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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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Focused Questions
Whatare theexpectedeconomic,agronomicandenvironmentalbenefits fromadoptingdifferent
precisionagriculturetechnologies?WhicharethePAtechnologiesthatoffermoretangiblebenefits?
CantheadoptionofPAtechnologieshaveapositiveallocativeandcostefficiencyeffectinagriculture
while increasing productivity and farming efficiency? How can the adoption of technological
innovationsinagriculturecontributetotheenvironmentalprotectionandconservation?

Search Strategies
Theadvancedweb-basedsearchtoolsfordevelopingsmallandeffectiveSQLstatementstoquery
thethreeselectedonlinedigitalsourcesforscientificarticleswereusedtoidentifypublishedstudies
thatreportedbenefitsfromtheadoptionofPAtechnologies.AbasicSQLquerybasedonthesearch
strategywasdevelopedandasystematicsearchofthreeonlinedigitalscientificjournaldatabaseswas
performed:WebofScience,Scopus,andScienceDirecttoidentifystudiesbasedonacombination
ofagroupofterms.ThesearchstrategytermsforeachjournaldatabasearegivenindetailatTable
1.Thetermswithineachgroupwerecombinedwith‘OR’,andthreegroupswerelinkedwith‘AND’.
ThefullSQLquerysyntaxusedisshowninTable1.Researcharticlesresultingfromthesearch
processwereexaminedbasedontheeligibilitycriteriasetforthissystematicreview.Incaseswhere
theeligibilityofaselectedarticlecouldnotbedeterminedthroughtitlesandabstracts,athorough
reviewwascarriedoutafterreadingindepththefulltextofthestudy.Forstudiesthatmetthegiven
eligibilitycriteria,anadditionalsearchwasperformedforotherrelevantstudiesusingGoogleScholar.
Theprocessofcheckingthestudiesforeligibilityandthefinalselectionofthearticleswasperformed
bytwoindependentreviewersandanydisputewasresolvedduringaconsensusdebatewithathird
evaluator(Windtetal.,2000).

Eligibility Criteria
For the selectionof articles, the following inclusioncriteriawere set: (1)Studies shouldhavea
purposeofexaminingtheeconomic,agronomicorenvironmentalbenefitsfromtheadoptionofPA
technologies;(2)allstudiesarepublishedinpeer-reviewedEnglishlanguagejournals;(3)studies
shouldreportedresultsrelatedtoPAtechnologies.Fortheexclusionthefollowingcriteriawereset:
(1)studieswhichinvestigatedthebenefitsfromtheadoptionofPAtechnologiesonatheoretical
basis;(2)literaturereviews,conferencepapersorsymposiums;and(3)articlespublishedbeforethe
year2007(althoughmanually16studieswereidentifiedandaddedforeligibility).

Table 1. Search strategy. The search strategy was performed at first on February 11, 2017 to identify articles for 
initial screening. On April 25, 2017, the final search strategy was applied to screen to articles to be assessed in this 
systematic review.

1.Web of Science:(N=16):(TI=(precisionagriculture)ANDTS=(benefits)ANDTS=(lowercostsORefficiency
ORenvironmentORconservationORprotectionORriskOReconomyOReffectivenessORtechnologyORgainsOR
implicationsORimpacts))ANDLANGUAGE:(English)ANDDOCUMENTTYPES:(Article)
Indexes=SCI-EXPANDED,SSCI,A&HCI,CPCI-S,CPCI-SSH,ESCITimespan=2007-2017.
2.Science Direct:(N=19):TITLE-ABS-KEY(“precisionagriculture”)ANDTITLE-ABS-KEY(“benefits”)
ANDTITLE-ABS-KEY(“costs”)ANDTITLE-ABS-KEY(“implications”OR“lowercosts”OR“efficiency”OR
“environment”OR“conservation”OR“protection”OR“risk”OR“economy”OR“cropquality”OR“foodsafety”OR
“effectiveness”OR“technology”OR“mapping”).
3.Scopus:(N=48):(TITLE-ABS-KEY(“precisionagriculture”)ANDTITLE-ABS-KEY(“benefits”)ANDTITLE-
ABS-KEY(“costs”)ANDTITLE-ABS-KEY((“implications”OR“lowercosts”OR“efficiency”OR“environment”
OR“conservation”OR“protection”OR“risk”OR“economy”OR“cropquality”OR“foodsafety”OR“effectiveness”
OR“technology”OR“mapping”)))ANDPUBYEAR>2006AND(LIMIT-TO(SRCTYPE,“j“))AND(LIMIT-
TO(DOCTYPE,“ar“)ORLIMIT-TO(DOCTYPE,”cp“)ORLIMIT-TO(DOCTYPE,“ar“))AND(LIMIT-TO
(LANGUAGE,“English“))
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Strength of Evidence
Themainconcernduringtheprocessofidentifyingandassessingtheeligiblearticlesincludedinthis
systematicreviewwastofindstudieswithproveneconomic,agronomicorenvironmentalbenefits.
Insomecases,theadoptionofspecificPAtechnologies,suchasthevariableratetechnologies(VRT)
canhavedirectbenefitsandmonetarysavingscanbecalculated. Inothercases, theadoptionof
technologyinnovationsinagriculturecanhaveindirectbenefits(minimizedenvironmentalriskby
limitingcropinputs)thataredifficulttobemeasured.Environmentalgainshaveusuallymonetizing
indirectbenefits(i.e.fromusingremotesensingdata)anditiscomplexandchallengingtobeassessed
(Kallurietal.,2003).Fortheassessmentofstudiedincludedtowardstheirstrengthofevidencefor
eachcategoryofbenefits(economic,agronomicandenvironmental)foursubgroupswereformed
withscaledstrengthofevidence(Table2).Afterreadingandcheckingallstudies,allarticleswere
assignedtooneofthesesubgroupsforeachcategoryofbenefits.Thegoalofstrengthofevidence
assessmentswastoprovideclearlyexplainedandwell-reasonedjudgmentsinthissystematicreviewfor
theeconomic,agronomicandenvironmentalbenefitsexpectedfromtheadoptionofPAtechnologies.

