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The purpose of this study is to determine the socio-

economic factors which influence the profitability and

adoption of new cropping patterns, and to recommend

suitable measures to enhance the crop diversification

program in Mahaweli System B, Sri Lanka. The adoption of

new cropping patterns is determined by a number of

interrelated and mutually reinforcing factors. Hence, a

multidisciplinary approach is used in this study to

apprehend the different attributes of the new cropping

patterns and farmers' decision making environment.

The analytical methods include Marginal Cost-Benefit

Analysis, Multivariate Analysis of Variance, Factor

Analysis and Logit Probability Model. The results from

the different techniques are generally in close agreement

and complement each other. Results of the Marginal Cost-

Benef it Analysis indicates that an increase in current

crop yields and output prices may be necessary to increase
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the profitability of new cropping patterns to a

recommendable level. Analysis of the farmers' beliefs

suggests that adopters of the new cropping patterns have

more positive beliefs towards the profitability and

adoption of new cropping patterns when compared to non-

adopters.

Factor Analysis shows that there is a wide variation

between the adopters and non-adopters, and also across the

different locations with respect to farm-level variables.

The analysis demonstrated that the information provided by

17 selected farm-level variables may be explained by four

factors; namely, management factor, social factor, farm

resource factor and farm stability factor. The variables

highly loaded with the stability factor (number of years

of residence, amount of loan obtained for farming,

irrigation condition and percentage of rice produced

allocated for consumption) are closely associated with the

adoption rate. A logit probability model indicates that

availability of farm loans significantly increases the

probability of the adoption of new cropping patterns.

The study results show that the crop yield, output

prices, availability of farm loans and farmer beliefs, are

the dominant factors which influence the adoption of new

cropping patterns.
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ECONOMIC EVALUATION OF DIFFERENT CROPPING PATTERNS
UNDER IRRIGATED AGRICULTURE:
A MULTIDISCIPLINARY APPROACH

CHAPTER I

INTRODUCTION

The farming systems approach has been a central theme

of donor agencies supporting agricultural programs in

developing countries over the last 15 years. The approach

is considered a "bottom-up" strategy where new cropping

patterns are carefully evaluated through the on-farm

trials and farmer managed testing, prior to

recommendation. However, limited success has been

reported in many countries. In Sri Lanka, farmers have

adopted new cropping patterns under irrigated agriculture,

but with considerable indifference.

Farm profitability and Farmers' decisions to adopt a

new cropping pattern are influenced by a number of complex

and interrelated physical, biological, socio-economic,

institutional and human factors. Identifying and

quantifying these factors which influence the

profitability and decision-making process exercised by the

farmers is important for the successful adoption of new

technology. Since the factors which determine the

profitability and adoption of new cropping patterns are

complex and interrelated, a multidisciplinary approach is
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considered appropriate for evaluating the economics of new

cropping patterns.

SPECIFIC PROBLEM

Over the last four years, the Department of

Agriculture, Sri Lanka and the Mahaweli Agricultural and

Rural Development (MARD) Project have committed

substantial resources to the development of new

technologies for crop diversification. Several new crops

and cultural practices were recommended to farmers based

on on-farm adaptive trials. The crops recommended

included traditional crops such as chilli, big onions, red

onions, grain legumes (mung bean, black gram, soybean,

cowpea and groundnut), vegetables (snake gourd, bitter

gourd, capsicum, tomato, egg plant, cabbage, butternut and

okra), and non-traditional crops such as gherkins,

zucchini and different varieties of fruit crops. Recent

economic studies indicated that the farmers who cultivated

non-rice crops during the dry season were able to increase

their income by 62 percent over the farmers cultivating

only rice (Gleason et al., 1990).

Despite this projected economic advantage, farmers

have been relatively slow in adopting non-rice cropping

patterns. Only about 3.5 percent of the total acreage is

currently cultivated with non-rice crops. In addition to
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this, some farmers who initially adopted new cropping

technologies have subsequently discontinued their use.

Government authorities are now worried that their

investment and promotion of crop diversification in this

area may have been inappropriate. The situation suggests

that a thorough understanding of the factors which

influence farm profitability and farmers' decision making

is necessary to identify and recommend suitable cropping

patterns.

Hence, this study focuses on a multidisciplinary

approach to evaluate the profitability and adoption of new

cropping patterns. The information generated from this

study would assist the researchers and the extension staff

in formulating and recommending productive cropping

patterns. This information may also be helpful in setting

priorities for government policies and programs aimed at

crop diversification.

OBJECTIVES OF THE STUDY

General Objectives

The general objective of the study is to determine

the socjo-econoinic factors which influence the

profitability and adoption of new cropping patterns and

recommend suitable measures to enhance the crop

diversification program in Mahaweli System B, Sri Lanka.



Specific Objectives

Review the profitability of different cropping

patterns in Mahaweli System B.

Determine if the farmers beliefs towards the adoption

of new cropping patterns are consistent with the

expectation of higher profits.

Examine the variability and interrelationships of

the selected farm-level variables.

Determine to what extent the adoption of new cropping

patterns is influenced by the selected socio-econoinic

variables.

ORGANIZATION OF THE THESIS

This thesis consists of six chapters. The first

chapter addresses the specific problem to be considered

and defines the objectives of the study. A review of

literature related to the problem is presented in chapter

two.

Chapter three discusses the theoretical approach and

analytical techniques applied in this study. Chapter

three also describes the data collection sources used in

the study. The description of the study area is presented

in chapter four.

The results of the study are discussed in chapter

five. Finally chapter six summarizes the research

4



findings, suggests policy iiplications and indicates

iinplications for future economic studies.

5



CHAPTER II

REVIEW OF LITERATURE

Different approaches have been used by researchers to

evaluate the profitability and adoption of new cropping

patterns. These methods vary from simple partial

budgeting techniques to complex whole farm models.

Partial budgeting methods include analysis of variable

costs and returns, return to resources, marginal rate of

returns and marginal cost-benefit ratios. Whole farm

modelling approaches include budgeting models,

mathematical programming models, simulation models and

econometric models (Nagy and Sanders, 1989). Each method

has its own advantages and disadvantages.

PARTIAL BUDGETING

Partial budgeting is the most commonly used method

for assessment of new technologies. The traditional

method measures the benefit of a technology as net return.

The net return is estimated for each hectare, from gross

return and total variable costs. Researchers also analyze

the return to resources to rank various technologies

(Garrity et al., 1980). Perrin et al., 1983, and Mutsaers

et al., 1986, suggest marginal rate of returns, to

evaluate technologies, which considers returns to

6
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investment. The marginal rate of returns is the marginal

net benefit divided by the marginal cost, expressed as a

percentage. The marginal cost-benefit ratio is suggested

in this study for evaluating the profitability of

different cropping patterns, which also considers returns

to investment.

Partial budgeting methods are often criticized by

researchers for many reasons. Average prices are often

used to value crop inputs and products, but in fact,

prices generally vary over time and location. Also

partial budgets typically includes no valuation of non-

traded farm resources such as land, family labor and

capital. The method is not diagnostic and the interaction

between farm and household is not considered. Hence,

using this method for evaluating the technologies is being

questioned by many researchers (Barlow et al., 1979;

Ghodke and Hardaker, 1981).

However, partial budgeting will continue to be the

widely used economic assessment which gives field workers

a guide on the economic benefits of new technologies. The

technique can be modified to incorporate opportunity costs

for non-traded farm resources. Sensitivity analysis and

minimum returns analysis can be used to estimate the risks

related to variability of price and yield respectively.



WHOLE-FARM MODELLING

Whole-farm analysis is based on a concept of a farm

as a system. It considers non-traded inputs and risk.

Mathematical models are basically optimization models.

Ghodake and Hardaker (1981), argue that mathematical

modelling provides the best means of undertaking such

analysis. Linear programming is the most commonly used

mathematical program. It provides solutions that maximize

profits or minimize costs, subject to a set of resource

constraints which usually includes land, labor and

capital. A linear program generates implicit values for

non-traded inputs and the results are more diagnostic.

The practical value of linear programming in

supporting the researchers and farm decision making in

developing countries has been demonstrated by many

researchers (Barlow et al., 1983; Gleason, 1989).

However, the assumption of linear relationships, less

flexibility, sensitivity to assumptions and accuracy of

data, skill requirements and costs are some of the

problems associated with this method. It also ignores the

transition from one system to another in many cases.

Budgeting and simulation models are non-optimizing

models. They are more flexible with respect to system

description, but may suffer the same problem as partial

budgeting with respect to non-traded inputs. Econometric

8
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models are based on least-square regression and

probability distribution and are often used for whole-farm

system description. The linear regression models is

widely used in whole farm studies and face

multicolinearity problems. Simple technical coefficients

represent the relationship between inputs and output.

Adjustment in the modelling can be made for more

complicated farmer behavior than profit maximization.

Several researchers have used the logit and probit models

to study the role of various factors on the probability of

adoption of new technologies (Lee et al., 1983; Rahm and

Huffman, 1984).

FARMERS DECISION ENVIRONMENT

Although economic theory assume that farmers as

decision makers would maximize their profits, this alone

may not be a sufficient criteria for farmers acceptance of

new technology. In real world, farmers operate in an

uncertain environment. Their decision to adopt a new

cropping pattern may be influenced by a number of

interactive factors such as resource ownership, human

capital stock, goals, attitude towards risk and tradition

and beliefs. Several papers on methodologies for

conducting farming systems research explain the role of

factors which influence decision making processes of
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farmers (Byerlee et al., 1982; Norman, 1978; Nagy and

Sanders, 1989; Shaner et al., 1982).

Shaner et al., 1982, divided the farmers' environment

into physical, biological, economic and social settings.

As the most critical factors determining farmers

acceptance of new technologies, they identified the

physical factors as climate, water and land type; the

biological factors as diseases and pests; the economic

factor as credit, marketing, pricing, storage and

transportation; and the social factors as the societal

norms and customs related to land ownership and use and

the division of labor within society.

In a study conducted in Nigeria, Francis and Atta-

Krah (1989), determined that technology adoption was

affected by soil fertility and related edaphic factors,

established patterns of crop management and rotation, the

division of labor and decision making within the

household, and the land tenure systems. Byerlee et al.,

1986, suggested that farmers are rarely in a position to

adopt complete technological packages because of capital

scarcity and risk considerations.

Nagy and Sanders (1989), state that production risks

such as the inter and intra-year variability of rainfall

could affect profitability and hence the acceptance by

farmers of innovative techniques. In studying farming
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systems in the Philippines and Malawi, Beebe (1990), found

that there was a wide range of variation in the physical

characteristics of the land and labor resources available

to farmers and in the demographic and socioeconomic

characteristics of farmers. This has resulted in broad

variability in production and productivity, resulting in

equal variability in nutrition levels and in household

income.

Perrin et al., 1983, states that evaluation of

cropping patterns must be consistent with farmers goals

and objectives. Some empirical studies suggests that

farmers consider multiple goals (Patrick et al., 1983).

Farmers who are operating above subsistence level may have

economic goals in terms of increasing profitability or

optimizing utility. However, farmers near the subsistence

level will be more concerned about producing a stable food

supply and other family requisites. Farmers may prefer

stable returns as compared to the highest possible

returns, and this is referred to as risk aversion.

Nusser et al., 1984, in their study on the adoption

of integrated pest management, explain the influence of

farmers beliefs on the adoption of new technologies.

Beliefs are defined as information one holds about a

particular object and are different from related own
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attitudes. Attitudes are affective or emotional feelings

one has towards an object (Nusser et al., 1984).

The psychological literature has two alternate

theories concerning relationships between beliefs and

behavior. Learning theory espouses the view that beliefs

influence underlying attitudes which, in turn motivates a

response or behavior. Farmers who adopt new cropping

patterns will then have positive beliefs about new

cropping patterns. If their beliefs decline to a certain

point, present adopters would become past adopters.

Barlow et al., 1983, states that future ex-ante

technology evaluation will probably continue to

concentrate on the potential for farmer adoption via

higher farm profitability. However, social goals and

values must be certainly considered prior to a wide-scale

dissemination of technologies through a rural community.



CHAPTER III

THEORY AND APPROACH

ECONOMIC THEORY

Profit Maximization

The "theory of firm" explains the profit maximization

aspects of the firms. The theory of firm can be applied

to study the production process of farms. Profit 7r(q) is

the difference between total revenue R(q) and total cost

C(q) of all the inputs. For any output level of q, the

relationship can be written as,

ir(q) = R(q) - C(q)

Profit can be maximized by choosing the output level that

satisfies the condition:

d/dq = dR(q)/dq - dC(q)/dq = 0; or,

MR(q) = NC(q)

where, MR is the marginal revenue; and MC is the marginal

cost. Thus, profit is maximized at the output level, when

the marginal revenue is equal to the marginal cost

(Pindyck and Rubinfeld, 1989).

Marginal analysis is based upon a number of

underlying assumptions. It is assumed that manager is a

profit maximizer. It is also assumed that firms operate

in a perfectly competitive market. In a perfectly

13
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competitive market all firms produce identical product,

and each firm is so small in relation to the industry that

its production decisions have no effects on the prices of

inputs and outputs.

