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Efficiency Differclltiuls in Irrigated Rice Farlhing 
in Bangladesh: A Test ofl'Tcntrality.l 

Md~ Nuz .. ul Islnnl nnd .John ,I. Quilkcy1 

Abstract: 

III this IUllwr WI lltlempl i$ mttde /() le.U the IlCflIffllit>' vJ impmvcd maHallclmml Mchn%llY 
of Irrigated rice. ftmnJIIC lumvftcn Socio'1!conomic groups 0/ irrigalf!d farmers In terms of 
ter.hrnC(ll efficiency. Analysis 0/ Covariance "w~fels are used to test tile hypotllesis '"at tlte 
producJiOh !WU:JIO'U lor irrJgmcd rJce (Ieros.!; larme,s' 8r<mps are }m/ilogCl1crJUs A number 
of productioll !tmr.ticms were cslimtllecl/of different groups 0/ farmer,f by xlratifying dma 
according 10 j{mrt-sitc, 1(,'1I(II1C),. and farm locallon, Tire r(fsu(ts arc com'istclJl wltlt 11m view 
111m Ill(! ,,,otiutliof! funNions are often 110/ homogclUJIls across the different groups o.f 
farmers. 

Introduction 

The modern ~ ... (} fe'rt.Jlscr tcchnnlugy has a c1C<lr cOJ1lllUrativc ndvunwgc relative to t rnci ili 011 at technology 
onl) 10 the nr(,u." which nrc 'propcdy' jrrigulltd (Hsieh and Ruttan. 1967; und Wickhum (}t 1\1.. 1978). 'nlt~ 
posiU\'c lmpuct of IrrtgdtlOr 'tc\lclopll1/·1ft nn lond productivity. gcnurotion of employment nnd Income and on 
c.~:onornl(.; itrmvth IS well uOl.:umcntcd III the Iiternturc (HllYUlJlI unci RUtlHll. 1971; Huque, 1975; nnd Huyuflu 
and Kikuchi. 1 (78). However, u common obscrvnlion In most of Ute developing coutllriC!\ is thnl the Ulodllrtl 
technolns)' IS used much below pntcnU,d Ul fartn level. and COOSC<fUCrltly, the benefits to th(' funners hove 
been helow CXpectuUOll!;. 

There is also dispute regarding (he dtslrihuuon of henents ftorn new technology (Lipton 197M). Critics hnvc. 
claimed Ulttl the new tt'Chnology hus led to 11 wid(\lling of existing disparities in lIIcomo dislrihuUotl 
COrubowskl 1979 nod J)usguplu 1979). On the other hanel. it has l~cn urgucd thal the tCA.:hnology is seule 
neutral, proVided lhut there is (;'~Iuat ncccss 10 Inputs for aU funners. A numbor of studies hnve examined the 
uccc'isibllity of mputs. espccinlly of seed", fertilisers. chemicaJs nnd credit in tJlO COnLCXl of tho new 
technology (Schluter nnd Mellor. l<)n~ Hossain, 1977i Allluddin and Tlsdule, J()91). ;\!t.huugh the udoption 
nlle of secd·fcftJliscr technology is rclutlvcly lugh in arcus under irrigation. In Uw litcrnlurc It is !mggcslccl 
thnt even in ureas under imgmlOn tlw adoption mle is low IlmJ thut (he distribUtion of hcnont.~ is unequal 
bccnusc of the 'ledum/oRttal t!x/£tflwllt)' and I ;"stiwtit}nal unrulwnty' inherent in lhC' imgulcd cllvlrOIlUll'tlI 
Wromlcy. 1982). These two Jlhcnomcnn induce funners ill developing countrIes to ntlocutc resources 
cautiously. or to udor' 'f(/UllOli.'I optimising Jwhuvwu,' (BromIc)" J(82). A liLt.lc clubomlion of these 
concepts may help in undcrstunding wh) hlrlners in ctcvclopmg COlUllncs adopt new technology below its 
potential. 

Technological ex lcrnnIi t)' ,\riscs in the Irrigntioll CI1VlrOiUllCtlt bcc:nusc the usc of wUlcr und other resources 
urc essentially phYSical uCliviUe~ and furmrrs arc linked wllh the phYSical convcyuflcC stem lind this link 

A paper pfc$cmed to tho 31ul AnnUli} ('AlIl(ctetlCC of 11Il! AlUll1Ihflll Agl'II!ultur.tI FI.\ It)Ol1\lcs SOCIety, f), II 
PCbIUIIIY, 19<)3, S~tSn(l)'. 



iu1toduccs intctdcllcndenco among (""ll UUllS, In tho productiO,n l)rocc.~s. whenever thco\lmut of tl ";!tnl 
dcpend101 not only Oil .thc ("OlOf'S. Qf produci.lol\ mUised by Uun .fttrn'l but~tso un 'he OUlJ1utand factor 
utJlislltion of unother fUlm Of n group or J)UlllS, tcchnOI()8icnl cxwrnnlhy cxists (Scitnvsky. 1954)'. Under 
such un cnvimnmcJll the mArket nl~htUlism funs to rc.npthe bc,nl.'ltit of *lew tcchltOl()8Y to iU; fun pOlontitll. 
Thereforo. it is sugsested that the dovelopmcmo( npPMprit'lto til1stituUons' is nc(:csstu')' for effective 
utilisation nm! udoptJon ()C new technologics (Dromley. 1977:: Ca.trothc.rs. 1983: Sflgordoy et at., 1982). 

Here, institutions nre defined us the hldisr~ns:lbJo rules nnd conventions wiU\ the ntd or which n sooh.ll find 
economic system opcmtcs (Schultz. 19(8). Prol1CI'O' rights nto the 4S,~cnc¢ of th(! prcdiCfnbiHw In these rulos 
nnd conventions. When these rules Md conventions nrc either tgnored or scl¢ctivcly follo\\'ed or changed ill 
nn nrbitrtl) mannet tho best plans or cntreprCfi¢UOi ato confounded nnd suoh circumstances sive rise to n 
situation beset by jnstitutumnl unccrluinucs. As farmers udoptivc hchavlour is bAsed UllOtl their reedb~lak 
from their prior experience they arc unwilling to udopt more productive ngricuhuml practices When they 
experience lnslilution~t uneCrulinty in un irrigutJoo system. Hcn<.:e (turners mnyoot udopt more prod.tlClivc 
~griculturdl prdCtices because of their possible or likely innblUty fO get lrtigtltion wnt~t' when tl10 crop needs 
It most. 

Where there is a Jack of cffeclh'c InIJUtuUml$t lhrttl(!t'S with economic tUld s()chd power have an incentive to 
exercIse their influenco nn the schcmcis numngCll1enllO incronsc the quuntlty of wuwr supplied to them nt 
the expense of less pmwrful formers (Islam. 1987; and I.!ihun and QuUkcy. 1987). 1110 "rbitmry exerCiSO or 
power tncrc~scs th~ unccruunt)' dE tho t~ss flCYWCrfld wh() tntl)' be (nduced as a rc~uJt t(J reduce the 
commitment of resources meluding land to Irrll~nt.e even where, under (ree mnrkct conditions. such 
comrnlullcnt would l~ l~n\'atdy tlnd sOdt.dl)' bCl1cfici:d. 

