
DOI: 10.4018/IJAEIS.2020010103

International Journal of Agricultural and Environmental Information Systems
Volume 11 • Issue 1 • January-March 2020


Copyright©2020,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



48

Big Data Challenges and 
Opportunities in Agriculture
Maya Gopal P.S., VIT University, Chennai, India

Bhargavi Renta Chintala, School of Computing Science and Engineering, VIT University, Chennai, India

ABSTRACT

Thisarticlereviewsvariousaspectsofresearchconcerningthebackgroundandstate-of-the-artof
bigdatainagriculture.Thisarticlefocusesondatageneration,storage,analysisandvisualizationin
bigdata.Ineveryphase,technicalchallengesandthelatestadvancementarediscussed,andthese
discussionsaimtoprovideacomprehensiveoverviewandcompletepictureofthisexcitingarea.
Thissurveyisconcludedwithadiscussionontheapplicationofbigdatainprecisionagriculture
anditsfuturedirections.
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1. INTRODUCTION

TheUnitedNationsestimatesthatitistheneedtoincreasethefoodproductionto50percentbythe
middleofthecurrentcentury(FAO,2009).Agriculturalproductiontripledduringthelastdecades
astheworld’spopulationdoubled(Kitzesetal.,2008).Agricultureremainsessentiallyaprimary
sourceof food for thepopulationand rawmaterial fora largenumberof industries (daSilvaet
al.,2009).Populationgrowth,climatechangeandbio-energycropsareworldwidetrendsthatare
increasingtheimportanceofusingsciencetoimproveagriculture(Tilmanetal.,2011).Withthe
needtoproducemorefoodusingfewerinputs,agricultureisseekingnewproducts,practicesand
technologies.Researchactivitiescenteringongenomics,bioinformaticsandcomputationalbiology
ofplantsandanimalsenablethescientistsandorganizationstobetterfeedtheworldandimprove
thequalityoffoodandanimalcrops.Progressinagriculturalgrowthcanserveasacriticalposition
for designing successful strategies to transform the economy and meet sustainable development
(Christiaensenetal.,2010)andtheinvestmentsinagriculturalresearchplayakeyroletoagricultural
growth.Farmerswillhavethetoolstogetthemostfromeveryacre.Thefutureoffarmingdepends
largelyonadoptionofcognitivesolutions.Whilelargescaleresearchisstillinprogressandsome
applicationsarealreadyavailableinthemarket, theindustryisstillhighlyunderserved.Whenit
comestohandlingrealisticchallengesfacedbyfarmersandusingautonomousdecisionmakingand
predictivesolutionstosolvethem,farmingisstillatabuddingstage(Jonesetal.,2017).Research
onnewgenerationagriculturaldesignmodelsshowsthatthedataismostimportantparameterfor
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on-farmdecisionsupport,researchinvestmentandpolicydecisionmaking.Theagriculturalindustry
willbetransformedbydatascienceandartificialintelligence.Collectingreliableagriculturedatafor
farmmanagementdecisionmakingisimportantscenario.Thedevelopmentsintheconceptofsmart
farmingmakeagriculturemoreefficientandeffectivewiththehelpofhigh-precisionalgorithms
(Basecaetal.,2019).Themechanismusedinsmartfarmingismachinelearning(ML),thescientific
fieldthatgivesmachinestheabilitytolearnwithoutmuchprogramming.Ithasemergedtogetherwith
bigdatatechnologiesandhigh-performancecomputingtocreatenewopportunitiestoease,quantify
andunderstanddataintensiveprocessesinagriculturaloperationalenvironments.Thedevelopments
indicatethatagriculturecanbenefitfrommachinelearningateverystagelikespicesmanagement,
fieldmanagement,cropmanagementandlivestockmanagement.Theartificialintelligence(AI)and
machinelearningareusedinanumberofagriculturalapplicationstodayincludetheyieldprediction
algorithmsbasedonweatherandhistoricalyielddata,imagerecognitionalgorithmstodetectpest
anddiseasesinplantsandroboticstoharvestdifferenttypesofspecialtycrops(Tibbetts2018).This
aspectneedsanadaptivemethodtocontrolthedatasourcesanddecision-makingsystemsforbetter
productionandmarketingwithlesswasteofresource.Agriculturebigdataisplayingimportantrole
byincorporatingtheAIandML.Thefarmersareusingdatatocalculateharvestyields,fertilizer
demands,costsavingsandeventoidentifyoptimizationstrategiesforfuturecropsassmartmachines
andsensorsonfarmsandfarmdatagrowinquantityandscope, farmingprocesseswillbecome
increasinglydatadrivenanddataenabled.

Inordertoobtainbetterproductivity,thepeopleareusingprecisionagriculture(DeRangoetal.,
2019),Somayehetal.(2018)andMaesandSteppe(2019),automatedirrigationscheduling(Lietal.,
2018;Soulis&Elmaloglou,2018),optimizationofplantgrowth,farmlandmonitoring,greenhouse
gasesmonitoring,productionprocessmanagementandsecurityincrops(Yuanetal.,2018;Huang
etal.,2018,Groenveldetal.,2019).

2. BIG DATA TECHNOLOGIES AND TOOLS

Recenttechnologicaldevelopmentledtoautomationofseveralprocessesinvariousdomainslike
agriculture,healthcare,frauddetection,etc.,whichinturnledtothegenerationofhumungousdata.
McKinsey&Co.(Manyikaetal.,2011))foreseesthatthesocietyisnowfacingatremendouswave
ofinnovation,productivity,andgrowthaswellasnewmodesofcompetitionandvaluecapture-all
drivenbyBigData.ThetermBigDataismainlyusedtodescribemassive,oftenunstructured,and
heterogeneousdigitalcontentwhichisdifficulttostoreandprocessusingtraditionaldatamanagement
toolsandtechniquesTalia(2013),StephenKaisleretal.(2015),RobLokersetal.(2016)).Oncethese
startedgainingattention,thedataanalystdevelopeditfurtherandcurrentlybigdatacanbedescribed
usingthe10Vmodel.Borne(2014)haslistedtheV’saschallengesindeployingBigDataintoany
application.TheseV-basedcharacterizationsrepresenttendifferentchallengesassociatedwiththe
main tasks involving big data like- capture, cleaning, curation, integration, storage, processing,
indexing,search,sharing,transfer,mining,analysis,andvisualization.Bigdatacanbedescribedby
thefollowing10characteristicswhichareillustratedinFigure1andTable1.

These coveredmostof the challenges inbigdata includingcollecting, storing, transferring,
analyzing,andvisualizing.Bigdataisprimarilydefinedbythevolumeofadataset.Thedatasets
aregenerallyhugemeasuring tensof terabytesandsomecasescrossing thepetabytes.The term
bigdatawasprecededbyverylargedatabaseswhichweremanagedusingdatabasemanagement
systems.Currently,bigdatafallsunderthreecategoriesofdatasetsnamelystructured,unstructured
andsemi-structured.Thestructureddatasetscompriseofdatawhichcanbeusedinitsoriginalform
toderive results.Theunstructureddatasetscompriseofdataarewithoutproper formattingand
alignment(Khanetal.,2014).Semi-Structureddatasetsareacombinationofbothstructuredand
unstructureddata.Bigdataprocessingrequiresaparticularsetupofphysicalandvirtualmachines
toderiveresults.Theprocessingisdonesimultaneouslytoachieveresultsasquicklyaspossible.
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