop
mi croshoots per nutrient medium varian
in the presence of suscemtei bgrloupy
, resistance was evaluated two w
s of the expati @ménbmns btdéhwed dsbut sheget pLtaitb ial
, e at a ¢GiomxzamaxatimnM® fs &l.i5d myutLr i e nt
r rvived, but the first signs of herbi
mg mazamox all owed selection of plants with
concentrati'on aot s3di 8 mgt Lsurvive. Thus, f o
notypes we recommend the médmamawoxh The ayd
l ection of plants for resistance using selec
a great advantage in assessing the degre
ch genotypeltueatbopaonl metdi auwi thout the ad
al ways saved for further experiments or bre

S
e
|
a
a
I
w

Uglo —“Tomo o
)
>
o

T QN oONOCAOA4TO0O NI ELO

nw L 7 od D
<
(0]
(7]

Key wdHgdbants, Herbicide, Imidazolinone, Clear"

ACKNOWLEDGMENT

The work was funded by a grant from-T®&0R0ssi a
https://rs@®.10u/0pfroj ect/ 23

REFERENCES

Bijanzadeh, E. , Nader i, R. , Behpoori, A. (2010) . |
popul ation under Ahluesrtlriadii daens jeaoppd(ndapd altélls.5c.r op sci enc
Goncharov, S. VY¥.20189r.| dHea,bilciAMe tolerance imMinapesee
crops

Guo, Y., Cheng, L., Long, W. , Gao, J ., Zhang, J. C
rapeseed AHAS genes confer high remsTth&rmcr@th@aﬂ;ulaﬁ
Applied,1Be3nadBd24.

Kozar, E. V., Dombl i des, E. A. (2028B) as b mtclLd @ m a pCuserorneen t|
Status, Breeding, Mol ecul ar Mar ker s and Prospec
| mproviEdmenit cu@Q@&u,s a®5 3.

Mur ashi ge, T. , Skoog, F. (1962). A revised medium
cul tRiresi.ol ogilab 3p)l.ant ar um

Rutl edge, R. G. , Quell et, T. , Hattori, J ., Mi ki , B. L

Brassica napus acetohydr oMo/laecd uwl asry na rhda s@e,@amyd ali geenre
340.

Tan, S. , Evans, R. R. , Dahmer , | Mi. dazolSi mgme tBo lKer arSth
current st ®tesd Mad afgetmemeée. Sci enc eb:( 3Fo-2 B@dr6l vy Pest i c
Thel en, J.J., OMé r @algglei, c JeBgi M &Or0i2zng of Mfedtatbyo |l aci d

engi neEk)i-agl 2


https://rscf.ru/project/23-76-01070/

’ 12. JEEP MEDUNARODNA NAUCNA AGROBIZNIS KONFERENCIJA-MAK 2025
f ﬂ 12" JEEP INTERNATIONAL SCIENTIFIC AGRIBUSINESS CONFERENCE-MAK 2025
\ ,Climate change and ecological sustainability in agriculture and
food production in Serbia, the region and Southeast Europe™ p
SERBIA, KOPAONIK January 30th to February 2nd, 2025. MAK

1
AN DAoL S, W=2o2s

doi :10.46793/ MAK2025.003Y
SMART TECHNOLOGI ES AND CLI MATE RI €
| NNOVATI ONS AND TECHNOLOGI ES TO SUPPO
RI SK MANAGEMENT ON ECOSYSTEMS AND AGF

Neke Yanmnaanm Mohammed Abdul hameed

IDicle UniverAsgirtiyc,ulRaucruel,t yDeopft . of Farm Struct
Terk,fFpesheuzen@hot mail . com
Upper Euphrates Basin Developing Centre,

Abstract: Climate change is destroying markets by reducing agricultural incomes and increasing risk. It poses
a threat to many areas, especially access to food for both rural and urban populations. According to research
estimates, climate change problems will affpcor and underdeveloped countries the most, and mass
migrations will occur accordingly. is expected to ocddawever, these estimates have now gone beyond mere
predictions. Because these migrations have been intensely experienced as a realitysbithgelars. This

fact was revealed by the 2012 Reportted Asian Development Bankccording to the report, 20 million

people in Asian and Pacific countries were forced to leave their home regions due to climate change between
2009 and 2011. According to this report and research, in the coming years, increasing drought and scarcity of
water resources will reduce the number of plant species used in the production of nutrients and medicines
necessary for human liféAs the tropical climate shifts northwhrplant and animal species are expected to

shift. Diseases such as malaria, known as tropical diseases, will become widespread. Studies have estimated
that due to all these problems, the numberctifiate refugee$ will exceed 20 million by 2050. This article
describes the effects of smart agricultural technologies on physical yield losses in agriculture due to climate
change and the reduction of indirect negative effects of these losses.

Key worAgsriculture, Smart technologies, Climate chan
1. INTRODUCTION

In order to ensure that agricultural production is minimally damaged by climate change and at least
to maintain production at its previous level and prevent its decline, new and smart agricultural
technologies must be developed. In addition, existing sagaitultural applications must be put

into practice without delay. One of the primary methods in combating the effatitmafe change

on agri cul t uanepoliutant @ € mic $ $ io o rnlipeseanethodscare sisedto reduce
greenhouse gas emigss. Because agriculture, like other industries, is still a source of greenhouse
gases due to the use of outdated agricultural management methods.

The annual average of anthropogenic greenhouse gas emissions into the atmosphere due to
agricultural activities is between 10% and 12%. For example, according to the Turkish Statistical
Institute (TUIK) data, 10.2% of total greenhouse gas emissions iny€lirk2014 were caused by
agricultural activities. To reduce these emissions, new and smart agricultural practices such as the
Internet of Things and the widespread use of connectable individual mobile devices have been
introduced.

The Internet of Things (loT), farmers can monitor and control all processes from planting to
harvesting via their smartphones or computers at home. Environmental facterseagg@Thanks

to these technologies that measure and respond to the use of greenhouse gas emissions can be
significantly reduced. The benefits obtained through these technologies are as follows:
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A Energy efficiency is maximized with smart el
phones. Thus, farmers save both energy and money. In this way, input costs are significantly
reduced. Using | ess energy i ssirtefightiaghimst @dirdateo ne o f
change.

A Farmers <can efficiently plan the routes of
agriculture with their smart phones. For example, a transport vehicle is not sent on the radb half

or overloaded, which will increase fuel consumptiorarigport vehicles that set off at the right time

with the most accurate loading use the shortest distance. In this way, greenhouse gas emissions that
are harmful to the environment are reduced. Farmers save both time and expensive diesel and
gasoline.

A F ar me rSmartdrgationSgseems from their mobile phonesn this way, they can make

better decisions about water usage and do not consume water resources unnecessarily. Since farmers
do not use water unnecessarily, they can save on water costs and reduce agricultural inputs.

Smart agricultural applications also increase the energy efficiency of tractorsToday, GPS
navigation systems are usidtractors, just like in cars, and this system is made compatible with
smart mobile phones. These smart systems help the tractor to be used more effectively and to
maintain it regularly. For example, filter cleaning or replacement is done on time, dveniang
additional costs caused by malfunctions. Since remote connection can be established with a smart
mobile phone, the tractor isgvented from idling for long periods of time. Moreover, the tractor is
operated in accordance with the load required by agricultural work. All these small precautions
prevent the release of additional greenhouse gases into the atmosphere.

Spraying machines are also used more efficiently with systems compatible with smart phones.
Sensors placed in the fields identify diseased areas and separate areas to be sprayed and those not to
be sprayed. After this, a field map is created via GPS anplath to be followed by the tractor with

the spraying machine is determined so that precise spraying can be done. The sensor application
makes the spraying machine smart by programming it to spray the pesticide when it sees the diseased
area. This systemilso reduces greenhouse gas emissions, saving both pesticide and fuel. As a result,
smart agricultural applications that are compatible with individual mobile phones both increase
farmer welfare and improve product quality. Moreover, by reducing negativeoemental

impacts, it ensures that agriculture is transferred to future generations in a sustainable way.

The transfer of environmentally sound technologies (ESTS) is recognized worldwide as one of the
most effective ways to combat climate change. These technologies contribute to our fight against
climate change by reducing emissions and increasing our nesilte climate change. As Tirkiye

plans to achieve its recently announced zero carbon target by 2053, this set of analyses aims to raise
the necessary awareness on the transfer of ETSs and to provide recommendations on legal
regulations and implementation.

Climate change is one of the most pressing problems of the last half century. The main driver of
climate change is the high concentration of greenhouse gases in the atmosphere, which is causing

temperatures to rise and has serious negative effects aosylstems. The key question is how to
combat it on a global scale.

2. CLI MATE CHANGE AND URBAN TRANSPORTATI ON

The transportation sectoel atedugtreehbouddé&. g &6s

gl obal climate change i mpact and is the fastes
OECD countries are the fasteéest rgspwinsgbtcent oirbi
of emissions and in some developed countries tt
18% (Civelekojlu and Beéyeéek, 2018) . Climate ac
i mpl ement aducotni oonf sa rrae egy to reduce or el i min



at mosphere and adaptation strategies to devel o
(Worl d Resources Institute, 2020). Intelligent
reduce the impact of t rcahmasnpgoer toant icoint iseyss.t elnnst eol nl
systems raoknee ac oonnter i buti on to the smart city mc
transportation systems ar e, above all, sustain
vehinotdesparating systems that define intelliger
in cities are vehicles using electrical ener g
efficiency, energy recoveryye, polilatt i ome caatmpan ear
vehicles (¥zbay et al ., 2020) Electric vehicl
I nstead of i ndividual vehicles actively wused

transportation vehicles, and to put it mor e Si
increased. Examples of shedi eandt raetduicec rcaa deon
transportation systems are: arranging the rate:
and choosing efficient transportation types, d
and increaciyngtaffdiacids, and stWwaseldi mght ol abt €t
Pol at, 2023). One of the most important featur
friendly. The amount of carbon emint todd eil mtca rt lt
el ectric3bwalassisha8f trains using diesel fuel

Bicycle sharing systems (BPS) are becoming on
wor |l dwi de, and the high rate of wuse of electri
There are 3 types of carrshamobdgl seéndini tbhal s
with individuals going in the same direction o
in the second model, a company car iis rented b
i s -pepeer acddrmgsh which is a newly emerging renta
The first I ndustrial Revolution took place at

that used waterpower were discovered, and stea
1870, the second industrila¢ fievotl upi odubtigam w
with electricity and performed mass producti ot
began in 1969 The first Programmable Logic Co
informati cmanwf autt omiang ( KPGM, 2015) . The 4th

emerged in in stry in general when machines b

s it

o
du
processe without the need for -l 8vehntathadtwea p. )
sutctures to the hybrid technology that emerged
technol ogies (EBSO, 2015). According to Boston
management consulting compandersedtihred( gt gy ta.lQ
of Things, big data analytics, artificial i nte
operabl e robot s, cloud computing, horizont al
augment ed-dir mah ssitogfntand r e (additive manufacturin
unmanned aeri al vehicl es, genetic and block c
(Cokkunojl u, 2016) . These technologies are al s
i ndudtry 4.

3. SMART AGRI CULTURE AND I TS FEATURES

It is the result of the process that the agric
on t he geaeombdmisocamd technol ogi cal devel opm
environment al bal ance, thati st huendoelrd /ptrreasdsiutrieo nfar
devel opments that increase the problem of hung
futur e: demographic characteristics, scarcity

( Wy man, 018%i ble te nemope this pressure and i



met hods wused from the past to the present. Th
utilizing techsaealadgy.anTdh emondoesrtn uwpay to do this
agriculture (Think Tech, 20 1p9r)o d uhtiiloen ,t hweh iacdhv es
its own power, evolved into the power of the ma
transformation is envisaged in the |l ast series
and managreontewnctt iodn pt o be transferred to machine
field of production has also been experienced
Il i ke the stages of the industiditalerévomutihenble:
the 20th century to agriculture 4.0. (1ITB, 201
TablTeclh.nol ogi cal Transformation in Agric
Before Traditional Human and Af
Agricul tur The Beginning Mechani za
(early 20th Steam Powge
Agrlcult.ure Mass Producti Tractor pr
Revolution
Agricul ture Greenhouse ¢
. Computer and .
Agriculture aut omat i ¢
Agricul ture I nformatio .
Agriculture  Communication Smart Agri
Technol ogy is |l eading the way insalgre curddhilremsa
as drought due to global warming in agricultur
3% of the world's water) in agriculture and t}
demand despite uhalusandk, alaindagoi ¢ eletd ni ne bi
necessary to increase the fyaled.d Ipterwiulnli tb earpeaas s
this negative situation in agricul tatrees biyn bev enr
area of Ilife and by adapting the digital technc
Mechani zati on, Tractor, Computer and Automati
according to the Eurroy efss dAggiratciudn ufr @E MAMa,c hs ma
first among the most i mportant factors affect
agriculture, automati on, consolidation, profes
fusion o0&l agmdcuhtormation technol ogi es, many
heard in daily life. Examples of these terms i
agriculture, farm management softwamesandodmbmn
use is smart agricul ture; I't includes an advanc
computers, database and accounting information
systems such as gl gealgrppbi ti omifmg maysoboemsyst ¢
application and remote sensing ( Bbeamsierd, a2g0rl 9c)u.l t
producti on, the philosophy of which is to proc
formsofphtitHiosophy is to apply the right amount
the right met hod. This philosophy is supported
According to the Smart AgrscalteckniPdae ftomhat g
product management to increase agricultural pr
mi ni mizes environment al damage. I n short, it
technol ogi es tsoecttloe agr itchuel tadir@ilt al revoluti ol
technol ogies that form smart systems, agricult
sensors and detectors, and agricultuThankehi el
the sensor s, humi di ty, vegetation, temperatur e
species can be distinguished with remote sens:c
conditions are monitoredSay@qélaé ist caoll.l ec2@d8a.n



4 . USE OF SMART TECHNOLOGIES I N WORLD AGRI
The benefits of smart agricultural systems, whi
primarily include creatipm@gdubéi oondandoranf dr
(Smart Agriculture Platform, 2019):

nReducing chemical i nput costs such as fertili.
nProviding high quality products in high quant
nNEnsuring a more effective flow of information
nEstablishing a registration system in agricul
I n addition, produceirmewpltbdbetabheptofmahke@anrces
systems and analyze all their products and reso
of Things in agriculteasge oprogduticantlyywilh thi
the work of producers easier and to maximize e
2019) The difficulties/problems in meeting g
productdlonhamwea accel erated the est abilnitsehnnse nvte
production model in agriculture. According to
by Huawei in 2017, the value of théeidllowmal domhmad
in 2015, is expected to increase to 26.8 bill
mar ket is expected to double in value within 5
The Future of Agripgea, tRreciRxeipom tAgr iicnulBurroe (P
digital technology are becoming the most influ
start wusing digital technologies to run their

80% of new farm equipment sold has some form of
manufacturers producing 450 different types of
Euros. This sector also employs 135,000 peopl e

The Netherlands and | srael, which are pioneers
4. 0 applications more gquickly than other cour
significant efforts in | ibnoeutwistihg nAigfriiccaun tt ucrhea rg
Er dem, 2019). The Netherlands, which is consid
agriculture and is shown as a reference in agr
nColl aboration model s: studies conducted by un
echnology producing companies in the field of
The world's 4th | T services exporter: 70% of
Production and export of agricultural technol
xXports being 9 billion Euros in 2015, it has
gricul tural technol ogi es.
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hese factors (such as planning, edu
d most densely popul at ed psoepwdmtth on
s surface arata,thetl etsl agfieda!l bulkh
wi s e, Il srael i s another miracul ous
to its high salt content, its natur
nd the agricultural wor kforce is qui
its own production thanks to its su
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re Studies in Tg¢grkiye in additi
n this | ong process, it can be
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agricultural potenti al in terms of its geograp

However, the fact that production is not recor (
unstable agriculturalctpiodn cmoede lasn dc auunspel asningerdi fp
sector. Failure to adopt a planned production n
a surplus in some products and causes producer
cawssethis deficit to be closed through i mport
di fficulties in different countries regarding
prevent | osses/decline in agdgrmi auwlrtiwrud twirlel. be
Because it is obvious that the success of thes
based on technology. When we |l ook at the share
(I'CT) products in their tbhaal cexportsessanhtdat mpa
Agriculture 4.0 process have high values in b
countries have been able to increase their pro
Agricultural technologi-#agriacel genal as ¢ gt pr ® d u$e
have been made in the world in the production
from soil processing toorlast itoo ohfa revxepsotritnsg tnoa cihnip
(UI B, 2017).

Mor eover, according to ¥j¢t (2015), as a resul
save 25% in fertilizer and 20% in herbicide us
dol | rs per hectare isofimpoot det provadedtiant €
i mpact with precision agriculture technol ogies
area of 160 hectares is sufficient for the ret:
On the other hand, the most i mportant factor i/
sector is the income | evel of the producers. Wt
affects the adoption laomw Iluashko rofp rnoeduwccatleievh fitaymbibn
businesses also affects the income | evel. Thi
technol ogi es. However, the education | evel of
new techeonl o i ssnaéVv businesses (UI B, 2017).
The steps to be taken foraghisuteeheotagi bal r¢t
cooperation of al |l stakeholders in a sector
(manufacturers, technology suppliers), unions
of fact, tiaa siese ptolsesiddeper ati on of these stake
(1 TB, 2019) . For exampl e, the Vodafone Smart Vi
of supporting rural devel opment in partoéetshnat
I nformation and Communication Technol ogi es), i
smart village in the wor-tdndndi it hlyeeehodoppe
objectives of the Vodaifoma&l|l Samgritcvituagk, mahkoe
advanced technology, are to increase the effic
technol ogies, to increase young employment in
to otlhaegresv.i ISavings of at |l east 20% in plant pr
and 20% in irrigation are targeted.

Studies in this field have started to increase
Ege University, BojJ azi-i University, Ankar a l
University. The AGI|I obal | ntuelgtruartei odn. 000f pTruorjkeicsth,
partnership with Ege University Faculty of Ec
Commodity Exchange, is one of the studies carri
sector is umdergoishigramamajoo under the influenc
future of the agricultural sector is now bein
technol ogical transformation of agrniucylt dhe dat
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Manual steering thanks to GPS technology, VRA
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us 0O began to be experienced in the ag
ri re 4.0, Smart Agricul ture, Digital A
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buadsed information and communication technol
ebramseetd portals and various algorithms, big d
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0O reveals the cooperation of different actor
i mportance of the ecoclysdateen.i Agoi caht uamd 4e¢
the agricultural sector more efficient, c
gies wused i Agriculture 4.0; I't cover
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th the adaptation of technology to the agric
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t h

each other. Thanks to sensor s, humi di ty, \
measured, plant species can be distingui she:ct
d amt conditions are monitored, data is colle
ocessed and combined with data taken from se
ecucdnnected unmanned aer i &lt av enteidc lceasn @&red ftoH & oiv
vi ces. With the use of GPS technology, a nav
formation accurately, farmers can find the e:
rmati ons,enweed bprreders and obstacl es in the
termination of these | ocations, seeds, ferti
used more effectively accordiagpbesibkeéedt bde
ographic information system by wusing digital
yield, soil and quality, and determine the
il type. tlsn aarddiaritoinf,i cioblo i ntelligence are U
dustries, and more products can be grown f a
raying and weed control reduce chsendlcsad sr @ duc
sses in harvesting products, increase speed,
addition to these technologies that form t|

oduction can be momd s eod el arwmnt man and eomematt i e g ¢
ansportation of resources ono ftiheel df atrom ttaob Iteh)e.
monitoring and sensor system (RFID sensor a

ocess of the product they buy from the field
sponsibilitoepr odupe odafcertsood are increasin
e most striking example of a successful cour



advantages thanks to the technologies it has d
approximately 2 billion dollars6 worth of veget
and agricultural t echnuonltorgiieess. ilts rpared d u cwehsi ctho hn
segdfficiency in agricultural production from
successful export performance, has prioritized
66 % oégetabhve and fruit exports from seven far
below sea |l evel. Although it only cultivates i
nature of its land, it obtaxmaerths gho%iefl dst § r |
addi tion, | srael has solved the irrigation pro
wastewater. 86% of the water used in irrigatio
ol ar panelpurnéyalB3l.l ®@d0cadmters of salt water wi
mperature can also be kept under control fo
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ning. The | sraeld. gover nment supports a
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ECA@ NNOVATI VE SOLUTI ONS-SMARTCLI MATE
AGRI CULTURE AND FOOD PRODUCTI ON

Ml aden Todorovi

Cl HEAMe di t erranean agronomic Instutute
ml aden@i amb. it

Abst Mdaet .EU Greempbesli zpdanhe relevance of Farm to F

agricultural sector. This paper focusses on some ir
solutions to be i mplemented onmahe cbadgef i anpgaptat aa
resilientsmanrd algirmatud ture and food production in thi

ecof ficiency conceptfoadt hepodatbrozasi ohaiolmaaidoes i o
and c¢$mamat emanagement solutions.

Key worAgsri food systemsche&€mesnat @r gdreafnfgief a eEmooy g, Eco

1.1 NTRODUCTI ON

Every year, the gl obal food system generates

corresponds RO0%aofambhe ogf ohél Gross Domestic |
2023) . I't includes the whole fgodcubhtuerakthaham
machinery manuf act u-rfiargre,r sar dhbilveesproadyc edrasi r y

through the food and beverages producers, traoc
food service and gwaodbtad o omplamrsiyesss.emlfrhes contr ol |
(0. 06%) which generates up to 70% of revenues.
Agrifood systems account for about 33% of tota
(Crippa et al ., 2021; Tubiello et al ., 2021) .
|l ivestock product-use abangee¢i(dd;f obaegnssttaatnidon an
drainage)andngroddu cptrieon processes, such as food
consumption and food disposal (Tubiello et al

emi ssions repbODé&soriitddtmearalgy i f oaddspmecedmst ieam
processes contri bwtsed chlmaongte A0 %Buardd 210&n d

The World Bank (2023) estimated that the food ¢

producti on iftarerh ft. o Tfharsm)( prostti o varies around
devel oped in respect to deve&lSApi norcewvrtrryi é&JS.D
by the consumer, around 11 cents are account ed
gathered through the numerous activities asso
packaging, detiwvary, and prepara

The food chain starts from the agricultural ac
cultivation, Il ivestock, dairy and seafood proc
fragile because it proceedstmaihky eanvihenmepan
affected by climate change. At the gl obal | eve
production were estimated be 3.800 trillion USL
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2023). This corresponds to 5% of the gl obal GLC
period). Nevertheless, the20%%)paicdewmtd &D&d wias me
to developed countries.

We at-mead c-tfemated extremes caused economic | os:c
billion du023ngi nl98MWe Eur opean Union, with over
and 2023 (EEA, online). For @grimpulet, unal lgrad gy
climate change were estimated to 6 billion Eur
2021023 (EUR 54 billion per year) corresponds t
in the sameO03er i Dhle (KW&Rrle of the agricultural s
However, it is extremely important since it ge
energy, transport) and affects tmd madlutrlalo fr etsh
(land and water), biodiversity etc.
On average, about 20% of total | osses were insu
Cyprus and Bulgaria to over 35% in Denmark, Lu
There were significant di fFfoear emed e riod towd-ecm |t lees
third of the | osses were insured. I't was | ess
for all climatol ogi cal event s, including heatw
I n the European Union (EU) as well as in the ¢
is farmed | and. The intensity of agricultural
measures affect the shape |lainalschperefi tps,odand
bi odiversity and ecosystem health. However, ag
the overall state of the environment, biodiver:
has rel easaetde gyheomeAd aSpgtrati on to Climate (EU, 2
Deal plan where an important section is dedicat
and Biodiversity Strategies.
This paper focusses on some important aspect
chall enges/issues to be adopted on the road of
and promoti on ofs maersti lagernitc uamtducrddi icamad &f hoeo de mpprh a
to the i nt refdfuicctiieomc yo fc oenccoe pt -fiono dt hper owdaulca rbisz acth
adoption of organic farming and precision agri
2 ESOHEMES AND CGCIMAWRIT EMANAGEMENT PRACTI CE¢
The EU Green Deal Pl an, adopted in 2021, will
focusing on the reduction of net greenhouse ga
1990 |l evels. Agricul tural cseencttear oadna hreurEald GCkee
and the Common Agricul@at)alr Ppwrleéecegnt(sCAP ROWY 3t
ambitions of the Farm to Fork Strategy and the
transition towaddsyatemsbaidnabl estfengthening t|
to the EUb8s climate objectives and to protect
sector ar e:
(i) to reduce by 50% the overall use and ris
50% of more hazardous pesticides by 2030,
(ii)achieve at | east 25% of the EUb®s agricul
significant increase in organic aquacul tu
(iiirneduce sales of antimicrobials for far med
and
(iv)reduce nutrient |l osses by at |l east 50% wh
this wildl reduce use of fertilizers by at
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The objective is managing the transition towar
efforts of farmers to contribute to the -EUO8s ¢
schemes are a new i nst rturnaennsti tiinon .h eE (GAP & mte 15 iu @ P
in their CAP Strategic Plans. The Commi ssion act
to deliver to the Green Deal targets.

Agricul tural practices +thkhotmesulhdvbdbet sumeernt e
conditions:

T they shoul d cover activities related t o

antimicrobial resistance,

T thskall be defined based on the needs and p
T their | evel of ambition has to go beyond th
the baseline (including conditionality),

f they shall contribute to reaching the EU Gr
EU countries’ measur es, detailed in the CAP St
climate change and ani mal wel fare actions (Fig
a.Climate +intcilguadtiinogn r educti on of GHG emi ssi o

wel | as maintenance of existing carbon stor

b.Climate «c¢hanigrecladamtgi orneducti on of GHG e mi

practices, as wel |l as maintenance of exi st
sequestration,

c.Protection or impr-anemeretduct i wat of @ualsistuy ¢

d.Prevention ofsciolilr eetgoraataitom,n i mpr ovement

management ,
e.Protection -ocfontsieadriatérosni toyr restoration of
mai ntenance and creatipomnodfuctanmnesaapasfeat L
f.Actions for a sustainable and reduced use o
g.Actions to enhamrceadadrn enmd avretlifrmirer obi al res
A¢ CLIMATE CHANGE G¢ ENHANCEMENT OF
MITIGATION ANIMAL WELFARE
B¢ CLIMATE CHANGE F¢ SUSTAINABLE AND
ADAPTATION REDUCED PESTICIDES USE
Cc WATERQUALITY E¢ PROTECTION OF
PROTECTION/IMPROVEMEN BIODIVERSITY
D¢ PREVENTION OF SOIL
DEGRADATION
Figure 1. Areas of environment, <climate ct
included in the CAP Strategic Pl ar
A whole set of management practices correspond
areas of environment, <climate change and ani ma
policy instruments: organi dJ)f 2r0rhi8rn g 48s adef ii mad
management as defined in Sustainable Use Dire
agroecology (Table 2), husbandrfomadt ayni anmd twle
Nature Value (HNVarbammiagmi(dTgbamed4apreci si on f e
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nutrient management and water resources protect

and related to the GHG emissions (Table 7).
Tabl e 1sm&Frit mambaeaagdamerets ppstabli shed in
policy instruments (adapted from EC

Organic farming Rregwatliadd o,n 4 dH
A Conversion to organic farmin
A Conversion to organic farmin
I ntegrated Pest Management as
A Buffer strips with management
A Mechanical weed control

A Ilncreased us e eosfi srteasnitl icernotp, v
A Land lying fallow with speci ¢

Tabl e 2-sm@&Fri mageoecol orgaicctailc ensa n(aagdeanpetnetd pf r o m
Agroecol ogy

A Crop rotation with | eguminous crops

A Mi xed c-mupgiingropping

A Cover crop between tr-eechawssonvp e-saghaor
conditionality

A Winter soil cover and catch crops abo

A Low inteisaistey] dgiaestock system

A Use of crops/ prleasnitl ivearrti etto ecsl inmoartee c ha

A Mi xed species/ diverse sward of per man
birds, game feedstocks)

A Il mproved rice cultivation to decreas
techniques)

A Practices and standards as set under

Tabl e 3sm&@ri mhusebandry afddampitmal fwelnf &€Ce 21

Husbandry and ani mal welfare plans

A Feeding plans: suitability of andaaad
(e.g. mycotoxins), optimised feed strg

A Friendly housing conditions: increased
straw bedding provided on a daily basi
(e. g rooting f-lhuilpdigsg maetrehi alpg i netd
to cope with heat stress

A Practices and standards as set under (g

A Practices increasing ani mal robustnes:g
dairy cows; breeding | ower emission an

A Ani mal health prevention and control
that require antimicrobials and cover
and treatments, enhanced biosecurity,

A Providing access to pastures and incr ¢

A Provide and manage regul ar access to (
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TablQl idrsantaer t ma maagd merets € mgiedsdrriyn
Nature Value (HNV) Farming (adapted fr

Agro forestry

0 N

Establi shment and maintenance of
Management and cutting plan of | a
Establishment an4i mai vt epsaastt goer a0l i \s

Hi gh Nature Value (HNV) F

>> > >

ing fallow with species co
gdsmeocks, etc.)

ding on open spaces and bg
comm grazing

Sermiat ur al habitat creation and e
Reduction of fertiliser use, | ow

nwor
SO
® = S
T Qo

|
st
he
on

TablQl ibSasantaer t marpagecmdarctesp consi der i car
Pr ecifsairom ng (adapted from EC, 202

I I v

> 3>

Carbon farming
Conservation agriculture (a
Rewetting wetlands/ peatl and
Mi mum water table | evel d
opriate management of

ing on residues

bl i shment and maintenance of
nsive use of permanent grass|

H d )
S pal
u n

r

n —
o o

i r
r e
d

abl

ens

Precision farming

> >

p>

i ents man ag elnmeonvtatp lvaen ,a pusreo accf
ase, opti mal pH for nutrient

ucts)

r
e
cision crop farming to reduce
d
r

oving irrigation efficiency

of

Tabl e 6-s m@iritantattieces considering
nutri enan gpmaontaegcetmeonnt of water res

| mprovement of nutrient m

I mpl ement atirehmadokednmenauesgsconidat
obligations

Measures to reduce and prevent wa
such as soil sampling if not alre

Wat er resour ces protect

Managing crop water demand (switc
planting dates, optimised irrigat

Tabl e 7. Stnagrtact i ecnas er el ated to
(adapted from EC, 2021)

Ot her preamcetfiicasal for soi

> >

Erosion prevention strips and win
Establi shment or maintenance of t

Ot her practices related to

> >

Feed additives to decrease emissi

|l mproved manure management and st
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3. ORGANI C FARMI NG PERSPERCTIVES I N THE WE

The first quarter of this Century is character
farming. Organic agriculture is defined by th
Movements (I FOAM, 2008) as aheparlotdhu cotfi osno islyss,t eenc
peopl e. I't relies on ecological processes, bio
than the use of inputs with adverse effects. O
sciencetthe IBédmefeidt environment and promote fair
al | invol ved. Organic farming has an 1importar
agricultural sector, the i mprovemeingnod cfoidr a
droughts, and other extreme events.

Organic agriculturdabandnderthéiueesobntiomeiskt s
reduced the emissfiamm applaiteat itonsodrmd omr oduct
and pesticides. The el i milnateiresn adfo ngy ntalse tiisc ri
systems, could | ower direct gl obal agricultural
The use of synthetic pestinovdetaesh e shtesys gaartei veea retf
woodl i ce, spider s, springtail s, mi tes, and som
capacity. Speci al attention should be fiven to
used on crops diikrj esdtreadvbienmtro esoialn. They emitt
potent greenhouse gas.

Organic farming best management practices i mp
increasing organic matter in soil continuously
soil might be improved as wellThiasafthecteoei powat
resistance to extreme weather events | i ke drou
Mul |l er et al. (2017) reported that a progressi.\
by 2030 would offer a mitigation potenti al of
increased soil carbon semuefstmiandroanl afnar trieldiuzcesrc
reduce energy use for the production of synthe:
of agriculture emissions and would provide man:
as wellccassful adaptation strategies to cope w
The | ast World Organic Agriculture report (FIB
agricultural I and covered about 96.4 million he
of organic agr i2c0u2l2t uwwaasl 2 @acnBdamienls|2id0d2nl+ 26 . 6 %. The
mar ket in 2022 was about 134.8 billion EUR wit
whereas the average per capita consumption of
consumption IiA BWR}Yyzebeamdr k48365 EUR) and Aus
farming regulation is fully i mplemented in 75
is the process of drafting.

Organic farming in the Western Balkans is stil
countries The organic farming | and ranges fro
share in respect to total Beogsrniicaulatnudr aHe rlzaengdo vfir
(Montenegr o) (Figure 2). The organic farming
countries |ike Bulgaria, Croati a, Sl ovenia and
farming producerksanisn itshebeWenseteenr N9 0Bailn Bosni a a
North Macedonia. I n the EU neighboring countrie
in Slovenia to 58691 in Greece. However, a co
or gafnmaircmi ng | and per organic producers (Figure
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producer is observed in Serbia (48.8 ha) and
indicated the presence of |l arge companies whi
international mar ket s. In fact, i ahandvB8iolsablae
Herzegovina exported sever al times more organi
(Bul garia, Croatia, Greece and Slovenia) which
in the Western Bal kKaynsd erveegioopredi.s not adequate
Therefore, one of the challenges of Western Bal
agriculture and extension of organic farming |
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Figure 2. The share of organic farming
tot al agricultural land (FIBL, | FOA]
Slovenia N 13.9
Serbia I 48,8
North Macedonia N 9.8
Montenegro N 9.3
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Figure J.arOrighgniaceragdninc hmnogoweecer (FIBL, I F
4 . EECFOF1 CI ENCY CONCEPT
The applicatdmar tofmanlaigmantee t practices shoul d
environment al critefifaci dhey coepeesemtfs etclbpe cc
economic and environment al p er fhoarsregdmpaeo.ac ht t ha
interweaves among heterogeneous stakehol ders ac
process,-f asd i ®r oadgurciti on management (Figure 4).

infrastructures,
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embraces all management act.i
process accomplishment, i.e. i
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and selling as well as the usehefmi emdérsgya,n da ppdloi
|l and management and other farming practices nec
The -eefcfo ci ency encompasyresetbhtedctoonbe(preacess
from the commercialization of -ptrhoed ufcitnsal product

Economic v Environmental
value ‘ impact

Environment Water Mineral
source SOU’CQ

Background system Waler Energy/fuel Fpnlulu/pv Other inputs
withdrawal roduction roduction roduction

1
1
|
1

Foreground (on-farm agricultural) system 3 :
1
1
1

action Emission
R cot (R (Bt
S1 S2 s
action i igati acti poatey

I

action 1 Irrigation
cost cost |
I

ction ki
— Sowin H i Product/ ! to soil

preparation | impact 9 | Fertilization '_c. arvesting —f e :
1 | i

| | Pesticides
| to water

I

1

|

I
1Growing

Figure #HouBdarems and | ife cycle stages
the-edddoci ency dosasrers swheenatt ocfuldan vati on (Todor
The -eefcfoi ci ency (EE) is defined as the ratio bet
added, EVA) and the corresponding environment al

00 — (1)

EI'S i s determi nednsoiln gl ad pac isfoifd waealel and dat ab
of the |Iife cycle iIimpaétnsmghhodébdbl ogpy owmathompr
environmental impact categories and audiences.
and three endpoint indicators for each specific
mar i ne eiuotnr,opthércraestri al acidification, ozone
ionizing, radiati on, water consumption, partic
mi dpoint indicators. The three aggoepamad baedp
ecosystems, and resources.

EVA is expressed in monetary wunits per year, e
economic value (TEV) and total financi al cost
producti on, i . e.

Yo "YO G "Y'0b (2)
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particular interest in the comparison of the s
organic farming convecrasriboonn pirnoicteisast iavneds .ot her |

5. CONCLUSI ON

Ecionnovative sol-sumarotnsadgroircudlItiumat ecompr ehend &
activities that should support reorienta-tion of
efficient way of living aodf prodongtpiooadudhieomadr
be one of priorities since it brings relevant

causes of climate change, and support the adapt

-

e is a considerable challenge to support t|
Western Balkan countries to reach the | eve

rnational cooperatil an bieniptrioamnoitwes-gtrianumeh en f rc
ement at i emaaft talge idloiomMatmmanagement practice
, Green Agenda for Western Bal kans, and cl i

e |
—3>S oo
DT DD

e
I
n

nication activities should be upgraded to
rent stakeholders involved in the agrifoo
management practices sBowlhdl leesptecamas niyt
ations. Transparency and trust are the Kk
cially-tenim fammde claosntgi ng) and identificati
ement options & oamdafpltodds baorteh mMeedigh.t He

tems and risk management plans is
of the society to climate change a

w =5 unwsS o ™3

~S@T O~ "3
® Q@D " 0Cc

n of innovations, based on green t e
r the adoption of best management
The priorities f oagraecetdi ojnsi natnldy ianr
considering the risk of not actio
costs and attenuation of-regoey ot el
mhhthbheeatbhrgeaby accepted by farm
rs of the whole production chain.

he -eefcfoi ci ency should be among the top approac
erformances of speci-dfifci anaemragye mewmdr @aarmeé D ntsh e ES
ystem production indicatoobpmici beaefiitts ncofudal
ut put s) and di fferent environment al burdens.
0 oac

r ti
n c

f
mprehensive appr
actices and eirnmpu
vironment al i mpa

ach that integrates the appr
vere. gnewagtyer etfc. ), overall
t s.
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strCddtmate change is a global phenomenon with | oce
terms of its causes and effects. The phenomenon
|l es and humaneaacrcenipbinnee. efite mpacises several int
i mpacts of climate change that are a challenge
ctive strategi es feocrontohne cd esvceainoagr niecest ofwf c @& w S &fCé
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1. I NTRODUCTI ON

n recent few decades the scientific studies o
mportance for discussion and resolving on gl ol
hanges and their infl uerese dmumampddtf eormnda thte
ctivities, f ood producti on, as wel |l as pot el
mmunities. Studies al so, have explored the ci
evi and Patommu2n0 1t5)e.s Runr adevecel oping countrie
i mate change with I imited capacit yectomoand apt
mographic, institutional and political trend
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duce assessments of the state of the Ea
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ment of | PCC climate change is expressed
me n t is confirmed by increased average ¢
rs andtsmwmdwpacack, cr eatcreea warming of the o
us proofs that the phenomenon of gl obal
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of clean water, and sanitatdi dori,] ldroem esntniumd tl egyd bt
2024). The main question facing humankind is wt
health consequences arRRafom&edeédabl e and preven

There is considerable uncertainty surrounding
change to possible impacts, and from i mpacts t
In aim to facilitate researmgahi and chbsmaste maontt
adaptation and respond to the <climate <change
combinations of climate model projections, s 0
climat e peelciocnioensi.c Soscemar ads er@ptée ve O6viewsd of
understanding potenti al vul nerability to diffe
range -etosomi o scenarios in its Special Report
The | PCC uses gl obal climate models and emissi
patterns. The scenarios cover a wide range of
emi ssions. The climate moded st,hewho cceha nrse,p riensveonltv
of projected emissions into atmospheric green
climatic variabl es. The basic emission scenar.i
about possi bl e iworelcd ndoemi ecl ogpr neemt ths, popul ation i
sustainability and other sociological, technol

greenhouse gas emission trends.

Only the models that include both natural and
of rising | and and ocean temperatures, which
(Hegerl et al. 2007). The IfPoQUG tehs taasbsleissshmeedn tt hree |
activities as the major cause of current cl i maf
which states that the i mpact of anthropogenic
than inrepxedmdArRi4 ( Myhre et al ., 2013) .

Modern information technologies hamar coadgri dwl t
which represents a model for the transformatio
climate change in order Bteeiwngtimase adapt pbdbi

effect of greenhouse gases and ensure food sec

The aim of this research is (I) review of comp
bi odiversity and society, (rr) socioeconomic
environment and environmental eppbteastannahblma
providing food for the human popul ation.

2

PROJECTI ON OF CLI MATE CHANGE MODEL

The | PCC created different model scenarios for
model s and emission scenarios to estimate futu
economic devel opment i s thye Bpriemvitrygn mehnitliael is
considerations are important.

Th&®" and "2" scenario groups differ in their

diverse in "1", and sl ower and more regional/l.y

having | ow-l(dw)(B2Znehdigadend(i Aidm) ansd (hA2g)h. emi ssi on
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Table 1. Overview of main primary driving f
Al, A2, B1 a (Adapt®ddronsticeeSpeaial Repast on Emission Scenarios

Scenariogroupl Al | A2 | Bl | B2
Population (billion) (1990 %.3)
2020 7.6 8.2 7.6 7.6
2050 8.7 11.3 8.7 9.3
2100 7.0 15.1 7.0 10.4
World GDP (10 12 1990US$/ yr) (1990 = 21)
2020 57 41 53 51
2050 187 82 136 110
2100 550 243 328 235

Per capita income ratio: developed countries and econg
in transition (Kyoto Treaty Annex 1) to developed count
(Kyoto Treaty norAnnex 1) (1990 = 16.1)
2020 6.2 9.4 8.4 7.7
2050 2.8 6.6 3.6 4.0

2100 1.6 4.2 1.8 3.0

Natur al phenomena such as solar vareateon fBndm
preindustrial times to 1950 and a smal/l cool in
endorsed by at |l east 30 scientific societies

academies of science uonft rtihees.maj or industriali z

h detailed analyses of the simulations that
n ®£CcOhhomic scenarios, provides clear esti mat
h next century compared svd tihn 1®8mMmudlevell b als |
0 25%). This is to be expected, as a war mer 8
n f
n

e

® Qo

ertainty in this estimation is based on di
from usk diffmedehg wliimate sensitivity, an:i
ion to region around the gl obe.

Q Qo0

The simulation prediction of ¢
- the higher warming than th
especially in winter,

- disproportionately [
temperatures) are pro

- more intensity of t h

drought s,

- more winter pre
al |

i pitation as rain, rather t
what potent.i i

c
y ncrease spring and summer
War ming is expected to continue for mor e than
emi ssions stabilize as a result of the |l arge h
of glaciers, extinctionchfangpedine p,r eicn @ ¢ ad e oinr
of desert areas in the subtropical zone, and w
increase in the range of disease vectors, modi

I n numerous of global <c¢climate models (GCMs), cc
summer period in northern and southern Europe
precipitation in northern Ewermtpeagndvhiincthen se |filka
as decreased annual precipitation in southern
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drought (PRUDENCE Project, 2006). This is in a
is a global phenomenon, but its expression and
The scenarios i-:h04Mheoff ralmemdtoe &@Mdrige i mpact t
to thecepnombc scenarios A2 and B2 are very si
forecasts for A2 2080 suggéestnsi mckrasscEanges, i
in southwest and southeast Europe, but increas
by the end of the century, while the model the
greenhouseigas é€mbm this scenari o. The two mo
project a similar pattern of change, with the
Europe.

I't is importaatohomhoteonbdati ®osi bave a direct

as they condition the amount of carbon dioxide
soeicoonomi c scenarios arepassiblinmaj ada pdteatteirom n

economic devel opment is a driver of technol o
consumption, and | and use change is influenced
Ni ne-cdgmmatic zones wer anedeficnadctRasadadlysi e o
precipitation data from 247 meteorological st a
future zones were derivedhei ncutrreengamd i weay egs bt
each station was modified to take account of t
agrees (Metzger et al., 2006; Rounsevell et al
field crgops vegrnazxzikn horticulture and per manent
There is considerable agreement t hat this war
atmospheric accumul ation, since the inddustursi aolx
( BO) , met Banend( CHh!l orof l uorocarbons (CFCs) the
(Tabl e 2).

Tabllen n2ual greenhouse gas emission by
Sector GHG gases (%0)| CO: (%) | Methane (%)
Power Stations 21.3 29.5 -
Industrial Processes 16.8 20.6 -
Transportation fuels 14.4 19.2 -
Agricultural bioproducts 125 - 40
Fps;ul fu_el retrieval, processing and 11.3 8.4 296
distribution
Residential, commercial and other source 10.3 12.9 4.8
Land use and bimass burning 10.0 9.4 6.6
Waste disposal and treatment 3.4 - 18.1

3. SOCI OECONOMI C RESPONSES TO CLI MATE CHAN

Climate change encompassesshckcanges ohfEaenkedn
changes of solar activity, volcanic eruptions,
and atmospheric waves (Scholes and Biggs, 2005
has humas, awhioe#htiaecludes deforestation, carbo
agriculture, which result in acid rain, and o

greenhouse gases ( GH@),, neeatrhbjonne nd{iCokkoi ugde , o(xG Cd e
hydfl uorocarbons (HFC) ,s aVidr studndywretheala.f | (Ud0 1 8l)
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However, the extent and geographical distribut
that, the scenarios predicting how climate r el

human societies and polittgal Thgstemg, réadidacof
adaptation allows for the proper selection of
areas a#ndacfoonre lhowsehol ds, and that demographic
strong i mpacobfowowiwvhé cionflict and thus peace.

I n various scenarios of Representative2@®hcent
in comparison to2p0Bvibaesepweriredpi®B6cted incr
0.-B.7 AC (Kirtman et al ., | 2Wl18he Thh@ghrat e adtfe wd
This wildl have adverse impacts on every sector
ecosystems, marine biodiversity, coastal ecol o
2007b) .

The can adverse influence on the human heal 't
physiological mechanisms, with varied presenta
of the nervous system and carbdéeomgstbkamosystct
mechani sm of death (Leive et al ., 2024) and as-
i ncr e arseel ahteeadd mortality (Vaidyanathan et al ., 2
human popul ationatuves whdr adumetpey are extren
mortality for at |l east 20 days of t-FB%yehr ahhc
people may | i ve -ansistohc i @dlthierdaattee h@emangceondi ti ons v
( Moa et al ., 2017; Vai dyanathan et al ., 2017) .

Ant hropogeni c emi s siy)onf roofm ctahreb ocno nabi uosxtiidoen (oCfO f
change, andsg mantdanet (Oftse nd xsisdeon( Nrom agricul t
maj or greenhouse gases (GHGs) held responsi bl e
fossil fuels and other human activities contr.i
are erdeltaot respiratory diseases such as ast hma,
The pollutants such as particulate matter and
heart disease and stroke. Airrenmdlulret idemtdoculpderl

(Haines and e&thiagl .2,0128Q02 H,e sWHO, 2024) .

The various approaches to climate change miti ge
mi ssions on sol ar energy, i mproved energy eff
sustainabl e agr Hceuletnudrley ia.nhed.c Bqurese earg,ym acachad def i ni
knowl edge platform for climate change.

Agricul tural production has an i mpact on the
greenhouse gas emissions, which account for ap
consumes about 70% of the totatoflueshwat éWwheelh
Von Braun, 2013).

The integrated scenarios provide information,
grouping them on the base of common assumpti ol
change outcomes. The key det er nfifnearmndrst .f o®@n eu nafe
determinants is <climate change, since require
strongly on the outcomes to which policy aspir:
of uncertainty in ocudeweanesp ments,ochecawsneonmdi f f e
societies which differ according to | evel of €
measures for adaptation. The Shared Socioecono
changenesutino i ntegrated scenari os, policy assun
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could be achieving the desired climate out come
which is third determinant (Kriegler et al., 2
The Gl olea@lonondico scenari os are exesbvhomi scpathw
(SSPs) which are a set of five scenarios that
demographi c, economi c, techmrhalcapircsal (,00Nedildl ,e
2017). The scenarios are important for both th
mitigati on, and the analysis of societal vul n
measur es.

The capacity of society for the mitigation incl
and international institutions for policy maki
support mitigation aeapivaltjeandhpombintiacndl sestci al
security and environmental protection issues (\
capacity, including the capacity for technol og
determinants of emissions, making these two col
Soci oeconomic challenges to adaptation are <con
that , can influence on adaptation to be more d
i s projected climate chamegreat(usreea adnedv edr eciispei,t ac
events), i.e. who and what i s exposed to haz:
whether it i s geographic, socioeconomic, cul tu
The exposure to climate change hazards, sensit
applied measures. These socioeconomic deter min
adaptation that are readil yzatcicers, bapdtbhéd nd
constraints to adaptation policies, in dependa
support/impede policy implementation.

