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Abstract : It is held that greater growth prospects in agriculture are to be found in new
techniaues, inputs and market opportunities. In view of this proposition it
is considered useful to explore the production possibility frontiers available
to peasant farmers by introducing biological and structural innovations into the
traditional farming sysiem, given the present resource endowment situation
prevailing on these farms. The rvesource endowments examined in this study
relate to a group of settlement farms in Sri Lanka. The technique employed for
this analysis is Linear Programming which is well suited to examiné production possi-
bilities under constrained conditions. The technical matrix is based on information
from the Maha Illuppallama Agricoltural Station. The results clearly indicate that
the transformation of traditional agriculture by the introduction of biologicalinnova-
tions and structural reorganisation, while compatible with resource endowments on
settlement farms., could lead to substantial improvements in farm incomes and
efficiency of resource use. It 1s also evident that the consumption requirements of
peasant producers do not seem to be in sericus conflict with the objective of maximising
farm incomes. The need to undertake studies in depth te identify and remove the
constraints which preclude the maximisation of available opportunities is evident.

1. Introduction

The static concept of allocative efficiency concentrates on dizgnosing and correcting
the dJisequilibrinm in the utibisetion of the existing {actors of production given the
‘state of the arls’. Schultz'? argues thut, greater growth prospects are to be found
in the new techniques, new inputs and new market opportunities, since, significant
disequilibria in allocative efficicncy do not exist under peasant farm conditions.
In view of this proposition, it is corsidered useful to undertake an analysis of the
dynamic variant of ellocative cfficiency or the struciural transformation of the
‘traditional ’ production function of peasant {armers in Sn Lanka, based on intro-
ducing nou-conventional inputs and new techmgues.® The changes in technology

*In the broadest sense, a technology may be defired as the employed or operative knowledge of
the means of production of particular goods or services. A change in technology or an innovation.
is effected Ly an addition to (and sometimes a concomitant subtraction from) the set of inputs
erptoyed in production. Changes in techniques on the other hand are distinguished from changes
n technology on the basis of their not involving the ciuployment of new resources.
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(innevations) which are specifically examined in the analysis are biological improve-
ments i.e. the package of inputs involving seeds, fertilisers and irrigation which have
touched off a transformation in crop production. The main object of this paper is to
explore the choice boundaries or production possibility frontiers available to peasant
farmers, particularly on scttlement schemes in Sri Lanka, by introducing biolngical
and structural innovaticns into the traditional farming system. It is felt that agricul-
tural development in Sri Lanka has hitherto been too narrowly conceived in terms of
single enterprise and single factor projects, which have very often been pianned on an
ad hoc basis to overcome national exigencies. The failure of most of these programmes
could be attributed to this approach which has overlooked the fundamental fact that
farmers are faced with the problem of optimising the limited resources on farms. If
we are interested in bringing about change and developnient, there is no galnsaying
that an integrated approach to farm planning is imperative. Therefore, in this study,
the impact of modern farm innovations is examined within the framework of the
resource endowment situation prevailing on peasant farms.

The technique employed in this analysis is Linear Programming (L.P.) which is
well suited for a normative analysis of this nature, providing valuatle insights into
the production possibilities and consiraints involved in transforming the traditional
farming system.

2. The Data

The techuical matrix is based on information obtained from the Dry Zone Agricul-
tural Station at Maha lllupaliama, which has been modified downwards on the basis
of field observations,? to take account of the resource endowment situations and
management capacities under peasant farm conditions (Tables 10 & 11). Information
relating to resource constraints are based on a field study at the Minipe Colonisation
Scheme in Sri Lanka. Farm records covering all aspects of the farm business were
maintained on the basis of weekly visits to farmers throughout the period September
1971 to October 1972. A sample of forty farmers was selected. The farmers in the
sample were selected on a purposive basis with the object of achieving representativity
of the resource endowment situations of the farns, levels of sophistication in farming,
farming systers and levels of mechanisation. A small sample was considered desirable
for several reasons viz. accuracy of data which necessitated the measurement of some
inputs and outputs, the assurance of cooperation by farmers to participate in the
study for a full year and the availability of limited funds to undertake an intensive
examination of a large sample.

It 1s commonplace in farm management irvestigations to make generalisations
based on the ‘average farm’. This is considered too restrictive in making valid re-
commendations for farms showing a variation in resource endowments. While investi-
gating economic planning in peasant agriculture, Clayton’ postulated that peasant
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holdings could be appropriately defined and selected on the basis of their land-labour
ratios. He commended 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 production in peasant agriculture. The selection of farms on the basis of resource
endowments has also been advocated by Barnard? in using LP, as a short-cut to whole
farm planning on individual farms. In this study a similar approach is adopted in
classifying the farmers into seven groups based on their land-labour ratios, as land
and labour constitute the most important factors under peasant farming conditions ir
Sri Lanka (Table 1). :

TanLe 1. Classification of settlement {arms.

