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Abstract: This paper is aimed at evaluating the factors affecting the concurrent adoption of two risk
coping strategies among hybrid maize farmers, namely income diversification supplemented with off-
farm work and contract farming in the wake of changing climatic conditions. Climatic changes and
food insecurity at the national level have emerged as key risk elements for hybrid maize production
due to varying economic conditions. The present paper addresses these risks by examining various
sources of risks faced by hybrid maize farmers and develops ideas to tackle these risks. Bivariate and
multinomial probit models were employed to analyze numerous factors that influence farmers’
choice of the simultaneous adoption of income diversification (both on and off the farm) and contract
farming at the farm level. The results reveal that hybrid maize farmers’ socioeconomic attributes
significantly affect their adoption of risk coping tools. Similarly, the climatic, economic (price-related),
biological, and financial risk perceptions and risk preference significantly influence the utilization of
risk coping strategies in maize production. These outcomes extend our understanding of farmers’
risk preferences and provide parameters for policymakers to forestall diverse risk sources associated
with hybrid maize production.

Keywords: maize farmers; risk management strategies; income diversification

1. Introduction

Globally, agricultural production is prone to several risks and uncertainties [1]. These risks
and uncertainties are an integral part of agricultural operations around the globe and conse-
quently lead to variability in production levels and farm incomes due to the varying nature
of farm decisions taken under a particular set of climatic, economic, institutional, and social
conditions [2]. These risks pose serious threats to agricultural production, mainly due to their
potential to cause damage at the farm level [3]. The agriculture sector has a strong association
with economic growth and the welfare of rural inhabitants, particularly in developing coun-
tries. Identification and mitigation of these uncertainties and risks in the agriculture sector
are crucial [4] as they also affect other sectors of the economy. The higher prevalence of risks
in agriculture is particularly caused by higher reliance on natural environmental conditions,
i.e., rainfall, temperature variability, crop diseases, and pollution, as well as other risk sources
including market shocks and price variability [5]. Hence, agricultural risks must be viewed
from the farmers’ perspective as a peril to the entire rural economy.
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Coping with uncertainty is critical as it affects the agricultural economy and allied
segments such as agro-based industries and agribusinesses, mainly because of the pres-
ence of forward and backward linkages between the two [6]. Numerous management
instruments exist to help farmers to avoid, transfer, share, spread, and/or take risks in
various regions of the world [3,4]. The selection of a specific tool hinges upon individual
circumstances and farmers’ willingness to bear risks [7]. The literature points towards the
existence of numerous tools and options for reducing risks, i.e., off-farm work, forward con-
tracting, crop insurance, crop diversification, mixed farming, maintaining input reserves,
and spreading out sales to cover price and market risks [8–12]. Farmers and managers may
select a combination of risk coping tools for tackling variability in yield and price to reduce
farm income variability [8]. However, several factors, including demographic attributes,
access to credit and institutional services, and perceptions and preferences regarding risk,
affect farmers’ adoption of such tools [13].

As noted in [14], contract farming is one of the alternative options to stabilize farmers’
income by offering assistance to small farmers in gaining early market access and reducing
market price shocks. Although contractual terms may differ, the proportion of production
that the contractor must purchase and the amount that has to be paid at a specific time
are generally explicitly agreed upon and followed [15]. The significance of entering into
contract agreements for the farming community is demonstrated in [16], where the authors
observed that the risk is reduced to a minimal level when farmers switch to contract farming.
In contract farming, the risk is mostly decreased by predetermined prices other than market
price [9,12]. Proficiently planned and managed contract farming diminishes both the
uncertainty and risk for beneficiaries in comparison to trading in an open market [17].

Income diversification and/or off-farm employment is another alternative to reduce
farming households’ income variability and risk. Specifically, off-farm earnings from
non-agricultural work have been proven to decrease the risk associated with farm pro-
duction [18]. The prime factors leading to the adoption of income diversification sources
among farmers (both on the farm, such as growing different crops and mixing in other
enterprises, and supplementing their livelihood through off-farm work) include, inter alia,
a declining level of farm earnings and a dire need to provide security in the face of market
risks and production uncertainty [19]. Off-farm income can be regarded as a way of diver-
sification; however, the willingness of risk-averse farmers to work in stabilizing off-farm
professions is higher than that of risk-loving farmers [20]. In this regard, the authors of [21]
indicated that risk-averse farmers generally cultivate food crops along with focusing on a
narrower range of farm activities. Furthermore, age, education, income level, family size,
and credit access have been noted as significant determinants of farmers’ risk attitudes [21].

As a global high-yielding cereal crop, maize is substantially important for developing
countries with a rapidly increasing population that outstrips food supplies, such as Pakistan.
Maize is also a high-value cash crop for the farmers of Punjab Province as it contributed 2.4%
and 0.5% to value added in agriculture and gross domestic product (GDP), respectively,
during the 2017–2018 cropping season. Maize has a number of different uses in Pakistan.
Approximately 60% of the maize crop is used as poultry feed, 28% for wet milling, and 6%
as a food item for human diets within the country [22]. Moreover, maize is a source of scarce
foreign exchange and a raw material for the country’s food industry [22]. Thus, due to such
a high significance of maize to Pakistan’s national economy and maize growers’ income,
there is a dire need for careful management and control of, inter alia, the production risks
faced by maize crops at the farm level. Similar to other agricultural crops, hybrid maize
also faces business and financial risks in Pakistan in particular and in the rest of the world
in general [23]. Farmers can reduce the brunt of these risks through singular and concurrent
adoption of risk management strategies.

