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PREFACE
AVi |ldndage i c proceedimggdludeselectedcientificarticlesthatwere

entirely presentedat the International scientific conference AV i | laralg e

agr i c hdldframrSepiembel9 until SeptembeB0 2023 at the Faculty of
Agricultureof Bijeljina University.

Papersof the authorsfrom the Republicof Srpska,Bosniaand Herzegovina,
neighbouringcountriesaswell ascloserandwider surroundingghat Faculty of

agriculture has achievedscientific, professionaland technical cooperationare
presentedn the proceedings.

Throughtwo sectionsandan introductorypanellecture,the proceedingaddress
awide scientificandprofessionahudienceandareactuallyaimedat all segments
of agriculturalproduction,agriculturaleconomicsandrural developmengslife
in the countrysideoday.

The publisherand editors are not responsiblefor the contentof the published
articlesandthe opinionsexpressedn them,becauseahey representhe point of
view of the paper'sauthor. The editorial office owes a specialthank to the
organizingcommitteeof the conferenceaswell asto all participantsfrom the
countryandabroad.

A number of scientific and teaching institutions from the country and abroad
participated in the coorganizatiofithe conference, and its realization was

carried out in cooperation with the projg@BROWTH - Greening Relevance in
Operations in Westerih Balkans Tertiaryi Education Habitats

In Bijeljina, Editors:

September2023 Prof.BoroK r s, Ph.00
Prof . Mi |, PhyDo j e
Prof.Jean Vasile AndrePh.D

Loc
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Abstract

The developmentof information technologiesexpandsthe possibilities for
economiagrowthandthe developmendf thedigital economyA newdirectionin
the agricultural sectorsuchas smart (precision)agriculture with technologies
suchas the Internet of Things,computervision and artificial intelligencecan
improveagricultural efficiency transparencyprofitability andequityfor farmers
in low- andmiddleincomecountries Thispaperpresentsan overviewof themain
challengesn agriculture at the current stageof developmentan analysisof the
perspective®f usingthe Internetof Thingsin the agro-industrial complex,an
examinationof the main technologiesand drivers of developmentaswell asan
analysis of the barriers that hinder the spread of digital technologiesin
agriculture. In other words, the aim of the paperis to analyzethe current
developmenof digital technologiesn agriculture in general,and especiallyin
thedevelopmenof the Internetof Thingsi | s u

Key words: Smart (precision) agriculture, digital technology, information
technologyjnternetof things

Introduction

The industrialrevolutiontook placein stagesandthe first industrialrevolution

usedwaterandsteampowerto mechanizeproduction.The secondvasbasedon

theuseof electricityfor massproduction.Thethird stageis the useof electronics
andinformationtechnologyto automateproduction.

Today,theFourthindustrialRevolutionis built onthe Third, thedigital revolution
that hasemergedsincethe middle of the last century.lt is characterizedy the
mergingof technologieswhich leadsto the blurring of the boundariedetween
the physical,digital andbiological spheres.

The conceptof Industry 4.0 is based,aboveall, on the useof the Internetand
information (IT) and communicationtechnologies.In this regard, with the
combinatiorof moderninformationtechnologyandtraditionalagriculture theera
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of agriculture4.0beganwhichtakestheform of smartor preciseagriculture This
conceptransformdraditionalagricultureinto amodernone,basedninnovation
andhigh technologiessuchasartificial intelligence,robotics,machinelearning.
Theseareintelligentsystemghatenablethe predictionof requirementgrom the
environmentwhich areoftencomplexandunknown( K a r & @ ib 2005).

For developedcountries,the agricultureand industrial sectorscontinueto face
challengesuchasthe demanddor increasecdroductivity andfood production,
aswell asthedevelopmenof employmenbpportunitiedor peoplefrom poorand
rural areasTheagriculturalsectotis affectedby economidrends aswell asrapid

changesVariousstudieshaveshownthatthereis a strongdemandor IT usedto

solveproblemsaswell asto improve andincreaseagriculturalproductivity and
marketing.But theinterestof IT for agriculturehasnot beenfully exploited.The
introductionof informationtechnologyin therural andagriculturalsectoris quite
slow comparedo othereconomicsectorsvheremoderninformationtechnology
is beingincorporatecht afasterrate.

Thedevelopmenbf informationtechnologiehashada significantimpactonthe
agricultureof highly industrializedcountries Over the pastfew years,a number
of newtechnologiesaandindustryspecificapplicationshaveemergedjncluding
the increasingagricultural application of mobile communicationdevicesand
technologiesProviding Internetaccesdor everyindividual, especiallyfor those
living in ruralareage-Rural),is amongthefirst prioritiesof theEuropearUnion's
researclanddevelopmenprogramfor informationsocietytechnologie$Szilagyi,
2012). According to researchdevelopmentand applicationtrends,as well as
predictionsandexpectationsthesetechnologiesandserviceswill becomewidely
appliedtoolsto enhancéusinessnnovationandsupportbusinessnanagement.

TheFoodandAgriculture Organizatiorof the UnitedNations(FAO) reportsthat,
comparedo 2010levels,globalfood productionneedgo increaseoy 70%before
2050to feedthe growingworld population,which is expectedo reachbetween
9.4 and 10.2billion (FAO, 2009. We needto achievethis goal despitethe fact

that the amountof arableland is not increasingdietsare changing,demandfor

wateris increasingthe climateis changing,and both the environmentand soil

health are under pressure.lt should also be noted that the majority of the
populationis rural,andmorethan70% of farmersaresmallproducergLowderet
al.,2016).

Thechallengeof growingagriculturein anycountryis great,not only to meetthe
increasedlemandor food,butalsoto reducehungerandmalnutrition. Theissues
arethereforecomplicatedoecausehe growth of the agriculturalindustry,taking
into accountthe preservationof the environment, should take place in a
sustainablenannerIn the currentsituation,farmersface smallerprofit margins,
the costsof manyinputssuchasfertilizers andfuels haverisen,while the prices
of productshavebeenfairly stable,or fallen. Lowderetal., (2016) statesghat of
thetotal numberof farms(570million) in theworld, 72% belongto farmerswho
cultivateland on lessthan1 haof land, whoseproductsarefor their own needs.
Thefact thatagricultureis a significantdriver of economicgrowth andis key to
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the total grossdomesticproduct (Mellor, 2017), farmersmustinvestin their
businessproduceandmarket.

Thereforetheintroductionof hightechnologiesor theprocessingf big datathe
useof unmannedvehicles,self-driving vehicles,the useof sensorscan modify
agriculturalfarmsinto smartfarms.Therefore theaim of the paperis to point out
theimportanceof introducingnewtechnologiesn theagriculturalsector.

What is the Internet of Things - 10T?

The Internetof Thingsis a new and currently the fastestdevelopingarea of
informationtechnologyMany authorsstatethatloT is atechnologicaltevolution,
which representshe future of computingandcommunicationThe development
of loT depend®ntechnicainnovationsn numerousreasfrom wirelesso nane
technology.

The Internetof things (IoT) is definedin manyways. The shortestdefinition is
0T representa networkthat connectsmartthings. Thatis, it formsa platform
that connectgdevices,objects,and peoplevia wired and wirelessnetworks,and
with theobtaineddata,analyzesanbeperformedwith or withouthumanactivity.

R a detadl., (2022)defineloT asa setof technologiesn which physicalobjects
interactwith the digital world. This enableghe connectionof alarge numberof
users, devices, servicesand applicationsto the Internet, which implies the
exchangeof datadirectly or indirectly. Also, accordingto the sameauthors|oT
devices include: sensors, actuators, modules, microcontrollers and
microcomputersThe basisof starting loT is computercomponentsand web
and/ormobile applicationswith the help of which datafrom the physicalworld
is collecteddirectly from sensorsor communicationdevicesto the software
platform,for furtheruseanduseof the obtaineddata.

In generalthegoalof 10T is theintegrationof the virtual world with the physical
world, usingthe Internetasa communicatiormedium.The Internetof Thingsis

practically feasiblewith severalexisting technologiessuch as wirelesssensor
networks, radio frequency identification, cloud computing, and enduser
applicationgFigurel).
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Figure 1. Major component®f loT (https://www.rfpage.com/wharethe
majorcomponent®f-internetof-things/- accessedn 06/28/2023)

Digital technologiesand IoT in agriculture

The creationand developmentof digital technologybasedon the Internet of

Things(loT) haschangedalmosteveryindustry,including agriculture(Bonneau
and Copigneaux2017).The useof datain agricultureleadsto the development
of anewdirectionin agriculture,which is called smartor precisionagriculture.
Accordingto theavailableliterature thedefinition of smartagriculturerefersto a

managementonceptfocused on providing infrastructureto the agricultural

industryto useadvancedechnologyi including big data,cloud and Internetof

Things i to monitor, observe,automateand analyze operations,as well as

software and sensors.Smart agriculture is gaining importance due to the

combinationof a growing global population,increasingdemandfor highercrop

yields, the needfor efficient use of natural resourcesmonitoring of climate

conditionsand the increasinguse of moderninformation and communication
technologies.

Agricultural farmshavehistorically not usedhigh technologiesbut by 2025they
areplannedto significantly increaseheir useto millions of gadgetsThereason
for thisis theincreasingirbanizatiorof theworld populationwhereit is predicted
that by 2050, 70% of the populationwill be urban comparedto the current
situation,whichis 49% (UN, 2018).This implies anincreasdn the demandfor

food, andfood productionshoulddoubleby 2050(UN, 2009).

Thelnternetof Things(loT) is akeytechnologyin smartagricultureasit enables
networkingand dataexchangebetweensensorsand other devices,which adds
valueto informationobtainedthroughautomategrocessinganalysisandaccess,
enablingfasterandmorecosteffectivefarm managemeniRechkinetal., 2019).

The useof precisionagriculturetechnologiedasedon the Internetof Thingsis
theconsequencef increasingyieldson alargescale For thefirst timein history,
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it becamepossibleto obtaininformationaboutany agriculturalobject,createan

accuratanathematicahlgorithmof actionsandmakeaforecasof theresults.The

main innovativesolutionsthat characterizehe conceptof intelligent agriculture
are: precise agricultural production; unmannedland vehicles; autonomous
wirelesssensorssimulationof digital managementloudtechnologies.

AccordingtoR a daindR a d(20R1),thebasicdigital technologiesn agriculture
are the so-called sensortechnologies such as temperature humidity and soll
scanners field weather stations, yield mapping, satellite, drone or aircraft
imagery,andtheInternetof Things.

Thanksto thedevelopmenbof IoT, with the helpof digital technologiesit enables
the monitoringandcollectionof alargenumberof data(parametersin realtime
on largeareasjn all climateandweatherconditions,24 hoursa day, suchasthe
appearancef weedspestsdiseaseanonitoringof dangerousveatherconditions
or soil conditions. Such progressleadsto the reductionand adequateuse of
resourcesincluding fertilizers or protectiveequipmentR a daitdll., (2022)state
that the dataobtainedwith the help of precisionagricultureandroboticsenable
optimal sowing, fertilizing and crop protection,preciseirrigation, preciseweed
controlandautomatecharvesting statisticalprocessinganddataanalysis which
allowscorrectdecisiongo be madebasedn datafrom sensorandwith the help
of other technologies(big data, cloud computing, blockchain and artificial
intelligence).

In developedcountries,the collection and processingof data, including the
practicaluseof high-techinnovationsjs carriedout usingtelecommunicatioand
satellitenavigationsystemsAmong the adoptedsolutions,we canmentionpest
control systems planting and replacemenbf heavy tractors,soil compaction,
precise fertilization systems,irrigation. Using 10T to monitor water use for

optimal plantgrowthanddeterminesoil moistureandnutrientcontentis the most
common applicationfor 1oT (Kurdyumov and Korolev, 2020). According to

Rechkinet al., (2019) monitoring the physicalhealthof plantsand soil is one
application,butit canleadto a largereturnon investmentor industrialfarmers
throughthe useof sensotechnology.

Processingand analysisof the obtainedmain parametersallows solving the
problemof working time in the field, including the yield of arableland. This
allowsfarmersto obtainparameterssuchasthe amountof fertilizer, food, water
in the soil and plantedseedsthe temperatureof storedproducts,the statusof
agriculturalmachineryandequipmentn useand muchmore (Gorbunovaet al.,
2019).

Thanksto the useof the Internetof Things, the agriculturaleconomybecomes
manageablethat is, decisionsare madein real time, reducinguncertaintyand
inefficiency, and therefore the negative impact on the environment. The
emergencef "smart" devicesallows control of crop productivity, taking into
accountchangesn the growing environment.The introductionof 10T in plant
production automatesthe control of climate parameterssoil characteristics,

17



minimizes human participation in the technological operationsof product
production(Gorbunoveetal., 2019).

Informacionisistemii neuronskenr e analizirajuv i d e g a i'paoj bao | |
poslovnuefikasnostGeneralnofarmerises u o | asadaajglavnazadatkada
maksimiziraju prihod i smanjet r o g kup v d 1 § a visokog lkvaliteta
proizvodai z a § g i v estedine.U poljopriviednomp r e d use kréira
informacionioblakzarazmenypodataka n a | ii &dministratikanihstrukturau
nonstopr e ¢ iTristemaatakavoblakje neophodarzarazvojloT (Gazquez
etal., 2016).

The basic groups of technologiesand supporting equipmentfor the proper
functioningof smartagriculture accordingto manystudiesare:

1. Informationsystems

With the help of informationsystemsandadditionalequipmentsuchasvarious
devicessensorsgdronesgtc.,datais collected processedstoredanddistributed.

2. Precisionagriculture

Precisiomagricultureinvolveslooking at spatialandtemporalparameter# order
to form the mostefficient agriculturalproductionstrategywhile reducinginputs
andreducingenvironmentapollution. In orderfor theaforementionedo work, it

is necessaryo implementandusetechnologiesuchasGPS(Global Positioning
System),GNSS (Global Navigation Satellite System),analysisof digital and
hyperspectraimagesandterrainrecordingswith the helpof camerasnountedon
unmannedaircraft - dronesand satellites,creationof terrain mapsshowingall

relevant factors that can be measured(for example: crop yield, terrain
characteristicssoil moisture chemicalelements).

3. Agricultural automatiorandrobotics

It is aboutthe processof applying robotics, automatedcontrol and artificial
intelligenceat all levelsof agriculturalproduction.Theseprocessesignificantly
increaseproductivity, precisionin work, aswell asthe economyof agricultural
production.

GPS(Global Positioning System)

The implementationof precision agriculture or locationtspecific agriculture
becomespossible through the use of GPS ("Global Positioning System")
technology.As IT engineergexplain, GPStechnologycombinedwith the GPS
server.netrackingsystemenablesealtime datacollectionwith accuratgosition
information, which leadsto efficient manipulationand analysisof the collected
data.GPS- server.neservicecanbe usedfor precisionfarming,field planning,
yield mapping and tractor guidance.GPS works in any weather conditions,
anywheren theworld, 24 hoursa day, with no subscriptioror setupfees.

The accuracyandbenefitsof using GPSallow farmersto createfarm mapswith
preciseacreageroad locationsand distancedetweenpoints of interest,collect
soil samples or monitor crop conditions. GPS receivers collect location
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informationto mapfield boundariesroads,irrigation systemsandcrop problem
areassuchasweedsor diseaseSpecialdevicesequippedwith GPSdevicesare
ableto preciselydistributethe swathsonthefield, applyingchemicalonly where
it is needed,minimizing the chemicalratio, reducingthe numberof required
chemicals,thereby contributing to the environmentand more precise use of
materials.

GIS (GeographicInformation System)

GeographidnformationSystems asystenfor collecting,memorizingchecking,
handling,analyzinganddisplayingdatathatarespatiallyrelatedto the Earth.It is
a technologythat combineshardware,software and data. Data can represent
almostanythingimaginableaslong asit hasa geographicomponentSatellites,
dronesandmannedaircraftareusedfor remotesensingwhichis thecollectionof
informationaboutthe earth'ssurfaceby scanningrom high altitudes.Landsat3,
is anobservatiorsatellite(a joint effort of the United StatesGovernmenScience
USGSandNASA) thatorbitsthe Earthevery 16 days.It includes9 bandsof the
visible light spectrunthatcanbe usedto calculatefactorssuchasplantdiseases,
nutrient deficiencies,insectsor crop moisture excessand deficiency. It also
captureshermalinfraredradiation(TIR) thatis beyondherangeof humarvision.
Dependingon the surfacetemperaturethe intensity of the wavelengthsmitted
by different typesof vegetationvaries,managingthe consumptiorof irrigation
water,detectingplantdiseasesr evaluatingtheripenesf fruits.

B

GIS Data Layers

Elevation
Hydrology
Transportation
Soils

Geology
Ownership
Site Data
Imagery

Figure 2. Thesuccessf preisionagricultureis basedn theaccuracyof the
collecteddata,in two ways(Hassan2018)

A. it involvesthe useof multifunctionalimaginarydevicesequippedwith remote
sensingplatforms,suchassatellites agriculturalplanes palloonsanddrones,

B. it involves different typesof sensors the collecteddatais identified with
precisdocationinformationusingGPSandGIS devicessothattreatmenspecific
to thatlocationcansubsequentlpe provided.
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Sensors

Modern sensorsare widely used in various applications such as robotics,
navigation,automationyemotesensingunderwateimaging, etc.,andin recent
years,sensorswith advancedechniquessuchas artificial intelligence(Al) are
playingasignificantrole in thefield of remotesensingandsmartagriculture Al -

enabledsensorsvork as smartsensorsand additionally, the emergencef the
Internetof Thingshasresultedin very usefultoolsin thefield of agricultureby

making available various types of sensotbased equipment and devices
(Plotnikov,2019).

Sensorsare most commonly used in numerous applications ranging from
measurindodyparameterto automatediriving. Furthermoresensorplay akey
role in performing detectionand vision-relatedtasksin all modern science,
engineeringand technology applications where computer vision dominates
(Hassaretal., 2020).An interestingemergingdomainusingsmartsensorss the
Internet of Things (IoT) which dealswith wireless networks and distributed
sensorgo heardatain realtime and producespecificresultsof interestthrough
appropriateprocessing(Shafi et al., 2019). In loT-baseddevices,sensorsand
artificial intelligence(Al) arethemostimportantelementshatmakethesedevices
sensibleandintelligent. In fact, dueto therole of artificial intelligence,sensors
actassmartsensorsndfind effectiveusefor variousapplicationssuchasgeneral
environmentamonitoring(Sishodiaetal., 2020); monitoringof a certainnumber
of environmentalfactors; weatherforecast(Di Napoli et al., 2020); satellite
imaging (Zhu et al., 2018) and its use; applicationsbasedon remote sensing
(Addabboet al., 2016); monitoringhazardougventssuchaslandslidedetection
(Di Napolietal., 2020);self-driving cars;healthcareandsoon.

Modernagricultureusingadvancedechnologiesuchasartificial intelligenceand
smart sensorscan produce increasedyields with appropriatecrop quality
assessmeiiDoshietal.,2019),cropclassificatiorandsoil moisturemeasurement
(Lu etal.,2020).ZhangandWei (2020)statethatsmartsensorarebeingusedin
theagriculturalsectorby incorporatingmodernsensorsadvancedhl techniques,
in soil healthmonitoring systems sensorapplicationsin animal husbandryand
cropyield analysisTherole of smartsensorss extremelyimportantin agriculture
and pharmaceuticalsvhere not only productivity is increasedput sustainable
growthis alsoachieved.Smartsensorsandthe Internetof Thingsare changing
conventionafarming practicesnto smartagriculturethatis helpingto empower
farmersaroundthe world.

Today,therearealargenumberof sensorghatmeasurevariousparametersery
accuratelyusingcertainmethods:

1. Locationsensors determindatitude,longitudeandaltitudewith thehelp
of GPSsatellites.

2. Opticalsensors uselight to measuresoil propertiesTheyareplacedon
satellitesdronesor robotsto determingheconteniof clay, organicmatter
andmoisturein the soil.
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3. Electrochemicalsensors- sensorshelp collect soil chemical data by
detectingspecificionsin the soil. They provideinformationin the form
of soil pH andnutrientlevels.

4. Mechanicakensors Thesesensorareusedto measuresoil compaction
or mechanicatesistance.

5. DielectricSoil MoistureSensors Thesesensorsneasuranoisturelevels
by measuringhe dielectricconstanof the soll

6. Air flow sensors Thesesensorsare usedto measureair permeability.
Theyareusedin fixed positionor in mobilemode.

Sensorgor monitoringanimalhealthandactivity
Temperaturesensors

Sensorgor morphologicakonditionsandanalyzef plants,etc

Agriculture drones

The useof dronesin the agriculturalsectorhasled to theimprovementof many
agriculturalpracticesWhenit comesto precisionagriculturalproductiontheuse
of droneshas becomea basic measureof production,which takes place by
recordingandcollectingdataon real and currentcrop conditions.Basedon this
data, producerscan plan and organizetheir sowing/planting,as well as the
treatmentsieededn orderto obtainhigh stableyields.

Fromdatacollectedby dronesfarmerscanderiveinsightsrelatedto planthealth
indices, plant countsandyield predictions,plant height measurements;anopy
covermapping,stockmeasurementghlorophyll measurementsyheatnitrogen
contentdrainagemapping weedpressureanapping,andsoon.

Accordingto theavailableliterature therearetwo typesof droned aerialdrones
and groundbaseddronesusedin agriculturefor crop healthassessmentrop
monitoring, pesticidesprayingjrrigation, plantingandfield analysis.

All largeinvestmentsn agriculturerequireintensiveproductionandlarge areas
in orderto maketheinvestmenipay off. Thisis alsothe casewith droneswhich
in orderto beprofitable,mustbeconstantlyin useandperformasmanyoperations
aspossibleduringthe season.

Operationghatcanbe performedwith the help of dronesare:
1. Monitoring the healthstatusof plants

Monitoring of conditionson theground

Sowingandplanting

Applicationin plantprotection

Usefor securitypurposes

R e

Pollination
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7. lrrigation

In addition to the many advantage®ffered by the use of drones,it is very
importantto understandheir limitations and functions,sincedroneslike other
precisionfarming equipmentareextremelyexpensive.

The introduction of big datatechnology,the use of unmannedvehicles,self
driving vehiclestheuseof sensorg€anmodify agriculturaffarmsinto smartfarms.

However,R a d ét &l., (2022) explainsthat there are certain obstaclesin the
implementatiorof technologiesn smartagriculture fragmentednarket,coverage
and connection (connection), large investments,fear of new technologies,
untrainedpersonnelndundevelopedtandards.

Thekey advantageandmainreasongor usingloT in agricultureare:

1. The ability to collect, analyze and create conditions for continuous
planningof agriculturalproduction

Monitoring, developmenandimprovemenbf agriculturalproduction
Digitized parcelsandmonitoringof executionof operations

Centralizatiorof documentation.

o bk 0D

More effective managementf developmentand ongoing agricultural
policy, etc.

Conclusion

Agriculture 4.0 creates dynamic communication systems that increase
productivity, save resourcesand materials, and optimize costs, through the
automatioranddigitizationof alargenumberof processes agriculture.

The agricultural sector must overcome challengessuch as climate change,
environmentapollution andthe productionof healthyfood. In orderto increase
productivity, it is necessarto use innovative technologyand the Internet of

Things.

loT-relatedtechnologie®avea majorimpacton precisionor smartagriculture as

well asthe globaleconomy.Theintegrationof products knowledgeandservices
throughloT maximizeghescopeof productivity,productquality, businesprofits

andtime savings.

The applicationof newinformationtechnologiegnableghetimely performance
of work in agriculture aswell asthe preventionof problemslt is alsosignificant

that, thanksto precisedata,accurateand precisemeasuregand methodscanbe

calculated,which resultsin significant savings,and enablesthe increaseand

preservatiorof yields.

The currentuseof informationtechnologiesn agriculturein our areais modest
and is explained by economic arguments.Precision technology and smart
solutionsin agriculturecontributeto the improvementndincreaseof yields, but

22



the maincontributionof digitizationin agrosectorss the managemenif natural
resourcesn asustainablevay.

Digital agriculturehasan enviablepotentialto increaseeconomiccontribution
through expanding market opportunities, agricultural productivity and cost
efficiency. Therearealsoenvironmentabenefitsthroughoptimizedresourcaise
andadaptatiorto climate change aswell associaland cultural benefitsthrough
increasecommunicatiorandinclusiveness.
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Abstract

The modern concept of agroecology implies the integration of research,
education, actions and changes that bring sustainability to all parts of the food
system. The approach is based on ecological thinking and a holistic
understanding of the sustainabilitygf the food system, which means that
agroecology is simultaneously a science and a practice and a social movement,
and that all three elements are needed together to initiate transformation.
Agroecology in Bosnhia and Herzegovina (BIH) is generally not recognized as a
concept of a sustainable food system. Although manyempogical measures

are foreseen in the strategic framework, there are no such measures in the
relevant regulation, and #refore there is no support for those measures.
Agroecology is recognized as a science at some agricultural faculties. There are
also international projects and research teams that could define the modern
concept of the introduction and development of agotogy in domestic policies,

but due to the weak integration of science and the agricultural practice and the
lack of understanding of the importance of the concept of agroecology and the
transformation of agriculture towards sustainable agricultural egst at the

level of government institutions, the current situation is not encouraging.
Agricultural producers in BIH are generally not familiar with the concept of
agroecology or the schemes of agrmological measures. The majority of them
would be ready to accept the ageoological concept on a wider territorial level
with appropriate adiing and training. An agroecological school program is
active in BIH based on the participation of the Alica Foundation in the
international forum for agroecology and the Bilim digital platform.

Key words: Agreecological measures, TAPE, school of agroecology, Bilim.

Introduction

According to the definition of the Food and Agriculture Organization of the
United Nations (FAO, 2018a), agroecology is an integrated approach that
simultaneously applies ecological and social concepts and principles in the
creation and management of agtiaral and food systems. This approach implies
knowing and using the interactions between plants, animals, people and the
environment, including social aspects for a sustainable and just food system.
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Agroecology as a practice has been developed gradually in recent decades, but
only recently has it been more widely promoted through various movements,
organizations and institutions, farmer groups and schools of agroecology.
Although agroecology is not yelearly part of the legislation of the European
Union (EV), it is recognized as a way to improve the ecological characteristics of
production through a system of agroological measures.

In the 80s of the last century (Gliessman, 2018), agroecology was seen as a form
of resistance or an alternative to existing food production systems based on
monocultures, the industrialization of all segments of food production, processing
and distributiol, and the increased control and dominance of corporations over the
food system. At the very beginning, agroecology was defined as the application
of ecological concepts and principles in the design and management of sustainable
agroecosystems at the fatavel, i.e., farm agroecosystem, or simply the science

of sustainable agriculture (Altieri, 1996liessman, 2007, 2013). This approach
nevertheless encouraged farmers to change the practices of conventional industrial
agriculture, especially in terms of the use of raw materials and chemicals based
on fossil fuels and fertilizers, towards certifiedang production systems. When

it became evident that replacing raw materials alone was not enough to overcome
the problems in monoculture systems, farmersabeg bring diversity back to

their farms. Thus began the process of building agricultural systems based on
system resistance to problems. By the end of the 90s, agroecology was already
defined as the ecology of the entire food chain (Francis et al., 200B}he
agroecosystem was not only observed at the farm level, but included other aspects
and participants in the food system. This change led to an emphasis on the need
to re-establish a close relationship between producers and consumers, that is, to
reduce negative phenomena between them (Gliessman, 2007).

In order to change the overall food system, it is necessary to provide both political
and economic focus (IPESood, 2016). This realization led to the further
development of the definition of agroecology, which observes it through the
integration of reseah, education, actions and changes that bring sustainability to
all parts of the food system (ecological, economic and social aspects). Thus,
agroecology is transdisciplinary, participatory and aetidanted because it
confronts the economic and poldicstructures of the existing industrial food
system with alternative social structures and political actions. The approach is
based on ecological thinking and a holistic understanding of the sustainability of
the food system, which means that agroecolsgymultaneously a science and a
practice and a social movement, and that all three elements are needed together to
initiate the transformation of the food system (Gliessman, 2018).

In the current agricultural policies in Bosnia and Herzegovina (BIH), EU-agro
ecological measures are not in force. Some of the-egrtwgical measures are
determined by strategic documents, but they are not applied or the available funds
for their implenentation are modest, which does not achieve the desired or
necessary impact on sustainable development. On the other hand, BIH have
undertaken to harmonize the agricultural policy and the rural development policy
with the corresponding policiesatthe B e | ( Mi T i1, 2019). A
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to apply the United Nations Convention on Biodiversity (CBD) and other
international agreements and conventions that protect the environment and define
measures to achieve the goals of sustainable development GBI, 2019).

This paper provides an overview of the development of the concept of

agroecology in the world with a special focus on Europe and BIH, as well as an
analysis of the possibility of transition to agroecology based on the analysis of the
regulatory frameworkrad own research conducted in selected territories in BIH.

The concept of agroecology

Industrial agricultural and food systems have succeeded in providing large
quantities of food on global markets. However, these systems imply high external
inputs and intensive use of resources, which results in high consumption of
resources (massive deéstation, water scarcity, loss of biodiversity, soil
depletion, high level of greenhouse gas emissions). Despite large food production,
due to various measures in international trade, hunger and extreme poverty are
still present as critical global challezgy Even in areas where population decline

is present, inequalities remain, hindering poverty eradication (FAO, 2018a).

As a key part of the global response to food insecurity, the United Nations (UN)
Food and Agriculture Organization (FAO) has defined an integral vision of
sustainable food and agricultural systems by transitioning to agroecology, which
offers a unique appech to meeting the increased food needs of the future.
Agroecology provides general principles for sustainable food and agricultural
systems that are highly productive, economically viable and environmentally
acceptable, and contribute to fairness andas@guity. FAO has defined five
principles of sustainable agricultural and food systems: 1) improving efficiency in
the use of resources; 2) preservation, protection and improvement of natural
ecosystems; 3) protection and improvement of living conditionsiral areas,
equality and social welfare; 4) strengthening the resilience of people, communities
and ecosystems; 5) promoting good management of natural and human systems
(FAO, 2018a).

Two international symposiums on agroecology were held in the organization of
FAOQ, the first in 2014 and the second in 2018 (FAQO, 2@0D49). After the first
international symposium, a series of regional meetings were held in 2015 and
2016 (Brazil, Thailand, Senegal, China, Bolivia, Hungary), attended by over 1,300
participants from 162 countries. The meetings identified possible aciuhs
public policies that could support better development of agroecology in their
regions (FAO, 2015). Regional consulbas continued after the second
symposium. Consultations for the Caucasus and the Balkans were held in Tirana
in 2019. The conclusion from these consultations is that agroecology is an
important plan for the region and can play a role in integrating pslitor
sustainable agriculture, while addressing social and economic issues. In doing so,
it was emphasized that continuous awareness raising and promotion of knowledge
exchange are of key importance (FAO, 2020).
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Agroecology also plays an important role in the implementation of the Decade of
Family Farming. Namely, in 2014, the FAO published data on the share of family
farms in the overall system of world agriculture and the safe food system (Graeub
et al., 2016)About 500 million family farms make up over 98% of all farms in
the world. These farms cultivate about 53% of the agricultural land and produce
80% of the total world food production. This was the basis for adopting a
resolution declaring the UN Decader@mily Farming, 2012028 and proposing

to governments a series of measures to support the survival of these farms (FAO
and IFAD, 2019). This further confirms that agriculture must be seen as part of
the environment and human heritage, and that it is saoet return to the path

of respecting ecological principles and traditional agricultural systems on family
farms, i.e. that agriculture should be seen in the interdependence of all living
organisms with the environment, without neglecting the secmomic aspects

of this activity.

Agroecology, as part of an integrated approach to landscape management, is also
a tool towards the implementation of the Sustainable Development Goals (SDGs),
as it can directly contribute to at least 10 of the 17 goals (UN, 2015). Accordingly,
during the31st FAO Regional Conference for Europe, FAO was asked to support
and recommend countries to include agoological approaches and
diversification in rural and urban policies and planning and thus strengthen agro
ecological work in the context of the DeleaofFamily Farming2019 2028) and
Initiatives to Increase Agroecology. In this direction, the Fund for Agroecology
was established, and states should define incentive policies and incentives for the
development of alternative markets for agamlogical products (FAO, 2018a).

The goal of the UN Agenda for Sustainable Development 2030 (UN, 2015) is to
end poverty and hunge&fding power and achieving zero hungevhile
simultaneously ensuring inclusive growth and sustainable management of the
planet's natural resources. This, especially in the context of climate change, can
only be achieved with full commitment to sustainable development. At the same
time, this & also a call for a transition towards sustainable food and agricultural
systems, which provide safe food and nutritimr all, social and economic
equality and the preservation of biodiversity and ecosystem services on which
agriculture depends (FAO, 2018a; 2018b). The answer to this question can be seen
in agroecology, which offers a unique approach to meeting thes éddture
generations. With family farms, including small farmers, indigenous
communities, fishermen and farmers in mountainous areas, agroecology seeks to
transform agricultural systems, pointing to the root of problems and providing
holistic and longterm solutions based on -coeation of knowledge, sharing of
innovations including the combination of local, traditional, indigenous and
practical knowledge with multidisciplinary science.

The new Global BiodiversitiframeworkCBD, 2022), which was adopted at the
15th Conference of the Member States of the Convention on Biodiversity in
Montreal in December 2022, among the 17 goals until 2030, defined two
significant ones related to sustainable agricultural systems. Goal 8 tefer
reducing hazardous chemical pollution, nutrient loss and pesticide risk by at least
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half. In this sense, countries are invited to support sustainable agricultural systems
based on nopesticide measures. Goal 10 sets the task of sustainable management
of areas under agriculture, aquaculture, fisheries and forestry, in particular through
the sustainable use of biodiversity and increasing the application of biodiversity
friendly practices, such as sustainable intensification, agroecological and other
innovative approaches, which contribute to the resilience anedongefficiency

and prodativity of these production systems, and food security, preserving and
restoring biodiversity and maintaining nature's contribution to people, including
ecosystem functions and services.

Because of all this, the FAO, based on the proposal of the Committee for
Agriculture and after the global and regional FAO dialogues, adopted in 2019 ten
elements of agroecology developed on a scientific basis, as a guide for the
transition towards sustable agricultural and food systenkégure 1 and Figure

2 show elements of agroecology: diversity; cooperation, innovation and
knowledge sharing; synergies, efficiency, recycling, resilience, human and social
values, culture and food traditions, resporesilthanagement, circular and
solidarity economy and their interaction (FAO, 2018a).

Diversity is key to agroecological transition because agroecological systems are
very diverse. Increasing biodiversity contributes to a range of productive; socio
economic, nutritional and ecological benefits (such as ecosystem services
including plant pollinationsoil management that reduces soil erosion, increases
carbon storage, promotes nutrient balance and preserves and enhances
biodiversity, optimization of biomass and water collection). In addition, it
strengthens both environmental and samononic resilience by including
everyone and creating new opportunities in the market. All together, the health of
the soil, the diversity of crops and animals, reduces the risk of failure due to
climate change.

Co-creation, innovation and sharing knowledge Agroecology does not offer
fixed recipes, but actions adapted to the environment and the social, economic and
cultural context of each territory. Collaboration and knowledge sharing play a
central role in the process of developing and applying agroecalagnovations

to address challenges in all food systems, including adaptation to climate change.
Through the process of creation, agroecology brings together traditional, local
knowledge, includes the praaidknowledge of producers and traders, and global
scientific knowledge. Producers' knowledge of agricultural biodiversity and
contextspecific management experience, as well as their knowledge of markets
and institutions, are key elements of this procEskication- both formal and
informal - plays a key role in sharing agroecological innovations resulting from
the creation process, creating space for capacity building of farmers, including
women's education.
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DIVERSITY CO-CREATION AND SYNERGIES EFFICIENCY RECYCLING
SHARING KNOWLEDGE
RESILIENCE HUMAN AND CULTURE AND RESPONSIBLE CIRCULAR AND
SOCIAL VALUES FOOD TRADITIONS GOVERNANCE SOLIDARITY ECONOMY

Figure 1. Ten elements of agroecology.

Source:Official images for download:
https://www.fao.org/agroecology/overview/overviewl0elements/en/

Figure 2. Interaction of ten elements of agroecology.

Source:Official images for download:
https://www.fao.org/agroecology/overview/overviewl0elements/en/

Synergies Agroecology carefully encourages the creation of diverse and
synergistic systems, including a combination of annual, perennial and cover crops,
livestock, aquatic animals and trees. Special attention is paid to the careful use of
soil, water and other agponents of agricultural properties and landscapes in order
to increase resilience in the context of an increasingly changing climate. In order
to promote synergy in the wider food system and best manageofifade
agroecology emphasizes the imgamce of partnership, cooperation and
responsible management, involving different actors at multiple scales.
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Efficiency. Innovative agroecological transitions make the transition from
systems based on high inputs to production systems based on knowledge with the
aim of further increasing productivity while using fewer external resources.
Increased efficiency of resourceeus a new feature of agroecological systems.
Agroecological systems improve the use of natural resources, especially those that
are abundant and free, such as solar radiation, atmospheric carbon and nitrogen.
By enhancing biological processesdamcycling biomass, nutrients and water,
producers are able to use available resources more efficiently, reducing costs and
negative environmental impacts and contributing to an increase in their net income
over time.

Recycling Mimicking natural ecosystems, agroecological practices support
biological processes that drive the recycling of nutrients, biomass and water within
production systems, thereby increasing resource efficiency. Recycling can take
place on farms and withime landscape, by diversifying and building synergies
between different components and activities. Recycling brings multiple benefits
by closing the nutrient cycle and reducing waste, and it also enables cost
reductions in input raw materials, whiceduces their vulnerability to climate
shocks and price volatility. Recycling of organic materials anprbgucts offers

great potential for agrecological innovation.

Resilience Various agroecological systems are more resistant, ie. they have a
greater capacity to recover from disturbances, including extreme weather events
such as drought, flooding or hurricanes, and to resist attacks by harmful
organisms, maintaining functionddalance. Agroecological practices act as
biologically complex agricultural systems and thus foster a diverse community of
interacting organisms to enable the ecosystem taeglfiate in the face of pests

and diseases. Namely, diverse agriqaltlandscapes have a greater potential to
contribute to pest and disease control through ecosystem services (e.g. natural
enemies for biological control). Agroecological approaches can also improve the
sociceconomic resilience of an area, because throdiyersification and
integration, producers can better manage risks and thus reduce vulnerability if one
crop or other commodity fails, and by reducing dependence on external inputs,
producers' vulnerability to economic risks is also reduced.

Human and social values Protecting and improving lifestyles, incomes and
equity are important for sustainable food and agricultural systems. Agroecology
emphasizes human and social values and the inclusion of everything that
contributes to the improved dimension of achieving toals of sustainable
development. By building autonomy and adaptive capacity to manage their
agroecosystems, agroecological approaches empower people and communities.
As a bottoraup approach, which is the basic paradigm of sudbéenaural
development, agroecology enables people to become their own drivers of change.

Culture and food traditions. By supporting a healthy, diverse and culturally
appropriate diet, agroecology contributes to food security while maintaining
healthy ecosystems. Agriculture and food are the basic components of human
heritage. Culture and food traditions play an impdrtate in society and in
shaping human behavior. The genetic diversity of different crops, breeds and

32



species is important for providing a diverse diet. Cultural identity and sense of
place are often closely tied to landscapes and food systems. Humans and
ecosystems have evolved together, which is why cultural practices and indigenous
and traditional knovedge offer a wealth of experience that can inspire innovative
solutions.

Responsible governance Sustainable agriculture and nutrition require
responsible and efficient governance mechanisms at different scéeal,
national, regional and global. Agroecology calls for responsible and efficient
management that provides support for the transitmrsustainable food and
agricultural systems. Transparent, accountable and inclusive governance
mechanisms are needed to create an environment that allows producers to
transform their systems while considering agroecological conaagtpractices.

Land and natural resource management is an excellent example. Most of the
world's poor and vulnerable populations rely heavily on terrestrial and aquatic
biodiversity and ecosystem services for their entire lifespan, but lack secure access
to these resources.

Circular and solidarity economy. Circular and solidarity economies that
reconnect producers and consumers provide innovative solutions for living within
our planetary boundaries, while providing the social basis for inclusive and
sustainable development. Agroecological approaches haetpape fair solutions
based on local needs, resources and capacities, creating fairer and more
sustainable markets. Strengthening short food chains can increase the income of
food producers while maintaining a fair price tmnsumers. These include new
innovative markets, along with the more traditional markets where most
smallholders sell their products. Social and institutional innovations play a key
role in encouraging production and consumption based on agroecological
appoaches that appreciate the hidden value of biodiversity and ecosystem
services.

From all of the above mentioned, it is clear that agroecological systems are very
diverse. From a biological perspective, agroecological systems optimize species
diversity and genetic resources in different ways. For example;fagstry
systems organizerops, shrubs and trees of different heights and shapes at
different levels or layers, which increase vertical diversity. Intercrops combine
complementary species and thus increase spatial diversity. Crop rotation, which
often includes legumes, increasesporal diversity. Crop and livestock systems
rely on a diversity of local breeds adapted to specific environments-fFB&SH

2016). A diversity of crops and animals also reduces the risk of failure to cope
with climate change. Mixed grazing of differemiminant species reduces the
health risks of parasitism, while different local species or breeds have greater
abilities to survive, produce and maintain reproduction levels in disturbed
conditions. On the other hand, various sources of income from ditied and

new markets, including various food products and agritourism, help stabilize
household incomes. Eating a variety of grains, legumes, fruits, vegetables, and
animal products improves nutrition. The genetic diversity of different cultivars,
breed and species is important because it provides macronutrients, micronutrients
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and other bioactive compounds in the human diet. For example, in Micronesia,
the reintroduction of underutilized traditional oraffgshed banana varieties
with 50 times more betearotene than the widely available commercial white
fleshed banana has pewv to be a good instrument in improving health and
nutrition (Englberger et al., 2006). On a global level, three cereals provide close
to 50 energy needs of humans and animals. At the same time, the genetic diversity
of crops, livestock, aquatic animalsdatrees continues to be rapidly lost.
Agroecology can help reverse these trends through the management and
conservation of agrbiodiversity and by responding to the increasing demand for

a variety of ecdriendly products. One such example is "fisiendy rice"
produced from irrigated, raifed and deepvater rice ecosystems, a system that
values the diversity of aquatic species and their importance to rural life-(IPES
Food, 2016).

Agroecology in Europe

In 2019, IPESFood (International Panel of experts on sustainable food systems)
prepared a document that is a call for EU policy reform in order to build
sustainable food systems in Europe (IFE®d, 2019), explaining why a change

in policy is necessary.he current policy has a major impact on the environment,
as 970 million tons of soil is lost in Europe every year on more than 11% of the
EU territory affected by moderate to severe erosion. Pesticides and nitrogen
fertilizers have unprecedented negatiffects on plant and insect life. There is a
huge loss of biodiversity, which threatens a range of nature's services including
the pollination of many food crops (future yields worth around 3% of global GDP
are at risk each year).

In October 2018, Pesticide Action Network Europe (PAN) prepared a proposal
for a new model of the Common Agricultural Policy (CAP) after 2020, which
proposes fundamental improvements to the CAP by introducing a-nascted
agroecological transition. It iproposed that each member state offers farmers
financial support for the application of nehemical alternatives to pesticides
(agronomic, mechanical, physical, biological), as part of an overall strategy that
moves towards smarter agroecological producsystems, from integrated pest
management (IPM) to organic farming with final the goal of "zero pesticides".
The consumption of pesticides in the EU 28 amounted to 380 million kg of active
substance in 2016 (PAN, 2018). Unfortunately, few of these neemdations
found a place in the CAP 202027.

Globally, agricultural and food systems contribute up to 30% of greenhouse gas
emissions. As much as 31% of the land needed to meet food needs in the EU is
located outside Europe. The EU imports about 22 million tons ebasgd feed

every year. It is eshated that EU imports represent almost a quarter of world
trade in soy, beef, leather and palm oil. Less than half of EU fish and seafood
consumption is met by EU production, meaning that Europe's impact on global
marine resources is also huge. In otherds, the EU is leaving an ever deeper
ecological footprint of its food systems and habits. This is further exacerbated by

the fact that around 20% of food produ
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billion a year in terms of wasted resources and environmental impact A&k
2019).

Agriculture is responsible for around 90% of ammonia emissions in the EU, which
is a major contributor to air pollution. The concentration of pesticides in
groundwater exceeds quality standards in several member states. Over 50% of the
European populatiois overweight and more than 20% are obese. Unhealthy diet
is the leading risk factor for disease and mortality in Europe, and it hits the poor
population hardest. An unhealthy diet is responsible for 49% of the burden of
cardiovascular diseasdhe leadiig cause of death in the EU. Chronic diseases
often linked to nutrition account for 70% 80% of healthcare costs in the EU.
Moreover, today every fourth European is exposed to the risk of poverty or social
exclusion (in 2016, about 43 million people,201% of the EU population, could

not afford a quality meal every other day) (IPE&d, 2019).

The socieeconomic impacts of the current systems are also great. About 70% of
the global agrochemical industry is now in the hands of just three companies, and
up to 90% of the world's grain trade is controlled by four multinational companies.

In 2011, tke five largest food retailers in thirteen EU member states had a
combined market share of over 60%. From 2003 to 2013, more than 1 in 4 farms
disappeared from the European landscape. Around 3% of farms now manage 52%
of agricultural land in the EU, and gnR0% of farms receive 80% of CAP
payments. Under such conditions, more than 100,000 hectares of agricultural land
in the EU are lost to urban and/or industrial development every year. Rural
landscapes could further disappear as the agricultural popugajés (in 2013,
almost half of agricultural holdings were over 55, and a quarter over 65). There is
an erosion of traditional food cultures. The urban city lifestyle has changed the
habits of food preparation and consumption and caused a loss of consumer
connection with the way of preparing food and the seasonality of fruits and
vegetables. Because of all of the above, a fundamental policy change is needed to
make food systems sustainable, stop the loss of biodiversity, suppress obesity and
make agricultursustainable for future generations (IPESd, 2019).

Migliorini et al. (2018) analyzed the agroecology of three Mediterranean
countries: Italy, Greece and Spain. They stated that there are several similarities
but also differences. Agroecology arose mainly as a link between traditional
agricultural knowledgend the organic farming movement, emphasizing social
and political aspects. In ltaly, the genesis of agroecology is linked to academia,
but recently it has been strongly linked to civil society, -gomernmental
organizations and consumers. In Greeceothanic agriculture sector appears as
the main actor of an integrated approach towards recognizing the necessity of
adopting a holistic, agrecological concept through the inclusion of practice. In
Spain, the acceptance of agroecology is related to Asidaklso organic farming.
Agroecology studies and training and research, although progressing recently in
Mediterranean Europe, still face many challenges. Stassart et al., (2018) analyzed
the Belgian approach to agroecology and concluded that the tontep
agroecology still has potential in Belgium today, but no one can predict the course
of such, mostly noinstitutional dynamics. The analysis of the development of
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agroecology in the countries of Eastern Europe shows that it is connected with the
development of organic agriculture. Between the 1950s and the 1990s, there were
significant differences between individual countries in Eastern Europe.
Collectivization, speialization, and intensification of agriculture advanced the
most in Bulgaria, Czechoslovakia, and Hungary, which is why the impact of
agriculture on the environment is more pronounced than in other countries of the
former Eastern bloc. Therefore, agroegyl mainly deals with those impacts. In
these countries, agroecology is seen more as a scientific field with the task of
establishing a balance between productive andpmoductive functions of
agroecosystems (Moudry et al., 2018).

Agroecology in B&H

Agroecology is weakly present in BiH and is generally not recognized as a concept
of a sustainable food system. However, multiple sectors deal with different issues
that can beconsidered as the basis for the future development of agroecology at
different levels, from agricultural holdings to the development of legislation and
strategies. These issues include organic agriculture, environmental protection,
direct links between pducers and consumers, circular economy, fair economic
practices and social inclusion (Hetman and Kalaba, 2023).

Earlier research ( Mar kovi-éconor@idrélaions on t
on land use and biodiversity on and around farms in BIH on the example of two
municipalities (Banja Luka and Derventa) showed that migration due to war
significantly affects tam, both positively and negatively. The same author in
another paper (Markovil, 2013) provide
can i mprove the biological control of
comparison of the general indicators ofiagltural development in the EU and

the countries of the Western Balkans, through the analysis of the main goals and
support measures identified in the common agricultural policy of the EU and the
IPARD regulation, as the two main pillars of support tortdas for agricultural

policy reform.

Research on the possibility of introducing agroecological measures into the
agricultural policy of thvw iRdpuhkl iacl .q
showed that a significant number of measures corresponding to agroecological
measures in the EU were determined by strategic documents. Although all laws
in the field of agriculture, forestry and water management include in their goals
sustainable development and preservation of the environment, the regulatory
framework provides incentives for only a dhmaumber of measures planned in

the strategic framework. At the same time, preservation of biodiversity, protection
and sustainable use of genetic resources, preservation of natural landscapes and
agricultural systems of high natural value are not re@eghas essential values

of cultural and natural heritage. The interviewed farmers apply a certain number
of agroecological measures, although they do not receive incentives for them, and
they are generally not familiar with the concept of agroecologyeos¢hemes of
agroecological measures, except for the concept of organic agriculture and
partially the concept of integral agriculture. However, most of the respondents
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would be ready to accept the agroological concept on a wider, territorial level
with appropriate counseling and training.

The analysis of the regulatory framework showed that although many agro
ecological measures are foreseen in the Strategic Plan for the Development of
Agriculture and Rural Affairs of the Republic of Srpska (2@D&0), there are no

such measures in the eghnt laws and blaws, and therefore there is no support

for those measures in the rulebook on conditions and the method of achieving
financi al incentives for the devel opme
The new Strategic Plan for the Devateent of Agriculture and Rural Areas of

the RS, 2022027, also includes some goals, such as revitalization of rural areas
and nature protection and sustainable use of natural resources, but again the
concept of agroecology is not recognized (GovernmethieolRepublic of Srpska,
2021).

When it comes to education in BIH in the field of agroecology, it can be stated
that there is no generally accepted definition of agroecology. This term is more
commonly used to separate systems with agricultural production versus natural
systems, regardés of the type of production system. The literature most often
mentions agroecological conditions for growing certain crops or agroecological
requirements of certain species. Faculties in BIH have included the principles of
sustainable development and sirsable agriculture in their curricula in the past
period, and some faculties have also introduced education with a specific profile
for agroecology and rur al devel opment
environmental protection in agriculture (Agkbediterranean Faculty in Mostar).

At the Faculty of Agriculture in Banja Luka, there are several courses that deal
with certain aspects of sustainable agricultural systems, but the modern concept
of agroecology has not been adopted within the Agroecolaggeolnternational
projects and research teams that could define the modern concept of the
introduction and development of agroecology in domestic policies are active at
this faculty, but due to the lack of understanding of the importance of the concept
of agroecology and the importance of the transformation of agriculture towards

sustainabl e agricultural systems at t|
al., 2023) as well as the weak integration of science and the agricultural practices
( Mi | il.]2018)t the &urrent situation is not encouraging.

The results of the TAPE survey conducted in selected territories in BIH confirm
previous findings (Milil et al., 202:
performance assessment toedlIAPE (FAO, 2019) to support local development
towards sustainability antb identify the needs of farmers in the transition
process. The tool has 4 steps. Step 0 describes production systems, farm type,
agraecological zones, existing policy and environment. In step 1, the farm survey
describes the current situation based @ @maracterization of Agroecological
Transition (CAET). Step 2 provides measure progress and impact quantification
and analysis of time and cost constraints. Based on a participatory approach at the
community level, step 3 reviews the results of CAET andlyzes their
contribution to the Sustainable Development Goals (SDGs). TAPE was applied to
small family farms on the territory of two territories in BiH, Trebinje and Ljubinje,
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during 2021 (Miiil et al., 2023). The
groups: markebriented production with-2 main products and ecological mixed
production mainly for own consumption based on domestic and autochthonous
species including beekeegi. The analysis showed that the main characteristics
of the selected area are a very strong tradition and culture of local cuisine,
pronounced depopulation and aging of households, spatial disconnection and
weak infrastructure (internet, somewhere GSM nalg roads, schools,
kindergartens, health centers, etc.). The region still has an active rural population
with production organized on family farms. The support of the local community
has been established through the agricultural fund to support farthers,
organization of local sales of products and advisory services, but this support is
still insufficient and not longerm. Agricultural production is mostly traditional

and small. Although the migration of young people to the city and abroad is a big
problem, a significant part of the rural youth population wants to stay and live
from agriculture if clear and lontgrm support measures were provided.

FAO also conducted an analysis of agroecology in the regions of Europe and
Central Asia (FAO, 2020). This analysis shows that agroecology is not integrated
into policies and in most of these countries agricultural production and
environmental protection ar seen as separate domains. Even the word
agroecology is underused and poorly understood not only by most farming
communities, but also by those in advisory services and other relevant government
bodies. This analysis shows that smallholder farmers in uBgi&ilow chemical
inputs, rely on manure as fertilizer, and exchange local food products between
families and other community members. The integration of agroecology in the
country is in the initial stages: there are some planned measures in the latest rura
development strategies. The public advisory service does not promote
agroecology, but covers some aspects of integrated pest management (IPM) and
organic production. Despite this, communities in BIH continue to maintain some
cultural landscapes that comb traditional agricultural methods, high
agrobiodiversity and unique agroecosystems. In a broader sense, small farmers are
not recognized in national sanitary and phytosanitary measures, which has
implications for their access to better markets and tnetivey produce in terms

of the environment. It is also noted that agroecology is recognized as a science in
the curriculum of the University of Banja Luka, and that there is a new master's
degree on the subject of Conservation and sustainable use dt gesetirces.

The EU Horizon 2020 project called EcoStack in which this university is a partner
(EcoStack, 2019) aims to develop and support ecologically, economically and
socially sustainable crop production through stacking and protection of functional
biodiversity. Although there seems to be fertile ground for agroecological farming
practices and local movements in the country, there is no formal system for
promoting and protecting the tradition
2023).

With the support of FAO and Schola Campesina from lItaly, the School of
Agroecology project (Schola Campesina, 2023) was developed, i.e. a knowledge
sharing project to strengthen the agroecological movement in the Europe and
Central Asia (ECA) region, inctling BIH. In the context of the abandonment of
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agricultural activities and the rural exodus in all ECA countries, the project aims
to strengthen the organizations and networks of local food producers by
supporting the actions of local organizations in rural areas and especially their
knowledgerelated activities. Informal agroecological schools are crucial in
supporting food producers in their agricultural activities (economic sustainability,
access to markets, food processing, local policies, organizational model, political
advocacy, among others) aimdbuilding alliances for improved and coordinated
policy support for agroecology. The project established the digital platform Bilim
as a tool to strengthen organizations at the national and international level. These
organizations held the first Agroeogly Forum in Eastern Europe and Central
Asia in July 2023 in Bursa, Nilufer District, Turkey. The event brought together
22 organizations from 18 different countries, from four main-regfons: 1)
Central and Eastern Europe, 2) Western Balkans, 3) SeuiteSus and Western
Asia and 4) Central Asia. Participant of the project and the Bilim forum and
platform from BiH is the Alica Foundation from Banja Luka. The agroecology
school created in this way will enable a better exchange of knowledge and the
capitdization of knowledge that is not available to the wider network today.

Conclusions

- Agroecology involves the integration of research, education, social action
and change aimed at the sustainability of all parts of the food system
(ecological, economic and social aspects) and is a key part of the global
response to food instability as iffeérs a unique approach to meeting the
increased food needs of the future.

- Agroecology is weakly present in BiH and is generally not recognized as
a concept of a sustainable food system.

- Although many agrecological measures are foreseen in the strategic
framework, there are no such measures in the relevant laws daadd)y
and therefore there is no support for those measures.

- Agricultural producers in BIH are generally not familiar with the concept
of agroecology or the schemes of agroecological measures, except with
the concept of organic agriculture and partly with the concept of
integrated agriculture.

- Some agricultural producers apply certain agroecological measures
following traditional knowledge and not because of modern knowledge
and do not receive incentives for them.

- Most agricultural producers, with appropriate counseling and training,
would be ready to accept the agroecology concept on a wider territorial
level, which can be successfully implemented through the already
established agroecology school program implesgbnivith Alica
Foundation through the international forum for agroecology and the Bilim
digital platform.
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Abstract

Digitalization has the potential to address the challenges of productivity,
sustainability, and resilience in agriculture. The adoption and impact of digital
agriculture in OECD countries have been well documented for row crop farms,
but there is limitedriformation on the use of digital technologies in livestock and
speciality crop farming. Barriers to adoption include cost, relevance,-user
friendliness, operator skill requirements, mistrust of algorithms, and
technological risks. National governments pdagrucial role in overcoming these
barriers by providing information on costs and benefits, investing in human
capital, incentivizing innovation, facilitating data sharing, and promoting
competitive markets.

Key words Agriculture, technology, digitalization, crops, farmers.

Introduction

The agricultural sector faces numerous challenges at both global and local levels.
The increasing demand for foadd other ecosystem services places pressure on
agricultural production potential. Factors such as climate change and soil
degradation further exacerbate these pressures. This leads to difficulties in
delivering both private and public goods, increasingtco Additionally,
agriculture contends with various shocks and challenges, including extreme
weather events, market fluctuations, pandemics, and conflicts, which reduce the
resilience of the sector. Furthermore, the environmental impacts of thieadri
system, such as resource overuse, pollution, greenhouse gas emissions, and
biodiversity loss, need to be addressed (Fielke et al., 2020).

Recent policy goals, such as the KunmMgntreal Global Biodiversity
Framework and the Farm to Fork strategy of the European Union, aim to meet
ambitious environmental targets in a short time frame (Candel et al., 2023). Social
sustainability and animal elfare issues also require urgent attention. To
overcome these challenges, the agricultural sector must deliver more while
reducing its environmental footprint with fewer resources. However, this goal can
lead to conflicts between food production, prdfildy, and environmental
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protection. Resolving these conflicts is crucial for a sustainable and resilient
agricultural sector.

T1 - spatial planning
T14 — mainstreaming policies

T20 — Capacity, technology
T18 — eliminate and transfer

harmful subsidies T21-Data, information,

T19 —resource knowledge
mobilization
T13 — benefit sharing,
T22 — participatory genetic resources

decision-making
T17 - biotechnology
723 - gender

T10 — sustainable
production systems
T15 — reducing
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T9 — benefit sharing,
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T12 —green &
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T2 — restoration

T3 — protected areas
T4 — species protection
T5 — use of wild species
T6 — invasive species

T11 — Natures Contributions to
People; ecosystem services

T8 — climate adaptation
& mitigation

Figure 1. The KunmingMontreal Global Biodiversity Framework, Biodiv Sci,
2023

Digital technology is increasingly being used in agriculture, even in
underdeveloped nations. In order to help farming communities and agricultural
systems recover from stressors and absorb shocks of many origins to which
farmers and their environment aexposed, digitization attempts to promote
networking and connections along the agricultural value chain. However, there is
worry that, particularly in Sul$aharan Africa, digital technologies have not
significantly improved the agriculture sector (Deichmagt al., 2016;The
Technical Centre for Agricultural and Rural Cooperation [CTA], 30T%he
literature has extensively covered the employment of modern technologies in the
fields of farming and food safety.

Increasing productivity, environmental sustainability and competitiveness,
digitalisation has the potential to revolutionise the European agricultural sector.
The latest technological innovations, such as artificial intelligence (Al), robotics,
Internet of Things (IoT) and 5G, can decisively support farmers and
agribusinesses. Through digitalisation, the value chain might become more
efficient, fostering better cooperation and communication between growers,
processors, distributors, and customers (Jaiga2€4i7). While this takes place,
innovative SMEs may grow and prosper, advancing the industry with cetige
ideas and fresh perspectives.

Looking at the data provided by Eurostat, an increase in the use of technology can
be observed, which may entice farmers to use the Internet for their farm activities.
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Figure 2. Households with broadband internet by degree of urbanisation,
Eurostat, 2022

The number of homes in the EU with broadband connections has rapidly increased
in recent years to a level where the market is almost saturated. 9 out of 10 homes
in the EU had access to broadband internet by 2021; this percentage was
somewhat higher in udm regions (93%) and significantly lower in rural areas
(86%), however, this difference has narrowed over the past ten years. To round
out the picture, in the suburbs and towns in both 2020 and 2021, 90% of homes in
the EU have access to broadband internet

Households with brocadband internet by degree of urbanisation, EU,
2012-2021
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Figure 3. Households connected to the internet by type of connection and degree
of urbanisation, Eurostat, 2022

During 2012, fixedine broadband was the most widely used method of accessing
the Internet throughout the EU, but mobile broadband was still in its infancy. A
rising number of EU homes are now using mobile broadband to access the internet
thanks to the deslopment of fourth and fiftgeneration (4G and 5G) broadband
cellular networks. Figure 2 demonstrates how, between 2012 and 2020, the use of
Cellular broadband in the EU increased quickly from a relatively low base level;
however, in 2021, the proportiasf household members connected to mobile
broadband began to decline among households in suburbs and cities and to
stagnate in both urban and rural areas.
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Individuals (16—74 years) using the internet for various activities by
degree of urbanisation, EU, 2021
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Figure 4. Individuals (16 74 years) using the Internet for various activities by
degree of urbanisation, Eurostat, 2021

It may not come as a surprise to learn that a hipherentage of people who live

in cities (compared to those who live in suburbs and towns or in rural areas) use a
variety of different gadgets to access the internet. This higher percentage also
applies to the number of people who use the internet fardiff reasons.

Figure 5 reveals the percentage of persons (aged 16 to 74) who engage in three
distinct online activities: email sending and receiving, instant messaging, and
online banking. Although there were few exceptions, those who lived in cities
tended to use thaternet more frequently for all three of these purposes.

In terms of sending and receiving emails, people who live in cities and suburbs
were found to have the highest percentages in Belgium, Malta, and the
Netherlands, while those who reside in rural regions were found to have the
highest percentage. In Gree€yjprus, and the Netherlands, people who live in
cities as well as suburbs accounted for the largest percentages of instant messaging
users. In both Belgium and Malta, residents in cities and the suburbs accounted
for the largest percentages of internetidiag users.
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Figure 5. Individuals using the internet for sendingnails, Eurostat, 2021

Despite its numerous advantages, digitalization may also widen the gap between
those who have access to advanced technology and those who do not. This gap
might exist between connected and unconnected farms, as well as between small
and large agriculturanterprises. Governments, business titans, and technology
suppliers may assist in ensuring that digitalization is equitable and available to
everyone by highlighting its benefits and offering farmers training, resources, and
subsidies to use new technaleg)(Zhong, 2023). This presents an opportunity for

the European agriculture industry to harness the advantages of the digital era,
enhancing the sustainability and economic stability of farming endeavors, while
simultaneously tackling urgent concerns sastood security and environmental
deterioration.

The agricultural landscape has been transformed by the Internet of Things (IoT),
ushering in a new era for farmers by deliveringtesthe-minute insights about

their machinery and the surrounding environment. This wealth of data empowers
farmers to enhamc every facet of their operations, spanning agricultural
production and livestock welfare. Through the integration of precise geographical
information and realime 10T data, farmers are embracing precision farming,
leading to heightened yields, diminishedste, and the promotion of ethically
sound practices. Farmers can remotely monitor both their crops and their livestock
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thanks to loT technology, which reduces labour expenses and assures the well
being of their animals (Kassim, 2020). In order to facilitate the exchange of data
and ensure seamless collaboration among various applications and participants
within the Europen agricultural industry, it is essential to establish a robust
network of datesharing tools and ecosystems, creating a unified agricultural data
environment.

