
DOI: 10.4018/IJSDA.2021010104

International Journal of System Dynamics Applications
Volume 10 • Issue 1 • January-March 2021


Copyright©2021,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



48

An Analysis of Safety Practices of Farmers 
in Odisha (India) for Sustainable Agriculture
Debesh Mishra, KIIT University (Deemed), India

 https://orcid.org/0000-0003-2665-1365

Hullash Chauhan, KIIT University (Deemed), India

Ashok Kumar Sahoo, School of Mechanical Engineering, KIIT University (Deemed), India

ABSTRACT

Anin-depthreviewofliteraturewasdoneinthisstudywhichwasfurtherfollowedbyconsultation
anddiscussionwithexpertsandfarmersintheagriculturalsectorsofOdisha(India)inviewofthe
adoptabilityperceptionandbehavioursoffarmerstowardsthehealthandsafetypractices.Then,a
strengths,weaknesses,opportunities,andthreats(SWOT)analysiswasemployedinordertoevaluate
thecurrentagriculturalsafetypracticesbythefarmersanditsimpactforasustainableagriculture.
Further,onthebasisofthedataandinformationobtainedfromthefarmersaswellastheexperts,the
majorbarriersincontextwiththesustainabilityindicators(social,environmental,andeconomic)for
theadoptionofhealthandsafetypracticeswereobtainedfollowedbytheuseoftheFuzzy-COPRAS
methodtorankthebarriersinorderoftheirpreferences.
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1. INTRODUCTION

Therehasbeenagrowingdemandforsustainableagricultureinresponsetotheill-hazardsdueto
agriculturalpractices.Although,anumberofhealthandsafetypracticeshavebeendevelopedto
protectthefarmersfromtheadverseimpactsinagriculturalsectors,burbecauseofsomeconstraints
aswellasbarriers,thepracticesarestillfoundofunusedbymanyoftheagriculturalworkers.Oneof
themajorgoalsofsustainableagriculturalsystemsisdecreasingtheill-hazardsinagriculture.Agood
agriculturalsafetypracticeisoneapproachwhichdealswiththeseissuesincludingtheprotectionof
human-healthandtheenvironment.Moreover,anumberofsideeffectsfromtheuseofsynthetic-
fertilizersandotheragro-chemicalshavebeenfoundtobeutilizedintheagriculturalsectorsinIndia.
Thus,thereisaneedtoaddressthepresentissuesrelatedtothesafetypracticesintheagricultural
sectors.Inordertoachievesustainableagriculture,anappropriateconsiderationtotheeconomic,
environmentalaswellassocialfactorsintheagriculturalsectorsinIndianeedtobeprovidedand
thisisachievablethroughproperandadequatehealth&safetypracticesinallaspectsoffaming.The
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purposeofthisstudywastoinvestigatethemajorbarrierstoapplicationofgoodagriculturalsafety
practicesintheagriculturalsectorsofOdishainIndiaforitssustainability.

