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Abstract : It is held that greater growth prospects in a~riculturo are to be found in new 
techniques, inputs aiui market opportunities. In view of this proposition it 
is corsidered usehrl to explore the production possibility frontiers available 
to pziisant farmers by introdircing biological and structurd innovations into the 
traditional farming sysiem, give:) the present resource endowment situation 
prevailing on these farms. The resource endowments examined in this study 
rclarc to a grou!? of settlement f~rrils in Sri Lanka. The techcique en:ployed for 
this analysis is Linear Programmi~~g which is well suited to examine production possi- 
bilities under collstrained co~ditions. The technical matrix is based bn information 
from the: Maha Illnppallarna Agricult!!x:tl Station. The results clearly indicate that 
the zransformatioli of traditiorral api.icc!ltrlre by the intmdr~ction of biologicalinnova- 
tions and structural reorganisation, while campatible with resource endowments on 
scttleinent farms, could lead to substantial i rn~r~vements  in farm incomes and 
efficiency of resosrce use, i t  is also evident that the cons~mn~ption requirements of 
peasant prodrlcars do not seem to he in serious conflict with the objective c?f nlaximising 
filrm ir~corxi~s. The need to undertake studies in depth to  i&entify a ~ d  remove tho 
constraints wlnich prec!ude the maximisation of available opportunities is evidenr. 

'?'ha static cotlcel,! uf' allocative efliciency cc:nccr~tratcs c,n d~zgnc!:;i:!.g t~nd correcting 
tile ilisequiiibrimn in the utilis:llior!. of the exis1in.g Sp,ctc?rs of prc;duction given the 
' slate of' t1i.e arts '. Schu1tz12 argues thzt, grcntcr grcwth prcspects arc to be found 
in th.e new eechriiques, new inputs 2nd new market opportunities, since, significslt~t 
c-iiseqt~ilibria in. allvcative eficicncy d o  tl.c,t exist u11.der peasant f ~ i h  conditions. 
111 view of this proposition, !t is consider-ed usefui to undertake ar. ~nalysis of the 
clyrya~~~ic variant of r,!il)cetive cfficier~cy or the strurctz:r,il transf<rrnlr?tion of the 
' traditional ' production ful.iclioxi of peasant f8r r r .e~~ in Sri Lanka, based on intro- 
c1ur:ij.q i~o::-co~~ver~t ion31 inputs and new techr~ic~ucs.* T'ke clianges in tecl~~ology 

*In tho oro,z?,esit sen;ie, a teclmology may be defined as the employed or  operative knowledge of  
the mems of production of particu1:lr good*, or service\. A chni~gc in techndogy or an innovation. 
is zRiicted by an addition to (and sornetitues a cunc~rnit;~irt sabtxscfoi~ Cram) the set of inputs 
employed in prod!!clion. Changes in lechnlques on the other hand are ciist~ngulshed from changes 
t n  rachnoWogy on the baas uf the~r not involving the ct~rployrnrn: of new reroutes. 



(inncvations) which are specifically examined in the analysis are hinlo>gical im.prc,ve- 
merits i.e. the packzge of in.puts involving seeds, fertilisers and irrigation which have 
touched off a transformrtion in crop production. The main object of tliis paper is to 
explore the choice boundaries or prcductiun possibility fron.tiers available to pezsant 
farmers, particularly on seitleni.eent schemes in Sri Lztlka, I?y introdrrcir3.g biological 
and structural innovations into the traditiond farm-ing system. It is fe!t that agr:cul- 
tural develfipment in Sri Lanka has hitherto beezi too narrowly ccinceived in terns cf 
single enterprise and sing!e fixtor projects, which Itave very often been pianrled on an 
ad Izoc basis to overcome i~ational exigencies. ?he failure d r n a s t  of these progra~ilmes 
could be attributed to this zpproach which 11ns overlooked the fundamental f x t  rhd 
farmers art: raced with the probleln of optimisi~g the limited resources on farrns. If 
we are interested in bringing about change and developn:ent, there is no gainsaying 
that an integrated approach to f a n .  planning is imperative. Therefore, in this study, 
the impact of modern farin il~novations is examined within the fr;mework of the 
resource endowmel~t situatiorl prevailing on pessznt farms. 

The technique employed in this analysis is Linear Programming (L.P.) 1,vhich i s  
\vcll suited for a nsrlnc~tive a~lalysis of this nature, providing wluatlc msights into 
tjze production possibilities arld consrraints Imhred in transfornling the tru~dilional 
farming system. 

2. The Data 

7 he tech rwal natrlx is based on information obtained from the B I ~  Zone Agricul- 
tural Station at  Malm Illupal:ama, which has beer1 modified c!uw~u.-ards on the basis 
of field c~bservations,~ to take account of the resource endowxent situatio~s and 
mar~agement capacities under peasant farm conditions (Tables 10 & 11). rnformation 
relating to resource constraints are based on a field study at tbe Minipe Colonisation 
Scheme in Sri Lanka. Farm records covering rll asyects cf the farm business were 
maintained on the basis of weekly visits to farmers thro\rgl:out tlre period September 
1971 to October 1972. A samnple of forty farmers was selected. The farmers in th.e 
sample were selected on a purposive basis wjth the object cf achieving representativity 
of the resource endownl.ent situations of the farm, levels cf sophistication in farming, 
farmins systexas arid levels of rnechal~isation. A sn~all sample was considered desirable 
for several reasons viz. accuracy of data which necessitated the measuren~cnt of some 
inputs and outputs, the assurance of cooperation bv farmers to participate in tho 
study for a full year and the availabiIity of limited funds to ~ndertake an intensive 
examination of a large sample. 