The fl.ulurc of lh~ new lcehnology to ndllcvc Itli (ull powntinl htl'i led .lo dll;~ recognition thut its success in 
ml~reusmg output dCtlCnds not only on a high rnt(~ of adophon induced by cheap lflpUls t but also on the 
cftklCn( npplicmion of the flew t(~fmofogy at furm level through sigruficant improvement in wuter USI.t by the 
~lltuhhshmcOl of' effecUve institutions (Bromlcy. CL ott )977; CJlrrulhcfS. 1983: Shnpim 1983). A mnJor Boul 
ul this U\s1.ltlnional dmngc is the provision or irnpr(wcd management giving upproprl:.llc wclghls to eh~rncnL" 
!lud\ ll.\!: construction, opcmunn nnd nUlint~OllflCO or wutcr wnys anti p'jmping equipment: input suppl~' 
Himel) and ntJcquitr.C qunnuUcs), au.-kulturnl CXlCllsion. (:rcdH fncUilir~. murkcling. fnnner tJrgnmsntlnns. lines 
of cmnmunicmioll bctwc.cn wnter UM!11i and their OfgnnisuUons, 1.1.8 well IlS Iiuison bctwc.cn lhest\ orguollmUolIs 
and puhhc departments unci institutions which uccommodmc nnunchtl ptnnning and fund ratsttlg. including 
tlle coJJcction of user charges. n)(~ nmln purpOSl of lnstitutitmuJ cimngc Is to (;1~alc 'nccnUvc~ for furmers. 
W!'OliC lund has potcnl1ul for inclusion in un irrigOlI' Il schemc , .. 0 upply new technology most c,rccUvcl~. 

In this rmpcr, foJlowinU the umm)uch used by Shnnd nod KaUrajan (l986). un attempt has been ml:ldc t() 

dNCNllIflC whether lcchnologlct,l cxtcmnUtics arc removed hy the Introduction of approprtntc insLillHinns in 
lrngutcd agriculture In n developing country. 'nlO nbjcct.lvcs arc to test In terms or technic,,1 cf'ficic.ncy, the 
nCUlruIH), of improved manllgcm(.!nt technOlOgy on irrigated rice fnrming. jntroduced by Institutionnl cfnmgcs, 
between locations. und sudo·c(';onornic groups of fttl'tuers. ,'ho question ndllros!lC!d is CS~rHUllly whether or 
not the impJcmcnullion of U(~w technology hns resulted, ex p08l\ in t1 umfonn improvement in the producti.vc 
performnncc of fltrmcrs as a result of the ficheme. 

The Uatu 

The U'A J)cA;!P 1'uhcwcll Project in the North.l!ma region of llnnglndush, was u nUIJt)r smnU .. scnle irrigntion 
scheme doveropment proJect finunced by the World Bnnk, tho DriUf\h Government ond the (lovcmmcrn of 
Bungladesh in carly 1983 nnd completed in 1992. Tho proJcct wns designed to install 4.(XJ{) deep tul1QwcJJs 
anWs) phase hy Ilhttso ovcr JO years. On average l'4lCh DrW witll 2 (lUSCC discharge cllpncity, was 

'1fl(;hnvloglcA) Cltlllttllllity' 1$ dlUiflt1 "'Oftl 'pecunIary CAICrtlIiIIIY' In lcnnl of Ihc llIfcrocrxtmkm:(! (If Ct.,(lflOfIll(. 

ft~elll$, In the former U)ll~q'I. tI(!()l1flmi(; P8¢fI\s litO f!llYllc;ally Uldcpelltll'm wtu::rMf HI Ihe hiler e~\cf:JII ItlllY life 

imtudepcmfcnf '11lha fl1pUl'UlIll'ut nuukc( (S(thnlJd. 197M). 
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designed to irrigate ~5 hectares of hmd to Mable imglitc~l nccttopplfJg if) Ule dry S~l$Q.m bl(:rc~.sc (:f'OpphiU 
intensity nnd achieve a subsumUt\l inc~1.~ in riCI.} yields. bMCd on lhe f~lrmerS' uaopiiotl or Idah"ylcldlnu 
rice vltdc.tics. aM improved water mll1lUgct)lCnl t.ech.,OlQgy; 8ltCn~thenhli tunllerst Iwo .. Uer ~OOPCtnthlc 
syslcm~ nnd cnsuring funners access to c$scnUnl Inputs nna ct¢dits. A compt¢lumsivc lltullysist Pl\\$Cill~d in 
tho Finat Roport (MMI. 1992} or the proj¢(!t claimed lbnt its nH~Qr ()bje~Uvcs had largoly been uchlcv(U1lh 
1992. 

Datu were collected as a part of the Mnu~ monitoring survey in 1989~90 ;rrigatton sensor\, lit n timo when 
the project was ccnsldctC4 to have rcuchcd lhe $tIlge of mtllurity when th<.l tull nmae nud cXlerlt or beneOts 
were expected to 00 avniJabJc tp farmers wiUtln the commund atlm of dlO ProJ~f, III lflb 5tUdy tho tumtysis w 
lest the uniformity of Jsuccess· of t.he IDA ~p TubcweU J~Jcct. wus conducted with theso datU derived 
ftom the Project frtlm a sU'utificd rnndom sample) of farm plots (putCels) within randomly sel¢cl~d DTW·s • 
The smuillc plQLIi were stnltjfied {.lcc(m.liog lO owne.rshlp C:t,tegQti~s su(~h us. fllnn"si1.c and. tCnttllCY, nnd 
distMcc of the. St\tnlllc plot from lhe willer pump. The following is tho distribution or SUnlplc 1)10\$ according 
to the ubovc strnlificution : 

l. Distance of 11 plot (rom the pusup= 

a) 
b) 
c) 

Close Disumca ( .( 200 metrcs) 
Middle DlsUHlcC { 201 to 500 metres} 
FM-distance (> 500 mCl.l'Cs) 

2. 'tenure stutus of the sample .>10(: 

n) 
h) 

Owner oJ>Crtltcd 
Tenant (}llCrnlt'd 

3. Operntionnl farm-size of tht! sllnJple I)fnl; 

el) 
b) 
c) 
(1) 

Smallest f/lnn"sizc « J .50 'lcrcs) 
Small furm-sll.c (J .51 • 2.50 ncms) 
Mcdlllm Jarm .. s)zc (2.51 ~5,00 acres) 
Large furm-sill! (> 5.00 acres) 

Sumpte Size 

22t 
Ul2 
51 

397 
3'1 

J47 
8(t 

J33 
68 

Produthon function unalysis is apillicd both to the whole snmplu, und SCpntlu,eI>' to the sUlUplos of ptuts 
cullivlltcd under (flffc·rc.flt furm*slzc, tenancy and distItnce within lho comnumd orca. 

The foHow(ng trunsccodentul product.lon funclion wus selected ror the present study! 

(1) 

Where Y is output find IJle X/s arc inp;,J(s. 

Prom J.hc viewpoint of production CCOi1OlJ1ics, Ulis functionn! form incorporates aU the throe swgcs or the 
production process proposed in oco-classicnl thcory. '1le fHt\themnUctd propcrtic:i or this functioJlul fhrlll .S 
presented in TobIe J. 'n10 algebraic vulues of r~ und y cstifllnwd from the model (1) (~xJlhdn the thrc() SLUL~cS 
of production. Of the!)!!. the most hnportnnt and interesting (!;lSQS of t.he production Iltoccss (x;:c.'ur when Ule 
estimated vutuo (Jf y is negative, tlnd at the sumo timo. the modulus o( Jj (S grc.lltcr tImn one. tn lhls COlllUX(., 

ll11. two<t.lcr Q)(;tleniINc f)'$h:m Wit. develulled hy lItU Ual111llldtl,h t\CII\fI.'Jtl)' fur ItUtld ')c\,(·IOIlUlCIII. nmlltlll, 
Ibnglltdclh. 
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Values Qf Y 

The rr()perti~ of the T,·~.nseendenmll'r()ductid" Functloll (Adulltcd 
fr()m n~l!tcr et ui. 1.957), 

o <: ~ <: or;;t 1 

P> 1 

~>l 

O<P<J 

J~ > or :;::: I 

11 < 0 

fm:reuses at n decreasing rate until X=~P/y, 
thert decre~u;es. 