Anumberofstudieshavebeencarried-outregardingtheusesofpersonalprotectiveequipments
anddevicesaswellasontheill-hazardswithregardtotheagriculturalsectors.Forinstance,the
agro-chemicalsutilizationwasadoptedinordertodealwiththeissuesofdeficientfood-suppliesto
meettheevergrowingpopulationneedsinthenation.Anumberofsideeffectshavebeenrecorded
fromtheuseofsyntheticfertilizersaswellasotheragro-chemicalsthatusuallycausewater-pollution
asaresultofleachingandwashingawayofsuchagro-chemicalsinriversbyerosions(Smil,2001).
Ithasbeenrevealedbydifferentstudiesthatbythesustainableagriculture,throughvariousinitiatives
thepresentaswellasfuturefood-demandscanbefulfilled(DFID,2004;FAO,2013;Godfrayetal.,
2010;OyoandKalema,2016).Forexample,theinitiativeswereasfollows:tillage-reductions(Lal,
1991),crops-rotations(CaporaliandOnnis,1992),managingirrigations(Tilmanetal.,2002),integral
management of pests (Gurr et al., 2003), nutrients-management, enhancement of wild-habitats,
genetic-resistance enhancements, farm-enterprises diversifications, and community-wellbeing
improvements(Jackson-Smith,2010).Geeretal.(2006)haverevealedofahigherriskperceptionof
workersowingtoapoor-fit&frequencyofreplacementofpersonalprotectiveequipment,andcross-
contaminationbyworkforcemovingintoworking-zones.Inadditiontothenormalfarmlevelrisks,
theadolescentsmayfacegreaterrisksbyavoidingtheuseofpersonalprotectiveequipmentorhaving
lackofaccesstoprotectivemachineries.Therefore,theadolescentsandtheirparentsshouldbeadvised
by thehealth-careproviders regarding reductionof risks, andmainlyon thepersonalprotective
equipmentutilizations(Reedetal.,2006).Itwassuggestedtosupportfarmerstoinvestinphysical-
safetyonthefarmandtherewasaneedofevidencesofanysafetyinterventiontobeasoundhealth-
managementaswellaseconomic-investmentchoice.Thefarmerswerefoundofneglectingthewear
of theirhearingprotections,due to inconveniences,discomfortsas thesecreatednewhazardsby
restrictingcommunicationwithothers(GatesandJones,2007;McCullaghandRobertson,2009).
However,Kaustelletal.(2011)havestatedthattheindicationsoflong-lastingoreffectivenessare
limitedwithintheliteratureforsuchinterventions.Organicfarmingisamulti-functionalsystemthat
reducestheeconomic,environmentalaswellassocialfunctions.Throughorganicfarmingthemulti-
functional benefits include contribution to livelihood improvements, food-security, flexibility to
climate-changes, increasing in long run yields, minimizing financial-risks, market-opportunities
creation,developinghealthaswellastheenvironment,hostilitytodesertificationamongotherseveral
advantages(IFOAM,2007).MacFarlaneetal.(2008)havereportedof10-40%offarmersusuallyof
not at all using personal protective equipment. Kaustell et al. (2011) have used a collaborative
interpretationmethodandfarminterviewsforidentifyingfactorsaffectingtheadoptionaswellas
implementationof safety information.The threemajorbarrierswere foundaspersonal farmers’
characteristics,limitedresourcesforsafety-improvements,andslowerincremental-evolutionofthe
physicalfarm-environmentwitholder&hazardousenvironmentsremainingalongwithlatest&safer
improvements.Theagro-basedindustrialsectorshavesignificantroleinthefinancialsystemtofoster
onfood-securityandbasic-needsofhuman-beings.Theoccurrenceoffinancialworriesandstressed
onthefarmwasassociatedwiththesafetyassessmentsmadebyfarmersinCanada(Hageletal.,
2013).Agribusinesshasenvironmentalimpactsbecauseofland-clearing,leaving-spacediscontinuities,
biological-communitieschange,soil-disintegration,desertification,eutrophication,andbiodiversity-
losses(ConwayandBarbier,2013;Fanetal.,2012).Theecosystemsgetcontaminated(Conwayand
Pretty,2013;DiazandRosenberg,2008)andhuman-healthgetsaffectedbytheuseofagrochemicals
(WHO,1996)thatincludefertilizersandpesticides.Similarly,theagriculturalsectorsaresubjected
toadverseenvironmental-changeswithrespecttoitsdegreeandproductivitythroughouttheworld
(BattistiandNaylor,2009;Turraletal.,2011).Sustainabilityprimarilyincludesanincorporatedand
a far reaching way for the well-being to deal with environmental, social, and economic process
(Sathayeetal.,2007;TraceyandAnne,2008)anditrequiresthesupportofvariousstakeholdersand
point-of-viewstobuildupanadvancementthroughasharedactivity-plan(Katesetal.,2005).In
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ordertothinkaboutmonetaryimprovement,therewasasimultaneouscombinationofthepreservation
andrebuildingoftheindigenousenvironmentandempowermentinsocial-values,withtheintegration
of“Environment,EquityandEconomy”intoasustainability-model(Daly,1990).Sustainabilityin
agriculturehasamajorimpactonfood-production,andbecauseofpersistentuseofnatural-resources
andenvironmental-effects,ithasbeenacentral-concern(BellandMorse,2008).Thedevelopment
ofsustainableagricultureconcernwasfirstfocusedontheenvironmental-factorswhichwasfurther
included with social, political and economic factors (DFID, 2003). The economic, social and
environmentalissueswerereportedofincludedinagriculturalsustainability(GIZ,2012;Jackson-
Smith, 2010). The capacity of farmers for producing sufficient-foods to feed themselves, their
communities, and to maintain the economic-viability of agriculture were included in economic
sustainability (Jackson-Smith,2010;VanCalker,2008).Socialsustainability included theequity
alongwiththequalityfarmers’lifeaswellastheconsumersandmembersofthecommunity.However,
theenhancementoftheenvironment-qualityofthelandscapeandnatural-resourcebaseswereincluded
intheenvironmentalsustainability(SydorovychandWossink,2007;Jackson-Smith,2010).Social,
economicandenvironmental“systemofsystems(SOS)”wasreportedtorepresenttheagricultural-
systems (Francis et al., 2003). With the improvement & protection of the social, economic and
environmentalsystemsofagricultureinacyclicmanner,theagricultural-systemcanbesustainable.
Thus,inordertoachievethis,avigoroussystemforbalancingandtosynergizethetrade-offsbetween
SOS was suggested to be indispensable (Jackson-Smith, 2010). For resolving the interpretation
complexitiesandtoapplyagriculturalsustainabilityfromlocaltogloballevelsatdifferentscales
withimprovedconsiderationofsocial,economicandecologicalflexibilitiesinagricultural-systems,
anefficientandampleevaluationmethodwouldbeuseful.Thesustainabilityassessmentwasrevealed
tobereliedonhuman&ecologicalwell-beinginorder tomaintainprogressandtoincreasethe
integratedsustainabilityattentions(Astieretal.,2012;Gibson,2012).Parikhanietal.(2015)have
foundfivebarrierstoapplicationof“Good-Agricultural-Practices”technologiesinlivestockunits
of Meshkinshahr County as the infrastructural, informational-educational, institutional-support,
economical,andpersonal,respectively.Bakshetal.(2015)haveconsidered100smallscalecommercial
vegetablefarmersfrom10major-populatedagriculturalareasacrossTrinidad,andfoundanoverall
goodknowledge,fairlypositiveattitudesoffarmersbutstrongnegativeperceptionswasobserved
towardstheagriculturaloccupationalhealth&safetyissues.Bytheuseofnon-renewableresources,
mostoftheinorganicfertilizersaswellaschemicalsusedinagriculturesaremanufacturedsuchas
fossilfuelscontributingtopollutionandenvironmental-degradation,andthusresultsinun-sustainable
productioninagriculture(AtomaandAtoma,2015).Parkeretal.(2016)haveusedmentalmodels
framework to help in developing an out-reach program for addressing produce-safety in Amish
communitiesinOhio.ThefindingsoftheirstudyexpandedtheunderstandingsofAmish-growers’
perceptionsaswellasknowledgeofon-farmproduce-safetypracticesintheareaslikethemicrobial-
risks to fresh&fresh-cutproduces,contaminationpreventionpractices, theeconomic feasibility
perceptionsofadoptingthesepractices,preparednessforacontamination-event,andinformation
needswithpreferences.Inastudyoffarm-workersinEthiopia,itwasfoundofnotreceivingany
trainingonchemical-pesticidesfor85%oftheworkers,andonly10%ofworkerswerefoundofusing
personalprotectiveequipmentswithapoorattitudeaswellaspracticeinchemical-pesticideshandling
(Negatuetal.,2016).Thegender,safety-trainingaswellaswork-regulationswerereportedtoaffect
theknowledge-levelsoftheparticipantsregardingthesafetyissues(Alukoetal.,2016;Tetemkeet
al.,2014).Gaviglioetal.(2017)haveconsideredthe‘South-MilanAgricultural-Park’inItaly,and
developedanassessmentframeworkforfarm-sustainabilitybasedonthreeaspects:(i)data-collection
through interviewswith farmersaswellas institutions, (ii) elaboratingdata throughaggregative
structures,and(iii)scores-analysis.Zeeshanetal.(2017)haveassessedthelevelofknowledgeas
wellaspracticesoffoodsafetyhandlingamonguniversitystudentsandexploredtheassociation
betweenknowledge/practicesandtheacademicaswellassocio-demographiccharacteristics.The
randomandun-safeuseofpesticidesinagriculturecreatesmajorhazardstotheenvironmentaswell
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ashumanhealth.Gesesewetal.(2017)haveassessedtheknowledge,attitudesaswellasexperiences
ofexposuretopesticides,andrelatedhealth-problemsamongfarmersusingirrigationinJimma-Zone
(SouthwestEthiopia).Further,Jallowetal.(2017)haveconsideredtheKuwaitifarmersaboutthe
saferusesofpesticides.Agriculturalcapabilitiesincludefeedingitspopulation,servingasarevenue
sourcetothenation,providingemploymentsaswellasemploymentopportunities,andservingas
raw-materialssourcetoagro-relatedbusiness.Atpresentthesefunctionsmaynotbemetbecauseof
therapidgrowthinpopulationaffectingthefoodproductionrateandthusreducingtoselloverseas
(Oluwaseyi,2017).Apartfromdiscomforts,thepersonalprotectiveequipmentbringsinadditional
physiologicalburdenstotheusersbyaugmentationinheatstresses,heartratesandcoretemperatures
considerably(Cocaetal.,2017).Öztasetal.(2018)haveevaluatedthefarmers’knowledgelevelsin
theÇukurovaregionregardingthepesticideseffects,toxic-symptoms,&protective-equipment,and
by assessing the attitudes and practices of the farmers about pesticides, an inadequate level of
knowledgeoffarmersaboutsaferuseofpesticideswasfound.Scheinbergetal.(2018)havesuggested
foracustomizedfood-safetytraining-programthatwouldgreatlybenefitthefarmers’marketvendors
forsellingsaferfoodsinPennsylvania,byaddressingtherecognizedissuesinadditiontotheregulatory
requirements.The inter-dependenciesbetweendifferentdimensionsfor farms-sustainabilitywere
assessedbySulewskietal.(2018),whichwascarriedoutbyconsidering601farms’participationin
the“Polish-FarmAccountancy-DataNetwork”.Thiswassupportedbysupplementaryinformation
frominterviews,andonanumberofvariables,includingeconomical,social,environmental,and
compositeindicesforsustainability-measures.Gumaetal.(2018)havefoundadecreaseincroplands
withtheincreaseinpopulation,asenergy,foodsandspaceshavebeenaprimerequirementforthe
growing population. In a study with the consideration of 425 respondents from public-sector
organizations inPakistan, Irfanetal. (2018)haveusedasurvey-basedmethodand“partial least
squaresstructuralequationmodelling(PLSSEM)”andfoundapositiverelationshipbetweensocial,
environmental,aswellaseconomicsustainabilityindicesandthecorporate-reputation.Inaccessibility
ofpertinentaswellasquantifiableindicatorsdepressesthespecialistsinsustainability-performance
assessments.Generalaswellasoverallindicatorsforsustainabilityshouldbeutilizedforspecific
industrial-sectors (Hsu et al., 2017; Hegab et al., 2018).An integrated sustainability-assessment
methodhasbeendemonstratedbyAhmadetal.(2019)withtheuseofthe“MonteCarloSimulation”
and“fuzzylogic”approachesinacasestudyofa“Malaysianfood-manufacturingcompany”.Itwas
foundforthecompanytoimproveitssustainability-performancemoreeffectivelybydecreasingthe
amount of polluted waste-water, air-emissions, etc., and through improvement in the working-
conditions.Rostamietal.(2019)haveproposedofeducationalsetsconsistingofcontactwithpoisons
as well as their applications, storages, pesticides carrying, effectiveness of different methods in
individualprotectionfacilities,andutilizationofthebehaviourforreductionofthepoisonsexposures
tobedevelopedandtobemadeavailabletothefarmersinKabudrahangCounty,Iran.Asgedomet
al.(2019)haveusedstructuredquestionnairesintwoparticleboardfactoriesinEthiopia,andfound
ahigherproportionofpositive-responseofthepermanentworkersonknowledgeandattitudetowards
chemicalhazardsthanthetemporaryworkers.However,veryfewtemporaryworkerswereprovided
withpersonalprotectiveequipmentascomparedtothepermanentworkers.MahajanandPatil(2019)
havetriedtoidentifystrengths,weaknesses,opportunities,andthreatsforagro-basedindustrialsectors
inIndia.ZelinkaandAmadei(2019)haveproposedamethodologybytheuseofsystem-dynamics
tomodel the“time-dependentprogress”ofeachoneof the17“SustainableDevelopmentGoals
(SDGs)”,aswellastheirmutual-interactions.BahşiandKendi(2019)haveinvestigatedthefarmers’
knowledgelevelsoperatingagriculturalactivitiesofOsmaniyeandKonyaregionsinTurkey.Itwas
observedofhavingnoideasaboutoccupationalhealthandsafetyof45.9%farmers,whileonly24.3%
ofhavingeducationaboutoccupationalhealthandsafety.Moreover,statisticalsignificantdifferences
werefoundinageoffarmersandlearningstatus,occupationalhealthandsafetyviewsoffarmers,
andtheiroccupationalhealth&safetyknowledgerequirementsinagriculture.Itwassuggestedto
establishmoreawarenessonoccupationalhealthandsafetyintheagriculturalsectors.Kizitoand
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Semwanga(2020)havedemonstratedtheneedforashared-systemwide-responsibilityforroad-safety
atalllevelsbymodelingtheoccurrencesofroad-accidentsinUgandabytheuseof“dynamic-synthesis
methodology(DSM)”.Inthisstudy,focuswasgivenonroad-accidentspreventionbyconsidering
thelinearaswellasnon-linearinteractionsofthevariablesduringthepre-crashphases.Therefore,
anattemptwasmadeinthisstudytoinvestigatethemajorbarrierstotheadoptionofgoodsafety
practicesintheagriculturalsectorsofOdishainIndiaforitssustainability.