It is commonplace in farm management irvestigations to make.ge~eral is2t i~n~ 
based on the ' average farm '. This is cocsidered too restr:'ctive In making valid re- 
commendations for farms showing a variation in resource endowments. While investi- 
gating cconorrrie planning io peasant agricralture, clayton5 ppostulated that peasant 
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Itatdings could be appropriately defirled and selected on the basis of their land-labour 
ratios. He coxlrnended the use of such a ratio as the basis for selecting representative 
farms for closer study, since land and labour constitute the most important factors 
of productl~n In peasant agr~culliure. 'The selection of farms on the baas of resource 
entiownnents has also been ~~Jvocated by Barnard3 in using LP, as a short-cut to w1:ole 
farm planrriny or1 in4v1dual farms. In this study a simrlar approach is adopted in 
classifying the Sarnmers into seven groups based on their land-labour ratios, as land 
and labour constitute the most important factors under peasant farmlng condit~ons In 
Srr L;:nk~. (Table 1). 

TARLE 1 .  Classification of settlement farms. 
- - . - - - -- -- - - .. . 

Average no. of Land : Labour 
Farm group Average acreage adult equivalents ratio 

3. The Model 
3.1. Obj~ctive function 

In this study it is assumed that peasant farmers rnaximise production valued at the 
prevaili~ig market prices. Since the main purpose of this anajysis is to explore the 
production possibilities availab!e, tl~is objective cafifi.ot be considered too objedio- 
nable. However, to take into account goals of productior, such as family security, 
cnnstrairrts have been, introduced. into the n19del. Having assumed this objective, there 
is the problem of its formulatior? i n  terms of yield and price con?.ponc~ts. Prices and 
yields are subject to wide fluctuations. However, the problem of price variation is 
minimised to a le.rge exten.C by the operation of a guaranteed price scheme for firnost of 
the farm enterprises considered in this s t ~ d y .  ?'he prices used are the g~aranteed 
prices for the ' protectccl. ' ,  cun..:l?odities and the average prices received by farmers 
during the cropping year 1971/72, for the other enterprises. The yields err~ployed ir \  
the con~putatioo of the xet revemes are the aversge yie!ds under experimental con- 
ditions wl~iclr hsvc been modified on the basis of field obse:.vations. 

The Ii~nds cultivated under peaeaot farming conditions are of two types ; lowland 
and highland. 'The fomner are ifrigable lands with an assured supply of water, u;l~ich 
have been developed for paddy cultivation zna' tlac latter are rainfed. Tn the rnc:dclp 



the land constraint is defined in terms of the cperational size of a holding. Besides 
the distinction of land intc lowland and h.ighland, the availability of land during the 
two cropping seasons has also been taken into account in the LP model, since the 
production possibilities for the two seasons differ. 

The labour restrictions used in the model were computed frcrm the field survey. 
Both fa,mily and hired labour are considered in the model. In coniputing the family 
labour availability it was felt that the putential labour force available fctr farm-ing 
should be considered, since, the actual labour employed uras low under the prevailing 

, farmirig systems despite the fact that there were no alternative non-farm opportunities 
available.2 The potential family labour force was computed on the basis of a 233 
working day year.* The total labour potential for each farm group was considered 
as the product of total work-days for the respective mon.th and. the adult equivalents 
available for fanning. From this potential, the actual labour hours available for 
farming was computed by deducting the actual number of hours devoted to domestic 
work for the respective months (Table 2). 

TABLE 2. Potential monthly labour available for farming in nran-days. 

F A R M  G R O U P S  
~ ~. - . - .............. - ........ Average of 

Month A B C D E F G all farms 

September 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 

TOTAL 

*The number of work days are based on observations made during afield study at the Minipe 
Colonisation Scheme during the cropping year 1971/72. 

It was observed that, in general, no work wasdone on Poyadays which was considered a day of 
rest. The other non-work days were largely determined by religious and national restivities. In 
the forma category were holidays taken for Vesak and Poson. while in the latter category were 
holidays taken for Sinhalese New Year festivities. On this basis, a total of 72 non-work days 
was observed. 
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In setting up labour restrictions, the seasonal distribution of labour available for 
farming into time periods is an important consideration. Monthly time periods have 
been used by Clayton4 and Odero-Ogwellll in their studies of peasant agriculture, 
while, labour periods based on seasonal peak requirements have bee11 used by Desaic 
and H e ~ e r . ~  In this study, r~.onthly time periods are adopted and labour availability 
and input coefficients cornputel! accordingly. A monthly time period is not considered 
unduly restrictive in the present study, as the farmers generally agree to abide by a 
cultivation calendar based on calendar months at the commencement of each cultj- 
vation season in the case of the settlenent schemes. 