Average no.of Land : Labour

Farm group  Average acreage adult equivalents ratio
A 5.25 4.08 1.1 —1.5
B 7.20 4.10 1.51--2.0
C 6.78 293 2.01-2.5
D 6.51 2.33 2.51—-3.0
E 7.0 2.30 3.01—3.5
F 3.33 3.75 0.5 —1.0
G 3.37 1.5 3.01—3.5

3. The Model

3.1, Objective function

In this study it is assumed that peasant farmers maximise production valued at the
prevailing market prices. Since the main purpose of this analysis is to explore the
production possibilities available, this objective cannot be considered too objectio-
nable. However, to take into account goals of production such as family security,
constraints have been introduced into the model. Having assnmed this objective, there
is the problem of its formulation in terms of yield and price components. Prices and
yields are subject to wide fluctuations. However, the problem of price variation is
minimised to a large extent by the operation of a guaranteed price schemne for most of
the farm enterprises considered in this study. The prices used zre the guaranteed
prices for the ‘ protected * comumodities and the average prices received by farmers
during the cropping year 1971/72, for the other enterprises. The vields employed in
the computation of the ret revenues are the average yields under experimental con-
ditions which have been modified on the basis of field observations.

3.2. Constrainis

The lands cultivated ander peasant farming conditions are of two types ; lowland
and highland. The former are irrigable lands with an assured supply of water, which
have been developed for paddy cultivation and the latter are rainfed. In the model;

2--14476
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the land constraint is defined in terms of the cperational size of a holding. Besides
the distinction of land inte lowland and highland, the availability of land during the
two cropping seasons has also been taken into account in the LP niodel, since the
production possibilities for the two seasons differ.

The labour restrictions used in the model were computed from the field survey.
Both family and hired labour are considered in the model. In computing the family
labour availability it was felt that the potential labour force available for farming
should be considered, since, the actual labour employed was low under the prevailing
farming systems despite the fact that there were no alternative non-farm opportunities
available.? The potential family labour force was computed on the basis of a 293
working day year.* The total labour potential for each farm group was considered
as the product of total work-days for the respective month and the adult equivalents
available for farming. 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 man-days.

FaArM GRroOUPS

—— -~ S O Average of

Month A B " C D B F G all farms
September 84.31 84.81 55.56 40.56¢ 34.82 79.35 26.03 5792
October 9233 90.85 6043 4483 3885 84.53 25.09 62.41
November . 90.14 90.64 6139 46.39 40.64 81.34  30.20 62.96
December 9643 9495 64.53 4893 4295 88.70  23.11 65.66
January 90.33  90.85 60.43 44.83 38.85 81.61 37.24 63.45
February 78.14 78.60 51.69 37.89 32,60 71.74 22.87 53.36
March 88.75  89.27 58.85 4325 4325 81.37 14.99 59.96
April 63.57 63.97 40.57 28.57 28.57 59.99° 3735 46.08
May 76.15  76.61 49.70 3590  30.61 71.85 18.60 22.42
June 7207 7251 46.77 33.57  28.51 68.10  24.60 49.45
July 88.39  88.91 58.49 42.89 36.91 83.10 23.10 60.25
August 84.39 84.81 58.49 40.56 40.56 79.35  23.10 58.75
TotAL 1005.00 1006.78 666.90 488.17 437.17 931.03 306.28 662.67

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

It was observed that, in general, no work wasdone on Poya days which was considered a day of
rest. The other non-work days were largely determined by religious and national festivities. In
the former 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 Clayton* and Odero-Ogwell!! in their studies of peasant agriculture,
while, labour periods based on seasonal peak requirements have been used by Desai®
and Heyer.® In this study, monthly time periods are adopted and labour availability
and input coefficients computed 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 culti-
vation season in the case of the settlement schemes.

It is assumed that hired labour can supplement the family labour supply at the
current wage rates, but, is constrained by the availability of working capital. The
hired labcur specifications available specified in the mcdel are the actual levels of
these resources employed by the farmers during the cropping year 1971/72 (Table 3).

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

FARM GRrROUPS

Month R S . e e e ot e e
A B C D E F G

September 0.71 2.01 7.39 0.90 3.04 3.75 2.23
October 35.01 59.36 64.43 53.13 69.94 45.73 39.24
November 2.98 8.55 9.37 10.41 14.40 8.25 0.06
December 16.55 33.64 46.16 10.08 43.22 11.88 33.68
January 15.55 23.20 30.28 28.52 2178 46.95 29.33
February 9.99 5.24 6.77 3.87 C 141 23.95 6.58
March 0.60 4.07 4.83 8.86 9.50 7.27
April 39.37 37.40 68.43 30.32 52.79 39.02 24.58
May 13.97 42.94 31.08 30.67 19.10 4591 28.52
June . 22.60 28.62 29.88 39.08 43.75 24.80 9.75
July . 11.21 32.21 24.43 9.04 29.21 13.24 20.0
August 2.11 1.11 2.97 1.06 3.38 4.74 0.89
TOTAL 173.05 274.88°  319.26 221.91 315.88 277.52  202.13

The need for working capital to employ modern farin inputs has become increa-
singly important, particularly in relation to paddy production.! On 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),
sickles and so on. Moreover, if there is adequate working. capital, the fixed capital
liznitations such as the lack of draught power whether by the use of tractors or
buffaloes, could be overcome by hiring the necessary services. Also in times of
extreme shortage, government tractors are commissioned to help and the lack of
draught power does not impose serious limitations on farming at the present time.



84 N. Amerasinghe

The 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.