lficreuscs at an inorensil1g rnte untU 

X*;r., "" 0 +iJ! • then increnses at n decreasin'" 
ty b 

rule until X:;:: .. pty. then decrenses 

Decreases Ul n decreasing rate 

Increuses at n decrcasing rato 

Increases at n conSHtnt rate 

Incr~nses at un increasing rule 

lncreuties Ul U decreasing J'tlte until 

Xe. -~ Til! t th~~n increuses at an incrensing 
'Y 

rate 

lncreuses Ht an incrensing rmc 

Decreases nt n decrensing rute until X= .. p/y. 
then increnscs 

• When y == 0, this function is the C()bb~Doughts production function. 
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OUlput first grow$ at tu\incr~\!llns rntCcunUl v~hln of Ul~intHlh }(rJ; ~tiJ! . l.t ~Mn Brows Ul n .. y' 

decret\sing r.ltl~. until X~ ~ ,nnd finnlly It dCCretlSc~.Whcncnch 'Yiltl th~ tl\)l)v¢.ftlodc! (1) UHilS out LO y 
be t.crof 'lh\,) trunsccndcnud fUncdon becomes Ul~ ~UlttdntdCobt,'Pollfdfl$ tuncUon. 

Thl.) folluwlng variables w~re ~Ieel¢d jor the ptcSCJH. studyt whcr~th6 cUlJ)JricM ptOdUcUon function WM ot' 
the form 

y 

XI 
Xj 

XI 
X~ 
U 
D I 

=: 

-= 
= 
1;:1 

= 
= 
I:; 

(2) 

tout! rnlddy (rough ric($) output per $J.unplo irrigute« pfot ht mnumts (l nmund q 

37,38 ktO. 
urea or tho smnple irrigated plot in 0.01 nero. 
nitrogenous fcrtUi$cr l1PpUW ~r sumpfe fttigulcd ()fOl in kg, 
nUIlOy Inhour utUisc.d in fnlddy producrJon per sumplo jrrigated plot in mnn·du~s. 
lured Jubour utilised in puddy production per ~unpte irtignt~d plot in mUthdnys'. 
tho rnndom error term. 
groups spccffic dummies. where J sUUlds for uumbcr of dummies. 

This lranscc.ndcntUt fUhcllonal form Was 'lppHcd by Oc$~\i (1973) ill Indiun Agriculture nod by Shnnd und 
KuUrujan (1986) in Mutuysi:m Agriculture. 10 their cmpJricHI model LhcliC two reseurchers used whore-yeur 
uggrcgntcd fllml household dum tmd hlvestlgutcd difrerences In production functions between nud withhl 
developed and less devcloped agricultural regions. Desai (197:\) in his 6ludy, hils used gross value of 
production of aU crops grown on n fllrm in a yell' as dependent variable tUld hm~ uSOIl nct sown urea. totllJ 
mmuul expenditure em plnm nu~ricnts) irriguUol1 wntcr, hired labour. uU oUIl~r hlj)uts (such U,.1l sc.cds pesticides. 
bullock labour. rcpalr nod mnirltennncc etc.) nnd number ()f family labours working (m ruttn a~ hldapcndmu 
variables. Shand and R.alirajan (J 9N6) have used (Iuundt)~ <)r armunl tUludy production per fUrm us dependent 
variable Md in physlcu) units. paddy orlernlional tUC4lt chemical fertiliser und total Itlbour (ts jndQJlCndcrn 
vnriables. 

In our view, such nrUluI11 uggregul(, farm level dum conceal inler· nllt! (nlln-seusonal vnriutkms of productivity 
within and ootwccn tr.trmittg groups. We believe thnt the effect of improved munugct11~nt on t.ho '~hnlcuJ 
efl1c1ehcy of production function I!; beller evaluutcd from tl set of dUW which is collccled frm)) mmlmnly 
selected pieces of land in an itrignuon scu.son. In !.his study j lhe differences in production function is tesled 
between sample gmull); within the IDA OTW projcct. 

With the jnltoduClion of u now tnllfllJgcmont technology for irrigw~d pnddy IJroducUon in the lOA DTW 
project where farmers urc assured of cqunl a.ccess to essential Inputs. Includillg wtlWr lind credit, It is 
hypothesised thut the production functions across the ~nmprc group within (he project urCl* will be 
homogcJl¢PUs. 

'1'0 conduct UlC covariance am.lysls. it was necessary u) csUmnto twenty tlvc production flmcti<)tls (Sec 

ItamU~ lallQut and hir~ I_hollr lire ctllulll¢ted in 5Cparnle varlahle. Ct)flsldcting dlffcll!tlCCI in lerma of IIUlllil), 111141 
t)((ort (ICC Stlglilt. '9'14j Ilfld WntW'II,~er and Rt),entwel~, 1986), 
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App,! •• dix Tables A·l.to. A~1)!O$lng th~OL$r,.~tJmJn¢~QfUl~! ptOdt1CJ'()nruh~trQtlS; A~~rJ~$(lr$tl\U$U¢Jll 
teSts Were cOl1d~.etcd to· ~xamhtodf~~httl<m$hJps ($~e Al,lP¢"dii\ 1'Abt(,\~ hl'n And A~9), 

!tJ;~tdt diff¢~uttnt&;111e. t~$l Qf n.cutr~UWgf tMJ1rnv~ lUMI.s¢m¢"t~hnol(~~yltt curried·Q"t ht UOi» .$I¢PS. 
FitsUy •. a suuisUc"t tcsthM b¢cu cQIlUueC¢lf J()dc\¢nnin~ wh¢thc.rtrnJ't(.w~ro~O~gM\~'U lmWUcc$bro~Sllt 
nbot\t 11oJnoscnciw in J)toducUoQ fU"¢»QIl$~~tQ~s t1,(.\ 1a.»lJ)le .!~f()~Pt J~l¢d. ~t. dlffc,fi}ni, ~l$UUi~.S (rontthe 
wutcrSO\1t¢~ with • .- tile CQhmU1Ud Uf¢tl. ~r lhQProJettf tn M trot· \1ioo ~nvlro"tnc.u, A$Utf} "UOClldon bC 
rcS()urc~ (such AS ~. fcnmscn JaOOUttUlq.()Utcf 'or«ts)by U", r~~Jl$.lodn¢~ by U)~ f"nUl;~t)$ c"i~tiltloh 
nbt)IU Water ,"vl\lJ:lbiUty un Ume nnd.hl nd¢qutU~ ~~nntJJYl fl.ln eQmmpnl)'ob$¢ntI.!~ Ul~t.~nUg~Of the 
hth¢tcnt technpto8i~tli extcnmUlicst rcUubUity ()f WI1tC..r :$UPl,Jytoun nm~ is n¢8rtdv~lyt¢lt.\tc.4J()i~; dJS.UlOCC 
rroU) the wutcr SOUl1!~ dli.~reb)i fnducioS ftltmcrStll¢loll~(ns to drm~t¢nl phy~i¢nl.:UlaS<>CiQ~¢(:PilQlltl¢ qIU$$¢$. 
to utlocate mwufCcs r4~UU()U$'Y ~nd()pcr~no (mdJtt¢JVJ1lpr(~Juct1on runCdoo~, 11dN tlWllya;$i$ earned. out t() 
UlV¢St.isute whether hl the lDAD"V II proJctl ~uth ~~t.¢ntUmle$ were rcmoved by Utll h.\f)leJllChUtlioo ntld 
trnnsfcr ()f improved nmU!lgcment ttchnor08Y to fartners. 

rhe tests Ul'lpllcd show (hat the production funclltHl$, tltO Clc.tltly not homo8~nC()unQvernU (Qr (W-Ill pJot., 
1()c~llCd at different dl$UUlCeS (Tubte ~) from. the wuter SOUJ'C¢~ H()wev~r •. the llU¢rc¢I}~~ fot mlddJ¢~dts~nco 
und ftlNUsUtnCc pJoL~ nro not slgnHicuutJy differenti. rhl$: indiclUcs thiltthe IW!rformnncc (ff mlddt" ttnd far" 
distance plots. in terms of h.".Chnicut crflchmcy lltU the $anu). Ilut th() bll~rc¢p~~ between C10SQ.Md middle. 
nnd closc nnll rllr~dlst.,1nc¢ plOl:\ tu'C slgniflC4mly diCfctcnt. The vah.\Qs of the interCQlll C()CmCh~nls (1llbJo 3) 
indiCtttc that fam. plot,.~ 'nealed cJo,wt<l tho wat¢t sourcc Me techoianUy mom 4ft'fcient, l1tis (cst rcsuftul$o 
Indlcutc~ 'hut mere. is un inverse rclutioflshijl bctwcotl di~(m\e¢ of r.n.l'1ll J)tOlli fnml th~ wllter SOUt'to t\Ild 
technical efficiency. 

