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Abstract

Background: In the face of rising global food demand, climate change, and economic
uncertainties, crop diversification has emerged as a crucial tool for achieving both eco-
nomic and environmental sustainability. In Bangladesh, where the economy heavily relies
on agriculture, crop diversification can play a vital role in enhancing farmers’ livelihoods
and domestic food production.

Results: This study focuses on Rangpur district, an agricultural hub in Bangladesh, ana-
lyzing data from 122 farmers to assess the status, determinants, and effects of crop
diversification. The Simpson Diversification Index (SDI) analysis revealed that 29% and
68% of the farmers exhibit very high and high degrees of crop diversification, respec-
tively. The Tobit model identified significant drivers of crop diversification, including
education, household size, farming experience, non-farm income, mobile phone informa-
tion access, experience with climatic shocks, and land type. Additionally, the Log-Linear
model indicated that each unit increase in the SDI score corresponds to a 2.41% increase
in farmers’ income.

Conclusion: The study demonstrates that crop diversification is a key strategy for
enhancing economic sustainability and increasing income among farmers in Bangladesh.
By improving both economic outcomes and resilience, crop diversification supports sus-

tainable agricultural practices in the region.

KEYWORDS
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crop diversity poses significant risks to food security, especially in econ-
omies like Bangladesh. The heavy reliance on a narrow range of staple

As the world population expands and the demand for food and proper
nutrition increases, ensuring food security has become a crucial chal-
lenge for agricultural systems, particularly in developing countries like
Bangladesh. With ~38% of the labor force engaged in farming,
Bangladesh’s economy heavily depends on the agriculture.! To meet
the rising food demands of its growing population, it is essential for the
nation to not only fulfill basic food requirements but also enhance farm-

ing profitability and ensure nutritional security. Globally, the decline in

crops, driven by global agricultural practices and market dynamics, has
decreased resilience to pests, diseases, and climate change. This reduc-
tion in crop diversity undermines the sustainability of agricultural sys-
tems, making them more vulnerable to various shocks and stresses.
Despite rapid reductions in poverty, hunger and food insecurity
continue to be major issues in Bangladesh. Over 42.3 million people
are experiencing Emergency levels of hunger, with more than 1.1 mil-

lion individuals enduring catastrophic hunger conditions? Children
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CROP DIVERSIFICATION BANGLADESH

under the age of five have remarkably high rates of stunting, with
36% experiencing chronic malnutrition and 14% experiencing acute
malnutrition.®

Historically, the country has been primarily reliant on a few pri-
mary crops, including rice, jute, and wheat. To maximize farmers’
income and enrich the nation’s basket of food choices, crop diversifi-
cation should receive ardent attention from the authority level. Crop
diversification is the process of farming multiple varieties of crops
from the same or other species in the same or different species in
each region through rotations and/or intercropping. The fundamental
feature and most well-understood idea of crop diversification is the
addition of more crops to the existing cropping system, also known as
horizontal crop diversification. It can also be defined as the substitu-
tion or addition of more crops to an existing farming system.*

While crop diversification is a prevalent and dominant practice in
the developed world, and in some cases in developing nations,
Bangladesh is still lagging, despite having suitable land and environ-
mental features. Gosle (2020) used the crop effective richness (CER)
index to illustrate crop diversification in the USA. The study found
that the Lake States had the highest average CER of 5.3, while Califor-
nia boasted the highest maximum CER per grid cell at 17.5.% Signifi-
cant diversity was also noted in the Northern Great Plains and
Northern Atlantic Slope. In Poland, the crop diversification index is
0.59, indicating an average level of diversification®. In developing
nations, Gebiso et al. (2023) reported an average SDI score of 0.48 for
Ethiopia.” Similarly, Abdulla and Iroda (2021) found that Uzbekistan's
SDI score of 0.56 reflected satisfactory crop diversification.® Bellon
et al. (2020) noted a moderate SDI score of 0.54 for Ghana.” In con-
trast, India demonstrated a very high level of diversification, with an
SDI score of 0.76 over the years 1995-1996 to 2019-2020.1°

Since the production of important staples like cereals alone cannot
satisfy sustainable development and the requirement to provide food
security, diversifying crops has been vital for developing countries.!!
Bangladesh’s government has implemented several measures and regu-
lations to encourage farmers to diversify their crop production. These
efforts have included the adoption of high-yielding crop varieties,
investment in Research and Development (R & D), and the provision of
farmer training and extension services.?? The Crop Diversification Pro-
gram (CDP) was initiated by the Bangladeshi government in the 1990s
and has been carried out in various sections of the country to this day.