FARM GROUPS

Constraints

A B c D  E F G
1. Production capital 2236.27 3789.85 3340.55 2678.23 3471.17 2700.14 198420
(Rs.)
2. Irrigation water 15.0 28.20 24.0 24.78 24.0 12.0 120
(ac. t.)
3. (@) Minimum paddy
acreage : 3.0 3.0 3.0 3.0 3.0 30 2.0
(b). Paddy requirement 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 1681.88 1401.40
(Rs.) )

is considered more useful than the amount borrowed by the fariner. Farmers gene-
rally borrow for the cultivation of paddy only, which is the main farm enterprise.
Although institutional credit is available for the production of other crops, farmers
rarely avail themselves of the facilities. Also, using the amount borrowed as a measure
of capital availability would complicate the consideration of production expenditure
from savings. It is therefore felt that an aggregate of ail cash and kind expenditure
incurred on farming as a measure of the availability of capital for farming is a better
measure.

Irrigation water is an important constraint determining the success of farming in
the Dry Zone, which receives an effective rainfall only during five months of the year.
The feasibility of cultivating in the Yala season generally depends on the water stored
in the tanks during the North-East monsoon (Maha season). Irrigation water is
intreduced as a constraint irs the LP model, to investigate the possibilities of utilising
this scarce resource more efficiently. The available water supply is assumed to be 10
acre feet per acre of paddy land per annum, which is the amount supplied to paddy
cultivaters under major irrigation schemes in the island.!3 The irrigation require-
ments for the crops have been based on the research findings reported by the Maha
Hlupallama Research Station.

Consumption requirements enter the production models as a ‘ minimum bundle
of goods’ required per settler family during a cropping year. This requirement not
only includes a minimum production of food crops required for domestic consump-
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tion, but also includes the non-food requirements of farm families. This broader
notion of subsistence has a more important bearing on economic behaviour than the
mere production of family food requirements under semi-commercialised farming
conditions. Nutritional requirements per se have not been critical according to other
studies.'® It is therefore considered more important to take account of the * minimum
standard of living.” In a given time period it is felt that a farm family has certain
standards of food, shelter, clothing etc. with which it providesitself. This is postulated
to be a “ minimum standard of living ” andis an amalgam of physiological, socio-
economic and cultural elements. In order to compute this variable, special records
were maintained during the study. It was observed that only rice and vegetables were
produced for domestic use in the main, while other requirements of food and non-
food items were purchased. The need for money income is clear and is included as a
minimum constraint besides the acreage of paddy.

No technological restraints in terms of rotational husbandry practices are incor-
porated in the 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 conditions of impounded water since time immemorial, while on the
highlands cultivation has not been systematised. In fact, cultivation on non-irrigated
lands has been traditionally by Chena (slash and burn system), where the rotation
of land rather than crops is practiced. Moreover, due to the lack of a systematic
livestock industry, a pastoral fallow is not customary.

3.3. Alternative activities

i

The farm. “ activities ' considered fall into two major groups : paddy and highland
crops. Records of all farm enterprises, both pure and mixed stands, were maintained
in respect of each farm for both seasons. In. the case of paddy, many processes were
identified on the basis of the age of the crop, i. e. long-aged (4 to 4  months)
or shoct-aged (3 to 3 1/2 months) ; method of planting, i. e. whether broadcast
sown or transplanted ; and the degree of mechanisation, i. e. whether the lands
were ploughed and threshed by buffaloes and tractors. Inthe case of highland crops,
both annual and perennial crops were considered. The activities examined in the models
are those 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 the 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
are 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.
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ii. The farmers use improved levels of technology. In order that some operational
significance be had, average input-output ceeflicients are used fur all farm
groups (Tables 10 & 11).

iii. Farmers operate within the average rescurce limitations of each form group.
The monthly family labour used is the potential lzbour ferce (Table 2)
while hired labour at the level actually observed is vsed (iable 3). The land
rescurces available are the average for each group as reported in Table 1, and
the production expenditure is the actual level incurred by each group (Table 4).

iv. The capital input coeflicients are the requirements of production capital for
the purchase of sceds, fertilisers, agrochemicals and tiflage.

v. A single production. period is assumed and single value expectations of prices
and production functions.

vi. The production alternatives are those which are currently used by the setite-
ment farmers and also some others wixich are ecologically switeble.

vii. Any mechanisation employed is assumed to be hired at prevailing market
rates.

The general LP model could be represented as follows :

n
(I\/IHXA) Z = Z Cj Xi (})
jo==i
subject to 1 by = ay xp (1= L,2,........0) )
and x; = 0 (j - 4,2,.....on (3)

Where x; is a series of activities and ¢; the respective net revenues which
maximises Z the objective function, b represents the resource level of the 1 th
resource, and imposes the restriction thet the amount of the resource used up
by operating the j th activity at a level x; does not exceed the amount of the
resource level b available, while a; is the technical requirement for the
producticn of a unit of that activity. Equation (3) imposes the requirement
nf a4 non-negative activity level