Constrained Profit Maximization

If we consider a small far:m that grows diversified

crops, it uses different combinations of inputs to produce

various combinations of crop outputs. The farm also faces

budget constraints. Hence, the theory that explains

constrained profit maximization with multiple inputs and

outputs would be more appropriate.

The production function of the farm can be stated in

implicit form as,

F(q1, , q, x1, , x) = 0;

where, q's are the quantity of outputs; x's are the

quantity of inputs; s refers to the number of outputs; and

n is the number of inputs.

It is assumed that the function possesses continuous

first and second order partial derivatives which are

different from zero for all its non trivial solutions. It

is also assumed that the function is an increasing

function of q's and a decreasing function of x's.

Finally, it is assumed that the function is regular,

strictly quasi-convex over a relevant domain.



The profit of the farm can be written as,

r1r

where, p is the price of the ith output and r is the price

of the jth input. The constrained profit maximizing

function can be written as,

where, X is an undetermined lagrangian multiplier

(Henderson and Quandt, 1980). The first-order condition

for profit maximization is obtained by setting partial

derivatives equal to zero.

ai -
- =pi+)jli=o,

I = 1,..., s;

ax1

By solving the first two equations we get,

j = 1,..., n; and

=F(q1,. ..,x) =0.

15



"k Fk aq'

j, k = 1,..., s.

The condition states that the rate of product

transformation (RPT) for every pair of output, holding the

levels of all other outputs and all inputs constant, must

equal to the ratio of their prices.

For the kth output and the jth input

r F+Jaq

Pk Fk ai,'

16

k = 1,..., s and j = 1,..., n.

That is, the value of the marginal product of each input

with respect to each output is equated to the input price.

If we consider two inputs, the first-order condition

becomes

- aXk

Tk ax'

j,k=1,...,n.

The rate of technical substitution (RTS) for every pair of

inputs, holding the levels of all outputs and all other

inputs constant, must be equal to the ratio of the prices.



17

The second-order conditions for the maximization of

profit requires that the relevant bordered Hessian

determinants alternate in sign. This condition is

satisfied by the assumption that the production function

is regular, strictly quasi-convex.

Applying the economic theory of multiple inputs and

outputs to the management decision is extremely difficult

because the assumptions can be rarely satisfied in a real

world situation. The economic theory assumes that the

farmer's sole objective is to maximize profits. But in

real world situation farmers may be more concerned about

producing a stable food supply and other family requisites

or stable returns (risk aversion) than profit

maximization.

It is also assumed that input and output prices are

constant throughout the production. But, the prices of

farm inputs and outputs vary within a season and between

locations. The economic theory assumes that the

production function is continuous and regular strictly

quasi-convex. But, the production function may vary due

to number of factors such as weather, soil and climatic

conditions. Therefore, applying the economic theory to

the management decision may be extremely difficult because

of the required assumptions can rarely be satisfied by

real world situations. However, the understanding of the



theory is important to the manager for understanding the

nature of the production process.

Substitution Effects

The profit-maximizing entrepreneur will respond to

changes in input and output prices by varying his input

and output levels in order to continue to satisfy the

first-order conditions. By total differentiation of

first-order condition we get,

?F11dq1 +... +AFimdXn+FidX = -dp1

)Fjdq1 +... +)F dx FdA = -dr

F1dq1 dx =0

Using Cramer's rule and solving for dq and dx we get,

dq
-B13dp1 -... +BdT

B

j=1 .....,s; and

18



I m,s+j ii-B13dp -... +B dr

B

j = 1., n.

where, B is the determinant of the coefficients and B1 is

the cofactor of the ith row and jth column of the array.

By dividing both sides by price differential and letting

the remaining price differentials equal to zero, we get

the rate of change of quantity with respect to a price.

3q1 aq Bkj

8Pk ap1 B'

j, k = 1,..., s;

aX BS+k

ark ar. B

j, k=l,..., rt; and

axk BS+kJ

ark apI B

j= 1,..., s and Ic = 1,..., n.

It follows from the second-order condition that B and B

must be of opposite sign for j = 1, ,in. Therefore,

3q.
_1>0,
ap1

J=l s;and

19
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ark

k=l,...,n.

An increase of the jth output price, with other

prices constant, always increase the production of the jth

output. An increase of the kth input price, with other

prices constant, will always decrease the use of the kth

input.

ANALYTICAL METHODS

Marginal Cost-Benefit Analysis

Marginal cost-benefit ratio (MCBR) is a simple

analytical measure that can be used to determine the

profitability of different cropping patterns. It is the

marginal benefit divided by the marginal cost.

Marginal benefit (MB)
Marginal cost-benefit ratio - or,

Marginal cost (MC)

Change in total gross returns (GR)

20

Change in total variable cost (TVC)

The marginal cost-benefit ratio indicates the

additional amount of benefit, resulting from an additional

unit of total variable cost. Convention suggests that

cropping patterns with a marginal cost-benefit ratio

greater than two are recommendable to farmers. The
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convention is based upon the rates that are widely

observable in farmers' present systems.

Total variable costs and the gross return can be

estimated by construction of partial budgets for each

cropping pattern. The estimation procedure used in this

study is discussed below. Total variable costs include

all the costs that vary across the alternate cropping

patterns. The cost of materials, labor, draft power and

equipment were included in the computation of total

variable cost. The actual cash costs and returns were

obtained from farm records. The costs of farmer owned

material were computed using existing farm gate prices.

Since there was no alternate use of land, the opportunity

cost of land was considered zero.

The wage rate that prevailed during the particular

season was used to calculate the opportunity cost of

family labor. Seasonal rental rates were used to estimate

the cost of draft power and equipment. Since, there was

no effective market in the area for family labor and draft

power, the opportunity cost principle was applicable.

Hence, labor wages and rental rates were constant during

the seasons for most of the farm operations, the above

estimates were considered more appropriate. The returns

from the unsold produce was estimated using the average

selling price of the produce. The data collected over a
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number of seasons and different locations was pooled in

order to capture the variability of time-specific factors

and site-specific factors.

The crops grown by farmers were classified into three

major groups based on the total variable costs, cash costs

(or farm operating capital), requirement of labor and

gross returns. The details of the classification are

presented in Table 3-1. High value crops need more cash

inputs and labor and provide higher returns. Medium value

crops require moderate levels of cash inputs and higher

labor and yield higher returns. Low value crops need

fewer cash inputs and labor and provide moderate returns.

Twenty three different cropping patterns were

identified based on the above classification and marginal

cost-benefit ratios were estimated. The list of different

cropping patterns included in the analysis are presented

in Table 3-2. Cropping patterns with marginal cost-

benef it ratio lesser than 1 were not profitable and was

initially eliminated from the analysis. Marginal cost-

benef it ratio greater than 1 may be profitable. However,

if the operating cost of capital and interest are

considered, the ratio should be greater than 1 in order to

get profits. Farmers also incur various other expenses

such as service charges, insurance fees and personal

expenses in obtaining farm loans. In addition to this,



Table 3-1. Classification of Selected Other Food Crops Based on the Requirements
of Capital, Labor and Gross Returns, Mahaweli System B, Sri Lanka.

Group Crops Cash Cost Total Total Gross
(Rs/Ha) Variable Labour2 Return

Cost' (Pd/Ha) (Rs/Ha)
(Rs / Ha)

Total Variable Costs include imputed cost of family labor.
2 Total labor include family labor and hired labor.

High Value Crops Big Onion >20,000 >40,000 >400 >50,000
Ch ii ii

Gherkin
Red Onion
Zuchini

Medium Value Crops Bittergourd 10-20,000 >40, 000 >400 >40,000
Snakegourd
Brinjal
Cabbage
Groundnut

Low Value Crops Blackgram 5-10,000 15-25,000 250-400 20-40,000
Greengram
Cowpea
Butternut
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Table 3-2. List of Different Cropping Patterns Included
in the Marginal Cost-Benefit Analysis,
Mahaweli System B, Sri Lanka, 1992.

Fallow-Rice
Rice-Fallow
Rice-Rice
Rice-Low Value Crops
Rice-Medium Value Crops
Rice-High Value Crops
Low Value Crops-Rice
Medium Value Crops-Rice
High Value Crops-Rice
High Value Crops-Low Value Crops
High Value Crops-Medium Value Crops
High Value Crops-High Value Crops
Low Value Crops-High Value Crops
Medium Value Crops-High Value Crops
Rice-(Low + Medium Value Crops)
Rice-(Low + High Value Crops)
Rice-(Mediuin + High Value Crops)
Rice-Medium Value Crops-Low Value Crops
Rice-Medium value Crops-Medium Value Crops
Rice-Medium Value Crops-High Value Crops
Rice-High Value Crops-Low Value Crops
Rice-High Value Crops-Medium Value Crops
Rice-High Value Crops-High Value Crops
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something must be added to the cost of capital, for the

time and effort spent in learning to manage the new

cropping patterns.

If we assume that the farmers take about 5 months on

average to get their returns from a crop cycle, a marginal

cost-benefit ratio of 2 (which is equivalent to 100

percent rate of return) would be more acceptable. Hence,

the cropping patterns with marginal cost-benefit ratio

greater than 2 are considered profitable and recommendable

to farmers.

Multivariate Analysis of Variance

Farmers who adopt new cropping patterns and who

follow the traditional pattern may have different beliefs

about the profitability and the adoption of new cropping

patterns. The multivariate analysis of variance (MANOVA)

procedure can be used to assess the statistical

significance of differences between vector means from two

multivariate populations. Consider a random sample of

size n1 from population 1 (in this study adopters of new

cropping patterns) and a sample of size n2 from population

2 (in this study non-adopters of new cropping patterns).

The summary statistics for p variables can be written as

follows:



3. Also, X11, X12,

, x2n.

X1 are independent of X21, X22,

26

Sample 1 (Population 1): For x11, x12,

and

S1=11 (X1-x) (x1-x1)'.

Sample 2 (Population 2): For x21, x22,

and

S2=l121 (X2-X2) (X2-X2)".

In this notation, the first subscripts (1 and 2) denotes

the population.

The following assumptions are made concerning the

structure of the data.

The sample X1, X2, , X1 is a random sample of

size n1 from a p-variate population with mean vector

i and covariance matrix El.

The sample X21, X22, , X2 is a random sample of

size n2 from a p-variate population with mean vector

/A2 and covariance matrix E2.
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The above assumptions are sufficient for making

inferences about the pxl vector p - jh2. However, when the

sample sizes are small, the following additional

assumptions are needed.

Both populations are multivariate normal.

Also, E1 = E2 (same covariance matrix).

When E1 = E2, we can pool the information in both samples

in order to estimate the common covariance matrix. Then

the appropriate statistic would be:

T2= [-L- 12 't (_+J) Spooled] 1 I -
-L1 2nl n2

and it is distributed as,

(n1n22)p
(n1+n2-p-1)

The hypothesis to be tested will be:

H0 : - /12 = 0; or

HA : - /j2 ft 0.

The rejection of the null hypothesis is essentially

equivalent to concluding that the vector means of the two

populations are different.

In this study, the multivariate analysis of variance

(MANOVA) procedure is used to test the hypothesis of a

common set of means for six variables which are related to

beliefs concerning profitability and adoption of new

cropping patterns. It was expected that there should be
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overall differences between the beliefs of adopters and

the non-adopters. It was hypothesized that the adopters

will have more positive beliefs towards the profitability

and adoption of new cropping patterns than non-adopters,

thus leading to rejection of the null hypotheses of common

means. The list of belief variables included in the

analysis and the questions used in the questionnaire for

gathering the information from farmers are presented in

Table 3-3.

The first question was related to the profitability

of the non-rice crops. The other questions focused on

adoption of cropping patterns. The respondents were given

four choices to answer the questions: (1) strongly agree

(2) agree (3) disagree and (4) strongly disagree. The

assumptions in coding that these responses reflect equal

intervals along an underlying scale is standard

methodology in psychometrics.

Factor Analysis

The profitability and adoption of different cropping

patterns are determined by a number of interrelated farm

level variables. Factor analysis is a multivariate

technique which attempts to reduce many interrelated

variables to a few common factors, and provides insight

into the underlying structure of data (Dillon et al.,



Belief Variable Questions'

Profitability Cultivation of other food crops provide
higher profits compared to rice.
SA A D SD

Dry Season Other food crops can be successfully
grown during Dry Season.
SA A D SD

Wet Season Other food crops can be successfully
grown during Wet Season.
SA A D SD

Crop combination Growing combinations of two or three
other food crops facilitate effective
use of capital, labor and water, and
reduces risk.
SA A D SD

Crop sequence
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Table 3-3. Belief Questions Concerning the Profitability
and Adoption of Non-Rice Cropping Patterns

Rotation of different crops is
beneficial because it improves soil
fertility, helps in control of weeds and
pests, and increases crop yields.
SA A D SD

Year round cropping If year round irrigation is provided,
farmers will grow other food crops
throughout the year in order to increase
their income.
SA A D SD

SA, A, D, and SD refers to strongly agree, agree, disagree
and strongly disagree respectively.
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1984). All the variables are treated equally, unlike the

case in regression analysis in which some variables are

explicitly considered as dependent variables.