Crop diversification is extremely effective in resolving the various
negative repercussions of rice monoculture and maintaining agricultural
sustainability. It increases public access to food and nutrition while also
promoting rural and agricultural growth.2® Fertile soil conditions, in par-
ticular, allow farmers to grow a greater diversity of crops with a high
potential for profitability, especially given the abundant water sources,
including surface water and groundwater extracting technology. It was
thought that growing a single crop over a vast region would boost pro-
duction and streamline agricultural operations*.

High-yielding varieties of staple crops such as rice, wheat, and
maize became the focus of agricultural production as the objective of
achieving food security for fast-rising populations became a driving

force. However, the downsides of monocultures quickly became
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obvious. Monocropping resulted in soil nutrient depletion, increased
vulnerability to pests and diseases, and decreased resilience to envi-
ronmental pressures.r® Furthermore, monocultures’ high reliance on
synthetic fertilizers, pesticides, and herbicides had negative conse-
quences on ecosystems and human health. It became clear that a
more sustainable and resilient agriculture system was required.

Diversification of crops has received renewed attention in recent
years because of the multiple benefits it provides for agricultural sustain-
ability, resilience, and food security. Crop diversification can boost pro-
duction, enhance farmers’ livelihoods, enrich biodiversity, and assist the
delivery of ecosystem services when combined with agricultural tech-
niques, including intercropping, rotations, and agroforestry.’® Farmers
may also improve soil health, minimize pest and disease pressures, adapt
to climate change, and assure a more stable and diverse food supply by
producing various crops. In numerous situations, it has been discovered
that diverse cropping systems are stronger, better able to manage poten-
tial climatic hazards, and capable of stabilizing and increasing farm reve-
nue in the face of adverse climate changes.!” Crop diversification
benefits farmers and ecosystems while also helping to construct a more
sustainable and resilient agriculture system for the future.

Recent studies collectively underline the ongoing transformation
in crop diversification with a notable emphasis on high-value and
commercial crops at both state and household levels. Studies in
Northern Ghana'® and West Bengal®® revealed a growing trend of
agricultural diversification, measured by the Herfindahl Diversification
Index. Himachal Pradesh’s case?® aligned with this pattern, showing a
state-level shift toward fruit and vegetable crops. Further, another
study?! revealed Maharashtra's diversified grains, stagnant pulses, and
expanding commercial crop diversification from 1960 to 2013, using
Herfindahl and Modified Entropy indices.

A myriad of articles has attempted to explore the determinants of
crop diversification. Baba and Abdulai*® in Northern Ghana identifies
key determinants such as occupation, technology adoption, labor,
extension contact, and farm size. He also emphasized the positive cor-
relation between crop diversification and improved household food
security. Rahman and Chima’s study?? in Southeastern Nigeria under-
scores the role of farm size as a major driver of crop diversification
and profitability, alongside variables like market access and extension
services. Research led by Thayaparan®® in Kotagala delves into the
determinants of crop diversification among vegetable farmers, reveal-
ing the positive influence of education, land size, and market distance.
A study®* in Zambia’s Dundwa Agricultural Camp highlights the posi-
tive impact of gender, cash crop production, and investment in farm-
ing equipment on crop diversity, while age, farm size, and market
access exhibit negative associations.

Further, Dube and Guveya's study in Zimbabwe?® emphasizes
gender, education, livestock units, irrigation access, farmer association
membership, and market access as critical factors influencing crop
diversification. A research?® in Ethiopia’s Sinana District identifies
family size, access to fertile farm plots, and extension services as
favorable factors, contrasting with the negative influence of house-
hold head age and engagement in non-farm activities. These findings

resonate with an assessment of eastern India?’, where a gradual shift
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toward high-value crops is observed, influenced by technology, edu-
cation, and infrastructure. Another study in Malawi and Tanzania'?
reveals that historical diversification decisions, coupled with rainfall
shocks, impact subsequent diversification, with land and household
assets influencing farmers’' choices. Mesfin et al. (2011) in eastern
Ethiopia underscore the importance of factors like access to market
information, irrigation intensity, machinery ownership, livestock size,
extension contact, number of farm plots, and farm location in shaping
crop diversification patterns.?®

Lastly, Kemboi et al.’s (2020) study in Kenya underscores age,
crop types, cropping systems, access to financing, and irrigation facili-
ties as constraints affecting farmers’ participation in diversified crop-
ping systems. Together, these studies provide a comprehensive
picture of the complex interplay of factors influencing agricultural
diversification globally, offering valuable insights for policymakers and
practitioners seeking sustainable agricultural development.2’