4, Analysis aud Results

The general model discussed above was employed to explore production possibilities
under rainfed and irrigated conditions. Tn order to examine the importance of the
behavioursl aspects of farmers, restrictions on production capital and consumption

are incorpurated into the model. In Model 1, both annual and perennial types of



AS

M A H A Cwops
o ‘11‘1\11.,&\1! .«‘?Awt.Tw.,\\.,\mlxmwwﬂymv]z. vs Hivve  Hve nw‘?ﬂl_... h~<r14<1 Tv Ur- Matze Drs Mani- ¥oygra- M«mc_ﬂp Tesa- Cow- Gmam Crop  Crop  Veg, VEG., Liue .,w«\mkzg m&nwtl@
ET Bong TT™ Tim Tem  Tam  Tem 1:7.@ Crie- ocC KAN  UNGA PEA MixAa Mix s Mix a Mixp G0 cHUM  (
ADDY LIS
A C R
833,00 720,00 833.00 623.00 310.00 323.05 1362.00 167.00 39373 1130.00 232.60 260.00 209,00 $22.63 260.00
B 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 )
> 1.9 1.0 1.0 i.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 L0 1.0 1.0 1.0 ]
YaLa it =
YaLa AND = Lo 1.0 Lo
176 17.0 13 14.0 150 0.47 17.0 15.0 15.0 2.5 0.5 i3.0
032 033 030 032 245 275 25 105 047 10 170 176 05 15 1334 10 36 3.0
5869 1046 242 10 0.50 L0 25 047 1165 100 20 1.0 16 524 10 30 10
18.60  6.28 564 1.5 0.25 0.25 11,13 1.0 7.0 0.25 0.5 338 20 0.25
7.47  4.50 296 1208 150 925 550 1773 16.0 ARy 2.0 460 0.5 1.0
s 5.5G 56 2.06 12.5 13.35 .5 2.0 3L0 1.2
23,20 20.3¢  18.25 1812 5.0 9.25 | 25.19 2.5 954 2.2 Q.5
260 2.5 159 1,35 v o2
1.20 2.0 2.5
1.10 1.0
L 2.0
0.79 . 1.0
QT Laz Davs =
Isev, LeB. Lavs =
iiec, Lae, DaYs =
dan, Lan, DAYS >
L IPAYS =
. LAYS >
Ed
>
=
W
>
il s, > 20500 225,00 21500 210,00 245.00 240.00 162.00 192.00 15500 13100 475.00 93,00 2500 10.00 35000 S0.00 70.00 35.00 235.00 80.00 12000 120.00 100.00 162.50 A7
JINPADDY Ac. = 10 Lo 50 10 100 L0 56 o 10
s I il s
Hute Was L a T B S S




BLEAU 1

YALA CropPsS HIRED LABOUR IN MAN-DAYS
Ivvs Hvws Hyvs Hyv, Hyvi Hyve Hvwi Hyw  Tv Tv  DRY GraMm Cow- SNAKE VEG. GiN- GREEN — T
BTY Bay TrY Tex BrtY BsY Try Ty Boy Tey CHIL- PeA  GOURD Mix A GeLrY CHIL- | Ocr Nov Dic JaN Fss MArR APR May JuN Jur Auo  Ser
LIES LIES
A C R E MAN DAY
60.00 720.00 833,00 698.00 1230.00 980.00 1183.00 819.00 34500 235.00 $21.00 260,00 232.00 211.00 260.00 156,60 722.57| _450 -4.50 -4.50 -4.50 -4.50 -4.50 -4.50 -4.50 -.450 -4.50 -4.50 -4.50
1.0 16 1.6 19 1.0 1.0 1.0
16 18 10 10 106 10 10
23.93 2115 2420 212 50 62 53 55 206 206 -1.0
2.58 2.59 24.85 2126 252 208 18.25 13.12 -1.0
25 259 26 259 159 155 ~1.0
-1.0
-1.0
17.0 15.0 ~10
1834 170 100 50 1834 -1.0
1420 20 10 170 3.0 14.20 ~1.0
632 032 032 032 034 034 032 033 030 032 1128 70 150 180 150 100 18.20 -1.0
12.86 12,52 8.53 803 13.07 1396 8.55 8.69 10.16 842 12.62 10.0 14.0 1.5 8.0 -10 ‘o
2015 11.10 1485 1110 8.6 555 18.60 628 657 5.64 20.5 3.0 1.0 150 -4 o
1095 600 1124 60  7.47 670 747 45 1.96 296 21.09 15.0 1.5 5.0 e
1.0
1.0
1.0
1.0
1.0
1.8
18
1.6
1.8
1.0
1.0
560 195.00 230.00 22500 215.00 210.0¢ 245.00 240.00 162.00 [92.00 475.00 70.00 90.00 150.00 80.00 6500 475.00] 450 4.50 4.50 450 450 450 450 450 450 450 450 450
10 10 10 010 15 10 0 10 10




