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INTENSITY OF CROP DIVERSIFICATION IN SMALL AND

LARGE FARMERS: A DECISION THEORY

Sonal Dhingra

Abstract: Crop diversification is a component which can bring in growth in farm incomes, productivity of crops and
employment generation which has deteriorated due to wheat-paddy dominance. Over emphasis on wheat-paddy to
increase economic growth and ensure food security has taken stark toll on environment. In this context, we investigate
major guiding factors in the decision making by farmers to shift the area under food crops towards non-food crops.
However, heterogeneity in resource and capital endowments of farmers, difference in their access to input and output
markets and characteristic of the crop to which farmer is shifting to also play a role in decision-making. It could be
hypothesized that though all the farmers are risk averse, large farmers are in a better position to diversify due to their
economic strength with which they can overcome the risk involved in diversifying from food crops to non-food crops.

Keywords: Crop Diversification, Punjab, risk, Two-Tier model

INTRODUCTION

In India, there is a decline in the trend growth of production
as well as productivity for many crops from the mid-nineties
and value of output from agriculture is also declining. The
growth rate per annum of the major food crops like wheat,
rice and course cereals was 3.4 per cent from Triennium
Ending 1981-82 to Triennium Ending 1993-94 while it fell to
1.3 per cent from Triennium Ending 1994-95 to Triennium
Ending 2007-08. This decline can also be seen in the case
of Punjab which has recorded Growth rate of total food
crop of 3.21% from 1981-82 to 1990-91 while 1.68% from
1991-92 to 2000-01 (Sidhu and Bhullar, 2005). Various
aspects of Punjab pattern of economic growth and its
relation to the green revolution strategy, which is the prime
factor underlying the state’s achievement, have been
studied in depth over time. It is important to draw attention
to several problems surfacing the Punjab agriculture
situation which merits serious research and requires urgent
solutions.

The dominance of the wheat-paddy system has led to
serious economic, social and ecological problems such as
deceleration in productivity growth, drop in agricultural
employment, overexploitation of ground water resources
and decline in soil fertility (Singh and Sidhu, 2004).Due
to this, farmers face poor returns to cultivation which
indicates a socio-economic malaise in rural India. This is
further accentuated by multiple risks of yield, price shocks,
credit, technology and vagaries of weather. Thus,
diversification within farming away from wheat-paddy
rotation in favor of fruit and vegetable, fodder and oilseeds
crops is recommended. This is expected to bring the
sustainable solution consistent with environmental and
social needs which can be adopted by the economic agents
(farmers) to maintain high income levels and sustain
higher productivity levels. It may prove to be of paramount

importance in meeting challenges that arise from a post-
green revolution scenario. However, there is a degree of
risk involved in switching from food crops to non-food
crops. Since large farmers are shielded with higher
incomes, they can take a step towards diversification but
small farmers are reluctant to diversify their cropping
pattern. Large and rich farmers are those who can take
such risks because they are protected against the risk by
high returns, rental income etc. But a small farmer has
limited ability to take risks to increase his income because
of his limited economic strength. If there is limited
availability of capital and land, the technology utilized
by farmers may be biased towards traditional techniques
and crops.

OBJECTIVES

The study attempts to answer the following questions- (i)
What are the factors that determine the decision taken by
a farmer whether he would diversify his cropping pattern?
(ii) Does the intensity of crop diversification by small
farmers differ from intensity of crop diversification by
large farmers in Punjab?
(iii) What are the factors that are responsible for this
difference: the market factors, wealth constraints or
climatic factors?

LITERATURE REVIEW

Defining crop diversification and its scope in Punjab

In Punjab, there exists a potential to diversify and cultivate
variety of non-food crops like fruits and vegetables but
the future of these crops relies on developing suitable
infrastructure for linking production and consumption.
Punjab is specializing in favor of rice and wheat due to
government pricing policies, assured procurement, high-
yielding technologies, and irrigation development for these
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crops. However, extensive cultivation of rice and wheat
are causing negative externalities related to soil and water
resources. The soil fertility with respect to macro and micro-
nutrients is declining with uninterrupted cultivation of
these crops. The water resource of the region is also
depleting. The negative externalities have adversely
affected the total factor productivity of rice-wheat based
cropping system in this region (Joshi et. al, 2004).

Wealth and Market Constraints

A study by Saleth (1995) found that farms with less than
2 acres devote over 50 percent of their Gross Cropped
Area (GCA) to food-grains, while those with 4-8 acres
devote over 50 percent of their GCA to non-food grains
especially commercial crops and oilseeds and pulses.
Although vegetable and horticultural crops have only a
marginal share in the GCA of all groups, they impound
essentially to farms larger than 2 acres.