4 . POLI CY FOR CLI MATE CHANGE

Gl obal <c¢limate change in the current era of ac:
changes in the quality of the gl obal environme
natur al resources (Zhangviandnimbemnt al20R-28 A e Atcican
(USEPA), with increasing popul ation, mor e and
environmental change originating from | arge ex|
The growth of human popul ation | eads to a rapi
agchemical to sustain agriculture as well as
Economic globalization commiietsuti @$ oi nthegi at eon
through trade, direct foreign capital fl ows,

generally, and |links of technology. I't is nece
popul ati onmaiWw poptuheaet ihaan projected to reach 9
production Wbllknbereeetledstability of a | arger
climate change, it is necesSahy ¢ Amwnloadbilfef Ol2anydi
resources are | imited, which requires an incres:
be achieved by breeding and creating new highl"
to changing cli mawetoonrdietaitomg. nlemw agaediot ypes,
productivity |lies in the devel opment of new cu
2014; Whitfield et al ., 2018; Garnett et al .,

The popul ation has key developing policy for o
environment al protection in function of possib
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tive of the reforms was to develop an agr
e market, which wil/l be based on high st
h, and ani mal wel fare.coAdnsoodi t ® epr ovindgé ug
co, olive oilSahwdetf rali.t, ah@d2 )eget abl es (

believe that anthropogenic gl ol
very near future, wi#¥dh5aWvA€Er bge
Xt centucaygn (lePLA,t dI9MDj)or Cd h arar
e

,_,.
< o

| e

| i productive capacity of soils
l'y affect human health. The World Heal
@tuieon ot rasmmnchsgs opogenic climate change of
l'ives annually. Many prevalent human
scul ar mortality and respiratioory ofl | ne
us diseases and malnutrition from crop

There is considerable agreement t hat this war
atmospheric accumul ation, since the inddustursi aolx
( pO) , met Wanaend( Ccthl or of l uorocarbons (CFCs) t he
Anticipation of negative consequences of gl oba
conduct policy actions to curtail -sB&Gt emi s
riculture is coemeeptutndadmeetialargaaldst hincreas
silience and adaptation to climate change, at
smart agriculture are monitoring praoaduiuantivi
ant species.

|l i mate change have directly (biophysicaly) af"
l'imatic niches of many species, which express:
he tot al extinction ofnds pecciteieyd ((&iuvenda nempact s)
oeeicoonomi c changes that influence to food comn
ty, human health, created to gl obal

Sartori, 2016) .
S i nteraction bet ween direct and i ndir
ity, what r equi-ecommmnilc siisf lannedn cpe etda chb
rr- biodiversity,heanadi nvitcoe bveetrtsear. plrhe dsi
ure and people of any change to policy,
scabhei 6maim sobgl obal ( Newbold et al ., 2
seniocaprzotnitri bute to better under stand
understanding of synergistic effect direct and
cressesstoral adaptation and mitigation strategie

—~
-3 5

in climate patterns disrupt agricul tur
es and compr smihaedanf Add i £af etsp.utlhrer SIutAs
80 million people wildl be at risk of hu

CSA is an approach to developing the technica
sustainable agricultural devel opment for food
identify and operational i ze hsiuns ttah en aecbd el iacgirti cpu.
climate change (Newell and Taylor, 2018).
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5. SMART AGRI CULTURE

Climate change, expressed through extreme weat
and drought s, is unequal in different regions
in severe drought <condi tiineamse.asbmagul ghtpreomndietnito
climates. Al most 40% of the | ower 48 states in
are facing drought, which is affectAgirg ccurlotpur el
practi cedsedarteo ipnrtoetnect the environment, expand
mai ntain and i mprove soil fertility, bat in p
pressure on natur al resources andprtalcea i erewsi r(oNnr
2024) .

I n the gl obal climate syhrmmerrggei epsol b ectywe eem dad d pti & |
the agricultureds key role in premedtghhaed cf comcde pste
of c lsimmaartte agricul tur e.-snlalreg caogmrdecputl t awfr ec li ismarted
introduced at the 2010 Hague Conference on Agri
2010) The first artisemtatdi om ohet ROOOOHFAOPT e Wi
Agricul tur al Mitigation in DeveyrmerignigesGouwmhird h
|l aunched at the Barcelona Climate Change works

I n this concept pointed out t hat the agricult
considering that agriculture vulnerable on cl i

as wel |l as that the sustaialabbectoanbsfokmgtitmr
security, in frame of c¢climate change responses
Cl i nsantaer t agriculture is an approach for trans

support sustainable production and cammamgur e
agriculture has three maini obljecectalvegrodilicsusgtt

2) adapt and build resilience to climate <chan
emi ssions, where posssnabrite.agTrhiicsulatpuprlei eadp pcrloiancaht
aims on eachnl pcamoote, shpmuerghes of agricultur
researchers to identify agricultural strategi e:
gl obal |l evels. This is in agreementuWwittuhethestF
principles of ecosystem and sustainable | and a

assessments of the use of resources and energy
(Gamage et al ., 2024).

Cl i nsamtaert agriculture is being developed to inc
crop and livestock produsctmaocn. aGHhe cadmturiebuatsi a
devel opment of an i mprovephymsoideed!| ,f olri od oolgli eccatl i
properties of the soil, fertility, crop rotat
contributes to the development of new technol oc
soil cultiwvdffiaeameand appdécati on of crop cultiwv
of nutrition and crop protection measures such
and pest s, which |l eads to achieviodhgsafnetryeawied!
adverse impacts on the environmeBt RPDCI 20,173017;
I ncreasing food production can be achieved th
production and improving themarradaduwmagtriiwiutly uafe o
the reduction and el i minarn iiomcrodagedcendrnhicre geac
the preservation of plant and climatogenic comr
from the atmosphere, is important for mitigat:i
2011) .
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There are three main i nt esrndaerpte nadgernitc uclotmiproen,e nwts
achieve the madmargtoadgroifcuclltiumaet:e f ood producti

institutional soci al condatti ocagri(tulckure ahcom
in various scientific fields, relhytsedltoqgiclailmat
and biochemical traits of plant species, adapt
manage mavret | @as research of energy and biofuel
introduction ang madoptaigon cal takremptréenci pl es. I
and mapping of genes in the genomeouwi tihni ne xa sgy

ger mpl asm.

The second compmaehtagficluimate is the modelin
mu Htuincti onal i ty, food systems, biodiversity e
mi grati on due t o climate c hangteo vaon iegwll atre t
recombination in offspring to expand genetic o
genome selection can be performed based on the
applied to genomemsd ipoped ac¢t omss. pl ants, a

e third component includes planning interdis
i ence, researc#smaand amanage mamte. h@lsi datve |
ams t hat are designédute, addmebygy ©rChat tast
me weather conditions, adapting to climat
contribute to global warsmiange (FfKmoxX ngt sgls
nati onalscempahi es 20Mvé .

~ " O©T O

- X = = ¥

L »®» —~+ O

= B N (o BN/
® =~ 0

(7]

The devel opment of artif
only a technical advance
communities. These techht
responding to global cha

i cial intelligence (Al

ment but also an opport
i bhggsestabnabbetagbate
d Il enges posed by c¢cl i ma

Cl i nsantaer t agriculture involves the assessment a
creation of a supportive policy and instituti
strategi es.

These innovations wishmhaonhl pgbéecuecairzmdlsi hgtlig!l
processes at al |l -sleevelrsa,l amdrtdh enrag iiosn drmospsol i ¢

6. CONCLUSI ON

Climate change threatens agricultural product.i
mar ket s, posvimdge popklisattioof ood supply. This req
agricultural systems to prowhwedeebbod!| semaurei tha
develop new policies on gl obal and dcoalbmlevel
conditions have a direct influence on climate c
and other graeentheusad mpaspdher e.

The policy in context of climate change is dir
model for reduction content greenhouse gas (
responsibility on global andHGegdewal opemeat DO
for reduction of GHG, and cooperation with ir
mechani s ms for efficient conduction of contr
combination t hees®co memsairesenarSocaloso major det e
adaptation options, consideriog eedionmmd migé cdéev el
popul ation demand and consumption, developing
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The devel opmesnpecof i cmad te mmtge i cul t ur e practic
institutional and governance mechanisms to fac
broad participation

Cl i psantaert agriculture activities can range over
i mportance of -ftoodthrearohjyectida@s at gormenacadoum

Designing a -smairobnafbrictumbtutee approach require
individual agricstabeatncdgrisedalkclewrhso (Widrlgraeed t o
agriculture practices,vodwveweliln dashe dtolar vantuer
sector and possibly governments in the provisi
t o clsimatte agriculture objectives, as well as
extemseiromces -makithg pobceys, and generate and
climate variability and its economic and soci a
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Abst rEdcetviazleev@d s in the atmosphere might have pr omi
subsequently changingllherkiacied e alcammzswiner acn 6We esd g .e n
consistency and minimizes number of stomata and t he

POSefm appl i ednhtee batchiedressi de, higher temperature sti
viscosity of epicuticle waxes, thus increasing th
mo ditfiiocnas i n the structure and the penetrability of
temperatures might cause hastened metabol i sm, whi ct
pl ants. In conditions aafndhisgherat BH, comdiuckt é vhygdr at
increases the penetrability and translocation part
Similarly, under higher irradiance, st omana@ar edasaiyngop
absorption, penetration and seunb ssysuteenmi cp hH eorebm ctirdaenss
ti ssue. Drought mi ght cause increased cuticle thiec

consequent mini mibzsatripan oinn imMme rthhiec ilelema \heeg .b i Rd idrefsa lalp pd
mi ght reduce their efficiency through washing out. I
have negative consequences on PaRBs ohreprthiiocni,detsr.ans!| oca

Key weé&€mamsgi ng enviroWmmensabi condeisti ons,
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riculture production in terms of quantity an
ed management ,simgingHti chkentd fyf @ mt edVadiatniacsns eaf
lElevatiimgeC® associated with fluctuations i
sues for upcoming weddkcogt i olgraeapgicwauiop! gpdieda
exidbiidka yet( dhyvj daoaBieltl aar)and 2MHAEi;r greater i
netic Dwkesataond WMoweedse 189P¢cted to demons
mpeti taindlenbester accommodaitn@n t ermmeamr &t mrge i ¢
ncentrations i n coempaali2ddi nwaistih .ectiCoap s i, f 8rOnlgsh
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The aim of research was to contribute to the f
i nfl ueneeodfogagrad factors on hehrebiaccitdieosn iann dt hee
conditions of the external environment , wi th t
as the most effective, economical and justifie

2. INTERACTION CO ; -HERBICIDE EFFICACY

The relevance dhteraction CQ -herbicide efficacyhas occupied research consideration in recent
decades due to the constant increase ofs@@ospheric concentrations. Elevatingd&¥els in the
atmosphere might have prominent effects on weed phen@fogyar et al., 2021), consequently
altering herbicide effectiveness on weeds (Ziska, et al., 1999; Ziska and Teasdal&j2@0€ al.,
2004; Ziska and Runion, 20P7A particular one the most pronounced consequences of increased
CO, concentrations ithe minimizing of stomata conductivity, that might increase as far as 50% in
many weed species (Bunce, 1993). Minimiretnberand stomatal conductaneéth increasing

CO, could decreasdranspiration resulting in decreased herbicide absorption and efficacy,
particularly of PREem applied herbicides (Bunce and Ziska, 2000; Ziska and McClung, 2008;
Ziska, 2008). Additionally, Nowak et al. (2004) and Ainsworth and Long, (2005) indicate@stha
and G weeds grown in condition of increased £fncentrations have increased leaf pubescence
and thicker cuticle. Apart from increasing leaf thickness, increasecc@@entrations might also
generate partially stomatal closuiska, 2008;Jackson et al., 2011). These characteristics might
minimize uptake and efficacy of POSMm applied herbicidedManeaet al.(2011) found that in
three of totally four @ grass weeds susceptibility to glyphosate in conditions of raisediCO
significantly decreased. Same findings were obtained by Ziska and G00®).(Zhe explanations

for the minimized effectiveness of the herbicides could be that elevatinginct®ase leaf
consistency and reduce stomatal number and their conductivity potentially reducing the absorption
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of POSFem applied herbicidegurthermore an increase in thepparent photosynthesiates due

to raised C@concentrations, mainly in{veeds, might cause rapid seedling growth, the highest
susceptible stage for optimal control of weeds, which could modify the efficacy of -B@ST
herbicides. For examplé&henopodium albuma G weed, demonstrated reduced sensitivity to
glyphosate because of enhanced growth and plant biomass at raiseachCéhtration (Ziska et al.,
1999). In addition, perennial weedsgimt become more troublesome, in case vegetative growth to
be encouraged due to increased photosynthesis in relation to increasdhiS@night be because

of a reduced amount of herbicide translocation since the root growth becomes more vigorous. In this
context,Elymus repeng¢Ziska and Teasdale, 2000) a@itsium arvensdZiska et al., 2004) also
showed prominent tolerance to glyphosate due to elevatetb@swhich caused large stimulation

of belowground growth. Elevate COlevels increase concentration of starch léaf tissue
(Patterson, 1995), particularly ins @eedg(Wong, 1990), buteduce protein concentration (Bowes,
1996; Taub et al., 2008; Loladze, 2014Reduction of protein contemesultsin diminished
requirementfor branched chain and aromatic amino aagathesis whichmight decreasehe
efficacy of many herbicides, such as ALS and EPSPS inhibitors (Patterson et al\Va29@si et

al., 201§. Changed environmental conditiongarticularly rising C@and emperatures, stimulate
weed growth through modification of photosynthesis, pigment production, as well as overall
metabolic activity. Because of that, photosystem | and Il and pigment inhibitors may become more
effective.However, he effects ofncreasingCO, concentratioron herbicide efficacys determined

by weedspecies Namely, at twofold raised atmospheric £€ncentrations, effectiveness of
metsulfuron in control oAmaranthus retroflexusas reduced by 4.6%, efficacy of imazethapyr in
control ofStellaria mediavas unchanged, whereas efficacy of imazamethabeilayl overAvena

fatua improved by 15.7% (Archambault et al., 2001). According to same authors, in the same
conditions, efficacy of linuron in control &folygonum convolvulusas reduced by 15%, whereas
status quo in the efficacy was reported for metribuzitChanopodium alburand bromoxynil on
Kochia scopariarespectively. The effects of increasing £0 ACCase inhibitors varied depending

on weed species. At doubdmvironment C@concentrations clodinafop efficacy in control Afzena
fatuaimproved by 8.6%, whildvena fatuacontrol was not affected by sethoxydim. No change in
the efficacy was reported for control Afena fatuaand Setaria viridisby fluazifop (Archambault

et al., 2001). Further, decreasing of clopyralid efficacy of 8.9% was noted in conBehetio
vulgaris whereas increasing of efficacy of R[4 for 26.9% was obtained in control Bblygonum
convolvulugArchambault et al., 2001ncreased frequency of herbicidpplications might exceed
COs-caused declines in efficacy but might bring further hazards for human and animal health due to
increase the occurrence of these chemicals in the agroecosystem, and ecosystem as a whole (Ziska
et al.,2004).

3.INTERACTION TEMPERATURE -HERBICIDE EFFICACY
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4 . I NTERAREILIAGN VE HU-MERBTY¥I DE EFFI CACY

Rel ative humidity (RH) is matem yheirmgacri tdeerst tfharo
n herbicide absorption, including con
ility of the waten.innocomadundodarsomwms (I
g and st omat al conductivity increases
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cont rXealntdfi um $thr drhaer isemmond year when RH was h
(1985) stated that higher RH increased glyphos
pl ant surface, whil e Mathiassen and Kudsk (19
i nfleueemc gl yphosate efficacy.

5. INTERACTION SUNLIGHT INTENSITY -HERBICIDE EFFICACY

Al terations in sunlight intensities influence
consequently have an effect on herbicide perfo
cuticle formation are ddleoddlgyhtr glHautldd ewi tah .i,nt
1978) . Under conditions of higher irradiation,
consequently increasing uptake, penetr-ami on ar
applied mewbédi deani tissue (Fausey and Renner.
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synthesi s. Such adjustments idnetweaaed nat eudthwer et
guantity that i s r eclegparsean ia nan dh eBFadrrl bag x 62hopll 8&) e e ¢
cover age bassorwetlilo-@amsoliee PIODISdi des i s enhanced i n w
whereas | eaves with thicker structure retard

efficacy (Riederer and Schonherr, 1985) .

6. INTERACTION DROUGHT AND RAINFALL PATTERN -HERBICIDE
EFFICACY

Herbicides might become less effective because of alteration of the outdoor conditions (drying and
warming environment) or alterations in morphology, biology, and phenology of the weedy plants
(Chauhan et al., 2014; Clements et al., 2014; Ziska and Mc@oRO&5). In this context, POST

em herbicides might be significantly influenced by drought. Drought might cause enlarged cuticle
thickness and intensify growth of leaf hairiness, with consequent minimization in herbicide
penetration within the leaves (Raton, 1995). For example, the weed cuticle under arid conditions
was 5080% thicker relative to optimal available water situations (Hatterwedantiet al., 2011).
Increasing aridity and drought migtetduce herbicide penetratiantensify herbicide volatilization,

and consequently reduce its effectiveness. Droirgltenced weed populations are more
challenging for managing with POS3m applied herbicides compared to weeds which actively
grow in conditionswithout environmental stres$or example, fosystemic POSEmM applied
herbicides is necessary active weed growth to be effective. In that camteomditions of drought

spells efficacy of glyphosate in control Abuthilon theophrastivas reducedwo and eighitfold

when itwas applied in two and six leaves weed growth stages, respedffely et al., 2007).
Survival ofglyphosateresistanbiotypeof Echinochloa colondreated with doublglyphosateate

(1 4 4 0™ gn chndition of no water deficiency wamly 19% but undemwater deficiencythis

value increased by 62¢ollaeeet al.,2020) Likewise, under dry soil conditions usually activity

of PREem herbicides is reduced due to strong herbicide soil adsorptiore(k a n e tTheael . , 20
herbicides depenteavily on accessible water for relocation in the weed seed germination zone
(Olson et al., 2000 Herbicide photodecomposition is a common process which takes place on the
surface of the soil, and in case that optimal damp is not accessible in period of short period after
herbicide applications, control of weed is ususally inadequate. Even fodemisy persistent
herbicides, inability to penetrate into the soil surface because of the moisture shortage gives weeds
the opportunity to germinate withoutyan her bi ci de i njuries. Jursék e
pethoxamid efficacy under dry soil conditions. Contrary, increased soil moisture promotes the
efficacy of many, PREem applied herbicides, including inhibitorsmbtoporphyrinogen oxidase
(HattermanValenti et al., 2011).
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Rainfall after POS3¥em herbicides application might reduce their efficiency through washing out.
Frequent and intensify precipitation would have negative implications on penetration, translocation,
and efficacy of herbicides applied PRE (Bailey, 2004; Bdenburg et al., 2011). An unusual
increase in precipitation might cause leaching of flREherbicides (Soukup et al., 20@&canoski

and Mehmeti 2021, and consequent crop injurfPgcanoskiet al., 2020) and under soil water
contamination (Froudilliams, 1996). From the other side, scarce rainfall amounts during the
season might cause wateficit conditions that impact herbicide efficacy (Zanatta et al., 2008;
Keikotlhaile, 2011). For example, situations of water deficit reduced the absorptionlobdert
(HattermarValenti et al., 2011). Pereira et al. (2011) noted Ebetisine indicagrown in conditions

of waterstress was not effectively controlled by sethoxydim. Similarly, contr@ledsine indica

with fenoxapropp-ethyl, topramezone, foraméuron, 2,4Dplus d i c aptab aviCPP

pl us carfentr azo-met plgsfordmstlftrongus ltalsulfurarmethylkat soil
moisture contents 1 ®a¥% unsatisfactoryShekoofaet al., 2020). According to Pereira (2010),
Urochloa plantagineagrown in conditions of water deficiency was less susceptible to Acetyl CoA
Carboxylase (ACCase) inhibitors applied in advance weed growth stages.

7. MUL TIINTLEERACT I ONS

Atmospheric CQand air temperature elevate simultaneously. The result could be completely unlike
if both environmental factors are considered simultaneously in comparison if separately are taken
into account In weeds, alteration in temperatures and,@Oncentrations might modify net
photosynthetically rates resulting with modification in carbohydrate accessibility and stability
causing in altered weed physiological and biochemical capabilities. Increaseshd&mospheric
temperature might decrease herbicide effidacghanging herbicide penetration, translocation and
metabolism, subsequently increasing herbicide decomposition in weeds and decreasing herbicide
availability for the target weed (Matzrafi, 2018). For examggdyced glyphosate susceptibility was
observed inConyza canadensiand Chenopodium albunin response to elevate@@2/26 °C)
temperaturén combination with raised (720 ppm) @@\ ccording to obtained resulty Matzrafi

et al. (2019)61.1%, 69.0% and 64.0%, of tgyphosatdreated plants ofonyza canadensand
Chenopodium albursurvived under conditions of mutual effects of higher temperafersited

CO; concentrationFurther, the efficacy of cyhalofelputyl was reduced about 50% in multiple
resistanEchinochloa colonalants grown under higher G@oncentration (700 £ 50 ppm) and high
(35/23°C) day/night temperature regime compared to muklipfstant plants grown at normal
atmospheric conditions. Higher G@nd temperatures increased the level of resistance tiplault
resistant. colonato cyhalofopbutyl, as well (Refatti et al., 2019). Oppositgjtual effects of C@
ambient concentration (46660 ppm) and day/night temperature (20fQ) and increased GO
concentrations (46@50 ppm, 80000 ppm) and day/night temperatuegime(25/15°C), did not

reduce efficacy of glyphosate control of Lactuca serriola, Hordeum murinunand Bromus
tectorum(Jabrara n d D 80[L&a Interaction betweel O, concentrationgnd water deficiency

was studied byVeller et al. (2019). According to their resuléfficacy of glyphosate in control of

GR and GSChloris truncatabiotypesin condition of moisture stres$50% field capacity)and
increased Celevel (750 ppm)was significantly reduced. Few studies have examined correlation
between temperatures and RMhen higher temperatures are related witther RH levelsthere

is increased cuticle hydrating, which consequently increases herbicides penetration and efficacy
(Price, 1983)With simultaneous temperature and RH increasing, the efficacy of metribuzin also
increased, while at lower temperatures {@and 20°C) caused no significant decrease in its
efficacy (Gealy and Buman, 1989). On the other hand, gluf@simamonium provided higher
efficacy onSetaria faberat higher RH as well as higher temperature (Anderson et al., 1993).

8. CONCLUSION

The successfulness of weed management is pred
climati c |Imo ncdointdiiotni &handofairri stiaemngp eu napt ruerdei ucgt hatb | e
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mul tidi mensi onal poverty indices that underl in
education alongside food spending (Kashlinsky
food expenditur é dwietxlpiem stest als hhaowsetaocal iindic
particularly in Romani a. Research shows that I
vul nerability to poverty, as families Roébil ocat e
exampl e, studies indicate that many Romanian |
food expenses accounting for over half of thei
l i mited di sposablINa giure®@mieMivieal,i ndce amdinecti on
l evel and food costs points to significant pu
incomes typically spend a | arger share of thei.:!
needs | i ked theatlitdn an@ECD, 2019). In rural areas
economic opportunities and high food prices r el
on the multifaceted nature of popverveytgugoest
capture the realities faced by people in Romar
broader view -béi hguaetio¢dowemic stability (Wags
suggest that many Remiaalily househal dayeas, sSpe
their -somemieme s-omvdmoosd)%highlighting the delic
bet ween meeting basic nutritional requirements
and education. Anal yz4ibnogt hv agruiaonutsi t g tirheovdeoa hodg i tetsa
c plexities involved i n edefpitrhi negv ag auvad ri toyn sa rt ch ¢
i

= o)
™ 3

erconnected nature of fioondlexdpdrd®eae®nciescome

The aim of research is to analyse (i) the rela
and Romani a, (i) how foodespgndi(ng i &af fheooamt sc hte
expenses reflect broader eocw ntohneisce stirteunadtsi omisg hfte
on soci al and demographic factors |like income,
efficient method for estimation food expenditu
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2. MATERI AL AND METHODS

I n recent years, measuring poverty has become

their economies | i ke Romani a. With |living cost
i mportant to understand how pcoevretraiyn |heovuesl esh ow hde |
tackle social inNguaeé0R28p. (Ghi sndesaadch wi ||
spending relates to total household spending a
families. Food tspendanmgi nidsi cragloervatmecause it re
economic stability and access tdemuwmtgr i(tOECD, ‘IO
Generally, traditional ways of measuring pover
consumpti omrspatctiathsmréensifooidfi cant (Wagstaff

met hodol ogy aims to use quantitative methods,

to show differences i n f oo do-eecxopneonndiict ugrreo urpast i(oVee
al., 2017a,b). This approach is based on earl i
to explore household spending habits and thei
examining a br aadcodattasdtort raegi onal price dif
existing l|iterature, presenting a detailed vi e\
way to assess economic hardship ( Theosdsodroey yeti saln
just in its contribution to academic research

can guide public policy and targeted efforts t
Understandi ng hdwtfraadd tsepde cdainn cheilsp doolsikcygmakes
and create more effective social safety measur
critically assess the relationship betnwdere f oo
understanding of economi c s t aPboirlui mpye Ladnld?2 ) s o cBiy:
incorporating household consumption trends int
the needrdwndad wepproach to measuring poverty i
main problem is figursipreqqdouwnty twhe hpar tiooml ofhofi
trustworthy measure of poverty, wiboagkeadgpowe rfti
evaluations that tmicsms danpairliNagiu@aR 6i2ndianpalnhde nun
part involves |l ooking at existing data from t h¢
thorough details on household income and spend
detailed econamgettraifd entalaysi,s 20MW7a, b). This ap
showing that | arge surveys can effectively sho
al , 2017a,b). This recemairtch pbhiahidsyi mpohelamcleo
practical policy creation, as it brings toget he
in Romania (Tessore et al., 2024). By Ilinking

t hitsudy can guide policymakers on-imtcemeedlamnéé
l eading to targeted actions that tackle the ca
results can contribute tordhmpowemtvye,r ssahh d winn ¢a btoh
include consumption data for better evaluation
the study aims to improve the understanding of
in showimpl exhreecconomi c struggles faPedulmpeRoman
2012) .

3. RESULTS AND DI SCUSSI ON

Past research emphasizes the complicated I ink

example, many studies show that a high percent e
l imited spending choicesonsnfilocamanyg dotsebol d
Findings reveal that as disposable income decr ¢
reduce their ability to participate in product
point owudi frfeegrieonnceels i n Romani a, showing that r
subsistence farming, have different spending he
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mat ches earlier studies that show a strong |
i ncome, which puts families at a NbggbeRm28hanc
Specifically, the analysis found that families
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4. CONCLUSI ON

A detailed |l ook at how much households in Roma
a measure of poverty. The paper found a clear |
poverty in households, esm@mececi dlilgy eiconouwmi &l daif é
findings have important meanings beyond just a
policymakers to pay attention to food spending
and social heslepvi mpsotdéafood -isneccoumei tfyanmainldi eass siS
spending can show not only financi al stress b
including these insights in strategies moirmed
effective The study also calls for more resear
with a focus on how soci al services relate to

at how changes in f oocd dpmigeceswhad fcfthecits hcawsce had | ¢
i mmedi ate economic health of vul nerabl e group
broadening the research to include compari sons
useful contaxkxtfywndhdedeltpl el of food spending as:s
i mproving knowledge in this field wildl benefi
significantly enhance the |lives of famklies f
connections between food spending, poverty, an
society in Romani a, making sure that no family
needs Rai sing awarenessomsdi hnpbudinhg évalduap
ongoing efforts to fight poverty and promote s
future explorations, concentrating on i mprovin
househmdidng plrabits and their soci al i mpact . Th
househol ds spend on food is an important indic
bet ween highe food spending andegeeaeracdter madid ne
t hat food expenses not only show economic stru
country. The findings have broad implications

poverty measur es t heatanndaisnulgyg efsotc uas noene di nfcoorm a |
to assess poverty. Policymakers are encouraged
the specific needs of households with high f oo:¢
foodecwmrity that cambmeihrmg.m Meraé da hera,ndt weedd i nsi
current social welfare strategies, highlightin
both financiatrehattedndenuigoeowuiptsno Exlpraerdamige t h
include comparisons with other countries in th
spending as a poverty indicator beyond Romani
i ssues and At tsgirronigmp aetmp.hasi s on food spendin
create informed actions that -Bddmeds nédoncthali ms
fostering a fairer society. The findiemgs ceadtlaml
for the inclusion of food spending in broader
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s ec o mkdray aitneytceost a ndsttk h eamcear ci niomgmewn cd,mk i taemat ot oxi
causing many deseases in human and anihmalsadepuwl aan
prevention of cereals and their progpuatcandedmonol d
processing.

Kewor:dMyg cot ceirreRarlosdBceseRPit aomi,ces
110 NTRODUCTI ON

Cereals and cereal products are of great importance for the population and domestic animals in
terms of their nutrition. Their diverse nutritionemposition provides them with a significant
place in the correct selection of food and feed for the development of the body and maiotfenance
health (Menkovska an@ilev, 2000; Menkovska?2002 a,b). Wheas themostrepresentedereal
cropandis a strategiccrop of manycountriesin Europeandthe world. The most significant and
mass application of wheat as food is in the form of bakeogucts- bread and a wide range of
baked goods, as well as confectionery products. t€bknological quality of wheat is mostly
determined by the structuraiechanical and chemicgropertiesof the grain, as well asthe
productsobtainedfrom its processingincluding the milling and baking properties,which all
togetherareessentiafor theproductionof variousbakedgoodssuch as bread, pasta or sweets. The
influence on cereal quality besides tezeal kind, genotype, and production region (Menkovska,
2003; Knegevi | asdenvisohmentafa2tor 2K)n e e at.¢2024) and the
farmingtype (Menkovska2024).

The quality of raw materials and food products is evaluated based on physical, chemical and
microbiological criteria (Menkovska, 2003). Contamination of raw materials and products with
microorganisms affects their qualitwheat as an agricultural crop in rotation, like other cerelas

can be attacked by several types of fungal diseases during the growing season, causing various
damages, which affect both the total yield and its quality, as well as technological quality of its
productsfor human and animal food and feed endangeringtheir health (Fink-Gremmelset

al ., 1995; Smith et al.,1995; Garil et al., 200
contamination2008;Menkovskaetal.,2009;Bryden,2012;Menkovskaetal., 2012).
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The aim of this research is to present an overview of the developed available methods in the
function of maintaining the safety and prevention of cereals and their products from mold
contamination, including different practices and f@odcessing.

2. HI SAOMB®Y SCOVEORMYCOTOXI COSI S

The toxic secondary metabolites produced by fungus are mycotoxins. Historically, probably the
oldestdocumentedhumanmycotoxicosiss ergotism.Thisdiseasavasknownin themiddleagesas

St Ant j dimewaniis by disordersof the centralnervoussystem(convulsion,hallucinations),
contraction of the blood vessels (gangrene) and gastrointestinal disordecswulsésl by ingestion

of grains contaminated b§laviceps purpureand some otheClavicepsspecieswhichinvadethe
female portiorof thehostplant (barleyyye andwheat).

The real descovery of mycotoxins occwoubreakd i n t
of the Turkey 6éX06 di seas e pthekfarh btocikh Fheaade ofuhis 100 . O
disease was traced to a feed component, peanut meal, which was investedaigeigpergillus

flavus Analyzing the feed, fluorescent compounds were isolated, which prenen to be
responsibldor the outbreak andtheywerelatertermedAflatoxins (Afs).

3. OCCURRPHENOME COTOXI NS

The mostmycotoxinsof concernare producedby five fungusgeneraof Aspergillus,Penicillium,
Fusarium, Claviceps, and Paecilomyc&hese five fungus genera and their species infect and
contaminateagriculturecrops,foodsandanimalfeeds,andunderoptimumconditionsof humidity

and temperature proliferate and produce mycotoxins. Mycotoxins produced buthgse genera
species are Aflatoxins, Trichothesenese, Ochratoxins, Ergot alkaloid (Ergalm@nisinPatulin,
andZearalenongRichard,2007;O0samaandMenkovska2019) (Tablel).

Tablel. Themostprevalenimycotoxigenidungalgenerasourcesandassociatedood

Chemical Source Associated~ood

Aflatoxins Asspergilluflavus, A. parasiticus |Corn, Peanuts, Thremits,Milk
Trichothecenes Mainly Fuzarium Cerealsandotherfoods
Ochratoxins Penicilliumverucosum, A. ochraceuWheat,Barley, Corn
Ergotalkaloids Claviceps purpurea Rye, Barley, Wheat
Fumononisins Fuzariummoniliforme Corn

Patulin P. expansum Apples, Pears

Zearalenon Fusariumspp CerealsQil, Sarch

A. flavusis widely distributed in nature, bét. paraziticuss probably less widespreal, flavus

was one of the most commonly occurring molds in nuts and oilseeds, soybeans, mung beans,
sorghum, and other commodities, while paraziticuswas rarely encountered. nomiuswas
reported from peanuts and coi.flavusandA. paraziticushave a strong affinity with nuts and
oilseedsCorn,peanutandcottonseedrethemostimportantcropsinvadedoy thesemolds,andin

many instances, invasion takes place before harvest, not during storage as waalioeddn

corn, insect damage to developing kernels allows entry of Aflatoxigenic molds, but ingasion
alsooccur througtthe silks of developingars.

Significantamountsof Afs canoccurin peanutscornandothernutsandoilseedsparticularlyin
some tropical countries where crops may be grown under marginal conditions and where drying
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andstorage facilities are limited. Peanuts are invaded while still in the ground if the crop suffers
drought stress or related factatattonseedare invadedhroughthe nectarines. Cereasadspices

are commonsubstratedor A. flavus,but aflatoxin productionin thesecommodities is almost
always a result of poor drying, handling, or storage, and aflatoxare$y significant. Presently,

18 different Afs have been identified. Especially the most podnB1 and G1 occur most
frequently (BuiKlimke and Wu, 2015). The most prominent toxdbaracteristicof Afs is
carcinogenity but they havealsobeen proverio be immunotoxicand haematotoxicDiagnosis
andtreatmenbf Afs werereportedHopeandHope,2012).

Fuzariumspecies@reanotheimportantgroupof toxigenicmould. Theymayalsoproduceavariety

of mycotoxins, such as Trichothecerateoxynivalenol (DONyomitoxin), T-2 toxin and HT 2
toxin), Zearalenon and Fumonisins. Thttratatt ack
to human and animal health (Food microbiology, 2007b; Menkovska et al., 2007,2208),

Osama and Menkovska, 2019). -Gocurrence of mycotoxin groups in food and feedil#

possible (Smith et al2016).

3. 1. Rddtegn ® mtnido xpirmmducti on

Cereal grains are subject to microbiological contamination and proliferation while grovielglin
Postharvest microbiological growth is limited by good storage practices, and ntheimagroflora
isremovedduringthemilling processMicrobiologicalgrowthin preparecdcereal products can lead
to spoilage or foodborne illness when well established control measutesedr@é<olakowski et al.,
2016).

4 . SPOIl LAGE OF CEREALS AND CEREAL PRODUCTS
4. 1. Soptori-d rajoes t h &m e Nnts

Cereals grainaccumulatea large and varied microflora during growth in the field. Moldsj éri e | d
f u n gni thie,generaAlternaria, Aspergillus, Cladosporium,Fuzarium and Helminthosporium
commonly grow on the grain with ar, af 0.90 or higher, a level thabrrespond$o a moisture
contentof about20%or higher(Foodmicrobiology,2007a).

Climatic conditions have a major effect on the quality of cereal grain on the amount afnmett
that occurson cerealgrains(Milani, 2013). The combinationof below-normaltemperatures and
abovenormal precipitation and relative humidity will foster excessive ngotivth, particularly in
wheat and barley crops. Under these conditions, field fungi can daheageain, even to the point
of total crop loss. Less invasive mold infections can damage guaility and sometimesesultin
the productionof mycotoxins(Cotty andJaimeGarcia,2007).

Asci in
perithecia &
embedded
in stroma

Grain plant
in bloom

e in asc 'O‘(‘unad um
i ps Mycelium
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tissucs
" Stalk |
’
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Germinating Droplets of conidia af

sclerotium bonecydew stage
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with sclerotia  sclerotium conidia in overy tissues

Figurel. Shematiaepresentationf smallgraincerealsandgrassesontaminatiomwith
Clavicepsergot(Schumanrand Uppala2017).
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Figurel representmaturesclerotiaof clavicepsergotin infectedgraincropsor grassegerminaten
the spring, prior the flowering and give rise to a stroma (stromata plural), sdraralreproduction
occurred for the production eécospores.

4. 2. Prewelyd ioen h

The first stage of prevention can be achieved by the application of several technologiestces
suchasdevelopingungalresistantropsvarieties controlfungalinfectionor contamination via the
application of proper Good Agriculture Practices (GAPS) in the fieldering moisture content and
temperature of post harvested grains during storage, appliegicides to inhibit fungal
proliferation,appliedinsecticidego control insectsinfestation,and theproperapplicationof Good
ManufacturePracticefGMPs)in foods/animafeedsmanufacturindMenkovska et al2007).

Modern grain harvesting and storage practices preftetiier mould growth. Crops are cut,
threshed, and winnowed by mechanical harvesters in order to separate the grain from chaff.
Mechanicaldryersareoften usedto reducethe moisturecontentof grainbeforestorageDepending
onthesizeof theglobalgrainreservesanyparticularcropcouldbestoredfor 1 yeaior longerbefore

being processefr consumption.

To protectquality duringthis period,grainmustalwaysbestoredn binsandconveyedn vesselthat

exclude water, birds, insects, armlents. Grains that are dried to 12 to 14% will not mduitohg
storageaslong asthey arekeptdry. Inadequatehdried grainswill supportthegrowthofi st or ag e
fungi 6 bel ongiPangcilitnrg Rhizdpes, Mueon armd adspergilWhile itis not
practical to store grains with a moisture content higher than 15% for long péuiogistatic agents

such as propionic acid, formaldechide, and acetic acid, or combinathtéyesfareusedo prevent
moldandyeasigrowthduringshortentermstoragenf high-moisturgrains to be used as animal feed.
Aditionally, crops and stored grains are contaminatethizyoorganismg$rom dust,birds,rodents,
insectsandotherenvironmentakources.

4 . 3. oEMiflelgcitvigc r ob iQulad g d ly

Before milling, aspiration and screening steps not only clean the grain but also reduce the grain
microflora. A significant further reduction of the microflora occurs when the bran is remahed.
grainis usually sprayedwith waterandstoredin temperingbinsfor 6 to 18 h beforemilling. The

amount of water added is just enough to moisten the surface of the grain. Tersjpevitaneously,
toughens the bran and softens the endosperm crushing in the first milling/kiepmany millers

add up to 300ng of calcium hypochlorite per ml to the temper water,utiley of thisadditionis
unknown.The hypochloritehasno apparenantimicrobialeffect, asit isquickly neutralized by the

grain andits dust. In wheat that was temepered for 16 h with and without 200 mg of calcium
hypochlorite per min the temper water, no reduction in total plate or coliform counts occurred in
the hypochloritetreatedsamplesomparedo the untreatedsamplegFoodMicrobiology, 2007a).

4. 4. Sopfoer @&gkedulcalkspryduct s

The baking of dough products simultaneously reduces the microflora and moisture ¢batehy,
limiting the types of microorganismghat could causespoilage.Even though mold sporesand
vegetative microbial cells amasily killed during bakingthe predominant cause of bakgaoduct
spoilage is mold growth. The surfaces of baked products may be contaminatadttvathe mold
spores during the relatively long product cooling period between bakingaaichging(Food
Microbiology,2007a) Many bakery products contain one or more fungistatic agents that retard mold
growth. One othe mosteffectivefood-gradefungistaticagentds potassiunsorbatetypically used
at concentrationsof 1.000 to 3.000 mg g'. However, beauseit inhibits yeast growth and
metabolism, the use of potassium is limited to chemically leavened productsleée@stdoroducts
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aretypically protectedfrom mold spoilageusing calciumpropionateat concentration®f 2.000 to
8.000mg g*. Bakery products are relatively easily stabilized against rapid mold spoilage by an
interaction ofpreservativefactors:reduceday and pH values,residualethanolcontentfrom yeast
fermentation, an@asteurizatiomluringbakingenhanceheeffectivenes®f chemicalpreservatives.
Confectionerycomponent®f bakedgoods,e.g.,fruit or creamfillings andicings,arevulnerabléo

yeast spoilage. This spoilage can be effectively controlled by use of one or mordatiothimg
preservativdechniquesa, reduction pH reductionandadditionof a preservative.

Potassium sorbate is particularly effective in this application when used at 1.000 to 2.060 mg ¢
Bakeryproductswith a moistinterior havelong beenknownto be vulnerableto fi r o ppeilage.
Rope is the result of extracellular capsular material productidebillus subtilis Endosporeshat
survive baking will grow under favorable conditions to vary high numbers of vegetafigand
produceropespoilage Robyproductshaveamelonlike odorandstringy, mucilaginousappearance
when pulled apart. Early bakers were encouraged to avoid rope spoilage byaaddicgcid to the
dough before baking. The fungistatic agents currently used in bakery prumhetésdmoldspolage
havealimited bacteriostati@ctivity againstB. subtilus

4.5, R e fdroiuggehroadtue d s

Theseproductsare createdby packingunbaked chemicallyleaveneddoughsinto containerghat
become hermetically sealled as the doughs proof. Thestotayhs are then baked by dwsumer.
There are two general types of refrigerated dough products: breadstuffs whidcdy, valges 0.90
and cookie dough which have andf ca. 0.80. The refrigeration temperatoeduced @ and high
carbon dioxide pressure of the breadstuff doughs prevent the groafiinasgtall microorganisms.
Microbial spoilageonly occurs after temperatureabuseand is almost exclusively causedby
Lactobacillusplantarumor Leuconostoenesenteroides he only microorganisms that cagrow in
refrigerated cookie doughs are osmotolerant yeasts, anditheafterabuseatambientemperature
or higher.Bacterialgrowthis preventedy thelow a, ofcookie dough. Xeterofilic mold growth is
prevented by carbon dioxide content in the dodbld spoilageof sometypesof specialtybakery
productdsretardedisingcarbondioxideand/or oxygen scavengers, or by the combined use of head
space carbon dioxide and/or etlayt¢ohol.

The use of headspace gases to inhibit mold groeghires the use of packaging materials wéhy
low oxygen transmission rates, and the packages must be well sealed to prevent |dhkagpesest.
Some bakery products can be protected against mold spoilage by heating themhiasidetically
sealedmoistureimpermeable package.

The internally generated steam originating from moisture in these products is sufficientrtoldill
spores on the product surface, thereby preventing mold spores on the product thafaby,
preventing mold growth indefinitely. Conventional microwave ovens and infoatbscanbeused
in this processSeveralheatsourcesgeneratesteamthat later equilibratesvith the product. This
procesds suitablefor both refrigeratedand shelfstablebakedgoods.It ismore effective andless
costlythanmodified-atmospher@ackaging.

5. FOGABBETONSI|I DERATIO®RRNESRE RPLRODUCT S

Thereduceday (0.940r less)of mostcerealproductspreventghe growth of manymicroorganisms
that can cause foodborne illne€s.botulinum, Clostridium perfingens, E. cahdSalmonellaare
preventedrom growingatthisreduceday. Eventhoughits minimuma, forgrowthis 0.94proteolytic
strainsof C. botulinum,havereceivedspecialattention,evenin bakeryproducts, because of the
severity of the illness they cause and because their spores sunieiting process (Denny, 1969).
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A major new product category, cooked, refrigerated pasta products, can sometimes present a
substantiasafetychallengeTheseproductsaremadebothwith andwithoutavarietyof fillings, and

the pastaand filling componentssometimeshave ays above 0.95. The productsare packedin
hermeticallysealedcontainersvith verylow headspacexygenin orderto preventmold growth The
resultinganaerobic conditiofavors thegrowthof C. botulinum.

Cookingeliminatesmuchof the competitivemicroflora, therebyfacilitating C. botulinumgrowthif
temperature abuse occurs. It was shownGhabtulinumcannot produce toxin in refrigerajesbta,
even when temperature abused af@pwhen the @is 0.94 or below. A survey afommercially
available refrigerated, filled pasta products revealed that some are capable canGupgtalinum
growth and toxin production when they are abused #C3®ome ofthese commercial products
had & values as high as 0.983. Refrigerated pasta products stivhsaseedto be formulatedto
preventovertfood safetyhazardshouldtemperatur@buseoccurThis productdesignactivity must
beanintegralpartof thema n u f a dhazardaralysisamdcritical control point plan. If practical
food safety measures, such as the control of pH arldnés, cannotbe incorporatedo protect
productsdrom overtfood safetyhazardsluringextendetemperatur@busethe productshouldnot
be produced.

Historically, commercially produced dried pasta products were vulnerable to the gif@vtureus
and/orSalmonellagluring dough mixing, extrusion, and dryirfpme strains db. aureusiavebeen
foundto becapableof growthin pastadoughswith ays aslow as0.86,thougtenterotoxinproduction
is generally inhibited at,g of 0.90 to 0.94Staphylococcdie within severalweeksin dried pasta,
while Salmonellaeanpersistfor morethanoneyear.

However, the potential safety armliblic health hazards presented by these two pathogens in
contaminated dry pasta were found to be exactly the opposite at the time of pasta preparation and
consumption. Surviving salmonellae in pasta would be easily killed during cooking, presenting
public healthhazard.In contrast,the deadS. aureuscells could leavebehindtheir thermostable
enterotoxins, which would not be destroyed by cooking pasta, thereby remaining as a jsaigstial

of illness.Commercialpastaproductioninvolvescontinuousioughmixing undervacuumin which
mixersare operatedontinuoslyfor daysor weeks.

Doughbuildupin vacuummixersis knownto createa goodenvironmentfor growth of andtoxin
production byS. aureusin one caseA. flavuswas found tchave grown and produced aflatoxm
dough buildups. Onedaily elimination of the dough buildup has been validated to eliminatte
of thesepotentialfoodbornehazardsiuringcontinuougproductionperiodsof upto 30days.

Many outbreaks of illnesses causedBacillus cereusiave been associated with consumption of
fried rice. In these cases, rice was cooked and then stored at ambient temperature upefor24 h
being preparedand servedasfried rice. Under theseconditions,B. cereuscangrow rapidlyand
producea heatstableemetictoxin. This potentialhazardcanbe eliminatedsimply by storinghe
cooked rice at refrigeration temperatures before frying. In 2005 an outbreak of salmevelisis
associated with the consumption of céletter ice cream. Since other ice cream flavpuosluced

by thesamemanufacturewerenotinvolvedin reportedcasesit wasthoughtthatsomecomponent

of the cake batter may have been responsible for the illnesses. The cake batteriiesh baked
or pasteurized before its addition to the ice cream mix. As a result, the USsBig®l a warning
against the use of atypical uncooked ingredients in réaéat foods (Foodlicrobiology, 2007a).

6 . REGULAAFORNIOTOXIINNSRAI NFSOOD&NDANI MAL
FEEDS

According to the World Food and Nutrition Division in the United Nation Food and Agriculture

OrganizationFAOQ), atleast77 countrieshavebeendevelopedspecificregulationsfor mycotoxins
in grains, foods, and animal feeds, but the developed specific regulations famoeatty showed
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diversity specially in mycotoxins acceptable limits. Food and Agricufbuganization (FAO), and
World Health Organization (WHO) carried the responsibility foycotoxins acceptable limits
worldwide harmonization. International regulations of mycotokingrains, foods and animal feeds
were published in years from 1980s to 1990s, which coveeedpling protocols, standard
mycotoxins assay methods, acceptable limits of each mycotayiaims, foods, and animal feed,
tolerable daily intake of each mycotoxin for both human anuhhals (Menkovska, 2011). The
nature, sources, detection and regulations of mycotoxinsctraminatefoods and feedsare
describedn detailby OsamaandMenkovska(2019).

7. CONCLUSI ON

The deterioration of tbhaes eqdu aplriotdyu cat fss tneagyehael csc uar ne
f oad afirndrhper i nparroyd upt o o esgrmssitnogt algest r abdamoummt i on.
Therefore,-it ispnepessapbnt t oal iparservpedapicietvga nd yi 0tne
according to the accepted foodftdhehaeltiyt st @adag i
i ncl o dfienlgl owi ng meastamsnatMiobd and developing i
to be prevemntrad nwitted a@action by the all/l partici
dryishgrdage,ri but ianmdo np rtahdeeisesli intgy .

The frequency data of mould occurrerdatamd toon
toxicological dat a, enabl i agi aadires sriiamaesdseers sfroern t
regul attebde leismiatbsl i shed. New technol ogies and pr

i ntroducaedg aenfi foeetdtesr aotki oommee my ¢ o tsopxei thibesv oi d .

The interactive effects of natur al layndo dcauwrarrii rugn
toxins, are poorlymuctiegs ead @ rhausniagnmay madé n dnfe at o
t haymwet sreali zed.