The basic common factor-analytic model can be written

as follows:

Xi = X11 f + X12 f2 + + Xq fq + e1

Xp = X21 1 +
22

2 + + X2q fq + e2

X=X1f1+X2f2+ +Xpqfq+ep

In matrix terms these equations reduce to

X = AF + el

where,

X = p-dimensional vector of observed responses,

X' = (x1 , x2, . . , x)

F = q-diinensional vector of unobservable, hypothetical

variables called common factors,

F' = (f1, f2, fq)

e p-dimensional vector of unobservable hypothetical

variables called unique factors,

e' = (e1, e2, , e) ; and

A = pxq matrix of unknown constant called factor

loadings.

Each observed variable is expressed in terms of

unobservable common factors and a unique factor. The

common factors accounts for the correlation among the
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variables, while each unique factor accounts for the

remaining variance (including error) of that variable

(Harman, 1976). The coefficients of the factors are

referred to as factor loadings.

The factor loadings show the relationship between the

unobservable factors and observable variables. The factor

loadings play a role that is similar to that of regression

coefficients in regression analysis. The factor loadings

provide the basis for grouping the variables into common

factors. Each variable is allocated to the factor in

which it has the highest loadings. If all the variables

are standardized and the factors are uncorrelated, the

loadings give the simple ordinary correlations between the

observed variables and the factors.

Since the factors alone cannot fully account for all

variance in each variable, unique factor (error term) is

included to capture the remaining portion of each

variable's variance. It is assumed that unique factors

are uncorrelated with each other and with the common

factors.

If we assume that unique factors are uncorrelated and

common factors have unit variances, we can partition the

variance of x into two components.

Var(x1) = Var(c1) + Var(e1);



where, Var(c1) and Var(e1) represent the conunon variance

and the unique variance of x1, respectively. The common

variance of a variable is called the communality of a

variable. It is simply the sum of the squared factor

loadings of the variable:

Var(c1) )4=h.

The conununality of a variable indicates to what

extent a variable's total variance is accounted for by the

common factors. The role of communality in factor

analysis is analogous to the role of the multiple

correlation coefficient (R2) in regression analysis.

Letting h2 denote the communality of the ith variable and

the unique variance as 'I' we can write:

Var(x1) = h2 +

The total contribution of factor f to the total variance

of the entire set of variables is given by the eigenvalue

of the factor f, which can be obtained by computing the

sum of the squared factor loadings.

Different methods are used to extract the common

factors. The principal factor analysis is the simplest

and most computationally efficient method of factor

extraction. The method is similar to principal component

analysis. The difference is that in the principal factor

method, each diagonal element of the correlation matrix is

32
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replaced by the respective variable's communality

estimate.

In most cases initial principal solutions are rotated

to facilitate substantive interpretation. The orthogonal

rotation methods such as varimax and quatrimax preserve

the uncorrelated property of the factors. The oblique

rotation methods such as oblimax and promax do not

maintain this uncorrelated property of the factors.

Although principal factor analysis is perhaps the most

commonly used method of common factor analysis, most

statisticians prefer maximum-likelihood (ML) factor

analysis. ML estimation has desirable asymptotic

properties and gives better estimates than principal

factor analysis in large samples.

The common factors provide a dimensional structure

for the data in the sense of indicating the important

common qualities present in the data. The quantitative

differences can be well understood through the analysis of

factor scores. Factor scores give the location of each

observation in the space of the common factors. Multiple

regression analysis can be applied to the uncorrelated

factors and their factor loadings to estimate the factor

coefficients, which are used in estimating the factor

scores for each observation.



34

Seventeen farm level variables were analyzed in this

study in order to determine their interrelationship with

the farm profitability and adoption rate. The list of

variables included in the factor analysis are presented in

Table 3-4. It was expected that at least 3 to 4 variables

would be highly correlated with the percentage of area

cultivated with other food crops, which is an indicator of

adoption rate. It was also expected that factor scores of

different farmer groups and locations would cluster at

different locations in the common factor space, which

would be an indication of a pattern of variation among

different farmer groups and across different locations.

Logit Probability Model

Since, farmers decisions responding to new cropping

systems are qualitative in nature, models of qualitative

choice can be used to analyze their behavior. Farmers

either adopt or non-adopt the new cropping patterns.

Hence, the dependent variable is binary, the Binary-choice

models are more appropriate for this analysis. Binary-

choice models assume that individuals are faced with a

choice between two alternatives and their choice depends

on their characteristics (Pindyck and Rubinfeld, 1991).



Table 3-4. List of Farm Level Variables Included in
the Factor Analysis.

Variable' Parameter

Age of the farmer (Yrs) AGE
Education level (Yrs) EDU
No. Years of residence RYR
Farming experience in OFCs (Yrs) EXO
No. family members work in farm WFM
Other income (Rs) OINC
Value of farm asset (Rs) ASSET
Farm size (ac) SIZE
Soil type (Group) SQl
Topography (Group) SLO
Irrigation status (Group) IRR
Drainage condition (Group) DRN
% area under OFCs CDI
Total variable cost (Rs/Ha) TVC
Total gross return (Rs/Ha) TGR
% rice consumed PCONS
Total farm loan (Rs) TLOAN

Groups refer to Good = 1; Medium = 2; Poor = 3.
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The linear probability model, probit model and logit

models are the widely used binary-choice models. A linear

probability model is often used because of it's

computational ease. However, many researchers feel

uncomfortable with it because the estimates are unbiased

but not efficient. It is also possible to obtain

estimated probabilities outside the 0-1 range, due to

uniform distribution. The probit model, which is based on

cumulative normal function, and the logit model which is

based on logistic function, have the advantage of

squeezing the estimated probabilities within the 0-1

interval. Since, using the logistic function involves

less computational costs, the logit model is usually

employed in practice (Kennedy, 1985). Hence, the logit

model is used in this study.

If, we assume that farmers decide to adopt a new

cropping pattern based upon an objective of utility

maximization, the utility function may be written as

follows,

= X1 a1 + e, t = 1,2; and i = 1, ,n.

where, U = utility of ith individual, derived from

cropping pattern t; t denotes a technological index,

which is equal to 1, for the traditional cropping pattern

and 2 for the new cropping pattern;

X1 = a vector of observed farmer characteristics,
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efi = independently distributed random variable with

0 mean. Farmers are assumed to choose the technology that

gives them the largest utility. The ith farmer adopts the

new cropping pattern if U21 exceeds U11. If Y1 is the

qualitative variable, which denotes the adoption decision;

= 1 if U11 < U,,, (new cropping pattern is

adopted);

= 0 if U11 > U21, (traditional cropping pattern

is continued).

Under the above assumptions we can represent the

probability of adopting the new cropping patterns (P1) as

follows:

P1 = Pr(Yi = 1) = Pr(Uii < U21 );

= Pr(Xiai + e1 < X1a2 + e21 );

= P1[e11 - e21 < (a2 - a1) X1 ] ;

= P,(e11 - e2 < fiX1)

where, r() is a probability function, e,1 - e21 is a random

error variable, and /3 = a2 - a1 is a coefficient vector.

The above expression makes it clear that we may

express the probability of an individual's adopting in

terms of the cumulative distribution function associated

with random error variable e11 - e21.

This may be written as,

P1 =
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where, F(flX1) is the cumulative distribution function. If

we assume that the probability density function is

logistic,

P = 1 / 1 + e

or,

ln [P1 / 1 - P1]

we can use the above equation to estimate the parameters

associated with the adoption model.

The marginal effect of a variable X1 on the

probability of adopting a new cropping pattern can be

written as,

t3P1 /0X1 = f(X1/3).fl;

where, f(.) is the marginal probability density function

of e11 - e21; and f3 represents the coefficient differences

- ajj. The direction of marginal effect is determined

by the sign of which depends on the values of and a1j.

Several socio-economic factors influence utility, and

thus influence farmers' decisions to adopt new cropping

patterns. However, few variables were selected in this

analysis to study farmers' behavior, based on their

contribution to farm profitability, farmer beliefs and

interrelationships. The list of variables included in the

analysis are presented in Table 3-5.



Table 3-5. Definition of Variables used in Logit Probability
Model Analysis

WFM1 If number of family members contributing
in farming is 4 to 5

WFM2 If number of family members contributing
in farming is 6 to 7

EXO1 If years of experience in cultivation of
other food crops is 5 to 10

EXO2 If years of experience in cultivation of
other food crops is 1]. to 19

EXO3 If years of experience in cultivation of
other food crops is 20 to 30

EXT If the information provided by the
extension service is adequate

TLOAN Total farm loans obtained by the farmer
during dry season 199.1 (Rs)

RNET Net return per farm from rice production
during dry season 1991 (Rs)

ONET Net return per farm from production of
OFCs during dry season 1991 (Rs)

39

otherwise

otherwise

otherwise

otherwise

otherwise

otherwise

Variable 1 0
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The probability of adoption can be written as,

= = 1) = F[30 + /31WFM1 + 132WFM2 + I33EXO1 +

f4EXO2 + 135EX03 + I36EXT + f7TLOAN +

/38RNET + f39ONETJ.

The expected signs of the coefficients are discussed

below.

Cultivation of other food crops needs more labor

input than rice. Hence, the contribution of a higher

number of family members for farm work, will provide the

additional labor required for cultivation of these crops.

Thus, the probability of a farmer adopting the non-rice

cropping pattern is expected to be positively related to

the number of family members contributing to farm work

(WFM1 & WFM2).

Cultivation practices for non-rice crops differs from

those for rice and require more knowledge and skill in

crop management. Farmers who have more experience in

cultivating non-rice crops will be familiar with the

management practices required to cultivate these crops.

Hence, experience in cultivation of other food crops may

favor the adoption of new cropping patterns. Therefore,

the probability of adopting new cropping patterns is

expected to be positively related to the number of years

of farming experience in cultivating other food crops

(EXO1 & EXO2). The marginal effect of experience in
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cultivating other food crops is expected to decline with

further increases in experience because the probability of

adoption can not exceed 1.

Farmers educated in the cultivation of other food

crops may have a motivation to grow these crops.

Therefore, the extension variable (EXT) is expected to

have a positive relationship with the adoption of the new

cropping patterns.

The cost of cultivation of most of the other food

crops is much higher compared to rice cultivation.

Farmers who are able to obtain loans for farming will have

adequate capital needed to cultivate high cost crops.

Therefore, it is hypothesized that the probability of

adopting new cropping patterns will be greater for farmers

who could obtain loans for cultivation (TLOAN).

The net return per farm from rice (RNET) depends on

the size of the farm, average yield, total variable costs

and output price. These variables can have two types of

effects on the adoption of new cropping patterns. First,

farmers with higher net returns from rice, may prefer to

cultivate more and more rice than growing other food

crops. However, farmers with higher net returns from rice

also may also opt to grow other food crops in order to get

additional net returns. Therefore, the net effect of RNET

on adoption is priori-uncertain.
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The net returns per farm from other food crops (ONET)

depends on the size of the farm, type of crops, average

yields, total variable costs and output price. Farmers

who received higher net returns from other food crops may

prefer to continue to cultivate those crops. Therefore

farmers with greater net returns from other food crops

were expected to have a positive relationship with the

adoption of new cropping patterns.

DATA AND RESOURCES

The Project Area

The Nahaweli Agriculture and Rural Development (MARD)

Project of Sri Lanka promotes the cultivation of non-rice

crops under irrigation, in the Mahaweli System B. Since

the main interest of the study was to examine the factors

which influence the profitability and adoption of new

cropping patterns under irrigated agriculture, the data

required for this study was collected from this project

area.

The Mahaweli System B is located in the eastern part

of the dry zone of Sri Lanka (Figure 1). The total area

of the System B is around 135,000 hectares, of which about

36,000 hectares is to be developed for irrigated

agriculture. Irrigation is provided by the Maduru Oya

reservoir, which was completed in 1983 under the
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Accelerated Mahaweli Project. About 22,000 hectares of

the new irrigable lands are located on the Left Bank and

14,000 hectares are located in the Right Bank of the

reservoir. This study focuses on the cropping patterns of

the Left Bank area. The Left Bank is divided into 8

Blocks and 73 units for administrative purposes. About

12,621 families had been settled in this farm area by the

end of 1990. The details on the extent of irrigated land

and the number of farm families settled in this area are

presented in Table 3-6.

Farm Record Data

The data required for the study was collected through

farm record keeping and a field survey. The farm record

data that was acquired from the farmers by the MARD

project during the past several seasons was used in this

study. Farmers selected by MARD project staff throughout

the System B, maintained day to day records on the use of

farm inputs and sale of outputs for all the crops grown

under irrigation. The selected farmers included only

those, who cultivated a greater percentage of their

irrigated allotments with other food crops. The size of

samples and the crops grown by the record keeping farmers

are presented in Table 3-7. Data collected for 2 wet

seasons and 2 dry seasons from all sites were pooled in



Table 3-6. Extent of Irrigated Land and Farm Families
Settled up to the end of 1991,
Mahaweli System B, Sri Lanka.

