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INTRODUCTIONÿ
ÿ

Nigeria’sÿ riceÿsectorÿhasÿwitnessedÿsomeÿremarkableÿdevelopmentsÿparticularlyÿ inÿ theÿ

lastÿtenÿyears.ÿBothÿriceÿproductionÿandÿconsumptionÿinÿNigeriaÿhaveÿvastlyÿincreasedÿduringÿ

thisÿ period.ÿTheÿdemandÿ forÿ riceÿ inÿNigeriaÿ is,ÿ however,ÿ growingÿ fasterÿ thanÿ forÿ anyÿotherÿ

majorÿstaples,ÿwithÿconsumptionÿbroadeningÿacrossÿallÿsocio-economicÿclasses,ÿincludingÿtheÿ

poor.ÿSubstitutionÿofÿriceÿforÿcoarseÿgrainsÿandÿtraditionalÿrootsÿandÿtubersÿhasÿfuelledÿgrowthÿ

inÿdemandÿatÿ anÿannualÿrateÿofÿ5.6ÿperÿcentÿbetweenÿ1961ÿandÿ1992ÿ(Osiname,ÿ2002).ÿFAOÿ

(2003)ÿprojectedÿgrowthÿinÿriceÿconsumptionÿforÿNigeriaÿbeyondÿyearÿ2000ÿremainedÿasÿhighÿ

asÿ4.5ÿperÿcentÿperÿannum.ÿInÿresponseÿtoÿtheÿgrowingÿdemandÿforÿthisÿstaple,ÿgovernmentÿatÿ

variousÿ periodsÿ activelyÿ interferedÿ inÿ theÿ riceÿ economyÿ comingÿ upÿ withÿ policiesÿ andÿ

programmesÿoneÿofÿwhichÿisÿtheÿenormousÿ(rice)ÿimportsÿtoÿsupplementÿtheÿlocalÿproductionÿ

whichÿnoÿ doubtsÿ constituteÿanÿenormousÿdrainÿonÿtheÿcountry’sÿhadÿearnÿforeignÿearnings.ÿ

Othersÿhadÿ includedÿoscillatingÿ importÿ tariffsÿandÿ importÿ restrictions.ÿ ÿNotwithstandingÿ theÿ

variousÿpolicyÿmeasures,ÿdomesticÿriceÿproductionÿhasÿnotÿincreasedÿsufficientlyÿtoÿmeetÿtheÿ

increasedÿdemand.ÿÿ

Riceÿisÿcultivatedÿinÿvirtuallyÿallÿtheÿagro-ecologicalÿzonesÿinÿNigeria.ÿDespiteÿthis,ÿareaÿ

cultivatedÿ toÿ riceÿ appearsÿ small.ÿ Estimateÿ ofÿ locallyÿ producedÿ riceÿ forÿ yearÿ 2002ÿ wasÿ

2.9millionÿtonesÿ(FAOSTAT,ÿ2005).ÿAlso,ÿonlyÿaboutÿ6.7ÿperÿcentÿofÿtheÿ25ÿmillionÿhectaresÿ

ofÿ landÿ cultivatedÿ toÿ variousÿ foodÿ cropsÿ wasÿ cultivatedÿ toÿ riceÿ betweenÿ 2000ÿ andÿ 2002ÿ

(Osiname,ÿ2002).ÿPaddyÿriceÿproductionÿinÿNigeriaÿhasÿnotÿfollowedÿanyÿclear-cutÿpatternÿbutÿ

seemsÿtoÿoscillateÿwithÿpoliciesÿofÿvariousÿgovernments.ÿTheÿtrendÿinÿproductionÿshowsÿthatÿaÿ

boomÿ wasÿ firstÿ experiencedÿ inÿ 1965-1970ÿ periodsÿ whenÿ averageÿ outputÿ stoodÿ atÿ 321ÿ

thousandÿ tons.ÿ Duringÿ thisÿ period,ÿ averageÿ areaÿ cultivatedÿ toÿ riceÿ stoodÿ atÿ 234ÿ thousandÿ

hectaresÿ whileÿ averageÿ nationalÿ yieldÿ wasÿ 1.36ÿ ton/ha.ÿ Aÿ significantÿ improvementÿ inÿ riceÿ

productionÿwasÿrecordedÿinÿtheÿcountryÿbetweenÿ1986-1990ÿwhenÿoutputÿincreasedÿtoÿoverÿ2ÿ



millionÿ tonsÿ whileÿ averageÿ areaÿ cultivatedÿ andÿ yieldÿ roseÿ toÿ 1,069,200ÿhectaresÿ andÿ 2.09ÿ

tons/haÿrespectively.ÿThroughoutÿtheÿperiod,ÿriceÿoutputÿandÿyieldÿincreasedÿbutÿinÿtheÿ1991-

1995ÿperiods,ÿwhileÿoutputÿincreased,ÿyieldÿofÿriceÿdeclined.ÿTheÿincreasedÿoutputÿwasÿtracedÿ

toÿexpansionÿ inÿareaÿcultivated.ÿ ÿOnÿgeographicalÿzoneÿbasis,ÿ theÿcentralÿzoneÿ isÿtheÿlargestÿ

producerÿofÿriceÿinÿNigeria;ÿaccountingÿforÿ44ÿperÿcentÿofÿtheÿtotalÿriceÿoutputÿinÿ2000.ÿThisÿ

wasÿfollowedÿbyÿtheÿNorthwestÿ(29%)ÿwhileÿtheÿSouthwestÿwasÿtheÿleastÿ(4%).ÿTheseÿzonesÿ

however,ÿdifferÿinÿtermsÿofÿtheirÿcompetitiveÿadvantageÿinÿriceÿproduction.ÿItÿisÿinterestingÿtoÿ

noteÿthatÿwithinÿaÿzone,ÿthereÿcouldÿbeÿmoreÿthanÿoneÿriceÿecologiesÿorÿproductionÿsystemsÿ