Ne vg,0 p hi snteitchéotodegdc o tdoexti enc thie ond chail o | one it himddesc e s sar y
to be introduced, as well as f &fedocthaianyti cal p
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1. I NTRODUCTI ON

Al bania's viticultural tradition is deeply roo
region as early as the 8th centurywiBi€e mavleirreg .a
Despite-stthaindi hgnderitage, the wine industry f.
century due to political upheaval and economi c
1990s marked a turningrpeinmtb)] afl awiagtfonah

towards quality,b2p0r203d,ucWidkoiy@¢(dDeac ant er

Today, Al bania bada&ddDt sheapgmrmrexi nnaft ediyne8 ar ds, wi |
around 3 million Liteyr2s028ur svhp2w0&Xs3()Se viehne Fpirfitnyar
varieties cultivated iShelshdan®dhredihg emau B atr ydphets
international wvarieties |ike Cabernet Sauvignol
about 46% of &Xpamt ead, wpmiemarsi ly to EuZ®m®PIEan m:
Eur op2eOws3 ) . Tdfe Alubmdrnitayn wi nes has gained incre
thanks to a blend of modern winemaking techni c
Wi ne experts and connoi sseurs are begiwinienmg to
destination, with a growing number of wineries
uni queness of their products. Traditional Wi ne
artisanal met hods, passedy dddvbmni Bnouwghmeogaker a
sustainable farming practices, using minimal i:1
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Thi s f ocus on tradition, combined wi t h moder

exceptional guality, with a unique taste profi
In regions |ike Berat, Shkodra, and Fier, | oca
that reflect the character of the | ocal soi l a
gained international rechogaqunitomn,wiamdawawvaegs ail n
competitions These wines ardoan esdeantitgl amar
significant contri buWiinen ctoonstuhmptli oomali ne Ad bamy
domestic -prmpdwsctaicocnrount for | ess than,210/1180 of

| NST2AT IWUINSTART018) .

I n the case of wine, the preference for domest
however, according. 2t0d 29 ,s ttthcey e( 4l lai paotetntadlal

wi ne, and consumer groups that are willing to
have declared a preference for wine from sever

t hesr ealiso a tradition of grape2@Ptbdbduction and p

There arel®BowitneBr0i es i n Al bani a. The highest
foll owed by VIora. Wi neries in Albania can be
Wi ne-qti heast pr egdwaclei thyi gwi net y @liléyd Fwminmgeripasoduce |
guantities of standard/table wi2d amodt he wi Beaa
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i mmedi ate conandiptIn@im9® )( . Skr el i

This paper aims to expgloorde ithheAl dwamri entanglt aatses e
contribute to the quality of Al bani an wines.
opportunities within the secttwre.and how t hese
Chall enges FRocodgSéebeoAgTr

Despite its rich agricultural resources, Al ban

f OQutdated Farmi njlanPr asimackes far mer s still r
productivity farming methods.

T InfrastrucRaore rneasdieset wor ks, Il i mited acce:
storage facilities impact the efficiency of

T Climate: Changeased temperatures and wunpred
yields.

T Market :AAAddshough there is a gfowdnpr dewmans
international mar ket s, many farmers | ack tFh
standards and insufficient promoti on.

T Regul at ory : FrAa ntehwoourgkh recent | egi sl ati on
Designation of Origin (PDO) and Protected
Al bani an wines, implement a202Hurroengedwss . a ch

The characteristic compositioanwofmaweneabsigunoh
regi mes of alcoholic ferment azd lotn,, Gutd @2gtel m ge tc
The quality of a wine is determined by wvario
polyphenolic composition, density, col our, ac
(Guti ®r 2@ itWeestt 2dl1.4). To evaluate the quality o
the pH, titratable acidity, and total polyphen
only for red wines, and compared them to one i
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This paper aims to exgdloorde itnheAl damn eantangt aatses e
contribute to the qguality of Al bani an Wi nes.
opportunities within the sectwreand how these

2. MATERI AL AND METHODS

For research is included el even wine samples w
aged ¢f$ears, and one was an i mported wine purch
Eight of them were red windést hwhislaenptt esearwemge

Tabll eGeneral characteristics of the w

Nr. (cod) | Brand Variety Packaging

w1l M1 Spéatburgunder 0.75L Glass

W2 M2 Kabernet 0.75L Glass

W3 M2 Merlot 0.75L Glass

W4 M3 Shesh and Bardhé 0.75L Glass

W5 M3 Shesh and Zi 0.75L Glass

W6 M4 Vranac 1L Glass

W7 M4 Resling 1L Glass

W8 M5 Shesh and Bardhé 0.75L Glass

W9 M5 Kabernet sauvignon | 0.75L

W10 M6 Shesh and Zi (Brusco)| Tetra Pac 3L

w11 Artisanal | Red wine 0.75L Glass
2. 1. Determination of pH and titratable acid (
The titratable acidity (TA) and pH for each s
Titratable acidity was determined by diluting
water and then titrating the sample with 0. 1N
2. 2. Determination of total polyphenol s
Pol yphenol determination was performe@d9®®cor di
and the results ar elbpyr eusseinntge da aSsP EngO RgDa I14h0i as paeccit
l10@lvol umetric flask, 0.5 g oOlodrethahnlolcaadi dh
them to volume with water (Gallic Acid Stock S
0, 1, 2, 30f5,t hend bl em plhenol stock solution i
diluted them to volume with water. These solut
250, and!gsdd img alci d, the effective range of th
2.3 Determination of anthocyanins
The total monomeric anthocyanin content-in the
di fferenti al met hod described by Guisti and W
absorbanweaevaltentghteh of 520 nm @aoldouwrtedt hex opnH u onf
predominates at pH 1.0, amH 4 .h®.-dilGHfeeupednd s sa | h enma|
based on this reaction and permits an raicccur at
ant hocyani ns. 2(0Ma6r)g.arTehte estpeaclt r ophot ometminc absc
and 700 nm for both pH | evels, were determined
40 spectrophotometer.
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3. RESULTS AND DI SCUSSI ON

The results for pH and the titratable acidity
1. The pH values range from 3. 17 for W7 to 3.7
values are more visible Thepmir hi wumeyYalnd ohbhe
very different from the other samples, was foul

fs 6,62\

6 5,07 5,24 5,36 5,27 04 5,53 510 513

4 36111244 3,5 34515 3,72

gl I I I I I I I I 1

0

w9 w10 W11
mpH ETAg"L-1
\ J

Figuvyel ue for pH and TA (the titratabl e ac

According tteo at lne e, the | ower the pH, t he high
correlation between tot al acidity and pH (it i
high acidity) (Be®179mMan and Gall ander

3.1. Polyphenol s

Polyphenols have been r ep@irng,h fadmmmaebesaint ya,ox i
cardioprotective, neuroprotective, anti-bacter
i nfl ammadlolregr, ehigepeiraretnisi vet aodpaaoapethremboand p
human microbiota comp¥ecthbao2 litvd afed h cadi2ddnal it
Fer n Svhadre ze2t0 1B2b ul se20&38) al

Figure 2 presents the pmodagphreenmdntvsaliure st bt hi i
expressedLinTimg AGEyYyphenol values f &%t owh2ilt8e 8wi
mgLY, while for r endgtWiore sarftri sm nladhdLdd.i@r e\dWatndga ¢2)0.6 9 .

s ™
TP g/L

2,5

1,57

2,07
2
1,69
15 L2 1,36
1,06 101
1
05
0.2 0.22 016
0
we w7

w2 w3 W4 W5 wg W10 Wi

-

Flngaalue of total polyphenols for st

I't is important to remember that during the wi
every part of the grape. For thiigh-&rég(sld rh,ant H eni
white wDn#&d%g(0.h2e contents of which are primari
and proportions of polyphenols are diffeyrent i
2020)
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Polyphenolic composition varies among differel
vivification process used, type of yeast that g
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r biological effects (fzerng2aQl00ON.secticides

e
Ant hocyanins

hocyarnegsnponasrienl e for mo st of the red, bl ue,
wer s, and other pl ant ti ssues of the produ
hocyanins also contribute to itnhee heacsa ues ea nodf
eractions wi t h ot her mol ecul es such as co
hocyani n\$i stihbel Zd@H0e rers SM@dre ze2t0 Ja2l The col or com
the wine are i mpohbhtud et tmparsaemestoerrys cthhaartacda @
ringency) and the antPiouxiskeah@dtp)vdolp 6r taige 319 0
omeric anthocyanins are thought to be gradu:
fers color stability of the wine. The data f

s R
Wil ] 39,14

W10 | 81.39
w9 2435
W6 24,65

W35 ] 84.60

W3 ] 70,07

w2 36,47

W1 | 86,10

0,00 20.00 40,00 60.00 80.00 100,00

OMAP mg/L
J

|\
Fi gdre/al ue of monomeric anthocyanin pign

gh concentration of pheualliitci es emnfi ctall es
g color, flavor, and taste. Food addif
wi dely available in the global market ir
bot lodtulte snutquiatliianals @mmd t heir palata
The effect of c¢climate change in chemical |
rnal and external factors have proved
I't is possible to distinguish three
(i) vineyardstoriage.wiA ehmagkhienrg ;c oanncde n
was exhibited in varieties grown in
ustnio®vwf.rgeDzl Tdjte @almount and composition of
dryy ignor especi es, cultivar, mdadto@®ni)ty, Thee
ity of these anthocyanidins depends on v
w materials used .@022hg processing (Nemz

O QDo

e
s .
d:
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i

u
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u
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s
|

a

mate <change i s having profound effects on
rything from grape composition t o t he fin
peratures | ead to higher sugatesccomukeatieor
ults in wines with higher alcohol content,
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fermentation. Studies have shown that potenti a
than 2% by volume over recent decades2dpe to
Knowbl e MNaO®a®2i.ne

e composition of volatile aroma compounds i s
ress. Hi gher temperatures can enhance the p
hibiting others. For exampl enayt edrep erneedsu creeds pac
mper atur es, while compounds associated with
IKon owb | e MNaORRZi.ne This shift can alter the oV
em taste moreriigomokatderort harrfiiyesh,2a0md2 vi br
C F2t0wr2e

WTNT T o
WSOD>S —~

As temperatures rise, the acidity of grapes te
acid, which diminishes as rgerdaupcetsi orni pienn tiont aMa rant
wines that taste flabby or | ess refreshing, a ¢
Ordun;L2Ckunen a @60 2Knaorwbhileet NOPRaRZi.neThe pH | evels
juice) have also been observed to rise, somet.i
stability and agia@lWaotteerntdvadi I(adbei | Ortddunpl ays a
composition. I ncreased water stresentuat ed shagt
but may al so negatively affect the devel opment
compl exity. For instances,t rseosnsee ds tvuidni eess pirnoddi uccaet ¢
|l evel s of certaincanomampneshr sbes wi wbhl shar oma
Dar r2i06200n o wb | e NaORaP2i.n e

As c¢climate change alters growing seasons, har v
t wo weeks. This change affects the chemical d
harvesting earlier may preveattagrhipgh sSugar bean
it risks missing the full devel opment of secor
depth in wine (de Ordufa, 2010) . This create:

sweetness withompidexiyyand flavor c

4 . CONCLUSI ON

An i mportant part of tourism in Al bania are al s
traditicouniss,i nfeocaanld r ur al life. The inland areas
hill s, olive groves and vineyards, making them
as a base to present | ocal gmrsdduwntoamy swnah fase sw
fruits and olive oil, all owing visitors to ex|
farms; Local wineries offer tastings and visit:
I n Iline with the ongoing government initiative
opening for the fisrtsap ts enreviocfe awhpehryes itchaed boenset |
wi || be exhibited, promobinggloatl oerabnberi esage
Partnerships with I ocal farmers, artisans and |
of the products offered in these stores. This
product s, including e X ¢ | ubsa sveed warnoedsu cd rsd iCrarmo \
Al baniads rich agricultural and cultural herit:

key platform for the promotion and distributio
sustainabl e oxmd Ercomperyous |

According to our findings, the chemical par amet
to those found in the | iterature. It i s obser
found between certified and artisanal Wi ne.
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The chemical properties of wine are intricatel
continues t o influence temperatur e patterns,
concentrations, wi nemakers must adapt their pr
these chemical changes is crucial for navigati
preserving the unique charagitensd.stics that def
Many farms that adapt their agricultuufraarim act i\
processing | ines. Potenti al tourists Il ooking

traditional food and cuisirme whatit tnleedbammi hae
processing plants and machinery. Some of the ir
rooms Traditional processed products are highl
experiencespr oadsu cptrso cceasns ebhde served in restaurant
(AASF a,2d10BS

Thanks to its geographical position, number of
Al bania has the potenti al to devel p a compe
i nvestments are made in qualiboyy {hecMadiengnT@l
brand.
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doi :10.46793/ MAK2025. 073M
THE | MPACT OF CLI MATE CHANGE ON WHEAT |

BOSNI A AND HERZEGOVI NA

VesnalMillgdr:, nBrénka Gowvadar Daanj b 'Mijatov

University of East SaRapaebbicFatubBtpshkhéa, ABopbBaolu

*vesna. milic@gof. desrds ibor@pnokfa .ugeosv.erdsa.rbiac a @p o f .
tanjamijatovic87@ ahoo. com

Ministry of Agriculture, Repabtiy ahdSwatsd&nm, I
Her zego.wlianlai c@mps. vl adars. rs

Abst rAagerticcul ture has | ong been the backbone of t he
contribution to overall employment and ensuring food
especially wheat, ffooronds ttoh & hbea iosp ufl cart iporno, v iwchiing corn
feed. It is anticipated that the i mpact of climate c
regi mes change, and rigimchal empgeat tomesagworcueén ueai s
Herzegovina, floods pose the greatest threat to the
damage to infrastructure, materi al asset s, agricultu

Key we&t dsate change, Drought, Wheat, Corn

11 NTRODUCTI ON

Bosnia and Herzegovina's ability to produce v
favoradkl emagie conditions and the availability
country's territory. It is estimated that abou
sector, with an average of 56% of those workin
Bosnia and Herzegovi na hiatsh ntohe begemeuasleds o ai afca
time, and significant areas of arable | and r em:
total arable |l and in Bosnia and Herzegovina co
agrircaull tproduction in Bosnia and Herzegovina i
highly dependent on weather conditions. The <ch
productivity, an unfavorabl ehhatmgstaluceguéepme
reliance on imports for most inputs needed for
mi ner al fertilizers, as well as equi pment and
sector in BgemimaamdsHefmeus on i mproving the
(typical andvaladipi odwdd)dsehi igphreo.d, u cvtasl,uei n or der
competitive advantages. The structuyeaons$. cUhei
|l argest share of total cultivated areas, 58%, i
vegetables at around 15 %, and imdusihe apottcemipis
agricultural produgdvioma,i nr eBfolsend taéd da mian Heawaemab I
a wide variety of-gaglituyl magraluttapal hagt, g
product s, a | arge number of i ndigenous and ori
agul tur al producer s, has not been anywhere n
opportunities (Milil et al., 2019b).
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The projected rise in temperatures, combined wi
rates, is |likely to significantly negatively &
especially in the Mediteparaneédnthegicounntanwyd 1 h
in weather patterns has been observed in all

periods (five to ten days) of e xctarle needl yh ecact| da na
waves, asiwdlsl was hpextremely heavy rainfall an
in temperature and rainfall |l ead to a rise in
often accompanied by storms anmn waattheMheordi i
short time intervals and small areas, al ong wi
consequences for agricultural production. The
reflected i n theprfwlldrogvée hg chanilgesat ons:average
precipitation |l evels; increased devel opment of
nutrient | eaching, reduced infiltration); ext e
shornhgnof the growing season (late spring and
climate change wil!/l influence i mproved managem
devel opment of new agricultur avi rsoynsnieennss ,s ua ntde d
i mprovements in |local crop varieties aimed at
conditions

The aim of the research is to analyze the i mpa
and Herzegovina from 2016 to 2023

2. MATERI AL AND METHODS

For the analysis of the impact of climate chang
we used data from the meteorological institutes
and Herzegovi na, the ThesraofamBdshRoar amdN&aeirareaglo
with the United Nations Framework Convention ol
the Ministry of Foreign Trade and Economic Rel a
of the Migmiicturlt uofe, Water Management, and Fore
Statistics Institute of the Republic of Srpska
processed both in tabular and graphical for m.

3. RESULTS AND DI SCUSSI ON

3.1 Climate and Climate Change in Bosnia and

I n Bosnia and dHemizegmotvi alai, matheeeprecanti emptat
continental; Medi terranean and modi fi ed Medi t
geol ogi cal substrate, relief, vegetation cover
Bajil and Trbil, 2016).

Continental and moderately continent al climate
valleys of the middle reaches of the Una, Sane
temperatures are rel aACveobACLhiwght,h rparnognionugn cferdo n
highest rainfall (between 1000 and 1500 mm) oc
amounts (below 800 mm) are recorded?2®&raund Bi j
The mountain-vahbeynooht manhenoocovarsa thgidnl by

Her zegovisnpar,d avdtienh cthhe nort hern border to the so
line from Posugje and the southern slopes of L
under the influence of Central Eur opeameacnont i
climate from the south. Aver alg® taoAGCula.lTBhee mpar 4
distribution of dweuttad trhe ndampl ¢ wuearwainn. Hig
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rranean and modified Mediterranean c
ion of Herzegovina. Due to its proxi
aracteristics,utdéds s Averaagreasanmauwalt itn

Medi t e
g
h
y higAC teACgbrRBgaifnrfoarh |123.n8 t his area i s
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©

he re
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onal

I
I and spatial . The | owest amount o f
est |

Iy
rienyYrwanh 3347 mm (SNC, 2022).

t her mal regime and climatic characteristic
es anticyclone, which causes stable and, i
h brings precipihbhtuenceDofi hpewSnberjanhha
rded, bringing cold and mostly dry weather
cyclone of Saharan or Mediterranean origin
iBajand 2011).

rage annual precipitation in Bosnia and
her than the European average. When wat
re favorable for Bos nigar eaantde r H etrhzaeng otvh en ¢

ave
hig
0
e. Runof f i's 57 %, but these water guantii
a
C
S

I y. For exampl e, the average -masiurm), r u
overs 75.7Z&%goVi Ba'sswi beanidt ey, i s 62. 5%
i n, covering 24. 3%, is 37.5% (SNC, 2016

OIS0 9

a
gr e hou effect and gl obal
vid . e extremity of clir
i od @ m Mm@l tyo d2¥2 @&,ndd u wion
s were recorded. I the written meteorol ogi
be remembered as the driest. I n contrast,
| eadtirnogp tioc cfaltomossds i n Bosnia and Her zegovi
al temperature was recorded in 2014. For
ecutive extremely dEertyh-ayneearrasg eo ctceurapr eeraa to ul mhe & (
ared termhavépbage, but precipitation was
fall distributed evenly during the growing
, and 2013 signi ffiooamtolsy ifmpddt ed oprsop Vwike

effect of the
ecoming mor e

r n s e
n Th
f t 2
n

r temperatutresmimeR2i0dé avee
t Bosnia andaCHepnk@goWhnna,
rtadtCu8r.eBo trad ngead nffradrh 2 .n2 20

average annual ai
e s19(9109)6 1t hr oughou
tain areas, tempe
o 1519.6 mm. Unl i
d significant ma
e wamaméygt eave¢heh
where snow dept
ing frost
g frost, b
ere were also heavy rainfalls. Un |

e previous years, during
eri al damage or endanger
re were abundant snowf al
s reached nearly half a

at the end of Ap,ritlhecraeus
ut snow fell, which also

k
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ures not etxhcee esdoiuntgh 4a0On dd eegarsete,s hCeeal v

er areas, it was slightly below a\
st ever. I many areas, especially in the
&

n
B years.
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Average annual temperatures i-he2fmlpewenpd aivgna
(1916990). Air temper ACut eAsClL 6 d g etb ufnrt cam nloQu.s4 ar e
vari ed A adC18..2ot al rainfall in 2017 ranged fr
and September were the months with the most ra
the mountainous areas, the highest sAwevr adget h
annual temperasugeaesfi nag@h0litge rank opeeer itchde d welrgag e
1990), randiCng nf tdim Ad .alinn sNetuom,1 7wh6i | e i n the mc
ranged AQ otn®C28..88ccording to the distribution of
in 2018 were classified as extremely warm. Tot
mm. March and February had the higmeditost airnf alh
| owest monthly rainfall iinn Maepcthe mbietr wwaass 360.57. 7
monthly tot al in 2018. The highest snow depth
mount ainous areas on Bjeladgnica, the highest s
Average annual temperatures i-he2fMlpewdmd useisgnai:

e
(1916990), r alrOgAiGn gt oA€loTmwehi | e in the mouACatons, t
8 .AC. Tot al rainfal]l in 2019 ranged from 843.5
I

I
mont hs with the east rainfall. The greatest
recorded in May, whil e i n souatrheearsn, atrheea sh,i gihte swta
ranged from 46 ¢cm, while in the mountains, it
Average annual temperatures i-he2th2pPpewevmd useisgni |

8 .A7C. The number o} hot days was -h9@gherr dma@inng h
35 atseldaon to 130 in Mostar. Tot al rainfal]l i n
hi ghest snow depth ranged f roaumt3a3 noom si mr elgd voenrs .

e

(1916990), rangAig oAClormwliiol. & in the mouACatos, t
f
i

Average annual temperatures-tiem m2@2T iwar avelriagle
t he perlZOﬂOI;LQQ&ngAlCngo&(tl,o?mm]hLiOI.eS in the mountair
1.MC tdéC8. 3ot al rainfall in 2021 ranged from 7
mont hly rainfaldl in most of Bosnia and Her zego\
in November. The highest snow deptim itrh el anwoeurnt aar

(Bjelagnica).

Average annual temper atAC etscAiCh7 .2022 i mandged mowun
2./C tAC9.TIotal rainfall in 2022 ranged from 67
monthly rainfall in most of Bosnia and Her zegov
in November. The greatest snow l:ilapctrh irmntgheal o w
(Bjelagnica).

Average annual temperatures i-he2Mm2pewdmd useisgna
for the RO (rlafnPMiCng NAladm71llower areas, and f
in the mountains. Tot al rainfall in 2023 range
mont hly rainfaldl at most stations, whil e the ¢
hi ghest saw3depmhi w | ower areas, and in mount e
was 187 cm.

3.2. @eordaxlti on in Bosnia and Herzegovina

The average area of arable I and used i-ywedahe Fe
peri od .Owal0s hla9,4 or 48. 6% of the total O0&mMathlag | ¢
remained as fallow or wuncultivated | and. I n tl
better, with the average area .00 chud,tiwvrat®%. 4%
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44. 6%, 0600 A&l remained unused (MSTEO Bosnia al
cultivated area i nOOtOh eh elritsatrreisc,t wist ha racbuonudt 3408 %
fallow, and 22% uncultivated arable Il and. The
remained relatively unchanged fo many year s,
| andr.eaCe productlon is one of the most i mpor t
essenti al for theopoloat iscenc.urThg iompotrhteance of
Herzegovina's production is evideaar fpemi 6¢dhe ¢
were sown on anm 0ar ehae cafaralso wtn JAWeeE @Y eq f wthh e ht a
sown arable Il and. The cul tivat i omnmmooufn tsapirnionugs caert
(Bogdanovii et al., 2001). An increasaewoiud dt he
contribute to increasing thenamdumnwtesobclread
(Bogdanovi [200B@ 0 M) | i Domestic cereal0®a®ductio

14000 tons.

ha

400.000 324.000 . o5 205.000
194.000

200.000
. . 14.000 3.000
0

Republic of Srpska ~ Federation of Bosnia Breko District
and Herzegovina

m Arable land ®Fallow fields

Figuserdcture of agricultural |l and in Bo

The sowing structure on used agricultural Il anc
cereal s lhaarvgiensgt tshhear e of sown areas, amounting
vegetables at 14 %, and industrial crops at aro
i mportant segments of agricul turcatlurper oodfu cftii elnd
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producers, reducing overall yields and product
tot al cereal producti on. The unfavorable weath
negatively impacted mai ze fpercadewc toivoenr ad nd cyeireelad
2016, mai ze was sown on 193.000 hectares, and
rainfall di stribution, production reached 1.17
year. Ma i z e ap rsood uhcitgihoenr Mcacngpram epde rtioo dt, haewleir algei &
around 814.000 tons. The maize yield was 6.1 t
yield. I n addition to maize, other cereals als
44%, rye by 27 %, bartlray itcyal 22 %,y Balt%s bayn dl D%,c k w
mar keting of the produced cereals and their fi
milling and ani mal feedspoolutetednoortheedr bdu
Climatic conditions such as temperature, preci
role in the physiological processes of plants
determining the | imitstbéiplaammepeties {PspbDit
et al , 2021), which also reflects in the av
ant hropogenic climate changes affect the plant
climatic cwardiiabiolnist yanidn cl i matic extremes ( Mal
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According to statistical data for 2017, in Bosr
planted with cereals, 24% with forage crops, 1.
1% with strawberries andtraspbpiceegsandnrohe i 2 Pol
Adver sel iamgatoi ¢ ¢ omcigtaitdarnvse liyn aZGetted plant p

I n the

% ro
the year 2017 can be characterized as an extre
er al

|l production of field crops, Vvegeptachl es,

of unfavorable weather conditions, particul ar/|
tons per hectare was 39% | ower than the yield
hectareulat sdd re a 40% decrease in total maize p
in the soil, which negatively impacted the for.
drought caused problems with maiazdéngolloi nantcioo
formation and poor grain quality.

~
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the previous year 6s harvest. According to avail
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production was recorded only in the Brlk
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, there was an increase in rye production
ased by 1.7 %.
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TablTeotlal sown area and averageBygserid anhdthe
Her zegovina
2016 2017 2018 2019
c SurfaAV.er(Surfac Av_er Sur fac Av_er Surfac Av_er
erea ~ .. y|_e| (ha) y|.1EI (ha) yl_lel (ha) yl_el
(tHh (tDHh (tDHh (tHh
Wheat 71.30 4.3 70.423 4.1 72.874 4.0| 69.67¢ 3.8
Ry e 4.023/ 3.3 3.703 2.9 3.803 3.0| 3.603 2.9
Barley 25. 76 3.0[ 21.20] 3.6| 21.96] 3.6| 20.683 3.6
Oat s 10. 22 2.9] 9.299 2.9 120.194 2.6| 10.089 2.7
Triticdg 15.81 3.3 - - - - -
Gr ain 193.3 6.1|191.72 3.7[ 192.77 6.6| 193.06 6.4
Buckwh 1.027 1 1.187 1.0 - - 618,3 1.2
Total | 321.5( 297.53 301.61 297. 71
2020 2021 2022 2023
c SurfaAV.erzSurfac Av_er Surfac Av_er Sur fac Av‘er
erea ~ .. yl_el (ha) yl_ll (ha) yl_lel (ha) yl_lel
(tDHh (tDHh (tDHh (tHh
Wheat 69. 95 4.6| 63.40(¢ 4.6 51.09 5. 446 62.65 4. 4
Ry e 3.534 3.1 3.359 2.8 - - 3.021 3.3
Barley 21.64 4.1 21.50¢( 3.6 20. 43 4. 04 15.59 3.4
Oat s 10. 60 3.2 12.12¢ 3.24 12.264 3.1 37.43 0.5
Tritid _ - - 4.087| 5.14d 7.770 5.0
Grain|200.89 7.1 198.4| 4.5| 116.48 8.33 183.9| 5.7
Buckwh 813, 1 3.8 815 1.2 - - - -
Total [ 307.4F° 299. 67 204. 3 310. 4
Mi ni stry of Foreign Trade and Economic Relation
on available statistical data and data from
Mai ztehe sdomi nant <c¢crop in total cereal product.
|l ivestock production and the reduction in the
grown crop on arable | and. The ethitze DPpro4d@.c3H &
which is 25% higher than the previous year. I n
hectares, achieving an average yield of 7.1 to
year. The increasghern ysioewnd sarpeears haencdt abrie, al o
conditions, contributed to a record maize prod
and Herzegovina in 2020 amounted to 321.804 to
t o tehve opurs year. The increase in sowh areas an
wheat from sowing to grain filling and ripenin
increase in the wheat yiel dO, oi M.&ddiothiso p etro hwlt
hi gher production and yields were also recordec
oats (up by 25%), barley (up by 19%), and rye
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extremely dry period and high temperatur es
ng the stages of grain formation and fil i/

e
ri
n sh epcetrar e, resulting in a | ower overall mai z e

2021 was 37% |l ower compared to the 2020 har
2021 was 9% | ower compared ttour2e0s2 0d u ruUinnf ga vsoprre
gh temperatures during the summer months | ed
rvest. I n addition to wheat and maize, the pr
th productifomr flmaud k mhge dty, 254% for rye, and 13
s oats, where production increased by 15 %.
the strpdtanrte dofarearsedln 2022, approxi mat el
th wheat, 10% with barley, 6% with oats, and
real crops, 969.794 ton7®0f toarsn,0of2b&.or71kly,t dr
d 21.073 tons of triticale were produced. Th
rl ey by 6%, and triticale by 3%, while only
the previous year

2023, in the structure of cereal productio
oduction, followed by wheat with a share of
cording to the Ministry odnaAggermecnutl tafr et hd oRé
pska, the total area planted with the most i
ctares, from which 1.073.794 tons of grain we
productionfofl 8@86d3by wheat with 213.015 tons
ns, oats with 9.065 tons, and rye with 3,500
23, 215.227 tons of corn for gr7a.itl9 5t7arbs’ 8o ft «
d 6.497 tons of rye were produced. Productio
ile decreases were observed in other cereals
%, and rye by 160d Bmnsrnihee &8md ke rDa sgovicna, 2]
ns of wheat, 2.587 tons of barley, 818 tons
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4. CONCLUSI ON
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food production in Serbia, the region and Southeast Europe™ p
SERBIA, KOPAONIK January 30th to February 2nd, 2025. MAK

1
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MEMBER SELECTI ON FROM A CLI MATE MODEL
CROP MODEL I MPACT ASSESSMENT | N NORT

Mel pomenti 2AMiilsdei di s K. V&esei hbe? GRsmsthbail
Papamidc hTah d dMdhorr mshat i s

Depart ment of Meteorology and Climatology, S
Thessal onfF kel i Gaprkkeu@gmail . com
Soil and Water Resources Institut@RDEMETERM, c /
Thessaloni ki, Greece
’Department of Hydraulics, Soi l Science and Ag
Forestry and Natur al Environment, Aristot]l ¢

Abst rGlcitmate change poses significant challenges to
agriculture. Rising temperatures, extreme weather, a
in northern Greeceat koowmwandoc!| i matdj veasearhleyzed usi
stati ochB28R08BECORDEEUR™®del s underWhtehne tRiGeP 4c. al-ishcreantae d
Wheat model was driven by the moslt isrudeaxa,blas meanbpars
whol e ensemble, it improved predictions of wheat an
adaptation strategies for sustainable wheat product

Key wEmMdssE mbl e model evaluati on, Cl i AMhteaa t ¢ h &n gnau,l aWh
scenari os, Greece

11l NTRODUCTI ON

Greek agriculture faces a significant chall eng:
crop productivi(tlyPGQ,d 2A02x3a)di rmabidlsi tpyar ti cul ar i
various kinds of c¢crops cultivated in Greece. |
centr al Greece, areas known( Koourt stihkeai.re Hooaokdy ecrl 2i O
the production of wheat is being increasingly
temperatures, extreme weather events, and alte
reduced yields and (croanmrporoogmieste dals.e,e d2 0g2u3a)l i t vy
Climate model ensembles play a crucial role in
of fering enhanced accuracy and reliability by
diverse scenarios and uncaermaietcempr ¢ hesei va s
assessment of future climatic conditions, enal
mitigate the adverse effects(efgc)]i Batenehamy:
Merrifield et al., 2020)

u ethiaghl i(@®edd the crucial role of selecti
mprove the accuracy of agr onorAWhce aitmpreocdte le si-
al Greece. According to st an(dAasrcdhiozne d i Bo cett
index that was wused to rank climate mod
ia, measuring deviations of t empdroatmirng
(these with sRPI MO .a5 )r apnyecd iod b §ld ,7awhhay
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earlier than obserevdtoirom sn,g woidled st H élhles3% dwaiytsh

l ater and t heb.f2uldayesns eommb laev edr.a8ge, | ater; (b) f
runs provided more ac-tybatne apree diget,i dray s( wiatr thiir
wher eapserifoow mi ng models and the full ensembl e

days and 6.7 to 6.9 days, accordi nglpyer fporrendiincgt i
model ateeévirom observations frome*x3 . or%ithg -mo.d
that showed mean deviations within the range of
average errors by +13.6% toWhelatd moddrailvewansblyu ¢ ih
mo st suitable climate models as compared to t
predictions of wheat antihresdiesnt malt uGidgceand p:

The aim of this work is to study the value of
model s on wheat producti on, by applying the s
Greece, a region al aadtdhardect amidz ed fhyercecinftf e e

2. MATERI AL AND METHODS

The study focuses on a region in northern Greec
providing a comprehensive |l andscape for studyin
Data were collected fmemwsdwhnhem métiesormraelgo @inc IFi:
provided daily observations of precipC)t.,atwhinl € m
solar radiation data were provided from the Co
( Guevar2a 2elt) &lor, the period from December to Ju
(202002 3) These stations are | ocated at altitud
Additionally, simulated climate data were obtai
EUR-OORDEX project, with a spatial resolution of
climate conditions under theeemabsjoR082,naflhe
bet ween the simulated and observed data was gu
contained the meteorological stations (Figure 1

Figure 1. Study area with meteorological

Their elevations &£ORDEXe cred d se triede reBR@nNngl e

To select the most suitable cli mate Nmdkoal edn sadr
(20®wd43% al so adopted. Each of the 11 climate mo:d
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Table 1. PRefoDomahc€l bfmnate Model Simul ations i
Greeceper(fTorpmi ng model s are -héemghodi mhhn@edmoahelbs

presented in regular fonts)
sRPI sRPI
Model Simulatio (Nortl (Cent
Greed Gree
1| REMO2009-M-MREISNMLR_ _r 2 1.00 1.00d0
2 | REMO2009-M-MWMAEISM R__r 1 0.92 0.9%¢
3| RCA4__MPHCGEMR 0.65 0. 672
4 |RCA4 _ -NARPESMR 0.53 0.64d0
5| RACMO2 2 E_ -HVEOHEEBMR 0.40 0. 48
6 | ALADI N63_-CERRMCNSRMN M5 0.39 0. 3¢
7|CCLM17 | EHEEERTH 0.39 0.55
8 |HI RHAM5 __-E GBHERTT H 0.38 0. 414
9| RCA4_ _|-EEEEARTH 0.22 0. 21
10 RACMO22E_-CANRRAVACISR M M5 0.10 0.0¢
11RACMO22E -HGEARCH 0.00 0.040
The sRPI index evaluat edtnaotdeslt ipcearlf ocrrmatnecre ab,a sge
of maxi mum and minimum air temperature simulat
these evaluations, models were ranked and catecg
sRPI < 0.5) epesr f(olrammil eg 1mad
Table 2. Statistical Criteria Used to E
Abbrevi Statistical Crite
d I ndex of Agreemen
NSE Coefficient oBuEETi €f en
KGE Kl i-Gwgpta efficienc
VE Vol umeft friici ency
AME Absolute Maxi mum E
MAE Mean Absolute Err
MB E Mean Bias Error
RMSE Root Mean Squared
R4 MS4E Fourth Root of the Me
RAE Rel ative Absolute
RVE Rel ative Vol ume E
SSE Sum square error
Regi onal agronomic data from Greek-Wbhbeanti modes$
(Ni kou and Mavramartadapp, si2m@i3gti on model within
Agrotechnology Trahddeged{ODoccSrATerag. i aAdLAY) ed
and maturity dates, and pot-emtdi -aple wfioalnmd nwge rcd i «
model s, and the full ensemble to evaluate the
of statisticalg ndettreisc .NoTvhernebee rs olvbi,n December 1,
to evaluate climate models and determine whet hi
i mpacts of climate change on wheat producti on.
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3. RESULTS AND DI SCUSSI ON

The effectiveness of 11 climate models across I
to simulate | ocal temperature conditions, as s
SsRPI values O 0.5 (topdopleowenr meewsi)atcionrsifstemtadk
data, compared with these with sRPI values < 0.
reliability. -&xTepltEEEQARTECL M e top performers
performed aeaqutuall wowehl!l riegi on (Table 1). Low pe
performed poogRBIl, aiccmotrilé ngedcond regi on.

top-performing low-performing

BTmax| 1,00]0.88 0,50 0,41]0,31]0.26|0,080.07 0,07 [0,03|0.00
OTmin | 1,00]0.96] 0,79 [ 0,64 | 0,50 [ 0,52 | 0,70 ] 0,69 | 0,38 | 0.17 | 0.00
WTotal | 1,00[0.92]0.65| 0,53 (0,40 (0,39]0,39 0,38 (0,22 0,10 | 0.00

Figure 2. sRPI values in North Greece
for both (tokh#&l sBRPIZ)= (sRPI

Figure 2 shows sRPI values in North Greece for
(total). s RPI values for Tmax sharply declined
defined final (total) climetel nmae¢l madlkilsgscb
Tmin suggesting that <climate models simulated

Crop simulated results, based on thréghe -2o@Wwi ng
performing models pHhedi dagd ,aminhavies adgat € $ hz2. 9n
Figure 3), earlier t hpaenr foobrsneirnvga tmoodnesl,s wahnid et hteh
17.5 @&nda&sd4l ater, r adpdadtoinveluyn.s TeEr.eOdbidcastytedséraa tl
on average, t han ofpserfwatmi eirgs ,mowdleil Ise atntde tlhew f u
resul tedednct alb7.s5 pdlebySs3 Gandday8s.,5 accordingly). M
from tpleeg ftoopni ng model s overestimated yields ac
9. 1%, wh ipleer ftobremilnaggw mode |l s1 .v4e% easrtal nnttadirebdf-ablyd y8 .81
9. 1%. For top performing model s, moving of gr a
days, on average, from movimgd pbwn4i dgdthyg ® mf No
Dec!yl@and not the shemsed 6F pémosd @Eedaddcfron
by an extrasdayDée¢ amuBead lverage yield decreasc
pl anting movement and an additional 2.8% from
effective adaptation measure for this region.
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Figure 3. Comparison of anthesis, maturity
(kg/ ha), as dewhead , ffom CBRE® different
( November 15t h, December 1st and 16t h), f
observatione t(Obsaérvead) ) ,thhe best (top: s |
s RPI < 0.5) simulation scenarios. The sampl
each category is also presented.

4 CONCLUSI ONS
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MANAGERI AL APPROACHES TO SUSTAI NABLE CEREA
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Abstract: This paper presents a comprehensive framework for sustainable cereal production, emphasizing the
integration of climatesmart agriculture (CSA), precision farming, and effective soil management strategies. As
staple cereals like corn, wheat, and rice dartstover 55% of global calorie intake, enhancing their production
while mitigating environmental impact is critical for lotegrm food security. The study explores the role of

CSA in adapting to climate change, reducing greenhouse gas emissidnisoosting productivity through
innovative technologies such as renewable energy and soil management practices. Precision farming,
leveraging datalriven tools like GIS and GPS, optimizes resource use and crop efficiency, contributing to
environmentalsustainability and economic viability. Additionally, soil and crop management strategies
(SCMS) are essential in preventing land degradation, improving nutrient efficiency, and fostering resilient
agricultural systems. The paper also examines the spegificultural conditions and challenges in North
Macedonia, where a strategic focus on modernizing production, promoting efiieatlly practices, and
enhancing technological adoption is necessary to ensure sustainable cereal production amidst emironment
and market disruptions. This muttimensional approach offers valuable insights into balancing productivity
with ecological sustainability, addressing global food security concerns.

Key woSudsst ai nabl e ¢ €f é asamagy it o daugcrtiicomnt e or €i (P E&ARTr mi ng
managementGlsalbralt efgdceds security

11 NTRODUCTI ON

Sustainable cereal production involves a holi:
mi ni mizes environment-aer mopaotdst yagiMaensyr @98 213¢
such as <corn, wheat, and rice are grown worl dw

accounting for more than 55% ofett md .cal2drli8d s (Sa
agriculture not only focuses on efficient and

mai ntaining ecological -bhailmaga,ceagnd mpmoour pagr 4 tair Mg
considerationsatcthtoesag(Kamhkuahh, p®)02d4)gueScblai
achieving sustainability requires both syst emi

Theystemi cprappirdeasha comprehensive framewor k f

business, encompassing environmental stsactalal.
apprestcabli shes the management mechani sms nece:
effectively (Scoones et al ., 2020).

Thi s study i s directed t o analyze potenti al
environment al i mpacts and addressing gl obal fc
i nnovative technol ogies, optiaml ztim gc Iriematua cceh an
specific emphasis on the conditions and challe
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The aim of work was the research analysis of
sustainable cereal pr-schactia@agrbygul hutegr@€CBAY, cf

effective soil and crop maneargreineeend rtacattiegd *,s
adoption, and sustainable policies, (iii-) achi
term agricultural sustainability.

2. CLI-BMART AGRI CULTURE MANAGEMENT STRATEG

Cl i pgantaert Agriculture (CSA) is an approach ai me
for sustainability in the face of climate chan
and practices to enhance mroduanidomi whighéi pmo m¢
( Muhi e, 2022). The concept encompasses a diver
management, efficient water use, crop diversifi
CSA represermrthenai vceompr amewor k that integrates
mi tigati on strategi es t o ensur e food security
agricudadhur as pyrolysis uni t s, solas paneéelsal v
enhancing sustainable food production. These

emi ssions but al so improve the resilience and
Cl i rEantaert Agriculture (CSA) I learc o nyp a sasddaspcttaitviiecen ,
mi tigation. For poor and devel oping countri e:c
i mportance, while mitigation efforts are more
(Husetanialk022). CSA has proven to be an effect]
conservation by 12% and increasing grain yield
According to Muhie (2022), CSA for isneseaishnali
adapttaot icolni man ed wdhiamg egr e e n htoeulscew ghkawsssi engeilsssd ievred
andustainably increasi nhe riordaiadearong aanlds pafofearn\
and economic sustainability are also central

determining the acceptability of specific agri
sy st entsaraarcetber irzeesdpect for the environment and

farming methaethemiosae d6krnbhizers amdiapedtyi diods
product s, and avoidance of geneticallyg, modef i e
adoption of CSA practices faces significant c¢h
small hol der far mer s, l'imit investments in CSA

schemes ar e avail abl e. Monaedegquatdechhobhegr ae
exacerbate these difficulties, hindering the a
management systems essential for building clim
3. MANAGEMENT STRATEGY OF PRECI SI ON FARMI N

The management strategy of precision -Suppnarmtg i
system for planning and managing agricultur al

these processesetefaeibyvely (Perniola

The primary goal of precision farming is to ta
l ocal wvariability within a field. This strateg
to manage it efficiehatminnByenmamge sso¢cr qpr ege s
environment al guality, and provides feedback

practices and r esourscpee cuisfaigece . moTdherloiunggh olfo ciant @ wtr
precision ffiacramtnlgy siingpnrioves <c¢crop efficiency, r
agricultural out put. The adoption of precision
for -tleornny savings, despite initial adodbteqmedppgesarniu
those of traditional farming practices, enabl i
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of fertilizer and identify the most Peafefcd cstiiome

farming technologies also pltagrm glrdnrnicrad aofol &
operations. By enabling dynamic adjustments to

these technologies piovideyfaemdesds wothhpthei %
2022)

The i mplementation of precision farming demand
agriculture. It requires the integration of t
capabilities, and a deep unmde2r3s)t.a nFdairme rosf naugsrtor
dattai ven paradigm to maximize crop yields, min
i mpact .

In an era of growing global food demand, resource scarcity, and environmental challenges, precision
agriculture technology of fers a sustainabl e ¢
effectively. Precision agriculture incorporates advanced teobms such as Geographic
Information Systems (GIS), Global Positioning Systems (GPS), and Remote Sensing (RS) into
agricultural practices. These tools enable farmers to manage field variability more effectively,
optimizing profitability by moving away frortraditional blanket treatments.

One significant advancement i Tephreacli cagyn ( BT ) |
integrated into agricultural equipment such as
The rapid devel opment of VRT has been a key dr
farmers to tailcoers nhaon asgpeentei nfti cp rfaicetlid | ocati ons.
input usage while maximizing yields, presentin
2023) .

Achieving high yields and efficiency depends
resources as well as the precise application of
based on i nformation and tercdensol agyi c plrtewcri asli o
productivity, and efficiency while simultaneou:

Gatber GIS = GPS alded ges-reflevenced sie specilic

inform atian:

*  electrom o geete sod mapping
soil sample coBection

Precision agriculture . enep .\uld Axta coliection To Sormulate wide range of
satellite farming/ site ¢ asmlEmagey vmbir mviesmet el
specific agriculture ¢ ereporsoll celor inden maps or sabdinide a disimilar
i ged vpes birge fiel o smaler
= ged chanacrenmcs similr field
*  Drainage levels

i Poiential vields

Optmanfodicous use of
mguns
* ol
Wl

Sustainable v aeed
ol
Ecoasmkc T, il
Sacial Eaviroamest
Optimum crop
production
Figure 1. Precision farming for sustainat
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Achieving igh yields and high resource effici
S

h

t hat require the integrated application of S
growing gl obal popul ati on awsmdaree csatlaagn antgi f g oidn |
and fertilizer use efficiency is declining rap
the | nt e@rapg elly sStoerh Management (I SSM) approach
to enhance ouopignel dseandfficiency without fu
application, while also mitigating environment :
is guided by tihmpreovciongt podbimgh paleist feasi bl e and
ensuring cohesive useamd adeeuasteelnutgu emlty irreg on
requirememttesgr aatnidng soi | and wuthiybhiey impnademe
systems (Jiao et aaill. ,an2d0 1BuUt.r iBeyn ta | magnnaignegmlessh t w
practices, | SSM offers a pathway to address th
and protecting the environment.

4. SOl L AND CROP MANAGEMENT STRATEGIES (SC

Agricultural scientists have long recognized that soil management practices are not only vital for
maximizing agricultural production but also crucial for mitigating environmental pollution (Shinde
and Sirsath, 2020). Soil and Crop Management Stratedid$¥$aim to enhance crop productivity

and prevent land degradation by optimizing various soil propdsitésgical, physical, chemical,

and hydrologicathrough balanced nutrient management (Esilaba et al., 2005). SCMS are guided by
two key principlesmatching input quantity with crop demand to ensure efficient resource use

and synchronizing nutrient application with crop growth stagesto optimize timing and
effectiveness (Shah and Wu, 2019).

These strategies not only improve crop yields but also conserve soil resources and protect the
environment (Cui et al., 2014). Effective SCMS focus on preventing soil erosion, a major contributor
to land scarcity, while adopting practices that avoid switemination and degradation. Soil erosion

by water and wind is a primary process that degrades the surface structure of exposed soil, resulting
in the loss of nutrientich topsoil. This significantly reduces soil fertility and undermines sustainable
agricultural practices. By addressing both erosion and contamination, SCMS offers a sustainable
approach to improving agricultural productivity while preserving environmental health. Recent
research has shown that land degradation is expected to continwetbeesignificant increase in

global GDP by 2050. To ensure future food security, sustainable soil management through efficient
nutrient management and appropriate soil conservation practices presents some of the key challenges
(Shinde and Sirsath, 2020).

Effective policies are essential for promoting sustainable soil management. By establishing soll
quality standards, land use regulations, and incentives for the adoption of sustainable practices,
governments can encourage farmers to implement soil cotiservaeasures and mitigate land
degradation (Turpin et al., 2017).

Additionally, government subsidies, grants, and tax incentives for sustainable pragtheas

cover crops, agroforestry, and organicfarming e cr uci al for supporting f
health (Turpin et al., 201 7rurthermore, policies that promote farmer education, extension services,

and knowledge exchange platforms significantly enhance awareness and encourage the adoption of
sustainable soil management practices (Amundson, 2020).
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5. CEREAL PRODUCTI ON CONDI TI ONS I N THE R
MACEDONI A

According to data from the State Statistical Office, agricultural land in the Republic of North
Macedonia covered 1.256.854 hectares in 2022. In 2023, there was a slight decrease, with the total
area falling to 1.250.821 hectares. The sown area in 2022am?275.297 hectares, while in 2023,

it decreased to 269.834 hectares. The largest share of the area under arable land and gardens is
devoted to cereals, with a total of 158.798 hectares sown in 2022. However, in 2023, this area
decreased to 156.469 heets

Table 1. Cultivated and Sownwaweas$atngBepmk)
Year Agricultural area (ha)| Total sown areas (ha] Cereals (ha)
2022 1.256.854 275.297 158.798
2023 1.250.821 269.834 156.469
I n terms of <cereal producti on, wh e aptr oadnudc t ¢ @mn
According to an analysis of wheat and corn pt
production | evels were recorded in 2020 for b
continuous decline.

Wheat and Corn by Year

45|

Figure 3. Production of Wheat and Corn i
North Macedwwwasthyg) Ygav. hk
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When analyzing corn production by region and year, the highest production in the Republic of North
Macedonia occurred in 2020, with a total of 146.434 tons. This was followed by a decline in 2021,
then an increase in 2022. However, in 2023, corn produngiached its lowest point in the entire
five-year period. Regarding corn production by region, the Polog region leads in production,
followed by Pelagonia, East, Southeast, Skopje, Southwest, Northeast, with the lowest production
occurring in the Vardar ggon.

” ““IHIlﬂllﬂnnm..ﬁ.”