Further, the “strengths, weaknesses, opportunities and threats (SWOT)” analysis has been
widely preferred and used in agricultural evaluations. For instance, Humphrey (2005) has used
SWOTanalysisforevaluatingtheorganicagriculturebasedonthecurrentagriculturalproduction
set-upsaswellasprogresspoliciesinBhutan.KumarandNain(2013)havemadeaSWOTanalysis
ofIndianagricultures.Thestrengthwasfoundtolieinhavingthelargestcultivable-landswithfood
grainsproductionevidences,whileweaknesswasfoundtolieinhavingloweryields,notasmuch
ofvalueadditionsandfood-processingandlargerquantityoflossesinpost-harvest.Onthebasisof
primaryaswellassecondaryinformationfromfarmersthatwereobtainedbytheteammembersof
“KrishiVigyanKendra”,theSWOTanalysiswascarriedoutbyconsideringtheexistingfarming
systeminruralareasatAmrelidistrict,Junagadh(GujaratstateinIndia).Theidentifiedstrategies
playingavitalroleinfarmingsystemdevelopmentandingrowingoffoodsecurityinthoseareas
were: “growthof localmarket-opportunitiesand in storage-infrastructures”, “plantationofcrops
withhighereconomic-values”,“growthofgovernmental-supports”,“preparationofstrategic-plans
fordevelopment inorganic-farming”, “taking into accountof thequalityof crops”, “taking into
considerationthefarmsustainability-indexes”,“useofsustainablewaterresources-management”,
and“developingextension-programsbasedonneedsof farmers”, respectively (Deshmukhetal.,
2014).Similarly,TashiandWangchuk(2016)haveusedSWOTanalysistoinvestigatetheorganic
agricultureprospectsinBhutanbasedontheexperts’pointofviews.

