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Chapter

Impact of Off-Season Summer
Tomato Cultivation on Income and
Food Security of the Growers

Md. Sadique Rahman and Debasish Chandra Acharjee

Abstract

Vegetable production can help farmers to generate income, which will eventually
alleviate poverty and malnutrition. Tomato is one of the most important vegetables
in Bangladesh. But tomato production is extremely sensitive to hot and wet growing
conditions. Thus, few varieties of off-season summer tomato have been developed
and disseminated. Keeping these factors in consideration, this chapter was designed
to delineate the impacts of summer tomato adoption on the income and food
security status of the growers in a region of Bangladesh. Findings indicated that off-
season tomato growers received significantly higher income. Consumption expen-
diture and food security status of the off-season tomato growers were significantly
higher than non-growers. The chapter also includes policy implications for further
development of the technology.

Keywords: Bangladesh, food consumption score, off-season, summer tomato,
well-being

1. Introduction

Bangladesh’s agriculture contributed around 16% of the country’s GDP and
currently employs around 45% of the country’s labor force [1]. Crop sector in
Bangladesh is characterized by rice monoculture, which has led to a number
of serious physical and biological problems, including nutritional impact [2].
However, recently, emphasis is also shifting from basic nutrients to balanced diets.
Vegetables can play an important role by providing high nutritive value food and
higher returns that eventually alleviate poverty. Due to favorable climatic and soil,
a large number of vegetables are cultivated throughout the year in Bangladesh. Ina
view of increase in income, employment, and reduction of widespread malnutri-
tion in Bangladesh, there is a strong need for vegetable cultivation.

Among the vegetables, tomato is one of the most important vegetables by
acreage, production, yield, commercial use, and consumption. Tomato is cultivated
all over the country due to its adaptability to wide range of soil and climate [3]. Its
demand for both domestic and foreign markets has increased manifold due to its
excellent nutritional and processing qualities [4]. In Bangladesh, congenial atmo-
sphere remains for tomato production during low temperature winter season, that
is, early November is the best time for tomato planting in Bangladesh [5]. Tomato
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plants are highly sensitive to hot and humid seasons. However, limited attempt has
been made to overcome this high temperature barrier.

Considering the growing demand and importance of tomato, Bangladesh
Agricultural Research Institute (BARI) has developed and disseminated few
varieties of off-season summer tomatoes. This summer season tomato cultivation
requires complex agronomic management including high labor and applications of
growth regulators in addition to extended skill and knowledge. Farmers typically
plant off-season tomato varieties in the middle of May and continued cultivation
up to February in the following year. To protect tomato plants from monsoon rain,
farmers construct a bamboo pole frame and slats to which a polyethylene hoop-
shaped roof is attached [6]. The farm-level adoption of these varieties has already
created a wide range of socioeconomic impacts that need to be evaluated properly to
understand the output of research and development. So far, very little information
is available on the impact of off-season tomato cultivation in Bangladesh.

Cultivating summer tomatoes in Bangladesh holds promise as a profitable
enterprise with which farmers can augment the existing cropping patterns
since only small amounts of land are required [6-8]. A study was conducted in
southwestern Bangladesh to quantify the effect of training farmers on off-season
vegetable cultivation. Findings indicate that training increased the net house-
hold income by about 48%. There was a significant increase in pesticide use and
although there was an improvement in pesticide-handling practices, trained
farmers may have been more exposed to pesticide health risk [9]. Majority of the
off-season tomato growers possessed high knowledge on summer tomato cultiva-
tion. Education, land possession, annual family income, and extension contact of
the farmers had a positive significant relationship with the farmers’ knowledge on
summer tomato cultivation [10]. Attack by pest and disease, lack of seed at proper
time, lack of agricultural credit, and high cost of production were the major
constraints for the adoption of summer tomato.

From the above discussion, it is clear that impacts of off-season tomato cultiva-
tion have not been addressed well in Bangladesh. Studies only measure the profit-
ability using a very small number of samples. Thus, the questions like “What is
the impact of off-season tomato cultivation on income and food security status?”
are yet to be studied empirically in Bangladesh. This chapter is a moderate effort
to examine the above research question and fulfill the gaps to some extent. It is
expected that the findings will help the scientists and policy makers to further
develop the technology.

2. Production technology of off-season tomato

Summer tomato cultivation in Bangladesh is mainly constrained by the sea-
sonality and frequent attack of diseases. During the summer, fruit settings were
disrupted due to high daytime temperatures above 26°C and at night temperatures
above 20°C [11]. To overcome this problem, Bangladesh Agricultural Research
Institute (BARI) has developed few hybrid varieties of heat tolerant tomato, known
as off-season summer tomato [6]. High to medium land is required for summer
tomato cultivation. Tomato may be grown on a wide range of soil from sandy to clay.
The raised bed planting can be adopted in low land tropics and high rainfall areas.
Transparent poly tunnel with a height of 120-180 cm was built on the raised beds to
protect the tomato plants from rain. Approximately 75 cm wide drainage channel
need must be constructed between tunnels to facilitate irrigation, drainage, and
other intercultural operations [6].
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3. Data sources and analytical techniques