A paper by Mesfin et al. (2011) investigated the pattern,
trend and covariates of crop diversification in eastern
Ethiopia based on data collected from 167 household
randomly and proportionately selected. Tobit model result
indicated that farmers with more extension contacts and
larger livestock size are likely to specialize whereas those
who have access to market information and irrigation,
those who own machinery and more number of farm plots
are more likely to diversify. The variable used to measure
crop diversification is a modification of the Entropy index
that lies strictly between zero and one.

Large numbers of farmers practice crop rotation and
intercropping for different important reasons which
include reducing disease and pest infestations, manage
with land scarcity, improving soil fertility and reducing
risks. The Tobit estimates indicates that access to market
information, irrigation intensity, machinery ownership,
livestock size, extension contact, number of farm plots
and location of farms are found to be significantly
influencing crop diversification.

A paper by Immink and Alarcon (1991) addressed whether
it depends on preferences of the farmers because crop
diversification and commercialization among farmers
with small landholdings in developing countries is
signaled as detrimental to food security.

Risk faced by the small farmers when they diversify

Risk also could be considered as a strong behavioral force
affecting decision making in land allocation to food crops
and commercial crops (Blank, 1990, Braun, 1995 and
Dercon, 1996). A vital perspective of risk is how far and
how often returns unable to reach a below the mean level

of return. Risk is also taken as a cost of decision in farmers’
decision pertaining to land allocation to high value crops
(Roumasset, 1976). Though, cash crops are more
remunerative, there is always a risk attached to its
production. This risk may pertain to pricing, production
or yield. Joshi et.al (2006) found in case of Uttar Pradesh
that viability of small farms can be improved through
diversification of agriculture into higher-value crops like
fruits and vegetables. It studied the impact of crop
diversification towards vegetables on farm income and
employment and found that a switch to vegetables would
augment incomes of small farmers but prevailing
constraints do not allow smallholders to fully pocket the
emerging opportunities in vegetable production. Major
constraints in vegetable production are lack of assured
markets and a well-developed seed sector which lower
the productivity and augments the risk. Another important
factor that they figured out which restricts expansion of
area under vegetables are higher price and yield risks as
compared to cereals and low marketable surplus that
increases transaction costs. The coefficients of variation
in the yield of vegetables and cereals were computed to
compare the magnitude of risk. The coefficient of variation
in yield was much higher for vegetables than cereals. High
price volatility was another major constraint in vegetable
production.

A study by Johnson (1967) assumes that farm decision
makers are risk averse and analyses the solution of
diversification problem. Here, it is assumed that the
individual or farm decision maker views the outcome of
any enterprise in probabilistic terms, so, individual farmer
is willing to act on the basis of two parameters of the
associated probability distributions of net returns-the
expected value and the standard deviation. This paper
finds that the strategy implied for combining the risky
crops and the riskless crops will maximize the net benefits
to the farmers. This combination is interpreted as a
proportionate combination of land devoted to risky and
riskless enterprises.

With this background of literature, this study favors crop
diversification at least to some extent. In case of Punjab,
the most pressing issue today is decelerating productivity
and hence employment in agrarian sector. Switching
completely away from wheat-paddy to non-food crops is
not a proposition which this study supports. But, for the
soil to regain its fertility, for water levels to be maintained
at appropriate levels and for farmers to gain higher
incomes a minimal crop diversification is need of this
hour. Considering the risk averse behavior of farmers,
the study looks at the factors influencing decisions of the
farmers. This study attempts to look at the difference
between intensity of crop diversification of small farmers
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and large farmers in India by looking at the micro-level
differences among these categories of farmers and also
study the factors which drive some landowners to diversify
while not providing any incentives to others.

Empirical Model

The decision about whether to undertake an activity and
the extent to which that activity is undertaken can be
considered a two-step decision process or two-tier hurdle
model. This model initially proposed by Cragg (1971) is
found to be appropriate for disaggregate analysis of
selection and outcome decision problems such as in this
study. The first hurdle is the decision about whether or
not to diversify the cropping pattern away from food crops
like wheat, paddy, maize etc. to remunerative non-food
crops like fruits, vegetables, sugarcane and oilseeds. The
second hurdle is about measuring the extent to which the
individual farmer has diversified which is reflected by
the share of total area which he has put under cultivation
of non-food crops. Since, some farmers may not have
switched from food crops to non-food crops at all, some
may have put all the potential area under non-food crops
and some may have put only a portion of the land under
non-food crops, the dependent variable in the second tier
consists of both continuous and zero cases. Thus, tobit
analysis is a common method for making consistent
estimates in a model that has dependent variables
containing zero values, since the estimation method treats
zero values as part of continuous values. While in the
decision equation, zero is a part of a binary dependent
variable (0 or 1).