It 1s assumed that hired labour can supplement the family labour supply at the 
current ware rates, but, is constrained by the availability of working capital. The 

1 hired labour specification< available specified In tbe mcdel are the actual levels of 
these resources employed by the farmers during the cropping year 1971172 (Table 3). 

TABLE 3.  Monthly hired labour utilised for farming in man-days 

... ..... ......... ........... .. .... ...... - -- -. 

F A R M  G R O U P S  
.............. .. ... ............... Month - _  

A B C D E 
-. - . 

F 
.- 

G 
. . . . . .  . . . . . . . . . . . .  ........... 

September 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 

The need for working capital to employ modern.far~n ii~prits has become increa- 
singly important, particularly in relatior; to paddy production.Wn the other hand, 
it is assumed that fixed capital is not restrictive. This is a reasonable assumption, since 
there is no apparent shortage of simple farm implements such as mammoties (hoes), . 

I sickles and su 011. Moreover, if  there is adequate working capital, the fixed capital 
1il:litations such as the lack of draught power whether by thc use of tractors or 
buRdoes, could be overcome by hiring the necessary services. Also in tirnes of 
extreme shortage, government tractors are commissioned to help and the lack of 
draught power does not in~pose serious limitations on farming at the present time. 



?'he capital availability for production is assumed to be the actual production 
expenditure incurred by the farmers during the cropping year (Table 4). This level 

TABLE 4. Data for some constraints in the models. 

-~ ~ ~ 

F A R M  G R O U P S  
Constraints . ~ ~ .... -. 

A B C D E F G 

1. Production capital 2236.27 3769.85 3340.55 2678.23 3471.17 2700.14 1964.20 
(Rs.1 

2. Irrigation water 15.0 28.20 24.0 24.78 24.0 12.0 12.0 
(ac. I t . )  

3. (a) Minimum paddy 
acreage 3.0 3.0 3.0 3.0 3.0 3 .O 2.0 

(b) Paddyrequirement 74.95 78.19 82.06 71.45 69.39 76.70 54.96 
(bu.) 

4. Level of living 1973.30 2530.63 2520.85 2730.10 2936.85 1881.88 1401.40 
(Rs.1 

IS considered niore useful than the amount borrowed by the farmer. Farmers gene- 
rally borrow for the cultivation of paddy only, which is th.e main farm enterprise. 
Although institutional credit is available for the production of other crops, farmers 
rarely avail then~seives of the facilities. Also, usin.g the amount borrowed as a reasure 
of capital availability would complicate the coasiderztion of production expenditure 
fro111 savings. It is therefore felt that an. agg.regafe of ail cash and kind expenditure 
incurred on farming as a, measure of the availability of capital for Carmifig is a better 
measure. 

Irrigation water 1s an important constraint determining the success of farwins'in 
the Dry Zone, which receives an effective rainfz11 only durlng five mo~ltl~,s of thc year. 
The feasibility of cultivating in the Yala season generally depends on the water stnrcd 
~n the tanks during the North-East monsoon (Aiuftrr season). Irrigation water is 
~nitrcduced as a constraint in the LP model, to investigate the pc?ssibilsties of atilisjng 
this scarce resource m r e  eiliciently. 'Thc available water supply is assumed to be 10 
acre feet per acre of paddy land per annurn, \sE~icl~ is the amount supplied to paddy 
cultivatcrs under major irrigation schemes in the island.l"he irrigation requirc- 
~alents fbr the crops have been based on the research findicgs reported by the Maha 
Illupallana Research Station. 

Consumption requireaents enter the production models as a ' minimum hundb 
of goods ' required per settler family d u r i ~ g  a cropping year. This requirement not 
--* 

only includes a minimum production of food crops required for d o ~ e s t i s  consump- 
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tion, but also includes the non-food requirements of farm families. This broader 
notion of subsistence has a mcjre important bearing on economic behaviour than the 
mere production of family food requirements under semi-comrnercialised farming 
conditions. Nutritional requirements per se have not been critical according to  other 
studies.10 It is therefore considered more important t o  take account of tlie " minimum 
standard of liking." In a given time perlod it is felt that a farm family has certain 
standards of fmd,  shelter, clotl~ing etc. with whichit providesitself. This is postulated 
to be a " ininimurn standard of living " aad is an an1a1gam of physiological, socio- 

o econonlic and cultural elements. In order to compute this variable, special records 
were n?aintained during the study. it was observed that only rice and vegetables were 
produced for domestic use in the main, wlile other requirements of food and non- 
food items were purchased. The need for money income is clear and is included as a 

% 
minimu111 constraint besides the acreage of paddy. 

No technological restraints in terms of rotational husbandry practices are incor- 
porated in tile model as they are inoperative in the farming system at the present time. 
Peasant farmers in Sri Lanka have practiced a system of continuous cropping of 
paddy under conditio~~s of impounded water since time immemorial, while on the 
highlands cultivation has not been systematiscd. In fact, culrivation on non-irrigated 
lands has been traditionally by Chena (slash an6 bum system), where the rotation 
of la!ld rather tllan crops is practiced. Moreover, due to the lack of a systematic 
livestock industry, a pastoral fallow is not customary. 