Fig&reProductiou'ri of Coww. yaRegoonmlhd Ye

When analyzing wheat production by region and year, the highest production in the Republic of
North Macedonia occurred in 2020, with 246.031 tons. This was followed by a continuous decline,
with the lowest production in 2023 compared to the entire-yfaee period. Regarding wheat
production by region, the highest production is in the Pelagonia region, followed by the Northeast,
Skopje, Vardar, Southeast, East, Polog, and the lowest production in the Southwest region.

|| | UIIHI']IIDIIEII]IIUnlm

Figure 5. Produ“;cvtion otvwWeeat . pgv Rmlg) on ¢

6 . STRATEGY OF THE REPUBLI C OF NORTH
ADDRESSI NG AGRI CULTURAL CHALLENGES AND I N
PRODUCTI ON

The Strategy is the third document in the Republic of North Macedonia of its kind that systematically
outlines the policies to be implemented, offering solutions for addressing both current and future
challenges. Agriculture is one of the most sensitiegoss to the negative impacts of climate change,
and crises caused by new animal and plant diseases are becoming increasingly frequent.

The general goals for the sector include improving the competitiveness and sustainability of
agricultural income, applying ecological practices in production to reduce the impact of climate
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change and adapt to it, and ensuring the sustainable development of rurallanepgorted by the

state. Based on the identified weaknesses in wheat production, there is a need to maintain income
support that sustains the current level of productiatiiee production costs, and increase yields,
especially in the face of increased negative climate impacts that primarily affect productivity.

In the event of market disruptions and a drop in purchase prices below the cost of production,
intervention measures are legally prescribed in accordance with the law. These measures have thus
far been applied only in the form of aid for storage in staehouses. However, other interventions
require simplification of procedures.

Approximately 38 percent of the country is prone to severe soil erosion due to topographic features
and heavy rainfall, although in many casss| erosion is also caused by unsustainable agricultural
practices. The objectives of the strategy include increasing agricultural production through
modernization to better meet domestic consumption with local production, improving the quality of
Macedoman agricultural products with added value, ensuring food safety and animal welfare, and
creating conditions for a competitive and sustainable agriculture sector in both domestic and foreign
markets.

Special emphasis is placed on introducing policies that were neglected in the past, particularly those
aimed at building human capacity for the adoption of new technologies. The newly established
Knowledge and Innovation System will connect all stakehslderthe creation of innovations,
knowledge transfer, and digitalization. It also facilitates the exchange of digital technologies, smart
agriculture, and production methods based on knowledge and good governance. The negative
perception of modern technglies among farmers should be addressed through efficient advisory
services, demonstration farms, and training programs designed to encourage the acceptance of new
technologies. To mitigate and adapt to climate change, clifriatally practices will be pmmoted

through their inclusion in crossompliance requirements and increasedirtancing of necessary
investments. Farmers will receive support through appropriate advisory packages on best practices
and training to reduce the impact of climate changécymterventions aimed at protecting soil

from degradation will include strict adherence to crossipliance requirements for soil cover,
erosion protection, and support for investments in precision agriculture. This will involve using
sensors for the aimal application of agrdechnical measures and providing financial support for
agro-environmental initiatives.

Precision agriculture, which tailors the use of water and fertilizers to crop needs, will be promoted
through operational programs of producer organizations, supported by the Agricultural Knowledge
and Innovation System. This will include dedicated adwicé training. Income support for grain

and fodder crops will help maintain the current level of production, especially in the face of increased
negative climate impacts that primarily affect productivity.

Given the importance of wheat for ensuring food security, direct payments will continue in the next
period, with higher amounts allocated to producers who achieve higher yields. To increase average
yields of crops and meet the needs of existing areasiabempport measures, along with an
advisory package for the adaptation of advanced technologies, will be introduced. For the
restructuring of the agfood sector, which faces an unfavorable structure and needs modernization,
the following interventionsra planned: investments in the modernization and diversification of the
technological processes of existing agad businesses, including support for crop production
modernization and the exploitation of production potential in controlled conditionsiabaiention

will be given to implementing innovative technological solutions and production systems. In
addition to investments aimed at improving physical capital, significant attention should be given to
enhancing standards, both by adapting the lktgie framework and by establishing an effective
control system.
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Interventions in the technical and technological improvement of the agricultural sector require the
mobilization of a wide range of entities, including advisory services, scientific and research
institutions, and other stakeholders. A broad array of genseeasures to support agriculture is
needed, along with the establishment of various forms of administrative and technical support to
encourage collaboration among these entities. The agricultural advisory system should incorporate
the economic, environméad, and social dimensions of managing agricultural holdings and land,
enabling the transfer of information on modern technological advancements and innovations from
science.

Statesupported services should assist farmers and other beneficiaries of national agricultural policy
in understanding the relationship between farm management, land management, and the application
of specific standards, especially those related to thizament and climate. Due to the benefits

for preserving crop growth, yield, and income, it is expected that farmers will more readily accept
measures for adapting to negative climate effects. Additionally, the introduction of measures to
mitigate climatechange impacts will be encouraged through a greater number of instruments in
national agricultural policies.

7. CONCLUSION

In conclusion, sustainable cereal production requires a-fagkited approach that incorporates
innovative practices such as Clim&eart Agriculture (CSA), Precision Farming, and Effective

Soil and Crop Management strategies. These practices are éou@ahancing productivity while
minimizing environmental impacts, ensuring letegm food security, and adapting to the challenges
posed by climate change. The integration of modern technologies, such as renewable energy and
datadriven farming tools, aasignificantly improve efficiency, reduce resource use, and promote
resilience in agricultural systems. However, the successful implementation of these strategies
depends on overcoming challenges such as financial constraints, technological gapsffamehinsu
infrastructure, especially in developing regions.

I n the context of Republic of North Macedoni a,
agricultural practices, fostering technological adoption, and mitigating climate change impacts is

vital for enhancing cereal production and achieving sustdityaliontinued investment in training,

advisory services, and climateéendly policies will support farmers in adopting sustainable
practices and improving yields. Ultimately, fostering collaboration between farmers, government
bodies, and research irtations will be key to developing a resilient and sustainable agricultural

sector that can meet global food demands while preserving environmental integrity.
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1. I NTRODUCTI ON
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Similar findings were reported by Jockovil et a
wheat genotypes of different geographical ori g
soil type, the averagai mawekeghbfcahevarymargek
g to 2.77 g. In the agroecol ogical cobnd/i2z23 ons

achieved the highest average primary spike gra
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The stability of different genotypes under var
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analysis of wvariance, an equal contribution of
factor and tt hfeacetnovri,r oonhmelne t he contribution of
(9. 78%) (Figure 3).
Figur eper.celrhteage share of genotype, environi
environment in the total sum of squar es
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The results of this study align with the resul:t
stated that both genotype and environment signi
spike. On the otheremphdsideogbdail tde glknotIP2:
i mpact on this trait, accounting for 66.7% of
6. 5%, and the ITE interaction accounts for 12.
maicmmponent s. e first main component had a s

whereas the second main comp

of the wvariati ,
ically significant (Table 1).

was not statis

Table 1. Analysis of variance of the AMMI

Source of df SS MS F
Genotype 13 3.3 0.2q11. 13
Bl ock 6 0.6 0.114.703
Environme 2 3.3 1.6715. 41
G I E 26 0.9 0.04 1.65¢
| PCA1 (85 14 0. 8 0.04 2.63
| PCA2 (14 12 0.1 0.01 0.®2
Error 78 1.8 0. 07 -
Tot al 125 10. ] - -

**Significant at p < 0.01 level, Significant at p< 0.05 level™Non significant

The AMMI 1 biplot illustrates the relationship
the average grain weight per spike ax2/KFBs al l
52/ 23, -1dd dk@&onstrated the greatest stability
were foll owed -2bd4yd /| de rdobtdy/ pheGs NOG-22dN1 ¥, ge het Kise had
of grain weight per <£pglidi & pleee werrthytehvaend aavreoruangde ,a v
whi |l e genRlo/téyp KRR G-3DITd 4K@® Xx hiavieread ealvavees for
traits I'n con4d BAS B3,;1 9kiHBOt aeb2 KIGG di spl ayed th
interaction valtiesantindhnstabnbi tsy gacross all
l ocality, moderate stability was achieved, but
among al l |l ocati ons.
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The greatest | evels of interaction and, consegq
where the highest average grain weight per spi
and stability of eemndtegiwisald mmarntfd.erRinmi targirjoevi
that Kragujevac exhibited the highest average \
of generative to vegetative parts of the plan
Addialiloyn research by nuril et al. (2016) indic
wei ght per spike are characterized by high in:

difficulties in reachingbythibghivyl ues gefnod g mptec

Figure 5 shows an AMMI 2 biplot which provides
highlighting how genotypes behave in different
principal component, account itnhge faobrs c8 55.s6% roefp r i
second principa component, which explains 14.
the coordinate or|gin(i. ., the point where b
anal ysis,stkk&/ RS 6 KYGHLEY KA, -30vd 4K®as identifiecd
stabl e The environment s, i.e. localities, exh
of the observed | ocations from thegenonypadedei
achieve stability at any of the three analyzed
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Figure 5. AMMI 1 biplot analysis of stab
14 wheat genotypes in 3 localiti
The period of experimental research is charact
during the phenophases of heading, fertilizat:i
excessive rainfall recorded omalAptri és ame-gdMayv ak
filling process, resulting in the formation of
(2023) indicate that adverse climatic conditio
valuéebdbfl gomponent s, particularly the weight o
much as 31. 8%. The results of this study indi
Devel opment has successfully sel a@actteod as tvasrliee ty
environmental conditions. These genotypes are
ability to achieve high and stable values of gr
yield componenbepurueed by gegnsfpcant climate
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4. CONCLUSI ON

The analysis of variance for the AMMI model est
genotype, environment, and the GIE interacti ol
concerning grain weight péeh $hmiekgenWittylpien atnlde en
equal contributions to the sum of squares, w h
smaller. This | imited interaction effect on t he
for thew odl exttal e grain yield variebR2kE283 Am
demonstrated the highest average yield and gre
can be considered a hi ghl-aydadpetseidr atbd eecvedredrmguoucsap &
conditions.
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ey create a |l arge vpgetainse masBolaydTlmée es|riamaht iodn
ion in Serbia is favorabl e f offhef oaraogpe sptrrodautcu
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end of decreasing areas under arable forage ¢
sing numbers of all types of Q@menecsft itch ee nmaman sr,
endeclveneock production is the |l ow competitiyv
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ma | husbandry is the most i mportant branch
ortant food for people, it reflects the | ev:i
o urrhter yimportance of |l ivestock farming stems
spensabl ep mp anh @Oon 't hfediokéher hand, l i vesto
nced expl o ation of natural resources and
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the geog cal configecatiiogmncaf tbadi er o
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for a certain production, t he
ani mal husbaagqualyi iy damiemal ofve ad
buy kani mal as the dominant in thgse aireds wlft
of decades o work by scientific institutions
economically important t rnadi tsuyl thiovtaht edf fdomget
production of ani mal feed (nukibeepi taéd .al 200He
l ooking at statistical data and trends, the s
characterizedAlashawnghtlisfastoclk. production is
factors, the results indicate that one of the
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| f we add to this the h
it

igh losses in yield and
is clear that these dat

a should be used to f

im of these research was to present the f
atic and soil conditions) for-mohet pirmadws |
tions, as well as tlkadmsedgat itvhe tlrasnndd eiwn d
and the presentation of the recent resul
onservation of animal feed as a basic con

2. CLI MATI C CONDI TI ONS FOR ANI MAL FEED PRO

Serbia extéhAB5Neawkeha6A11IN) north | atitude and
80% of the territory belongs to the Southeast E

Pl ain and belongs toltthe sCermtaralctEBurn apaarmyr agic
north of the country and moderately continent al
The | evel of water deposits and temperatures a
as wel |l as | deitude and | ongitu

Average annual temperatures depend | argely on
to an altitude of 3A0C0 im tPhadyAICr d g edlvfgrr odfbh thOB e5l g
increasing altitude, average annual temperatur
they ranf@ dmomhé& PeghA€ropl Mbeat Kypearoida ke r aviud
indicate that in the plain and hilAlICy aregii oan Mao:
whi |l e the)aba)rvacallnEAdanUntalnous areas at an a
average monthly tA€mpercatrumned yaboveay) while at
m in Jund@dhaentdi dghkegt average monthly temperatur
recorded in July and AMuQ utdoC,2®opnd ot ey alddngd e dfer
at hi gher altitul@st ACSipg i mayyn gee mpresmt Lt es i n M
similar to t htee napveerraatguer enso nitnh Iltyhe aut umn mont hs,
The average annual preci gietrant iavrerlagweli n Semdii d
540 and Th20 nmmt hern, northeastern and southeas
mu lyteiar average precipitation, ranging from 53¢
recorded in the ethsesste (Zagiedbms ). t he highest pr
November, and the | owest i nl "Fetbhawacgnt Salpt pamb
(Gumadija anhe Ppmeciapifja@t)ion | evel is slightly

and is characterized by slightly higher precip

The western parts of Serbia are characterized
700 to over 800 mm, while in mountainous areas
1000 mm of water preci phe adtbonmnefanesal darshgwt h
precipitation in our country is not small, howe
that very often during the summer mont hs (Jul"
adver sen dfbfdeugptt ioon of ani mal feed (Figure 1).
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Figure 1. Average precipitation distributio
(www. hi dmet . gov.rs)

mate change is today's reality with the ac
urrence of extreme <climate phenomena (droug
0 be noted that extremel 400drtyoy®8@0 smmjtphr am:d
iods and extremely hAQhinedpeyahueesioex Uuaea
guiSechk )exprloogi cal conditions occasionally c
duction of aniadalerfseed,f fwititcloh B wegrsit mtck ga
fact that wvery I|little arable I and is irrigdg
tribute to more sBablbeiansmmusfebdvpradmati
must go in multiple directHhiornsst, ofo alhla,t itrhr
ct measure to prevent t he water shortage
n, the issue of imar epreefcfiipditeantti ons ea naf sexils

ated to crop structure, profuotl by, sybeemr @
otypes that better withstand stress conditi

i
c
s
r
i
o}
e
n
d
re
e
I
n
e introduction and cultivation of species frec
n
o}
s

c

i

tribute to rcadwseidndgyt uensrtiabbhe e dumlatt 3 cofc ome
bal climate factors iorc¢cheeliastt empedatcades
tabilities iMowduvem,artttse olfarntdgestwoaddi.l |l ati or
urhenEuropean continent and especially in t
gulrre aBuyr. country, in the |l ast 20 years, t he
grees and in the summer period by 1.8 degr ece
mperatures (Figure 4).
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3. LAND, THE BASI C CONDITI ON OF AGRI CULTUR

Agricultural, or plant production, provides fo
soi l prlongemtsiieve. agricul tur al producti dreatpass | o
in the production offhal bsagofculargralampruoad sc to
pesticides and soil cultivation systems has ¢ca
watercour ses, bi odiversity andFoerveanl It hteh eh eaahl o vhe
it is necessary to adjust the | evel of l and u:¢
guantities of food, but al so to i mpl ement me
Economlcataytlfnploage plants (annual and perenn
mor phol ogical and biological properties, provi
guality animal feed, but al somodielr npragtreé ctuil ¢ mrf
The areas under agricultural | and as the main
are const anAccyorddeicirge atsa ndgat a from the Republic
there ar e tslainght Imj Ihdroem ha of available I and o
(ww stat.gov.rs), of which abouW Bh2&baomut | 0.0h
arable | nd per capita, pSeowvbidaed widmhonditshenad o
produktbhi bhe structure of crop producti on, cere
area undr industrial crops and fruits, while t
whi ch es
(F

measur es

toti mmpemenbl erop rotation, as one
igure 5).
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httops:

is crop structure allows for the production
favorable from the-gaabety pffoeprdodummagardhviign
stainable use of soil over a long period of
the Earth's <c¢climate system, participates ir
ttl ementdditi on to exploitation and disruptio
ctors, climate change represents additional ¢
regular distribution durailng @hleargdt.convi afgf esceta ¢
rectly by <changing ther mal and moisture <con
intenance of soil guality and the services
grading vegetation,t iwhifcahc tiosr so naen do ft hteh emapiend os
r t8ki mat é.change has recently had a profoun
d the wider regio6i wén Sbluée heaséeein Buobpék. t
ecimpipatttieor ns and increasingly frequent weat!
der increasing pressure, and climate change |
vel opment (Hou, 2021).

e impact of climate change on soil is reflec
gradatsiiomrg. t emperatures and changing precipit
ich is especially pronounced in the northern
d water retentboe w©dé the BBoghly teatifabl e am
ecipitation in space and time, the basic rul
2h¢grsdbéd is devoid of structure and nutrien
kes it difficult tol suedualiar agmd ciudttaimrsad rpaiormn
Hoemrgn drought s, |l eads to various forms of e
mpaction and cracking.

mited soil fertility isancdtmead,byshiwgeH | c arsc e
avy met al s, organic acids, but also by i mi
tivity (GuMmgst ef &ahe, sBOL7)n central Serbia
ten defici €hti manephbaplwer a$ s o Hifgfheecrt st ennupt erri aet
ad to an increase in carbon dioxide concentr
cl idreg,rease in soil pH, and the avaiTldse ity
anges often require increased use of c hemi c
gradation and pollution.
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Climate change and unsustainable | and use | ead
l oss (Dgeletovilin amrdeaSsi mifl , s @Wt2Meast ern Europe
negative effect on crop production and soil,
occurrence of extreme weather events (prolonge
vabihity of annual production and | ead to a re
(Cosentino et al., 2012)

4 . FORAGE PRODUCTI ON ON ARABLE LAND

The dominant characteristic of forage producti
mai ze ah0@OWerhal and grai n 50W00u ¢t bihndirhee fl agFrmewntd p
of maize grain (809%)r oadnudc 4as & d sgentiixri gcdadhcttb gp aorft  soofy
and sunflowers are useldnfaddiftiedn ngt e mearnges tan
and even a part of wheat and triticale grains

Coarse fodder prod060i ba,twheshpmakesonp29% of
which is absoRAuoteldi hgsubfiesitéemites, in order
coarse fodder, the area under arabl eHdwewagre, pl
this unfavorable situation is mitigated by the
much as 67% is occupied by the two most i mport
and Irewderc (Stogil alnd aldadziatrieovni it,0 2t0OM0e7s)e speci e
perenni al |l egumi nous forage species ingrSegdvi a
mi xtures (CGM), as well as annual forage plant

grasand fodder rape.

Al f aMefdai clagd . 3atiisvda he most i mportant perenni al
106. OD®&pbdading on soil type and climatic condi't
6 tltbadlin hée year of establ i silh9metmtth ahawyd wiin ht |
average crude protein Zaomd ean dmmudloucr wdid sprodt
ha( Radovj2i00ert) .al

Al falfa is most often grown as a purd egruang, al
mi xtures for hay produttios (bedarfevilf eetdi alg. ,
various for ms, most often as hay, but al so deh

often as green forage or for grazing.

Red clTovépol (um. prasegsewn as a purle0Ocrhogp amd Si

successfully replaces alfalfa on sdihlamkaf tiondrt
devel opedntensi madbi ol ogi cal nitrogen fixation
i mportant iDuerto@p irtod apooem.t ol erance to drought
onl-y Years, and it is mostly grown In ¢tbdaedmbi en
without irrigation in the s-&28o®dhwearh iat hgigvhe :
conted2% 18nd minerals (Lugil et al., 2001, 20

On poorer qual it yL ostouisl sc, olrbnircgudlfeagtatsatnr ¢ fmpiolr t @ n t
e protein compPolintehnotu gihn tahneirnea li sf eneod .economi c j
eas on soils with increased aci di thyuet htios istpse
gh adaptability, -eictolioggigradwricoinmivarnineays ex¥@Emo
99

) .

Annual forage plants have a long tradition of ¢
of bul ky and conddért rmotsdd i anpiomalanft e adh.nual for .
(Pisum d¢at)i amm c oWinmoina lvsegttcihwd{i ch are grown on n
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c h aisse ac osmipganriefd ctaon tB Gd2e2clreew i SO RISt &8

—

of the area under grasslands i s i
n | ivest ockpr oifn a cacbe ses ipbrioldiutcyt i oofn toefr
ur e, as wegl.l Iaas aidrdlade pumatten ¢ ilthtesied ya
egradation that are associated witht
n temperature and | mr eSceirpoiitaat i gorna s(sGaam

mmo n hiinimlatyhret ai nous ar ea, and it is precisely

i n ®bi ¢athiec ofmac thaarnsd., the existing dive
ing, while on the other hand, the fl ori
hilic species whose range i s exipmardii ng
Il ., 2021). Grassland degradation is visible
this concluesoht wat mhdeamal psi s of over 1(

st 10 years in the | aborator yBiofmatshkse flrmant istoum
miat ur al grasslands was analyzed and most oft
tur al communities, the aMotwitnugd eg roafs stlhaen dosw ni esr
e phenol ogical stages of seed mat arhaet iremstorof
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t he psltaenms and | eaves that actually make up t h
extent that the proportion of wunusable compone
fodder is in that case niolt at sal tab2@1%purce o
Due to inadequate fertilization, wuntimely mowi |
l ow and amouiims mead®wsd ‘ambdp&st4urtesh,a which indi
l owly produxtd8&dpeme SrtORsSear ch also indicates tha
responsive to fertilization, and that with ad
several times, thus significantly tnarFreapas20@g9}
Grasslands generally have the potenti al to re:
species that are tol er amhhe tkoeynetwd yt hearierr ga caa@p tca
di versity, so the more diverse the communities,
(Baca Caproe2rda astsl alnds in the Republic of Serbi
(Stogil et al., 2007) but |l ow production, and .
souraei madl nfeedtrast, grasslands in Western Eur
to intensive fertilization and exploitation an
According to rese@2@bh4)b,y iZmotrenndi veetl yalf.ertil i z
domi nated by species that have increased requi
|l ower t eBuerhatchragsacteristics indicate poor ada
conditions with increased temperatures occur,
a complete | oss T(hRissddhacu ets aslup,poddzxd) by t he f
to stimulate the nnadt utrhael bdei svte rrseistuyl tosf alraewnasc,h iae
and potassium fertilizers at | ower doses (up tc
amounts of nitrogen, there is a drastic decrea
Biodiversity index

0.70

0.65

0.60

0.55

0.50

Control N60O N90 N120
— 2009 =9=2010 922011 =—o==2012

Figure 7. The influence of fertilizaton
Dant honietum calycinae grassland type

6. SILAGE PRODUCTI ON

Modern |l ivestock nutrition, especially when it
sillageaddi ti on-etfd eertd wrei mg odaitt i on in this way
the perspective of sustainability and adaptat:i
used silage, both i n Tooudra y;bo02nMh a yamr@adumcacern hei lwa
Republic of Serbia, which representsSh@&s®6dr eds
are tom pmavilddg sufficient quantities of sil age
it is necessary to increase them, especially i1
Silage of green biomass of fodder plants enabl
more intensive use of Ehanti 6Rakaghamprewi dbs, ac:
yield of energy and nutrients per h&€otrares, |l agm
is also impootaatopnroeati on, because by sowing
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t wo harvests
known that d
pr oduc t4i00%4$ o (
truction

pe year , which is ilmpoaddainti dm, n
ry mat tdnb W)oxages sdygmiidg camgillyi n @ we
2@fficient use of energy sources |
of natur al resources, mini mi ze en
P

S
agriculture (Pervanchon et al ., 2002)swuchnaaddi
met hame CHNd fhe asditgcegd b decreasing the fibre
acceptable ways to do this is the increase in
silage (Hopkins and Prado, 2007).

Due to the very sporadic production of grass a
in our country are mai nl yT hpr emae mt ad atshorno U golr h ah
knowl edge of ensiling technol 0g@on sisherciimd | gl i
change, the negative side of which is particul
introduction of grass and | egume silage has si
|l osses, iasiwerlkaasng the quality and yield of
of grass and |l egumes contributes to the preseil
content as the most e xTpe nshiivse ecnadmp can erhte agpf atnhde
ensiling grasses and-tlee gnu rdarsy iandgd.iwiilotni,n gmo doerr ns
confirmed that ensiling alfalfa in a mixture wi
in alfalfa, whoitcehi ni sd emgrramdetti onp (proteol ysis)
Lazarevil lett iasl .i,mp2o0r2t3agnt t o emphasi ze that prc
grasslands significantly contributes to sustai
protein production on arable | and.

Recently, there has been a | ot of research relze
an optimal balance between the values Spfctimaé ba
attention has been paid to the production of
bacterial inoculants over ot her silage additi.i
negatively affect aniimal pheducthsandhehefouel it
orgargird cul tur al production in Serbia (norlLevil
sustainable |ivestock production.

7. THE STATE OF LI VESTOCK PRODUCTI ON | N SE

Looking at statistical data for the period froc
number of ruminants for t&p. mentioned period (

2500000

2000000 y=-42309 + 3E+06

R =0,9415
1500000
1000000

500000

Cattle number

0

1977
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Figure 8. Number¥f2 02 deat tSlee bsiance 1977
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Figure 9. Number2002f2 sihne eSpershiinace 1977

This decline was especially 1p990nso,u nwelteen itnh ec omut
breeding animals wabhi dramatecafl af fppdluisteidcass!l caal
soci al tur moi l and economic sanctions that t h
counuryi.ng that period, due to the iIimpossibilit
the markets to which it had exported siAfanifical
an illustration of the situation, web eift ewetr tee
produced in Serbia, while in 2005 this product
while today it $Sschkidaité&aicahatgdl| bwet he number
especially since these are species in which, u
cannot foll ow a rTahpei ds iutpuwaatrido nt riasj escitmoirlyar wi t h
after a significant decline Wint it htehd arsap ifde wd eycer
number of cows, due to the increase in milk pr
production for a |l ong period, but a further dec
a deficit Thne pirnocdruecatsieoni.n mi |l k production per
genetic potential of dairy cabDebpitbutheael sncbet
mil k production, the situation is not even clo
countries.

Despite negative trends in |ivestock productio
agricultural products and is incomparably bett
candidates for joininigO).heThee rvomrerayni ndgn i sotna t(eF i af
in Serbia is also indicated by the share of |
only 32%, which places wus among agricultural!l
agricul tmirsals eécedrneve that the situation in dot
relatively quickly because -gbherietiysbseetdlng ang
human resources and sWhesf abstertyaitnegtotfhdli vreesst couw
in the European U&2i0@2,inttlkanpbri con20028ed t ha
t hat there is a decline in the number of i ve
Despite the decline in the number of Ilivestock
meat and mil k producti on.
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8. CONCLUSI ON

Serbia has significant areas of agricultural |
and |ivestock prodoaendioni ol®i dr eandormrcducnave cto
pl ant s -qanad ihtiygh heal t hy ani mal feed.

The crop structure in Serbia is generally wunfa
of arable |l and, whil e {904 doefr apladntes |arned gmidawn a
of | egumi Hlbius mPeéxauwmlttss i n overproduction of corn
crop rotation, inefficient | anOhes®i anat igaresitn
producti on, especially in cattle-dbcaddingends
decreasadecgouht . I n parallel, the areas under f«
perenni al | egumes.

Climate change, i . e. the trend of increasing t
vegetation period, is increasingly negatively
threatens to endanger | ivestock production.

I n such conditions, it is necessary to create
to increasing the competitiveness of domestic
includes the regional hzabevonenfuagraod|l puotécpr
the introducltiimke dofs utpaprogrett emeasur es, i ncreasin
segments and other measures that would contrib
most inmpargtra cul tur al branch.
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lnstitute for Vegetable Crops, S. Pa
SEducons University, Faculty of Ecological A
“University of Novi Sad, Faculty of Agri
‘University of Prigtina temporary settled

of Agriculture, Legak, Serbi a

Abst Tdhet it reat ment with two foliar N applications (T
spi ke in durum whe a3 4@é3n osthyopneesd. tGieen ohtiygphee sk G gr ai n we
2013 conditions (1. 9lstg)deéaarte @axe eirn en0cid4® 3tihte agorinetaeta s d
the best results under T3 in the |l ess favorable 2014
with foliar MK& eand BKGatairteabmMoe earsd recommended for
agroecol ogical conditions.

Key worDusrum wheat, N treat ment, Organic production,

11 NTRODUCTI ON

Durum Wheatc(m .t udharibdeasni . ) ranks as the second
wheat species -Mdrodbrad | gt (aMart 222@22). According
(1 GC, 2023) , durampwhegamat el gra&n7omillion hec

average of 34.3 million tons of grain betwee
relatively small, durum wheat is a crucial
rving as the primary rawprmoaduwraotisals fdohr asarp ag
Il gur, and different types of bread (Kabbaj e

o T
c d®w S

Durum wheat i s -abreisdt, swairtne dc Itiomasteinti condi ti ons,
in Mediterranean regions. I n colder areas wit
harvested in early autumdO0l®8askMvorrisetnnoate.t, ad20Q9 ;2
Centr al and Eastern Europe, particularly in th
winter types and are sown in the autumn (Vida

W)

D

@)
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adaptability to dry and arid
otic factors, Adbpegihaldlay edhr @u
menn et al ., 2024ngeGomxnidd e hieng niglne @
use of wvarious agronomic
usting tillage met hods, |
' s, which can i
et al., 2009; |
Tdhemef er susbagaa
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native and have been shown to i mprove soi
However, a | imitation of organic fertild]@i
ola et al., 20235) suDlyesaf de hamenthieomenp azut
ield and qual-spgcdDfiduyrwmtwhaatess piroerou
th high clay content.

i abl e
rgani c
Zel evi
ng
.r's

Given the growing consumer demand for r
(Mie et al., 2017; Wang et al ., 2019)
t o itrhcer easing interest in organic foo
durum wheat varieties capable of prod
conditions, for both organiet whle.at 20
i mportant to investigate diverse du
Considering that optimizing nitrogen
research (Ercoltiheeret saudiel204aB¥, néade
combinations to improve durum wheat production

e
o
( ,
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C aamsds

d
uci
Dan)e
ru
f
d

The aim of this study is to determine the i mp
season, and their interactions on the variabil
organic farming system.

2. MATERI AL AND METHODS
2.1. Plant material and experimental design

Il d experiment was conducted using a randc
fied organic farm in Lal ak, Serbi a, duri n

materi al consisted of gevdameaduwvami svhiea $
any), Gitka, and KG Ol i mpi k -2(85,e r3046625} ,, al or
B4, andfB1KG Serbi a). Each experi mental pl ot
classified as cl| atyhd oaxme rTihme rstod | weome whorcchuct ed
carbonless soil type, witsboat éow. pHheasokel ahadd]l
of organic matter and falls wunder the class of
avail able phospAbfFrusoiahda twmsesuwmere perfor med

t f
2

= 5 ~+ —
37 7o

A f
cer
pl a
( Ge
K G4
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Agroecol ogy of the Insti Field and Vege:

pa s

ute o

according to the | SO/IEC 17025:2017 standard.
The experiment was conducted f
Ordinance on Control and Certi
haper year is allowed in organ
, and in the second season
ilization was appliegpoudsima Z24tdnd)ofato
egeheptare. Sowing waSnpehtofmedtodéeou
second season, with a sed®dirngogr athe af
ruary 2013, 500 kg per hectare of organic f

€
pure nitrogen per hectare. These fertilizer s
\
(

g
n

ol
fi
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| o n t

ca o] i
f mi ng.
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were usedyinThheesfoliar nitrogen treatments
devel opment: T1 (no nitrogen application), T2
the beginning of heading on April 10, 2013, and
organic fertilizer Trainer at heading and anthe
to the recommended commegirlce awas aareal YGzad ni wel @ |
pl ants per main plot at full maturity, deter min
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2.2.-mkgreor ol ogical conditions

Met eor ol ogi cal data were obtained from the Met
in Lalak (Figure 1). In the first season (2012,
and 18.2 AC) pl ayed a crruactiianlg rpolaenti ngr oiwg mi. f i
2013/ 2014 season was marked by | ower average t
0.5AC), which weerrem baevieorwa gteh,e rlessrug t i ng in a del
2012/ 2013 s eaansoounnt tohfe proegcailpi tati on was 503 mm
2013/ 2014 season (413.8 mm). Precipitation in
the year, with the highest rainfal/l in Decembe
opti mal conditions for early crop devel opment.
(37 and 78.5 mm), it was stildl sufficient to
2013/ 2014 season was af f ecttieodn,b ywiutnhe veexnt rperneecliyp |
May (167.8 mm) and June (149.8 mm), which nega
I n the same season, December, January, and Febr
or compl ewbdikackl|l ofvedt down pl ant growth and de

== Sum of precipitaton (2012/2013) - Sum of precipitation (2013/2014) ssss Sum of precipitation (1992-2010)

+ «@ + Temperature (2012/2013) iy Temperature (2013/2014) ==¥==Temperature (1992-2010)
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Figure 1. Met eor ol ogi cal conditions du

2.3. Statistical anal ysi s

To analyze the effect of genotype, foliar ferti
on the expression of grain weight per spike, a
the MSTATogram (Michigd®n.StMat ¢ipghieveomptay, sbh$
investigated factors were performed wusing the
significance | evel s, 1% and 5 %.

3. RESULTS AND DI SCUSSI ON

The selection of suitable varieties and balanc
for enhancing wheat productivity and quality (
to conduct research on dirvoewng enrtd edrurwar iwhuesa tf ¢
treatments and in different seasons. This stu
interactions on grain weight per spike. Grain
al ong with gsphiek ensu npbeerr sofduar e meter and the num
affects durum wheat vyield (Kendal, 2019) Furt
phenotypic mar ker for selecting suitabkses wheas
conditions (Xu et al., 2023).
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The anal is of variance shows a highly signif
year, an foliar nitrogen fertilization treatm
spi ke (T |l ¢dadgyest proportion of variation in
genotype 25.25%), followed by year (15.57%) al
Table 1. Analysis of variance for grain weight per spike in different durum wheat genotypes
under three foliar fertilization treatments grown in two vegetation seasons
Source Sum of Mean % sum of
. df F-value p-value
of variation Squares Square square’
Genotype (G) 6 1.948 0.325 15.688" 0.000 25.25
Year (Y) 1 1.201 1.201 58.034" 0.000 15.57
Treatment (T) 2 1.053 0.526 25.445" 0.000 13.65
GxY 6 1.314 0.219 10.582 0.000 17.03
GxT 12 0.171 0.014 0.688* 0.758 2.21
YxT 2 0.069 0.035 1.674¢ 0.194 0.89
GxYxT 12 0.221 0.018 0.892s 0.558 2.86
Error 84 1.738 0.021 i i i
Total 125 7.714 i i i i
“p 00.01: statistically significant effect at the 1% significance leWslons i gni fi cant ( p .
The share of the sum of squares (%) of the analyzed factors and their interactions is expressed
in relation to the sum of squares of the total (100%).
The | argest contribution of the genotype facto
genetic materi al Additionally, 2@&1%widi Ketndall.
(2017) have found that genotype and the extern
grain weight per spike in wheat. The G T Y int
the G I T, T lnYerarcd i®nls Yvelr eT not statistical

Table 2 presents the values of grain weight per spike for all genotypes under the analyzed treatments
and seasons. A comparison of the genotypes, regardless of the treatments applied and the years,
showed that the genotype K&l0503 had the highest averagrain weight per spike (1.59 g) and

was significantly different (p 044-Bine (48 om t h e
g). The lowest value of this trait in the trial was observed in the genotype KG Olimpik (1.22 g)
which was significatly different from the other genotypes, except for Windur (1.23 g). An increase

in grain weight per spike was observed under the fertilization treatments compared to the control
(1.27 g), with values of 1.39 g for one foliar spray (T2) and 1.49 g forfaliar sprays (T3), with
significant differences observed between the treatments. The application of the same foliar
fertilization treatments had a positive effect on the number of spikes per square meter, number of
grains per spike, 100frain weight,anggr ai n yi el d for the same dur un
et al., 2022). LopeBellido et al. (2012) and Pampana et al. (2013) highlight that split nitrogen
fertilizer applications improve nitrogen use efficiency, but the crop response significantly depends
on climate and agronomic practices, such as fertilizer quantity, type, splitting ratios, and application
timing. Although durum wheat is known for its drought tolerance, it can be negatively affected by
water stress (De Vita and Taranto, 2019). On averémeall genotypes and treatments, a
significantly higher grain weight per spike was observed in the 2012/2013 season (1.49 g) compared
to the 2013/2014 season (1.29 g), which was characterized by considerably lower amount of
precipitation. Xu et al. (2 found that grain weight per spike decreased by 31.7% in wheat under
drought conditionsSaghouri el Idrissi et al. (2023) found that grain yield per plant in durum wheat
genotypes decreases as water stress increases.
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Table 2. Influence of interaction of genotype, treatment and season on the variation of grain
weight per spike

Foliar fertild
Genoty T1 T2 T3 Aver a
2012014 201|201 201/ 201
Windurf1.24212.¢q1.21.231.5 1.1 1.%22
KGOl imp|1.241.¢q1.3 1.01.5 1.1 1,23
Gitkal|l.321.11.6/1.211.6 1.2 1.6
KG2 & 1.31.4 1.5 1.41.6 1.5 1.%45
KGA4&B/1|1.41.4 1.5 1.4 1.5 1.4 1.9
KG4833/11.01.2 1.3 1.41.41.6 1.37
KG34@O3 |[1.71.4 1.8 1.21.9 1.5 1.%59
1.31.4 1.5 1.21.6] 1.3
Averag— o7 1.839 1. %09 1.38
LSD G Y |G T| T |G T|Yy T|] G 1T Y
0.05 0.1 - 0. 1/0. 0] NS NS NS
0.01 0.1 - 0.2|0. 1] NS NS NS

Means followed by different lowercasketter(s) differ significantly between
genotypes, while means followed by different uppercase letter(s) differ significantly
between treatments at 5% level of significance: Nshsignificant.

The highest average value of grain weight per spike nwaerded with the T3 treatment in
2012/2013 (1.61 g), while the lowest average value was found under the T1 treatment in 2013/2014
(1.21 g). In 2013, the grain weight per spike under the control treatment (T1) was lower than under
the other treatments fdhat season (1.31 g). However, this value was higher compared to the T2
treatment (one foliar spray) in the less favorable 2013/2014 season (1.28 g), suggesting that the
season plays a key role in the variation of grain weight per spike among the amigr@dvheat
genotypes. Considering only the 2014 season, the T3 treatment also resulted in the highest grain
weight per spike (1.38 g) on average for all genotypes, compared to the other treatments in that
season. Therefore, it can be concluded that thkcapion of the T3 treatment improved grain weight

per spike in both the favorable (2012/2013) and less favorable (2013/2014) growing seasons.

The highest value of grain weight per spike at the experimental level was observed for the genotype
KG-340503 with the application of the T3 treatment in the 2013 season (1.91 g). In the 2013/2014
season, the highest grain weight per spike was observgdniotype KG43-33/1 with the T3
treatment (1.61 g). This genotype has the lowest value in the 2012/2013 season under the control
treatment (1.09 g)The lowest average grain weight per spike at the trial level was recorded for the
genotype Windur (1.05 gYollowed by the genotype KG Olimpik (1.09 g), under the treatment
without foliar fertilization during the 2013/2014 season (Table 2).

The G I Y interaction was statistically signifi
presented in Figure 2. This significance indica
climatic conditions sacgogsst $hehat udhedr gekirsg ©
weight per spike changes from year to year.

132



—e—2012/2013 ——2013/2014

Windur
2.0

KG-3405-03 KG Olimpik
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Abst rNacmber of tillers varying depends on genotype
condition and interakhe oafi mtfhiasl | stnuadnye dwafsa cda sotrismat i «
productive tillering of genetically di vecrognednitt iwhnesat
The ten genetically divergent winter wheat varietie:

Experi ment carried out on field coregilticand.,ondesiTdre
varieties were d9Daaa@r natr otwrsse odi slt. Dnare leefngt h among whi

For analysis of tillering were used 60 plants in ful
processing for analysis of vari &ancanby dudsifregeMS8EAT bG
wer e est itneasttedanbdy LFSD (0. 01; O0.05). Similarity among
of Euclidean distandder€theesesmbhgprogedawvegpds tfol en
number-pofoduen i ve shoots was the [ east 0.67 in Kosmaj
value 2.52, while in second year thweithlkasverlads8 Walrd
shoot s. In each cultivar the more productive tiller
bet ween cultivars for tillering are affected by gen
Key wWwhesat, Genotyp+®,r oMdaircita bviel ittiy,l eNosn Environment
1. I NTRODUCTI ON

Since the |Iimited resources of arable | and, th
hi gher genet i cThpeortee natrieala fnourmbyeire lodf. wheat genot
variety in crosses i nvdarhieetpireosx ewist o fhidgh ey iogli chs
greater adaptability in the variable environme
al , 2015a, 2020; Thapa et al., 2024).

The i mprovement in yield in the breeding prog
vegetative organs of plants (root, stem, l eaf)
capacity to increase seede ycdhedmndgedgreelaitmeat iacd afpa
qual ity (KnegRei Ol iexeiarla ,$i2l0ll88;athiaeéve 2OHRS, i
understanding t he genetic control of traits,
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interconnection in order to obtain a desirabl e
al ., 3ha6g 2018b; , 2021)
i matic changes make it difficult to yield pr
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negative effects of thre. |Tha tiimor € asitmg so fi ng @ rhe
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varieties contributes to increasing of t ot
vironment &8l atendi 20ads KnRugsesveilil eett aal..,, 220021
oughtt ean dbesidiedgi tal (. , 2008; Sadras and Sl afer,
mperatures ( ReyFiodrdesz eanedt Calt.i,z ,2 210910t w0i | s
22a;) .202nxhr easi ng genetic potential for yield
ed per wunit area and thus the total seed yiel
uld reduce the producti on eccotsitosn aonfd neanthuarnacle
osystems (qQGBQ; nkaleetr iad .et 2al ., 2009; Knegevi l

I'lering in plants is determined with geneti
notype and environemnt. Wheat)t wgheincehs chaarvrei essh oc
hibitioatiomulhatl ddenvieh @ pment of deeper root s,

creases the formation of | arge spikes wunder
20). Tillering is an underground br archifng o
ant devedwemenand ATognett i, 2010) and has a s
eat (RusseAmMonegt tall.l,er2s0 la’fp)p.ear sever al produc
ain, and nonproductive shoot sutwidgrhasiuetrs tfiolnrionneedd
i ke) The density of wheat crops is directl
di vi duale plroptogti on of productive and nonpro
the popul ati oanl .i,n 2c0r009; (X<un eejte vaili. ,et2015). Th
roductive and nonproductive) depends on envi
wing density and miner al nutrition of crops,
ndil et al ., 20116 ;t €lrithd egf et heaeall ar Orl 9veget
trition and soil moi stur e pl ants have hi gh:i
Il Abing)c stress factomasy aitnhihkei tt itmeeiof fsdiromd
age may cause mortify tillers (Xie et al., 2
vel opment and emergence of shoot s, as well a
so &f fiendtertrlupti on of dormancy Defpehat egalonb ad
ctors, the plant may have a significant numb
'l ering is reduced, whichspgpeani dlel wsierd taltse abre
r drought (Mitchell et al., 2006; 2013).

e aimis to det @rmidue ttibvee nurmderr sofofngd ant s |
eat varieties in rare sowing systems which
vironment al conditions.

MATRI AL | METHODS

e 0O geneticaly divergent wiwbheralwhkatyvafiae
nproductive tillers. These wheat varieties w
sign in three refolni adatei dn=e, don nplKotasd jeivoe 1Sen
015/ 16 and 2016/ 17). The seedl®b. @MFn viaowxetaofesl
ngth among whi chmwarlsh et hhmeo ddei sotfa mcaea eofsoOwi2ng sy
express their potential for tilleatiingn) |wmerfeé
rvested and used for analysis of tillering.

riance for monofactorial trials in each year.
re estitmasgtedv blyudFs. oThe aanalnxce was perfor med
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bl ock system with one factor and significant d
.@snd L SDSimilarity among wheat analyzed by hie

o

3.1. Weather conditions
he two years of experiment were differed acco
recipitation. Obtained valueg20db/ iémpedatserce®r
015/ 16 of expmpament wiweheaverage values of pr
010) In the first year of experiment 2015/ 20
igher than average value of temperature in s
empature of ten lynearhse pfeirrisotd y(e8a.r5 oXClexper i men
f precipitation was 651.00 mm and higher than
age total amount of precipitation for ten

epnrer ature and total amount off epmepgeé @ileldot)(|.2d 0F0AY e
eveloping of plant, the regime of temperature
or wheat ©plant devel opmeati od o@\cowdelmebte rplodntssec
ear of experiment were more favorable conditic
n the second year the amount of precipitatioc
recipitati ond waavseemlplgOe.adt umme awas hi gher by 0.8 A
econd year. -aprpkeribd hebheamarprecipitation wa!
econd year (174.0mm) while distribetbood gétapr
he averrage values of temperature for this pe

0 VT < T T O FTITNNT H
<
¢
=

Table 1. Average monthly temperature and to
Temper a|
precipi Seag OctiNo|De|Ja|Fe| MarAp|MayJu| Xm|Tot

°C 201511./7.{3.|-0.{8.| 7.4¢14|15./21]|9. ¢989.

°C 201610./6.{0.(4./5.]10.421|16./22|8. 7478.

20@m1o0 11./6.]1.|0.|]2.]5.911|16./120| 8. 76.

mm 201556./64]9.(86|52[|157/39]135/]48|72. 651

mm 2016 84./77[9.]/22|35|57./82]110056|41./]523

20@mM10 61.144|144]/30]29|133.152|52.169]146./417
4. RESULTS
In the first year of experiment was establ i she
small est npmbewvcwoifvewmomnmi Il ers was 0.67 in the v
shoots in Somborka wheat daciievg.tihl ¢éhiengecan
shoots in Fortuna and 2.83 shoots in Kremna va
was the |l owest 1.23 in Kosmajka and the highes
The average value of wunproductive tillering, [
is higher than in the second year in which the
wheat varieties (Table 2).

variance were established signi

By analysis o
t

f
varieties wi hin same year and between years o
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Table 2. Variability of number of nonproduc

. Year
Variety Iyear Il year Average
Fortuna 2.767bcde 1.033fg 1.900bcde
Sasanka 4.033ab 1.303efg 2.668abc
Danica 3.100bcd 1.667defg | 2.383abcd
Somborka 4.667a 1.300efg 2.983ab
Kremna 3.300abc 2.833bcde | 3.067a
Kosmajka 0.667g 1.800cdefg | 1.233e
Gumadi | 2.067cdefg | 2.433cdef | 2.250abcde
Morava 1.467efg 2.633bcde | 2.050 abcde
KG-56S 1.467efg 1.833cdefg | 1.650cde
Ljubi | |1.333efg 1.367efg 1.350de
Average 2.5 1.8 2.2
LSD Variety Year variety x
year
(0,05) 1.096 0.310 1.550
(0,01) 1.574 0.414 2.226
Analysis of components variance showed that the
(49. 98 %) on t heprexdprces svieont idfl emramg, whil e the
and the impact of the enviweantmeh.t7 g% e(@aTabcloen d3)t
Table 3. Components of phenotypi c-ivnarbioatnhc ey efaorr
Degree Sum of Mean of Co mpone
of Sum of Proba varian
Source off squares F -test - >
reedom (SS) squares bility S | mp a
(BF) (MS) (%)
Repetiti 2 0.6 0.32]0. 45 - - -
Genotype 9 22. 0 2.44|3.4+ 0.0Q0qQ021¢§ 10
Year (H 1 6.6 6.66|/9. 461 0. 000097 476
Cultivar
(G xE) 9 33.8§ 3.75|5.3340 101§ 498
Error 38 |26.1 0.70 - - 0704 3466
Tot al 59 |89. § - - 2037 100
For t-peodoaotive tillering was found similarity
two varieties differed whereiamieneéeb6KGFB56) uane
and a variety Sasanka associated to the fourtt
three varieties (Morava and KG 56) and (Gumadi
with a lesserydelygamrevarfi estiimd awithin them. The
Kosmajka have similarity to tje cluster of si»
minimum similarity is expressed between etrlse pa

of etight varieties (Figure 1).
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Dendogram for non productive tillering in wheat varieties in average for |1and Il year of analysis

Distance

Genotype No

Kremna S [t

(
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tjubidevka. 10 /=
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Morava _ ‘ 8 l\:/} | e—
KG56S 99—
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Figure 1. The si mil atepirtoyduoccft iwhee ati IV aerriiantgi

5. DI SCUSSI ON

Tillering of wheat is manifested tehmeoruggnhn guhned e r
early stages of plant development. The number c
productive shoots affects crop density. Shoots
after pollination awd d$kooi $i z&riodmchuiree psodao
formation of seed yield (Knegevili et al., 2009
or that ef owim hao ustp igke@ dl s c tair e epnrodnddwd tsi. veNosmhoot s ¢
an increase in the total bi ol ogical yield, and
of the plant, increased green aryvyaananpr odhwst i d
mass (Djokil et al., 1992).