(Singhÿ etÿ al.,ÿ 1997).ÿ Thus,ÿ whereÿ twoÿ distinctÿ ecologiesÿ exist,ÿ theÿ zoneÿ mayÿ haveÿ aÿ

competitiveÿadvantageÿinÿtheÿproductionÿofÿrice.ÿ

Theÿ limitedÿ capacityÿ ofÿ theÿ Nigerianÿ riceÿ economyÿ toÿ matchÿ theÿ domesticÿ demandÿ

raisesÿ aÿ numberÿ ofÿ pertinentÿ questionsÿ bothÿ inÿ policyÿ circleÿ andÿ amongstÿ researchers.ÿ Forÿ

instances,ÿwhatÿfactorsÿexp lainÿwhyÿdomesticÿriceÿproductionÿlagÿbehindÿtheÿdemandÿforÿtheÿ

commodityÿ inÿ Nigeria.ÿ Centralÿ toÿ thisÿ explanationÿ isÿ theÿ issueÿ ofÿ efficiencyÿ ofÿ theÿ riceÿ

farmersÿinÿtheÿuseÿofÿresources.ÿAverageÿyieldÿofÿuplandÿandÿlowlandÿrainfedÿriceÿinÿNigeriaÿ

isÿ1.8ton/haÿwhileÿ thatÿofÿ theÿ irrigationÿsystemÿ isÿ3.0ton/haÿ (PCU,ÿ2002).ÿThisÿ isÿ lowÿwhenÿ

comparedÿwithÿ 3.0ton/haÿ fromÿ uplandÿ and ÿ lowlandÿ systemsÿ andÿ 7.0ton/haÿ fromÿ irrigationÿ

systemÿ inÿ placesÿ likeÿ Coteÿ d’ÿ Ivoireÿ andÿ Senegalÿ (WARDAÿ andÿ NISER,ÿ 2001).ÿ Itÿ thusÿ

appearsÿ thatÿ riceÿ farmersÿ inÿ Nigeriaÿ areÿ notÿ gettingÿ maximumÿ returnÿ fromÿ theÿ resourcesÿ

committedÿ toÿ theirÿ enterprise.ÿ ÿ Thisÿ paperÿ thereforeÿ examinesÿ theÿ levelsÿ ofÿ efficiencyÿ ofÿ

selectedÿ riceÿ farmersÿ forÿ theÿ twoÿmajo rÿ riceÿ ecologiesÿ inÿ theÿ countryÿ (uplandÿ andÿ lowlandÿ

rainfedÿecologies)ÿandÿexplainsÿthoseÿfactorsÿthatÿdetermineÿtheirÿlevelsÿofÿefficiency.ÿ

ÿ



ANALYTICALÿFRAMEWORK1ÿ

Theÿ estimationÿ ofÿ aÿ frontierÿ functionÿ willÿ beÿ mostÿ heavilyÿ influencedÿ byÿ theÿ bestÿ

performingÿfirmsÿandÿsoÿ theÿ frontierÿ functionÿ representsÿaÿbestÿpracticeÿ technologyÿagainstÿ

whichÿtheÿefficiencyÿofÿfirmsÿwithinÿtheÿindustryÿcanÿbeÿmeasuredÿ(Coelli,ÿ1995).ÿAssumingÿ

thatÿaÿfarmÿfrontierÿproductionÿfunctionÿisÿofÿtheÿform:ÿ

ÿYÿ=ÿgÿ(Xa;ÿ㬠)………………………….…………..(1)ÿ

WhereÿZÿisÿtheÿagriculturalÿoutputÿquantity,ÿXaÿisÿinputÿquantitiesÿvectorÿandÿ㬠ÿisÿaÿvectorÿofÿ

productionÿ functionÿparameters.ÿ Forÿaÿgivenÿlevelÿofÿproductionÿ(Y ),ÿtheÿtechnicalÿefficientÿ

inputÿvectorÿXt,ÿisÿderivedÿbyÿsolvingÿEq.ÿ(1)ÿandÿtheÿinputÿratiosÿX1/Xiÿ=ÿkiÿ(iÿ>ÿ1),ÿwhereÿkiÿ

isÿtheÿratioÿofÿobservedÿinputsÿX1ÿandÿXiÿatÿoutputÿY .ÿ

GivenÿtheÿassumptionÿofÿCobb-Douglasÿtechnology,ÿtheÿfrontierÿproductionÿfunctionÿisÿ

self-dual.ÿ Thusÿ theÿ correspondingÿ costÿ frontierÿ derivedÿ analyticallyÿ fromÿ theÿ stochasticÿ

frontierÿproductionÿfunctionÿisÿgivenÿinÿtheÿgeneralÿformÿas:ÿ

Cÿ=ÿhÿ(P,ÿY;ÿ㬰)……………………………………(2)ÿÿ

WhereÿCÿisÿtheÿminimumÿcostÿassociatedÿwithÿtheÿproductionÿofÿZ,ÿPÿisÿinputÿpriceÿvectorÿandÿ

㬰ÿisÿtheÿvectorÿofÿparameters.ÿUsingÿtheÿShephard’sÿLemmaÿweÿderiveÿaÿsystemÿofÿminimumÿ

costÿinputÿdemandÿequationsÿwrittenÿas:ÿÿ

( , ; )i
i

C X P Y
P
∂

= Ψ
∂

…………………………….(3)ÿ

Substitutingÿ aÿ firm’sÿ inputÿ pricesÿ andÿ outputÿ quantityÿ intoÿ theÿ demandÿ sy stemÿ inÿ Eq.ÿ (3)ÿ

yieldsÿtheÿeconomicallyÿefficientÿinputÿvectorÿXe.ÿSinceÿtheÿcostÿfunctionÿisÿderivedÿfromÿtheÿ

originalÿ frontierÿ productionÿ function,ÿ Xeÿ isÿ saidÿ toÿ beÿ bothÿ allocativelyÿ andÿ technicallyÿ

efficient.ÿ Byÿ combiningÿ theÿ technicallyÿ efficient,ÿ economicallyÿ efficientÿ andÿ actualÿ inputÿ

ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
1ÿTheÿmodelÿpresentedÿinÿthisÿsectionÿisÿanÿadaptationÿofÿBravo-Uretaÿetÿal.ÿ(1991)ÿBravo_UretaÿandÿEverson,ÿ
1994)ÿ modelÿ whichÿ isÿ basedÿ onÿ theÿ stochasticÿ efficiencyÿ decompositionÿ methodology.ÿ Theÿ modelÿ isÿ anÿ
extensionÿofÿtheÿmodelÿintroducedÿbyÿKoppÿandÿDiewertÿ(1982).ÿSeeÿCoelliÿ(1995)ÿandÿBatteseÿetÿal.ÿ(1996)ÿforÿ
furtherÿreviewÿofÿfrontierÿfunctionÿapproach.ÿ



vectorsÿ(Xt,ÿXeÿandÿXa,)ÿ respectivelyÿwithÿ theÿ inputÿpriceÿvectorÿPÿ followingÿFarrell,ÿ(1957)ÿ

weÿobtainÿtechnicalÿefficiencyÿ(TE),ÿeconomicÿefficiencyÿ(EE)ÿandÿallocativeÿefficiencyÿ(AE)ÿ

indexesÿgivenÿasÿfollows:ÿ

TEÿ=ÿ(X'tÿP)/ÿ(X'aÿP)………………………………..(4)ÿ

EEÿ=ÿ(X'eÿP)/ÿ(X'aÿP)………………………………..(5)ÿ

andÿÿ

AEÿ=ÿ(X'eÿP)/ÿ(X'aÿP)………………………………..(6)ÿ

Whereÿ X'tÿ Pÿ andÿ X'eÿ Pÿ areÿ respectivelyÿ theÿ correspondingÿ technicallyÿ andÿ economicallyÿ

