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ABSTRACT
Food security becomes an issue for concern and possible policy response when it points to nutritional
deficiencies and access to insufficient food in many developing countries. Over the years, the prime
focus has been on self-sufficiency in major cereal production and energy availability for food security
in these areas. Diversification in farm production could play a part in improving household nutritional
well-being through enhancing economic access to food and increasing the opportunity to consume own
production. The aim of this paper is to bridge the research gap by providing quantitative evidence on
the impact of farm diversity on household food security, highlighting the nutritional dimension in
Bangladesh where rice is considered the major cereal item. In doing this, the authors compare farm
households that are very specialized in rice cultivation with more diversified farm households using
two different measures of dietary diversity. In addition, two other measures of farm diversification—
Simpson’s Index of Diversity along with a crop–livestock count variable—have been used in the
analysis. The empirical results presented here are based on cross-sectional data collected through a
multistage random sampling of 260 farm households in central, northern, and southwestern regions of
Bangladesh. The results confirm that farm diversification has a positive and significant influence on
food diversity and it therefore improves household food security. Diversification through shifting out
of cereal cultivation particularly rice production is found to be an effective and noteworthy approach to
enhance food diversity in Bangladesh. In addition, household food diversity is influenced by higher
education level, better market access, household size, production per capita, non-farm income
diversification, and land size. The study suggests that investment in education and development of
infrastructure for better market access will help to boost dietary diversity in Bangladesh. The key policy
implication is that farm diversity needs to be encouraged as an important strategy to increase
consumption of a varied diet and enhance household food security.
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INTRODUCTION
Food security has been at the focus of development policies and academic interest for many
decades. Approximately one out of every nine people in the world are undernourished, 98% of
whom live in the developing world (FAO et al., 2015, 2018). Diversification may be a workable
strategy to pull this group of people out of food insecurity through improving economic access
to food by reducing income variability or by increasing income through higher return
opportunities. Besides, diversified production of crops, animal products, fish, and other
products offers the opportunity to farmers to consume their own production. It may ensure a
secure supply of food during natural and/or market shocks. This research examines the

relationship between diversification and food security with an aim to improve food security at
the household level in developing countries.
Food security is achieved when all people, at all times, have constant access to sufficient, safe,
and nutritious food that meets the dietary needs and food preferences required for an active and
healthy life (FAO, 1996). Food security consists of four dimensions, namely food availability,
food stability, food utilization, and access to food (Ashby et al., 2016). In developing countries,
food security is a major concern because a large share of the population suffers from nutritional
deficiency. The policy to grow staple grain crops has been acknowledged but dietary diversity
has received little attention. Availability is, however, not enough—people need to consume
nutritionally adequate food. In this paper, an attempt has been made to formulate strategic
options for food security, highlighting the nutritional dimension. Here, diversified farms are
involved in non-farming activities (Rønning and Kolvereid, 2006; Minot et al., 2006; Carter et
al., 2004). Diversification also refers to moving out of rice monoculture to various farming
activities such as crop production and non-crop food production such as livestock, poultry, and
fishing. Diversity in the production of crops, animal products, fish, and other products could
be the correct strategy to ensure a more nutritionally adequate and varied diet as this would
enable households to directly consume their own diversified production. This is in contrast to
the standard idea of specialization and economies of size since most farmers in Bangladesh do
not have the possibility to achieve an optimal production scale.
Amartya Sen’s (1981) thinking on entitlements related to food security is widely accepted. The
theory implies that the availability of food is important but access to food is a greater constraint.
This indicates that sufficient income generation is vital in order to be able to acquire the food
that the household requires. Incremental earnings and a reduction in income variability from
diversification have the potential to secure access to sufficient food and thus improve
household food security. Diversification allows a smooth flow of income by diminishing
income fluctuations. Agricultural insurance schemes have been largely unsuccessful in many
developing countries (Cervantes-Godoy et al., 2013). Thus, highly specialized farmers are
unprotected from risk because of variations in prices and/or yields of specific commodities.
Diversified farms spread the risk over two or more farming activities, and they offer increased
protection against natural and/or market uncertainties (Mishra et al., 2004).
In addition, the strategy contributes to enhancing farm income. Hansson et al. (2010) pointed
out that diversified farms include non-conventional agricultural production activities along
with conventional farming. Diversification into higher marketable non-cereal and non-crop

