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Introductio}J 

Thailand has a total are~ pfapproximatelySlft)illiQn>heetat'es~about· 4()%Qfwhic~jgllSed 
for :agriculture. AmajQntyoftheThaipopuiation, 63.6% cora. totalQf 54 million, are 
engaged in agricultural production . (OAB.,. 19S9a). Rice. is by:farthe most ;iJnportant 
agriculturalcomtnodity .although thaila11d 1$ now facingstt'ongco1llp~tifioninworld lice 
markets. The study by ItQetal., (1989)shoWsthatpercapltarice .consuntption inmost of 
the fourteen Asian cQuntries underreviewh; decreasing. Incomeela$ucity ·office demand 
declineGalld in some cases became negative between 1961and.198SfDomestic demand for 
rice inthesecountnes which produce andcorumme about 90% of wodd's rice productiou., 
may therefore, :decrease. Accordingly,thequantities ofrlcein Asia available for e"Ilo11 may 
increase. As a consequence, a potential exisf$ for excess supplies of rice in Asia) Which will 
put an additional downward pressure on 'worIdnce prices. 

In Thailand, a 1\-ide range offruits .are traditionally grO\\1l .on a. small scale by fanners. These 
have been of increasing interest to research and extension workers .aspotential alternative 
crops to rice and field crops. I-Iiranpradit (1989) shown that fresh fruits and procc.-;sed 
products have a greater potential to increase export income I'lan the main expnrt crops, e.g. 
rice, field crops, para rubber. Mango is in the most promising gnupof fruitcrcps according 
to 'The Fifth and The Sb.1h National Agricultural Research Plan (OAB, 198941), and it is the 
third fru.it export earning products after longang and durian.Ylango is tolerant to drought 
and temporalY flooding, and can grow well throughout the country, except.in the south where 
it does not grow successfully due to highburnidity.Hovvever the Thai mango still faces 
problems of quality, competition, and market expansion. World mango prodcction is about 
14 :million tons, but only 2.5% oftrus jsfrom Thailand (OAB, 1989b). A study by Nochai 
(1988) indicated that potential foreign markets for Thai mango exist not only in Asia but in 
Europe, the Middle East and Americ~ subject to the development and adoption of improved 
technologies which will overcome quality problems. TIlese include attention to packaging, 
transportation, and standardization. 

Investment in fruit trees1 .in this case .mango, has several possible advantages over rice. 
Average net income is much higher, compared tonce which sometimes becomes negative if 
family labour is ttken into account (FSRI &. DOAh, 19&6). These swveys also suggested 
that labour use is spread throughout the year in mango production, which favours small 
farmers who rely on their own fatnily labour~ Disadvantages ulclude financing mango due to 
iu.vestment costs and .no :income from mango during the :first two years. Once mango is 
established however, a diversified rice and mango fann may result in less income variation.. 

1 Paper presented. at nle 37tlt A.ustralia!} AgricUltum1Econom~~s Society Annual conference, 9·11 Februruy 
1993. The University of Sydney, NSW+fAustralia, 
'1AW'o~Econo~t,. TlleCentral.PlainAgricultura1ltesenrch & Development Office~ Department of Agriculture~ 
Supltanburl Pr~vm~ThaiJand. ' 
3Manage,r }t.eonomio ArtalySl$ andFIUlll Management Btanoh, \V.A.Departn'.entof Agriculture, BARON·HA Y 
COURT. SouthPert~ Westem.1\t,stralia, 
4 VisitiI1gLecturet~Agrl~u1qlWExt¢nsi()n,p.rlIlcipal Advi$ert W.A. Depannent Qf Agriculture, Uruversity of 
Westem Aus~ Nedland$~ ·WestemAtlStralia., 



As,tat)li~are;s~d, ,~9;~~nsl< '~verse'{)'QU.ng,.l§t~);:,Ka~ 19.81)~"1l1Qre··~UrePta~uction 
'S}'$tenl$ jttVolWig,diVe~~~tit)n;i~;,~o':~~:::~ce~ .,"llmy:be' ivr~fer.rCd bystplill~scale 
fanncl"S.~ ,WiUl,'an", ~e$~PQ§itiv~~p.d ';11~lWe.fa~tors,.Jh~4~~ibn,as ,to whe~er nti\Dgo 
:sh()WdPeintTO~ced,:~¢pmpl~~·,!No~over~it~yn~fbe.tbe:~e IQtan fan;net'$,<that.is, 
1h~'trade-Plfbetwe¢n 'm~~()~dric~:~Y~;4~din&()lttlteJ;~io-ecQno.ruc~peCf$Of 
each fat'nlt ie, fann,siZe~ .. cfedit,andfamUy,labo'Ur)c ~being>:th¢thtee ,tru\ini'e$Qurces'·wmclt,may 
'l·etat~tofarmerweJfili·e.' " ' 

