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ABSTRACT

Precisionagriculture(PA)asan integrated information-andproduction-basedfarmingsystemis
designed to delivery high-end technology solutions to increase farm production efficiency and
profitabilitywhileminimizingenvironmentalimpactsontheecosystemsandtheenvironment.PA
technologies are technology innovations that incorporate recent advances in modern agriculture
providingevidenceforlowerproductioncosts,increasedfarmingefficiencyandreducedimpacts.
However,theadoptionoftheprecisionagriculturetechnologieshasencountereddifficultiessuchas
additionalapplicationormanagementcostsandinvestmentonnewequipmentandtrainedemployees.
SomeofthesePAtechnologieswereprovenefficient,providingtangiblebenefitswithlowercosts
andasaresulttheyquicklygainedscientificinterest.Toinvestigatefurthertheeconomic,agronomic,
andenvironmentalbenefitsfromtheadoptionofPAtechnologiesasystematicreviewwasconducted,
basedonthesystematicsearchandevaluationofrelatedeligiblearticles.
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INTRodUCTIoN

Theworld’sgrowingdemandforfoodinthelongterm(Baudron&Giller,2004)hasraisedtheconcern
ofourabilitytomeetthisneedwithoutputtingenormouspressureontheworld’snaturalresources
andcausingenvironmentaldamage.Climatechangewillalsogreatlyimpactfoodsupplyanddemand
andtougherenvironmentalconditions,whileanticipatedresourcelimitationsandincreasedproduction
costsareputtingconstantlypressureoncropproductionsystems.Thechallengeoftheadoptionof
precisionagriculturetechnologiesseemstobea‘One-wayroad’toincreasefarmingefficiencywhile
minimizingenvironmentalimpacts(Awan,2016;Foleyetal.,2011).

Forthelasttwodecades,technologicalinnovationshavebeentestedtoimprovefarmingefficiency
andreduceenvironmentalimpact(Daberkow&McBride2003;Robertsonetal.2012;Tey&Brindal
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2012).However,inthebeginning,increasedimplementationcostshadlimitedoruncertainbenefits
thatleadmorefarmerstobeunwillingtoadoptavailablePAtechnologiesontheirfarms(Castleet
al.,2016).Recentstudies(Liuetal.,2017;Nawaretal.,2017)onPAtechnologiesindicatedthatthe
adoptionofthistechnologycanofferincreasedyieldsandproductivityandalsoeconomicreturnsfrom
reducedagriculturalinputslimitingtheexcessiveuseofagro-chemicalsinaccordancewiththelatest
environmentallegislation.Individualstudies(Calegarietal.,2013;Jayakumaretal.,2017;Westand
Kovacs,2017)alsofocusedanddemonstratedtheeconomic(monetary),agronomic(yieldincrease)
and environmental benefits (reduction of negative impacts) of adopting PA technologies. These
researchfindingsonhowdataderivedfromsoilcharacteristics,plantpopulationsandenvironment
canbeorganizedtodelivertargetedinputapplicationstocropproductionsystemsencouragefarmers
tostepintotheneweraofdigitalagriculture(Panagopoulosetal.,2014;WestandKovacs,2017;
Nawaretal.,2017).

Inthetraditionalfarmmanagementmodeleachfieldistreatedasahomogeneousarea(Srinivasan,
2006),wheresoil,topographicandenvironmentalconditionsareconsideredtobesimilarandthe
inputs are applieduniformly regardless anypotential variability or heterogeneity.This approach
leads to unwanted explicit economic costs due to inefficient application of inputs, causing also
environmentaldamageduetothesurplusoftheunusednutrients(upto30%oftotalN)thatendup
toecosystemsandtheenvironmentthroughleachingofwater-solublenitrates(Meisinger&Delgado,
2002),or runoff andgaseousemissions that increase thecontamination risk (Follett&Delgado
2002;Hyytiainenetal.,2011;Rodriguezetal.,2011).Inthiscase,theadoptionofPAtechnologies
candeliveramoreefficientapplicationofinputsunderdifferentconditions(Pierpaolietal.,2013)
orapplyasinglerateofaspecificcropinputtoattainmaximumefficiency(Vrindtsetal.,2015)to
sub-regionsofbroadsimilarity,definedasmanagementzones,whichregularlyprovideloworhigh
yields(Flemingetal.,2004).

Criticism of the adoption of precision agriculture technologies has encompassed numerous
argumentsregardingthemeasurablebenefitsofadoptingthesenewtechnologies(Bassoetal.2011;
Stafford2000,).Inmanycases,agronomic,economicandenvironmentalbenefitsfromtheadoption
ofPAtechnologiesindeedcannotbecertainandtheydependonseveralotherfactors,suchasthe
farmsize(biggeragriculturalareaincomeprovideshighermarginfornewtechnologyinvestments)or
moredynamicvariables,suchtheclimateorsoilconditions.However,manystudieshavesuccessfully
showntangiblebenefitsfromtheadoptionofPAtechnologies(Bassoetal.,2011;Boyeretal.,2011;
Panagopoulosetal.,2014;West&Kovacs,2017).

Toinvestigatetheeconomic,agronomicandenvironmentalbenefitsfromtheadoptionofPA
technologiesasystematicreviewwasconductedtoanalyzethelastdecadeliteratureandprovide
usefulinsightsandrevealtrends.ThemainaimofthisstudywastohighlightthePAtechnologies
thatprovidethemostmeasurablebenefitsandbecaneasilyadoptedtoimprovefarmproductivity
andprofitability,whileminimizingenvironmentalimpacts.

MATERIALS ANd METHodS

Study design
Forthissystematicreviewacomprehensiveprotocolwasdevelopedandapprovedbyalltheauthors.
All steps for performing atypical systematic review were followed (Prisma, 2009): (1) scoping
(development of a review protocol); (2) planning (development of the search strategy, selection
ofdigitaldatasources);(3) identification/Searching(executingthesearchandchecktheresulted
articles);(4)screening(managementofcitationsandremoveduplicates);(5)eligibility/Assessment
(inclusion/exclusioncriteria,qualityassessmentof the includedarticlesandassessmentofbias);
and(5)presentation/interpretation(synopsisoffindings,discussionandpresentationoftheresults).
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