Meanwhile, some literature has tried to link crop diversification
with farmers’ increased income. Li et al. (2021) in Southern China
found that farmers with larger land and diverse crops had higher
incomes.®® Wang et al. (2021) in South Dakota noted 34.87% of
farmers experienced a 5%-15% profit increase through crop diversifi-
cation.®? Basantaray and Nancharaiah (2017) in Odisha revealed
highly diverse districts had higher average agricultural incomes,
emphasizing the positive link between crop diversification and
income, with medium and marginal farmers playing crucial roles.>2
These studies collectively showcase the positive relationship between
crop diversification and farm income, considering factors like crop
variety, region, and specific crop choices. However, on the contrary,
Sen et al. (2017) in India highlighted that diversifying farm revenue,
especially with auxiliary and horticultural crops, does not universally
boost income.*?

The existing literature lacks a dedicated study on the status and
drivers of crop diversification in Bangladesh, and also about its impact
on farmers’ income. Given Bangladesh'’s challenges in ensuring food
security, exacerbated by climate change projections affecting rice and
wheat production, understanding the dynamics of crop diversification
is crucial. This study focuses on northern Bangladesh, aiming to fill this

Rangpur District in Bangladesh

research gap. The findings are expected to offer insights into the cur-
rent state of crop diversification, the driving factors behind this agri-
cultural practice, and its effect on farmers’ income. This information
not only benefits stakeholders seeking a comprehensive overview of
crop diversification in the region but also aids in developing strategies
to protect economically sustainable farm ecosystems.

The significance of this study extends to providing guidance for
authorities, government agencies, planners, academicians, and stu-
dents, contributing to a better understanding of the future of agricul-
tural diversification in Bangladesh. As the nation grapples with
population density and climate-related challenges, this research
becomes a valuable resource for informed decision-making and sus-
tainable agricultural practices. The objective of this research is thus to
explore the state of crop Diversification, identify the factors of the
degree of crop diversification, and study the effect of crop diversifica-
tion on farmers’ income. The rest of the paper is organized as the fol-
lowing sections: Section 2 discusses the Materials and methods,
Section 3 underscores Results and discussion, followed by Section 4
with conclusions.

MATERIALS AND METHODS
Study area and data collection

We conducted our study in Rangpur district, which is situated in the
northern part of Bangladesh (Figure 1). Motivations behind selecting
this region was this northern Bangladesh is the agricultural hub of the
country and lion share of the agricultural produce come from this
region. Additionally, Rangpur district is known for its diverse range of
crops and farming practices, making it an ideal location to study agri-
cultural processes and their impact on the local economy. Moreover,
the region’s geographical location provides unique insights into the
challenges faced by farmers in terms of climate change and natural
disasters, further emphasizing the significance of our study in this spe-
cific area. Hence, incorporating this area will help us better explore
crop diversification. Moreover, communication facilities were good,

Rangpur district
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FIGURE 1 Map of the study area.
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and the study areas were easily accessible, allowing the researcher to
complete the field work.

The data collection period lasted from June to July 2023 using a
multistage sampling technique. In the first stage, the Mithapukur upa-
zila in Rangpur district was purposefully chosen. In the second stage,
122 farmers were chosen at random from various villages in this upa-
zila. To ensure the robustness of our study’s sample size in detecting
significant effects, we conducted a power calculation using the “pwr”
package in R. Setting the parameters at a default effect size (d = 0.5),
alpha level of 0.05, and a desired power of 0.8, our analysis indicated
that a minimum of 34 participants would be sufficient to detect signif-
icant effects. This requirement is considerably lower than our actual
sample size, affirming the adequacy of our sample size for the study’s
objectives.

An interview schedule was meticulously designed to gather the
required information through a questionnaire. Initially, a draft
schedule was formulated, and the Kobo Tool Box was used for ques-
tionnaire development. Subsequently, the schedule underwent pre-
testing to validate the relevance of questions and responses. Later,
Excel, STATA 15.0, and R software were used to perform the

analyses.

Simpson diversification index

This study utilizes the Simpson Diversification Index (SDI) to measure

the state crop diversification. The SDI is calculated as follows:

SDI=1-) "P? (1)

P is the proportionate area of the ith crop in the overall cultivated
area; n represents the total number of crops grown by the household.
The SDI value ranges from O to 1. A higher value denotes a high
degree of crop diversification, whereas a lower value indicates the
flipside.

Tobit model

To estimate the key determinants of crop diversification following
model is used:

CD=F(X,D,Z) )

where CD is the crop diversification index, X; is the set of socio eco-
nomic variables, D; is the set of demographic variables, and Z; is the
set of infrastructure and topological variables.