" 

The ,oasestutly~¢ai$:Tha.mb()n "B~ :si{uatedin 'Sl1phanbUtj,pr()"0~ceimtbecerttra.l 
plain"c>f Thalland,.AgricJJ1rure,in,theregion, occuple$'88%'oft~~<t?talland ,ar¢~t\bout99~~ 
of which ,is, rice padtiy,3cC9unting ,iorabo\l~9(}O~:Qfto~ f~:income~ :(FSlU& ,'[)OAE, 
1986)., If fanners :inthis ar.eaco~ddivemify ,some Parts' ofth.elrllad<ly'intohorUcgttural 
crops~ such. as 'ltlango, thcir income may be l11orestabl~'andS1ls~able, than,ij:otngTQwPtg 
rice alone. fIowever, there ,hasllot peena,lliol'puglt $tudy toinvestigat~Whethet ,mango is 
really allappropriat~ innovation fottbe fanners in thearea,rtor:my ,1dudy ofpptimallice8l;. 
mango areas for different fannsizes. TherefotC) this stUdy tests the hypothesis ,th~mango is 
an 'appropriate technology for these fanne~, . andinvestigate$ !tow 1heoptimumareaof 
adoption is related .to the fanners' socioeconomic situation. 

Thc.nlodel 

A multiperiod linear programming model is constructed(phupb~ 1991) to analyze the 
transition, year by year, from a traditional rice systCln to a more diversified system 
incorporating mango production. The model coven; a 25 year time horizon in order "to 
evaluate the effect of introducing pen .. '1lIlialfruitproductlon on a whole fann, where account 
is taken of the fallll family's access to credit, labour, and capital. Risk is represented in the 
objective function using a fOODulation of the MOT AD method. The model will detem1ine 
optimum fann plans by maximizingcumutative cash surplus ever a 2S ycarplanning peIiod 
subject to the constraints of available Jand Circa, capi~ fanuiy labour and famt1y living 
requirements (the pwpose for ba\ling a 25 year planning period is to allow mango that may be 
gro\\<n in year 3 of the plan to have a life of 23 years which is the .optimum lifccycle of 
mango produc":!on according t.o a study by Rawonghet (1989». 

linear programming makes fann planning with computers both feasible and practical 
(Cro\vIey, 1985), Problems to which the LP method can be applied must have three basic 
components that can be expressed in numerical quantities: 

(1) an objectivcf usually to ma:<imize profit or minintize cost, in farm management; 

(2) alternative activities or investments; 

(3) resource audior personal restrictions. 

The linear programming with NIOTAD risk .tonn may be written as:-

C'X - oKI} (d+ + d-), 

subjcctto AX SB, 

DX +I(d+ + do.) ~ 0, 



'Wh:re~ •. At .. B~,CrePresent~tMtY'l~1i, a~UVitJCgeffi¢i~.:fesoUNe~ties,.'AA(l 
gtQSS .~ •. c~~ons~n~b'~ .~ .. 1$ th¢.'~ViatiQ);l .. mat.rix;()f~. in;tfgin·obs~~ 
~dth~,~~~xpe~tadPnin ,~,~~plat,y~~"IJfan8·Si4etttib1;tnatrlx.' 'tb~"-ectorf .. 
d+}: !J:t}p~I$f.h~ .•. poSi~., (~luf¢devi~ .. :~d 'd~, :~,)f$ .thc.n~tiVe ,;absti1ute 
dc:viation.If:tbcsurnQfd+ +d-mPQ$itiVt:;. I 'wi1l'·be.ze(Q.,. 1ltUSt~,ifth¢$utnQfdten¢t 
revenued~tion$ fot,~ Year'tifn~fumJJ . Witlbe.fQt~ fQ an eqllivalentpoSitiVevalue 
~11er·tltan '()r,~~lt(l~) .~' .. ·~ .. ,summed .. ~.·SYears:'·b)r·l, .. 4\.rowvectorof:ooe9,to 
&,vc a measuteof $Utttmed:tQta1 ,~,·~tiQnpver·~ y~~ ·Thi$Sultt.·.i$ttansforrned 
into .;.m~stimate: ()fthetdan~ de~onbymultjplicati()nby 'ihl:! CPnStantK~.and' Jl ·i$.tbe 
riska\~oll~ftlcient, 