efficientÿcoatsÿofÿproduction,ÿwhileÿX'aÿPÿisÿtheÿ actualÿcostÿofÿproductionÿforÿanyÿparticularÿ

firm’sÿobservedÿlevelÿofÿoutput.ÿInÿallÿcases,ÿefficientÿproductionÿisÿrepresentedÿbyÿanÿindexÿ

valueÿ ofÿ 1.0,ÿ andÿ aÿ lowerÿ indexÿ valueÿ isÿ anÿ indicationÿ ofÿ lessÿ efficientÿ productionÿ (i.e.,ÿ aÿ

greaterÿdegreeÿofÿinefficiency).ÿ

Anÿempiricalÿmeasureÿofÿefficiencyÿcanÿbeÿdoneÿbyÿemployingÿtheÿapproachÿintroducedÿ

byÿ Jondrowsÿetÿ al.,ÿ (1982)ÿ toÿ separateÿ theÿdevotionsÿ fromÿ theÿ frontierÿ intoÿ randomÿandÿanÿ

efficiencyÿ component.ÿ Showingÿ howÿ thisÿ separationÿ isÿ accomplished,ÿ weÿ considerÿ theÿ

stochasticÿproductionÿfrontierÿofÿtheÿform:ÿ

Yÿ=ÿfÿ(Xa;ÿ㬠)ÿ+ÿ㭐……………………………………..(7)ÿ

Whereÿ㭐=ÿvÿ–ÿu,ÿisÿtheÿcomposedÿerrorÿtermÿ(Aignerÿetÿal.,ÿ1977).ÿTheÿtwoÿcomponentsÿvÿandÿ

uÿ areÿ assumedÿ toÿ beÿ independentÿ ofÿ eachÿ other,ÿ whereÿ vÿ isÿ theÿ two-sided,ÿ normallyÿ

distributedÿ randomÿ errorÿ (viÿ ~ÿN(0,ÿ 㰰v2ÿ ),ÿ andÿ uÿ isÿ one-sidedÿefficiencyÿcomponentÿwithÿaÿ

half-normalÿdistributionÿ(uiÿÿ~ÿN(0,ÿ㰰u2ÿ|)ÿ(Dawsonÿ1990,ÿSharmaÿetÿalÿ1999).ÿItÿfollowsÿthatÿ

theÿmaximumÿ likelihoodÿ estimationÿ ofÿ Eq.ÿ (1)ÿ yieldsÿ estimatesÿ forÿ 㬠ÿ andÿ 㮰,ÿwhereÿ 㬠ÿwasÿ

definedÿearlier,ÿ㮰ÿ=ÿ㰰uÿ/ÿ 㰰vÿ,ÿandÿ 㰰2ÿ=ÿ㰰v2ÿ+ÿ㰰u2ÿ.ÿBatteseÿandÿCorraÿ(1977)ÿdefinedÿ㬰ÿ=ÿ 㰰u2/ÿ㰰2,ÿ

soÿ thatÿ0ÿ<ÿ 㬰ÿ>ÿ1ÿandÿrepresentÿtheÿtotalÿvariationÿinÿoutputÿfromÿtheÿfrontierÿattributableÿtoÿ

technicalÿ efficiency.ÿ ÿ Jondrowÿ etÿ alÿ (1982)ÿ quotedÿ inÿ (Bravo-Uretaÿ andÿ Evenson,ÿ 1994;ÿ



ZaibetÿandÿDharmapala,ÿ1999)ÿhaveÿdemonstratedÿthatÿtheÿfarmÿspecificÿmeasureÿofÿtechnicalÿ

inefficiencyÿcanÿbeÿdeterminedÿfromÿtheÿconditionalÿexpectationÿofÿuiÿÿÿgivenÿ㭐iÿas:ÿ

E[ujÿ|ÿ㭐jÿ]ÿ=ÿ u vσ σ

σ
ÿ=ÿÿ

*
*

*

( / )
1 ( / )

j j

j

f
F
ε λ σ ε λ

σ
ε λ σ σ

 
−  − 

…………………..(8)ÿÿ

Whereÿ f*ÿ andÿF*ÿ areÿ theÿvaluesÿofÿ theÿ standardÿnormalÿdensityÿandÿdistributionÿ functionsÿ

respectively,ÿ evaluatedÿ atÿ 㭐i㮰/㰰ÿ andÿ 㰰2ÿ =ÿ 2 2 2 2/u vσ σ σ σ= .ÿ Consequently,ÿ Eqs.ÿ (7)ÿ andÿ (8)ÿ

provideÿ estimatesÿ forÿ uÿ andÿ vÿ afterÿ replacingÿ 㭐,ÿ 㰰,ÿ andÿ 㮰ÿ byÿ theirÿ estimates.ÿ Ifÿ vÿ isÿ thenÿ

subtractedÿfromÿboth ÿsidesÿofÿEq.ÿ(7),ÿweÿobtain:ÿ

Y*ÿ=ÿfÿ(Xa;ÿ㬠)ÿ–ÿuÿ=ÿZÿ–ÿv……………………………(9)ÿ

whereÿY*ÿ isÿ theÿfirm’sÿobservedÿou tputÿadjustedÿforÿtheÿstatisticalÿnoiseÿcapturedÿbyÿv.ÿEq.ÿ

(10)ÿisÿtheÿbasisÿforÿcomputingÿtheÿvectorÿXtÿandÿforÿderivingÿtheÿcostÿfunctionÿalgebraically.ÿ

ApplyingÿShephard’sÿLemmaÿtoÿ th eÿcostÿfunctionÿyieldsÿ theÿminimumÿcostÿfactorÿdemandÿ

functions,ÿwhich,ÿisÿusedÿtoÿobtainÿtheÿvectorÿXe.ÿÿ

ÿ

DATAÿANDÿEMPIRICALÿPROCEDURESÿ

Dataÿforÿthisÿstudyÿwereÿgeneratedÿfromÿaÿsurveyÿofÿ240ÿriceÿfarmersÿselectedÿbyÿmultiÿ

stageÿ samplingÿ approachÿ fromÿ Nigerÿ stateÿ (locatedÿ inÿ theÿ centralÿ zone)ÿ aÿ majorÿ riceÿ

producingÿstateÿinÿNigeria.ÿTheÿstateÿisÿendowedÿwithÿvastÿnaturalÿresourcesÿsuitableÿforÿtheÿ

twoÿpredominantÿriceÿproductionÿecologiesÿ(rainfedÿuplandÿandÿlowland)ÿinÿNigeriaÿ(Eresteinÿ

etÿ alÿ 2003,).ÿ Threeÿ dominantÿ riceÿ producingÿ Localÿ Governmentÿ Areasÿ (LGAs)ÿ namely:ÿ