In terms of differences in thO slopes of th~ l)roducUon fUflcUons only close and middle distanco plaU, tire 
hOllltlgcnco.us. This result suggests Umt d¢$pUe hnprt)vcd mnnugcmcm pmctJcos I)reduction functions ucross 
the djs~lflc(1 gn;)uJ1S lU'C stgnit1cMdy diff~~rcJU. 

The second step is LO f1nd whelher UU,:I production functions tlr(~ ,Uflctc,flt between owner uod lemlfn ()llCruI.I:al 
plots. The tests UI1l,UC\t show (hnt1 the pt(){luc.(iou (unctluns nto 5isniOcunUy different b(ub tn intercept Ilnd 
overall (ruble 2). However. in lCrms of slopes, the funcUons .\(0 hOnlOgcllCQUll, In wrm8 t)f technical 
cfncicncy the tcultmt opqtotors appcnrcd to 00 moru ctncicllt (Tuble 4), 11' tme Is hHCfcstcd In tho distribution 
()f bcucf'its it is Interesting to 1l()Le thul the majority or Ille irriuul('.d sul1l1)lc pl()t,'i wero apcmWld by the owner .. 
funners. 

Thirdly, an nU.cmpl has ~n mullo to test whelhut the iUlpruvc.(J nUlUugcmcnt tcchnology is sculc UCUlttll. 
Tho rCi\ults show thm overall • .smaUcs~ amJ small farm·si~o grouJ's <>t)emte on the Gumc r)luducdc)Il Itmellon. 
However in terms of tc.cflJllcal efficiency th!)' urc slgniOcumly different (ruble 5).'1111} vulues of the 
Imcrcerts show that the smallest funn .. site groups ure technically mor!) emdent. 

Comparison between smull and medium furm .. slzo groups shows that in aU reSI)cCl they 0IJC,'ute un dlfrcr~1nt 
production functions, In ,£nns of technical efficiency smnU fttrm .. s11.e groups are mote efficient than medium 
size J."fOUpS, However for mcdhllu nne} lnrge fnnn·sf1.o groUI}s. their lechnlcul offtcicncy is not Islgnificantly 
dirfcrcnl but overall and sJope .. wisc they opcrutc. em different IJr()duCliou functions (Tubles 2 and S). H is 
Interesting to note that the vulucs of ImcrccpLII (tonsil)(.cnll), decrease whh the IncJ'CUli('s in furm·sl1.c. I·mm 
this result one can argue that. til the fDA [l'rW project smaller {ul'Iu·sizo groulJS uro tcciUlicuJly JUure 
efficlellt in o}X'ruting irrigulc4j))ms. 

Muminaf An::ttYf{is: The above analysis of (CSLIi of neutrality or Improved 1ll0nuSCIllcnt technology h\dlcmcs 
that uU sample llroups opcrute on \ucrcrcm pr()duclioo functions. rhcJcfurc. for UUU'8hud uuuJysis 10 cxumjn~ 
the produclivity of rCSOUfCQS, production ftmcti()ns ror ~lch indivhluuJ smnJllo sroup which hAve been 
cstlmated nrc used sepurntcly. l1lC tcsresslnn result.') or .hc'~ selected pl'OducUol\s (unctions for cnch or these 
groups (lIang with the resut~s of tho pooled model ntC giyen 1n Tables 3.4 llnd S, 
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Close Vs. Middle 

Middle Vs. Fur 

Close Vs, rar 

Owner Vs. TCntml. 

SmuJlcsl Vs 5m311 

Small \IS. MedIum 

MedIum V~. LArge 

\6.334' 

0.t57 

12.52" 

·11.880' 

0.204 

,.. Signlficunt ttt 5% level. 

0,313) () ,561 

(1,103) Z.30af 

(l,2(2) 2,869-

(1.424) 1.748 

(t ~Z23) 0.,371 

(1.127) 12.331· 

7 

(8,365) 2~296· 

(8.95) 21005' 

(8.256) 3\04'* 

(8,215) C),SSS 

(8,269) 9.209' 

(8.183) ~20.333' 

(9.3GS) 

(9.95) 

(9.256) 

(9.424) 

(9,215) 



Tuble; 3 OLSJ!!sthrttttc~ ot 'rru"sc~ndent"'ll)rodijttf()>> Ifum:tlonModQfs tor 
Sarul)Jc~ froulUirferlmtDisfa,nCc$rtomW,lterS()ut(!c. 

V.tlabl...., l·jlrllm~ Cm~m~ S •• ltdllttl c()t'n. t'i'indlu'c' Cfltfri· S"md.rd: 
('~"S de"ls f!rrtJrJl dent" l1.rI"(!I'¥ ~1f:"tH .;rt(.r ___________ -'r_".",_~'·~~ 4 ""'.1 

tnll!rtCI'lt ex ·()J)11; M'c:.! .0.511 U.4/f6 ·1.33~' (Ua9 

lilol Area (in (Wl Il(!RI) JlI 1',~/9~t 0.150 (),:36Z· Oj~Z4 1.400· 0.41 , 
." .{J.OOZ 0,004 0.008 0.00$ ·O,~l' O.OOS 

ficrtUI1Alr (k,.) Ih ·(},OI4 0.081 O.21j~ O.ltS9 O.Oll t1.331 
"II O.()Ol tWOl ·(},OO5 O,OM ,OJ)(l'1 O.DU 

htnuly labt)ut 011 m'I'I-d.ya> Il, O.01'J' ()J>64 l).{rt:l {W15 {Una OJl84 
"f, ·(),OO8 (l.O()S 0.003 () 010 o'oos onz:\ 

I hi'W Labour (to UlIIIH,Illyt) Il~ (),mt 0.070 0.21.· {).tOl -(t3SS O.2Z4 
Y. ·()nO! (),004 .(),OO4 (tOm ()'()4I i 0.020 

Nl:Iml){~J uf Olm!fVallQns 221 'b2 " 
na 0.71 0.64 O,St} 

iP on 0.62 048 

I- StalulIt:, 92,7': 3329 6.'l'1. 
fleg,,"c, ,if .'Wtrltlfll (8.212) (8.153) (8,42) 

~1I<I_itI .. ~ .. "'-- --
Ii< Significunt ttl 1 % level. 
1# Significunt ut 5% level. 
+ Significant flt 10% ltwel. 