Globally, numerous risk coping and management strategies have been used simultane-
ously by farmers [24–26]. However, few studies have been conducted on the simultaneous
adoption of risk management strategies in Pakistan, and particularly on the concurrent
adoption of contract farming and on/off-farm income diversification [23,27]. It is pertinent
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to note that the on-farm diversification and off-farm employment do not only stem from
the increased exposure to risks among the farming community. There are many other
reasons for adopting such options, including expertise diversity (skillset), human capital,
economic motives (for instance, expected returns and investment quantum, market avail-
ability and its infrastructure, market demand, input prices, farmer-to-market intermediary
linkages, etc.), logistics and infrastructure provision, research support, and information
flow through the extension system [1–5,21]. However, the research premise of this study
was limited to the adoption of such tools (income diversification and contract farming) for
mitigating/coping with risks emanating from natural, biological, environmental, or eco-
nomic/financial stimuli associated with the production of hybrid maize.

This study aimed to analyze the factors affecting the concurrent adoption of two
risk coping strategies, namely diversification of income sources (both on- and off-farm)
and contract farming, among hybrid maize farmers in Pakistan and to evaluate farmers’
perceptions of disastrous risk sources and risk preferences. For this particular work,
the reason for focusing on these two strategies stems from our discussions with field
staff, key informants, and officials from the Agriculture Department of the Government
of Punjab along with our own observations. At the time of pre-testing and focused group
discussions (FGDs), the existence of these two strategies among hybrid maize growers was
almost unanimously noted, and hence they were considered for empirical testing.

2. Materials and Methods
2.1. Study Area

For the present study, Punjab Province was selected as the study area (Figure 1).
The province is the second largest in terms of area, the most populous, and the most
agriculture-dominated province of the country. This province is situated in the semi-arid
lowland region [28]. Punjab has 20.63 million hectares of geographical area, of which
59% is cultivated, while contributing about 53% to the overall agricultural GDP of the
country. Moreover, about 74% of Pakistan’s entire cereal production comes from this
province [28,29]. The motivation for selecting this area came from the fact that 81.3% of the
total hybrid maize output of the country is contributed by Punjab as well as being the only
producer of spring (hybrid) maize in the country [30]. (There are two growing seasons of
maize in Pakistan, spring and autumn. The spring crop is sown from late February to the
end of March, while the autumn crop is sown from the end of May to June.)

Figure 1. Map of study districts in Punjab Province, Pakistan.
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2.2. Sampling

Primary data were collected entirely from spring season hybrid maize growers be-
tween September and October 2016, through a well-structured questionnaire to explore the
study objective. A multistage, stratified random sampling technique was used for sample
selection, as shown in Figure 2. In the first stage, Punjab Province was selected as the
main study area. In the second stage, four hybrid maize growing districts were selected,
namely Faisalabad, Okara, Sahiwal, and Chiniot, while, in the third stage, two cities from
each district were randomly selected. In the fourth stage, using stratified random sampling,
two union councils were selected from each city according to their distances from the main
markets and main road. In the fifth stage, villages were selected using a random sampling
technique. Finally, farming households were selected from each selected village at random
from the list of growers obtained from the Revenue Department of the Govt. of Punjab.

Figure 2. Sampling framework of the study.

Thus, 400 respondents (100 farmers per district) were selected from the study area
using the Yamane sample size determination formula [31]. Data were collected through
face-to-face interviews with the respondent farmers.

n =
N

(1 + N.e2)
(1)

where n is the total number of respondents, N is the overall number of selected farming
households, and e is the error term, set at ±15% (0.15).

2.3. Instrument

A questionnaire was used for field data collection. The questionnaire had three parts:
socioeconomic attributes, such as age, education, extension contact, maize experience,
farm size, main market distance, and districts; the adoption of risk management strategies;
and farmers’ risk perceptions and risk preferences along with the assembly of information
on four likely risk management strategies used by hybrid maize producers. Before the
final data collection, a pre-test of the designed questionnaire was conducted on 10 farmers;
these questionnaires were excluded from the analysis.

Data on the uptake of contract farming among hybrid maize growers were recorded
by directly asking them if they opted for such an intervention at their farm (equals 1) or
not (0), as was done in the case of on-farm/off-farm income diversification. The specific
question to elicit a response about income diversification read:

“Are you or any of your family members involved in working away from your farm in
order to assure continuous/additional income in case any sort of risk or uncertainty of a
price-related, biological, environmental, or financial nature is encountered? In a similar
fashion, have you adopted multiple cropping and/or other farm enterprises (livestock,
poultry, fishery, etc.) along with growing hybrid maize?”
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The answer to this question was also recorded as either 0 (no to both parts of the question)
or 1 (yes to at least one part).

3. Methodology

The analytical framework used for this study comprises both bivariate probit and
multinomial probit regressions to elicit factors that drive hybrid maize growers to mitigate
various forms of risks through contract farming and/or income diversification. In essence,
the bivariate probit method is aptly suited to modeling a dichotomous choice dependent
variable under the random utility theory framework.

3.1. Bivariate Probit Model

The bivariate probit model serves the dual purpose of providing a correlation coeffi-
cient that shows the likelihood of a contemporaneous correlation between the decisions to
adopt two risk management tools and estimates the effect of independent variables on the
dichotomous dependent variable.