Moreover, a number of studies have used the “Multi-Criteria Decision-Making (MCDM)”
methods that include several techniques for supporting decisions which involves conflicting
criterion,disproportionatevariables,andanumberofpossiblealternativesorsolutions(Doumpos
andZopounidis,2014;PohekarandRamachandran,2004;Shuklaetal.,2019).Inordertoevaluate
the barriers for developing landfill communities, the “interpretive structural modelling-ISM”
methodology was used in a study (Chandramowli et al., 2011). Pradhan (2017) has proposed
dynamic-heuristicspatternforrisk-optimizationon“RealTimeOperatingSystem(RTOS)”basedon
availabletechnologies,businesses&resourcesforanti-fragiletechnologies.However,the“COmplex
PRoportionalASsessment(COPRAS)”methodhasbeenwidelyusedwhentheoptimalalternative
needtobeselectedbydecision-makersamongapoolofalternativesinviewofasetofevaluation
criteria.IncaseofclassicalCOPRASmethodfortheevaluationprocess,theweightsofcriterionalong
withtheratingsofalternativesarepreciselyknownandthecrispvaluesareemployed.Becauseofthe
incapabilitiesofthecrispdatainmodellingreal-lifedecisionproblemsunderseveralconditions,it
becomesdifficultfortheevaluatorsforpreciseratingsofalternativesaswellastoassignexactweights
totheevaluationcriterion.Thus,thebenefitofusingafuzzy-approachistofindouttherelative
importanceofattributesbytheuseoffuzzynumbersratherthanthenumbersprecisely.Parezanović
et al. (2016) have demonstrated the “Fuzzy-COPRAS” approach in order to make decisions on
mobilitymeasuresbyevaluatingtwentysixmeasures.Bekaretal.(2016)haveusedthe“COPRAS
ofalternativeswithGreyrelations(COPRAS-G)”andthe“Fuzzy-COPRAS”methodforevaluating
theperformancemeasuresin“totalproductivemaintenance(TPM)”strategy.Zarbakhshniaetal.
(2018)haveusedfuzzy-COPRASmethodforrankingandselectingthe“sustainablethird-partyreverse
logisticsproviders”intheexistenceofriskfactors.Therefore,onthebasisofthepositiveoutcomes
oftheMCDMmethod,the“Fuzzy-COPRAS”methodwasusedinthepresentanalysisforranking
ofthebarriersintheexecutionofagriculturalsafetypracticesinIndia.
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2. ReSeARCH MeTHODOLOGy