'ruble: 4 OLB Estln)n.t~t; of 1'rU'lSCcJJd~tUul P!'oducdon 11uncUotl Models 
Stn))pJe under JJiff¢f'cnt 'rcnure Status, 

- .. - -~ . 
t\Hs""'NtI tJrou~~ OWfW! OJ,!er j WA :r'Ctllillt (}Cl~(j!cd 

Vllrl14btr.$ J'llrtml' (!~wm· SJ~~II.ar" (t(;vm· IWUldi.lrd CflCll'tl. S'imdArd 
(\h:t~ d\!nu V.ttor$ (1(!llt;~ .~r.~rij dents f!¥'r!lr , -. --- I , 

llItl.!rCl'1l1 (1 

T~lqnr.y l)ummy·1 fit 
lellllflCY lluttml)'-Z ftt 

Plot Mel! (111 (Jot liCfI') IJ j 

'1'1 

hntlbtl't <kg) {J, 
'11 

hmuh l.o4thuur (111 IllluHla)'s) fit 
y, 

Ihrt'l1 Latl(lUf (Ulmllo-d_>,') fl. 
'(. 

!'\ulnbcl (If ()IUCt'flllllllll 

na 

-;1 
.1< 

J StJjUJUu 
I)cllt\'c~ (If hccdmn 

* S ignificnnl ttl l!if level. 
II Significnnt nt 5% level. 
+ SigniflcHnt at IO'J1) level. 

·(),1IS· 0.213 
.09Mt (1.212 

O.87ft lUI? 
-U,OO'7' O(l(\) 

,0041 (Jun 
0004' 0002 

OhW 0047 
·(loom 0006 

OC)()l' OlWIi 
U(){)(j' 0004 
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Ufl/\ 

() 11H 

lIMaS', 
(JO;424) 

.0,928· 0.212 t.()81 J.l78 

n.9M* o U'I .(U41 O.(i99 
·(lon,. OJ.XU 0,029 0.024 

~U.)Z2 O.O1? 0.123 0434 
O{)l») O'()O2 {W<}2 ().()Of) 

() It}!,' 004'1 ·(),rlO (}.278 
·0,001 O.()(}(i ().O13 O.t)4!) 

0.0:12 ()'oS? 0323 ().236 
0009' (U)m ,O.Ql~ (},023 

3\)'1 :rl 

o ')() O-li2 

070 OS. 

11511 Ii '1 
(8,38/) 18.28) 

for 
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Table: 5 OLS EsthtUltt!H of TrnrlscCmJollfnl J'roducUon Function 1\t1()d~ls for 
I)irf~.·cnt !~nrm·$lzc GJ·()ups~ 

~'<>-~ ___ .Jj"_. _____ .... _flJ',_. _lfoIoi'i'(','··_.1 ____ ' ______ , ..... _____ -.... ___ _ 

ftlll'l4lt1. (!ocm· Stltnlf .. rlf CQ(lfll' Shmth\rd (!(~tm. 8ttl'f4~rd C,wfnt 8hHU~ltrd 
"'t'f'l' dcnb J.!trors d{'nbi R r(lr- d(:II" f;'r~'tI d(!f.«ti f.rrf.lrll 

ItUCltcpl (t 

Plot Amll (In 0,01 /tettl) il, 
,,(, 

'·t'ttlhl.ef (kg) n, 
y~ 

humh l.4It)()U. (In nJlIIHlu),w) I'S. 
y. 

Itlrt'A Labour (tn 1Il/III,days) P. 
v. 

"umber III fUucr\'utwm 

R2 

jf~ 

I, SlillUl,i.t. 