The concurrent adoption of on-farm income diversification sources supplemented
with off-farm work and contract farming is used as a risk management strategy in hybrid
maize production to offset the damage associated with various forms of risks. A bivariate
probit model considering the possibility of a contemporaneous correlation in the decisions
to adopt the two adaptation strategies can be specified as follows:

Yij = x′ij β j + εij (2)

where Yij (j = 1,...,m) represents the number of adaptation strategies considered in the
present study, x′ij is a 1× k vector of observed variables that affect the adaptation decisions,
β j is a k× 1 vector of unknown parameters (to be estimated), and εij is the unobserved error
term. In this specification, each Yj is a binary variable, and thus Equation (2) is actually a
system of m equations (m = 2 in this case) to be estimated:

Y∗1 = α1 + Xβ1 + ε1
Y∗2 = α2 + Xβ2 + ε2

}
(3)

where Y∗1 and Y∗2 are two latent variables underlying each of the adaptation strategy
adoption decisions, such that yj = 1 if y∗j > 0 and 0 otherwise.

3.2. Multinomial Probit Model

An alternative estimation approach to the bivariate probit model is the use of a
multinomial probit procedure where the choice set involves the possible combinations of
risk management tools instead of just each risk management alternative alone. For the
multinomial probit model, farmers can choose to adopt the following four combinations of
management strategies, which are set as dependent variables:

i. Use no risk management strategy.
ii. Use contract farming only.
iii. Use income diversification only.
iv. Use income diversification and contract farming simultaneously.

Thus, the farmers may choose a mix of adaptation measures against various risk
sources to exploit potential complementarities among available options [10,12]. Given this
set of possible combinations, the multinomial model can be presented as follows:

Yim = Ximβm + εim ∼ MVN(0, Σ) (4)

Under this model, the farmers’ decision is given by:

Yim = 1 i f βmxim + εim > 0 (5)
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while

Yim = 0 i f βmxim + εim ≤ 0 (6)

where Yi indicates the combination of risk management strategies (Yi = 1, ..., m) that the
ith farmer (i = 1, ..., n) selects, X′i is a 1× k vector of independent variables that affect the
risk management strategy combination selected by maize growers, β is a k× 1 vector of
unknown parameters which are to be estimated, and εi indicates the unobserved error
term. Therefore, the unobserved error term is supposed to be a multivariate normal with 0
mean and variance–covariance matrix ∑, which is given by:

∑ =

 1 · · · ρ1M
...

. . .
...

ρM1 · · · ρMM

 (7)

3.2.1. Independent Variables

The socioeconomic features of farms and farming households included in the present
study were age, education, number of contacts with extension workers, maize farming
experience, maize farm size, main market distance from the farm gate, and the four hybrid
maize growing districts (Faisalabad, Okara, Sahiwal, and Chiniot). Education is measured
in number of schooling years, age is measured in years based on last birthday, and maize
farming experience is measured in number of years growing maize. Household family
size is the total number of family members living together. Farm size was measured as
the sum of acres that a farming household manages. Main market distance was measured
as the number of kilometers from the farm gate to the main market. Extension contact is
1 if the farmer has one or more contacts, and 0 otherwise. Regarding district dummies,
Faisalabad is taken as the base outcome, whereas, for the other districts, 1 is set for Chiniot,
Sahiwal, and Okara, respectively.

3.2.2. Dependent Variable

As explained above, the dependent variable used in the bivariate and multinomial
probit models is the choice of using contract farming in hybrid maize production and/or
on-farm/off-farm income diversification by the respondent farmers. In the case of the
bivariate probit model, it takes the value of 1 or 0, while, under the multinomial probit
model, there are also discrete responses for each of the four types of strategies.

3.2.3. Risk Perception

Risk perception implies how growers in the study area perceive various sources of
risk such as climatic, price-related, biological, and financial risks. Growers were asked to
rate/score each risk source’s severity and incidence on a five-point Likert scale ranging
from 1 (very low) to 5 (very high) based on their understanding about these risks to identify
how these risks affect their farm. Then, a risk factor is obtained by adding the consequence
(c) and likelihood (P) [32]. Using these risk factors, a risk matrix is obtained as outlined
in [33,34] (Figure 3). This risk factor (RF) score is further classified into 2–5 and 6–10,
indicating “low” and “high” risks, respectively [32].

The variable connected with risk perception is binary in nature, i.e., 1 if growers
considered a higher level of risk faced by hybrid maize and 0 otherwise (lower risk) based
on the cumulative risk factor scores as shown in Figure 3.
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Figure 3. Risk matrix.