Name of No. of Total Irrigated No. of Farm
Block Units Land (Ha) Area (Ha) Families

Vijeyabapura 7 6956 2691 1679
Danuninna 7 7297 1316 1300
Ellewewa 8 2387 2252 2051
Dimbulagala 11 8722 2650 2293
Sevanapitiya 11 6706 2738 2260
Senapura 10 5862 2315 1677
Aselapura 9 7293 1936 1024
Singhapura 10 8175 2365 337

Source: RPM Office, Mahaweli System B.

45

Total 73 53398 18263 12621
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Table 3-7. Number of Farm Records and Non-Rice Crops
Grown by Record Keeping Farmers,
Mahaweli System B, Sri Lanka.

Source: MARD Project.

No. of Farm Records

Crop Dry Season Wet Season Dry Season Wet Season
1989 1989/90 1990 1990/91

Big Onion 8 24

Blackgram 7

Butternut 9 2

Chilli 15 9 28 3

Cowpea 11 3 3

Greengram 13 2 9 5

Groundnut 7 3

Red Onion 19 3 5 1

Gherkin 6 16 9

Brinjal 7

Cabbage 4 4

Snakegourd 2 1

Zucchini 3

Bittergourd 1

Total 95 36 87 24



order to capture the variability of time specific and

location specific factors.

Survey Data

A field survey was conducted in Mahaweli System B to

gather information on farm household characteristics,

cropping patterns, institutional support services and

farmers' beliefs concerning new cropping patterns. A

stratified random sampling procedure was applied in the

selection of sample farmers.

Two block areas with higher degrees of crop

diversification and two with lower degrees of crop

diversifications were initially selected in order to take

account of the variability in adoption of new crops.

Subsequently, one unit with a higher extent of other food

crops was selected within each block area, in order to

select the farmers. Farmers were randomly selected from a

list of farmers provided by the block office. The extent

of different crops grown in different block areas and the

sample sizes are presented in Table 3-8.
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Block1 Hectares Cultivated Sample Size
(Dry Season, 1991) (No. of Farmers)

Rice OFCs2 Non-Adopters Adopters

Aselapura 215 18
(7.84)

Danuninna 1000 72 5 11

(Ihalawewa) (6.69)
Dimbulagala 1690 102

(5.71)
Ellewewa 1837 158 9 23

(Kalukale) (7.91)
Senapura 1283 65

(4.85)
Sevanapitiya 1833 73 9 11

(Ginidamana) (3.82)
Vijeyabapura 1820 95 8 14

(Medagama) (4.97)

Source: RPM Office, Mahaweli System B, Sri Lanka.

Name of the Units selected are in parenthesis
2 Percentage area cultivated with other food crops

(OFCs) are in parenthesis
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Table 3-8. Distribution of Farmers Selected for the
Study, Mahaweli System B, Sri Lanka, 1992.

Total 9678 583 31 59



CHAPTER IV

THE STUDY AREA

PHYSICAL CHARACTERISTICS

The monthly rainfall data at Mahaweli System B for

the period from 1984 to 1991 indicates concentration of

heavy rains during October to January, which ranges from

170 to 285 mm. Morris and Gleason (1992), stated that the

main seasonal weather features to consider when assessing

the adaptation of other food crops (and scheduling rice

production as well) are rainfall because of it's

contribution to ephemeral waterlogging of soils prone to

it and the sunshine evaporation complex because of effects

on drying of field crops and vegetables, fruit crop

qualities and yields.

The non-calcic brown soil is the predominant soil

group prevailing in this area. Other major soil groups

includes reddish brown earth soil and alluvial soils.

Cauley (1991), stated that about 99 percent of the soils

are suited to other food crops during dry season, provided

good management techniques are applied and sufficient

irrigation water is available. He also indicated that

about 15 percent of the soils are suited to other food

crops during wet season, without drainage management and

an additional 77 percent are suited to other food crops if
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drainage practices such as raised beds, interception,

ditching or subsurface drainage are applied. The

topography of the irrigated lands varies from medium slope

to flat condition.

The predominant feature of the irrigation system in

System B is the turn out. Turn outs are the field

channels which are fed by "distributary channels,"

followed by "branch canals," the "main left bank canals"

and the "head works" of the Maduru Oya reservoir. There

are over 950 turn outs which are served by more than 120

distributary channels.

SOCIAL FEATURES

The average family size of the sample farmers is

5.3 persons. Age, years of schooling, number of years of

residence in the area and number of years of experience in

cultivation of other food crops are 44.3, 6.5, 8.3 and 8.6

years respectively. This indicates that most farmers are

middle-aged, with some education, familiar with the area

and have had experience in farming. The summary

statistics for the 90 survey farmers are presented in

Table 4-1.



Table 4-1. Summary Statistics for the 90 Sample Farmers,
Mahaweli System B, Sri Lanka, 1991.

Variables Mean Value Standard Minimum Maximum
Deviation Value Value

Social Characteristics

Age (Yrs) 44.3 12 24 86
Years of schooling 6.5 3.1 1 12

Years of residence 8.3 3.3 2 27
Farming experience in OFCs (Yrs) 8.1 9.6 0 42

No. Family members 5.3 1.6 1 10

Economic Features

No. Family members work in farm 3.3 1.5 1 8

Farm size (Ac) 2.4 0.3 1 2.5

% rice sold 67.9 21.3 0 100
% OFCs sold 68.4 21.6 0 100
Value of farm assets (Rs) 8144 18570 0 112000
Total farm loan (Rs) 3639 5199 0 21590



ECONOMIC FEATURES

The average farm size of the sample farmers is 2.4

acres. About 83 percent of farmers legally own their

lands through a permit issued by the Government. Only 2

percent of the farmers are leased tenants.

Family labor availability per farm is about 3.3

persons per farm. Family labor is generally used for most

of the farm operations. Hired labor is widely used in

land preparation and harvesting. Average wage rates

during the dry season, 1991, was Rs. 100 per person day of

male labor and Rs. 85 for female labor. The wage rate

included the cost of food provided, which is about Rs. 25

per person.

The average value of the farm power and equipment

owned by sample farmers is around Rs. 8144 per farm.

Farmers sold about 68 percent of the rice and other food

crops they produced, in order to get the capital required

for farm and household expenses. About 17 percent of

sample farmers received income from non-farm sources and

22 percent of them had off-farm income. The amount of

total income received from other resources is around Rs.

3207 per farm. The data suggests that farmers have

relatively small farms, large families and the majority of

them were semi-subsistence farmers.
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PRESENT CROPPING SYSTEM

Farming systems in Mahaweli System B mainly comprise

crop enterprises. Only very few farmers combined animal

or other enterprises as a commercial venture in their

farming. The rice-rice cropping pattern is the

predominant cropping pattern practiced in this area. With

the introduction of the crop diversification program,

several farmers have started growing a number of non-rice

crops. Table 4-2 shows the extent of irrigated area

cultivated under important crops in Mahaweli System B

during 1990.

The cropping patterns adopted by the sample farmers

during 1991 are presented in Table 4-3. It appears that

the rice-high value cropping sequence is the most widely

adopted non-rice cropping pattern in this area. Rice-low

value cropping sequence is the next most important non-

rice cropping pattern practiced by the farmers. Some

farmers grew a combination of different non-rice crops to

take advantage of efficient use of labor, capital and

irrigation water and to reduce risk. Very few farmers

grow non-rice crops during the wet season, to avoid crop

failure due to intensive rainfall, a rising water table

and poor drainage condition, during the months of October

to January.
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Crop Wet Season Dry Season
1989/90 1990

Rice 10513.8 9967.6
Big Onion .8 30.8
Butternut 6.8
Chilli 13.9 150.7
Cowpea 3.9 31.4
Corn(baby) 5.4
Gherkin 36.7
Greengram 5.5 38.3
Groundnut 0.2 20.3
Red Onion 0.9 2.9
Vegetables 18.4 36.1
Zucchini 2.9

Total 10556.2 10329.9
Total OFCs 43.7 362.3
%ofOFCs .4 3.5
No. of OFC farms 1161 2945

Source: MARD Project
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Table 4-2. Hectares Cultivated Under Different Crops
in 1990, Mahaweli Systeiti B, Sri Lanka.



Table 4-3. Cropping Patterns of 90 Sample Farmers,
Mahaweli System B, Sri Lanka, 1992.

Farmers
Cropping Pattern

No.

55

Non Adopters

Fallow-Rice 2 6.4

Rice-Rice 29 93.6
Total 31 100

Adopters

Fallow-Low value crops 1 1.7
Fallow-Medium value crops 1 1.7
Fallow-High value crops 1 1.7

Rice-Low value crops 3 5.1
Rice-Medium value crops 2 3.4

Rice-High value crops 36 61.0
Medium value crops-High value crops 1 1.7

High value crops-High value crops 4 6.8
Fallow-(Medium + High value crops) 1 1.7
Rice-(High + Low value crops) 7 11.8
Rice-(High + Medium value crops) 1 1.7
Rice-(Medium + Low value crops) 1 1.7

Total 59 100
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The wet season rice crop is planted in October-

November and harvested in January-February. Non-rice

crops are generally planted in May-June and harvested in

August-September. All the farmers use improved varieties

of rice and other food crops in their cultivation. Rice

is planted in small plots with bunds and irrigated by

flooding. Most of the other food crops are planted in

raised beds and irrigated through the furrows. Land

preparation is mainly done by animal power. Around 92

percent of the sample farmers used animal power for the

first ploughing. Rest of the farmers used tractors.

All the farmers used Nitrogen (N) fertilizers in rice

cultivation. About 95 percent of the farmers used

Potassium (K) mixtures as the top dressing. Fifty-two

percent of the farmers used Phosphorous (P) fertilizers

for the basal application, only 71 percent of sample

farmers, who cultivated other food crops used some form of

fertilizer. Fertilizers included N, P and K, special

fertilizer mixtures and organic manure. The level of

application in other food crops was very much lower

compared to rice.

About 80 percent of rice farmers used weedicides for

the control of weeds. The farmers, who grew other food

crops used manimoty (hoe) and family labor to control
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weeds. Around 19 percent of these farmers used hired

labor for weeding, mainly females.

Only 42 percent of the rice farmers used agro-

chemicals for control of pests and other diseases. Fifty-

nine percent of the farmers who grew other food crops used

agro-cheniicals. Most farmers who used agro-chemicals were

the farmers who grew high value crops such as chilli, big

onions and gherkins. All the farmers, who grew chilli

applied higher level of agro-chemicals in order to control

the narrow leaf disorder, which was a major problem during

the dry season, 1991. The big onion cultivation was

affected by poor bulb formation.

Harvesting of rice is done manually using sickle.

About 88 percent of the farmers used hired labor for

harvesting, mostly on contract basis. About 81 percent of

rice farmers used tractors for threshing and 19 percent

used animal power. All farmers used fans attached to

tractors for winnowing. Only 25 percent of the other food

crop farmers used hired labor for harvesting, others used

family labor exclusively. Female labor is mainly used for

harvesting and cleaning of the other food crops.

Average rice yield in this area is generally higher

than the yield obtained in other parts of Sri Lanka. The

average yield of sample farmers is around 3480 Kg per

Hectare. Use of new improved varieties, assured
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irrigation water, application of chemical fertilizers and

farmers' experience in using improved cultivation

practices are some of the factors that contributed to the

high yields. The average yields of other food crops are

low. This was mainly due to the pests and diseases and

poor management.

The average total variable cash cost of rice

production is around Rs 12931 per Hectare. The average

total variable cost of other food crops is around Rs 17524

per Hectare. Forty percent of the total variable cost of

rice is spent on materials. Thirty-two percent is spent

on power and 28 percent on hired labor. About 60 percent

of the total variable cost of other food crops is spent on

materials. About 17 percent was spent on power and 23

percent on hired labor. The gross returns from rice is

around Rs 22179 per Hectare. The gross returns of the

other food crops is Rs 23136 per Hectare. The returns

were low during the dry season, 1991 mainly due to the

pest and disease problems.

INSTITUTIONAL SUPPORT SERVICES

Institutional sources reported by farmers for

obtaining different services are presented in Table 4-4.

The Mahaweli Seed Production Farm located in the System B



Table 4-4. Percentage of Farmers Reporting Sources of Various
Services, Mahaweli System B, Sri Lanka.

Own MEA/ COP./State Other Farmers/ Other
MARD' Agency2 Traders/Market

LMEA refers to Mahaweli Economic Agency, MARD refers to Mahaweli Agricultural
and Rural Development Project.