Benefits

Digitalization has the potential to tackle the challenges of productivity,
sustainability, and resilience in agriculture. The search results have highlighted
several key findings:

Benefits of digitalization in agriculture (Bacco et al., 2019):

7 Digital technologies can enhance-famm productivity, improve resource
usage efficiency, and support climate resilience.

1 Itis seen as a promising tool to sustainably increase food production for
a growing global population.

9 Digitization aims to enhance networking and connectivity throughout the
agricultural value chain, enabling farming communities and systems to
recover from stress and adapt to different shocks.

Barriers to adoption:

1 Common barriers include upfront costs, limited relevance and use cases,
userfriendliness concerns, skill requirements, mistrust of algorithms, and
technological risks (McFadden et al., 2022).

i Limited evidence exists regarding the adoption and impact of digital
agriculture in livestock and speciality crop sectors (McFadden et al.,
2022).

Role of national governments:

1 National governments have a crucial role in addressing barriers to
adoption. This includes providing better information on the costs and
benefits of technologies, investing in human capital, creating incentives
for innovation, acting as knowledge brokeygdcilitate data sharing, and
promoting competitive markets (McFadden et al., 2022).

At the same time, researchers, policymakers, and other key players are becoming
more aware of the potential advantages of agricultural digitalization to promote
changes towards sustainable agriculture. In fact, technological advancements like
the use of insitu and remote sensing technology for precision agricultural
applications may significantly enhance the efficiency of resource usage (for
example, for the application of fertiliser, chemicals, or water) and lower
greenhouse gas emissions (Ferrari et2822). However, there is still room for
improvement when it comes to the systasriented integration of sizable datasets
accessible for recording related activities at the field and landscape scales, as well
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as the integrative analysis and conversion of such data into useful crop
management alternatives.

In summary, while digitalization offers significant potential benefits to
agriculture, there are obstacles to its adoption. National governments can play a
vital role in facilitating the widespread use of digital technologies in this sector
(Ferrari et al.2022).

Challenges

The adoption of digital technologies in agriculture in developing countries
encounters various challenges, including:

9 Limited access to digital technologies: In rural areas of developing
countries, inadequate infrastructure like internet connectivity and
electricity supply hampers access to digital technologies (Rodino et al.,
2023).

1 High upfront costs: The initial investment required for implementing
digital technologies can be prohibitively expensive, particularly for
smallholder farmers with limited financial resources (Ozdogan, 2017).

1 Limited suitability and use cases: Digital technologies may not be
relevant or applicable to all crops and farming systems, restricting their
adoption in countries with diverse agricultural practi&samnshiri et al.,
2018)

T Complexity and skill requirements: Operating digital technologies often
demands specialised skills that may be lacking in developing countries.
Additionally, user interfaces may be unfriendly, further hindering
adoption effortsDorr & Nachtmann, 2022)

1 Mistrust and technological risks: Concerns around algorithm reliability,
data privacy, and security may result in hesitancy among farmers when it
comes to embracing digital technologiébipye, 2022)

1 Insufficient research and development: Many digital innovations are
designed for largecale commercial farming in highcome countries,
limiting their suitability for smalscale producers in developing
countries. More research and development effortgetang the specific
needs of these farmers are required (Rodino et al., 2023).

Agriculture is becoming more digitised, and there are numerous steps that may be
taken to speed up the process, such as Investment in Research and Development:
For the continuous expansion and development of digital technologies in
agriculture, investmenn research and development is essential. This involves
spending money on developing new apps and solutions for the industry as well as
new technologies like blockchain and artificial intelligence. Furthermore,
education and training play a crucial roledigitalizing the agricultural sector.
These two factors are crucial for the widespread adoption of technological
advances in agriculture. This comprises instruction for farmers and food producers
who must be proficient in the use of digital technologassyell as instruction for
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food corporations and organisations that must be capable of implementing and
managing digital solutions.

Moreover, infrastructure development is essential for agriculture's digitalization
(Rodino et al., 2023). Investments in data storage and processing technologies, as
well as internet access, particularly in remote regions, are included in this.
Additionally, publicprivate collaborations should be more prevalent since they
are essential to the digitalization of agriculture. To assist in the creation and use
of digital technologies and solutions, these collaborations may bring together
organisations from thpublic sector, the private sector, and academic institutions
(Paraforos & Griepentrog, 2021jhe adoption of digital technologies across the
board in the agriculture sector, including farming, food production, and supply
chain management, is referred to as the "digital change" of agriculture. This
transformation aims to lessen waste and its tnegaffects on the environment
while increasing efficiency, production, and profitability (Rodino et al., 2023).

Precision agriculture, which employs data and technology to optimise crop yields
and the use of resources on a fibidfield basis, is a significant component of the
digital revolution in agriculture. This can involve the use of tools like GPS
mapping, sib sensors, and drones to gather information on the health of the crops,
the state of the soil, and weather patterns. After gathering the information, it is
examined to help with decisions about irrigation, fertiliser use, planting methods,
and seed selgaon. The management of cattle is yet another area where
technological innovation is making a difference. Farmers may obtahtimeal
information on the condition and behaviour of their animals through the use of
sensors, wearables, and other monitoringesys. Utilising this knowledge can
help manage the herd better, stop disease outbreaks, and lessen animal discomfort
(Paraforos & Griepentrog, 2021)

The supply chain is being impacted by the digital revolution in agriculture, in
addition to farm applications. One example of how technological innovation is
being utilised to increase efficiency and transparency in the food supply chain is
the use of bldkchain technology. Blockchain can assist in tracing the origin of
food goods, tracking their travel through the supply chain, and ensuring that food
safety requirements are being observed by providing a secure, decentralised
record of transactions.

National governments can play a vital role in addressing these challenges. They
can invest in improving infrastructure, provide financial incentives to facilitate
adoption, support research and development efforts, and promote knowledge
sharing and capagitbuilding initiatives. By overcoming these hurdles, the
widespread adoption of digital technologies in agriculture can be promoted,
leading to improved productivity and sustainable development in developing
countries Paraforos & Griepentrog, 2021)

Use Cases

In prosperous countries, there are many examples of the effective application of
digital technology in agriculture. Here are a few instances: American digital
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agriculture technology: In the US, digital farming technology is being used to
increase produce quality and volume while more effectively utilising resources
like water and fertiliser. This has made it possible for precise monitoring, efficient
operationsand knowledgeable managemeéviefdouw et al., 2021)

In order to increase agricultural operations' productivity and lessen their negative
effects on the environment, Europe has introduced smart farming. Farmers may
gain better insights in order to make more educated choices, increase production,
and save wds thanks to digital technologies including data science, digital means
of communication, automation, and sensors in the field. Australia's use of digital
agriculture is intended to increase the productivity and sustainability of farming
activities. To acteve this, it has been necessary to use digital technology to
strengthen valuehain operations and create more durable food systems. Canada's
implementation of precision agriculture aims to increase agricultural output and
quality while minimising enviromental effects. With the use of digital
technology, farmers can properly monitor the health of their crops and the soil,
which may help streamline processes and boost yield quality and quantity
(Pylianidis et al., 2021).These case studies show how digithhologies have

the potential to increase the productivity, sustainability, and adaptability of
farming operations in industrialised nations.

Conclusions

To conclude, agriculture is becoming more digitised on a continuous basis. A
number of variables, including market forces, government regulations,
technological developments, and financial availability, impact this process.
Despite the difficulties and baers, farmers, food producers, and consumers stand
to gain significantly from the sector's digitalization, including higher production
and efficiency, better food safety and quality, and more transparency and
dependability in the food chain. By making @stments in publiprivate
partnerships, infrastructure development, education and training, research and
development, and education, we can continue to accelerate the digitization process
and fully use digital technology in agriculture. In many areashefeconomic
chain, from agricultural production to the end user, digital technologies are
accelerating transformation. The use of these technologies will increase
productivity, generate new employment opportunities, create new revenue
streams, and consertasources. More research is needed to determine how digital
technology may affect agfood markets. For problems to be solved, all parties
involved must work together more closely. Additionally, agreement is required on
the best way to develop a regulgtéramework that maximises the advantages of
digital technologies for agriculture and reduces the potential risks connected with
them.
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Abstract

Theaim of the paperis to determinethe importanceof production,turnoverand
consumptiorof plumsin Serbiain the period20132022.Themaindatasources
are the StatisticalOffice of the Republicof Serbia(SORSyand the International
Trade Centre (Trade Map). Also, appropriate scientific and professional
literature was usedwith contentsthat correspondto the topic of the paper. By
applying a quantitative research method, the basic characteristics of the
production turnoverandconsumptiorof plumsin Serbiawereanalyzednamely:
area,production,yield, statisticalindicators(Importdependencyatio-IDR; Self
sufficiencyratio-SSR ConsumptiomercapitaCpc)andtheexportof plums,both
in termsof quantityandvalue.Accordingto the obtainedresults,it wasobserved
thatthefeaturesof plumsproductionare constantlydecreasingthat Serbiahasa
low valueof dependencenimports,a high rate of selfsufficiencyin freshplums
becausdt exportssignificant quantities,high consumptiorper capita and that
about50% of the total value of exportsis placedin the top five countriesof the
EuropeanUnion (EV).

Key words: Dependenceon imports, degreeof seltsufficiency,fruit growing,
plums,export.

Introduction

Fruit is animportantproductfor propernutrition of thepopulation( O's teta].,i |
2019). Authors'K | j @tjali, (2015) point out numerousadvantagef fruit
productioncomparingthe otheragriculturalfields, primarily becausdt employs
more labor, provides greater opportunitiesfor employmentand attracts the
attentionof variouscompaniesK | j atjali, (2013) statefruit growing asthe
most productive branch of agriculture becausea significant number of fruit
speciescan be grown on weakersoils in termsof physical,chemicaland other
propertiesaswell ason soilswith agreaterslope.Fruit productionachievesipto

10 times higher productionvalue per hectarethan wheatand corn production,
which is anothereconomicadvantageln fruit growing, the principle of growing

! Article as research is financed by the Ministry of Science, Technological Development
and Innovation of the Republic of Serlma. 45103-47/202301/200009 from 03.02.2023
andresults on project no. U 01/2023 Green economy in the era of digitization, Faculty of
Finance, Banking, and Auditing, Alpha BK University in Belgrade.
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in aprotectedaredsincreasinglybeingapplied whichdependsnthefruit culture
being grown (Marina, Gr u )/ it | k o 2082. The purposedor this type of
production are multiple, namely: achieving stable and high yields, easier
productionmanagementontrol of microclimateparametersgtc.

Plumsarethe mostimportantstone(Birwal etal., 2016)andtablefruit (Rozman
et al., 2017) which is extensivelycultivated worldwide (Maglakelidzeet al.,
2017).Accordingto FAO datafor 2021year(FAO STAT, Rankingscountriesby
commodity),Serbiais amongthefirst of five countriesin theworld accordingto
the quantity of plums produced(412,778t) and ranks fourth place,while the
leadersare: Chinawith 6,615,469.1t, Romaniawith 807,170t and Chile with
426,776.28t. Looking at the productionof all stonefruit speciesplums take
secondlacein theworld (Petrietal., 2018).Plumis mostoftenusedfresh,butit
is alsooftenprocessedFelfoldi etal., 2011),particularlydrying, canningmaking
drinks(Birwal etal.,2016).Themostwell-knownvarietiesof plumsareJapanese
and Europeanalthoughthe Europearplum is mostoften grown for commercial
purposegZhebentyayevat al., 2019).Beside,dueto its chemicalcomposition,
the Europeanvariety of plum hasa good effect on the preservatiorof human
health

Regardinghegreatimportanceof thefruit sectoraboveall its economiccharacter,
theforeigntradeof fruit varietiesis subjectto constantontrolof the conformity of
productionand consumption( O's t ebg.,i2019). The economicimportanceof
plums productioncanalsobe describedas an opportunityfor the entranceo the
new global marketsby which is encouragedhe developmenbf entrepreneurship
andthenationaleconomy( Pr o d 2016:Né d e | j2ed)v i | ,

In Serbiathelargestfruit growingareasareownedby family agriculturalholdings
that neednew investmentdn orderto increaseyields and improve soil quality
(Mi h aidtah,2008;Gr u ¢tal.[2012, andthedominantfruit varietyis the
plum. Accordingto the SORS datg in period20132022anaverageof 73,438.8
ha was underplum or 42.3% of the areaunderorchards(eletronicaldatabase;
agriculture forestry,fisheries;cropfarming). In secondplaceareappleswith an
averagef 25,573.8haand14.7%of thetotal areaunderorchardsThethird place
is dominatedy areasundergrapeswith anaverageareaof 20,676.5haand11.9%
of theareaunderfruit crops.Raspberrieandcherriesfollow, while the smallest
areais occupiedby walnut plantationswith 3,440.3ha (2%) and quince with
1,882.8ha (1.1%). In the analyzedtenyear period, the areasunder orchards
accountedfor an averageof 5% of the total utilized agricultural area(UAA)
(SORS eletronicaldatabaseCensusf Agriculture 2012, Farmstructure2018)

Many authorshave researchedhe dependencef countrieson the import of
various foodstuffs and fresh materials, the degree of self-sufficiency and
consumptiorper capita.Belmahiet al., (2023) haveresearchedhe dependence
on grainimportsin Morocco andfound that this country becamedependenbn
food grainimports(IDR = 39.8%)in thedecade2013-2020.

SSRhasbeenresearchetly authorsBrankovandMatkovski(2022).Theauthors
analyzedhe SSRof selectedpblant cropsand productsof livestockorigin in the
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countriesof the WesternBalkans.Otherauthorsalsoanalyzedhe degreeof food
selfsufficiency(SlabochandKotyza,2016;KubalaandStanuch2021).Belmahi
etal., (2023)emphasiz¢hatMoroccohasreducedherateof food self-sufficiency
in thelastdecadg20102020),becaus&SSR= 66.72%.

Whenit comesto the analysisof food consumptionper capita, datafrom the
websiteStatistawereanalyzed Food productsfor nutrition weredividedinto 13
groupsAccordingto theirreports during2022year,thepopulationconsumedhe
mostBreadand CerealProductswith 78.48kg/per capita,while the lastranked
placewasconsumptiorof Fish & Seafoodwith 4.35kg/percapita.Accordingto
the sameresourcefruits and nuts group productswere consumed34.95kg/per
capita.

Material and method of work

The sourcesof datafor the analysisare datafrom eletronicaldatabaseof the
StatisticalOffice of the Republicof Serbia(SORS),andthe InternationalTrade
Centre.The review of the literatureincludesarticleson relevanttopics, with an
additionalanalysisof the compatibility of the methodologyusedin the available
literaturewith the methodologywe applyin the paper.

Thefirst stepin the evaluationof statisticalindicatorsof the basiccharacteristics
of plumsproductionin Serbiais basedon the analysisof descriptivestatisticsin
termsof area(ha), production(t) andyield (t/ha)in theperiod20132022.

The secondstep involves the analysisof three indicatorsthat should give us
answerdo thefollowing questions:

- HasSerbiabeingdependenbn theimport of this fruit;

- Doessufficient quantitiesof this fruit for its own consumptioris producedn
Serbia;

- Fluctuationsgn plum consumptiorpercapita(populationestimates).

The answergto thesequestionswere obtainedusing three statisticalindicators,
namely: Import dependencyratio (IDR); Self-sufficiency ratio (SSR);
consumptiorper capita(Cpc). The mentionedcoefficientswereanalyzedor the
period20132022,andwerecalculatedusingtheinitial equations.

Thefirst statisticalindicator(IDR) indicateshow muchof the availabledomestic

food supply hasbeenimported and how much comesfrom thec o u n towny 6 s
production(expressedn %). The equation(Equationl) for calculatingthe IDR
haveafollowing form (Belmahietal., 2023):

IDR = * 100 (1)

Negativeresultsshowthatthe countryis a netexporter(Abdelmajidetal., 2021).

The secondstatisticalindicator (SSR) showswhetherdomesticproductioncan
meet the needsof domestic consumption(expressedin %). The equation
(Equation2) for calculatingthe SSRhavea following form (FAO, 2012):
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SSR:- * 100 )

Accordingto authorsBrankov, Matkovski (2022)the countrieswith SSR< 100
producdessfoodthantheyneedIf SSR=100,thatmeanghatthedomestidood
supplycansatisfydomesticconsumptionThe countrieswith SSR> 100produce
morefood thantheyconsume.

Thethird statisticaindicator(Cpc)showsthetrendof plumconsumptionn Serbia
per capita(expressedn t/per capita). The equation(Equation3) for calculating
the Cpchavea following form:

Cpc= 3)

The valuesobtainedin this way indicatewhetherthe per capitaconsumptiorof
plumsis increasingor decreasing.

Descriptivestatisticsmethodswere appliedto the resultsof the aforementioned
indicators,which arecommentedn in therestof thetext.

Thethird stepin the evaluationof statisticaldatais basedon the analysisof the
exportof thisfruit varietyin the period20132022,bothby quantity(expresseth

tons)andby value(expressedh USD). In addition,anoverviewof the dominant
countriesimporting freshplumsfrom Serbia,in termsof quantityandvalue,is

alsogiven.

Resultsand discussion

Calculationsbasedon the tenyear averageof area,productionandyield under
plum for all threecharacteristicshowa downwardtrend, andthe value of the
averageannualrateof changss in supportof this (AARC) (Tablel).

Table 1. Dynamicsof plum productionindicatorsin Serbia(20137 2022

Variable Area (ha) Production (t) Yield (t/ha)
Average 73,438.80 465,808.90 6.35
Min. 72,024.00 330,582.00 4.60
Max. 76,805.00 606,599.00 8.00
St.dev. 1,619.00 93,868.93 1.23
AARC (%) -0.67 -2.38 -1.65
Cv (%) 2.20 20.15 19.45

Source:Authorscalculationaccordingto the SORSlata

Thedatafrom Tablel. showcertainchangesvhenit comegotheareaproduction
andyield of plumsin Serbiafrom 2013to 2022.In the analyzedperiod,plums
were grown on an averageareaof 73,438.8ha, with an averageproductionof
465,808.90 andan averageyield of 6.35t/ha. The valuesof the coefficient of
variationshowthatthelargestoscillationsarevisiblein production(Cv = 20.15%)
andplumsyield (Cv = 19.45%) while thesmallestvariability wasrecordedn the
areaunderplums(Cv = 2.2%).If we observeatthe AARC valueswe noticethat
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all threeindicatorsshownegativevalues,which meanshatduring the observed
period, the area,productionandyield of plumsdecreaseadn averageannually.
Accordingly, the authorsconcludethat the reductionof the area,productionand
yield of plumscouldaffectthereducedsupplyof plumsfor own consumptionso
Serbia,asanalternative would haveto import largerquantitiesof plumsthanin
the pastperiod.

In the following of the paper,ananalysisof statisticalindicators(IDR, SSR,Cpc)
wascarriedoutin Serbiaandtheir valuesarepresentedh tabularform (Table2).

Table 2. Dynamicsof IDR, SSRandCpcfor plumin Serbia(2013i 2022

Variable IDR (%) SSR(%) Cpc (t/percapita)
Average 0.21 104.74 0.06
Min. 0.05 103.14 0.04
Max. 0.73 105.92 0.08
St. Dev. 0.20 0.91 0.01
AARC (%) 10.72 -0.05 -1.65

Cv (%) 94 1 21
Source Authorscalculationaccordingto the International Trade Centredateand SORS
date

In Serbia,in the observedperiod,the averagelDR was only 0.21%, while the
remainingquantitieswere coveredby domesticproduction.The lowestvalue of
this coefficientwasachievedin 2019,andthe highestin 2018.(Table2). If we
observevaluesof AARC, we noticethatthevalueof IDR in theobservedenyear
periodincreasedy 10.72%on averaggeryearwith ahighrateof variability (Cv
= 94%). Basedon this coefficient,we concludethat Serbiais not dependenbn
theimport of freshplums.

Serbiaachievesa high degreeof self-sufficiencywith freshplumsbecauset can

producemorethanthe needsfor domesticconsumptionGiven thatthe average
value of SSRwas 104.74%,this meansthat Serbia can export 4.74% of its

productionin the analyzedperiod. The lowest value of this coefficient was
recordedn 2019,andthehighesin 2021.(Table2). If weseeatthe AARC values,
we canconcludehatthe SSRin theobservedenyearperioddecreasetly -0.05%
onaverageeryearwith avery low rateof variability (Cv = 1%).

The averageconsumptionof fresh plums per capitain Serbiain the observed
periodwas0.06t. In otherwords,eachresidenbf Serbiaconsumednaveragef
60 kg of plumsperyear.Thelowestconsumptiorwasrecordedn 2017,andthe
highestin 2020.(Table?2). If we observeatthe AARC values,we noticethatthe
Cpcin theobservedenyearperioddecreasetly -1.65%on averaggeryearwith
aslightrateof variability (Cv = 21%).

In thefollowing is anoverviewof the participationof certainindicatorsmportant
for the sectorof fruit growingandexportof freshplumsfrom Serbia(Table3).
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Table 3. Dynamicsof exportof freshplumsfrom Serbia(2013i1 2022

. Share of export of fresh

Variable Export of fruit, Export of fresh plumsin totalpexport of fruit
total (t) plums (t) (%)
Average 465,982.5 21,921.9 4.9
Min. 368,544.0 15,450.0 2.9
Max. 540,886.0 33,031.0 9.0
St. Dev. 57,803.5 5,024.9 1.6
Cv (%) 124 22.9 33.6

Source:Authorscalculationaccordingto the International TradeCentredata

Thedatafrom Table 3. showthatin the observederiodthereis slight variability
in the shareof freshplumsexportsin total fruit exports(Cv = 33.6%).

The exportof freshplumscomparedo thetotal exportof fruit wasthe lowestin
2017,andthe highestin 2013. (Table 3). In the observedtenyear period, the
numberof fresh plumsexporteddecreasedby -24.7%,while the total export of
freshfruit increasedy 13.6%.Basedonthesendicators,t canbeconcludedhat
thetotal amountof fruit exportsis increasingwhile freshplumsaredecreasing.

Accordingto the datashownin Table4. we noticethatin the observedenyear
period,thetotal exportof fruit increasedy 1.4%on averageperyear,while the
exportof freshplumsdecreasedn averageby -3.1%peryear.

Table 4. AARC of exportof fruits andfreshplumsby quantityfrom Serbia
(20132022 (%)

Export of fruit Export of fresh plums
AARC 1.4 -3.1

Source:Authorscalculationaccordingto the International Trade Centredata

An analysisof thecountrieghatimport freshplumsfrom Serbiaandthe countries
from which Serbiaimportsfreshplumsin a tenyearperiod showedthat Serbia
exportsthelargestnumberof freshplumsto BosniaandHerzegovinaandimports
from North MacedoniaFollowing of the paperpresentghe dynamicsof import

andexportof freshplumsin Serbiafrom 2013to 2022 periodwith thefirst five

countriesof theworld (Tableb).
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Table 5. Dynamicsof importandexportof freshplumsin Serbia(2013i 2022

Import (t)
Variable North Italy Spain Bosniaand Russian
Macedonia Herzegovina] Federation
Average 456.76 54.53 26.69 82.68 36.20
Min. 2.17 3.47 0.74 20.00 12.01
Max. 2,563.65 199.02 61.86 242.03 101.07
St. Dev. 775.10 60.69 24.09 70.66 30.69
AARC (%) 30.31 44.46 46.32 -19.86 3.65
Cv (%) 169.69 111.30 90.28 85.47 84.78
Export(t)
Variable Bosniaand Russian Czech

Herzegovina Germany Austria Federation | Republic

Average 2,490.65 3,074.66 1,488.47 7,048.20 1,521.35

Min. 683.73 215.84 225.63 1,212.94 688.59
Max. 5,852.70 6,567.25 2,927.06 18,259.86 2,833.28
St. Dev. 1,768.05 2,027.02 896.90 6,196.06 704.28
AARC (%) 17.00 12.69 3.65 -20.85 -7.08
Cv (%) 70.99 65.93 60.26 87.91 46.29

Source:Authorscalculationaccordingto theInternational Trade Centredata

In the observederiod, Serbiaimportedthe largestnumberof freshplumsfrom

North Macedonia(456.76t on average)andthe leastfrom Spain(26.69t). The
highestaverageannualgrowth rate of plumsimportswasrecordedn Spainand
amountedo 46.32%,while importsfrom BosniaandHerzegovinadecreasedn

averageannuallyatarateof -19.86%.Regardinghe countriesrom which Serbia
importsfreshplums,we noticethatthe coefficientsof variationarevery high.

In the observedperiod, Serbiaexportedthe largestquantitiesof fresh plumsto
Russia(average7,048.20t), andthe leastto Austria (1,488.47t). The highest
averageannual growth rate of plums exports was recordedin Bosnia and
Herzegovinaand amountedto 17%, while exportsto Russiaand the Czech
Republic decreasedn averageannually at the rate of -20.85% and -7.08%,
respectivelyWhenit comego thecountriego which Serbiaexportsfreshplums,
we notice that the coefficientsof variationarevery high, which meansthat the
exportedquantitiesdeviatesignificantly from the averagevalues.

BasednthelnternationallradeCentredata,n 2022,Serbiaexportedruit (group
08 Ediblefruit andnuts; peelof citrus fruit or melon3 worth approximatelyySD
894.4min. Theleadingfruit importing countriesfrom Serbia(accordingto their
sharein thetotal exportof fruit from Serbia)in 2022were:1) Germany(18.7%);
2) Russiarf-ederation{17.8%);3) Francg12.1%);4) Belgium(6.4%)and5) USA
(5.7%). To the mentioned world countries, Serbia exported fruit worth
approximatelyUSD 542.6mlin, which accountdor about60.7%o0f thetotal fruit
exportfrom Serbia.
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Accordingto the InternationalTradeCentredata,Serbiaranks14" in theworld in
termsof exportvalue of fresh plums (productsubgroup080940)in 2022, and
S e r bekpartsrepresented.5%of world exportsfor this product.

Export of subgroup080940from Serbiain the tenyear period 20132022 wason
averagdJSD 13.1min andfrom USD 7.8 min (2019)exportsincreasedo USD 14.5
min (2022),i.e., by approximately86% (InternationalTradeCentre).

In 2022, Serbiaexportedproducts(by value)from the subgroup080940mostly
to RussiaFederationwith a shareof 17.3% of S e r btota éxportsfor this
product group, followed by the Boshia and Herzegovina(16.5%), Germany
(15.3%),Poland(9%), andAustria(8.9%).Serbiaexporteds7%of thetotal value
exportof productsof subgroupd80940to thefirst five countriesof theworld.

If welook atthequantityof exportedproductsfrom subgrou@80940 we seethat
thelargesimportpartnerof Serbiais BosniaandHerzegovinaywhichduring2022
importedasmuchas5,853t, which is 23.5%of the total exportof Serbiain the

world. The top five countriesin the world (including Bosniaand Herzegovina)
accordingto the quantityimportedare: Germanywith 4,157t or 16.7%;Austria
with 2,596t or 10.4%;RussiaFederatiorwith 2,226t or 9%; Croatiawith 1,698
t or 6.8%. In general,Serbiaexported66.4% of the total exportof productsof

group080940to thefirst five countriesof theworld.

Regardingexportpricesfor productsubgrou®80940jn 2022Serbiawasachieve
an averageexport price of 685 USD/t, which is higher than the export price
achievedn theworld market(584 USD/t).

Conclusion

Theanalyzedcharacteristicef plumsproductionin Serbiain thetenryearperiod
(area,productionand yield) showeda downwardtrend, which may affect the
reducedsupplyof plumsfor consumptiorat domesticmarketandtheincreasén
imports.

Theresultsof statisticalindicators(IDR, SSR,Cpc)shownthatSerbia:

a. isnotdependenbntheimportof freshplums,

b. achievesa high value of the coefficientof seltsufficiency,whichis the
reasonof beingrecognizedstheleadingexportingcountryin theworld,

c. plumsconsumptiomper capitarecordsrelatively highvalues(upto 80 kg
/ percapitain 2021).

Regardinghatin the observedoeriodthe total exportof fruit increasedandthe
exportof freshplumsdecreasedye canconcludethatthis resultwasinfluenced
by thedecreasén areaproductionandyield in the sameperiod.

Serbiarecordssignificantresultsin the exportof freshplums, bothin termsof
guantityandvalue.Serbiais recognizedasanimportantplum exportingcountry,
with thefirst five EU countriesexportingalmost50% of the total value of fresh
plumsexports.
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The currentsituationin the fruit growing sectorshowsthat future development
shouldbefocusednevenmoreintensiveproductioncharacterizetyy highyields
andquality fruits.

Also, the favorablenaturalconditionsin Serbiashouldbe usedto the maximum
for the productionof quality tableplums.In this way, producerscanmakemore
profit, andconsumergetquality tablefruit.

The conductedesearchalsohasits limitations, which werenot analyzedn this
paper, and should be mentioned: industrialization level, exchange rate,
employment,etc. Future researchdirections could include the indicators just
mentionedpecausesachof themto a certainextentaffectschangesn fruit and
plum growing.
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Abstract

Aflatoxins are one of the most global wiellown and common food contaminants.
As a secondary product of molds metabolism, aflatoxins can contaminate a large
number of different agricultural and food products, as well as feeds. It is estimated
that about 3% of the world's contaminated with at least one mycotoxin. The entry
of aflatoxins into the nutritional chain poses a global risk to public health of
humans and animals. Due to its carcinogenic effect, a major negative impact on
health of humans and anals, as well as the great impact on economic losses,
aflatoxins make it exceptional a challenge for research around the world. The
International Agency for Research on Cancer (IARC) included AFBL1 in the first
groupby end of the second millennium, while AFB2, AFG1, AFG2 i AFM1 was
grouped in same class in 2002 year. There is a need for continuous monitoring
the appearance of aflatoxins in food, feeds and AFM1 in milk, with the aim of
protecting the consumers fromk#sassociated with their proven toxjcand the
carcinogenic effects.

Key words: Mycotoxicosis, aflatoxin, aflatoxin M1, health safety of food and feed.

Introduction

Mycotoxins are secondary products of molds metabolism, which are synthesized
by series of reactions catalyzed by enzymes from a large number of biochemically
simple intermediate products of primary metabolism, (Kos, 2015). Mycotoxins
are produced by toxistrains of fungi are found in food for humans and animals,
(Chhaya et al., 2023 Worldwide, the possibility for the contamination of
nutritional chain with mycotoxins is permanently present, with a serious impact

on human and ani ma bfapersistenariskifrom mydotoensp r e s

and their undesirable presence in food and feed, influenced that many countries
have adopted a policy of rigorous controls. The global problems of mycotoxicosis
are causing a health hazard, and the torimtaminated qducts losing economic
value in the global food marketherefore, mandatory for food industries to
perform analysis on potentially contaminated commodities before the trade,
(Schincagliaet al, 2023. Various physical, chemical, biological, and nano
paticles based approaches are used for minimizing and management of aflatoxin
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in food crops. However, researchers are also progressing in the development of
fungal resistant varieties through breeding and genetic engineering approaches but
their outcome is still a major concern. Hence a combined approach of using
resistant varietiealong with recommended peand postharvest practices should

be followed by farmers and food industries to minimize and degrade the aflatoxin
content in food crops and their derived products. Mycotoxins are considered one
of the most important causes aftritional stressl( v eet al, 20074

Molds that produce toxic metabolitegflatoxins during growth ar@spergillus
flavus, Aspergillus parasiticudihal et al.,2023, Aspergillus nominiugBuzas

et al, 2023, A. minisclerotigenes, A. korhogoensis, A. aflatoxiformans, A.
texensis, A.novoparasiticandA. arachidicola(Giacomettiet al, 2023 The four

major aflatoxins AFB1, AFB2, AFG1, and AFG2 are commonly found in a wide
range of food commodities, AFB1 and AFB.2 are produced bffavuswhile

AFG1 and AFG2 are produced By parasiticts, (Kumaret al.,2021). Authors
reported that AFB1 constitutes the most harmful type of aflatoxins and is a potent
hepatecarcinogenic, mutagenic, teratogenic and it suppresses the immune
system. The synthesis of AFM1 occurs in the mammalian organism after the
intake of contanmated feed with AFB1. Aflatoxins affect the quality of milk
because cows metabolize AFB1 to form the monohydroxide derivative aflatoxin
M1 (AFM1), which is secreted into cow's milk, and is highly resistant to thermal
treatments suchs pasteurization and freezingJVaradoet al, 20179. AFM1 is

stable in raw milk and prepared dairy products. They mostly undergo undamaged
pasteurization processes, cheese production, yogurt, sour cream and butter.
During cheese processing, AFM1 with casein is linked to a specific complex that
affects a lgher concentration of this mycotoxin in cheese than in whey. However,
contaminated whey with AFM1 is often used to feed young anin@avarria

et al.,2017. The presence of mycotoxins in cow's ndlkd dairy products is one

of the most serious problems of producing a hesdfie diet, as milk is a key
source of nutrients for humans. The effect of aflatoxin on the organism of
domestic animals depends on genetic, physiological and external factoest (i |
et al., 2023). The biggest impact on cow's milk contamination is AFB1 with
AFM1. Many authors report that the diet of cows with food containing AFB1, in
milk toxin AFM-1 will appear in milk after 124 h, after consuming
contaminated diet, and willishppear from milk after-3 days ( v edt all
20078. Animal feed contaminated with aflatoxins can cause different acute and
chronic diseases of animals: refusal of food, weight loss, decrease in immunity,
cancer, decreased reproductive capacity and decreased production, and death.
Secondary aflatoxicosigends to introduce into the body a smaller amount of
aflatoxin for a very long period, compared to those that lead to obvious signs of
poisoning and a change in the immune systény, et &l.,2023. However, in

this way, altered immune function makes the animal more susceptible to other
infectious diseases. Aflatoxins suppress the immune system of humans and
animals by acting on the cells responsible for boosting immuitynéret al.,

2027). Currently, consumers are continuously exposed to low doses of AFML1,
(Buzaset al, 2023.
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Aflatoxin contamination in crops is a global threat that compromises the safety of
food, feed, and also influences the agricultural economy anddepgndent
smallscale industriesKumaret al, 2023. Crops can be contaminated during the
process of harvesting, storing, and transporting by the fungi and leads to the
productions of several mycotoxins. Mycotoxins are produced by certain fungi as
secondary metabolites and aflatoxin is one of them. Grapse contaminated
during the process of harvestirggoring, and transporting by the fungi and leads
to the productions of several mycotoxins. Mycotoxins are produced by certain
fungi as secondary metabolites and aflatoxin is one of them. Aflatoxin
contamination in crops caused a serious threat to produthie food market,
health, and economics.

Conditions for the growth and development of aflatoxins

Physical factors like pH, light, moisture, temperature, water, relative humidity,
and atmospheric gases are responsible for aflatoxin contamination. Affatoxin
producing molds/Fungi can grow in a wide range of pH @.3), but the optimum
range of pH is (B7), (Yoshinariet al, 2010. the water level does not have any
reported effect on aflatoxin contamination. Aspergillus flavus poses an excellent
survival capability to grow on a wide range of temperatures ranging from 12 °C
to 48 °C, but 28 °C to 37°C ihe optimum temperature range for its growth
(Hawkins et al, 2005. Aflatoxins production can occur at a wide range of
temperature; however, the optimal temperature for aflatoxin productionr3ds 25
°C (Siciliano et al, 2017. Normally at high temperatures, AFB production is
higher than AFG, but at low temperatures both AFB and AFG production is equal
(Matumbaet al. 2015). Aflatoxins production and fungal growth are inhibited at
a higher level of C@and a lower level of &(Mahbobinejhacet al, 2019.

Aflatoxin productions are also widely affected by the substrate and various
nutritional factors such as carbon, amino acids, nitrogen, lipids, and few trace
elements. Substrate rich in carbohydrates supports more production. The fact that
mold Aspergillus sp.produce aflatoxins during their growth on substrates which
are food for humans and feed for animals indicates their important influence on
the occurrence of various mycotoxic diseases. Lipids also play an important role
in aflatoxins production,{umar et al.,202J). Vitamins, amino acids, and metal
ions also promote aflatoxin production. Amino acids like glycine, glutamate, and
alanine along with some bivalent metals like zinc and magnesium promote
aflatoxin production Bolu et al, 2014. Amino acid such as tyrosine promotes
aflatoxin production, while it is inhibited by tryptopha@h@anget al.,2015.

Biological factors include fungal species, weeds, and insect injuries. Weeds
mostly grow as a competitor and cause plant stress which is associated with
aflatoxin production. Prbarvest contaminations of field crops are common
because of the natural exsate of A. flavus in soil, while postharvest
contamination also occurred By flavusduring storage because it spoils the food
grains.
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Determination of aflatoxin, detection

Due to the fact that aflatoxins, as contaminants of food for humans and feed for
ani mals, they are found in extremely |
they are expressed and toxic effect, their determination requires extremely
sensitive and accate methods. For the analysis of aflatoxins, various techniques

can be used and different methods are used, which depends on the analyzed
sample, availability of analysis equipment, training of the performer,
concentration aflatoxin, speed, and othetdex In modern aflatoxin analytics

(AFB1, AFG1, AFB2, AFB2, AFM1, AFM2) the greatest application has-high
performance liquid chromatography (HPLC3chincaglieet al, 2023. It is also
widelyusedimmun@ nzy mati ¢ met hod (fienzyme | in
ELISA) as well as combined liquid chromatography technique with mass
spectrometry (liquid chromatograpinyass spectrometry, -BIS/MS). It has

been widely used in analgs aflatoxin alsohadthih ay er chr omat ogr a
| ayer ¢ hr oma)twhight dugtdtiredhigh valle<of the quantification

limit and poor reproducibility, is almost in completely neglectadn €t al.,

1999. In addition to the above techniques, for the purpose of rapid aflatoxin
analysis, e.g., before storing grains in large silos, are also usadlesh fast tests

(Al ateral fl owod) based on Reiteranal,2@08 hr o ma
Li et al., 2019, graph 1. The most common technique is ELISA for determining
AFM1 in milk and dairy products, and HPLC and-MS/MS are increasingly
usedtechniques$hephareet d., 2013.

a
NC membrane Absorbent pad I BE B B
: . ¥ & A & . e 7 1 365n
e s (l. @ é [} é (3 ¢ A ’
- x 7
Sample pad et Jines Control line
'Y QB-AFB, mAbs™ AFB,-BSA * AFB,(aflatoxinB) ©
y . 1.0; ~ AFB;
QB-ZEN mAbs @ ZEN-BSA ¢ ZEN (zearalenone) 0.8 « — ZEN
QB-DON mAbs & DON-BSA “ DON (deoxynivalenol) \,»,1
— 0.4 \
QBs @ BSA (bovine serum albumin) Gaudl= 5| “

Goat anti-mouse IgG 0.0 - v . - :

0 1 2 3 4 5

Graph 1. Fluorometric lateral flow immunoassay for simultaneous

determination of three mycotoxins (aflatoxin B1, zearalenone and
deoxynivalenol), Li et al., 2019

Contamination of AFML during certain years in milk and dairy products depends
on weather conditions in a given period due to the resulting climate change,
frequency of control and precision of analytical techniques. It is defined many
official methods todetect aflatoxin contamination in crop plants, which are
featured by the Association of Official Analytical Chemists (AOAR)far et
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al.,, 2017. Amongst them, the most commonly used method is Engynied
Immunosorbent Assay (ELISA) followed by some chromatographic methods
including HighPerformance Liquid Chromatography (HPLC), Liquid
Chromatographyass Spectroscopy (LCMS), and Thin Layer @hatography
(TLC) (Sulyoket al, 2016.

Mitigation of aflatoxin

Aflatoxins are synthesized by many fungi spp. includisgergillus, Penicillium,
Fusarium andAlternaria but Aspergillus flavusand Aspergillus parasiticusre
known to produce the most toxigenic strains of aflatoxiken(aret al, 202].

Aflatoxins have a significant health, nutritional and economic impact on the
nutritional chain of humans and animals. All participants in the production and
food chain such as farmers, grain producers, distributors, crop processors, farmers
and consumersave consequently losses, { edt ill 2029. Direct effects

include increased veterinary care costs, reduced livestock production and
continued endangered food safety for humans and animalifeeds(i | and | v
2022.

To minimize the aflatoxins contamination in crop plants, various physical,
chemical, and biological methods, and various breeding and genetic engineering
approach as well, has been used to minimize the toxicity of aflatoxin and reduce
its level below theecommended one. Several approaches have been manifested
to reduce the aflatoxin contamination in crops which include various physical,
chemical, and biological methods.

Moisture is a significant factor in fungal growth which leads to the production of
aflatoxin in crops. Physical methods such as steam under pressure, dry roasting,
and other cooking methods are found to be effective in the control or to reduce the
aflatoxin contamination in many cropBé¢nget al.,2018. Reduction of aflatoxin

in the range of 40/3% was observed by heating theed samples on 180 °C
(Opoky 2013. When groundnut and corn seed was roasted with 30% moisture at
100 °C temperature for 2 h, there is a reduction of aflatoxin by 70 and 79% AFB1
and AFGZ14alili, 2016, and by 85% l(eonget al, 2010, when the seeds are
roasted at 150°C for 15 min.

Several chemicals such as acids, alkalis, oxidizing agents, aldehydes, and several
gasses are also proved to mitigate the aflatoxigenic fungal growth and aflatoxin
production when used in appropriate quantitddmkunet al, 2017. Among
gasses, ozone was found to be most effective in maximizing the aflatoxin
degradation on legumes and cereals by an electrophilic attack on carbon bonds of
furan ring (alili, 201§. Certain chemicals such as sodium bisulfite, calcium
hydroxide, formaldehyde, sodium hypodfile, sodium borate, and sorbents also
reduce the aflatoxin in many food commaodities at a significant |8aeMgjal and
Castillg, 2009.

Some food additives are also used for the inhibition of fungal growth and aflatoxin
production in combination with some physical factors like temperature and
moisture. Treatment of citric acid in conjunction with high temperature and
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pressure leads to the inhibition of fungal growth as well as aflatoxin production in
sorghum éndezAlboreset al, 2009).Some scientists also observed that some
food preservatives such as propionic acid, crystal violatnmo benzoic acid,
benzoic acid, boric acid, and sodium acetate were also inhibited the A. flavus
growth and aflatoxin productioi\{ko and Mehta 2015).

Biological methods can mitigate the aflatoxin contamination in agricultural
products and many other food commodities such as the use of various
microorganisms. Biological agents such as bacteria, yeasts, molds, and algae
exhibit the different potential tadegrade the aflatoxin in the emulative
environment. Detoxification of aflatoxins by using biological agents is divided
into two procedures named absorption and enzymatic decad#arcke( al,

201)). Different types of absorbents that can act as a patditiding agent for
aflatoxin have been studieibal et al 2 0 2 8t al, 2007te Aflatbxins

can be absorbed by microorganisms directly either by concatenating to their cell
wall contents through effectual internalization or congregatidotgwe et al,

2014). Aflatoxins can also be absorbed by dead microorganisms; this ability can
be helpful for the fabrication of bifilters in the form of probiotics and found
application in fluid decontaminatiomMvakinyali et al, 2019. Degradation of
aflataxins can also be done by intra or extracellular enzymes; the end products of
such enzymatic degradation are mostly water angl(@abadiet al, 2013.

Legal regulations

Both toxins, AFB1 and AFM1 are carcinogenic. However, AFM1 is the most

toxic secondary metabolite secreted in milk and is classified as group 1
carcinogenic by the International Agency for Research on CaddR€C( 2009.

As such, AFM1 poses a global health risk to food safety for humans and animals.
Regul ation (EC) No 1881/ 2006 sets a ma
raw milk, heat treated milk and milk for the production of niitksed products
(European Commission, EC/1881/2p0Bhe same limit @&s valid in Serbia from

2011 fficial Gazette of RS, 28/20) Lntil the end of February 2013.

However, after the appearance of contamination of milk with AFM1 in Serbia at
the end of February 2013, the Government of Serbia established a new maximum
l evel at 0.25 e€g/ kg of milk. The per mi
Serbia, five timedigher than in the European Union and may be reduced at the
end of 2023, according to the Regulation amending the Regulation on maximum
concentrations of certain contaminants in fo@dfi€ial Gazette of the Republic

of Serbia, No. 127/2032 The amendmenbf the Regulation on maximum
concentrations of certain contaminants in foodstu@éfi¢ial Gazette of the
Republic of Serbia, No. 81/2019, 126/2020, 90/2021, 118/2021 and 12)/2022
provides for the lowering of the permitted levels of this substance from 1
December 2023, Table 1.
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Table 1.Permitted levels of aflatoxin contamination in foodstuffs, Regulation

on maximum concentrations of certain contaminants in foodstuffs (Official

Gazette of the Republic of Serpio. 81/2019, 126/2020, 90/2021, 118/2021
and 127/2022)

Maximum permissible
No Food concentrat
By Amoun.t B, M1
B2, G1i G2
Raw milk, Until 30 November i i 0.25
thermally processed milk a2023. '
2-1.13miik for the production of |as of December 1,
dairy products 2023. 0,050

Regulation on the quality of feed (Official Gazette of the Republic of Serbia, No.
4 /2010, 113 /2012, 27 /2014, 25 / 2015, 39 /2016, 54 /2017), more closely
prescribes the conditions regarding the quality of feed. The limits of the levels of
AFBL1 in feedsuffs, complementary and complete mixtures for animals, are
prescribed in Article 99 of this Regulation and are shown in Table 2. Feed, for the
purposes of this Regulation, means products of plant, animal and mineral origin,
produced naturally or industtiy, which are used for the nutrition and production

of premixes and mixtures.

It should be noted that as long as the parent compound AFB1 is not controlled
both in food and in feed, it cannot be expected that only control of AFM1 exposure
cannot be expected to lead to a significant global reduction in hepatocellular
carcinoma (livercancer), Turnaet al.,2022.

Chhayaet al, (2023 states that in the European Union the maximum permitted

l evel of aflatoxin Bl in feed is 0.02
ng kgil, with a maximum all owabl e cont
of 0.005 mg kgt 1l (moi $00M0e ngo nktgeinlt (.
2002/32/EC).

Farm productivity probl ems cetal,g043. by t
Early and rapid detection of aflatoxin M1 by applying a stricteetftrol strategy
resulting in the application of mitigation measures can significantly reduce the
concentration of aflatoxin M1 in milkGiacomettiet al, 2023.
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Table 2 Limits of permitted levels of AFB1 in feed, supplementary and
complete mixtures for animals, (Regulation on the quality of feed, Article 99,
Official Gazette of the Republic of Serbia, No. 4 /2010, 113 /2012, 27 /2014, 25

/ 2015, 39 / 2016, 54 /2017)

Maximum allowable
amount expressed in

Undesirable Products intended for feed mg/kg'(ppm), when
substances the moisture content
of feed is calculated
at 12%
Feeds 0,03
Complementary and complete mixtures 0,01
Except:

T mixtures (complementary and complete)
for dairy cows and calves, dairy sheep ang
Aflatoksin | lambs, milk goats and goats, piglets and
Bl young poultry

T Mixtures (complementary and complete)
for cattle (excluding dairy cows and calveg
sheep (except dairsheep and lambs), goat 0,02
(except dairy goats and goats), pigs (exce
piglets) and poultry (except young animalg

0,005

Conclusion

Aflatoxins have a significant health, nutritional and economic impact on the
nutritional chain of humans and animals. There is a need for continuous
monitoring the appearance of aflatoxins in feeds and AFM1 in milk, with the aim
of protecting the risks agsiated with their proven toxicity and the carcinogenic
effects. Worldwide, the possibility of contamination of the food chain with
mycotoxins is permanently present, with a serious impact on human health. The
presence of a persistent danger of mycotoaims their undesirable presence in
food affects that many countries have adopted a policy of rigorous controls.
Therefore, ELISA methods, as well as Liquid Chromatography methods with
different detectors (HPLELD, HPLCGUV light-FLD, LC-MS/MS) are
developedind optimized for the implementation. If the primary toxin AFB1 is not
controlled in both food and feed, controlling AFM1 exposure cannot be expected
to lead to a meaningful global reduction. In the long term, regular farm to fork
aflatoxin monitoring shald be an essential tool in order to prevent the lowest
aflatoxins levels in food and feed.
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Abstract

Mushroomsgdueto their nutritional value,are increasinglyincludedin people's
diets.A smallnumberof speciesare cultivatedcommerciallyin theworld. There
is alsonota lot of researchrelatedto mushrooncultivationtechnologyThegoal
of the work wasto determinethe application of effectivemicroorganismsn the
productionof champignomushroomsn briquettes EM Aktiv preparationis used
in two treatmentsin treatmentEM1, composiwassprayedn the briquettesafter
myceliumsowing.Peatusedas mulchwasalso sprayedtwice. In the courseof
cultivation, spraying with water mist with the addition of preparationswas
carried out. In the EM2 treatmentonly theinitial treatmentof compostand peat
was carried out. The diameterof the champignoncap and the weight of the
champignorweremeasuredn eachharvest(5 harvestsn total). Thediameterof
the cap showedstatistically significant differencesonly in dependencen the
harvestterm.With thelengthof the growingtime, the diameterof the mushroom
cap also increased. Mushroom mass was statistically highly dependenton
treatmentand harvesttime. In treatmentEM 1, an increasein the massof
champignonswas determinedby 19.97% comparedto the control, and in
treatmentEM 2 by 0.04%.

Key words: Mushrooms effectivemicroorganismsdiameterof the mushroom
cap,massof mushrooms

Introduction

Mushroom cultivation is one of the fastest growing and most promising
agriculturalsectorsMushroomcultivation hasadvantagesgueto low production
costs,andreturnvaluein a shortperiod (Ahmad Zakil et al., 2020).Due to the
increasen world populationthedemandor freshmushroomd$iasalsoincreased.
Althoughabout2,000speciesareknownto betrue ediblemushroom®f superior
quality,only 35speciearecommerciallygrown(Rathoreetal.,2017).In addition
to nutrition, mushroomsreusedasdietaryproductghatcanhelpin thetreatment
of variousdegenerativeisorder{Ma etal.,2018).Mushroombasedroductsare
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usedn traditionalChinesemedicinein acupuncturandfor chiropracticpurposes.
The types of mushroomshat are grown the most are champignongAgaricus
biisporug, oyster mushrooms (Pleurotus sp), then the Japaneseshiitake
mushroom (Lentinus edode¥ and the rice straw mushroom (Volvariella
volvaceag

Agaricusbisporusis atypeof mushroom champignonshataremostrepresented
in commerciabroduction Thelargestproducerof champignongn theworld are
China,Japanthe USA andthe Netherlandsandin EuropePolandandSpainare
significant(www.fao.org/faostat/en/).

The level of champignonproductionin Serbiais increasingyear by year. The

averageproductionof champignonsn the period 20062020was 5,050.70tons

with anincreaseof 37.1%.The chemicalcompositionof mushroomsletermines
their nutritionalvalueandorganoleptiqropertiesandit differs dependingnthe

type of mushroomthe substrateon which it grows,atmosphericonditions,age
andstageof collection.

Accordingto the chemicalcompositionof champignonsit canbe saidthatthey
areadietary product.In 100 g of freshmushroomsthereare 3.09 g of protein,
3.26 g of carbohydrates).34 g of fat and 1 g of fiber. In additionto essential
amino acids, mushroomsalso contain significant amountsof lysine, alanine,
arginine,glycine, histidine,glutamicacid,asparticacid,acids,prolineandserine.
In addition,champignon$iavean antioxidanteffect becausehey are carriersof

phenolderivatives p-carotenetocopherolandascorbicacid.

For the successfuproductionof champignonsa good sourceof nitrogen, pH,
temperaturendhumidity of the environmenimustbe provided(Bellettini etal.,
2019). Limiting factorsare the limited selectionand supply of biological pest
control productsthatcanbe appliedthroughoutthe growing procesg{Rosmizaet
al.,2016).

With the developmentof awarenessabout healthsafe food, researchon the
possibility of mushroomproductionusing effective microorganismsas growth
stimulatorsandpreventiveprotectionagainstdiseasess very important.

EffectivemicroorganismgEM) areanexampleof asupplementatompoundhat
can be usedin mushroomproduction. EM is defined as mixed cultures of

microorganismshat providenaturalbenefitswhenappliedasaninoculantin the
soil ecosystemwhile in mushroomcultivation it is an additive to increase
microbial diversity in the substrate (Joshi et al., 2019). This group of

microorganismshas an appropriaterole in preventingthe occurrenceof green
molddiseas€ P o t etlaln2015;Joshietal., 2019).Theapplicationof EM in

the agriculturalindustryis no longernew. However,it is still relatively newin

mushrooncultivationapplications.

Theaim of thework wasto determinethe influenceof preparationsvith EM on
the diameterof the capandtheweightof the mushroomAgaricusbisporus.
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Material and method of work

Researchvascarriedoutin 2022in the chamberf DeltaDanubed.o.0.Kovin,
which is engagedn the productionof champignonsigaricusbiisporus.In the
premisestheaverageiir temperaturevasmaintainecat 21.8°C;averagecompost
temperature25.1°C; air humidity about80%. The peatbriquetteswere seeded
with fungal spores After 17 daysof incubation,the briquetteswere openedand
coveredwith a5 cm layerof peat.

The experimentwas setup as a two-factorial (factor A harvesttime; factor B
treatments)Thetreatmentsvereappliedaccordingo theschedulen Tablel. For
the spraying treatments, a microbiological preparation with effective
microorganism&M Aktiv (commerciahame)wasused.

Control briquettesarefilled with standardechnologyusedin production.Three
briquettesnverepreparedor eachtreatment.

Table 1. Methodof applicationof thetestedfactors

29.04. 03.05.
Treatment 28.04.2022. 02y 01.05.2022  S0S7t 04.05.2022.
Compost
Compost
Em1  2OMEMOSE o 1S 11 H,O/M? 100ml EM+
H.O H,O/m? 15! H.O
Peat 2 | H,O/nm? T2
Compost
EM2 100ml EM+11 H,O 1|/n|;|220 Hl(.)?rlnz 11 :50/ H2(55/:112
Peat 2 | H,O/m? 2 z
21 H.0 0.51
Control 2| HO/n? 2 HLO/M? 21 HO/m?

During the cultivation, the briquetteswere sprinkledwith a fine mist of waterto
preventhemfrom drying out. Duringdewing,whenthe mushroomsverethesize
of peasn EM 1 treatment30 ml of EM Aktiva wasaddedTabela2).

Table 2. Schedulingor briquettesprinkled

Toatmome 1105, 1205, 13.05. 1405 1505  16.05.
S o022, 2022.  2022.  2022. 2022 2022.

1 051 H,0 E'l"gglm' 1]

2 .

/m H,0 HQO/m2

0.51 HO 05l 11
EM?2 /2 HO/M?  Hs0/n?

conral 05! 11H0 05| 11 11 H,0 1]
HzO/m2 /m2 HzO/I’T’I2 HzO/m2 /m2 Hzo/m2

The harvesttook placein five datesfrom May 18. 2022. until May 27. 2022
(Figure 1). At eachharvest,the diameterof the cap and the weight of the
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champignonsvere measuredSamplesfor measurementgere takenalong an
imaginarydiagonalline perbriquette(Figure?2).

-

Figure 1. Day zeroof mushroom Figure 2. An imaginarysampléine
picking

Thefirst harvestis 20 daysafter covering,andthe largerharvestis betweerthe
22nd and 25th day after covering. Harvestingtakes4 - 5 days andis done
manually. In that period, ventilation is very important, since mushrooms
"breathe" which meanghatthey producelargeamountsof CO2,which mustbe
expelledthroughthe ventilation system.Otherwise the color of the hatchanges
andthe mushroomripensfaster,which resultsin a lossof quality and quantity.
Mushrooms(champignonsgre harvestedat the stageof technologicaimaturity,
i.e.whenthemembranés tight, while thefruits arestill firm andclosed Maturity
is judgedby howtight the skin underthe hatis, not by the sizeof the mushroom.
Ripe champignonsare both large and small, and the bestsize for placingthem
freshis 3 to 5 cm. Whenabout70% of the waveis harvestedyou shouldstart
wateringfor the secondwave.If it is knownthat 90% of the champignorfruit is
water, by picking 100 kg of mushrooms90 liters of water are takenfrom the
substrateandthatmuchmustbe compensatetieforethe secondvave,within 2 -
3 days.Beforethe startof the formationof the secondwave, cleaningis carried
out, which involvesremovingthe remainsfrom the stalks,aswell asfrom small,
damagedrottenand deadmushroomsOn sucha detailedsurfaceof briquettes,
new individualscanbe expectedn 2 - 3 days,andin 5 - 6 daysa newwave of
harvestingThe cyclerepeatstself andchampignonganbe harvestedslong as
theygive birth, i.e., aslong astherearenutrientsin thecompost.

Resultsand discussion

Successfuproductiondepend®n externalfactors(temperaturemoisture light,
substrateair) andinternalfactors(geneticproductionpotential). Requirements
for water:Duringtheincubationphaseit is necessaryo maintaintheair humidity
at about80%, the compostis not wateredduring this time, becausat already
containghe necessarynoisture(about70%).Whenthe coveris reachedthe peat
shouldthenhavea relative humidity of about75%, which shouldbe maintained
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until theendof thecycle.In thecoolingphasetherelativeair humidity shouldbe
increasedo about88%,which shouldbe maintaineduntil the endof thecycle.

Temperature requirements: The temperature requirements of mushrooms
(mycelium) are different, dependingon the stageof developmentn which they
are.Thus,while it is in the stageof incubationandcovering,the temperaturef
the compostshouldbe 25-26°C, andit shouldneverexceed27°C, becausehis
leadsto a decreasen fertility and the appearancef some diseasesand at
temperaturesf 30°C andabove the myceliadies.As for the air temperaturén
thesephasesit shouldbemaintainedatthelevel of 19 °Cto 23°C,whichdepends
ontheactivity of thecompostthe seasorandthe conditionsin thenursery It is a
condition for the formation of nodules,ie. future fruits. This temperatureis
maintaineduntil theendof thecycle.

Light requirementsDirectlight doesnotinterferewith thegrowthof mushrooms,
butto a certainextentit cancauseancreasedirying of theproductionareasijt can

affectacertainchangdn thetemperatureéegimein the nursery thenit cancause
changesn the color of the fruiting body andthusreducethe quality, andit can

alsoacceleratehe developmenthe causativeagentof somediseasesnd pests.
With all thatin mind, mushroonproductionshouldbe organizedn darkrooms,

becauséhat'swherethe bestyieldsandquality areachieved.

The diameterof the cap definesthe categoryof champignonsand significantly
affectsthe total mass.The averagediameterof the capwas47.03mm (Table3).
FactorA hada highly significantinfluence on the diameterof the cap,because
with theincreasdn the numberof days,the diameterof the capalsoincreased.
The largestdiameterof the capwasdeterminedon the lastday of harvestin the
EM 1 treatment,andthe smallestin the control on the first day of harvest.By
applying treatmentwith EM, differencesin the diameter of the cap were
determinedbut theywerenot statisticallysignificantcomparedo the control.

Table 3. Thediameterof the mushrooncapdependingnthetreatmen{mm)

Datesof picking Treatments (B)

(A) EM 1 EM 2 Control Factor A
18.05.2022. 46.49 47.67 41.06 45,07
20.05.2022. 45.88 45.28 45.55 45.57
22.05.2022. 47.64 46.76 47.55 47.32
24.05.2022. 48.29 47.07 47.84 47.73
26.05.2022. 50.25 48.62 49.55 49.48

Factor B 47.71 47.08 46.31
Average 47.03
A ** B AXxB
F test 0.00 0.36 0.37
LSD o.01 2.71 2.37 5.30
LSD o.05 1.86 1.74 3.89

At eachharvesttheweightof themushroomsvasmeasuredBasedntheresults,
a highly significant influence of the examined variables and their mutual
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relationshiponthemassof champignonsanbeobservedTheaverageveightper
harvestdaywas1,507kg (Table4). In bothtreatmentsa differencein theyield
of mushroomsvasdeterminedyhich s statisticallyhighly significantcompared
to the control. In the EM 1 treatmentthe massof harvestecchampignonn a
daily basiswas83.92%higherthanin the control,andin the EM 2 treatmentijt
was53.30%higher.Themassof champignonncreasedvith thenumberof days.
The highestmushroommasswasin thefirst treatmenbn the lastday of harvest,
andthe lowestin the control on thefirst day of harvest.The obtainedresultsare
compatiblewith the mushroomcap diametemresults.Accordingto the massand
width of thecap,it wasobservedhatthechampignone theEM 1 treatmentvere
readyfor harvestinggarlierthanin theEM 2 andcontroltreatmentsTheobtained
resultsarecompatiblewith theresearchesf others Wangetal., (2021)analyzed
theinfluenceof mushroomgrowth on the microbial activity of the substrateand
determinedhatwith mushroomgrowththerearechangesn the compositionand
activity of themicrobialcommunityin thesubstrateywhichleadsto moreintensive
mushroomgrowth. According to Familoni et al., (2018) during the growing
period,mushroomsnteractwith differentgroupsof themicrobialcommunitythat
acceleratethe compost mineralization processleading to a changein the
compositionof the substrate.

Table 4. Averageyield of harvesteadhampignongkg)

Datesof picking Treatments (B) Factor A
(A) EM 1 EM 2 Control
18.05.2022. 0.068 0.072 0.052 0.064
20.05.2022. 0.744 0.780 0.665 0.730
22.05.2022. 2.159 1.944 1.884 1.996
24.05.2022. 3.026 2.226 2.154 2.469
26.05.2022. 3.043 2.515 2.779 2.779
Factor B 1.808 1.507 0.983
Average 1.507
A** B** A X B**
F test 0.00 0.00 0.00
LSD o.01 0.36 0.20 0.44
LSD ¢.05 0.25 0.14 0.32

Thetotal massof champignongor all five harvestsvas24,144kg (Tableb).

Table 5. Total yield of champignongkg)

Treatments

Yield EM 1 EM 2 Control Total
In total 9.039 7.537 7.534 24.144
Deviation% 19.97 0.04 100
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The highestmassof harvestedthampignonsvas9,039kg in the EM 1 treatment,
whichwas19.97%morethanin thecontrol.In theEM 2 treatmentthetotal mass
of harvesteanushroomsvas0.04%higherthanin the control.

Mushroomcultivationis importantfor sustainabl@roductionsystemsAccording
to Zhanget al., (2014) after mushroomharvesting,a large mixture of mycelial
residuescarbohydrateandnutrients(bacterialproteinsandminerals)secretedby
microbesremainsin the substrateswhich is a valuableagriculturalrenewable
resource Somestudieshave shownthat mushroomresiduesare not only a by-
product, but also a compostableresourcethat can be applied as an organic
fertilizer (Tangjuanetal., 2016).

Conclusion

Basedontheresearchesults,jt canbeconcludedhattheapplicationof effective
microorganism$adasignificantimpactonthegrowthandyield of champignons.
The industrial production of champignonswith the application of effective
microorganism#iasanadvantagérom the ecologicalaspecbf the productionof
healthsafefood.
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Abstract

The paper gives an overview of nowadays aspects of enteric methane emission
with the aim to pointing out the importance of climate change mitigations
practice. Enteric methane is formed as gaogduct of digestion of feed, primarily

at ruminants by entecifermentation. Ruminants emit methane created by enteric
fermentation in the rumen, mostly by eructation. Nutritional interventions to
mitigate enteric methane (EGHhave been thoroughly investigated and many
innovative solutions are being tested and sidered.To meet the increasing
demand for meat and milk, the livestock industry has to increase its production,
which is followed with the increasing the E£émissionContinuous research

and development are needed to develop E@Idigation strategies that are
locally applicable. Climate change mitigation and adaptation policies play a
crucial role in the political agendas of local authorities who has to support the
development and implementation innovative products or method&Gét
mitigation. Addresing these challenges after local levels, requires collaboration
among many organizations and across different sectors, followed bylanatesr

and worldwide cooperation.