DCt\rcc$ IIf fit~edoll1 

~~~~~~ 

/tl Signifi(.!ant ttt I % level. 
II Significant at 5% level. 
+ Signiticnnl nt 10% level. 

O.()H O,4~() 0.036 

().3St'i 0.258 CM93 
om, 0.010 ,0,002 

0120 0,162 ·(W~2 
·OIJ(J3 O()()$ ·O.J)O:} 

nom ()(}f)'3 011'1 
OOlfJ {).t}/J o (s, 1'1 

0.116 OJ!)? O~31' 
O()O5 01)10 (lOCH 
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() sa 

n.s(, 

lJ'l"1 
C8.13H) 

to 

Il.Stl ·llllW 0.385 . 1.61 S· 0,838 

0,306 l.388' CUM 1.403' o.,4P8 
(wto ·O.()20· 0.00·1 ·O •. ()()4 n.UlZ 

0.236 ·CW41 a.un ·0481 0.280 
Q,OOK ().elOS' O,{){)3 O.OIl) oom 
0.111 OWl U07(, O,2al' O.lOO 
oms -O,()eM 0009 ·(),O~W 0.012 

0,140 ·().IC)<) o ItO n,3()O 0.203 
(),Om 0.014' (1.1)06 ,OOlt' OJ)10 

flf) 111 611 

(Hill 012 0'19 

Ilfl2 0'11 O:/(, 

IBM 40.ft:l n'J'! 
CIi,7'/) (K.I~4) (~I~C) 

'r~~ 
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tn,c . results or th~ rmtlledd(u« nrcprcsctU¢d in .1'ltblc 4. QUd (went that most of'thC\ co~meletl~ l\tc 
sJgnU'iCttm~ Howevor. te~nsnpfdlcd nbovc lndictU~ that 'h~~cstimnt(l$ nro M.tWcd ~tlU«~nRt pooled stUuplos 
belong to dJrrcrcmpopUIUUnns. Pot imUvfdual gmUI)/: tbo signs of HIe coerfiCiof)lt; (tre notlllwnys U:lcxt)ootcd 
in theory nnd d)j}C()eft1cJcnfs utO not ul wnys signlfietmt. However. th~ signs of tho P ~nd y C()~rtJcJ¢nts for 
lhe plot QfCU vntit\blu ure. In H1C mnhl;. C(>JlSf$WM WJUI IhcorcUcnJ o~i'¢C14tioll$ (lie, ~)O t~lld y<O) except Cot 
midtUa.disumc,c. tcnurn oJl¢rtltcd LlflU snultl fttrm·slzc gronps. aOl for tho fcniHscr tItld th() Jnoour vntlIlblcs. 
the slgns Or both t,h~ ri tlnd y codflchmts two not cOt\$ist""nt. 

110f (ertlUncf. tho signa of ~ nod y nfO cOllslstent only fOr middle Md fn(·disulJ'1CC nmi for smull rUfm~size 
gl'OUtlS. SimUllrly. COl' fnmfly lnbt'llr. tho lilgna UfO cotlSistcmQnty for aJosc*dIHU\tlCO, OWJ1Cr opermcd {\nd 
medium nnd Iurgt~ tnt'fll·st~o groups. In thc CtUiC of I1lr~d labour input. the sluns urI.> (~onslstcm only (or closo 
(md mfddte-dfbllUlCO. (count ()(>Crtttcd und tor h,rgc furttt-sfzu groups, 

CompurnUvc sUlulysis of moun input uso and yield rcycuhJ uliu JlOr hccUAfc fcrtlllHcr use i$ milch ,he sumo for 
011 sumplc groups. However. there nro fL'mnrknbJo dJftcr'CllCos in llJe usoof JubotJr (both f'lmlly und hired 
htbnur) nnd ylel~ (l'nblo 6), 1n tho cnsc ()f dlsu~ncot yIeld is ,he highest (120 mnunds pOl' hC(lb'lr~) for closo 
distunce plms which eouid bo IIltCrprCI.cd m~ dUll close dlsUlrlce plols uro hlVOUfC{t by tho folitlblo supply of 
wutcr. The pnttcrn of Input usc (I.e. fertiliser and lubour) is slmltnr bOlW~" olt)l'lc ood medium dlsUUlCQ 
groups. However, in gCHorn1, more hired lnbnur Is ulicd In tdl 'Imnplo groups oxcept in (ha Rmnllost fnrm"H\ze 
uud ftlNlisUl11CC groups. tt is nwcnfcdiJl (ho tub I/) HUll there appenrs to be u dcfinil(} ((;!nUonship bctw¢Orl 
t'unn·slt.c nnll lho type of' fuhour used. the higher tho (antHill"" lhe less I'mnUy JnbOUf Is Ut;{'.Q. ~l'hu OIW()sHc 
rclnt/onshh 'dsts with hired labour. 

The rcsulu ()f dIe melln uuU'gJnnJ flHVluCLll tlnd pOint cJnsUch!os of the fac«)rs of Wnduotlon nro presented in 
Tuble 7, 1110 mcnn m:lfgJrwJ pmdu.a', tltHl InJlput clustlcitlcs 01 plot urCll nro much the Hume for nil 1"lmple 
groups except for lnrgo fMm·sjl,c tlnlUPS. For tho Itl/go f~.rnHdl.c group the mUfghwl prodtH~l of nlm qlOn is 
the lrighcsl and output I!lmuicily h tlrcnlcr thun ()flC. At tho menn of fcrtillscf input lovel Jnllfginnl products 
tlrc ncgttlivo for ftlT·distnnco pl()l~ nnd for Ilmull und lilrge fimn .. sll.o groups. r~or fUNllsUUlCll plots rnenn 
marginal product of fertilizer is Ilugntivc. Tho meun fertiliser npplicd is 27.3 Kg., is llulI.'h higher limn tho 
oUtl1Ut maximising I~wcl or 1.57 Kg.(Tublo 8). 01'1 thc' mher hund. for smull and Inrgo I'llfm·llizc groUPH tJUl 
mono mruginul products or fcrtililcr tlrc IlcgUllvc bc('!UIISO, rcrlilhmr is IlppllC<l ll: the SUlUC or duct,ulsing 
returns. Cornpnriscms of luhour pmdlll'l: Ville)) iudlcute thm, In gctlcrut, hired f~bt1urcrs me more pmductlve 
thuu reunify 1£lboUf, C);ccpt for (lWfI(H' oJ1crutcd plo(s. 

Comp;lrisons between Tubles 7 rmd H, in :emUi ()f menu inp"t unc lovels und (lUfr tit tnnxlmislng levels of 
input royonl liulL in most ens!!!, where it ls possible tf) determine. the OutPIH mux' mislllg lovel of htput iN 
much higher thun tho. flH.mn level of inpul IJSC. 11 npplUu's from ,lits reHult Ihut there fcmtllns Heap" fOT 
Incrcwdng output by substuntlullllcn.HI:lCS hi the lewll! of inpu~ usc. I'lnwovef, us OUlin.l mnximislng levels of 
£111 inpul.s in nil groUJls coul~l not 1>0 determined It hi nOl pnssiblc to distinguish the differences III the 
tcchnicnl efficiency of resources usc umong atl the sflll1flle gl'ClUps. 

Conclusiuns nnd l)oUcy hnpUcntluns 

It j~ necessary (0 ('Klint out thut, given th'\ lUtture (Jf thl.! functionul form. dc(crlllinmion of lIle ~JutpUl 
uUlxUliislng Jevels of inputs depellds on (he signs of the (J tlltel Y cncflicicnts. As mcnt.ioncd t~trllcr tIle 
regressjon models eslimaled for different HtllHpl(l groUtls dId not prc)(Juce thc{)(cl.lcnUy Ideal SlgtlH nnd moduli 
of the P illld Y cocffiCl~Jll~ for IlU inpUl\i used in 'he modol. Therefore, dolcfminntjou of We output 
nUlxirnising level of some icvcl~ of input USll wns not possible. pnniclJinrly WhlHl OIuput rcsplHlSC from Illl 
input wns in the Itlcrcuslng returns stllgc and fllgns or hoth (t)I' f~ nml y c()cfflclctWi of I)le In11uI.S were the 
sumo, Further, when the sigus nrc tho same, the leval u( input which maximises output becomes rwgoUve, 
which is mcuningl<tNs for economic lnlcrprcWtlon, 'l'hcrcforc. figures ftl,m Tuhlo R should be imcrprcl.cd 
carcruffy. 