3.3. Alternative activities 

The farm ' activities ' considered fall into two major groups : paddy and highland 
crops. Records of all farnm enterprises, both pure and mixed stands, were maintained 
in respect of each farn~ fc?r both seasons. h the case of paddy, many processcs were 
identified on tlie basis of the age of' the crop, i. e. long-aged (4 to 4 4 months) 
or sl)t.)rt-aged (3 to 3 112 mo~~ths)  ; method of plenting, i .  e. whether broadcast 
sown or trar~splantetl ; and the degree of mnechanisation, i .  e. whether the lands 
were ploughed arid threshed by buffaloes and tractors. In the caseof highland crops, 
bothannual and perennial crops were considered. The activities examined in th.e models 
are th.ose which were observed on the settlement farms and also some others which 
are ecologically suitable. The technical parameters with respect to these are derived 
from tlie Maha-Illupallama Experimental Station and modified on the basis of the 
field observations. 

3.4. Assumptions of the model 
, 

Besides the usual assumptions of the LP model, the following specific assumptions 
tire made in the analysis : 

i. The analysis is not conducted on an individual farm basis but in respect of the 
'average ' farm for each of the seven groups of farmers. 



li. The fzmlers usc improved levels of' technology. In order that some npera!i!;.~iirl 
signliiczr~ce be hzd, average input-output ccef5cicnts are used I ; J ~  all farm 
groups (Tables 10 & 11). 

i i i .  Farmers operate within the average resource limitations of each fr!r:n group. 
Tile msr:tjjly family labour used is the potential 1abi:ur fercc (Table 2) 
.cvfsile hired labour at Ihe Ic~el  actually obsenred is usetl ('i z2.k 3). The land 
resciurces availab!e nre the average fcr c?ch gri:E;T 2s rcgortcd JE %it:Ir: 3 ,  and 
the production elu~>cni!iture 4s the actua: level incurred by e;:ch grclup (.Tzaf,ir 4). 

iv. The ca.pi;vl input caefi?i::;l;s are the rrcquiremexts or' productir;:i c::.pital fcjr 
the purchasc of sseds, fertilisers, agroc??e!nicals and tillage. 

v. A sing!e produclion. period is ass~l~ncd and single value expedations c k f  prices 

and pro:luorion functions. 

vi. 7'he pr\duction. altern::tives are !!:ose v21ich arc currcritly used by tllx se!ffz.- 
meat F~lrmers a!id also so;cl: others tv>.ich are ei;:,lol,.lr:uliy stiit:jble. 

vfi. Any n:ech:~.nisation ernpl:.t:;ed is assumrsd to be hiretl a! prcvai(ii,g market 
rntes. 

'The gencral LP v;\c~lcl could be representecl as fctllov.;s : 

7 
(Max.) Z 7: 5 cj x j  

,Jd. 
( 1 )  

3 =: 1 
7 ) ) )  subject to : hi 2 ail x~ ( i :=- 1,2, ... . . . . . .,. . fa 

arici x.1 2, o ( j  :. . 1,2 ,......... fii> (3) 

Whcre xi is :!, series ot';!ctivities atid cj the respecti\/c nct revenucs wllich 
nuixinlises Z t11e objecti\.e f~~~ ic i ion ,  b represents the resource level r;T rlte i th 
rcsourcc, an.d in:p:jses the restl.icti(:n t l ~ t  the am.ounI of the resource useci trp 
by opcrxting the j ti1 activity nt a. level xj does not exceed tl?.e a~nourrt of tlrc 
rcsource level b availablel while a.j js the tec1xnic:irl rcryairen:ent for thc 
pri~c!urtic,n of a unit (if' that  activity. 2qu::tion (3) inlposcs Ihe rcquircment 
ot' a r;on-ncg:it ivs tictiviiy level. 

7he gener;tl itlr)Jtl discussed ahovc v;i?is employed to explore prodrrction possibiiities 
uiltier ruinfed 3 ~ 1 i i  irrigxteci conc!itirjns. 111 order to examine the i~,porcance of the 
heha.viournl nspec:ts t r l  farmers, resiriciir;n~ tin prvdu(:f-ion capital ant! t:t~~~sumption 
are i~lx:orpc~rate(:l ii~"at., the n~or !e l .  111 Model 1, I.wt11 :$ri:i:zril iind perer~rrial tyj-cs <.:' 
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. ' TABLE 5. Optimal farm plans with improved technology and unrestricted capital. 
MODEL 1 

- 

FARM GROUPS 

. .- --- A 3 C D E F G 
- .- .- 

1. NET REVENUES (in Rs.) 11,329.82 13,615.77 10,983.48 8598.16 8757.17 7768.88 5175.27 
2. LOWLAND UTILISED (ac.) 

Maha Season ' . 2.50 4..70 4.00 3.72 4.00 2.0 2.0 
Yala Scason 2.50 4.70 4..00 4.14 4..00 2.0 2.0 

TOTAL 5.00 9.40 8.0 7.86 8.00 4.0 4.0 
Inteasity' of Use (%) 100.0 100.0 109.0 95.15 lOO.0 100.0 100.0 

3. NIGHLAND UTILISED (ac.) 
Maha Season 2.75 2.50 2.78 ' 2.38 3.0 1.33 1.37 
Yala Scason 2.75 2.50 1163 2.38 3.0 1.33 1.37 