2.1 Review of Literature and Discussion with experts and Farmers
Anindepthreviewofliteraturewasdonewhichwasfurtherfollowedbyconsultationanddiscussion
withfiveexpertsintheagriculturalfieldsanddiscussionwiththefarmersintheagriculturalsectorsof
Odisha(India).Theinteractionanddiscussionwithfarmerswasprimarilyfocusedontheirknowledge
levels,availabilities,andsafetypractices followed incarryingout theagriculturalactivitiesona
regularbasis.

2.2 Analysis of “Strengths, weaknesses, Opportunities, and Threats (SwOT)”
ASWOTanalysiswasemployedinordertoevaluatethestrengths,weaknesses,opportunities,andthe
threatsbasedonthecurrentagriculturesafetypracticesbythefarmersforasustainableagriculture.

2.3 Analysis of Information and Data
Onthebasisofthedataandinformationobtainedfromthefarmersaswellastheexperts,themajor
barriersincontextwiththesustainabilityindicators(social,environmentalandeconomic)forthe
adoptionofhealthandsafetypracticesamongfarmersofOdishawereobtained.Then,thefuzzy-
COPRASmethodwasusedtorankthesebarriersinorderoftheirpreferences.

ThestepsfollowedinthisanalysiswereasshowninFigure1.

2.3.1 Steps in “Fuzzy-COPRAS” Method
InordertodealwiththedeficiencyintheCOPRASmethod,theFuzzy-COPRASmethodwasusedin
thisanalysis.TheFuzzy-COPRASassignedthecriteriaweights,andthelinguistictermsrepresented
by fuzzynumberswereused forevaluating the ratingsofalternatives.Thesteps involved in the
Fuzzy-COPRASmethodincludedthefollowing:

Step I:Definingthelinguisticterms.
Step II:Constructionofthefuzzydecisionmatrix.
Step III:Determinationoftheweightsofcriteria.
Step IV:Determinationofaggregatefuzzy-rating x̂

ij
ofalternativeAi,i=1,2,...,mundercriterion

Cj,j=1,2,.....n:

C1C2....Cn

Figure 1. Steps followed in this analysis
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Step V:Defuzzifyingtheaggregatedfuzzydecisionmatrixobtainedandderivingtheircrispvalues.
Inthisanalysisfortransformingthefuzzyweightsintothecrispsweightsappliedthecentreof
areamethodforthecalculationofthe“bestnon-fuzzyperformance(BPN)”valueofthefuzzy
weightofeachdimensions.TheBPNvaluesofthefuzzynumber �x

ij
canbefoundusingthe

followingequation(3):

�x
ij

= � �x x
ij ij

=
Ux Lx Mx Lx

ij ij ij ij
� � � �−( )+ −( )





3
+L �x

ij
 (3)

Step VI:Normalizingthedecisionmatrix(fij).Thenormalizationofthedecisionmakingiscalculated
bydividingeachentrybythelargestentryineachcolumntoeliminateanomalieswithdifferent
measurementunits,sothatallthecriteriabecomedimensionless.

Step VII:Calculatingtheweightednormalizeddecisionmatrix x̂
ij( ) Thefuzzy-weightednormalized

valuesarecalculatedbymultiplyingtheweightofevaluationindicator(wj)withnormalized
decisionmatrices:

x̂
ij

=fij.wj (4)

Step VIII:Sumsofattributedvalues(Pi)withlargervaluesmorepreferably(optimizationdirection
ismaximization)calculatedforeachalternative(lineofthedecision–makingmatrix):

Pi=
j

k

ij
x

=∑ 1
ˆ  (5)

Step IX:Sumsofattributedvalues(Ri)withsmallervaluesmorepreferably(optimizationdirection
isminimization)calculatedforeachalternative(lineofthedecision–makingmatrix):

Ri=
j k

m

ij
x

= +∑ 1
ˆ  (6)

where,(m-k)isnumberofattributeswhichmustbeminimized.
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Step X:Determiningtheminimalvalueof(Ri):

Rmin=max
i

Ri;i=1,....,n (7)

Step XI:Calculatingtherelativeweightofeachalternative(Qi):

Qi=Pi+
Rmin Ri

Ri
Rmin
Ri

i

n

i

n

=

=

∑

∑
1

1

 (8)

Formula(8)cantobewrittenas:

Qi=Pi+ i

n

i

n

Ri

Ri
Ri

=

=

∑

∑
1

1

1
 (9)

Step XII:Determiningtheoptimalitycriterionk:

K=max
i

Qi;i=1,n  (10)

Step XIII:Assigning thepriorityof the alternatives.Thegreater theweight (relativeweightof
alternative)Qi,thehigheristhepriority(rank)ofthealternatives.Thesatisfactiondegreeis
highincaseofQmax.

Then,theutilitydegreeofeachalternativewascalculatedas:

Ni= Qi
Qmax

x100 (11)

where,QiandQmax aretheweightsobtainedfromequation(8).

3. ReSULTS AND DISCUSSION

TheSWOTanalysisofsafetypracticesamongfarmersinOdishaincontextwithitssustainabilityin
agricultureinviewofthesustainabilitycriteriasuchassocial,environmentalandeconomicaspects
wasasillustratedinTable1.

Themajorbarriersasalternativesincontextwiththesustainabilityindicatorsascriterionforthe
adoptionofhealthandsafetypracticesamongfarmersofOdishainIndiaweresummarizedinTable
2.Theidentifiedfourbarriersconcernedtothe“Social”indicatorswere:“Lackofassistancefrom
government,non-governmentandindustrybodieswithregardtohealthandsafetypractices”,“Lack
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ofpropertrainingandprogramsaboutsafetypractices”,“Discomfortinuseofsafetydevicesand
practices”,and“Moretimeintheimplementationofsafetypractices”.Thethreebarriersconcerned
to the “Environmental” indicators were “Lack of access to information about safety practices”,
“Non-availabilityofprotectiveappliancesforaregularuse,and“Hassletothesourceandinthe
implementationofsafetypractices”.Similarly,thethreebarrierobtainedasthe“Economic”indicator
forsustainabilitywere:Morecosttoimplementchangesforimprovedsafetypractices”,“Inadequate
financeforhealthsurveillanceprograms”,and“Lackofinitiativesforsubsidizedappliancesthrough
government”,respectively.

3.1 Output of “Fuzzy-COPRAS” Method
ThecriteriaalongwithitstypesandcorrespondingweightswereasillustratedinTable3.

Table 1. SWOT analysis of safety practices among farmers in Odisha and its sustainability in agriculture

Strength Leadingtosustainable
agriculturewithrespectto
healthandenvironment.

Weakness Lackofawarenessamong
farmers.

Reducedrisktofarmers.

Reducedriskofexposing
toharmfulchemicalsand
pesticides.

Lackofadoptability
perceptionamongfarmers.

Opportunity Promotingahealthier
lifestyle.

Threats Unsureabouttheoutcome
ofsafetypractices.

Ahugeexportmarketat
regionallevel.

Ahugeexportmarketat
internationallevel

Lackofavailabilityinlocal
markets.