The,$t.mctl1l"CotthestudledDlod~l 

Figure Inhows ,at1outJin.e 'QfUteblockdUlgonrusn-uctureofthemodeti . 'Ri~and,~.ngo 
acti\,itiesandassociat«i constraitd$Me .repeated for~ach year ,inthe,~agona1block.s~ The 
objectiv~·function ofthismtiltiperiod lineafcpr<>grarnmiJ:lg ;mOdelis, ·thernaxinUzatiOn of 
cwnulativecash ,surplus at the end ofthep~horizon~ :LetterA. (see Figure 1) 
representscoetlicients Ofm.ango .areas· to be linked.'ttom.preVious year'toihe llcxt:.(cornmon 
constraint)..Letter B tepreSents transfer actiVitie:s, f«instancetheiransfetQf caSnsutplus 
fremone year to another~ A 15lrear l\."ayment of lQng-tetmloan for .mango esbblislunent 
appears in the Zareain Figure 2. Risk ¢Onstraints ,~tq)resentedto atlowthesetectioJl 
bet\veen area of rice and maugoproouctiQIl.to ~. aff'ectcdby the variabilU:y of gross margin 
and, riSk preference oftbe ranneI1~. 'The ,mean absolute deViation ,(£MAD) ·oreach. enterprise 
appearundemeath the enterprise (see Figure 1). ~Kisa constantvaluet and ~0 is the risk 
aversion coefficient 

lvlultiperiod linear programmingpemtits the programming of activitiesandoonstraints for t 
years (where t is a finite number). Outputs 'of anyone year in tbeprogram become inputs 
fnr the fonowing year. Thus, activities in each of the t years ate interrelated. Inthe 
optimum plan, the plan for each yearrepresellt'ithc .11100 ,profitable plan in term~ofthe t .. year 
optimum. In each y~,the cost of family living (housenoldexpenditure) is considered to 
compete with the flum business. A family expenditure constraint in lUC RHS is necessary in 
"iew of the fact that not all capital forthcomiugas incomo from a year's farm production \ViU 
be a'\r'3iIabie for fu.ttherproductiolltas nome must be used for fanuly living. ' .In tItis way, 
family Jh.illg expenf)es are represented ~ taking precedence over fann production in the 
allocation of available resources. 

The data 

Thambon Banlham Wa$ cboS(mbyThe Funning System Rese~b 'Institute (FSRI) in co
operation witbTh~Ofllceor Agricultural Economics (OAE) ··~ . .themain .key site to study the 
feasibility Qfintroducing.eropdM;n;ific;lti()n~i\lt()'p;,lddy ·~asbetw~ 1982-1988. Atota1 of 
182 iaons Wete,stmlPled '{IDddMdedinto 1 groups accordLttg to fann area in order telook 
closelyatfann~ttraditi()nrurlcc: .systemsa¥.ld 'Uie $ocio«onomic Ch(lt'actClistics that may 
infIuencetbeadpptiQt\Qf 1nnpvauOU$(FSlU .& DOAB, 1984). Data on the pbysical and 
'wcio-econonUccharacledsticgQfUle :Ptesentstu(fl area are basedontlteFSRI& DQAE 
study~ Theeo~yietd:s, l>ricCS$ ,~ndlaboutusedinrice . production were obtained from a 

·~I<,¢qtuavS("~*n/(~{$-.l)));(fot S ~B, :K= .0.3349): 
The .ra~t9rsout.si~thesq~ 'tOQtsigt).vx>nvert totalrtegativedwi$tiontou\@.nl,tb$olute devjatio~ and the 
'$qU3tfi~oot¢Qf1Ve$th~.meanabsOluted¢via.tion,'w.the~ted\'a1ue.onhe standard deviatic)n (see, Brink 
~d McCut 1918)~ 



$fuC!Y~"F'SRlilJtP9~:;(19$~,<trq!U;1~$2~lg~$.¢o.its~~apri~wcte~.~ "~98$"~ 
th~consum¢ ,pd~ "in~:<bf:,th~ccnfta1 ;Plain .~'~ent ,tegtQD., 'The, ;~ onmal1g() 
producut>D.wt;te .b~ int., ~ :~'by iRawODShet(1989)~, 

. . 

Th~,$~e ofthe,p.tcdeL 

YEAR. 
1 

"" 

• ,Jj 'YEAR 
'2 

I 

I 

A 

B YBAR 
24 

S' YEAR 

25 
RlS]~1ADl ~ MAD2:tMAD3 .. *MAD4~23;I:MAD24 ~"MAD2! lI~K 

Note Letter A and Z, re~ntsa$et of ,tied :fOWS (cQrnmonconstrains), 'S == 
!ran ferr<'dactiviti~ ~rl$k~verSioneoeffici~~ 'K ~a constant value, and 
l\tiAD =tbemean'absolutedcviation ,()ftice and mango investments. 