Fortheeconomicassessmentofthestudiesthefollowingsubgroupswereformedbasedonthe
economicfeasibilityof themethodusedbeeachstudy:(1)partialbudgetorsubstantiatedreport
(PB);(2)roughpartialbudgetreports(RP)and(3)unsubstantiatedreports(UR).Fortheassessment
ofstudies,thefollowingchangesincostswereexamined:(1)inputcosts;(2)applicationcosts;(3)
informationormanagementcosts;(4)equipmentcosts;(5)samplingcosts(i.e.soiltests,mapping
costs); (6) labor costsor anyother customcost type.Articlesprovidingdetailedpartialbudgets
withdocumentedpositivechangesincostsaseconomicbenefitswerelabeledas‘partialbudgetor
substantial’reports.Articlesreportedchangesinthesecostsbutfailedtoenumerateadetailedeconomic
analysisandspecifymonetaryeconomicgainswerelabeledas“roughpartialbudgetreports”.Articles
providingnumericalestimatesofchangesinthesecostssuggestinggenerallythatnetreturnswere
expectedattributabletotheadoptionofaPAtechnologywithoutprovidingmonetaryinformation
aboutchanges incostsandrevenuewereclassifiedas“unsubstantiated reports”.Finally,articles
notprovidinganykindofeconomicinformationinchangeofcostsarelabeledas“notapplicable”.

Similarly,fortheagronomicassessmentofthestudiesonthefarmingefficiency,thefollowing
subgroupswereused:(1)fieldtrials(FT);(2)simulationmodels(SM)and(3)responsefunctions
(RF).Allstudieswereexaminedintermsofthemethodtheyhadreported.Theabovesubgroups
refer tomethodsused tomimiccropresponseunderalternativeagronomicpractices.Field trials
canbeconsideredasexperimentsconductedonasmallercontrolledareahavingtheadvantageof
reflectingabroaderrangeofyieldlimitingfactors.Responsefunctions(generallysimpleequations
orcomputersimulations)aredigitalsimulationsthatfacilitatecomparisonbetweeninputchangesor
thecostofmakingthesechanges.

Finally, for theenvironmentalassessmentof thestudies, the followingsubgroupswereused
to evaluate the environment benefits from the adoption of PA technologies at each study: (1)
documentedbenefits(DB);(2)potentialindirectenvironmentalbenefits(IB);and(3)unsubstantiated
benefits. Articles providing detailed environmental gains were assigned to the first subgroup as
having“documentedbenefits”,articlesthatreportedpotentialenvironmentalbenefitsbutfailedto
enumerate themwereassignedashaving ‘potential indirectenvironmentalbenefits”andarticles
reportedenvironmentalbenefitsgenerallywithoutprovidingfurtherinformationarelabeledashaving
“unsubstantiatedenvironmentalbenefits”(Table2).

Asimpleyeteffectivesystemwasdevelopedforgradingthequality(level)ofevidenceandthe
strengthofrecommendationsofstudiesincludedinthissystematicreviewtofacilitatetheircritical
appraisal(Table2).Fourlevelsofevidenceweredefinedasfollows:(1)strongevidence(S1):studies
withconsistentresultsofhighquality,proveneconomic,agronomicorenvironmentalbenefitsfrom
theadoptionoftheproposedPAtechnology;(2)moderateevidence(S2):studieswithconsistent
resultswithroughpartialbudgetanalysisorarticlesthatusesimulationmethods;(3)someevidence
(S3):studieswithunsubstantiatedbenefitsorrecommendationsregardlessquality;Consistentresults
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weredefinedbythefactthattheresultsofthestudiesthatclearlypresentedeconomic,agronomic
orenvironmentalbenefits.Thestrengthofevidenceindicates theextent towhichastudycanbe
confidentandadherencetotheirfindingsorrecommendationscanbesafe.Theassessmentofstudies
usingtheaboveclassificationreflectsonlylevelofevidenceregardingtheeconomic,agronomicand
environmentalbenefitspresentedbyeachstudyandcannotbeconsideredasacriticalappraisalof
itsvalueingeneral.

Basedonthisgradingsystem,allarticleshavebeencarefullyandsystematicallyassessedfor
theoutcomeoftheirscientificworkandthestrengthoftheirrecommendations.Allincludedstudies
wereclassifiedon thebasisof thesubgroupsformulatedfor theexpectedeconomic,agronomic,
andenvironmentalbenefits,asanalyzedindetailabove,andthefollowingstrengthofevidencewas
appliedasfollows:(a)fortheeconomicassessment:S1forpartialsubstantiatedbudgetreports;S2
forroughpartialbudgetanalysis;S3forunsubstantiatedreports;S4fornotapplicable;(b)agronomic
assessment: S1 for field trials with documented; S2 for simulation models; S3 for studies using
responsefunctions;S4fornotapplicable;(c)fortheenvironmentalassessment:S1forstudieswith
documentedenvironmentalbenefits;S2forstudiespresentingpotentialenvironmentalbenefits;S3
forstudieswithunsubstantiatedenvironmentalbenefits;andS4forstudiesnotapplicabletotheabove
categories.Asaresult,ateachstudyalevelofevidencewasassignedforeachcategoryofbenefits
dependingonthesubgroupthatbelongsto.Toautomaticallyassignedthestrengthofevidencefor
allthestudiesincludedafunctionwithnestedIFfunctionswasformulatedandapplied,asfollows:

=IF(A2=”PB”;”S1”;(IF(B2=”FT”;”S1”;(IF(C2=”DB”;”S1”;IF(A2=”RP”;”S2”;(IF(B2 
=”SM”;”S2”;(IF(C2=”IB”;”S2”;IF(A2=”UR”;”S3”;(IF(B2=”RF”;”S3”;(IF(C2 
=”UB”;”S3”;”S4”))))))))))))))),whereA:economic,B:agronomicandC:environmental 
benefitscolumns,respectively.

data Extraction
Asystematicsearchofthreedigitalscientificjournaldatabases(WebofScience,ScopusandScience
Direct)wasconductedandstudycharacteristicsfromtheeligiblerecordswereextractedasfollows:
(1)titleofthepublishedarticle,(2)typeofpublication:journal/conference/symposium,(3)yearof
publication,(4)origin:country/continentregion,(5)designofthestudy,(6)typeofcrops.

Table 2. Strategy for assigning strength of evidence (S) to the selected studies

Strength of 
Evidence Economic Agronomic Environmental

Strongevidence
(S1)

Partialbudgetreports
orsubstantiated(PB)

Fieldtrials(FT)with
documentedbenefits

Documentedbenefits(DB)
(i.e.reductioninnutrients,pesticides,
herbicides,water)

Moderateevidence
(S2)

Roughpartialbudget
analysis(RP)

SimulationMethods(SM)
usingsoftwareorhardware

Potentialindirect
environmentalbenefits
(IB)

Someevidence
(S3)

Unsubstantiated
reports(UR)

Response
Functions(RF)

Unsubstantiated
environmentalbenefits
(UB)

Inconclusive
evidence
(S4)

Not
Applicable
(NA)

Not
Applicable
(NA)

Not
Applicable
(NA)
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RESULTS

Study Selection
ThefirstSQLqueryusingtheonlinetoolofthreeonlinedigitalarticlesources(Scopus,Science
DirectandWebofScience)gaveaninitialestimateofthemaximumnumberofthestudiesavailable
tobeidentified(N =49.779).RefiningthepreliminarysearchusingamoretargetedSQLstatement
andbasedonsearchstrategyofthissystematicreview,83recordswerefinallyidentified(N=48
fromScopus,N=19fromScienceDirectandN=16fromWebofScience).Studycharacteristics
fortheabovestudieswereextractedfromthesethreedigitalsourcesusingtheBibTexformat(*.bib)
and80recordswereimportedseparatelyintoJabRef,anopensourcebibliographyreferencemanager
thatrunsontheJavaVM,where17recordswereremovedasduplicates.Finally,159recordswere
identifiedandimportedintoZoteroCitationManagertocheckpossibledatagapsandupdaterecords.
Allrecordswerethenexported(usingthecsvfileformat)fromZoteroandimportedintoExcel,
whereseveralpivot tableswereconstructedtocalculatedescriptivestatisticsandconstruct the
correspondingcharts.Finally,thesystematicsearchoftheavailableliteraturebasedontheinclusion
criteriaidentified108recordstobeassessedforeligibility(Figure1).Allrecordsincludedwere
assessedforeligibilityandwereassignedastrengthofevidencewithscale1to4(whereS1the
strongestevidence).Theassessmentofthestudiesindicated14recordswithS3orS4strengthof
evidenceandthereforethesestudieswereexcluded.Overall,therewerefound94full-textarticles
wereidentifiedthatpresentbenefitsfromtheadoptionofPAtechnologiesconcerningfarming
efficiencyandenvironmentalconservation.

Figure 1. Flowchart of article selection process
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Study Characteristics
Allselectedstudieswereexaminedindetailandtheircharacteristics,suchastitle,authors,country,
PAtechnologyused,typeofeconomic,agronomicandenvironmentalbenefits(asdescribedat
Table2)aregiveninthesupplementaryfile(Table10).Thearticlesselectedtobeassessedfor
eligibilitywereanalyzedbasedonthetechnologytheyuseandassignedtoapplicationgroups.The
systematicreviewofthestudiesrevealeddifferentapplicationgroupsofPAtechnologiesthataim
toimprovefarmingefficiencyandmanagementandcontributetotheenvironmentalconservation.
Allstudiesselectedwereassignedtothefollowingfourmaintechnologyapplicationgroupsthat
reflectsdirectorindirectbenefitsfromtheadoptionofthecorrespondingPAtechnologies:(1)
Technologiesformanagingspatialvariability;(2)Precisenutrientapplications;(3)Precisepesticide
applications;(4)GuidanceSystems(Table3).Mostofstudies(N=72)wereassigntothecategory
“Precisenutrientapplications”.

Almosthalfofstudies(PB+RP,N=48)reporteddetailedinformationinthepotentialchangeof
costs(PB,N=13)orroughpartialeconomicanalysis(RP,N=35),whiletherest(UR+NA,N=60)
eitherfailedtoenumeratetheeconomicbenefitsorchangesincostsarenotmentioned.Concerning
theagronomicassessment,mostofstudiesusedresponsefunctions(RF,N=66)andfieldtrials
withdocumentedagronomicbenefitswereonlyeighteen(FT,N=18).Asprobablyexpected,the
environmentalbenefitswerecomplexanditwasdifficulttobeestimated.Mostofthestudiesdid
notrefertoanyenvironmentalbenefitsfromPAtechnologiesandonlyfourteenarticles(DB+IB,N
=14)presenteddocumentedorpotentialindirectbenefits,mainlybecauseofthereducednutrients
duetoallocativeinputs(Table4).