TABLE: 11 BAS]|C
_ <
MAHA CROPS {
IRRIGATED CROPS RAINFED CROPS
. Hyvs Hyvs HvvL HyvL Hyve Hyve Tv Tv I Ue- Driep  Mant- Ku- Mo- To- Cow- GRAM Mix A MiX B VEG. VEG. LiMgs MAN- Sor- GRFEN Hyvs Hyvs HyvL Hy
BaM Tem  Brm Bawm TrM  Tam BsM  Tsm : LAND MaIZE CHI- OC  RAKAN RUNGA BACCO PEA Mix A MIX B GO GUM ChiL- {  Bey TBY Bty Bb
: PADDY LLIES LIES |
U — — M ¥
UNITS ACRE | A CRE
NET RuvintE .
FER ACRE 720.00 698.001230.00 980.00 1183.00 819.00 345.00 285.00 i 310.00 323.051369.0C 275.00 167.00 393.73 119.00 232.10 260.00 299,00 822.00 260.00 190.00 300.00 350.00 125.50 1326.00 720.00 698.00 1230.00 930,
1
Mana Loweanp > 1,0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 |
MaHA THGHLAND > i 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1,0 1.0 1.0 1.0
YALA LOWLAND > 1.0 1.6 1.0 1.6
YALA FNGHLAND > 1.0 1.0 i.0
Oct. Lap. Rays >, 170 17.0 180 140 150 0.47 17.0 150 150 150 2.50 0.5 i8.0 18.0 2115 2120 5.0 6.2
Nov. Lav, Davs > 032 032 034 034 032 033 030 0.32 215 275 14.0 2.5 11.50  0.47 200 170 179 2.5 14.0 .S 1334 1.0 3.0 3.0 140 259 259 2489 21.:
Drc. Lan, Liavs > 12,52 8.03 13.07 13.96 8.55 8.69 10.16 8.42 1.0 0.50  20.0 1.0 2.50 0.47 1264 10.0 2.0 1.0 13.5 1.0 5246 10 3.0 1.0 18,0 2.59 2.8
Jan. L Days > 1110 1110  18.6 525 18.60 6.28 6.57 5.64 1.5 0.25 250 0.25 11.13 1.0 7.0 0.25 14,0 0.5 337 20 0.25 18,0
Fen. LAR. DxAYs > 6.0 6.0 7.47 6.70 7.47 4.50 1.86 2.96 12.0 15.0 25.0 0.25 5.5 1773 15.0 10,0 10.0 15.0 2.6 4,60 0.5 11,0 18.0
Miar, Lan, Davs > 21,15 21,20 5.0 6.20 5.30 5.50 2.06 2.06 i2.5 18.35 9.50 12.50 2.0 21.0 1.2 5.0
Ape. Lan. Davs 2 2,59 259 2489 2126 2520 20.80 18.25 18.12 5.0 0.25 25.19 250 5.0 8.54 22 05
MAY Lav, Days > 259 259 260 259 159 155 Lo 25
Jon, Las. Days > 1.20 2.0 2.5 0.32 0.32 0.34 0.3
Jut. Las. Davs > 1.10 1.0 i 1252 8.03 13.07 13
AUG, Lan, DAYS > i 1.1 2.0 [1116 1L10 18.60 5.8
Sp. LAk, Davs > i 0.79 1o 60 68 747 6.
HIRED TABCUR :
OcrT. Las. Davs > :
Nov. Lan, DAYs > {
Dec. Lae, Days > !
JAN. LAB. DAYs > ' B
¥EB. LAB. DAYS > i
MaAr, LAB. DAYS > )
Avzr, Lan. Days > :
May LaB, Davys > i
JUN, Lag. Davs > .
JuL, Lap, DAys > i
AUG. LAB. DAys > i
SEP. LAB. DAYS > !
Ft. > | 40 40 50 30
CAPITAL K. 2 195.00 22500 215.00 21000 245.00 240.00 162.00 192.00 i35.00 131.00 475.60 95.00 2500 10.C 35000 50.00 70.00 35.00 285.00 80.00 120.00 120.00 100.00 162.50 475.00 195.00 225.00 215.00 210.0!
MiIn. PabDY Ac. & 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

H
1

Nete:

This modal mairix was used 1or sll seven groups. with only tha R enlmn wasiad ancaedinn s tha canmooea andasmams cioenbinn i anab —em

=



TABLEAU 2

YALA CROPS m
e — - — — HIRED LABOUR IN MAN-DAYS
IRRIGATED CROPS RAINFED CROPS m
AT X N o e ]
%wwr %M«r uﬂﬂ. ‘mww Mz MHM. Wwﬂmc m%.,d. ww—ﬂ WMMM wa? CrRA GRax mMMHnO | WMNV Gram  Cow- W..,uﬂww _.MMM A Mumﬁm.‘ OWNMJ _ Ocr. Nov. Dsc. Jan. Fes. Mar, ApPR., Mav June JuLy AUG. Sep.
NUT LIES ONIONS ONs LIES FEA LIES |
A C R E . ACRE M AN DAY
83.00 815.00 345.00 285.00 660.60 1050.00 3304.00 2582.00 2116.00 550.00 2900.00 650.00 452.00 1600.00 82100 260.00 232.10 211.00 260.00 156.50 722.57 | —4.50 —4.50 --4.50 —4.50 —4.50 —4.50 —4.50 ~-4.50 .—4.50 —4.50 —4.50 —4.50
1.0 1.0 1,0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 |
| 10 10 10 106 10 10 1.0
530 550 2.06 2.06 | —1.0
2520 20.80 18.25 18.12 ; 1.0
260 259 1,59 358 | —1.0
| ~10
; —1.0
156 15.0 50 400 200 200 17.0 15.0 —1.0
176 240 350 500 400 220 400 80 50 1266| 1834 150 100 5.0 18.34 —1.0
80 150 250 350 250 110 200 120 10.0 :.2; 1420 20 1.0 170 30 14.20 —1.0
032 033 030 032 40 60 350 120 150 10 200 100 150 1873} 1128 70 (50 180 150 100 18.0 —L.0
855 8.69 10.16 842 7. 7.0 370 600 60.0 1.0 150 5.0 19.35 ¢ 1262 10.0 14.0 1.5 18.0 —1.0
8.60 628 6.57 5.6 200 15.0 5.0 28.2 20.50 EX:] 1.6 15.0 —L.0
747 450 196 295 2108 15.0 1.5 5.0 —Lo
! 1.0
1.8
: 1.0
; 1.0
1.0
i ] 1.0
_ { 1.0
: 1.0
] 1.0
1.0
i 1.0
! 1.0
5.0 5.0 5.0 3.0 3.3 2.3 4o 2.0 2.0 233 233 233 233 233 !
5.00 240.00 162.00 192.00 182.25 162.00 600.00 566.00 740.00 141.50 642.00 402.00 90.00 400.00 ; 47500 70.00 90.00 150.00 80.00 85.00 475.00 '@ 430 4.50 4.50 450 450 450 450 450 4.50 4.50 4.50  4.50