2 Cop. refers to Cooperative shops, State agencies refers to the Paddy Marketing
Board and Bank.

Supply of seeds and
planting materials

Rice 65 8 27
OFCs 16 47 37

Marketing
Rice 8 92
OFCs 17 73 10

Information on technology
Rice 74 26
OFCs 77 23

Information on price
Rice 22 65 13

OFCs 20 76 4

Agricultural credit 76 24

Service Percentage of Farmers Reporting
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produced most of the seed requirements for rice. The rest

was supplied by the Department of Agriculture. However,

about 65 percent of sample farmers used their own seed for

cultivation. Seed materials for other food crops was

supplied by the Agriculture Extension Service of the

Mahaweli Economic Agency (MEA). About 47 percent of

sample farmers obtained their requirements from MAE and

MARD Project. Farmers obtained most of their fertilizer

and agro-chemical requirements from co-operative societies

and private shops located in the area.

The Paddy Marketing Board and Co-operative Shops

purchase rice from the farmers. However, most of the

farmers sold their produce to private traders. About 92

percent of sample farmers sold their rice to private

traders. Private traders purchased at the farm gate, and

made immediate payment without considering the moisture

control and quality, and this attracted the farmers to

sell their produce to them. Seventy-three percent of the

other food crop farmers sold their produce to private

traders. The MARD Project purchased produce from 17

percent of the farmers, in order to encourage crop

diversification. A few private companies purchased

selected crops such as gherkins for exporting purpose.

About 22 percent of farmers obtained price

information for rice from MEA sources. Others received
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their information from neighboring farmers and market

places. Similarly 20 percent of the other food crop

farmers obtained price information from MEA and MARD.

Others received their information from neighboring farmers

and market places. MEA provided the technological

information to farmers through their extension service at

unit level. About 74 percent of farmers reported that

they were advised by the extension staff regarding rice

cultivation. About 77 percent of farmers said that they

were advised by the extension staff on cultivation of

other food crops.

State Banks, Co-operative Societies and Thrift and

Co-operative Credit Societies are the institutional

sources which provide credit to farmers. About 76 percent

of farmers borrowed from these institutions. About 24

percent of farmers obtained loans from non-institutional

sources. In a study by Abeyasekara and Weerawardena

(1991), it was found that the two banks located in this

area have not been able to provide a satisfactory supply

of credit services to meet the settler's credit

requirements. They also reported that despite the high

rates of interest demanded by the non-institutional

sources, the settlers use this source widely.

About 82 percent of the sample farmers were members

of various farmer organizations. Unit level farmer
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organizations organized under the MARD project aim at

promoting input supply and marketing on a cooperative

basis, organizing credit facilities to members and

developing effective water management system in this area

(Ganewatte, 1991).

PROBLEMS AND RISK ENCOUNTERED BY FARMERS

The difficulties reported by 90 farmers on

cultivation of other food crops are presented in Table

4-5. Data reveal that lack of farm capital and crop

damage by pest and disease are the major obstacles faced

by the farmers, in cultivating other food crops. Lack of

capital includes unavailability of own capital and the

hazards in obtaining agricultural credit. Most of the

farmers who cultivated chilli encountered narrow leaf

disorder. The gherkin crop was affected by caterpillar.

The bulb formation of the big onion was very poor during

the dry season, 1991. Hence, 34 farmers reported damage

by pest and disease as one of the major problems.

Thirty-one farmers indicated difficulties in

obtaining inputs such as good quality seeds and agro-

chemicals on time. Twenty-eight farmers mentioned that

the information provided by the extension staff was

inadequate. Twenty-eight farmers reported about the poor

drainage and crop damage by intensive rainfall.



Table 4-5. Major Problems Reported by 90 Farmers
in Cultivation of Other Food Crops,
Mahaweli System B, Sri Lanka, 1992.

Problem No. Reporting

Lack of capital 46

Damage by pest and disease 34

Difficulties in getting materials 31

Inadequate information 28

Drainage 28

Marketing and pricing 27

Higher cost of Land preparation and
materials 25

Damage by animals 24

Unsuitable soil 19

Shortage of Labor and wage rate 14
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Twenty-seven farmers reported that lower selling

prices and insufficient marketing and storage facilities

as their shortcomings. Twenty-five farmers reported that

the high cost of land preparation and materials were a

particular difficulty for them. Farmers also reported

crop damage by animals. Fourteen farmers indicated it was

difficult to hire laborers, and wage rate were too high.

A few farmers reported low profits, unsuitable tenure

arrangements and the distance to the farm among their

problem.

Thirty-eight farmers indicated that cultivation of

other food crops does not involve risk. Fifty-two farmers

disagreed to this. Thirty-one of them indicated crop

damages due to pests and disease was the major causes of

risk. Nineteen farmers reported that price declines and

the unstable market were the cause of risk.



CHAPTER V

RESULTS AND DISCUSSION

PROFITABILITY OF DIFFERENT CROPPING PATTERNS

Marginal cost-benefit analysis was applied to

determine the profitability'of cropping patterns.

Cropping patterns with marginal cost-benefit ratios

greater than one provide positive profits. However,

cropping patterns with marginal cost-benefit ratios

greater than two were considered profitable and

recommendable to farmers. This profit level ensures the

minimum rate of return required on investment.

Analysis Based on Current Crop Yield, Input/Output Prices

and Wage Rate

The result of the analysis is presented on Table 5-1.

The result shows that out of the twenty-nine cropping

patterns only six provided positive profit. Of this, only

two gave recommendable profits. Rice as the first crop

(wet season) followed by medium value or high value crops

as second crop (dry season) provide recommendable returns

in a two-crop sequence. Low value crops grown as a second

crop combined with medium value crops is profitable, but

not recommendable. Growing non-rice crops as a first crop

or low value crops as a second crop is not profitable.
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Table 5-1. Marginal Cost-Benefit Ratios of Different Cropping Patterns
Based on Current Crop Yields, Input/Output Prices and Wage Rate
Mahaweli System B, Sri Lanka.

Fallow-Rice 13191 25662
Rice-Rice 31930 52392 18739 26730 1.4
Rice-(Low value crops + Medium value crops)43556 70906 11626 18514 1.6
Rice-Medium value crops 47422 83326 3866 12420 3.2
Rice-High value crops 74639 140090 27217 56764 2.1
Rice-High value crops-Low value crops 96082 162581 21443 22491 1.0
Rice-High value crops-Medium value crops 128707 197794 32625 35213 1.1

Cropping Pattern Total Gross Marginal Marginal Marginal
Variable Return Cost Benefit Cost

Cost (Rs/Ha) (Rs/Ha) (Rs/Ha) Benefit
(Rs/Ha) Ratio
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Rice as the first crop and high value crops as the second

crop in a three-crop sequence is promising, but not

recommendable. The third crop may be either low value or

medium value crops.

Only few cropping patterns with non-rice crops

provide recommendable profits mainly due to low crop

yields, higher variable costs and lower output prices in

Mahaweli System B. The average yields, variable costs,

prices and returns of selected non-rice crops, for the

four subsequent seasons are presented in the Appendix.

The data shows that average yield in Mahaweli System B is

very much below the national average, for most of the

other food crops.

The yields are specifically very low during the wet

season due to intensive rainfall and high water table.

Variable costs of non-rice crops are higher mainly due to

cost of labor and materials. The output prices received

by the farmers during the harvesting period were generally

low because of the poor marketing system.

Analysis Based on Increased Crop Yield and Variable Costs

Most of the non-rice crop farmers used lower levels

of inputs combined with poor management. It may be

possible to increase the present yields through higher

level of input and better management practices, which may
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increase the cost of production. Marginal cost-benefit

analysis based on the assumption of a twenty percent

increase in the crop yield and ten percent increase in the

variable cost shows that two more cropping patterns

provide recommendable profits. This would represent the

introduction of hypothetical improved technological

practices. The results of the analysis are presented in

Table 5-2.

Medium value crops combined with low value or high

value crops as a second crop in a two-crop sequence is

recommendable. The analysis suggests that farmers may

allocate fifty percent of their non-rice crop area to

medium value crops and the rest to either low value or

high value crops. High value crops grown in both seasons

or combined with low value crops as a second crop in a

three-crop sequence provide positive profit, but not

recommendable. Low value crops grown as a second crop in

a two-crop sequence or as a third crop in a three-crop

sequence gives positive profits, but not at recommendable

level. The analysis indicates that emphasis should be

given to increase the present crop yields and improve

management practices, especially in medium value crops

combined with low or high value crops in a two-crop

sequence.



Table 5-2. Marginal Cost-Benefit Ratios of Different Cropping Patterns
Based on Twenty Percent Increase in Current Crop Yield and
Ten Percent Increase in Total Variable Costs,
Mahaweli System B, Sri Lanka.

Cropping Pattern Total Gross
Variable Return

Cost (Rs/Ha)
(Rs/Ha)

Fallow-Rice 13191 25662
Rice-Rice 31930 52392

Marginal
Cost

(Rs/Ha)

18739

Marginal
Benefit
(Rs/Ha)

26730

Marginal
Cost

Benefit
Ratio

1.4
Rice-Low value crops 41786 64871 9856 12479 1.3
Rice-(Low value + Medium value Crops) 46037 79757 4251 14886 3.5
Rice-Medium value crops 50289 94643 4252 14886 3.5
Rice-(Low value + High value Crops) 61007 113807 10718 19164 1.8
Rice- (Medium value + High value Crops) 65259 128693 4252 14886 3.5
Rice-High value Crops 80229 162744 14970 34051 2.3
Rice-High value crops-Low value crops 103816 189757 23587 27013 1.1
High value crops-High value crops 131219 219187 27403 29430 1.1
Rice-High value crops-Medium value crops 139703 232382 8484 13195 1.6
Rice-High value crops-High value crops 149958 245917 10255 13535 1.3



Analysis Based on Increased Output Prices

The prices received by the farmers for most of the

non-rice crops were very low due to unavailability of the

proper marketing channels, storage facilities and pricing

policy. A ten percent increase in the prices of non-rice

crops permit high value crops mixed with medium value

crops grown as a second crop in a two-crop sequence to

provide recommendable profits. The result of the analysis

given in Table 5-3.

High value crops grown during both seasons in a two

crop sequence or grown in combination with low value crops

during the second season is not recommendable. The impact

of increased output price is greater on high value crops

compared to low value and medium value crops. The results

suggests that crop diversification programs should ensure

higher and stable prices for non-rice crops.

Analysis Based on Increased Variable Costs

The cost of cultivation of most of the non-rice crops

has increased during recent years due to increased input

prices and wage rates. Changes in the variable cost of

selected non-rice crops during two subsequent dry seasons

are shown in Figure 2. Removal of subsidies in 1989

increased the prices of fertilizers, Wage rate increased

from Rs. 65 per man day during wet season 1989 to Rs. 75
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Table 5-3. Marginal Cost-Benefit Ratios of Different Cropping Patterns
Based on Ten Percent Increase in Output Prices,
Mahaweli System B, Sri Lanka.

Fallow-Rice
Rice-Rice

13191 28222
31930 57587

Rice-(Low value + Medium value Crops) 43556 77979 11626 20392 1.8
Rice-Medium value crops 47422 91625 3866 13646 3.5
Rice-(Low value + High value Crops) 57165 109194 9743 17569 1.8
Rice-(Medium value + High value Crops) 61030 122840 3865 13646 3.5
Rice-High value Crops 74639 154056 13609 31216 2.3
High value crops-High value Crops 119291 200960 44652 46904 1.1
Rice-High value crops-Medium value crops 128707 217893 9416 16933 1.8
Rice-High value crops-High value crops 138030 230325 9323 12432 1.3

Cropping Pattern Total Gross Marginal Marginal Marginal
Variable Return Cost Benefit Cost

Cost (Rs/Ha) (Rs/Ha) (Rs/Ha) Benefit
(Rs/Ha) Ratio
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Figure 2. Comparison of Total Variable Costs for
Other Food Crops During Dry Season
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during dry season 1990. If the variable cost is assumed

to increase by ten percent (without an increase in the

crop yields or output prices), only two cropping patterns

provide positive profits, but are not recommendable.

Table 5-4 shows the results of the analysis. Therefore,

the new technology recommendations and policy measures

should keep the cost of production low.

Analysis Based on Increased Crop Yield, Output Prices and

Variable Costs

Analysis based on a twenty percent increase in crop

yield and a ten percent increase in variable costs and

output prices show that four cropping patterns provides

recommendable profits. The result is similar to that

which was obtained with increased crop yield and output

prices. However, the marginal cost-benefit ratios are

much higher due to increased output prices as shown in

table 5-5. The cropping patterns which are profitable and

recommendable to farmers under increased crop yields and

input/output prices are shown in Figure 3.

It appears from the marginal cost-benefit analysis

that the medium value and high value crops can be

successfully grown during the dry season in a two-crop

sequence. If increased crop yield and output prices are



Table 5-4. Marginal Cost-Benefit Ratios of Different Cropping Patterns
Based on Ten Percent Increase in Total Variable Costs,
Mahaweli System B, Sri Lanka.