3.2.4. Risk Preference

The Equally Likely Certainty Equivalent (ELCE) model was applied to assess farmers’
preferences regarding risks. The Certainty Equivalents (CEs) were obtained for an order of
risky outcomes and were then matched with utility values [32]. For example, the farmers
were asked to determine the monetary value of a specific outcome that makes them
indifferent in a choice between two risky outcomes, namely total annual income (e.g.,
80,000 PKR) and 0 PKR, with equal probabilities (in this example, the utilities related
to 80,000 and 0 PKR are 1 and 0, respectively). Suppose that the response is 41,000 PKR;
this indicates the CE of the farmers with 80,000 PKR income level and 0 PKR with equivalent
chances. Then, the farmers were inquired again to state the monetary value of a specific
outcome that makes them indifferent between the two risky outcomes of 41,000 and 0 PKR
with equal probabilities. This process continued until appropriate data points were found.
A similar process was used for the other portion of income distribution to obtain the CEs
and match them with the utility values. Farmers’ response of 41,000 PKR is the CE for
indeterminate payouts of 80,000 and 0 PKR with matching probabilities (each 0.5). Then,
the utility values for this CE are as follows:

U(41, 000) = 0.5u(0) + 0.5u(80, 000) = 0.5(0) + 0.5(1) = 0.5 (8)

After finding sufficient CEs and matching them to the utility values, a cubic utility
function was applied to assess the utility of each farming household. The equation of the
cubic utility function is as follows:

U(w) = α1 + α2w + α3w2 + α4w3 (9)

Risk aversion is associated with the cubic utility function, indifferent risk attitudes,
and risk perceptions [35]. Although utility is frequently measured on an ordinary scale,
this form of utility function can be transmuted into a numerical measure of risk aversion
called absolute risk aversion [36–38]. The absolute risk aversion is given by:

ra(W) = − U′(W)

U′′ (W)
(10)

where U′ and U′′ are the first- and second-order derivatives of wealth (W), respectively,
and ra(W) is a parameter of absolute risk aversion. Income is used as a proxy for wealth,
as reported in [39]. If the respondent is risk-averse, risk-loving, or risk-neutral, then the
absolute risk aversion coefficient is positive, negative, or zero, respectively. Farmers’ risk
preference in the analysis is 1 if the respondent reflects a risk-averse attitude and 0 otherwise.
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4. Results and Discussion
4.1. Descriptive Statistics

Table 1 presents the summary statistics of the continuous and discrete variables
used in this study. Approximately 78% of the hybrid maize growers indicated a risk-
averse preference. They considered price, biological, and climate risks as major risk
sources, whereas nearly 79%, 69%, 72%, and 61% perceived price, climate, biological,
and financial risks, respectively, as key risk sources for the hybrid maize crop. It is also
evident from this table that more than 60% of the growers were cultivating hybrid maize
under contract farming, either alone or in combination with on-farm/off-farm income
diversification, while the percentage of growers only pursuing on/off-farm diversification
stands at 49%. Moreover, about 18% of hybrid maize growers do not pursue any risk
management strategy from within the two options of contract farming and on-farm/off-
farm income diversification. This is not astonishing in the given socioeconomic context of
the study area, as a healthy proportion of farmers have been found in previous research to
complain about any intervention to safeguard against a risky event [40,41].

Table 1. Study variables and descriptive statistics.

Variables Mean S.D. Description

Dependent Variables

Bivariate Probit Model

Contract farming (binary) 0.61 0.49 Dummy takes the value 1 if contract
farming and 0 otherwise

Income Diversification (binary) 0.49 0.50 Dummy takes the value 1 if
diversification and 0 otherwise

Multinomial Probit Model

No strategy (Base outcome) (binary) 0.18 0.38 Dummy equals 1 if no strategy used and
0 otherwise

Contract farming only (binary) 0.34 0.47 Dummy equals 1 if only contract farming
and 0 otherwise

Income diversification only (binary) 0.21 0.41 Dummy equals 1 if only diversification
and 0 otherwise

Both (ii) and (iii) simultaneously (binary) 0.27 0.45 Dummy equals 1 if contract farming and
income diversification and 0 otherwise

Explanatory Variables

Farmers’ Characteristics
Age (years) 44.77 9.93 Continuous

Education (years) 6.89 4.02 Continuous

Extension contacts (binary) 0.77 0.42 Dummy equals 1 if contact with
extension agent and 0 otherwise

Maize experience (years) 12.20 5.45 Continuous
Maize farm size (acres) * 33.32 33.93 Continuous

Family size (number) 6.27 1.62 Continuous
Main market distance (Km) 15.83 8.78 Continuous

Chiniot (district) 0.25 0.43 Dummy equals 1 if the district is Chiniot
and 0 otherwise

Okara (district) 0.25 0.43 Dummy equals 1 if the district is Okara
and 0 otherwise

Sahiwal (district) 0.25 0.43 Dummy equals 1 if the district is Sahiwal
and 0 otherwise

Risk Perceptions
Price risk (binary) 0.79 0.41 1 if price RF is above 5; 0 otherwise

Climate risk (binary) 0.69 0.46 1 if climate RF is above 5; 0 otherwise
Biological risk (binary) 0.72 0.45 1 if biological RF is above 5; 0 otherwise
Financial risk (binary) 0.61 0.49 1 if financial RF is above 5; 0 otherwise

Risk preference

Risk aversion (binary) 0.78 0.42 Dummy equals 1 if the farmer is
risk-averse and 0 otherwise

* The average farm size in the study area was 43.04 acres, with the minimum being 3 acres and the maximum
being 175 acres, with an SD of 42.22. Moreover, maize area as a percentage of total farm area was 75.06%.
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The maize growing experience is quite long among the studied farmers, at about
12 years. This shows that they have enough knowledge about the maize production dy-
namics and operations, such as input procurement, crop husbandry management, and mar-
ket situation. The educational status seemed poor—although expected in the context of
Pakistani rural socioeconomic set-up—which reflects the possibility of constrained access
to services and information on their part. The maize area stands at about 33 acres. There are
two observations about this finding: although there is a majority of small farmers in the
country, due to the practice of leasing and renting of land, this area is justifiable. The other
aspect is the costly nature of crop production and fast linkages with market channels,
which are only possible if a farmer has an economically feasible crop area to attract contrac-
tors and use social relations emanating from a big land holding, either owned or rented.
The distance from the main market was found to be about 15 km, which is not too much
for farmers cultivating, on average, 33 acres under maize.