Keywords: Enteric methane, ruminant nutrition, greenhouse gases, mitigation

Introduction

Air pollution depends on many natural and human factors, and the variation of
pollutants and weather changes modify the concentration of pollutants in time and
space (Battista et al., 2017). To meet the increasing demand for meat and milk,
the livestock mdustry has to increase its production, and without improving its
efficiency, raised livestock, especially ruminant animals, will worsen the
environmental damage, mainly from enteric CH4 emission (Viéarad.,2023).

Diary organizations worldwide announced greenhouse gas neutrality goals.
Mitigation of enteric methane emissions is necessary to achieve these goals. Many
innovative solutions are being tested and considered. Global challenges, such as
enteric methne mitigation and its contribution to climate change, cannot be
solved by one organization. Addressing these challenges requires collaboration
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among many organizations and across different sectors, followed byborates
and worldwide cooperation.

Global climate change is affecting temperature, precipitation, and water
availability, which directly affects agriculture and livestock productivity (Souza
et al.,2023). Therefore, the expected decline in dry matter intake (DMI) and
animal productivity and changes in water intake caused by heat stress may also
affect the environmental costs of production in cattle. With the current interest in
reducing CH emissions in ruminant production systems to limit global warming
(Arndtet al, 2022), models that pdict CH: emissions have become an important
tool to evaluate mitigation strategies (MNitial, 2018), when other technologies

are not available to measure individual enteric CH4 emissions, (Sbuala
2023). The agricultural sector is faced with challenges related to global warming
and climate change, which affect human and animal food security. Due to climate
change, periods of drought might be longer and occur more frequently, which
challenges roughge production and requires changed feeding of dazitile by
increasing the grain content of the diet, (Ilveti al, 2023;Olijhoek et al.,2022).

Also, the feeding behavior of cattle could be managed in more effective manner,
(1 vetali2i0 0 8, etlaly2807)i Land plays a key role in the global cycles

of GHG (i.e., carbon dioxide (CO2), methane (Hnd nitrogen oxide (XD),

and land use change can lead to the release of such gases into the atmosphere or
the removal of them from the atmosphere, (Hueingl.,2023). One of the most
common foms of land use change is agricultural land conversion where
agricultural lands are converted for other uses. Hearady,(2023) reported that
increasing agricultural land conversion to more than 8 % of available land led to
increasing GHG emissions during the economic development process.

Livestock enteric Chimitigation is an old feed energy efficiency problem with
new dimensions, (Hristov et al., 2022). Governments and the public are interested
in finding solutions to climate change, and it is believed that mitigation of
agricultural greenhouse gas (GHG) enass is part of the solution (US
Government, 2021). In the United States, agricultural activities are responsible for
the generation of GHG such as £GH,;, and NO, with the latter 2 gases being

of primary interest: agriculture caitiuted 39% (ChH) and 80% (MNO) of their

total emissions in 2019, on a @€quivalent basis (USEPA, 2021). Within
agriculture, livestock is responsible for 94% of all GHnissions in the United
States (USEPA, 2021).

Continuous research and development are needed to develop entaric CH
mitigation strategies that are locally applicable, also information is needed to
calculate the carbon footprints of interventions on a regional basis to evaluate the
impact of mitigation strategies on net greenhouse gas emissions, (Beauehemin
al.,2022).

Enteric methane

Enteric methane is a major source of greenhouse gas emissions from milk and
beef production systems that contribute to global warming, (Tricariab,2022).
Enteric fermentation is the second largest source of methane emissions after
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natural gas and petroleum systems, and the second largest source of agricultural
greenhouse gas emissions in the United States after nitrous oxide emissions from
managed soils (US EPA, 2021), Figure 1.

- 0
Other . 9%Coal mining, 7%
Manure

management,
9%

Natural gas and
petroleum
systems, 30%

Landfills, 17%
/

Enteric fermetation .
27%

Figure 1. US methane emission by source, EPA 2020

Methane is estimated to have a global warming potential, global warming
potential (GWP), 2830 more than carbon dioxide over a hunelyedr period, by

the United StatesEnvironmental Protection Agency (EPA, 2021, and
Intergovernmental Panel on Climate Chan$feCC, Table 1. In Europe, 81% of
agricultural methane emissions result from enteric fermentation, and 39% of those
81% are produced by dairy cows, (EEA, 2020).

Table 1.IPCC Sixth Assessment Report Global Warming Potentials,2021

100 Year Time Period 20 Year Time Period
Greenhouse Gas AR4 ARA

2007 2007
CO, 1 1 1 1 1 1
CH4fcssiI origin 29.8 82.5

25 28 72 24

CHa4 nen fossil origin 27.2 80.8
N,O 298 265 273 289 264 273

In the ARG6 report, an additional GWP for methane has been included to
differentiate between methane which originates from fossil fuel sources, and
methane from noffossil fuel sources, like agriculture
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Unlike other sources of greenhouse gas emissions, such as those from fossil fuel
extraction and distribution that only contribute to atmospheric greenhouse gases,
milk production systems are part of the biological carbon cycle and can function
as a sink fogreenhouse gases, thereby contributing to reverting climate change,
(Le Quéréet al.,2018). Because emitted methane is continuously removed from
the atmosphere by hydroxyl oxidation, its atmospheric warming effects depend on
the rate of emissions incieaor decrease over the last 20 years rather than the
total cumulative amount emitted over that period, (Akeral, 2018). Tricarico

et al, (2022), have the opinion that if mitigation of enteric methane production
greater than 0.3% annually that is sustained over time (i.e-pyeayear) could

be used to offset the atmospheric warming effects of carbon dioxide and nitrous
oxide emissionsrbm milk production systems. In this way, sustained mitigation

of enteric methane production becomes a valuadkfor dairy value chains to
meet their greenhouse gas reduction goals. Therefore, a significant reduction in
methane emissions, particularly from agricultural activities, would rapidly
mitigate climate change and is a powerful lever to meet the Eurdp@an o n 6 s
2050 climate targets (Dupraz, 2021).

Glouxet al,(2023) highlight that the Intergovernmental Panel on Climate Change
(IPCC) defines 3 different methods, to be applied to national inventories according
to data availability:

- Tier 1 methods attribute default yearly enteric methane emissions factor
per dairy cow. Tier 1 methods provide aggregate estimates, and are not
adequate for monitoring changes over time and taking into account the
variability of dairy farming practices;

- Tier 2 methods improve the accuracy of emission factors by including
feed intake estimates of a representative diet and dairy cow;

- Tier 3 methods require a precise cf
for digestibility;

Aspects of cost of implementing mitigation strategies has to be considered, for the
adoption of mitigation strategies for livestock GHG emissions. Climate change
mitigation and adaptation policies play a crucial role in the political agendas of
local authoities who has to support the development and implementation
innovative products or methods for EQiditigation.

Mitigations methods

The amount of EClthat is released depends on the type of digestive tract, age,
and weight of the animal, and the quality and quantity of the feed consumed.
Ruminant livestock (e.g., cattle, sheep) are major sources of ECHv et ali, |
2022a,etd.282Rb, etadl 2021) with moderate amounts produced
from nonruminant livestock (e.g., pigs, horses). World demand for animal
sourced foods and global warming concerns rise, safe and effective strategies for
enteric methane mitigation in dairy cows are in higimand and De Ondare&a

al., (2023) created the dataset from data collected from scientific publications
identified through searches of the scientific literature for the greenhouse
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mitigations effects. The bibliography used by Armdtal, (2022), covers the
period from 1963 to 2018, and De Ondagtaal., (2023), supplemented with
literature searches to cover the period between 2019 and 2022. Information from
797 treatments was organized in rows and 162 columns containing variables,
including experimental design, animal definition, methane measuremernddneth
dietary nutrients, and treatment responses. Mitigation strategies were classified
into 3 main categories: animal and feed agement, diet formulation, and rumen
manipulation, and up to 5 subcategories (Hrigtbal.,2022). This large dataset

with descriptive data and treatment means from in vivo dairy cow enteric methane
studies can be used by public and private researchers and advisors including
nutritionists, environmentalists, and economists interested in-etiestive
solutions to reduce global warming without compromising dairy farm
sustainability. In France, the Eddethane organization brings together more than
600 famers whose emissions reduction was estimated at 11% on average in 2017
(Bleu-Blanc-Coeur- BBC, 2022). Glowet al, (2023), reported that BBC pays
farmers according to their reduction of methane emissions isedC@ith a
financial envelope made of sdgonaverage ns f
in 2017). The main strengths of the scheme lie in the strong scientific foundations
of the method for quantifying emissions and the easy participation procedure for
dairy farmers, (Glouet al.,2023). Neadinfrared spectroscopy (NIRS) from cattle
feces could be used as a phenotyping method to predict dry matter intake (DMI)
as well as enteric methane emissions (BCf#Anduezeaet al.,2022).

Nutritional interventions to mitigate enteric &Hhave been thoroughly
investigated and, likely, strategies based on supplementation with plant extracts
(such as a combination of Capsicum oleoresin and clove essential oils) may have

a higher acceptance by livestock producers compared with, for exaheplesd

of antibiotics, (Silvestreet al., 2022). Several secondary plant compounds
including tannins and saponins have been evaluated for their potential to decrease
CHsipr oduction fr om etaln2020;daydnesgaet d,8012).0 ws k a
Also, it is well known, that the addition of dietary fat can reduce methane
emissions, (Olijhoekt al.,2022).

One of the proposed additives was essential oils (EO), classified as having an
uncertain Chmitigation potential with no longerm effects established (Hristov

et al.,2013), and Hegartet al, (2021) concluded in their review that there is
medium evidence of the potential of EO to mitigate,@Hvivo. Despite the
limitations, a positive and strong argument for continuing the research with EO to
mitigate CH emission in livestock is supported by the fact that these compounds
may have a higher acceptanbg consumers compared with, for example,
synthetic CH inhibitors, (Silvestreet al.,2023). Botanical preparations and EO
are Generally Recognized as Safe (GRAS) compounds by the Food and Drug
Administration (FDA; 2021). However, more research is needed to determine the
long-term effects of EO supplementation, (Silvesitral.,2023).

For a given productivity level, introducing fodder with high sources of omega 3
content such as grass or linseed in the feed ration of dairy cows both improves the
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milk nutritional profile and reduces enteric methane emissions per liter in France,
(Glouxet al, 2023).

Many studies have compared feeding maize silage versus grass eclgvass
(starch vs. NDF) diets to dairy cattle, to study the effect on rumen digestion
kinetics and CH4 emission, (Braflkederseret al, 2023). The quality and the
composition of silage is important element of ration on daily bases for ruminants
feeding, (1 etalt2 01l 8, 0cibl\2@l8).Nishduldbe mentioned

the application of alternative electron acceptors are organic (e.g., fumarate,
malate) and inorganic (e.gnitrate, sulfate) compounds that draw electrons away
from methanogenesis and incorporate them into alternative pathways,
(Beauchemiret al.,2022).

The ruminant gut structure fosters extensive enteric fermentation of their diet,
(lvetil, 2017). Enteric CH4 emission
global greenhouse effect but also reduces feed energy efficiency for the animals
and Wanget al., (2023) explained that theoretically, redirecting [H] from
methanogenesis to propionate formation to reduce [@bduction could be a
promising method for reducing greenhouse gas emission from ruminants, and may
also increase animal productivity. Insteadioéctly inhibiting methanogenesis in

the rumen, redirecting the flow of [H] towards alternative sinks could be a
promising strategy. The complexity of the rumen poses challenges to reducing
enteric CH emission, but longerm comprehensive technologies may influence
the evolution of the rumen and rebuild a microecosystem in a way that would
favor the production of propionate to provide more sinks to disposg ¢#dng

et d., 2023).

Macroalgae (seaweeds) have highly variable chemical composition, depending
upon species, time of collection, and growth environment, and they can contain
bioactive components that inhibit methanogenesis, (Beauchetmah, 2022).
Seaweeds have been studied by Muizetaat.,(2023) for their ability to reduce

enteric methane emissions of ruminants when fed as a feed supplement. They
reported that none of the seaweeds used in the experiment affected enteric gaseous
emissions and that the inclusion ratghtinot have been sufficient for the specific
metabolites in seaweeds to affect enteric methane production.

Methane inhibitors (NOP and bromochloromethane) had the largest CH
mitigation effect (Hristowet al.,2022) and did not affect DMI, fiber digestibility,
milk production, or ADG. aNitrooxypropanol is the most potent CH4 inhibitor
currently available, exhibiting inhibition efficiencies of 20 % to 50 % across a
range of doses, supplemental methods, dietpositions, and animal species,
with no adverse impacts on diet digestion or animal performance (Hestly
2015). Applied at 60 mg/kg feed DM viag TMR, 3NOP decreased daily enteric
CH4 emission by 26%, emission yield by 27%, and emission intensity (ECM
basis) by 29%, (Melgaet al.,2021). Chemical inhibitors can be easily combined
with other mitigation strategies and their adoption requires them to pass safety
tests for animals, consumers, and the environment, (Beauckealif022).
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Two organizations based in the United States, the Foundation for Food and
Agriculture Research and the Dairy Research Institute, have developed a
collaborative program Greener Cattle Initiative to align resources and fund
projects to identify, develop, amdlidate new and existing mitigation options for
enteric methane emissions from dairy and beef cattle, (Tricatiad, 2022),
shown in Figure 1.

Increased confidence in mitigation estimates is needed to develop socioeconomic
innovation that encourages the adoption of mitigation options. The discovery of
new enteric methane mitigation options, by itself, is not enough for the dairy
sector to meetstenvironmental stewardship goals on climate change. Mitigation
options need to be deployed by a substantial number of dairy farmers to achieve
the desired results, (Tricarico et al., 2022). For example, animal feed and health
companies that develop entenmethane inhibitors currently need to pursue
regulatory pathways that were developed to establish functional claims for drugs,
such as compounds to cure, prevent, treat, or mitigate disease conditions or that
change bodily structures or functions (Unitestates Food and Drug
Administration, 2022). Antimethanogenic strategies may decrease total CH
production (absolute emissions, g/d), £idld (g/kg of DMI), or CH4 intensity

(g/kg of meat, milk, or wool produced), (Beauchemiiral, 2022).

The number of monitoring tools and experiences is progressively increasing also
due to improvements in the standardization of methods and the proliferation of
research and accounting experiments, which bring about an increase in awareness
of political subgcts and the general public, (Maretial.,2023).

Dairy and beef

Rumen genetics Sensing and

microbiome data technology

Dairy and beef
nutrition

Socioeconomic
analysis

Enteric methane
mitigation options

\

Impacts I

i
i

1
’ H N
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I3 | 4 < b’y
Discoveries in nutrition, Meta-analyses and

microbiome, physiology, improved life cycle
genetics and management assessments

Improved whole- Improved estimates
farm models of climate impact

Figure 2. Areas of focus and expected impacts for research of enteric methane
mitigation options for beef and dairy cattle, Tricarico et al., 2022
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Conclusion

Air pollution depends on many natural and human factors. The agricultural sector
is faced with challenges related to global warming and climate change, which
affect human and animal food security. Increased confidence in mitigation
estimation and practices needed to develop socioeconomic innovation that
encourages the adoption of mitigation options. The discovery of new enteric
methane mitigation options, is not enough for the dairy sector to meet its
environmental stewardship goals on climate cha@dgbal challenges, such as
enteric methane mitigation and its contribution to climate change, cannot be
solved by one organization. Addressing these challenges requires collaboration
among many organizations across different sectors, and is necessary to be
followed by crosshorder and worldwide cooperation.
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Abstract

Buying seedlings at markets and from unauthorized sellétisout a certificate

and quality guarantee, will initially be cheaper for the customer, but later the
uneven quality of the planting material will cause additional costs, reduced
income and ultimately loss and lost profit. Such cases of purchase oftém end
litigation, when the court hires licensed appraisers (experts) or commissions of
experts, who will assess the resulting damage and lost profit, recommending the
eventual clearing of such plantations. In this paper, one such case was analyzed,
which ened in a court case and an expert opinion on damages and lost profits,
due to the existence of a different assortment of plums in a plum tree. It is
indisputable that the owner of a fruit plantation of different assortment and quality
suffers damage, loseprofit and realizes a loss, as evidenced by expert
assessments, which are analyzed in this paper. In this case, considering that the
plum tree is currently in the period of full bearing, the assessors do not suggest
clearing the undesirable trees.

Key words: Different assortment of plums, damage, lost profit, possible grubbing,
court experts

Introduction

Plum production in Serbia has been a leading place for many years, and Serbia is

at the very top of the world in plum production. Thensification of fresh plum
production and the increase in the quality of plum products contribute to
maintaining the current position and achieving even better results. Although there

is a slight decrease in the number of trees, production is increasiag annual

basis, which is a consequence of the intensification of produckoa. er ov i |
al., 2012)The export of prunes is below the possibilities and capacities at our
disposal, it is variable and unorganized, and the market for the procegsimgef

into brandy is also characterized by spontaneous action, which results in changes

in the assortment of this fruit. Dominant, autochthonous, rakija varieties are less

and less represented, and the leading place in the structure of plum production is
occupied by varieties such as Lal an's
Lalan's rana and LaNakosibe)gt ate,| 864

In this paper, the authors analyze the damage and lost profit due to the variety of
plums in the plum tree. The plum tree in question contains 6 varieties of plums,
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of which 3 wvarieties (Lalan's rana, L

varieties, created at the I nstitute of
domestic plum breeding, adapted to the sggological conditions of a temperate
continentalc | i mat e. (I'nstitute for fruit g

California Blue varieties were created in the USA, and the Grossa di Felicio
variety is of Italian origin.

The economic efficiency of plum production is determined by numerous factors,
of which the key ones are: choice of variety, location, application of Argo and
technical measures, production costs and market prkesqddanovi l) et a

In the paper, the authors will show that due to the different assortment of plums
in the plum orchard, the owner has increased costs, and at the same time he would
be operating at a loss, which would not have been the case if only one variety of
plums hadbeen planted in the orchard. At the end, the question arises whether it
is necessary and economically justified to cut down undesirable trees from
orchards, to which the authors give and explain a negative answer.

These are the questions answered by evaluators from the economic, fruit growing
and farming professions. How and why the seller sold plum seedlings without a
certificate and guarantee, and why the buyer bought such seedlings, who is guilty
and whether hesiguilty, and who deceived and tricked whom, are questions that
lawyers and judges should answer.

Material and methods

According to Article 154 and Article 155 of the Law on Obligations, "damage is
the reduction of one's property (ordinary damage) and the prevention of its
increase (lost benefit), as well as the infliction of physical or psychological pain
or fear on anottr (immaterial damage). Whoever causes damage to another is
obliged to compensate for it, unless he proves that the damage occurred without
his fault".

It is a case of litigation between a buyer of plum seedlings and an unauthorized
seller of the same, without a certificate or guarantee of quality. The purchase took
place at the market, on the word and trust, that the object of purchase, that is, of
salewer e plum seedlings of the Lalan's b
and taking over the seedlings, the buyer could not have known that the total
amount of seedlings contained plum seedlings of other varieties, which he did not
want to buy. Only fier the planting of the plum seedlings and the passage of a
period of 3 years, when the plum seedlings began to bear fruit, the buyer of the
seedlings (the owner of the orchard) saw that different varieties of plums were
planted in the plum tree. He irated a court case, sued the unauthorized seller of
seedlings and sought compensation for damages and lost profits. In this case, the
court hired a commission of expért@ppraisers) to give an opinion on the
circumstances of determining compensation for damages and lost profits in the

! The authors of this paper form the committee for expert opinion in the subject litigation
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case of the plum tree in question. According to the Planting Material Act, the sale
of planting material can be carried out by a company or an entrepreneur registered
in the Register, and only basic, certified and standard planting material of varieties
registered in the Register of Fruit Tree Varieties, Grapevines, Hops and substrate
and which has a certificate for the production of planting material, with the fact
that the sale of planting material can only be carried out at a point of sale that
ensuresltie preservation of the properties of the planting material in terms of type,
variety and category. (Law on planting material of fruit trees, vines and hops)

The assessors went to the field three times and interviewed the plantation owner.
The first time- while the fruits were still green, the second timeuring the
ripening of most varieties in the plantation and the third tiaféer the end of the

plum harvest. By going to the field, an inspection and analysis of the condition of
the plantations was carried out on the spot, the number of trees, their development,
structure of assortment, lushness, fertility and state of health were determined.

When giving an opinion and determining compensation for damage and lost profit,
the following is taken into consideration:

1. Data from the Republic Geodetic Institute (RGZ), eCadastal estate
cadastre database in the Republic of Serbia
(https://katastar.rgz.gov.rs/eKatastarPyblic

2. Data from the NIGP Digital Platfornittps://a3.geosrbijafs

3. Interview with the owner of the orchard

4. Data on the purpose of the land in question

5. The functional significance that it currently has for the owner

6. Fruit crops grown on the plot and possibilities for growing other crops
on the plot in question

7. Waterair and physical properties of the soil, which were determined on

the basis of field insight into the mechanical composition.

Based on all these parameters, an analysis of the production and economic
possibilities of the agricultural production realized so far was carried out. A
calculative method is used to determine profit, loss and damage.

A licensed appraiser, depending on the available data, should choose the most
appropriate valuation technique, and the valuation is done with the application of
relevant market data. The assessment of the value (damage) of lost profits includes
a market aproach, a yield approach and a cost approach, with a comparative
(comparative) analysis of income and costs, and with the application of the
principles of independence and autonomy, the principles of integrity, the
principles of responsibility and the piibhion of causing damage, as well as the
principles of transparency. (Regulation on national standards, code of ethics and
rules of professional conduct of a licensed appraiser)
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Table 1.Basic characteristics of different plum varieties in the subject plum tree

Picking

Fruit

Plum varieties time weight Characteristics
End of The stone is easily separated fro
Lal an' s July and | 3040 | the flesh of the fruit. The fruits are
T beginning| gr. very firm andwithstand transport
of August after harvest.
End of The fruits tolerate transport well
Stanley A 38 gr. | after picking, the variety has goo
ugust . i
resistance to hinge.
The fruits are round, purplalue in
color and larger isize. There is a
California Blue E;j of 40:30 wax coating on the skin. Good as
y gr. table fruit, it tolerates transport
well.
Second 44 gr. | It has large fruits, the hive is easi
Lal an' 4 halfof Max | separated from the flesh of the fry
T ’ A 90-100 | It tolerates transport very well afte
ugust
gr. harvest.
End of At full maturity, it cannot be store(
36-40 e
. June and for long. Transportability is good,
Lal an' g L gr. max : )
T beginning although ripe fruits are less able {
80qr.
of July tolerate transport.
. Second It is mostly used as a table variet
Grossa di
e half of 60 gr. but also for brandy. The bone
Felicio .
August separates nicely from the meat.

Source: Authors, according to https://www.institatcak.org/sorte.html;
http://wiki.poljoininfo.com/

From table 1 we can see that the varieties of plums planted in the orchard in
guestion have different ripening and picking times, different size and weight of
fruits, transport after harvesting differently, have different resistance to diseases,
which requres the application of different agrotechnical measures. All this affects
the level of production costs. Incomes are determined by vyields per tree and
market prices per kilogram of fresh fruit, which are also different, which is shown
in table 2. The onlyhing that is the same for all analyzed plum varieties are the
years of full bearing and for all included plum varieties, they are 15 years.

Location, quality and appearance of plots (micro and macro)

Results and Discussion

Cadastral parcels number 2754/2, 2757/1 and 2757/2, which form a whole on the
ground, have a total area of 50 ares (5000 m2) and are located in the Cadastral
Municipality
are other plotsmwhich there are also vegetable plants. The surface on which the

plums are planted has a slight slope. The parcels in question can be accessed by

of Donj a
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the Polish roads located between them, and there are no other infrastructure
facilities (water, electricity, sewerage, storage space...) on them. The land has a
flat relief and is located at about 200m above sea level, with a loamy mechanical
compositioncrumbly structure, good permeability, good physical properties and

a favorable wateair regime. It is suitable for processing and organizing fruit and
viticulture production.

2675/2

2675/1

2758

2676/1
2755

—— /

7{',;) 2676/2
3734
S7a

2747/1

M KATASTAR 2747/2
Se OSNOVNE 374
e

Figur.Location of plots 2757/ 1, 27571/ 2

Source: https://a3.geosrbija.rs/katastar; https://katastar.rgz.gov.et@€arPublic
(date of access 085/2023)

2676/3

Perennial plantings on the plot in question

The parcels in question are registered as agricultural land, 4th class vineyard, in
the eCadastre of Real Estate of the RGZ of the Republic of Serbia and are privately
owned by a natural person.

Going out to the field, it was established that there are perennial plant plantations
(plum plantations) on the plots in question. So far, it is in the period of full fertility.

So far, in 2022, it has been properly maintained (protection, processing, etc.
However, it can be seen that so far in the previous years it did not continuously
have adequate protection, which is indicated by phenomena on the tree (cracked
bark, appearance of resin, black or dry twigs of monilia, etc.) Analysis of the
condition inthe field found that there are several varieties in planting. The
domi nant variety in the plantation is
other varieties mixed in the plantati
Lal an' s r an afelicio). dhe @luno fsug warieties are in different
phenophases, and there are 14 rows in the orchard.

Since it is currently in the period of full fertility, it is not possible to reliably
determine when the trees were planted by going out into the field. Also, in this
period, it is difficult to determine the differences in the age of the trees, although

in the last four rows (closer to the approach to the plot, the field road and the
settlement) the trees are a shade less lush (they have thinner trunks). Table 2 shows
the circumference of the trunk at 20 c
beauty ad Stanley. The trunk circumference of the other varieties did not make
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sense to measure because there was an insufficient number of varieties to draw a
conclusion.

Table 2. Trunk volume of plum varieties (average)

Plum varieties Trunk volume (cm)
I-X row XI-XIV row
L al aealutp 28,2 24,1
Stanley 32,1 27,2

Sources: Authors, based on the situation on the ground

From Table 2, it can be concluded that ¢tireumference of the trunk in the last
four rows is slightly smaller compared to the other rowX)(IThis may be a
consequence of later planting, but also of poor soil quality and poor care on this
part of the surface. In the last four rows, a total mh@althy trees and one dry
tree were found. Out of that number, 75 trees had a slightly lower luxuriance.

Analysis of damage and lost profit due to the variety of plum varieties
in the plum orchard

Due to the existence of several varieties of plums in a plum orchard, individual
phenophases occur differently. The different passage through some phenophases
(flowering, harvesting, etc.) requires the performance of agrotechnical operations
in different geriods, which makes it difficult to protect and harvest the fruits.

Af ter Lal an' s beauty, the Stanley va
representation in the plantation. She requires two additional treatments compared
to the Lalan's Beauty. Al so, harvest.i

complicates the orgaration of the harvest itself.
The damage is also reflected in the different prices of the fruits.

Due to the existence of a different assortment of plums in the plum tree, the owner
of the plum tree suffers a loss of profit. That damage is reflected in increased costs
when it comes to protection. Also, harvesting is more expensive because it is done
atdi fferent ti mes. The purchase price
higher compared to the Stanley variety, but the Stanley variety is more productive
than the Lalan's beauty variety. The
plum orchard issignificantly smaller, so their participation in damage and lost
profit is significantly smaller. The calculation of growing varieties is shown in
tables 3 and 4.
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Table3.Cal cul ati on of the cultivation of
other varieties in the plum tree

Plum varieties Lal a Stanle Californian|L a | a|lL a| a| Grossa
beauty y blue best rana |di felicio

Yield per tregkg) 30 40 25 30 20 40
Price per kg (in RSO 40 25 40 40 50 40
Gross income per
tree (iNRSD) 1.200 1.000 1.000 1.200 1.000 1.600
Number of trees 64 44 9 6 3 2
Gross Income 76.800 | 44.000 9.000 7.200 3.000 3.200
Years full offertility 15 15 15 15 15 15
Srsos)s income (N1 155000 660000| 135000 | 108000| 45000 | 48000
Production Costs | 453500 | 277200 56700 | 45360 | 18900 | 20.160
and sales (in RSDB)
Net income (in RSD] 748800 | 382800| 78300 62.640 | 26.100 | 27.840

Source: Authors, based on average yields and market prices for 2022

Table 3 shows the differences in inco
beauty variety and other varieties. We can see that the number of trees of the
Lalan's beauty variety is the same as

in the plumtree. If the owner of the plantation decided to harvest the fruits from
all the trees, the losses due to the existence of other varieties in the plantation
would amount to 171,120 RSD (table 4).

Table 4. Loss due to the presence of different varieties of plums

Varieties of plums Net income (in RSD)
Lal e s 748800
Other varieties 577680
Loss of income 171120

Source: Authors

The Stanley and Grossa di Felicio varietieshanevested at approximately

the same time. If at the location in question there were interested parties to
harvest and buy plums on the tree, of the Stanley (44 trees) and Grossa di
Felicio (2 trees) varieties, which is a total of 46 trees at a pricedihidy,

the production and sales costs would be twice as low, and the potential
profit for these two varieties would amount to 331,200 dinars (Table 5).
Based on that, the loss due to missed benefits in that option would amount
to 417,600 RSD (Table 6).

2 For other varieties, additional costs of protection and harvesting are included.
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Table 5.Calculation of cultivation o0 Table 6.Loss due to the existence ¢
Stanley and Grossa di Felicio variel Stanley and Grossa di Felicio varieti
different varieties when the buyer different varieties when the buyer pic
picks when the buyer picks the frui when the buyer picks the fruits fruits
fruits of the Stanley and Grossa d  the Stanley and Grossa di Felicio

Felicio varieties varieties
Plum varieties Stenley Grossa di Plum varieties Neto prihod
/Indicator felici ts /Indicator (udin.)

Yield per tree (kg] 40 40 L a | sabeauty 748800
Price per kg Net income of the _

. 15 15 Stanley and Grossa di 331.200
(in RSD) o o

Felicio varieties

t(?ergs(?nr%vseggje Pe 600 600 Loss of income 417.600
Number of trees 44 2

Grossincome 26.400 1.200

Full years gender| 15 15

Gross Income
(in RSD)
Costsproduction
and sales (in 79.200 3.600
RSD}

Net income
(in RSD) 316800 | 14.400

Total 331.200

396.000| 18.000

Source: Authors, based on average Yyields and mariets for 2022

The authors of this paper believe that the clearing of undesirable trees is not
necessary, considering that it is currently in the period of full fertility and should

give maximum yields, with the implementation of adequate -tegronical
measures. Cleaindoes not make sense yet, because the trees are mixed in the
plantation. In addition, when there are more varieties in the plantation, fertilization

is more efficient and the yields are somewhat higher. If trees of other varieties
were removed and newsté i ngs of the Lalan's beau
their place, those planted trees would never be able to develop, because they are
shaded by neighboring trees. Their growth would be stunted and | would never be
able to produce full yields.

Conclusion

On the cadastral parcels number 2754/2, 2757/1 and 2757/2, which form a whole
on the ground and have a total area of 50 ares (5000 m2) in the KO Donja

Omagni ca, on which there are pl ums, [
di fferent asbenumgnt CaLaFannsa bl ue, {
Lalan's rana). The owner of the orcha
3Isto.
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same time the plaintiff, suffers damage due to the existence of different
assortments in the orchard, which is reflected in the organizational and financial
aspect, additional protection and | owe
variety was foud, which he wanted to buy and plant on the plots in question. At
this age of the plum seedlings, it is not recommended to clear unwanted trees.
What is extremely important, and in this case proved harmful and economically
disadvantageous, fruit growers sitab be encouraged to use certified seedlings.
Certified seedlings are of better quality and are a prerequisite for achieving higher
yields. The number of required herbicide treatments is reduced while reducing
costs. Certified planting material is a prarsife for farmers who want to achieve
higher yields, and therefore higher profits.
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Abstract

Theherbal drugs prepared with the traditional methods through slow grinding
and mixing processes conserves all the natural substances without losing any
essential component, maintains the activity and purity of the drug, and have
potential medicinal uses. Uséplants as herbal cosmetics is known since ancient
times. In this study, the remains of herbaceous and woody biomass decorative
plants were analyzed because a large number of herbaceous, both annual and
perennial species of decorative plants contaibstances that are important raw
materials for cosmetic and pharmaceutical preparations. Smaller amounts of
herbaceous biomass are used for compost production. The kbioatss of
decorative plants can be used as solid fuel or cut, and the obtained boards and
laths are used for making various objects. Fruits (seeds), flowers, leaves, stems
and roots of decorative plants were also analyzed. Certain plant organs such as
boxwoadal, linden and birch leaves are used for medicinal purposes. These plants
can be gown on decorative surfaces in gardens for their own needs and prepared
to prepare teas and other medicinal drinks that are used as means to improve the
health of people, but also domestic animals and pets. As decorative plants are
valued, among others, ti@man, which blooms for a long time forming beautiful
yellow inflorescences that are also used as cut flowers.

Key words:Maizehybrids, quality, greebiomass

Introduction

Decorative plants can be annual and perennial herbaceous plants, as well as
perennial shrubby and woody plants, which with their flowers, leaves or habit
beautify public areas such as parks, promenades and sports fields, then yards,
interiors of residentiaand work buildings (potted species). They can also be
grown on arable land, and these are species that are grown for cut flowers and for
the purpose of producing seeds or planting material. Some of the decorative plants
are sometimes used in the pharmeical, cosmetic and food industries. However,

the most important role of these plants is visual effects. From an economic point
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of view, these plants in urban areas reduce the cost of energy needed for heating
or cooling, increase the value of residential buildings, while public areas (parks
and recreation centers) become more interesting for tourists. From an ecological
point of view, with their aboveground biomass, they influence climatic extremes

by mitigating the consequences of all forms of erosion, then consume carbon
dioxide releasing oxygen, reduce city noise, have a positive effect on people's
health and welbeing, and tb like. In order for these plants to exhibit the
mentioned positive effects, it is necessary to apply humerous care measures
throughout the year. One of the important care measures is regular pruning in
order to form the desired shape of the habitus ofdyqaants. In the case of
annual herbaceous species, the care measure is the removal tibweeed,
damaged and dried abogeound organs of trees and leaves, then mowing of
decorative grass areas and the like. After these care measures, large amounts o
fresh biomass remain, which can be used in several ways in order to obtain useful
products from organic waste for further use. They are grown as decorative on
agricultural and nogricultural (parks, areas around residential buildings,
factories, aroundoads, etc.) surfaces and medicinal, which can be cultivated and
wild. Most of these species can be used as ornamental or medicinal plants, and
somefor-food purpose§ G| amo | | i j a) aetk oali I, eSb@eal ;. ,
decorative plants are also medai, in their vegetative or generative organs they
synthesize medicinal substances that have a beneficial effect on the health of
people and domestic animals. In treatment, they are used as auxiliary medicinals
of folk (alternative) medicine, and accordibg data from the World Health
Organization (WHO), about 80% of the world's population uses medicinal
products based on medicinal plants. The maintenance of large decorative surfaces
is performed by specialized services equipped with the necessary maamtider
places for disposal and biodegradation of collected residues. Further processing
of plant residues depends on the type (herbaceous or woody) and the amount of
biomass in order to protect the environment. In this study, the remains of
decorative plargt of herbaceous and woody biomass were analyzed because a
large number of decorative plants contain substances that are important raw
materials for cosmetic and pharmaceutical preparatio8d amo | | i j a et
Buril etStelv.a,no02d3:et al ., 20

Material and methods

In this study, the remains of decorative herbaceous and woody plants were
analyzed because a large number of herbaceous annual and perennial species
contain substances that are important raw materials for cosmetic and
pharmaceutical preparations. Small@oaints of herbaceous biomass are used for
compost production. The biomass of decorative plants can be used as solid fuel or
can be cut, and the obtained boards and laths are used to make various objects, for
example park benches, various decorative basketsehold appliances and the

like. Fruits (seeds), flowers, leaves, stems and roots of decorative plants, which
are used in pharmaceutical and other industrial branches, were also analyzed.
Certain plant organs such as boxwood, linden and birch leagessad for
medicinal purposes.
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Results and Discussion
Further use of plant residues

Herbaceous biomass is used to produce compost which serves as a substrate for
the preparation of humus soil for filling pots or is sold to flower growers. The
biomass of decorative plants can be used as a solid fuel or can be cut, and obtaining
planks andaths that are used to make various items, for example park benches,
various decorative baskets, household appliances and th€likpped biomass

is suitable for mixing with herbaceous biomass (glessclippings, leaves, etc.)

to make compost.

If the quantities of fresh biomass are large enough that they cannot be used in the
described way, they can be used as raw material for obtaining biogas, and the
residues after the process should be taken to the land areas that are in the process
of remedation.

Use of fruits (seeds), flowers, leaves, stems and roots of decorative plants

A greater number of woody species of ornamental plants form fruits during the
year that can be used in the cosmetic and pharmaceutical industry if they are
healthy and uncontaminated by aerosols. Acorns, leaves and oak twigs contain
significant amounts ofhemical substances that are used in pharmaceutical and
other industries (Popovil et al., 2018

Aesculus hippocastanur(L.) - Parkchestnut owild chestnut is a deciduous tree
native to a small area on the Pindus &atkan Mountainswhere it grows in
mixed forests, but as a park species it can be found throughout Europe and North
America. It develops a tall tree up to 30 m with a wide dense crown of 15 to 20
m. It blooms in spring (in our conditions in May) in upright panicleE30m

high with about 2050 flowers in each inflorescence. Usually onkyb Ifruits
develop on each panicle. The fruintains one (rarely two) large brown and shiny
seeds encased in a green spiny husk that bursts when the seeds ripen, in
September. Horse chestnut fruits are inedible (mildly poisonous), but widely used
in folk medicine. Park chestnut in bark, leaves, flavand seeds has -60%

starch, 58% saponin, 8% oil, proteins, glycosides, tannins, resin, vitamins (B,

C, K and P) pbetacarotene (Picture lthen alkaloids escin, quercetin and other
compounds used in the pharmaceutical industry. Medicines produtiee loasis

of chestnut alkaloids are used for the treatment of vascular diseases and in
veterinary medicine (Pittenger et al., 2002).
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Picture 1. Bioactive components iAesculudlowers Bielarska et al., 2032

Certain plant organs and other decorative plants are used for medicinal purposes,
for example: boxwood leaves against gout, rheumatism, fever; viburnum leaves
and fruits for stomach ailments; from linden liquina fibers, timber, flowers for teas
and it is @ important honey plant; from birch wood for carving, sap as a drink,
nutritious leaf buds, flour from the inner bark, teas and baths from dry leaves, and
SO on.

Certain plant organs of herbaceous decorative species can also serve as an
important raw material in the pharmaceutical and cosmetic ind@teyma and
Kumar(2013) emphasize that a large number of herbaceous, annual and perennial
species of decorative plants contain substances that are important raw materials
for cosmetic and pharmaceutical preparatidihe plants used icosmetics donot
merely enhance beauty but halafinite medicinal value also. Sand8antalum
albumLinn.), turmeric Curcumadomesticavaleton.) and other plants are used

in theformation of a paste for improving the complexwina bride.Womenuse
sandal(Santalum albuniinn.), rose Rosa damascendill.) to perfume their
body.Acacia concinndC. (Vern.Shikakai); Pods are blended into shamgoad

hair cleanser witlsapindus mukoros&aertnVern. Ritha to promote hair growth

and to stop hairsplitting, falling and dandruff.

These plants can be grown on decorative surfaces for preparing teas and other
medicinal drinks that are used as means to improve the health of people, but also
domestic animals and pets. As decorative plants are valued, among others, the
oman, which bloom#or a long time forming beautiful yellow inflorescences that

are also used as cut flowers.

The roots of this plant are very medicinal and were used in ancient times to make
medicines against cough and bronchitis. The roots of some other plants have a
similar medicinal value, and in recent times, they are also grown more and more
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on flower beds. Such is the type of echinacea whose roots are used in folk and
official medicine.

From the rose family, a perennial herbaceous spetiegipendulaulmarial. /
Spirea ulmaria..) (s u r uih Serbian)s grown as a decoratiygant. The plant

is valued as edible and medicinal because it contains salicylic compounds. It is
used in folk medicine for the preparation of analgesic drugs.

Pyrethrum cinerariaefoliumVis. - (B u h ia Serbian)one of the most powerful
natural insecticidef®yrethrum cinerariaefoliunthrives well on sandy and stony
surfaces and can be grown for decorative purposes on such terrains. It is a
perennial bushy plant that blooms all year round, forming yellow-bbaped
inflorescences. The plant has been used for medicinal purposes stieet an
times.

O 8]
R 0 \/ﬁ 0
[

Pyrethrins Allethrin
R, R CN © 5
r

Pyrethrin | Me CH=CH; o I =
Cinerin | Me Me O) e—y Br
Jasmolin | Me Et X
Pyrethrin Il CCoMe  CH=CHs
Cinerin Il CCsMe Me
Jasmolinll  CCO,Me  Et Deltamethrin

Picture 2. Chemical structures of the neurotoxic insecticigrethrins
(Kojima et al., 2022

Today's pharmacopoeia treats the feverfew herb as a remedy against fever and
colds, but one should lmareful because the plant is poisonous, due to pyrethrins
Picture 2 In the past decades, in addition to the decorative value it has in specific
parts of the gardens, in some countries, the wild rose is grown on larger areas and
serves as a raw material for the production of bioinsecti¢Cesida, 1973; 1980;
Amason et al., 1989; Cox,2002;r di ga & Gr gi I, 2013) .

Pyrethrins are completely safe, there are some exceptions. Pyrethrins do not
accumulate in muscle, fat or other human tissues. The toxic effect of pyrethrins is
greater in children and the elderly, who are more sensitive. Symptoms that may
occur in some pEple who frequently use pyrethrin indoors are hypersensitivity
pneumonitis, inflammation of the lung tissues, cough and shortness of breath. In
contact with the skin, pyrethrin can cause moderate skin irritation, and mild
irritation in contact with the eyeand to nausea, vomiting, diarrhea and abdominal
pain (Macan et al., 2006). The most common symptoms that appear on the skin
are various forms of dermatitis, swelling of the face, itching, scaling, cracking,
burning and sensitivity of the skin, weighsf various edemas and erythemas
(www.atsdr.cdc.gov). Most symptoms disappear very quickly (Casida, 1973).
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Treatment of closed rooms can cause pyrethrin to linger in certain parts of the
room, where it can remain in its original form for up to 75 days (Cox, 2002).
Macan et al. (2006) state that glycoproteins, glycopeptides and sesquiterpene
lactones (the mostmportant pyrethrosine) that cause allergic reactions were
identified in the unrefined extract of the flea beetle. McCord et al. (1921) mention
the appearance of a skin disease called erythema venenstum that appeared on the
skin of the face and forearmstime form of lesions. The pyrethrin used today is
mostly purified from impurities, does not contain impurities, and does not cause
severe allergies that occurred in the past (Casida, ©B0d i §a and Gr §gi
If an allergy does occur, there is a high probability that it will pass quickly. The
most common cause of asthma as a result of using pyrethrins are the impurities
found in the mixture.

Pyrethrins are used to control a wide range of insects, some of which are: plant
bugs, cicadas, cabbage white caterpillars, most aphids, pips, bloody apple aphids,
small and chestnut mealybugs, red fruit spider, bird mites, cherry wasp larvae,
crickets, thips, moths, ticks, fleas, mosquitoes, cockroaches, flies, wasps, hornets,
wasps, some types of lepidoptera, etc. (Arnason et al., €Ca88ja, 1973, Casida,
1980;Koval i | eRejaill.wwnRroonee8iovision.org).

Galium verum L. (I vanj sko c v e [ igsummen floBeesr avei a n) |,
recognizable by their goldeyellow flowers whose smell is reminiscent of honey,

this medicinal plant is widely distributed in our area. It grows in meadows and
roadsides, mostly in dry and sunny habitats, and blooms throughout theesum

Due to beneficial effects dBalium species noticed over time, there are now
galenic remedies and dietary supplements considered to help in several health
disorders, mainly involving immune system, anflammatory processes,
detoxication and oxidative stress, Pictures 3 and 4.

Midsummer flowers are a favorite decorative plant that has been cultivated since
ancient times. In addition to the basic role of beautifying the space in decorative
gardens and in the backyards, this decorative plant is used in folk medicine
Shahmoradi etal., (2016). Inflorescences containing medicinal substances,
essential oils, rutin, cinnaroside, flavonoids and salts of organic acids serve as
drugs.

The reported biological activities Gallium verumare presented in Table 1.
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Table 1.Biological activities ofGallium verum

Use Pathology Biological activity

Urinary stone complaints,| Antioxidant (investigated and proved by
Scurvy,Dropsy, Hysterics| DPPH, ABTS in vitro assaysgytotoxic

Epilepsy,Gout, Nose (investigated and proven in high doses in
bleeding, Stomach neck cancer cell linesHLaC78 and FADU
problemsDiarrhea, cell motility and invasion strong inhibition
Scorbutic, scrofulous DNAprotection again
anddropsically complaintg toxicity in cigarettes)Protective: hepatic
Antistres® immuno protector, thymus protector,Antimicrobial

Internal " ) X . .

use modulatory Pyelitis, (antibacterial and antifungal activity)

Cystitis, Liver disorders, | (water, alcohol,chloroform extract):
Cardiovascular diseases,| Staphylococcus aureus, Escherichia coli,

Thyroidian,ovarian, Pseudomonasaeruginosa, Bacillus subtili
adrenal and gluco Proteus vulgaris, Candida albicans
corticoidhormones Endocrine system: morphological change
synthesis stimulatio(in of hypothalamudypoplysisadrenal axis
vitro). resulting in enhanced ofeurosecretory
activity
Indolent tumors, Strumouj Antihaemolytic activity Cholinesterase
swelling andumors of activation,Nonspecific defense mechanis|

breast, Psoriasis, Delayeq Detoxicant,Antibacterial, antifungal agains
wound healing, Cancerou| Grampositive microorganisms (aureus,
Externa| ulcer, Breastancer, L. monocytogenesAnticandidiasis effect
| use Bacterial and fungal (on Candida albicans, C. tropicalis, C.
infections,Parasitoses, glabrata)

Gingival inflammation,
Cosmetic purposes

Source:Turcov et al., 2022

Preparations of St. John's wort are used to treat kidney diseases, inflammation of
the liver, as well as psychological disorders (anxiety, hysteria, epilepsy and
others). In the production of dairy products, it is added to curdle milk and color
cheese. Midummer flowers are an exotic, entgwhilous species and belong to

the group of honey plants.
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Picture 3. Chemical structures of tH®alium sp.

Achillea millefolium L. is characterized by broad ground leaves arranged in the
form of a rosette and an upright stem up to 80 cm long, on which small pinnate
leaves are arranged on short stalks, at the top of which there is a rich inflorescence
made of small white or light pinflowers. St. John's wort belongs to the
Asteraceaglant family, and has many therapeutic uses.

Achillea millefolium L. (Yarrow), belongs toAsteraceaefamily and it is
represented by about 85 species mostly found in Europe and Asia and a handful
in North America. In the folk medicine yarrow is used for treatment of fever,
asthma, bronchitis, cough, skin inflammation, jaundice, disbétepatobiliary
diseases, healing of wounds, menstrual regulation, flatulence, dyspepsia,
hemorrhoids, dysmenorrhoea and gastritis and also consumed for its antitumour,

antimicrobial,

antinflammatory and antioxidant rpperties.

Antioxidant

properties ofA. millefoliumhave previously been reported in hydroalcohaolic,
methanolic and aqueous extracts, as also in the essential oils (Candan et al., 2010;
Trumbeckaite et al., 201V italini et al., 2011).Hyperoside was the flavonoid
compound present at high concentrations among the investigated standards

(604. 95 and

45 3. 2)bTalde@®/ g

dw, respective

Table 2.Flavonoid aglycones and glycosides content in extract Aohillea

millefolium, € g/ ¢

dw

Flavonoids aglycines
and glycosides /

Microwave extr.

Decoction extr.

extract
Myrcetin 52.00 45.44
Luteolin 95.21 126.97
Kaempherol 15.91 126.97
Rutin 54.03 94.80
Hyperoside 453.25 604.95

Source:Georgieva et al., 2015
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a. o b. C. .
Picture 4. Park chestnut, dlea, b, midsummer flowers, cY.arrow, d.

Yarrow is an often cultivated, but also widespread-#eiivering flower species

with aperennial life cycle. In addition to its decorative value, this plant has always
played an important role in folk medicine. The abgveund organs of plants
(flowers and trees with leaves), which have a strong antibacterial effect, are used
as drugs. Pregations made from the drug yarrow are used in official medicine
for the treatment of diseases of the stomach and intestines, as well as against
hepatitis, high blood pressure and as a means of preventing thrombosis. In folk
(alternative) medicine, the le@s are used to stop bleeding, then in the treatment
of injuries, purulent wounds and in soothing skin inflammations. Some nations
use it in cooking. Flowers and leaves are used for the preparation of dishes to
which they give a specific aroma, and in gimeduction of alcoholic beverages for

the preparation of liqueur. It is also highly valued as a honey plant.

Conclusion

Herbaceous biomass is used to produce compost. The wood biomass of decorative
plants can be used as solid fuel or cut, and the obtained boards and laths are used
for making various objects. A greater number of woody species of ornamental
plants form fruitsduring the year that can be used in the cosmetic and
pharmaceutical industry if they are healthy and uncontaminated by aerosols. In
addition to the basic role of decorative plants to beautify the space in decorative
gardens and on the homesteads, desergiiants are used in folk medicine
because in their vegetative or generative organs they synthesize medicinal
substances that have a beneficial effect on the health of people and domestic
animals. In treatment, they are used as auxiliary medicinal of(étkrnative)
medicine, and according to data from the World Health OrganizafigaQ),

about 80% of the world's population uses medicinal products based on medicinal
plants.
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dbstract

Thanksto the grain's high energy and nutritional value, oats are of great

economidmportance Thepaperanalyzedhe productivityof oatson fertile soil,

chernozenin a two-year periodandin two variantsof feeding:control (variants
without feeding)and in the variant with digestate Oat productivity parameters
wereanalyzednumberof earsperpanicle,grain masgper panicleandcompared
with grain yield per hectare.The resultsshowedthat year and digestatehad a

statistically significanteffecton the numberof spikeletsper panicle of oatsand

that higher valuesof grain weight per panicle were achievedin the digestate
variant comparedo the control variant. Thedigestatehada significanteffecton

theincreasein oat productivityparametersandits applicationin the oat crop is

justified.

Key words: Oats, seed storage, production year, digestate, productivity
parameters

Introduction

Oats(Avenasatival.) is atrue cerealthat hasa smallerareaof distributiondue
to lesstoleranceto frost and drought. Thanksto the grain's high energyand
nutritional value,oatsare of greateconomicimportanceHulled grainis usedin
human nutrition and unhulled grain and aboveground biomassas food for
domestiandfarmedanimals Oatsareknownasnaturalfunctionalfood. Oatsfor
humanconsumptionare responsiblgor numeroushealthbenefitsin additionto
basicnutrition( B u etal.2023).In humannutrition, peeledoatgrainis usedin
the form of oatmeal semolinaandoatflour, which is mixed with wheatflour to
make bread and other bakery - bread products(Figure 1ac). In the diet of
domesticanimals, oats can be usedin two basic ways, as concentratecand
voluminouse fodder. Oat grain has 8.18% digestible proteins, has higher
nutritional value than corn and 1.02 nutritional units ( G| a metlall, 20{L5a
L a ketal.,2018;Raj &[T et 20621;B u retal.,2022. In ourcountry,it is
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grownmoreasa fodderplantin mixtureswith buttercupsandlessfor grain. If it
is grown for grain, the unpeeledftuits are usedas animalfeed, and the peeled
fruits are usedfor the industrial preparationof finished food productsof high
nutritional value. Secondaryproductsare harvestresidues(whose percentage
sharein thetotal biomassyield is higherthanin othergrains),followed by chaff,
poorly grainsandbranthatremainaftergrainmilling.

Despiteits greateconomicimportanceand diverseapplicationin nutrition and

industrialprocessingthe areasownunderoatsin somecountrieswhich werethe

largestproducersdecreasedyutincreasedn SouthAmericaandsomeEuropean
countriesgspeciallywherethegrainis increasinglyusedn feedpeople Thetrend

of decreasin@reasn thelastdecade®f the lastcenturywasgreatlyinfluenced
by the weak competitivenes®f oatswith othermore productivetypesof grain

anda significantdecreaseén the numberof horsesfor which oatgrain servedas

themainconcentratedeed.

For mosttypesof soil in Serbiaconditions,to achievehigh yield andgoodgrain
quality, on averageshouldbe applied60-90 kg ha of N, 60-90 kg ha! of P.Os

and40-60kg ha' of K0 purenutrients Phosphoruandpotassiunfertilizersare
introducedin winter oats50%in the basictillage and50% beforesowing,while

in springoatsall phosphorusnd potassiunguantitiesareintroducedin autumn
underbasictillage. In morehumidregionstheamountof nitrogenfor fertilization
is addecdearlyin the springduringintensetillering (thefirst fertilization with half
of the anticipatedamount)andthe secondfertilization at the beginningof stem
elongationwith the remainingamountof nitrogen.In the caseof springoatsin

arid regions the entireamountof nitrogenis givenbeforebasictreatmenbor pre-

sowingpreparationi.e.,withouttopdressing R a jetall,2020;2021).Theaim
of this study was to investigatethe effect of digestateon oat productivity on
chernozem.

Materials and methods

In this study,the analysisof oat productionin the world (FAO 2023)aswell as
the influenceof digestateon oat productivity on black soil was monitored.The
experimentsvere carriedout in Kovin, Pan evo municipality during 2021 and
2022,0nchernozentypesoil in threerepetitions Theelementaryplot was25m2.
Sejands aspringoatvarietyof NS Dunav.PrecropwvassoybeansSoil cultivation
was carried out accordingto standardmethodsfor spring crops. Instead of
fertilization, digestatevasappliedasa nutrientanda control variantwaswithout
digestateTheentireamountof digestatevasgivenin thepre-sowingpreparation.
Sowingwasdonein mid-February Harvestingwasdonein early Augustwith a
harvesterfor experiment.The following parametersvere analyzed:Number of
spikeletsper panicleof oatsandmass(yield) of grainperpanicle(g). Theyield
wasmeasurean thedayof harvestandconvertedo 14% moisture.

Theeconomidmportanceof oatsis reflectedn thequality of its grain,from which
high-quality products are obtained, Figure lac. Oats are harvested at
technologicamaturity, Figure 1a. Oat seedis dried to 14-15% moisture,Figure
1b, andstoredin storagesilos, Figure?2.
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a) b)
Figure 1. Oatcrop (a), oatseedb) andoatproductgc)

Seedstorage

Seedstoragés the final work operationin the oat productionprocessThereare
severatypesof storagenormalstorage storagewith drying or additionaldrying
of productsandstoragewith preservatiomf productsWhenstoringoats themost
importantconditionduringstoragds maintaininghumidity at optimalvalues Oat
grain with a higher percentageof water after harvestingis dried in dryersor
directly pouredinto asilo thathasaninnovativemixing propellerthatworkswith
thehelpof SMART-THINGS, i.e. with the helpof sensorsisshownin Figure2.

The sensoraremonitoringthe humidity of the oatgrain, reportingto the central
sensothatautomaticallyblowsmoistor dry air directly with the help of the unit,
dependingon the need,in orderto maintainoptimal conditionsfor storing oat
seeds.

b)
Figure 2. Silosfor storingoats,Designedoy (&) Ri s& R d p o 2023(b),
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Meteorological Conditions

During theinvestigationmeteorologicatlata,temperatur@andprecipitationwere
very variable.Crop productionis highly sensitiveto climate, which meansthat
climatechangesignificantlyaffectscropproduction( P o p etal.j2011;2020a;
2020b; 2022). The meteorologicalconditions, monthly precipitation and air
temperaturegor 2021 and 2022 during the trial were takenfrom the Hydro-
meteorologicabkerviceof the Republicof Serbiasituatedn Par evo(Tablel).

Table 1. Averagemonthlytemperatureandamountsof precipitationfor the oat
vegetatiorperiodduring2021and2022inPan| e v o

Parameter Temperature (°C)

Month v \% VI VII VIII IX Average
2021 13,2 | 16.04 | 21.60 | 25.30 | 22.00 17.00 19.25
2022 9.89 | 17.14 | 21.70 | 25.28 | 22.04 17.87 19.03

Parameter Precipitation (mm)

Month v V VI VII VIII IX Total
2021 440 | 73.3 31.1 110 48.3 21.7 328.4
2022 546 | 63.1 | 41.7 142 38.3 11.7 3514

Averagetemperaturesn the growing seasonn 2021 were 19.25°C and were
higher by 0.22 °C comparedto the growing seasonof 2022, while total

precipitationin 2022 was higherby 23 mm, but with an unfavorableschedule,
especiallyin critical stagedor oats.Precipitatiorandtemperaturdaveadecisive
influenceontheyield ( L j u &tal]202M;2023;Mi | u retal, 2022).

Resultsand Discussion
Oatproductionin theworld

The areaunder oats hasbeenreducedin the pastdecadesn the world at the

expensef moreproductivegrains,andaccordingto FAO data,in 20220atswas

grown on 9,562,497ha(mostly in the countriesof Easternand Northeastern
Europe),Table 2. Accordingto FAO statisticaldatain the world in 2022there

were9,562,49haunderoats.Theaveraggyrainyield was2,360kg ha1, andthe

total productionwas22,571,6180ons. The largestareasunderoatsby continent
were Europewith 5,390,227ha or 56.37%and America with 2,387,873ha or

24.97%.Europerecordedhe highestaveragegrainyield of 2,526kg ha-1 with a

total productionof 13,614,876tons, while Americarecordedan averagegrain

yield of 2,380kg ha1 andtotal productionwas5,683,70Qons,tablel.
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Table 2. Areas,yieldsandproductionof oatsin theworld in 2022.

Parameter Area, ha Yield, kg ha* | Production,t | Sharearea,%
World 9,562,497 2,360 22,571,618.53 100.00
Europe 5,390,227 2,526 13,614,876.00 56.37
America 2,387,873 2,380 5,683,700.71 24.97
Oceania 1,075,574 1,788 1,922,794.62 11.25
Asia 581,092 2,036 1,183,130.74 6.08
Africa 127,731 1,308 167,116.45 1.34

EU 2,553,510 2,933 748,848.00 26.70

Source:FAO, 2023

In our country,accordingto datafor 2021,0atsaregrown on anareaof 14,503
ha.In total, 44,176tonsof grainswere produced Averagegrainyields of 3,046
kg ha-1 are20.58%higherthanthe averageof Europearcountriesor about30%

higherthantheaverageworld yields.In lowlandareasgspeciallyon areamextto

largebuildingsof domesticrcuminants patsaremostly grownin foddermixtures
for freshbiomassthatis usedfreshor for the preparatiorof silageandhaylage.
Grainproductionis mainly concentrateh the hilly andmountainousreasof the
centralpartof Serbia.

Productive characteristics of oat varietiesin Serbia

The averagevalue of the numberof spikeletsper paniclewas24.52.The values
of the numberof spikeletsper paniclevariedfrom 22.25in the control variantto
26.20in thevariantwith digestate.

Year and variety had a statistically significant influence on the valuesof the
numberof spikeletsper panicle.The interactionof the examinedfactorshadno
statisticalsignificancefor the examinedactor,tables3, 4 and5, graphslaand?2.

The averagevalue of grain weight per paniclewas 1.47 g. The valuesof grain
massper paniclevariedfrom 1.36g in the controlvariantto 1.58g in thevariant
with digestateYear andvariantandthe interactionof the examinedfactorshad
no statisticalsignificancefor theexaminedactor,tablest, 7 and8, graphslband
2.
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Table 3. Productivityparametersf oatsin the controlandin the variantwith

digestate
Parameter Varijant 2021 2022 Average v
Numberof spikelet Control 24,53 21,17 22,85 3,36
“mpe‘irsa;f(’:'lee €S Digestat | 26,90 25,50 26,20 1,40
Average 25,72 23,34 24,52 2,38
) Control 1,20 1,51 1,36 0,31
Masso;gigg‘Sper Digestat | 1,57 1,58 1,58 0,01
P Average 1,39 1,55 1,47 0,16
No. of spikeletsper panicle Massof grains per panicle
LSD . . Y X
Year Variant YX Var. Year Variant .
Variant
0,5 1,336 1,337 6,135 0,303 0,304 4,297
0,1 6,308 6,308 8,922 0,442 0,442 6,253
Tabela 4. Anovafor numberof spikeltsperpanicle
Parametar SS Degr. of MS F p
Freedom
7217,708 1 7217,708 680,4878 | 0,000000
Numberof 17,041 1 17,041 1,6066 | 0,240616
spikeltsper 33,667 1 33,667 3,1742 0,112671
panicle 2,901 1 2,901 0,2735 | 0,615170
84,853 8 10,607
Table 5. Numberof spikeltsperpanicleof oats
Levelof | Levelof Std. | Std. - o
Effect factor factor N | Mean Dev. | Error | 95,0% +95,0%
Total 12 | 2453 | 3547 | 1.024 | 22270 | 26.779
Year 2021 6 | 2572 | 4151 | 1.694 | 21.360 | 30.073
Year 2022 6 | 23.33 | 2.655| 1.084 | 20546 | 26.119
Variant Control 6 | 2285 | 4.280| 1.747 | 18358 | 27.341
Variant | Digestate 6 | 26.20 | 1.625| 0.663 | 24.494 | 27.905
Yearx 2021 | Control | 6 | 2453 | 5970 3.446 | 9.702 | 39.364
Variant
yearx 2021 | Digestate| 6 | 26.90 | 1.800 | 1.039 | 22420 | 31371
Variant 9 ) ' ' ) '
Yearx 2022 | Control | 6 | 2117 | 1.286 | 0.742 | 17.973 | 24.361
Variant
Year 2022 | Digestate| 6 | 2550 | 1.374| 0.794 | 22.084 | 28915
xVariant
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Tabela 6. Anovafor massof grainsperpanicleof oats

Parametar SS Degr. of MS F p
Freedom
25.784 1 25.784 494894 | 0.000000
Massof arai 0.075 1 0.075 14435 | 0.263927
agfoagirgg‘s 0.147 1 0.147 2.8293 | 0.131060
berp 0.063 1 0.063 12107 | 0.303206
0.416 8 0.052
Table 7. Massof grain perpanicleof oats
Std. | std. - ;
Effect Level of factor N | Mean Dev.| Error | 95,00% +95,00%
Total 12| 1.465| 025 | 0.073| 1.305 | 1.626
Year 2021 1.386| 027 0.110| 1.103 | 0.669
Year 2022 1545|023 | 0094 | 1.304 | 1.785
Variant | Control 1.355|027| 0.109| 1.075 | 1.634

1.576| 0.21| 0.082 | 1.366 1.787
1.203|0.21| 0.124 | 0.669 1737
1570|0.18| 0.107 | 1.106 2.034
1506 | 0.25| 0.143 | 0.889 2.125

Variant Digestate
Yearx Variant| 2021 Control
YearxVariant| 2021 | Digestate
Yearx Variant| 2022 Control

O OO ||| O OO,

1.583| 0.25| 0.147 | 0.948 2.218

Yearx Variant| 2022 | Digestate

Year*Variant; LS Means YearVariant; LS Means
Current effect: F(1, 8)=,27349, p=,61517 Current effect: F(1, 8)=1,2107, p=,30321
Effective hypothesis decomposition Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals Vertical bars denote 0,95 confidence intervals
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Grain mass per panicle

N
S

Number of spikelets in the panicle

=
3

16 = Variant 09 == Variant
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Graph 1. InteractionY x V for numberspikeletsin panicle(a) andgrainmass
perpanicle(b)

Correlation analysisof the studied oat traits

Correlationcoefficientsbasedon all traits testedduring 20212022 had positive
values (Table 8). Over a two-year study period, highly significant positive
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correlation coefficients were found betweengrain yields and grain massper
panicle(r=0.50%**).