Fallow-Rice 13191 25662
Rice-Rice 31930 52392 18739 26730 1.4
Rice-Medium value crops 50289 83326 18359 30934 1.7
Rice-High value crops 80229 140090 29940 56764 1.9

Cropping Pattern Total Gross Marginal Marginal Marginal
Variable Return Cost Benefit Cost

Cost (Rs/Ha) (Rs/Ha) (Rs/Ha) Benefit
(Rs/Ha) Ratio



Table 5-5. Marginal Cost-Benefit Ratios of Different Cropping Patterns
Based on Twenty Percent Increase in Crop Yields, Ten Percent
Increase in Total Variable Costs and Output Prices,
Mahaweli System B, Sri Lanka.

Cropping Pattern Total Gross Marginal Marginal Marginal
Variable Return Cost Benefit Cost

Cost (Rs/Ha) (Rs/Ha) (Rs/Ha) Benefit
(Rs/Ha) Ratio

Fallow-Rice
Rice-Rice

13191
31930

28222
57587 18739 29365 1.6

Rice-Low value crops 41786 70690 9856 13103 1.3
Rice-(Low value Medium value Crops) 46037 86830 4251 16140 3.8
Rice-Medium value crops 50289 102942 4252 16112 3.8
Rice-(Low value + High value Crops) 61007 123699 10718 20757 1.9
Rice-(Mediuin value + High value Crops) 65259 139825 4252 16126 3.8
Rice-High value Crops 80229 176710 14970 36885 2.5
Rice-High value crops-Low value crops 103816 206003 23587 29293 1.2
High value crops-High value Crops 131219 239831 27403 33828 1.2
Rice-High value crops-Medium value crops 139703 252481 8484 12650 1.5
Rice-High value crops-High value crops 149958 269196 10255 16715 1.6
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attainable, medium value crops combined with low value or

high value crops can be recommended during the dry season.

Therefore, research and extension should develop

technologies that would increase crop yield and improve

management practices at farm level. The additional cost

of adopting the new technology should be low. Well

organized marketing channels, storage facilities and

pricing policy would be necessary to ensure higher and

stable prices for non-rice crops.

BELIEFS OF FARMERS ON PROFITABILITY AND ADOPTION

OF NEW CROPPING PATTERNS

The multivariate analysis of variance (MANOVA) was

applied to test the hypothesis of a common set of means

for the six belief variables. The analysis shows that the

estimated F-value of 2.38 is significant at the 1-percent

level. This provides evidence to reject the null

hypothesis of common means. The result suggests that

there is an overall difference between the adopters and

non-adopters about most of the beliefs related to

profitability and adoption of new cropping patterns.

The analysis of variance (ANOVA) procedure was used

for each variable to determine whether all variables

contributed to the MANOVA result. The analysis shows that

the farmer groups have different views on the profit and
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crop sequence variables and these differences are

significant at the 1-percent level as shown in Table 5-6.

The difference in the crop combination variable is

significant at the 5-percent level. The differences in

the other three variables are not statistically

significant at conventional levels.

Adopters believe that non-rice crops are more

profitable than rice. They also believe that combining

two or three different crops in their cropping pattern

would facilitate effective use of labor, capital,

irrigation water and reduce risk. Adopters are of the

view that the rotation of crops improves soil fertility,

helps in control of weeds and pests, and increases crop

yield. Non-adopters disagree with these beliefs.

Although the adopters and non-adopters differed

significantly concerning their beliefs about profit, crop

sequence and crop rotation, they agreed on other

variables. They believe that other food crops can be

successfully grown during the dry season and not during

the wet season. They disagree with the proposition of

growing other food crops throughout the year in order to

increase their income.

The beliefs of farmers partially correspond to the

results of the marginal cost-benefit analysis. The



Table 5-6. Beliefs of 90 Farmers Concerning Profitability and Adoption
of New Cropping Patterns, Mahaweli System B, Sri Lanka, 1992.

Belief Variable Mean Value ANOVA Significance
F Level

Adopters Non-Adopters All Farmers Value

No. of Farmers 59 31 90

I Significant at 1-percent level.
2 Significant at 5-percent level.

Profit 2.05 2.61 2.24 8.28 0.005'
Dry Season 2.08 2.22 2.13 0.94 0.3358
Wet Season 3.15 3.29 3.2 1.06 0.3059
Crop Combination 2.37 2.81 2.52 5.2 0.0252
Crop Sequence 2.2 2.77 2.4 10.23 0.0019'
Year Round Crop 2.81 2.93 2.86 0.48 0.488
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adopters who grew medium value and high value crops during

the dry season responded that other food crops are more

profitable than rice. Since most of the non-rice cropping

patterns did not provide adequate marginal returns, non-

adopters believe that other food crops are not as

profitable as rice.

Although marginal returns were as not attractive,

adopters were aware that the combination of low value,

medium value and high value crops help them in better

utilization of labor and capital. High value crops, which

are capital and labor intensive complement low value

crops, which need less capital and labor. They were also

aware that the rotation of certain crops improves soil

fertility and is beneficial in controlling weeds and

pests, which increases crop yields. The non-adopters'

negative responses may be due to lack of information about

the benefits of these technologies.

Since none of the other food crops provide sufficient

marginal returns during the wet season, both groups

reported that other food crops cannot be successfully

grown during the wet season. They were not in agreement

with the proposition of year-round cropping mainly because

of the problems associated with the wet season.

The analysis shows that the adopters and non-adopters

have different beliefs about the economic benefits of new



81

cropping patterns. The adopters have more positive

beliefs towards the profitability and adoption of new

cropping patterns than non-adopters. Perhaps the

extension service can educate the non-adopters about the

benefits of the profitable cropping patterns, in order, to

increase their farm income.

VARIABILITY AND INTERRELATIONSHIPS OF SELECTED

FARM-LEVEL VARIABLES

Factor analysis was used to determine the variability

and interrelationships of selected farm-level variables.

The results of the varimax rotated factor solutions are

summarized in Table 5-7.

Four common factors were retained by the proportion

criterion. The factor loadings of each common factors are

graphically shown in Figure 4. The factor loadings

indicate the correlation between each factor and the

observed variables. Each variable was assigned to the

factor with which it has the highest loadings.

Factor 1

The first factor explains 32 percent of the total

variance. The variables, total gross returns, total

variable cost, farm size and educational level of the



Table 5-7. Variniax Rotated Factor Matrix for 17 Farm Level Variables,
Mahaweli System B, Sri Lanka, 1992.

Farming experience
Farmer's age
Farm asset

Total gross returns
Total variable cost
Farm size
Educational level

% area with OFC's
Years of residence
Farm loan
Irrigation status
% rice consumed

Factorl Factor2 Factor3 Factor4 (Communality)

0.63
0.53
0.49
0.45

0.04 -0.11 -0.04 0.41
-0.03 -0.01 0.11 0.29
0.15 0.16 0.04 0.28

-0.08 -0.28 -0.21 0.32

0.01 0.62 -0.11 -0.04 0.35
-0.06 0.54 0.22 -0.11 0.32
0.15 0.53 -0.11 0.08 0.31

No. of family members working in farm 0.13 0.22 0.49 0 0.14
Soil type 0.04 0.05 -0.42 -0.05 0.45
Topography 0.15 -0.05 0.3 0.18 0.18
Drainage condition -0.05 -0.11 0.33 -0.12 0.15
Other income 0.19 -0.01 -0.36 0.13 0.18

-0.42 -0.02 -0.17 0.49 0.49
-0.15 0.04 0.06 0.45 0.45
0.08 -0.2 0.13 0.37 0.37

-0.29 -0.14 0.04 -0.35 0.23
-0.11 -0.04 0.22 -0.44 0.25

Variable
Factor Loadings h2

Total variance 1.52 1.12 1.04 1.03 4.71
Total variance (%) 32.25 23.79 22.06 21.9



Factor Loadings

Figure 4. Plot of Factor Loadings
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farmer are highly loaded with this factor. The factor can

be classified as the management factor, which is related

to the profitability of the farm.

The variables are positively loaded with this factor.

This indicates that the variables are strongly and

positively associated with each other. This suggests that

increases in farm size, total variable cost and

educational level would increase total gross return.

Total gross returns is the variable most heavily loaded

with the first factor.

Factor 2

About 24 percent of the total variance is explained

by this factor. The variables highly loaded on this

factor are social variables such as age, experience in

farming of other food crops and ownership of farm assets.

The factor may be named the social factor. All three

variables are positively loaded with the factor. This

suggests that farmers with higher age and greater

experience in farming of other food crops may have more

farm assets.

Factor 3

Five variables are highly loaded with this factor and

explained 22 percent of the total variance. The variables
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include soil type, topography, drainage condition, number

of family members contributing to farm work and income

from other resources. The factor may be classified as

farm resource factor. The income received from the other

resources and soil type are negatively loaded with the

third factor. This suggests that increases in the number

of family members contributing to farming would reduce the

income from other resources. It also relates the poor

drainage condition to the non-calcic brown soils.

Factor 4

Factor 4 consists of five variables and explained 22

percent of the variability. Variables such as number of

years of residence, amount of loan obtained for farming,

irrigation condition and percentage of rice allocated for

consumption are closely associated with the stability of

the farms. These variables are intercorrelated with the

percentage of area cultivated under non-rice crops. This

factor may be called as the farm stability factor.

Area cultivated with other food crops, years of

residence and amount farm loan obtained are positively

loaded with the factor. This indicates that the increases

in the number of years of residence in the area and amount

of farm loans taken may favor the cultivation of other

food crops. Irrigation status and percentage of rice
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allocated for consumption are negatively loaded with this

factor. This indicates that poor irrigation conditions

and reduced allocation of rice for consumption will have

positive effects on the area cultivated with other food

crops.

Factor Scores

The factor scores of 90 farms were computed using

standardized factor coefficients and the regression

procedure. The plot of factor coefficients for different

variables is depicted in Figure 5. The plot between the

scores of the farm management factor (factor 1) and the

farm stability factor (factor 4) is shown in Figures 6 and

7. The factor scores indicate that there is a pattern of

common variance in the data. Most of the adopters and

non-adopters clustered at different locations in the

common factor space as shown in Figure 6. This indicate

that there is considerable variability between adopters

and non-adopters, related to farm-level variables. The

farms at different sites also clustered at different

locations of the common factor space as shown in Figure 7.

Four clusters are identified in this figure. This

suggests that the farm-level variables vary across

different locations.
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Figure 6. Plot of Factor Scores Showing the Variability
Between Adopters and Non-Adopters
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Variability between Adopters and Non-Adopters

Farm-level variables are compared between adopters

and non-adopters in Table 5-8. Total gross returns vary

between Rs. 380 and Rs. 50,040 per farm among the sample

farms. Mean values of the variable shows that the total

gross returns of the non-rice farms are greater than that

of the rice farms. The difference is significant at the

5-percent level. Total variable costs vary from Rs. 300

to Rs. 29,130 per farm among the sample farmers. The

total variable cost is higher for non-rice farms, but the

difference is not significant at conventional levels. The

farms which cultivated a portions of their land and farms

which faced crop failures have lower variable costs and

returns. Most of the non-rice farms have a higher total

gross returns and higher total variable cost because of

the higher cost and returns of the non-rice crops.

Size of the irrigated farms varies between 1 acre and

2.5 acre. Variability in farm size is smaller because of

the settlement policy practiced in this area. Most of the

farmers are provided with 2.5 acres of irrigated land for

cultivation. A few are given 1 acre. The educational

level of the farmers ranges from 1 year to 12 years of

school education. The mean values of the farm size and

educational level are not significantly different, at

conventional levels, for adopters and non-adopters.
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Table 5-8. Comparison of Farm Level Variables Between Adopters and Non-Adopters,
using ANOVA Procedure, Mahaweli System B, Sri Lanka, 1992.

Age of the farmer (irs)
Education level (Group)
Years of residence (irs)
Farming experience in OFCs
No. family members work

-in farm
Other income (Rs)
Value of farm asset (Rs)
Farm size (ac)
Soil type
Topography
Irrigation status
Drainage condition
% area under OFCs
Total variable cost(Rs)
Total gross return (Rs)
% rice consumed
Total farm loan (Rs)

I Significant at 1-percent level
2 Significant at 5-percent level

3.53 2.90 3.31 1 8 3.37 0.06982

3027.29 3549.68 3207.00 0 36480 0.1 0.7562
9602.34 5367.10 8144.00 0 112000 1.05 0.3093

2.38 2.35 2.37 1 2.50.13 0.7189
2.64 2.58 2.62 1 3 0.18 0.6689
2.03 1.90 1.99 1 3 1.64 0.2040
1.49 1.58 1.52 1 3 0.32 0.5726
1.27 1.45 1.33 1 3 1.98 0.1625

25.12 0.00 16.47 0 100 42.39 0.0001'
11602.81 11173.06 11455.00 300 29130 0.16 0.6921
20146.63 16058.97 18739.00 380 50040 3.00 0.08692

27.12 35.10 29.87 0 100 3.69 0.05792

4736.78 1548.39 3639.00 0 21590 8.17 0.0053'

Variable Mean Value ANOVA Signifi-
F cance

Adopters Non- All Mini Maxi Value Level
Adopters Farmers mum mum

43.86 45.03 44.27 24 86 0.2 0.6519
1.81 2.13 1.92 1 4 2.21 0.1404
8.42 7.94 8.26 2 27 0.44 0.5096
9.85 6.29 8.62 0 42 2.83 0.09612
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The age of farmers varies from 24 to 86 years.