Because crop diversification is measured by the SDI, its values
were used as the dependent variable. The indices’ values are censored
because some of the values cluster at the limit. This censoring could
be caused by an underlying unobserved (latent) variable that deter-
mines farm-level diversity. A censored regression (Tobit) model is an
appropriate econometric model for such a variable. It accounts for
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dependent variable censoring, which occurs at both the lower and
upper limits of each of the indices. It describes the relationship
between the independent variables and a non-negative dependent
variable. It is a Probit model expansion.>* The Tobit model is defined
by the latent variable Y*. Tobit specifications are typically expressed
in terms of index function.>> The model is as follows:

Yi=pX;i+te (3)

where Y;* is a latent variable (unobserved for values smaller than
lower limit and greater than upper limit) representing crop diversifica-
tion index, X; is a vector of explanatory variables, g’ is a vector of
unknown parameters to be estimated, and ¢; represents the distur-
bance term which are independently and identically normally distrib-
uted with zero mean and constant variance ¢ 2, that is, € ~ NID
(O, 02). In addition, we report the marginal effects associated with the
outcome of the Tobit model.
The stated model for our analysis is as follows:

Yi=p+ ZﬂiX it ZaiDi +e& (4)

Y;* is the dependent variable, and it indicates the value of the
Simpson Diversification Index (SDI). In the case of the Simpson index
value, the researcher used O as the lower limit and 1 as the upper limit
of the dependent variable. X;s are continuous explanatory variables,
whereas D;s are dummy explanatory variables, ¢; the error term, 3y
represents intercept of the model, f3; represents the coefficients of
continuous explanatory variables, and §; represents the coefficients
of dummy explanatory variables to be estimated.

Incorporating socio-economic variables (X) into the Tobit model
offers a robust framework for analyzing crop diversification determi-
nants among farmers. These variables, including income level, access
to credit, and land ownership, are hypothesized to influence diversifi-
cation through their effects on resource endowments, risk prefer-
ences, and opportunity access. Higher income levels enable
investment in diverse crops, mitigating price fluctuation risks, aligning
with diversification as a risk management strategy. Access to credit
supports new crop ventures by facilitating necessary investments,
while land ownership impacts the scale of diversification, with larger
holdings allowing more flexibility. Secure land tenure encourages
long-term diversification strategies. Demographic factors like age,
education, and experience affect farmers’' responses to economic
incentives, with younger, more educated farmers potentially adopting
new technologies and diversifying more. Multicollinearity among vari-
ables was assessed using variance inflation factor (VIF) diagnostics,
confirming that it is not a significant issue, thereby enhancing model

reliability.
Log-Lin model
To analyze the effect of crop diversification on farmers’ income, we

resorted to a Log-lin model. There are many reasons for choosing this.
First, the distribution of the dependent variable (income) seems to be
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FIGURE 2 Type of crops grown in study area.
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FIGURE 3 Crop acreage of the study area.

non-linear. Hence, to linearize its value, we converted it to log form.
Second, the rest of the independent variables are linear in general,
hence we kept them in the base form.

The model is structured according to the following equation:

LnY; =gy +pXi+u (5)

where Y; is the dependent variable; o and g; are the constant and
coefficients, respectively, u is the error term, and X; is the set of inde-
pendent variables.

The dependent variable is the farmers’ annual income. The main
independent variable of interest is Degree of crop diversification
(SDI). We have also controlled for Farmer's age, Farmer’s education,
Farm size, Farming experience, Access to training, and Off-farm

income.

RESULTS AND DISCUSSION
Status of crop diversification

Figure 2 depicts the crops grown in the research area. In addition to
rice, a substantial number of other crops are grown. Rice is grown by
122 farmers. Vegetables are claimed to be grown by 114 farmers.
45 farmers cultivate maize, 26 farmers cultivate jute, 23 farmers culti-

vate oilseed, 11 farmers cultivate pulses, and 1 farmer cultivates

TABLE 1 Results of Simpson Diversification Index (SDI).

Diversification type (index =~ Number of Percentage of the
score) farmers farmers

Very high (0.8 and above) 35 28.69

High (0.6 to 0.79) 83 68.3

Moderate (0.4 to 0.59) 4 3.28

Low (below 0.4) 0 0

Particulars Value
Average SDI score 0.729

Average number of crops cultivated 487 ~5

wheat. It should be noted that one farmer usually tends to cultivate
more than one crop.

Further, Figure 3 highlights the crop acreage concerning rice and
other crops for an entire year. It is depicted that both rice and the rest
of the other crops equally share the total cultivated area. This finding
refers to the fact that the sample farmers are not prone to monocul-
ture, and they are diversely utilizing their land.