Gurara,ÿGbakoÿandÿMokwaÿwereÿselectedÿoutÿofÿ theÿ25ÿLGAsÿinÿ theÿstateÿatÿ theÿfirstÿstageÿ

followedÿbyÿrandomÿselectionÿofÿthreeÿvillagesÿeachÿfromÿtheÿselectedÿLGAsÿandÿfinallyÿ120ÿ

farmersÿeachÿwereÿrandomlyÿselectedÿforÿeachÿofÿtheÿriceÿproductionÿecologies.ÿInput,ÿoutputÿ

andÿ otherÿ relevantÿ socio-economicÿ dataÿ wereÿ thenÿ collectedÿ fromÿ theÿ farmersÿ throughÿ

personalÿinterviewÿschedules.ÿÿ



Notwithstandingÿ itsÿ limitations,ÿ theÿCobb-Douglasÿwasÿ chosenÿ toÿestimateÿstochasticÿ

productionÿ frontiersÿforÿtheÿtwoÿriceÿsystemsÿ(usingÿFrontierÿ4.1)ÿbecauseÿtheÿmethodologyÿ

employedÿrequiresÿtheÿproductionÿfunctionÿtoÿbeÿself-dualÿandÿalsoÿ theÿfunctionalÿformÿwasÿ

assumedÿtoÿbeÿanÿadequateÿcharacterizationÿofÿtechnologyÿinÿriceÿproductionÿforÿtheÿpurposeÿ

atÿ hand.ÿ Moreover,ÿ theÿ Cobb-Douglasÿ functionalÿ formÿ hasÿ beenÿ widelyÿ usedÿ inÿ bothÿ

developedÿandÿdevelopingÿcountriesÿ forÿ farmÿefficiencyÿanalysisÿ (Battese,ÿ1992ÿandÿBravo-

UretaÿandÿEvenson,ÿ1994).ÿKoppÿandÿSmith,ÿ(1980)ÿandÿCavesÿandÿBarton,ÿ(1990)ÿjustifiedÿ

theÿuseÿofÿsingle-equationÿmodelÿasÿspecifiedÿinÿEq.ÿ(10)ÿbyÿassumingÿthatÿfarmersÿmaximizeÿ

expectedÿprofits,ÿasÿisÿoftenÿdoneÿinÿstudiesÿlikeÿthis.ÿTheÿspecificÿmodelÿestimatedÿisÿofÿtheÿ

form:ÿ

lnÿYÿ=ÿ㬠0ÿ+ÿ㬠1ÿlnÿFzÿ+ÿ㬠2ÿlnÿLbÿ+ÿ㬠3ÿlnÿTrct2ÿ+ÿ㬠4ÿlnÿAgchÿ+ÿ㬠5ÿlnÿSdÿÿ

ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ+ÿ 㬠6ÿlnÿFert ÿ+ÿ㭐ÿ……………………………………(10)ÿ

whereÿYÿisÿtotalÿannualÿoutputÿofÿriceÿ(kg)ÿforÿeachÿproductionÿsystem;ÿFzÿisÿtheÿsizeÿofÿfarmÿ

cultivatedÿtoÿrice;ÿLbÿisÿman -dayÿofÿlabourÿused,ÿTrct.ÿisÿtotalÿhoursÿofÿtractionÿengaged;ÿAgchÿ

theÿquantityÿofÿagrochemicalÿusedÿ(litres);ÿFert ÿisÿtheÿquantityÿofÿfertilizerÿusedÿ(kg),ÿandÿSdÿ

isÿtheÿquantityÿofÿseedsÿusedÿforÿtheÿproductionÿofÿriceÿmeasuredÿinÿkilograms;ÿ㬠iÿparametersÿ

toÿ beÿ estimatedÿ (iÿ =ÿ 0,ÿ 1,2,3,4,5,6);ÿ andÿ 㭐ÿ isÿ theÿ composedÿ errorÿ termÿ definedÿ earlier.ÿ Theÿ

explanatoryÿvariablesÿincludedÿinÿtheÿmodelÿareÿsimilarÿtoÿthoseÿusedÿinÿpreviousÿstudiesÿofÿ

developingÿNigeriaÿagricultureÿ(ImolehinÿandÿWadaÿ2000;ÿandÿAwotideÿ2004).ÿÿ

ÿ

ÿ

ÿ

ÿ

ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
2ÿTheÿtractorÿvariableÿwasÿremovedÿfromÿtheÿlowlandÿriceÿfarmers’ÿmodelÿsinceÿthisÿinputÿwasÿhardlyÿusedÿbyÿ
thisÿgroupÿofÿfarmers.ÿÿ
ÿ



EMPIRICALÿRESULTSÿ

Tableÿ 1ÿ showsÿ theÿ maximumÿ likelihoodÿ parameterÿ estimatesÿ ofÿ theÿ stochasticÿ

productionÿ frontierÿ(Eqn.ÿ10)ÿforÿuplandÿandÿlowlandÿproducersÿalongÿwithÿsomeÿdescriptiveÿ

statisticsÿforÿtheÿsample.ÿForÿcomparison,ÿOLSÿestimatesÿofÿaverageÿproductionÿfunctionsÿareÿ

alsoÿshown.ÿInÿgeneral,ÿtheÿfrontierÿestimatesÿamountÿto ÿneutralÿupwardÿshiftÿofÿtheÿaverageÿ

function.ÿTheÿfunctionÿcoefficientÿforÿuplandÿriceÿisÿveryÿcloseÿtoÿoneÿ(0.97)ÿwhileÿtheÿvalueÿ

forÿ lowlandÿ riceÿ isÿ1.05.ÿTheseÿvaluesÿareÿvirtuallyÿunaffectedÿbyÿestimatorÿused.ÿBasedÿonÿ

restrictedÿleastÿsquaresÿregression,ÿtheÿhypothesisÿofÿconstantÿreturnÿtoÿsizeÿcannotÿbeÿrejectedÿ

forÿeitherÿuplandÿorÿlowlandÿ rice.ÿTheseÿresultsÿareÿconsistentÿwithÿtheÿfactÿthatÿallÿfarmsÿinÿ

theÿ sampleÿ areÿ relativelyÿ small.ÿ Theÿ largestÿ numberÿ ofÿ hectaresÿ devotedÿ toÿ uplandÿ riceÿ

productionÿisÿfiveÿwhileÿtheÿcorrespondingÿfigureÿforÿlowlandÿisÿgreaterÿthanÿfiveÿhectares.ÿ