Farming experience in other food crops varies between zero

to 42 years. Value of farm capital assets owned by

farmers ranges from zero to Rs. 112,000. Average age of

the adopters is lower than the non-adopters. This

suggests that the younger farmers are more willing to take

up new cropping patterns. Adopters own more farming

assets than the non-adopters. However, the differences in

age and value of farm assets are not significant at

conventional levels. The adopters of non-rice crops have

more experience in growing of other food crops than the

non-adopters. The difference is significant at the 5-

percent level.

The difference between adopters and non-adopters is

small with respect to land related variables. The

predominant soil group in this area is non-calcic brown

soils. Topography and drainage conditions of most of the

farms vary from medium to good condition.

The income from other resources ranges between zero

to Rs. 36,480 per farm. Adopters received lower income

from other resources when compared to non-adopters. But

the difference is not significant at conventional levels.

Numbers of family members contributing to farm work

varied from 1 to 8. Availability of family labor is

greater in non-rice farms compared to rice farms. The
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difference is significant at the 5-percent level. This

indicates that the increased contribution of family

members to farming, favor the adoption of non-rice

cropping patterns.

The number of years of residence in the area varies

between 2 to 27 years. The adopters have longer duration

of residence in the area when compared to non-adopters.

The non-adopters have better irrigation conditions than

that of adopters. This shows that farmers with good

irrigation conditions preferred to grow rice. However,

the difference in years of residence and irrigation

condition are not significant at conventional levels.

The amount of farm loans taken by the farmers varies

between zero to Rs. 21,590. The amount of loan taken by

the adopters is greater than that of non-adopters. The

adopters took larger loans to meet the high cost of

cultivation of non-rice crops. The difference is

significant at the 1-percent level.

The percentage of rice allocated for consumption

varies between zero to 100 percent. The non-adopters

allocate a higher percentage of their rice produced, for

consumption. The difference is significant at the 5-

percent level. This suggests that the rice farmers are

more concerned about producing a stable food supply and

other family requisites.



Variability across Different Locations

Farm-level variables are compared across different

locations in Table 5-9. The data show that the difference

in the number of years of residence is significant at the

1-percent level. The differences in the total gross

returns and percentages of rice produced and allocated for

home consumption are significant at the 5-percent level.

The results of the factor analysis indicates that the

information provided by seventeen selected farm variables

may be explained by four factors. The four factors are

related to management, social, resource and stability

characteristics of the farms. The management variables

such as total variable cost, farm size and education

levels of the farmers influence the profitability of the

farm. The variables such as years of residence, farm

loan, irrigation condition and percentage of rice

allocated for consumption influence the adoption of new

cropping patterns.

The analysis also indicates that there is

considerable variability in farm-level variables among

different farms. Farm-level variables such as gross

returns, experience in growing other food crops,
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Table 5-9. Comparison of Farm Level Variables Across Different Farm Locations,
using ANOVA Procedure, Mahaweli System B, Sri Lanka, 1992.

Variable

Mean Value

All
Dammina Ellewewa S'pitiya V'pura Farmers

Age of the farmer (Yrs) 45.00 49.00 40
Education level 5.70 6.80 7.8
Years of residence (Yrs) 10.40 9.56 62
Farming experience in OFCs 8.80 5.70 7.4
No. family members work

-in farm 3.45 3.94 3.1
Other income (Rs)
Value of farm asset (Rs) 8930 10275 6489 7571
Farm size (ac) 2.31 2.39 2.43 2.3
Soil type 2.80 2.80 2.7 2.4
Topography 2.40 2.00 1.9 2

Irrigation status 1.50 1.60 1.5 1.6
Drainage condition 1.40 1.60 1.2 1.3 1.33
% area under OFCs 24.97 12.60 9.19 17.21 16.47
Total variable cost(Rs) 10655 10929 12099 11864 11455
Total gross return (Rs) 17333 24522 20209 15894 18739
% rice consumed 23.60 32.45 24.98 38.09 29.87
Total farm loan (Rs) 3336.40 2418.80 4600 3855.30 3639.00

Significant at 1-percent level
2 Significant at 5-percent level

44
5.9
7.41

11

3 . 03

44.27
1.92
8.26
8 .62

3.31
3207
8144

8 2.37
2 . 62

1.99
1.52

ANOVA Signi-
F cance

Value Level

1.84 0.1453
2.1 0.106
9.18 0.0001'
1.12 0.3473

1.43 0.2399
1.04 0.3778
0.14 0.9354
0.47 0.7045
1.85 0.1442
1.82 0.1496
0.26 0.8563
1.56 0.2060
2.28 0.08492
0.45 0.7203
2.68 0.05212
3.68 0.01512
0.55 0.6494
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availability of family labor, farm loans and rice

allocated for consumption vary significantly between

adopters and non-adopters. Number of years of residence,

total gross returns and percentage of rice produce

allocated for consumption vary significantly across

different locations. This suggests that the

recommendation of new cropping patterns should be

consistent with the farm-level variables, which vary among

farmers and across different locations.

ROLE OF SELECTED SOCIO-ECONOMIC VARIABLES IN FARMERS'

DECISIONS TO ADOPT NEW CROPPING PATTERNS

The logit model specification of the adoption

equation was fitted to data of 90 farmers. Linear and

probit model equations were also fitted to the same data

to facilitate comparisons. The correlation matrix of the

variables are presented in Table 5-10. The estimated

coefficients are presented in Table 5-11.

The signs of the estimated coefficients are

consistent with the expectations. The marginal effect of

the number of family members contributing to farming (FM1

& FM2), on the adoption of new cropping pattern is

positive and increased with the increase in the number of

family members contributing in farm work. This indicates

that the farmer families with higher numbers of family



Table 5-10. Correlation Matrix of the Variables used
in Logit Probability Model Analysis,

I Variables as defined in Table 2-5.

Mahaweli System B,

Variable' WFM1 WFM2 EXO1

WFM1 1.00
WFM2 -0.22 1.00
EXO1 -0.10 -0.04 1.00
EXO2 0.04 0.07 -0.12
EXO3 -0.26 0.03 -0.26
EXT 0.10 -0.07 -0.06
TLOAN 0.09 -0.05 0.09
RNET 0.08 -0.03 -0.03
ONET 0.06 0.07 -0.04

Sri Lanka,

EXO2 EXO3

1.00
-0.10 1.00
0.01 0.10
0.00 4-0.18

-0.01 -0.15
0.17 0.13

1992.

EXT

1.00
-0.11
0.16
0.19

TLOAN RNET

1.00
0.04 1.00

-0.04 0.27

ONET

1.00



Table 5-11. Estimates of Linear, Probit and Logit Probability
Model Coefficients, Adoption of New Cropping Patterns
by 90 Farmers, Mahaweli System B, Sri Lanka, 1992.

Variable Coefficients of Probability Models1

Linear Logit Probit

WFM1 0.32597E-]. O.88582E-1 0.54850E-1
(0.29667) (0.15941) (0.16527)

WFM2 0.26652 1.6591 1.0327
(1.40667) (1.3922) (1.4648)

EXO1 O.30229E-1 0.15608 0.12716
(0.27909) (0.28843) (0.38946)

EXO2 O.75782E-1 0.41962 0.29091
(0.39830) (0.43406) (0.49310)

EXO3 0.55592E-1 0.29316 0.17174
(0.32191) (0.35715) (0.34858)

EXT 0.10692 0.55263 0.33566
(1.0315) (1.0942) (1.1050)

TLOAN 0.28393E-4 0.18245E-3 0.10856E-3
(2.9394) (2.7103) (2.8414)

RNET 0.70417E-5 0.38408E-4 0.21212E-4
(1.0969) (1.1914) (1.1162)

ONET 0.82164E-5 0.48012E-4 0.32774E-4
(0.64312) (0.63638) (0.72985)

CONSTANT 0.38538 -0.68776 -0.41788
(3.4414) (-1.2708) (-1.2682)

t-Ratios are in parentheses
R2 = .1645
Log-Likelihood Function = -49.869
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members contributing to farm work favors the adoption of

new cropping patterns. The marginal effect of the years

of experience in cultivation of other food crops is

positive and increased around sample mean (EX1 & EX2) and

diminished with further increase (EX3). This suggests

that farmers with sufficient levels of experience in

cultivation of other food crops may have greater

willingness to adopt new cropping patterns.

The coefficient of extension service variable (EXT)

is positive as expected. This implies that providing

farmers with adequate technological information about new

cropping systems may motivate farmers to grow other food

crops. The marginal effect of the availability of farm

loans (TLOAN) on adoption of new cropping patterns is

positive. This suggests that availability of farm loans

may increase the adoption of new cropping pattern.

The estimated coefficients of the net returns from

rice (RNET) and net returns from other food crops (ONET)

are positive. The marginal effect of ONET is greater than

RNET. This demonstrates that increases in the net returns

of other food crops has greater impact on the adoption of

new cropping patterns.

Although the signs of all coefficients agreed with

the expectations, the t-ratios are not significant at

conventional levels, except for TLOAN. This suggests that
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the availability of farm operating capital has significant

influence on the farmers' decision making about the

adoption of the new cropping patterns.

The results of the linear and probit models are

similar to the results of the logit model. The

coefficient estimates of logit and probit models are

greater than the linear probability model as expected.

The Likelihood Ratio Test was carried out to determine the

reliability of the results. The estimated coefficient of

the restricted model is presented on Table 5-12. The

Likelihood Ratio of 10.4 is significant at the 5-percent

level and provides evidence to accept the results of the

model. This confirms that the availability of farm loan

influence the adoption behavior of the farmers.

The results of the logit model analysis shows that

the availability of farm loan is an important variable

that influences farmers' decisions to adopt new cropping

patterns. This is consistent with the farmers' reporting

that lack of capital is their major problem in cultivating

other food crops. There is a significant difference

between the adopters and the non-adopters on the

availability of farm loans. The results of the factor

analysis also indicated that the availability of farm

loans is highly intercorrelated with the percentage of the

area cultivated with other food crops. This implies that



Table 5-12. Estimated Coefficients of Restricted Logit
Model.

Variable Coefficient'

WFM1 0.22529
(0.44206)

WFM2 1.3917
(1.2171)

EXO1 0.22429
(0.43832)

EXO2 0.31453
(0.34501)

EXO3 -0.32402E-1
(-0. 41766E-1)

EXT 0.34247
(0. 72002)

PNET 0.36308E-4
(1. 2137)

ONET 0.36308E-4
(0. 59248)

CONSTANT -0.52960E-1
(-0. 11077)

t-Ratios are in parentheses
R2 = .0621
Log-Likelihood Function = -55.069
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providing farm operating capital is an important criterion

that should be considered when promoting the new cropping

patterns among semi-subsistence farmers.



CHAPTER VI

SUMMARY, CONCLUSIONS AND IMPLICATIONS

SUNNARY AND CONCLUSION

The objective of the study is to determine the

factors which influence farmers' decisions to adopt new

cropping patterns and to recommend suitable measures to

enhance the crop diversification program in Mahaweli

System B, Sri Lanka. Data collected through farm record

keeping and field survey were analyzed using marginal

cost-benefit ratios, niultivariate analysis of variance,

factor analysis and a logit probability model.

A number of qualitative and quantitative farm-level

variables and belief variables were included in the

analysis in order to apprehend the different attributes of

new cropping patterns and farmers' decision making

environment. The complex interrelationships of variables

justified the use of different techniques. The results

from the different techniques were generally in close

agreement and complemented each other.

The farmers of Mahaweli System B own small farms,

have large families and operate semi-subsistence type of

farms. Rice-Rice cropping patterns was the predominant

cropping pattern in the area. The adopters of new

cropping patterns cultivated portions of their field with

103
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other food crops during the dry season. The majority of

them grew high value crops compared to medium and low

value crops.

Marginal cost-benefit analysis based on current crop

yield and input/output prices indicated that rice

cultivated as the first crop during the wet season

followed by a high value or medium value crop during the

dry season provided acceptable levels of profit, in a two-

crop sequence. Analysis based on a twenty percent

increase in current crop yield and ten percent increase in

total variable costs indicated that medium value crops

combined with low or high value crops as a second crop

also provides recommendable returns. Similar results were

obtained in an analysis with a twenty percent increase in

current crop yield and ten percent increase in prices of

input and output. Analysis based on a ten percent

increase in output prices showed that high value crops

mixed with medium value crops grown as a second crop

provided acceptable returns.

The analysis indicated that if the current total

variable cost increases by ten percent (without an

increase in the crop yield or output price), none of the

cropping sequences would provide a recommendable level of

profit. The analysis also demonstrated that growing other

food crops during wet season may not be profitable.
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It appears from the marginal cost-benefit analysis

that medium value and high value crops may be recommended

as a second crop in a two-crop sequence. If increased

crop yield and output prices are attainable, medium value

crops combined with low or high value crops may be

recommended to farmers during the dry season.