TJte'mQdel;~'i~~amaptlo." .... ." '. . . .' 
:Fannsiz¢istlt~;,6~,f,facto(>Q" \Wbicn!,.~;~y ;~. t«'U$e&'··the~'was:m~dc 
·~ .•. :~;fann",··:~(1() .. 1lti~), .... ~ .. ~mt;~':fimn~'.J2S.ra;>,J.,:;m~.,i ,~·~(~m) . ..thr'the 
$bu.tdatd~. "AU:Qtb~'pamneteni' 'w~J~t~t ll~.·iW1,,¥:~}~~lfor .. ·~f:··~b'Si$·{averagc; 
.. "-alues\QJ~est tQ lb~":~'si~ti~), ·:t~~ 16Q·~iJa~\bfrQff·ilu.nt.·wQdt,,~oi·.pd¢e~t' 
2() ~.family·e~nJi~~¢.,at:J~~()(Jbabtl~~:~4~d~ya,i)abte!;(ot:ticcpm.d~ti~ 
at to r~se~Q~ 'Jromthc:»i\AC(llte:Bari¥' '~f ~~ultureandAsdc~ 
COp~tive)atl$,OOO'b#lhtln'~ '~Y .~bout'·~i~~ fot.~it· .. tiUm.Vi0d( .at<68 
rnandall${rnqnlh,· ~ti n~bout :IQ:t.nI~~bl~ ·hl·l.O.QOO.·btthtlyetJ(~. 'Thmf'o~Ute$U1n¢hWd 
mtV~tsWere:tl.lbt.·~. the .assutnptions .. a~forisnum,~Urtt~nd '~e·{arinJ. . 

Sensiti\it)·~ty$s. iw~·~at1cteil·Gtt i~O J~~~~r;redit;ftom.!thc:BMt\'faJnily 
expen~t ;incom~frontotf-fann",()rk,anddt¢·fatmer$risk.ttifU~~ ··t:h~.:tn09~tnm$'V~ . 
b~:Mthe.;lSSlUl1J>tiOm()f.ihQ$fandatd mooelsa~scl1~l~tp~p~ :l\laJlgQi.prlces·. 
~:were 20~ lSfUld 10 :babtiki1i.)&r~:QfCdit·n-om·frtt;·:BAAG\V_1StOOOtl0~OOO1g)OO(), 
and 5~OOO'babt11f3iQf 'land :owned; fan1ilyexpenaiturew~ .1,800, .1,500, and 1;000 
bahtfmonth;mC()rn~trom off':fann: ,sate: ofbbout wa~r lQ,OQO (Z50nWida)i'$)t 6,000:.(160 
mandays)J and 3tOOO(80mandays)perycar~The model$.C9nsider siX levels ot.risk aVetsiQll 
Coefficientte.O~O(rlskneutrality») O.03,O.SOJ 1.0, I.SU aud 2.00. The 0.03 isch~baSed 
on Sirljinda'sstudy(Sirijinda, 1988). 

ResultsanddiscussiQIL 

TIle; relationsbij)$tunoJlgdUferent factors. associated 'with rice 'and Ulatlgo production, fann 
sizet income fromla'boursal",~d. tho nature of fallners~C1rtitude to ·risk, led toditIenmt 
optimum ®lutions.The largerthefannthe :gteat~ the ~ofmango .adopted .. Graph 1. 
shom that mango area· was, .S~4and ;9;6 rai fo.-medium nndlarge fatmsre~ctively but. that 
the solunon is infeasible for the small fann. The .sman· fann. model isinfeasibleb~~, witb 
the assumptionthatshort~tenn. debt is notcanied.overtothe next Y¢a(; .there isinsuffic.ient 
cash ·t1owto. fll1eet:th~;requ.ired levelef .hQlJSehold expendifUre. The issue ofinfeaSibilltyof 
thesmaU fannJ$deaIt with.in :turther ~-ction. 

A comparison, of thegrowthinCiumtll~tive~h $JJ.t]llus. between a nce farm andan.integrated 
mangO' &dcepIl)dUction farm ,is shown iinGraph' 2~B. Ifatneqium sized fanncruthave 
.S.4rai of his patldy divendfiedintomango production, 'the .farmer would Carom end 
cUntutativecash sm'P1u$ (cashaceurnulatedat yeat .25) about .3 times ,greater than the purely 
ri~ thnning system (Graph :2A).. The 'end~um~tiv~cash$urplus, is foundtQbe 3 times 
greater (Grapb 2B}witb9~6rai.mangQptQducti()tl forth~largetann. The end cwnulative 
~l1$lUp1uSi W3$~1mo$td01,1ble aCJ"OSSthedifferent farmsizes,.bein3 :991,591 baht fora 
medium'fann and 1,.756,985 baht for aJargcfann. 