Tohighlighttheoriginoftheselectedstudies,thecountryofeachmanuscriptwasusedand
allselectedstudiesweregroupedpercontinent(Table5)basedontheirstatedcountry(ifcountry
informationwasnotavailablethenthecountryofthefirstauthorwasusedinstead).Itcanbeseen
thatmostofthestudiesoriginatefromEurope(N=31,S1=4andS2=27)andNorthAmerica(N
=27,S1=11andS2=16).WhilemostofthestudieswithS2werefromEurope,studieswithS1
strengthofevidenceoriginatefromNorthAmerica(Figure2).

Clustering PA Technologies Into Application Categories
Thestudies included in the systematic reviewwereexaminedand thengrouped intoapplication
categoriesbasedontheprecisionagriculturetechnologytheyuse.FourmainPAapplicationcategories
wereidentified:(1)Technologiesformanagingspatialvariabilityfordecisionmaking;(2)Precise
nutrient applications; (3)Precisepesticide applications; (4)GuidanceSystems.These fourmain
categorieswerethensplitintosub-categoriestorevealfurtherinformationonthetechnologyused
andfinallyalltheincludedstudieswereassignedtothesesub-categories(Table6).

Table 3. Frequencies (N; %) of the articles per application group

Groups
Frequency of Records Assessed for 

Eligibility
Frequency of Included 
Studies With S1 or S2

% Records 
S1 and S2

(N = 108) (N = 98) %

1.Managingspatialvariability 71(S1=4;S2=56;S3=5;S4=6) 60 63.8

2.Precisenutrientapplications 27(S1=17;S2=8;S3=1;S4=1) 25 26.6

3.Precisepesticideapplications 3(S1=0;S2=3;S3=0;S4=0) 3 3.2

4.Automations(Guidance
Systems) 7(S1=1;S2=5;S3=0;S4=1) 6 6.4

Totals 108 98 100.0
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Table 4. Frequencies of the articles per PA technology group and assessment per strength of evidence (S1, S2, S3, S4)

Assessment

PA Technology Application Group

1. Managing 
Spatial 

Variability

2. Precise 
Nutrient 

Applications

3. Precise 
Pesticide 

Applications

4. Automations 
Using Guidance 

Systems

Totals 
(N; %)

Economic

S1 Partialbudgetreports(PB) 3 9 1 13

S2 Roughpartialbudget
reports(RP) 20 13 2 35

S3 Unsubstantiatedreports
(UR) 18 2 3 23

S4 Notapplicable(NA) 30 3 3 1 37

Totals 71(65.7%) 27(25.0%) 3(2.8%) 7(6.5%) 108;100%

Agronomic

S1 Fieldtrials(FT) 2 15 1 18

S2 SimulationMethods(SM) 6 4 1 66

S3 ResponseFunctions(RF) 53 7 3 3 11

S4 Notapplicable(NA) 10 1 2 13

Totals 71(65.7%) 27(25.0%) 3(2.8%) 7(6.5%) 108;100%

Environmental

S1 Documentedbenefits(DB) 1 1

S2 Potentialindirectbenefits(IB) 10 3 13

S3 Unsubstantiatedbenefits(UB) 10 10 20

S4 Notapplicable(NA) 51 13 3 7 74

Totals 71(65.7%) 27(25.0%) 3(2.8%) 7(6.5%) 108;100%

Table 5. Frequencies (N; %) of the articles per region

Region of Studies Frequency of Records 
Assessed for Eligibility

Frequency of Records 
Included With S1 or S2 % Records S1 and S2

Europe 37(S1=4;S2=27;S3=
3;S4=3) 31 33.0

NorthAmerica 29(S1=11;S2=16;S3=
1;S4=1) 27 28.7

Asia 15(S1=4;S2=10;S3=
0;S4=1) 14 14.9

Australia 14(S1=1;S2=10;S3=
0;S4=3) 11 11.7

SouthAmerica 11(S1=2;S2=7;S3=2;
S4=0) 9 9.6

Africa 2(S1=0;S2=2;S3=0;
S4=0) 2 2.1

Total 108 94 100.0



International Journal of Agricultural and Environmental Information Systems
Volume 10 • Issue 1 • January-March 2019

48

Quality of Reviewed Articles
Basedonthegradingsystemforthestrengthofevidenceofthestudiesincludedofthissystematic
review,there24recordswereclassifiedasS1,45recordsasS2,38recordsasS3and3recordsasS4.
Atotalof34recordswereexcludedbasedontheexclusioncriteria.TopthreePAcategorieswiththe
mostrecordsassignedwere(Figure3):(1)[1.3]Useofwirelessnetworks(N=16);(2)[2.2]Variable
ratetechnologyapplications(N=14)and(3)[1.6]Managementofenvironmentalsensitiveareas(N
=13records).TopthreePAtechnologieswiththemostrecordsfinallyincluded(sumofrecordswith
S1andS2strengthofevidence)were:(1)[1.3]Useofwirelessnetworks(N=14);(2)[2.2]Variable
ratetechnologyapplications(N=13);and(3)[1.6]Managementofenvironmentallysensitiveareas
(N=11).Ifwefocusonlyonthefirsttwocategories,thecategorywiththemostarticleswithS1(N
=9)strengthofevidenceis“[2.2]Variableratetechnologyapplications”,whilethePAtechnology
categorywiththemostarticlesincludedinthissystematicreview(S1andS2strengthofevidence,
N=14)is“[1.3]Useofwirelessnetworks”(Figure4).

Moststudies(N=71)wereassignedtothecategory[1]“Managingspatialvariability”(Figure3),
whichhasalsothemostrecordswithS1andS2strengthofevidence:N=60records.Twenty-seven
(N=27)studieswereassignedtothesecondcategory[2]“Precisenutrientapplications”(N=28)
withS1andS2strengthofevidence:N=25records.