Table 8. Correlationshetweerthe analyzedraits

Traits GY NSP GMP
Grainyield - GY 1.00 0.14 0.50**
Numberspikeletsn panicle- NSP 0.14 1.00 0.30
Grainmassper panicle- GMP 0.50* 0.30* 1.00
* significantat 0.05;**significant at0.01

SignificantpositivecorrelationsverefoundbetweerNumberspikeletsn panicle
- NSP and grain massper panicle (r=0.411*). A strong positive correlation
betweensmall yields and grain weight has beenfound by many researchers
(Terzicetal.,2018),medium( n e ktdil.]2014;GUngdretal.,2017),whi|eweak
positivedependenchasbeenidentifiedby R a j iethli, (2020).

Grain yield = 2,0024-0,0008*x+0,9608*y
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Graph 2. 3D for numberspikeletsn panicle(a) andgrainmassper panicle(b)

Oats nutritional value

Oatgenotypegwinter andspring)differ in the chemicalcompositiorof thegrain,
especiallyin proteincontent.Theproteincontentof oatgrainsis 16.9g.fat content
6.9g,crudefiber contentl2.1g,Table9.
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Table 9. Oatsnutrutionvalue

Nutrient Amount per loogo_f oats
(% of recommendedaily intake)
Protein,g 16.9
Totalfat, g 6.9
Saturatedat, g 1.2
Monounsaturateéat 2.2
Sodium,mg 6.0
Total Carbohydrateg 57.1
DietaryFiber,g 12.1
Sugarg 1.1
Potassiummg 310.1
Calcium,mg 48.1
Iron, mg 4.2

Jordanovskat al., (2018) pointsout thatthe proteincontentof oatgrainsvaried
from 12-15%, fat contentfrom 4-6.5%,crudefiber contentfrom 12.212.5%.

Therewasa significanteffect (p<0.001)of boththe variety andenvironmenin
protein,oil andb-glucancontentsvhich, averageaverall varieties rangedrom
7.77 to 12.33%, 6.48 to 7.83% and 3.16 to 4.88%, respectively, across
environmentgHowarthetal., 2021).

Conclusion

Oat grainis usedfor food, nonfood and feed productsdue to its uniquegrain
qualities.Known as a naturalfunctionalfood, oatsfor humanconsumptionare
responsibldéor numerousealthbenefitsbeyondbasicnutrition.

Overatwo-yearstudyperiod, highly significantpositive correlationcoefficients
were found between grain yields and grain mass per panicle (r=0.50**).
Significant positive correlationswere found betweenNumber of spikeletsin
panicle- NSPandgrainmassperpanicle(r=0.411%).

Theresultsshowedthatyearanddigestatéehada statisticallysignificanteffecton
the numberof earsper panicleof oatsandthathighervaluesof grainweightper
paniclewereachievedn thedigestatevariantcomparedo thecontrolvariant.The
digestatehad a significanteffect on the increasen oat productivity parameters
andits applicationin the oat crop is justified. By improving the quality of oat
varietiesfor food, nonfood and fodder productsthrough plant breeding,new
opportunitieswill becreatedor thefuture of this culture.
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Abstract

Apple is a widespread continental fruit species within Montenegro, and it is
dominant in the Lim River valley (Polimlje). The territory of Berane represents a
central part of this region, offering suitable agegological conditions for apple
cultivation, which also confirms the presence of a large number of plantations
with a total of 41,000 trees. This paper presents certain trends in apple cultivation
and yield in this area created on the basis of official statistical data, including
challenges and opptunities related to the growing and processing of apples over
a two-decade period. Apart from the traditional methods of analysis used in fruit
growing research, the study employed SWOT, PESTEL, and GAP analyses to
comprehensively evaluate the current staf apple production. The analysis
revealed that apple production is a dominant agricultural activity. An insight into
the current state of apple production including an analysis of cultivated
genotypes, growing technology, and yield fluctuations, ledg@onclusion that

the major problems are an inadequate assortment and outdated cultivation
technology. In this regard, the study emphasizes that introducing more productive
apple cultivars, using intensive growing systems and modern techniques, and
encouaging economic opportunities are key segments for improving production.
The outcomes have implications beyond agricultural production, extending to the
local economy and community. By modernizing apple orchards, the region can
not only secure a sustainaincome source for the local population but also
contribute to regional development.

Key words: Malus domestica Borkh.production, trends, agrecological
conditions.

Introduction

Apple (Malus domestic®8orkh.) is widely cultivated and ranks third major fruit,
after citrus and banana, with respect to global fruit production according to FAO
statistics in 2019KAO, 2020) and it is widespread on all continents in different
environmental conditions (Lespinass, 1992), which indicates its extreme
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adaptability to changing environmental conditions (Ercisli, 2@grghani et al.,

2009; Radivojevic et al., 2014). Aple fruits also have an interesting nutritional
value, and their consumption has been associated with beneficial health effects
(Millan-Laleona et al., 2023). The economic importance of apple lies in the fact
that its fruits carbe consumed fresh throughout the year (Ercisli, 2004). They can
also be dried and processed into numerous products such as juice, jam, compote,
puree, vinegar, windhrandy, concentrates etc. (Milenkovic and Lukic, 2008).
Autochthonous apple varieties are still keeping their importance in Montenegro
and they are valuable resources as human food and an important part of rural
landscape (Bozovic et al., 2016).

On the basis of fruiting type and branch architecture, apple trees are classified into
four ideotypes: columnar, standard, spur, and weeping, with different branch
angles(Lespinass, 1992). Fruit tree architecture determines the compactness of
the canopy structure, the amount of shadowing between branches, and the extent
of ventilation and light transmission to the lower part of the tree. Branching can
affect tree shape, iturn influencing fruit yield and quality (Costes et al., 2010).

In apple productionpranch angles are manually widened to promote early
flowering and fruiting. Investigation of branch angi&ated genes should
therefore contribute to apple tree breeding and genetic improvement (Li et al.,
2022).

Apple cultivation plays a pivotal role in shaping agricultural landscapes and
economies across the world. Its significance stems from its widespread
adaptability, making it a staple in various environments. Berameunicipality
located in Montenegro, stands as a prime example of this adaptability, with a rich
history of apple cultivation fostered by its agroological conditions and
traditional practices. Its unique geographical position within the valley oivire

Lim, coupled with its moderately continental climate with cold winters and warm
summers, underscores the significance of studying apple cultivation in this
locality.

The aim of the work was to analyse the growing of apple in the region of Berane
for a period of two decades of this «ce
trends in the cultivation and yield of apple in the ageological conditions of
Montenegro bBsed on statistical data.

While anecdotal knowledge and localized practices have contributed to apple
cultivation in Berane, a comprehensive analysis incorporating systematic data and
insights from multiple dimensions is essential. Prior to this study, limited
empirical research kda been conducted on the trends, challenges, and
opportunities in this specific context. By scrutinizing statistical data and applying
analytical frameworks such as SWOT, PESTEL, and GAP analyses, this study
endeavours to provide a holistic perspective thgtiends beyond previous
subjective understandings.

The study's significance transcends the immediate scope of apple cultivation,
resonating with broader implications for local economies, rural livelihoods, and
sustainable agricultural practices. The outcomes of this research hold the potential

133



to guide informed decisions, driving the transition towards modernized cultivation
techniques, varietal diversification, and the integration of advanced technologies.
In doing so, this study seeks to not only address the challenges faced by apple
growers n Berane but also to pave the way for a resilient, profitable, and
sustainable apple cultivation sector that aligns with the region'seagtogical
strengths.

In the subsequent sections, we delve into the methodology employed to assess the
current state of apple cultivation in Berane, followed by the presentation and
analysis of the results garnered through empirical investigation and analytical
frameworks. Ultmately, the study strives to contribute to our understanding of
local agricultural systems, foster economic development, and propel Berane's
apple cultivation sector into a promising future. The intricate dynamics of apple
cultivation in Berane, its chaltges, and the avenues for progress will be unveiled,
offering insights that can potentially resonate with similar contexts globally.

Materials and Methods

Study area.Montenegro exhibits remarkable diversity in view of geographical
features, encompassing a wide range of landscapes including sandy and rocky
coastlines, karst plateaus, expansive fields, towering mountains leaving behind
glacial influences, intricate cangs, and more. All of this is contained within a
compact area of just 13,812 square kilometers and an elevation span of 2,535
meters. The region boasts a Mediterranean climate characterized by warm and dry
summers and autumns, as well as reddyivcold winters accompanied by
substantial inland snowfall, as noted by Kerckhof et al., (2016) and Zejak et al.,
(2022).

Berane, situated in the nor#lastern part of Montenegro, resides within the valley
carved by the Lim River (the city center is positioned precisely at the coordinates
42°50'34.9"N 19°52'22.5"E42.843038, 19.872928), the city is bordered by the
BjelasicaMountain peaks to the west and the Cmiljevica Mountain peaks to the
east. Its northern boundary is marked by the Tivranska gorge, while the southern
perimeter is defined by the Sekularska River inflow to Lim and Vinicka. The
Berane valley areais of 367usdre kilometers according to Spalevic (1999), while
the broader Municipality extends across 496 square kilometers. The Lim River
meanders through the heart of this basin, effectively splitting it into two nearly
equal halves and receiving contributiongiirten tributaries within its watershed
(Spalevic, 2011).

Spanning vertically from an altitude of 670 meters above sea level at the Lim
River's entrance into the Tifran gorge, to a height of 2,139 meters at the peaks of
Bjelasica Mountain, the Berane valley exhibits a notable elevation difference of
1,469 meterdyy extending horizontally for 32 kilometers along the @it axis

(the DzakovicaBjelasica Mountain peaks direction), and 10 kilometers
downstream from the Lim River's bed in the nestiuth direction (Tifran canyen
inflow stretch of the Sekularska Rivinto the Lim) dimensions.
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The population within the Municipality of Berane displayed consistent growth,
from 27,646 residents in 1948 to a peak of 42,060 in 1981. However, this trend
was subsequently reversed, with the population declining to 38,953 by 1991
(Monstat, Strategic Del@ment Plan of the Municipality of Berane for the period
2012 2017). According to the findings of the Montenegro population census
conducted by Monstat in 2011, the municipality of Berane is home to 33,970
inhabitants, accounting for approximately 5.48% WMlontenegro's total
population.
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Figure 1. Area of Polimlje with Berane valley

Methods

The research objective was accomplished using data sourced from the
Montenegro Directorate for Statistics (Monstat). This study conducts a

comparative analysis of annual statistical information concerning land areas, tree
guantities, and apple yields.

A combination of analytical frameworks was employed to comprehensively
analyze the status and potential of apple cultivation in Berane, Montenegro (2000
2021).
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PESTEL Analysis. The PESTEL analysis is a strategic tool used to assess the
external macrenvironmental factors that can impact an organization, project, or
research study. PESTEL stands for political, economic, <udtaral,
technological, environmental, and legal tast This analysis provides a
comprehensive view of the external forces that might influence degisiing,
strategy formulation, and overall success. By examining these factors, researchers
can identify opportunities and threats thag #imtity under consideration might
encounter. The PESTEL analysis was used to evaluate the external factors that
influence apple cultivation, including political, economic, semidtural,
technological, environmental, and legal aspects. This aided instadéing the
broader contextual forces that shape the industry.

SWOT Analysis. The SWOT analysis is a structured framework employed to
evaluate the internal strengths and weaknesses, as well as the external
opportunities and threats of a subject of study, whether it's an organization,
project, or area of interest. The goal is to tifgrthe inherent advantages and
challenges within the context and align strategies that capitalize on strengths and
opportunities while mitigating weaknesses and threats. This analysis aids in
making informed decisions and developing effextaction plans. The SWOT
analysis was applied to assess the internal strengths and weaknesses of local apple
cultivation practices, along with the external opportunities and threats faced by
the sector. By juxtaposing these factors, the SWOT analysisdtited areas for
improvement and potential avenues for development.

GAP Analysis. GAP analysis is a method used to identify the disparities, or
"gaps", between the current state and the desired state of a subject. It involves
evaluating where an entity is presently (actual performance) and where it aims to
be (desired performance). Byraparing these two states, the gaps become
apparent, which may pertain to performance metrics, resource allocation,
processes, or other aspects. Gap analysis assists in setting realistic goals, designing
strategies for improvement, and idéyitig necessary actions to bridge the gaps.
Additionally, a GAP analysis was conducted to identify the gaps between the
current state of apple cultivation in Berane and the desired state. This involved
comparing the existing conditions, challenges, andodppities with the
envisioned future state. The GAP analysis facilitated the formulation of actionable
recommendations and strategies to bridge the identified gaps.

The combination of these three analytical tools enabled a multidimensional
evaluation of the apple cultivation sector, shedding light on its existing challenges,
untapped potentials, and pathways for advancement. This robust methodology
provided valuablerisights for the subsequent analysis and discussion presented in
this study.

Result and Discussion

Berane Municipality stands as the Montenegro's -fdtigest administrative

region. Within its bounds, the urban population totals 11,073 individuals (32.6%),
while in rural areas there are living 22,897 residents (67.40%). Notably, the
municipality's aggultural landscape spans a substantial 26,070 hectares, as
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indicated in Table 1. Pastures dominate this land utilization, occupying 10,088
hectares, followed by arable land at 3,435 hectares and orchards covering 910
hectares. The agricultural contributions from Berane hold significant weight in
Montenegro's ovelaagricultural output, a fact highlighted bMIONSTAT
(2023)

Table 1.Land structure in Berane, 2018.

Land category Area (in ha)
Agricultural land 26070
Arable land 3435
Orchards 910
Meadows 8049
Pastures 10088
Forest land 20935
Barren land 2171
TOTAL 49176

Source: Secretariat fohgriculture, Municipality of BeraneStrategic development plan
of the municipality of Beranier the period 2012023

Further insights into the fruit production composition within the Berane
municipality are detailed in Table 2.

Table 2. The structure of fruit trees in the area of the of Berane

Order No.| Fruit type | Number of trees in the gen
1. Plum 290,500
2. Apple 41,100
3. Pear 13,600
4. Cherry 2,580
5. Sweet Cherry 2,000
6. Walnut 1,900
7. Raspberry about 3 hg

Source:Strategic plan of rural development of the municipality of Berane for the period
20207 2024.

Among continental fruits, apples and plums rank as the most prevalent within the
Berane municipality. A significant count of 41,100 apple trees in the genus
populates the region (Strategic Plan of Rural Development of the Municipality of
Berane for the pevd 202G 2024).

GAP analysis, a SWOT analysis, and a PESTEL analysis for the given apple
cultivation in Berane, Montenegro (20@D21) are presented in the tables 3, 4
and 5.
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Table 3. GAP analysis for the apple cultivationBerane (2002021)

Current Situation (What is):
Outdated Assortment and TechnologyApple cultivation in Berane relies ¢
outdated apple varieties and cultivation methods, leading to suboptimal
and production efficiency.
Decreasing FruitBearing Trees The number of fruibearing apple trees
declining, indicating a need for rejuvenation and modernization efforts.
Brandy Production Focus The primary purpose of apple cultivation appe
to be brandy production, which might limit the potential for diversified ma
offerings.

Underutilized Agricultural Land : Despite the availability of substanti
agricultural land, there seems to be an underutilization of available spa
apple cultivation.

Desired Future State (What should be):

Modern Cultivation Techniques. Transition to modern cultivatio
techniques, including intensive planting, efficient irrigation, and proper
management, to increase yields and quality.

Varietal Diversification: Introduce and promote more productive ap
varieties suitable for the region, aligning with market demand for both
consumption and processed products.

Increased Yields Improve yields per tree and unit of area through b
cultivation practices, resulting in higher overall production.

Market Expansion: Broaden the focus from brandy production to incl
fresh apple consumption and processing for various products like
compote, and jam.

Gaps (What needs to be done):

Technology Upgrade Implement trainingprograms to educate loc
farmers about modern cultivation techniques and technologies, encou
them to adopt these practices.

Varietal Revitalization: Develop strategies to introduce and popula
more productive apple varieties while preserving local heirloom varieties

Investment in Infrastructure: Establish storage and transportat
infrastructure to ensure efficient delivery of apples and products to locé
potential markets.

Market Diversification: Encourage farmers to explore new mar
opportunities beyond brandy production, such as fresh apple sales and
processed products.

Knowledge Dissemination Develop extension services and workshop
disseminate knowledge about modern apple cultivation techniques
practices, and market trends.
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By addressing the listed gaps and working towards the desired future state, the
apple cultivation sector in Berane can potentially experience increased

productivity, economic growth, and improved market competitiveness.

Table 4. A SWOT analysis for the apple cultivation in Berane

Strengths:

Favorable Agro-Ecological
Conditions: The region of Berane
Montenegro, offers ideal agf¢
ecological conditions for appl
cultivation, including a climate witl
warm summers and cold winters.

Tradition in Cultivation : There is
a historical tradition of appl
cultivation in the area, indicating tf
potential knowledge and experience
local farmers.

Varietal Diversity: The region
boasts a diverse assortment of af
varieties, including local ones, whic
could contribute to unique flavors ai
potential marketing opportunities.

Abundant Land Availability :
There is a significant amount ¢
agricultural land available fo
cultivation in Berane, providing root
for expansion of apple orchards.

Weaknesses:

Outdated  Assortment  The
predominant use of older and le
productive apple varieties hampers
potential for high yields.

Inadequate Cultivation
Techniques The presence of ol
plantations and outdated cultivati
methodscontributes to lower yield
and reduced production efficiency.

Decreasing FruitBearing Trees
The number of fruibearing apple
trees is decreasing over time, possi
due to a lack of proper maintenan
and modernization efforts.

Brandy Production Focus The
primary purpose of apple cultivatic
seems to be the production of brar
rather than fresh consumption or otl
processed products, limiting tk
potential market opportunities.

Opportunities:
Modernization and
Intensification:  Shifting towards

modern cultivation methods ar
adopting intensive production systel
could significantly improve yields an
overall productivity.

High Local Demand Given the
rural population's prevalence and t
potential for increased income, ther
an opportunity to cater to the loc
demand for fresh apples and otf
applederived products.

Diversification of Varieties:
Introducing more productive ar
commercially viable apple varietie

Threats:

Climate Change Unforeseer
shifts in climate patterns could impa
apple cultivation, affecting yields ar
overall production.

Market Competition: The global
apple market is competitive; witho
modernization, the local produg
might struggle to meet quality ar
guantity demands.

Lack of Infrastructure :
Insufficient infrastructure an
technological advancements mig
hinder the transition to mode
cultivation practices.
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could lead to increased production &
wider market reach.

Income Generation Improving
apple cultivation could become
substantial income source for the lo
population, contributing to econom

Lack of Knowledge Transfer. If
the knowledge of efficient cultivatio
practices is not effectively transferr¢
to the local farming community, th
potential benefits might not b
realized.

development and progress in t
region.

The apple cultivation in Beran®ontenegro, has the potential for growth and
economic benefit, especially if there's a shift towards modernization, improved
cultivation techniques, and the adoption of more productive varieties. The

favourable agreecological conditions and availablenthoffer opportunities for

increased income and economic development. However, challenges such as
outdated practices, limited variety focus, and the need for proper knowledge
dissemination must be addressed to fully realize the potential of apple coitivati

in the region.

Table 5.PESTEL analysis for the apple cultivation in Berane

Political:

Agricultural Policies: Government policies that promote or hing
agriculture, including subsidies, regulations, and trade agreements, can
apple cultivation in terms of funding, support, and market access.

Land Use Regulations Regulations governing land use and agricult
practices can influence the expansion and intensification of apple orchar
Economic:

Market Demand: Economic conditions, purchasing power, and const
preferences influence the demand for apples and related products, af
local farmers' potential income.

Income Generation The success of apple cultivation could contril
significantly to the income generation of the local population and
municipality's economic development.

Market Prices: Fluctuations in market prices for apples can af
profitability and economic feasibility of cultivation.
SocicCultural:

Tradition and Knowledge: Local tradition and knowledge of app
cultivation practices can shape the adoption of modern techniques a
preservation of valuable varieties.

Consumer PreferencesSociacultural factors influence the types of app
in demand, as well as the products (e.g., fresh apples, brandy) derive
them.

Technological:
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Modern Cultivation Techniques. Adoption of modern technologici
practices, such as efficient irrigation methods and pest management,
enhance apple production.

Infrastructure : Availability of modern infrastructure, including stora
facilities and transportation networks, affects the ability to deliver produg
markets effectively.

Environmental:

Climate Change Changing climatic conditions can impact apple gro
and production, leading to shifts in yield and quality.

Biodiversity: The preservation of local apple varieties contributes
biodiversity and can be influenced by environmental awareness
conservation efforts.

Legal:

Environmental Regulations Compliance with environmental regulatio
related to pesticide use, waste disposal, and soil conservation can
cultivation practices.

Intellectual Property Rights: Protection of unique apple varieties throd
intellectual property rights can impact the availability and distribution of ce
cultivars.

The PESTEL analysis (Table 5) highlights that apple cultivation in Beiane
influenced by a variety of factors across political, economic, sadtaral,
technological, environmental, and legal dimensions. Understanding and
effectively addressing these factors can play a crucial role in shaping the success
and sustainabilityf apple cultivation in the region.

Fruit growers should use the region's favourable-agodogical conditions as an
advantage by selecting apple varieties that thrive in the climate conditions of
Berane. Considering introducing more productive apple varieties that align with
market demandand enhancing both yield and quality with modern cultivation
methods such as intensive planting, efficient irrigation, and integrated pest
management to increase productivity is highly recommended. Education and
training should not be overlooked and atlieg workshops and training programs

that focus on advanced cultivation techniques and best practices to stay updated
with the latest industry trends is a high priority for serious fruit growers. The
strengthening of collaboration among local fruit gromershare experiences,
exchange knowledge, and collectively address challenges is of great importance.
The fruit growers should further explore opportunities beyond brandy production
by considering producing fresh apples and various processed produgisckke

jam, and compote to cater to diverse consumer preferences. All the process from
the growing to the processing should strive to implement environmentally friendly
practices by following recommended guidelines for pesticide use, waste disposal,
and hnd conservation. Furthermore, while introducing new varieties, the growers
should remember to preserve local heirloom varieties, which are valuable
resources for the region's heritage and biodiversity.
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I nfrastructure investment i's somet hi
pressure on state services and the government's advocacy for the establishment of
storage facilities and improved transportation networks to ensure timely delivery
of produce to mikets. The new burning issue of climate change should be taken
into consideration, and growers should adapt to climate change by staying
informed about changing climatic conditions and adjusting their cultivation
strategies accordingly to mitigate potehtiaks. The importance of continuous
learning is a key for every serious grower and processor who should stay curious
and open to learning about innovative technologies and practices that can
contribute to improved yields and highguality produce. Find}, but not least
important, is to follow the market, both local and global, by keeping a pulse on
consumer preferences and market trends to tailor production to meet evolving
demands. By implementing the listed recommendations of these key messages,
groweas and processors can enhance apple cultivation practices in the studied
region, boost yields, contribute to the local economy, and ensure the sustainability
of the industry in Berane and Montenegro.

Conclusions

This research has provided a comprehensive analysis of the apple cultivation
sector in Berane, Montenegro, spanning the years 2000 to 2021. Through the
utilization of SWOT, PESTEL, and GAP analyses, the study unearthed crucial

insights into the challengesid opportunities faced by local apple growers.

The analysis highlighted the dominance of outdated cultivation practices and
assortment, leading to suboptimal yields and hindering economic growth. The
declining number of fruibearing trees further emphasized the need for
modernization efforts. Howevethe study also identified significant strengths,
including the region's favourable aggoological conditions, tradition in
cultivation, and potential for varietal diversity.

Recommendations arising from the analysis provide a roadmap for transformative
change. The adoption of modern cultivation techniques, intensification, and the
introduction of more productive apple cultivars stand as key strategies to enhance
yield, quality and economic viability. Market diversification, technological
upgrades, and infrastructure development are pivotal for expanding the sector's
reach and profitability. Furthermore, the preservation of old, local genotypes and
environmentally friendly praices are central to sustainability.

The outcomes of this research extend beyond the realm of agriculture. A
successful transition to modernized apple cultivation practices can generate
sustainable income for the local population, stimulate municipal development, and
contribute to the regioh&conomy. The study underscores the vital connection
between agricultural practices, economic prosperity, and communitpeial.

In summary, this research illuminates the potential for Berane's apple cultivation
sector to undergo a transformation that aligns with market demands, modern
techniques, and sustainable practices. By bridging the identified gaps and
implementing the propesl recommendations, local apple cultivation can
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transition into a dynamic, competitive, and resilient industry. The lessons learned
from this study are applicable not only to Berane but also to similar agricultural
contexts worldwide, signifying the broader significance of this research's findings.
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Abstract

Aiming determinationof the variability in the mastitisprevalencerisk and the
effectof prevalenceisk onsuccessivdaily milk yield of dairy cows(Holsteinand
Simmentabreed)testday recordscollectedfrom 2005to 2022wereused.Asa
mastitis risk indicator, daily lactose contentwas used. The highest mastitis
prevalenceaisk wasdeterminedin bothbreedsduring the winter periodandthe
lowest during the spring season,with the lower prevalence observedin
SimmentalsThe effectof mastitis prevalencerisk on the cow's productivity at
successivanilk recordingswas more pronouncedin the Holstein breed that
experiencedhehigherincreaseat thel. successivenilk recordingandhigh total
increaseduring the analyzed4-month period than the Simmental., Observed
couldindicatebetteroverall healthandhigherresistancenf the Simmentabreed,
aswell asa higherrecoverycapabilityfrom subclinicalmastitisof Holsteincows.

Key words: Dairy cows,mastitisprevalencerisk, daily milk yield, daily lactose
content

Introduction

A sustainableadairy cattle farm implies optimized managemenand genetically
highly valuableanimalsthat will provide high productionof high-quality milk.
Highly productiveanimalsare frequentlysensitiveand extremelydemandingn
termsof keepingconditions,feeding,and prevention.If the aboveis not at the
highestlevel, alarge numberof differentdisordersor disease®ften occur.The
occurrenceof any disorderor diseaseis highly correlatedwith a decreasdn
productionandfarm profitability. Severaldisorderscanoccurin dairy cattle,like
mastitis (inflammation of the mammarygland, usually causedby a bacterial
infection leadingto reducedmilk production,altersin milk composition,and
significant economiclossesdue to a decreasein milk quality and quantity);
lamenesqany abnormalityin a cow's gait or ability to walk causedby hoof
injuries, infections,laminitis, and negativelyaffectsmobility, productivity, and
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welfare of an animal); metabolicdisorders(milk fever (hypocalcemia)ketosis
(energydeficiency),acidosis,andfatty liver syndromethat occurdueto energy
and/ornutrientsimbalanced deficienciesPuppelandK u ¢ z y (X & stated
thatthe differencesbetweerthe geneticproductionpotentialandrequiredration
regarding the animal's needs (energy and nutrients) frequently lead to the
occurrenceof variousmetabolicdisorders Metabolicdisordersand mastitisare
oneof the priciestand mostfrequentdisordersin dairy farms,andcanoccurin

subclinicalor clinical stageHalasaetal., (2007)statedhatbothstage®f mastitis
(subclinical/clinical) causesignificant financial lossesfor dairy farms due to

quality and quantity reductionof milk productionwhile Ozkan Glilzari et al.,

(2018) emphasizedhe negativeenvironmentakffect of mastitisprevalencgan
increasef greenhousgasemissiongerkg of milk).

Thereforejn orderto enablesustainablelairy farming, it is crucialto determine
theprevalencén thesubclinicalstageof certaindisordersAntanaitisetal.,(2021)
determinedheincreasen somaticcell countsandthe decreasén lactosecontent
in animalswith subclinicalmastitis.Silanikoveetal., (2014)determinedhatthe
inflammationof the mammaryglandresultsin cell damageandreducedactose
synthesighatleadto decreasethctosecontentin milk. Similarly, Pyorala(2003)
pointed out that the daily lactosecontentcould be usedas an indicator of the
prevalenceof mastitis.Babnik et al., (2004) definedthat daily lactosecontent
lowerthan4.5%indicateshe prevalenceisk of mastitis.

Due to the high importanceof mastitis preventionand detectionof accurate,
uncostlyindicatorsthisresearctaimedto determinghevariability in themastitis
prevalenceisk andtheeffectof prevalenceisk on successivelaily milk yield of
dairy cows (Holsteinand Simmentalbreed)basedon testday recordsand daily
lactosecontentasa mastitisrisk indicator.

Material and methods

For the purposeof statisticalanalysistestday recordsof dairy cattlecollectedin
the periodfrom January 2005to December 2022in Croatiawereused.Test
day records were obtained during regular milk recording accordingto the
alternativemilk recordingmethod(AT4 / BT4). Logical control of dataincluded
correctionfor the stageof lactation(5 - 300days),parity (1 - 10), andageat first
calving (21 - 36 months).Furthermore recordswith missing or meaningless
informationconcerninghelCAR standard¢lCAR, 2017)weredeletedfrom the
datasetThecorrecteddataseincluded3,953,63testdayrecordsof Holsteinand
4,922, 751testday recordsof Simmentalcows. Accordingly, to daily lactose
content(DLC), animalsweredivided into two classeshealthyanimals(DLC >
4.5%);andcowsin mastitisrisk (DLC < 4.5%).

The mastitisprevalenceisk was definedasthe portion (%) of cowsat risk and
the portion (%) of healthycowsfrom the total numberof animals.The mastitis
prevalencerisk was calculatedfor eachrecordingseasonseparatelyfor each
breed.The analysisof the effect of mastitisprevalenceisk on subsequendaily
milk yield (atl., Il., lll., andIV. successivenilk recording)was performedon
cowswith adeterminednastitisprevalenceisk. Thedaily productionontheday
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of themilk recordingwhenthe mastitisprevalenceisk wasdeterminedvastaken
asareferencevalue. Themastitisindexwasdefinedregardinghenumberof days
after the determinedisk: D-0 = recordon the milk recordingwhenthe risk of
mastitiswasdetermined A-1 = within 35 days,A-2 = between36 and 70 days,
A-3 = betweer71and105days,andA-4 = morethan105days.Theeffectof the
mastitis prevalencerisk on the daily milk yield was studied separatelyby
recordingseasorandby breedusingeastsquaremeansin MIXED procedurdn
SAS (SASInstitutelnc., 2019)by thefollowing statisticalmodel:

® QoL ® Qfo L ® A& &0 TUAD
WaEomA O O ® O O Q

()

where:

Yiilimno = €Stimateddaily milk yield;

€ = intercept;

by, by, bs, ba = regressiorcoefficients(lactationcurveby Ali andSchaeffer1987);
di =daysin milk i (i = 11to 300day);

A, = fixed effectof ageatfirst calvingj (j = 21to 36 month)*only for first parity,
P« = fixed effectof parityk (k = 1.,2.,3.,04);

Y = fixed effectof yearof milk recordingl (I =2005,&6 2022);

Hm = fixed effectof herdsizem(m=1,é 6),

M, = fixed effectof mastitisindexn (n=Di 0, AT 1, Ai 2, Ai 3, Ai 4);

8ijkimno = residual.

Thesignificanceof thedifferencedbetweerthe estimated_Smeansvastestedoy
Scheffe'smethod of multiple comparisonsin the MIXED procedure(SAS).
Estimateddifferencesn daily milk yield (kg) at successivenilk recordingsafter
the determinatiorof mastitisprevalenceisk wasshownseparateljy breed.

Resultsand discussion

The prevalencef Holsteincowsat mastitisrisk andhealthyonesconcerninghe

seasonof milk recordingis presentedn Figure 1. The highestprevalenceof

animalsat mastitisrisk (indicating subclinical mastitis) was determinedin the
autumnseasornin the amountof 52.8%,while the lowest prevalenceof animals
with possiblemastitiswas observedn the springseason39.4%).Furthermore,
the highestprevalenceof healthyanimalsin the amountof 60.6%wasobserved
in spring,while the lowestprevalenceof cowswithout mastitisrelatedproblems
wasobservedn theautumnseasor{47.2%).
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Graph 1. Prevalencef healthyandcowsat mastitisrisk in concerninghe
seasorof milk recordingfor Holsteincattle

Theprevalencef cowsat mastitisrisk andhealthycowsfor the Simmentabreed
concerningthe seasorof milk recordingis presentedn Figure 2. The highest
prevalencef cowswith theindicationof subclinicalmastitis(at mastitisrisk) was
determinedn theautumnseasor{54.0%),while thelowestprevalencef animals
with probable mastitisrelated problems was observedin the spring season
(38.6%).Furthermorethe highestprevalencef healthyanimalsin theamountof
61.4%was observedn the spring seasonwhile the lowest prevalenceof cows
without mastitisrelatedproblemswasobservedn theautumnseasor{46.0%).

If the healthstatusof both analyzedbreedsis comparedthe sameprevalence
trendsarevisible (the highestprevalencef mastitisrisk duringthewinter period
andthe lowestduring the springseason)ln addition,the Simmentalbreedhasa
lower prevalencef animalsatrisk, i.e. ahigherprevalencef healthycowsin all
seasonswhich indicatesa better state of health and higher resistanceof the
Simmentabreed.
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Graph 2. Prevalencef healthyandcowsat mastitisrisk in concerninghe
seasorof milk recordingfor Holsteincattle

In the further analysis,only animalsthat were at risk of mastitiswereincluded,
and their daily milk production was monitored during the following four
successivanilk recordings(approx.4 monthsafter the detectionof the risk of
mastitis). Estimateddifferencesin daily milk yield (kg) at successivemilk
recordingsafter the detectionof mastitisprevalenceisk for Holstein cows are
presentedn Tablel.

Table 1. Estimateddifferencesn daily milk production(kg) at successivenilk
recordingsafterthe detectionof mastitisprevalenceisk for Holsteincows
concerningmilk recordingseason

Recording I. milk Il. milk [, milk IV. milk
: ; . . Total
Season recording recording  recording  recording
Spring 20.410 2.830 2.573 8.803 34.616
Summer 11.648 -1.0637 -0.571 8.167 18.181
Autumn 19.968 2.326 -1.078 -0.737 20.480
Winter 24.040 3.176 -1.933 5.183 30.467

Holsteincows,at first milk recordingsafter the detectionof mastitisprevalence
risk, experience@nincreasan milk productionin amountfrom 11.648kg/dayin
the summerseasorto 24.040kg/dayduring the winter seasonDuring the spring
seasonHolsteincowshada constanincreasan milk productionat all analyzed
milk recordings,while in other seasonscows experiencedvariationsin milk
production(dependingon the numberof successivemilk recordings(l. T 1V.).
Furthermorethe highesttotal increasen milk productionwasdeterminedn the
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amountof 34.616kg/daywasobservedn thespringseasonywhile thelowesttotal
increasavasobservedn the summerseasor{18.181kg/day).

Estimateddifferencesn daily milk yield (kg) at successivenilk recordingsafter
the detectionof mastitis prevalencerisk for Simmentalcows are presentedn
Table 2. The highestdifferencein milk productionat the first successivamilk
recordingwasdeterminedn the springseasor(10.314kg/day)while the lowest
differencewas in the autumnseason.In further successivemilk recordings,
Simmentalcows experiencedh decreasén daily milk productionexceptfor the
summerseasoratlll. milk recording.Thetotal differencein the analyzedperiod
amountedfrom 4.347 kg/day in summerto -4.537 kg/day in winter season
indicatinghigherrecuperatiorability of Simmentalcowsin the springseason.

Table 2. Estimateddifferencesn daily milk production(kg) at successivenilk
recordingsafterthe detectionof mastitisprevalenceisk for Simmentakcows
concerningmilk recordingseason

Recording [. milk Il. milk [, milk IV. milk
. ; : . Total
Season recording recording  recording  recording
Spring 10.314 -0.264 -1.225 -4.833 3.992
Summer 5.978 -1.694 0.244 -0.181 4.347
Autumn 3.943 -1.582 -2.374 -0.877 -0.890
Winter 7.692 -5.995 -3.643 -2.591 -4.537

If the performancesf both breedsare compared,the impact of the mastitis
prevalenceisk onthe productivity of the cow duringsuccessivenilk recordings
was highly pronouncedn the Holstein breedwith the higherincreaseat the I.
successivenilk recordingandhightotal increaseduringanalyzed-monthperiod
in comparisorto Simmentalbreed.Observedcould indicatea higherpossibility
of recoveryfrom subclinicalmastitisin Holsteinthanin Simmentalcows.

NobregaandLangoni(201]) statethatcowshada higherlevel of lactosein the
dry seasorthanin the rainy seasonFurthermore Sharmaet al., (2018)reported
thatthe incidenceof mastitiswashighestduring the early autumnor winter and
rainy seasonSimilar resultswerefound by Tomaziet al., (2018) who reported
thattherisk of intramammarynfectionswashigherin themonthswith thehighest
temperaturesand humidity in the environment,which is a combinationthat
inducesheatstressn dairy cows.Gantneretal., (2011)andHaygertVelho etal.,

(2018)statethat heatstress expressedh summerandautumn,cancontributeto

variationsin milk productionand lactosecontentof lactating cows. Similarly,

Weberetal., (2020),in a studyconductedn Brazil, found alower percentagef

lactoseand a higher numberof SCCin the Holstein breedduring summerand
autumn.The sameauthorsstatethatin winter andspring,the milk wasof higher
quality, while in the hotter months of summerand autumn, the quality and
availability of forageandthe frequencyof mastitis(increasedSCC) negatively
affectedthe quality of milk.
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Conclusion

Theresearchiesultsindicatethe presencef variability in the mastitisprevalence
risk andthe effectof prevalenceisk on milk productionat successiveecordings
concerningthe seasorof milk recordingandthe breedof dairy cows (Holstein
and Simmentalbreed).Regardingthe mastitis prevalenceisk, the sametrends
weredeterminedn bothbreedswith thehighestprevalencef mastitisrisk during
the winter period and the lowest during the spring seasonFurthermorejn the
Simmentalbreed,a lower prevalenceof animalsat risk thanin Holstein was
determinedin all seasonsndicating better health and higher resistanceof the
Simmentabreed Regardingheeffectof themastitisprevalenceisk onthecow's
productivity at successivemilk recordings,in the Holstein breed the higher
increaseat the I. successivamilk recordingand high total increaseduring the
analyzed4-monthperiodthanin Simmentalwasfound. Observecdcouldindicate
a higher recovery capability from subclinical mastitis in Holstein than in
Simmentalcows.
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Abstract

Maize (Zeamays L.) is the most important silage crop due to its low buffer
capacity, high amount of dry matter and optimal concentration of soluble
carbohydrates. Silagef maizeis a process of anaerobic preservation by lactic
acid fermentation, which reduces the possibility of loss of nutrients from harvest
to consumption of animal feed. Blage maize they try to preserve and maintain

for a longer time the nutrients of theaizefresh biomass, without significant
changesin this study, the followinghaizehybrids were examined: HAS 160,

H2- Pionir 1535 and H3 NS 6000. The quality of the grebiomass of the
examinedmaizehybrids was analyzedontent of protein, contenf avater and
percentage of dry matter. The test results show that the percentage of crude
proteins in the examined sample was the highest (2.72%) in hybrid H1, a slightly
lower percentage (2.66%) in H2, and the lowest percentage of crude proteins was
measued in hybrid H3. The percentage of dry matter in the tested sample was the
highest (36.56%) in the NS 640 hybrid, slightly lower (35.05%) in the percentage
in the AS 160 hybrid, and the lowest (33.80%) crude protein percentage was
measured in the Pionir yid 1535. The percentage of moisture in the tested
sample was the highest (66.20%) in H2, the slightly lower (64.95%) percentage
of moisture was in hybrid H1, and the lowest (63.44%) percentage of moisture
was measured in hybrid HRifferent hybrids have different levels of various
maize plant componentgiality. The results show that the hybrid had a significant
impact on the examined quality parameters.

Key words:Maizehybrids, quality, greebiomass silage.

Introduction

Maize ¢Zea mayd..) is the predominant cereal crop in the Republic of Serbia
grown on 53% of the harvested area unc
2021 world production of maize reached 1125.03 million metric tons
(Shahbandeh, 2021T.he basic economic importance of maize stems from its
diverse use in human nutrition, domestic animals, industrial processing, and the
volume of production. Maize has a very high biological fertility potential and is
included in the group of field crops thithe higlest production of organic mass

per unit area. The special economic importance of maize is also reflected in the
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fact that almost all abovground biomass of the plant can be used. Today, more

than 1,500 different industrial products are produced from the whole maize plant
using a variety of technological procedures. In livestock production, the whole
grain of maizeis used as a concentrated fodder for feeding domestic animals,
followed by aboveground biomass, fresh or for making silage. Maize straw can

be used as a mat for domestic animals, as bulky animal feed or as a solid biofuel.
Other side products, i.e. wastem industrial grain processing, are used as animal

feed. It should be noted that many farmers use maize as a basic starch and protein
component in the meals of all types an
2010;Gl amo | | i j a20l5Boglov, i 2@12al .Lj u2b0ill8i;i 2e
al. , 2023a; 2023b).

Maize also has great agrotechnical importance, because it belongs to crops of high
agrotechnics (deep soil cultivation, intensive nutrition and protection of plants
from weeds). After the harvest, the soil has good physical and chemical properties,
enrichal with organic biomass of plowed harvest residues and is a go@thpie

for most field plants. Our country, in terms of arable land, is a significant producer

of maize thanks to the fact that, according to agological conditions, we are

in the maizebelt zone. The average sown areas, vyields, as well as the total grain
production, in the past 11 years have shown significant variations. The
consequences of these changes are less and less stable production in the conditions
of the natural water regime @more and more frequent dry periods during the
vegetation and neame get at i on peri o@isvamPaopdvili2
Tabakovil Satandls.avI120ivd;i et @016;20222015 ;
Maksi movil Netkoalij, e20m8;. , 2021: 2022)

According to statistical data, in 2020, silage maize was grown on 2,711 hectares
in Serbia. Forsmall farmers, hybrids of other subspecies of maize are also
interesting, for example durum maize, sugar maize, and popcorn maize, since their
grain is increasingly taking an important place in people's diet. Due to the high
demand on the world market, thproducts are interesting as export food items.

By growing sweet maize in direct sowing, even on small areas, a significant profit
is realized, because apart from the main grain product, after harvesting, a
considerable amount of abegeound biomass diigh nutritional and digestible
value remains. This maize biomass can be used in feeding domestic animals in
several ways. Storing silage is an old agricultural practice that began more than
3,000 years ago. In the United States of America and Westerpdauroountries,

the preservation of animal feed by silage began at the end oftthend@ry, and

later the technology of silage spread to other parts of the world. Wider application
of the new forage preservation technology occurred after the fortigee dast
century as a result of the development of mechanization for forage collection.
Today, the process of preserving animal feed by silage is widely used all over the
world. The advantage of the process of silage plant mass is that it is possible to
harvest forage plants at the optimal stage of development and store them in silo
until the moment of use. Silage involves the fermentation of soluble
carbohydrates, which produces acids that preserve the fodder and store it in an
unchanged form until the lsi is opened. Nowadays, intensive livestock
production is hard to imagine without storing silage. Silage of green biomass of
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fodder plants enables their earlier removal from production areas and more
intensive use of |l and (Rakagian et al
reflected in the fact that the initial silage material changes little after the
acidification of he green mass through natural fermentation processes or with the
addition of certain additives. Silage can completely replace green fodder in
livestock nutrition. Livestock feeding with silage is the closest substitute for green
fodder, and it representle basis of economic and modern animal husbandry
(norltevil et al., 2011). When feeding
and meat can be maintained, as well as under conditions of feeding with green
fodder. The aim of this study was to investegtite influence of maize hybrids on

the examined quality parameters of green biomass.

Materials and Methods

Experiments with corn hybrids were set up in llandza, Alibunar municipality. The
field trial was set up at the chernozem type of soil in Banat (Vojvodina) Province,
Serbia. This chernozem type of soil is characterized by favorable physical and
chemical prperties, stable aggregates, good crumbly structure and good water
permeability. The total area of the sample was 360 and the area of the
settlement plot was 40T he followingmaizehybrids were tested: HAS 160,

H2- Pionir 1535 and H3NS 6000. Sindard agricultural techniques for growing
maizewere appliedMaizewas sown on April 29, 2022, with a mechanical seeder,

at a depth of 7 cm. Among the protection measures, herbicides Basar and Rezon
were used in the phase from the third to the fifth leaf.

The quality of the green mass of the testedzehybrids was analyzed, namely

the crudeprotein content, percentage of dry matter and water co®terMaize
silageon the calculation plots was done at waxy grain maturity on August 30,
2022, and on the same day samples were taken for yield and quality of green mass.
The quality of green biomass was done in the laboratory for animal feed analysis
of the Faculty of Agculture in BelgradeZemun. Resudtof the study analyzed

by standard analysis of varian@NOVA) and present graphically.

Meteorological Data

During vegetation season, meteorological data, temperature and precipitation
were very variable. Crop production is very sensitive to climate, and climate
change significantly affects plant producti®opovic et al., 201; 2@0; 2021;

|l kanovil Jeankadvi, Z@kaelli.l, &torl®i:. et2ap3;
Monthly precipitation and air temperatures 821 weregaken from the Hydro
met eor ol ogi cal I nstitut e ,wdllageinBetbiaRte p ub |

is situated in the Alibnar municipality, in the South Banat District, Vojvodina
province Tablel).
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Tabela 1.Average émperature (°C) antal precipitation (mmjn
experimental trial during 2028erbia( | | and g a)

Parameters April May June July August Total/Average

Precipitation

4116 73.00 77.00 74.00 46.00 311.20
(mm)
Tem(f,’gam 560 12.97 17.37 17.73 18.07 14.35

Average temperatures in the growing season in 2022 w8 IC while total
precipitation wag811.20mm, Table 1.

Results and Discussion

The chemical composition of the green biomass of maize hybrids was examined
in the paper. The test results show that the percentage of crude proteins in the
tested sample was the highest (2.72%) in hybrid H1, a slightly lower percentage
(2.66%) in hybridH2, and the lowest percentage of crude proteins was measured
in hybrid H3. The percentage of dry matter in the examined sample was the
highest (36.56%) in the NS 6000 hybrid, a slightly lower percentage (35.05%) in
the AS 160 hybrid, and the lowest crugdeotein percentage (33.80%) was
measured in the Pionir hybrid 1535. The percentage of moisture in the investigated
parameter, the dry matter sample, was the highest (66.20%) in hybrid H2, a
slightly lower (64.95%) percentage of moisture was in hybrid Hd the lowest
(63.44%) percentage of moisture was measured in hybrid H3, greghs 1

Silage maize is one of the most important forages in the world, and its yield and
guality properties are critical parameters for livestock production and assessment
of forage values. The qualitative characteristics of maize hybrids are determined
by the pant's morphology and structure (Bertoia & Aulicino, 2014). Different
hybrids have different levels of various maize plant components' digestibility. The
average dry matter yield of silage maize was (19.98%) hghad the average
value of crude proteintleer extract, crude ash, crude fiber, acid detergent fiber,
neutral detergent fiber, nitrogdree extract, and relative feed value was 7.86%,
2.53%, 5.05%, 23.97%, 27.62%, 51.60%, 59.68%, and 131.17%, respectively. In
general, its nutritive value decredsas its yield increased. Increasing planting
density could increase the yield but inhibit the nutritive values, while increasing
fertilization could benefit the nutritive values (Zhao et al., 2022).
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breeding strategies aimed at developing new, enhanced silage maize hybrids may
find considerable value in our finding

Maize grain yield is a complex trait and important indicator for assessing the value
of maize genotypes in selection and breeding programs of maize of standard grain
quality. Grain yield of maizend qualityis a result of the combined effects of
genotype- G, environment- E and GEI interaction. Since that GEI causes
different reactions of maize hybrids in different environments, it is preferable to
select and identify hybrids with high yieland quality potentials with wide
adaptability and stability, merthan to develop hybrids specially designed for
certain agreecological environment. Genotypes with stable yaid qualitytend

to be more tolerant in stress conditions and more efficient in using available
resources{ Po p o v i [Tgbaka®ifel &l.; 2013;B a b ét lal., 2016; 2022;
Popovil eltj uabli.|,i [20e220:al ., 2023a; 2023b

Our country has numerous maize hybrids for different purposes and high yield
potential, so the main goal of producers should be to make greater use of their
production capabilities. By applying more modern agrotechnical measures, such

as optimal plant nution, better protection against weeds and crop irrigation,
which will make maize production more profitable, because by increasing the total
volume of production, we can provide the necessary amounts of grain and
vegetative biomass for all the needs @& ttomestic food industry and livestock
production (Jankovil et al., 2019). Al
market, not only grains, but also numerous finished products. One of the important
tasks is to change our traditional way of using grais concentrated animal feed.

In order to more comprehensively use it in the nutrition of domestic animals, the
area under silage maize should be increased as the main crop, and in irrigation
systems as a secondary crop. For fodder production, it can be grown as a pure crop
or in mixtues with legumes. Since there are a large number of-emdyring

hybrids in our country, the production of silage maize should be expanded to hilly
areas. The produced biomass would be used as bulk fodder fresh or silage
(l'kanovil et sinterestinsitage8npize grbws frainyeaeto year
thanks to hybrids from the stay green group that keep the -@soued biomass
physiologically active even in the stages of grain maturation.

Conclusion

Applying more modern agrotechnical measures, such as optimal plant nutrition,
better protection against weeds and crop irrigation, will make corn production
more profitable, because by increasing the total volume of production, we can
provide the necessagmounts of grain and vegetative biomass for all the needs
of the domestic food industry and livestock production. Based on the present
findings, it can be concluded that maize genotypes exhibit different responses in
the environment.

Deficit in precipitation in the generative phase, resulting in lower quality
parameters in the season of 2022. In this study, stable maize genotypes with high
mean values for each trait were identifidferent hybrids have different levels
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of various maize plant componentgiality. The genotype G3 (NS 6000) with
higher dry matter than average mean, expressed the most stable reactions
compared to all genotypes, which can determine it as outstandingumdjty in

most environments and determine this genotype suitable for cultivatiiverse
environments.

Climate is an important factor in maize production, adaptation measures, such as
adequate production technology and choice of appropriate maize genotypes based
on verified and confirmed data, are the most important in mitigating inappropriate
weather condions.

Acknowledgments

This paper is part of the projects (Grant numbers:@847/202301/200116 and
200032; 200116; 200045), financed by the Ministry of Science Technology
Development and Innovations of the Republic of Serbia and APV Project 2022
2023: Analysis of nitrogen @fication on maize productivity of different FAO
maturity group using classical and modern technology.

References

1. Babil, V., Babil, w™al alviainovN.i,, DJI.mi
(2010). Understanding and utilization of genotypgenvironment
interaction in maize breedin@GenetikaBelgrade 42 (1), 7990.

2. Babil, V., Pavl(20t8.Stats and Berspeetivesokpiant J .
breeding and seed industry in Sert3alekcija i Semenarstvo. Plant Breed.
Seed Prod22, 19 27.

3. Babic, V, Stanisavljevic, D.Zoric, M., Mikic, S., Mitrovic, B., Andjelkovic,
V., Kravic, N.(2022. Identification of New Sources for Earliness and Low
Gr ain Moi stur e at Har v es fTestQrossr o u g h
PerformanceAgronomy 12, 1939.

4. Bertoia, L.M., Aulicino, M.B. (2014). Maize forage aptitude: Combining
ability of inbred lines and stability of hybridEhe Crop Journal2, 407 418

5. Bogovi l, D., Zivanovi l, T., Popovi
Mi |l oradovi |, Z ., S(2048n Assessimént stal@lity of Do K i
maize lines yield by ggbiplot analysisGenetikaBelgrade 50, 3, 755770.

6. BogoviPlopol.iRiajiVviJl, V., Kostil, M.,
Ugrenovi |, \M2020. Stapileyl ottiveéxpressiov of the maize

productivity parameters by AMMI models and G®Iplot analysisNotulae
Botanicae Horti Agrobotanici CldNapoca 48, 3: 13871397DOI:
10.15835/nbha48312058

7. Bogov;F’lopoDHPIopoDlGl v a\h.o, L i upi IMios,i IN.
M.,Spahi$i miAiF,i | D.p o(2023. Econgmical Productivity of
Malze Genotypes under Different Herbicides Application in Two
Contrasting Climatic Condition§ustainability 14, 5629.

159


https://www.notulaebotanicae.ro/index.php/nbha
https://www.notulaebotanicae.ro/index.php/nbha

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Burii M., Popovil V., Ljubilil N.,
V., Rajilil V. (2023) - Avdha strijosaon i vi t y
chernozem, importance in nutrition and heaBelekcija i Semenarstvo.

Plant Breed. Seed Pro®9(1):2132

FAOStat. FAO Staf(2022). FAO, Rome http://www.fao.org/faostat

Gl amol lij a, n. (2012) . Posebno ratar
fakultet, Beograd./ Especially arable farming, Cereals and Legumes,
Monograph Faculty of Agriculture, Belgrade.

Glamol|lija, mopoviainkwyvi Fi |liSph@05.1 V.
Alternative crops in conventional and organic growing systdomograph,
Belgrade.

Grlak, M., Grlak, D., enjigevil, A.
Rajilil, V. (2020). Thetrend i n ma
of SerbiaActa Agriculturae Serbic&®5(50), 121127.

norltevili, N., Grubil, G., Stojanovil

Savremene tehnologije siliranja kukuruzailuce&kdé@ or ni k naul ni h
Instituta PKB Agroekonomil7, +2: 27-35.

l kanovi |, J ., Givanovil,,LJ., Popovi
S. , Lurovi |, M. |, Pavlovil, S. (2018)
kao bioenergentaz bor ni k naul ni h radova | nsti

Beograd, Republika Srbij@4, 1:2: 49-58.

Jankovi i, S. , Gl amoclij a, n., l kanov
productsMonograph,Belgrade, ISBN 9786-8168941-7, 1-385

Lj ubi JPioip,oviKiostV,Paj iMBuLMnGI iMgor,evi I,
Dragi,Bi gMi Cr nvb.j e (4023). Muttivariate Interaction
Analysis of Zea maysL. Genotypes Growth Productivity in Different
Environmental Condition®lants12, 2165.d0i.10.3390/plants12112165

Ljubilil, N.,,VRi skoMit,i IBFoj ®wiployi R. , [
Obr enoyvi €r n Wj292d). Evaluation of maize grain yield and

yield stability by AMMI analysis in different environmental conditions
Plants,12,2023.

Maksi movil, L., Pop20u8i\\VateWand irrightioe v a n o
requirements of field crops grown in central Vojvodina, Serdig.r i cul t ur
and Forestry 64, 1: 133144.doi.org/10.17707/AgricultForest.64.1.16

Ni kol,iBla,bi VKr aw.i,Ei | iNpoy@ill,i 9 m$.i,, M.
Rados av | [2624).i The varikhility and interdependence of basic
technological quality parameters of maize hybrids in long term research.
Selekcija i Semenarstvo. Plant Breed. Seed Melfjrade, 221-33.

Ni kovl,8i mi jGiNsi | KrNg,BiabV.,i Fi IM.,So i i
(2022).Quality parameters of maize hybrids intended for sifa@eluction
ActaAgriculturae Serbica 27 (54) , 157 163

160


http://www.fao.org/faostat
https://doi.org/10.3390/plants12112165
https://www.google.rs/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjvgcGqjdbTAhXH1xoKHTVkAicQFgg5MAI&url=http%3A%2F%2Fwww.agrosym.rs.ba%2Findex.php%2Fen%2Forganizers&usg=AFQjCNEKcWwKZrgnJcZFDVxFbDx-FxjRQA
https://www.google.rs/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjvgcGqjdbTAhXH1xoKHTVkAicQFgg5MAI&url=http%3A%2F%2Fwww.agrosym.rs.ba%2Findex.php%2Fen%2Forganizers&usg=AFQjCNEKcWwKZrgnJcZFDVxFbDx-FxjRQA
https://scindeks.ceon.rs/Related.aspx?artaun=131855
https://scindeks.ceon.rs/Related.aspx?artaun=100513
https://scindeks.ceon.rs/Related.aspx?artaun=103954
https://scindeks.ceon.rs/Related.aspx?artaun=102205
https://scindeks.ceon.rs/Related.aspx?artaun=144255
https://scindeks.ceon.rs/Related.aspx?artaun=230042
https://scindeks.ceon.rs/Related.aspx?artaun=146422

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

P o p o v i(2010. Agrotechnical and agroecological influences on the

production of wheat, maize and soybean se&usctoral dissertation
University of Belgrade, Faculty of Agriculture, Belgra@erbia, 1145.

Popovii V., MallaengoelWiain awDnia gl Sp aGsi |
St an k o(R01). Gendype specificity in nitrogen nutrition of malting

barley. Genetika Belgrade, 43, 1, 19204.
https://doi.orgl0.2298/GENSR1101197P.

M.

PopovilLjubvi.l Kbst iNNRadM| oyBli agoM.evi i,

Ugr en o Wiolp,o vYLiv,o g@.¢2040, Gerdtype x Environment

Interaction for Wheat Yield Traits Suitable for Selection in Different Seed

Priming ConditionsPlants9, 1804.https://doi.org/10.3390/plants9121804

Popovi iGaM|-Bowddsijevil Lj. ,M. BetProopvoivii

B.D., Vukomanovil P. , (2021).Egoeomic i

Justification Application of Medicinal Plants in Cosmetic and Pharmacy for

the Drugs DiscoveryChapter 3. Ed. Emerald NBook Title: An Introduction
to Medicinal Herbs. NOVA Science publishers, USA, Book
https://doi.org/10.52305/TKAL343063-106,1-365.

Rakagl| BnagiNlL.,, G., Givanovili, Lj

M., Bojovil , (2RR9a)Effdetopgenstypes, andocations on

wheat yield componentgriculture & Forestry, 65 (1): 233242, DOI:
10.17707/AgricultForest.65.1.23

Rakagian, N., Popovii, V., Dragil,
Mi | anovi | . Circlilar ecomdrfilylindumdtion of obtaining the biogas.

XXl International EcoeConference® 2019 andXlll Environmental

Protection of Urban and SuburbaBettlement25" i 27" September 2019,

Novi Sad, Serbia, 32829.

Sekulil T., Stupar V., Stevanovi
P o p o v {2023.Biodiversity of microbial populations as the indicator of

biogenicity of soil under ashes and agricultural soil soil. Notulae Botanicae

Horti Agrobotanici ClujNapoca, 51, 1, 13115,

https://doi.orgl0.15835/nbha51113115

Shahbandeh, M. (2021). Corn production worldwide 2@0R1. Statista,

https://www.statista.com/statistics/1156213/globalguoduction/

Stanisavljevil, D., Rajkovili, D.

F., Mi r os(aoiy. pifeenerit testers Mfluence genetic correlational

response in narrowased maize population NSATatar. Povrt52, 3, 97
101.

Tabakovi c, M. , Gl amocl i j a, Dj .
AnlLel kovi c, S. (2013) . Ef fects
combinations on maize seed germinatidBiotechnology in Animal
Husbandry 29, 4, 715725, DOI: 10.2298/BAH1304715T

161

D.

k

G

A

Mi

Jov

of

"y


https://doi.org/10.2298/GENSR1101197P.
https://doi.org/10.3390/plants9121804
https://novapublishers.com/product-category/books/
https://doi.org/10.52305/TKAL3430
https://doi.org/10.15835/nbha51113115

31.

32.

Gi v a n o (201D, Thelinfluence of soil type and nitrogen rates on the
productivity of corn hybrids of different FAO maturity group3octoral
dissertation Faculty of Agriculture, BelgradieZemun

Zhao, M., Feng, Y., Shi, Yet al. (2022) Yield and quality properties of
silage maize and their influencing factors in ChiBai. China Life Sci65,
1655 1666. https://doi.org/10.1007/s114020-2023 3

162



TRAINING OF HORSESTHROUGH NEGATIVE AND POSITIVE
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Abstract

This paper aimed to presentthe current knowledgeregarding the horse's
perceptiorof negativeandpositivereinforcemenin training. Horsestrainedwith
positive reinforcementshow fewer stressrelated behaviors,fewer avoidance
behaviors,and more signsassociatedvith positiveemotionscomparedo those
trained with negative reinforcement.Although training horseswith positive
reinforcementis becomingmore popular, thereis still limited researchon the
potentiallong-termbenefitsin termsof stress.emotionalstate,andhorsehuman
relationships Ultimately, the outcomeof theresultsis greatlyinfluencednotonly
by thetestingmethodsbutalsobythetestingapproachthehorseandthehorse's
levelof training.

Key words: Humarthorseinteraction, training, negativereinforcementpositive
reinforcement

Introduction

The transition of horsesfrom transportationto sports,therapy,or companion
animalsrequiresa better understandingof how horsesperceiveand adaptto
humaninteractionsinteractionbetweerriderandhorseis akey componentvhen
it comesto goodriding (Eckardtand Witte, 2017). Therefore today more and
morescientistaddealwith negativeandpositivereinforcement.

Many studiessupportpositive reinforcementas an effective methodof training
horseqInnesandMcBride, 2008;Sankeyetal., 2010a,2010b;Hendrikseretal.,
2011;Freymoncetal.,2014;FoxandBelding,2015;Dai etal.,2019;Larsserand
Roth, 2022). Namely, the rider musthavea perfectunderstandingf his horse.
This ability canmostly be demonstratetyy lightnessandeaseof the movements
aswell asby freedomandregularityof the pacesAs aresult,the horsebecomes
relaxed,flexible, and loose (FédérationEquestrelnternationale Martin et al.,
2016,Wolframmetal., 2013).

Consideringthe importanceof understandinghe perceptionof humanactivities
by horses the paperaimedto presentthe currentknowledgeaboutthe horse's
perceptiorof negativeandpositivereinforcementn training.
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Reinforcement

Horsestrained with positive reinforcementshow a lower frequencyof stress
relatedbehavior thena lower frequencyof avoidancebehavior,andmore signs
associatedwith positive emotions comparedto those trained with negative
reinforcement(Dai et al., 2019). Accordingto Sankeyet al., (2010a),negative
reinforcementwas associatedwith increasedemotional state, as detectedby
measuringheartrate and observingbehavior(headmovementsand laid ears).
Accordingto a study by Larssenand Roth (2022), horsestrainedwith positive
reinforcementiavea morepositive perceptionof people.Furthermorethe same
authoroundno measurableffectson emotionalstateor long-termstresdevels.

Fositive Kemforcement Negalive Pnnshrent
FREDDY 15 WAPPY TO FREDOY I DISSAPONTED TO
HAVE GOT §O8 THNG N HAVE (05T SOMETHING HE LKES
o
(il
4

frenary
mﬁaa;rs allenton

=

FREDDY K UPSET TO HAVE + - C2EDDY K REUEVED TO HAVE ESCAPED
EXPERENCED SOMETHING NASTY OR AVOIDED SOMETHING NASTY
Positive Yumshment Negalive Femforcement

Picture 1. Presentationf learningmethodsn horsegFairhorsemanshif2022)

Positivetraining is proposedo improve the horsehumanrelationship,because
horses trained with positive reinforcementshow increasedcontactseeking
behaviortowardsan unknownperson(Sankeyet al., 2010a,2010b;Lundberget
al.,2020;LarsserandRoth,2022),andhaveamorepositiveattitudetowardstheir
trainers (Freymond et al., 2014) comparedto horsestrained with negative
reinforcement.Furthermore rewardbasedtraining could improve the human
horserelationship(LarsserandRoth,2022).
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Cognitive abilities of horses

Cognitiveability is thewayananimalperceiveandunderstandgheworld around
it (Starlinget al., 2016. Knowledgeof cognitive abilities will greatly facilitate

perceptionsof reinforcement.The study of cognitive abilities consistsof the

analysisof all the mechanismshatallow obtaininginformation(5 sensesabout
the outside world, processingthis information, how the animal stores this

information (memory),andhow it canusethis informationin makingdecisions
whenfacedwith a problemor by the situation(intelligence).