The results in Table 2 point towards the concurrent or singular adoption of the two risk
management strategies, viz., contract farming and on-farm/off-farm income diversification.
As pointed out above, more than 80% of maize growers resort to one or both strategies in
order to combat various forms of risks; however, the percentage of farmers opting only
for on-farm/off-farm diversification is less than those opting for contractual arrangements
only (around 21% vs. 33%).

Table 2. Distribution of farmers adopting various combinations of risk management tools.

Management Strategy n %

No strategy 71 17.75
Income diversification only 85 21.25

Contract farming only 135 33.75
Both 109 27.25
Total 400 100

Table 2 also illustrates the combination proportion of maize farmers adopting the
four combinations of the risk management strategies. Each farmer selected one out of the
four presented combinations as a risk management strategy. The table shows that only a
minority (17.75%) of the selected farmers did not select a risk management strategy due to
certain reasons, whereas 25% adopted multiple strategies. Nevertheless, the most popular
strategy in isolation is contractual agreements. This outcome is also reported in [12].

4.2. Coefficient Estimation from Bivariate Probit Analysis

Before going into the formal analysis, a multicollinearity check was performed for
independent variables. For this purpose, variance inflation factor (VIF) was employed to
test the multicollinearity among the independent variables. The highest value of VIF was
reported for maize growing experience (4.58) followed by farmers’ age (4.57), while the
values for the rest of the variables were less than 2, indicating that there is no problem of
multicollinearity in the model.

Table 3 presents the parameter estimates of bivariate probit analysis for assessment
and comparison. The signs and significance of the majority of the estimates from the
probit regression are parallel. The likelihood ratio test of rho is significant and positive
(0.5624), with a significant Wald Chi-squared value of 87.14. The findings of the bivariate
probit analysis indicate that farmers’ age positively impacts the choice of contract farming,
whereas it negatively impacts on-farm/off-farm income diversification, although it has a
statistically insignificant impact on the choice of the former or latter strategy. However,
the signs do support our a priori expectation in the context of the study area. It is quite
evident that farmers with older age would be less likely to go off-farm or experiment with
non-traditional crops or livestock. The reason behind this may be the fact they are closer
to their family and farm [41] while having less vigor and enthusiasm to work away from
their belongings.
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Table 3. Results of bivariate probit model.

Explanatory Variables
Bivariate Probit Model

Contract Farming On/Off-Farm Income
Diversification

Age 0.0011
(0.0088)

−0.0022
(0.0086)

Education 0.0512 ***
(0.0180)

0.0175
(0.0182)

Extension contacts −0.0379
(0.1623)

−0.1122
(0.1599)

Maize experience 0.0152 ***
(0.0030)

0.0130 ***
(0.0026)

Maize farm size 0.0197
(0.0169)

0.0232
(0.0164)

Family size 0.0326
(0.0453)

0.0241
(0.0440)

Main market distance 0.0154 **
(0.0081)

−0.0039
(0.0078)

Chiniot 0.3550 *
(0.1935)

0.0839
(0.1884)

Okara 0.4814 **
(0.1974)

0.0351
(0.1868)

Sahiwal 0.4788**
(0.1963)

−0.4873 **
(0.1934)

Perception of price risk 0.1753
(0.1683)

0.1912
(0.1643)

Perception of climate risk 0.0901
(0.1490)

0.2076
(0.1478)

Perception of biological risk 0.2435
(0.1563)

0.0112
(0.1523)

Perception of financial risk 0.1793
(0.1411)

−0.0366
(0.1372)

Risk-averse attitude/preference −0.1140
(0.1705)

0.3178 **
(0.1623)

Log-likelihood −489.99 ***
LR test chi2 (15) -

Pseudo-R2 -
Wald χ2 (30) 87.14 ***

Correlation coefficient 0.5010 ***
Likelihood test ratio of rho = 0 χ2 (1) 0.5624 *

Overall observation

Figures in parentheses are standard errors. *, **, and *** represent statistical significance levels at 10%, 5%, and 1%,
respectively. Authors’ own calculation from the survey data, September–November 2016.

Similarly, older farmers do develop sufficient linkages and repute, thus enabling
them to find and enter into contract agreements [13,32]. Conversely, younger farmers,
being energetic and having flexible time schedules, would be better placed to go off the farm
to work and ensure an additional income stream in the wake of risky conditions. Therefore,
older aged farmers may select less risky investments through contract arrangements [42,43].
Similarly, farming households’ age positively impacts the growers’ decision to choose one
or a combination of the risk management tools [43–45].