Theeconomicassessmentof thearticles includedshowedthatmostof thestudies(N=87)
presentedroughpartialbudgetanalysisregardingthechangeincostsandonlyfewarticles(N=
13)provideddetailedcostinformation(Table5).Regardingtheagronomicbenefits,mostofstudies
referredtosimulationmethodsorhardware/equipment(N=65)andsimilarlyonlyfew(N=18)were
aboutfieldtrialswithdocumentedbenefits(Table7).Concerningtheenvironmentalbenefits,most
ofstudiesreportedunsubstantiatedbenefits(N=20)orpotentialindirectbenefits(N=13)andonly
onearticlepresenteddocumentedenvironmentalbenefits.

Theresultsoftheeconomic,agronomicandenvironmentalassessment,basedonthestrength
ofevidencesummarizedforallthestudiesincludedinthissystematicreview,aregivenattable7
andfigure5.

dISCUSSIoN

The systematic review of the eligible articles included revealed there are at least four main PA
applicationgroupsthathavedirectorindirectbenefitsandaimtoimprovefarmingefficiencyand
reduceproductioncosts(Table8):(a)managingfieldspatialvariability;(b)performingallocativeand
moreprecisenutrientapplications;(c)achievingmoreprecisepesticideapplications;and(d)provide
automationsolutionsbyusingguidancesystemstominimizelaborcosts.AdoptingPAtechnologies
formanagingspatialapplicationsareobvioushelpsfarmerstoorganizesamplingdatamakebetter
decisions,providingalsoinformationtoimprovefarmingmanagement.Inaddition,theadoptionof

Figure 2. Frequency of articles per region per strength of evidence
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continued on following page

Table 6. PA technologies grouped into application categories for the studies included

PA Technologies Grouped Into Application Categories # References

1.Managingspatialvariabilityfordecisionmaking 71

1.1.Directedsampling:collectingdataandmonitoring
field-relatedparameters:PAprovidesfieldinformation
(i.e.weighingbiomass,measuringleafchlorophyllcontent,
weighingfruit,etc.)

3 (Mesas-Carrascosaetal.,2015;Martínezetal.,2017;
BramleyandJanik,2005)

1.2.Geo-mapping:mappingsoiltypeandcharacteristics,
nutrientslevelsorotherinformationinlayersandassignthat
informationtothefieldlocation.UseofGISandGPSto
producethematicmaps.

10

(Oliveretal.,2010;Palaniswamietal.,2011;Beeriand
Peled,2009;Inamuraetal.,2004;Mazloumzadehetal.,
2010;BieranddeSouza,2017;MoharanaandDutta,2016;
LeCointeetal.,2016;Soderstrometal.,2016;Bramleyet
al.,2013)

1.3.UseofawirelesssensornetworkwithGPSsupport:the
useofsensorsinthefieldsallowsacontinuousmonitoring
ofsoilcharacteristics,plantphysicochemicalparametersand
climaticconditions.Thefieldisusuallydelineatedusingan
in-vehicleGPSreceiver.

16

(JavierFerrandez-Pastoretal.,2016;Srbinovskaetal.,
2015;Nikolidakisetal.,2015;Mafutaetal.,2013;Camilli
etal.,2007;Bogue,2017;Baueretal.,2016;Delibasicand
Pejanovic-Djurisic,2017;Fernandesetal.,2013;Diasetal.,
2013;RosellandSanz,2012;Heetal.,2007;Moreenthaler
etal.2003;Christy,2008;Bontsemaetal.,2011;Riquelme
etal.,2009)

1.4.Proxy-detection(orproximalsensing):robotsorin-
vehiclesensorscanmeasureplantrelatedparameters(i.e.leaf
statusorplantgrowthstage).Groundbasedproximalsensors
mountedonagriculturalmachinery,cancollectvaluable
informationonspatialvariationwithinafield.

4 (vanVuurenetal.,2006;Caoetal.,2017;Rosseland
Bouma,2016;Wetterlindetal.,2010)

1.5.AerialorSatelliteRemoteSensing(RS):useofRemote
Sensingimagesandmaps.VariousRSapplicationsbasedon
thesedatacanprovideusefulinformationfordecisionmaking

11

(Candiagoetal.,2015;Lyleetal.,2013;Seelanetal.,2003;
ConţiuandGroza,2016;Huntetal.,2005;Al-Gaadietal.,
2016;NooriandPanda,2016;LyleandOstendorf,2011;
Mateseetal.,2015;Kyverygaetal.,2011;Casaetal.,2012)

1.6.Managementofenvironmentallysensitiveareas:PA
technologiesprovideinformationbycalculatinggreenhouse
gasemissionsduetomechanizedoperationsandtherefore
theycanindirectlylimitemissionstotheenvironment.They
canalsoleadtohighermarginalabatementcostsintheform
offorgoneprofits.

13

(SchiefferandDillon,2015;Shawetal.,2016;Cordoba
etal.,2016;McConnellandBurger,2011;Bramleyetal.,
2008;Stulletal.,2004;Schembergeretal.,2017;Kassam
andBrammer,2016;Garibaldietal.,2017;Cambouriset
al.,2014;Hoffmannetal.,2017;LobellandAzzari,2017;
Kallurietal.2003)

1.7.Profitabilitymaps:Mappedyielddatacombinedwith
overlaidactualfarm-levelcostscanconvertyieldmapsinto
profitabilitymaps.

1 (Bazzietal.,2015)

1.8.Divertanimalintrusion(intheagriculturallands) 1 (Bapatetal.,2017)

1.9.Economic/ComparativeAnalysisfordecisionmaking:
EconomicanalysisusingPAtechnologiesorcomparative
analysisofpreviouscasestudies.