TOTAL 5.50 5.0 4.41 4.76 6.0 2.66 2,.74 
Intensity of Use (%) 100.0 100.0 79.31 100.0 100.0 100.0 100.0 

4. FAMILY LABOUR USED (1n.d.) 799.48 839.59 580.87 432.35 385.60 493.01 265.58 
Intcnsity of Usc (O/ , )  79:55 83.39 87.13 88.56 88.21 52.95 86.71 

5. FAMILY LAUOUR UNUSED 
(m.d.) 205.52 167.19 79.73 55.82 51.51 4.38.02 40.70 ' 

6. HIKED LABOUR Useu (1n.d.) 60.01 114..79 175.43 136.34. 156.87 14..18 11 3.81 
Intensity of Use (%) 34,.67 4.1.76 53.93 61.43 49.66 5.10 56.31 

'7. HIRED LAROUR UNUSED (m.d.) . 138.38 160.09 149.83 85.57 159.01 263.34 88.32 
8. ACTIVITIES I N  OP3'IMA.L PLANS 

HYVL Ricc (BTM) 2.50 3 .O 2.0 
HYVS Ricc ('PTM) 1.21 0.40 
HVVL Ricc (BTM) 2.43 1.42 2.28 1.23 
HYVL Ricc (BBM) 1.06 1.0 0.05 1.04 0.37 
HYVS Ricc (T'TM) 1.53 
HYVL Rice (TTM) 0.72 
HYVS RICE (BBM) 0.68 
1.hvs Rice (TRY) 0.32 2.29 2.13 .0.70 1.88 0.30 
RYVL Rice (BTY) 1.81 1.52' 0.22 0.04 2.0 
HYVL Kicc (BBY) 0.37 0.88 1.64 2.0 0.13 
Hvvs Ricc (Rnu) 1.21 0.09 1.57 
HYVS Ricc (TuY) 0.54 
HYVL Rice (BBY) 1.69 
Dricd Chillies-Maha 1.41 1.33 
Grc-n Chillies-Maha 1.34 2.50 1.63 0.90 0.27 1.20 
Mu.r~~nga 1.15 1.48 2.73 0.17 
Dried Chillies-Yala 2.22 0.83 0.70 1.33 
Vegciable Mixture A--Yala 0.53 1.67 0.93 0.90 0.27 1.20 

7. CAPI-~AL RE,QLJIRED (Rs.) 3751.14 4293.55 3592.28 2508.98 2602.81 21 87.31 2016.44 
, . . - - . - - - . .-. - - -- - - - . . . . . - .- -. . -. - - . .- . . . . - -- . - . . ... - - . -. . -- - .. . ... . .- - -- - . . . - . - - . .. - - -. - . , 

Note : Ths ls'ters HYV and TV signify high yielding varieties and traditional varieties respc:tively. 
The next lcttcr in.licltc; thc zags, S and L for short-?gsd and long-age$ respeciively, fol!owcd by B 
and T which in5iclte buffalo and tractor ploughing rs;pe:tively and the pcnultirnatc letters B and 
T refcr to  broadcast sowing and transplanting. Thc suffix h4 and Y indrcate Maha acd Yala 
scasons. 
Vegztable mixture A comprises cowpea, cucumber ar.d pumpkin. 

4-14476 
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crops are included and differentiated on the basis of the two cultivation seasons. As 
stated earlier, the choice of alternative crop activities has been dictated by the actual 
adoption of the plant types on the settlement f a r m  and their ecological suitability. 
Selective mechanisation* of some of the paddy activities is assumed. Irrigation 
facilities are assumed only for the paddy activities, reflecting the current situation. 
Model 1 was first run with no restriction on capital so as to evaluate the production 
possibilities, given the resource endownlents on the farms. The results indicate a 
substantial improvement in farm incomes and utilisation of resources as compared 
with the actual situation prevailing on the settlement farms (Tables 5 & 9). In contrast 
to the actual situation prevailing on the farms, total land use intensity increases by 
26.48 %, total labour use by 159.85 man days, while production expenditure increases 
by only Rs. 75.23 (2 %). The average farm income increases from IQ. 2957.66 to . 
Rs. 9461.22, an improvement of Rs. 6503.56. These results clearly indlcate that the 
adoption of biological innovations ceteris paribus, could bring about phenomenal 
changes in the prevailing farming system. It  is also evident that the objective of 
maximisation of farmincomes does not conflict with a more intensive utilisation of 
land and labour resources. 

In order to incorporate the behavioural aspects of the farmers, the consumption 
constraint in the form of a minimum paddy acreage constraint and also a restriction 
on the production capital were imposed on Model 1 and is referred to as Model 2 
in the analysis. The results of this model were not significantly different fro111 those 
of Model 1 and clearly indicate that the provision of consumption rice does not 
conflict with the object of maximising farm incon~es and also that the level of 
production capital required is not very different from what is being actually utilised. 
The results of Model 2 are reported in Tables 6 and 9. On average a slight 
decrease in land use, labour use, production expenditure and consequently farm 
incomes are observed in contrast to Model 1. However, in contrast to the observed 
farm situation a substantial overall improvement in farm resource use and incomes 
is evident (Table 9). 