items—in addition to, or as a substitute for, cereals—results in higher income (Joshi et al.,
2007). Empirical evidence has confirmed that moving out of cereal monoculture into suitable
crops and non-crops agriculture is financially profitable for the farmers (see Barghouti et al.,
2004; Van den Berg et al., 2007). Noticeably, a growing middle class has diversified its diet
away from staple cereals to animal products, fruits, and vegetables in developing countries
(Warr, 2014). This trend in consumption provides an opportunity for diversification and it can
produce higher returns for farm households. It is evident that the rapidly shrinking agricultural
lands around the world are big barriers to food security and farmer income. Weinberger and
Lumpkin (2007) argued that the production of non-cereal crops such as fruits and vegetables
has a comparative advantage over staple crops if the arable land is scarce. So, the approach
suits the current situation of many developing countries and may contribute to improving the
food security status.
The goals of the research were twofold being first to analyze the role of diversification in
household food security highlighting the nutritional dimension, and second, to identify the
factors that influence food security.
SIGNIFICANCE OF THE STUDY
A central policy issue for food-insecure regions is how best to respond to food insecurity. It is
significant to note that current studies on diversification reveal inconclusive evidence and
further research on the topic is further recommended. Some studies reported positive significant
links between farm and diet diversity (see Jones et al., 2014); on the other hand, farm diversity
strategy has been identified as not the most efficient way to increase dietary diversity (see
Koppmair et al., 2017). Moreover, available studies focus mostly on sub-Saharan Africa and
emphasize the importance of further studies in different contexts (Jones, 2017). Islam et al.
(2018) argued that to understand the connection of farm diversity and diet outcomes properly,
more research is required from the Asian perspective as the strength of associations varies with
context. The study contributes to bridging the research gap by providing quantitative evidence
on the impact of diversity in agriculture on household food security in the Asian context and
specifically from the perspective of Bangladesh.
Traditionally, farms in Asian countries have been associated with the production of a few crops
such as rice and wheat, with a focus on achieving sufficiency in production (Bamji 2007;
Ahmad and Isvilanonda, 2003). Farm diversification from the Southeast Asian perspective can
be characterized as a gradual movement out of rice growing into more diversified market-

oriented production. Realizing the benefit of the strategy, the Seventh Five Year Plan FY2016–
FY2020 (General Economics Division and Planning Commission, 2015) stresses spreading the
production of non-cereal crops and non-crop agricultural products among Bangladeshi farm
households. Considering the relevance and importance of this, in the context of Bangladesh,
the present study captures the effect of moving out of rice monoculture on dietary diversity
through the agricultural diversification index (ADI). In this case, the ADI is considered to be
one of the measures of farm diversity, and the influence of ADI on food diversification has
been investigated. To the best of our knowledge this is a vital contribution to a thin body of
literature on this issue as none of the previous studies have taken into account such a dimension
of farm diversification and analyzed the effect of shifting out of rice monoculture to various
farming activities such as crop and non-crop food production on dietary diversity.
The rest of the paper is organized as follows. Section 2 provides a literature review. Section 3
describes the data sources and methods used in this study. In Section 4, descriptive statistics
are outlined, followed by the data sources and methods. The results are discussed in Section 5,
and the paper ends with conclusions.
LITERATURE REVIEW
Shifting out of rice production and engaging in non-rice crop cultivations and/or non-crop
agriculture such as livestock, poultry, and fisheries can be considered farm diversification in
the context of Bangladeshi agriculture that can benefit farming households in two ways: 1) by
increasing income and reducing income variability, and/or 2) through diversity in food
consumption (Rehan et al., 2017). Production orientation of farms influences food
diversification of households. Market-oriented farm households place more emphasis on cash
crop cultivation and are less reliant on subsistence production. They rely more on purchasing
food for consumption through income generated from selling the output. Jones et al. (2014)
used nationally representative cross-sectional data from Malawi to analyze varieties of
production utilizing a crop–livestock count variable and Simpson’s Index of Diversity. The
authors found that farm production diversity is associated with greater household dietary
diversity. They confirmed that households whose diet relied less on subsistence production had
a more diverse diet. Market-oriented production yields nutritional benefits as income from
production is transferred into nutrient-dense, diverse foods. In view of its importance, Pingali
(2015) suggested that governments in many sub-Saharan Africa and South Asian countries
should emphasize a holistic view of food security to ensure a variety of nutrients and foods