The model consists of two equations. In the context of
this study, the equations are-(i) a regression model to
estimate whether or not the farmer would diversify (YD),
and, (ii) a regression model to estimate area under non-
food crops (YO).
YD = âXi + ei             (1)
YO = áZi + ui             (2)
Where,X is a vector of explanatory variables for
diversifying decision. â is a vector of coefficients of
diversification variables.
Z is the vector of explanatory variables for the extent of
diversification. Á is a vector of coefficient for the extent
of diversification variables ei and ui are the independently
distributed normal random error terms with mean 0 and
variance ó2

Variables used in the study

Tier 1: In this study, the first step includes the dependent
variable as a binary variable which takes a value 1 if the
landowner diversifies and takes the value 0 if he does
not. The explanatory variables would be-

Market access- This was measured as number of markets
in a village per acre of area under cultivation. Irrigation-
Irrigation is defined as percentage of irrigated area of the
total area under cultivation. Landowner’s income level-
The income of the landowners from agricultural activities
affects the diversification decision. Off-farm income

level-This is measured in percentages. It is the share of
off-farm income in the total income earned by the land
owners. Perception about effect of diversification on

profitability of the landowners- If the landowners
perceive that the profitability is going to increase with
diversification, they would allocate some area to non-food
crops. To capture this variable, a risk coefficient is
calculated.

This risk coefficient is the difference between the yield
from food crop and non-food crop divided by the variance
of farmer’s income (Joshi and Birthal, 2006).

Tier 2: In the second step the dependent variable would
be Extent of land use for cultivation of non-food grains

(percentage).

The explanatory variables are defined as follows-
Land holding size- Larger land holding is expected to
drive the land owner towards diversification.
Landowner’s income level, Off-farm income level,

Profitability of diversification relative to specialization

(as measured by risk coefficient), market access,

rainfall (millimeters) are the other variables used in the
second tier.

Study Area and Socio Economic profile of sample

households

Punjab was chosen as the study area. To address the major
objectives of the study, primary and secondary data is used.
The data on relevant aspects was collected from Punjab
Agricultural University under income and expenditure
scheme. The data pertains to year 2008 and provides
information about 177 farmers: Income they earn (farm,
off-farm, rentals and transfers), Land possessed (leased
in, leased out, owned), Area under different crops they
grow, its output, yield and net returns. The data is collected
from districts of Punjab: Ludhiana, Kapurthala, Amritsar,
Gurdaspur, Ferozpur, Ropar, Sangrur, Hoshairpur,
Faridkot and Mansa. From each district, 2 villages were
chosen at random and therefore, data was collected from
total of 20 villages of Punjab.
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In this study, the choice of variables for the first and second
stage equations is done through a lengthy selection
procedure that involves trying out many different
combinations of variables from the list of explanatory
variables identified to be relevant in explaining the two-
step decisions. Accordingly, a set of market incentives
(irrigation, market access, farmers’ income) are included
in the decision equation of the double-hurdle model as

determinants of the decision to diversify. For the second-
stage decision equation, individual characteristic are
identified as determinants of the actual area put under
non-food crops. The double-hurdle model is estimated by
maximizing the log-likelihood function.

Table 2: Regression Results using Two-Tier Model

The coefficients in the first hurdle indicate how a given
variable affects the likelihood (probability) to switch area
allocated from food crops to non-food crops. Those in
the second hurdle denote how a variable influences the
level of diversification, given that a decision is made to
allot some area to non-food crops. The results are
indicated in Table 2.

Tier 1 (Decision equation)

Turning to the analysis of the parameter estimates, factors
that significantly increase the probability of crop
diversification by farmers (Tier 1) are-
Market access (mkt_acc) and irrigation (IRRI) are the
two variables which have turned out significant for the
first tier. Market access is expected to positively impact
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the decision of the farmer to diversify, and the actual
results are running parallel to these expectations.

Irrigation negatively impacts the decision to switch from
food crops to non-food crops. With greater irrigational
facilities farmers desire to cultivate crops which require
availability of abundant water. Wheat and paddy are such
crops which need rich availability of irrigational facilities.
Thus, it is this easy accessibility of irrigation in Punjab
which makes both small and large farmers cultivate only
wheat and paddy and plays a significant role as the factor
affecting farmers’ decision.