1.0

—

1.0

1.0

1.0




Increasing Farm Incomes and Efficiency of Resource Use 91

TaBLE 5. Optimal farm plans with improved technology and unrestricted capital.

MopeEL 1
FARM GROUPS
) A B 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. LowrLAND 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 5.00 940 -~ 8.0 7.86 8.00 4.0 4.0
Intensity of Use (%) 100.0 100.0 100.0 9515 100.0 1000 100.0
3. HiGHLAND UTILISED (ac.)
Maha Season 2.75 2.50 278 2.38 3.0 1.33 1.37
Yala Scason 2.75 2.50 1.63 2.38 3.0 1.33 1.37
TorAaL 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 (mm.d.) 799.48  839.59 580.87 43235 385.60 493.01 265.58
Intensity of Use (%) 79.55 83.39 87.13  88.56 88.21 5295 86.71
5. FAMILY LABOUR UNUSED
(m.d.) 205.52  167.19 79.73  55.82  51.51 438.02  40.70
6. Hep LABOUR Usep (m.d.) 60.01 114.79 17543 136.34 156.87 1418 113.81
Intensity of Use (%) 34.67 41.76 5393 6143  49.66 510 5631

7. Hiren Larour UnNusep (m.d.) 138.38 160.09  149.83 8557 159.01 26334  88.32
8. ACTIVITIES IN OPTIMAL PLANS

HyvLe Rice (Btm) 2.50 3.0 2.0

Hyvs Rice (Ttm) 1.21 0.40

HyvL Rice (Btm) 2.43 1.42 2.28 1.23

HyvL Ricc (Bam) 1.06 1.0 0.05 1.04 0.37

Hyvs Rice (TTMm) 1.53

Hyve. Rice (Tt™m) . 0.72

Hyvs Rice (Esm) 0.68

Hvvs Rice (Tay) 0.32 2.29 2.13 -0.70 1.88 030

Hyvr Rice (Bry) 1.81 1.52 0.22 0.04 2.0

Hyvi Rice (BBy) 0.37 0.88 1.64 2.0 0.13

Hyvs Rice (Bsy) . 1.21 0.09 1.57

Hyvs Rico (TBy) 0.54

HyvL Rice (BBy) 1.69

Dried Chillics—Maha 1.41 . 1.33 :

Greon Chillies—Maha 1.34 2.50 1.63 0.90 0.27 1.20

Murunga .15 1.48 2.73 0.17

Dried Chillies—Yala 2.22 0.83 0.70 1.33

Vegetable Mixture A-—Yala 0.53 1.67 0.93 0.90 0.27 1.20
7. CaprrAL REQUIRED (Rs.) 3751.14  4293.55 3592.28 2508.98 2602.81 2187.31 2016.44

Note : Thelsiters HYV and TV signify high yielding varieties and traditional varictics respectively.
The next letter indicates the age, S and L for short-aged and long-aged respeciively, followed by B
and T which indicate buffalo and tractor ploughing respectively and the penultimate letters B and
T refer to broadcast sowing and transplanting.  The suffix M and Y indicate Maha ard Yala
5easons.

Vegetable mixture A comprises cowpea, cucumber ard 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 farms 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 endowments on the farms. The results indiczte 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 7, total labour use by 159.85 man days, while production expenditure increases
by only Rs. 75.23 (2%). The average farm income increases from Rs. 2957.66 to
Rs. 9461.22, an improvement of Rs. 6503.56. These results clearly indicate 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 farm incomes 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 from those
of Model 1 and clearly indicate that the provision of consumption rice does not
conflict with the object of maximising farm incomes 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 times, the Department of Agriculture
has been encouraging farmers, particularly in areas with water shortages for paddy
production in the Yala season, to grow other food crops which require less irrigation
but are financially more remunerative than paddy.® 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
crops under irrigated conditions, in the Yala season is examined. The irrigation water