12

(Silvaetal.,2007;MeloDematteetal.,2014;Bramley,
2009;Jochinkeetal.,2007;Liuetal.,2017;Nawaretal.,
2017;BachmaierandGandorfer,2009;Zude-Sasseetal.,
2016;Boraetal.,2012;Rickard,2015;Schellbergetal.,
2008;Plant,2001)

2.Precisenutrientapplications 27

2.1Allocateinputs:soil/yieldmapscanbeusedtoalter
fertilizerapplicationstosuitcurrentsoil’scharacteristics.Soil
mapscanalsobeusedtoalterirrigationplans.

9

(Bryanetal.,2011;MitralexisandGoumopoulos,2015;
Sadleretal.,2005;Biermacheretal.,2006;Krelletal.,
2003;Timmermannetal.,2003;Jayakumaretal.,2017;
Pariharetal.,2017;Devkotaetal.,2016)

2.2VariableRateTechnology(VRT):variablerateapplication
ofinputs,basedonsoilproperties,canincreaseyieldand
reducecosts.WithPAtechnologies,abetterallocativeinputs
plancanbeappliedinsteadoftheaveragerateofinputsbased
onfarmer’sknowledgeandexperience.

14

(HavlinandHeiniger,2009;Maineetal.,2010;
SchimmelpfennigandEbel,2016;Bassoetal.,2011;Tekin,
2010;Robertsonetal.,2009;WestandKovacs,2017;
Pahlmannetal.,2017;Boyeretal.,2011;Johnsonand
Richard,2010;Biermacheretal.,2009;Panagopoulosetal.,
2014;Yangetal.2012;LawesandRobertson,2011)

2.3Zonemanagement(ZM):yieldmonitoringwith
determinationofproductivityzonesorpoorfertilityzones/
zonespronetodiseases

4 (Bassoetal.,2011;Zandonadietal.,2013;Robertsonetal.,
2007;Robertsonetal.,2008)
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PAtechnologiescanreducetheenvironmentalimpactoftheagronomicalpracticesbyallocatingand
minimizinginputs,reducingtractorlapsandgasemissionsfrommechanizedoperations.

AnalyzingsamplingdatausingremotesensingtechniquesandspatialanalysiswithGPS/GIS
mapsmayrevealproblemsoropportunities thatfarmerwasnotaware.Spatialanalysisbasedon
samplingdatacanhelptoimprovethemanagementoflow-yieldingpatchesortheenvironmentally
sensitiveareas.PAtechnologiesformanagingspatialvariabilityhaveindirectbenefits,howeverthe
studiesincludedinthissystematicreviewindicatedthattheyoffercriticalinformationtoimprove
farmingefficiencyandenvironmentalconservation.Additionally,thesetechnologiesoffertheability
tostoreandprocessmoreandmoredataaftereachcroppingseason.Asmoredataisadded,further
informationisavailabletodrawmorepreciseconclusionsandmakebetterdecisions.Insomecase
substantiatedeconomicanalysisorcomparativeanalysismaybealsohelpfulfordecisionmaking.

Table 6. Continued

Figure 3. Strength of evidence for selected articles per PA technology category. Strength of Evidence: (a) strong evidence (S1); 
(b) moderate evidence (S2); (c) some evidence (S3); (d) inconclusive evidence (S4), PA technology categories: 1. Technologies 
for managing spatial variability for decision making: [1.1] Directed sampling; [1.2] Geo-mapping, [1.3] Use of wireless sensor 
networks; [1.4] Proxy-detection; [1.5] Aerial or Satellite Remote Sensing; [1.6] Management of environmentally sensitive areas; 
[1.7] Profitability maps; [1.8] Divert animal intrusion; [1.9] Economic/Comparative Analysis for decision making, 2. Precise 
nutrient applications: [2.1] Allocate inputs; [2.2] Variable rate Technology (VRT); [2.3] Zone management, 3. Precise pesticide 
applications: [3.1] Light bar guidance systems; [3.2] Unmanned aerial vehicles or robots, 4. Automation using Guidance Systems: 
[4.1] Automated steering systems; [4.2] Automations for agronomical practices.

PA Technologies Grouped Into Application Categories # References

3.Precisepesticideapplications 3

3.1.Lightbarguidancesystems:Lightbarguidancesystems
arerelativelyinexpensiveguidancesystemsandtheyprovide
aneasywaytoguideequipmentacrossafieldtoprevent
overlappingwhensprayingpesticides.

3.2.Unmannedaerialvehicles(UAV),useofrobots(forweed
control),automaticboom 3 (Zavala-Yoeetal.,2017;SabanciandAydin,2017;Bergeet

al.,2012)

4.AutomationusingGuidanceSystems 7

4.1.Automatedsteeringsystems:autosteersystemscanreduce
thenumberofoverlapstractorsmakeacrossthelandusing
GPS.Autopilotguidancesystemsinstalledontractorscan
alsoreducefatigueandlaborcostsandcanexpandhoursof
operation.Autosteercanalsoreducetheskilllevelrequiredto
operatefarmmachinery.