Theÿ dualÿ costÿ frontierÿ forÿ uplandÿ (eq.ÿ 11)ÿ andÿ lowlandÿ (eq.ÿ 12)ÿ riceÿ systemsÿ derivedÿ

analyticallyÿfromÿtheÿstochasticÿproductionÿfrontierÿshownÿinÿtableÿ1,ÿgivenÿasÿÿ

lnÿCUÿ=ÿ-ÿ2.969ÿ+ÿ0.292ÿlnÿPFzÿ+ÿ0.454ÿlnÿPLbÿ+ÿ0.095ÿlnÿPTrctÿ+ÿ0.003ÿlnÿPAgchÿÿ

ÿÿÿÿÿÿÿÿÿÿÿÿ+ÿ0.138ÿlnÿPSdÿÿ+ÿ0.138ÿlnÿPFertÿ+ÿ0.781ÿlnÿYU*------------------------------(11)ÿ

andÿÿ

lnÿCLÿ=ÿ-ÿ2.458ÿ+ÿ0.126ÿlnÿPFzÿ+ÿ0.584ÿlnÿPLbÿ+ÿ0.068ÿlnÿPAgchÿ+ÿ0.388ÿlnÿPSdÿÿÿ

ÿÿÿÿÿÿÿÿÿÿÿÿÿ+ÿ0.385ÿlnÿPFertÿÿ+ÿ0.447ÿlnÿYL*----------------------------------------------(12)ÿ

WhereÿCUÿisÿperÿfarmÿcostsÿo fÿproducingÿuplandÿrice;ÿCLÿisÿtheÿcostÿperÿfarmÿofÿproducingÿ

lowlandÿrice,ÿPFzÿ isÿtheÿ priceÿofÿfertilizer;ÿPLbÿisÿdailyÿwageÿrateÿofÿlabour;ÿPTrctÿisÿtheÿpriceÿofÿ

tractorÿserviceÿperÿhour;ÿPAgchÿperÿlitreÿpriceÿofÿagrochemical;ÿPSdÿÿisÿtheÿpriceÿofÿseedsÿusedÿasÿ

input;ÿPFertÿisÿtheÿpriceÿofÿfertilizerÿappliedÿperÿhectareÿofÿland;ÿYU*ÿandÿYL*ÿareÿtheÿannualÿ

totalÿfarmÿoutputÿofÿÿuplandÿandÿlowlandÿriceÿinÿkilogramsÿadjustedÿforÿanyÿstatisticalÿnoiseÿ

asÿspecifiedÿinÿEqn.ÿ(9)ÿabove.ÿTheÿmeanÿtechnicalÿ(TE)ÿefficiencyÿindexÿcomputedÿforÿ120ÿ

riceÿ farmersÿshownÿ inÿ tableÿ 2ÿareÿ81.6ÿandÿ 76.9ÿforÿuplandÿandÿlowlandÿrespectively.ÿGivenÿ



thatÿ theÿsameÿcropÿisÿproducedÿunderÿdifferentÿfarmingÿsystem,ÿitÿisÿ interestingÿtoÿcompareÿ

theÿefficiencyÿ levelsÿ forÿ theÿ twoÿsystems.ÿTheÿnullÿhypothesisÿ thatÿ theÿmeanÿefficiencyÿ forÿ

bothÿ systemsÿ isÿ equal,ÿ evaluatedÿ usingÿ t-ÿ testsÿ isÿ rejected.ÿWeÿ thereforeÿ concludeÿ thatÿ theÿ

technicalÿefficiencyÿinÿuplandÿriceÿproductionÿsystemÿisÿsignificantlyÿhigherÿcomparedÿtoÿtheÿ

lowlandÿproductionÿsystem.ÿ

ÿ

Table1:ÿAverageÿ productionÿ functionsÿ andÿ stochasticÿproductionÿfrontiersÿ forÿuplandÿ

andÿlowlandÿriceÿbasedÿonÿsampleÿofÿfarmersÿinÿNigerÿStateÿÿNigeriaÿ
Variableÿ Uplandÿ(N=120)ÿ Lowlandÿ(N=120)ÿ

ÿ Meanÿ

(SD)ÿ

Averageÿ

functionÿ

Stochasticÿ

frontierÿ

Meanÿ

(SD)ÿ

Averageÿ

Functionÿ

Stochasticÿ

frontierÿ

Interceptÿ

ÿ

Farmÿsizeÿ

ÿ

Labourÿ

ÿ

Tractorÿ

ÿ

Agrochemicalÿ

ÿ

SeedÿQuantityÿ

ÿ

Fertilizerÿ

ÿ

Quasiÿfun.ÿcoefficientÿ

Varianceÿparametersÿ

㰰2ÿ

ÿ

㬰ÿ

ÿ

Loglikelihoodÿ

LRÿtestÿofÿoneÿsidedÿerrorÿ

-ÿ

ÿ

3.27ÿ

(2.41)ÿ

35.36ÿ

(15.67)ÿ

143.20ÿ

(28.56)ÿ

61.75ÿ

(103.09)ÿ

32.92ÿ

(48.74)ÿ

43.26ÿ

(57.24)ÿ

ÿ

ÿ

-ÿ

ÿ

-ÿ

ÿ

-ÿ

-ÿ

1.844*ÿ

(0.330)ÿ

0.327*ÿ

(0.091)ÿ

0.212*ÿ

(0.075)ÿ

0.033*ÿ

(0.012)ÿ

0.121**ÿ

(0.051)ÿ

0.134**ÿ

(0.054)ÿ

0.113ÿ

(0.082)ÿ

0.940ÿ

ÿ

0.032ÿ

ÿ

0.050ÿ

ÿ

39.21ÿ

-ÿ

1.845*ÿ

(0.403)ÿ

0.317*ÿ(0.104)ÿ

0.252*ÿ(0.058)ÿ

0.036*ÿ

(0.012)ÿ

0.111*ÿ

(0.043)ÿ

0.141*ÿ

(0.053)ÿ

0.115ÿ

(0.083)ÿ

0.972ÿ

ÿ

0.031*ÿ

(0.004)ÿ

0.047ÿ

(0.098)ÿ

41.63ÿ

4.837ÿ

-ÿ

ÿ

4.61ÿ

(3.84)ÿ

52.21ÿ

(105.41)ÿ

-ÿ

ÿ

118.84ÿ

(164.42)ÿ

19.07ÿ

(12.36)ÿ

135.03ÿ

(126.61)ÿ

ÿ

ÿ

-ÿ

ÿ

-ÿ

ÿ

-ÿ

-ÿ

ÿ

1.946*ÿ

(0.336)ÿ

0.411*ÿ

(0.153)ÿ

0.223*ÿ

(0.078)ÿ

-ÿ

ÿ

0.012ÿ

(0.016)ÿ

0.167**ÿ

(0.068)ÿ

0.303*ÿ

(0.113ÿ

1.116ÿ

ÿ

0.075ÿ

ÿ

0.64ÿ

ÿ

-115.44ÿ

-ÿ

2.149*ÿ

(0.289)ÿ

0.391*ÿ

(0.136)ÿ

0.231*ÿ

(0.063)ÿ

-ÿ

ÿ

0.011ÿ

(0.011)ÿ

0.165*ÿ

(0.058)ÿ

0.249**ÿ

(0.104)ÿ

1.047ÿ

ÿ

0.137*ÿ

(0.029)ÿ

0.77*ÿ

(0.111)ÿ

-188.11ÿ

5.466ÿ

*Significantÿatÿtheÿ0.01ÿlevel,ÿ**ÿatÿtheÿ0.05ÿlevel,ÿ***atÿ0.1ÿlevelÿ

ÿ



Severalÿ authorsÿ haveÿ investigatedÿ theÿ relationshipÿ betweenÿ efficiencyÿ andÿ variousÿ