Table 2. Major barriers in context with the sustainability for the adoption of health and safety practices

Sustainability Indicators Barriers

Social(C1)

Lackofassistancefromgovernment,non-governmentand
industrybodieswithregardtohealthandsafetypractices(B1)

Lackofpropertrainingandprogramsaboutsafety
practices(B2)

Discomfortinuseofsafetydevicesandpractices(B3)

Moretimeintheimplementationofsafetypractices(B4)

Environmental(C2)

Lackofaccesstoinformationaboutsafetypractices(B5)

Non-availabilityofprotectiveappliancesforaregularuse(B6)

Hassletothesourceandintheimplementationofsafety
practices(B7)

Economic(C3)

Morecosttoimplementchangesforimprovedsafety
practices(B8)

Inadequatefinanceforhealthsurveillanceprograms(B9)

Lackofinitiativesforsubsidizedappliancesthrough
government(B10)
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Theinitialintegrated-matrixcomprisingoftheweightsofallthecriterionandcorresponding
fuzzynumbersofeachalternativeswithrespecttothecriteriawereasshowninTable4.Subsequently,
thesumofsquaresandsquare-root(SQRT)valueswereobtainedasillustratedinTable5.

Thenormalized-matrixandtheweightednormalized-matrixwereasshowninTable6andTable
7,respectively.

Table 3. Different criteria weights

Name of Criteria Type of Criteria Weights (WR)

Social(CR1) Minimization

0.77

0.83

0.98

Environmental(CR2) Minimization

0.65

0.78

0.88

Economic(CR3) Minimization

0.77

0.95

0.1

Table 4. Initial integrated-matrix

WCR1 WCR2 WCR3

0.77 0.83 0.98 0.65 0.78 0.88 0.77 0.95 1

CR1 CR2 CR3

B1 14.80 20.20 24.60 5.800 11.00 16.80 2.800 6.400 12.00

B2 3.800 8.200 13.80 10.80 16.60 22.20 13.40 19.40 24.40

B3 7.400 13.00 18.80 8.800 14.60 20.00 7.800 13.40 19.20

B4 3.000 6.800 12.40 19.00 24.40 28.00 14.20 20.20 25.20

B5 13.80 19.80 24.60 6.800 12.20 18.20 3.600 8.000 14.20

B6 8.600 14.00 19.60 8.600 14.00 19.60 12.60 18.60 24.00

B7 16.60 22.20 26.40 6.600 11.20 16.40 3.600 8.200 13.80

B8 6.000 11.20 17.00 6.800 12.20 18.20 7.600 13.00 18.80

B9 14.80 20.20 24.60 11.80 17.80 23.40 13.80 19.80 24.80

B10 15.40 21.00 25.40 5.400 10.60 16.60 4.000 7.600 13.00

Table 5. Sum of squares and “SQRT” values

Sum of Squares 1329.4 2745.8 4528.4 967.12 2253.4 4097.8 898.76 2100.9 3848.6

SQRT 92.756 85.547 82.754
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TherankingofalternativeswerebasedonthehighervaluesofNiassummarizedinTable
8,anditwasobservedthatthemostsignificantbarriersincontextwiththesustainabilityforthe
adoptionofhealthandsafetypracticesinOdishasuchas“Morecosttoimplementchangesfor
improvedsafetypractices(B8)”rankedfirstfollowedby“Lackofassistancefromgovernment,
non-government and industrybodieswith regard to health and safetypractices (B1)”, “Lack
ofaccesstoinformationaboutsafetypractices(B5)”,“Discomfortinuseofsafetydevicesand
practices(B3)”,“Lackofinitiativesforsubsidizedappliancesthroughgovernment(B10)”,“Hassle
tothesourceandintheimplementationofsafetypractices(B7)”,“Lackofpropertrainingand
programsaboutsafetypractices(B2)”,“Non-availabilityofprotectiveappliancesforaregular
use(B6)”,“Moretimeintheimplementationofsafetypractices(B4)”,and“Inadequatefinance
forhealthsurveillanceprograms(B9)”,respectively.