We classified farmers into four levels of crop diversification based
on the SDI score. Farmers with an index score of 0.8 or above were
considered Very High diversified, those with a score of 0.6 to 0.79
were considered highly diversified, those with a score of 0.4 to 0.59
were considered moderately varied, and those with a score of less
than 0.4 were labeled Low diversified. Table 1 shows that the crop
diversification status of 35 farmers (29%) was very high. Following
that, 83 farmers (68.3%) had a high level of crop diversification. Fur-
ther, just four farmers were discovered to have Moderate crop diver-
sification. Surprisingly, our finding indicates that no farmers fall under
the “Low Diversification” category, implying that all surveyed farmers
have some level of crop diversification on their lands. Besides, the
mean SDI score is 0.729 and the average number of crops produced
by farmers is 5, which also signifies that on average farmers practice
high crop diversification and most of them cultivate a various range of
crops. This is a positive sign as it indicates a shift from traditional
mono-cropping practices that have inherent risks. Our findings show
an SDI score that is comparable to Rajshahi’s score of 0.75, and it sig-
nificantly surpasses those of Thakurgaon (0.62), Kurigram (0.45), and
Naogaon (0.37).3¢ Furthermore, our SDI score is higher than Assam’s,
where Choudhury and Dey (2021) reported a score of 0.59.%” These
results indicate that crop diversification in our study area is exception-
ally high. It is evident from the results that most farmers engage in
extensive crop diversification, with only a small fraction practicing no

diversification at all.
Determinants of the degree of crop diversification
Table 2 reports the results of the Tobit model. Several significant vari-

ables shed light on the complex dynamics present in agricultural sys-

tems influencing farmers’ crop diversification levels. The farmer's age
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TABLE 2 Results from Tobit model on the determinants of the degree of crop diversification.

Variable Coefficient Std. error Marginal effect t-stat p-value
Age of the farmer —0.0031** 0.0014 —0.0023 -221 0.034
Education of the farmer 0.0198* 0.0098 0.0269 2.0200 0.0870
Household Size 0.0095* 0.0049 0.0140 1.9070 0.0580
Farm size 0.00003 0.00008 0.00001 0.3800 0.7040
Farming experience 0.0031** 0.0014 0.0042 2.2400 0.0270
Non-farm income —0.0002** 0.0001 —0.0002 —2.0200 0.0460
Access to credit —0.0122 0.0242 —0.0151 —0.5000 0.6150
Received agricultural information using mobile phone 0.0543* 0.0242 0.0681 2.243 0.0627
Experience of climatic shocks 0.0792* 0.0421 0.0597 —1.8812 0.0825
Land type
High 0.0495*** 0.0182 0.0347 2.7200 0.0080
Medium High 0.026** 0.009 0.0294 2.88 0.0216
Medium Low 0.109 0.165 0.197 0.66 0.318
Low 0.270 0.487 0.294 0.5541 0.398
Access to extension services 0.0145 0.0246 0.0258 0.5900 0.5580
Cons 1.0400 0.1240 8.3700 0.0000
Model diagnostics
Log likelihood 77.667
p > Chi-square 0.026
Number of observations 122

***Statistically significant at 1% level.
**Statistically significant at 5% level.
*Statistically significant at 10% level.

stands out as a significant factor, as evidenced by the negative coeffi-
cient of —0.0031. This suggests that the expected probability of crop
diversification falls with increasing farmer age. Age has a marginal
effect of —0.0023, which means that for every year the farmer ages,
the probability of diversification decreases by 0.23% points. This
observation is consistent with earlier research, which highlights the
older farmers’ resistance to crop diversification and their recurrent
adherence to conventional farming practices.?43¢ These studies sug-
gest that older farmers may be more resistant to change and less likely
to adopt new farming practices, including crop diversification. This
could be due to the factors such as risk aversion, lack of knowledge or
resources, or a preference for traditional methods that they are famil-
iar with. It also implies that older farmers may have difficulty adapting
to modern farming techniques or may be limited by conservative
farming practices. For example, an older farmer who has traditionally
grown rice may be less open to switching to high-value cash crops,
fearing that new methods could jeopardize their established income.
Additionally, older farmers might face physical limitations or lack the
technological skills needed to manage diversified cropping systems.
These factors can make them more resistant to change and less likely
to diversify their crops, preferring to stick with familiar and less risky
options. Tailor-made training programs and technology adoption ini-
tiatives, for example, could potentially mitigate the negative impact of

age on diversification.