socio-economicÿ variablesÿ usingÿ twoÿ alternativeÿ approaches3.ÿOneÿ approachÿ isÿ toÿ computeÿ

correlationÿ coefficientsÿ toÿ conductÿ otherÿ simpleÿ non-parametricÿ analysis.ÿTheÿ secondÿway,ÿ

usuallyÿreferredÿtoÿasÿaÿtwo-stepÿprocedure,ÿisÿtoÿfirstÿmeasureÿfarmÿlevelÿefficiencyÿandÿthenÿ

toÿestimateÿaÿregressionÿmodelÿwhereÿefficiencyÿisÿexpressedÿasÿaÿfunctionÿofÿsocioeconomicÿ

attributes.ÿÿKalirajanÿ(1991)ÿobservedÿthatÿsocio-economicÿattributesÿhaveÿroundabou tÿeffectsÿ

onÿproductionÿand,ÿandÿhence,ÿshouldÿbeÿincorporatedÿintoÿtheÿanalysisÿindirectly,ÿwhileÿRayÿ

(1988)ÿ arguedÿ thatÿ theÿ two-stepÿ procedureÿ isÿ justifiableÿ ifÿ oneÿ assumesÿ thatÿ productionÿ

functionÿ isÿmultiplicativelyÿseparableÿ inÿwhatÿheÿcallsÿdiscretionaryÿ (includedÿinÿproductionÿ

function)ÿ andÿnond iscretionaryÿ(usedÿtoÿexplainÿvariationsÿinÿefficiency)ÿinputs.ÿDespiteÿtheÿ

controversyÿ itÿ isÿ stillÿ usefulÿ toÿ examineÿ theÿ possibleÿ relationshipÿ betweenÿ efficiencyÿ andÿ

socioeconomicÿcharacteristic.ÿForÿthisÿpurpose,ÿtheÿanalysisÿofÿvarianceÿ(ANOVA)ÿwasÿusedÿ

inÿthisÿstudyÿtoÿinvestigateÿtheÿassociationÿbetweenÿEE,ÿTEÿandÿAE,ÿforÿ theÿfollowingÿsevenÿ

socioeconomicÿ characteristics;ÿ (1)ÿ Age,ÿ givenÿ byÿ theÿ ageÿ ofÿ theÿ householdÿ head;ÿ (2)ÿ

Education,ÿ theÿ numberÿ ofÿ yearsÿ ofÿ schoolingÿ completedÿ byÿ theÿ householdÿ head;ÿ (3)ÿ

Experience,ÿtheÿnumberÿofÿyearsÿofÿfarmingÿriceÿbyÿtheÿhouseholdÿheadÿÿ(4)ÿHouseho ldÿsize,ÿ

theÿ totalÿ numberÿ ofÿ peopleÿ inÿ theÿ househo ldÿ bothÿ oldÿ andÿ youngÿ (5)ÿ Farmÿ size,ÿ theÿtotalÿ

numberÿofÿhectaresÿinÿtheÿfarmÿunitÿunderÿeachÿsystem,ÿ(6)ÿSex,ÿequalÿtoÿ1ÿforÿtheÿfemaleÿriceÿ

farmersÿ andÿ zeroÿ forÿ theÿ maleÿ farmersÿ (7)ÿ Seedÿ variety,ÿ equalÿ toÿ oneÿ forÿ improvedÿ riceÿ

varietyÿandÿzeroÿforÿtheÿtraditionalÿvarietyÿÿ

TheÿANOVAÿresultsÿpresentedÿinÿTableÿ2ÿshowÿthereÿisÿtheÿlackÿofÿconsistentÿpatternÿofÿ

associationÿbetweenÿefficiencyÿandÿsomeÿsocioeconomicÿcharacteristicsÿasÿageÿandÿeducationÿ

inÿbothÿproductionÿsystems;ÿexperienceÿinÿtheÿcaseÿlowlandÿsystem;ÿÿ

ÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿÿ
3ÿForÿaÿreviewÿofÿseveralÿofÿtheseÿpapers,ÿseeÿBravo-ÿUretaÿandÿPinheiroÿ(1997)ÿ
ÿ



Tableÿ2:ÿDistributionÿofÿtheÿEfficiencyÿScoresÿandÿSocioÿeconomicÿcharacteristics ÿofÿriceÿ

farmers.ÿ
Uplandÿfarmersÿ ÿ LowlandÿfarmersÿÿVariableÿ

Nÿ TEÿ EEÿ AEÿ ÿ Nÿ TEÿ EEÿ AEÿ
Ageÿ(Years)ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
ÿÿ<29ÿÿ 10ÿ 93.3ÿ 39.2ÿ 42.0ÿ ÿ 7ÿ 93.0ÿ 27.5ÿ 29.6ÿ
ÿÿ30 -39ÿ 36ÿ 88.0ÿ 40.3ÿ 44.0ÿ ÿ 26ÿ 82.9ÿ 27.5ÿ 33.3ÿ
ÿÿ40 -49ÿ 41ÿ 95.7ÿ 36.9ÿ 38.5ÿ ÿ 68ÿ 86.8ÿ 34.3ÿ 39.1ÿ
ÿÿ50 -59ÿ 16ÿ 97.1ÿ 49.3ÿ 52.8ÿ ÿ 17ÿ 85.3ÿ 19.9ÿ 22.8ÿ
ÿÿÿ>ÿ60ÿ
F-Valueÿ

17ÿ
ÿ

96.3ÿ
6.1*ÿ

79.2ÿ
1.1ÿ

80.5ÿ
1.2ÿ

ÿ 2ÿ 71.6ÿ
1.5ÿ

15.2ÿ
1.3ÿ

22.2ÿ
1.3ÿ

ÿ
Educationÿÿ
ÿ

ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ

ÿÿNone ÿ 6ÿ 88.5ÿ 41.8ÿ 47.3ÿ ÿ 3ÿ 67.0ÿ 23.5ÿ 36.4ÿ
ÿÿPrimaryÿÿ 90ÿ 94.3ÿ 42.2ÿ 45.3ÿ ÿ 50ÿ 84.5ÿ 29.3ÿ 34.5ÿ
ÿÿJuniorÿSec.ÿÿ -ÿ -ÿ -ÿ -ÿ ÿ 6ÿ 88.0ÿ 23.0ÿ 26.3ÿ
ÿÿSeniorÿSecÿÿ
ÿÿF-Valueÿ