I n unfavorable conditions (deficit of water, dt
out faster, mor PDwstlvd etisst gacaulTchebe beneficial i f
fix exceeds the carbon retained i n t-cdiesster ith dtled
after their death. I'n the study ofubarteypgwahb

whil st they are still healthy (Chafai et al .,

phtoassi mil ate accounted for mowrtviofi nad es hcaaatbso n(
al ., 2012) . The producsiuowi ofn@ d$dRoagtes ngenbemr a
detri meretmlbifldorryatmadmn er to seed and value of he
be advantageous fBeerreesyupbres2008§; wkedgevi-I et al
surviving shoots wildl reduce the yield potent
assimilation wisphkéheéeéndéeeltopieng hoot s, wha't i
conditions. This is important for producers to
(Spink et al., 2000).

Environment al factors such as soil fertility,
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I n breeding program in the aim of creating var

more productive till ets, s emeddme ps pkiek e & Kaskpgispailiet
et al ., J)Z0k4 , ge2@20 c i mprovement of i'sS express
photo ynthetic products into seed than in vege
index (HI') and yield potenti al (Knegawd | yieal
potential can be achieved through th i ncreasi |
spi ke fertility (Abbate et al ., 2013)n plont eanddiat
seed mass is also significant (Calderini et al
Iarg spi kel samidk enliegths nsapsisk  Knegevil et al ., 2
seed6n&gevil et al., 2015%nd Tassr @afi spokes ¢
number of fertile fl oré&tsThiss wiendi cnautnebse re foffi csiee
translocation of dry matter through vegpd&le,bun
as well as indicate index?!aorfd rgaudstetsii se phaop ociy
capacity of stem. One of the potenti al traits
which genetic base is not clearly known yet (P
The aim of this investigation is study of wvari
under different environment al conditions.

2. MATERIALS AND METHODS

In this study included 20 divergent winter wheatieties, selected in Institute of field and vegetable
crops Novi Sad and in Centre for Small grains in Kragujevac. These varieties grown on experimental
field in Kraljevo in two vegetative season 2015/16 and 2016/17. The experiment set up in
randomized lock design in three replications. The seeds of varieties were sown at the distance of
0.10 m in rows of 1.0 m length with the distance of 0.2 m. For analysis of spike harvest index
determined in proportion of seed mass splkeass of spike, 60 plants fall maturity stage (20

plants per replication) were used. Based on the obtained averageofahesass of the seed and
mass of spike, the spike harvest index is calculated according to the formula:
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mono factori al system for each year. The signi
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system with one factor and significant differe
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period, whil etitohre 523.all npm ewaspistiagni fi cantly hi
During the seed filling phase of plants in the
and in May the average precipitatioepxwasi meghe
and then in ten year period (Table 1).
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Table 2. Analisys of wvariance for spi

. Year
Vari e 5015/ 50167 Aver a
Evropa|/75.f67 |81.267 78. 61
Dej ana|77 2133776923 76. 8§
Sila 77 bpgdPf| 80 b2d7 78. 81
Omega |80.2%40 |80 .pg!3 80. 61
Lasta |79.2Bd |81.,53 80. 56
Mi |l ica|78.2%3¢ 79 c@e7 78. 9(
Parti z|79 .2pc@ge|l7 7 =393 78. 1¢
Pobeda|80.293 |77.f9"0 78. 9¢
Dil na |79 .2%3¢e81 567 80. 51
NS B 76 .87 |79 °90 77 . 6§
Al f a 79 23cge| 78 913 78. 87
Rodna |78 .21B3¢ 77 7393 77 . 873
Agroun|77 Pedrf| 75 h53 76. 6(
Zadrug/79.283 |(85.200 82. 41
KG75 76 .96 |80 .p293 78. 5
Gumadi|79.alcre 75 50 77 . 4¢
Lev] an|79 2®3¢ 79 bgdp 79. 514
Opl enk|78 277el76 .97 77. 81
Grudga |78.2p0¢ 76 .93 77. 1¢
KG5 6 76 957 |78 98P 77 . 71
Aver ag 78. 4 78. 94 -
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79. 23 %, 7&KG HB%) .
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index. Also, they reported that SHI have the po

ai med at optimizing yield of seeds and its maj
In this study were found significant genotypi
environments. The analysis of variance establi:
spi ke harvest index wer ¢eDisfifgai éncastbande dmnghé
for spike harvest index in varieties, indicate
the expression spike harvest index. They establ
spi keshaiwdex, indicating gedetic divergence o
Tab3d eAnal i sys of components of variance for s
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nsnonsignificant differences; p 0. 05*
In study Knegevil et al. (2021) found that wvar
influence of genotype (25.63%) whileamvPetomaneinit .
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mass of spiAKes o( 48.a639%)t.i on of values of t empe
influence on increasingt 28008ae g et tZ0lLo6fa nsdp i skeee d(
yield ( Matri2g0ld.0,0 v i |
On the base of obtained values for spike harve
di fferentiated in the first year (2015/16) an
similarity from other Vvasitetiestien abhthiwne 6I
greatest similarity is shown by Dejana and Sil .
hierarchical |l evel, followed by Rodna and Gr u¢
variesgconhldecl uster represents a pair of wvarie
cluster contains 5 varieties, within which the
with which the pair of wvari etiiersarAdhfiac aan dl elveevl|
these four varieties the variety Lasta showed
contains four varieties, among which the vari ef
and which weireet ileiskePatritd zwmamtka and Zadruga. The
mutually similar varieties Omega and Pobeda. A1
varieties showed the greatest si miel arxtyhitham
l evel, the third and fourth showed similarity
showed similarity at a greater distance and t he
Europa (Figure 1).

149



Year |
Euclidean distances
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Agrounija
Rodna ‘
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KG-75
1
S—
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KG-56
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Dicna
Sumadinka
Alfa
Leveanka
Parti
Milica
Oplenka

Zadruga

robn =
0.0 02 04 06 08 1.0
Linkage Distance
Figure 1. Similarity of wheat genotypes
index in the vegetation 2015/ 16 s

n second year (m0oiLt6AalT7y shen $§1lmarchvasieties we
Zadruga) that was the most distant in similar
l uster contains two varieties Evropafamdi Bih|l n
he greatest similarity was between the variet
ev| anka and then Omega was with a | ower degr e
f which Milica and NiSeg amfa $i mihloavweidt ya, haingdh wdi
Kragujevlianka 56 showed similarity and then Al
cluster contains two varieties Dejana and Gr u/¢
mutual lyasieniil@as and Partizanka and Rodna and |
two mutually similar varieties Agrounija and (
similarity was between the fourtiht yandt hfeinf tthh ec |f
second. The same | evel of similarity was shown
first and second, and the sixth cluster with t
these two grougprse olfi Kehreac it |l utsheerr sat a greater
all varieties was shown by the variety Zadruga

or—~o—~—

Year 2
Euclidean distances

Evropa
Dicna
Lasta
Sila
KG-75
Leveanka
Omega
Milica
NSR-5
KG-56
Alfa
Dejana
Gruza
Parti
Rodna
Pobeda
Oplenka
Agrounija
Sumadinka
Zadruga

iy

o

2 3 4 5

Linkage Distance

Figure 2. Similarity of wheat genotypes

index in the vegetation 2016/ 17 se

I n these studies, the examined wheat genotypes
varies 7ibet6ade@ n82. 41% i n t won vetgledratstowmdys eafs owh
similar values of variation in spike harvest ir
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of spike harvest index imdhaatveshi gmdeuxmhidrtof
seeds. The significant positive association of
number of 'G.eGea*s* sptikkeusand seed mass 0.63** anc
study of 61 advanced Iines and five Ilranian va
with previous results reported in spbkachaf Rak
index ascompénentheasf yield, the greatest contri
and accessibility of mineral el ements for abso
and reutilization and trans| ®Riat-dmadofenr.glan, c2

4. CONCLUSI ONS

n this study were determined significant diff

I

of experiment according to spike harvest index

har vesitn itntdeexsame vari etny iinmitcwad evegeatodtyip@en ss e a

environment al conditions. The highest val ues o

expressed in the second experimental i nvestiga

t he secoexdp egreiame notfa l investigation. The differe

and highly significamtenéobirc spa&eorhsar vesvti rionnd

genotype/ environment interaction haddax. infl ue
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EFFECT OF INTERCROPPING ON SOME IMPORTANT YIELD
COMPONENTS OF SMALL GRAINS

VI adi mi t] PRejiagf | CAeisknid] Plewangdi'd vieér a2 Raj il i

Kamenko B akKkbstihma Lukovil

Y nstitute for Vegetable Crops Smederevsksz:
*vperisi @il matiat. uts

Faculty of Agriculture Krugevac, Univers

Center for Small Grains aSdr Biunal Develo
Abst rChatacteristics of smal | grains, such as densit
l ess favorable periods of the year, enable the appli
of healthy food. hlee Gtuumiaalli j wadDi seti atp, iinn tfour I 0«
intercropping system of winter cereals and peas. Th
some | ocalities and for some s peercisepi,kewhiRees unlot se fsfhe
main sources of variation had significant effects o
Key worSinsall grains, Pea, Intercropping, Yield compo

1.1 NTRODUCTI ON

production represents the cornerstone of
l' i ves, especially frommprerratomemito @i
nt amounts of food throughout history \
hrleye fwdbds and reached its peak of see
, duriengsatlhlee dp €rGroede no fRetvhol uti on" in agr
ristics of this movement were the appl
e producti on, favoring monocunduaed th
intensive use of mechanization,
of the main advantages of this pr
he most (ompomtawheatgy i ciudt-éavealaocgd
n Asia, Africa, and South America
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c

ring the time, research has indicated the e
production based on tmiasiegppteacalse prfi mamriilcwl t
i mportant resource, which has resulted in the
mi crobiol ogical properties (Tadesse et al ., 20
growatder pollution, a decrease in biodiversity,
amounts of chemicals (mineral fertilizers and i
of the final product inlthesiduoumsof the presen

The devel opment o f awareness of the disadvant
formation of a number of different sustainable
which aim to achieve both ecomomtci mpdr ttawt rg
sustainable agriculture are efficient manageme
the agricultural sector, stabilization of 1inco
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and modernization of a
et al ., 2016 ; Yadav e
invest ment s, sustainab
rationalization (reduc

I production,
20) . Unli ke <co
fohnggst emmat ch
he use of mine

|1 grains, primarily wheat, represent one o

been constantly growisigenitrurtyhe Sbimes tof dé& che
racteristics of winter small grains, such as
|l ess favorable periods of the year (autumn

o—+mD®—0 W
+~0 >35S 3
(IR

able thefaphki patnonples of sustainable agri

od. Cirods$ cian tperms of the nutrient requiremen

growth after sowing and intensive devel opme
The formation of a sustainable model of wi nt e
|l egumes (peas, vetches, lupins, etc.) can be o1
facing modern agricultujal Spmbidottcohi kdaevoni o
air is a feature of | egumes and the amounts o
species, so -120r Ky oleoar fprecams ,4 v e4 @ el eatm aly el aern tfid
clover,2580dkfgprhaal falfa (Tadesse et al ., 2016 ;
Research has shown that the nitrogen from the i
but also a significant amount is released by t
cultivation of smal/l girmmg niss amasddegameshé nsymé
bet ween the two cultivated species, through tl
increased degree of wutilization of sunlight du
of weed bpethe opti mal density of the intercro
2022) .
The main goal of the research is the estimati
production in comparison of two system of pl ant
and annual l egumes (wintdre gegappamdg Sy sd £Ine DN
the main yield of plant species.

2. MATERI AL AND METHODS

The experiment was set up in the territory of
Lapovo, Vojkovci, and Oplanii) during 2022/ 202:
and sustainabl e product i owhesayts taecnmd otfr iwiinctaelre )c e
intercropping. The #roiwalbaird elyudead iteh ey Wierktoerd ,t \
Kruna and the winter triticale variety KG 20,
Devel opmenatc .KrAasgug elvegume within the intercrop
winter protein pea variety for grain NS Mraz
intercropped part of trial, seed s&0%ofosmae¢had.
2.1 Gumadija District soils

During the plot sel eatoipsn,oncrsed ercdteat ipdm,t si .(ec.o
other | egumes, etc.), was considered. The sele
m in Lapovo to 591 m iom sModjekroevdc ii)n lwahti ecrh driussctu ¢
results. I't should be noted that several soi l
corresponds to the diverse orographic conditi o
allugemomjca, gajnjala, podzol, red, brown and
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Before the experiment was conducted, soi l s a
agrochemical soil analysis at four selected | oc¢
parameters were active acidint yl MipkoGH2nO iaonmde t g U b
humus content (Tyurin, 1953), tot al nitrogen ¢
content (mg PRI@OBtHOA gRsehin) 1943), readily av
K2 O/ 100-Admestoif Rd e h m, 1943) .
Based on the agrochemical analysis is establi st
acidic reaction, from 4.47 (Vojkovci) to 5.81 (
and phosphorus was detgrmwhédef ohet pet@pbaniml c
all analyzed plots (Table 1).

Table 1. Agrochemical soil analysis for fo

Locality Acidity Humus | Nitrogen | Phosphorus Potassium

pH (%) (%) P05 (mQ) K20 (mg)

Opl an| 5.56 4.15 0.16 15.58 37.56

Jovanovac, 5.81 3.95 0.20 9.67 19.40

Lapovo 5.15 3.80 0.19 3.22 19.40

Vojkovci 4.47 3.64 0.18 5.86 37.56
2.2. Gumadija District climate
The Gumadija District i s characterized by a
variations, due to the significant di fference
average annual t e mple rAaCt, u rien rweahrgneearv énroangienSv al u e s
10 AC and during-ToA@erThntdgi mbmoive character
precipitation, which places it in the "drier"
precipitationtte Guhmadiejra i Diogtyr i@0 imm,i naltthheo urg
mu st be noted that in some extreme Byaesards otnhi s
meteorol ogi cal data of temperature and precip
Kragujevac (Figure 1), it can be concluded tha

the experiment wer-geat cah(e2(B@BB ! ohetdmomntt anoc

of precipitation during t ke wex ge raibrayeea rt ihaedanaied gte
during November, December, January, April and

81. 4 Tnhne)r.e were 24 days with precipitation duri
even 300 mm. October 2022, as well as Februar
stressful periods in terms of luarcikngo fOcptroebce rpi(t7
compared to 50.y8eamm dawver aghee) nruelstul ted in sl ow

t seown species/varieties in the experiments. Sn

March and May sl owed down the development of ¢
temperatures.

From the available meteorological dat a, a siagr
during May and June 2023 is noticeabl e. From
I nstitute, it can be observed dt hJastnea (12ar gdea yrsu 1
mont h) with difference between the minimum nig
degrees Celsius or more. This fact can be take
in flowering andrfae mtsi,|l iespteicormlilry gmaltli cal e, w
values for the 1000 grains mass and hectoliter
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Octobe4J u@®2 2023y ecaanrd anvuel-2tigs8) (RAOBraguj evac

| preparation at the selected |l ocality and t
hampered by insufficient rainfall duwring O
r average). Tcheerrreif od equts ofwi g @atsober 18 to
eriment consisted of a conventional (sowing
smal | grains and field peas), with fhe size
i ngowirreg soi l preparation, NPK fertilizer wi

unt of! 3WWi kg dwaring the growing season, nit
an amounlt cofnvieha i kg al a'piamt ¢r amdppO&d kgahi@) .

ing the growing season, protection of the p
l e the part of the trial with the combined
h herbicides. The andaéndaddvygst dieegamdi ing loa
cies/variety.

metrical analysis of recorded data for spik
ieties/ species of small/l grains was based on
09) and SPSS 20 (201l1)ucthecdl ansicor @dif ngv atr ® ac
domi zed bl ock design (Johnson and Bhattachar
nci pal components of interaction were estab

AMMI 1 met hod.
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he studied cultivars of

spi ke t
hitghadt (dvguages RValama f39r.
1
t

ation a
iety Re
was re
orditngpe o
n monocroped

cm), wheat variety Kruna
he Jovanovac | ocation in
rial, cul tivar Rekord intercro
in Jovanovac | ocation, as wel |l
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Figure 2. Average values of spike lengl Figure 3. Average values of grain numb
by species/varieties at the per spike by species/varieties at the

examined locations examined locations
The cultivar Rekord achieved the | owest average
t o whheeat and triticale cultivars, which can be
characteristics of the spike. The highest wvalu
the intercropped part of tmiitailcalue vegnofThpepesexah
average values at the Jovanovac site in both t
recorded such obvious differences between diff
intercr apdieryg amfd wheat with | upine at differen
there was no statistically significant effect |
The AMMI anal ysi s of variance reveal ed stati s
genotypes, environments and GEI in the express
in the total variations h@&%) it hehivhei ancier ®ome GE
variances were | ower (20.85% and 5.94%, respec
Table 2. Analysis of variance of AMMI m
Source df SS MS F Fprob
Total 719 1404.9 1.95 * *
Treatments 23 775 33.7 39.25 0
Genotypes 5 834 16.67 19.42 0
Environments 3 292.9 97.63 19.92 0
Block 8 39.2 4.9 5.71 0
Interactions 15 398.7 26.58 30.96 0
IPCA1 7 277.4 39.63 46.16 0
IPCA2 5 104.2 20.83 24.26 0
Residuals 3 17.2 5.72 6.66 0.00019
Error 688 590.7 0.86 * *
AMMI analysis of principal components, I PCA1l a
significant effect of GEI was established. The
principal components, wherein | PCA1 covered 69
while | PCA2 explained additional 26. 13 %.

157



1,2
1

Kruna_C
||

08 m kc2o c

0,6 Lapovo ] | Oplani¢

04 oo -

. Volkovm|

X 0.2 - | E KG 20_S

- Y S ]

8 02 " |

g -04 Kruna_S I

Y 06 I Rekord C

&—0,8 I'

1 |.Rekorda§

1.2 : Jovanovac

-1,4 | -

-1,6 '

8 9 10 11 12
Spike length (cm)

Figure 4. AMMI 1 biplot analysis of sta
According to AMMI 1 biplot analysis of stabilit)
KG 20 with the average spike Il ength above mea
expressed stability, but t hleo weevre rtahgaen vtarliuael ovfa
Voj koveci represented the most stable | ocality
spi ke Il ength. A similar | ocality was Lapovo wit
rel ati velbyi Imadeswhidtea | ocality Jovanovac is en:
with narrow stability as barley genotype Rekor
The AMMI analysis of wvariance for number of gr
significant effects of treatments, genotypes,
trait. The most i mportantvaparthcien ftome gtemtodly pea
Similar findings were found by Knegevil et al
According to AMMI 1 biplot analysis of stabilit:
spi ke were wheat variety Kruna in the convent
monocropped triticale cultiwnwnar ekK@r268sednhar copi
esspecially in |l ocalities Jovanovac and Voj kov

Table 3. Analysis of ariance of AMMI mode!
Source Df SS MS F F prob
Total 719 208150 289 * *
Treatments 23 167734 7293 128 0
Genotypes 5 155317 31063 545.21 0
Environmenta 3 8121 2707 17.79 0
Block 8 1218 152 2.67 0.0068
Interactions 15 4295 286 5.03 0
IPCA1 7 3490 499 8.75 0
IPCA2 5 716 143 2.51 0.02885
Residuals 3 90 30 0.52 0.66536
Error 688 39199 57 * *
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SPI KE LENGTH AND NUMBER OF GRAI N PER €
WHEATr(i ti cumL)aeGROWNIMON TECHNOGENI C S

Nenadi'MaDia rkiojndlidl varfa Togi |

Power Plants Stanari, Stanari, Republic o
*nenad.-mabhna@e. net

y of Banja ,LuKkanj & alcwk a,y Rdp Alglrii c u
ur al I nstitute of Republic of Srps

Universit
SAgricult

Abst rTehdts: paper pr es enetasr trlegsbeflabr 86l Ho7o fi mpwaoct s of di
agtechnicalt ometanseur gsel d compoofntwi nbEINd wane Btosmanmlea,
Prijedor| anka, Ogrownamdl| Eovr @apad 9Dgposol in the pr
terchnogenic soil (Stanari lignite mine area). The
di fferent dosages of eMNoBstKbo,iNkasRs Bao Neo+ §RI7K 37y Nbo+ sleiK2 @t dne nt s

NoPoKg) and variety to quantitative properti)esA offi a@lhd

experiment was set up following the randomized bl oc
research was the effect of three factors: year (A),
researched fwhreagpiviee ileengtsh and grain number per spi
2x4x5. The relevance of the differences was tested

cm in the Orion variety, valsi I5e Ot lten s maltlhestEvmeogpra DMOi
was found between fertilizer treatments, the | argest
of grains per spike (13uh@0) oiwe st henedov & aBaeanlod \ dre
measured in the ctoetchaol caTheeapgpplkiesdi ampact the prod

& wheat in t ke orleoygdaradhednagrtd ons.

Key w®edlsamdariiotghteyMdne area Stanari

11l NTRODUCTI ON

Il ncreasing surface exploitation worl dwi de, as
deposits, particularly coal, results in | arge
damaged | and in Bosnia anthe&rRbhe gowyi nda0sth tohvaelm e 2
The area of Il and in the Republic of Srpska cov
has been appr 87Wé&d hamdqumatls it,o 28023) . Having resce
of the biolredgiaddll iphaseonofi n the | argest three
mines of Gacko, Ugljevik and .BalaanarMal,i iwhetc halj.
found that the reclamation process encompassed
goal of restoring damaged areas that are the
establish functignahetgwewhyotighmemdnéagéeéahnogeni
Out of one billion ha of arable | and on Eart h,
that2 19D ha of | and yield over 600 million tort
areas under wheat c¢crops are found in Asia (98
mi |l lion ha). I n recent -tyearnsdcess,hictmddsc It iomagted ed h a
yields are contlnual2|0)09|)nche)amE|sﬁg1a:(Wehgih/l:eitmehts E))
genetid gdotrerntiied Hed( Mameield i2e0rl Bjl.dd enhancement i s
linked to increasing the ratio of dry matter i
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compl ex <characteristic, the realization of w h
quantitative propeknteigeesvids eittTshlc opnrpRodn2eényt sp r(op e
definition of productiveness are the number of
and the mass of the grai,ns2@kr) .spHdwre\(&r,altjtee irl
guantitative properties results from the actiyv
dependerntr amutuhé interaction ang @0ttg)de Thafl
appropriate way to increase total bi omass is i

numerressealracws t hat spi ke properties continue |
(Borras 2®dt04al Bl ahkelselaetvG7; Lt000Lndi OB al ., 20

I n their analysis of the effect of components

and 100 |l east productive wheat genotypes fromt
and Vegetable Crops Denn|Nolvi( 1S%9%97 ) Ksotbaitle ds ktih aatn da
of grains per spike, the mass of the grains pe
al ways result in increased grai n?aynidelad,l awhgielre s
index are in fact indicative of | arger rain vy
ascertained a highly significant <correlation b
spi ke, bet ween the numbemplafmtgr dienwvegpar thei knas
and yield per plant, and between spike index an
correlation between the harvest | ndexaramdesglaar
Knegevil (2014) determined the differences in

varieties over two years and under every variat
spi ke Il ength increased in corlrotstp ombdssenrcvee d oy & aht
means that the phenotype variability of spike

t wpear research of 20 wheat varieties from Sertk

that the avmbagepgraspi ke was 31 to 41.

So far, the projected directions for Deposol r
barren overburden deposit sites, are towards a
et., aP @O2I3,; ,2\a213i) 1. Deposol s are char actiemwpiazced by
of reclamati ont mehsaolegyandghiagho with the ti me
climate i mpact, act on the technogenic parent

formation and f or med rteecclhaniofhkbag iiscloailé nfaeOr®taijlkiotvyi o

The technical reclamaeicamiical fahldowde by ol ogi & ¢
which is being performed on damaged areas at t
of the surface | ayer otypkeesovérbwhdemh, iis. €ehtah
fertility (Malil, 2015), where the need arises
research on direct reclamation in the Stanar.i
recl amat Deposol s that have already been melior
indicates t he possibility of cultivating cer:
buckwheat, tritical ey,eawh eraets eatrrayhd ,.c uMat( i2ndlledixm ga It
measured a maxi mum me&ronyi@ludngf tBheS5resédarch
measurements on winter wheat, Mal il and Mandil
of the Prijedor| alnk&mes&r iodt yt haet re.s2&@rtchhavas t
varieties and dosages of mineral fertilizers r
phase of the reclamation process, and eventual
The aim of the study is to determine the i mpac
on variation spike |l ength and grain number per
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2. MATERI AL AND METHODS

The research was conducted on a test plot with

at the Stanari Il ignite mineeclaamaptairotn o(fEI tetkd r |
municipality of Stanari, Republic of S2®b6Kka, B
and 2@I% the focus of the restacltmi ovals maa g three
guantitative properties (spike |l ength and numb
(Triticum .a)eswhivaulm were grown on meliorated Dep
agtechnical phase of reclamation was perfor med
sudangrass, oil seed rape and rye for two cons
mel i orated Deposol. The wheat was sown in the

hadasowing rate.

A t Hraed or field experiment (2x4x5 type) was se
met hod with 4 replication’5xfhenwhiidze dfhet hsep alca
the blocks and plots was 0.8 m. FactonaAdrepre
&) The second factor, | abel eqd Blovias Bos@nkar i( &
Prijedorlganioai o Elanhdpdpd00 .( Bwre first three va
at theétAgrilcunstitute of the Republic of Srpsk
one was selected at the Institute of Field and

The third factor (C) represents dosages of mi
supplementation, 1)Wi&MBdeh 2) C &R e3NCt 6 NiFsoKLr 4) C
Neo+RsdKszand ccondKepl TNe mineral fertilizer used
during supplementation it was KAN (27% N).

Pl ant sampl es for anal ys etsh ewemea stuarkeemme nitns necaotnudi
wheat crops were performed manuall y. Statistic
anal ysis method (ANOVA, 2x4x5), while the mean
using the LSD test
The experiment wpsesaseceandptlomed her dtwowd Deposol
process, the texture of the soil being sandy
fractions. Table 1 shows the ephesmnmilsali nprtdcpeerrtei
process.
TablReslults of the chemical analysis of the
Orga Pl ant ava
r?ﬁmg pH mat t HEJ;;)O (mg/ 100¢g
H,O KCI ( %) P,0s K20
1 4.9 4.3 4.8 0.7 3.0 5.0
2 5.7 4.6 5.0 0.1 1.8 2.2
3 5.4 5.1 3.9 0.5 1.2 1.1
4 4.7 3.9 4.2 0.1 0.8 1.5
The average rainfalelarmeaguroad (i20 1t5he 2t0HBe@and 2
the winter, spring and early s-0dmmej pheiodiof a
2016 was 498 mm, and in the same pyegrairodaiorf 201
temper at ACe was 12
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3. RESULTS AND DI SCUSSI ON
The following table presents the measutyedrval u:
research period. The mean value is 6.71 c¢cm.
Table 2. The average spike lengtim)
Research year (factorl
I 20169 (a 20172 (a
Fg;t(lzlg?tclgn Vari ety (fadg Variety (faq X@©
(D (d | (I (ba) (D | (D] (D (ba)
N. Bl Pri|Ori|Evr. N.B|PrijOri]|Evr.
(% eNeFosoikeo | 7. 2| 7.2/ 8.2 7.0 7.3/7.3 8.5 8.0 7.6
(2 6 NRosdle 0 7.0 7.2 7.2 6.7, 6.6{5.8 7.8 7.8 7.0
(% oNFedKsz| 5. 2| 6.2 7.2 6.5 6.3/ 6.66.7 6.2 6. 4
(@ oNFReKsz| 7.2 7.7 6.9 6.0/ 6.8/ 7.1 6.2 6. 0 6.7
(& ofKo 5.5 6.2 6.5 5.0 5.55.76.065.7| 5.7
X(B) 6.4/ 6.9 7.1 6.2| 6.5/6.5 7.0 6.767
X(A) 6.7 6. 73 )
ANOVA A B C AB AC BC ABC
Fexp. 0.01 4.%% 17*37 1.04% 1.1 2.%%9 1.08
L sodos - 2.6 2.37 - - 1. 75 -
L sodo1 - 3.78 3.32 - - 2.18 -
Modalities with highest values
by by by by b,
10 |
,g %(’\L s (b1) Nova Bosanka
= 5 — (b3) Orion
L%u s (b4) Evropa 90
i:i s (b2) Prijedorcanka
0
I R . S
& ﬁ@“' “g;\v S‘ﬁ;\v @.\"ao
$ & & & K
@e @e @xx 3“%
Figurelnteraction effect of the variet
fertilizations (factor C) on the spike

Varianceanalysis shows a statistically highly significant impact of the basic factors of variety and
fertilization, and their mutual interaction (BC). The maximum mean spike length in both researched
years was measured in the Orion variety combined with fertiNgerdPsoKeso. The lowest values

were measured in the control for the Evropa 90 variety in the first year, and for the Nova Bosanka
variety in the second yearhe relations of interaction iRigure 1l show a varying distribution of
means for the modalityfahe B factor (variety) in relation to the treatments of the C factor
(fertilization): c1(bs> s> bp> by), G (B3> ba> b1 > by), c3(b3> > bs> by), & (b2> by > bs> hy),

and ¢ (bs> > by > by).

Table3. shows the measured results of the grain numbers per wheat spike. The measured values are
in the range of 13.00 to 48.75 grains per spike for the researched wheat varieties.
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Table 3. The average grain number per spike

Research year (fact
2016 (a 2012 ( a
Fefrtilization Variety (fa Variety (fac K
feeor® Tp | (a | (o |® (| (» | (9 ©)
N. B| Pri Orin90 N. Bl Pri| Ori Ev
(% 6 NRBsoKs 0 38. 35.136.(136. 30. 33. 30. 29 . 33.
(B 6 NeRodKe 0 20. 4 2. 34.]132.28. 30. 2 8. 33.71 31.
(6 NeFRBKz 7 32.124. 30.]25.48. 36. 35. 34. 33.
(D 6 NeRsK3z7 30.1]33. 30.]{25. 30.| 34. 32. 28. 1 30.
(83 oMKo 13.]1]20. 15.]116. 16. 15. 16. 14. 16.
X( B) 27.(131. 29.127. 31.|30. 28. 28. 59
X (A) 28.67 29. 44 )
ANOVA A B C AB AC BC ABC
Fexp. 0.5 1.23 34*591.0 5.867%1 2.%% 0.84
L sodos - - 2.37 - 2. 37 1. 75 -
L sodo1 - - 3.32 - 3.32 2. 1§ -

Variance analysis shows a statistically highly significant impact of the fertilization factor, as well as

of the yearxfertilization (AC) and varietyxfertilization interactions. The maximum mean number of
grains in the first year was determined for
(Neo+adPs0K60) fertilization treatment, and in the second year for the Nova Bosanka variety with the
following fertilizer combination: Mb+odP37K37(C3). The lowest values were measured in the control

for the Nova Bosanka variety in the first year and for Evropa 90 in the seconérigeaes2 and 3

show the determined interaction effects.

Modalities with highest values
Cy C3
40
2 e (1) NG0+-00P 60K 60
=3 35 .
5 (c3) N60+-90P3TK 37
(=%
£ 30 %ﬁi i (2) N60-+40P 60K 60
%“ s (1) N6O+40P3TK 37
_E 25 s (¢5) control
Z 20
(al) 2011 (a2) 2012
FigBrelnteraction effect of the years
fertilizations (factor C) on the number

The relations of interaction inigure 2 show a varying distribution of means for the modality of the
C factor (fertilization) over the two years of research (factoef(c:> ;> &> 3> ¢5), and a(cz>
C1> 01> &> G).
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Modalities with highest values
by by by by by
60
2 5
- 0 e (h1) Nova Bosanka
] 40 .
o / (b3) Orion
k) 30 — N et (h4) Evropa 90
g 20 ¥ i (h2) Prijedorcanka
£ N
Z 10
& & 4 M >
td & «'\J “3\‘9 &
s N & @ﬁ‘ &
o & -8 8 -
&S @ & @

t he
t he

vari et
number

of
on

effect
C)

FigBBrelnteraction
fertilizations (factor

The relations ofinteraction in kgure 3 show the existence of statistical relevance among the
individual varieties especially for treatmentsanad k. In addition, the number of grains per spike
for the researched varieties for individual fertilization treatments is in the following reletitn>

b1> s> ), G (ba> > 3> by), C3 (01> 2> 3> o), & (b2> B> by > b)), and 6 (b2> s> by >

by).

The measured values for the observed quantitative properties of the researched varieties of winter
wheat in treatments with fertilization are in the range of mean values for domestic wheat varieties
grown in natural lands. The maximum mean values of spike length for both years (8.25 and 8.5 cm)
were measured where the applied dosage of nitrogen fertilias highest (90 Kga!N-), which is
consistent with the findings of Knegevil et
the increase of nitrogen dosage. As opposed to this property, the maximum mean value of grain
numbers per wheapike (48.75) was measured with the same dosage of nitrogen fertilizer, but with

a lower content of the other elemef(idso-ods7K37). The mean grain number per spike for the
Evropa 90 variety in the fertilized treatments was ranging from 29.8 in the first researched year to
31.5in the second year, which is consistent with theyi@ar mean value of 35 grains for that variety
asfoundby Stoj kovil et al (2010) .

al

4 . CONCLUSI ON
The twoyear research in growing winter wheat within the biological phaseatdmation of the
meliorated Deposol in the process of reclamation in the technogenic soil (Stanari lignite mine area)

found the following component variability for the measured quantitative properties:

- the mean spike |l ength was in the range of 5.

- the measured maxi mum grain number per spike
mean value of 29.05;

- the maxi mum spike | ength and grain number w
fertilizer was highest, while the | owest val

- the maxi mum mean wheat spike | ength was for
the Evropa 90 variety;

- a correlation was found in the Nova Bosanka
number of grains per spike (48.75) and | owes

- the combination of proper variety selection
significant i mpact on the success of the bio

- the appltéeekdniagalo measures influence the prod
crops in thecobsgrvald agnditions.
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Abst rAggati:cul tur al production heavily depends on pest
factors. Whil e the most environmentally friendly so
eat ments, such tr aatlmermgtes naurmdb emre ods Farcyt odise tTher e
emi cal treatments plays a cruci al role in enviror
secticide treatment agai nstaft H@ddedmen dmie |cpan dywe sstiegsnie
e efficacy of insecticides in the field. The study
tonomous Province of Kosovo and Metohija, Serbi a.
opf ,i ttstked presence of pests wOsl eenaomeéelheiopgshhe hmc
evalent. The research was <carried oumetcwrrionpg2@2
nditionse wleore tflaw ogwambvi val and devel opment of the
e cereal leaf beetle on two wheat varieties, "Zvez
control wi t hout odhemi dalr epr oitagdtaindams, welriel & rtelad
erent active ingredients in concentrations recol
Decis 2.-35EY 6addl tamdteybal A®0fYgamhtbang with a
tment before sowing using +2m0elLlgn sBeacsteidc i alre tCloeli pr
i nd monitoring of this pest, the highest i
e foliar insecticidecerpaalveldelagif fthewosttivvaer iiam t
s were treated before sowing, a |l ower infestati
r
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ved. The insectiraitckad Déeei shizghesECeflé€émoasy whe
ed flag |l eaves. Both foliar insecticides achie
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11 NTRODUCTI ON

Chemi cal treat ment against pl ant di seases and
i mportant protective measures. However, due to
harm beneficial flora and fasunwel &ndasttecemuceer
environmental damage through various pollution
excessive use of chemical agents has negative ¢
treatment i s kefeppempesufsf beil ewt tthe damage thresh
agricultural production (Garraway, 2020).
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entire wheat h ests were destroyed. Thus, ap
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2. MATERI AL AND METHODS

The research was conducted i n loaated in kaplig¢ Seloy i al a
Gralanica Municipality, during the 2023/ 24 se
"Sofra". During the study were occured unfavorable weather conditions occurred, a long dry period,
uneven germination, and fewer tillers. Thenter was with no low temperatures or snow cover,

which led to wheat development without winter dormancy, thus favoring pest development.

Wheat crops care was conducted by chemical treatment of weed control and disease prevention,
along with the use of growth regulators. The occurrence and intensity of the cereal leaf beetle
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(Oulema melanopisttack were monitored on four variants, arranged in a randomized block design,
with each variant having three replications on the basic pldtif size. Variant 1control without
chemical insecticide protection. Variant @lants originated from seeds were treated before sowing
with the insecticide imidacloprid 200 g L. Variant 3- plants Foliarly treated with using
deltamethrin- 25 g L. Variant 4- Foliarly treated with lambdayhalothrin- 100 g L. The
treatment of the exgimental plot was carried out on April 30, 2024, using a backpack sprayer. The
efficacy of the insecticides was evaluated using the recommended concentdgftamsethrinat

30 ml hat andlambdacyhalothrinat 70 ml ha. The efficacy evaluation was conducted 2, 7, and
14 days after foliar treatment by determining the number of lardad he insecticide efficacy was
calculated using Abbott's formula, which is as follows:

U-T

- 100

( UX
WhetiEeés the efficacy of theUitsesttheed niunnsbeecrt iocfi de v
the untrmméeat edhephatmber of | ive | arvae in the tr

The damage caused Iulema melanopukarvae to flag leaves was assessed on 10 randomly
selected and marked plants before the appearance of the pest. Damage was evaluated using a four
level scale (Ulrich et al., 2004). The damage to the leaves caused by this pest was classified into four
catgyories (Table ). The damage was monitored only on the flag leaf and was determined by
visually estimating the area of the leaf that had been eaten.

Tabl e le add\iaedaet s s e s
Class Damage to Leaf Surface
Class | Grade 1) Up to 10% of the leaf surface damagg
Class Il Grade 2) | 10- 20% of the leaf surface damaged
Class lll Grade 3) | 20- 40% of the leaf surface damaged
Class IV Grade 4) | Over 40% of the leaf surface damage

3. RESULTS AND DI SCUSSI ON

The efficacy of insecticides <cal cuTaatleed 2a c cTohre
insecticides Deltgmat bt hni nawdr eampgpgbhi ed folia
while I midaclopridwas used as a seed treat ment
and the efficacy ofstmeniatorpdécdonndaygsi 2j dés am
were performed visually, by examininduéawmd var

me | a nlogruvsa e .

Tabl e 2. eflfnisceacctyi cd Eilokk b & me a b J

2 days after 7 days after 14 days after
Variety Treatment - treatm_er_lt - treatm'er_n - treatme_n t
Live Efficiency | Live | Efficiency Live Efficiency
larvae (%) larvae (%) larvae (%)
© Deltamethrin 3 7857 1 94.44 0 10000
3 Lambda 4 7143 1 94.44 0 10000
N cyhalothrin
< Imidacloprid 7 50.00 8 55.56 8 63.64
Control 14 - 18 - 22 -
Deltamethrin 2 75.00 1 9231 0 10000
=2 Lambda 2 7500 2 84,62 0 10000
[} cyhalothrin
@ Imidacloprid 3 6250 3 76.92 5 68.75
Control 8 - 13 - 16 -
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The insecticide Deltamethrin, even with the fi
second day, the efficacy was 78.57% for the Zv
five days,post satvementdaytshe efficacy increased b
and 92.31% for Sofra). Maxi mum protection was
efficacy reached 100%, with no | arvae present |
As for the i rmyyéacatliodihda nLamhhtdal so showed positi:
assessment. The number of I|ive | arvae on the e
for the Zvezdana var%.etlyhe wiumbam eff fliicmae yl arfv a
the Sofra variety was 2, with an efficacy of 7
|l arvae found in the field for this experimenta
i nce@aso 94. 44%. For Sofra, 2 |l arvae of the pe
the first assessment, but due to the increase i
of thecyhmbaoda hrin treat mentbeishcrresssudd twems8 d.cé
fourteen days, with 100% efficacy for both var
I n the third variant of the experiment, where |
I mi dacl oprid, somewhat di fferent results were
insecticides. Characteristthefdatahsbowanyg ©oha
day of treatment, the number of I|ive |l arvae wa:
For the Zvezdana variety, the assessment after
was 7, iwistettaci de efficacy of 50 %. Seven days
was 8, and the efficacy increased to 55.56% du:¢
For the same variety (Zvezdananhcrédsdays aheten
| arvae, which reached 8. The efficacy again in
|l arvae in the control group had increased. For
showed that thevaembart bbb eldmitdaetaltopernitd was 3, a
efficacy was 62. 50 %. Seven days after treat mer
efficacy increased to 76.92% due to the increa:
(Sofra)af tldr dtayesat ment with foliar insecticide
group whose seed wasi naoreeaa ad wtid h5 . mhi hdea cd fofpird ac
As for the control variant, the number of | arv
parts of the experiment were treated foliarly,
variety and 8 for the aStofmumbvearr iientcyr.e &s evck tdoayls
variety and 13 for the Sofra variety. On the fi
variant had 22 | arvae for the Zvezdana wheat a
Looking at the results, we can clearly observe
Such results can be explained by the greater af
since previous fi el d treens uslatwsf |syh ocwheodo stehsa tt hteh ep | wal
wi || feed. The |l eaf width in wheat has an i mpa
and Hoxi e, 1988) The quality of the host plan
of phggops insects (Dosdall and Ul mer, 2004; Ca
However, another factor that might have influe
variety is that this varietlye hadf whewaar ast y hlea
preceding crop. Regular crop rotation has extr
the wheat stem sawfly (Gotlin Luljak and Jura
needed to cromifnedewhdty ceused the significantly
wheat plants of the Sofra variety compared to
The gdgoade scale, modified and el aborated by Far
et al. (2012), was used to assess the attack o
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the flag |l eaf and determined by visually &eval
evaluation, ten randomly selected and marked p
with three replications, nhaek iantgt aac kteodt apll aonft s3 Owe
into four gr dauwplse alc.cor ding to
For both studied wheat varieties, a different
|l eaf beetle attack was recorded (Table 3).
Table 3. Variation in the number of damaged f|
- Severity of leaf damage
S | Treatment 7 days 14 days
@ Healthy | Grade| Grade| Grade| Grade| Healthy | Grade| Grade| Grade| Grade
> leaves | 1 2 3 4 leaves | 1 2 3 4
© Deltamethrin| 27 3 0 0 0 27 3 0 0 0
% C'};ﬁ;‘g’t‘:ﬁm 25 5 o | o 0 25 4 1 o | o
& | Imidacloprid 25 4 1 0 0 22 6 2 0 0

Control 5 15 6 4 0 3 17 5 3 2

Deltamethrin| 29 1 0 0 0 29 1 0 0 0
© Lambda
5 cyhalothrin 27 3 0 0 0 27 3 0 0 0
@ Imidacloprid 27 3 0 0 0 24 3 3 0 0

Control 9 12 6 3 0 8 11 8 3 0
I n both wheat varieties, it was found that the
|l arvae Of mbkelapdbpisamage to |l ess than 10% of the
smal |l er number ha2d0 % a(hgargaed eb e2t)w,e eann dl Of ewe+r pl ant
40% (grade 3), with the smallest number4d4xshowi n:i
The intensity of damage greater than 40% of t he
and only igr dthpe (cwintthroout insecticide) after 1/
treatments with insecticides or in the Sofra v

When observing only the treated plants, the majority exhibited no signs of pest damage, and these
leaves were classified as healthy. In the case of the Deltamethrin treatment, plants that were affected
showed a damage intensity of 1 (1 in Sofra, 3 in Zaeadvariety) to 10% of the leaf surface on the

flag leaves. This level of damage was most prevalent across all treatments, including the control
group. Damage intensities 3 and 4 were not observed in plants treatedodither through seed
treatment bfore sowing (Figure 1).

35 9 0 0 0 0 o
o 1 0 0 0 0
o 0 0 o 0
30 picgic |G 25\
2 1
R AR -
b
g o2 6 =
s 5
£ 2
:
€ $15
2 % 27 =L & 27 ” 1
% w10 2 22
e
E
2 s | | 8
2 3
w 0
s Lamazs- Control  Deftsmetarin Lsmbfe- imisscopria  Control
s cynssothrin cynalotarin
> 2Zvezdana Sofra
1 Healthy Jgrade 1 [l grade 2 W grade 3 mgrade 4
Figure 1. Variation of damageank| mmophaslae¢ awveas i &Hf
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The damage to wheat plantQGulilcamas emélbaymndpwpah i

conditions, with the wuse of insecticides, var
applied. As shown in Figrue 1, the control gr
proportion of severe adttlac kGwiftrlomupg hteo c20 epl ar
infestation). Additionally, when comparing the
control group ofhatdh e nawe z3d ahreaa | tahryi eftlyag | eaves,
Sofra variety had 8 healthy |l eaves.

The i mpact of the insecticides in the study yi
significantly fewer | eaf damages compared to t
showing no signs of pest tdyanthggmao n Oinrceet eady as Ini, g h t
In all three treatment groups, Sofra had a hig
treatment, 29 healthy plaghaloompamnedreatM@&ntir
compar eand oi 25t hes damd dtarcd amtpmeéndt , 24 healthy pla
i

n Zvezdana.

Looking at the results, it is clear that the t
variation in damage to the flag | eaveas.suAddidt i
i nhiagher number of infested plants in both wvari
the foliar treatments.

The differences in the intensity of pest attack
studies. I n an experiment conducted in the Uni
2004), where v@.r ymelga gngupmbaesrsse sofwer e introduced
effects of pesticides were monitored, variabil
di fferent |l ocati ons. When analyzing plant resi
the moesetgmhizedmechani sm enables the plant to ¢
significant i mpacts on yield component s, parti
tol erance I n contrast, antixenosi sesisesamdt Heere
one trait that repel s pesMosntfanon ett talc.k,i n0 Q 65;n
al ., 2022). The results may indicate th@t cert
mel anbpuoueugh unde5|sra(balnet|mescnhnam|ss)m such as o]
deterrents Similar findings were reported in

varieties in Canada (EI Bouhssini, 2014), wher
100. Howeevhdrg,hetsO. i metawiobuls®sf was observed in A
41, -4N a@2d) NNThe authors concluded that wheat
exhibit certain adverse characteriwltd clzse ffour tphe
studied for advancing plant resistance to this
The i mpact of the insecticide in our study yie
significantly | ess damage to the flag | eaves

experiment and which had ytrled hbeostd rcdeumitca,l el
synthetic derivatives of Qhartywgardt hpynuent haii mesr a
(Metcalf, 2000250Pyirmebrmods toxi & to insects t
to their smaoétdert emper al owey and greater sensi:t
et al , 200 %u.l elma oeh amelplhissg results were act
from the pyrethroid "family" (Phillps et al .,
agroecol ogical conditions of our country, pyr
ef fectonwbeatdimgeel @6Mbpagsac and Franet a, 2016) , a
2019) , despite their eacetl odtadlbefliedapyylge theis
was observed.
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4. CONCLUSI ON

Based on the obtained results Ouégaadimediamopal a
be concluded that the best results were achiev
active ingredienvhedaetlt tameitdtrias foest ddt hAddi ti c
cyhalothrin also produced very good resul ts,
I mi dacslhoopmeidd di mi ni shing efficacy over ti me.

Differences in the intensity of infestation an
t wo wheat varieties. These differences in pest
Sofra variety, but itt He radlseo dfmpomrd@ant ott @t icoo
Zvezdana, following a wheat crop as the preced
contr ol group compared to the Sofra variety, w
that coopcootatbuted to the reduction of this
number of l'ive |l arvae, |l ess damage, and the pr
treat ment s.

Timely foliar treat ment with a highly effecti
pracpaceiscul arly crop rotation as -oare efff etchtei vf
protect against economically significant pests
treat ments hel ps decrease production costs an
bi odiversity and the environment.

5. ACKNOWLEDGMENT

Thi s wor k was supported by
Technol ogi cal Devel opment of

6 . REFERENCES

Bradberry, S.PM.ooudCaope, 3. A., Val e, J. A. (2005
4

Toxicol ogicallOmevi ews, 24, 93

Buntin, G.D. , FIl ander s, K.L., Slaughter, R. W. ,
control of the <cereal l eaf beetle (Col eopt el
Economic ENT onkBI2b gy

Car camo, H. A. , Ber es, B. L., Cl ar ke, F., Byer s,
I nfluence of plant host quality on fitness an
Cephidae) . EBYLS7BO Ent omol

Chen, R. 2., KI ei n, M. G. , Sheng, C. F., Li, Y. §
insecticide applications integratedOsvxtlrtlhnlraat
furna(cLaelpiisdopt er a: Pyralidae) in sweet- corn.
1399.

Lamprag,) Depr(®dwcrti on of agricul tural crop pes
during the 20th century. Serbian Academy of S
1-348in Serbian/

Liril, D., Knegevil, D., Zelevil, V., Milanovi
measures on the degre of danmegma thellajopers
Contemporary Agr-4]cQJItIU|rre Selrl{i6gn/ 418

Deutsch, C.A., Tewksbury, J.J., Tigchelaar, M.,
(2018) . I ncrease in crop |l osses to 9h%ect pes

Di a4ont ano, J., Reese, J. C. , Schapaugh, wW. T. ,

antibiosis and antixenosis to the soybean ap
genotypes. Journal of edd&8®mic entomology, 99

175



Di mi tirB. jPet ipi Miand vDi. Knge V¥ iD.