Education, on the other hand, emerges as a positive driver of
crop diversification, with a coefficient of 0.0198. The predicted
probability of diversification increases by 2.69% for each additional
year of education. Educated farmers have a better ability to access
information, which leads to the adoption of diverse cropping sys-
tems, according to the research from Kenya by Aheibam et al.
(2017) and Kemboi et al. (2020).2°3® The positive association
between education and crop diversification highlights the pivotal
role of knowledge in shaping agricultural practices. Educated farmers
are more likely to be aware of high-yielding crop varieties, modern
farming techniques, and the benefits of diversification. Furthermore,
education equips farmers with the skills to effectively manage risks
and adapt to changing environmental conditions, which are crucial
factors in successful crop diversification. Additionally, educated
farmers are more likely to have access to credit and financial
resources, enabling them to invest in diverse cropping systems and
maximize their agricultural productivity. In the context of
Bangladesh, previous literature indicates that educated farmers are
inclined toward modern agricultural practices and are more willing
to take risks.2?*° Educated farmers in Bangladesh have greater
access to online resources and are more open to innovation. Policy-
makers can leverage these insights by promoting educational initia-
tives within farming communities, fostering a culture of continuous

learning and innovation. Policymakers can leverage these insights by
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promoting educational initiatives within farming communities, foster-
ing a culture of continuous learning and innovation.

Household size also plays a role, with a coefficient of 0.0095 and
a marginal effect of 0.0140 indicating that an additional household
member correlates with an increase in diversification probability by
1.4% points. As Mesfin et al. (2011) and Rehima et al. (2013) found,
larger households can manage a more diverse crop portfolio, facilitat-
ing the cultivation of high-value non-rice and cash crops.?8#! The pos-
itive relationship between household size and crop diversification has
implications for family-based agricultural systems. In the context of
Bangladesh, where many farming households are family-based, larger
households have the advantage of more labor resources. This enables
them to grow a wider variety of crops, enhancing the resilience of
their farming enterprise. The positive relationship between household
size and crop diversification emphasizes the importance of consider-
ing social and economic factors in agricultural decision-making.

Further, farming experience demonstrates a significant effect,
with a coefficient of 0.0031 and a marginal effect of 0.0042. An addi-
tional year of farming experience correlates with a 0.42% point
increase in crop diversification probability. This finding is consistent
with studies by Kanyua et al. (2013) and Dube et al. (2015), which
emphasize the importance of experience in promoting crop diversifi-
cation.2>*? The positive relationship between farming experience and
diversification suggests that seasoned farmers are more likely to
experiment with various crops, possibly due to a better understanding
of local conditions and market dynamics. This finding suggests that
farmer mentorship programs or knowledge-sharing initiatives could
boost the positive impact of experience on crop diversification even
further.

Non-farm income has a negative coefficient, implying that
farmers who earn extra money from other sources are less likely to
diversify their crops. As noted by Mishra & Goodwin (1997) and Mis-
hra et al. (2004), this aligns with the risk-reducing aspect of off-farm
employment, which reduces the financial unpredictability associated
with farming.*>** The inverse relationship between nonfarm income
and crop diversification raises concerns about possible trade-offs
between financial stability and agricultural diversity. A farmer who
earns a steady income from a small business or remittances may feel
less compelled to diversify their crops as a way to spread risk or
increase income. The security of non-farm income might lead to a
preference for sticking with fewer, more familiar crops rather than
investing in the research and resources required for diversification.
This financial cushion can diminish the urgency to explore new crop-
ping options, ultimately limiting their engagement in crop diversifica-
tion. Policymakers should carefully consider the implications of
encouraging off-farm employment without jeopardizing agricultural
practices’ sustainability and resilience. Balancing income diversifica-
tion with crop diversity strategies remains a critical challenge in fos-
tering sustainable agriculture.

Mobile phone usage for receiving agricultural information
emerges as a strong positive influencer, with a coefficient of 0.0543
and a marginal effect of 0.0681. Farmers who receive information via

mobile phones witness a 6.27% point increase in diversification

probability. This aligns with the role of technology in disseminating
modern agricultural techniques, as observed by Conley and Udry
(1998) and Dube and Guveya (2016).25%° The positive relationship
between mobile phone usage and crop diversification underscores the
transformative potential of technology in agriculture. In Bangladesh,
technological interventions, particularly mobile phone use for acces-
sing agricultural information, are pivotal in promoting crop diversifica-
tion. For instance, a farmer receiving regular updates on weather
patterns and market prices through a mobile app can plan better and
diversify crops, accordingly, resulting in higher productivity and resil-
ience. These tools can significantly enhance farmers’ ability to adopt
diverse cropping systems. However, challenges such as limited digital
literacy and infrastructure gaps persist. Many farmers may not know
how to use these apps effectively or lack reliable Internet access. To
address these issues, government and NGO initiatives can focus on
improving digital literacy by training farmers on how to use mobile
technology for agricultural purposes. Additionally, investing in robust
Internet infrastructure and providing subsidies for technology adop-
tion can help bridge these gaps. Policymakers should consider these
steps to fully harness the benefits of technology for sustainable agri-
culture in Bangladesh.