* Preparatory tillage and threshing operations of 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
FARM GROUPS
A B C D ‘E. F G
. NET REVENUES (Rs.) 9725.65 13,406.16 10,761.63 8572.72 8557.17 7768.88 5152.49
2. LowrAaND UTILISED (ac.)
Maha Season 2.50 4.70 4.00 3.68 4.00 2.0 2.0
Yala Season 2.50 4.70 2.07 "4.13 4.00 2.0 2.0
ToTAL 5.0 9.40 6.07 7.81 8.00 4.0 4.0
Intensity of Use (%) 100.0 100.0 75.87 94.55 100.0 100.0 100.0
. HIGHLAND UTILISED (ac.)
Maha Season 2.75 2.50 2.78 2.38 3.0 1.33 1.37
Yala Season 2.75 2.50 2.78 2.38 3.0 1.33 1.37
. TOTAL 5.50 5.00 5.56 4.76 6.0 2.66 2.74
Intensity of Use (%) 100.0 100.0 100.0 100.0 100.0 100.0 100.0
. FAMILy LABOUR Uskp (m.d.)  614.43  787.36  557.18 430.93 385.60 493.01 265.58
Intensity of Use (%) 61.13 78.20 83.58 8827 8821 5295 86.71
. FAMLy LABoUuR Unusep (m.d.) 390.57  219.42 10942 5724  51.51 438.02  40.70
6. Hirep LABoUR Usep (m.d.) 2.52  102.46 156.06 130.15 156.87 14.18 113.81
Intensity of Use (%) 1.45 37.27 47.98 58.64 49.66 5.10 56.31
. Hrep LABOUR UNUSED (m.d.) 170.53 172.42 169.20 91.76 159.01 263.34 88.32
. ACTIVITIES IN OPTIMAL PLANS -
(ac.) .
HyvL Rice (Bt™) 2.50 3.31 3.55 217 2.28 2.0 1.31
Hyvs Rice (TT™) 0.57 0.73 0.42
HyvL Rice (BeM) 0.82 0.45 0.75 1.04 0.27
Hyvs Rice (TrM)
HyvL Rice (Ttm) 0.03
Hyvs Rice (Bem) 0.68
HyvL Rice (BTy) 2.50 2.45 0.65 0.04 2.0
Hyvs Rice (BTy) 0.83
Hyvs Rice (T1y) 1.42 1.93 0.91 1.88 0.37
HyvL Rice (Bgy) 1.42 1.83 2.0 0.18
Hyvs Rice (Bsy) 1.01  0.09 1.45
Hyvs Rice (TBy) 0.38
Murunga 0.68 0.31 1.55 1.68 2.73 0.24
Tobacco 0.05
Green Chillies—Maha 1.04 2.19 1.23 0.70 0.27 1.13
Dried Chillies—Maha 0.98 ;. 1.33
Vegetable Mixture A-—Yala 2.07 2.19 0.72 .70 0.27 1.13
Dried Chillies—Yala 0.51 1.33
. CariTAL SurpLUS (Rs.) 0 0 0 0 868.36 512.82 0
M.V.P. of Capital 1.69 0.63 0.46 0.19 0 V] 0.54
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available 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 areirrigated paddy and rainfed highland crops, similar to
those in Models 1 and 2. In the Maha 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, ramfed highland crops and irrigated
highland crops (Table 11).

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 organisation. The results indicate a dramatic change in farm incomes, with an
approximately four—fold increase in income being obtained on average (Tables 7
& 9), and also a more intensive use of available farm resources, compared to the
observed situation. The intensity of land use increased by 7.87 9, while total employ-
ment increased by 181.96 man-days (36.9%) over the levels actually employed. The .
production capital requirement 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. This is
due to the limitation of family labour, which is required for intensive irrigated food
crop production in the Yala season. The results indicate that during the Maha season,
paddy is the most profitable crop vis-a-vis rainfed food crops. However, in the Yala
season irrigated food crops are more profitable and enter the optimal plans. Another
salient feature is the saving of irrigation water indicated. It is important to note that
with a lower level of water use (64.99, of the actual), a higher financial return
is achievable. In the context of the high capital investment required to provide irri-
gation, this finding clearly btegs 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 constraints in Model 3. In comparison to the actual
farm situation, the trend observed in Model 3 is again 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 income is approximately three-fold of that
observed in the actual farm situation. The minimum paddy acreage constraint could
be attributed as the main reason for the decline in farm income, as it has restricted
the choice of irrigated food crops that could be grown in the 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 ensuring maximum economic efficiency from
investment in irrigation projects.
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TABLE 7. Optimal farm plans with improved irrigated highland crops and
unrestricted capital.
MoODEL 3

FARM GROUPS
A B C D E F G

. 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.) .

—

Maha Scason 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 8510  66.50  67.55  66.37 100.0  73.25
3. HiGHLAND UTILISED (ac.) )
Maha Season 2.5 2.50 2.78 2.38 3.0 1.33 1.37
Yala Scason 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 Usep _ :
(m.d.) 746.59 85296  593.06 461.03 41939  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.) v 258.41 153.82 73.54 27.14 17.72 389.42 40.24
6. HirRED LABOUR USED
{m.d.) 85.81 12412 154.95 123.80 182.74 63.38 107.54
Intensity of Use (%) 49.58" 45.15 47.64 55.78 57.85 22.83.  53.20
7. HIREp LABOUR UNUSED
(m.d.) 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
Intensity of Use (%) 66.66  76.42  58.33 62.66  62.66  66.66  61.50
9. ACTIVITIES IN OPTIMAL PLANS
(in Ac.)
Hyvs Rice (Bam) 2.5 2.53 1.32 1.45 1.31 2.0 0.93
HyvL Rice (Bt™) 0.77
Hyvr Rice (BTy) 2.54 1.26 . 0.14
Hyvs Rice (TBY) 1.63 0.72
HyvL Rice (BBY) 0.45
Hyvr Rice (TTY) 0.66 1.26
Hyvs Rice (BBy) . 0.87
Dried Chillies—Maha 2.75 2.50 0.07 - 1.33 1.37
Green Chillies—Maha 271 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 0.11 1.63 0.65 1.84 1.45 0.03

10. CAPITAL REQUIRED
(Rs.) 3921.44 3818.90 4317.97 3376.74 3642.59 3126.86 2135.10
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TasLe 8. Optimal [arm plans with improved ‘irrigated highland crops and
restricted capital.