instead of the current policy to become self-sufficient in only primary staple grains. However,
factors such as investment in roads, transport, and a market information system is necessary to
allow farmers to grow market-oriented products.
Sibhatu et al. (2015) found that diversification out of cereal production and a focus only on
cash crops was linked to greater food diversity. They examined the relationship in Indonesia
and identified that dietary gains were realized through enhanced income and the purchase of
more diverse foods. Most of the farmers in their sample grew only rubber and the farmers that
diversified often adopted palm oil as an additional cash crop. Thus, diversification results in
higher household income and food diversity through the purchase of more diverse foods.
Evidence also reveals that the strategy to cultivate cereals together with non-cereal crops such
as vegetables helps the farm households to consume a varied, healthier diet both in quantity
and quality. Rajendran et al. (2017) used Simpson’s Index and multiple regression analysis of
data obtained from 300 smallholder farmers in Tanzania. Their results showed that an increase
in crop diversity and crop income positively influences household dietary diversity. The study
found that diversification shifted toward market-oriented high value crops offers a higher price
and accumulates higher revenues from the market. The authors stressed improving economic
access to a variety of foods through increased crop diversification that focuses on the
integration of nutrient enriched crop foods with staple crops.
Some of the empirical studies point to agricultural diversification among farms benefiting diets
via a source of secured food where the households prefer to rely less on market purchased
foods. In Mexico, for example, Dewey (1981) reported that higher crop diversity positively
influenced the number of food items consumed from own production and was linked to less
reliance on market purchased foods in areas where wages are low and food prices very high.
The author observed a tendency to shift for economic benefit to non-cereal crops from selfsufficiency in subsistence crop production. Moreover, production of non-cereal crops could
more easily be incorporated into a combination of wage labor and work on the family plot than
the production of subsistence crops. Johns (2017) further explained that less food purchasing
and a higher consumption of own production function as coping mechanisms against food
insecurity.
In the recent past, Koppmair et al. (2017) argued that factors such as access to market,
production inputs, and technologies are more important for dietary diversity than production
orientation. The authors studied the relationship at the household and individual level in

Malawi where the dietary diversity score was measured from 24-hour recall data. It was
noticeable that they found very similar results for household and individual level dietary data.
The previous papers investigated the relationship between, but not the effect of, farm
diversification and dietary diversity considering diversification of production beyond cereals,
especially rice production. The literature shows that diversification into high value non-cereal
and non-crop items results in higher income and offers a comparative advantage over staple
crops. Diversification of production beyond rice, which is the main cereal, contributes to rapid
income growth, minimizes agricultural risk, and improves the nutrient balance of soil (Miah
and Haque, 2013). Considering its usefulness, governments have emphasized the promotion of
diversification of production beyond rice. Thus, taking into account the priority and
appropriateness, an effort has been made in this paper to address this issue in particular.
STUDY AREAS AND DATA COLLECTION
Data which were used in this article are from a comprehensive survey of farm households in
central, northern, and southwestern regions of Bangladesh conducted from June to September,
2014. These three regions cover both wet agroecological and dry agroecological zones of
Bangladesh. The choice of Bangladesh as a case study is based on the fact that the
socioeconomic conditions of the country typically represent the traits of a developing country.
Ensuring food security for all, especially from a nutritional point of view, is one of the main
challenges that Bangladesh faces today. Like many other developing countries, over the years
food security has often been equated with achieving self-sufficiency in cereal production and
energy availability. Recent agricultural development policies have begun to emphasize
diversification assuming that agricultural diversity will contribute to dealing with many issues
including nutritional food security. This research provides empirical evidence to validate this
transition by offering insights into the agricultural diversification and food security
relationship. A multistage random sampling method was used to select 260 farm households
from three regions. The data for this research were collected through questionnaires and
personal interviews.
THEORETICAL MODEL
The agricultural household model (AHM) appears to be an appropriate theoretical framework
for the semi-subsistence farm households like those in the study region. AHMs integrate
production and consumption decisions into rural semi-commercial conditions (Singh et al.,
1986). These models consider the interrelationship between production, income, and