Climatic shocks positively relate to diversification, with a coeffi-
cient of 0.0792 and a marginal effect of 0.0597. Farmers facing cli-
mate shocks are 5.97% points more likely to diversify, adapting their
crop selection to changing climate conditions, in line with Mulwa and
Visser (2020).%¢ The positive association between climatic shocks
and crop diversification signals the adaptive response of farmers to
environmental challenges. This finding suggests that farmers recog-
nize the need to mitigate the risks associated with climate shocks by
diversifying their crops. By diversifying, farmers can potentially reduce
their vulnerability to extreme weather events and ensure a more sta-
ble and sustainable agricultural production system. As climate change
becomes increasingly prevalent, farmers may proactively diversify
their crops to mitigate the impact of unpredictable weather patterns.
Policymakers should prioritize climate-resilient agricultural practices
and provide support for farmers navigating the complexities of climate
variability.

Land type, particularly higher elevation, exhibits a positive associ-
ation with diversification. Farmers with high land and Medium high
land witness a 3.47% and 2.94% point increase in diversification prob-
ability, respectively. This outlines the role of topographical character-
istics in shaping farming practices (Islam, 2015; Derso et al.,
2022).24%¢ The positive relationship between higher-elevation land
and crop diversification suggests that topographical considerations,
such as water logging, significantly influence farmers’ crop choices.
However, Access to credit, despite a positive coefficient of 0.0122, is
statistically insignificant, suggesting no significant impact on diversifi-
cation probability. Similarly, extension services exhibit no clear associ-
ation with crop diversification.

To fully understand the results and their implications, it is essen-
tial to account for confounding factors such as regional economic con-
ditions, market access, and infrastructure. Farmers in prosperous

regions typically have better access to financial resources, technology,

85U8017 SUoWWIoD aAIEa1D 8|qet|dde ays Aq peusenob a1e SeoiLe VO ‘88N JO S9INJ 10 A%Iq1T8UIIUQ A1 UO (SUOTHPUOD-PUR-SWBI LD A3 1M ARIq 1 BUI|UO//STIY) SUONIPUOD PUe SW | 81 88S *[S202/20/8T] Uo ARiqiTauliuo A(IM ‘Areiqi] AISIBAIUN 81R1S eueILO N AQ 9TZ'ZS(/200T 0T/I0p/00" A8 | 1M AReq1Bul [UO'S feuINO 10s//:SdNY Wouy papeojumod ‘0T ‘v20Z ‘860SELSZ



CROP DIVERSIFICATION BANGLADESH

TABLE 3 Result of Log-Lin regression model.
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Variable Coefficient Std. error t-stat p-value
Degree of crop diversification (SDI) 0.024** 0.012 2.14 0.034
Age —0.020%** 0.007 -2.90 0.005
Education 0.054*** 0.021 2571 0.002
Farming experience 0.019*** 0.006 2.770 0.007
Farm size 0.004*** 0.001 4.28 0.000
Access to training 0.072* 0.037 1.904 0.081
Off-farm income 0.094*** 0.026 3.615 0.000
R? 0.768

Adjusted R2 0.746

Prob > F 0.000

***Statistically significant at 1% level.
**Statistically significant at 5% level.
*Statistically significant at 10% level.

and markets, enabling more effective crop diversification. Conversely,
those in disadvantaged areas may face financial and resource con-
straints, limiting their ability to diversify. Market access is also crucial;
farmers with better access can sell a broader range of crops, while
those in remote areas might be restricted to staples. Additionally,
well-developed infrastructure supports diverse agricultural practices,
whereas poor infrastructure can limit diversification. Policymakers
should consider these regional differences to design targeted inter-
ventions that address local needs and challenges, promoting effective

crop diversification across varied contexts.

Impact of crop diversification on farmers’ income

Table 3 depicts the result of the regression model highlighting the fac-
tors of farmers’ yearly income. Here, the variable of interest is the
degree of crop diversification of the studied farmers. However,
the study also controlled farmers’ age, education, farming experience,
total land under cultivation, access to training, and off-farm income.