In behavioralsciencejntelligencecanbe recognizedasthe differencebetween
the ability to observeand understand,and the willingness to obey human
expectationss theability to learn.By studyingthe cognitiveabilitiesof horsesit
providesa betterunderstandingf how horsesunderstandheworld aroundthem,
andthuswe canidentify potentialsourcef stressHorsestognitiveabilitiesare
shapedby an evolutionary process,both by environmentalchallengesand
complexsocialdynamics.Allowing the horseto experiencerariety andexpress
curiosity givesusinsightinto howtheyfeel in differentsituations.

Furthermore]earningand memoryare closelyrelated.Learningis a processof
behaviorakchangedasedn acquiredknowledgeandexperienceMemoryis the
ability to retainandusewhathasbeenlearned.

Therearedifferentwayshow horsescanlearn.Accordingto (BrubakerandUdell
2016)theyinclude:

1 Habituation- recognizedvhentheanimalstopsrespondingo eventsand
stimuli overtime asit getsusedto them;

1 Hypersensitivity- when the intensity of an individual's responseis
increased;

1 Operantconditioning- describedrainingusingrewardor punishment;

1 Shaping gradualbuilding of behavior stepby step;

1 Classicalconditioning- signsand signalsare usedto initiate or induce
behaviour.

Theright hemispheref thebrainis responsibldor reactive emotionalresponses,
suchasfear or joy (Picture2). An objector a personobserveswith the left eye
andthis informationis processedn the right hemisphereThe situationis more
emotionalfor the horse,while the information receivedby the right eye and
projectedto theleft, rationalhemispherés analyticallyprocessedSankeyetal.,
2010a) In this study,horsedreatedwith positivereinforcementlid not showthe
presenceof a gaze,while poniestrainedwith negativereinforcementshoweda
left-eye gazebias towardsthe manapproachinghem. Left eye gazewas more
often associatedvith fearinducing situations,while right eye gazewasusually
associateavith morepositiveevents.
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LerToran

Logical » e Emotional

Focused on facts ® Focused on art and creativity
Realism predominates ® |magination predominates
Planned and orderly ® ® Occasionally absentminded
Math-and-science-minded ¢ e Prefers fiction

Prefers nonfiction e Enjoys creative storytelling

Picture 2. Functionsof the sidesof the brain(MentalUP,2023)

Learningability is usuallydefinedasthe numberof experiencethatanindividual
needto retain somethingin relatively permanenmemory.The ability to solve
problemsis definedasthe ability to mentally overcomeobstaclescompile and
mastervariousdatainto an accurateanswer,or searchfor new ways to apply
previouslylearnecknowledgein learnedsituationsIn humansandanimals these
two abilitiesmakeup adaptiveintelligence.

Researchconductedin Japan(Tomonagaet al., 2015) tested memory and

communicatiorin horsesTheresearcherpresentedhe horseswith touchscreen
televisions. They were taught various shapesand their meanings. They

encouragegdomeshapedy showingthe horseghatthey would get a tastytreat
when a certainshapewas presentedo them. Furthermorethey thentestedthe

horsesto seeif they could recognizethe shapescommunicateheir needsand

remembemwhich shapesallowedthemto eatthe treats.Horseslearnedquickly

andeasilydiscriminatedshapesndusediouchscreen obtaintreats(Tomonaga
etal., 2015).

Furthermoreresearctconductedoy Ringhoferand Yamamoto(2016)indicates
that horseshavean excellentpower of communicationThe testingwas carried
out on eight domesticatedhorsesthat showedthat they will communicateheir
problemswith humansTheresearcheplacedthecarrotin abucketin front of the
horse,thenplacedthe bucketin a placewhereonly he could accesst, not the
horse.The horsethenusedvisualandtactile communicatiormethodgo indicate
to theresearchethatit wanteda carrot.

In their daily routines,horsesfacenewandsuddenstimuli or objectsthatappear
in their environmentwhich cancausethemstressfulreactions Fearis a natural
and useful reaction of the body. It protectsthe horse from seeminglylife-
threateningsituations Horsestendto reactby avoidingor runningawayfrom an
unfamiliar and potentially dangerousituation.Fearreactionsprotectthe horse,
but at the sametime, they canbe dangerougor peoplewho arein directcontact
with the frightenedhorse.Spookingis associatedvith 27% of horseaccidents
(Camargoet al., 2018)."Spooking is definedasthe fear of a horse,wherethe
horsereactssuddenlycausingheriderto fall off thehorsewith theriderunaware
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of what causedthe horseto react. Horsesthat startle easily are not only more
difficult to handleduringvariousdaily activities,but fear alsoaffectstheir well-
beingandsafety.Fearis the body'sresponsé¢o a potentiallythreateningsituation
(Golbidi etal., 2015).Behavioralindicatorsof stressncludewide eyes.earslaid
back,nostrilsflared, headtossing,headheld high, andtrembling (Pearsoret al.,
2021). Fearis an innate and normal state, it is shapedor changedthrough
appropriate processesof learning and adaptation. Furthermore, upbringing,
training,andbehaviothavea stronginfluenceon sensitivityandfear. Experienced
horsetrainersknowthatit is importantto accustonyounghorsego newthingsin
their environment.Christenseret al. (2010) usedthe desensitizatiormethodin
their researchyhich showeda total of fewer frightenedhorsesandtheyneeded
less training to learn to calmly reactto the stimulus test. All horseson the
desensitizatiormethod eventually habituatedto the test stimulus, while some
horseson other methodsdid not (Christenseret al., 2010). Age hasalso been
shownto influencereactivity.In theresearcttonductedy Cavielloetal. (2016)
testedhorsesbetweenthe agesof two monthsand two years,and found that
youngerhorsesveremorereactive.

Stressalsoaffectscognitiveabilities. A negativeinfluenceof fearonthelearning
performancef thetaskwasdiscoveredwhichcouldbecausedy excitedanimals
beingafraid andthus payinglessattentionto the task (Christenseret al, 2021).
Horsescanbeexposedo shorttermacutestressuchasthesoundof a plastichag
or a barking dog. Exposureto acute stresscan causevarious physiological
reactiongo stresgchangesn heartrate temperaturebreathingrate)andchanges
in behavior (running away, hitting). Acute stressis not always bad and the
reactionsare generally beneficial and help the horse learn and adaptto its
environmentwhich increasesurvival. However,if the problem continuesinto
chronic,long-term stress,it could negativelyaffect well-being (Ishizakaet al.,
2017).Theinitial gatheringof informationaboutthe emergingsituationhappens
very quickly. Thehorsewill thendecidewhetherto investigatdurtheror whether
to avoid the situation.When a new situation occursquickly, the horse'ssafety
instinctsmay kick in, causingpanicor fearastheyreflexively try to moveaway
from the potentiallydangerousbject. Most changesr new experienceslo not
causepanicattacks,althoughmanyhorsesare more proneto this behaviorthan
others.Horseshatareafraidareeasilyfrightened,andif this affectstheir quality
of life, it is importantto work with themandencourageheir curiosityin orderto
developgreaterself-confidence.

Temperamenis definedasa setof behavioralcharacteristicgcalledtraits) that
are stableover time and situations(Lansadeet al., 2008). Five dimensionsof

temperamenhavebeencharacterizedh horsesandcanbe measuredy a series
of behavioratests:

1 Emotionality:horse'seactionto sudderor newevents;

1 Sociability: howthe horsetoleratesseparatiorirom otherhorses;
1 Levelof activity;

1 Sensonsensitivity:reactionto stimulation(tactile);

1 Reactivityto people(Lansadeetal., 2013.
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Eachof thesedimensionsanbe measurec&ndoneor moretestsaredefinedfor
them.Thetestsincludetheuseof variousauditory,visual,andtactilestimulations.
The horse'semotionality is assessediuring the unknown surface test, the
unknownobjecttest,andthe suddennestest.

The suddennestest(or umbrellatest,picture3) reproducesvhathappensiuring
avisualevent.If thehorsereactsstronglyto thistest,it is a signof emotionality.
Suchhorsesaresuitablefor sportriding with experiencediders.Low-emotional
horsesare more suitablefor novice riders and recreationakiding. Suchhorses
showcuriositytowardsanewobject,arenot afraidof it, andapproactit. Thereis
no suchthing as a good or bad temperamentput one can define a type of
temperamenthat is more suitablefor a particularuse. Timider, highly mobile
horseswith high tactile sensitivitycanmakeexcellentshowjumping horsesOn
the otherhand,a beginnerhorsewill havelesstactile sensitivity,will be curious
andwilling to participatewhentouchingnew objects,andwill movelesswhen
separatedfrom other horses. Horses not only show individual differences
concerningbreed,age,andsexbut alsoin termsof behaviorpatternsit depends
onthehorse'semperamentvhetherthe horseconsiderghe objector situationto
be a potentialthreator a beneficial experienceThereis limited evidencethat
learningability canbe considereda singletrait in animalsdueto variationsin
performancecrosdifferenttypesof tasks(ShawandSchmelz2017).

Picture 3. Subject(brownhorse)duringthe umbrellatestwith its companion
(white horse)(Ricci-Bonot,etal., 2021)

A reliable method for assessingtresslevels

In orderto understandow interactions affecthorsesjt is necessaryo reliably
assessstress.Accurate evaluationsof strength,speed,enduranceand agility
(mobility) of horseswill certainly enableimprovedfitnessand ability to work.
Understandingthe occurrenceof fatigue during activities could enable the
developmentand improvement of the biomechanical qualities of horses;
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developmenandmaintenanc®f horsemotivationthe physiologicalpotentialof
the horse;reducingthe risk of injury; and stabilizationof heartfunction dueto
exertion(RoseandEvans,1990;Clayton,1991;B r i et&.gl998;Rdthingand
Prohl, 2003;Voswinkel, 2009. Larssenand Roth (2022) reportthat they found
no measurableffectsof long-termstresdevels.

Conclusion

Basedontheanalyzedstudiesjt canbe pointedout thatalthoughtraininghorses
with positive reinforcementis becomingmore and more popular,thereis still
limited researclon the potentiallong-term benefitsin termsof stressemotional
state,and horsehumanrelationship.Finally, the outcomeof the resultslargely
dependsn the testingmethods ratherthanthe testingapproachthe horse,and
thehorse'devel of training.
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Abstract

Calendula.officinaliss a medicinalplant speciesknownfor centuriesand it is
widely usedin cooking, medicineand numerousprocessingindustries.In an
attempt to improve the productive properties of C. officinalis in pots, an
experimentvasconductedat the experimentafield of the Institutefor Medicinal
PlantsResearchDr. JosifP a n | Belfrdde Serbia.Thisworkaimedto examine
the influence of organic growth biostimulatorson the flower and seedyield
parameterof C. officinalis grownundersemicontrolledconditions.

The experimentontainedtwo treatmentsby priming C. officinalis seedgor 20
minutes,organic biostimulators(EkoBoosterl- E and Algo Fast- A) and one
controltreatment(K) in distilled water.

The resultsof the experimenshowedthat the yield parametersduring the first
four harvestsveresignificantlybetterin thetreatmentswvith biostimulatorswhile
in thelater harvestgheyield parametersverebetterin the control treatmentlin
contrastto the treatmentswith biostimulators(A) and (E), the yield of seedgper
plant(9.2and8.9)wassignificantlybetterin thecontroltreatmen{K-12.8),while
thepercentagef germinatedseedslid notdiffer significantlybetweerireatments
(A:91.3 %; E: 90.2%; K: 92.4%). The outcomeof this study showsus that
biostimulatorshavea positiveeffecton the parametersof marigold flower yield
in theinitial stagesf harvestwhile theydid not havean excessiveffectonseed
yield.

Keywords: Marigold, Germination Priming, EkoBooster1Algo Fast

Introduction

Calendulaofficinalis, popularly known as marigold, belongsto the Asteraceae
family, originatingfrom southerrEurope andis grownasanannualplantspecies
mainly for decorativeandpharmaceuticgburposegBaciuet al., 2010). The use
valueof C. officinalis wasnotedasearlyasthe 18th century for thetreatmenbf
wounds,as a medicinefor measlesagainstjaundice,red eyesand headaches
(Pageetal., 1998).Theleavesandflowers,which areusedin the pharmaceutical
andfood industry,havethe highestutility value.Nowadaysit is mainly usedfor
preparingeas tincturesandinfusions.Accordingto theliterature teais usedasa
meansto removerashesto preventinflammationof the mucousmembraneto
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washthe eyes while tincturesareusedto treatmentaltensionandinsomnia,and
infusionsareusedasanantisepticandantifungalagentfor wounds(Safdaretal.,
2010;Boericke,1998).In recentyears,the seedf C. officinalis haveattracted
greatscientific interestbecausehey representa significant sourceof oil with
uniquepropertiesAccordingto theliterature theoil contentof C. officinalisseeds
rangesfrom 5% (Angelini et al., 1997)to 22% (Dulf et al., 2013; Geschet al.,
2013).C. officinalis oil containslarge amountsof linolenic acid, amongwhich
calendricacid is the mostdominant.Marigold oils are usedin variouschemical
industriesto produceresins yvarnishesinks, paintsandmanycoatings(Biermann
etal.,2010. In addition,theyareimportantin medicinebecaus¢heyareuseddue
to the manifestationof anticancereffects, more precisely, previousin vitro
researchstatesthat calendricacids can induce apoptosisin humanmonocytes,
leukemiacells,coloncancercellsandchoriocarcinomgSuzukietal., 2001;Li et
al.al., 2013).

In earlieryears the needfor medicinalplant speciesvasmetby collectingthem
from nature However theirrational exploitationandthe increasingendencyfor
alternativemedicinein thetreatmenof variousdiseasegherewasaneedfor the
cultivation of various medicinal plants both on a global level and within the
Republicof Serbia Accordingto theliterature themostadequat@andeconomical
way to achieveappropriateperformancen orderto increaseyieldsis the useof
appropriateagrotechnicameasuregappropriatevarieties,optimal sowingtime,
plantdensity,etc.),(Mirzaei etal., 2016).Accordingto Mirzaei etal., (2016),by
applying appropriateagrotechnicalmeasuresmore precisely, by choosinga
variety, appropriatéreatmenof seedssoil, sowingdate,nutrition, harvestime,
the arbitrary potentialsof C. officinalis can be greatly improved. Nowadays,
establishinghe productionof C. officinalis is doneby machinesowingof seeds
in anopenfield ata depthof 3 cmandaninter-row distanceof 50-60 cm. Sowing
of seedsn the openfield startsin spring,while undercontrolledconditionsit can
start at the end of winter. During the growing seasonjrrigation and nitrogen
fertilization areappliedassupplementanggrotechnicaimeasure§ St ep atno v i |
al., 2011).The harvestingof C. officinalis flowersis donesuccessivelystarting
in mid-June,whenmorethan 2/3 of the plantshavestartedto bloom, andlasts
until the beginningof Septembe(K i ¢ ceiak, 2010. Accordingto Krél etal.
(2017),the optimal periodfor harvestingseedss in the early stageof ripening,
when80% of the seeddhaveripened Researchy Bertonietal., (2006)indicates
that flower and seedyield as well as their phytochemicalcompositionlargely
dependson agroecologicalconditions, primarily on climate and soil. Other
researclby Paimetal., (2010)indicatesthatthe phytochemicatompositionand
yield parametersanbe positivelyinfluencedby organicbiostimulatorsNamely,
theyarewidely usedasa pre-sowingseedtreatmento promotegerminationand
for fasterandmoreadvancedrowthof otherhorticulturalplantspecie§ Gor dani |
etal, 2022 P a r a L ethl.p201i7)Researcly Rafieaetal., (2016),statethat
in C. officinalis, organicbiostimulatorshave a greatinfluence on growth and
development.Also, the researchof Mohamedet al.,, (2020), emphasizethe
positiveoutcomeof biostimulatorson plantheight,numberof brancheperplant,
plantweight, seedyield/plant,weightof 1000seedsgcontentof chlorophylla, b,
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carotenoidsiN, P, K, carbohydrateontentaswell ason percentagef oil andfatty
acidsin themedicinalplantspeciesSalviahispanical.

The aim of this study was to examine the influence of organic growth
biostimulatorson theyield of flowersandseedsf C. officinalis andat the same
time to determinghe germinationpercentagef the sameseeds.

Material and methods

Pl avatt er i al

To conductthe experiment,reproductivematerial (seeds)originating from the
collection of the Institute for the Study of Medicinal Plants"Dr. JosifPa n | i | " ,
P an| Sevim(44°52'20.0"N, 20°42'04.7"wasused.

Treatments

In March 2022,an experimentatrial wassetup at the Institute for the Study of
MedicinalPlants'Dr. JosifP a n liniBélgradeandP a n | Bheexperimentvas
designedsothatit containedwo treatmentsvith organicgrowth biostimulators
basedon humic substancegEkoBoosterl- E) and basedon seaweedextracts
(Algofast- A), aswell asonecontroltreatmeni{K). Thetreatmentsverecarried
out by priming (submergingthe seedsaccordingto the recommendationf the
biostimulatormanufacturerfor 20 minutes,while in the control treatment,the
seedsvereprimedin distilled waterfor the sametime interval. Accordingto the
manufacturer'sharacteristicdkoBoosterls anorganicfertilizer, biostimulator
or bioregulatora preparatiorintendedfor seedprocessingndstrengtheninghe
root systemduring plantrooting. It containsall the necessaryutrientsandplant
hormoneseededor theearlystageof plantdevelopmentprimarily 2.8%organic
matter,14% nitrogen,2% phosphorusand5% potassiumAccordingly, Algofast
is a highly concentratedextractbasedon Ascophyllumnodosumalgae,which
containgpotassiumandnitrogen.The advantagesf Algo fastarereflectedin the
activeingredientghatincludeavailableplanthormonesaindusefultraceelements
(Fe,Zn, Cu, Mn, Ca, Mg, Na, S, etc.)which, in combinationwith nitrogenand
especiallypotassiummakethis preparatioris a very useful biostimulator After
treatmentaccordingoMr L etal.,(2022)andG o r d etal.i(2023 seedsvere
sownin polystyrenecontainerswith 40 holes,previouslyfilled with the substrate
"Cultivo | SF" (Gramoflor,Romania)with thefollowing characteristicsleclared
by the manufacturer: granulation: 0 - 5 mm; nutrient content: NPK
18:10:20+Mg+men theamountof 1 kg/m3,slow-actingfertilizer: RADIGEN®-
JostGmbH in the amountof 50 g/m3; hydrogelin the amountof 1 kg/m3.0One
treatedseedwas placedin eachcontainercell, and eachtreatmentcontained4
containerg160plantspertreatment).

Plantproduction

After sowing,the containersare placedin a polyethylenetent (Grow Box), in
which they aresubjectedo thefollowing growing conditions:air humidity from
40t0 60%:;air temperaturérom 20 °C to 25°C, lighting regulationrwasperformed
using fluorescenttubeswith a photoperiodof 12 h, while the substratewas
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maintainedat moderatehumidity anda temperaturef 21+2 °C. Air temperature
and relative humidity in the Grow Box were monitored using a data logger

(HAXO-8), andsubstrateemperatureisingathermomete(Testo110)( Mr leta n

al.,2022,Go r d atal.j2023).

At the end of March 2022, with the appearancef the first true leaves,the
containerswere taken out of the polyethylenetent and occasionallybrought
outsidein order for the seedlingsto adaptto lower air temperaturesteduced
relative humidity and natural light radiation for a period of 3 weeks as
recommendedoy Mr L atnal., (2022). After that, 40 uniform plants were
separatedrom each treatmentand transplantedinto plastic pots (g 13 cm)
previouslyfilled with the samesubstratg¢Cultivo | SF).Potswith seedlingsvere
transferredto an unheatedgreenhousein 30% shadewith an averagedaily
temperaturef 24+2 . Theseedlingsverewateredusinga drip system(Figure
1).

At the beginningof April, the pots were taken out of the greenhousédo the

experimentafield of thelnstitutefor the Studyof MedicinalPlants'Dr J.P a n |
in P an| SoutbBanat,Serbia(77 masl;4 4 A5 2 N2MB42'0 6 . H) .0The
potsare placedon a black "agro textile" film that actsasa mulch. At the same
time, the potswereirrigatedusingdripperswith aflow rateof 1 I/h for eachplant.
Irrigation was carriedout daily for 10 minutes(Figure 1). Meteorologicaldata
during the experimentwere collectedfrom a measuringdevice (Data logger),
previouslyplacednot far from the experimentafield (tablel).

Table 1. Meteorologicaparametersgluringthe experimen(April -Avgust2022)

Climatic April May June July August
parameters
Temperature 11.5 20.1 24.5 25.7 24.9
Q)
Precipitation 57.2 34.9 235 72.0 72.0
(mm)

Harvestandstatisticalanalysis

Flowerharvestingvasdoneat themomentwhenmorethan2/3 of theplantswere
in flower (at the beginningof June),andit was carriedout successivelyseven
times),eachtime afterre-educatiorof flowers. After harvestingheflowersfrom

eachplant individually, the numberof flowers per plant was recordedand the
weightof theirfreshanddry massafterdryingwasmeasuredg/plant).Harvesting
of C. officinalis flowersin this studylasteduntil theendof the physiologicalcycle
in the pot (endof August).At theendof theseventhharvestandattheendof the
physiologicalcycle when80% of the seedshavematuredaccordingto Krdl etal.

(2017),flower headswith educationakeedsverecollectedfrom eachtreatment.
After collection, the numberof seedsper plant, the weight of 100 seedsper
treatment,and the germinationof seedssampledfrom each treatmentwere
measuredUntil the beginningof the experimentthe collectedseedsverestored
atroomtemperaturg20-30 ) Laboratorygerminationwas performedon the
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collectedseedsn Petridisheg(4 x 100seeds)pnfilter paperthatwaspreviously
moistenedandplacedin two layers(ISTA, 2006).

The obtainedresults were statistically processedusing onefactor analysisof
variance(ANOVA), comparingmeanvaluesusingDuncan'sest(p<0.05)using
SPSSsoftware.

Picture 1. A-growingin agreenhouseB-cultivationin the openfield

Resultsand discussion
Theobtainedresultsof thisresearctarepresentedabularly(Table2-8).
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Table 2. Floweryield parametersf thefirst harvest

Number of Weight of fresh Weight of dry
New treatment fresh flowers flowers(g/plant) flowers(g/plant)
per plant
A 16.76:0.06a 14.04:0.02a 2.080.01a
E 14.13:0.0% 12.06:0.0 1.81+0.0%
K 8.36+0.04c 8.970.01c 1.3%£0.04c

* A-Treatmenin Algofastsolution; E-Treatmenin EkoBoosterXolution; K- control

treatmentResultsare expresse@dsmeant SD (n=3). Meanvaluesin thetablein the

samecolumnmarkedwith the sameéettersdo not differ statisticallysignificantly(p <
0.05).

Accordingto the resultsof the previoustable,it canbe seenthat the treatment
with Algofast(A) in thefirst harvesthadthe mostdominanteffecton the number
of flowers, and also on the weight of fresh and dry flowers. Comparedto the
controltreatmentK), a similar effect, but a slightly highernumberof flowersas
freshanddry flower weightwasobtainedin the treatmentwith EkoBoosterl(E)

(Table2).

Table 3. Floweryield parametersf the seconcharvest:

Numberof fresh '\ ioht of fresh | Weight of dry

Newtreatment flowers per flowers(g/plant) flowers(g/plant)
plant
A 14.76:0.10a 14.04:0.06a 2.28:0.0%
E 12.1G3:0.0% 11.86:0.08 2.01+0.0
K 9.96+0.07c 8.65+0.06c 1.43+0.04c

* A-Treatmenin Algofastsolution; E-Treatmenin EkoBoosterXkolution; K- control

treatmentResultsare expresse@dsmeant SD (n=3). Meanvaluesin thetablein the

samecolumnmarkedwith the samedettersdo not differ statisticallysignificantly(p <
0.05).

In the secondharvest,the resultsshow that the Algofast treatmentwas more
successfuthantheothertreatmentsNamely,the highestnumberof freshflowers
per plantaswell asthe weight of freshanddry flowers per plant was obtained
with the useof Algofast (A), which is statisticallysignificantly higherthanwith

the othertreatmentsA similar effect, but slightly lower resultswasachievedy
applying EkoBooster1(E), while the smallesteffectwasachievedn the control
treatmen{K) (Table3).
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Table 4. Floweryield parametersf thethird harvest:

Number of fresh Weight of fresh Weight of dry

Newtreatment flowers per flowers(g/plant) flowers(g/plant)
plant
A 14.26:0.01a 14.94+0.0% 2.68t0.04a
E 13.1G:0.04a 13.86:0.0% 2.56+0.01a
K 10.56:0.06b 9.55:0.03% 1.53t0.0

* A-Treatmenin Algofastsolution; E-Treatmenin EkoBoosterXolution; K- control

treatmentResultsare expresse@dsmeant SD (n=3). Meanvaluesin thetablein the

samecolumnmarkedwith the sameéettersdo not differ statisticallysignificantly(p <
0.05).

The resultsof the third harvestshow that the highestyield parametersvere
achievedin treatmentswith biostimulatorsand that there is no statistically
significantdifferencebetweenthem.However,thereis a statisticallysignificant
differencein treatmentsvith biostimulatorscomparedo the controltreatmentjn

which slightly lower valuesof yield parametersvereobtained Table4).

Table 5. Floweryield parametersf thefourth harvest:

Number of fresh | eight of fresh |~ Weight of dry

Newtreatment flowers per flowers(g/plant) flowers(g/plant)
plant
A 16.210.0% 16.250.0% 2.91+0.0%a
E 15.85-0.02a 16.110.0% 2.81+0.04a
K 11.43:0.03 10.210.06b 1.63t0.03b

* A-Treatmenin Algofastsolution; E-Treatmenin EkoBoosterXolution; K- control

treatmentResultsare expressedismeant SD (n=3). Meanvaluesin thetablein the

samecolumnmarkedwith the samelettersdo not differ statisticallysignificantly(p <
0.05).

According to the results,the outcomeof the fourth harvestwas similar to the
previousone. Namely, the highestyield parametersichievedin the treatments
with biostimulatorsandbetweerthemshowno statisticallysignificantdifference,
while the lower valuesof the yield parametersvere achievedn the control (K)
(Tableb).
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Table 6. Floweryield parametersf thefifth harvest:

Number of fresh | Weight of fresh Weight of dry
New treatment
flowers per plant | flowers(g/plant) flowers(g/plant)
A 13.95:0.26 12.430.0% 2.61+0.06a
E 14.67#0.16 12.4%0.16 2.5%0.07a
K 14.43-0.0% 11.93:0.06a 2.570.0%

* A-Tretmanu rastvoruAlgofasta;E-Tretmanu rastvoruEkoBooster1K- kontrolni

tretman.Rezultatisui z r akgosradnjavrednostt SD(n=3). Srednjevrednostiu

tabeliuistojkolonio z n a Istenslevimas t at z & &l Bekdnaalikuju (p <
0,05).

Theoutcomeof thefifth harvesis significantlydifferentfrom theothers Namely,
a similar result of all yield parametersvas achievedin all treatmentsmore

precisely,there are no statistically significant differencesbetweentreatments
(Tableb).

Table 7. Floweryield parametersf the sixth harvest:

Number of fresh Weight of fresh Weight of dry

Newtreatment flowers per plant flowers(g/plant) flowers(g/plant)
A 11.950.11a 11.23:0.05%a 2.41+0.1(a
E 11.6#0.1% 11.610.06a 2.38:0.0%
K 12.0#0.0% 10.93:0.0% 2.35:0.16a

* A-Tretmanu rastvoruAlgofasta;E-Tretmanu rastvoruEkoBooster1K- kontrolni

tretman.Rezultatisui z r akgosradnjavrednostt SD(n=3). Srednjevrednostiu

tabeliuistojkolonio z n a Istenslevimas t at z & &l Bekdnaalikuju (p <
0,05).

The outcomeof the sixth harvestaccordingto the obtainedresultis similar to the

previousone.Forthe most part, thereare no statistically significant differences
betweertreatmentgTable7).

Table 8. Floweryield parametersf the sixth harvest:

Number of fresh Weight of fresh Weight of dry
New treatment
flowers per plant flowers(g/plant) flowers(g/plant)
A 10.84t0.1b 9.83t0.171 1.91+0.0%
E 10.730.1% 9.91+0.0% 1.8740.08b
K 12.35:0.16a 11.8%0.14a 2.340.1&

* A-Tretmanu rastvoruAlgofasta;E-Tretmanu rastvoruEkoBooster1K- kontrolni

tretman.Rezultatisui z r akgosradnjavrednostt SD(n=3). Srednjevrednostiu

tabeliuistojkolonio z n a Istenslevimas t at z & &l Bekdnaalikuju (p <
0,05).

In the caseof thelast, seventhharvesttheresultis significantly differentthanin
the others.More precisely in the caseof treatmentwith biostimulatorstherewas
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no mutual difference, while the control treatmentproved significantly more
dominantin all testedyield parametersomparedo the others(Table8).

Table 9. Marigold seedyield parameters:

New treatment Number of seedger plant Germination%
A 9.2+0.12b 91.3+0.10a
E 8.9+0.18b 90.2+0.16a
K 12.8+0.15a 92.4+0.09a

* A-Tretmanu rastvoruAlgofasta;E-Tretmanu rastvoruEkoBooster1K- kontrolni

tretman.Rezultatisui z r akgosradnjavrednost: SD (n=3). Srednjevrednostiu

tabeliuistojkolonio z n a Istenslevimas t at z & al Bekanaalikuju (p <
0,05).

Betweentreatmentswith biostimulatorstherewasno mutualdifferencein seed
yield perplant,butthe controltreatmentvassignificantlymoredominantthanthe
othertreatmentsStatisticalanalysisdid not showa significantdifferencein the
germinationpercentagef thetestedreatmentgTable9).

Basedon meteorologicaldatarecordedduring the researchijt canbe saidthat
precipitation was unevenly distributed during the growing season(Table 1).
Namely,the excessiveamountof precipitationand optimal temperaturen July
and Augustextendedhe periodof flowering andripeningof seedswhich hada
positiveeffecton the numberof harvests.

In this work, it was shown how the seedsprimed with organic growth
biostimulatorshad the most dominanteffect on the yield parametersf the C.
officinalis flower duringthe first four harvestsA similar effectwasachievedn
the researchof Rafieaet al., (2016),whereit is pointedout that biostimulators
havea dominantinfluenceon the growth, developmentandyield of this plant
species.However, there were significant differencesbetweentreatmentswith
biostimulators.Accordingto the literature,this outcomeis associatedvith the
different chemical composition of biostimulators (Wozniak et al., 2020).
Consideringthat biostimulatorsbasedon humic substance¢EkoBoosterl)and
seaweeaxtractgAlgo Fastawereused,it is assumedhatthisis themaincause
of mutualvariability. By comparingthe efficiency of thesetwo biostimulatorsijt
canbe saidthat the biostimulatorbasedon seaweeaxtracts(Algo Fast)exerted
amoredominantinfluenceon thefirst two harvestsomparedo EkoBoosterlor
theextractof humicsubstancedn thatcasewe assuméhatAlgo Fasthadabetter
effectdueto its greatercontentof chemicalcompoundsandthisis confirmedand
explainedin more detail by research(Hines et al., 2021). According to the
literature Mo r a v leteal, i(2019, extractsof seaweedAscophyllum spp.,
contribute to the promotion of faster plant growth becausethey contain
polysaccharideminarin,alginatescarrageenangy-containingsterols betanin,
hormonesmicro and macro elementswhich probablyinfluencedthe positive
outcomeof this researchduringthefirst few harvest.
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However,during the fifth andsixth harvestyield parametersveresimilarin all
treatments,and during the seventh,they were more dominantin the control
treatment.A similar effect in examining the influence of biostimulatorsin
medicinalplant speciesvasachievedn theresearctof Go r d atalj (2022).
Namely, researchindicatesa more dominantinfluenceof biostimulatorsduring
theinitial stagesandsomewhaiveakerduringthe later stagesAccordingto the
literature, biostimulatorsactivate severalphysiological processeghat enhance
nutrientuptakeandthusrapidly stimulateplantdevelopmentMo r a v ktaly i |
2019) Consideringthe use of a uniform commercial substratewithout any
additionalfeedingduringthe experimentwe assumehattherewasan excessive
consumptionof nutrients during the first harvestsand that this causedthe
dominanceof the controltreatmenin thelater harvestsAccordingly,according
to Abou Dahabet al., (2006), plantstreatedwith biostimulatorshave a faster
developmentanddueto a fastermetabolismthey synthesizenoreaminoacids
and thereforehave a greaterneedfor nutrientsbecausehereis a pronounced
synergismbetweernthem.Otherresearctby Halpernet al., (2015),indicatehow
somebiostimulatorscanaffectthe reductionof nutrientconsumptionwhich was
probably not the case with the examinedbiostimulators, plant speciesand
productiormethodwe canpointoutthatthevariability of theobtainedseedyields
is partiallyin agreementvith theyieldsobtainedby Krdl etal., (2016).Basedon
thepreviousfindings,we assumehatthenutrientimbalancecausedlifferentseed
yields in the treatmentswith the control treatmentbeing the most productive.
However the percentagef germinatedseedsamongtreatmentsvasvery similar,
which is probably attributableto the similar concentrationof nutrientsin the
growingsubstrateluringseedmaturation.

Conclusion

With this researchwe can concludethat organic biostimulatorscan have a
positive effect on C. officinalis flower yield parameterswhich is not the same
casewith seedyield. Organicbiostimulatorshadthe greatesimpactin the first
harvestssotheir usecanberecommendedh future production.

Consideringhis researchit canalsobe saidthat whenapplyingbiostimulators,
theoptimalsupplemenshouldbe determinedothatthe plantproperlycompletes
its physiologicalcycle. Taking into accountthat C. officinalis is known for its

secondarynetabolitescarriersof its medicinalpropertiesfurtherstudyshouldbe

focused on the influence of organic biostimulators on the phytochemical
compositionof the obtainedyields.
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Abstract

The aim and subject of this research are the potentials for the development of
viticulture and winemaking in Serbia, with a focus on improving the current state
of wine exports from Serbia and exploring the possibilities of wine tourism
development, espedly in rural areas where the highest number of small wineries
are present. The research period spans from 2018 to 2022.

The primary sources used in this study were obtained from the statistical database
of the Statistical Office of the Republic of Serbia. The research is based on the so
call ed Adesk researcho met hod, as wel |
methods The authors identify key issuses and provide suggestions for necessary
measures that will contribute to increasing wine production volumes, enhancing
the export of higlguality wines, and fostering wine tourism in Serbia through the
promotion of rural esironments.

Key words: Wine export, wine tourism, small wineries

Introduction

Serbia has significant potentials for exporting produced wines, given the large
number of multilateral and bilateral agreements that establish specific levels of
customs protection in trade. The most significant trade agreements for Serbia
include those wih countries in the region of Southeast Europe (CEFTA), the
European Union, the Russian Federation, Belarus, Kazakhstan, and Turkey. To
utilize the existing potentilas in wine production, it is necessary to prevent a
constant decline in total vineyard aseand to establish new vineyards with
modern assortments aligned with contemporary production trends. Besides
improving the conditions of the existing wine export from Serbia, investing in
wine tourism is also crucial. Small wineries, which produce reltismall
guantities of wine, are mostly oriented towards local retail or exports due to
limited quantities. They are primarily focused on the local market, i.e., selling
wine directly from the wineries, rather than engaging in wine tourism. Wine
tourism B closely related to rural landscapes, as they contain the largest vineyard
areas and wineries. Rural settings and lifestyle are essential elements in attracting
and promoting wine tourism.

The aim and the objective of this research is to expolre how to leverage the
existing potentials for the development of viticulture and winemaking that Serbia
possesses in abundance, primarily due to favorable natural conditions. By doing
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so, it would ensure the production of highality wines made from grapes
produced in Serbia, which could be successfuly exported, and it would also
facilitate the development of wine tourism by attracting domestic and foreign
tourists.

During the research, the statistical database of the Statistical Office of the

Republic of Serbia was wused. The dde:

methods were employed.

Results of the research with discussion
Potentials for Development conditions for wine export from Serbia

Serbia has significant potential and provides an excellent climate for viticulture,
possibly the best in the Balkans, producing grapes with an ideal balance of acidity
and sugars. Some parts of Serbia are influenced by a mid Mediterranean climate.
The climate is characterized by a good light regime, which, along with
temperatures, is crucial for obraining sufficient extract for grape production, with

a partially favorable distribution during vegetation, which can be compensated by
a good irrigation systenV{ahovic et al., 2017).

According to Tarailo and Vuksanovic (2021), tje agroecological conditions in
Serbia are favorable for cultivating numerous table and wine grape varieties,
ranging from the earliest to the latest ripening periods. The produced grapes
ensure very good qualfitboth for the market and higjuality wine production.
However, Serbian viticuture is still characteriyed by significant vineyard areas in
the individual ownership sector. These vineyards have unfavorable age structure
and are dominated by extensive i@tion forms, unfavorable varieties with low
yield capacity for agricultural practices (Jaksic, 2019).

Today, Serbia is classified as a significant wine importer, although it was once a
major wine producer for its own population and for th erepublics of the former
Yugoslavia, as wellas a notable wine exporter. Currently the largest quantities of
wine from Srbia are exported to the Russian Federation and CEFTA countries,
including Bosnia and Herzegovina and Montenegro. To change the existing
situation and leverage the potentials Serbia possesses, it is necessary to prevent
further declines in vineyard areand facilitate the stablishment of new, modern
plantations resistant to diseases and pests, ensuring good wine quality.

However, besides the crucial quality aspect for wine exports, particularly to
European countries, it is also essential to increase the quantity of produced wine
to meet the demand of both domestic and foreign markets. Despite favorable
natural conditionsdr grapewine success and wine production in Serbia, the full
utilization of these conditions is yet to be achieved, as evidenced by the declining
vineyard areas observed in the observedyrar period.
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Graph 1. Vineyard areas and grape production in the Republic of Serbia

Source: Statistical database of the Republic of Serbia

To improve wine export in the next period, from the grapes produced in Serbia, it
is necessary to use potentilas better. The largest amounts of areas under the
vineyards are owned by individuals, with dominant extensive cultivation forms ,
unfavorable oldstructure and small capacity of a genus. So, it is necessary to
modernize existing sortment, by implementin sorts that are resistant to diseases
and pests on the high level. On Graph 1 areas under the vineyard are showed and
grapes production in observeadd-year period. Serbia is the country that wishes

to become a part of the European Union, where the grape and wine producer
producers are more developed and more competitive by the price, and our sector
of viticulture and winemaking is not still ready fequal participation on the such

a big and important market.

6000

| 2019 | 2020 | 2021 | 2022 |

Graph 2. Wine export from the Republic of Serbia

Source: Statistical database of the Republic of Serbia
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The export structure of wine indicates the need for better branding of Serbia wines
to increase their recognition in the market. Currently, in Serbia, famihed
vineyards and wineries in rural areas predominate, cultivating various grape
varieties, andjuality wines are often produced (Jovanovic et al., 2015). The data
showed on the Graph 2 tells us that the largest amounts are exported to the market
of CEFTA countries, primarily to Bosnia and Herzegovina and Montenegro, but
also to the market of Russi&ederation, and if we speak about the market of the
European Union we export less amounts. On the tabel 1 SWOT analysis will be
showed of the export chances from the market of the Republic of Serbia.

Table 1.SWOT analysis of wine export from the market of the Republic of

Serbia
Strenghts Weaknesses
Favorable agre@cological
conditions for grapes Extensive production and fragmentation of plots
production

Tradition in the production
of high-quality wine
The existence of certain

Weak assosiation of grapes and wine producer

Varying in the quality andumberof grapes and wing

incentives
Favorable international Insufficiently developed grapes and wine market
agreements
Lack of financia asset
Predominant representation of small producers of
grapes and wine
Chances Threats

Enlarging of the export by
producing grapes and wine
more

Insufficient promotion of domestic wines and
designation of geographical origin

Higher level of state and EU incentive in the count
Access to new wine market| that are the main exporters of wine to the Serbian

market
Enlarging wine production | Lack of conscience about the importance of marke
with geographical origin and winepromotion,which would enlarge the export

Danger of small grapes and wine producers, which
imported from the market of Northern Macedonia

Source: Authors

Needs for the Development of wine tourism in Serbia

Special attention in Serbia is dedicated to rtwatism. The Republic of Serbia

has numerous opportunities for the development of wine tourism, which have not
been sufficiently stimulated so far. Wine tourism can be a vital business for many
small wineries, offering advantages such as increased pfitthe direct wine
sales to consumeir2010( Del anski and Puzi
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According to Jovanoviet al.,2015, the presence of wineries in the tourist offer

is insufficient and spoaradicallyeveloped]acking a clear strategy at both the
national and local levels. It is necessary to encourage their inclusion in tourism
flows, primarily thorough the development of wine route. By enriching the
hospitality content in wineries, prerequisites for succesdéyelopment are
fulfilled, not only in wine tourism but also in agrotourism, as tourists could
experience firsthand the vineydife.

The development of wine tourism is particularly significant for small wineries that
lack the capacity for wine exorts. These wineries, which are predominant in
Serbia, are oriented towards the local market, focusing on wine sales from
wineries and local irism.The SWOTanalysis of the needs for the development
of wine tourism in Serbia will be presented in Tabel 2.

Table 2. SWOT analysis of development f the wine tourism in the Republic of
Serbia

Strenghts Weaknesses

insufficient involvement of the state in
small wineries

unrecognizability of importance of the
wine tourism

Greater volume of sales

Higher income

Direct meeting with customes expressed migration villagecity
Brand making poor pu'rchasing power of the
population
Development of positive image of underdeveloped wine drinking culture
destinations/rural areas in Serbia
Chances Threats

Development of rural areas in Serbia an(

X i, adversenine salesn small winer
their recognition y

Keeping youth in rural areas by employir| Capitallacks

Possibility that Serbia is recognized as
wine country again

Increasing profits in tourism on the state
level

the uncertainty of starting wine tourisr|

Source: Authors

Wine tourism, as well as the businessivity, may introduce essential business

for small wineries. The significant number of recently established small wineries
sell most of their wind@at the cellar do@r The development of wine tourism in a
region creates numerous benefits, including increased sales and profits, visit
education, improved connections with wine traders, product testing, and a rise in
the number of visitors and prodeucers. It also coneitn the development of
other sectors, rural employment, preservation of local traditions ayd of life,

and environmental protection. One of the successful ways to present wine tourism
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is through wine routes. Wine routes are a special form of wine sales, comprising
naturalbeauty tradition, and the uniqueness of the vineyard area. The advantages
of wine routes are manifold, as they enable each winemaker to sell wine and
products directly from their estate or cellar, facilitate new employment
oppertunities, and encourage full engangnt of rural people in preserving and
reviving the original environment and traditional heritage in harmony with
sustainable tourism development (Vlahosial., 2015).

According toVlahovic, (2015 wine tourism represents one of the most crucial
aspects of rural tourism. Its development brings numerous benefits to rural
destinations at both individual and collective levels, including increasedi r i st 6 s
numbers, higher wine salesvineries,and greater income. Serbia has significant
potential for the development of viticulture and winemaking, stemming from
agroecological conditions, traditions, the interest in wine production among
family farms, and the existing of vatis multilateral and bilateral agreements that

could boost wine export from the Serbian market. The conditions for wine tourism
development will facilitate the placement of wine produced by small wineries
unable to export their wine due to limited quaatiti

Conclusion and Recommendations

Republic of Serbia has numerous advantages for grape and wine production,
which it can better utilize in the future to increase exports and promote the tourism
of small wineries. Currently, the relevant export markets for Serian wine are the
countries of EFTA and the Russian Federation. However, in order to increase
exports in the future, the country must work on expanding existing vineyard areas
by introducing higkquality varieties resistant to diseases and pests, which also
yield large quantities of wia Additinally, as Serbia prepares to enterEhg it

needs to focus on increasing wine exports to EU member states.

Direct benefits of wine tourism include higher sales prices, increased profits from
wine sales in wineries, visitor education of potential wine consumers, improved
connections with wine distributors, and other advantages. It is important to
consider that e development of wine tourism depends not only on wine
producers themselves but also on the s

In recent years, atttention has been given to the development of viticulture and
wi nemaking in Serbia, but it remains i
preparations for the EU accession.
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Abstract

The share of leased land on agricultural farms has been increasing in recent
years. With growing demand, rental prices are rising and there is constant interest
in agricultural land.

The aim of the paper is to point out the problems of tenants of agricultural land,
from searching for land for lease, to getting information about the offer of land,

to terminating the contract, but also to propose appropriate solutions to the
problem.

Quantitative and qualitative analysis was used in the paper, and the data was
obtained from scientific and professional literature and a survey questionnaire
conducted on agricultural farms in the Zapadnbhdistrict of AP Vojvodina.

The results show that the share of | ea
is relatively high, and leasing has an advantage over land purchase. When asked
how to find agricultural land for rent, 79.2% of respondents stated that the
landowners offerethem the land themselves. Lessors are the state, legal entities,
other farms, and the largest share of leased land is owned by natural persons.
70.8% of lease contracts are concluded in writing. The lease price is the most
important element of the contta@and the time period, distance from the land,

etc. are also important. Generally, a term of at least 3 years is agreed upon. 3/4
of tenants pay a slightly higher rental price every year. Problems related to the
termination of the lease contract were aldentified, where 45.8% of respondents
determined that the lessor wants to terminate the contract prematurely, although
the reasons are not always justified.
0450 with an upwar d t r additon, nomtranspanrenti s a
bidding, early cancellation of contracts, lack of land for lease, are problems faced
by tenants. Tenants could take more measures to keep the contract in force, and
it is certainly recommended to do business with landowners,hate a good
reputation.

Key words: Lease agreement, agricultural land, tenant problems.

Introduction

Land is a limited resource and in parallel with the growth of its value, it becomes
a very good investment (Ramamurthy et al., 2017). In addition to other buyers,
agricultural entities ifdividual farms, companies and cooperatives) are also

interested in the land. Farmers, when expanding production capacity, prefer to
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invest money in technology and equipment, rather than in the purchase of land
(Dube and Guveya, 2013).

Land leasing has become a common business practice for local farms. The share
of leased land on agricultural farms is increasing from year to year. As the demand
for land increases, rental prices rise and there is constant interest in agricultural
land. Land leasing is often accompanied by problems. Problems arise when
finding agricultural land for lease, concluding a lease agreement and later using
the land due to different understanding of the contractual provisions (Adenuga et
al., 2021).

AP Vojvodina is known for agricultural production with its fertile and large black
earth fields and farms with a long tradition of production. While real estate prices
in rural areas of AP Vojvodina are quite low, average rental prices and market
prices ofagricultural land are high.

Literature review

Agricultural land is that which is used for agricultural production, as well as land
that can be used for the production of cultural plants. The Law on Agricultural
Land ("Sl. glasnik RS", 62/2006, 65/2008, 41/2009, 112/2015, 80/2017 i 95/2018)
classifies agricultural land into: arable land, gardens, orchards, vineyards,
meadows, pastures, ponds, reeds and marshes.

Agricultural land is divided according to the form of ownership into:
1. land in private ownership;
2. cooperative or landwned by legal entities;
3. leased land.

As the demand for land grew, so did rental prices. According to the Survey
conducted by the Republic Statistical Office in 2018, the area of leased
agricultural land in the Republic of Serbia was 754,037 ha (RZS, 2018). If we
compare this data with the ye2012 (610,136 ha), the area of leased land

i ncreased by 23.6% (Gevarlil, 2015).
12.54%, while in 2018 this share was 15.50%.

While most of the agricultural land of small farms is in their own ownership, the
share of leased land is significant in the case of larger farms. It is estimated that
farms with holdings above 100 ha cultivate only about 30% of their own land, and
the resis leased land.

The share of leased land on agricultural farms is increasing. This is due to the fact
that the demand for agricultural products is growing, which leads to the need to
expand production capacities. Agricultural farms prefer to invest in new
technology, ratbr than in the purchase of land (Ciaian et al., 20D2lye and
Guveya, 2013).

Buying and leasing land plays a big role for farmers, who want to be productive
and own little land. However, a distinction must be made between buying and

192



renting. Owned land can be sold, rented, and, if necessary, used as a mortgage.
The following circumstances speak in favor of the lease (Swinnen et al., 2006):

The possibility of land lease always exists;

Since land lease does not require so much money and does not threaten

liquidity, more capital remains for other investments;

I Theland is in the hands of more efficient users than the owner. If you are
not able to take care of the land, then the solution is to lease it;

1 Leasing land is a good option for people who start farming.

1
1

However, the orientation of farms towards land lease is not an optimal strategy. If
you are not the owner of the land, there is no business stability. Problems can
arise, because you cannot take out a loan, i.e. provide adequate collateral. Leases,
which ae temporary in nature, do not provide sufficient incentives for effective
investment in agriculture.

In several European countries, governments have passed laws to ensure that the
minimum lease length is several years. In addition, lease length regulations are
often accompanied by regulations that force landowners to compensate tenants for
investments thaimprove the productivity of the land. Other rights are also
granted, such as the tenant's right of first refusal (Swinnen et al., 2006). If there is
a tenant on the agricultural land, he has the obligation to take care of the land ("SI.
glasnik RS", 62/@06, 65/2008, 41/2009, 112/2015, 80/2017, 95/2018).
According to the provisions of the Law on the Basics of Property Relations ("Sl.
list SFRJ", 6/80, 36/90, "SI. list SRJ", 29/96, "Sl. glasnik RS", 115/2005), as well
as the Law on Real Estate Transacti@i®. glasnik RS", 93/2014, 121/2014,
6/2015) the owner who intends to sell the agricultural land is obliged to offer it to
the owner of the neighboring land beforehand. Furthermore, the right -of pre
emption is valid for a third party, if it is registeredhe land register. The problem

is that states oveegulate the conclusion of leases, thereby eliminating the
flexibility that was originally a positive aspect of lea¢€mian et al., 2012a).

The owners of the land must do something with it, if they do not cultivate it. They
have the option to sell it, lease it or assign it for free use. Agricultural farms have
to decide whether to buy or lease land in order to increase productivity (Kuzman
andPr odanovi i, 2017).

Finding land to lease should not be a problem, as most land resources have owners.
Ways to find agricultural land for rent are (Learmonth, 2011):

1 the owner of the land comes to offer the land for lease;
1 a person who wants to lease land inquires;

9 search for a plot and its owner via the Internet;

1 use the help of real estate agencies;

i patrticipate in the public auction for leasing state land.

The most favorable option for agricultural holdings would be for the owners to
offer agricultural land for lease. If it is possible to achieve a favorable price, then
you should consider auctioning state land. The most expensive would be to hire
real estat agents to find land for lease.
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According to data from the Agricultural Land Administration, the total area of
stateowned agricultural land on October 31, 2021 was 805,795 ha, of which
397,111 ha are exempt from leasing and use (https://upz.minpolj.gov.rs/sadrzaj/,
02.06.2023).

The average fee paid for state | and wa
local governments of AP Vojvodina, average prices are significantly higher and
reach an incredible 0750/ ha (Poljopri:\

lease of st& arable land are one of the forms of corruption.

When a farmer finds land for lease, he should agree terms with the lessor, that is,
conclude a lease agreement, which determines the rights and obligations of both
parties. "With the lease agreement, one contracting party (the lessor) undertakes
to hand oer a certain nogonsumable thing to the other contracting party (the
lessee) for use, and the lessee undertakes to pay a certain fee for it and to return
the same thing after a certain period of time" ("Sl. list SFRJ", 29/78, 39/85, 45/89

- odluka USJ 589, "Sl. list SRJ", 31/93, "Sl. list SCG", 1/2003stavna povelja,

"Sl. glasnik RS", 18/2020).

In the Republic of Serbia, the lessee and the lessor have a lot of freedom when it
comes to the form of the contract and the price of the lease. However, this is not
the case in some countries of the European Union. In many of them, the
government has séitnits on fees for renting agricultural land. The maximum,
minimum or both limits of the rental price are determined. For example, in
Belgium and the Netherlands a maximum price is indicated. This helps smaller
farms to compete with larger ones, but in Metherlands it has been shown to
lead to informal agreements and the informal payment of higher rents (Ciaian et
al., 2012a).

Contracting parties are obliged to comply with contractual rights and obligations,
and if this is not the case, termination of the contract is possible (Riveros et al.,
2022).

Research objective, methodology and sample

The aim of the paper is to point out the problems of tenardgrafultural land,
from searching for land for lease, to getting information about the offer of land, to
terminating the contract, but also to propose appropriate solutions to the problem.

Of the methods, quantitative and qualitative analysis was used, and the basic
method of data collection was a survey questionnaire. For the purpose of
analyzing the research results, Mierosoft Exceprogram was used.

The sample included 86 agricultural farms, and the survey questionnaires were
sentin the period from May 22, 2023 to May 24, 2023. years. We received answers
to the questionnaire from 24 farms (29.9%). The participation was rather modest,
because the spig work was in full swing or the farmers did not want to devote
time to other activities, which require deliberation.
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Research area and profile of respondents

Zapadnobal ki Di strict includes the te
Odgaci and Kula) and one city (Sombor)
of AP Vojvodina. Most of the farms included in the sample are engaged in arable
production. 24 rggondents answered the questionnaire, of which only 1 farm was

from the municipality of Kula. The municipality of Apatin did not have a single

farm that responded to the questionnaire. 54.2% of the respondents were from the
rur al muni ci p &%.8%tofythe cespon@ant§ lzelorigeddorthe city of
Sombor.

Only two farms were in business for less than 5 years. Most farms have been
operating for more than 15 years (70.8%), 12.5% had 11 to 15 years of experience,
and the rest had 5 to 10 years of experience. Also, the sample included mainly
larger farms, wherenore than a third of the respondents farmed property larger
than 200 ha, while farms that farmed less than 50 ha were not included.

37.5% of respondents leased@1% of the total land they cultivate. In the case
of 29.2% of farms, the share of leased land i86%. 4.2% of farms rent almost
all their land (in the range of 8l00%), and the same number of them rent very
little land (in the range of@0%). 24.9% stated that the share of leased land is 21
40%.

In 2022, 38.5% of the land is owned, while 57.4% of the land is leased and only
4.1% of the land remains in use. The share of leased land on farms in
Zapadnobacka District is relatively high, and leasing has an advantage over
buying land.

Research results and discussions

The first question was: how to find agricultural land for rent? 79.2% of the
respondents stated that the landowners themselves offered them the land. 62.5%
of farmers go directly to ask the owner, and 45.8% find land for lease through the
Agricultural LandAdministration. It is less popular to look for land on the Internet

- this is done by a quarter of respondents, and three respondents stated that they
use the help of acquaintances and friends. Therefore, it can be said that in
Zapadnobal kawnedsiare toncerget about thee agricultural land and
are quite inclined to offer it to farmers themselves for lease. Tarjuelo et al. (2020)
point out that from the aspect of land management, it is better to cultivate it, than
to leave it lying fallow.

Below (table 1) is shown how much land is leased from different lessors.
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Tablel.St ructure of | essors n Zapad:!
More
It is not Less than About than half The
Landlord rented half of the half of of the entire Total
leased the leased land is
at all leased
land land leased
land

State 37.5 62.5 0 0 0 100
Physical 0 8.3 20.8 54.2 16.7 100
persons

Farms

bigger 95.8 4.2 0 0 0 100

than

yours

Farms

smaller 62.5 33.3 0 4.2 0 100

than

yours

Other

legal 45.8 41.7 12.5 0 0 100
entities

The largest share of leased land is owned by natural persons, where 16.7% of
respondents lease the entire land, and 54.2% of farms cultivate more than half of
the land leased from natural persons. Active agricultural farms also have the
possibility to lease land. It seems that this is not exactly the practice in the
Zapadnobacka District, but still one farm (4.2%) leases less than half of the leased
land from largeragricultural farms, while 33.3% of respondents also lease less
than half of the leased land from smaller agricultural farms. Less land is leased
from other legal entities and the state, whose share is less than half of the leased
land.

When the land is found, a lease agreement should be concluded with the owner.
We investigated which form of contract is most used by agricultural holdings and
how often. 41.7% of respondents do not use the oral form of the contract at all,
and the rest ugequite rarely. 70.8% of lease contracts are concluded in writing.
The most expensive and comprehensive form of contract is tballsd notary

form. 87.5% of respondents do not use it at all, and the rest use it quite rarely.
Fortunately, no one hadrgsus problems with the use of any of the mentioned
forms of contract. Although there is freedom in the form of rental contracts in
Serbia, it is still preferable that they be drawn up in writing.

When concluding a lease agreement, the lease price is discussed. In addition, the
time period for which the land is leased is important. In the opinion of more than
half of the respondents, it is important to negotiate the termination of the contract
and he use of good agricultural practices. The survival of the contract is primarily
important for the lessee, due to the organization of production. Since the duration
of the lease agreement is one of the most important points of the contract, we
investigatedd he ti me period for which far ms
agreement on the lease of agricultural land.
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Table 2.Frequency of using different terms in the lease agreement (%)
Contract Not at Rarely | Sometimes| Often very Total
term all often
1 year 54.2 29.1 4.2 8.3 4.2 100
2 years 45.8 33.3 16.7 4.2 0 100
3 years 12.5 25.0 29.1 12.5 20.8 100
<3 years 8.3 4.2 12.5 25 50 100
Unlimited 41.7 16.6 25 4.2 12.5 100

Table 2 shows that more than half of
not sign a lease agreement for one or two years at all or do so haséhad, a

term of at least 3 years is agreed. Most often, the signing of a contract is for a fixed
period of time, and for a period longer than three years.

Respondents stated whether they pay a higher rental price every year in the case
of an indefiniteterm contract. If the price of leased land on the market increases,
then approximately threguarters of households pay an increased lease price.

Next, we investigated the early termination of the lease. 8.3% of respondents had
to terminate the contract, because the owner alienated the land without their
knowledge. The lessor should inform the lessee about the alienation of the land.
According to tle contract, all rights and obligations agreed between them pass to
the new owner. The new owner can cancel the contract under certain conditions,
e.g. if he wants to start production. The lease agreement was also terminated
earlier, because the tenant hatfisacquired the property. However, 45.8% of
respondents stated that the lessor wants to terminate the contract early. The reason
is mainly the death of the lessor, where the heirs decide to sell the land or start
cultivating it themselves this was stat by 58.3% of respondents. Half of the
respondents said that the reason was the sale of the property or the desire to start
using it themselves. A third of respondents stated that other farms offered a better
price and that the lessor accepted a more ébleroffer. Respondents state that
there has been a termination of the lease agreement, because some lessors want to
terminate the agreement without any reason. It seems that unjustified reasons are
often found and that farmers give up relatively easily prematurely terminate

the contract at the request of the lessor.

We were interested in situations related to the termination of lease contracts on
agricultural holdings in the Zapadnoba
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Table 3.Various situations to the detriment of tenants on agricultural farms in

the Zapadnobal ka Di stri
The landlord The lessor wants to
The lessorwants to i .
. wants to receive | terminate the lease
Frequency of | increase the agreed
the rent before the before the term
occurrence fee before the . - N
; deadline specified specified in the
contract expires ;
in the contract contract
Never 29.2 20.8 25
Rarely 33.3 45.8 62.5
Sometimes 25 29.2 8.3
Often 12.5 4.2 4.2
Very often 0 0 0
TOTAL 100 100 100

Table 3 shows that none of the mentioned situations happened very often.

However, 12.5% of households often encounter landlords who wamtrease

the rent during the duration of the contract. 25% of the respondents stated that the
landlords sometimes tried to increase the rent, and a third of the respondents
pointed out that this is a rare case. The situation that the lessor wants te receiv

the rent before the term specified in the contract sometimes occurs with 29.2% of

ct

(9

respondents, and less often with 45.8%. The case that the lessor wants to terminate

the contract before the term specified in the contract occurs quite rarely in 62.5%

of farms, sometimes in 8.3% of farms, and often only in one farm (4.2%).

The price is the most important element of the lease agreement. Therefore, the
following graph shows the range of fees, which are paid per hectare for land lease
[ Zapadnobal ka

I n

Di stri

ct .

Graph 1 shows the percentage of households that paid the appropriate rent in 2022.
For 25% of respondents, the fee for renting 1 ha is 380 euros. Furthermore,
16.7% of households paid rent between 15Q00 euros. Also, 16.7% of
households paid reimt the amount of 301350 euros. There were no farms that

received land without monetary compensation. 1 farm paid a rental price above

450 euros/ha.
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Graph 1. Lease fee per hectare of agricultural land on the farms of
Zapadnoba(2kk2) di stri ct

Therefore, the range of rent for | and,
ranges from 100450 euros. The average fee for the lease of agricultural land in
Zapadnobal ka District is around 300 el
trend. Wherit comes to state land, the initial price for most plots in the area of the
city of Sombor i sUpsalag@a @odymomer v idOdn ¢
15.06.2023) . Agricul tur al l and | ease

considered somewhat higher than the average in the Republic of Serbia.

How much someone will pay to rent agricultural land depends on the supply, but
also on other factors (Davies et al., 2007). We investigated the factors influencing
the price of land lease (table 4).

Table 4.Factors that determine the price of land lease on farms in
Zapadnobal ka District (%)

A factor It Does
affecting the doesn't not Moderately _ It's _ Very Total
. matter important | important | important
rental price at all matter
Market price 4.2 125 25 20.8 37.5 100
Soil fertility 0 8.3 16.7 41.7 33.3 100
Land distance 0 4.2 12.5 50 33.3 100
Land size 8.3 4.2 16.7 33.3 37.5 100
Competition 4.2 4.2 8.3 29.2 54.1 100

More than half of the farms believe that the strength of competition greatly affects
the price of agricultural land lease, and more thartbine of them point out that

the market value and tlsize of the land for lease play a role. Furthermore, the
fertility of the soil is always taken into account, as well as the distance of the land
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from the farm. No one has indicated that these two factors are not important at all.
The most conflicting opinion is about the "market price", whether it is very
important or not.

Solutions to problems related to land lease
Agricultural farms faced several problems related to land lease, namely:

M find land for rent,

1 rental prices have become very high,

M rentincrease,

1 tenants want to receive rent for several years in advance,
1 premature termination of the lease agreement.

Rent does not always have to be in money. The rent could be paid in another way,
e.g. products, agricultural services, etc. The tenant can respond to the request for
a rent increase, if it is economically justified. If the rent is specified in a-multi
year contract, it cannot be increased. However, for contracts with a longer
duration, it can be beneficial for both parties to agree on the rent as a variable
amount. If the tenant is willing to pay the rent for several years in advance, this
should definitelybe included in the contract. For smaller farms, it would be
beneficial for the state to determine the maximum rental price by land class, but
this would limit free competition.

The results show that farms from Zap:
lessors, who want to terminate the contract early. It would be very important for
the tenant to know the reasons for early termination of the contract. In order for
the lessor to terinate the contract early, he must state a valid reason and give a
notice period, if it is a contract for an indefinite period. The contract can only be
terminated in such a way that it ends at a time when there is no production on the
land. Justifiable resons could be taken into account, e.g. if the tenant fails to pay
the rent or is bankrupt. Also, if the tenant uses the agricultural land in such a way
that its value drops significantly. Also, if the lessee believes that the reason given
by the lessor isnot valid, he can refuse the termination and demand the
continuation of the contract. If the reason for terminating the contract is that
someone offered a higher rent or nothing was said, then this cannot be considered
a valid reason and the tenant cantcare to use the land until the agreed term. In
order to protect your rights, you should draw up a written contract, and in case of
a dispute, go to court.