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Table: (j Mcnnl'{lddy Yield nlld Input Use pc.' Ucctnro Under lliffc .... mt 
Snrnlllc Groups. 

G.·oups Yield Fc.·UUscr LnbolU' (hl IUlln .. dnys) 
(innunuuls ) (in kg.) Family Uh"cd 

---
Pooled Data 114.944 244.546 91.109 127.974 

Plot I>lstnncc. from Pumn= 

Close 120.160 ~41.997 89.216 l28,686 

Mjddlc 109.183 25~.273 84.742 137.716 

Fur 111.013 226.609 116.9.1 1 97.124 

Plot Owncr'shhll 

O\vner 115.954 240.454 91.741 129.4VO 

retlllnt 103.786 289.814 84.119 111.212 

Fupn .. sizc: 

Smallest 106.586 254.671 114.047 102.671 

Smull J21.299 259.313 99.096 136.002 

Medium 116.581 225.941 81.Y80 137.213 

Large 1 22.()20 240.530 48.676 ]55.291 
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Tablet 7 Menn l\1ru·ghu.d l'rududS (lvn~s)~ l'ulnt EJnsUcltlcs (P£S) and Mcnn 
Values (MVs) of lftlct()rS of l)rodu~Uon Uuder Different SnrnpJ/~ GI'<mJ)St 

Sample Gr-OUllS 

Pooled Outa 

Plot I>is(nncc f"Onl l)u.!.llJ}t. 
Close 
l\1iddlc 
Pnt 

Plot,J)wnc.wship: 
Owner 
Tenunt 

Fn rrn..:ili:m. 
Smallest 
Small 
1v1edium 
Large 

Pooled Daul 

Plot Distnncc n'om Pump: 
Close 
l\1iddle 
Fa.r 

Plot Owtlcrshi,u 
Owner 
Tenant 

Fm·m .. ~izc: 
Smullest 
Small 
Medium 
Lttrgc 

~U)s l'Es MVs 

0,293 0.634 32.019 

0.357 0.733 33,15 t 
0.268 0.011 ~ll.155 
0.330 0.769 30.041 

0.31 () 0.665 31.8~5 
0..114 0.731 33.500 

0.269 0.637 25 515 
() 204 O.q,ll 30.956 
0,324 0,695 J4,629 
0,614 1.233 42.500 

0.160 n.10} 9.~~47 

~(J.067 ·(1.040 9.627 
0.161 O.(}98 B.32C) 

O.l~.5 0.J34 11.176 

o t 5S (}.\)67 9.292 
0.OR6 O,OSt) 9.95R 

O.l7S 0.161 9.929 
0.278 O. t 85 9.761 
0.108 0.063 9.455 
0.151 0.052 7.333 

liM... i ',I . 

0.032 0.068 31.252 

0.041 O.OR3 32.393 
0.047 0.107 31.04·7 

.. (tOSS .. 0.180 27.338 

0.034 O.n6f1 30.40 J 
0.072 0.204 40.667 

O,()16 0.040 26.198 
.. O.l90 .. 0.613 31.0S3 
()'()S6 0.109 31.140 

.. (),035 .. (1.068 41.522 

0.175 0.202 17.090 

0.144 (J.16t tS.OOO 
0.155 O.20{) 17.676 
O. J 41 0.129 11.811 

0.161 O.l8817.29S 
0.098 0.1 () J 14.792 

0.171 O. t 70 10.692 
0,246 0.302 lS.()27 
0.132 O.tS3 t 8,708 
0.004 (toos 26.789 

----- --------------- .---------------------
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Table: 8 

'- -"" 
Groups Plot Area Fertiliser Flonlly Labour lIked Labour 

~\\z,'" .- "': ... 

l'()()led Data 122.57 8.67· Nfl NB 

fltlt, UistntJc(! from I)Uttll! 

Close 399.S0 4.67· 4.63 179.00 

Middle NB 52.40 NU 67.75 

FM 66.67 1.57 Nfl 8,66-

Plot ()wt)ea·sh1w. 

(Jwncr 98.40 7.33· 106.00 NE 

Tcnuf1t 8.31· NB 5.38" 21.53 

FqrflH;bcH 

Smullest NE 40.00 NB Nil 

Small 246.50 Nl1 NE NU 

Medium 69.40 904Ct 25.25 7.79" 

Large 350.75 48.3(t 9.61 27.27 

~~""""""'~'lWII .'" ."1 

»; The nElurc IS not nn omput"maximislug level of input und is mtller tn be interpreted 
as un ()utpm"minimlsing leve) of input i.e. beyond this level of input .. u<sc output 
wHJ increase nl nil iller'cnBing rule. 

NE Not estimntcd because they produce negative vultles for th~~ mnxhnum values of 
inputs which do not have nny economic menning. 
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The cmpirieal.11tnUIlQ$Q( O\is sUldyshow thin d~splt¢ lnvournble~ccess fO fUPUJ.9 with. uu irnpmved WlllQT 
manug~men~sys~mt ffmll housc·hulds did nPt benefit C{lunlty. Tn U10k st~ldy, Shand nnd ~UroJiUl (U)U6) nlso 
to\Uld simUl4t t¢$uftsfor on btiSaUOu dCVClQI1tncnt'Jlt(lj~t. The IUlAlysis tQvCJ\l~d tlulllltoducdon l~hnoIO}lI.e~ 
am sfgnificmuly difrc~mtbetween SAOllltc atoups. tn oUlcr words. tho now improved mlulugetmm~ technology 
wns nehher diHWncc ncuwd nt)r size tl\,mttt:.1 nut t¢nure "cultal. 

'~he mnJor anding of tbis stud)' is dun technical cfackmey In ~rOduct1on dectca5¢s. willi incrcllSO$ In the 
disUll1ce of irrlSfiled pJOLiJ from lho souro-p of wntct supply. !l10 irupUtuUouof thistindJn8 j$ thnt, wlUdn the 
cotnl)'tund tl.f'CU of tho project, ticCCSS to WOl(lt., doolln~s with itlcrcnshlU disttltJ~c of plots fn>m the Wlltflt 
source, b Wt1uld nPJ~\r ~lt\t ,echnull)$i~\l cxtcrunUUQs have not beet) removed by the impr()\I~d mUllugaffl.\1m 
tl.~chnolusy. hll.roduc(ld In tho IDA orw project. 

Diffcnmccs in pr()duclion llerformnncc umons lhc vnrinus size atid tenure group~ ollC(UlitlS within tho IDA 
nrw JlroJ~' indicutb diffcfcnl yleJd ~SP()Il$C~~ (mOl th~ sume level of i~put uppUCUUotl8 por uult of Innd. It 
could be thut these differences indicafe the dirr¢I'C'lces b¢twCt,!u gmulls in the ItlveJ of knowledgo. at the 
cnpneHy to manngc frriglltfon (lnd the other comJ)()neM.~ of the new technology. 

Another c.xpJamuiotl of the djffcrcnccR in product.ionp'rf()m'mncc could be thut they uds¢ ftOm vttriUtimm in 
the hw~l:; of mnullgcrlnJ Uf skill cfnchmc), tlf Jndlyjdml1 i,tp¢nlIOn; with which the improved rnnmJgt~metn 
h.-chnoJogy was applied. '110 problem could he itlfotmnliomd lt~ weH !~~ mouvatJonnt. However. cxpJulmtion 
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\'lu11I1)' l.abtlUr (in nli'ln.dIlYs) ~, 0.001 ()'()93 () 117 0.13' (),HH U,O'/(, 022'· 0.\00 
"it O.()t6 0.013 ()'o01 0.0\8 ·O.()O4 ().()()i) .{),Ol3· ().()t2 

I hft'~ LahuUt (tn 1IH1.11>{!aYI) p~ (), Ill, 0.107 O.23()' 0.140 ·0.\09 O.ItO O.3()() M03 
y. O.tX" 0.010 0.00'. OJ)(W 0014' 0.006 ·(l.OI1~ 0.010 

Numher \If OhlCl'\llIlInOS 141 86 133 68 

n2 () S8 06Ct 0,12 ().71) 

iia 056 O,(\Z 0.11 ()16 

I StallsUr, 2311 11I.f16 40,63 2".3'1 
IlrSIllCIl of },rtl('dmn (8,.38) (S;n) (8.1 ~4) (8,S9) 

T~~" 

If! Signit1cnnt ut t % level. 
II SignificutH nt 5% level. 
+ Signif1cnnt at t 0% level. 



1\llbIO: A .. 7 OLSEsthtu:ttcs of P()oh~d 1'o'"usccndcntul l'roducUn'l l~uncU(m Mo(Jt!'s 
with C(mul1ou Intcrtelits for Oiff(!l'cnt l~arm,.sizc OliOlJJ'~h 