The coefficient of years of schooling/education confirms the growers’ selection of con-
tract farming, through a statistically significant coefficient, implying a decisive role of this
variable on the uptake of contract farming. It is clear from this result that farmers are more
conversant about contractual arrangements if they are more educated and hence are more
inclined towards its uptake to safeguard against various forms of risks. Some previous
studies [27,44,46] have indicated that years of schooling does positively impact the use
of risk management strategies, particularly for contract farming. A somewhat different



Agronomy 2021, 11, 973 11 of 17

conclusion was drawn by the authors of [47], who revealed that growers’ participation
in contract farming negatively impacted their likelihood of choosing alternative mitiga-
tion strategies against risk. Nevertheless, an increased level of education is supposed
to positively influence farmers’ understanding of entering into a contractual mechanism.
The more educated is a farmer, the higher is the probability of them being more famil-
iar with contracting windows, having a better comprehension about contract conditions,
and having a greater scope for the effective implementation of the set conditions thereafter.
Our findings, however, show that there are many farmers who opt for a combination
of mitigating options against any form of external/internal threat to farm production or
farm-based earnings (see Table 2). Nearly 27% of the surveyed respondents reported the
concurrent adoption of multiple strategies—contract farming and on/off-farm income
diversification—in this particular study.

Similarly, findings reveal that farming/maize growing experience attracts contract
farming as well as on/off-farm income diversification to counter risk outcomes for hybrid
maize as both the coefficients are positive—as per our a priori expectation—and statistically
significant. These findings provide a valid justification for the concurrent adoption of multi-
ple strategies (two in the present case) to safeguard farmers against risky events/outcomes.
These findings conform to the findings on a similar issue in [21,24]. This impact by farming
experience (or experience in growing a particular crop) on choosing a specific set of options
is relatively well-grounded. In this particular scenario, hybrid maize growers—having
enough experience in its production as well as marketing—would find themselves bet-
ter placed to go for a set of options instead of relying on a single one, casting a greater
probability of adverse impacts through one or more (disastrous) events.

Contrary to our expectation, farmers who received technical advice from extension
workers (proxied through the “contacts with extension staff”) were less likely to participate
in risk management strategies (both contract farming and on/off-farm income diversifica-
tion). However, the authors of [47] supported this finding, noting that extension services
negatively influence farmers’ likelihood of participation in contract farming. Our findings
further suggest that households with larger family size are positively influenced in the
adoption of contract farming and on/off-farm income diversification due to their greater
number of family members, indicating more labor force participation as well as a greater
possibility of contacts to facilitate contract farming. Likewise, larger family size also helps
in assuring household income maximization through the adoption of on/off-farm income
diversification due to the presence of excess labor readily available to be engaged in extra
on/off-farm work. These findings on family size, however, are statistically non-significant,
although reflecting an a priori sign of the coefficient. The findings also show that there is
positive but statistically non-significant relationship between maize cultivated area and the
grower’s choice of adopting the two risk mitigation options. This result is in line with the
authors of [48], whereas it is inconsistent with the authors of [27], who stated that off-farm
income diversification is negatively affected by farm size.

The findings further reveal that growers located far away from the main market readily
adopt contract farming compared with those who are located near the city. However,
the adoption of income diversification options is not influenced by how close the main
market is to the farm. Both these findings make intuitive sense. The growers located
remotely from the main market receive incentivizing signals, as do the contractors, to go
for a contractual arrangement. The former is urged by this remoteness to avoid higher
transportation and transaction costs in a less familiar main market (which is located far
away) and its operations, leading to an added risk of final price for their commodities
as well as shortening the period of farmer-led harvesting operation and transferring the
onus of natural, climatic, and price-related risks to contracting vendors who buy their
pre-harvest produce, thus ensuring a guaranteed price of the standing crop no matter how
the market/price behaves at the harvest time.

Alternatively, contractors who have to earn their livelihoods—mainly by speculation
and realizing the premium for risk taking in risky farm ventures—through involving
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themselves in contractual agreements with potential growers are in a better position to
bargain with farmers who are relatively far away from the main market. This is because
farmers near the market will have viable contacts within the market and hence would
prefer to mainly sell in-person, being more conversant with the daily market operations,
price volatility, and tools and times for better prices. A research implication, however, is to
observe how contractors behave with respect to the spatial placement of farmers with re-
spect to markets, while keeping in view the added transportation, visiting, and transaction
costs for such units. Thus, the farther the market is to the farm, the greater are the chances
of finding potential farmers to get involved in such a pre-harvest arrangement.

On the income diversification front, the relationship based on the sign of the coefficient—
although being statistically non-significant—implies that the probability of selecting income
diversification decreases with increased distance of the farm from the main market. We ex-
pected a similar sign for the coefficient a priori. To the extent of the sign of the coefficient,
the finding is intuitively clear. The farming households located farther away from the
main market are likely to receive limited market-related information as well as less infor-
mation about the inception and successfully running of allied on-farm activities including
non-traditional crops and livestock. Finding and joining off-farm work would be further
complicated due to increased job-search cost and the subsequent cost of commuting to and
from the job to home [41,44,46]. An in-depth and sophisticated analysis in future research
could provide further insights into such aspects as to why remote farmers find it difficult to
pursue off-farm work.

However, economically speaking, the marginal product of rural/farm labor is very
low, so growers would therefore be motivated to work off-farm to achieve higher marginal
productivity per worker and hence increased wages. In a close and socially bound rural
community such as in the study area, people prefer to avoid delays and hurdles to join
their families even in minor family-based issues, as well as in more serious endeavors.
Conversely, farmers in remote areas have limited access to the city and thus have less
opportunities to meet with people and companies who can guide/offer them to work away
from the farm. Similarly, the finding on contract farming vis-à-vis distance from market is
further justified by the fact that it would require additional traveling and transportation
costs on the part of farmers to monitor price movements within the market before final
sale of the produce, thus avoiding such costs by forming a pre-harvest contract. In an
alternative situation, they would need to bear additional transportation costs when the
farm is sufficiently away from the main market/city. As a result, farmers in such areas are
hesitant to monitor daily prices and then to decide to dispose of produce [45]. The results
also indicate that farmers belonging to different hybrid maize-growing areas opt for the
adoption of a risk management instrument in the form of contract farming at similar
levels. In contrast, the probability of going for on/off-farm income diversification subsides
significantly among the farmers belonging to Sahiwal district.