In some countries there are very many regulations related terttad agreement.

Of course, it would be much easier for both contracting parties in this case.
However, the value of a lease agreement is that it is relatively flexible in terms of
price, validity and form, and if either party needs to withdraw frorhaty tan do

So.
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Conclusion

The share of leased land on farms in AP Vojvodina has been increasing in recent
years. The reason for this is the increase in demand for agricultural products,
which in turn led to the need to expand production capacities.

It has been shown that the main advantages of renting agricultural land are that
there is capital left for other investments and it is a way to start production without
owning the land. Until now, the lease has been relatively flexible in terms of price,
validity and form of contract. There are different ways to lease agricultural land,
such as taking it through public bidding, directly from the owner and through a
real estate agent. The rent or land use fee is high. When you make the decision to
rent, youhave to think about what form of contract to opt for and for what period

of time.

The results revealed that there are problems with the lease of agricultural land.

Al though rental prices in Zapadnobal k:
rental is at a high level. In addition, rtnansparent bidding, early cancellation of
contractslack of land for lease, are the problems faced by tenants.

Basically, the early termination of the contract is due to the request to transfer the
land or the owner wants to start his own production. Competition is strong and
there is not enough land to lease. Rents are also very high, landlords increase them
or want to get them in advance. Although many safe, written contract forms are
used, tenants could take more measures to maintain the contract, and it is certainly
recommended to do business with landowners who have a good reputation.

References

1. Adenuga, A. H., Jack, C., McCarry, R. (2021). The case forteng land
leasing: a review of the empirical literatuteand, 10 (3), 238.

2. Ciaian, P., Kancs, D. A., Swinnen, J. F., Van Herck, K., Vranken, L.
(2012b).Key Issues and Developments in Farmland Rental Markets in EU
Member States and Candidate CountriégEcon SearchFactor Markets
Working Paper (No. No. 13, 2012).

3. Ciaian, P., Kancs, D., Swinnen, J., Van Herck, K., Vranken, L. (2012a).
Rental market regulations for agricultural land in EU Member states and
candidate countriedn: Factor Markets Working Papers. Brussels
(Belgium): Centre for European Policy Studies (CEPS):24.1

4. Dauvies, L., Mortensen, K., Patton, D. (2007). Leasingdaaalculating a
rental.Prime Fact 338.

5. Dube, L., Guveya, E. (2013). Land tenure security and farm investments
amongst small scale commercial farmers in Zimbaldwernal of
Sustainable Development in Africkb (5), 107121.

6. Kuzman, B., Pr oldrdManagerhentinfModern Babm 7 ) .
Production Thematic Proceedings, Sustainable Agriculture and Rural
Development in Terms of the Republic of Serbia Strategic Goals

201



10.

11.

12.

13.

14.

15.

16.

17.

Realization within the Danube Regiorevelopment and application of )
clean technologies in agriculture, p. 232 8 , edi tor s: Subi |,
B., Jean Vasile, A. Institute of Agriculturale Economics, Belgrade, Serbia.

Learmonth, P. (2011Accessing Land for Farming In Ontario: A
guidebook for farm seekers and farmland owneasmStart & Everdale
Environmental Learning Centre.

Poljoprivreda info (2023K 0o moge da pl ati 750 evra
dr gavnog Linkg0%.06.2028)t hitpa://poljoprivreda.info/vestitko
mozedaplati-750-evraza-zakuphektaradrzavnogzemljista

Ramamurthy, V., Singh, S. K., Chattaraj, S., Obi Reddy, G. P., Ramesh
Kumar, S. C., Reddy, G. O., Chaturvedi, A. (2018nd Resource
Inventory Towards Village Level Agricultural Land Use Planniimg
Sustainable Management of Land Resources. Apple Academic Press.

Republil ki zaRZB@0B)Br 9fi agiagdi kst ava i
zemljigta prema vrsti zakupa, povr gi
i pravnom statusu gazdinstviaink (01.06.2023):
https://data.stat.gov.rs/Home/Result/1300020207 ?language Ceatiprtsr

Riveros, C., Ruiz, A. L., Mesa, H. A., Guevara, J. A. (2022). Critical
Factors Influencing Early Contract Termination in Public Deidgyrild
Projects in Developing and Emerging Economigsldings,12 (5), 614.

Swinnen, J., Vranken, L., Stanley, V. (200Bjnerging challenges of land
rental marketsA review of available evidence for the Europe and Central
Asia Region. World Bank, Washington, DC.

Gevarl il ,PoM.i s( 2W®d1 5 )oifpoljoprivredacds ®epablcil 2

SrbijitPol joprivredRepulklml j kgt 2zavod za s

Tarjuelo, R., Margalida, A., Mougeot, F. (2020). Changing the fallow

paradigm: Awiiiwi n str ategy for the post 20:
Palicy to halt farmland bird declinedournal of applied ecology7 (3),

642-649.

Uprava za poljoprivredno zemljigte.
https://upz.minpolj.gov.rs/sadrzaj/

Zakon o obligacionim odnosima ("Sl. list SFRJ", br. 29/78, 39/85, 45/89
odluka USJ i 57/89, "Sl. list SRJ", br. 31/93, "SI. list SCG", br. 1/2003
Ustavna povelja i "Sl. glasnik RS", br. 18/2020. Link (13.06.2023):
https://www.paragraf.rs/propisi/zakom_obligacionim_odnosima.html

Zakon o osnovama svojinskopravnih odnosa ("Sl. list SFRJ", br. 6/80 i
36/90, "Sl. list SRJ", br. 29/96 i "SlI. glasnik RS", br. 115/2086 zakon).

Link (12.06.2023):
https://www.paragraf.rs/propisi/zakon_o_osnovama_svojinskopravnih_odn
osa.html

202



18.

19.

20.

Zakon o poljoprivrednom zemlijigtu
- dr. zakon, 41/2009, 112/2015, 80/2017 i 95/20d8 zakon). Link
(12.06.2023):
https://www.paragraf.rs/propisi/zakon_o_poljopriviednom_zemljistu.html

Zakon o porezu na dohodak gralLana,

(14.06.2023): https://www.paragraf.rs/propisi/zakeporezunadohodak
gradjana.html

Zakon o prometu nepokretnosti. "Sl. glasnik RS", br. 93/2014, 121/2014 i
6/2015. Link (18.06.2023):
https://www.paragraf.rs/propisi/zakon_o_prometu_nepokretnosti.html

203

("



ANIMAL INSURANCE IN SERBIA
MarijaMLuUkvbfe Losil

'Faculty of Business Economics and Entrepreneurship, Belgrade, Serbia
2Bijeljina University, Faculty of Agriculture, Republic of Srpska, BiH

Corresponding author: marija.lukic@vspep.edu.rs

Abstract

The sector of the economy that is of vital importance for the overall social and
economic development of the country in Serbia is agriculture. The position of the
agricultural sector in Serbia is specific, because in addition to its economic
importance, ithas a special social and ecological importance, and agriculture
contributes to the national wealth by significant participation in the creation of
GDP. There are no restrictions when it comes to insurance in agriculture, i.e. not
only crops and fruits arensured, but also livestock, domestic animals, and not
often greenhouses, forestry and aquaculture can also be insured. In EU countries,
agricultural insurance (crop, fruit and animal insurance) is regulated by law,
while in our country it is still up tthe producers to decide whether they will bear
the risk or insure agricultural goods and livestock. Animal insurance involves a
large number of risks and is classified as risk insurance. It belongs to the group
of shortterm insurances, i.e. insurances tgone year or even shorter. The
subject of insurance is the animal itself, not only individual parts of the animal's
body or products that can be obtained from it.

Key words: Agriculture, agricultural insurance, animal insurance,.risk

Introduction

Animal insurance has been an increasingly common topic on farms and farms in
recent years. Despite the careful and diligent breeding of domestic animals,
farmers face a large number of unwanted events. Animals are prone to injuries,
diseases, and it oftdrappens that they die. Also, in recent years, Serbia has been
struggling with floods (impact of climate change), so it happens that a large
number of animals are killed by water torrents. For farmers, this represents a big
loss, that is, it causes big ce®sSuch circumstances cannot be prevented, but
domestic animals can be insured, and thus farmers can be insured against losses.
The subject of insurance can be all domestic animals, cattle, sheep, goats, pigs,
ungulates, and pets, i.e. dogs and cats, rameasingly insured. Only healthy
animals, i.e. animals fit for a specific purpose, which are in good physical
condition, animals that live in normal conditions and eat healthily, but above all
animals that have been identified, are subject to insuramaestbck insurance
belongs to agricultural insurance. This type of insurance is carried out by
insurance companies dealing with Ada insurance. Livestock insurance is
underdeveloped in Serbia. In general, a very small number of agricultural farms
decie to conclude a |ivestock i nsurance
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Livestock production is exposed to different dangers compared to crop
production. The insurance contract is concluded on the basis of a verbal or written
offer, and it is concluded when the contracting parties sign the insurance policy.
Animal insurance aatracts are signed for a shorter period of time up to one year
or for a period of time longer than one year and are-teng animal insurance
contracts. It often happens that contracts are signed for a shorter period of time,
and then they are extendedrfr year to year.

The insurance contract provides adequate coverage for the time that the insured
animals are in the place specified in the policy as the place of insurance, i.e. in the
facilities, the area of their regular residence and feeding. Animals are also insured
during their stay on the land owned by the insured, at regular meat and nearby
livestock fairs, as well as during driving and transportation to and from that place,
and the furthest 20 km from the place specified in the policy as the place of
insurance.

The subject of consideration in this paper is the insurance of domestic animals.
This area of insurance in our country is not yet sufficiently developed. More
attention is paid to crop insurance than to animal insurance. In recent years, dog
and cat ownerare increasingly choosing to insure their pets. It should be borne
in mind that every large farm should insure its herds and thus insure itself against
possible risks or losses. The insured has the right to receive compensation, if the
insured event occar When the insured event occurs, the owner is obliged to take
appropriate actions, both for the purpose of treatment, and for the eventual
maximum use of the salvaged remains in case of death/forced slaughter.

The main goal of this work is to show what the situation is with regard to the
insurance of domestic animals. The main task of this work is to find an answer to
the question why there is no interest of owners of domestic animals to insure
them? Also, it sbuld be determined why this type of insurance is still combined
with insurance in agriculture. Then it is necessary to investigate what role the state
can play in order to contribute to the interest of owners to insure their domestic
animals.

The concept of animal insurance

Animal insurance refers to the financial protection of animal owners against
various risks that occur when raising animals. The subject of this insurance is all
domestic animals raised on farms (cattle, sheep, goats, pigs, poultry, horses), but
also petsuch as dogs, cats, parrots. Insurance covers the risks of death or forced
slaughter of animals as a result of: an accident (basically narrower coverage), an

accident or illness (basically broader

How much the insurance premium will be depends on the type of animal that is

the subject of insurance, then the number of animals that will be insured, the

conditions and methods of raising the animal, the risks for which the animals are
insured, as wellsatheir estimated value and the amount of coverage that is defined

by the contract. Payment of the insurance premium can be made on a monthly
basis, then quarterly, serahnually or in advance. If the agreement also includes
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participation in damages when it is a normal death of the animal, it is possible for
the owner to obtain a discount on the insurance premium of up to 50%. Then,
depending on the number of insured heads and the method of premium payment,
it is possible to btain a discount of up to 30% on the basic insurance premium
(Stojkovil, 2008) .

With animal insurance, it is possible to obtain a number of additional benefits. For
example, for animal owners who sign an insurance contract and pay the premium
in advance above a certain amount, an additibeatfit is provided in the form

of free insurance against the consequences of an accident. This insurance is
usually given for a period of one year, and from the consequences of an accident,
it insures the entire farm, i.e. all its members.

The state also encourages animal owners to insure them by subsidizing this type
of insurance. To agricultural holdings that are registered, the state returns a certain
part of the insurance premium suffered, where the provisions are more closely
defined bythe competent ministry.

Risks in animal insurance

Insurance of animals involves a large number of risks and falls under the category
of risk insurance. It can appear in several different forms: basic insurance, a large
number of supplementary and special insurances, sample insurances for certain
types ofanimals that are insured for the first time, that is, for risks for which
coverage is given to the insured for the first time. It belongs to the group of short
term insurances, i.e. insurances up to one year or even shorter. The subject of
insurance is thanimal itself, not only individual parts of the animal's body or
products that can be obtained from it. Insurance coverage is provided only for
animals up to a certain age, which are above all healthy, in good physical condition
and which areraisedingad and quality conditions.

The question is often asked, why is animal insurance still underdeveloped in
Serbia? The reason for this is primarily the low paying power of agricultural
producers, then lack of information about the importance of animal insurance, but
also the decline ifivestock production in recent years.

Domestic animal insurance

Livestock insurance belongs to agricultural insurance. This type of insurance is
carried out by insurance companies dealing with-lifeninsurance. Livestock
insurance is underdeveloped in Serbia. In general, a very small number of
agricultural farms (810% of the total number) decide to conclude a livestock
insurance contract.

When it comes to livestock insurance in Serbia, the general conditions of livestock
insurance brought by one of the more successful insurance companies are
analyzed, and attention is paid to the way agricultural insurance premiums are
subsidized, includingivestock insurance, which is supported by the Government
of Serbia. On the other hand, significant attention is paid to livestock insurance in
Mongolia, India, Mexico and Ireland, which have defined livestock insurance
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programs that have contributed to a greater number of concluded contracts in this
area. In Mongolia, the mentioned program is implemented through the insurance

of the unified risk, in India this insurance is implemented at the level of the local
community (village), in Mexico through selhsurance funds and the-salled
"stoploss" reinsurance, and in Ireland various programs are defined for the
control of animal diseases and their e

It should be said that livestock insurance does not have the place it should have
within agricultural insurance. In the world as well, livestock insurance represents
a relatively small segment of total agricultural insurance, even in highly developed
counties.

Subject of insurance

In the case of plant production, the subject of insurance is usually the fruit, that is,
the product itself, and in rarer situations also the tree. In the case of animal
insurance, the entire animal is insured, and not the products they give us, such as
milk, eggs, meat, wool, skin.

In animal insurance, the animal itself is the subject of insurance, not individual
body parts or products that animals gi
of insurance is all types of domestic animals (ungulates, cattle, sheep, goats, pigs,
beesdogs, trout, pheasants, rabbits, turkeys, turkeys, peacocks and poultry); wild
and exotic animals in and out of zoos.

There are no limits when it comes to animal insurance. All domestic animals that
are raised by the person themselves, that is, that are owned by the person as an
individual or a farm, farm, etc., can be insured. Only healthy animals can be
insured, with aveterinarian's confirmation, i.e. a control examination performed
before the insurance is signed by expert veterinarians.

Sick animals or animals prone to diseases, as well as emaciated and exhausted
animals cannot be insured. Also, the subject of insurance cannot be domestic
animals that are not in good physical condition or the conditions in which they
live are bad. (Piljaet al., 2019)

Types of insurance

Animal insurance is a special branch of agricultural insurance. Considering the
many types of animals and the risks involved in raising them, this insurance comes
in different for ms: (Mar kovi |, Jovanoyv

I Basic animal insurance,

1 Supplementary and special insurance and

1 Sample insurances for those types of animals and risks that are being
insured for the first time.
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Additional types of animal insurance

Supplementary animal insurances include animal insurances for which there is
very little interest, i.e. animals that are not covered by the basic insurance, or
specific situations in which animals can be found, which may be risky for their
lives (animas dying during childbirth, etg. (http://www.generali.rs., 2023)

The state of animal insurance in Serbia

Globally today, crop insurance accounts for 90 percent of total agricultural
insurance premiums. Due to the emergence of new diseases that are current in
animals today, the need for livestock insurance is also increasing. In order to
achieve complete ecomic protection, a "tighter connection between farmers,
insurance companies and the state is necessary in order to create an integrated
system of risk management in ani mal hu

It is considered that the costs of agricultural insurance, i.e. crops, fruits and
animals, are almost negligible compared to the benefits of the farmers, i.e. the
insured. Although the theoretical positions are different, in practice animal
insurance as paof agricultural insurance is still underdeveloped in a large
number of countries. The same situation exists in Serbia, where animal insurance
is underdeveloped both in terms of scope and type of protection.

The possibilities for the development of insurance in Serbia are much greater than
the current level of its development. The development of animal insurance in
Serbia today is at an extremely low level, regardless of the support of the state and
the introduction of subsidies on the insurance premium. This further indicates that
the subsidy provided by the state is not sufficient to achieve greater expansion of
animal insurance in our market. (Piljan et al., 2015)

Insurance is primarily needed for the development of agriculture in general, but
also for the rural development of the country, but above all to ensure food security.
This is primarily important in domestic conditions, primarily due to the fact that
rural areas make up as much as 85% of the total area of our country, that the
percentage of agriculture in the gross domestic product is large, but also in exports
and the total employment of the population.

The results of the last agricultural census conducted in 2012 show that there are
631,522 agricultural farms in Serbia, and of that number, 99.5% are family
agricultural farms that are also responsible for food security. Looking objectively,
the need for mimal insurance exists and is very pronounced, given the fact that
crop and livestock production in Serbia is exposed to numerous risks, which are
increasing year by year, especially when it comes to climate change.

The subjective need for agricultural insurance in domestic conditions is not
sufficiently developed due to low paying power, that is, the economic

underdevelopment of agricultural subjects, as well as low awareness of the
importance ofnsurance. The underdevelopment of agricultural insurance at the
micro level also conditions its underdevelopment at the macro level, as a
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consequence of the underdevelopment of agriculture, as an economic activity of
national importance.

Analyzes of the four largest insurance companies in Serbia, which together cover
the entire agricultural insurance market in the Republic of Serbia, in addition to
the basic conditions, there are numerous special conditions for insurance of crops
and fruis, as well as for insurance of animals.

As for the special conditions for crop and fruit insurance, you should definitely
refer to the insurance of seed corn against the loss of seed quality due to autumn
frost, the insurance of table grapes against the loss of quantity and quality, the
insurane of fruit trees and vinesyoung plants until they go into harvest. as well

as plantings in the field, and there is also a trial of oilseed rape from winter
freezing.

Based on this analysis of agricultural insurance on our market, we come to the
conclusion that the most important risks of crop and livestock production are
covered by the conditions of agricultural insurance of insurance companies
operating in the territy of the Republic of Serbia. What can be said to be lacking

in these insurances is insurance against drought and loss of income due to drought,
which is offered by only one insurance company in the territory of the Republic
of Serbia.

The State of Serbia, in cooperation with the Ministry of Agriculture, is regressing
the agricultural insurance premium starting in 2006. The number of agricultural
farms, which in the period from 2015 exercised the right to recourse to
agricultural irsurance premiums, was very variable. In the last observed year,
2015, the right to regress the insurance premium was realized by 19,799
agricultural farms, namely 18,268 farms for plant production insurance, and only
1,531 farms for animal insurance. (Riln , Cogol jevil, 2015)

The clear conclusion is that in 2015, 19,799 agricultural farms were insured,
which represents only 3.13 percent of the total number of agricultural farms in the
Republic of Serbia. The total number of agricultural holdings in the Republic of
Serbia was dermined in the last agricultural census in 2012 and amounts to
631,552 holdings.

In order to develop insurance in agriculture on the territory of our country, it is
necessary to introduce partially mandatory insurance in agriculture. That is why
it is necessary to legally define this type of insurance as partially mandatory, as
well asto adopt a strategy for the development of agricultural insurance in the
Republic of Serbia. The proposed model of partially mandatory agricultural
insurance is based on a pubbidvate partnership, and its application would
enable the development of agrtural insurance, but also provide the necessary
financial resources for current and investment financing of this significant
economic activity.

Partially compulsory agricultural insurance means compulsory agricultural
insurance for all agricultural entities, users of a state resource, from those risks
that are most common in a certain area.
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According to the proposed model, agricultural insurance should be mandatory:

1 For beneficiaries of incentive funds for the development of agriculture
that are paid from the republican, provincial or local-gelernment
budgets;

9 For users of loans that are approved with subsidized interest with funds
from the state budget;

9 For users of loans that are approved by state financial institutions and that
are placed with a low (subsidized) interest rate;

1 For tenants of state agricultural land.

It should also be said that, according to the current policy of commercial banks,
there is now only mandatory insurance for animals, and that if the credit user
intends to use those financial means to realize their purchase. In accordance with
the proposednodel of partially mandatory agricultural insurance, agricultural
entities (legal and natural persons) should, when applying for state subsidies, for
loans with subsidized interest, as well as for the lease of state agricultural land,
attach an insurangmlicy as part of the mandatory tender documents .

Agricultural insurance should also take its place in Serbia in the modern market
economy. Modern, marketriented agriculture cannot even be imagined without
well-organized and developed insurance. The perspective of the development of
agricultural insurace in domestic conditions should imply a much more active
role of the state than until now.

The state's role could also be reflected in the introduction of partially mandatory
agricultural insurance, as well as in the provision of funds from the agricultural
budget for higher insurance premium subsidies. At the same time, insurance
companies shadd play a key role in the domestic market of agricultural insurance
by developing supply and demand, as well as in informing and educating
agricultural subjects about the importance of economic protection of their
production.

Conclusion

In Serbia, agricultural insurance is one of the underdeveloped insurances. The
perspective of its development in domestic conditions should include a much more
active role of the state than until now.

The main goal of animal insurance is the economic protection of animal owners
who keep healthy animals, while ensuring that all conditions for quality animal
breeding and exploitation of their products are provided. Although the animals are
insured againgtertain risks, this does not release the insured from the obligation
to approach production with the attention of a good householder, as prescribed by
the Law on Obligations.

Due to the existence of numerous risks and types of animals, animal insurance

occurs in different forms: basic insurance, a large number of supplementary and

special insurances, sample insurances for certain types of animals that are insured
for the firsttime, i.e. for risks for which coverage is given to the insured for the
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first time. Animal insurance is shetérm insurance that lasts a year or less and is
usually tied to one production cycle. The subject of insurance is the animal as a
whole, not its product or part. Insurance coverage can only be provided for
animals of acertain age, which are healthy, in good condition and raised in
acceptable conditions.

The importance of agricultural insurance is reflected in the provision of economic
protection to farmers from various harmful effects that occur due to the risk
covered by the insurance. Agricultural insurance is an important factor in the
protection andmprovement of agricultural production.

One of the good solutions that could improve the market is a model in which, as
a condition for obtaining subsidies in agriculture from the state, the obligation to
pre-contract appropriate insurance coverage would be introduced. This would
have a multipleeffect, on the one hand, the income of agricultural producers
would be predictable, while, on the other hand, the state would protect the invested
funds in the form of subsidies in agriculture and, in addition, secure the state
budget from further unplama expenditures. Also, one should not ignore the
positive effect on the insurance industry in general, but also the return effects in
terms of the development of preventive measures and education about the present
risks of agricultural production and meassito overcome them.

The conclusion is that only through mutual engagement and synchronized action
of the state sector and the insurance industry can they achieve more visible
positive developments in this area. Insurers in their domain should offer the
market an adequate pnatt in terms of comprehensiveness (covering more risks),
clear and as simple as possible definition of insurance conditions and tariffs and
as easy as possible accessibility to the insured, which will be of unequivocal
benefit to everyone, including agritwral producers, the state sector and industry
insurance.

Following the example of developed world markets, the second part of the work
would have to be taken over by the state through appropriate subsidy systems,
public-private partnership models, and the adoption of appropriate legal and by
law regulations inHis area. In the time to come, the establishment of quality
cooperation between the insurance industry and the public sector to improve the
current situation in the Republic of Serbia will be key to utilizing the development
opportunities that certainly &t in this extremely important area.

The state's role could also be reflected in the introduction of partially mandatory
agricultural insurance, as well as in the provision of funds from the agricultural
budget for higher insurance premium subsidies. At the same time, insurance
companies shdd play a key role in the domestic market of agricultural insurance
by developing supply and demand, as well as in informing and educating
agricultural subjects about the importance of economic protection of their
production.

The proposed model of partially mandatory agricultural insurance is based on a
public-private partnership, and its application would enable the development of

211



agricultural insurance, but also provide the necessary financial resources for
current and investment financing of this significant economic activity.

Animal insurance provides financial protection against various risks characteristic
of livestock production, that it is necessary to harmonize domestic regulations on
domestic animal insurance with European Union regulations, that the state must
provide asistance when it comes to animal insurance, through various subsidies
and tax reductions for farmers, that farmers they must take into account that
insuring domestic animals can bring them great benefits and reduce the damage
caused by any form of animaids, that the entry of foreign insurers raises the
level of quality of insurance services and creates conditions for further market
liberalization, that changes in insurance can have a positive impact on the further
development of the insurance market ert8a and contribute to its accelerated
approach to the European Union.

Based oreverything presented in the paper, we can say that the main hypothesis,
as well as all special hypotheses, has been confirmed.
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Abstract

The aim of the paper is to examine the theoretical and methodological aspects of
the economic potential of the development of the green economy in rural areas.
The research methodology includes thealysis of reports, studies and
publications on various aspects of the green economy and green development.
Based on theoretical sources and a holistic approach, the main characteristics of
the model of rural development based on the principles of g@eomy, which

can be applied in the Republic of Serbia, have been identified. The realization of
the economic potential of the green economy in the model of rural development
implies decarbonization, circular economy, reduction of pollution, sustainable
agriculture and biodiversity. Accordingly, in reaching the goal, the conclusion of
the study suggests the necessity of including natural, technical, infrastructural,
demographic, financial and investment components as well as the readiness of
local communits.

Key words: ®een economy, green growth, rural development, organic
agriculture

Introduction

The development of rural areas in conditions of increasingly intensive
urbanization around the world, and therefore also in the Republic of Serbia, faces
numerous internal and external challenges. Environmental, institutional,
economiefinancial, social, egional, global challenges require significant
attention and the most effective seeiconomic mechanisms. Therefore, a
universal model for sustainable rural development does not exist, but depends on
local development potentials and the semimnomic envonment.

Accordingly, in their studies the authors Bogdanov, (2015) and Hodge et al.,
(2017) direct attention to sustainable rural development. The joint conclusion of
the study suggests taking actions at the level of theoretical developments and
practical implemetation of policies both at the regional and global level.
Accordingly, looking at the economic, ecological, social, energy, cultural
historical, infrastructural, spatial and other components of rural development is a
very complex task. In order to find amsrs to the most important issues of
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sustainable rural development in many countries, international organizations have
been established that deal with this issue.

Numerous dilemmas about how to manage the sustainable development of rural
areas and the diversity of interpretations of the green economy concept determine
the lack of theoretical and methodological developments that adequately explain
the formation of geen "growth points" within the boundaries of rural areas
(Tambovceva and Tereshina, 2018). In the context of numerous problems of the
rural areas themselves, the starting hypothesis is that the basis for the formation
of a modern policy of sustainable dmment of rural areas is the identification

and development of the economic potential of the green economy. Additional
support for this research is represented by official statistical data related to the
researched topic in the paper.

Sustainable rural development theoretical insight

Since rural areas are not closed, rural development mechanisms have a dynamic
nature. These mechanisms change not only in accordance with the strategies of
different social and institutional structures and political forces, but also due to
changes in globdrends of socieeconomic development.

Traditional approaches to the development of rural areas viewed them mainly as
a set of resources, that is, a "reservoir" for the development of production
processes in agriculture. Accordingly, a large number of authors in their studies
have analyzed neapproaches in the development of agriculture and rural areas
(Asseng and Asche, 2019; Bramley and Ouzman, 2019; Borgen and Aarset, 2016).
In contrast to this approach, in the conditions of today's development, a new
approach to rural development was forni€diinjoan et.al, 2016). The focus of

the new approach is more on qualitative rather than quantitative parameters of the
development of rural areas. More precisely, the approach takes into account the
specific local resources of local communities in tleé&dfof development, with an
emphasis on ecological aspects. The basis for the sustainable development of rural
areas is determined by "green" activities and the circular economy paradigm
(D'Amato et.al., 2017). The necessity of introducing the principfegreen
economy into the economic practice of rural areas is primarily determined by the
significant dependence of the rural economy on industry, as well as the growing
negative impact of agricultural production on the environment.

Unlike the traditional ecological approach, which to a large extent implies certain
limitations of economic development in rural areas, "green growth" serves as a
catalyst for investments and innovations. In addition, green growth creates new
economic opprunities, serves as a basis for structural changes in favor of
technologically advanced industry and activities (Melece, 2016). The existence of
certain "gaps" between challenges and threats that constantly arise in the socio
economic space of rural are@sses the question of developing new conceptual
schemes and analytical tools for studying the development of rural areas in the
context of the green economy.
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Table 1.Model and main characteristics of green development in rural areas

91 Optimal use of local resources

1 Diversification of activities through the
Objectives of rural development of green industry (sustainable
deve|0pment management resource management, C|r.CU|ar economy, Wg
recycling, sustainable tourism, etc.)
New forms of cost reduction (saving resourcg
State support at the national and regional ley
Political will at the local level

Demand for environmental goods and servic
in ruralareas

Socicecological responsibility of business
Deterioration of the environment

Central place intensive agriculture of the
traditional type with the introduction of
ecologically acceptable technologies

Central place Organic agriculture
Diversification of the local economy into basi
green branches and industry
circular economya
Central place network local structure

Rural development understood as a mifaltitor
process

Central place partnership concept

Active forms of intersectoral interaction
Multi-level management

The main drivers of
development

=A=a =4 =a-a-a-9

Dominant sectors of the
economy

The role of local self
government

Future institutional structures

E N E] EE IE ] EE ]

Source:Author

Activities in the field of rural development based on "green" growth
in the world

When talking about the concept of a green economy, another myth burdens the
aspirations to create. Namely, on the one hand, it is often heard that this is a luxury
that only the richest countries can afford. On the other hand, this is just the way
rich couwntries want to limit the development of the underdeveloped and leave them
in a state of poverty. Contrary to this perception, today one can find a humber of
examples in different sectors in developing countries, which prove that the
transition to a greencenomy is something that brings great benefit to these
countries and can be replicated to a large extent in all parts of the world. The
concept of green economy proposes new possibilities for future growth in the
world through the reduction of pressures the environment. (UNEP 2011).
Using natural resources in such a way that they remain available for future
generations is the best way to harmonize environmental protection and economic

values (Ilil and Paviievil, 2018).

In response to these challenges, Rural Development Programs (RDP) help rural
areas to respond to a wide range of economic, environmental and social
challenges. The main activities supported by such programs include: green
technologies in waste managemenistainable water management,-&marism,
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sustainable buildings, services and infrastructure investments in natural capital.
The fastest growing sector of the green economy in rural areas is organic

agriculture (Table 2).

Table 2.Main indicators of the development of organic agriculture in the world

Regi o Numbers | Numbers
. Share of shares of
Organic of of 1 year
. . total the global
Region agricultural . . producers | producers| growth
agricultural| organic . .
land [ha] - by region | by region [%0]
land [%] | agricultural 2020 [no.] | 2021 [no.]
land [%0] ' )
Africa 2.663.983 0,2% 3,5% 968.233 | 1.123.255| 16,0%
Asia 6.504.211 0,4% 8,5% 1.811.209| 1.782.134| -1,6%
Europe 17.844.853 3,6% 23,4% 417.987 442.274 5,8%
Latin 0 o o
America 9.870.887 1,4% 12,9% 262.115 280.436 7,0%
ﬁorth?m 3.542.140 0,8% 4,6% 22.448 23392 | 4,2%
merica
Oceania | 35.985.809 9,7% 41,1% 15.930 18.479 16,0%
World* 76.403.777 1.6% 100% 3.496.898 | 366.9201 4,9%

Source:Author calculations based on the FiBL survey, 2023

Organic Agriculture: A Case Study of the Republic of Serbia

Organic cropproduction in the Republic of Serbia in 2019 took place on a total
area of 21,264 ha, which is 10.44% more than the total area in 2018. Of this, the
arable area was 15,915 ha, while meadows and pastures had an area of 5,350 ha.
Observing the period of tharevious 8 years, a growing trend of the total areas
under organic production can be observed (Table 3). In that period, the total area
increased by 263%, while the arable area increased by almost 472%. In the last
two years (2018 and 2019), a significamdrease in the area under meadows and

pastures can be observed due to the de
2021).
Table 3.Areas under organic production (262@19)

Year 2012| 2013| 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Areas under
organicproduction | 6.340| 8.228| 9.548| 15.298| 14.358| 13.423| 19.254| 21.265
(ha)
(Th";;’" arable area | 5 36,/ 5 355 7.990| 13.398| 12.929) 11.875| 13.723) 15.915
Meadows and 976 | 2.873|1.549| 1.900 | 1.429 | 1.548 | 5.531 | 5.350
pastures (ha)

Source:Ministry of Agriculture, Forestry and Water Management, 2021

Looking at the categories of production in relation to the total arable area, arable
production was the most represented and took place on 9072 ha, which is 57%.
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Then comes fruit production with 5,324 ha, which accounts for 33.5%, while
vegetable production represented 1.15%, and took place on only 184 ha (Table 4).

Table 4. Structure of organic plant production (2012019)

Type of production 5415 | 5013| 2014| 2015 | 2016 | 2017 | 2018 | 2019

(in ha)

Cereals 2.522|2.273|2.829| 4.252 | 4.607 | 3.662 | 3.614 | 4.788
Industrial plants 541 | 673 [1.228| 2.674| 2.918 | 2.291 | 1.962 | 2.226
Fodder crops 663 | 107 [1.204]| 1.440| 1.349| 1.211| 1.336| 1.797
Vegetables 114 [1.484| 154 | 171 184 | 230 199 184

Fruits and vines 1.416| 595 |2.208| 2.895| 3.531 | 4.056 | 5.883 | 5.324
Medicinal and 28 | 133 | 61 | 71 | 113 | 115 | 193 | 261
aromatic herbs
The rest 80 90 316 | 1,895 | 227 312 536 | 1.332
Total arable area | 5.364|5.355| 7.999| 13.398| 12.929| 11.874| 13.723| 15.915

Meadows and 976 | 2.873| 1.549| 1.900 | 1.429 | 1.548 | 5.531 | 5.349
pastures

Source:Ministry of Agriculture, Forestry and Water Management 2021

Areas that make up the category of other include areas without crops, isolation
belts, planting material, parlog and other various crops, were represented by
8.35% (Simil, 2021).

Through the analysis of the statistical indicators of the development of organic
production in the Republic of Serbia, a strong development trend characterized

by:

growth of areas under organic production;
development of livestock production;
growth in the number of organic producers;
development of the processing sector;
market development and

export growth.

E N

The world market of organic products is constantly growing. The demand for
organic products is growing in many countries, maarkets for these products
have opened up in recent years. The Republic of Serbia has exceptional ecological
and climatic conditions that, in addition to the traditional production of berries
and other fruits, produce vegetables, cereals and oilseedsryamic production,

which are in high demand on the international market. The use of the Instrument
of PreAccession Assistance for Rural Development (IPARD), which has been
implemented since 2018, is a great chance for the organic production sector and
therefore rural development in the Republic of Serbia (Ministry of Agriculture,
Forestry and Water Management 2021).
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Possible directions of development of the economic potential of green
growth in rural areas

The differentiation of rural areas makes it necessary to identify specific directions
for realizing the potential of the "green" economy. In most countries, the criteria
for dividing urban and rural areas are population, population density and the
nature & employment. As defined by the Organization for Economic Co
operation and Development (OECD), rural areas cover the population, land and
other resources of open landscape and small settlements outside the immediate
economic zone of influence of large unb@enters. The OECD typology includes

the following types of rural areas (Tambovceva and Tereshina, 2018).

1. Economically integrated territorieslocated in the immediate vicinity of
business centers. These territories are characterized by a relatively high
population density, a significant supply of jobs as well as aaeleloped
infrastructure. The preseria of the ecological balance and the protection
of the natural environment are very important in these areas. However,
agricultural production in economically integrated territories is limited by
high land prices. Green development in these territoriedeaachieved by
undertaking activities such as: waste processing, development of
technologies for saving resources and energy in residential and communal
services, development of environmentally friendly modes of transport,
development of technologies amatoduction of RES, introduction of
technologies for saving resources based on intensive forms of production and
processing of agricultural products.

2. Transitional territories of medium developmenhey are located in places
connected to traffic main roads and are highly dependent on agriculture and
related industries. There are two factors for their development: growth rates
in the structure of prodtion and agriculture and the development of
industries that create the possibility of employment for the population of
these territories. Depending on the resource potential, organic agriculture,
agrarian tourism, development of renewable energy sourdesfanestation
can encourage the green development of such rural areas.

3. Far from the centers of economic activityhe possibilities for economic
development in these regions are very limited. These regions are
characterized by low population density, low incomes and high dependence
on agriculture, as well as an unfavorabéantgraphic structure. Directions
for realizing the potential of green growth in such territories include
providing local communities with energy resources based on local renewable
energy sources, developing organic agriculture, ecological tourism,
preserving landscapes, forest and meadow land, and using the working
potential of local communities.

Bearing in mind the above, the approach to assessing the resources of local
communities in rural areas determines the priority directions of private financing
and state support in achieving the goals of green economy and green growth.
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Conclusion

In the tripartite structure of sustainable development (society, economy and
environment), green growth policy regulates where economic interests can be
used as a means of promoting optimal environmental management and social
equality. In this context, tlyepropose the best options for development. For the
successful implementation of the economic potential of the green economy in
rural areas, the economy must change so that humabeed is realized without

the accompanying destruction of the ecosystemahich that welbeing largely
depends. Therefore, the differentiation of rural areas determines the need for
directions for the implementation of green development activities of all types of
rural territories. Finally, the approach to the developmént@l areas in the
Republic of Serbia requires consideration of the resource potential and specific
conditions of local communities. In addition, the adoption of adequate plans and
strategies necessary for the implementation of the economic potentialgyeen
economy is extremely important.
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Abstract

The aim of the paper is to present and analyze the food system and especially the
segment related to the production of the most important agricultural products, as
well as their consumption, based on which it will be seen whether there are
pressures thathreaten the ability to meet the nutritional needs of the global
population. The analysis covers the period from 2012 to 2021 and follows global
food production trends the most important groups of food products: cereals, meat,
milk and eggs. Primarily, datiiom the Food and Agriculture Organization were
used, where relative indicators such as average growth rates and base indices
were calculated. Average production of cereals in the world in the period 2012
2021. year, amounts to about 3 billion tons, whileat production is constantly
increasing and is around 330 million tons.

Key words: Food system, global trends, agricultural products, population needs.

Introduction

The production, distribution, management of food and food waste can have a
negative impact on the planet. The way food is produced and consumed is
increasingly threatening the planet. Food systems are intrinsically linked to health,
environment, culture,qlitics and economics.

The degree of food insecurity shows that 17.2% of the world's population or 1.3
billion people experienced moderate levels of food insecurity. Total moderate and
serious/severe food insecurity refers to about 26.4% of the world's population,
which amountsto a total of about 2 billion inhabitants. People experiencing
moderate food insecurity face uncertainty about their ability to obtain food and
they are sometimes forced to reduce the quality and even quantity of food they
consume at times during the yelre to lack of money or other resources. On the
other hand, people who face severe food insecurity, run out of food, have
experienced hunger, even go without meals for several days, their health may be
at serious risk (FAO, IFAD, UNICEF, WFP and WHO, 2piRExtreme climate
events, conflicts, wars and economic slowdowns as well as crises continue to
cause hunger in many parts of the world. The number of people who are
undernourished actually increased from 785 million in 2015 to 822 million in 2018
(von Gréomer et al., 2019).
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More recent FAO reports from 2021 represent the first global assessment of food
security and malnutrition and provide indications of what hunger might look like
by 2030. The Sustainable Development Goal of ending hunger ("zero hunger") is
particularly emphsized, where it is indicated that around 9 % of people in the
world face hunger, and if the growth trend continues by the end of 2030, the
population would exceed 840 million (FAO, IFAD, UNICEF, WPF and WHO,
2021).

The food system ipart of the entire national or international economic system
and includes a part of social, technological and economic activities whose task is
to meet the nutritional needs of the population, which directly or indirectly affects
the growth of the overaiconomic development of each country (Vajic, 1989). It
can be said that food systems are usually conceived as a set of activities ranging
from production to consumption, often presented as a value chain (Posthumus et
al., 2018).

The aim of the work is to present and analyze the food system, and especially the
segment related to the production of the most important agricultural products, as
well as their consumption, based on which it will be seen whether there are
pressures thathteaten the ability to meet the nutritional needs of the global
population. The analysis covers the period from 2012 to 2021.

Concept of the food system

The food system includes the production, processing, distribution and
consumption of food as key components (European Commission, 2020). The
integrity of the food industry profoundly affects the health of our bodies, as well
as the health of our environmermur economy, and our culture. If our food
systems fails, it will threaten our education, health, economy, as well as human
rights, peace and security, with the most vulnerable will be those who are already
poor or marginalized (Guterres, 2021).

Around the world, the adoption of unified consumption and production patterns
approach in food systems is accelerating. The definition of food systems should
accelerate progress in meeting the 2030 Agenda demands (von Braun et al., 2021).

The food system wheel/ representation has FAQO's (Food and Agriculture
Organization) main goals at its center, which include poverty reduction, food
security and nutrition (Figure 1). They are embedded in the broader performance
of the system, referringthe three dimensions of sustainability: economic, social
and environmental (FAO, 2018).
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Figure 1. The Food System Whe@AO, 2018)

The food systems consists of all the people, institutions, environments,
infrastructure and activities related to the production, processing, distribution,
marketing, sale, preparation and consumption of food (Figure 2) and are
interconnected with healthhe environment, culture, politics and the economy
(Fanzo et al., 202GILPE, 2020). Elements of the food supply chain include
(HLPE, 2017):

1. Production Agriculture and food production systems affect the availability and
accessibility of food, as well as the quality and diversity of food. Dominant crops
worldwide include: maize, rice, wheat, sugarcane, soybean, and palm oil. Among
these, mae, wheat and rice account for over half of the global supply used for
human food, animal feed, and other purposes.

2. Storage and distributiori-ood that is not immediately consumed by producers
must be either stored for later consumption or distributed. At this stage of the food
supply chain, food safety and food quality losses and waste have a significant
impact onnutrition quality.

3. Processing and packagingThese processes contribute to preventing and
extending the shelf life, increasing the bioavailability of nutrients, improving
sensory characteristics and functional properties of food, destroying microbes and
toxins transmittd through food, and enhancing food safety.

4. Retail and marketsOnce food is processed, it is moved to formal or informal
markets that may be close to or far from communities and households. The rapid
expansion of supermarkets and fast food chains is influencing consumer behavior
and food consuption patterns. It is estimated that 51% of global food sales are
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purchased through supermarkets and hypermarkets. Food sales through these
channels are growing at a rate of 2% per year (Gladek et. al., 2016).

h 4 + +
drivers. drivers.
infrastructure drivers.
Lo Poge. @vcn groam E
e capud Innowatan P, v n-.qa -v-v-w " asnon
- e - -O
: = e = Wi e g o e
\
s o Food availability and physical Nutrition
access (proximity) Diets Srid health
‘‘‘‘‘ outcomes
Quanuty
Quality
Diversny
Satety Impacts -
Socal
Econom
\ Frvronmants:
Political, programme and institutional actions
Sustainable Development Goals
= = — = o = 0= S
| = =
< BEAERA
o access e

Figure 2. Food system framework
Source: UN High Level Panel of Experts Report on Food Systems and Nutrition 2017

Food waste is a major problem that arises due to financial, managerial, technical,
and healtksafety constraints in food production at all stages of thehmsest

supply chain. It leads to nutritional deficiencies in the population, economic
losses, andnegative environmental impacts (Food Drink Europe, 2016;
Milutinovili, 2012) . In 2011, the FAO p
waste. A study estimated that ettéird of the food produced worldwide for human
consumption goes unused each yeaith much higher per capita food waste in
industrialized countries compared to developing countries (FAO, 2013;
Gustavsson et al., 2011). In developed countries, the problem of food waste begins
with excessive production, while in underdeveloped countries, poor infrastructure,
inadequate storage conditions and a lack of adequate processing capacity are the
cause olarge food losses (Stuart, 2009). There are five different stages of food
loss in the food supply chain, which are identical for products af plad animal

origin (Table 1).
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Table 1.Food losses by stages of the supply chain

Supply chain phase

Plant production

Livestock production

Production

Mechanical damage and/q
spillage during harvesting
or sorting

Death during breeding,
reduction of milk
production due to disease

Handling and storage

Spillage and degradation
during handling, transport
and storage

Death during transportatio
to the slaughterhouse,
losses during storage,

transportation

Spillage and losses during

Losses during industrial
treatments (pasteurization

Processing prqcessing, Washing, trimming (removal of skin
peeling, cutting, cooking fat) and theike '
Distribution Losses in markets (manipulatigerjces, inadequate
storage)
Consumbption Losses at the level of households and food service
P facilities

Source: Adapted by the author basedGrstavsson et al., 2011.

The existing food systerfproduction, transport, processing, packaging, storage,
retail, consumption) feeds the vast majority of the world's population and supports
the existence of over 1 billion people. However, an estimated 821 million people
suffer from undernourishment, 151ilion children under the age of five
experience stunted growth, 613 million women and girls aged 15 to 49 suffer from

iron deficiency, and 2 billion adults are overweight or obese (Mbow et al., 2020,

Kelée-, 202

2). All of

growth, demand for animalerived products) (FAO, UN, 2015).

The results related to the growing food production achieved by the Green
Revolution indicated that food insecurity and the hunger problems are not

nt iqwinder significaint pressuee s
due to both climate and natimaterelated changes (e.g., population and income

primarily caused by insufficient food production as by the low purchasing power

of certain

siolc iaanld gPaopuipls,

(2B00149 ) .

Global trends in food production

Food production needs be at a satisfactory level in quantity and quality in order

t

to sustain the global population. It is necessary to reduce food waste decrease

excessive consumption beyond what is necessary for a healthy life (Beeeers

M., et al., 2018). Stable agricultliroduction allows countries to better forecast

food avail

Cereal production is one of the meginificant sources of food both for the
population and for livestock production. Cereals occupy the largest area of arable
land, approximately 47% (Gladek eil., 2016). The average global cereal

ability

Cereal production
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production from 2012 to 2021 is around 3 billion tamih corn, wheat, and rice
dominating the total cereal production. The yield of maize, wheat and rice varies
depending on climatic conditions. The yield is influenced by the variety and
cultivation tetinology, as well as the adequate application of agrotechnical
measures. The average yield of corn is around 5.62 t/ha, increasing at a rate of
2.16%. The average yield of wheat is around 3.38&tittaa growth rate of 1.36%.

The achieved yield of rice about 4.60t/ha, increasing at a rate of 0.58%. Maize
production averaged 1.1 billion tons, wheat production around 740 million tons,
and rice production around 750 million tons from 2012 to 2021 (Table 2).

Table 2. Total area and production of the most important cereals in the world in
the period from 2012 to 2021.

Maize Wheat Rice
“ s = . 8 kel . 8 =l .
< = 2 Production = 2 Production = Q Production
g < > < > < >
— B3 —~~ > — x
= © o — © [0 = © ]
g | s - s| & || -~ |2 & || - |z
~ = £ ~ = = ~ = £

2012 180.367.174 | 4,85 875.548.703 | 100 217.917.933| 3,09 | 673.736.909 100 160.854.022| 4,52 | 727.680.664| 100

2013 187.557.426 | 5,42 | 1.016.799.083| 116 218.700.194( 3,25 | 710.169.468| 105 163.128.502| 4,48 | 731.770.430| 101

2014 186.492.181 | 5,58 | 1.040.718.155 119 219.755.320( 3,32 | 728.757.761| 108 162.253.249| 4,51 | 731.417.050| 101

2015 191.056.099 | 5,51 | 1.053.891.010| 120 223.335.832( 3,32 | 741.845.269| 110 160.509.412| 4,57 | 732.898.369| 101

2016 194.262.790 | 5,78 | 1.123.728.793| 128 219.156.976| 3,41 | 748.432.483| 111 161.379.058| 4,57 | 737.089.267( 101

2017 198.506.330 | 5,74 | 1.139.704.589| 130 218.288.892| 3,54 | 772.305.496| 115 163.480.266| 4,59 | 751.120.236( 103

2018 195.423.561 | 5,75 | 1.124.172.165 128 213.828.044( 3,42 | 732.235.584| 109 163.887.845| 4,64 | 761.025.481| 105

2019 194.555.227 | 5,85 | 1.137.617.353| 130 215.693.643( 3,54 | 764.063.333| 113 160.518.465| 4,69 | 753.286.401| 104

2020 199.994.407 | 5,81 | 1.162.997.554| 133 217.898.510( 3,47 | 756.949.628| 112 163.092.574| 4,72 | 769.227.953| 106

2021 205.870.016 | 5,88 | 1.210.235.135| 138 220.759.739| 3,49 | 770.877.072 114 165.250.620| 4,76 | 787.293.867| 108

Difference | 25.502.842 1,03 334.686.432 - 2.841.806 0,4 97.140.163 - 4.396.598 0,24 59.613.203

IGrowth rate:

1,48 2,16 3,66 - 0,14 1,36 1,51 - 0,30 0,58 0,88
(%)

Source: Author's calculation based on FAO database,
http://www.fao.org/faostat/en/#data/QC

Production of meat, milk and eggs

Meat is an important source of nutrition for many people around the world, and in
recent years the global demand for meat has been steadily increasing. Dynamic
growth is particularly associated with the production of poultry meat. Observing
the period fron2012 to 2021, there is a constant growth trend and the average
production of meat in the world is around 330 million tons. Poultry and pork
dominate the total world meat production in the period from 2012 to 2021, with
an average of 123 million tons and8Lmillion tons, respectively (Table 3).
Poultry production in 2021 increased by 29% compared to the baseline, at a rate
of 2.84%. Additionally, the production of beef, sheep and goat meat, as well as
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milk and eggs, shows a growth trend, with slight oscillations occurring in the
production of pork meat in 2019 and 2020, when production decreased
by approximately 4% compared to the baseline year.

Table 3.Total production of meat, milk and eggs in the world, in the period
from 2012 to 2021.

Pork Poultry Beef Sheep and goat mea Milk Eggs
Production | Production | Production Production Production | Production
Year
x x x x x x
[} [} [} (] [} [}
+ =] + he] + he] bl k=] bl =] + e]
£ £ £ £ £ £
2012 112.296.77¢ 100 107.243.169 100 | 69.379.540 100 13.698.513 100 755.170.144 100 | 72.581.812 100
2013 114.252.42¢0 102 110.293.097 103 70.676.984 102 14.059.660 103 773.931.5971 102 74.262.125 102
2014 116.348.51( 104 113.399.664 106 71.188.7700 103 14.429.260 105 800.328.759 106 75.849.088 105
2015 118.609.150 106 117.581.05§ 110 | 70.859.730 102 14.915.738 109 814.505.693 108 | 78.109.869 108
2016 117.895.88¢0 105 120.733.784 113 67.996.350 98 15.183.239 111 823.674.444 109 80.290.220) 111
2017 118.806.240 106 124.705.064 116 | 72.610.344 105 15.376.156 112 844.909.624 112 |84.752.53 117
2018 119.073.65¢ 106 128.275.724 120 | 74.484.904 107 15.526.263 113 867.394.020 115 | 86.235.678 119
2019 108.184.12¢ 96 133.801.560 125 76.488.9100 110 15.776.161 115 886.058.731 117 90.155.560 124
2020 108.252.150 96 137.029.230 128 | 75.877.000 109 16.105.014 118 914.475.794 121 |93.339.903 129
2021 120.372.13¢ 107 137.979.964 129 76.768.27Q00 111 16.357.614 119 918.162.584 122 92.562.542 128
Difference | 8.075.360 - 30.736.796 - 7.388.730 - 2.659.101 - 162.992.434 - 19.980.730
Growthrate| ;47 2,84 1,13 1,99 2,19 2,74
(%)

Source: Author's calculation based on FA&tabase,
http://www.fao.org/faostat/en/#data/QC

Trends in population and food production

Globally, the volume of agricultural production in the world has a positive trend
and follows the growth of the population. The growth rate of the number of
inhabitants in the world in the period 202021 was 1.11%, while slightly lower
growth rates were achieved in basic bread grains (wheat 1.51% and rice 0.77%)
(Table 4). The production of pork meat in the world recorded trend in the observed
period of 0.7%, although pork meat was the most demanded globally, until the
production of poultry meat rapidly increased by as much as 2.84%.
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Table 4.Growth rates of the total number of inhabitants and production of the
most important agricultural and food products in the world in the period from

2012 to 2021.

c

Growth rate in% S Cereal production Meat production é %

g —1 2 | §

8‘ Q a [} X E‘ T % 8 g_ E-

20122021. | |l el e | 52| 8| gE | = &

s | s ||| 2@ | 285 |3 i

0n o

World 1,11 366 [ 151 | 0,88 | 0,77 | 2,84 [ 1,13 1,99 2,19 [ 2,74
Asia 0,92 308 | 115 ] 0,53 | -0,12| 3,57 | 2,29 2,54 4,02 3,22
Africa 253 326 | 190 | 2,79 | 3,77 | 476 | 1,03 2,20 1,11 1,08
North America 0,73| 3,73 | -3,08( -0,46| 2,03 | 2,06 | 0,97 -0,99 1,38 [ 2,01
South America 088 491 | 211] 0,80 ) 3,30 | 2,34 | 0,63 1,21 0,69 [ 4,24
Central America | 1,12 | 2,25 | 0,03 [ 2,06 | 3,33 | 351 | 1,89 0,72 181 [ 2,84
Europe 0,09 444 | 364 [-167) 1,35( 1,69 -0.83 3,13 0,89 | 0,58
Oceania 165| -2,53| 0,70 | -8,01| 1,67 | 2.35 | -0,28 0,90 0,77 | 2,69

Source: Author's calculation based on FA&tabase,
http://www.fao.org/faostat/en/#data/QC

With the increase in the number of inhabitants, that is, the purchasing power of
consumers and other important factors, the consumption of meat in the world is
growing relatively quickly. Purchasing power affects the choice of food that will
meet the needsf the population in certain regions of the world. Different income
levels and different income growth projections among countries will lead to
different dietary patterns in the next decade (OECD/FAO, 2020).

Conclusion

Food systems include all processes used in food production from growing,
harvesting, packaging, processing, transportation, marketing, consumption and
disposal of food waste. The food system has a taskto meet the nutritional needs of
the population, and ghadoption of a food systems approach to unify consumption
and production patterns is accelerating around the world. Therefore, an adequate
food system should accelerate progress in meeting the goals of the 2030 Agenda,
which enable the development of frgugenerations, through sustainable
development, production and consumption as well as through sustainable
environmental protection. As the basic components of the food system are the
production and consumption of agricultural and food products, the wtokvé

the global trends in the production of the most important cereals (wheat, maize
and rice) and types of meat (pork, poultry, beef, sheep and goat), milk and eggs,
which determine the diet. Average production of cereals in the world in the period
from 2012 to 2021, amounts to about 3 billion tons, while meat production is
constantly increasing and is around 330 million tons.

The food system is under significant pressure to ensure that future generations
meet their food needs, bearing in mind that the world's population is increasing.
If there was an improvement in the food system in food production and sustainable
developmenand more even distribution and consumption, the current food waste
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and malnutrition of the population would be reduced in this way throughout the
world.
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Abstract

Food production is one of the world's biggest problems. Statistics record a
dizzying increase in the world's population, with a particularly pronounced trend

in the underdeveloped countries of the world, which are also the weakest food
producers, which cdributes to an uneven ratio in the production of components
that are components of everyday food products. The goal of this bio paper is to
make a market analysis of the production of wheat and corn for the market of the
Republic of Croatia as inputs fromhich readymade food is produced and to
point out the importance of fiscal relief of production. This research will show
how important it is to implement a sustainable production management policy to
reduce production costs. The emphasis of the reseastiogused on models for
reducing the tax burden on businesses to raise the level of market competitiveness.
In the research, a supply and demand curve for wheat and corn was formed based
on current prices and production volumes, and changes were showrthvehiax
burden is reduced. Adequate management of the production process must be put
into the function of protecting the domestic market. In this way, it is possible to
meet domestic needs and create conditions for the expansion of food production.
Constlering the current market circumstances, this topic is given great
importance, since the available data show that the purchasing power of the
majority of the population in the country is declining, that is, food is becoming
more expensive and scarcer.

Key words: What, corn, food, market, supply.

Introduction

Production resources represent the inputs used in the production process.
Economic goods are rare because there are fewer of them than human needs (that
is, things or services that are desired and rare), and therefore, they represent the
subject of economiscience (Jones, 1965). The definition of the economy refers

to the most efficient use of resources, i.e. the realization of the best choice for their
use, which means that economics solves two key problems (Saxsenian, 1994):
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9 scarcity (absence) of resources and
9 choice (economic decisions).

The problem of scarcity manifests itself in the continuous gap between the volume
of satisfied and unsatisfied desires, which is reduced by economic progress, but
never resolved. The scarcity of goods and services, which satisfy numerous wants,
needs and spirations, stem from the scarcity of resources (Porter, 1990).
Resources are all material and immaterial sources of wealth, whether found in
nature (raw materials) or produced by human labour (buildings, equipment,
infrastructure; Sawant., 2010). Therefpthe treatment of scarce resources and
the problem of choosing between alternative uses of these resources, shows:
economics as a science of rational choice, which discovers and improves the rules
that guide people in their rational economic behaviouar({&ard, 2005).
Deciding on a choice presupposes a comparison of benefits and harms, income
and expenses, costs and profits, i.e. that the benefits of a given choice are greater
than the cost, and that people should improve their economic situation mgmak

a given choice. In economic terms, all resources used to produce output (products
and services) are considered factors of production. The following three factors of
production are most often mentioned in the literature (Davis et al., 2005):

1 natural resources,
1 workforce and
1 capital.

Natural resources as the first factor of production represent resources that are
found in nature. The Republic of Croatia is a country that has a large number of
natural resources at its disposal, so it has an advantage over other countries.
Labour is thesecond factor of production. Work can be characterized as the effort

a person puts in to solve a work task. Work in the free market means any job for
which a salary is paid. Persons who can work represent the labour force. Labour
resources are the activepulation of society with their knowledge and abilities
(Davis et al., 2005). Capital is the third factor of production. Capital can be
physical or human capital. Physical capital is a very important factor in production
because it reduces the need forolah) increases productivity, and improves the
saving of money and time. Human capital is all employees, i.e. the workforce who
perform a job using their skills, knowledge, and experience (Krueger, 2009). By
combining these resources, new production vahrescreated. In agricultural
production, the choice of production largely depends on the availability of natural
resources and costs. Producers who produce in areas that have plenty of natural
resources will use more labour in the production processsthiéy will produce

with a lower consumption of that resource and vice versa. The cost of labour,
capital and technology represent the cost price of the product (Samuelson, 1948).
Considering the large areas of arable land that belong to the catedughof
quality arable soil and quality arable soil, which, according to the Ministry of
Agriculture, is 1.16 million hectares, the Republic of Croatia has all the
prerequisites for the production of agricultural products as the main components
in food prodution. Currently, food becomes a limited resource necessary for
human existence. The development and progress of modern technology enables
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the unused resources of the country in the world, with the cooperation of
knowledge and technical aids, to be brought to exploitation. Scientific progress in
chemistry, biology, agronomy, etc. will certainly enable the emergence of new
sources of food. Thieusiness climate in the market of the Republic of Croatia is
very rigid, that is, it is slow to adapt to current market shocks. The future brings
prosperity, but also some negative tendencies such as environmental pollution,
war conflicts, the presenceiaflation, rising prices of production inputs, etc. The
Republic of Croatia is an active participant in these processes. It is necessary to
intensify agricultural production and, with macroeconomic and trade policy
measures, influence the change in thecstire of existing production, the return

of young people and create conditions for quality and affordable food production,
that is, endure to reduce the rigidity of business (Lynggaard, 2006). High VAT
increases the price, reduces the turnover of predaaid increases daily living
costs (Sabolil, 2013), which results
on the market. However, the positive effects that are realized can hardly
compensate for the negative effects of the fiscal policy expressaeythhigh

taxes of VAT, product tax, and income tax. These are prerequisites for strategic
development goals. The goal of this paper was to point out the importance of fiscal

relief of production to reduce the rigidity of business, based on the marketigna
of wheat and corn production for the market of the Republic of Croatia.

Material and methods

In this research, data from the Ministry of Agriculture of the Republic of Croatia
(Annual Report on the State of Agriculture in 2021), Eurostat and the State
Statistical Office for the year 2021 related to wheat and corn were used, and the
key terms arehie volume of production, price movements, trade and taxation. The
analysed data are presented in the following Table 1

Table 1.The production of wheat and corn in 2021 in Republic of Croatia

(Ministry of Agriculture of the Republic of Croatia)

Components wheat corn
Total production in tons 961.940 2.242.119
;/r;c;rreife, or decrease in production compared to the pre +13,2% 7.7%
Share of the Republic of Croatia in the EU in % 0,7 3,2
Share inotal plant production in % 55 27
Self-sufficiency in % 174 177
Trade balance +/ +437.000 +888.000
Live head price per kg in EUR 0,21 0,23
Increase decrease in price compared to the previous yee +3,1 +3,6
Average value added tax in % 13 13
Average product tax in % 18 18
Average income tax in % 5 5
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To determine economic policy measures, it is necessary to look at the demand and
supply of wheat and corn. Given that every sector faces limitations in terms of
production volume, resource spending, and profit maximization, it is necessary to
take a detadld look at all types of limitations that are imposed. Due to all the
above, the demand curve and the supply curve for wheat and corn will be formed
below, and based on these data, the correlation calculation will show the intensity
of the connection betwaeproduction and taxation, and finally, the regression
model will show how much the change of one variable affects the change of
another variable.

Results and discussion

The data in Table 1 show that wheat production occupies a small share of the total
European production, i.e. the values are below 1%. Maize production is
represented by a larger share of over 3%. Furthermore, observing the share of
wheat production in thiotal plant production, it is evident that wheat represents
27%, but corn occupies 55% of the share of plant production. Theusttiency

of both crops is 55%, which is positively reflected in the net export balance. One
of the main factors contributiito these figures is the large area of arable land and
the high level of disbursed funds through support measures of EUR
70,000,000.00. Funds were paid for investments in physical assets, i.e. building
capacities for housing agricultural products, proswet of machinery,
construction of drainage systems, new plantations, etc. The above data support the
fact that the agricultural policy is being implemented expediently and efficiently.
According to Eurostat data, the Republic of Croatia has an almosthgfifér

VAT tax rate compared to the EU average and a 40% higher tax rate on products
compared to the EU. Taxes greatly burden both citizens and the business sector
and create an unfavourable business climate, which leads to migration of both the
population and industry to countries where the business climate is more
favourable.

According to the data from Table 1, a curve of demand and curve of supply for
wheat and corn was formed. The quantity was measured in thousands of tons.

Table 2.Calculation of the selling price of wheat and corn

Demand curve Supply curve
Wheat D =995i 25p Wheat S =905 + 20p
Corn D =990i 10p Corn S =935+ 20p

*D i demand, $ supply, Pi price
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Figure 1. Supply and demand curve and optimal point for wheatana

Based on the above functions, the price of wheat was formed, which is 0.26
euro/kg, while the average price of corn is 0.24 euro/kg. When the value of the
average price is included in the equation, it is obtained that according to the
current prices, theeed for wheat is 988,364 tons, and for corn 987,567 tons. At
the intersection of two curves there is a balance point (Figure 1).