24ÿ
ÿ

94.9ÿ
11.8ÿ*ÿ

38.9ÿ
0.2ÿ

39.4ÿ
0.5ÿ

ÿ 61ÿ 88.6ÿ
2.5***ÿÿ

31.7ÿ
0.3ÿ

35.7ÿ
0.2ÿ

ÿ
Experienceÿ(Years)ÿ
ÿÿÿÿ

ÿ
ÿ
ÿ

ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ

ÿÿ<ÿ9ÿ 10ÿ 95.4ÿ 44.6ÿ 47.3ÿ ÿ 16ÿ 76.0ÿ 23.7ÿ 31.9ÿ

ÿÿ10 -19ÿ 19ÿ 94.2ÿ 33.2ÿ 34.9ÿ ÿ 81ÿ 86.8ÿ 30.5ÿ 35.0ÿ
ÿÿ20 -29ÿ 41ÿ 89.5ÿ 38.6ÿ 41.7ÿ ÿ 21ÿ 89.5ÿ 35.2ÿ 37.9ÿ
ÿÿ30 -39ÿ 31ÿ 95.6ÿ 47.3ÿ 49.8ÿ ÿ 2ÿ 88.8ÿ 9.9ÿ 11.4ÿ
ÿÿ40 -49ÿ 10ÿ 96.4ÿ 43.2ÿ 48.3ÿ ÿ -ÿ -ÿ -ÿ -ÿ
ÿÿ50 -59ÿ 7ÿ 96.4ÿ 34.5ÿ 35.3ÿ ÿ -ÿ -ÿ -ÿ -ÿ
ÿÿ≥60ÿ
ÿF-Valueÿ

2ÿ 98.4ÿ
2.0ÿ***ÿ

89.9ÿ
2.1ÿ***ÿ

91.5ÿ
1.9ÿ***ÿ

ÿ -ÿ
ÿ

-ÿ
3.7ÿ*ÿ

-ÿ
0.9ÿ

-ÿ
0.6ÿ

ÿ
HouseholdÿSize ÿ

ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
ÿÿ<10 ÿ 97ÿ 92.6ÿ 39.5ÿ 42.0ÿ ÿ 58ÿ 83.0ÿ 23.9ÿ 29.1ÿ
ÿÿ10 -20ÿ 19ÿ 97.5ÿ 51.1ÿ 54.3ÿ ÿ 62ÿ 88.5ÿ 35.8ÿ 40.0ÿ
ÿÿ>20 ÿ
ÿÿF-Valueÿ

4ÿ 93.3ÿ
3.4*ÿ

39.8ÿ
1.7ÿÿ

45.5ÿ
1.7ÿ

ÿ -ÿ -ÿ
4.9**ÿ

-ÿ
6.8*ÿ

-ÿ
4.2ÿ**ÿ

ÿ
Farmÿsizeÿ(HA)ÿ

ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
ÿÿÿ<1 ÿ -ÿ -ÿ -ÿ -ÿ ÿ 18ÿ 74.5ÿ 15.7ÿ 21.7ÿ
ÿÿ1 -5ÿ 99ÿ 92.4ÿ 40.6ÿ 43.4ÿ ÿ 38ÿ 81.4ÿ 15.4ÿ 31.9ÿ
ÿÿÿ>5 ÿ
ÿÿF-Valueÿ

21ÿ 98.5ÿ
13.1ÿ*ÿ

45.7ÿ
0.7ÿ

47.9ÿ
0.5ÿ

ÿ 64ÿ 91.7ÿ
18.1ÿ*ÿÿ

36.9ÿ
5.6ÿ*ÿ

40.1ÿ
3.2**ÿ

ÿ
SEXÿ

ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
0ÿ
1ÿ
F-Value ÿ

41ÿ
79ÿ

86.7ÿ
96.9ÿ
36.7*ÿ

36.6ÿ
44.0ÿ
2.18ÿÿ

41.7ÿ
45.5ÿ
0.5ÿ

ÿ 15ÿ
105ÿ

77.7ÿ
87.0ÿ
6.3*ÿ

14.7ÿ
32.3ÿ
5.8*ÿ

20.1ÿ
36.8ÿ
4.4**ÿ

ÿ
SeedÿVarityÿ

ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ

0ÿ
1ÿ
F-Value ÿ

72ÿ
48ÿ

91.5ÿ
96.4ÿ
48.8*ÿ

35.4ÿ
50.6ÿ
10.6*ÿ

38.9ÿ
52.1ÿ
7.0*ÿ

ÿ 72ÿ
48ÿ

86.5ÿ
84.9ÿ
6.4*ÿ

31.4ÿ
52.0ÿ
8.5*ÿ

35.9ÿ
58.9ÿ
4.3**ÿ

*SignificantÿatÿP≤ÿ0.01,ÿÿ**ÿSignificantÿatÿP≤ÿ0.05,ÿ***SignificantÿatÿP≤ÿ0.1,ÿÿÿ
ÿ
andÿhouseholdÿsize,ÿfarmÿsizeÿandÿsexÿinÿtheÿcaseÿofÿtheÿuplandÿsystem.ÿSomeÿofÿtheseÿresultsÿ

areÿ consistentÿ withÿ findingsÿ reportedÿ byÿ authorsÿ whoÿ haveÿ studiedÿ theÿ p roductivityÿ ofÿ



traditionalÿ farmers.ÿ Forÿ instance,ÿ Bravo-Uretaÿ andÿ Evensonÿ (1994),ÿ andÿ Ajibefunÿ (2003)ÿ

reportedÿtheÿpresencesÿofÿaÿweakÿassociationÿbetweenÿefficiencyÿandÿeducationÿattributeÿforÿ

easternÿ Paraguayÿ andÿ southwestÿ Nigeriaÿ respectively.ÿ Azhar,ÿ (1991)ÿ lendÿ supportÿ toÿ thisÿ

notionÿbyÿassertingÿthatÿelementaryÿeducationÿ(4ÿ-ÿ6ÿyearsÿofÿschooling)ÿdoesÿnotÿhaveÿmuchÿ

effectÿonÿagriculturalÿproductivityÿinÿtraditionalÿfarmÿsettings.ÿInÿthisÿstudy,ÿaboutÿ75%ÿofÿtheÿ

farmersÿhadÿprimaryÿeducation,ÿ20%ÿhadÿsecondaryÿeducationÿandÿ5%ÿhadÿnoÿeducation.ÿ