"t :Heclare ~f$;ZSt1li 
1$0$1 •. ,.. i2S.~t 



Graph 2. A Th~co.mpali$onQf grpwthbenveen.rtce& ro;mgQ· and rice fanns ;~1editun 
farm), 
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CumuhltivccashsurplusUtcrea$ed'e;raduaUy frQrn y(;~r .J to YCM' 4in . path ti~andan 
int~grit~ma~() & :ri~ fanuwh~lQn$8k:rtn, ,1Q'ID. 'rqJ;tymenl<;for ;mangoproducdonw(;fc 
stiUina,holiday' perio<1(~'~e~)~Mer:'year4. ;tbecumuJ;ttivecasnsurpJusof:the dee fatnl 
:k~t .inCTea$ltlg, wherea$ in :lheintegrat¢d :ma~() lk 'nee, fattn, .lhecumulativecash .. surptU$ 
began (to fat) ,be¢auselong-temllQanfCJ'pyments(otmattgQ :ptQ~u,ctionstanedwhi1einf;ome 
from,JtllUlson;lnains ,negtigible~ .. After year :8¢Uml1tafivQ'ta$h$urplus:incre~~$ :$!tarplyas 
inc()Jllc fror,nmall$C1J,rqd9ctionfP'Qw$by yeat lO~the:pmnu1ativc; J~a~lt$urplusi$.equal to that 
oflbe·ricefarmandthereafterltgrows '~@piQlyt :inc~a'~toweu'abo,,'C lhat' forth~ rice 
fam'4 ., 

S(!lISithi(Y;U181ys1,or:tbe'$fanaarilmod¢I'~utts 

.~fang() pri~~ 

l1w O,pllinOOl:m~ngQare(li$wtya~tive'to 'the ~~oprice,~ndthe ',mango area dec{:e;tSes 
ifthepric~c.Jr,~()'faU$.l1t~atlmQrmangOde¢Nas~ 1I:QUl5'~4 ;(81to 4~4 itaiQnth~ 
meqium farm {(lr~pb3)~ . ,Fortb¢I~~'farnl,.'8 Jai, ~rmango 'production was s91ectcd at ,c¥ 

:mcmgopricf.'Qf lS.:l>~lttlk11~C(>mpared'With,9t6l·aiatam~o,pri¢e uf20babtlkilogrrun~ 
NQrnangoatea~terc4 ,theoptimum'$QlutionWhen,tJjelth~bprit(lwas regllcedSMn ·.tQ 1.0 
~tIJdlogramln~cating.~tfarm~ cw()wd '~;b¢ffCtoff.MviPg,p~btdcc' fapns:. . .. . . '. ,.' ... ,'. -
:'~QJtilPY ;~pa~e~tpe~,UJIediJlJhis ... ~.·m~~ apesjQ4in'Wfdch .• Che .l>~lt<J.~nQ~arment:dllring ,mM~O 
:e$Ulb.nih~~,p1.antln& .> 
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'The :atnount ,oflQ11g-tenn;Joa.n ;~v~1)t~wt!$ ;UdI' \ac()t\$~t:to ;~o ,pr(KlpcUQil; for ;~ithQr 
lar:m'6@wh~thc ,land J1lq~~e ~'iW.: :~tatlS,OO():baltflrai' .'S~itlv1ty"tQ ·UUs··.fact()r 
wastemed at"l();OOO~g~l)OOt .. ~dSiOOObahtlr~,~4sW}lri$irtgly ,,:i(.wasfotJJld',,1batthe,eunount 
Qt;:loan,avaiJa.blcdid:notbindtbc"sclc:clion ·.~.'i1lS1000. ;bahtlnn~ . the: ~modeI saveM 
id~tical$Cltuti<mfQTbQth tbe~n~dium~dntaJ:gc; iaJlllS' •.. Wbere;1ong ·.tmn .borrowbtgtcapacity 
¢x~~ lS~OOO!labflt1d, 'tbe'arca.ofntango1'toauctiondidnot~hat'1gesince.,jhem~qm 
amp~tQrloanavaijabJew~inQt'Used"upand ',the()PtUnun1isolution.show~ttmtthe :shaaQW 
priceof~constraintwClSzerO. ' 