This reflects that farmers are very responsive to market
incentives. If farmers have greater access to markets and
do not have incentives to grow wheat and paddy because
of availability of irrigation, all the farmers would decide
to diversify.

Variables like farmers’ risk coefficient i.e. his perception
about profitability of non-food crops over food crops and
income from agriculture have turned out to be
insignificant in the first tier. Thus, it can be inferred that
for the decision problem, it is not the household
characteristics which are influential while taking the
decision to diversify but it is the market incentives
availability that promotes farmers to put a proportion of
the land under non-food crops.

Tier 2 (Extent Equation)

Factors that significantly affect the extent of crop
diversification by farmers are highlighted by tier 2-
Individual characteristics of the farmers which are
reflected by land under operation (LANDOP), risk
coefficient (RISKCOEF) and rental income (RENTALY)
earned have turned out to be significant in driving the
extent to diversification. While the factors, irrigation and
market access, which were significant in influencing the
decision have turned out to be insignificant in impacting
the extent of diversification.

Higher is the percentage of land operating as the total
land in acres, higher will be the extent to which he can
diversify. Once the farmer has decided to diversify, he
will put a higher proportion of land under non-food crops
if he possesses larger land holding compared to another
farmer who has also decided to diversify but has a smaller
land holding. Large farmers have surplus lands so they
can put greater acres of land under non-food crops relative
to small farmers.

Similarly, risk coefficient which is again a characteristic
of individual farmer persuades the extent of area allotment
under non-food crops. Higher the negative value of risk

coefficient lower will be the area under non-food crops
i.e. lower is the risk coefficient (higher yields from food
crops) lesser is the incentive for taking risk and switching
to non-food crops. Since the farmer is earning higher
yields from wheat and paddy he would not want to switch
to non-food crops which provide him lower yield due to
higher risk involved for him. Market incentives are not
significant i.e. irrigation, rainfall and market access are
insignificant. This reflects that the farmer once decides
to diversify then the extent to which he diversifies will
not be influenced by the same factors. The area he decides
to put under non-food crops is the function of his personal
characteristics.

Thus, the objectives of the paper can be answered well
with the above analysis. Very interestingly, it can be said
that there is a difference in the extent to which small and
large farmers diversify due to the heterogeneity of assets
they possess, income they earn, facilities they can avail
and risk they can face.  Large farmers are fortunate to
earn greater income, possess substantial amount of assets
and hence, they can face higher risks. This gives them
opportunity to try different combination of crops which
can definitely earn higher returns, though, with some
amount of risk attached.

Regarding the decision making, the size of the land
holdings does not influence the behavior of the farmer;
rather, it is the provisions made by the state like access to
markets, which can drive farmers to choose combinations
of food crops and non-food crops. However, there is a
possibility that such provisions are biased in favor of large
farmers. There are evidences in case of Punjab, of
existence of lobbying in favor of rich and large farmers.
Although the results are largely consistent with theory
predictions it is important to recognize that they are based
on a data from a survey which may be subject to limitations
due to only 177 responses. Nevertheless the results provide
initial ground for assessing the appropriateness of the
model and potential for a larger, more in-depth study of
farmers’ acreage decisions given his wealth, market
incentives and risk considerations.

Policy Recommendations

The decision of the farmer is influenced by the market
incentives, provision of efficient and equitable market
incentives can encourage all the farmers to diversify at
least to a minimum extent. Further regarding the extent,
a farmer decides the area to be allocated to high value
crops based on his will and capability.

Among others, the immediate measures include ensuring
markets, developing roads, creating appropriate
infrastructure and encouraging private sector participation
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for value addition and processing. Domestic market
reform is a pre-condition for agricultural diversification
in favor of high-value crops. Measures should be taken
to reform institutional arrangements, which can
appropriately integrate production and markets.

In an increasingly complex agricultural landscape,
enhancing the efficacy and evolution of newer risk
management tools is essential for the viability and
sustainability of the sector. In this regard the establishment
of a Centre for Risk management in Agriculture in Public
–Private Partnership mode for research, capacity building
and popularizing risk management solutions in
agriculture is important.

Large farmers can allocate the area to high value
commodities like cotton, onion and sugarcane. Such crops
involve greater risk which can be borne by large farmers.
Any decision making in the process of diversification
towards non-food crops could be best analyzed using Time
Series data for quantities, cost and prices. But, such data
was not available, which is one of the limitations of this
study. Also, while considering risk and acreage response,
input markets also play a crucial role i.e. while taking
decisions farmers take into account not only profitability
or relative prices but also input availability. This is another
aspect which can be part of the future study.
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