Theÿ clearestÿ patternÿ thatÿ emergesÿ isÿ that,ÿ allÿ theÿ socio-economicÿ characteristicsÿwereÿ

positivelyÿ relatedÿ toÿ efficiency.ÿ However,ÿ fourÿ ofÿ theseÿ characteristics-ÿ experience,ÿ

householdÿ size,ÿ farmÿ sizeÿ andÿ sex,ÿ hadÿ fou rÿ outÿ ofÿ theÿ sixÿ casesÿstatisticallyÿsignificantÿatÿ

variousÿ levelsÿwithÿmarkedÿ influenceÿ onÿ allÿ efficiencyÿmeasuresÿ underÿ lowlandÿproductionÿ

systemÿ exceptÿ forÿ experience.ÿ ÿ Theÿ significantÿ influenceÿ ofÿ farmÿ sizeÿrelatesÿ toÿ capturingÿ

variationÿ inÿ efficiencyÿ thatÿ arisesÿ fromÿ differencesÿ inÿ scaleÿandÿ thisÿeffectÿhasÿbeenÿwidelyÿ

reportedÿ byÿ authorsÿ (Bravo-Uretaÿ andÿR iegerÿ1991,ÿAmaraÿetÿal.,ÿ1998).ÿFinally,ÿvarietyÿofÿ

seedÿ (especiallyÿ theÿ improvedÿ variety)ÿ exhibitsÿ theÿ greatestÿ numberÿ ofÿ significantÿ

relationshipsÿwithÿefficiencyÿinÿallÿofÿtheÿsixÿcases.ÿTheÿemergenceÿofÿaÿclear-cutÿpatternÿthusÿ

showsÿtheÿeffectÿthatÿimprovedÿseedsÿhaveÿonÿindividualÿfarmÿefficiency.ÿÿÿ

ÿÿÿÿ

CONCLUSIONSÿ

Thisÿpaperÿusedÿaÿstochasticÿefficiencyÿdecompositionÿmethodologyÿtoÿderiveÿtechnical,ÿ

efficiencyÿ measuresÿ forÿ aÿ sampleÿ ofÿ riceÿ farmersÿ locatedÿ inÿ Nigerÿ stateÿ ofÿ Nigeria.ÿ Theÿ

analysisÿ isÿ performedÿ separatelyÿ forÿ theÿ sameÿ cropÿ (rice)ÿbutÿ underÿ twoÿ farmingÿ systemsÿ

(uplandÿ andÿ lowland).ÿ Thisÿ analysisÿ showsÿ anÿ averageÿ technicalÿ efficiencyÿ ofÿ 81.6%ÿ forÿ

uplandÿ riceÿ andÿ ofÿ 76.9%ÿ forÿ lowland,ÿ whichÿ revealsÿ thatÿ thereÿ isÿ considerableÿ roomÿ forÿ

improvementÿinÿtheÿproductivityÿofÿtheÿlowlandÿfarmsÿinÿtheÿarea.ÿÿTheÿresultsÿofÿthisÿstudyÿ

suggestÿ that,ÿ farmersÿ couldÿ increaseÿ outputÿ andÿ householdÿ incomeÿ throughÿ betterÿ useÿofÿ



availableÿresourcesÿgivenÿtheÿstateÿofÿtechnologyÿinÿtermsÿofÿimprovedÿvarietiesÿofÿriceÿseeds.ÿ

Gainsÿ inÿoutputÿs temmingÿfromÿimprovementsÿ inÿp roductivityÿareÿ importantÿ toÿNigerÿStateÿ

farmersÿ consideringÿ thatÿ opportun itiesÿ toÿ increaseÿ farmÿ productionÿ byÿ bringingÿ additionalÿ

virginÿ landsÿ intoÿ cultivationÿ haveÿ significantlyÿ diminishedÿ overÿ theÿ yearsÿ withÿ theÿ riseÿ inÿ

populationÿ andÿ consumptionÿ ofÿ riceÿ inÿ everyÿ householdÿ inÿNigeria.ÿ Theÿ frontierÿ functionÿ

under-scoresÿ theÿ significanceÿ ofÿ tractionÿ inÿ improvingÿ technicalÿ efficiencyÿ ofÿ lowlandÿ riceÿ

farmersÿsinceÿtheÿvariableÿisÿhardlyÿusedÿinÿtheÿareaÿbyÿtheÿlowlandÿriceÿfarmers.ÿ

Relationshipÿbetweenÿefficiencyÿandÿ variousÿsocioeconomicÿvariablesÿdidÿnotÿrevealÿaÿ

clearÿstrategyÿ(exceptÿforÿseedÿvariety)ÿthatÿcouldÿbeÿrecommendedÿtoÿimproveÿperformanceÿ

despiteÿ theirÿ statisticalÿ significance.ÿ Oneÿ possibleÿ explanationÿ forÿ theÿ lackÿ ofÿ aÿconsistentÿ

relationshipÿbetweenÿefficiencyÿandÿ socioeconomicÿ indicator’sÿmightÿbeÿ theÿ existenceÿofÿ aÿ

stageÿofÿdevelopmentÿthresholdÿbelowÿwhichÿthisÿtypeÿofÿrelationshipÿisÿnotÿobserved.ÿIfÿthisÿ

isÿ theÿ case,ÿ thenÿ ourÿ resultsÿ implyÿ thatÿ Nigerÿ stateÿ riceÿ farmersÿ areÿ yetÿ toÿ reachÿ suchÿ

threshold.ÿConsequently,ÿourÿanalysisÿsuggestsÿthatÿpolicyÿtoÿimproveÿeducationÿandÿadoptionÿ

ofÿnewÿriceÿ technology,ÿforÿexample,ÿwouldÿbeÿneededÿinÿorderÿtoÿgoÿbeyondÿthisÿthreshold.ÿ

Onceÿ thisÿ isÿ accomplished,ÿ additionalÿ productivityÿ gainsÿ wouldÿ beÿ obtainedÿ byÿ furtherÿ

investmentsÿ inÿ humanÿ capitalÿ andÿ relatedÿ factors.ÿ Theÿ argumentÿ forÿ “threshold”ÿ inÿ theÿ

literatureÿ isÿ aÿ potentialÿ explanationÿ forÿ theÿ absenceÿ ofÿ aÿ strongÿ relationshipÿ betweenÿ

elementaryÿ educationÿ andÿ agriculturalÿ outputÿ inÿ traditionalÿ farmingÿ settingsÿ (Azhar,ÿ 1991,ÿ

Moock,ÿ 1985).ÿ Thisÿ isÿ aÿ typicalÿ caseÿ inÿ ourÿ studyÿ withÿ majorityÿ ofÿ farmersÿ justÿ havingÿ

primaryÿschoolÿeducationÿwhereÿtheyÿspendÿfewÿyears.ÿÿ

ÿ
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