(289 023 b loifrs th i baeanr d
| ocactfd emo igtpecde r lealdéd e(Cb e e o Gh

M

I

eyaomedrmeda@anopus
L.)emalrlaKnaguj®wviagn@e,2.87

Di mi tirBiEeitv@.n,gnjl’ampi/,m.agnge\rD ilandwpiZzeevV. (2001) .
Infl oé¢rmeewalei dity of <cerea | eaf Lbeereat Inmee | (aGmlpeuc
L) on yield decreasing of smdlol4.gr ains. Krag

Dosdal |, L. M., Ul mer , B. J. (2004) . Feeding, d e
(Lepidoptera: Noctuidae) on difFxr-e%mé host pl

nopar, K. (2019) . S e oail teimai tmg | aufn orpauds Diveedcd thati Hdre
theksd 8/ in Croation/

E I Bouhssini, M. (20104).emantnméxXearhmpips erreas.i sCtha nycse
in central Asian wheat germplasmd4lé6ournal of
Far ook, u. B. , Khan, Z.H., Ahad, Il ., Aafreen, S.
A., Wani, R. (2018) . Screening for antixenosi
l eaf WBeéemas megl anopas. J. Curr7,-38088bi ol . Ap
Garraway, J.L. (2020). Insecticiddhe Bengincied a

t he BuGRO eRFAseF k4 .
Gebretsadi k, K.G., Zhang, Y., Chen, J. (2022) .

s afBidt ¥bBr oert Melsahad Hor)a(i Hhe Mip
, 11(8), 1094.
ran,-systéeémattvegs Afgrioasktt

in Wheat Accessio
Aphi di dae) . Pl ant

Gotlin Luljak, T., Ju
Zagreb, Faculltiyn o€r dAgtriicmul t ur e

Gr | ak, D. (2023) . Il nsecti cOgtad i reif { el wCuidhaelmbs f e n
me |l an(olp.u)s and their effect on the yield and c
di ssertation, Facul2thy# mwf SAmgbiizmul tur e, Legak,

Il hri g, R.A., Dleymbmerd., WD, ABr,ad/aay, J. R. (2001) .

beetle (Coleoptera: Ghmrrsytsaormepl o pdualea)t iecgngs saamdd fior
defoliation of winter wheat vyields 9463Morth
6380i .0rg/ 1-04 N0 B/. BB2A2

|l shi har a, M. , Suzue, N. (2011) . Greater impact
beePIagi\oeiresiabailolnarting (Col eoptera: Chrysom
than in developing | ar4wall3bt age. Appl Ent omol
Knegevili, D., Paunovil, A., Djurovil, V., Rol
Menkovska, M. , Zelevil, V. (2022) . Il mproving
XXWonfeoenlocieot echnol ogy with i nt2e6r.naMairocnha |2 Op2e
University of Kragujevac, Faculty -2df. Agr
doil0. 46793/ /SBA23eOlil&n/

Kostov, K (2001). Br-reednhgr eebestbeebdkesobpeuddb
cremust ati on method77Bal g J Agric. Sci

Ma hmood, ., |l madi , S. R., Shazadi, K., Gul , A
environment . Pl awndl, umapilli caand omiscrigh6ay. op sci er
Mazur ki ewi cz, A, Jakubowska, M. , Tumi al i s, C
application of entomopathogenDuol eamamamédaso@ys
(Col eoptera: Chrysomelidae) on wheat. Agronorm
Met cal f, R. L. (2000) . Ull mann's EncycVOlpedia
4143 27#. doi:10.1002/14356007.al1l4_263

Mi | ovac, G. , Franet a, F. (2016) OuBéma ogg!l amap
(Col eoptera Chrysowmwel,i-bdarer) . Bil jni | ekar, 44
Philips, C. R. , Herbert, D. A. , Kuhar, T. P. , Rei
years of cereal | eaf beetle in the US: an upd
J. I ntegral ,2€e1€5. MaoradimMermt6 03/ 1 PM11014

Rei si g, D. D., Bachel er, J. S., Her bert, D. A., K
Efficacy and value of prophylactic vs. integr

176


https://doi.org/10.1603/0022-0493-94.3.634

of cereal |l eaf beetle (Col eoptera: Chrysomel |

growers. Journal of ecoh®6m®c entomology, 105
Rouag, N. , Mekhl ouf, A., Makhl ouf , M. (2012).
(OQu |l eanmap on six varieftlirés$ i od bhedsdfir.m)mmsweheedalti n(@ s
conditions of Setif, Algeria. Agricul-528.e and
Smith, C. M. (2005) . Pl ant resistance to arthr
Dordrecht: Sprl®ig0ebr. Net her |l ands

Staletil, M., MilovanoviizZznaM.aj Henrtieggirial nve ,z ancet
povelanju konkurentnost.i proizvodnj e. I nstit
Bel gratiél. 162

Stamenkovi S. (2004). OccubOukema mbapbah&pmnfaol
l ekar, -230 Be,r bl 2ah

Ul rich, Ww. Czarnecki, A., KruszynskiQulTemg 200
(Col eoptera: Chrysomelidae) in cereal fields
Uni veyrrqilt)i,es.

Wel | so, S. G. , Hoxi e OuRe md n( 1Bi808l)o.g yB i%qflr o0 @hygreyosf o r

Do r dr4e9%9hltl .

177



’ 12. JEEP MEDUNARODNA NAUCNA AGROBIZNIS KONFERENCIJA-MAK 2025
ﬂ 12" JEEP INTERNATIONAL SCIENTIFIC AGRIBUSINESS CONFERENCE-MAK 2025

gﬁ".,_x ,Climate change and ecological sustainability in agriculture and
food production in Serbia, the region and Southeast Europe™ me.
o ALt SERBIA, KOPAONIK January 30th to February 2nd, 2025. .g%lals(

doi :10.46793/ MAK2025.1786G

THE EFFECT OF | NTERCROPPI NG WI NTER OAT

POWDERY MI LDEW CONTROL AS A PROTECTI VE
ORGANI C FARMI NG

Mi |l osaV; GDt agaln DBebakit KRuad§ewijievesenat il
GupuhBkanka ©Orbovil

University of Prigtina, temporary settled in
Kosovo and Memiolhoisaav.Serchaika@pr* ac. r s
lnstitute of Field and Vegetable Crops Novi S
Novi Sad, Serbia

Abstrnadter cropping cereals and |l egumes offers a sust .
of organic farming systems. By combining cereal <cro
promotes natur al dhsemaslei e ronh , chemiucalngpésticide
cycl es, ultimately |l eading to fewer outbreaks. Furt
i mproving soil fertility andThieduxcti ndjy tdiemerc etdo feowv a ls
in disease indices (DI) of powdery m dew in monoc

il
di fferent environmental conditions across two growi
corcue i ve seasons (2017/ 2018 and 2018/ 2019) at the |
experiment was set wup in a randomized complete bl oc

variety, Jadar, wasgus$edumehiwlas the winhercr oemi nvar.i
percentages were assessed using the modified Cobb s
formul a. Statistical anal yses, i ncl uda mpgl &@sN GV,A, weTruek
used to determine significant differences in DI bet
resul ts -Soaf mptthees TTwoeveal ed a statistically significar
cultivatsi &l sagstefm. 000). Disease indices (DIlI) were :
with peas (3.21) compared to oats grown as a monocr
the DI odl athe sta@amdi n trhe( ¥4.r®2) gweooswvi :igg reiefaismant | y
the mixture during both the first (3.91) and second
standone crop in the second growing odavan s{pk®. 8 hle W«
mi xture in both growing seasons. No signifiatame diff
crops in the two seasons. Overall, the results sug
powderydmskdew indices under varying climatic condi
Key wémdercropping, Oat, Pea, Monocropping, Disease
1. I NTRODUCTI ON

I ntercropping involves the concurrent cultivat
each other and typically during the same growi
cultivating a variety ogf fploantd$het 6dgetahdrhagst eamm
di stinct crops could enhance productivity by m
particularly when combining cereals and | egume
advantageshasnoceld asil fertility, improved pest
possibility of increased yields. However, succ
management to prevent competition tfrarp,r em xwerdc e
relay intercropping are agricultural practices
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resource use and promoting mutual benefits bet
di fferent crops are planted together in the sa
l ead to complementary intteragen ofnisx dteit avre elmy pll ac
nei ghboring crops. By choosing compatible crop:¢
needs, far mers can maxi mize the effectiveness:s
sustainable fakomwihgzpraG®@bceAzi(Sobdt al ., 2015;
OatAvéna)satsi wma widely cultivated cereal crop, \
high fiber content and essenti al nutrients. Ho:
di seas8suymwith goaammanrlsy known as powdery mil d
significant pathogens. Powdery mildew is a fun
pl ant s, |l eading to the formation of white, pow
tdh pl ant bhotedyat hgsi s, stunting growt h, and
guality (O Brien and White, 2016) .

I ntercropping oats with | egumes, such as peas
numerous benefits, particularly in disease man
the need for synthetic i npluetgsumeTsh ei nc oi rmbtienractri oopr
promotes biodiversity, which plays a cruci al r
naturally. By fostering a more diverse ecosyst
that woul deott hmowosreomfdd oats (Gecaita et al .,
The positive effects of intercropping on diseas
of diseases I|ike powdery mil dew. Oats intercro
compared to monocropped oattdhia&s pPhanmi xytr @wwe he
nutrient cycling and | ess stress. This results
the reliance on fungicides. By minimizing plant
t he -tleornmgl hb of crops, enhancing productivity e
I ntercropping oats with peas presents a pr omi
promoting competition for resourcesltaritngqgt lae
mi crocl i mat e, and potentially offering all el op
severity of powdery mildew on oats. This natur .
traditional di sease nmanbgemert i anaet iome sc,heme
contributing to more sustainable farming syste
Travadon and McFarl and, 2021).

The aim of this study was to determine the var
oat in monocropping and intercropping cultivat
conditions in two growing seasons.

2. MATERI AL AND METHODS

Théield experiment was <carried out over two
2018/ 2019, at the experimental field of the 1In
19E N 19A 50E E 80 m). The study wdocke diegn ggch
with four replications. The winter oat variety
pea variety Kosmaj. Mixed intercropping which i
same ar ea wi t hoauntg eamesnp ewcaisf icch orsoewn aarsr cul ti vati o
per’2f mr monocrop ofl, ovahte rweaass 1t5h7e ksgovhiang densi ty
140 Kg Ilhm the mixture 70% seeds’aafl pO6&w of BbBeed
recommendedofdesmaltly gr ain was used. Thé mieatur
seeds andlof4makg sleaeds. The crops were grown Ww
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pesticides The winter varieties were sowh on
October 25 in the second year. The climatic f at
Table 1. Values of weather factors during t|
Month Mean monthly Relative air Total monthly
temperatureC) humidity (%) precipitation(mm)
2017/18 | 2018/19 | 2017/18 | 2018/19 | 2017/18 | 2018/19
July 24.3 22 56 77 12 81.2
August 24.8 24 55 68 174 51.2
September|  16.9 18.5 70 70 81.5 27.1
October 12.5 14.9 75 65 38.9 7.4
November 7.1 8 83 78 40.3 24.6
December 3.8 1.7 84 88 48.3 59.2
January 4.3 0 81 87 475 45.8
February 1.2 4.2 86 74 81.9 17
March 5 9.8 82 57 60.6 15.9
April 17.2 13.4 60 65 49 54.1
May 204 14.7 67 78 64.2 147.6
June 215 23.2 74 73 163.2 63.7
Fr om eexapcehr i ment al plot, five plants were sampl e

for each plant typ and cultivation system. Th
modi fied Cobb scal , as shd,wnKiisns Tarmd eVe2r g sP,e t 2l
phenophkaseBBCH (grain filling; mil k maturity).
has been found to be closely associated with vy

e
e

Tabl e 2. Percent |l eaf infection based on Co

e
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The Disease I ndex (DI) was calculated using t he
from 0O to 9, on the basis of which the assessm
Table 3. Leaf infection rating scale wused

Value 0 1 2 3 4 5 6 7 8 9

Degree of leaf| Without | 1- 11- | 21- | 31- | 41- | 51- | 61- | 71

infection infection | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% 081

DI is calculated using the forsf)l-ammhereof pka
rated with <« hgei vheng hreastti gg ;a-di@t @an tnlhuenbsa a lod anwd |

The formula is expr &wgexd ngds /f dlil axkwsN:) )DIx (19%)0 .=
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The statistical data analysis was conducted us
met hods used to determine the significance of
seasons and between dif frealeydi scudft i Vartiiamce y(saA
Pairwise Comp8&8ampdiesTand Two

3. RESULTS AND DI SCUSSI ON

The data analysis revealed that the-ahbgbestopl
during the first growing season (14.92). I n co
oat in the mixture with peas, Ddacrngtthe seabn
in Table 4.
Tabl e 4. Di sease index of powdery mildew
in two growing seasons
Variable N Mean SE Mean | St Dev

Oat+Pea (2017/18) 20 3.91 0.81 3.64

Oat (2017/18) 20 14.92 1.33 5.96

Oat+Pea (2018/19) 20 2.50 0.74 3.31

Oat (2018/19) 20 10.67 1.96 8.78
The influence of year, cultivation system and
on disease index are shown in Table 5.

Table 5. Analysis of wvariance for Disease
oat at different variation source

Source DF Adj SS AdjMS | F-Value P-value

Year 1 160.55 160.55 4.70 0.033

Cultivation System 1 1836.77 | 1836.77 53.72 0.000
C. System * Year 1 40.14 40.14 1.17 0.282
Error 76 2598.42 34.19 - -
Total 79 4635.88 - - -
Model Summary

S R-sq R-sq (ad)) R-sq(pred)

5.8472 43.95% 41.74% 37.89%
Regarding pathogen dat a, it was confirmed that
i mpact on the occurrence of -powdery i 082Ww. a€
systemsihgmi fai cant i mpaetal ae d&i Ve DOD ) i rbdueg x t(hke
cultivation system and the growingalseasan. &81
Looking at the R square it can bedeonhchadeéadabt b
explained by the model. Values of R square (adj
overly complex. Visual representation of data
of |l eaf rust residuals is given in Figur
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Residual Plots for DI

Normal Probability Plot Versus Fits
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Figure 1. Resi dual plots for DI of powd:
in different cultivation systems

key pairwise comparisons (Table 6) revealed

ross various cgropwimg sgsdems. aMalans t hat d

gnificantly different .-alSpreeidriacmliln,t hé ef iDr s tc

owing season (10.67) were significantloy hhi gh:
H

owing seasons. owever, no significant diffe
one crop in the first gHradwinmgcsoepsom SkL.0n2)
ere were also no signinfimiaxnturci fffremerddestbeatr
d oat in mixture from second growing season (
ross both cropping systems and seasons, with
di seape i bulity. Di fferences of means for 0
owing seasons are presented in Figure 2.
Table 6. Tukey p@iowpsegciomparmabhen usin
Tukey method and 95% confidence

Factor N Mean Grouping

Oat+Pea (2017/18)] 20 14.92 A

Oat+Pea (2018/19)] 20 10.67 A

Oat (2017/18) 20 3.91 B

Oat (2018/19) 20 2.50 B

Tukey Simultaneous 95% Cls
Difference of Means for R+G DI% 2018, Raz DI% 2018, ...

Raz DI% 2018 - R+G DI% 2018 e |
R+G DI% 2019 - R+G DI% 2018 e
Raz DI% 2019 - R+G DI% 2018 e S |

R+G DI% 2019 - Raz DI% 2018 e

Raz DI% 2019 - Raz DI% 2018 - 1
Raz DI% 2019 - R+G DI% 2019 I -
-10 -5 o 5 10 15 20
If an interval does not contain zero, the corresponding means are significantly different.
Figure 2. Di fferences of means for oat in differe
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A t-wamptestt (Tabl e cgmpwmas usheed nmecans of t wo i
specifically the differences between different
statistically significant difference between ¢t}
bevteen oat grown in di fvaelruweent= cO.la0Ov)a.t i bin wsayss tsei
oat grown in a mixture with peas (3.21) t hen
i mportance of cultivating ismtadrlicrgompinsg bfasre de fofr
control

Tabl e -stfampilvess tt det er mining the effect of i1
oat as a cropping system in terms

N Mean StDev SE Mean
Oat+Pea DI 40 3.21 3.51 0.55
Oat DI 40 12.79 7.71 1.2
Di fference =-gg¢ ((C@at ‘DHea DI )

Estimate for difference:9.58
95% CI for difference: -(2.25,-6.92)
TTest of diff| T-value=7.15 | P-value=0.000] DF=78

Many authors phasi ze ftaet arigniid iicrafnltu erodien g f1
dynamics (L»i ke and Tammar u, 1995; L»i veke,

Hovmoller, 2 7 Krupinsky et al ., 2002; Deaco
observedifddt hees in the susceptibility of v
correlation between the occurrence of foliar
l evels from sowing to yield forfmattlhear Dupporetsi

relationship.

v

Favorable weather conditions conducive to the
during both growing seasons-t ol n atthee Mairrcsht, @@rmo
temperature and high relative humsdi pat hagehi 61
smal | grain crops at the budding stage, wi t h
favorable conditions persisted throughout Apri
grain powdery mildéwal Thendigt b me st g otfichirdam geclt er i
temperatures for this time of year, also contr
second growing season, April experienced sign
humydicompared to March, which further promoted
mil dew symptoms detected on small grains. The
of powdery mildew is reportedotfo wad elret wehen el tce
range for infection spans from 5 to 30 AC (Jev
The reduced intensity of infection in smal.l gr
grown independentl vy, aligns with findings from
smal | grains with peas hel ms | caeowt aold pathogeu
intercropping is widely recognized for its po
pressur e, the precise mechanisms through whic
under stood. Numehdughsedditdathahe Wigersity of
systems can significantly impact pathogen suppi
line with the findings of our researcherwhtygh
through intercropping can play a key role in n
health (Mitcheldl et al ., 2003; Garrett et al .,
I ntercropping hol ds coqspatelradd res pirro ma gsrei d wlrt umr
sever al guestions remain regarding the compl e
yield, and quality
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4. CONCLUSI ON

I n conclusi on, intercropping oat with peas demi
by reducing disease pressure, particularly for
support the role of intetrrcalo,ppfiwnrgt her irmpseari cmhy
understand the interactions between crop yield
Additionally, i-hevremtéfghechg othei hoemgcropping o
overall ssgshami buty wil/ be essential to optim
these uncertainties, we can better harness the
integrated pest and di sease msanagement in dive
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EFFECT OF SOWI NG TI ME AND | RRI GATI ON R
COMPONENTS OF SWEET CORN

|l van Tupmoile MorMariefa IBIJdelé,In a/eGawal, IMat ej i
Nenad LKuriisit i neinluBnmg iYjkovil

Ynstitute for. P\;IégaentkaapkéSse[Eebm;aeleSa@gm ail . c
University of Belgrade,-ZEmoault $eobi Agri cu
SUniversity of Kragujevac, Faculty of Ag
Abst Tadet objective of this study was to examine the f
conditions of the Gumadija region. During 2022/ 23,
mar ket , ' Enter priigsad,i'onwase gti ensetse dv.erTewoa pipriri ed (ful |l an
treat ment (natural moi sture conditions)-25Hdaysesstafae!l
pollination. Statistically sriagmetfercsanwerhe gheas wrad due
treat ments across both sowing dates.
Keywar cSsveet corn, Sowing time, Ilrrigation regime, Y

1.1 NTRODUCTI ON

Sweet Zear maysacc h@trwartta. ), bel ongi ngZeémernithse, Piosac
a valuable vegetable crop (Sidahmed et al ., 20:
or as frozen kernels (Rattin et al., 2018). Th
stage, characteri zed emydoapesrvvmeancﬂlaeouc,arphls
nutritional value (Oktem et al., 2004; Kwiatko
Due to its high sugar and nutrient content an
Aydemir, 0&8)n Bweamong the most significant

of this crop depend greatly on several factor s,
influence key production charact,erkiesrtniecls wseuicghh t
dry matter content With a short growth perio
cultivated across multiple sowing dates under

In agricul tural practi ce, the introduction of
system can significantly i mpact yi elcd ianrad i cob
conditions. Sowing time, hghtidnsalrectihen mas$ oi
greatest influence on sweet corn productivity

production | argely depends on the | evel of api
weat her contdie igmewidnug i ngason (Stojiljkovil et
production, irrigation is essential, and its ac
(main, succession, or intercropped) as noted b,
Previous research suggests that adjusting sow
mor phol ogi cal , productive, and chemical charac
along with achieving stable syowilndgs ,d atee i(eksarhae,a
et al ., 2021; Kél én- et al ., 2023). Additional
amount is vital for i mproving yield and cob ¢
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positive impact of irrigation on cob | ength, s

growth stages increases cob | ength, while red
(Nemeskeri et al., 2019).

Beyond increasing cob diameter and |l ength, re
opti mal irrigation on cob and kernel wei ght . C
evident that sowing time sanpdr ddudtgiatd ocnh aread tnmeer
aimed to examine the i mpact of di fferent sowi
di ameter, total cob weight, kernel weight, and

2 MATERI AL AND METHODS

A twewar study was conducted during 2022 and 20:
Pl amuani ci pality. The experiment was set up using
Sowing was performed in two planting periods: t
in the successive (summecin, samad onhe Thleambws ppaic
study focused on the most widely cultivated swe

Il rrigation was applied using a drip system with
norms were applied (1) full irrigation norm (1
treat ment under nat umal nmai st smoeé | conodist iuomrs .at
measurements were made with tensiometers in all
was calculated using the formul a:

Nz = 10 A iDzA €FamAmol

Where represents the sinriegateipdrm rmdsr rh i@emrd onell |d) &
l'imit in percentage by volume, and is the soil

water retention forwas dbeterfmiehneld capatheyl bBbmr
Agriculture in Zemun.

The irrigation duration was calculated from the
(10*&r h10YmmBly halving the irrigation duration
volume (50% of the full nor m) was determined.

production were gpopWwieg s$se@dasoaghout the

Mor phol ogical and producti w2eé tdragyist afdfert tpeoldadns
per treatment. The dry matter content of sweet
met hod at 105 AC to a consesahtsmwese $hatobtatce
analysis of variance and tested by the LSD test
version 26.0, and are presented in tables and g

3.RESULTS AND DI SCUSSI| ON

Table 1 presents the average values of the i nvi
influenced by the sowing dayteearansdt udy.i gTahtei osno w0
did not have a stati stoibcdlelngtdi i fsiweant ciomma ¢ 1
cob |l ength was approximately 20 cm for both so
statistically significant effect on this trait,
(22.m5 c

There were no significant differences between t
by the measured approximate values in these tr
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cob diameter and | ength (Moosavi, 2012). Deng ¢
trait, while Kara (2011) suggests that cob | en:
Table 1. Il nvestigated parameters in both sow

Date of s Ir(rBi)g Iceonbg d?(;lr)ne m-lr;lostsa WSEgih Dr(y%)me

(cm)| (cm) (9)

Contr 19.7 4. 26 213. 122. § 32.517

| IR 50 21.5 4. 80 306 188. ( 35.61

IR 10 22.0 4. 88 318. 207 . 4 33.5¢

Average 21.9 4. 65 279. 172. 7 33.91

Contr 19. 2 4. 69 230. 146. § 34. 44

11 IR 50 21.7 5.16] 343. 242. % 34.1¢

IR 10 21.8 5.27 345. 236. ¢ 39.1¢8

Average 20.9 5.01 306. 208. § 35. 93

Average/ Averl 21. 4 4.83 292. 190. 6 34. 97

y i

cal

aver age

trea

cob

1

C

Table 2. | mpacti rofi gsaocwiomng odnha tseweaentd cor n
Par amet| Cob | e Cob dig Total m Grain v Dry mg
sweet (cm) (cm) (g9) (g9) ( %)
Factorn A"B'AB" A"B"AB" A"'B"AB” A"B"AB" |A"B"AB"
LSD p < p < p < p < p < p < p < p < p<| p<
0.00.40.0 0.0 0.0 0.0 0.0 0.0/0.qo0.0
Dat(eA)Of 0.6/0.80.8 0.1/17.22.|14.|14.|0.91.3
lrrigat|/ 0.6/0.8§ 0.8 0.1|17.]|22.|14.|18.|1.3 1. 6
A x B|1.01.3 0.1 0.2{29.|39.|24.|32.|1.7%2. 3
Regarding cob diameter (Figure 1), t he
date and irrigation norms having a statisti
was measur edsowi ndg edasteecc,ondinder the IR 100%
negatively affects sweet corn development,
al (2019). Luchinger and Kamilo (2008) dstade
sowing date.
25.00
20.00 @1 Control
ol IR 50%
15.00 81 IR 100%
N uII Control
n ]I IR 50%
10.00
]I IR 100%
_ e, O 1 Average
5.00 ? (! /!‘\‘\EII u II Average
0.00
Cob length (cm) Axis Title Cob diameter (cm)
Figure 1. Average valwues of sweet corn
Total cob weight (Figure 2) varied significant|
for the first sowing date to 306i6r.r2i0g agt efdo rt rtehaet n
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tot al ear weight was 213.40 g on the first S 0
considerably | ower than the values obtained in
was recorded on the second s,owwvhlmigc dadamowmtded ttd
T were no statistically significant differ
ation nor ms. Kara (2011), in an experi me
rences betsweaemgasdwingg codt | engt h, di amet e
ter, l engt h, mas s, and number of grains p
mal |l est parameters were obtained with sow

r
[
£
m

>— - = =
® ® =

e
g
e
e
S

0 o —

I n thHernogmted treat ment, a decrease in grain
number and mass of grains, which aligns with
treatment, the aver e gsawinngnadat evaand2248050Q
sowing date. The tr tments with different irri
both sowing dates ( 7.40 g and 242.20 g). Bot
and thedtri dmthead a statistically signifi-cant e
Ssowin treat ment s, influences yield component
mai nt i g crop rotation practdardi t(iAyrds nsadga
affec yield and yield components of swe et

i

S

i

o

ag
e a
20

n
e

hat the highest yield is achieved wit
a dirdant -nbemcgmadee iconyi ¢l ons, yield
antly across years and sowing dates (B
s gy di A amied Apr i | in the firApgriyleaise otbmdes
r Stojiljkovil et al . (2i0r2r4i)g atl sdb o wruchidt it chn
rastic yield reduction for all sweet corn
o ons and ion edqwrliamrg rtaienf gt bwidiggtsedsor
cial for achieving stable yields in sweet c
h ng dates, al | t hr-ierer isgvaetee d coa md ihtyiborni
ea for the investigated parameters.

I Control
400.00

II IR 50% I Average

II Control

esm] otal mass cob (g)

=cmsGrain weight (g)

Figure 2. Presents the dry matter conte
sowing dates and all treatments.

tent in sweet corn kernels (Figu
i dual factors and their interact
d nutrieiiotnhails vtaH esu ed roff mahtet grr ati ma
ri I properties of the product. Th
da nder the IR 50% treat ment , amount
dvmas achieved in the IR 100% treatment,

189



found that dry matter content-ydacreasdy. wirhb hi
matter content was achieved with sowing on Apr
Water deficiency signifnitcainnt | sywe eetd ucceersn ,dras nmmd!
(2003), whose findings align with those presen
Drip irrigation allows efficient water to be wu
et al , 2002; Oktem et al ., 2003) . I n the stuc
studied in relation toathe sowhnbyhbhegdti VRey Hfi
guality in certain hybrids.
Muslimah et al. (2023) state that drip irrigat
practice in sweet corn production. Dagdel en
significantly impacted corn yineltde wirthgtahedhi
et al (200@)y rfigwurt e dt cadtndridn ons -2@.d4 %0 a yield
M Dry matter ( %)
39.18
| 233“ ZII‘I
Control IRS50% IR 100% Control IRS50% IR 100%
I date of sowing 1 II date of sowing II
Average Average
Figure 3. Dry matter content in sweet corn i
4 . CONCLUSI ON
Based on the results of the research, it can b
in the agroecological conditions of the Gumadi
had a statistically signieftiecant wimpactheombetsher
achi eved-siowitnlge ppeastod i n both years of the stu
norms (reduced and ful/l norm), statistically s
observpepalrecdm o those in the control treat ment .
application of drip irrigation, even with a r
indicates favourable economic aspeatbdei yievaast
years, which are a consequence of the signific
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Abst Tdaet buckwheat is a current plant due to its comp
the high standards of the modern popul ation when it
explain the inflsenoegofisowiergddehsicbimemon buckwhea
reasons for incre8ejné@2tbenebwpag wensi eyxyamined, in

160, 120 and 8Rexkyl lgs asmewendni hecaenwasdi iberance betw
reached by 120 2an8udi6Or «&gulgtr aii mdi ecnat es economic viab

Key worBlussckwheat, Grain yield, Sow density
11 NTRODUCTI ON

temporary, sustainabl e agricu
provide sufficient amounts o
chemical matters andheoilecd @amdarmrad

I
f
gy
nee changes

n

d

e

quirements. Consequentl vy, it
nventional, industrialized agriculture, has
ricultural met hoarsi,| ¥ hresfeerc htam gtetse ne@cwisng str

species cultivVagepgpBucksshaapr d¢mi sing environm
n contribute to the balance between b-iodivel
n 1
a
f
m
e

mentioned requirements and <cha enges of cont
adapt ambiolrigtaywitc and sustainabl e agricultural pr
di fferent uses in agricul tmamermrnacthigd Vadwerd
composition and high qualitative products with
di t, i mportant role in food and biotechnol og
(Zamar atskaia et al., 2023)

Buckwheat is a pseudocereal, alternative minor
7.000 years. I't originated from Asi a, but, now
countries, but in North Amelrticaat etdoos p eTowioe sw 08
buckwhrRagopi rym easrcd | eaxrttuaif.y thaurktkawdilecaubno  gh abou
buckwheat varieties are known in the world, ad
conditions, us eadn,d mani ntlryadiatsi ofnoarlagneedi ci ne ( Na
mor phol ogi cal characteristics and growing tecl
buckwheat, but there are some differences. Tar
suchigher sepdodlyialadj onelabi lity, frost resista
al , 2018).
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Taking into consideration al/l agronomical and
compatibility specific characteristics of i ts
human popul ation, it woul d be <=Ixypegtew. it Bugek
producti on, on the contrary, has shown eoscill a
Clvarez et l . (2024) analyz2@2duarkdvhreeagi ptr @rdaid
from 2.263. . 3550®.nB9 7 nt 2MWsl,3 itm 22BZr'1. At t he
decreased f 2.263.608 ha worl dwide to, Seve
according t AO, in 2017, buckwheat was cult
acr e agfe 3. 0.526 h a wi t h t he tot al prc
(www. fao. o faostat/ en/ #data/ QCL) . Pirzadah a
probabl vy, ted to more than one reason, cit
cycdief,fi cult during harvesting, tendency for ab
presenicreduwdi ngl lceampounds, economic | imitat
b ty for more mass andéd soamblieatubhi o0&t |
i

c

—_ =

i

| selection methods in breeding buckwh:q
t harvesting and unstable flour qualit
l odgiceg (Mesisthana et al., 2020; Nikalil et
nowing structure of yield, specific condit
uencing grain composition and formatting a

i il
sica
i ul

i
0

densi ty, or plant popul ation, pl ays a ¢
, which in turn affects the avaplabtitl it
ition for these mnesauncées., Thpesdwi mop tt
s fromh 4Coneseff0@nkbyhaliterature data is
f plants per area wunit, concluding, 0
e afndt m® ot her t

r
have shown that o
w and h plant p
i t
t

= o

h
ts and qualitative
mizing sowing dens
| autieons mavdeledadl i

n plants, respecti:
t

ed Tartary buckwhe

i on be

(2]

i

u
It e
3) inves a
ewhupetdbuonbhbeteincreasing caus
S, sever al factors show a <co
b), transpiration rateraitme nu
t per-gplaamt wealgding wWinthhtehethe
f mal ondial dehyde (MDA) in | eav

T OoOwmwW TCcC O ITTA

O S OQQQ@ NDOTOTW S O
S C ST X0 +toDc
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O3 TS99 O00 TC O

ding to Nikolil et al. (2019), average gr
ng and irrigation, is obtained in the hig
riant, was a slight aedtuspudfesakmp-haeenemt
g
r

o 0
s O
—_ =

Wi n densities in di fferent environment al c
ettry, 2021).

0O <Q >
So® =0

This research aims to revtiteew grhei refyieeltd off con
(Fagopyrum Moeemnudt)nt uenxamining the relationship
potenti al and synthesizing findings from vario

2. MATERI AL AND METHODS

2.1. Climate and soil conditions during experin
Buckwheat is very sensitive to the | ack of moi s
period of rooting, during flowering and yieldin
a lot of negati ve aftfuecetss.arlenfrlaudeirece sstafontge mpe

precipitation was in May and July, while 125.6
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in the same period in 2011. It means 2010. was
t

germination. During July and August, al most h e
in both of investigati oaglyatairen iandgeqreaian i ¥l |
precipitation sum could be a Ilimiting factor t
period for buckwheat. Air temperatures in veget

and bragk were very favor abl eBulcuk whmeatb od che so fn ot
high temperatures. Growt@®, ias atlhree aper csd mtwa gneg odfe
i
I

grain formation (Popovil et al., 2013). The opt
while temperatures above 30 AC, during flowerir
and f alelrisngnfdl dwd pollination.

2.Rl ant material and experiment method

The trial was set up on carbonate meadow bl ack
lhenotypes: P2, P4, P5 (NS plus), NS buckwheat
Bamby, Oberon and Byl ly, as foreign cultivars.
three replications, witR alnheardeiastafncel dmdmtearny
Sowing was in accordance with pl amMn.edT hseoswe nsgyo wilit
rates are |less than | iteratur es?r eacnodmnuepn dtadt i ewe
graifissmwi ng kanhdielty alPop@013). The sowing was
10t h MayThien h2a0rlvlest was done in moment when 2/ 3
grains of the | atest genot yyppeh anseerde, ddaornke borno weno.t
2010. and on 12th August, in 20tllandhapgrapmni gi
density. Based on that, averagle gnetldewhaseabtu

moi sture.
2. 3. Statistical met hod

Grain y)ewds(tahaul ated per year and per sow de
includes all sowing densities. Data were anal y:
of variance according to Hadnms vwekroevitie (t1e9d7 3u)s.i Tl
at=0p. 05 =8®nd®d1lp probability |l evels. Coefficient of

3. RESULTS AND DI SCUSSI ON
3.1. Grain yield

Buckwheat grain yield is unstable and vary, in
and applied technolbgWveirmgeamggai of yiletd, 4fobrh
2.00Ytn D10 (Table 1). Among genoltgbpespngraonz
t WaP 2). As many as five genotypes (P2, arj a
statistically significant higher grain yieldi
vari atdi.on9 asAverage grain yield per sowing den
160 gr’ands 1&0 2nghrialiensi nm v ar i dintt wBals gsriag misf ipcearn tni
twice as low. Nikolil et al. (2019) determined
grain yield insbwdbkbwhe sstowdmagwmnidn i rrigation c
grain yield is obtaifhhedhiem deanslietnygi dabyu tb6dilf@fOearige
was a slight, only 80 kg or 3.49% that means
successfully in buckwheat plantinghaschhowegegr
priority due to economic viability. These aut!l
environmental factors on grain yield.

I in deigs8iot gwrdaanmsam dBrmar ihe

Average grain yi d,
@0 1gdrains m

e
density vari?dAdable
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TablG@r ali.n wWd ebdckwheat genotypes in 20:

Genoty Grain yitel(dl 4% ohMa m¢Average g
per gen/
160 gr’al120 gr’g 80 gr4a

Ober on 1.44 1.52 1. 1.42
P2 2.'76 2.'%58 2.%20 2.%1
Darj a 2. 47 2."92 1.%2 2."30
P4 2.39 2. 22 1.11 1.91
P5 (NS 2.%0 2."%8 1.14 2.14
P 6 2.48 2.%54 1.03 2.02
Bamby 2.719 1.91 0.82 1.64
NS buck 2. 47 2.14 1.08 1.89
P9 2. 43 2.°11 0.89 1.81
P10 2.009 1.87 0.79 1.58
P11 3.%07 2.71 1.44 2.71
Byl ly 2. 79 3.73 1.%51 2. %4
Averag 2. 43 2.35 1.23 2.00
LSB, os 149 141 164 85
LSO o 202 191 223 112
Cv 3.64 3.55 7.90 4. 49

e difference between gra(icn 3 eti dhda el mairoant o
r’var i ant was slight. Genotype Oberon showed
522and hh'da 120 agndi A60mgrraeisnpsecnt i vely. Byl ly
el ding genotype?@idh. Brti dwa PHA g8 awairsitarhta 16
As Table 1 shows, statistically significant
chieved by P5 (NS plus) and P2, PirnesmpmecBiyVv el
hr eet ygpeenso obt ai ned statistically highly signi/
nd P 10) compared to experi ment saivxergaegneo.t ylpne ss c
t a
S
r

D@ =

.I{J_-.

tistically highly significant (P6) or statd.i
pl us, P11 and Bylly) compared to experiment
aing ,ped. % (190 agirda i7Tn D Op AH8.O0mgr ai ns per m

highest variation was registered in the smw
h genotypet vh(aA eld0 )ft rtdofaP20.22r@®® Mai nly, the sam
est of variants (P11, P2. Darja and Byl ly)
i cant higher grain yigodlld ,c amparagde tgo ad xnp ¢
pes, for all of! sewgngfidemasnitliyetpeSwati many
regarding tested( Qkeeanoypet®apa) etd Glea o )
rja, P4, NS plus and P6 showed highly st:
e grain yield while others, except Byl I
ed to thecaeveeantagpée walruiati Omefwfais only 2. 4
s year, that were |l ess favorable for gr
c i mpowing densities, 7 Wamndbdi¥odr ns:o wWlh.nh4 dte nh
®raiZms 10 Farnad n&0 Myr aespemti vely. Many aut ho
Vi eiAMt #arez et al ., 2024; Knicky et al ., 2024)
dependence on sowing method, cultivars, soi |l t
recommended s e5wiOn gs éreadbsk thhe ug GO Tr ec-b Mhe 8 daardeés oms

D SQ D®O D

3@®-

P O U<KQUVW =0+ QZ0Y A 3I< LT —
Ssovvga—~— "

OO0 SOK<NTODO T T
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al so found, confirming the need to know all t
appropriate sowing density.

Tabl@r &i.n lyd)elbdic(ktwheat genotypes in 20

Genoty Grain yiMel(d 4% oha moi Aver a
160 grfal 120 gr?ail 80 gr4ai
Oberon 1.12 1.10 1.22 1.15
P2 2. %1 2.27 1.%94 2.721
Darj a 2.5 2.728 1.50 2.8
P4 1.%93 2.36 1.514 1.%94
P5 (NS 2. 12 2.%52 2.%50 2.39
P6 2.22 2.04 2."09 2. 712
Bamby 1.27 1.31 1.32 1.30
NS buck 1.04 1.57 1.65 1.42
P9 1.53 1.46 1.69 1.56
P10 1.41 1.34 1.36 1.37
P11 1.39 1.30 1.06 1.25
Byl ly 1.63 1.70 1.72 1.69
Averag 1.74 1.77 1.63 1.71
LSP os 118 124 199 39
LSD o1 160 168 269 52
Cv 4.03 4. 14 7.21 2.41
P2, (RS plus) and P6 obtained highly statistical
variant s. Ober on, Bamby, NS buckwheat, P10 and
significant | ower yieldinggrgeamott.y plense, hri egthaersd| ev:
yield values was registered in the | owest S 0\

genotypes were even upl t®12.6dtRNBEpl{ushiam nl.\0&
grai?ns m

Average values of grain yield for both of inve
presentedlincdaabbe 8een that average grain yie
investigatioin W& &r Sheanwad BaBOXvVari ant? 1g§DEAGgNaEi ns

m?2andgBaA@imsrmspectivel y. Genotypes obtained ave
years and all of dentsi h(aGbse r2oarB)bh(aPt2s),. iAv err amgee va
grain yield,t fhhamal cpefWwasi n86of variation 4. 82¢
Ecol ogical factors and expression of investigat
genotypes, according to average grain yiield, 1
yielding (P2, Darja, P5/ N8ipQug P4P&andn®l1BY!| an)

and P10) . It

%
(Oberon, Bamby, NS buckwheat, P
genot ylpxk,grfand&0 mgr’densi mi es wa

T

9
s al most the sa
h

graiidvsarmast gwiafsi cantly | ower. at deviation w
ecol ogical conditions for growing buckiwhgat hwee
study ye2arls3)(,20ulsled three different scdwindg den
registered increasing of grain yield of Tartar)
as impact of year of study on this trait. The
on other traitlsO@d akke: weil gimt, heégthol i ter mass

al . (202

3p diosnewhatedi ff er eintcrcecarsreelian i soawi MNa@a
Tartary bu

ckwheat caused, continuously, a decr
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chl orophyl |l a, chl orophyl | b and carotenoid co
rate, transpiration rate, main stem node, branc
whereas plant height i nicrrsetasienc rTéhaes egd ed ndd otf h ébru
increase in sowing density. Besides that, they
application of nitrogen and concluded that sow
i ncreasyi eilnd tohfe Tartary buckwheat popul ations
recommended for wuse i n -yireoldduicntg oann d on iatcrho geevne ste
Tartary buckwheat. Xiaomei et al . i(t2yy 18nd nrmittirca
fertilization on the agronomic traits, grain
common buckwheat.

Table 3. Average grain yield, for both

Genoty Grain yiel(d 4% oha moi Aver a
160 grfal 120 gr?aj 80 gr4ai
Ober orn 1.28 1.31 1.25 1.28
P2 2.59 2.43 2.07 2.36
Darj a 2.61 2.60 1.51 2.4
P4 2.16 2.29 1.32 1.92
PF NS pl 2.37 2.60 1.82 2.6
P6 2.35 2.29 1.56 2.07
Bamby 1.73 1.61 1.07 1.47
NS buck 1.76 1.86 1.37 1.66
P9 1.98 1.79 1.29 1.69
P10 1.75 1.60 1.08 1.48
P11 2.23 2.01 1.25 1.83
Byl ly 2.21 2.37 1.61 2.06
Averag 2.09 2.06 1.43 1.86
LSP os 8 4
LSD o1 111
Cv 4.83
Wan et al. (2023) studied changes of buckwheat
phosphorous rate and mandmméPétgpgphBDcataanhsr aee
management. They stressed that high sowing den:
P to crSapmiyiiagl d.rend, as it is described in res
i nvestigaxXiiwonetyaalb. (2016) and refered to comn
whet her conditions in growing eea®&cn)|] tsoshowed
the growth season with more rainfall, with the
per plianntwe iggrhat per plant, thousand seed weigh
decrease, but the yield increased. I n the gr owt
of density, grain yield incrassetde aumbée o661 r s
section, seed number per plant, grain weight p

4. CONCLUSI ON

The buckademytr m Moserudte.n)t uimss a current plant sp
and compliance with demands of sustainabl e ag
comes to food and dietary regi mes. According
gr gyiirel d, regardless of the sowing de+ydietlidd <n,g t

(P2, Darj a, P5/ NS pl us, P6 and Bylly), average
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Bamby, NS buckwheat, P9 and P10). Hi gher grair
experimental years, is results of genetics fac
Al'l t hough the higher gr airms,yiwalsd,r eiarc hbeadt "h no fv aer:
2

that difference was not si?gsi fecammeadéeds awi
suitable for the North Balka region.

As buckwheat production has extremely varied,

obstacles |l imiting its growing and to work to
new breeding approaches, Wwiatslsi & ad o mkeithatdison of
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Abst:irFeoootd sovereignty is the human right to healthy
ecologically sound and sustainable methods, and the
systems. Food securitayleximes, whavealphypeopl eandt ec
saf e, and nutritious food that meets their dietary
contrast to food security, which focdsecemmbegisugs nc
control over food production and distribution by I|o
food sovereignty essentially represents a reconnect
at the basmwsniotfy 'eacthoacdmsovereignty, what is possib
seeds. Farmer seed systems are a critical contribut
year s, peopl e hayve efxrcenealnyg eda v eadh,d sseoll edc tseede d s , using
food production. The f ar mer sst asnedeidn gs ycsotnetm niuso ud e frien
ribution of seeds and knowledgenamofgrmpadplaamd $
et s These seeds are more resilient to climate
rse food system and a dynamic gl obal ecosystem.
syertilbounsdt ened and are in decline worl dwide. The
islation and insufficient support from governmen!
d market based funpgemewnptalbhtenandt elrbhdet agk epme
vital for preservation of pl ant genetic diversi
climate change, combined withlbouhat baotover:
wi || be needed to help reduce the climate v
g more resilient and adaptive agroecosystems
uur a l practices are key factors for adaptation.

al
rts
din
c
KeywoPdant genetic resources, Adaptation, Resilienc:i

1. I NTRODUCTI ON

The term food sovereignty was first brought to
organized by the Food and Agriculture Organi zz
forward by L& Va2na iQuatneprensaitniaon a l movement -that c
and medized producers, agricultural workers, ru

! La Via Campesina, founded in 1993, is an international movement bringing together millions of
peasants, landless workers, indigenous people, pastoralists, fishers, migrant farmworkers, small and
mediumsize farmers, rural women, and peasant youth fromratthe world. Built on a solid sense

of unity and solidarity, it defends peasant agriculture for food sovereignty
(https://viacampesina.org/en/internatiopalasantsoice/)
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Asia, the Americas and Europe. During the 1996
a set of mutually supportive principles as an
human right to food. In Bahéiutuseawémédout Kood
declared: AFood sovereignty is a precondition t
Food sovereignty is a concept that emphasizes |
own foodi a@auwmldt wrgal systems. I't is closely Ilinke
access to resources, including seeds, l and, an
ensuring that enough food is a&wvaill aobvleea, ffomadd ps
and distribution (Pat ell ge az0 0@igimime m s W aTehsedr, e 2a0rle5 )
principles of f oollesloabeWiec®g®n y: dfed ¢ meals byn f ood
fopdoviders; localises food systems; puts cont
nature (Ni® ®ny, 2007) . Over the past t wo dec
defended under the | eadership togf aldar oM2ad eGag mp @«
seeds need to be |Iiberated from todayés domina
of the commons (Pimbert, 2019).

As it is mentioned by Dokmanovili (2020), food

ti me, an overarching right, an alternative mod
objective to realize the rights of 1| ocal f ood

and agriculture systems. rAthbeognatteme nft yodstadweesr ¢
constitutions and | egislation. Beside, this, t
PaAfrican Parliament develop a model l aw that \
their | egislation.

In Bosnia and Herzegovina (BIH) and neighborin
about food sovereignty, if we exclude rare wor
as a matter of basilc ROm&N pirghthe @Dok manoweis o
have raised this issue in Bl H iiietaonalédtRilgn wi
andliiiMi 2023). Serbia was the only cosunftfriyciienntt h
food. Howkeelatest data suggaesfithatncyti nsaal m
(Brankov and Mat kovski, 2022) but also in the

(I'nternet | ink 1).

Rights to seed are an integral part of food sc
save, exchange, and reuse seeds without | egal
mai ntained biodiversity iaonnds atdharpotuegdh clroocpasl |tyo ali
practices. However, modern intellectual proper
rights and patents, increasingly restrict the:
bi odi vredr sfiarymedf &K h rri)j.,g iR2e@2dl c ommons, i.e. the <co
seeds and associated knowledge, is a major aim
should I ed to the dead end of industrialized a
Today, broadly there are two different seed

(industrial) seed system (Fakhri, 2021) . I n fa
from each cycle, while farmedssysatéms maypi calminr
seed every cycle. I n traditional seed systems,
preferences, making natur al and human selectio
of di fferent t FYamdrsaceets a(lMast20e24) . By this way
fundament al for generating of evosystems servi
maitaining and use of genetic diversity (Faith

TI
o
3
®
%)

seed systesnsarmdiengled o mteidn byug hreen owal
and knowledge among peoples. Through the

wn
(0]
D
o
wn
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or bought and sold in Harfrnoerrnsa'l saenedd fiosr mmd r emaa
conditions and as such more resilient against
diverse food system and moday,chgfnami ci ghbobab ece¢
their survival, is seriously threatamnmesdeesdnd i ¢
systems kadaenbeerachappegplt iadhtdeambheg i nsufffriocm ent
governments and public research. This is Ilarg
essentinakl Yyeohual(l BPReaedt yr addhtkgrrdae memt2sl ) .