The covariates for such an outcome represent an additional empirical finding for
researchers. Covariates on the perception of price, climate, and biological risks show
expected a priori positive signs, although being non-significant statistically.

The findings further indicate that growers’ risk-averse preference significantly and
positively impacts their choice to adopt on-farm/off-farm income diversification, whereas it
negatively but insignificantly impacts the choice of contract farming. These findings con-
tradict some previous studies [27,47]. Farming risks emerging from price, biological,
financial, and climate risk sources may lead to a crop disaster and potentially impact
farmers’ earnings. These risks threaten maize crop production through increased yield
losses, which ultimately hinder growers from cultivating maize. Price, biological, climate,
and financial risk perceptions (non-significantly but positively) impact farmers’ decisions to
choose contract farming, except financial risk which shows a negative sign on its coefficient.
This result confirms the possibility of employing on/off-farm income diversification as a
risk management tool. Thus, the probability of opting for on/off-farming income diver-
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sification is shown to be positively and significantly influenced by having a risk-averse
preference among farmers.

4.3. Coefficient Estimation from Multinomial Probit Analysis

To estimate coefficients of the parameters linked with the uptake of one or more
strategies separately or concurrently for the four categories of options in the present study,
a multinomial probit model was estimated. The results of this analysis are presented
in Table 4. As a default, no strategy was taken as the base (first) category for analysis.
In contrast, the bivariate probit method yielded different estimates considering that an
individual can adopt only one outcome among a set of collective alternatives. The ma-
jor determinants that ensure the use of contract farming as a risk management strategy
include years of schooling (education), maize farming experience, cultivated maize area,
regional background (e.g., belonging to Okara district), and climate risk perception.

Table 4. Multinomial probit model estimates for on-farm/off-farm income diversification and contract farming.

Independent Variables Contract Farming Income
Diversification

Income Diversification and
Contract Farming

Age −0.0077
(0.0145)

−0.0143
(0.0157)

−0.0002
(0.0148)

Education 0.0632 **
(0.0308)

0.0060
(0.0319)

0.0387
(0.0308)

Extension contacts −0.2535
(0.2853)

−0.3170
(0.2878)

−0.2266
(0.2854)

Maize experience 0.0563 **
(0.0288)

0.0643 **
(0.0305)

0.0587 **
(0.0285)

Maize farm size 0.0214 ***
(0.0048)

0.0076
(0.0061)

0.0035
(0.0051)

Family members −0.0312
(0.0760)

−0.0874
(0.0804)

0.0030
(0.0755)

Main market distance 0.0163
(0.0136)

−0.0058
(0.0144)

0.0146
(0.0137)

Chiniot 0.1259
(0.3325)

−0.2340
(0.3370)

0.4292
(0.3261)

Okara 0.8157 **
(0.3476)

0.2564
(0.3525)

0.6202 *
(0.3461)

Sahiwal 0.4127
(0.3233)

−0.7403 **
(0.3416)

−0.0428
(0.3242)

Perception of price risk 0.1391
(0.2803)

0.0743
(0.2883)

0.4759 *
(0.2908)

Perception of climate risk 0.4052 *
(0.2494)

0.6088 **
(0.2640)

0.3824
(0.2492)

Perception of biological risk 0.1710
(0.2645)

−0.1031
(0.2678)

0.3232
(0.2706)

Perception of financial risk 0.1958
(0.2395)

−0.0414
(0.2486)

0.1800
(0.2392)

Risk aversion attitude/preference 0.0932
(0.2795)

0.6149 **
(0.3047)

0.2629
(0.2808)

Log-likelihood −480.78 ***
Wald χ2 (45) 99.65

Overall observation 400

Figures in parentheses are standard errors. *, **, and *** represent statistical significance levels at 10%, 5%, and 1%, respectively.

The positive and significant value of the coefficient of education suggests that, with more
education, individuals are likely to adopt contractual arrangements to cater for risky out-
comes related to market, price, and nature. In contrast, as shown in the bivariate model,
education does not show a significant impact on the use of the on/off-farm income diversi-
fication strategy to adapt to climate change. This finding also implies that well-educated
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farmers would prefer to go for contract farming in the study area than to diversify (on/off-
farm). As hybrid maize production has a well-established market and production potential,
people with more education would be less willing to try other types of crops and/or en-
terprise mix. Hybrid maize being well-suited to the local agro-climatic conditions attracts
farmers to continue growing this crop while at the same time insuring against price and
climatic risks by moving towards pre-harvest contract agreements. This finding is further
supported by the researchers’ observation about the relatively weaker popularity of income
diversification drives among hybrid maize growers, as only about 21% adopt this strategy as
the only option (although about 48% farmers practice it either separately or combined with
contract farming), while contract farming is popular among approximately 60% of hybrid
maize growers (Table 2). The reason as quoted by some of the respondents for not opting for
income diversification is the possibility of an increased level of price uncertainty linked with
each additional crop as well as the varying nature of crop/enterprise-specific risks.