The present study mainly used primary data to achieve the objectives. The
primary data was collected from Jashore region (Figure 1) of Bangladesh due to
the higher concentration of off-season summer tomato cultivation [6, 8]. At first,
summer tomato cultivating villages was selected and for those villages a complete

list of the off-season summer tomato growers was prepared taking help from local
agricultural extension office. From that list, a total of 100 farmers were selected

randomly as growers of summer tomato to collect the information regarding off-
season tomato cultivation. These farmers were trained by different organizations
on management aspect of summer tomato cultivation. Besides 150 farmers who

',".'
Vot
2y T
- 4 Y ‘L
L'_. i 4‘
‘} ety }-_
5 I
L ¥
b L]
i {
——y A 1
{ Iy
. P

¢

-

-
R S——

Figure 1.
Location map.
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did not cultivate off-season summer tomato but had suitable land and interest in
growing summer tomato were selected randomly for interview as non-growers of
the technology. The non-growers grew winter tomato and also did not receive any
training on summer tomato cultivation. Thus, a total of 250 farmers were selected
randomly for the face-to-face interview.

The present study employed propensity score matching (PSM), inverse prob-
ability weighting (IPW), and inverse probability weighted regression adjust-
ment (IPWRA) techniques to achieve the objectives. PSM constructs a statistical
comparison group that is based on a model of the probability of participating in
the treatment, using observed characteristics [12]. According to Heckman et al.
[13], the basic assumption of using a counterfactual is that the untreated samples
approximate the treated sample if they had not been treated, thatis, E (Yo; T = 1).
The validity of PSM depends on two condition; conditional independence assump-
tion (CIA) and sizable common support in propensity score across the growers and
non-growers. The CIA argues that program outcomes are independent of program
participation conditional on a set of observables (X). When CIA condition is not
met, it is assumed that may be unobserved factors affect the outcome and treatment
assignment, leading to a hidden bias [14]. Under the CIA, the average treatment
effect on treated (ATT) was computed as:

ATT = E(Y1-Yo | X, T=1) = E(Y1| X, T=1) - E(Yo| X, T=0) (1)

Balancing properties need to be satisfied for PSM to be valid which implies that
for observation with the same propensity score, the distribution of pretreatment
characteristics must be same across growers and non-growers’ group. Another
requirement for PSM is common support or overlap condition. It implies that
farmers with same X values have positive probability of being both grower and non-
grower. Three matching algorithms: nearest neighbor, radius matching and kernel
matching were used to present the findings of the study.

IPW uses the inverse of the propensity score as weights in calculating the average
value of the outcome variable [15, 16]. IPW does not match off-season tomato
growers with non-growers. In IPW, farmers with low predicted probability receive
a lower weight while farmers with high predicted probability of adoption receive a
higher weight.

True measurement of impacts requires controlling of sample selection bias
through random assignment of individuals into treatments. However, ATT from
PSM and IPW can still produce biased results in the presence of mis-specification
in the propensity score model [17, 18]. To overcome the problem, the present study
used IPWRA which has the double-robust property that ensures consistent results as
it allows the outcome and the treatment model to account for mis-specification. ATT
in the IPWRA model was estimated in two steps. In the first step, we estimated the
propensity scores using binary probit model and in second step, linear regression
was used to estimate the ATT.

To assess the impact three outcome indicators were selected. Income from off-
season tomato (Tk./ha): The sum of crop output minus the value of variable inputs
(fertilizers, pesticides, seeds, hired labor, etc.) and fixed inputs. This is the net
income households receive from off-season tomato cultivation (Tk. is Bangladeshi
currency, 1 USD = Tk. 85). Consumption expenditure (Tk./adult): Total expendi-
ture on consumption per adult per year was calculated. Food security status: Food
security status of the farmers was assessed by using Food Consumption Score
(FCS). The FCS of a household is calculated by multiplying the frequency of foods
consumed in the last seven days with the weighting of each food group [19].
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4. Profitability of off-season tomato cultivation

It is conspicuous from Figure 2 that the average yield of summer tomato was
32.45 t/ha which was significantly higher than that of the winter tomato growers.
In the winter season, farmers usually received Tk 10 as selling price of per kg
tomato, while in the case of summer tomato farmers they received Tk. 38 per kg,
which is substantially high. Due to higher productivity and price, the gross return
for off-season tomato growers was also significantly higher. Higher gross return
implies higher profit. Thus, off-season tomato cultivation may reduce poverty
to some extent. Figure 3 indicates that off-season tomato cultivation does not
have any cost advantage. Figure 4 indicates that tunnel preparation cost, human
labor cost, and growth regulators were the major cost items for off-season tomato
cultivation [6, 7]. It implies that off-season tomato cultivation is cost incentive
and requires higher initial investment which confirms the findings of other
studies [20, 21].

Yield (t/ha)
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Figure 2.

Comparative yield of tomato.
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Figure 3.