However, on the one hand, the mentioned prices are not competitive in the
European market, and on the other hand, they have a destructive effect on
agricultural production. One of the ways to make the unit price more competitive
is to lower the fiscal les that burden it. If we start from the assumption that the
VAT on agricultural products will be reduced successively to 5%, the regression
model will show in which direction the production volume and production costs
will move (Figure 2).

1.300,00 1,5
£ y=-67,271x + 1818,8 2 y=0,158x - 0,634
= 1.200,00 § 13
g R*=0,840 - R*=0,9679
5 1.100,00 811
- T
: 3

1.000,00 03
g N - 7/

900,00 07
7 9 11 13 15 7 9 11 13 15
Tax rate Tax rate

Figure 2. Regression model of the relationship between the tax rate and the
volume of wheat production and the tax rate and wheat production costs

The regression model Y = bx + a in Figure 2 on the left shows that if the tax rate
were to increase by 1%, we can expect a decrease in the total volume of production
by 67,271 tons. The downward trajectory of the curve shows that each percentage
reductionin the tax rate causes an average increase in the volume of production
by 8%. The regression model Y = bx + a in Figure 2 on the right shows that if the
tax rate were to increase by 1%, it would cause an increase in production costs by
0.015 per kg. The wpard trajectory of the curve shows that each percentage
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increase in the tax rate causes a percentage increase in production costs by over
9% on average.

1.300.00 A y=-62,111x + 1808,3 L2 fyeots-oen
g RZ = 0,9001 2
E | 20000 £, m-os A
= o
- =
=
£ 1.100,00 E11 /
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B A z /
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7 q 11 13 15 7 g 11 13 15
Tax rate Tax rate

Figure 3. Regression model of the relationship between tax rat@mailiction
costs in wheat and corn production

The regression model Y = bx + a in Figure 3 on the left shows that if the tax rate
were to increase by 1%, we can expect a decrease in the total volume of production
by 62,111 tons. The downward trajectory of the curve shows that each percentage
reductionin the tax rate causes an average increase in the volume of production
by 9%.

The regression model Y = bx + a in Figure 3 on the right shows that if the tax rate
were to increase by 1%, it would cause an increase in production costs by 0.016
per kg. The upward trajectory of the curve shows that each percentage increase in
the tax rée causes a percentage increase in production costs by over 9% on
average.

Conclusion

The main purpose of the paper was to give a hypothetical overview of the trend of
wheat and corn production at the current tax rate. The results of the research
showed that, through support measures, financial resources are directed to the
technological ipprovement of factors of agricultural production. This is one of the
reasons why the price of wheat and corn does not deviate significantly from the
market price. A decrease in the market price would stimulate the demand for
wheat and corn on the domestianiket, which would further enable additional
production in the processing sector. Given the sufficiency of wheat and corn
production, the produced surpluses are exported, which gives a positive trade
balance. Furthermore, any further reduction in theagx of 1% would cause an
increase in the volume of wheat and corn production by an average of 9%. The
results of the research showed that it is very important to maintain a continuous
interaction between agricultural policy and fiscal policy in order ttoerage
production in the secondary and tertiary sectors. Considering the openness of the
market of the Republic of Croatia, and the free movement of goods, works and
services, it is necessary to focus on attracting investments through an active
investmentpolicy, but it is necessary to make the tax system more flexible, that
is, to correct the level of tax rates in such a way that they are attractive to investors.
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Abstract

The paper analyzes the determinants of profitability of mediaed agricultural
companies that operated in AP Vojvodina from 2014 to 2021. Using panel
regression analysis, the influence of various microeconomic and macroeconomic
determinants on profitalily, measured by the return on assets and the return on
equity, was examined. The following indicators were observed as microeconomic
determinants of profitability: liquidity, financial leverage, indebtedness,
tangibility of assets and turnover ratio aital business assets. Indicators of the
gross domestic product and inflation were observed as macroeconomic
determinants of profitability. Based on the results of the research, it was
determined that the profitability of agricultural companies, measuredhby
return on assets, is significantly influenced by indebtedness, the turnover ratio of
total assets and the gross domestic product. The profitability, measured by the
return on equity, is statistically significantly influenced by indebtedness, the
tangibility of assets, the turnover ratio of total business assets and the gross
domestic product.

Key words: Profitability, agricultural companies, panel regression analysis, AP
Vojvodina.

Introduction

Profitability is one of the most frequently used indicators of the success of a
company's operations. Depending on the subject of observation, it shows the
ability of the company, i.e., economic branches or the entire economy to generate
profit. For the rasons mentioned, this indicator is very significant for all
interested parties in busineds¢ k i | e ). Wiaeh analyzi@g@h2 8uccess of

a company's operations, it is necessary to take into account other determinants that
can have an impact on prefitility in addition to profiability. These determinants

are divided into microeconomic and macroeconomic. Microeconomic
determinants are those that are influenced by the company itself, usually referring
to various financial indicators of the company itself, while macroeconomic
determinants are those that the comypdas no influence on, but they can
certainly affect its operations. In order to conduct a detailed analysis of
profitability, it is necessary, in addition to individual company analyses, to
perform it at the sector level as well. In this regard, agricultural production as the
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primary sector carrier in AP Vojvodina is of strategic importance for the entire
economic system, and this paper will analyze the determinants of the profitability
of agricultural companies. The subject of the research are mesilzach
agricultural compamis, which operated on the territory of AP Vojvodina in the
period from 2014 to 2021. Mediusized companies represent the carrier of the
agricultural sector in the Republic of Serbia, and therefore also in AP Vojvodina
(Teki I), an@we 2accordinglytthat chosen for this analysis. The aim of
the research is to evaluate the profitability of medgsired agricultural
companies, measured by the return on assets and the return on equity, as well as
to determine the influence of microeconomic and macrm@oic determinants

on the profitability of the observed companies.

Literature Review

A large number of authors in the world were engaged in the research of
determinants affecting the profitability of companies from the agricultural sector.
Some of them observed only microeconomic (internal) determinants of
profitability, while others alsoanalyzed the influence of macroeconomic
(external) determinants on profitability. One of the first studies on this topic was
conducted byGoddard et a).(2005) who examined the influence of internal
determinants on the profitability of companies from the manufacturing and service
sectors in Belgium, France, Italy and Great Britain. The sample of this research
included 12,508 companies, for the period from 1392Q01. Using a panel
regression analysis, the authors determined that there is a negative impact of
company size on profitability, that market share has a positive impact, in most
observed countries, which is stronger in the manufacturing than in theeserv
sector, that the debt ratio has a negative impact, while liquidity has a positive
impact impact on the profitability of the observed companies in all countries.
Asimakopoulos et gl. (2009) analyzed the profitability factors of Greek
companies in the period from 1995 to 2003. The results of this research showed
that the size of the company, sales growth and investments have a statistically
significant and positive impact on the profitability Greek companies, while
financial leverage has a negativepiaat. Chandrapala and Knapkova (2013)
investigated internal determinants influencing the financial performance of
companies in the Czech Republic. The sample consisted of 947 companies that
operated from 2005 to 2008. Panel regression analysis determined that the
profitability of the observedompanies has a positive statistically significant
impact on the size of the company, sales growth and capital turnover ratio. The
debt ratio and the inventory turnover ratio were singled out as significant factors
tha have a negative impact on the profitability of the analyzed comp&uasdi

and Noor (2015)analyzed the impact of capital structure on the financial
performance of agricultural companies in Indonesia. The sample of this research
consisted of 16 agricultural companies, which operated in Indonesia in the period
from 2010 to 2014. Using multiplegression, the authors examined the influence

of financial leverage and debt ratio on each indicator of profitability and came to
the conclusion that the indicas of capital structure have a statistically significant
influence on the profitability of the observed companies only in the case when it
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is expressed by the rate of return on capital, while both indicators have a negative
impact on profitability.Jacob and Collins (2016 their study, analyzed the
profitability factors of agricultural companies in Kenya. 7 agricultural companies
were analyzed in the period from 2006 to 2014, statistical analysis was performed
using multiple regression. The results of this research shtwee liquidity and
company size have a statistically significant and positive impact on the
profitability of agriculturdcompanies in Kenya, while the tangibility of assets has

a statistically significant negative impact on the profitability of the observed
companies. An analysis of determinants influencing the financial performance of
agricultural companies from China wamnducted by.iu et al, (2020),the sample
included 39 companies that were analyzed for the period from 2013 to 2018.
Based on the results of the regression analysis, the authors determined that the
observed dependent variables, i.e. the performanagricLiiural companies has

a statistically significant influence on the size of the company, the ratio of short
term liabilities and assets, sales rate, financial leverage, intensity of capital and
exportsAn d r a ¢ j(2018)mnalyzed the factors affecting the profitability of
medium and large agricultural companies in AP Vojvodina in the period from
2006 to 2015. The sample included 420 companies. By applying multiple
regression methods, the authors came to the conclusiballtiodserved factors
havea statistically significant impact on the profitability of observed companies.
Profitability is negatively influenced by company size and debt ratio, while all
other factors have a positive impact on profitabilitye k i [, (2@22)analyzed

the factors affecting the profitability of small agricultural and food companies that
operated in the territory of the Republic of Serbia in the period from 2010 to 2019.
Using a panel regression analysis, the authors concluded that the pityfitdibi
agriculturalcompanies has a positive and statistically significant influence on the
turnover ratio of current assets, the turnover ratio of receivables from customers
and the gross domestic product, while a significant and negative influence is on
indebtedness, theangibility of assets, the turnover ratio of total assets and
inflation.

Research Methodology
Sample

The research is based on data from the company's financial reports. Based on data
taken from the Agency for Business Registers, at the end of 2021, 1,950
agricultural companies were operating in AP Vojvodina. Out of the total number
of agricultural enterpses, 84 were medium enterprises. First of all, companies
that did not operate during the time period determined for the purposes of this
research were excluded from the basic set. Also, those companies that did not
regularly submit financial reports arfabse that are in bankruptcy or liquidation

are excluded. In accordance with the above, a proportional sample was selected
from the number of remaining companies against their participation in the basic
set, and after that, companies with extreme valupsaditability indicators were
excluded from the sample. 41 companies remained in the sample used in the
analysis.
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Variables

As microeconomic determinants of profitability, various financial indicators of

the company's business success were used, which were calculated on the basis of
data from the financial reports of observed agricultural and food companies. The
gross domesticproduct growth rate and inflation were observed as
macroeconomic determinants of profitability. The list of variables used to form
panel regression models is shown in Table 1.

Table 1.List of variables

Variable Notation Measurement Pri?g']%ted
Return on assets ROA Net income/Average total assets /
Return on equity ROE Net income/Total equity /

L Currentassetdnventories/Short
Liquidity LIQ term liabilities *h
Financial leverage LEV Total liabilities/Total capital +/-
Indebtedness DEBT Total liabilities/Total assets +/-
Tangibility of assets| TANG Fixed assets/Total assets +/-
Total af:t?é turnover TOAT Sales revenue/Average total asse +/-

Gross domestic Growth rate of gross domestic
GDP +/-

product product
Inflation INF CPI growth rate +/-

Source: Authors' review

Methodology

In order to assess the impact of microeconomic and macroeconomic determinants
on the profitability of mediunsized agricultural companies that operated on the
territory of AP Vojvodina in the period from 202021. the method of panel
regression analysis ilv be used. Panel data represent a combination of
comparative data and time series, ie. they provide both a temporal and a spatial
dimension.

The most commonly used panel data models are linear models, which represent a
kind of combination of comparative data and time series. In its general form, a
panel data regression model can be displayed using the following function:

u [ @ OFE pBhID pBHME pMhHs

Where:U i value of the dependent variable for the ith unit of observation in
period t;d i value of the kth independent variable for the ith unit of observation

in period ty T regression parameters, which in the general form of a panel data
model are variable by observation units and by time perfdds;random error,

which has an arithmetic mean equal to one and a constant common variance for
eachiandt.
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For all formed models, the basic assumptions for the application of panel data
were first checked, i.e. The existence of multicollinearity, heteroskedasticity,
autocorrelation and dependence of comparative data was tested in order to select
the final modekpecification.

In order to examine the influence of microeconomic and macroeconomic
determinants of profitability of mediwsized agricultural companies, regression
models were created that have the following form:

r r r O
21 % 71 r r I r
r r r 0
Where i is the | abel for each company
year (t= 1,2,3¢é, 8).

Results and discussion
Descriptive statistics
The following table presents the results of descriptive statistical analysis for the
indicators of small agricultural companies (Table 2).

Table 2.Descriptive statistics for business indicators of medsired
agricultural companies from the AP Vojvodina, from 2010 to 2019

Indicator Median Minimum Maximum Staf.‘dfc“d
deviation
ROA 0,032 -0,238 0,288 0,055
ROE 0,061 -5,433 611,038 33,709
LIQ 1,295 0,180 32,210 2,535
LEV 0,650 0,020 8798,020 487,953
DEBT 0,392 0,023 1,094 0,241
TANG 0,592 0,000 0,961 0,321
TOAT 0,001 0,000 1334,564 135,711
GDP 2,7 -1,6 7,5 2,783
INF 1,9 1,1 4,1 0,925

Source: Authors' calculation

The median value of the ROA indicator, in the observed period, was 3.2%. The
median value of the ROA indicator of 3.2%, in the case of mediaed
agricultural companies, indicates the low level of profitability of these companies,
because it does not @athe limit of 5%, which is considered to represent good
profitability. The median value of the ROE indicator in the observed period was
6.1%, which is also below the reference limit of 10%, and can be considered low
profitability. The liquidity indicatohad a median value of 1.29, which indicates
the company's ability to settle its shtgtm obligations using current assets. The
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median value of financial leverage is 0.65, which indicates the dominant
participation of capital in liabilities. The median value of the indebtedness
indicator is 0.39, this value shows that 39% of the company's assets are financed
from debt, while the maining 61% are financed from own sources. The
tangibility rate has a median value of 0.59, this rate shows that the share of fixed
assets in total assets is 59%. The median value of the turnover ratio of total
business assets is 0.001, this value sugdbatseach dinar invested in total
business assets produced only 0.001 dinars of sales revenue. The median value of
the gross domestic product in the observed period was 2.7%, and the average
inflation rate was 1.9%. The lowest value of the rate of grossedtic product

was recorded in 2014, when it wds6%, and the highest value in 2021 was 7.5%.
The lowest value of inflation was recorded in 2016 (1.1%), and the highest value
was recorded in 2021 (4.1%).

Assumptions testing

The basic assumption for the application of regression models is that the
independent variables are not highly correlated with each other, i.e. it is assumed
that there is no multicollinearity. For the observed independent variables, which
were used in bbtregression models, a multicollinearity check was first performed
(Table 3).

Table 3.Multicollinearity testing

Variable VIF TOL
DEBT 1.43 0.69
LIQ 1.39 0.72
INF 1.33 0.75
GDP 1.33 0.75
TANG 1.22 0.82
ROAT 1.03 0.97
LEV 1.03 0.97

Source: Authors' calculation

Based on the results of VIF, i.e., TOL (1/VIF) coefficients, it can be observed that
for no variable VIF value is not higher thantbat is, the value of TOL is not
below 0.2, and it can be concluded that there is no problem of multicollinearity in
the formed models.

In the next step, assumptions for the application of panel regression models related
to the absence of heteroskedasticity, autocorrelation and dependence of
comparative data were tested (Table 4).
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Table 4. Tests of heteroskedasticity, autocorrelation and dependence of cross
section data

Model 1 Model 2
Test Test statistics | p-value Test -value
P statistics | P
BreuschPagan/Cook 0.000 0.952 0.020 0.894
Weisberg test
BreuschGodrey LM tes 53.651 0,000 117.595 0.000
CD Pesaran test 9.460 0.000 2514 0.011

Source: Authors' calculation

To test the existence of heteroscedasticity, the modified Breéresgan/Cook
Weisberg test was applied, and based on the results of this test, it can be seen that
the null hypothesis of homoscedasticity is accepted at the 1% significance level
for both fomed models. The presence of autocorrelation was tested using the
BreuschGodrey LM test and the presence of autocorrelation was confirmed in
both formed models, at the 1% significance level. The results of Pesaran's CD test
(p<0.05) show that there is aasstically significant dependence of the
comparative data, that is, the existence of common factors that have an impact on
the dependent variable in both formed models.

For the purpose of choosing an adequate model specification, the Hausman test is
applied. Given the violation of the basic assumptions of the panel model, a
modified Hausman test was applied to select an adequate model specification. The
results of the Haaman test statistic of 48.66 (p=0.000) indicate that the initial
hypothesis was rejected at the 1% significance level, i.e. that a fixed specification
of individual effects was chosen for the first model. The results of the Hausman
test statistic, for theecond , of 7.41 (p=0.285) indicate that the random individual
effects specification was chosen for the second model.

Regression models

In order to overcome the violation of the basic assumptions of the model, an
alternative specification of the fixed effects model with corrected standard errors
(PCSE- linear regression with panebrrected standard errors) was applied. The
results of thalternative specification are shown in the following table (Table 5).
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Table 5.Estimated model of fixed individual effects for the profitability of
mediumsized agricultural companies (Model 1)

ROA Coefficient Standard error t-statistics p-value
Konstanta 0,097 0,021 4,66%** 0,000
LIK 0,001 0,001 0,81 0,424
LEV -0,001 0,001 -0,92 0,364
ZAD -0,119 0,035 -3,39%** 0,002
TANG -0,011 0,021 -0,49 0,625
ROPI 0,001 0,001 2,74%* 0,009
GDP 0,003 0,001 3,50%** 0,001
INF -0,001 0,001 -0,28 0,780
n 41
t 8
N 328
F test 50,521
p-value (F) 0,000

Source: Author's calculation

Note: *** - level of significance 1%; ** level of significance 5%; * level of
significance 10 %

The panel regression model (Model 1) was formed based on data for 41 companies
and a time period of 8 years, and the total number of observations was 328. Based
on the results of the-fest, it can be concluded that the formed model is highly
statisticallysignificant (p<0 ,01).

Indebtedness, the turnover ratio of total assets and the gross domestic product
stand out as significant determinants of profitability, expressed by the return on
assets. With that, the turnover ratio of total assets and the gross domestic product
have a psitive impact, while indebtedness has a negative impact on profitability
measured by the return on assets.

Also, for Model 2, due to the violation of the basic assumptions of the panel
model, an alternative specification of the random effects model was applied,
representing a model with corrected standard errors (P@&tar regression with
panetcorrected sindard errors). The results of this model are presented in the
following table (Table 6).
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Table 6.Estimated model of random individual effects for the profitability of
mediumsized agricultural companies (Model 2)

ROA Coefficient Standard error z-statistics | p-value
Konstanta 0,085 0,018 4,78*** 0,000
LIK 0,001 0,001 0,02 0,982
LEV -0,001 0,001 -0,29 0,773
ZAD -0,072 0,023 -3,11%** 0,002
TANG -0,031 0,016 -1,86* 0,063
ROPI 0,001 0,001 3,95+ 0,000
GDP 0,003 0,001 3,28**+* 0,001
INF -0,002 0,002 -0,79 0,430
n 41
t 8
N 328
G| 921,172
p-value (F) 0,000

Source: Author's calculation

Note: *** - level of significance 1%; ** level of significance 5%; * level of
significance 10 %

The panel regression model (Model 2) was formed based on data for 41 companies
and a time period of 8 years, and the total number of observations was 328. Based
on the results of the-fest, it can be concluded that the formed model is highly
statisticallysignificant (p<0,01).

Indebtedness, tangibility of assets, the turnover ratio of total assets and the gross
domestic product stand out as significant determinants of profitability, expressed
by the return on equity. The turnover ratio of total assets and the gross domestic
product had a positive, while indebtedness and tangibility of assets had a negative
impact on profitability measured by the rate of return on equity.

Discussion

The indebtedness ratio has a significant negative impact on the profitability of the
observed agricultural companies in both observed models, i.e. both when
profitability is measured by the return on assets and when it is measured by the
return on equityThat is, it can be expected that with the increase in indebtedness,
there will be a decrease in the profitability of the company. This result is in
agreement with the results obtained®gddard et al.( 2005) , Andragi
(2018), ChandrapalaandKdap va (2013), Swuardi and N
al., (2022).The tangibility of assets had a statistically significant and negative
impact on the profitability of mediursized agricultural enterprises from AP
Vojvodina, only in the case when profitability was measured by the return on
equity. Due to the higher shwof fixed assets, it can be concluded that their
inadequate management leads to a decrease in profitability. This result is in
agreement with the result reached\by j i | and idthek igsedrch 6n2 01 7))
the determinants of profitability of agricultural companies from Southeast Europe,
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as well asJacob and Collins (2016Y.he turnover ratio of total assets had a
positive and statistically significant impact on profitability, in both models, which
means that an increase in this indicator can be expected to increase profitability,
i.e. to manage the total assets of compafries this sector in an adequate
manner. The gross domestic product had a positive and statistically significant
impact on profitability, in both models, this result is expected considering that the
mentioned rate grewuting the research period. This result confirms the result
reached by e k i [, (2@22). a |

Conclusion

Based on the results of the research of mediined agricultural companies from

AP Vojvodina that operated from 2014 to 2021, on a sample of 41 companies, it
was determined that the average profitability measured by the return on assets was
3.2%, while tle average profitability measured by the return on equity amounted
to 6.1%.

Using panel regression analysis, the influence of microeconomic and
macroeconomic determinants on the profitability of the observed companies was
examined. The profitability of the company was measured using the return on
assets and the return on equityd an both cases it was determined that the level

of indebtedness has a significant and negative impact on profitability. Also, it was
observed that in both observed models, the turnover ratio of total assets and the
gross domestic product have a positared statistically significant impact on
profitability, and with their growth in the future, profitability growth can be
expected. The results of the panel regression model determined that the tangibility
of assets has a significant and negative impactofitgbility measured only by

the return on equity. The negative influence of the tangibility of assets indicates
that in the future the policy of managing fixed assets should be directed towards
their reduction or better management.

The results of the research contribute to a qualitative overview of the state and
prospects of the further development of mediined agricultural companies
from AP Vojvodina to the Republic of Serbia. It is expected that the obtained
results will be usefl to company managers, creditors, as well as creators of
agricultural policy in AP Vojvodina and the Republic of Serbia.
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Abstract

The evolution of agricultural technology has been significantly impacted by
scientific advancements in genetics, chemistry, and robotics. However, the need
to increase agricultural production has been primarily driven by the rapid growth

of the global poplation. In recent years, precision agriculture systems that utilize
data science and machine learning technigues have been developed to meet this
need. Big data analytics have enabled decisi@king processes in agriculture

to become more datatensiveand this study reviews the use of big data analysis

in the industry. Through a review of the literature and analysis of examples from
practice, we will analyze different systems of precision agriculture, their
advantages, and disadvantages, and comparé #yeplication in different
climatic conditions.

Key words: Precision agriculture, Technology, Machine learning, Robotics,
Artificial Intelligence

Introduction

Agriculture is a term that encompasses various methods used to produce food for
human consumption and other goods by cultivating plants and raising domestic
animals. It includes a wide range of activities, such as crop production, farming,
vegetation managment, mixed food production, and deforestation. The
agricultural system is vital for supporting the global human population, and
precision agriculture has significantly improved farming management and has the
potential to continue transforming the indystr

With precision agriculture, farmers consider multiple resources, such as land and
inputs, when implementing conservation techniques, pricing their crops, and
planning for the londerm scale of their activities. The development of precision
agriculture habeen aided by scientific advancements in data collection strategies,
data analysis, highensitivity identification, field activity, and accurate
agriculture evaluation. These advancements have led to a wealth of data in
agriculture, challenging research@nd farmers to find new ways to analyze and
utilize data to improve decisiemaking processegSong, Ma, Li, Qi, & Liu,

2022)
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Overview of different systems of precision agriculture

Precision agriculture encompasses a variety of systems and techniques that aim to
optimize farming practices for increased efficiency and reduced waste. Some of
the most common systems of precision agriculture include:

Geographic Information Systems (GIS)

Farm automation has been facilitated by technologies such as GPS, robotics,
drones, and satellite monitoring, which are used for collecting GIS data. GIS is a
softwarebased solution that collects, stores, validates, and displays data
pertaining to specidéi locations on the surface of the Earth. By visualizing data,
GIS enables farmers to identify trends and patterns, detect changes, and quickly
address issues. GIS plays a crucial role in precision agriculture by gathering and
analyzing extensive field data facilitate informed decisiemaking. (GIS In
Agriculture: Best Practices For AgriTech Leaders, n.d.)

GIS has the abilityo display various types of data simultaneously on a single
map, including roads, structures, and plants, making it easier for individuals to
observe, study, and comprehend trends and interconnections. To implement
targeted management practices, GIS sgdial data to map and analyze soil,
water, and crop data. GIS software displays spatial data through maps, which are
created using different GIS technologies and then linked to relevant maps and data
that are hidden from view. As a result, the map nd¢ shows the location and
overall health of crops but also considers other relevant factors such as terrain,
soil type, and fertilization.
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Figure 1. GIS (GIS (Geographic Information System))
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Global Positioning System (GPS)

Precision agriculture also referred to as &fdSed agriculture, variabtate
farming, prescription farming, or sigpecific farming, is an advanced farming
technique that uses Global Positioning System (GPS) technologptitaize
farming practices. This technology allows farmers to accurately locate and map
field boundaries, as well as track the movement of agricultural equipment. By
doing so, farmers can implement s#fgecific management practices, such as
planting, ferilizing, and irrigating crops, that are tailored to the specific needs of
each section of the fiel§Shanwad, Patil, Dasog, Mansur, & Shashidhar, 2002)

As the global population is expected to increase by nearly 10 billion people by
2050, it is imperative to enhance agricultural productivity to meet the growing
demand for food. Precision agriculture and advanced technologies such as
automation, computer sion, artificial intelligence (Al), and machine learning are
already revolutionizing the agricultural industry, and GPS technology plays a vital
role in making this possibléWadhwa, 2022)

GPS technology in agriculture enables farmers to collect and analyze data about
their fields, including soil moisture, nutrient levels, and plant health. This data can
be used to create sigpecific management plans, ensuring that crops receive the
exactamount of water, nutrients, and other inputs needed to grow and thrive.

Remote Sensing

The use of remote sensing to measure crop health is becoming increasingly
popular. By acting as early warning systems, sensors can help detect climatic or
biological issues before they negatively affect crop yields. In the agriculture
industry, remote seirgy technology plays a vital role in evaluating plant health,
estimating crop loss percentage, managing irrigation, identifying crop stress,
detecting pests and weeds, forecasting the weather, and gathering information
about crop growth stages. Combiniregnote sensing data with crop simulation
models is a growing trend in predicting crop yields due to its potential benefits.
(Adhikary, et al., 2022)

Using remote sensing technology reduces the need for collecting field data and
improves the accuracy of estimates. It allows for the monitoring and quantification
of crop stress caused by both biotic and abiotic factors. Other applications of
remote sensmin agriculture include estimating acreage, mapping and monitoring
drought conditions, maintaining vegetation health, assessing crop conditions in
stressprone environments, monitoring nutrient and moisture levels in fields,
measuring crop evapotranspicet, using precision agriculture for weed
management, and transferring atmospheric dynamic predictions through various
satellites.
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Figure 2. Remote sensing for agriculture monitorif®@egarra, Buchaillot, Araus, &
Kefauver, 2020)

Robotics and Artificial Intelligence (Al)

Innovative technologies such as computer vision, artificial intelligence
algorithms, and robotics are revolutionizing the agricultural sector. These
technologies offer numerous advantages to crop and livestock farmers, allowing
them to increase productivity while mating their environmental impact. Al, in
particular, enables precise observation and measurement of growers'
requirements, making largeeale precision agriculture feasible.

Through the use of computer vision, Al algorithms, and robotics, farmers can
collect more comprehensive, accurate, and timely data on vital parameters such as
crop health and soil moisture levels. This data empowers farmers to make
informed decisions on rigation, fertilization, and pest control, ultimately
boosting efficiency and profitability. Additionally, these technologies optimize
labor allocation and reduce manual lalfobla & BretorCailleaux, 2023)

One of the most significant advantages of Al in agriculture is its potential to

minimize the environmental impact of farming practices. By reducing chemical

use, improving water management, and optimizing soil health, Al promotes
sustainability in agricultre. Integrating these advanced technologies into farming

practices allows growers to tackle modern agriculture challenges while also
promoting sustainability and profitability.

Application of the precision agriculture system in different climatic
conditions

Although climate change is a natural process on our planet, its pace and magnitude
have accelerated significantly in the last cent(iijah, 2022)This has resulted

in a range of challenges across various industries, particularly agriculture, which
is heavily reliant on natural conditions. Changes in climate, such as reduced
seasonal rainfall, have forced farmers to adapt their cultivation pradfides
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Role Of Climate Data In Precision Agriculture, 20B{hwever, the emergence of

the Internet of Things (loT) offers a potential solution, as it has facilitated the
rapid advancement of Unmanned Aerial Vehicles (UAVs) and Wireless Sensor
Networks (WSNSs). These technological developments can be applied cost
effectively in Precision Agriculture (PA), including aerial crop monitoring and
smart spraying tasks. The application of precision agriculture systems may vary
depending on the climatic conditions of a specific regigRadoglou
Grammatikis, Sarigiannidis, Lagkas, & Moscholios, 2020)

Application in dry climate areas

In dry climate areas, where water resources are scarce, precision agriculture can
play a significant role in water conservation and sustainable farming practices. By
using reaftime data on soil moisture levels and weather patterns, farmers can
apply watemore efficiently, reducing waste and ensuring crops receive adequate
hydration. This is achieved through precision irrigation, which delivers water
directly to the plant roots, minimizing evaporation and runoff. Precision
agriculture can help farmers ity areas where water is scarce and prioritize
irrigation based on crop needs and water availabfliyman, Cassman, Matson,
Naylor, & Polasky, 2022)

Another application of precision agriculture in dry climates is the use of remote
sensing technologies, such as satellite imagery, to monitor crop health and detect
stress factors, such as drought, salinity, or nutrient deficiency. By identifying these
stress factors early on, farmers can take corrective actions to mitigate their impact
on crop yields(Zhang, Sun, & Deng, 2019)his can be achieved by adjusting
irrigation and fertilization practices, or by selecting crops that are better suited to
the local climate conditiongRobin Gebbers, 2010)

Application in humid climate areas

In humid climate areas, where rainfall is abundant, precision agriculture can play
a significant role in maximizing crop yields and promoting sustainable farming
practices. One of the primary benefits of precision agriculture in humid climates
is the abilty to optimize fertilizer application. By taking into account soil
characteristics, plant requirements, and environmental conditions, farmers can
apply fertilizers more efficiently, maximizing nutrient uptake by crops and
reducing the risk of nutrient leling into groundwater. This can lead to improved
crop yields and environmental sustainability.

Another application of precision agriculture in humid climates is its ability to
reduce soil erosion and improve soil health. Precision agriculture can assist in
water management by monitoring soil moisture levels, predicting rainfall and
evapotranspiratio rates, andoptimizing irrigation scheduling. This can help
farmers conserve wategsources and minimize water waste, leading to improved
environmental sustainability and cost savin@gshdullah, Siraj, & Hodgett, 2021)
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Application in cold climate areas

Cold climate regions are characterized by low temperatures, a short growing
season, and limited water resources. One application of precision agriculture in
cold climate areas is the use of sensors to monitor soil and air temperature,
moisture levels, andther environmental factors in real time. By gathering data
from these sensors, farmers can make informed decisions about planting,
irrigation, and fertilization practices to optimize crop growth and improve
resource use efficiency.

Precision agriculture can also help farmers in cold climate aneasge crop

stress factors, such as cold temperatures and frost. Also, farmers can use remote
sensing technologies, to prevent frost damage. Precision planting and tillage
techniques can also reduce soil disturbance and improve soil structure, leading to
reduced soil erosion and improved water infiltration.

Another application of precision agriculture in cold climate areas is the use of
unmanned aerial vehicles (UAVS) to monitor crop health, detect disease
outbreaks, and assess crop damage caused by natural disasters such as hailstorms.
UAVs can capture highesolution images of fields and use algorithms to detect

and quantify crop health parameters, enabling farmers to take timely and targeted
actions.

Application in warm climate areas

In warm climate areas, high temperatures and intense sunlight can pose challenges
to crop production(Hatfield & Walthall, 2015) One of the primary benefits of
precision agriculture in warm climates is its ability to optimize irrigation. By
leveraging data on soil moisture levels, weather conditions, and crop water
requirements, farmers can apply irrigation more efficiently, andio® water
waste. This can be achieved by using precision irrigation systems, such as drip
irrigation, that deliver water directly to the plant roots, reducing evaporation and
water loss to the surrounding soil. Precision agriculture can help farmersveonse
water resources and minimize water waste by monitoring soil moisture levels,
predicting rainfall and evapotranspiration rates, and optimizing irrigation
scheduling.

Conclusion

Precision agriculture systems have revolutionized the farming industry, and their
application in different climatic conditions has been critical in ensuring optimal
yields and resource management. The use of big data analytics, machine learning,
and artifcial intelligence in precision agriculture has enabled farmers to make
datadriven decisions, leading to more efficient and sustainable farming practices.

The review of different systems of precision agriculture, including GIS, GPS,
Remote Sensing, Robotics, and Al, has shown that each system has its advantages
and disadvantages, and their success depends on the specific climatic conditions
and crop cultivabn practices.
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In dry climate areas, precision agriculture has enabled farmers to conserve water
resources by leveraging data on soil moisture levels and weather conditions to
apply irrigation more efficiently. In cold climate areas, precision agriculture has
helped farmers to optimize crop production by monitoring soil temperature and
implementing measures to protect crops from frost damage. In warm climate
areas, precision agriculture has enabled farmers to monitor crop health and detect
stress factors, such as drougdalinity, or nutrient deficiency, to take corrective
actions to mitigate their impact on crop yields.

Precision agriculture has played a critical role in improving agricultural
productivity, sustainability, and resource management. As the world's population
continues to grow, the need for more efficient and sustainable farming practices
will only increase and precision agriculture systems will continue to evolve to
meet these challenges.
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Abstract

Tradition and gastronomy are synonyms that point us to lasting values and
guality. People travel from faraway places to enjoy authentic food, characteristic
of a certain area. In this way, many dishes are kept from being forgotten, and
enjoying them is aofm of sustainable tourism.

The paper started from the hypothesis that gastronomic tourism has the potential
to be the carrier of the economic development of rural areas. Tourists want an
authentic experience through food. In this way, tradition is preserved from
oblivion, and ruralareas revive and develop.

There were questioned 218 tourists, visitors to 10 farms in Vojvodina as authentic
objects of rural areasThe conclusion was reached that the rich gastronomy is a
factor in attracting tourists that has a strong contractive effect, whether it is a
primary, independent tourist motive or a complementary tourist offer.

Key words: Gastronomy, rural tourism, sustainable tourism, farms of Vojvodina

Introduction

Sustainable tourism implies an economic branch that has a mimpedt on the
environment and local culture, while helping to generate income, new jobs and
protect local ecosystems (Cong, 2016). It is a responsible tourism which is friendly
towards natural and cultural heritage. Although there is no universal defiaftio
sustainable tourism, the majority of researchers agree that sustainable tourism
means "any type of tourism that contributes to the protection of the environment,
social and economic integrity and improving natural, created and cultural values
on a pemanent basis" (du Rand and Heath, 2006). The main goal of this type of
tourism is duration, and the synonym of duration is quality (Baker, 2000,
Mi hai | o)\Wdrking ahdatihg in such a way that everything we turn into

a "product” is a pledge of the future.
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One of the most obvious examples of sustainable tourism is certainly rural
tourism. Rural tourism is often considered an essentially sustainable form of
tourism (Ekinci et al., 2013). It is the tourism of the rural area with all the activities
that are cared out in that area. Nature is the basic resource for the development
of rural tourism. Rural tourism should contribute to the preservation of the rural
environment and cultural heritage, but also economically motivate the local
population to stay therereating conditions for a comfortable life (Vujko et al.,
2016). This type of tourism could greatly contribute to the protection of nature,
i.e. autochthonous species of flora and fauna, but also provide funds for
development and investment in the villag&e greatest value of a holiday in the
villages is untouched nature, clean air, clean water, healthy food and the
traditional hospitality of our hosts (Ignatov and Smith, 2006). A large number of
villages are located near valuable cultural and histom@aluments that tourists

can visit in an organized manner. The buildings of traditional architecture with the
characteristics of the area, as well as the products of old crafts and handicrafts,
through which the rich heritage of the people can best be rknalgo have
exceptional cultural value (Petrovil e

Staying in villages offers tourists the opportunity for walks, recreation, playing
sports, organized tours of nearby natural and anthropogenic monuments, as well

as various exhibitions and art colonies that are organized in the environment, with

the possibity of practice of hunting and fishing (Nield et al., 2000). Vojvodina is

one of the largest and for agriculture the most suitable areas in Serbia. At the same
time, this is an area which is inhabited by a large number of nationalities. Each of
them, wit its culture and tradition, contributed to the formation of an interesting

i mage of this area (Todorovil and Bije

One of the most impressive tourist attractions of rural tourism, which is
sustainable and attractive at the same time, is gastronomy (Boyneet al., 2003). In
recent times, it stands out as an independent tourist attraction within gastronomic
tourism (Lawrenge et al., 2012). Gastronomic tourism is defined as the visit of
tourists to primary or secondary food producers, food festivals, catering facilities
for food production and serving, and certain destinations for tasting and
experiencing regional speciakiewhere food is the primary motive for travel
(Wolf, 2006). Some authors believe that this definition is more than sufficient to
explain all aspects of gastronomic tourism.

Wine, food and tourism are closely related. However, just recently has the wine
and food role played by in attracting tourists to a destination been explicitly
recognized by governments, researchers and the wine, food and tourism industry
(Everett and Aithison, 2008). Food has become recognized as a part of local
culture in the tourist market; part of tourist promotion; potential component of
local agricultural and economic development; a regional factor influenced by
consumption patterns and the obserdegires of tourists (Cohen and Avieli,
2004;0lsen, 2007).

The paper started from the hypothesis that gastronomic tourism has the potential
to be the carrier of the economic development of rural areas, that is, that
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gastronomic tourism increasingly attracts tourists on its own. Food becomes an
independent tourist attraction, to which he is always happy to return.

Farms (named Salagi) and gastron

Gastronomy of Vojvodina was formed as a reflection of complex living
conditions, geographical characteristics, natural conditions and social events in
this area. In the area of Vojvodina, there is a large mixture of cuisines, and
therefore alarge numbefo di f f erent di shes (Zelevil
a mixture of different influences of the peoples who have lived in this area for
centuries. The arrival of the Germans greatly influenced nutrition and food
preparation in Vojvodina. They broughteir own dishes, customs, preparing
winter food, wine, growing fruit and vines, so the Serbian population adopted a
lot of their dishes and ways of preparing food. Also, in Vojvodina there is a wealth
of culinary knowledge and the mutual influence of Huiagg Romanian or
Slovak cuisine, and numerous dishes are derived from Russian or some other
cuisine from the surrounding area (Kalenjuk et al., 2011).

Various influences make Vojvodina cuisine specific and therefore attractive for
tourist demand, especially since the diet of the population has changed the least
compared to other forms of changes in the cultural life of the village.

The influence can also be seen in the names of many dishes preserved to this day:
from the German frustuk/breakfast (Das Fristick), breakfast/snack (Die Jause),
appetizer/appetizer (Die Vorspiese), rindfleisch/beef (Die Rindfleisch),
cushpaize/stew ( Dieuspeise), dumplings, strudels, donuts... from Hungarian:
perklet/fried meat in its own sauce (Porkdlt), goulash (Gulyas), paprikas
(papri kg&8s) and others (Gavrii, 1994).

Since ancient times, food was prepared in the house by the oldest women freed
from the main agricultural work, and the rest of the household was in the field.
Freshly baked bun or bread, smeared with lard and sprinkled with ground red
pepper, was often eat. During the winter in Vojvodina, there were three meals
from ancient ti mes: breakfast or frugt
dinner at (6 p.m. ). During the summer, when the days were longer, there were
more meals. In addition to the usuaks, in the morning around 10 o'clock there
was a yauzna or small uja, and in the afternoon around 5 p.m. there was a big uja.
For these meals, apples in a dressing gown, bread and fat with ground red pepper,
etc. were usually prepared. Those who foundntfedves in the field often only

knew to eat some seasonal fruit and bread.

In terms of gastronomy, Vojvodina belongs to heavenly enjoyment place.
Delicacies, which are hard to resist, set the stamp on Vojvodina cuisine, praised
for its challenging tastes, smells and colors. In Vojvodina cuisine, "fruits of the
barn" rule, and the are almost no dishes without meat and dried meat products
(Gavril, 1994).

In Vojvodina, it is customary to always have something to snack on between the
five mandatory meal s: breakf ast, t wo
breakfast, was the most abundant daily meal that provided the energy base for a
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hardworking day. Bacon, ham, cracklings, sausages, kulen, but also cold meats,
cheese, cream, scrambled eggs, pies and a lot of bread were eaten. The sweet part
of breakfast included bread and jam, compote, pancakes, donuts, etc.

Yauzna (snacks) bridged hunger from breakfast to lunch, that is, from lunch to
dinner. The morning included bread spread with péaté, lard, jam, the bread
sprinkled with water and sugar (so that the sugar sticks better), scones, rolls, apple
and everythinghat is eaten on the go, without cutlery. For the afternoon snack,
soft pastries, fruit cake, and pudding were eaten (Kalenjuk et al., 2011).

The most characteristic meal in Vojvodina is lunch, yet. It can be the daily lunch,
which consists of soup, dough and potatoes, but it can be festive and imperial, and
the most famous is Sunday lunch. It consists of: beef soup with noodles, rinfleish
with tomato sauce, roast pork with potatoes and the obligatory sausage, various
sal ads and desserts: grudl e, smal | cak

Dinner in Vojvodina houses never existed just for the sake of order. There were
always cooked dishes, fried meat, dried meat products.

Soups are an indispensable part of every Christmas and Sunday lunch, but they
are in front of the household on other days as well. They are cooked from beef,
chicken, turkey, goose, duck, pork and pigeon meat. Soups are made from various
ingredients, butlao only from herbal spices and tarana.

Broths are part of the tradition of Vojvodina cuisine. The most famous are ragu
stews made from vegetables, beef, chicken and lamb, and also fish stews. Special
nostalgia evoke ajnpren, tomato and wedgigeews. On the table in Vojvodina,

pork, poultry, bef and lamb are mostly represented. From this meat are made
popular "Wiener", "Paris" and "natur" schnitzels, filled with cream, cheese,
chopped ham and bacon. Until half a century ago, pork, lamb, veal and kid were
never prepar ed,hecausédipwa®a sin toslaughtepauasnb, pig

or calf. Today, young meats are an integral part of the menu, especially on festive
occasions.

Paprikashi, vegeti, goulash and tokaniji resist the onslaught of new dishes and are
specialties that are appreciated. Freshwater fish (carp, perch, catfish, pike,
walleye, bream, bream, tench) is an essential part of the Vojvodina diet, whether
theyareimoup or pari kag, baked in the ove
Stew and goulash are prepared from wild game, which, in combination with forest
fruits, vegetables and berries, make up the exclusive gastronomic offer of
Vojvodina. Nevertheless, fahe people of Vojvodina are favorite dishes that are
eaten with a spoon: Luvec, beans, sal
thickly, such as a side dish to meat, and they are made from peas, green beans,
cabbage, kale, zucchini and, of course, withitle®itable potato, prepared in all
possible ways. All of this is accompanied by appropriate salads of tomatoes,
peppers, cabbage (sweet and sour), cucumber, beets, pickles, as well as Serbian
and Chopin salads, as well as compote salads. Dough is alsd theg tradition

of Vojvodina cuisine. Most often, they are rolls and scones, plain, salty or sweet,
and the best ones are those with cracklings; dry, specific Vojvodina dishes made
from dough with noodles; val jcagsaaly, trg
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with cheese, but also with cherries, apples, semolina, poppy seeds, pumpkin,
walnuts and the like.

Vojvodina delicacies got their name not only because they are sweet, but also
because they are eaten for pleasure.). Cakes of various colors, shapes, and all of
them sweet (wafers, krancles, gurabies), strudels with poppy seeds, walnuts,
cherries, carobsr@aisins are one of the most recognizable symbols of Vojvodina.
The people of Vojvodina also | ove tag
pancakes, either with apricot and rose
or bird milk, a delicacy that saehow best spices up the end of a meal. The
Vojvodina kitchen is full of the smell of gardens, pantries, sideboards, the taste of
sweet fruit preserved in jars, and bottles filled with everythirigpm boiled
tomatoes to elder juice. It is the plain oftfie chernozem and spacious pastures,

river valleys, canals and fishponds net, numerous of hunting grounds, orchards
and vineyards on Frugka Gora and the
around Subotica.

The aim of this study was to find out from 218 respondents what they think about
the importance of gastronomy and its potential and how gastronomy, as a tourist
attraction, attracts tourists to come and enjoy food.

Methodology

The research was carried out in 10 Vojvodina farms, characterized by the fact that
they have been transformed into a kind of authentic gastronomic mecca. There are
218 respondents, visitors to the farm, who came there to enjoy specific and unique
gourmet cisine. The respondents were asked a group of questions about the
importance of gastronomy and its potential. We also wanted to get an opinion in
what way gastronomy, as a tourist attraction, attracts tourists to come and enjoy
food. The research was paita wider research project, and the paper presents
responses grouped by similarity. A survey containing 16 questions was used, and
the research lasted from March to June 2023.

The Chisquare test (Pearson €Bjuare Test) was used as the method of analysis.
The test showed statistical differences in respondents' answers in relation to
gender, as the most common type of comparison in respondents' answers. The
assumption was thathere was no difference in the answers. Statistically
significant differences are taken for those having p <0.05.

Results and Discussion

Looking at table 1, it can be seen that 107 male and 111 female respondents
participated in the research.
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u Ob | @ender.

Frequency Percent
Male 107 49,1
Valid Female 111 50,9
Total 218 100,0

Table 2 shows the reasons for coming to farms. And it is this group of answers
that confirms the initial hypothesis. The respondents agree that the food on the
farms is unique, traditional, tasty, ahdmemade. Table 3 shows that there is no
statistically significant difference in the responses of respondents in relation to
gender.

Vojvodina is a large granary, and therefore people in Vojvodina know how to
make good and quality dishes from dough. The culture of making bread and dough
dishes in Vojvodina developed under the influence of several traditional cuisines:
Serbian, AustrianHungarian and Turkish. That is why Vojvodina cuisine is
characterized by great variety in the preparation of all kinds of breads and cakes
from bread dough.

Most of the farms attach great importance to the quality of the preparation of the
bread and pastries that they bring to the guests. However, on farms and ethnic
houses that promote local traditional specialties, in order to complete the
experience, breaghastries, pasta and other bakery products are produced in the
household itself, in order to maintain the tradition. Farm housewives get up at
dawn to provide their household and guests with fresh bread every day. White
bread is most often produced, folled/by semiwvhite and black bread, Vojvodina

bread with added milk. In addition to bread, they also produce scones, buns, soft
cakes, fritter, scones wit-tpiettomdand!| i ng,
rolled crusts with cheese and various greens, @t a fiprojao ( «
Aicicvar ao.
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Table 2.Reasons for coming to farms

Gender
Total
Male | Female
Extraordinary food 3 14 17
Food reminds me of my childhood 9 17 26
Tradition and culture 17 13 30
Food that is healthy 20 11 31
The reason for —
. A specific taste that cannot be felt
coming to the 26 10 36
. anywhere else
sal ag f i -
I love the relationship the hosts hay|
) 9 19 28
with the guests. | feel at home
| like to eat food that has "soul" 13 14 27
Food and wine are pure hedonism 10 13 23
Total 107 111 218
Table 3.Pearson ChBquare Test
Value df Asymp. Sig. (2sided)
Pearson ChEquare 23,77F 7 ,001

As for desserts, there are strudels with poppy seeds, walnuts and cherries,
pumpkin pie, cherry pie, apple pie, dt
And as an addition to the main dishes such as goulash, stew, perkelt, homemade
noodles are servedt is often served dry with potatoes, "flecks" (pasta) with
cabbage, noodles with cheese. Each household has its own recipe for the
production of these products and each housewife has her own secret that is passed
down from generation to generation.

ZEKI N SXurAe®din On offer: Prebranac, T
Bread and lard, Goose pate, Cvarci, Pichte and the like.

There are products that are common to all farms, and that stand out from the offer
as typically Vojvodina specialties. i C
this area. It is white wheat bread with yeast that goes perfectly with all national
andinternational dishes. As pasta is used a lot on Vojvodina farms, it should be
emphasized that there are a large number of domestic specialties made from
cooked pasta, such as noodles with poppy seeds, breadcrumbs, cheese, dry
noodl es withapgot 4 tdaednd leikdoggealdmadadni) with
various additives that are used as a garnish for stewseaikelte or as liners for

soups. And at the end of every meal, dessert is indispensable. Although the offer
is varied, the most commonly offered is strudel with poppy seeds, a traditional
product that has a geographical indication of origin.
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Table 4.Display of farms which fulfilled a wide range of requirements for
successfully fulfilling the wighes of the modern guest

S a | (farm)

Offer

DI DA HORNJAKOVO
Sombor

Yellow carrot soup with pasta flecks and li
dumplings, meat from the soup, rice with ste
gizzards is inevitable. Three types of sauc
with all of this: cherry, tomato and dill sauce.
here "everything is eaten in order”, guests are
served gibanica with poppy seeds, wal
cherries, and pumpkin.

CVEAOSALABegel

\We offer simple, folk dishes: sweet cabbage (|
or Begel) with turke
kid, with a small addition of beef. Followed
greens salad (chard, horseradish leaves of
| eaves) , pddpamk & (dishankde frg
sauerkraut), beans with dry ribs and smoked
leg. Salads are seasonal. Of course, home
chicken stew, beef goulash, and pork delicia:
excellent.

HOUSEHOLD/L E K |

: N SA
Sal ag Nol aj ski

L

We offer fish dishes: stews, paprikash, fried
baked fish and the like.

JELEN SiALAG I

Salag house, built o
wines which vine was grown on the s
collected from the bestcellarsn t he r
also offers typical Hungarian and Vojvod
dishes, but it is widely known for its Bosn
cuisine specialties.

MOTHERDAS AGal il

AKolijagkao schnitz
fiBalinao schaitoalg, f
skewer, Turkey with apricots, Turkey w
grinder s, Pork cutl ¢
Burger, Smoked fhangen
Homemade sausage, Schnitzel in ajvar s
Chicken white meat, Filletechicken, tripes

PERKO S A L A @Gleradin

The menu usually includes chicken or beef
with homemade mixed noodles, tomato soup
zucchini, soup, strudel with poppy seedg
walnuts, homemade brandy, wine and na
juices. The offer of sweets includes d&thione
cakes and sweet pies,wsll as plum, dogwo(
or pomegranate jam, watermelon, blackbyq
wild strawberry jam. Instead of indust
liqueurs, cherry brandy and nut brandy
poured.

SALAG fKiAVaALio |

L d

We offer dishes of local Vojvodina cuisine, W
an emphasis on dough dishes and various tyj
homemade bread.

SALAGI i L8ie]j

The restaurant serves traditional Vojvod

cuisine (gibanica, imperial pie, strudel W
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poppy seeds and walnuts, pumpkin, rinflash
5 sauces, rolled veal, fish on cream, §akuté
stuffed zucchini).

Guests have the opportunity to enjoy dig
prepared according to old, homeade recipes,
the menu includes hommade scones wi
WINES AL AG # L UVIAR D|cracklings, potatoes in their husks, kneepad
Kelebija various roasts, as well as stews cooked in a K
Food is prepared oa woodburning stove, ar|
when the weather is nice, the table is set up i
garden

' On offer: Prebranac, Tongue in brine, Pe
ZEKAGSALA®r | edi n [patties, Bread and lard, Goose pate, crack
aspic and the like.

Source:Author's research

In Vojvodina, paori (peasants) prepared white wheat bread with yeast. The
characteristic of Paor bread or cipovka is an extremely pleasant smell and taste,
easy digestibility and durability for several days. Fresh bread was never eaten until

the previous tead had been eaten. The special quality of dough pieces baked in

this way was obtained primarily due to the indirect bread production process, a
direct firebox with cornstalks and straw, and with delicious thick crust of bread

that retained a sufficientr@ount of moisture so that the bread could be used for
several days. The characteristic shape of the cipovka comes from the cutting of
the round piece of dough (at the top of the dough ball) and from the moisture
gradient that is created after puttingtlieddlgh i nt o a heated ov:

The appearance of strudel with poppy seeds and walnuts is linked to an
anonymous confectioner from Pogun fro
Bratislava), who made small horsboeshaped rolls from poppy seeds for Saint
Nicholas and distributed them tchildren. Under the influence of Austria
Hungary during the second half of the 19th century, Christmas strudel with poppy
seeds is prepared in these areas. Vojvodina strudel with poppy seeds and walnuts
was created with the help of Vojvodina housewivesp wtroduced innovations

in the preparation of this delicacy, adapting it to the local taste. Viennese and
Vojvodina strudel with poppy seeds differed in the thickness of the crust. The
Viennese one had a thicker crust, while the Vojvodina one had &thirust. The
Vojvodina strudel with poppy seeds is made from flour originating from domestic,
Vojvodina wheat Vv,dRi0@t0iads .anko faoksmio| ¢ i |
highlight the quality of domestic wheat varieties, which are grown in accordance
with varietal technology, adapted for these areas with characteristic
agroecological and soil conditions.

Vojvodina strudel with poppy seeds is a traditional product from the Vojvodina
region and is produced exclusively by hand. This product is one of the few that is
offered by every farm.

266



Pasta made from wheat flour with the addition of water forms the basic dough for
these products. In some places, eggs or blended vegetables are added to this
mixture to give the pasta color. It is cut in the form of narrow, straight straight
strips of diferent widths and lengths, or they are bent or twisted into various
shapes. In addition to the above, they can be produced in households in the form
of tarana and flakes, and in industrial production these forms can be very diverse.
They are cooked in plepnbf hot boiling water. They can be served as a main dish
(with butter, cheese, various sauces, poppy seeds, breadcrumbs) or as a side dish
with various types of meat. They are also used as inserts for various soups and
stews.

On farms, noodles are most often prepared (rolled dough with cheese, semolina,
poppy seeds and mil k), fAvaljugki o (boi
with jam (the dough is rolled out like a pie and jam is placed, as small heapses, on
one half &a distance of a few centimeters, then is folded over with the other half

of the dough, then cut, the edges of the dough are joined so that the jam does not
leak, it is cooked in boiling water, then it is rolled or sprinkled with fried
breadcrumbs and et that way). The range of pasta products is very diverse. In
addition to the traditional pasta dishes they prepare, today's chefs modernize them
and adapt them to the tastes of increasingly demanding tourists.

Pogala is wusually round, but it can be
The taste and aroma of this bread can be different, depending on the additions and
spices. Erstwhil e, pogal e were kneaded

related tosome ritual actions. It is usually kneaded when someone is going on a
long journey, or it is worn by workers in the fields, to women that just given a
birth to welcome guests, and it was necessarily prepared for funerals and funeral
feasts, for baptismsd Christmas. On the farms, two types are usually made, with
milk and with water, but every housewife knows how to surprise her household
and guests with a sumptuous pogala to
been added.
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Figure 1. Thematic map of the most important farms in Vojvodina
(www.vojvodinaonline.com)

Buns are smaller and thinner loaves of round or elongated shape prepared from
wheat flour with the addition of yeast, a little salt and sugar, Figure 1b. Sometimes
it is made without yeast. Before baking, it is usually sprinkled with cumin or
sesame seeds.is baked on a heated plate for about 20 minutes. It can be served
warm with cream and cheese, but traditionally it is served warm with lard and ale
or crushed pepper, or cold as a substitute for bread.

Gibanica is a traditional mixture of local cheese, cream, eggs, fat or oil, baked in
gibanica crusts, Figurecl There are various varieties, but cheese is always the
basis for all gibanica, it is even preferable that the cheese Hatfatid fermented.

The crusts can be developed in two ways: with a rolling pin on a board or by hand
on tables covered with tableths and in a much faster way, which requires a
skilled housewife who has a feel in her hands so crusts do not crack. This way of
developing tk crust requires wellged wheat flour. Sieve the flour on a board,
then make a well and add oil and cold water as much as is needed to knead the
dough. The dough must be kneaded until it begins to separate from the hands. The
housewife will separate theadles from the mixed dough, roll out them a little,
coat them with oil and cover them with a clean cloth to rest. The dough needs to
rest well so that the stretching can take place as well as possible. When the dough
has rested enough, on spread tablaabot the table, roll out one noodle at a time.
First, the noodle is stretched in the air with clenched fists. Then it is placed on the
table and stretched in a circle with both hands. When the bark is spread ends
should be tear off. Housewives can roll tuse leftovers with a rolling pin later
when they have stretched all the skins. The stretched crusts are then filled by
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sprinkling the filling on them, and then the crusts are rolled up with a tablecloth
and placed in a pan.

"'"a) h 5 b)
Picture1.Voj vodi nads poggbhreca(€a) , bun (

The filling for gibanica can be very diverse. Cheese is almost always used as a
base in salty gibanica, various greens can be added to it: Swiss chard, spinach,
nettle; although you can also make gibanica from potatoes, cabbage or leeks, and
it's all a matier of the imagination and skill of the housewife. However, the most
common gi banica on the farms in Bal
vegetables. The other names come from the name of the food used to fill gibanica,
so we have: bundevara (pumpkin)mpriusha (potato), kopusara (cabbage) and
others.

One of the most common delicacies made from stretched crusts is pumpkin. The
filling is prepared by grating the pumpkin and putting it on the stretched crust, and
then it is sprinkled with a mixture of sugar and cinnamon or vanilla sugar and then
rolled up Pie with cherries is also made in the same way. Cherries are arranged
on the crust, sugared and with semolina, and then twisted. Although these pies and
gibanica are much tastier when they are prepared with homemade crusts, today's
housewives often uséose-bought crusts due to lack of time, which greatly speeds

up the process of making these specialties.

A tourist product is, as businessmen usually call it, "a collection of a large number
of small things". It is one compositional product or a mixture of various elements
that contains segments of attractiveness, transportation, accommodation and
environmen{Okumus et al., 2007). The tourist product, in essence, represents "a
collection of various benefits, goods and services that serve to satisfy the tourist
needs of the customer during his trip and stay on the farms of Vojvodina. It should
be also borne imind that good offer represents not only modernly equipped
rooms, friendly service and good cuisine, but also a parking spaces, because a
large number of tourists come by car.

Tourism can be beneficial for farms in many ways as a protected natural asset,
and a few observations stand out. The true is that tourism development is
predestined in destinations with relatively weteserved nature, such as in
protected natural assetfarms and that fact helps modern man to imagine what
nature and life looked like before industrializatimm d  ndastruttsve action,

in general.
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Conclusion

Only those companies (farms) that offer a wide range of content can expect
success. This is the only way to satisfy the choosy demands of tourists. It is
necessary to provide a very diverse and rich offer in the direction of creating an
integral product,tat is, a packagarrangement. This implies a very synchronized
activity of companies (farms), agencies, local tourist organizations and local
communities.

Tourism is an important factor in the protection of natural resources. The problem
of nature protection can also be viewed from the perspective of tourism
development.

When we mention tourism as a factor of importance for objects of protected
nature, then we primarily think of tourism as an economic category, which can
finance nature protection from the collection of tourist services.

Tourism helps to detach the village socially and culturally from provincialism and

to support the economy of local communities; Finally, there is an educational
component that makes protected nature facilities support the environmental
education of childne and adults.

Due to the slow economic and industrial development, the last decade contributed
to a lower concentration of the harmful agent that pollutes the environment (land,
water, air) compared to the developed countries of the European Union. That is
why food prodiced in these areas is healthier. In addition, the production of
vegetable and animal raw materials is characterized by a smaller share of chemical
elements (additives, hormones, artificial colors, flavors, etc.), which directly
contributes to the qualitgf the gastronomic offer of the Vojvodina plain, which
represents its competitive advantage.

The future of the gastronomic product as part of the tourist offer of Vojvodina
must include, in addition to the mentioned ecological parameters, g@dong
marketing plan that would guarantee the creation of a positive image necessary
for presentation othe world market.
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Abstract

The subject of research is the economic positionral women in Vojvodina, as

well as their role and importance in the development of rural tourism. The aim of
the work is to investigate the current position of women on the labor market in
rural areas of Vojvodina and the possibilities for their econoemgpowerment

and change in the quality of their lives through participation in tourist activities.
The methodology of the work is based on the application of the inductive
deductive method, methods of analysis and synthesis, and the comparative
method. Although dominant, the female rural population of Vojvodina has a less
favorable economic position ceared to the male population. The development
of tourism in rural areas could contribute to the economic empowerment of
women with correspondingly more intensive development of this activity and
greater state support for this category of the population.

Key words: Rural tourism, rural women, economic empowerment, rural
development, Vojvodina.

Introduction

Rural areas of Serbia, depending on the applied criteria of rurality, occupy 70
85% of the territory of Serbia and-%5% of the total population lives in them.

In the economic structure of rural areas, agricultural activity has a significant share
and a high rate of population employment in this sector is recorded. The high
degree of dependence of the rural population on agricultural activity is also an
indicatorof the low degree of diversification of economic activities in rural areas,
which significantly limits employment opportunities. The problem of
unemployment, unfavorable age and educational structures are more pronounced
in rural than in urban areas, atigerefore poverty in those areas. Farmers who
depend exclusively on income from agriculture, the elderly and pensioners, young
people, displaced persons and women are particularly vulnerable categories of the
rural population.

The variety of preserved natural and cultural resources of rural areas is a rich basis
for numerous development opportunities, some of which are underutilized or not
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used at all. The development of tourism in rural areas could contribute to their
economic and socioultural revitalization and the economic empowerment of
vulnerable categories of the population, including women.

Rural areas of Serbia are a source of human resources needed for the development
of rural tourism. Among the available human resources for work in tourism, the
female population is particularly important. Despite the humerous advantages of
engaging the feale labor force, in rural areas among the vulnerable groups of the
population are, in addition to the poor, young people and women who are affected
by unemployment\li | o deteal, R0M2).

Research on the position of women in rural tourism indicates the unfavorable
economic position of women. Gender inequality, which to some extent is still
present in Serbia, is more pronounced in rural areas. In rare cases, a woman is the
owner of an agridtural farm, even if the jobs in a certain household are equally
distributed [ o s 2019).

Compared to men in the countryside, there is a higher participation of inactive and
unemployed among rural women (55% of women compared to 39% of men)
(Gajand Vukolil 2021). The same resear
between the female labor force and rural tourism, although they can contribute to
the improvement of the development of this tourist activity. The results of recent
research confirm thatamen's work is not just a supplementary activity, but plays

a key role in maintaining rural tounson the observed farms and has a leading

role (Duarte et al., 2018

The subject of research is the economic position of rural woméojwodina,as

well as their role and importance in the development of rural tourism. The aim of
the paper is to investigate the current position of women on the labor market in
rural areas oVojvodinaand the possibilities for their economic empowerment
through participation in tourist activities.

Material and method of work

In the work, the research methodology is based on the application of the inductive
deductive method, the methods of analysis and synthesis, and the comparative
method. As a source of data, the publications of the Statistical Office of the
Republic of Serla, as well as other relevant organizations, as well as the results

of some earlier but also the most recent researches in this field are used as a source
of data.