Another significant determinant in the uptake of contract farming and income diversi-
fication is perception of climate risk. This variable showed a statistically non-significant
impact on both these options under the bivariate model. However, we see some support
for this finding under the multivariate probit model. The authors of [43,44] noted a sim-
ilar impact of climate risk perception on the uptake of singular or multiple options to
mitigate climate risks. As revealed by the bivariate probit results as well, hybrid maize
farmers’ risk-averse preference determines the adoption of on/off-farm income diversifica-
tion, whereas contract farming or a combined strategy of both options is least influenced
by such preferences. In addition to the risk-averse preference, most of the investigated
determinants also interpret the adoption of contract farming in the bivariate model. How-
ever, in the multinomial probit approach, parameter estimates on age and family size
exhibit negative signs in contrast to the bivariate model where they have positive signs.
Nevertheless, their impact on the choice of both options individually or combined is
statistically non-significant.

Similarly, there is a significant determinant of the adoption of on/off-farm diversifi-
cation with respect to Sahiwal district. The effect of most of the factors identified in the
bivariate probit model generally corroborate the multinomial probit model.

The determinants that interpret the use of the combination of on/off-farm income
diversification and contract farming include maize farming experience, Okara district,
and price risk perception. These results show that the role of many factors in the concurrent
adoption of multiple strategies weakens compared with the role of factors in the case
of an individual strategy in bivariate settings. The high values of Wald statistics and
log-likelihood show a high level of explanatory power of the independent variables.

5. Conclusions and Implications

The current study reveals that most hybrid maize growers have a risk-averse prefer-
ence and are hesitant toward risk taking. Such a preference is one of the critical factors
that influence farmers’ hybrid maize crop cultivation through contract farming. Neverthe-
less, use of on/off-farm income diversification ranks second in the use of risk mitigation
measures. Moreover, the majority of the growers ranked price, climate, and biological
risks as high risk sources, whereas financial risk was ranked as a low risk source for the
hybrid maize crop. The findings further show that more than 60% of the growers employ
contract farming, whereas less than 50% of farming households adopted on/off-farm
income diversification for dealing with risks associated with hybrid maize cultivation.
About 27% of hybrid maize farmers use a combination of risk mitigation options; however,
complementarity between the two choices is unclear as to whether contract arrangements
entice farmers to diversify or not and vice versa. This is a classical case for further empirical
investigation by the scientific community.

However, this study sheds light on the covariates of selecting single and combined
strategies to insure against various forms of risks faced by the farming community. In this
regard, the area under maize crop, farmers belonging to Okara district, and the perception
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of price risk were the prominent factors in the uptake of the combined strategy. This is
intuitively clear in that people having more arable land will be devoting a larger area
to hybrid maize while being better placed to diversify either in terms of multiple crops
and/or farm enterprises on the farm, with unclear evidence on the uptake of off-farm
livelihood generation. Similarly, education has been shown to have a positive role in
the uptake of contract farming, thereby implying the significance of investing more in
improving general as well as technical education. In addition, there should be a focus
on creating awareness related to the contractual mechanism as well as its streamlining,
particularly in Chiniot, Okara, and Sahiwal districts where many farmers resort to con-
tractual arrangements. There is, however, a greater impetus required to train members of
farming families and equip them with technical and vocational skills enabling them to earn
a better livelihood when going for off-farm work, especially in Southern Punjab such as in
Sahiwal. This will ultimately improve per capita earning in rural areas, leading to poverty
reduction, weakened income inequality, and improved food security and living standards.
Such a move is destined to benefit the farming sector in return as the farming families will
have enough resources for timely sourcing of key inputs such as fertilizer, improved seed,
timely tilling and harvesting, and allied operations, which then will enhance productivity
per unit area.

Furthermore, the study findings obtained through bivariate and multinomial probit
models can offer guidance on the adoption of risk management tools by providing detailed
explanations, corollaries, and evidence that may further improve the understanding of
growers’ risk management choices. Some of the prominent set of covariates that lead to
the adoption of contract farming and income diversification as separate strategies include
maize farming experience and belonging to Sahiwal district; however, the perception
about price risk—inherent to most domestic markets of the country in general and Punjab
Province in particular—along with belonging to Okara district shape the decision to opt
for a combined strategy. The implication of this finding is linked with the faster pace of
industrialization as well as the focus on vegetable growth within this district. In essence,
therefore, there is a need to provide farmers of other districts with up-to-date information
regarding hybrid maize production such as possible price spread, area cultivated during
the current season, and the potential markets where the produce can fetch a suitable price.
The study findings can also assist extension institutions in modifying farmers’ preferences
regarding risk to encourage the adoption of risk management strategies.

This study can also aid future researchers in identifying various risk sources linked to
agricultural crops and hybrid maize crops, relevant to the prevalence and similar severity
of specific and concerned risk sources. Another avenue for future research lies in looking
into farmers’ risk management attitudes (extent and issues) in relation to various categories
of farm size as economies of scale might force specific farmers to adopt or shun a particular
set of risk coping strategies. In addition, the work could be further extended to evaluate
factors and the extent of management options against a particular set of risk sources by
taking into account farmers of various farm sizes, i.e., small, medium, and large. On the
policy front, legislative work is required to streamline the contractual mechanism in the
farming sector through devising protocols, limits, and compensation (for contractors if
there is total failure of the crop) in order to benefit both parties.
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