In this study, the degree of crop diversification, as measured by
the SDI score, demonstrated a significant positive association with
farmers’ income. The coefficient of 0.024, with a p-value of 0.034,
indicates that for every one-unit increase in the SDI score, farmers’
income is expected to increase by 2.14%, holding other factors con-
stant. This finding aligns with existing literature, highlighting the eco-
nomic benefits of crop diversification. Diversifying crops allows
farmers to navigate varying growing seasons and market cycles,
ensuring a stable income stream throughout the year. Moreover, it
opens avenues for tapping into diverse markets, catering to local
demand, regional preferences, and even export opportunities. The
practice of crop diversification is also linked to reduced input costs,
improved ecological services, and the potential for value-added pro-
cessing, contributing to long-term sustainability and aligning with the
goal of poverty reduction.*”*® By diversifying their crops, farmers can

also mitigate the risks associated with climate change and pest

outbreaks, as different crops have varying tolerances and resistances
to these challenges. Additionally, crop diversification promotes soil
health and biodiversity, as different crops have different nutrient
requirements and attract diverse populations of beneficial insects.*’
Farmer’s age exhibits an inverse association with income, with a
coefficient of —0.020 and a p-value of 0.005, indicating that younger
farmers are more likely to achieve higher incomes. This is attributed
to the receptiveness of younger farmers to modern agricultural tech-
nologies, accessibility to education and credit, and their inclination
toward diversification, fostering innovation and boosting productiv-
ity.*” Education plays a crucial role in income generation, as indicated
by a positive association with a coefficient of 0.054 and a p-value of
0.002. Educated farmers benefit from modern knowledge, technology
adoption skills, and informed decision-making, leading to increased
efficiency, reduced costs, and higher yields. Education facilitates
access to information, supports financial resilience, and empowers
farmers to engage in value-added ventures, contributing to sustain-
able agricultural growth.>® Farming experience is another significant
determinant, with a coefficient of 0.019 and a p-value of 0.007. Expe-
rienced farmers leverage accumulated knowledge for skill develop-
ment, decision-making, and efficiency, resulting in improved resource
allocation, higher-quality yields, and access to better financing and
markets. This cumulative experience enhances productivity and profit-
ability over time. Farm size is positively associated with income, with
a coefficient of 0.004, a t-value of 4.24, and a p-value of 0.000.
Increasing the total area under cultivation by one decimal raises
farmers’ revenue by 0.4%. Larger farms can adopt modern technolo-
gies and sustainable practices, leading to enhanced productivity,
reduced costs, and improved market access, emphasizing the impor-
tance of balanced land management for sustainable gains.> Access to
training is statistically significant at the 10% level, with a coefficient of
0.072 and a p-value of 0.081. Farmers with training access are pre-
dicted to earn 7.2% more than those without. Training equips farmers
with improved knowledge, skills, and techniques, enabling the adop-

tion of modern agricultural practices, efficient resource management,
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and innovative technologies, contributing to higher income and
improved livelihoods.** Off-farm income, with a coefficient of 0.094,
is statistically significant at the 1% level. A one BDT increase in off-
farm income corresponds to a 9.4% rise in farmers’' income. Off-farm
income acts as a crucial buffer, providing a steady cash flow, reducing
dependency on seasonal agricultural earnings, and contributing to
financial stability. It enables investment in farming, improving produc-

tivity, sustainability, and overall living standards.>?

CONCLUSION

This study establishes a strong link between recent agricultural
advancements in Rangpur, Bangladesh, and national interests, demon-
strating how crop diversification impacts farm income and socio-
economic factors. However, the study has several limitations: it
focuses on a single district, which restricts its generalizability and
relies on the Simpson Diversification Index (SDI), which, while useful,
treats all crops equally and overlooks their economic value, labor
requirements, risk profiles, and environmental impacts. The SDI also
ignores temporal variability and regional contexts such as local market
demands, soil types, and climate conditions, and may not capture
larger-scale economic and environmental impacts. To enhance under-
standing, future research should use complementary indices like the
Shannon-Weaver Index and Margalef's Richness Index, along with
economic diversification indices, qualitative assessments, detailed
case studies, and environmental impact evaluations. The study high-
lights the need for tailored interventions and sustainable practices,
with practical recommendations for farmers to implement crop rota-
tion, adopt intercropping strategies, and diversify crop portfolios to
manage market and climate risks. Policymakers should consider subsi-
dies for diversified crops, establish training programs for younger
farmers, provide access to affordable credit, and enhance digital infra-
structure for agricultural information. Promoting climate-resilient
practices and supporting farmers facing climatic shocks will help miti-
gate risks associated with climate variability. Future research should
address these limitations with longitudinal and comparative studies
focusing on the environmental impact of diversification and its effects
on poverty reduction and food security, providing valuable insights to
guide policymakers in promoting sustainable agriculture, enhancing
farmer livelihoods, and achieving national goals in poverty eradication,
food self-sufficiency, and nutritional balance.
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