6
(Shockleyetal.,2011;Edwardsetal.,2017;D’Antonietal.,
2012;Oberthüretal.,2007;Lambetal.,2008;Schusteret
al.,2011)

4.2.Automationsforagronomicalpractices 1 (Kroulíketal.,2011)
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Table 7. Frequencies (N; %) of the articles per strength of evidence and assessment of studies

Assessment
Strong 

Evidence 
(S1)

Moderate 
Evidence 

(S2)

Some 
Evidence 

(S3)

Inconclusive 
Evidence 

(S4)

Totals 
(N; %)

Economic

Partialbudgetreports(PB) 13 13

Roughpartialbudgetreports(RP) 9 26 35

Unsubstantiatedreports(UR) 21 2 23

Notapplicable(NA) 25 4 8 37

Totals 22(20.4%) 72(66.7%) 6(5.6%) 8(7.4%) 108;100%

Agronomic

Fieldtrials(FT) 18 18

SimulationMethods(SM) 1 65 66

ResponseFunctions(RF) 3 4 4 11

Notapplicable(NA) 3 2 8 13

Totals 22(20.4%) 72(66.7%) 6(5.6%) 8(7.4%) 108;100%

Environmental

Documentedbenefits(DB) 1 1

Potentialindirectbenefits(IB) 2 11 13

Unsubstantiatedbenefits(UB) 11 8 1 20

Notapplicable(NA) 8 53 5 8 74

Totals 22(20.4%) 72(66.7%) 6(5.6%) 8(7.4%) 108;100%

Figure 4. Quality of articles included in the systematic review per precision agriculture technology used
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Adopting PA technologies for more precise nutrient applications can have direct benefits
from reducing the crop input costs (controlled amount and targeted applicationof nutrients and
water).Reducingtheamountofinputscanalsohaveanenvironmentalbenefitbecauselessunused
nutrientsthatenduptoecosystemsandtheenvironmentthroughleachingofwater-solublenitrates,
emissionsandrunoff.Precisenutrientapplicationscanhelpmaximizepotentialyieldandminimize
environmentalrisk,basedondetailedinformationsampledonfarmfertilitylevelsorlow-yieldsoil
patches,soiltypesandenvironmentalsensitivityortheareas.Targetednutrientapplicationsmayalso
reducethenumberoftripsneededbyapplyingatfirstablendofnutrients(NandeitherPorK)that
bestmatchestherequiredratioofthesenutrientsandthenmakeonefinalpasstospotapplythethird
nutrienttoareasthattheyaredeficientinit.Similartotheprecisenutrientapplications,precisepesticide
applicationsaimtodelivertheamountofpesticideneeded.Theanalysisofthestudiesincludedin
thissystematicreviewshowedthatautomatedrobotscanbeverypromisingtoapplymoretargeted
variableratepesticidesforweedcontrol,whilelightbarguidancesystemscanbeaquickerandless
expensivewaytoguideequipmentacrossafield,preventingoverlappingwhenspreadingpesticides.

Usingguidancesystemscanalsohavedirectbenefitsaccordingtothestudiesbeinganalyzed.
Inlinewithotherstudies(Cordessesetal.,2000;Debainetal.,2000;Dunnetal.,2006;Hanetal.,
2004,Stoll&Kutzbach,2000)currentanalysisconfirmsthattheuseofguidancesystemscanhave
manydirectbenefits,suchas:(1)managementofdriverfatiguebyreducinghumaneffortassociated
withmaintainingaccuratevehiclepaths;(2)reductioninoperatingcostsbecauseoftheincreased
accuracythatminimizestractorpassesinthefield;(3)increaseinproductivitybyachievinghigher
tractoroperatingspeeds;(4)improvedquality;(5)improvedhumansafetyconditions;(6)reduced

Figure 5. Frequency of articles per strength of evidence for the economic, agronomic and environmental assessment

Table 8. Type of benefits from the adoption of PA technologies

Application Groups Type of Benefits

1.Managingspatialvariability Indirectbenefitsfromsamplingdatainformationforthestateofcrops.Organized
dataprovideinformationforbetterdecisionmaking.

2.Precisenutrientapplications Directeconomicandenvironmentalbenefitsfromreducedortargetedplacementof
cropinputssuchasnutrientsandwater.

3.Precisepesticideapplications Directeconomicandenvironmentalbenefitsfromthereducedortargeteduseof
pesticidesusingautomatedsystems.

4.AutomationsusingGuidance
Systems

Directeconomicbenefitsfromusingautomatedunmannedsystems(reduced
laborcosts)andreducedimpactontheenvironment(reductionofmachinerypass
frequencyandreductionofsoilcompaction).
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environmentalimpact(reducedcarbonfootprint)byreducingmachinerypassfrequency);(7)working
regardlessweatherconditions.

Regardingthestrengthofevidenceofthearticles(N=108intotal),theincludedstudies(N=
94)wereassignedashavingS1(N=22or20.4%)orS2(N=72or66.7%)strengthofevidenceand
theexcludedstudiesS3(N=6or5.6%)orS4(N=8or7.4%).Detailedbenefitsaswerereported
studieshavingS1strengthofevidencearegivenatTable9(inthesupplementarymaterial).

Theassessmentofthearticlesincludedinthissystematicreviewrevealedthattherearemore
studies presenting tangible agronomic benefits contrary to economic or environmental benefits
(Figure5):thereare84outofthe108studiesincludedhavingS1(N=18)orS2(N=66)strengthof
evidence.Studiespresentingeconomicbenefitsarealmosthalf:thereare48outofthe108studies
includedhavingS1(N=13)orS2(N=35)strengthofevidence,suggestingthatreducingcostscannot
alwaysbemeasurable.Unfortunately,onlyasmallnumberofstudiespresentclearandmeasurable
environmentalbenefits:thereareonly14outof108studiesincludedhavingS1(N=1)orS2(N=
13)strengthofevidence.

Despitethefactthatmostofthestudies(totalN=94or87.1%)wereassignedahighlevelof
evidence(S1:N=22or20.4%orS2:N=72or66.7%),theheterogeneityofthestudiesdidnot
allowtodrawageneralconclusionordefineaconfirmedmonetarybenefit(perPAtechnologyused
orperha).Basedonthedetailedbenefitsreportedattheincludedarticlesitcanbeconcludedthat
itisstillverydifficulttodecidewhetherthebenefitsfromtheadoptionofaspecificPAtechnology
wouldbesameinanothersituationunderdifferentcriteriaorfactorsinvolved.