In Models 1 and 2, the only irrigated crop considered was paddy, the other crops 
being treated as rainfed activities. In recent limes, the Department of Agriculture 
has been encouraging farmers, particularly in areas ~vitith water shortages for paddy 
production in the Yaln season, to grow other food crops which require less irrigation 
but are financially more remunerative than paddy.g Some success has been recorded 
in the Elahera Special Project, where field crop production on paddy lands has enabled 
considerable diversification without imposing greater demands on irrigaticn water 
which IS in short supply during this season. In Model 3, the possibility of cultivating 
cnrps under irrigated conditions, in the Yala season is examined. The irrigation water 

* Preparatory tillage and threshing operationsof paddy by tractor are implied as usually observed 
on peasant farms. 
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TABLE 6. Optimal farm plans with improved technology and restricted capital. 

MODEL 2 

1. NET REVENUES (Rs.) 9725.65 13,406.16 10.761.63 8572.72 8557.17 7768.88 

2. LOWLAND UTILISED (ac.) 
Maha Season 2.50 4.70 4.00 3.68 4.00 2.0 
Yala Season 2.50 4.70 2.07 4.13 4.00 2.0 

TOTAL 5.0 9.40 6.07 ,731 8.00 4.0 
Intensity of Use (%) 100.0 100.0 75.87 94.55 100.0 100.0 

3. HIGHLAND UTILISED (ac.) 
Maha Season 2.75 2.50 2.78 2.38 3.0 1.33 
Yala Season 2.75 2.50 2.78 2.38 3.0 1.33 

TOTAL 5.50 5.00 5.56 4.76 6.0 2.66 
Intensity of Use (%) 100.0 100.0 100.0 100.0 100.0 100.0 

4. FAMILY LABOUR USED (m.d.) 614..43 787.36 557.18 430.93 385.60 493.01 
Intensity of Usc (%) 61.13 78.20 83.58 88.27 88.21 52.95 

5. FAMILY LABOUR UNUSED (rn.d.) 390.57 219.42 109.42 57.24 51.51 438.02 
6. HIRED LABOUR USED (m.d.) 2.52 102.46 156.06 130.15 156.87 14.18 

Intensity of Use (%) 1.45 37.27 47.98 58.64 49.66 5.10 
7. HIRED LABOUR UNUSED (m.d.) 170.53 172.42 169.20 91.76 159.01 263.34 
8. ACTIVITfES IN OPTIMAL PLANS 

(ac.1 
HYVL Rice (BTM) 2.50 3.31 3.55 2.17 2.28 2.0 
Hvvs Rice (TTM) 0.57 0.73 
HYVL Rice (BBM) 0.82 0.45 0.75 1.04 
Hvvs Rice (TRM) 
HYVL Rice (TTM) 0.03 
Hvvs Rice (RBM) 0.68 
HYVL Rice, (BTY) 2.50 2.45 0.65 0.04 2.0 
Hvvs Rice (BTY) 0.83 
HYVS Rice (TTY) 1.42 1.93 0.91 1.88 
RYVL Rice (BRY) 1.42 1.83 2.0 
Hvvs Rice (RBY) 1.01 , 0.09 
Hvvs Rice (TBY) 0.38 
Muru.nga 0.68 0.31 1.55 1.68 2.73 
Tohacco 0.05 
Green C hillies-Maha 1.04 2.19 1.23 0.70 0.27 
Dried Chillies-Maha 0.98 1.33 
Vegetable Mixturc A-Yala ' 2.07 2.19 0.72 0.70 0.27 
Dried Chillies-Yala 0.51 1.33 

9. CAPITAL SURPLUS (Rs.) 0 0 0 0 868.36 512.82 
M.V.P. of Capital 1.69 0.63 0.46 0.19 0 0 
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crvGlable per farm group is based on the assumption that 6.0 acre feet of water is 
available per acre for paddy cultivation in the Yala season.' The other resource 
availabilities assumed are similar to the earlier models. The production possibilities 
examined in the Maha season. are irrigated paddy and rainfed highland crops, similar to 
those in Models 1 aod 2. In the Maho season other crops cannot be grown successfully 
on paddy land due to water-logging as a result of the high rainfall during this season. 
The Yala crop activities include irrigated paddy, rainfed highland crops and irrigated 
higlzland crops (Table 1 1). 

In Model 3, the structural organisation of the farming system. is examined with no 
restriction on the capital constraint to explore the production possibilities under the 
new organisa.tion. The results indicate a dramatic change in farm incomes, with an 
approximately four-fold increase in income being obtained on average (l'abies 7 
& 9), and also a more intensive use of available farm resources, corn-pared to the 
observed situation. The in.tensity of laird use increased by 7.87 %, while total employ- 
ment increased by 181.96 nran-days (36.9 %) over the levels actually employed. The 
production capital requirenen.t increased by Rs. 559.10 (19 %). In contrast to Models 
1 and 2, the labour use has improved but the level of land use has declined. Tbis is 
due to the limitation of family labour, which is required for intensive irrigated food 
crop production in the YaIa season. The results indicate that during the Ma110 season, 
paddy is th.e most profitable-crop vis-a-vis rainfed food crops. However, in tl1.e Yala 
season irrigated food crops are more profitable and en.ter th.e optirn.al plans. Anoth.er 
sa1ien.t feature is the saving of irrigation water indic~t'ed. It is i~n.portar?t to note that 
with a lower level of water use (64.9 % of the actual), a higher fman.cial return 
is achievable. In tb.e context of the h.igh capital investment required to provide irri- 
gation, th,is findixg clearly begs the question ; can the wasteful use of this precious 
commodity be perpetrated in view of the real possibilities that exist for maximising 
returns. 