Results with discussion

Rural areas

According to the data of the Republic Statistical Yearbook from 2022, the
population of the Republic of Serbia lives in 197 municipalities, 45 of which are
located in the territory o¥ojvodina.On the territory oMojvoding there are 467
populated places distributed in 45 municipalities and 7 dist'®ts:v er no b a | k
SrednjebanatskiSever nobanat ski, Jugnobanat ski
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and Sremski Out of a total of 29 cities, 8 are in the territoryMifjvodina The
total number of inhabited places in the Republic of Serbia is 6,158, of which 467
are in thevojvodinaregion.

During the population census, the RepuBitatistical Office of Serbia classifies
all settlements into "urban" and "other", which include mainly rural and suburban
settlements.

Table 1.Inhabited places on the territory of Serbia &fogvodina(January 1,

2022)
Type of settlement Republic of Serbia | % Vojvodina %
Urban settlements 193 3,1 52 11,1
"Other" (rural) settlements 5.965 96,9 415 88,9
Populated places: 6.158 100 467 100

Source: Statistical yearbook of the Republic of Serbia, 2022

Out of 193 urban settlements, 52 are in\Wogvodinaregion. It can be seen that

the entire area of Serbia is dominated by "other" settlements, whose share is
around 97%, which indicates that Serbia is predominantly rural. Urban settlements
make up only about 3%. The share of "other" settlemen¥ojvodinais about

89%, and urban settlements record a share of only about 11%, data that also
indicate the predominantly rural character of togvodinaregion.

Residents of rural settlements Mojvodina are those persons who reside in a
populated place where the seat of the city is not located. On the territory of
Vojvodina, eight units of local selfovernment have the status of a city: Novi
Sad, SuboticaZzr enj ani n, PSrembkkaMitmvica, Kikimda and
Sombor- Law on Territorial Organization ofthe RSS(1 ugbeni " @d. asni
129/2007, 18/ 2016 and 47/2018).

The average population density in the Republic of Serbia, according to the Census
data from 2011, was 92.6 inhabitants per 1 km2 of area. The Belgrade region stood
out as the most densely populated region with an average population density of
513 inhabitats per 1 km? of surface area, while the regions of Southern and
Eastern Serbia with 60 inhabitants per 1 kmz2 of surface area are the least populated
regions.

Also, the network of settlements Mojvodina is not characterized by high
population density. The average population densityViojvodina is 89.4
inhabitants per square kilometer, which is less compared to the national average,
as well as compared to the previous census from 2002, when an average
population density of 94 inhabitants was recorded. According 202 Census

a total of 2,031,992 inhabitants lived in the regioWojvodina, which covers an

area of 21,614 kmz2, and in 2011, that number 14831,809.

According to the 2011 Census, 7,186,862 inhabitants lived in the territory of the
Republic of Serbia, of which 1,931,809 were in Wwgvodinaregion. The urban
population of Serbia is 55.49% of the population, i.e. 3,965,884 inhabitants, while
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the rural population is 44.51% of the population, i.e. about 44.51%. In the area of
Vojvodina 55.38% of the population (i.e. 1,097,332) are in urban areas, and
884,084 that is, 44.62% are rural populatiGrv(i j an o v i,R02®.nd

There are numerous social and economic differences between urban and rural
areas. They are particularly visible if viewed from the perspective of household
income and consumption. The monthly average of income and personal
consumption per household membei/ojvodinadiffers depending on whether
households live in urban or "other" areas (rural).

Gaj il

Table 2.Monthly average of income and personal consumption per household
member invojvodina, metropolitan area and other arg2921)

Average Income (RSD) Personal
Area number of In cash In nature In total consumption
members (RSD)
Urban 2,42 28.816 232 29.048 29.572
AOt h ¢ 2,60 23.963 1.234 25.197 25.406

Source: Statistical yearbook tife Republic of Serbia, 2022

From the previous table (Table 2), it can be seen that households in urban areas
have higher total incomes, with the largest part of the difference being related to
the incomes in money. In the structure of income in money, the largest share is
achieved byincome from regular employment (53.4%), pensions (34.1%) and
income from agriculture, hunting and fishing (2.8%). On the other hand, they

receive less income in kind compared to households from the "other" area.

Households from the "other" area derive the largest part of their cash income from
income from regular employment (43.0%), pensions (29.0%) and income from
agriculture, hunting and fishing (10.4%). This income structure can be explained
by the unfavorableage structure of the rural population and the fact that a

significant part of the rural population Yfojvodinais engaged in agriculture.

It is also visible that the monthly average of personal consumption per household
member from the "other" (rural) area is lower compared to the average of
households from the urban area. Given the low incomes, high dependence of the
population on agricule and limited opportunities for employment, rural
households have a need for additional sources of income, among which tourism
appears as one of the possibilities.

Demographic characteristics of the female population in rural areas

of Vojvodina

The female population dominates the territory of Serbia, whose relative
participation in the total population is 51.3% (3,687,686), while males participate
with 48.7% (3,499,176). In the area\#bjvoding the dominance of the female

population is also observed with a participation of 51.3% (992,192) over the male

population, which records a participation of 48.6% (939,617).
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According to the estimates of the Republic Institute of Statistics, in 2021 the total
population was 6,834,326 inhabitants, of which 3,327,001 were men and
3,507,325 were women (which is a share of 51.3%). The Institute's projections are
that in 2030 theadtal population will be 6,823,942, of which 3,312,001 will be
men and 3,511,941 women (51.5%).

In 2040, according to the same projections, there will be a total of 6,816,430
inhabitants, of which 3,308,170 men and 3,508,260 women (51.5%). Apart from
the constant trend of decreasing the number of inhabitants, which is explained by
the negative naturincrease and the departure of citizens abroad, it can be noted
that the numerical superiority of the female population will remain in the future.

The average age of the population of Serbia in 2011 was 42.2 years, and a decade
later, in 2021, it would be 43.5 years, which can be considered a very unfavorable
trend.

Table 3.Average age of the pomtlon of the Republic of Serb{2011-2021)

Year Average age Male Genderfemale
2011 42,1 40,7 43,4
2012 42,2 40,9 43,6
2013 42,4 41,0 43,7
2014 42,6 41,2 43,9
2015 42,7 41,3 44,1
2016 42,9 41,5 442
Year Average age | Male population Female population
2017 43,0 41,6 44,4
2018 43,2 41,7 44,5
2019 43,3 41,9 44,7
2020 43,4 42,0 44,8
2021 43,5 42,0 44,9

Source: Statistical yearbook of the Republic of Serbia, 2022

The female population has a higher average age than the male population. Thus,
for example, the average age of the male population in 2011 was 40.7 years (which
is lower than the national average), and that of the female population was 43.4
years (which ishigher than the national average). The average age of the
inhabitants oVojvodinawas 41.8 years, with the male population recording an
average age of 40.2 years, and the female population 43.3 years.

Table 4.Age structure of the female population\jvodina(2011)

Years of life Female population %
Ispod 15 134.953 13,6
1564 667.531 67,3
65 i wvig 148.750 15,0
80 i vig 40.958 4,1
Ukupno: 992.192 100,0

Source: Statistical yearbook of the Republic of Serbia, 2022
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According to the data for theear 2021, the average age of the male population of
Serbia was 42 years (which is again less than the national average), and 44.9 years
for the female population. According to the data of the Statistical Yearbook
(2022), in Serbia there is a numerical doamce of men among the young
population, and a dominant participation of women among the raédpd and

old population, which is an unfavorable feature of the age structure of the female
population.

When talking about the educational structure, the indicators used are literacy and
schooling. According to the results of the 2011 census, in the total number of
illiterate persons, the female population recorded a dominant share of around 82%.
When it cones to schooling, about 49% of Serbian residents over the age of 15
have completed high school, and only one in six residents has completed higher
or higher education.

Although men record a dominant participation among persons who have
completed secondary school, women for the first time achieved a higher
participation among those with higher and higher education. Among the female
population oiVojvodina,the largest number have completed secondary education.

Table 5.Educational structure of the female populatiovojvodina aged 15
and over(2011)

Educational background Population %
No school education 29.416 3,4
Incomplete primary 117.420 13.7
education
Primary Education 196.305 22,9
High school 387.164 45,2
Higher education 42.387 4,9
High education 82.061 9,6
Unknown 2.486 0,3
In total: 857.239 100,0

Source: Statistical yearbook of the Republic of Serbia, 2022

In Vojvodina women with higher and higher education make up 14.5% (124,448)
of the female population, and 53.4% among those with higher and higher
education in this area (232,874).

The position of women on the labor market

According to data from the Labor Force Survey in the Republic of Serbia (2023),
the employment rate of men and women in 2022 recorded an increase, compared
to the previous year. It is 43.2% for women and 57.9% for men. If the same
indicator is analyzed bype of area, urban and "other" (rural), then it can be seen
that the employment rate of men in urban areas is 56.0%, and in "other" 60.3%.
Therefore, a higher rate of employment of the male population is recorded in rural
areas. When it comes to womerge #fmployment rate in urban areas is 43.8%, and
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in rural areas 42.4%, which is significantly lower compared to the same
employment rate of the male population in the same areas.

The unemployment rate records a decline in 2022 and amounts to 9.8% for women
and 9.0% for men. Looking at the type of area, in urban areas the male
unemployment rate is 10.3%, and in "other" 7.3%. For the female population, the
same rate in urban areasli®.0%, and in "other" 9.5%. It is noticeable that the
unemployment rate of women in rural areas is significantly higher than that of
men.

In relation to the year 2021, the rate of the population outside the labor force
records a decrease in the year 2022 and amounts to 52.1% in the female population
and 36.4% in the male population. According to the type of area, the rate of
population outsle the labor force in the male population in urban areas is 37.5%,
and in "other" 34.9%. For women in urban areas, the same rate is 51.3%, and in
"other" 53.2%. All analyzed indicators or rates point to a more favorable position
of men on the labor markatpompared to women. This difference is especially
pronounced in rural areas.

In the region olojvodina the employment rate for men is 59. %, and for women
42.3%. The unemployment rate for men is 8.2%, and for women 8.3%. The rate
of the population outside the labor force in the male population is 35.7%, and in
the female population as much as 53.9%.

Table 6.Female population of working age (68) (2022 (in thousandp

Employment Status 2021. 2022.
Active population 361,3 364,5
Employed population 325,2 333,6
Unemployed population 36,1 30,9
Population outside the labor force 230,7 220,0
In total: 592,0 584,4
Activity rate (%) 61,0 62,4
Employment rat¢%) 54,9 57,1
Unemployment raté) 10,0 8,5
Rate of the population outside the lab 39.0 37.6
force (%)

Source: Bulletin Labor Force Survey in the Republic of Serbia, 2021, 2022.

A lower employment rate of women, a higher raterémployment and a higher
rate of the population outside the labor force, compared to men, are indicators of
the unfavorable position of women compared to men.

Improving the economic position of women through rural tourism

The results of research on women's interest in entrepreneurship in agribusiness
showed that women are dissatisfied with their social position in the countryside
and that they perceive their position as subordinate in relation to the opposite sex
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(Cv i j aeta.\201l). The theory emphasizes that women play a major role in
rural tourism, although this is often less appreciated than desafi et al.,

2011). Nevertheless, the findings that potential female entrepreneurs expressed
their willingness to further educate themselves and useeiorursed financial
assistance are encouraging.

On the other hand, recent research confirms that tourism in rural areas and female
rural entrepreneurship have a positive effect on changes in the way and quality of
life of women in rural areas\(e d e | j2R24)vThd djrect economic effects of
women's entrepreneurship in the field of rural tourism, as well as activities related

to this form of tourism, are the realization of extra profits for women in rural areas,
i.e. their economic empowerment. Also, ation of depopulation of rural areas

and achieement of more even development of rural areas and regions in Serbia
is highlighted R a d oet all 2016). Rural women have a special place and
potentially represent a strong factor in the overaltal development.
Nevertheless, the participation of women in the development of rural tourism in
Serbia is assessed as unsatisfactory because it mostly enables the satisfaction of
only basic existenti al needs (Cvijanov

According to the results of an earlier survey of the owners of rural tourist
households in the territory of Vojvodina, the majority of respondents indicated
pension as the primary source of income, which is related to the unfavorable age
structure ofthe@ppul ati on (Bogkovili, 2013). For
the primary source of income, salary was mentioned by 26% and agriculture by
20% of respondents. Only 12% of respondents mentioned tourism as the primary
source of income, which indicates arsatisfactory level of development of this
form of tourism. At this level of development, rural tourism cannot independently
ensure economic survival for most households. According to the results of the
same survey, the largest number of respondents retopd® 100 visitors/nights
during the year (33.3%), with the largest number among them being those with 30
and 100 visitors/nights.

At this level of development of rural tourism, households cannot expect significant
economic results or income. One of the respondents of the already mentioned
research answered the question of the realized annual net income that it is much
smaller than agculture and that for now it is not enough to make a living or pay
of f loans (Bogkovil, 2013). Undoubted
limiting factors. Therefore, we cannot expect a significant impact on the
improvement of the economic positionroffal women engaged in this activity.
Nevertheless, with the strengthening of the development of this activity and the
improvement of the quality of the offer, rural women in Vojvodina will be
economically and socially empowered. On this path, the dtatddssupport all
interested women from these areas, both through financial support and through
various educations that would contribute to greater interest and motivation.

Conclusion

The availability of quality human resources, especially the female workforce, as
well as their motivation to participate in tourist activities will have a decisive
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influence on the future development of tourism in the rural areas of Vojvodina.
Although dominant, the female rural population is aging. The average age of the
female population of Vojvodina is 43.3 years. An unfavorable feature of the age
structure is thewomen dominate the middkged and old population. As for the
educational structure of the female population, secondary education dominates.

The female rural population of Vojvodina has a less favorable economic position
compared to the male population. Such a conclusion is based on the lower
employment rate of women, the higher rate of unemployment, as well as the
higher rate of the population outside the labor force, compared to the male
population in the same area. At the same time, such indicators also indicate that
rural areas have a fenegbopulation, a part of which could be engaged in the field

of rural tourism.

Considering the current level of development of rural tourism and its economic
effects, tourism could represent, above all, one of the sources of income for
women and modestly contribute to the improvement of their economic position.
With the improvementfdhe quality of the rural tourism offer, greater support and
the realization of more significant economic effects, one can expect greater
motivation and more significant participation of women and improvement of their
economic position and the quality thieir life.
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Abstract

Society is in a continuous transformation, leading to significant changes in the
labor market. Although these changes bring many challenges both globally and
in Romania, there are also many opportunities for conversion, reinvention and
optimization. Globakation, automation, population growth, demographic aging
and changes in organizational structures are just some of the factors contributing
to a highly unpredictable labor market.

Technological development and education adapted to the digital age have
influenced the characteristics of each generation entering the labor market. To
understand why and how intergenerational conflict occurs, it is important to know
the distinguishing chacteristics of each generation. Generational differences
can lead to conflict in the workplace.

Recent challenges in the labor market, such as the need to work flexibly or
remotely, have required adaptation to new technologies. This has led to an
increase in demand for employees familiar with the use of digital skills. Although
there is a general tred toward digitization and adaptation to new technologies,
Generations Y and especially Z use the Internet to a greater extent than other
generations, making them the most important source of information and
communications technology (ICT) workers.

This study aims to provide a comprehensive overview of Web of Science
publications for the studied area, which allows identifying some of the research
directions covered and quantifying the studies by providing information on
authors, links, citations, catries, types of studies, and others.

Key words:Labor Market, analysis, bibliometric, Web of Scinece.

Introduction

The diversity of generations in the labor market is becoming increasingly evident,
and each generation brings its own characteristics, values and expectations.

Most studies in this area aim to analyze and understand the impact and interaction
of different generations of workers on the work environment in order to find
effective ways to manage generational diversity, promote cooperation between
generations, and agt to the specific needs and expectations of each generation.
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Kryk, B. (2021) states in a study that not all generations represented in the labor
market have knowledgeased skills. Each new generation entering the labor
market differs from the previous one by differences in education, technology, and
the environment inwhich they grew up (Raiu, 2021). Thus, the distinct and
specific character of each generation is shaped by the events that contribute to the
formation of fundamental values (Lewis, 2013).

The environment in which a particular generation has developed has a significant
i mpact on its needs and expectations
and professional.

An important trend that is emerging with the entry of new generations into the
labor market, and not least as a result of digitalization, is the transformation of
jobs, organizational structures and the working model in a sense in which
flexibility plays an increasingly important role (Nezami e, £021).

On the one hand, new perspectives are revealed that enable an increase in the
productivity and flexibility of work or even its internationalization; on the other
hand, these changes generate pressure to adapt and innovate, to which employees
must adapt irorder to maintain their relevance on the labor market (Atkinson &
Coduri, 2002).

In a labor market with overlapping generational patterns, there are often wage
differences between members of differentagations (De Palma & Seegmuller
2005; Shy & Stenbacka, 2018) . These differences may be influenced by factors
such as experience level, education, skills, functions performed, and specific job
requirements. There may also be differences in the perceptions of value that
members of diffeent generations bring to the table, which may contribute to
salary differences.

Studies highlight the fact that the last two generations entering the labor market
meet the requirements of a modern labor market (Kryk, 2021), which favors
flexible work models thanks to technoleggsed knowledge (Grencikova et al.,
2016).

The offer of jobs from employers seems to better reflect the employment demand
of young people, who often occupy jobs with higher education where they put in
little physical effort Bugudui 2015), butdue to the fact that they change their
jobs quite often often, the two younger generations present in the labor market are
seen as less loyal than previous generations (Grencikova et al., 2016).

As the baby boom generation has aged, unemployment and dependency ratios
have risen (De la Croix et al., 2013). Thus, in countries with a continuously
shrinking population, where the demographic aging index has increased
significantly in recent years, thgansfer of knowledge and skills between
generations becomes more valuable than

Considering all of the above, this study aims to provide a perspective on the Web
of Science publications related to the analyzed field, with the goal of identifying
the research directions addressed in this field and quantifying the available studies
by providing detailed information on authors, links between studies, citations,
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country distribution, research types, and other relevant aspects. By analyzing this
information, it is hoped to gain a deeper understanding of the evolution of research
related to generations of workers in the labor market and to identify potential
emergirg trends and significant contributions in this field.

Results and Discussions

To select the most relevant studies in this area, we performed a bibliometric
analysis using the Web of Science academic platform as the main source of
scientific articles. The search results returned 355 research articles dealing with
the topics of "genations" and "labor market'. To obtain a more detailed
understanding of the structure of the scientific field, we performed a content
analysis using the VOSviewer program to examine the most frequent words and
the relationships between them.

In the first phase of the bibliometric analysis, we identified the top 10 Web of
Science categories in which most publications appeared during the period studied
(Table 1; Figure 1). Significant author interest in economics can be observed, with
a focus onaspects of sociology, social sciences, education and research, and
demography.

Table 1.Main WOS categories

No. Web of Science Categories Record Count % of 355
1 Economics 156 43.94
2 Sociology 45 12.68
3 Social Sciences Interdisciplinary 29 8.17
4 Education EDUCATION Researc 25 7.04
5 Demography 24 6.76
6 Business 22 6.20
7 Business Finance 21 5.92
8 Management 21 5.92
9 Gerontology 13 3.66
10 Industrial Relations laboratory 12 3.38

Source: Author'salculations based on WOS data
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Figure 1. Main WOS categories
Source: WOS database
According to the data available in the WOS database, in terms disthibution
of scientific production over the last 30 years, there is an upward trend with slight

fluctuations (table 2). Between 1992 and 2022, the number of works that
addressed the analyzed topic increased significantly (figure 2).
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Table 2.Publication years of WOS documents

No Publication Record % of Evolution_ compared to the
Years Count 355 previous year %
1 2022 25 7.04 -13.79
2 2021 29 8.17 -23.68
3 2020 38 10.70 -20.83
4 2019 48 13.52 45.45
5 2018 33 9.30 50.00
6 2017 22 6.20 -12.00
7 2016 25 7.04 177.78
8 2015 9 2.54 -30.77
9 2014 13 3.66 -27.78
10 2013 18 5.07 125.00
11 2012 8 2.25 14.29
12 2011 7 1.97 -46.15
13 2010 13 3.66 0.00
14 2009 13 3.66 225.00
15 2008 4 1.13 0.00
16 2007 4 1.13 33.33
17 2006 3 0.85 -50.00
18 2005 6 1.69 100.00
19 2004 3 0.85 50.00
20 2003 2 0.56 -66.67
21 2002 6 1.69 -33.33
22 2001 9 2.54 80.00
2.3 2000 5 141 150.00
24 1999 2 0.56 0.00
25 1998 2 0.56 0.00
26 1997 2 0.56 100.00
27 1996 1 0.28 -50.00
28 1995 2 0.56 0.00
29 1994 2 0.56 100.00
30 1992 1 0.28

Source: Author'salculations based on WOS data
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Figure 2. Annual evolution of publications in WOS (192D22)

Source:Author's own reearch based on Web of Science

This study analyzed 355 reseapapers written by a total of 770 authors from 51
countries (Figure 3), belonging to 497 institutions such as universities, research
institutes, laboratories, nongovernmental organizations, national libraries,
associations, and government institutions.
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The data reveal a particular interest for research in countries such as Germany,
Romania and others (table 3). These countries are motivated to identify and

implement sustainable solutions that contribute to achieving the goals set in the
2030 Agenda.

Table 3.Country of publication

No. Countries Record Count| % of 355
1 USA 98 27.61
2 Germany 42 11.83
3 England 24 6.76
4 Romania 21 5.92
5 French 20 5.63
6 Spain 18 5.07
7 Sweden 18 5.07
8 Canada 17 4.79
9 Netherlands 14 3.94
10 Belgium 12 3.38

Source: Author's grcessing based on data from WOS
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Based on the sample of 355 works selected from WOS, an analysis of the
distribution of scientific production in the last three decades was carried out,
namely the number of citations compared to the number of publications, noting
the upward evolution of the number of citations. This follows the same pattern in
terms of the nmber of publications per year described in the previous section.

Based on the sample of 355 papers selected from the Web of Science , we
performed an analysis of the distribution of scientific production in the analyzed
years, in terms of the numberaifations compared to the number of publications
(Figure 4). Although this analysis indicates that the works in the sample were well
received, generating increased interest, thus contributing to the progress and
development of research, starting from thagemic year 2020, a slight decrease

in this indicator is observed.

b
suonel)

Bl ciatons
Figure 4. WOST Citation Analysis
Source: WOS

In the next step of the analysis, we performed a terro@zurrence analysis for
the sample of research published to date.

To select the most relevant studies in the field, we used a bibliometric analysis ,
the main source of scientific articles chosen being the academic platform Web of
Science . We explored the content of 355 research articles related to generations,
and thdabor market. To highlight the structure of the scientific domain, we used

a content analysis, inspecting the most common words and the relationship
between words.

In this part of the research, we approached aimtidence analysis of the
keywords to identify frequently studied topics in relation to the terms searched for
in the analysis, namely " generations " and " labor market", as well as the
relationships betwen them.

The reason behind a keyword-@zcurrence analysis is best explained by (Zupic
&Later, 2015) : AWhen words appear fr et
these concepts behind the words are closely related. The result of the analysis is a
network of themes and their relationships that represent the conceptual space of a
fieldo.
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keyword co-occurrence analysis using the VOSviewer program allowed us to
identify frequently addressed topics related to the search terms in the analysis.

co -occurrence map is generated based on 1649 keywords found in the 355
documents in the database. Of these, 34 meet the threshold of having a minimum
number of 10 occurrences. The keyword -ogcurrence map visualizes two
things: keywords that appear fremtly, based on their prevalence, and how
keyword popularity/frequency changes over time (figure 5).

Figure 5. The most used keywords in scientific publications related to:
generations and labor market

Source: Author's own research basadWeb of Science in VOSviewer

The software VOSviewer generated 4 clusters (figure 5) for keyword occurrence
analysis. Clusters range in size from 12 items in the larger red cluster to 5 items
in the smaller yellow cluster. This number of clusters was generated because in
our database evdid not limit the articles according to their field of research and
there is a variety of work related to generations and the labor market, from
different fields from economics and sociology to demography and management.
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The red cluster in figure 6 is the largest cluster and generally groups keywords

such as: gender, generations, age, transition (figure7). The keywords with the

highest number of occurrences are "gender" with an occurrence of 21 times and a
total link stremgth of 52. Another keyword in the red cluster is "generations" with

an occurrence of 21 and a total link strength of 39.
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Figure 7.Keyword ceoccurrence map for scientific publications related to:
generations and the labor market
Source: Author's own research based on Web of Scient®3viewer
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Depending on the number of elements, the second cluster in figure 6 is the green
one, which groups 9 elements (figure 8). The keywords in this group are the most
highlighted on the map, being located in the middle of the map. The most used
keyword in our sample of papers is "labour market", with airmmdence of 70

times and a total link strength of 161. Another important keyword is related to the
first, namely fnequality”, with 31 occurrences and a total link strength of 67.
Another keyword of this group is "model”, with 24 occurrences and a total link
strength of 44.
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Figure 8. Keyword ceoccurrence map for scientific publications related to:
generations and the labor market

Source: Author's own research based on Web of Science in VOSviewer

The blue cluster in figure 6 highlights the importance of population in this study,
the frequently mentioned words being migration, emigration, education, earnings
(figure 9).
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The yellow cluster in figure 6 highlights the existing links between generations,
human capital and the labor market (figure 10).
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Among the authors with the most citations that we find in figure 11, we mention
Corak, Miles (695 citations); Urdal, Henrik (366 citations); Dustmann, Christian
(331 citations); Storesletten, K (301 citations); Telmer, Ci (301 citations) and
Yaron, A (301citations).
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Figure 11.Network map of 712 authors by citations

Source: Author's own research based on Web of Science in VOSviewer

Conclusions

Over time, the topic of "generations in the labor market" has attracted the interest
of researchers and led to a number of studies and debates on how different
generations of workers, such as the Baby Boomer generation, Generation X,
Generation Y (Millenrals), and Generation Z, interact in the labor market,

including their values, expectations, skills, and attitudes toward work and careers.

As a result, the importance of the topic under study increased, reaching the peak
of publications in the Web of Science in 2019. After 2019, with the outbreak of
the Covid 19 pandemic, interest in the topic of the current study decreased. With
the outbrealof the pandemic, public attention and research have largely focused
on the health aspects and economic impact of the pandemic. On the other hand,
the pandemic has brought significant changes in the way people work and learn.
This may have altered reseamforities, leading to a reduction in interest in other
topics.

In summary, the labor market is subject to constant change and success depends
on the ability of individuals and companies to adapt to these changes and take
advantage of the opportunities that arise.
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Abstract

In recent years, the topic of the quality of the offer of tourist products in rural
tourism has assumed great importance. As the development of rural areas
increasingly depends on rural tourism, and the quality segment deserves more
attention from rural tarists, there is a need to study, monitor and improve the
quality of the offer. The paper, after presenting the rural tourism of Eastern Serbia
and the concept of quality in rural tourism, analyzes quality of the offer of tourist
products in rural tourisnroftheZz aj e| ar Di stri ct . The ev
relies on the subjective, i.e. personal perception of the products/services of people
familiar with the rural tourism offer and the owners of rural tourist households.
The quality of the offer was assessetkatisfactory”, and it was determined that
there is room for further development and improvement of the offer of rural
tourism in mentioned district, which would encourage the development of the
village.

Key words: Rural development, rural tourism, tourist product, qualitg, j e | ar
District.

Introduction

In the last few years, within the tourism and travel industry, rural tourism has seen
significant development, reflecting the exggpwing need of people to stay in

rural, peaceful, healthy environments and take a break from everyday dynamic
life. World Tourism Organization (WTO) considers rural tourism as a form of
tourism that includes any tourist activity in rural areas, organized and managed by
the | ocal population, relying on |l ocal
et al., 2015). Based dhe definition of rural tourism, it can be seen that it takes
place in a rural area. Rural areas could be defined as areas with a small population
concentration, whose main occupation is agriculture, characterized by a special
way of life, work, customsrad vi | | age identity (Cvija
tourism is often correlated with the development of the country's economy and
agriculture. Accordingly, in recent years, the offer of rural tourism in the Republic

of Serbia has recorded positive growitilith the quality of tourist products in rural

tourism playing a significant role in its development.
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The growth of interest in research of quality of rural tourism is a consequence of
the mentioned development of rural tourism. Rural destinations increasingly
depend on quality, which is why the quality of services has become an important
element in the ksiness of rural tourist households (Choi et al., 2018).
Understanding service quality is more complex than understanding product
guality. In order to define the concept of service quality, it is necessary to start
with the consumer and how he understandsia i nt er pr et s qual.i
2014). Quality in rural tourism is primarily ensured by the natural and social
characteristics of rural areas, a rich and affordable offer in rural tourism, while
from the perspective of service users quality can kesared through the level of
quality of facilities and capacities for providing catering services, agricultural
food products, and hommade products that are offered, the hospitality of the
local population, and opportunities to participate in peasaritaffa

The paper aims, first of all, to briefly present the rural area and the level of
development of rural tourism in Eastern Serbia, and the rural tourism offer of the
Zajelar District. Then, to present the
toinvest i gate the quality of tourist prod
and indicate the influence of the quality of the offer on the development of rural
tourism, which further contributes to the development of rural areas.

Development of rural tourism in Eastern Serbia and
the Zajelar District

The wealth, preservation and attractiveness of natural resources, a large number
of traditional agricultural households, the gradual increase in the living standard
of the domestic population, as well as the increasing interest of the international
tourist market in rural tourism experiences, are a fairly solid basis for the
development of rural tourism in the whole of Serbia, especially in its southwest
and southeastern part (Manil, 2014).

Rural areas in Serbia differ economically, socially and demographically. The
difference is conditioned by their geomorphological characteristics (mountainous,

hilly, plain areas), changes in the number of inhabitants, economic structure,
infrastructure, evironmental conditions, traffic availability. In an effort to

identify their strengths and weaknesses, a typology of rural areas was created
through cluster analysis, as a part of the preparation of the Rural Development
Strategy Pl an 2qla)according p the mehtiored typaldgy, the
east of Serbia with the Zajelar Di str
mountain economy oriented on natural resources”. It is basically a rural region
with unused natural resources and tourism potegti@la g i | 2016) . A
on rural tourism development strategy, of the mentioned area, would bring
significant benefits to all parties involved in the tourism economy, preservation of

the rural environment and raising the standard of living of the paadilation.
Agritourism and rural experience in a rural environment stand out as the most
characteristic tourist product of East
the foundation for brand building in the future. At the level of the agricultural
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household, agritourism is connected with the rural environment, agriculture and
| ocal craftsmanship (Veljkovil and Bro

According to the Census of Agriculture from 2012, in the region of Southern and
Eastern Serbia were officially registered 187.796 agricultural farms. Within
Eastern Serbia, specifically the Zaj el
agricultural farmsA large number of agricultural farms are included in tourism
economy, respectively they perform tourism as a secondary activity within their
farms. As agricultural farms represent the carrier of rural tourism and rural
development, it can be said thatalutourism in the east of the country is in the

initial stage of development. The increasing interest in investments in rural
tourism speaks to its development.

The area of the Zajelar District is ri
the development of rural tourism. When talking about the offer of tourist products
in rural tourism of the Zajelar Distr.]

The offer of rural tourism is represented by facilities and capacities for the
provision of catering services, and the types of services and products that are
of fered and sold to rural tourists (Chy
there are 1llacilities and capacities for catering services (based on data from
tourism organizations of the Zajelar
products in the Zajelar District is do
given that a large pauf agricultural farms are engaged in their cultivation,
followed by honey and medicinal herbs. There is also a wide range ofrhade
products, which are made with motifs ¢
local population makes it possible tamgaout village activities and learn about
different peasant affairs.

The interest in rural tourism is constantly rising due to the existence of still
attractive and "unspoiled” rural areas with a vdgfined way of life, culture and
customs, the great need to preserve such areas, to provide the population with the
possibilty of income through tourist services, and the preservation of original
services and products by creating off
Agricultural production, preservation of agricultural resources and development

of rural tourism as aupplementary activity of people living in the countryside
should be one of the most i mportant g
Grujovil, 2015).

The concept of quality in rural tourism

In the literature where quality appears, there are different approaches to define the
concept of quality, in which there is a lot of subjectivity of those who evaluate it,
and the approaches that dominate today in defining quality are aimed at meeting
theneeds and expectations of consumer s
Service quality can be defined as the difference between consumer/tourist
expectations and perceptions of the delivered service (Parasuraman et al., 1985).

In context of the service industry, and therefore at the level of a tourist destination,
quality is created through three dimensions: processes, physical environments and
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results. The first dimension refers to personal interaction, the second focuses on
the characteristics of the processes themselves, while the third dimension concerns
the results ensuing from the respective processes (Brady and Cronin, 2001).

Prominent attention is paid to the quality of services in rural tourism, considering

that the generation of income depends on how well service providers in rural
tourism deliver their service. Rural tourist destinations are increasingly dependent

on qualiy, which is why the quality of services has become an important element

in the business of rural tourist households, bearing in mind that quality is a
significant predictor of satisfaction that further leads to loyalty (Choi et al.,, 2018).
Establishing qgality in rural tourism is a key requirement for meeting the needs of
visitors, which in return should provide a business advantage in an increasingly
competitive market (Gagil et al., 2015

When talking about the quality of services of a rural tourist destination, the factors
that contribute to the success of the cognitive component are: the characteristics
of the rural destination itself; offer of services; additional services that depend on
the rural tourist destination itself (Pefia et al., 2012). The limiting factors of the
development of rural tourism are manifested in the lack of quality service,
infrastructure, facilities and control

Seen from the perspective of tourists, it is evident that there are growing demands
for service quality in rural tourism, and this can be seen as one of the most
important development points of this type of tourism (Kumra, 2008). The rural
tourism experiece can be positive or negative and is not only related to the quality
of tourist attractions, but also the quality of service and care for tourists (Amoah
and Amoah, 2019).

It is extremely complicated to compare the quality of the facility, i.e. the products
and services offered by a rural household or hamade facility, with the services
offered by a hotel, villa or resort. For this reason, and based on examples of good
practices and experiences from European countries, the European Federation for
Farming (Agrotourism) and Rural Tourism (abbr. EuroGites) has established
unique standards for assessing the quality of accommodation units in rural areas.
The criteria of establised standards are grouped into five clusters: equipment of
the agrotourism accommodation units; environment of the agrotourism
accommodation units; services in the agrotourism accommodation unit and its
surroundings; dedication to the guest, privacy anbiance in the agrotourism
accommodation unit (intangible aspects); security and safety in the agrotourism
accommodation units. In recent years, EuroGites standards have been explained
and applied by many authors in contemporary scientific references.slt wa
established that these standards are an extremely effective instrument for
analyzing a large number of aspects of the quality of the offer, and accordingly
they are very applicable in the most d
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Empirical research

The subject of the research is the ana
where the emphasis is placed on examining the quality level of the offer of tourist
products.

The aim of the research is to determine the level of quality of tourist products in

rural tourism of the Zajelar District
an evaluation of the answers of the respondents was carried out, i.e. an evaluation
oftheir assessment of the quality of t h

District, which relies on the subjective, i.e. personal perception of
products/services of rural tourists, visitors to the rural area, residents familiar with
the rural tourist offeas well as owners of rural tourist households.

Methodological framework

Primary sources of data were used in the research (in the process of data collection
a quantitative approach to surveying the public was used). Empirical research was
conducted through a survey questionnaire on a sample of 54 respondents and 12
rural tourst households in the period of June 20Z3iestionnaires were
distributed in written and electronic form to respondefite methods used in
processing the collected data are descriptive statistics and correlation analysis.

Results

Table 1.Analysis of the offer components in rural tourism ofZha j e | ar
District (n=54)

AM* of the
Attitude of the respondents Frequency guality score
(1-5)**
Contribution of natural values to thg Yes 52
. ) 3.89
quality of the offer of rural tourism | No 2
Contribution of social values to the| Y€s 51 378
quality of the offer ofural tourism No 3 '
Hospitality as an important compone| yeg 51
of the quality ottheoffer in rural 3.69
tourism No 3
Agricultural food and homenade | yeg 49
products as componextf the quality 3.83
of the offer in rural tourism No 5
Authenticity of accommodation Yes 52
facilities and capacities for catering 3.59
services in rural tourism No 2

*AM T Arithmetic Mean
**1 indicates "unsatisfactory quality" and 5 "extremely satisfactory quality"

Source: Author's research

301



Based on what is shown Trable 1,it is possible to conclude that the natural and

social values contribute to the quality of the rural tourism offer, that the hospitality

of the local population and the offer of agricultural food and horade products

are rated as significant componeotshe quality of the offer in rural tourism, and

that the accommodation facilities and capacities for the provision of catering
services in rural areas of the Zajela
(traditiona) style of construction. The quality of all the mentioned components

was evaluated with average marks between 3,59 and 3,89.

Table 2. Analysis of the quality of the tourist offer in rural tourism of the
Zajelarn=) strict (

Quality component AM* (1-5)** SD***
Tourist off_er in rural 359 0714
tourism

*AM i Arithmetic Mean
**] indicates "unsatisfactory quality” and 5 "extremely satisfactory quality”
*** SD i Standard deviation

Source: Author's research

The average rati of the overall

District is 3,59.

Determining the existence of a correlation between the quality of the offer of
tourist products in rural tourism and the quality of accommodation facilities and
capacities for the provision of catering services in rural areas was carried out with
the helpof correlation analysis.

ng gual

Table 3.Correlation analysis

Variables The quality of facilities| The quality of the offer
Thequality of facilities 1 0.638*
The quality of the offer 0.638* 1

**Correlation is statistically significant at the 0.01 level.

Source: Author's research

The results of the correlation analysis show a high degree of correlation between
the quality of the offer in rurdaburism and the quality of facilities and capacities
for catering services (0.683).

The research includes an examination of the quality of rural tourist households in

the Zajel ar

District,,

based

on

services in agrotourism, adapted to the needs of the research.
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Table4.Anal ysis of the quality of

District (n=12)

rur al

AM** of the
Clusters quality score
(1_5 *kk
1 Equipment of the AAU* 4.60
Local style of construction 3.92
Preservation of the object 4.75
Traditional/authentic equipment 3.92
Cleanliness 4.92
Room equipment 4.83
The quality and comfort of the rooms 4.75
Size of common rooms 4.67
Lighting/windows 5.00
Bathroom (min. equipment) 4,92
Supply ofrunning water 4,92
Hot water supply 5.00
Room heating 5.00
Air conditioning of the rooms 3.25
2 Environment of the AAU* 4.55
The rural environment in which the facility is located 4.50
Prevention of impact/disturbance (unpleasant smellg 475
noise) '
Resources 1 (natural) 4,58
Resources 2 (social) 4.17
The level of preservation of the natural environment 4.67
Contribution to local development 4.58
Social and cultural responsibility 4,58
Advising local stakeholders 4.58
Responsibility towards the environment 4.58
3 Services in theAAU* and its surroundings 4.56
Room maintenance 5.00
Provided meals in the accommodation unit 4.50
Local gastronomic offer 4.75
Recreational opportunities within thkecommodation unit 3.67
Recreational opportunities in the area 4.58
Access to the building/signposts 4.67
Information for tourists 4.50
Accommodation information/instructions 4.83
4 Intangible aspects 4.70
Professional qualification of the host 4.42
Welcoming the guest 4,92
Introducing the guest to the local offer 4.83
Commitment to the guest during the stay 4.58

303



Ability to communicate in a foreign language 4.50
Privacy in the rooms where guests stay 4.92

5 Security and safety in theAAU* 4.89
Insurance (for social responsibility) 4.83
Protection against fire and other accidents 4.83
Harmonized tourist prescribed conditions 4.92
Control of adequacygf technical and other equipment 4.92
Health conditions 4.92
Reservatiomguarantees 4.92

Consumer protection (complaints, defined procedure 4.75
Exposure of the price list 5.00

*AAU T Agrotourism accommodation units
* AMT Arithmetic Mean
**] indicates "unsatisfactory quality" and 5 "extremely satisfactory quality"

Source: Author's research

The quality of rural tourist households was assessed with extremely high average
scores at the cluster level. The ratings are based on the opinions of the owners of
rural tourist households about their quality.

Discussion

By researching the quality of the offer of tourist products in rural tourism of the
Zajelar District satisfactory results
the offer on the development of rural tourism is great, and considering the offer's
satsfactory quality, the mentioned district has all the predispositions for
advancement in rural tourism. A rural household that bases its services on quality,
stands out in the competitive tourist market. As the quality of the offer of rural
tourist househds is at a high level, agrotourism can become recognizable as the
backbone of the future devel opment of
development of agrotourism in the mentioned region are encouraging the practice
of rural tourism with adequateugport, stakeholder investment, and forming
partnerships. Promoting agrotourism enables the sustainable development of rural
areas and improves the rural area as well as life in the countryside.

Conslusion

There are a large number of tourists who temporarily want to embrace the rural
way of life and lifestyle. Based on that, there is a demand for a certain level of
quality that is present in everyday life. That is why quality management and its
importance fo the competitiveness of rural tourist destinations is becoming an
increasingly studied area.

By investing in rural tourist destinations and providing a quality offer within them,
the development of rural tourism is promoted, which further prevents the
degradation of villages and enables solving numerprgblems of rural
communities.
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Based on the research, it was determined that, considering the diversity and
attractiveness of the offer of satisfactory quality, it is necessary to help the further
devel opment of rur al tourism in East
Subsequent resedr should be carried out in administrative districts throughout
the regions of Southern and Eastern Serbia, where knowledge about the quality of
the offer and the state of development of rural tourism in this part of Serbia would
be gained, but would alsable a comparative measurement of the results. It is
important to mention that further research can also lead to the spread of awareness
of the importance, the need to define and present the unique rural offer of the
region of South and Eastern Serbiag &hen the unique offer of rural tourism in

the Republic of Serbia, which would raise the development of the village and the
care of the village to a higher level.
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Abstract

Farmsteadtourism is a special form of rural tourism, which represents a-well
developed, promoted and popular rural tourist product, both on the domestic and
international tourist markets. Farsteadtourism is characteristic for the area of
Vojvodina, and its development requires a connection with agriculture, the
preservation of cultural and historical heritage, as well as an authentic
gastronomic offer. The aim of the work is to present the impoetaffarmstead
tourism for the development of rural tégam in the area of AP Vojvodina, as well

as to present examples of good practice, i.e. farms with the longest tradition and
best results in tourism.

Key words: rural tourism, farmstead tourism, development, agriculture, AP
Vojvodina

Introduction

There are numerous advantages for the development of rural tourism in the
Republic of Serbia, among which the great geographical diversity of the landscape
is particularly significant, from the Pannonian Plain, which is located in the
northern part of Seil, through the hilly and mountainous regions in central
Serbia, to the typically mountainous area in the south of Serbia, which together
enables the devel opment of a diverse
area of the Pannonian Plain, in Vogina, there are good conditions for the
development ofarmsteadtourism, as a special form of rural tourism, which is
directly related to the cultural and historical heritage of this area, as well as to
agriculture.

Rural tourism is the most heterogeneous type of tourism considering that,
according to the results of previous research, there are over 50 different forms of
t his tour i s mFatnReadooarism i g spezidl for pf rural tourism,
which represents a walleveloped, promoted and popular rural tourist product,
both on the domestic and international tourist markets. Throaghstead
tourism, it is possible to sell agricultural and food products at higher prices than
in traditional markets, but alsm sell products of old crafts and handicrafts.
Together, this enables the creation of new jobs and the valorization of women's
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work in rural households, the provision of additional income to residents of rural
areas, as well as overall rur al develo

The word "szallasi farmhouse" is of Hungarian origin, and it means an
agricultural farm with an organized economic yard (for agricultural production),
built residenti al and production facil
1994).Farmsteadsare a kind of urban and architectural entity that has survived

for hundreds of years. The traditional specific values of #dnesteadare its
appearance, household, cuisine and way of life. In the pastarhstéadsvere

without water, electricityandwita | d tradi ti onal furnitur

Essentially, adrmsteads best defined by three essential elements: work, housing

and field, i.e. the absence of any of them "negates the concept of a farm" (Gajinov,
1994, p. 203). Farnsteadrepresent a special way of life and economic
management that is characteristic of agricultural production in Vojvodina.
Observing throughout history the number afnfisteadsand the number of
inhabitants on them, we can state that the production of livestock and agricultural
products that they achieved was very imtant for the supply of the cities in the

vicinity of which they were locate. With the intensification of agricultural
production, &rmsteadb egan t o | ose their i mportan:i

Farmsteadsbegan to be built in the area of Vojvodina in the middle of the 18th
century, and most of them were built in the second half of the 19th century, as
well as in the first decades of the 20th century. Before the First World War, there
were about 11,00@fnmsteadsn the area of Vojvodina. The most numerous were

in Bal ka and northern and central Bana
of farmsteadar e i n operation. According to (
farmsteadss conditioned bydemographic factors, as well as economic reforms

that occurred after the Second World War. The disappearance of farmsteads is
conditioned by the characteristics of the modern way of life, as well as the
urbanization of society. Of the remainiragihsteadsmany have been turned into

real tourist oases (Pejanovil, 2013).

The revitalization of drmsteadsin order to develop tourism, can have multiple
positive effects. Positive effects can be: economic, demographic, ecological,
cultural, infrastructural, communal, stimulating for the development of economic
activities related .tnorderm develop mral folrisng gi | e
it is necessary to provide the traditional features that tourists expect in rural areas,
namely: regional features of traditional architecture, traditional interior
decoration, traditioagarden with agricultural holdings, organic agricultural
production, regional gastronomic and egastronomic offer, as and traditional
togetherness in the tourist performance of farmers engaged in rural tourism
(Kugen, 2007) . We bdveis pasicularly impoaént foa thd of
development of drmsteadtourism.

Between the development of rural areas, especially agrotourism, and the
development of agriculture, that is, the production of agricultural and food
product s, there is a mutual connecti ol
2020) conclude that agrittural farms that have their own production of
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agricultural and food products, which they market through thetagrism offer,

in this way initiate an increase, i.e. stabilization of income, and thus the
sustainability of the agricultural farm's profits. We are of the opinion that the
above conclusio is of particular importance for the development afrtead
tourism.

Rural, as well asafrmsteadtourism, is a form of rural entrepreneurship that can
initiate the development of rural economies and the growth of the employment
rate of the rural population, given that it is a lalvagensive activity. Its impact on

the development of rural economisederived from the multiplicative impact of
tourism on the development of the economy. In order to developstead
tourism, it is necessary to develop authentic tourist content based on tradition, as
well as adequate promotion of this tourist produal gnality sales channels
(Radovil et al., 2015). Also, for the
more significant financial support from the state is needed in order to affirm
farmstead and develop rural tourism, and thus rural development in the area of
AP Vojvodina (Pejanovil et al., 2014).

Methodology

The aim of the work is to present the importanceaniméteadtourism for the
development of rural tourism in the area of AP Vojvodina, as well as to show
examples of good practice, i.aristead with the longest tradition and best
results in tourism. The paper uses a field research, descriptive method, as well as
an analysis and synthesis method.

Research results examples of good practice

Based on the results of field research, authentic Vojvofimastead are
presented in this chapter, which have the longest tradition in tourism, but are also
the most famous on the tourist market, i.e. record the highest number of visits and
overnight stays by tourists

Farstead 137

Farmsteadl37 is the first farmsteadthat opened its doors to tourists, and
represents the first tourisarmsteadin the area of Vojvodingrarmsteadgot its

name from the postal code, it is |l ocat
The first tourists arrived at thigrmsteadin 1998, and since then it has been
working continuously and developing its specific tourist offer. The founder and
owner of the first touridarmstead n Voj vodi na, Al eksandar
that the most important thing for modernrists is the silence and peace they find
onfarmstead. It is extremely important that the catering offer includes traditional

food from this are# Asalashfoodi and it is also necessary to respect gadsh

customs of life Then the effect iguaranteed for both domestic and foreign
guests, i.e. the quality of tiiermsteadourism offer is achieved.

Agricultural activity T The development of tourism took place in parallel with the
development of agriculture, as the basis and essenf@ensteadtourism. For
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years, the income from the tourist activity was invested in the expansion of the
property, which today covers 10 hectares, of which 7 hectares are cultivated. The
farmsteadproduces fruits, vegetables, but also soybeans, wheat, corn, barley, etc.
In this way, fresh food for catering, as well as food for domestic animals, is
provided from its own agricultural production.

1. 2. 3.
The layout of the house in which there are accommodation facilities, on
farmstead there is a AlLer ami

Source: Photo, G. Mulil

Tourist activity T Farmstead 137 has 12 double rooms, each with its own
bat hr oom. Three rooms are | ocated in
people lived who helped the owners wilgricultural work. The remaining
accommodation facilities were built on the area where the pigsty and the chicken
coop used to be. In almost all rooms there are clay stoves, which are fired with
solid fuel and which give the space a special homely atmuoesplmeaddition to

the breath of the past, modern technology is also present here, because solar panels
are used to heat the water, which reduce electricity consumption in the summer.
There is a TV set in everpom, and the entire farm is covered by thieinet.

The restaurant, which is located in the house, the summer garden, and the closed
glass hall are used for catering purposes. The hall is most often used for holding
seminars and other gatherings, and it was built on the space where there used to
be a parkig lot for agricultural machinery. Culinary specialties that are most
sought after by guests at this farmstead are: veal knuckles, veal perkelt, ajmokac,
schnenokl e, and on Sundays rinflajg,
specificity is that irmany dishes, instead of rice, barley is used, as a local grain,
so that sataras with barley is also on offer.

i = >

" o z = Ny
Dining room and bedrooms with antique furniture.

Source: Photo G. Mulil
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There is a stable with 26 horses on taanstead, and a riding school is also
organized. The school is accessible daily, first of all, to the children, because the
coach lives on the farm. Equestrian tournaments, dog shows, etc. are often
organized here. Numerous tourist facilities, higlality catering offer, as well as
accommodation facilities, are responsible for the prestigious position of this
farmstead on the tourist market during almost three decades of its existence.

Majkin and Cvetni Farmstead

Ethnopark "Majkin Farmstead" isabduthr ee ki |l omet er s fr om
hectares and includes two farmsteads: Majkin and Cvetni. Majkin farmstead and
Cvetni farmstead are owned by the Gabr
a special tourist product based on agricultural pridncfor two decades.
Through tourism, they successfully market the agricultural products of small
producers from the surrounding area. The idea of the owner of this farmstead is to
enable tourists to try the best agricultural products from the wideriraraae

place. The whole family, three adult children and parents, decided to stay on the
farmstead and continue the tradition of their ancestors. One son graduated from
the Faculty of Agriculture in Novi Sad and is in charge of the development of
agricultue, while the other son successfully manages tourism.

View of the house on Majkina farmsteadd on Cvetni, a farmstead, fishpo
and numerous domestic animals are located on the farmsteads

Source: Photo Photo: G. Radovil

Agricultural activity? Until 1998, agricultural production was mainly based on
animal husbandry, but then it was redirected to fruit growing. Today, apple and
plum plantations dominate, and the owners have developed vegetable and arable
farming. Half of the food for the need$ turism is produced independently.
Animal husbandry is also represented on the farmstead, mango trees are grown,
and every autumn the famous pig slaughterhousel i snot or @, i s or
which is extremely interesting for tosts.
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12,
View of the dining room, antiqu
farmsteadin, and picture gal

Source: Photo G. Radovil

Tourist activityi Farmsteads a@tegorized and hatheFirst category of service

quality. ACv et ni farmsteadhi, whi ch i s onl vy
farmsteadn, was built for t he pur pos
accommodation facilities. The farmstead has 15 comfortable rooms, each of
which is airconditioned and has a bathroont. AACvetni farmsteac
a dining room for breakfast, a reception, a TV room, a meeting room, a sauna, a
mini gym, and a swimming pool. Art colonies are also organized here, so there is
also a gallery with abou800 paintings, and workshops of old crafts are also
organized. There is also a mini stable
horses, ride a horsdrawn carriage or sleigh, and the youngest can ride ponies.
Within the ethno park there is alsolldren's playground, a golf, volleyball and
mini-soccer field, as well as a souvenir shop.

On AMaj kin farmsteadi there i s a r es
accommodate up to 500 people. The specialties of the house are apple wine and
apple ajvar. There is a fishpond on A

sport fishing, which meankadt all fish caught must be returned. Capital specimens
of carp, grass carp, catfish, perch, crucian carp and pike are raised here. On

AMaj kin farmsteadi there is also a typ
and poultry.
I n AMaj kin farmsteadfi and ACvetni f al

agriculture and tourism was achieved, and humerousduglity tourist facilities

were developed. The local cuisine restaurant offers dishes according to the
owner's grandmother's reei, i.e. dishes that represent the tradition in the
gastronomy of this farmstead and area.

Dida Hornjakov Farmstead

Dida Hornjak's farmstead is three kilometers from Sombor. The farmhouse was
built in 1901, and has been owned by the Hornjak family since 1929. The touristic
name of this farmstead is in memory of the owner's grandfather, or "dida" as
Bunjevci say, who baght this farmstead and left it to his descendants as an
inheritance. Thanks to the owner's love for the traditional farming way of life,
persistence and continuous financial investments in the restoration of the
farmstead, today the farmstead has keporiginal appearance, but at the same
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time it can offer guests modern comfort. Today, almost all groups of tourists who
visit the cultural and historical sights of Sombor come to this farmstead to get to
know the former way of life and work on it. According to the owners, their wish
was to prserve the history and culture of the farming lifestyle for themselves, but
also to show it to tourists. They succeeded in this because, in more than two
decades, as long as they have been engaged in tourism, they have hosted tourists
from all five continets.

Agricultural activityi The main activity on the farmstead was agriculture, and
since 2010, the owners have decided to engage in tourism as well. Today, the
agricultural activity is a platform for tourism, both in terms of supplying the
necessary foodstuffs, and in terms of fio@mg, because they cannot yet earn
enough funds from tourism as is necessary for the continuous restoration of
farmsteads. The Hornjak family cultivates about 100 hectares of land, of which
10 hectares are in the immediate vicirofythe farmstead. They are engaged in
agriculture, cattle breeding, and raise sheep, pigs, ducks, geese, turkeys and
numerous poultry on the farmstead. Vegetable growing is a function of the
required amount of products for tourist activity.

T
2

Designation of the category of tourist services, the view of the house froi
street, the gonk and the economic courtyard

Source: Photo Photo: G. Radovil

Tourist activityi Farmsteads categorized and has the First category of service
quality. Thefarmhouse has accommodation capacity of five beds, i.e. two rooms,
which have separate bathrooms. The owners do not plan to increase the
accommodation capacity, as this would damage the authenticity of thetdadn
Central heating has been introduced, and the boiler is heated by soybean straw.
The tourist season on the fastmadasts throughout the year, but each visit must

be announced in advance. Guests are provided services on a full board basis, and
the price includes everything that is offered alasif regular meals (fresh fruit,
homemade brandy, juices,...). The hostess prepares the food herself, the traditional
food of this area is on offer: pork soup, rinfleish, sauces, fashir, stuffed duck, fried
chicken, as well as poppy seed or cherry strudel
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20
Dining room, accommodation facilities, ethnic setting in the dining room
in the museum

Source: Photo G. Radovil

In the restaurant, in addition to enjoying the food, tourists can also stay in an
interior enriched with aethnic setting, including two dolls dressed in a festive
Bunjevac costume. Guests can also see the many animals that are on the
farmstead, but also visit the souvenir shop or get involved in the work of the
workshop of old crafts. In addition to woodcanyjmpainting of old pepper tiles is

also taught here, as well as bottle making, tinkering, a craft that has almost
disappeared in the villages of Vojvodina. Tourists can also learn how to
embroider, and the hostess wants to get a small weaving looischBat children

from Sombor and its surroundings also learn the techniques of traditional crafts
here, which represents the special educational value of this farmstead.

The quality tourist offer of Dido Hornjak's farmstead, the love and dedication of

the hosts to their work and to each guest, which is especially important in rural
tourism, are responsible for the fact that this tourist facility has had a prestigious
position on the tourist market of Vojvodina and Serbia for more than two decades.

Conclusion

Farnmsteadourism is a form of rural tourism that has been successfully developing
in the area of AP Vojvodina since the 90s of the 20th century. Today, it is the
Vojvodina rural tourism product that has the highest demand on the market. The
paper presents threerfiastead with the longest tradition in tourism. On the
farmstead, whose offer was the subject of analysis in this paper, tourism develops
on the platform and in parallel with agricultural production. We believe that the
reason for the increasimigmand of modern tourists for this form of tourism is the
peace they find there, as well as numerous interesting tourist facilities, but, above
all, high-quality and authentic local food, which is mostly prepared from
ingredients produced on the fatmadtself or in close surroundings.
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Abstract

The particular aim of this paper is to draw attention to the development of cross
border cooperation as a key potentiality of successful regional and rural
management in researched border areas of Serbia (RS), Bosnia and Herzegovina
(BIH) and Croatia(HR) The focus is on adjacent Sr
City of Bijeljina and the Vukova8rijem County. This approach is singularly
pronounced within the European Union (EU) Funding Mechanism of
Preaccession Assistance (IPA 1ll). The developed triangufexdel, with
significant interregional and intefrural potential reveals radically new concepts

for improved crosdorder cooperation in EU accession and development of one
large region. Presented regional potential relates to territory, population and
nunber of business entities. We shall suggest further possible strategy and policy
developments in the interpretation of integional cooperation. The model
elaborated here may accelerate EU accession of RS and BIH and resolve some
developmental difficultgein four regions of three countries.

Key words: Intefregional, cooperation, triangle, crodsorder model, SME
potential.

Introduction

Many authors in the region have researched the system of entrepreneurship and
enterprise development as a potential. Perhaps the oldest regional book on trade
and merchant skills dates to 1458 (Kot
Makkonen stressethe wider issue of management of crbssder regionatural
entrepreneurship (2020) no work has more complexly covered the categories of
the triangular ruraftegional cross border development in regions of former
Yugoslavia. Such a concept is being medein this paper. When studying and
financing models for rural small and medium sized enterp(8ESs, the most
important international development organizations strongly criticize the
unpredictable consequences of spontaneous and unplanned development of
entrepreneurship, and emphasize the inevitability of coordinated development of
rural SMEs, (IFAD, 2@3; World Bank, 1990). One comparative regional paper
particularly emphasizes the potential place of SMEs in the sustainable agricultural
and rural deMepment. Considering the character of the transition process and
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imbalances in countries with a high share of agriculture and small peasant
holdings, the authors of that work similarly point out that during 1998 all Baltic
countries intensified activities for doancing the development of rural SMEs,
and that Latvia llocated as much as 43% of the agricultural budget to increase
productivity, diversify income, develop rural tourism and SME credit guarantees
( Ni kol i I andThBis deary anhlogoud ®© ibtdriational institutions
(IFAD, 2023; World Bank, 199). The crossborder cooperation initiatives
between Serbia (RS), Bosnia and Herzegovina (BIH) and Croatia (HR) can
presently be implemented triangularly under the auspices of the EU2BRZ1

IPA 1l funding mechanism Another option is perhaps through various national
and regional projects with a prospect to promoting irggronal and interural
cooperation, fostering integration with EU and promoting secimnomic
development through common national, regionaal@nd initiatives.

Methodology

It has been demonstrated both experimentally and theoretically thatdgtenal
analysis involving activity and flow analysis, inpuitput methods and linear
programming allows integration of both inward and outward potentials (Isard,
1960). This analsis has recently been further upgraded through subsequent
practical application of the theory internationally (OECD, World Bank, 2007;
World Bank, 1990) and in both EU (European Commission, 2023) and US
(Cappellano & Makkonen, 2020). Hence, in the managemkinterregionat

rural entrepreneurship in RS, BIH and HR, some new complementary hypotheses
are herewith proposed in the form of systemic methodological procedures of
integral scientific knowledge. With great complexity and variability of social and
economic phenomena that affect both inward and outward development of
researched four interconnected crbssder areas, scientific hypotheses will not

be statistically tested presently but instead working hypotheses imitate (Tarde,
1903) modeled triangulaconomic development. Resutibthis model exist in

the Texas Triangle mega region from Cascadia Vision 2050 (Cascadia Innovation
Corridor, 2020) and in the Gdan€idyniaSopot Tri City (Palmowski and
Fedoro, 2019)Starting from the defined problem in the triangular management
of rural entrepreneurship, the main working hypothesis is the assumption that it is
possible to accelerate cressrder development and triangularly solve the
problem of rural entrepreneurshipanagement in four regions simultansiywy
applying new knowledge and achievements. Undoubtedly in this case EU
accession of RS and BIH would be accelerated becausebmaks regional
development is a core EU principle. HR would clearly benefit. Proposed are
auxiliary hypotheses as potaiities for future scientific research, as follows:

LIn the future a rich agenda lies ahead of Interreg A which supports cooperation between
NUTS Il regions from at least two EU member states being directly on the borders or
adjacent to them aiming at developing innovation, transport, environment, HRhand o
sectors.
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1 General recommendations for changes in imtgionatrural
entrepreneurship can be made;

1 A triangular model of interegional rural development and
entrepreneurship can be designed;

9 Itis possible to measure the diffusion of financial innovations, determine
the crosshorder index of rural development based on planning and
financing of four cros®order areas;

1 By analyzing rural development in the past and present, the potential
contribution of SMEs in the four crosmrder regions and directions of
their development can be further assessed;

1 A crossborder financing model with regional capital and an increased
knowledge is feasible;

1 Itis possible to see earlier mistakes in the models of-intakregional
development in 4 regions that prevent border SMEs from engaging in
economic and technological developnient

Designing the scope of knelow of border SMEs for faster triangular
development is feasible.

In the units that follow, developed is a logical form for practical applications.
Firstly, applied is the problem of triangular management of entrepreneurship (A)
with a focus on crosborder cooperation (B) and regiofratal development (C)

which is symbolically representd®- A i C- A) where phenomena B and C
represent the cause of phenomenon A. The goal is to simultaneously demonstrate
the possibilities of efficiently developed SMEs in the function of chussler

rural development in the four neighboring regions of RS, BIH and HRsyidtem

and management models of rural entrepreneurshipamneslaborately researched

not as isolated events in economic development, but as a series of coordinated
actions aimed at increasing the efficiency of cilosgler development of three
countries in ways similar to international concepts (World Bank)} 28 the US

and Canada achievemeri@ascadia Innovation Corridor, 2020) and to the EU
models European Commission, 2028) order to gain complex knowledge about

the management paradigm of crisder rural entrepreneurship, to examine the
scientificand practical values of the imitated law of triangular inégionatrural
entrepreneurship using the proposed future verification method, and to arrive at a
more complete interpretation, the following flowchart will show the logical
connection of discussl hypotheses in one complex series of judgments.

Organizational diagram 1 prevents interruption of logical connections and
potential inconsistency among individual hypotheses of the proposed research.

2 In the form of an indicative number that shows the complex relationship of initially
incomparable data.

3 Deviations that arose due to deficiencies in these two key models of regulation and
management of crodmrder development.
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Diagram 1. Logical connection of proposdtypotheses
Source: Adapted by author based on

Crossborder impact of inter-regional and inter-rural issues

National development goals cannot be optimally achieved without-boodsr

rural development through the support of SMEs. That is, rural poverty is reduced
more easily if the economic and development strategy stimulates the development

of neighboring anadonnected rural SMEs, which implies that the strategies and
policies of SME development are aligned with the strategies and policies of cross
border cooperation. Rural, social and spatial planners are therefore expected to
have a vision of connecting witheighboring and other regions (Cascadia
Innovation Corridor, 2020), which should be merged with development strategies

of rural regions. By explicitly proving this on the problem of demand in the
transport sectorjismi | ar opi ni on was whopdoptedd ed b
from Leontiefds approach toward stru
developmentThe weaknesses and potential advantages of this aspect of cross
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https://www.agriculture.senate.gov/download/compilation/rural-development-act-of-1972_title-v
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