F~y·.el:penditure 

Familyex,,¢ndi~,has, ·;\.$frQng'ett~t onthe,QPtimqmSQtuti()Jts~tMty ,'analY$;sof ,this 
C()nstraintindica~d; tfult:.when fannsil.et'lmd,teasedMd~()ptiCQ;~ l'q>i cQn$tall4ihe 
,optimum mapf"mazmQproduclion ,is 'ncgati,veb"~We4to.family,expenditu~ (~ph4.)~. ,If:' 
fanuly.ex~ndibJr,e\wa$s~fatzer() ,the, ;~odcJ.:$el~te4 J8.9 .$ld' 23,~ lralmangoateA fort.h~ 
'Jnediumandth~;large'fanns~$pCctWc1y~Whe11.:fatgily ,~~(iitgre'WM ,cOD$trained'to 1,000 
,~abtlmonth1he ·atea.;;,f'ttWl&tl,decrease4to 11.8 :r.dfortbe,medium f~. and 16rai tor the 
large: fanniThemMel ,~I~te4, :5.4 .~.Qfmango for :themedium farms and.9.6'~ :for the 
,1Mg~;fanl1$ when. f~liIy¢~:pem1i~wM 1,800' ,~aht!rnQntlL. The l'erusonfor itheeffectof 
~e~ll~i:is .'~·it,~~hfl.QWfu "e31J5to 8 dtat .l$··JllnimlS!.rnarmQarea• . An 
,intpliClluonoftlU$:tlndinrsls th;Jttttto~ d~ing Uunilyexpendit$Ot ::impn;rvingthe c.1$h 
flowpQ$ition~t~time, i,it .. i$ ~prpfitab,Je 'lO, \flnan~ 'ihe'planting of moremansoes~ This, in 
'tm"nwill :J~~ .. :tQ .. i.gr~f~~in the, lQng. .• ~. . nus .nmyPrn1ay:~ot .be·t1ttracnve to 
fat'plmf .TIlc;~~1ity ;QfhouseholdIJ .tQ$~e ;em fopd ;~enar~tea;onthe fannmeans Utat 
i~n:~,(amny'~xpendifurema!be feas~ble. :1fdaia~howCQtlSWllption .is .. a 'nmction of 
'incrnne were:tvailable.rutt¥er;an;dysis~ou1'[be· ,onducted~CQrpor~tmgfiuch ,a consumption 
functionto$ive .~morcrealisti~ \f(eatment()f:tlunilyex~diUJre .. 
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In(ome frpll1.(lff..;(annworK 
The pptintwn~rea ()fmartgoesincreasesspcantlyWith the QPpartunity tor ,o$farntWQOc 
in bQthmeruum an4large fanlls.The optimum 'mango ''U'e{iof' 2~8 rai,in lhecascof80 
Jl1s:\udaysmcomefrom off' famlwork, 1ncreasedto SA 'ra.i 'and '1,.9 ,rai,;Mtenmcome from ,Qff .. 
famrworldncteased t,-, 160and250mandaystespeetivetyt fot;llie medium,sizedW'm (GPlph 
5.). For' 4ie large fann mango areas increased frQJn 7.2rai'wnenm(;Ome :fromoffi{ann work 
was ,tsO mandayslyear,to9Ji and 11.9 'cal ifthisinconte :increased tol6Q and 250 
mandaysfyeart~pecUvely 

Graph 5. Theexpectedopthnumarea$ .of ' mango production in each faonatdifferent 
levels ofoff-fatnlworks. 
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Aswitb reduced ',bo\l.t;ehold ,;~penditure, inc~asesino1f·farm income led to more ,mango 
prOducij()J,lbyproviding 'a4dldonm finan~,:in thecritical,penods.(yeall;Sro8). This f~uces 
th¢ levelQfIO~-~bom:>wing,sjnceincom~ n-om. tIti$ $Q~cansubstitute forlong-ternl 
borrowing. ThushigberfucmncftomQff-f~ workledtQ a 'lower long"tenn borrowing 
requirqnent,~-r.raiQf Jl11U)S(X,~~ 

,Incomefromofffarrnwork bJ an important 'Pl1rt of hOU$ebotd 'mQom~~quse it can help to 
QV«~me,awo~¢apital~Pn~tramt, ,incltJdi1lg fanU1y "ex~ ,or ,even ,firtance the 
adQptifin(}finnoVlltions~ 'AnintpUcatiQJl,Qfth~r¢$p11$ i$ 'that ;llieoppommifY for ,off-farm 



.•. ",¢i:k, .. l$·an·~,ite~t:'Pf:·th'~"',~.';bt,~~'lt'.:jS,profiblbleto;$tow,· .. ~, for 
'tb¢'nl¢dhttn' ,~, i~ '~$~~oos'09~itt~~ :ft~m otf~fan.Di,wgrktfult~were:~d,ht 'the 
.,Jll~(;l ""ere. ·bas¢dron;~.4ata()f~iqc.~~,(df":fatm'\V~or:fll~@tmemin,tbe,.·~~.,irl 
1982183. .1'be Jow~ i~hijity'1tonltb~i:sutv¢y~o ~.atn.in~~1rpm this ,SPlltCC, (80: 
,!UatulaYfj),. "~¢. '~verage·,.;(l9()~~days),,~~·th~.:higft~t '~?-50·,.:~d#ys),·,.j)¢t·'Y~at,·,w¢t¢:,,'tlSed, 
gqWQWt,'inf~tiM , •. on',m~Q.mo> "ftbn1:thisSo~er ;a'lthol!glt;the be$t·&lv~abte) ·j$·nQt . 
~iii<m:d highty .. eli~pte~ . . . '. . , 