The behavioural aspects of peasant producers were also examined by incorporating 
the consumption and capital constrai~ts in Model 3. In carnpariscn to the actual 
farm situation, the trend observed in Model 3 is a g a i ~  witnessed (Table 8). It is also 
clear that the capital restriction has led to the choice of less capital intensive farm 
enterprises. Land use improved slightly but there is a decline in labour use of 70 
man-days (Tables 8 & 9). The level of incorr-e is approximately three-fold of that 
obserked ili the actual P*rm situation. The minim.um. paddy acreage constraint could 
be attributed as the main reason fcr the declice in farm income, as it has restricted 
the choice of irrigated food crops that could be grown in tlie Yala season. Another 
feature of the farm plans is the increase in irrigation water used, which has been neces- 
sitated by the introduction of paddy into the farming system. This brings into focus 
the importance of the choice of crops in ensuri~g rnaxinlu~~ economic efficiency from 
investment in irrigation projects. 
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TABLE 7. Optimal farm plans with improved irrigated highland crops and 
unrestricted capital. 

MODEL 3 

FARM GROUPS 

A B C D E F G 
~. -~ -- 

1. NET REVENUES (Rs.) 13,868.59 16,324.54 13,917.55 10,054.35 11,181.19 10,658.29 5,964.50 
2. LOWLAND UTILISED (ac.) 

Malia Season 2.50 3.30 1.32 1.45 - 1.31 2.0 0.93 
Yala Season 2.50 4.70 4.0 4.13 4.0 2.0 2.00 

TOTAL 5.0 8.00 . 5.32 5.58. 5.31 4.0 2.93 
Intensity of Use (%) 100.0 85.10 66.50 67.55 66.37 100.0 73.25 

3. HIGHLAND UTILISED (ac.) 
Maha Season 2.75 2.50 2.78 2.38 3.0 . 1.33 1.37 
Yala Season 0.60 1.63 0.65 2.38 3.0 1.33 0 

TOTAL 3.35 4.13 3.43 4.76 6.0 2.66 1.37 
Intensity of Use (%) 60.90 82.60 61.69 100.0 . 100.0 100.0 50.0 

4. FAMILY LABOUR USED 
(m.d.) 746.59 852.96 593.06 461.03 . 419.39 541.61 266.04 
Intensity of Use (%) 74.28 84.72 88.96 94.44. 95.94 58.17 86.86 

5. FAMILY LABOUR UNUSED 
(m.d.) 258.41 153.82 73.54 27.14 17.72 389.4.2 40.24 

6. HIRED LABOUR USED 
(m.d.) 85.81 124.12 154.95 123.80 182.74 63.38 107.54 
Intensity of Use (%) 49.58 4.5.15 47.64 55.78 57.85 22.83 53.20 

7. HIRED. LABOUR UNUSED 
(m.4.) 87.24 150.76 170.31 98.11 133.14 214.14 94.59 

8. IRRIGATION WATER USED 
(ac. ft.) 10.00 21.40 14.0 15.51 15.04 8.00 7.38 
Inteasity of Use (%) 66.66 76.42 58.33 62.66 62.66 66.66 61.50 

9. ACTIVITIES IN OPTIA4AL PLANS 
(in Ac.) 
I-Iyvs Rice (BBM) 2.5 2.53 1.32 1.45 1.31 2.0 0.93 
HYVL Rice (BTM) 0.77 
HWL Rice (BTY) 2.54 1.26 0.14 
HYVS Rice (TBY) 1.63 0.72 
HYVL Rice (BBY) 0.45 
HYVL Rice (TTY) 0.66 1.26 
HYVS Rice (BEY) 0.87 
Dried Chillies-Maha 2.75 2.50 0.07 1.33 1.37 
Green Chillies-Maha 2.71 1.84 1.45 
Murunga 0.54 1.55 
Dried Chillies-Yala 0.49 
Dried Chillies-Yala 2.50 2.16 0.78 0.12 0.70 2.0 0.54 
(Irrigated) 
Tomatoes (Irrigated)-Yala 1.95 1.27 1.33 0.46 
Vegetable Mixture A-Yala 0.1 1 1.63 0.65 1.84 1.45 0.03 

10. CAPITAL  REQUIRE^ 

(9s.) 3921.44 3818.90 4317.97 3376.74 3642.59 3126.86 2135.10 
- . - - . .- - . --- . . - - . ... -. 
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Taete 8. Optimal [arm plans with improved irrigated highland crops and 
restricted capital. 