Farmer seed systems and farmers' varieties make
2022a) . Farmers know that good food comes fron
become increasingly vulnerakbe duoeludi mgny!l nen@:
of small farms, market pressures, and seed pri:
|l ocal seed systems eroded, with grave repercus:
Commodity (industrial) seed systems, in contra:t
material and varieties dependent on chemical i
and contract | aw. The marn of ipturmpaliengpfarmdichr cd/ s
much as possible. However, these systems are u
very dependent on far mer s’ seed systems, and n
breeding meetrer itehle. fHaowew s' seed system depends
exchange and sell their seeds. Consequentl vy, v
far mer s’ seed systems, they in wetkenbasdcdpesbyp
human rights. The more the seed system relies
institutional mechani sms are needed to ensure
al so carry the same andcdksonmtsr patopleaw,y alelgdine t c
where a plant and its genetic material (seed)
more easily control the seed by | imitiergviamcg es s
biodiversity, but a question of its sustainabl e
al ways releasing and continuing to maintain t1l
regenerate ("conservatseprdi exdlyanugsee"i)s dsugdimte
devel opment and adaptation of new crops and Kk
di seases and human food security needs (Fakhri
Al t hough the western Balkan region is the rich
|l arge number of autochthonous varieties and | o
conservation and sustatctaabhasusetobeent atdegaatt
et al ., 2018; FAO, 2021). Serbia is a member of
for Food and Agriculture (I TPGRFA), while BIH
i mport anstm nfeoccrh afnar mer s’ rights and tBuoet hr icgohutnst r
are parties to the Convent iwmeroebyBi $drolgiiea ails Dadl
Nagoya Protocol on Access to Genetic Resources
Arising from their Utilization to the Convent:i
unt il Bl H htahdi sn oftr obtaotciofly edhe adoption of the U
the Rights of Peasants and Other People Workin

document while BYHTdbst siugge sttsgethlaer far mer s
and that politicians do not deal with them, wh
movements for food sovereignty, as research s

2 https://www.fao.org/plantreaty/countries/membership/en/
3 https://www.chd.int/information/parties.shtml

4 https://www.cbd.int/abs/nagoyarotocol/signatories

5 https://digitallibrary.un.org/record/1656160?In=en
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connection with the conservation of genetic

conservation of plant genetic resources and est
are also civil §ociety osrugcacnei szfautli ocnosmmunn i bt oyt hs ec
the " Fraher anyft rLliif,e"™i oni c &4()B amjdawRlouckhad)atit o w eAlyi o

advocating for farmers rights and far mer
both within their communities and regionall
Association (PautratMamet Wotka¢(BuciROR3¢t aald. BI !

S

The aim of research is to analyze the farmers
special emphasis to rights to seed in the I igh

2. FARMERS' RI GHTS TO SEED

The rights of farmers, |l ocal communities and
international |l egal instrument s. Al l internat.
sustai naoblaentusgee nceft i ¢ resources contain provisi
peoples and | ocal communities, above all t he
there is a | ot of ambiguity reganadatngnthel egplk:
The most important international mechani®s ms

and UNDR®Rt both are interconnectetfamwdt@®BDt her

and (Golay and Batur, 2021) .

ieties remained tahWSe cqinaln a&lU.i sUsSu ed,e vned iomnpleyd

o @ = —

uirements. AMS.ta@7p(8Yy¥i db)pobtegeion for

or é2aWHO i tBAgTrRelePiSe nit n{ 49O &Y ual | PRosvpeerr tsye erdisg hat

nt st weantmiedt h century. EUpldentel wpridePsWRse emr d
er 1961. TRIPS requires from WTO members to

an eafufieqgewnmeedem or by any combination there

me ant by "sauni edfsfyneedrteimy' e The combi nmats canadf URFRRY

@]
o
]

e
use and exchange seeds, |l eaving farmers to onl)
seed. The 1991 UPOV Convention

re
optiporniavli | ege that MS can elect to

8 https://www.okvirzivota.org.rs/

7 http://alicafoundation.org/sr/

8 International Treaty on Plant GenetidResources for Food and Agriculture
(https://www.fao.org/plantreaty/en/)

9 United Nations Declaration on the Rights of Peasants and Other People Working in Rural Areas
(https://digitallibrary.un.org/record/1650694?In=en&v=pdf)

10 International Convention for the Protection of New Varieties of Plants
(https://upovlex.upov.int/en/convention)

11 Convention on biological Diversity (https://www.chd.int/)

2World Trade Organization was established in 1994, started from 1 January 1995. Its predecessor
organization is the GATT- General Agreement on Tariffs and Trade established in 1948.
https://www.wto.org/

BThe Agreement on TraeRelated Aspects of Intellectual Property Rights is Annex 1C of the
Marrakesh Agreement Establishing the World Tr&tganization, signed in Marrakesh, Morocco

on 15 April 1994. https://www.wto.org/english/tratop_e/trips_e/trips_e.htm
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Farmersd Rights obtained intern
h I nternational Undertaking on P
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1995; hereafter: Commi ssion) . I
maniksimde inhsthedopdipyaar the | U ha
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flecting the growing recognition
evel oped countries. Thaseberce met
rough which developing countrie:c
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t
t devel oped and developing countr
(4/89) provi ded og nddn ins tt ehratt  ibmrteeerdpe
y in conflict with I P. Farmerso6 right
Ar i rising from the past, pr e
rovision of access to plan
versityo The emergence of
a
t

I

I effort diong edge sasnd hex pa
s than as a | egal concept
through an international

epresented a fundament al chanog
i ewed and no | onger were they s
nal sovereigniwpgwathsednwrirbdbhl E

e
edersd6 rights & patents), as countries incr
t

ic resources and control over their &
Ri gharmr twhae rKkegowtni avthi on of the Convent.i
e, the Convention did not make any re
e for the Adoption of the AgreedsText
tstanding matters concerning plant ge
right so (ClbY9C®ks, t20el 7o mrkirsosn drh eb eng an
vision of theCBD.tdhkrnegottatnbaosl| foe
ed, in November 1994, at first extraor
3 November -f2i0r0slt, RwhG nCotnhfee rTehnicret yadopt ed t
Gemetisc fResdwod and Agriculture (I TPGRFA

FA, in fact was the first |l egally binding
i bution made by far mers, | ocal communi ti
rving crop diversity (MoolrEBP GREA TaydmnoowncsKti g
ecognition, realization and promotion of

and agriculture. Nati onal governments ar
S Rights bgdiptriodrealti kgowleé dg@ant maki ng |
i pate equitably in sharing benefits, and
el ated to plant genetic resourcédés. | n
r

0
p
r
ers to save, save,d sxechdmpgopamgdats algl madre

Qo0 -

m

cceptance of the concept of Farmersd Righ
he seven ydhrBGRFAMegot
t

a gener al umbrella to
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ion of this h , although the Treat)
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e | TPGRFA indicates the direction
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re and food security. The concept of
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above mentioned mechanisms, the UN
People Working in Rural Areas in whioc
e States shalll ' s upep otrhte puesaes anft pecaesda
iversity' (Article 19(6)). They shall
| aws, certification schemes and seed r
of epkbsshnaets' (Article 19(8)). UNDROP
wor ker s, including their rights to |
aspects of UNDROP t hat nrdel|Baatteurt,o 2tOh2el )

-The right to seeds: UNDROP explicitly recoc
exchange and selll seeds saved on far ms. It al
bi odiversity.

-Participatimaki ing: d®ciosmodomes the inclusion of
deci-mdloinng processes that affect their rights &

-ProtectidimmpfFaoement : The Decl aration e mp h
communities from displacement and the imposit
l'iveli hoods and cul tur al practices.

SO N m
O TQ OS5 0

o ®d® O -
—~

=

T oD U409

S
d
1
r
h
e
d
I

<_‘U)—§UVOQ_

0
I

a
r
n

o
D >
@
D

EUROEPAN UNI ON SEED MARKETI NG REGULATI

The current European Union (EU) rules on the p
from the 1960s. The aim of the |l egislation was
industry. In the &urrkeeteEthaeged hedgishlaei oh se
definition of seed marketing. This means that

14 EU seed marketing regulation reform started in 2019. In July 2023, the European Commission
presented a draft for new regulation on the production and marketing of seeds and propagating
material (e.g. fruit tree cuttings or seed potatoes). In April 20@4Etiropean Parliament called for
improvements to protect agloi odi ver si ty and far mer s’ right s
discussions are still ongoing. Trialogue negotiations between the Commission, Council, and
Parliament could begin in spring 2025 endhe Polish Presidency of the Council (Arche Noah,

2024)
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The proposed |l egislative changes have several
-Farmers6 Rights: There are concerns that tt
farmersdé traditional rights to save, use, exchi
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climate change.
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CONCLUSI ON

e all international i nstrument s, the i mp
ces several challenges:

-Legal obstacl es: Many countries have adopte
commercial plant breeders over tradi:Ht

of support: I nadequate government s u
ient investment in public agricultural
-Corporate influence: The dominance of mu | t

poses significant challenges to maintaining se

-Ef forts to implement the | TPGRFA and UNDROP

and protecting farmersé rights to seeds. Stren
systems is vital for sustaioablaedaghiec uletsutr e ,e
systems in the face of <climate change and othe

Communi

The research i s

st

which is financi

a

t
i
Her zegovi
resilien

-While the | egislative changes proposed by
commodate new technologi es, they have spar ke

ese implications to ensure that the new regu
actices.

c
armersd rights, biodiversitycymalderfo odarsefvielrley
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y seed banks and CSOs are essenti al i
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probl ems facing agricul tur alr ephieatwicltyy oomn swhn tl lee tmod e

weed control. The excessive wuse of synthetic herbi
environment al pol |l uti otharagnedt aodrvgearnsi es mesf faencdt alsuormanrgn ohne
expdtwiaen of herbicides with one target site in plal
herbiRuaetsa al l these problems, there is a need to
for weed managemeni scOmerignganhewi apdr dachas for wee
all el ocAlelméelcapathy is a biological phenomenon of c
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management in agriculture. P rpeevd ioeuss psa susde sess pschtoemetd
that have great potential to be ecofriendly bioherb

Key wA&lde!l opathy, All el ochemical s, Bi oherbicides, W
1. I NTRODUCTI ON
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synthetic herbicides, there is a need to devel
great field for di scovering such tools i s t h
all el ochemi calAsl Iteod occohnetrmiocla Iwse ehdasv.e t he potenti a
to control cerKhmhdmarte peets alf. we2lX2 )(

The focus of this review is to provide an ove
all el ochemical s, and the use of allelopathy in
could be used for weed control in the context

2. WEED CONTROL I N MODERN AGRI CULTURE
ne of the most i mportant el ements to sustaini:
o enough safe and nutritious food. 't i s esti
i fficulties in securi nggr ofwadondg phruordaunc tpi oopnu |factri ot
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novel and i mproved agricultural practices and
(Khursaleed 2023). Among shewmaﬁsrabeomonscdese
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secondary metabolites to suppress target weed
and Mauromical e, 2021) . Recentl vy, among the pr
become increasingly preval ents i(nHoverrgl Amnmm2aégelme.

3. ALLELOPATHY AND ALLELOCHEMI CALS

All el opathy refers to the direct or indirect ef
microfl ora or microfauna by the production of

plant (1TAISe wWdrlB)al |l el opathy is derived from tw
of each other or mutual and pathos meaning to

pl ants has been known fomrml 1l lebdo spwaansth gf iorfs ty euasresd bt
sci ethatnisstMol i eVl i mns192D07) .

Al l el ochemical s can affect vital physiol ogic
photosynthesi s, cel |l division and elongation,
activity of many enzymes, and(Fhey dmiHyuhseslaailn2 @ 0
and Reigosa, 2 11TheH)ust$eaI|anngattGalman)20c2r®e)m|caI f
flavonoids, terpenoids glucosinol at es, benzoqg
Hussain Pt al., 2020

Phenolics are a class of the most i mportant an
to be present in a vasrtieent,y loefafp,| anoto ttRihstshuwdnse,c si n
can be generally classified into phenolaned aci d:¢
others and are found in many (pPRuwing etpeaxli.es 20k
202Khamar e e)tNianle. ,f |220v202no0i d compounds have beer
Abubhitheopht gatwska and Si phreqlod,i c2 C@Imp,Jjocwliialoen
artemiisndlfwuddsa i sor hamnetin, guerceti hemaodl k ace
constitXamtdéi wm sitmraulmadd umhenol i c compounds :
protocatechuic acid, qguercetin, chlorogenic ac
20LlThe mechanism of allelopathy associated witt
hor mone activity, membr ane permeability, phot c
compounds in qulusadalgt,et2@1l Pp).ants

Terpenoids are classified based on the number o
penes, sesquiterpenes, diAet @ eppleasmtess easrtee rap ennaet su
of allelopathic sesquiterpenes and sesquiterpe
synt hase, thereby preventing growth and can a
respiration andnshentel ehee pdbfasmpmhomend2hneNgIiAr
2022)

Coumarins are abuAgdaanRedm Asldaenrtastithdhend Bae b het i
et al ., -R2yYROgxyIA &€r7oup in the coumarin structur
herbicidal activity of-hydriocsx yfcoominmayr i mifs, c smgdu na
escul etin, and scopoase tfeircioe nldd we hrea dd icv edce si ratnar
all el opat hi-Pc®reefzf eectt a(lGal a2n02 2) .
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4 . ALLELOCHEMI WBEB GQ0NTROL
Al l el opathic interactions play an important ro
crop Arldwtilbpathy may contribute to integrated
l'iving or dead mul ches, armde/rer icr oap vrieashildeu epsr c
all elopathic mechani sms as an environmentally
without relying onesyimtcmerta)iIoctrealtémm'ttoifde:plants i
strategies wil/l enhance sustainable crop produ
soi l fertility, organi c makKbetBendaneatrezat . an@028d
Many all el ochemnil adll ® amae watemr acts as the car
activity (Farooscoplathleael .a,l | 20 bilc)h.e mWacteaelr extract f
species, such as | eaves, stems, roots, and seecf
I't has been reported that there ard@diabopot e#a®0
and only about 3% of itdheensfeo fd aenthpeoi urn dhse rhbai vcei dbael e na
199%hese allelochemicals can control the ger mi
modes o(Ko atBendanpatr zal ., 2023) .
Research by Giepanovii et al. (20Zhmefldima tshat
inhi bited germination, shoot | engt h, root | eng
of the invasAmbr weical & Peekhrissmanfooviiila et al. (20
effects of water extraXast pr odtuasbAd.umarotmommr eisihf i
the Wdbads | on anCbhemibpast.umhel Exhr aznttse he @oime 61 ol
caused nsti grneidfulccta tohnesb pians A s wei ght Xan ds threwagaheti,u nwh
extracts caused a negligiAbl ¢ hedmphaash ésG boeht
al bexhi bi ted hi ghfer tsheendsphhtraavsisttiydy h@mnducted by
(2022) the herbicidal Jpuogtleanntsi ardeagoas thenbwae hw e @ d $
retrodd@hx.usawabsum nvestigated. The results obtai
significant negative effect of walnut | eaf ext
weedAbt thoug affected thei grwiwtnihd @afl yoto tSlkedi ésn
germination was |l ess sensitive to the treat men
effect on oxidati ve sTthree sfs ncdo mmdgist ischrosweidn tchoartn wy
have a promising role in replacing chemical he
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5Bl OHERBI CI| DES BASED ON ALLELOCHEMI CALS

Pl abratsed al l el ochemical bi oherbicides are be
protecting the environment and human health f
as overcoming the phenomenon ofi cwé ed ROXily t
all elochemicals are totally or partially solub
use in the environment (Lengai and Mut homi, 20
herbicide, it mu stt inse ente cceesrstaariyn tcor iitdeernitai.f yl it
mechani sm of aamteirsrijsncentter moné , i 1 §6s eftfaacgteton
organi sms and hualan, K@l 8Mhed Spét yasl et 2023
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However, there are also some factors that [ i mi
The biodegradati on, type, and concentration o
depend on the combined effects of the plant it
di fficulTheorebatiroély shofe efvial temecthalmi cal
environmental toxicology standpoint. However,

the desirtd kéfectteanidve (Mot mainna et al ., 20:
synthetic herbicide, botanical mhefhbiaei ¢é orcdleena
with a qualitative and quantitative compositi
all elopathic compound may not show all el opathi
mi ght increase alwetbpatheri al hRebochamioal s. I
evaluate interactaindmsgosuscsm asdsymergyynent al ef
all elochemicals (Motmainna etsiale. ,ac2021n) .i nAlplec
the high specificity which is achieved in the
dpendent Under field conditions, high doses of
efficacy, and the concentration of these bioac:
which they grow (Scavo and Mauromicale, 2021).
6. CONCLUSI ON

I n recent decades, changes in climate have cau
of all plant species, including crops and weeds
synthetic herbicides fahewdad kb o wroalf sueltiecohn gn e
endeavor to secure food prédiuvict degr adadt isaump,pr e
pollution and adver se etfadregecetts oorng ahnuinsams haerael tah
excessiveheuse dfeushyimetmtdleys,, it is difficult to re
entirely, but an integrated weed management a
all el opathy can be employed in i ntegrated wee¢
herbicidessh&oweadit hat all elochemicals can be i
practices to get better weed control, reduce h
herbicideHowasvast antbadere are lalmd ddme ffuddt oac
all el ochemical sThien uweednewonatnrdo| mo d e nh omMmma thiods
cheminf oomatdieans i fy the chemical structures and
can be a starting point for designing formul at
on allelochemicals as a natur al product .
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110 NTRODUCTI ON

Climate change on a global scale was noticed and presented several decéddesi@ual Science

Board U.S. 1974} owever, awareness of the problems and consequences of climate change is still
insufficiently developed, and investments in solving these problems are disproportionate. Climate
change is one of the greatest global challenges. The world is already fazipgorablems brought

about by climate change, and predictions indicate that there will certainly be more of them in the
coming decadeslt is believed that climate change causes a chain of problems that require an
integrated approach to identifying factors that limit yield, which will likely have a significant impact

on overall agricultural production in the future (IPCC, 2014). It is uncettagpect an increase in

air temperature, changes in the amount and distribution of precipitation, an increase in the variability
of climatic factors, and the occurrence of extreme climatic events in the future (Bekavac et al., 2010).
Climate change impastmany activities, but its effects on agricultural production could be acute.
Climate change, in combination with an increasing world population, is predicted to escalate the
global need for farmland, a resource that is already in high demand (Barrow 2004) and
dwindling rapidly. Estimates of annual damages in agriculture due to temperature increase or
extended periods of drought will be more costly than damages in other activities. Yield losses are
caused both by direct effects of climate changerops and by indirect effects such as increased
inputs in crop production for weed control (Korres et al., 2016). In recent years, there has been a
massive expansion and change of weed species on the territory of Serbia because of the trend of
climate warning, increased concentration of €&hd other gaseshis affects the spread of already
existing weeds, as well as the appearance of new, even more aggressiaiveimvasive weed
species (Radilevil et al., 20o0moplemanchahmdrancee pl a
to the preservation of biodiversifivicNeely et al., 2001and a hindrance to the preservation of
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biodiversity, causing significant and irreversible changes in the environment, primarily changes in
the floristic structure. Invasive weed can define as a plant that is either nativermatienand may

have negative effects on either natural ecosystamagroecosystems but must clearly be invasive

in that it exhibits a tendency to rapidly colonize and spread to occupy new niches (Clements, 2017)
than we can understand. Invasive weeds provide many examples of more rapid evolutionary modes
and are desigrd to respond rapidly to environmental stressors associated with disturbance
(Clements et al., 2004). This is particularly evident in soybean crops, as in recent years there has
been a fluctuation in soybean yields, indicating challenges and potentgofeing this crop in

Serbia. In soybean production, weeds can have a very negative impact on yield and grain quality
and can complicate the harvest. The application of herbicides is the most common measure, which,
in combination with other practices, enssireffective weed control, facilitates production, and
contributes to economic profitability and stab
pesticide use can significantly disrupt the microbiological balance in the soil and negatively affect
the quality of agricultural products, the environment, and production costs. The issue of climate
change can be approached from various perspectives, and this paper presents how global climate
change affects the composition of weed flora and the increasiogrrence of invasive weed
species.

The aim of the research is to determine the weediness of soybean crops after herbicides application

and to examine whether changes in the environment (long periods of drought and high temperatures)
affect the intensification of certain weed species.

2. MATERI AL AND METHODS

A field trial was conducted at the Marko Koval
(Figure 1) During the spring of 2024 the trise
replications and &i bas by bteghdeo tweemedde adenfs i 2% mas
counting the individuals uslkPmsgowi nfgr asnoei |wiptrhe pdair
done at the | ast week of March and sowing of
noticed i mmedi atseol yf olv e ftchreemesrogwaiemoge, peebi ci des:
flumi oks &zl n W&lion gamouht G120 ognahk (ali .SLlg)l iifros
amounthadand M6t (EBGIMet ol 86bBUlgr EC) in amMmwente 1.2
applied i mmediately after
soybean sowling.
LT3 b SN
Figure 1. Maa ki Kwlvtalreali ilestate in Velika

Posemergence he(ra.iic.i doee hCtea zioma z4a8ntbxg S2) 4i g amoun
L h3 Bent ama(fr&. i480bedlt?az 8m) 48nd ug ttamd 5KIL@nhdan

kl omazolt, 4BO) gin amwent O6mhpebni @dhea soybeans were
|l eaf stage. Although the same combination of h
to the favorable results of the phytocenol ogi
omitted, a@indledtt avasssa@ eKIl et oxLYe xEC)a i(m .dwiotkn te tlo d
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Figures 2 and 3. Average minimum and maximum monthly temperatures and average r.
for the municipality Alibunar

3. RESULTS AND DI SCUSSI ON

During the first phytocenological assessment immediately after sowling in the treatments (T) and
control (K) 3 weed speciess(mbr osi a alk ICominoipiofdoluifd el banmi.a medi
were observed. Phytocenological assessments 7 and 14 days after first post emergence application

in treatman (T) showed on§orghurhalepense, while in the control, 14 weed species were present:
Abut hil on Ltt Amapanabtus LrembroddiexuatLtBRimi cdern dylia
convolLwWhlemsopodilw®i asbumL Lonend e ul UEchi nochil ©a
crgalLl.Hi bi scusL.tb@imdomommm puLr.®or ¢ wihacalL . §beghuoma
hal epgedngeSRerld arli .@anTmeidfioal i W mfter &daye of the second post
emergence application, 100% herbicide efficacy was observ8dimiepensi T, while in the NT

without pesticide 14 species were detected.

In theresearch of two soybean crop locations, the effective of herbicides was tested, and 8 and 7
weed species were identified, respectively (Sar
14 weeds from 10 familias, 12 belong to broadleaf weedspalydwo are narroweaved species
(Sorghum I &l ¢&anébehsnechloa crugalli L.) (Figure 4). In a year like this one, with
extremely high temperatures and a long summer drought period, it is confirmed that the fact is that
Echinochloaspp. 5 a weed of warm regions that requires high temperatures for dry matter
production and growth (Maun and Bennett, 1986). AlthoSghr g hum K al. @ pveRnesr es
successfully controlled in the herbicide trial, it should not be forgotten that this species is one of the
most economically significant weeds in field ¢c¢
S. halepensenay become more difficult to control, if increased photosynthesis stimulates greater
production of rhizomes and other storage ord&adterson, 2017).
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60% of the potential yi elrd t(iSarharpdkgiiiodetf oal .we e?
i s between 30 and 45 days after the sowing (Pac
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and natur al resources, especially for Iight (V
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than crop plants (Korres et al., 2016) (Figure
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Flgures 5 and EPhytocenoIoglcaI assessments after post emergence appllcz
(T) and in the control plots (NT)

4. CONCLUSI ON

In recent decades, we have observed global climate change, fluctuations in soybean yields, increased
weed infestations, the rise of invasive weed species, and the uncontrolled use of herbicides. Clearly,
research on weeelolution in response to climate change has advanced considerably over the last
several decades, but there are still many questions to be explored more fully if we are to approach
the goal of devising more proactive management strategies. This is one rfagons why, in
addition to monitoring yields, scientists increasingly for phytocenological assessments of weeds in
crops.During 2024, a year of extremely high temperatures and a long dry period, we estimated that
the soybean crop has 14 weed specieshich 4 are invasive whichonfirmedthat weeds adapt

more easily and quickly to extreme conditions.
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esentative period, with |Iittle | ess deviat
ng summer months when sugar beet is in the
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monthly awerage temperatures in comparison to multy-year Monthly average temperatures in comparison to multy-year
average, 2023, Vojvoding, °C average, 2024, Vojvodina, °C
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Figure 1. Monthly average temperatures it Figure 2. Monthly average temperatures it

comparison to multyear average, comparison to multyear average,
Vojvodina, 2023. Vojvodina, 2024.

Looking at data regarding precipitation it 1is
nohtave sufficient water supplies (Figures 3 an
di fferent when comparing years 2023 and 2024 d
little more favorabl e than ni nwa2t0e2r4d fyrecam .t h2e0 2he |
season to May in which had some rainfall. I n
of 60 days without rainfall] or with | ocal rai

Balance of rainfall in comparison to needs 2023, Vojvodina, mm Balance of rainfall in comparison to needs 2024, Vojwoding, mm
R=RERARARARIR, ;;_.‘_Ill
Figure 3.Balance of rainfall in comparison t Figure 4. Balance of rainfall in comparison 1

needs 2023, Vojvodingnm) needs 2024, Vojvodingnm)
Year 2023 was one of the hottest years in histo
to Copetrhne clilsr opean Union's Earth Observ-ation
breaking year, foll owing the leixntaetpet i ®ummina r2y0)2. 3
temperatures and | ow precipitation brought a
phenomena were noticed. Pl ants drying was dete
region. During 2024geeofhadead hplgahretrs pferracre ndraou
2023. Root rot and rubbery roots were signific
but origin of those is not the same in all pr o
Moni toring Balka region (part of Vojvodina Pro
even when we appeared it was at random, | ow in
root rot was detected in tdcdtse ategd omr.e SFeorl d eo wd fn ¢
Aphids in every checked field (Figure 5). The g



on sugar beet production with effect of |l over
trough needs of application of insecticides in
pl ants more susceptiblettoapbsantophathogsensaobse
most i mporthacr oprom wan@ghaassipkmhas. Al so, we |
saprophytic pathogens present in those roots.

Figure 5.ugar‘beet roots infested

ng summer months rubbery roots were detect
erence between years 2023 and 2024 was o0bsc¢
arance in differ enCanpda ratlay wasfp | \aosjnvao dsionl aa npi rdo \
e the main reason of this phenomena. Anothe
transmit this di seRept alr eSREPpa&md arsipffi.abh tmop
queaoldyakt est hes Doubrsionlge t2u0s2 3, with | over ave
024 al most 98% of rubbery roots were infected
eath of pl ants. Each year monitoring of their
eg@n since their appearance is on highest |l ev
emperatures were even higher than in 2023, wi!
nd we had | ess shtaale rndotphrydtopl atsmaaten af al me
p being infected with phytopl asmas. This is
mergence of <cixiids in 2024 was 4 weths biefotr
wo weeks of June, after which appearance in fi
ange and changes in temperatures. Uswually, pc¢
rm winter and spring .nra8dmre raedguilans had ehrieg gees |
rcentage of root rot caused by phytopl asmas,
out 29% in 2024. Bal ka region had appear ance
gion and it wad hr amdemiidre mfiicelpdhenomena.
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he first group represents good agrotechn
sing done in optimal terminudg oaand mhiwmmindim
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period with more humid soil. Reducing the numb:¢
reducing tire pressure we keep soil compaction
humi dity better. The seooceé moti gathonegaon,i al
in accordance with analyses done. The third par
which is one of the most i mportant parts of C
Dependi ngciome ppest flights determination and
recommendations for pesticide use. I f this is
we miss control of pests and di sttasgr,ottdhetr es g 4d
Ot her ways are ecological, from reason of over
|l ead to more residues in soil. Finally, if the
and can desseasetwimeh parlier start of campaig

order to save as much sugar beet as possible.
3. DI SCUSSI ON

Agricul thurreencihs otfheproduction the most connecte

Every step of production is susceptible but m
organi zati on, duration and dependencel bnhaweat &
great i mpact on agricultural production (Gaut al

for agriculture to adopt measures to minimize

emi ssion because even ewhvar nmimaogs ewiddc rceomnstd ,nucel if
were problems caused by this (I PCC and Kyoto P
tem rature and precipitation cause epidemic o
Sys mftohordousgehcurity amyd d nodwee v ehrayr vpersabsl.em i n a
i s rectly connected to food chain supply (Far
Ma i, 201 2; Fahad and Wang, 2mEe7)o.f ItrheSevrilkiae
pr ctions and climate changes hadgualmpdysteerdd i t
ma g processing in factories difficult. Ther
ec
)

T d® Q0o

an rease in rainfall wild.l decrease product.i
determined thatd platstearsre sv a@reicateiacre @fr opeal
e highest problems detected in sugdr bee:
uction more complicated and shifting apprc
ers are followed by increase in diseases a
even in Serbia brought emewnpitollsem mpror $ @ md
r beet root Aphid in Balka region. Very dr
root Aphid devel opment, and during droug
cted i n satme (PEPGampbelfl téhred sHut chi son, 1991
use of pesticides because of bigger popul e
ener al ( Mal | a, 2008) , even mor e smotriol noofni
ases and pests is missed and more products
at ments became obligatory in order to contr
without proper momiptosriimd eoft opaot iftl ii gohtt iil
most i mportance for plant growing and its f
ortant to maintain water, air and root move.l
gr ow headletdhdiseaa sviherc hpr ot ecti on and better pl
emi nent during vegetation when rainfall i s
uced in yield and qmuaS$darth/i g @dsmhseinng arnshtdaetutrper,c
determine some cruci al problems devel oped b
nfall and high temperatures. The direct inf
epi démpekbdbgytbat transmit those diseases o
ortant srhoovthssr € swé nhawetdi fferent origins o
ditions during each season. |l Aphhids pagdeci w
sing root rot and transmitting phytopl asmas
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To minimize damage caused by those diseases, \
positive impact on sugar beet production. Clim
i ndividual measures can mitigate their effect
4 CONCLUSI ON

On the base of research established changes of
sugar beet in Serbia and intensive phenomenon
transmitting phytoplasmas wbhothré6urther Seanbhbsa |
are increase in diseases and pests during vege
in Balka region. The wvariation of pests and di
sugar beet, prnodSiecrtbioa what require mitigation
producti on.daThoacgameu é ani bg t hose di seases, we det
significant positive i mpact on sugar beet prod
di sease in fields can conduct throughapnowat e mg
air and root movement in soil and its compacti
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ADAPTATI ON OF SUGAR BEET PRODUCTI ON
CLI MATE CHANGE

Zl atko eMjiliAnja Mill osAma |l Arglveélikovi i
Danijel & GN&maddg2akr kul j a

IResearch and Devel,oplimgeatbiCantezl atSkkomokiol i cev
lnstitute for plant protection and envi

AbstrGlcitmate change is increasingly exerting a nega
production. The aplpdntcapi otnhe otfi earumeag ®enutss and crop f
and water pollution, as wel |l as increased greenhou
Conversely, climate change, throegilpeabtered, phaciopt
summer, and spring frosts, increases the intensity o
and vegetation changes, alll of which di srupmtndsugar

sugar beet production technology necessitate the mo
Research Center of Sunoko is investigating and i mpl
anal yses, weed bd omtrreplar maa Hoennsiead ad,n ddimscerase and weed
These efforts aim to preserve the environment, mi t i
Sunokods sustainable sugar beetnpltoduesi bhat sréespdas:
natur al resources, soil, surface and groundwater, bi
Key w&udgsar beet, Climate change, Sustainable produc
1. I NTRODUCTI ON

The concept of sustainable agriculture entails
good yields. The growing demand for food drive:
and methods. However, the muovei $ hado wheidg heerrv i |
preservation, resulting in climate changes tha
The excessive use of pl ant protection agents

contamination 488 a€tcgueeshbogdleGastemilssi ?rOsl 6(
activities exacerbate environment al degradati ol
air temperatures, and seasonal occurrences suc!l
insect prmroldi fresastamf weed strains (Piao et al
Climate change is among the wrehtpstedomahbhanhbeg
effects on agriculture (I PCC, 2014) . Oltdheen et
Pannonian Plain are particularly susceptible

droughts severely impacting crop cultivation.

Sugar beet cultivation in these conditions fac
hot summers. Yield projections suggest climate
Europe but decrease them Fnaceatr Bel gegmpnandi
202050 (Jones et al., 2003). These challenges

technologies -tndadddessre$s mahiel e safeguarding
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The aim of the research is to present the tect
principles of cduelvteilvoaptiinogn a emdéwol ogy with a r
resources, soil,gupndedgwated, abdodbueesity, sa

ani mal s.

2SUGAR BEET PRODUCTI ON I N SERBI A AND WORLD

The |l argest sugar beet producers globally incl
Germany (FAOSTAT, 2024) . Annual |l vy, approxi mat e
wor |l dwi de, with 80% ori inatingghan Beebobpeul( DF
increased by 12.4% in 2024 compared to the pr ¢
compared -yteoart haev e2@P8) (2@ h4e i ncr avavawve s twa)s.. ooV .yr
Statistical analyses indicate that while gl obal
has experienced a significant decline, from 3.

(Figures 1 and 2).

Sugar beet production, 1961 to 2022 hil

Sugar beet praduction is measured in tannes, su

1gar heel production, 2006 Lo 2022
dursionis messured in formes.

250 million t

tmiliant

50 million t 5000001

ot . .
2006 2008 2010 2012 2014 2016 2018 w0 w2

Data source: Food and Agricullure Organization af the United Nations [2023) OurAarldinData.oreericulluralgrecuction | CC BY

253.96 million t

Figure 1. Production sugar beet in Europe  Figure 2. Production sugar beet in Serbiz
and World

3. CLI MATI C FACTORS AND SUGAR BEET PRODUCT

Sugar beet has been cultivated since the 18t h ¢

farming technol ogies. Modern varieties boast s
past (McGrath et al ., 20Xk8)al | yumdrionad i & b if @atcit ®
factors in achieving high yields. As they chan
and 2). In general, climate change is one of tF
temperasungsdcpauperiods, stormy weather, heavy
parameters for organizing sustainable agricult
I n the territory of the | argest -tsugmrankadets epsr ¢
reduction in precipitation and a temperature i
beet production. A more tdeatitlkred MmMompdéald gt amal iyr
on average 3.8 AC higher, and in the period wh
compared to the yame peerradef oOnthéetenhher handa
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showed that the Mancé) peéedi oot ( Pcoobere enough

for the same -ypeearri oadv eirma gte e tAé s 0, a | arge | ack
August period, 55 mm | ess e(lTaathelde aln)d. tBoogteht hfearc te
beet yield: directly on the development of rooc
pathogens and insects that damage young beet p

Table 1. The r attieompoefr aptruercei piint a2 Gy2eda rcaocemipearr segde t

OctoberMarch | April | May Jun July | August | September
Lack of 50 45 | +22| 5 | 34 | -76 +50
precipitation
Temperature i +44| +13| +31 | +37| +25 0
rise

The occurrence ofredlnacughtin >f &60t% ,y ideltdr mi nes
white sugar yield (Fasahat et aR0% @D18B8B)esBuma:
sugar beet riosugahftf escttreeds sbybyd restrict( tagf flmardfn,de
2010). The content of sucrose affects the cont e
by biotic factors: physical properties of the s
duration of smaesan. et 20l Moham the other h a
temperatures disrupt the structure and quality
beet root system. Due to all of the above, Sur
agrtwcmual production faces due to climate change
Center take care to adapt the production techn
for the environment. Analybowedfthhe gaalitgmp
drought affects poor root development, the appe
of Sunokos, after analyzing the volume of the
of the ofccuootetnrcet owas found. Due to t-he5dgoug
cm) and the sugar beet root had no space to de
several localities (A1, A2, A3 iandiAd4)wa(sTd boluen d:

depth of 50 ¢cm in samples Al and A2, the volum

root rot was lower (A1l = 42% and A2 = 0%, Tabl e
percentage of sreott hien owrod ausnes ofedawe soi |l was wel
TablWwl2umetric mass of soil and percent e

Soil (DceISampI|Sampl|S_ampI|_Samp|

Vol umetric mgss of

10 1.22 1.14 1.10 1.21

20 1.04 1.26 1.26 1.49

30 1.43 1.17 1.52 1.39

40 1.438 1.50 1.52 1.414

50 1.37 1.33 1.46 1.40

% root 42 % 0 % 75% 57 %
The wetness of the soil and the appearance of
greatly affects Beawamnugeplodntts.i st prhreinppsme no n, ma

break up the crust but at the same time mix th
Howevewr,ow rctudrti vati on mi xes weed seeds nlcRosner
in the <crop. | mp rroopwe rd wy! tpievraftoiroome d( tihnet etri me wh
damages the | eaves and opens the way for patho
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_ Figur » 3.Cultivation of the sugar
beet crop

The problem of thmempereseficeveefdlsaahdr ge devel ope
weeds is solved by the introduction of machine
the aim of reducing the use of pesticides and

——

Figure 4. Harrow with spring tines Figure 5. Harrow with rotating star

One of the ways to take care of the environmen
fertilizers. The company Sunoko conducts soil
it cooperates with due tdo apprpolpiecratd romp offe efdeirntgi
various metal elements (Figure 6). Achieving h
percentage of sugar, depends on the presence o
Cu, Fe, Mnand&nB MAmMi Niet al ., 2013; Rassam et

Figure 6.1CP-OES Perkin Elmer

Avio 200
Anot her measure of the Sunoko company to all e
increase yields while protecting the environme
baseBlaoislplpus) . The preparation is an effective
root, |l eaf, flower and stem. Bacteria produce
growth and enhance resistancd hteo aptpriéexsatd @md iotf
prepar a¢i ehsewmavhat after application there i
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26.26%), a |l ower Il evel of i rCfeectois@rorwaiFthlg tuprfeywt7a|
an increase in yield (Figure 8) and better dig

Infection % Cercospora beticola

Bacillussp. 1L Bacillus2 L
without Bacillus sp. Bacillussp 1.5L

Figoimd |l ueBazeislpfpuus on @eppeaspoca beticol a

Increase in yield % Digestion %

comh e
comer B
come e
Control
Control 17.19

Figure 8.Influence oBacillusspp. Figure 9. Influence dBacillusspp. on
on yield digestion

Sunoko program

Copper + Bacillus

Copper

3. CONCLUSI ON

Climate change presentsuatpéenabdsieveulgiami beertg p
high yields, sustainable agriculture, and env
i nnovative and adaptive farming technologies,
measur eédiaraé dro meeting the challenges of agri

conditions.

f To adapt sugar beet production to the i mpac¢
i nnovative measures in production technol og
f Monitoring soil and plant materi al fertildi
application of minkbasédsbestiahicesesrand met al
f I'ntroduction and application of bBi aocpi rl €l puasr a
spp. in order to improve plant resistance

sugar content and vyield.

T Use of weed control machinery: Mechani cal
preserving soil health and biodiversity.
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11 NTRODUCTI ON

Biodiversity, or biological diversity, is defined as the variability of living organisms, including
species diversity, genetic diversity within species,esabystem diversity (Taylor et al., 2020). This
definition implies that the biodiversity of a particular region encompasses the collection of all genes,
species, and ecosystems found within that area. The diversity of genes and their combinations in a
given region leads to morphological variations among individuals and populations within species,
as well as taxonomic diversity of species within communities or ecosystems. These differences result
in functional differentiation within specific species (Bartlgkiy 2017), ultimately affecting the
diversity of ecosystems themselves. The preservation of this biological diversity is of paramount
importance for maintaining the health of our planet and thelveitlg of all organisms, including
humans. Biodiversityantributes to ecosystem stability, provides resources for food, medicine, and
materials, and plays a critical role in regulating climate, water quality, and soil héafidintunately,

human activities such as urbanization, industrialization, overfishiefprestation, and pollution

pose significant threats to biodiversity. These activities lead to habitat loss, species extinction, and
ecosystem fragmentation. Estimates suggest that over one million species are currently threatened,
which has farreachingconsequences for ecosystems and human sogietis, the protection of
biodiversity has become an urgent global obligation. This protection not only involves the
conservation of endangered species but also the establishment and maintenance of ecosystems,
support for sustainable practices, and the promotion of awareness regarding the importance of
biodiversity. International efforts, such as the Convention on Biological Diversity (CBD), aim to
unite countries in a collective fight against biodiversity Ids®ugh various strategies and action
plans (Halkos and Matsiori, 2022).

Biodiversity conservation is a complex process that requires the integration of various strategies and
approaches while considering numerous factors. Despite the fact that there is no general consensus
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in scientific and academic circles regarding the number and significance of the factors influencing
biodiversity, there is agreement that the following are essential: habitat conservation involves the
establishment of protected areas, such as nationat padk nature reserves, aimed at minimizing
human activities that lead to environmental degradation. Sustainable resource management refers to
the use of natural resources in a manner that meets the needs of present generations without
compromising the abtly of future generations to meet their own needs. Pollution reduction
encompasses a range of strategies and measures aimed at decreasing or eliminating contaminants in
air, water, and soil to preserve ecosystem health and human welfare, as well asot@ impr
environmental quality. Education and the involvement of local communities in addressing critical
issues related to biodiversity conservation involve activities aimed at developing and implementing
projects, promoting traditional knowledge, and engagimgmunity members in decisianaking
processes regarding biodiversity protection (Halkos and Jones, 2012).

The impact of these factors can best be understood through their influence on the value of
biodiversity. It is well established that biodiversity possesses intrinsic value, which is reflected
through the utility that humans derive from the use of natwaburces or the elements of
biodiversity. This value can be both direct and indirect (Nguyen, 2023). While direct benefits of
biodiversity have market value (price) and can be quantifiably estimated to some extent, greater
challenges arise when addressindirect values (Paul et al., 2020). Consequently, expressing the
value of biodiversity is a complex task. Currently, the widely accepted method for measuring
biodiversity value is through seven sdimensions defined by Alho (2008): intrinsic, market,
political, aesthetic, anthropocentric, and compensation value.

In light of the aforementioned, the purpose of this study is to examine the significance of key factors
in biodiversity conservation. The aim is to (i) quantify the impacts of these key factors to determine
which of them has the greatest influence on emvirental protection in the Republic of Serbia (ii)
ranking these factors to ensure that limited resources are allocated effectively to achieve maximum
benefits for increasing biodiversity value with minimal investment of finite resources.

2. MATERI AL AND METHODS

The analysis of theoretical conceptsbiddiversity value, the study adopts the following research
model, as depicted in Figure 1. The model indicates that the total value of biodiversity depends on
four factors of biodiversity conservation. Furthermore, based on the presented model, thiedollow
three hypotheses can be defined, which facilitate the achievement of the main objective of the study.

Habitat conservation

Sustainable resource
management * Total value of

biodiversity

Pollution reduction

Education and
Involvement of Local
Communities in
Addressing Important
Issues in Biodiversity

Figure 1. Research model

AH1: All factors of biodiversity conservation have a statistically significant and positive impact on
the total value of biodiversity in the Republic of Serbia.
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AH2: In the Republic of Serbia, habitat conservation has the greatest significance on the total value

of biodiversity.

AH3: Sustainable resource management and pollution reduction have an equal impact on the value
of biodiversity in the Republic of Serbia.

Table 1. Questionnaire
varija ltem Factor 1l oadi
TV HC SM PL El
Biodiversity in the Repg 7
Biodiversity i sweldn exfgi d
Republic of Serbia 0.7
The Republic of Serbia
0.7
nature
Natur al |l andscapes are |0.7
T | JHuman activities do not
ot a ViRepublic of Serbia 0.8
Humans depend on biodivO0.38
Scientific research bas
the Republic of Serbia|0.7
Preventive expenditures
biodiversity in the Rep 0.7
The current state of ha 0.7
) Awareness of habitat pr
Cg'r?:"a:ecommunity. 0.4
loften participate in h
(HC) activities. 0.5
Habitat conservation is 0.6
bi odiversity. )
Local authoritimeaterfdlec 0.8
Sustai (Al'l community members a 0.6
resourlof sustainable resource )
managenPractices such as recyc 0.7
(SM) community. )
I am taking per ssounsatla isnt 0.7
of resources )
Local authorities are t
reduce pollution in our 0.6
Citizens are aware of t
POIIu.tcan contedbategtpol | uti 0.3
reducti . 2
Pol l ution education pro 0. 4
for my community. )
Reducing pollution is a 0.9
communi ty. '
Educatil p_art|C|pated in edug:a 0 7
IrlvolveenV|ronmental protecti o
Local |[Educational initiatives 0.6
Communi {i mportant to my communi '
AddresyCitizens are sufficient 0 7
| mportafof biodiversity protect :
in Biod/l often look for inforn
Conservaprotection from differe 0.5
Note: All items with a factor | oading of
crdvsading between items, all with values

and

di vergent
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a fpoient Likert scale, ranging f m (1) "strong
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was tedMeg-®@rkbnhgt ebe &KMOs éHWpl Brg

of the sampl e

value = 0.891). The r esulhtes qafe stth e nwaliirdi tay et e:
1. The results of the factor analysis reveal
anticipated patterns, thereby ensuring the reli
coll echiedd $toudyt were analyzed using the JASP s
model i ng.

The research was conducted on a sample of 52 e

t hRRepublic of Serbia, al | of whom possess subs
collected using a structured questionnaire, whi
literature. Since this isoaghewxplbesatonpainet
guestionnaire is presented in Table 1. The st uc
refute the established hypotheses, structur al |

3. RESULTS AND DI SCUSSI ON

Bef ore the estimation of model par ameters, a ¢
requi rement for the appropriate application of
exhibit strong correlatiomresd. iMmheTaddrer e2 atiian
interrelationships among the variables measur e
average extracted variance, whitem meaduiroas,t lae
Cronbach's al pha. fFurthdrmesefor the structur a
i n able 2.

TablGor2r.el ati on matri x, AVE, reliability

TV HC SM PR E |l

TV 1

HC 0. 43 1

SM 0.23 0. 4 1

PR 0.32 0.2 0. 34 1

E | 0.26 0.3¢ 0.55|] 0.25 1

AV E 0.74 0.7¢ 0.68|] 0.69

Cronb o g4 0.8¢ 0.75

al f

RMSEAofOt mean square€

) 0.02

approx) mati on

RMSR o(lot mean s)guare 0. 05

NNFhomor med )fit inde 0.92

AGFadjfustled GFI 0.89
As can be seen from Table 2, the variables are

is greater than the squared correlation coeff

confirms the discmoidneilnanCGr ovnablaicdhi'tsy aolfp htaheval ues
which indicates an acceptable | evel of reli al
reliability was further supported by thet fact

the proposed JASP structural model fits the dat
are presented in Table 3.

The results presented in Table 3 show that t h
bi odiversity protection have a statistically ¢
bi odiversity in the Repubcan boef aScecrebptaed ias pwaol
emphasizes the need for an integrated approact
education, active community engagement, sust ai
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appropriate training. Therefore, future biodi
integrated approach that wil!l include not only
| ocal communities, and acbive management of na
By combining these elements, it is possible to
of biodiversity in Serbia. Given the importanc
the genkkeiamg wefl |l soci et yl,opi tanids ienspsleennteinatl ptool idce
address all aspects of nature conservation, i
environment for future generations.

5. REFERENCES

Al ho, C.J.R. (2008)Brahelvahuéo®8 nblDE&E.vBrel vy
Bartkowski, B. (2017). Are diversebiecdisyert imsy
result of uncertainty and spati alEciomtyestt &ant i
Serv24e5D.

Hal kos, G. , Mat si ori, S. (2022) . Under standin
management , and conEeowami onAnéal, P oRGBerdsPoli
Hal kos, G. E. , Jones, N. (2012) . Modeling the
prot ekctoloongi cal7 8E€®®Bn o mi Cc s

Nguyen, M. H. (2023) . I nvestigating urban resid
protected areas: EmpiRiitcad meivk are nAsei.d& rParc iVfi ied
Paul , Cc. , Hanl ey, N. , Meyer, S. T.On RKhrestf,unC.t,i c
relationship between biScdiewetrrs &tby gaedasaexc/ornla2mi
Tayl or, B., Chapron, G. , KBpocobhp, HJ, JOr (PR O}

ecocentrism in biCdnverwat, gl oBid@IOBAY i on .

245



’ 12. JEEP MEDUNARODNA NAUCNA AGROBIZNIS KONFERENCIJA-MAK 2025
f ﬂ 12" JEEP INTERNATIONAL SCIENTIFIC AGRIBUSINESS CONFERENCE-MAK 2025
! ,Climate change and ecological sustainability in agriculture and p

food production in Serbia, the region and Southeast Europe™
SERBIA, KOPAONIK January 30th to February 2nd, 2025. MAK

NAUCNO POSLOVNI CENTAR Wao02s

doi :10.46793/ MAK2025.246S
ASSESSMENT OF ENERGY SAVI NGS I N PUBLIC

CI'TY OF NOVI SAD

Vojisl av !'Q\tadjaaymodfieit paink 31 vanovi I

'Academy of Applied Technical and Presch
*svojislav22l@ymail.com

Faculty of Business Economics and Law Bar, L

S'University of Pristina temporary settled in

Leg&asovo an8eMeitahia,

AbstrCddtmat e change poses a significant gl obal threa
savings, which play a cruci al role in reducing gree
three times | ower ht hdhre ihomuBWngowsrtct ioes bewintg t he | ar

2016, energy efficiency measures in pl8Bhl®O8 BWhl giemags
and7718 annual l@.4Fornewesetrgd, 0 1 kWh/sy eaacrhi ®fveeneradyn
reduction otemMi39sitoomss arfnuO | vy.