·Fsnm;s~s.,,'J' ta • ..ne.r.'$.Uimd~to :ris!t 
The~s\\lt$ ~howedtbat, at'thesamQdegree?frlSk.~~o1\thQ'. area ,pftnangQ,prOt1ucij(jnis 
hig1terforth~ larger fann (GrnP~6')f ,m>wever,4$,ris1cawrsion. ,merea$c$theoptfinuntarea 
ofmangQes,e~hWrg<;s~orthehYQ.famtsiZC$! ·l1tis.blQioates.,tfutt :lar.ger fanrtS~ ,~f:the'$atne 
:levels .. OfriskattifUd~~ :comd, :'a~optlatger: 'areas. of ;roango.pi'odUCUOn,tlUld ,J~lldin~t()W~1t~1: 
utility •. Atnskneutrality(o ~O~O)fm'Uig()'at9~I,for,the mediUltt fannisS~4tai and '9.~ Jai fQt 
.tht}1arge·fann With\l1ility lQVt;tsof991,391 and: 1, 763~86luWs for :t1lt: medium andhtrge 
farmsrespectively. The ,mango area ·aecreases .a$' 'm~ ,~versi()nmcr~es Jnbolli farm cases, 
;mdat ;lri$k aven;ioncoefficieut of 2.00;t1te ,tnaP8o~~~l1les2(ai when the utility 
became zero for bothtann.s~ The area ()fmangoprodu~tiofi decreaseswh¢nth~riskavel'Sion 
coefficientincren.c;:e$ (fatmer ·.beingm()~aversetorisk) and So dOC$the .areaofrlce 
production. 

Graph 6. Expected mangoproducdon 'areas· and expt..."Ctedutility (at. year 25) mdiffettll~' 
faun si1.es, .relating.to farrner'sattitude . toward risk. 
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l\tlultlpl~ serudtivityanalysis ·for th~ small r~rm 

Under the assumptions of 'UU,smodel, 'the m~um and .latge f..11111Scan profitably adopt 
rnangoproducti<m.lnthe Caf$e.ofthe ;t;tanc4u'dassumptions for the small fann tbcmodel was 
found to·be infeasible; '.notonly W~~ ,jtinfeasibletomtroduce mango but it was found to be 
infeasible even ··as· .apurely rice farm •. The reason for ·.t1tisissimply that ,he margin Cor rice 
Ptoduction~$O low~tcwfm an 1~8(){) bMtlmontb fimlilye}(penditurecould .not ~ r;overed, 
thus vioJatingth.et ,~onsttaint'that no ne~tive cash·bAbtnce~ c~Ilbepasse4 from one year to the 
·next.Farm.incomecoJQt::$ from lwom!dnsources, (i)1hereturns to nce or integrated mango 
&. ticepr9guctioni·(ii).~1¢()flabout off"faqn~ .The,re$ultCOWd be .fufeasibJc.ifthere iaa 
shOrl1lge.Qf f<MmUetilttle,et fatnilye~e$1 CPst$ Of,Pfoductionand loan .repayments$uch 
;IS whAAtrt~()' ~is:beingf:fitab&hed. 'Qr,incorn~netl~atedftorn'Q1ang()production issti~l 



nC$1i&ibJe .. ~iw~Y~Ac.;l·.~ .. ~·.~~·:··· .• Thercthrc~.··?Ir"f"ann:mCQmQ·~dn~···.~¢~on.playa·~ 
~t<padin·lb()~~y~()f:~C}'~llli$bm.~l.· . 

TbeJfonQ\Virlg~~.,inV($tigat~fh(J.:~~~binces»na¢t·WbIch .• the .Sntay·f~.·tnodel.i$ 
f~blc:,~d.Pn~t'wlU~lr.~Q .. WQm!l.·~··pmfit4p1y·.~~ .... Grnplt.;1~:~~ .. Qtose 
'~\ml~t·an~c:s~howhl$:tllal:.anincte~e.\m ,fatm~ize,.land ·le~ed!or~ .. ~ec~~e,in ramny 
eJq)endit4re ,i$~iate(t Witb:an.in~in~g(.l~~ .·Tb~ '8~failnS'~y~,~blefQ tuJppf:manso·if fatllity ~eXJ)¢n~ture.·J)et·month··.caJl· ,~deqe~~fj:oml,g()()b~t!rnoilthto 
l,500baht otl~s. ,Altentat.iwl), .the,ht¢oJrte'trom~qff~ramt~9fkwpi1ld.have to~crease 'from 
~bout 160.fiUlti~~ar «($,000 ~lt),\Vbi(}llWaa tbeavqa~e oif~tlln,niti~e pfAllfi~mu,':in 
th~stud}"art;~ to~bQUt.1QtOOOb~tfyc&U:'{25()tnand:iy~).In 'both·ttu~se~~,.it 'wQwd be 
ptQntableJor thesmatt:fatmjQ~dopt2.Srai,pf tnartgo. . ' 