Table 6. Normalized-matrix

WCR1 WCR2 WCR3

0.77 0.83 0.98 0.65 0.78 0.88 0.77 0.95 1

CR1 CR2 CR3

B1 0.1596 0.2178 0.2652 0.0678 0.1286 0.1964 0.0338 0.0773 0.1450

B2 0.0410 0.0884 0.1488 0.1262 0.1940 0.2595 0.1619 0.2344 0.2948

B3 0.0798 0.1402 0.2027 0.1029 0.1707 0.2338 0.0943 0.1619 0.2320

B4 0.0323 0.0733 0.1337 0.2221 0.2852 0.3273 0.1716 0.2441 0.3045

B5 0.1488 0.2135 0.2652 0.0795 0.1426 0.2127 0.0435 0.0967 0.1716

B6 0.0927 0.1509 0.2113 0.1005 0.1637 0.2291 0.1523 0.2248 0.2900

B7 0.1790 0.2393 0.2846 0.0772 0.1309 0.1917 0.0435 0.0991 0.1668

B8 0.0647 0.1207 0.1833 0.0795 0.1426 0.2127 0.0918 0.1571 0.2272

B9 0.1596 0.2178 0.2652 0.1379 0.2081 0.2735 0.1668 0.2393 0.2997

B10 0.1660 0.2264 0.2738 0.0631 0.1239 0.1940 0.0483 0.0918 0.1571

Table 7. Weighted normalized-matrix

CR1 CR2 CR3

B1 0.1229 0.1808 0.2599 0.0441 0.1003 0.1728 0.0261 0.0735 0.1450

B2 0.0315 0.0734 0.1458 0.0821 0.1514 0.2284 0.1247 0.2227 0.2948

B3 0.0614 0.1163 0.1986 0.0669 0.1331 0.2057 0.0726 0.1538 0.2320

B4 0.0249 0.0608 0.1310 0.1444 0.2225 0.2880 0.1321 0.2319 0.3045

B5 0.1146 0.1772 0.2599 0.0517 0.1112 0.1872 0.0335 0.0918 0.1716

B6 0.0714 0.1253 0.2071 0.0653 0.1276 0.2016 0.1172 0.2135 0.2900

B7 0.1378 0.1987 0.2789 0.0501 0.1021 0.1687 0.0335 0.0941 0.1668

B8 0.0498 0.1002 0.1796 0.0517 0.1112 0.1872 0.0707 0.1492 0.2272

B9 0.1229 0.1808 0.2599 0.0897 0.1623 0.2407 0.1284 0.2273 0.2997

B10 0.1278 0.1879 0.2684 0.0410 0.0966 0.1708 0.0372 0.0872 0.1571
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4. CONCLUSION

Agricultureistheprimarysourceoffoodandlivelihoodinmostofthedevelopingcountries.Thus,
thereisahigherrequirementofsustainableagriculturalsystemsfulfillingthesustainabilitycriteria
suchaseconomic,socialaswellasenvironmentalaspectsofsafeandhealthyagricultureinterms
ofaccessibilityoravailability,utilizationsandstabilityinthefarmingsectors.Thisstudyrevealed
that themost significantbarriers that requireappropriate attentionsof thecompetent-authorities
incontextwiththesustainabilityfortheadoptionofhealthandsafetypracticesintheagricultural
sectors of Odisha as: “More cost to implement changes for improved safety practices” ranking
atfirstlevel,whichwasfollowedbysubsequentdescendingrankingof“Lackofassistancefrom
government,non-governmentandindustrybodieswithregardtohealthandsafetypractices”,“Lack
ofaccesstoinformationaboutsafetypractices”,“Discomfortinuseofsafetydevicesandpractices”,
“Lackofinitiativesforsubsidizedappliancesthroughgovernment”,“Hassletothesourceandinthe
implementationofsafetypractices”,“Lackofpropertrainingandprogramsaboutsafetypractices”,
“Non-availabilityofprotectiveappliancesforaregularuse”,“Moretimeintheimplementationof
safetypractices”,and“Inadequatefinanceforhealthsurveillanceprograms”,respectively.

Thefindingsofthisstudywillhelpinformulatingappropriatepoliciesintheagriculturalsectors
forthebenefitsaswellasprotectionoffarmersinviewoftheill-hazardsinagriculture.Moreover,a
clearinformationandexplanationaboutnewtechnologyandsafetypracticesmoreusabletofarmers
reducesnegativeattitudetowardstheeffectiveandefficientadoption.Thereisahigherrequirement
intheroleofagriculturalextensionagentsthatcanaffectfarmers’perceptionsaswellasbehaviors
toadopttheagriculturalhealthandsafetypracticesinordertoachievesustainabilityinagriculture
throughouttheworld.
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Table 8. Ranking of alternatives

Alternatives Pj Rj Qj

Non-
Fuzzy 

Qj

Nj Ranking

B1 0 0 0 0.193 0.354 0.577 0.030 0.501 6.549 2.360 90.06 2

B2 0 0 0 0.238 0.447 0.669 0.026 0.397 5.304 1.909 72.85 7

B3 0 0 0 0.200 0.403 0.636 0.027 0.441 6.292 2.253 85.98 4

B4 0 0 0 0.301 0.515 0.723 0.024 0.345 4.194 1.521 58.03 9

B5 0 0 0 0.199 0.380 0.618 0.028 0.467 6.328 2.275 86.79 3

B6 0 0 0 0.254 0.466 0.698 0.025 0.381 4.977 1.794 68.46 8

B7 0 0 0 0.221 0.394 0.614 0.028 0.450 5.708 2.062 78.68 6

B8 0 0 0 0.172 0.360 0.594 0.02 0.493 7.340 2.621 100 1

B9 0 0 0 0.340 0.570 0.800 0.022 0.312 3.707 1.347 51.39 10

B10 0 0 0 0.206 0.371 0.596 0.029 0.478 6.133 2.213 84.45 5
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