MopgEL 4

A

B

FARM GROUPS

C

D

E

F

G

—

. NET REVENUEs (Rs.)

2. LowLAND UTILISED (ac.)
Maha Season

YALA Season
ToraL
Intensity of Use (%)
3. HiGHLAND UTILISED (ac.)
Maha Season
Yala Season
TotAL
Intensity of Use (%)
4. FAMILY LLABOUR USED
(m.d.)
Intensity of Use (%)
5. FAMILY LLABOUR UNUSED
(m.d.)
6. HIRED LABOUR UseD
(m.d.)
Intensity of Use (%)
7. Hirep LABOUR UNUSED
(m.d.)
8. IRRIGATION WATER USED'
(ac. ft.)
[ntensity of Use (%)

9. ACTIVITIES IN OPTIMAL PLANS

(ac.)
Hyvs Rice (BsM)
HyvL Rice (BT™)
HyvL Rice (Bty)
Hyvs Rice (TBY)
HyvL Rice (By)
Hyvr Rice (TTY)
Hyvs Rice (BBy) .
Dried Chillies—Maha
Murunga
Dried Chiilies—Yala
(Irrigated)
Tomatoes (Irrigated)—Yala
Dried Chillies—Yala
Vegetable Mixture A—Yala
Green Chillies—Maha

10. CapiTAL SURPLUS (Rs.)
Mvp of Capital

250 334
250 470
5.00 8.04
1000 85.53
275 250
230 059
505 3.09
91.81  61.80
498.30  823.50
49.58 8179
506.70  183.28
4023 67.51
2324 24.55
13282 207.37
10.50  21.36
7000  76.28
134 254
116 079
0.50  2.56
0.45 1.91
230 059
2.0 2.14

0 0
2.15 1.38

2.88

4.0

6.88
86.00

2.78
1.69
4.47
80.39

576.19
86.43

90.41

123.07
37.83

0 202.19

16.55
68.95

1.68
1.20
2.0

1.09
1.69
1.13

0.87

1.26

1.78
3.72
5.50
66.58

2.38
2.03

4.41
92.64

459.27
94.07

28.90

70.63
31.82

151.28

14.69
59.35

1.78

0.76
0.25
1.31

1.0
1.29
0.35
1.04
0.73

0
0.98

1.52
4.00
5.52
69.00
3.0
3.0
6.0
100.0

419.52
95.97

17.52

172.21
54.51

143.67

15.24
63.50

1.52

0.56
1.43

0.57

1.84

0.70

1.31

1.16
0.59
0
0.44

2.0
2.0
4.0
100.0

1.33

1.33

2.66
100.0

581.56
62.46

349.47 -

39.02
14.06

238.50

9.00
75.00

0.46
1.54
1.00

1.33

1.00

10,956.27 15,572.11 13,008.75 9,661.81 11,106.37 9,498.70 5,885.77

0.97
2.00
297
74.25

1.37
0.21
1.58
57.66

265.08
86.54

41.20

92.64
45.83

109.49
7.58
63.16

0.92
0.05
0.26

0.77
1.16
0.21
0.56

0.41

0.50
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5. Conclusions

It is evident from the foregoing LP analysis that a transformation of traditional
agriculture by the introduction of biclogical innovations, whilst compatible with, the
resource endowments on the peasant farms examined, could lead to substantial im-
provements in farm incomes and efficiency of resource use. A more than three—fold
increase in farm incomes with a concomitant increase in land and labour use intensity
of 26.5% and 32.29; respectively were observed. On examining the production
possibilities through the structural organisation of the farming system, i.e. growing
irrigated food crops on paddy land during the Yala season, a four—fold increase in
farm income was observed. This structural reorganisation also enabled a better utili-
sation of land (7.87%) and labour use (36.9 %). Another noteworthy feature was the
lower intensity of irrigation required (64.99%) under this farming system vis-a-vis
the traditional system. This result indicates the wasteful use of water, an expensive
input and the real possibilities that exist for maximising economic returns.*

These results clearly demonstrate that the objectives of makimising farm. incomes
and a better utilisation of resources, particularly the scope for employment generation
are not at variance. In other words, the adoption of lznd augmenting innovations
such as those considered in this anaiysis, ircrease the total requirements of other
resources. It was also found that the consumption requirements of peasant producers
are not in serious conflict with the chjective of maximising farie. incomes. This could
largely be attributed to the success of the seed-fertiliser technology in relation to
paddy vis-a-vis other crops. Finally, the empirical evidence indicates that peasant
producers even in the relatively well endowed settlement scheres are operating well
below the production possibility: curve achievable, given the present levels of tech-
nology. The main thrust of this paper is the need for policy makers 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 increasing
farm incomes.

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