Comparative cost of production.
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Share different inputs in total cost

B Human labour M Land preparation ® Seedling
Fertilizer & manure M Tunnel preparation ™ Irrigation
W Growth regulator W Pesticides

Figure 4.
Share of different inputs.

5. Impacts of off-season tomato cultivation

The off-season tomato growers received significantly higher income compared
to non-growers (winter season growers) based on nearest neighbor, radius, and
kernel matching (Table 1). This may be due to higher productivity and market
price. Ali et al. [20] also indicated that off-season tomato cultivation is profitable.
The ATT values were found to be Tk. 261,000, 253,000, and 261,000 based on near-
est neighbor, radius, and kernel matching, respectively. The findings of IPW and
IPWRA were similar to PSM which confirms the robustness of the results. The ATT
values were Tk. 257,667, and 257,683 based on IPW and IPWRA, respectively. The
income from off-season tomato cultivation can be further increased by improving
management practices, such as timing of various growth regulators application
[6, 22]. Thus, there is scope to raise the income reducing costs by appropriate
management practice. The studies suggested that training on off-season tomato
cultivation has significant impact of income [9]. Therefore, more efforts on trained
farmers may also provide better results.

Models ATT SE t-Value
PSM

NN matching 261,000 20,427 12.78

Kernel matching 253,000 21,713 11.65

Radius matching 261,000 18,406 14.19

IPW 257,667 19,915 12.94

IPWRA 257,683 20,101 12.82

“Indicates significant at 1% level.
Nearest neighbor, kernel matching, and radius matching identified 34, 98, and 98 farmers as non-growers (control),
respectively.

Table 1.
Impact of off-season tomato cultivation on income.
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Models ATT SE t-Value
PSM

NN matching 10,183 2520 4.04
Kernel matching 9346 1491 6.26
Radius matching 7584 1228 6.17
IPW 8545 1410 6.06
IPWRA 8449 1425 593

“Indicates significant at 1% level.

Table 2.
Impact of off-season tomato cultivation on consumption expenditure.

Models ATT SE t-Value
PSM

NN matching 7.09° 4.47 1.59
Kernel matching 4.04 2.75 147
Radius matching 587" 1.85 316
IPW 463" 212 218
IPWRA 443" 217 2.03

', " and "indicates significant at 10%, 5%, and 1% level, respectively

Table 3.
Impact of off-season tomato cultivation on FCS.

The consumption expenditure per adult is also significantly higher for off-
season tomato growers compared to non-growers based on nearest neighbor, radius,
and kernel matching (Table 2). The findings of IPW and IPWRA were also similar
to PSM which confirms the robustness of the results. The ATT values were found
to be Tk. 8545 and 8449 based on IPW and IPWRA, respectively. Due to higher
income off-season tomato growers were able to spend more on consumption. Karim
etal. [7] also indicated that off-season tomato growers were able to increase their
socioeconomic status due to higher income.

FCS was used as proxy to capture the impact of off-season tomato cultivation on
food security of the growers. The findings of PSM analysis indicate that off-season
tomato cultivation has significant effect on the FCS of the growers. FCS was signifi-
cantly higher for off-season tomato growers compared to non-growers based on nearest
neighbor, and radius matching (Table 3). The ATT values were 7.09 and 5.87 based on
nearest neighbor and radius matching, respectively. The ATT values were also signifi-
cant at the 5% level for the other two methods which confirm the robustness of the
findings. Off-season tomato cultivation can be a useful way of increasing the income
and food security status of the farmers. More awareness building programs and exten-
sion efforts are warranted to increase the area under off-season tomato cultivation.

6. Constraints of off-season tomato cultivation

Although off-season tomato cultivation is observed to be a profitable crop, but
there are several constraints to its higher production. Eighty percent of the farmers
reported frequent attack of insect and diseases was the major constraint that
hinders the adoption and production confirm the findings of Ali etal. [20] (Table 4).
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Items Percent Rank

Attack of insect and diseases 80 1

High price of growth hormone 75 2

High price of tunnel materials 60 3
Table 4.

Constraints of off-season tomato cultivation.

High price of tunnel materials and growth hormone require high cash amount
for cultivation which in turns hinder the adoption process and production. More
research on off-season tomato varieties is essential to optimize the technology.

7. Conclusions

It is evident that off-season tomato cultivation is profitable and has significant
impact on the consumption expenditure and food security status of the farmers.
Based on the results, a number of policy implications can be drawn. More invest-
ment in research and development is needed from both donor and government
agencies to develop resistant varieties of off-season tomato since the farmers
reported that frequent attack of insects and diseases was the main constraint of
off-season tomato cultivation. Efforts are needed to disseminate the off-season
tomato cultivation technique to different parts of the country. Cost of production is
higher for off-season tomato cultivation compared to winter season tomato cultiva-
tion. Steps to diversify sources of income as well as access to low interest credit
can increase the availability of capital. Higher income may have a positive effect
on reducing poverty in the country. Higher consumption expenditure and food
security status may play a vital role in reducing malnutrition. Thus, there is a need
for promoting the role of off-season tomato cultivation in anti-poverty programs,
especially in developing countries like Bangladesh.
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