'Graph 7 • The in~~~tion offa.ctorstltat ;~ectsn~ngo ~cm~tf~asiblli~ot'sntaUfann 
rnO<iel 
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160 

I = Infeasibte situation 

Mango adoption is not beat for all fanners: it is cleariy profitable for large farms, probably 
profitable for medium fanns and, undersQtnc circumstances, appel.li'$ profitable for small 
fa..-ms, TheapprQpriate martg9area vari~s anddepend$on the fanner's socioeconomic 
situadontUnd~ the pssumptions' pf themod~l, on the m~djum fann (25 rai) 5.4 rai of 
ll14Ulgo is opthnat,and .aJsQ·Jeads 10 about a :3,timC!J .higher end (cumulative ) cash surpJus than 
rice alone .. The large fat:m(40 rai) can adopt 9~(i rai Oftn8U$O wbichcould lead to about a3 
titnesbigher end cumulative :c~h sqrplus ·thanthe ricc-rice .system. 

The <iifiiculty of,~dop~:~ngo,~pecially for :the sm.aJ1 fanner, relates to cash flow and 
financial cOnstramm~lnthc case ofafim~farnter, be could grow l.5 raiofmangoes if it was 



,l'PSSibl~ .• tQ·$~d.le~.than'.·l,~OO·btml,,·~~m~:i~~:to:e~·ntore •... p1t-flU1il·,inc();n~·.·~\).·.'brlng·.m. 
m Je~st ':m.C~10JO()O.,b.abtlyeaf·in,th.~~ady'Y~~ff:tbep~lf ,thc.g(jv~enlW~~ to 
<mCOUt';1gc isroWin«~() :.itc.4n.clo: :f9byhelping "tQ~a~$&ih~'~ashJIQw~ituati()nof 
fam1ent,durm~ty~$'tQY~'9 ,caJh:~o.w,ptohl~· .•• ~¢oul4·'~:heUe .. aqhiev«i by (j)·tbe 
reduca~m ·otsQb$idizmgQftlic ,lo ... ·inter.est:rnte,:(ijl:~~~~ ljheholid4:Y:~0O$pfthe .lottg" 
tenn 19anl'epaym~nt~ond.a;:y~~au(JfQr· (iii) ~~djng'the :perlQd t>ftheJong71Crtn1o,an· 
rep~ymenttQm~ ~lSye~ toea~c .~sbQrtfau·,Qf ~hinyeats.5 :!'>9 :()fth~i?lan~ 

Tbe .1inearp.-~~ .mcd~l~edin ···this·s~dybasprove4 .t~ .be·'~, .'PP\VCrl1!l. to,ql· ill 
anab'~appro~teiJlnQvapo~ 'fOJ"atl;intilvid~:grQllPQffaffil~a1tqtQ idenfl:fYtbos~ 
whomextension$bowd :targct;· an(twhQm .not.,ltnas at® Ji~owntllat ·ifth~ 'GQV~nm1ent 
want$ fannetstoadopt mango; . then :tlte~ent:~citfl Jm~ent$bawiropnpatiQ.us fQr' 
the Idndof :fh,lart~~that .wo\1lden,couragethe tnaxim1ltnar~ofman2Q~. .Tbis~9Pltistic~ted 
approach .}ul$ .. also ~tributed' .'by shoWing· :thc1tthe'e~tra'infQJmation it 'has ·,inclpde4(f~s 
make a difference tQtheanswer$. :Detailsofthe f~rm· suchMcashflQW over many ye~rs1 
household .e"pellditurOl farm size, opportuuityto work Qf{·{ann .,Qtc, 'baveb~enshoWilto 
;Ufectthe " ·'er. Al50 it has been irnportanttQ compute anoptitnwnarectof'mango tJrtder 
these diffc... . rcumstan~. 
TItW approach could be C;lpplied to other studies in similar ;litlUltion, such as economic ;indlor 
policy analysis of potential innovations requiring majQf cluinges to the fanning system. Such 
situations arise with the introduction of new perennial crops into annual cropping systems, for 
example, casbew, rubber, coconut and a wide .range of tree crops or even of tivestockand 
fish fanning. 
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