MODEL 4 

F ~ R M  GROUPS 

A B C D E F G 
- .- -- - -- -- 

1. NET REVENUES (Rs.) 10.956.27 15,572.11 13,008.75 9,661.81 11.106.37 9,498.70 5.885.77 
2. LOWLAND UTIL~SED (ac.) 

Maha Season 2.50 3.34 2.88 1.78 1.52 2.0 0.97 
YALA Season 2.50 4.70 4.0 3.72 4.00 2.0 2.00 

TOTAL 5.00 8.04 688 5.50 5.52 4.0 2.97 
Intensi tyofuse(%) 100.0 85.53 8600 66.58 69.00 1000 74.25 

3. HIGHLAND UTILISED (ac.) 
Maha Season 2.75 2.50 2.78 2.38 3.0 1.33 1.37 
Yala Season 2.30 0.59 1.69 2.03 3.0 1.33 0.21 

TOTAL 5.05 3.09 4.47 4.41 6.0 2.66 1.58 
Intensity of Use (%) 91.81 61.80 80.39 92.64 100.0 100.0 57.66 

4. FAMILY LABOUR USED 
(m.d.) 498.30 823.50 576.19 459.27 419.52 581.56 265.08 
Intensity of Use (%) 49.58 81.79 86.43 94.07 95.97 62.46 86.54 

5. FAMILY LABOUR UNUSED 

(m.d.) 506.70 183.28 90.41 28.90 17.52 349.47 41.20 
6. HIRED LABOUR USFD 
(m d.1 40.23 67.51 123.07 70.63 172.21 39.02 92.64 
Intensity of Use (%) 23.24 24.55 37.83 31.82 54.51 14.06 45.83 

7. HIRED LABOUR UNUSED 
(m.d.) 132.82 207.37 202.19 151.28 143.67 238.50 109.49 

8. IRRIGATION WATER USED 

(ac. ft.) 10.50 21.36 16.55 14.69 15.24 9.00 7.58 
Intensity of Use (%) 70.00 76.28 68.95 59.35 63.50 75.00 63.16 

9. ACTIVITIES IN OPTIMAL PLANS 
(ac.1 
HYVS Rice (BBM) 1.34 2.54 1.68 1.78 1.52 0.46 0.92 
HYVL Rice (BTM) 1.16 0.79 1.20 1.54 0.05 
HYVL Rice (BTY) 0.50 2.56 2.0 1.00 0.26 
HYVS Ricc (TBY) 0.76 0.56 
HYVL Rice (BBY) 0.25 
HYVL Rice (TTY) 1.31 1.43 
HYVS Rice (BEY) 0.77 
Dried Chil1ie.s-Maha 0.45 1.91 1.09 1.09 0.57 1.33 1.16 
Murunga 2.30 0.59 1.69 1.29 1.84 0.21 
Dried Chillies-Yala 2.0 2.14 1.13 0.35 0.70 11.00 0.56 
(Irrigated) 
Tomatoes (Irrigated)-Yala 0.87 1.04 1.31 0.41 
Dried Chillies-Yala 1.33 
Vegetable Mixture A-Yala 0.73 1.16 
Green Chillies-Maha 0.59 

10. CAPITAL SURPLUS (Rs.) Q 0 0 0 0 25.16 0 
MVP of Capital 2.15 1.38 1.26 0.98 0.44 0 5.50 
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5. Conclusions 

It is evident from the foregoing LP analysis that a transformation of traditional 
agriculture by the introduction of biological innovations, whilst compatible with the 
resource endow~zents on the peasant farms examined, could lead to substantial im- 
provements in farm izcones and efficiency- of resource use. A more tE.an three-fold 
irlcrease in farm incomes with a concomitant increase in land acd labour use i~tensity 
of 26.5 % and 32.2 % respectiveiy were observed. On examining the producticn 
possibilities through the structural organisation of the farming system, i.e. growing 
rrrigated food crops on paddy land d u r i ~ g  tE.e Yulu season, a four-fold increase in 
farm incon~e was observed. This structural reorganisatron also enabled a better utili- 
sation of land (7.87 %) and labour use (36.9 %). Amther fiotewortby feature was the 
lower intensity of irrigation required (64.9%) under this farming system vis-a-vis 
the traditional system. This result indicates the wasteful use of water, an expensive 
input and the real possibil~ties th.at exist for imxin?isin,n eco~ornic returns." 

These results clearly demonstrate that the objectives of maximisi~.~ farm. incomes 
and a better utilisation of resources, particularly the scope for e~~p1oyrr.en.t generation 
are fitst at variance. 1n other words, the adoption of ?nnd a.ugn-.enting innovations 
such as those cct~sidered in this acaiysis, ircrease the total requirements of oth.er 
resources. It was also found that the co.r?sun.ption requirements of peasapt producers 
are not in serious conflict witii the objective of iil~xiTr.isi~.~ farm. ic.coli1.e~. This could 
larscly be attributed to the success of the seed-fertiliser technology ir? relati~n fo 
paddy vis-a-vis other crops. Fi~ally, the ellpirical evidence i~dicstes that peasant 
producers even in the relatively well endowed settlement schemes are operating well 
below the producticr?. possibility- curve achievable, given th.e preswt levels of tech- 
nology. The main th.rust of this paper is the need for policy nakers to identify and 
endeavour to remove the constraints which preclude peasant producers from. maxi- 
mising available opportunities, both in terms of efficient resource use and increasins 
farm incomes. 

*The cost of providing irrigation facilities under thc Old Colonisation Schemcs has bcen estimated 
at Rs. 2,500 per aczc, while under the Mahaveli River Project the cost is estimated a6 Rs. 3,000 per 
acre (2).  
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