Key we&t d snat eEnehlr ggryg evabvliincg spNo ivadli ng s
11 NTRODUCTI ON

The City of Novi Sad is a vital urban center in Serbia, recognized as the daqest city in the

country. It serves not only as the largest localgeifernment unit but also holds the distinguished
status of being the capital of the Autonomous
This significant role within the régn underscores Novi Sad's cultural, economic, and political
importanceNovi Sad is a city's with the most notable attributes is its strategic geographical position,
situated on crucial transport corridors that enhance its connectivity isafionally and
internationally. The city is welberved by an international highway that runs through it, establishing

a critical link between Southeastern Europe and Western Europe. In addition, the Danube River
flows through Novi Sad, providing vital wextvay access that connects Western European countries

to the Black Sea, further elevating the city's logistical significance.

Novi Sad's urban area encompasses 15 suburban settlements, together covering a total expanse of
702.7 kmz2, while the city center itself occupies 129.4 kmz2 (Official Gazette of the City of Novi Sad,
2016). This extensi ve agravth andadvelopmehtyut &sio cethetts g ht s
its capacity to accommodate a diverse population and various economic activities.

In terms of climate, Novi Sad exhibits characteristics of both moderate continental and fully
continental climates, allowing residents to experience all four seasons. The average annual
temperature in the city is 10°€, with January temperatures typically hovering arodntC, while

July brings warmer weather, averaging 2306 This climatic diversity contributes to the vibrant
lifestyle and array of outdoor activities available to inhabitants and visitora likeo 2P1J)

reseanalywzddrye saed ntgs i n public build

The main
after the implemefdthatistnudyf abB|l measdutde. | evel

e
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measures i mplemented in public buildings, base
annufaémiCssi ons were calcul ated.

The aim of the study is to determine the impac
savings, financi al savings and environment al c
to recognize the saxitnggGse arf) edinidnae memgeyw agly C @ WI
through the i mplementation of EE measures and

2. MATERI AL AND METHODS

The research is focused on assessing the energy savings achjawglitibuildings within the City

of Novi Sad. The EE measures to which the research problem relates are reconstruction of the
heating system, replacement of wamt joinery, replacement of energyefficient lighting,
insulation of buildings, etcMu k asovi |,2024).d Todi |

I n this research is included 200 public buil di
facilities of institutions i n: educati on, cul t
l ocated in the City of Noon Spdci Amoalgl y hemc a &
public buill)dings (Tabl e

Tabl e 1. Public buildin@gonh2alt &10e the su

Groups of public buildings by functior Ty%isilc(j)ifngl;bllc h&%ﬁﬁ;gf
Cultural centers 2
Theaters 2
CULTURAL INSTITUTIONS MUSeums >
Other 8
Health centers 6
HEALTH INSTITUTIONS NMedical centers 8
Preschools 73
EDUCATIONAL INSTITUTIONS Elementary schoo 40
High schools 16
COLLECTIVE ACCOMMODATION | Nursing homes 1
FACILITIES Other 2
ADMINISTRATIVE BUILDINGS Urban buildings 30

Based on the identified problem and the focus of the research, two hypotheses were established:
1 The implementation of energy efficiency (EE) measuregpuhlic facilities can result in
average total annual final energy savings of.800 kWh per year for the period from 2020 to
2022.
1 The implementation of EE measures in public facilities can lead to average total annual
reductions in C@emissions of at least 150, per year for the same period (262022).

3. RESULTS AND DI SCUSSI ON

It is unofficially estimated that there are over@® public buildings in the Republic of Serbia that

need energy renovation ( Ag cegyires the repaiadf insufficer®@ 1 7 ; V
insulation, outdated heating systems, poor carpentry, etc., or the renovation or replacement of all the
aforementioned deficiencies in these buildifgter completing the calculations, the data regarding

energy savings estimates for public buildings in the City of Novi Sad were analyzed. The
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comprehensive data summarizing the total energy savings resulting from the implementation of EE
measures in public buildings within the City of Novi Sad are presented in Table 2.

Table 2 presents key parameters related to investments in energy efficiency (EE) measures
implemented in public buildings over the period from 2014 to 2016. Total investments for the
applied EE measures significantly increased during the observed perisd, m g 132749 m U
2020,19706 20 i
comprehensive approach to energy renovation and the willingness of local authorities to invest in
enhancing energy efficiency.

Tab2Teot al
bui I diinn gtsh e

n 2021,

energy

and

S

avi

ngs
territory(AFonjhae, CIa2%4)f

afte

r the

Parameters observed 2020 2021 2022 Total
Total inves| i3 747| 197062 | 540801 | 870.610
measures applied 0 )

Total annual final energy

savings: FES (KWhiyear 343.662 | 373.625 | 1.104.711| 1.812.998
Savings (0 / year]| 13.385 12.226 52.107 77.718
CO;savings (tCOulyear) 67 83 289 439

r540:8@l hini2028. Thasrtrend imdicatesas i v e

i mpl emen
Nov

Total annual final energy savings (FES) adsperienced a significant rise, from 3832 kWh in
2020 to 1104711 kWh in 2022. This increased energy saving reflects the success of the
implemented measures and their effectiveness in reducing energy consumption in public facilities.

In terms offinancial savings, a decrease was observed in 20dR.2 2 6 )
i52107. Ehiz Buetudation gagy berattributed t8 Highed

13385) ,

but

savi

ngs

compared

to
t o

investments made in 2023, resulting in considerable reductions in energy consumption and,
consequently, greater savings.

CO; emissions reductions also demonstrate a positive trend, with a total reduction of 436139

the entire observed period. These estimates highlight that the energy efficiency measures applied
significantly contributed to the decrease in harmful gas emissions, which is crucial for environmental
preservation and combating climate change.

Novi

Sadoés

i s

strategic

|l ocati

on

and

substanti

city in Serbia, with a bright future ahead as it continues to develop and enhance its role within the
region. Considering the aforementioned, an importaeistion for Novi Sad is how to become a
leader in energy saving in public buildings. Therefore, the purpose of the paper is to assessment of
energy savings in public buildings in the city of Novi Sad after the implementation of energy
efficiency measureghe city of Novi Sad was among the first cities in the Republic of Serbia to
implement energy efficiency measures, which, among other things, emphasize increasing the use of
renewadndTeo dsduyr 202 4O)Mukasovi |

energy

from

The City of Novi Sad covers the energy and water expenses for these observed facilities. However,
this number does not include buildings under the jurisdiction of public utility companies, which are
responsible for their own energy and water costs.

Overall, the results from the table indicate that investments in energy efficiency measures in public
buildings in Novi Sad yieldegositive outcomes in terms of energy savings and €@issions
reductions. This further emphasizes the importance of such investments for a sustainable future.
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4. CONCLUSI ON

Based on the conducted research on the topic "Assessment of eadrgs in public buildings in

the City of Novi Sad after the implementation of energy efficiency measures," two hypotheses have
been confirmed. The analysis of the research findings, focusing on the applied energy efficiency
(EE) measures from 2020 to Z)2shows that total final energy savings exceeded(0B00
kWhl/year, reaching a total of.812998 kWh/year. This result validates the first hypothesis.
Additionally, it was determined that the overall reductions in, @issions surpassed 150
tCOylyear, wth a total reduction of 439 tCfyear, thus confirming the second hypothesis as well.

Based on the benefits analysis of the implemented EE measures, several additional initiatives are
recommended for public buildings, including the management of heating, cooling, and ventilation
systems, the reconstruction of lighting systems, and the imprent of thermal insulation.
Furthermore, the construction of solar power plants and systems with solar collectors for hot water
preparation is advised.

To further enhance energy efficiency at the local level, it is essential to provide incentive pricing for
future thermal energy producers utilizing renewable energy sources (RES), maximize the use of
locally available resources such as agricultural biomreass significantly implement cogeneration
systems for simultaneous heat and power generation. These recommendations have the potential to
lead to substantial improvements in energy efficiency, emission reductions, and environmental
preservation in the Gjtof Novi Sad.
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1. I NTRODUCTI ON

Nowadays, there is an increasing emphasis on i
to develop tourism, or tourism activities in th
attention should al soy.beThpeariedf otre, t i ri ss unsetcaei
principles on which sustainability is based. T
sustainability is on the application of wvalues
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interaction between agricul-ecaocrmromind $toabilsimt y sc
t hus efnaarbmheirnsg t o maintain their agricultural pr
2024) Pal mi and Lezzi (2020) believe that agr.:i
which presupposes the preserevrastiitoyn, otfherwerbayl slt
empl oyment and providing sustainability to rur
achieve full integration of farm income on the
of agriculngrtheé nepviesemwment, natural resources
and customs (Giaccio et al ., 2018; Pugka et al

250


https://doi.org/10.46793/MAK2025.250N

® DT
X O =
T oW

30 T 0 oS9Q
T OSSO OOV

NTTOY C—~Q 0 TCc T
CO~MW®VND™= —Wn IO
PSSV O W o T

—
=0

_,,
c

N
® = PO ODODODOW S >TC O .
QD D DD

SOPBONMSO O ~ o
OO~ —0 O

ctice of a
l ogi cal ch
eriences.

reatly across
eby promoting

vious statement, the subject of
Republ Serbia, or rather, determining
el opment . e neadtf amatesSeambdta liisewoitrmdtah e
dition and historical and cultural heritag
anci al val orization through the devel opment
edoarnywvestigate the factors that influence
ortance.

ed on the pr
ic of
Th

>

5_'C‘_"'O('D

rposecmwoift eviad uanalynsi snuméti hods pl ay
e in a |l arge number of works by the
AHP met hod i demtirfuiread Kewriimdi atgari &
, the cultural factor plays the great ¢
such as heritage and | ocal qualiittey ifaac
g model selects the most suitable agri
so us-mafgiagfmpdel dedestohies certain
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qguality of accommodation in rur al t
ofcg idlegso au aen arhwylstiis met hods for the p
wdl cspumd ai nabl e agrotourism potenti al
a et al., 2022; Adamov et al ., 2020;
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aim of the research was to determine the s
ther development of this branch of tourism

MATERI AL AND METHODOLOGY

research process is presented in the foll o
avail able scientific and professional mat e
stionnaire sent tohehéiesgygagedpewpsrte tet tr
t wi || be used in the research. The selecti
the following Table 1. After that, a framew
rts in the subject area was -makingtpdoc &s9 el
essary to obtain as precise an assessment a
ected experts via qvueeds t6i oenxnpaeirrtes. wrhhoes er essteraurc
sisted of employees in tourism organizati on
er that, the selected selection method was
gi kencontinuation of the paper, as well as

essary conclusions were drawn.
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v

Definition of criteria

v

Formation of the research model

v

Expert selection

v

Research criteria evaluation

v
ApproachfuzzySiweC methodology

\

Rank of criteria weight

Figure 1. Research methodol ogy

TablERvall.uati on criteria

| DICri terion Expl anati on
1 lPrice Examination of monetary r
facilities.
>lLocation Examl_natlon of the spatia
capacity.
3 |Marketing Examlnlhg whet her the pro
of fers is necessary.
4 Quality of ¢Examination of the qualit
provided agritourism offer.
5 Hel ping the|Examining whatghén oturé suns &
community to i mproving the standard
6 Coll aborati (Examining the possibility
|l ocal commufusers of agritourism offe
Active partiSurvey of the participat:i
touraicgmvi tijagritourism in all the co
8 AVa'labllltyExamining the availabilit
resources
9 EnvironmentzExam'n'ng t heen \iurad n mento fi n
of fer.
10/Diversity OfExa_mlnln_g the diversity o
agritourism offer.

The cl assi cal-mdkigng eorfd dewdlsuatni on of given cr
where the information is complete and accurate
objective methods for talcuhathegcwsieglofi mgcoaor
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information of a subjectfiwzonygatuiae, reseaschmpo
researfchdazmmyges and thus converts linguistic val
purposes offuhkzw!| papbownthe the following Tabl

Tabllei n2gui stic ffvmeywdeirsehs$ pand

f unctPiugrksa (et al ., 2024)

Linguisti|Fuzzy n

Very | ow 1, 1,

Low (L) 1, 2,

Medi um 1| o 2, 4,

Medi um (M 3, 5,

Medi um go

(MG) 51 71

Good (G) 7, 9,

Very good 9, 10,
For the evaluation of the criteria, i . e. obt a
i nnovative fuzzy nsudttjiec el v-maldietgh o8B0 WwefC ( Si mpl «
Cal culation). The method was developed by Pugk
both fomadtecissiaod for the calculation itself .
namealsy a regular Si WeC method (crips numbers) ¢
further in the work. By using it, we popul ar|
devel opment and application in t hreetswhl eacrte agrie
bel ow:
Step 1. Experts determine the i mportance of ea
Step 2. Linguistic values are transformed into

whe@represehsascdndshdanmndl fuzzy number.

Step 3. The fuzzy numbers are normalized as:
O . . W
GOw GO A

whed@®@wis the maxi mum value across al/l criteria
Step 4. Calculati(M@&@Qpf standard deviation
Step 5. The normalized ratings are weighted us:

v & &

Step 6. The sum of the weighted values for eac

Step 7. The fuzzy values of the criteria weigh
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Step 8. Defuzzification of the weights criteri

3. RESULTS AND DI SCUSSI ON

Table 3 pregarntsd itchewal ues obtained, or scores,
the previous Table 2. Previously, the expert as
using scores from 1 (worst) tadedi gbestmat Mhe (-

Table 3. Experts evalwuations of the ciI

Exp¢g Cl| C2|] C3| C4| C5|] C6| C7|]C8|]C9|C1C¢

E1l G |[|MG| M VG| G G | VG| G | VG| MG

E2 | MG|MG|ML| G |MG|MG| VG| VG| G VG

E3 | VG| VG| G VG| G G | MG | MG| G | MG

E4 |MG| VG| MG | G G |MG| VG| G | VG| MG

ES5 G | VG| MG|MG| G |MG| VG| VG| G G

E6 G G M VG| M M |VG|] G | VG| MG

Table 4. Fuzzy decision matriXx

Exp¢ C1 C2 C3 Cc4 C5 clo

E1 | (7,9 (5,7 (3,5((9,1¢(7,9 (5,7,

E2 (5,7, (5,7 (2,4 (7,9 (5,7 (9,10

E3 | (9, 1¢(9,10q(7,9[(9,1¢(7,9 (5,7,

E 4 (5, 7/(9,1d4d (5, 77,917,909 (5,7,

E5 | (7,919,104 (5,7 (5,7/7,9 (7,09,

E6 | (7,9 (7,91 (8,5((9,1¢(3,5 (5,7,
After forming the peetygrthethsei ontemapatdiedxgcalweul a
met hod. Through the following graph 1, we see
facilitieso, received t he hi ghest scor e (Fig
Afenvimtomlmequal i tyo. The wor st rated criterion
Afcooperation with the | ocal communityodo. The ass
participation and a healthy aepducbaanaepasr onmi

l'ive every day.

Al t hough active participation in tourist act i
community itself was not rated the best, whi
sporadically or r amrdoamlgye downirtghadmiite laarnys m@mrleso cor
of mar keting activities obtained t

assessment
i ides with the results of the research by
), whereen proi ccrriittyeriisa gihvat promote sustain
ction. I't is also interesting to note tha
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Figure 2. Ranking of criteria

4 CONCLUSI ON

Agrotourism today represents an i mportant nich
wi t h di ver se content t hat it can afford t o i
devel opment . For this reasonhe tshhegnpdperanatt ermnj
factors and select the most i mportant ones usin
in tourist content and the quality of the envi
In the cofmtiheadéwal opment of this form of tou
popul ation more, as well as to establish greate
mar keting activities. Al so, t rhoev aptai pveer nseutchcoeds sd
criteri-maldiectg, siwmi ch can be successfully used i
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Dar ko Vel,j aBiloavgsokjicce Naj dovski, Dzul i j a
Borche Makarijoski, Dani el Si mak
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*darko.veljanovski @Qukl o. edu. mk

Abst Footd: preservation is determined by a group of pr
for as long as possible, i.e., to prevent its spoil:
ti me, even in aeg eafk pmoddcoctoimn h(Ef grlnasc, meat industr
preservation of food and the simultaneous achi evemer
performance, have always meee¢eml|l amgadawisl f ocomtuimame ,t @asb
|l ife of every organism, including humans. A |l ong ti
food, and because of this, there is aiwariipdteys afp oenx p
modern food preservation processes are based, such a
Key worFRlosod preservation, Termal preservation, Steri

1.1 NTRODUCTI ON

Preservation of food is a metghuoad idafy pcrheasrearcvtiernrg
|l onger period, allowing it to remain unchanged
met hods and different aasprdiafcfheerse ntto tfyopoeds porfe sfe
treat ment s. Practically all people are wusing r
preservation of food method because it all ows
Somet hing autpoprreandr bt i on food is that method
sterility and an unlimited shelf [1ife, as a sm
mo st mi ni mally processed food. Thegtefalrwagy £ viea:

an expiration date.

The aim of the paper is to analyze food pres:
preservation methods

2. DEVELOPMENT OF FOOD PRESERVATI ON

Food preservation is a crucial aspect of modern
food quality and maximizing nutritional benefi
including growing, harvdstdiismg,ri puocesnsi mg,] mdc
extending the shelf life of food items (Tuward,
2.1. The foundation of the canning industry

The foundations of the canning industry were | a
time started using thermal sterilization as a n
the food canning i nduystanyd swihgrcihf idceavretl loyp.e dT hrea pai
food preservation technologies and the extensio
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is Pasteur and

u er advancements in process
e methods an
. .

t
chniques for the food canni |
t fortihe mddenrciway afs lai
only enables the supply of
so sti mul a(tkiss paro,dux®2 o)n a

I
nning ind

tice, as wel |l as in literature, it is a
y of insects and rodents, but most often
enzymes present imondhel ddabidng atnad wOhdedegra
mponents of the food. This is often due to th
ght, water, and even aging. These factors in
practice, when food is exposed to certain t
mes into contact with air and oxygen, whi ch
nditions, the activityymésmincpnpeagasi sBhaeotoi
pe and intensity of the changes that affect t
vironment al conditions. The quality of food v
.feresh food, can be diminished by metabolic pr
d eath of the tissue occur, |l eading to a de
t in the food ittiscen,f &nfdrotexearmpd hea n caeus oil

ks by microorgani sms.
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y food i s exposed t o t he action of mi cr o
oorgani sms break down food and, with the h¢
I er compounds that they usse ifnort hneutpt ¢ ¢ ®9®
ronment al conditions that affect the activi
presence of oxygen. Food preservation, as ¢
eliminatinging,r tahe |lccoamsdi trin®hs for t he ac
roorgani sms.
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—
>

e
c
m
v
e
d
c

39
=5

There are numerous methods for preserving food,
involves preventing spoilage caused by microbi
characteristic of everyr Itihvea nign ftliuesnucee iosf diitssr uop
anges occur in the color, texture, tast e, an
n also occur when the temperature and oxygen
e glher temperatures applied during food presce
oduct, so it is essential to carefully select
creased temperature, goaxygveen,y damtpalcitghtc eparatiin
trients (such as vitamins, |ipids, colorants,
i ological, chemical, and physical processes s
d -enmoyormat i ¢ reactions, crystallization, and ot
the stability and |l ongevity of food.

T O3S TT 40 0
5 S TTC ST SO S

—
>

r activity" (aw) refers to the r:
he partial pressure of pure watert
t i s not per manently bound to t

—
o

a
al , biochemical, and chemical pr o
y (aw) in relationitcanthyg Mmoni myPp
ocesses of microflora and the chen

Tsz3=s
-5 =9

Pests such as rodents, parasites and others ar e
conditions, where food is not stored properly
directly contaminate foodntwi tphesé ggsal sfoi breakse
mi croorganisms to penetrate food by damaging it
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d that is stored feustepgi Iplee i bdsspeiclbamgs,
ergoes |l ong biochemical pr-dweteesrsmisn eodr ciosn ds ttc
tribute to its longevity. Such products incl
serwierses, and similar items.

principles and met hods of preservation are
hods of abiotic (without I|ife) and anabiotic
erm storage of foodngnatentdemesowhesefpoespr bec
ces where it is not produced.
TERMAL PRESERVATI ON OF FOOD

Food preservation through thermal process
rmal treatment is one of the ol dest methods
Il d. These processing applications can be pr
vide a short descrlitptwiolnl oria k eh ecslee ehre atth & rleaas
teurization, St éebewanatiEo680) pndseélovati ohi hgo
not only be considered as a process to pr e\
tiple basic principles and methods of prese
ssnficthei® is also a classification of pres
bined methods, based on the nature of the pr

Ther mait hsetremrail | ipzraetsieaorv ati on process
rmal sterilization as a preservation process
ps, such as the preparation of raw materi al
cess. The processcifvel operacti omngemdr dlooangr
cific phenomena related to the spoilage of p

Ther maib asstiesr iolfi zparteisoerr vat i on
destroy microorgani sms and inactivate enzyme
t commonly cans, and then undergoes ther mal
rilized either aftebeforéebasdal Adhiavihg phe
lity of the product is the primary issue of
r mal process conditions to achieve an optin
séng the organoleptic and nutritional ©proper
r mal sterilizationt bdam $dlkeeinf uskeabitloi tax hfi @ v e
d for a broad rangeelsff aptediiobss ahe majgeoma
ng placed in the final containers (Farid et

achieve the desired outcome during preservat
rmal treatment during processing and then ch
i mal degradati on amdl fporoemagti,oni tcosss.i mpbr
roorganisms can be responsible for food cont
reference or key microorganisms for asses:

t ami nasretnst,i ailt tios uensder st and the properties o
acidity (pH), as these influence the potent
the hygiene conditions dumtegmpcodocfgaaonsmn
ed on its ther mal resistance and its abilit.y
I effectively destroy all ot her microorgani
erencesmi croorgani
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4. SPECIFICITY TERMAL PRESERVATI ON OF FOOD

4. 1. Ther mal resi stance of microorgani sms

The term "t her mal resistance" refers to the abi
was initially determined through +te@etthlalh,ti whiao
referred to the amoumnte adfmetnitmea or edewitrreody fadrl tmh e
temperature Rectechadtyh" thaes teeenn "teémeaced with
indicating the time required to reduce the popu

There are other apptepmi doedppirerciepivas i bor 9oshe
organism from which the food is derived alive f
is used. Another primetiwden atplpd i desatwh enf tthtee taor
food is obtained and the time of wuse is longer
rotected from spoilage as quickly as possible.

A~ O
N

Principles of food preservation through ab

es of food preservation through abiot
e understanding that microorganisms are

l'ing their acteasviafy.alinottihd sp rreesgearrvda t itohne
e destruction of mi croorganisms from f
n
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- — 50
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ation, while the principles of anabi o
|  raecdtiivig yurbfyavor abl e conditions for
ng them.
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c) ., bi ological preparation (cenoat
e methods such as modern preservat
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D is an exponential function of temperature, wh
I Te=—

thDs8 emadepP2 are the times for a tenfold red
mperature change that causes a tenfold decr ec
thafT2zwhedlDl1UBDder Ohé&d0Osame conditions,
aracterized by a specific value of z.
nerally considered that D decreases t
r Clostridisum ®oAQ.l i num, z
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increase in temperature accelerates chemica
mponents in food, and these Wietahc ttihoen ss abneec osntee
fect, the natural properties of the food degr
rm thermal treatment at a higher temperature,
a | owerThtiesmpiesr anhuyr esome sterilization method
TSA)gh short ster i lhiizgaht i toenmp(eHSaS)u,r ea n(dUHU) t, r ar ¢
eat ment at high temperatures. However, becaus
vironment, their applicaatiiommn ivwhersauad doh |dxdh
ch as with conv-ecgubd foodsquiTdHdeoadsamiages
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especially wel!/ utilized in sterilizatiloinfebefo
mil k, juices, etc.

4.3. Microbiological aspect of a sterilized pro

The micr

ob gical aspect of sterilized prod
the probab
t

a

y and possibility of microorgani s
accepted eticad molieedve i absdsl ntoet sptoesrsiilbilte
treat ment a specific time, since the rate
the number f microorganisms or spores before
suirwing microorganisms after ther mal treat ment
determined, and for all this, the time for a te
I n practdealel,edt hecommercstl osSteni cat gul at end, and
sterilization based on established operational
mi crobial population and the activity of the re
of ctahnened product is minimized. I n everyday pr a
i s not assessed individually but for the enti
conditions.

4.3.1. The ther mal treat ment for the sterilizat

hich pathogenic microorganisms can devel op
| ow. The risk of s peialtehppeg eoi ccamice @ o f @ @
ificantly higher if no. exmesschecaommersiat
i cient if one microbial cel | or spore sur.y
tment is adequate. The regime required for
ul at ecdalalnyd ogrr agorhail yti cally displayed, based
uct obtained experimentally. I n such cases,
oorganisms is greatest whreaounde?7 ,pHbwtf tthe If
higher the rate of microorganism destructio
more than 5) and acidic (with pH |l ower than

w
y
n
f
a
c
d
r

T = =~c —® >
®O0o 0 —m—*rQ =

the sterilization of acicaild edopdsk({fedr pexad
I under t he a-psfvoertnyi nogf byaecat setrss agna hreo ma | 1
teurization) is sufficient. I n contrast, tt
er than 100 AC. The plants and processes |
t he st er il ipzaactkiaogni nogc courr si fb etfhoersee onre tahfotde
e packaging- i obd,-iakhkdi aesthei semit erilized
ging is sterilized by filling it with boil
cient, the sleyalseudb jpercotdeudc tt oi st haedrdmatli otnraelat m
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e advanced methods, technhi eude s,
e are increasingly wused, which
ackagingolmaud tafbteerstetreriel, i aatdi
he packaging) under aseptic c¢
h leads to its degradation, i
se processes are created by a
m, such as fruit, vegetabl es,
often cans.
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4. 4. Selection plants as a part of the system f

The choice of plants for canning with sterilizeé
food, the type of packaging, and its capacity.
sterilization of foodrenstoesetdural ppcldagi ggedwh
achieving fastlitideerhemmh!| , t262a1lment (

For the sterilization of food enclosed in diff

processes under atmospheric and el evated pressu
by steam, either dir eacctiltyi eosr, itnhdeirree catrley .c oFnotri nl uas
in a water bath and cooling in a single flow, i/
move on conveyors and are sterilized dyradenédnc
directly at the packaging of the product.
Sterilization under high pressure, hi gher than
to the increasing usetgpecoprtrtitnoecaltsahidnéasyiabdte
gradually phased outd baantdc hc oanutti oncul cauvse so ra raeu tboem ant (
me et the requirements of modern packagi-ng and
effectiveness in sterilization.

5. CONCLUSI ON

Food preservation involves a series of proces
destroyed or their growth and reproduction ar
met hod, the nutritional anpgrbsetvgidcaThaakseto
food can be stored for extended periods (from
outside of its season and outside the place o
harvests), prseig er Vfaotoido nr ecsaermr veers . When preservi
sterilized. One reason for this is to preserve
provides an excell ent medi um for t he rlelpy oduc:
contaminate it. Preserved foods that can be st
are products preserved by headanmedegaoneds carl d yg
foods with a 16i motnd ch s$h esltvfb rleidf emt (5 eM@ eamd ur @egu
specific storage conditions. Preservatien meth
chemical, chemical and biological
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WEED FLORA COMPOSI TI ON I N EXCEPTI ONAL
DRY YEARS

Maj a Med'eMiddicjdda | Radovah Blegowial! Vranegeyv
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Abst rMaacitzze crops are affected by weeds which can r ¢
positively or negatively affect both crops and weed:

and ecological charactemnindteircextirm mmeaicd é mae ed commdmu
was performed during the maize vegetation season in
weed flora in maize consisted of 12arm@e cdfesbrima ®l0elarf
The most represented I|ife forms were therophytes (
dominance of weed ruder al speci es. Ecol ogi cal anal

moder at e¥y2d3¥) (FneutxFkalB3.B0) ptkeuB8t BaAh{ &mpHNerately r
(kk 2. 8 7)er awkegeldl3 (D7) x5 WMar3m )(,x8i g8} edn =LuSn%Ba 13 %%) .( S

b
These species are adapt ede tcoo ntdhixgt i dondsen(akt & heo wtairm e t
popul ation observed between two years in the studie
a crucial role on |Iife cycle duration, weed spread
Ambrosia aftée¢m25i?3dve edihfeannopodi G2 .a35duImeeadvs t M a t ot al
abundance o0f2109®.2624ecedki enh was war mer and with | es
period, the domi 8anar wegtdi 5paveesswmtsot al weeds abul
weeds Results showed that weeds in maize fields unde

and -sspietce fic factotresrmnaveld ageé onf ttoempeamgature and pr

Key worMeai ze crop, Weeds, Biological and ecol ogical

1. I NTRODUCTI ON

Mai Zemgys ) along with wheat and rice is among

is widely wused for food producti on, ani mal f e
Protecting maize from weeds, pestfaagd Hbsease
cause in maize yield and quality (Triveni et a
and nutrients, which caG¢rriegdzuake. cr2P29) ebddaad
hosts for di seradsiensgy atnod Queersktes .anAdc choehne (2004) ,

production by up to 37%, underscoring the i mpo
stages of crop growth. The <critical perémd of

sowing (Jhala et al., 2014), during which ti me
realize the maximum yield potenti al (Triveni e
directly affecting growingngceonidd tpoedi dtoed ptlar
temperatures and reduced precipitation during

that will affect crops and weeds (Peters and Ge
may mani fe®msas neygpadmsiaphic ranges, changes i
popul ation dynamics. As weeds migrate, the str.
natural and managed ecosystems will chahtgpgy( Ral
ecol ogy and competitive potential i n twee dwake
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interactions, requiring adaptiveoshmay elpé esme C
more aggressive i nvader s. Typically, weeds ar
characteristics and ecological adaptability ¢t
changed environmental comeadmnds ossclf Aasvarneteasi
temperatur e, precipitation extremes and green
inevitably affect weed composi ti eenc,olloegaidciang ttroa
certain weedd adti otnhd evel (Lukalevil and Gtef an
of weed flora on the territory of Serbia has b
ruder al habitats during the pastidethdemai Aet ot
Serbia, with 192 of dicotyledonous (90%) weeds
(Simii and Stefanovili, 2006). Examining the i
strategies can be deanid ealc aanoo nmriecd udcaemaygiee | cda ul soesds
integrated weed management, planting resilient
si-geeci fic weed control, rotating and mixing I
practi ced .(,Kauwr2 4¢et.

The aim of this research was to analyze florist

underditfi@eriemat e condextiroedmeylfyamdt Wwot year s, b e
application.

2 MATERI AL AND METHODS

The floristic study of weed species was <condu
exceptionally hot-Waxntd Blalyk ay edairst, r ii mt .NoTher mai ze
(FAO maturity group 640) sownDHKE5APbEI | FAOhmataa
group 480) sown on April 10th, at the recommen
to the chernozem soil type. SpetXKe¢sJwbd®pvidlent
Fl ora of Serbia dr a SRuAVd pleTale 912) eand | F| 1964) .
determined by Ujvarosi (1973), flowering ti me
ecol ogical indices by Landolt (1977) and Knege:

The weed abundance was determined wusing the

temperature and precipitationtédarmmtawersd gual yo fartee
and precip2020) owen(d9o986ht ained fooml ¢ dniec RlepBdd v
Serlwwa. i dmet . Jloe. aserage temperature and preci
are displayed in Figures 1 and 2. Statistical
13 (TI BI SCO Software | nc, 2020) .
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Figure 1. Monthlyvair temperature (AC) duri
of maize @0O@g Bame2mbhgmperatures
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3. RESULTS AND DI SCUSSI ON

The floristic study of weeds observed in maize crop during the experimental period identified 12
species in 2017 and 10 species in 2024 (Table 1), with broadleaf weeds being the most represented
group. All species were classified into 9 families and 13 genus. Three grass weed species (class
Liliopsida) from Poaceae family were recorded, while the ieimg 13 species belonged to class
Magnoliopsida, with the family Asteraceae being represent with 3 species, and families
Chenopodiaceae, Solanaceae and Amaranthaceae represented by 2 species each. The prevalence of
plant life forms is a good indicator tfeir adaptability to environmental factors. An analysis of the
biological spectrum of weeds in the study indicated a therophytic character of weed flora with
predominance of therophytes which made up 75% (9 species) in 2017, and 80% (8 species) in 2024,
including also the majority of the species which affect weediness the most. Among these, T
therophytes which typically develop in spring and their seed matured in late summer were dominant
(13 species). In contrast,; Therophytes were represented by oahe specie¥eronica persica

(Table 1). The presence of therophytes is typical for ecosystems which are under strong
ant hropogenic influence and points the -instab]
Jokanovil et al., 2017). Geoph jtheaveed flomin®0l7 ess p
and 20% in 2024. Within this group, @eophytes, characteristic for having rhizomes were present

with one speciesSorghum halepengewhile G geophytes characteristic for having adventitious

buds on the root were presented witlo speciesCirsium arvenseandConvolvulus arvensjsAll

weed species were categorized as weed ruderal (WR) species, Ardequisia artemisiifolia

Datura stramoniunand Xanthium strumariumwhich were classified as ruderal (R) plants, ®¥nd

persica which was categorized as a weed species (W).
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Table 1. Weeds present i n madececoitcdiopgdg we t hed tled
indeyweamd of appearance

Family Plant species Life Cat_egory ) Ecological index Years
form according to sitf F R N H D L T K S
Amaranthus blitoideS. Ta WR 2 3 4 3 3 4 5 3 ~ 2024
Amaranthaceae| Watson
Amaranthus retroflexus. T4 WR 2 3 4 3 3 4 4 3 - 2017
Ambrosia artemisiifolid.. T4 R 2 3 4 2 2 4 5 3 + 2017
Asteraceae | CirsiumarvensgL.) Scop. G3 WR 3 3 4 3 4 3 4 3 + 2017
Xanthium strumariuni. T4 R 3 3 5 3 2 4 5 3 + 2017
Chenopodiac Chenopodium alburi. T4 WR 2 3 4 3 4 4 3 3 - 2017/2024
Chenopodium hybriduri. T4 WR 3 4 4 3 3 4 4 4 - 2017/2024
Convolvulaceae| Convolvulus arvensis. G3 WR 2 4 3 3 4 4 4 3 - 2017/2024
Solanaceae Datura strgmoniunt. T4 R 3 3 4 4 4 4 5 2 + 2017/2024
Solanum nigrunt.. T4 WR 3 4 4 3 4 4 4 3 - 2017/2024
Boraginaceae | Heliotropium europaeurh. T4 WR 2 4 4 3 3 4 5 4 - 2024
Setaria glaucgL.) Beauv. T4 WR 2 3 4 2 3 4 4 3 - 2017
P Setaria viridis(L.) P. Beauv. T4 WR 2 3 4 2 4 4 4 3 - 2024
oaceae hum halepenge.)
ﬁg:g_ P Gl WR 1 2 | 3| 3| 3| 4| 5| 38 |- 2017204
Lamiaceae Stachys annuh. T4 WR 2 4 2 3 4 4 4 4 - 2024
Plantaginaceae| Veronica persic&oir. T1 W 3 4 4 3 4 4 4 3 - 2017
Total | 9 16 average 2.3 3.3 3.8 2.8 3.3 3.9 4.3 3.1
Titherophgtam{hé4te in the spring an pgeordmicrea tsee eidrs  tatie t e

produce seed ignecemhiitye s(pGlyhgp; cBaract er iigteiop hfyare sh acvhiamr g crth
for having adventi-wieeuws slpeidnseean rtWlee rriapla tsepreacW iehsp;mmcRie sy ; FR
TpHNinutri miehnutnsu;s HH ddi epefibDyglit emfer at uirceo ntaicnt edrstad IKintiyt;y s

The flowering time of weed species is a crucial factor for the timely application of weed control
measures to prevent their seed productiomalysis of flowering time revealed that most of them
start flowering in June (12 species), with most completing their time of flowering in September. The
earliest flower wad/. persica(starting in March), while the shortest flowering time of only one
month (in June) ha8etaria glaucaSetaria viridisandS. halepensérigure 3).

Veronicapersica ] ; ‘ ; : ‘ : ‘
Stachys anmua [
Sorghum halepense 1 =
Setariavividis | =
Sefaria glavca -‘\ =
Heliofropiwem europaeum 1 F——
Solanum vigrum 1
Dafura sframonium \
Convelvulus arvenst \ F
Chenopodium hybridum | — ‘
Chenopodiumalbum | “_‘
Xanthivm strumarium | e
Cirsiumarvense | ==
Ambrosia arfemisiifolia 1 =
Amaranthus refroflexus |
Amaranthus blitoides \
0 1 2 3 4 5 6 7 g 9 10 11 12
months
Figure 3. Flowering time of weeds in

The results of the ecological analysis of weeds in maize crop showed that examined agroecosystems
were moderately dry (& 2.31), slightly acidic to neutral reactiony@ 3.30), relatively rich in
nitrogen compounds (N 3.81), with moderate content of humus §H2.87), well aerated (G-

3.37), hight lighted (L=3.93), warm (%> 4.31) and predominantly nesaline (S =75%; S+ =

25%). The conditions at the studied localities are characteristic of a moderately continental climate
(Kxz 3.12) (Fgure 4).
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Figure 4. Ecol owvgieda&s!l i an anlay ies of al |

The differences in weed population observed between 2017 and 2024 in the investigated area can
be attributed to climate conditions, which have a significant influence on the weed spread, life cycle
duration and population dynamics (Anwar et al., 2021; Beigd et al ., 2023) . I
climate change, soil moisture and temperature are the primary factors affecting the composition and
distribution of weed species. During sowing (April) and the early growth stage of maize (June), the
average temperatwgén both years of study were higher than the {targn average (1992020). h

2024, the highest temperatures were recorded (Figure 1), exceeding thertorayeragext17.84

°C) by 2.42°C. In the same year, July and August had higher temperatures by 3.8 °C and 4.5 °C,
respectively.The period from April to October in 2024 was warmer and featured less levels of
precipitation, which were approximately 300 mm, compared to 2017, when the precipitation was
351 mm. The distribution of precipitation differsijnificantly between the two years. The spring

was followed by a warmer summer with less precipitation than thetiongaverage, suggesting a
warmer start of growing season and accelerate the emergence and early growth of weeds. Midway
through the groimg season (July) 55.60 mm of rain was recorded in 2017, and 60.70 mm in 2024,
which was below the lonterm average (63 mm) (Figure 2). Favorable distribution of precipitation
was noted in 2017, whereas 2024 was characterized by a lower distributianialgspe August

when only 2.9 mm of rainfall was recorded. Such reduced precipitation can further decrease crop
yields, especially during the grafilling stages, which are sensitive to droudtege (2011) reported

that increasing temperature by 4 °C advanced the emerge@genbpodium alburand Setaria

viridis by 26 and 35 days, respectively, and flowering time by 50 and 31.5 days. Similarly,
Umkulzhum et al. (2024) observed that high temperatures promote the vigorous graitio raf
stramonium so this plant could serve as a promising candidate in the context of climate change.
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Figure 5. The presence and number of weed f ¢
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The nwmeiezde community at the examined |l ocalities

density of 6I0¢2ri hwobviyéaaks mMmhe tot al number
years. |In 2017, 12 species were 2retlhe dmast wprnédv
speci esheweorpeodi U3N2 a3 b Wmamdsosni a aft4e4m2s5iPgetsam
Datura stamXmobhhiumm $9r 2mamiee@si gure 5). The | e
species duri €g umhias a pdareo miec 2p €15s iMeae dGenmer al |
weeds do not have an equal distribution or sig
broader area of Serbia, t hZAb wuntoislt o nc otntmeomp hsrpaesctiie
retrofl exus, Ambrosia artemisiifiolia, Bil der
arvense, Convolvulus arvensis, Cynodon dactyl ol
crgsl | i, Pol ygonemariagp ag ha b oaJoul@entudr inmi gviurm,di &
arvensis, Sorghum hal apdarstehi B mpthed sy lod shii Ic,i n2
I n contrast, 2024 was characterized by slight
especially during -$épt gmbevi N,g ard stomt gl1Apofi 10 w
with an over al |l wdleeenddsi/tmyhiocfh oinsl ysi2g2nis0 cant !l y |
floristic weemlwiss tyear odi d notArmarcd nutdlreu ss preecti res
Ambrosi a artemisiifolia, Cirsium amwrXaemtshei,umSet

strumarThien most dominant sp@eati®rsi § ho i2BR&Fveveadss gn
46.67%), and | eAste rraenprheus@ rowe® @ amespodi umM2hybr i
weedd m@Bod ghum {2 eve®ndsewint h a representation o

were even | ess prevalent. Across both years, a
(13 in obsalyewvasattributed to the application
Some study Setddrciawewl dihthkksa probl ematic weed i
due to its synchrony with maize emergence, ik
Gerowi tt, 2014) . Therefore, this species woul
t emper athuer etsi neet of emergence (Ramesh et al ., 20
floristic compositionchdngves,dsr dfnl emcatiezde ium dtehr g
number, and overall abundance, whi chkpeacefiiafl

conditions over the years.
4 . CONCLUSI ON

Floristic investigation of weed species in maizepsfound a total of 12 species in 2017 and 10
species in 2024. The most common species were fromAsteraceaeand Poaceaefamilies.
Examined weed flora is dominated by weed ruderal plants, and therophytes constituted the majority
of the weed flora (75% in 2017 and 80% in 2024), indicative of their adaptability to the
anthropogenic and climatic pressures (exceptionally hot dry conditions) of the studied
agroecosystems. The ecological analysis showatiexamined agroecosystems were moderately
dry, with neutral pH values, moderately rich in organic compounds, well aerateditwedrm,
non-saline, and characterized by conditions of moderately continental climate. In 2017, with higher
precipitation ad moderate temperatures, total weed density peaked at 99.75mw&ettsminated

by annual speciegShenopodium albur{82.50 weedsn?) andAmbrosia artemisiifolig14.25 weeds

m?). Conversely, 2024, characterized by slightly lower precipitation andhigimgeratures during

the growing season, saw a significant declineveed density to 22.5 weeds? and a shift in
dominance to thermophilic weeSletaria viridis (10.5 weedsm?). The results highlight those
climatic variations, particularly temperature and precipitation relation totienmg average (1991
2020), along with locations to weed management strategies, drive a significant shift in weed
community in maize crops.
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AbstiCddtmat e change is one of the most pressing glob
ecological processes and species distriblAtmboms.i aOne
artemi,sia fpolla nat native to North America that has es:
spread to alll continents except Antarctica over the
common ragweed presenpsblai si gealhidlc ecdgsyise elatsut &s c |
continues to alter environmental conditions, its spi
become increasingly evident in Serbia, partiecglarly
hotter summers and a growing imbalance in rainfall
not | imit the spread of ragweed, which has become

habitats.

Key w&Rkmadweed, Novi Sad, Ruderal habitats

1. I NTRODUCTI ON

Ambrosia airs emasi vé ot oaNorth America but has b
introduction in the |l ate 19th century (Ess|l et
hi ghly successful dominant speci éhs etctorpihwisn g | iomg
conditions in extreme and unpredictable enviro
i notorious for producing the allergenic pollen
al , 2017). In Eur bpen Amhkedi d ospecigniliacant
in regions where they are found, i mpacting apfg
annual heal thcare costs of up to 7.4 billion
dstribution and abundance has been attributed
agricultural practices, and climate variabilit
and weather patterns shi ftnidnghgdueret poctleinmaté
artemisiifolia is crucial for predicting futur
The primary drivers of global c¢climate change a
the greenhouse effect. These climatic changes
|l evels and surface temperatures on Earth. I'n g
climate that can adversely affects |iving organ
harming the environment.vilrtonemeoompasshangasyan
temper atrerde sp,r exlitpe t ati on patternheyvehsad(Kabiea:
2023) These factors can significantly Ai.nfl uer
artemi.siifolia

The Earth's average surface temperature is app
the | ast century. This elevation has altered g
increased rainfall in va@RkRusHigheons emPienghua
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wing season for A. artemisiifolia, all owing
ions. Studies have shown that elevated temp
|l orescences size, antd abl ] e20228) ca¥Wer mamr ad i
end the growing season for ragweed.
itionally, the 2ékefvetts ofeddowblai mg gnhéi c@nt
koparija et al ., 2017) . Wayne et al a (200
centration resulted in a 61% increase in pol
wed that recent axnlde vantsi cciopualtde dd irriescetsl yi ne n(
perties of ragweed poll en, potentially 1inc
ergies. Fuviwheombea, cAlmbected near busy r oac
n the pollen from natural vegetative areas (
ergenic effects, but also enhameretshét sprcomp:
ead.

mer spring temperatures result in earlier f|I
arteimgsliedolcammon in the far north and far
nort h, t her mal and photoperiod |imitations
reach maturity and produce cemeds, eXxbwndat teimp
other hand, in the southern edge of its ha
asi on., Hdwebvad warming may render previ ousl
theastern Europe favorable for the species,
nges in precipitationAcaar akmbvshaifcfhe kits tsheen sd
y low or very high annual precipitation vari
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experiencing extremes, including very dry conf¢
September (159.0 mm). August was particularly
moderate rainfaldl overall. Ocgt ownbeetrt ewa sa nrde |2a0t2i 3v
Overall, 2024 was the hottest, and 2022 showed
The average monthly temperatures and precipita
four studied years compardd®Owictam tblee sreeefner ean cTa
Table 1. Average monthly temperatures (AC) fo
evaluation using the percentil e2m0@.hod rel a
March | April May June July | August | September October| November
2021| 6.2 9.6* | 16.0** | 23.3%# | 25.5% | 22.1 17.9 10.6** 7.2
2022 | 5.5* | 10.9* | 19.7# | 23.9% | 25.1#% | 24.6* 16.8 13.7 7.6
2023| 9.¢¢ 10.4* 17.2 215 247 23.7 21.4%# 16.6%# 8.4
2024 | 11.5% | 15.3% | 18.¥ | 24.3* | 26.9%* | 27.5%* 19.5% 13.5 5.1*
*very cooldegvartdyery *exmr e mefwywwwhi thmet . gov. rs
Table 2. Average monthly precipitation (mm) f
evaluation using the percentil e2m0@.hod rel a
March | April May June July | August| September October| November
2021 | 42.8 | 55.1 62.9 | 23.9% | 114.4* | 464 16.4 88* 114.6**
2022 11 545 | 17.9% | 43.6° | 13.8% | 103.9* | 159.0*** 31.0 44.7
2023 | 25.3 | 63.9* | 124.8* | 35.4 58.2 39.9 63.5 11.4 83.8*
2024 / / / 57.3 294 1.2% 130.1** 48.3* 59.5

drify er y*%8rxyt,r e me-Fpi d-ye,r ¥* r aedxntyr,e me‘l*y rainy (www. hi

3. RESULTS AND DI SCUSI ON

This study examines the impact of temperature
ragweedohbsnertvieed ar eas, with a focus on their
pollination period from 2021 to 2024o.callhiet ireess ew
ragweed occurrence during the growibigf feeganacres

bet ween years du2r0i2ndg, twheer ep earlisood f200udntdc a Ini ttihes nw

ragweed occurrence in each month from June to (
average monthly airibobempevatsrésranbdepsameptt mt
the | ower average temperatures in May 2021 1| ed
resulting in the issuance of t heluhier ootf drhchdr s

Accdorng to official data from the City Admini st

the first ragweed pollen grains were detected i
and ending five days | attédre twhma metstt e mowd rha ge.mplal
years, there was an intensificati-booacahi riagseicnf
throughout al | suburban settlements of the mu
previous years

Similarly, in 2022, extreme mean air temperatu
May and a very rainy or extremely rainy period

period with elevated pol |eemmp evrad tuterse g eicro r Sleepdt. e Mk
erage values only in 2022owhéentiaesnotmdér ma
served and mapped compared to the same month
e warmest among ltda&diexgami metdhg emappi ng of t he
d recommendations for early mowing (starting
Novi Sad noted the appearance of ambtresia p

mpared to the three previous years.
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Finally, substanti al precipitation in May 202:
resulting in the | east number of microsites ho
same period in other exami neerda gyee atresmp €elrha tsy r e mil
influenced the pollination calendar, causing t
usual
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Figure 1. N{U mlcad i 6fi emi owi o h ragweed popul a
settl ements of the municipality of
4 . CONCLUSI ON
The i mpact of cl i maAmbrcdhsxing eairoine $hehrsh iisdp aperiagds eonft s
ecol ogical, agricultural, and public health ch
the potential for this invasive species to exp
t he analpyrseisse notfed hdeat a, it can be seen that ext
l'imiting factor for the spread of r algoveealdi toire st
Prcd pitation and air temperature somewhat di ct «
l ength of the pollination period, but the incr
seem to restrict ragweed perdtliianlattiomnpr cCwindd atnh «
predictions of ragweed pollen occurrence and t
and suppression efforts wild.l play a critical rc
of thi sspiercvieaessi.ve
Based on the obtained results, precise recomme
institutions regarding the timing and methods
fruiting and further spread of this invasive s
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