- - d," rt! 

AU Sal"llt~Ot"ul!~. SllIallNI &: Small ~!t1I\Il&. M£JUWU ~t,'dltl"' lit. l.Y.~ 

\'"rhd)h~ I'ara"", c~m~ Staflttaflt Cm~tn· StAI'I11Jlrd c«wm- BU. 1M 14 (:.~m+ 8t_r..dllrd 
der. c;tl)fl~B • ~frijr$ ~M'I" .)r~r .. dtlUu Pm." • d'!f'lts r~rr"rll 

I .- -ftltc.n.-epl (t ·onl'{ O.zt6 ·n.l60 0.301 .l.OtH' (l,:269 ·t,1tS· O.3lS 

PIl)l Arell (it! (l,m acre) Ih 0.85S- n.ll8 1)/,13· O.18:l ),014" 0.141 lA3$· 0.110 
'11 ·0.001' UnO) 0,002 O.()()6 -tun,· 0,104 ·0,011' n()(H 

h~nlh1cr (kg) (\1 ·(U)~6 0.071 0,086 c). tau ·(Ul51 O.OS" ~),1l2 OJ195 
'Til O.O(H o {l(J2 ·().(loa CW04 O.llOst O.ooa OJX16' 0.001 

1'lImll~ l.-bour (In m.ndil},) Il, OCNa- 0.048 ()Ol6 O'()74 0,1, .... ().OSS 0.'44* O.()(;)(l 
y, O,(IOO') OOOt; 0015 o.()to ·O.OO(j 0.001 .a.OlO 0001 

HIft;d LlIbour 1111 fllllll·..!iI}l) 1\. IU)9Q' nos" O. UiU" (W76 (W4t 0014 -tW58 ().(}i)O 

VI O(XJt)' 0004 OJX)6 O.()(k) 0.001' ().()().. o.()O!l o.O()S 

"tUh"",,,'t I'f (lh,NvlUOfI$ 414 2Jl 281 2tH 

1(3 061i U()z 07l (),14 

ifll; OJ)"! ()(~) 070 013 

1, StaUlIU:$ 110,92 4415 8443 (11J.95 
()cgrt't'4 of i'rCCtillln (8,.125) (8.22.4) (8,218) (8,\92) 

'"''U~''''''''~'~''''' 

* Significnnt ttl 1 'if level. 
# Significunt at 5% Jevel. 
+ Signifknnt at IOcr(; level. 



TubJe: 1\ .. 8 DC5-CrI.,tiolls Of the £sthJlut~d OLS Models fer nUTctcut Snm,,)(, 
Groups. 

-
.jlu~tf.i)n J)t.'1Itrlpthu, uf F..Iitl"'~tcd MI)(t~lll Sum tit Slltll\r~l NO .. bt No,ot"at •• 
Number. RC${«h.l"JIl (SSR) Obtl. (N) ftl¢t~\~ (K) 

'n'i-rt 

c;'vllfilmcc Mo-Jt>l wllll IlbwlCC bUIt)il1il:$ ssn, t: 61.346 4'4 g Q Jl 

:.t Hcttrcuiotl M(l(J~1 (or (~1c)1(: 1)14fitfl(:¢ PI()Is SSR~ ill 21792 221 K·J~ 8 

3, Regtc15ioll Mudd (or Me-dlurn Pi'lll"~ rJ,()U SSRs ~ tS.:J68 162- K,.,t.t R 

ktgr'Cl'i5l0tl Model (1)( lin ')il\lIn~C Vlutl san, ~ 8,913 162 K·'lIjI 8 

Covl\t'\ltncC Moo(!1 wuh ('I 'SCI Itnd Medium f)1It1U1Ce J)umlfdet ,SSI~, ¢I 4& 7SZ 1"3 K J;lto 

6 Pl~IC4 Model Wllh CommUll Jnll .. ,{ccpl. ((If Clost' altd SSH. c 50.881 363 K·le 8 
McdJltffi l)i$l';llCC Pt~j 

CtWltlllllCI,l M()d~1 wnh Mt'dlUIlI /tnt} Jta,' l)ltt.l\c~ 1)lIl1unll~$ SSlt, !;I 37.S19 21:\ K~lO 

(I 1~llol!l'd Model Wilh C(ltl1lll0n Illl~~«,cllJ tUI Medium anll SSR. " 31.548 213 K-ltl 8 
"ar DU\llnCll IlI.l\5 

I) t".lVillilll':C M0I1~1 wllb ('10$<1 itnd t'llr Ol'tlnn: f)umtl'1!llf SSR. 0 34.5'10 '1.12 Kl:\.to 

ICf Pooled Model willi C'rtnmllltl illhm:.t'pt fur ("Ime alld SSf{l(r 3$ fZl 1:12 K·l~ 8 
htf nul.nce Iflats 

\I (\) .. IOj\fit!t,1 MIlilel Wllh I (\fllmcy dummy SSI{II~ 61 635 434 1\\;)10 

IJ Ru~rrll:ni)fl M(IlJd f.w {)\l-nCf 0J1t·,,,I\\d Plul. SSRIt<::l SO 018 391 K·lt;f 8 

P R.!:"gfI"Ultltl \1,,'\1('1 (ur letl!lfll <>tk'rlilcd Plnh SSRu~ 9552 11 "·11:1 II 

14 I·o(llr(~ Mudd "'1111 ('ummun III\erQ!JiI fl1r All ntrlUi)~ s~ml';c 61 4Sf) 434 K·lu 1\ 

I ~ CU"'llnllnn~ Mll!Jt:1 with hl'm •• I.e I)lJJmmeli SSRlli:I fl\ ,65<1 ·n .. K t;'j 12 

HI I~(!nreutntl M(~w.1 for Smillie" hmn'NII.C 'iSlt"rJ 25. 321 147 1\·1". 

P fh:gnmmn ModI:'! (01 Smll\! Fann·slIt' SSH 113118 86 K·l"" 8 

p: RC!~UlOn Model for Mtl,hum I-arlll lUI.! SSR1,'" 15.19 I 131 1\.,1 Ii 

19 Regru51OJ'l Mod~} It)' J.Jlt~u "Jim) II'.., SSR"lIl 1),12'1 bH ~I,. 8 

20 On!ItWIrlC:C Model wuh Smillie,! /lfld SUI/Ill SSJ{,.p J7 21ft 2:43 K r;; 10 
"111m-tIle t>lIfnrl11~. 

21 I'ooled M(wlel with Cmnmull 1lll\!ftCpl for Smalkl. SSI{ll'~ 31i (21) all I{-I,' II 
lind SIl\IJIllliirtlHI1A.! 

Z2 COVlltllltlCC Ml!I.\d with SmJ\I and Medillrn b:., 'II!:: 3(,12(1 28" I{ t 10 
fJlmt·m.c l>lll/lm*e~ 

21. Puoled Mudel With Commun rtUert:cpl (or Small SSRue :14,7!J1i 28'1 1\., ~" 
/I/ld MedIUm Farm '1Il,(l 

24, ('..ovarlam:e Model with Mt'!dlullI and l.IHBe SSJ{),fe 11.549 lUI 1\,,10 
r'ann'611,c l)utnmlc$ 

2S. P«)()let\ MOdtl wiltl (~)ftlfnun JttlcrCCpl fot Medium SSl{n~ 21.512 101 KIm 8 
."d Small filltm'str,c 

._~'4~. 



1'ubfe: A·9 
-H----~--__ ~ __ ~ ________________ _. __ ~_,~~·. ______ ~ ______ f~_ 
Test C(mstru.lncd \Jm:t} .. strnln~d ..... StntlsUcfi J)CRf~C$ of Critic,,' 
Chllttlctf.!risdcs SSRs SSRs l~ .. ~edom ($% )Vnlue _. ________ ••• ____________ ,..,....... ___ ......... _""-" __ .... T ....... ~_._ 

J)lo! J)Js,mlC!\ rr!t!u . J)mnl!~ 
Close Vs. Middle SSR6 SSRs 16.334 (1,373) 3.84 
Mhldle Vs, Filt SSR. 55ft, 0.157 (1.103) 3.91. 
Close V s. FLU' 55ft,o SSr{~ 4.116 0.262) 3.92 

C,iot .Owtl<!fshtpJ. 
Owner Vs. Tcumu SSR14 SSRJI 12.527 0.424) l.R4 

!:.!lJU! .s'rct 
SmflUcst Vs. Smull SSRzl SSR.1il 4.859 (1.223) 3.84 
Small vs. Medium SSR

" 
SSRu ft 1t.SSO (1,227) 3.84 

Medium Vs. tnt'So SSRn SSR1A ()'204 (1.}90 3.84 

TC1it nf ntffefentilll SJ!.n"~s VCt!h1rB 

.!.!bH pistilnt~t~ from (·I11llI)! 
Close Vs. Middle SSR~ 5SR2 ,., SSR, O.56t (K,36S) 1.~)4 

Multllc Vi'. Pur SSR, SSR, + SSR4 2.302 (8,95) 2.02 
Close V s. Fat SS~ SSR2 of· SSR. 2.869 (8 12SM 1.94 

Ptnt O\\'nf.tt~l!flU 
Owner V s. 'rcrum! SSRIi SSRu + SSHn t.748 (8,416) 1.94 

!;)l(!ll.sh:ct 
Smallma Vs. Smull SSf{,.o SSR'6 + SSI{J'J 0.'71 (8.215) 1.94 
Smull V8. Medium SSRu SSR!" + SSR ... 12.331 (8.269) 1.f)4 
M<.~{hurn V s. Large SSR~ SSt~18 + SSRn ·2.605 (8.18:l) 1.94 

TeS! flf nU1'l.·rtmtli" ,tegresston Acros!; G,·(}~!I!.~ 

Plot UiSlunce frnm Punllli 
"JO!)C Vs. Middle SSRc, SSR2 '*' SSl{) 2.296 (9.36S) L8S 
Middle Vs. t"nr ssr~,l ssr~ .... SSR. 2.065 (9.95) 1.96 
Close V s. Far SSRH) 55ft, + SSJ{ .. 3.{}41 (9,256) 1.88 

Ptnt Ow!.!er~hil)t 
Owner Vii. 1~ClHinl SSRI4 sst~n -t, S5ft" 2.966 (9,424) 1.88 

1111rnhsl1~t 
Smallest V~. Small SSR~I SSR ,tl + SSl~I'I 0.858 (9.215) I.H8 
Small vs. Medium SSr~l' SSI{'1 -/. SSr~lfi 9.209 «(j,269) l.8B 
Medium Vs.l .. nrgc SSR~, SSI~II' + SSH I9 ~2().333 (9.183) L8H 

-- 1>11' ... 