Analysis of farmers' beliefs indicated that, there is

an overall difference between adopters and non-adopters

regarding profitability and adoption of new cropping

patterns. Adopters believed that cultivation of other

food crops were more profitable than rice. They also

believed that combining two or three different crops in

their cropping patterns would facilitate effective use of

labor, capital, irrigation water and reduce risk.

Adopters were of view that rotation of crops improves soil

fertility, helps in control of weeds and pests, and

increased crop yield. Non-adopters disagreed with these

beliefs. However, both groups believed that other food

crops can be grown successfully during the dry season and

not during the wet season. They disagreed with the

proposition of growing other food crops throughout the

year.

The beliefs of farmers are consistent with the

results of the marginal cost-benefit analysis. The

adopters, who grew medium and high value crops and
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obtained higher profits responded positively on the

profitability and adoption of new cropping patterns.

However, the non-adopters responded negatively. This may

be partly due to the lack of awareness regarding the

economic benefits of these new cropping patterns.

In addition to farm profitability and farmers'

beliefs, several farm-level variables influence the

adoption of new cropping patterns. Factor analysis

demonstrated that the data pertaining to 17 farm-level

variables may be interpreted by four factors, namely,

management factor, social factor, farm resource factor and

farm stability factor. Variables such as gross returns,

total variable cost, farm size and education levels of

farmers, were positively loaded with the management

factor, which is closely related to the profitability of

the farms. Variables, such as percentage area cultivated

with other food crops, number of years of residence,

amount of loans obtained for farming irrigation conditions

and percentage of rice produced allocated for consumption,

were closely associated with the stability factor, which

is related to the rate of adoption of new cropping

patterns. The percentage area cultivated with other food

crops, years of residence and amount of farm loans were

positively loaded with this factor, which implies that an

increase in the number of years of residence and amount of
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farm loans would favor the cultivation of other food

crops. Irrigation conditions and rice allocated for

consumption were negatively loaded with this factor, which

suggests that poor irrigation conditions and reduced

allocation of rice produced for consumption may have

positive effects on the adoption of new cropping patterns.

Factor scores established the existence of a wide

variation between the adopters and the non-adopters and

also variation across different locations. The variables

such as gross returns, experience in cultivating other

food crops, availability of family labor, amount of farm

loans obtained and percentage of rice allocated for

consumption differed significantly between adopters and

non-adopters. The gross returns, years of experience,

availability of family labor and amount of farmer loans

were greater for adopters when compared to non-adopters.

Non-adopters allocated a higher percentage of rice

production for consumption. They were more concerned

about food security and other family requisites.

Variables such as number of years of residence, percentage

rice produced and allocated for consumption and total

gross returns differed significantly among different

locations.

The results of the logit model analysis indicated

that an increase in the number of family members
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contributing to farming, years of experience in

cultivation of other food crops, extension advice, amount

of farm loans obtained and net returns from rice and other

food crops increases the probability of adopting new

cropping patterns. However, only the marginal effect of

farm loans was statistically significant. This implies

that the availability of farm loan has a significant

influence on the adoption of new cropping patterns.

In conclusion, the study emphasizes that the increase

in present crop yield, higher output prices, sufficient

operating capital and changes in farmer beliefs are

essential for the success of the current crop

diversification program.

POLICY IMPLICATIONS

Although it may be too early to evaluate the

achievement of the crop diversification program from only

three years of performance, the results from this analysis

may provide some directions to researchers, extension

staff and other implementing agencies about future

activities.

Marginal cost-benefit analysis informs of the need to

increase crop yields at the farm level. Research should

be directed to evolve and develop technologies, that would

increase the present yield. More varieties of high and
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medium value crops may be included in farm level testing.

Control of pests and diseases and soil and water

management may be given priority in the research programs.

The recommendations will be meaningful, only if the

additional cost of adopting new technologies are low,

and/or made available through aggressive farm loan

programs.

The analysis signified that the adopters had more

positive beliefs about the profitability and adoption of

new cropping patterns than the non-adopters. Perhaps, the

extension service should educate the non-adopters about

the benefits and profitability of the new cropping

patterns. The locations favorable for new cropping

patterns may be given priority when organizing the

training programs. Non-adopters, who have the

characteristics of the adopters, may be selected first for

training and introduction of new cropping patterns.

Since, there is a need to increase the current yield

levels, more extension effort may be required to educate

farmers on the selection of crops and improved management

practices.

Marginal cost-benefit analysis showed that more

cropping patterns would be profitable with increased

output prices. Hence, appropriate marketing and adequate

storage facilities are necessary to ensure higher and
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stable price for other food crops. The private sector may

be encouraged to actively participate in the marketing of

non-rice crops.

The results of the factor analysis and logit and

probability model analysis indicates the significance of

agricultural credit on the adoption of new cropping

patterns. Arrangements to provide the farmers with

sufficient operating capital is essential for the

successful crop diversification program.

Farmer organizations can play a major role in

organizing the farmer training classes. The farmer

organizations could also organize the marketing and credit

facilities on a co-operative basis. Hence, strengthening

and expanding the activities of farmer organization, may

be valuable in enhancing the crop diversification program

in System B.

IMPLICATIONS FOR FUTURE STUDIES

This study was an attempt to quantify some of the

factors which determine the profitability and adoption of

new cropping patterns in Mahaweli System B. Further

studies are needed to evaluate the role of several other

factors which influence the profitability and adoption.

The study indicated that farm labor supply and production

risks are important factors which need exploration.
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Production of most of the other food crops are labor

intensive compared to rice. At present farmers who adopt

new cropping patterns are cultivating small plots of land

with other food crops and uses family labor for most of

the farm operations. But, if more farmers start

cultivating other food crops and expand the area under

other food crops they may have to employ a greater amount

of hired labor in farming. It is also observed that the

wage rate has increased tremendously in Mahaweli System B

over the last few seasons. Therefore, a detailed study on

the availability of farm labor, labor requirements of

different cropping patterns and variation in seasonal wage

rates may be useful in determining the suitability of

different cropping patterns.

In this study, farmers reported that the production

of other food crops are affected by climatic conditions,

soil and drainage conditions, pest and diseases and

marketing constraints. This indicates that the risk of

producing other food crops is one of the most important

criterion that should be considered when recommending new

cropping patterns to farmers. Hence, a study to evaluate

the risk of producing other food crops may be worthwhile

in determining the profitability and adoption of new

cropping patterns in Mahaweli System B.
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APPENDIX

AVERAGE YIELDS, PRICES, COSTS AND RETURNS OF

SELECTED NON-RICE CROPS



Basic data from MARD Project.
2 Total Labor Cost include imputed cost of family labor.
TVC = Total Variable Cost.

Table A-i. Average Yields, Prices, Costs and Returns of Selected Non-Rice Crops',
Dry Season 1989, Mahaweli System B, Sri Lanka.

Crop Yield Price Gross Total Family Total Material TVC3 Net Ret. Ret.
(Kg/Ha) (Rs/Kg)Return Cash Labor Labor Cost (Rs/Ha) Ret. to f am to Cash

(Rs/Ha)Cost (Pd/Ha) Cost2 (Rs/Ha) (Rs/Ha)Labor Inputs
(Rs/Ha) (Rs/Ha) (Rs/Pd)

Paddy 4285 7 29995 7654 72 6555 4691 11246 18749 260.4 2.4
Big onion 8360 13 104500 20144 310 16763 22301 39064 65436 211.1 3.2
Blackgram 1113 20 22260 11406 151 11361 6085 17446 4814 31.9 0.4
Butternut 5902 7 41314 11330 269 12823 9267 22090 19224 71.5 1.7
Chilli 947 75 71025 14723 218 13143 11175 24318 46707 214.3 3.2
Cowpea 935 20 18700 7254 228 11411 5492 16903 1797 7.9 0.2
Gherkin 6478 12 75663 35023 512 31723 24167 55890 19773 38.6 0.6
Greengram 1329 25 33225 14152 356 21508 6884 28392 4833 13.6 0.3
Groundnut 2433 20 48660 7339 303 15115 5980 21095 27565 91.0 3.8
Redonion 7600 8 60800 21433 571 24618 20855 45473 15327 26.8 0.7



Table A-2. Average Yields, Prices, Costs and Returns of Selected Non-Rice Crops',
Dry Season 1990, Mahaweli System B, Sri Lanka.

Basic data from MARD Project.
2 Total Labor Cost include imputed cost of family labor.
TVC = Total Variable Cost.

Crop Yield Price Gross Total Family Total Material TVC3 Net Ret. Ret.
(Kg/Ha) (Rs/Kg)Return Cash Labor Labor Cost (Rs/Ha) Ret. to fain to Cash

(Rs/Ha) Cost (Pd/Ha)Cost2 (Rs/Ha) (Rs/Ha)labor Inputs
(Rs/Ha) (Rs/Ha) (Rs/Pd)

Paddy 3331 6.4 21328 9925 83 7458 7677 15135 6193 74.6 0.6
Bigonion 5992 13.5 80740 19583 397 26719 17758 44477 36263 91.3 1.9
Butternut 7836 6.9 54353 8300 269 14800 8300 23100 31253 116.2 3.8
Cabbage 10576 9.4 99712 17026 354 21329 17044 38373 61339 173.3 3.6
Chilli 752 71.8 54035 19802 430 30702 13888 44590 9445 22.0 0.5
Cowpea 1140 26.4 30046 8256 347 13470 7586 21056 8990 25.9 1.1
Gherkin 6424 14.3 92184 44111 801 58080 31774 89854 2330 2.9 0.1
Greengram 950 23.8 22590 5301 272 11715 5965 17680 4910 18.1 0.9
Groundnut 856 25.0 21417 12220 323 19360 7220 26580 -5163 -16.0 -0.4
Redonion 10163 33.6 341700 57804 691 41844 55427 97271 244429 353.7 4.2
Zucchini 13960 10.0 139600 32066 520 28600 33566 62166 77434 148.9 2.4



Table A-3. Average Yields, Prices, Costs and Returns of Selected Non-Rice Crops1,
Wet Season 1989/ 90, Mahaweli System B, Sri Lanka.

l Basic data from MARD Project.
2 Total Labor Cost include imputed cost of family labor.
TVC = Total Variable Cost.

Crop Yield Price Gross Total
(Kg/Ha) (Rs/Kg) Return Cash

(Rs/Ha)Cost
(Rs/Ha)

Family
Labor
(Pd/Ha)

Total
Labor
Cost2
(Rs/Ha)

Material TVC3 Net Ret. Ret.
Cost (Rs/Ha) Ret, to fam to Cash
(Rs/Ha) (Rs/Ha)labor Inputs

(Rs/Pd)

Paddy 4377 6.4 28104 12143 89 7974 8619 16593 11511 129.3 0.9
Bittergrd2 5200 4.5 113400 8000 1332 66600 9200 75800 37600 28.2 4.7
Chilli 723 80.9 58467 27012 498 31209 22695 53904 4563 9.2 0.2
Cowpea 1199 17 . 4 20805 3430 258 13675 3677 17352 3453 13.4 1.0
Gherkin 8402 7.3 62111 50496 601 48310 32236 80546 -18435 -30.7 -0.4
Greengram 700 30.0 21000 6700 295 16900 5550 22450 -1450 -4.9 -0.2
Redonion 3508 18 0 50833 48130 338 27132 39588 66720 -15887 -47.0 -0.3
Snkegourdlll5o 4.3 50312 14458 612 31058 15600 46658 3654 6.0 0.3



Table A-4. Average Yields, Prices, Costs and Returns of Selected Non-Rice Crops',
Wet Season 1990/ 91, Mahaweli System B, Sri Lanka.

Basic data from MARD Project.
2 Total Labor Cost include imputed cost of family labor.

TVC = Total Variable Cost.

Crop Yield Price Gross Total
(Kg/Ha) (Rs/Kg)Return Cash

(Rs/Ha)Cost
(Rs/Ha)

Family
Labor
(Pd/Ha)

Total Material
Labor Cost
Cost2 (Rs/Ha)
(Rs/Ha)

TVC3 Net Ret. Ret.
(Rs/Ha) Ret. to fain to Cash

(Rs/Ha)labor Inputs
(Rs/Pd)

Paddy 4040 6.3 25356 16084 66 11324 9560 20884 4472 67.8 0.3
Bittergrd 6200 7.3 43463 19560 500 39800 16760 56560 -13097 -26.2 -0.7
Brinjal 3864 8.0 30996 14022 380 31340 9760 41100 -10104 -26.6 -0.7
Cabbage 6648 8.2 54305 21441 334 27346 20513 47859 6446 19.3 0.3
Chilli 544 100.0 54367 22523 466 37153 19690 56843 -2476 -5.3 -0.1
Greengram 1018 25.3 25668 7748 235 19005 5523 24528 1140 4.9 0.1
Redonion 2180 50.0 109000 31940 360 28300 30640 58940 50060 139.1 1.6
Snkegourd 8600 63 53750 21180 490 39350 17080 56430 -2680 -5.5 -0.1