LIMITATIoNS oF THIS REVIEw

Inthissystematicreview,onlyEnglishwrittenstudieswereidentified.Basedontheexclusioncriteria
anynon-Englishwrittenarticle,studyorreportpresentingtechnologyinnovationsnotdirectlyrelated
withtheadoptionofprecisionagriculturetechnologieswasexcluded.Therearealsomanyunpublished
peer-reviewedstudiesorstudies,senttobepublished,presentingpositiveresultscomparedtothose
presentingnegativesthatmayneverreachthepublicationstage.Itiswell-knownthatmanyauthors
arereluctanttosendtheirresearchworkforpublicationifthefindingsarenegativeortheresultsare
contrarytotheexpectedones.Inaddition,somestudiesmayhaveprobablybeenmissedoutalthough
anextensiveliteraturesearchwasperformed.Alltheabovecasesmayintroducebiasinthissystematic
review.Finally,itshouldbenoted,thatchangingthesearchtermsorthesearchstrategymayleadto
identificationofdifferentstudiesthatmayhavealsodifferentstrengthofevidence.

CoNCLUSIoN

Inthissystematicreview,twenty-twoarticleswereassessedashavingS1strengthofevidence(20.4%)
andseventy-twoashavingS2(66.7%)strengthofevidence(totalN=94outofthetotalstudiesassessed
(N=108or87.1%).Theexcludedarticlesbasedontheexclusioncriteriaandstrategysetwerethe
articleshavingS3(N=6or5.6%)andS4(N=8or7.4%)strengthofevidence.Asaresult,almost
halfofthestudieswereassessedashavingS1orS2strengthofevidence(totalN=44outof108).

In most of the studies economic, agronomic and environmental benefits were reported but
analyzingthegainsfurtheritwasproveddifficulttodrawconclusions.Regardingtheassessment
ofstudiesincludedinthissystematicreviewtowardstheirstrengthofevidenceforeachcategory
ofbenefits(economic,agronomicandenvironmental),itisnotedthatonly22outofthe94articles
included(S1:N=13andS2:N=9studies)succeededinreportingmonetarygainsfromtheadoption
ofPAtechnologies.Similarly,atotalof19outofthe94articlesincluded(S1:N=18andS2:N=
1studies)reportedtangibleagronomicbenefits.Unfortunately,mostofthereportsassessedfailed
to report measurable environmental benefits and only three studies attempted to enumerate the
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expectedbenefits(S1:N=1andS2:N=2studies),provingthatitisstilldifficulttocalculatethe
environmentalgainsfromtheadoptionoftechnologicalinnovationsinagriculture.

ThissyntheticworkrevealedalsothatPAtechnologieswithexpectedeconomic,agronomicand
environmentalbenefitscanbegroupedintofourmaincategories(Table8):(1)Managingspatial
variability;(2)Precisenutrientapplications;(3)Precisepesticideapplications;and(4)Automations
usingGuidanceSystems.Foreachgroupdifferent type(director indirect)ofbenefitsshouldbe
expected(Table8).Insomecases,thebenefitsofimplementingPAtechnologiescanprovidedirectand
tangiblebenefits(allocativeinputsviamanagingspatialvariability,reducedandtargetedcropinputs
viavariablerateapplicationsorlowerlaborcostsduetoautomationsusingguidancesystems)that
canbeexpressedasamonetaryvaluegain.However,therearemanyothercaseswheretheadoption
ofPAtechnologiescanhaveindirectbenefitsdifficulttoestimatetheirmonetaryvaluegainatfirst.
Inthatway,asteadystreamoffarmingdatausingsensors,dronesorothertechnologicalinnovations
mayhaveindirectbenefitsbutitcanbeusedtoincreasefieldknowledgeandhelptopositiveallocative
ofnutrients,waterandfertilizerstoreduceproductivitycostsandincreasefarmingefficiency.

Thefindingsofthissystematicreviewcanbesummarizedasfollows:

• Allstudiesincludedinthesystematicreviewreportedpositiveimplications;
• MostoftheincludedstudiesreportedbenefitsfromtheadoptionofPATechnologiesformanaging

thespatialvariabilityandtheprecisenutrientapplications;
• Basedon thestrengthofevidenceof the includedarticles, theagronomicbenefitsaremore

tangible, while the economic benefits cannot always be measurable and the environmental
benefitsarenotalwaysclear;

• Studies with more detailed information in the change of costs were about ‘precise
nutrientapplications’;

• Theheterogeneityofthestudiesincludeddoesnotallowtomakecomparisonsormeta-analysis
ordrawconclusionsforfutureapplications;

• Morerecentandwell-designedstudiesofhighqualityfocusingonmeasuringthebenefitsfrom
adoptingtechnologyinnovationsinagricultureareneeded;

• Resultsfromindividualcasestudies,evenwhentheypresenttangiblebenefits,theycannotbe
generalizedduetotheirheterogeneity.

Thissystematicreviewattemptstopresentthecurrentstateoftheexpectedeconomic,agronomic
andenvironmentalbenefitsfromtheadoptionofdifferentPAtechnologies.Throughatypicalreview
process,atotalnumberof108articleswerethoroughlyexaminedandalmosthalfofthemprovided
evidenceontheeffectivenessofadoptingPAadvancedtechnologiestoimprovefarmingefficiency,
whilereducingcostsandenvironmentalrisk.However,duetotheheterogeneityofthestudies,itis
difficulttodrawagenerallyconsensualconclusionanditseemsthatmoreworkisneededtofully
evaluatescientificallytheefficiencyofthesetechnologiesindeliveringeconomic,agronomic,and
environmentalbenefitsinagriculture.

Referencesofthe108studiesincludedinthissystematicreview,characteristicsofstudies,and
thequalityassessmentaregiveninthesupplementarymaterial.
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