consumption within the household (Elhorst, 1994). In rural semi-commercial conditions, where
some inputs are purchased and some outputs sold, production decisions are made with
reference to market prices. Maximization of utility yields the following form of food demand
equation according to Feleke et al. (2005):
𝐹 = 𝐹 [𝑃 , 𝑃 , 𝑤, 𝑌 ∗ (𝑤 , 𝐴 , 𝐾 , 𝑁), 𝐷 ]
where 𝑃 and 𝑃 represent the price of goods, 𝑤 stands for wages, 𝐴 stands for quantity of
land, and 𝐾 represents capital. In addition, 𝑁 stands for non-farm income, and 𝐷 represents
household characteristics.
Demand for diversified food is influenced by income rises (Yu and Abler, 2009; Zhou et al.,
2014), farm production (Rashid et al., 2011; Kirsten et al., 1998), and better infrastructure
(Rahman, 2015). Income growth provides household consumers with more options to choose
a quality diet and thus affects the demand for food diversification. Besides, diversified
production stimulates diversified food consumption through offering the opportunity and
freedom to consume various food items. In addition, better infrastructure influences dietary
diversity positively as access to market, storage facilities, etc. enable nearby farms to sell
various agricultural products at the best price and ensure the availability of a variety of foods
for household consumption. The Feleke et al. (2005) equation was chosen for this study as it
includes these different factors in a single framework.
ECONOMETRIC MODEL
In this paper, the Food Consumption Score (FCS) and Household Dietary Diversity Score
(HDDS) have been used as dependent variables to analyze food diversity and household food
security. Since these were categorical ordered variables, the following model was used in this
paper after Greene (2012):
𝑦∗ = 𝑥 𝛽 + 𝜀
𝑦 ∗ is unobserved. What we do observe is
𝑦 = 0 if 𝑦 ∗ ≤ 0
𝑦 = 1 if 0 < 𝑦 ∗ ≤ 𝑢
𝑦 = 2 if 𝑢 < 𝑦 ∗ ≤ 𝑢
.
.
.

𝑦 = 𝐽 if 𝑢

≤ 𝑦∗

Here, y = FCS / HDDS.
The 𝑢s are unknown parameters to be estimated with 𝛽.
The following independent variables were used for the models:
x1 = Farm diversity
x2 = Education level of household head in years
x3 = Wealth of the household
x4 = Household size
x5 = Production per capita
x6 = Access to market in km
x7 = Land size
x8 = Non-agricultural income
x9 = Northern region dummy (dummy: yes = 1, otherwise = 0)
x10 = Central region dummy (dummy: yes = 1, otherwise = 0).
VARIABLE MEASUREMENT
Measurement of dietary diversity
Diets with a greater variety of food or food groups are associated with greater energy and
nutrient intake (Hoddinott and Yohannes, 2002; Kant 2004). Drescher and Goddard (2008)
mentioned that food diversity indicators are food-based dietary quality measures. Dietary
diversity accesses the extent to which nutritional needs are being met (Jones et al., 2014) and
it is associated with energy availability (Ruel, 2003). Thus, dietary diversity at the household
level can be considered an indicator of food security (Swindale and Punam, 2005; WFP, 2009;
Kennedy et al., 2011).
Dietary diversity was measured in two ways. First, an HDDS was constructed based on the 12
food groups consumed by each household in the previous 24 hours. Second, dietary diversity
was indicated through calculation of the household FCS. The FCS is a frequency weighted diet
diversity score based on eight food groups consumed by a household during the last 7 days.
The consumption frequency of each food group was multiplied by an assigned weight that is

based on its nutrient content, and those values were then summed to obtain the FCS. This score
is then converted into four level categorical variables using standard guidelines provided by
the World Food Programme (WFP, 2009). The four categories are: 1) poor dietary diversity if
the FCS is less than 29, 2) borderline dietary diversity if the FCS is within the range of 29–42,
3) acceptable dietary diversity if the FCS is within the range of 43–52, 4) high dietary diversity
if the FCS is greater than 52.
The HDDS and FCS are both categorical ordered dependent variables. Therefore, the ordered
probit model was used for the econometric analysis. A similar approach was adopted in the
previous studies. The terms “dietary diversity” and “food diversity” have been used
interchangeably in this paper.
Measures of farm diversity
Three different measures of farm diversity have been used in this analysis. First, a crop–
livestock count variable was created that sums the total number of different crops cultivated
and the number of different animal species reared by the households. This is a simple
unweighted count measure and has been used in a number of studies (Islam et al., 2018; Sibhatu
et al., 2015).
Second, Simpson’s Index of Diversity (SID) was used to measure farm diversity, which is
defined as:
SID = 1 – ∑ 𝑃 ,
where P is the proportion of agricultural income generated from source 𝑖, which includes crop
production and non-crop food production such as livestock, poultry, and fishing. The index is
created by calculating each different agricultural source of income weighted by its contribution
to the total farm income.
Third, this paper recognizes that diversification in agriculture involves the production of
alternative crops and also the rearing of animals on the farm (Meert et al., 2005). In Bangladesh,
a major rice producing nation, diversification took the form of a move out of rice monoculture
into suitable crop and non-crop agriculture. The ADI takes the value “0” when the farm is only
producing rice; otherwise the value is “1”. In this case, diversified farm households are those
farms that are engaging in non-rice crop and/or non-crop agriculture such as livestock, poultry,
and fisheries, in addition to, or as a direct substitute for, rice cultivation. On the other hand,

non-diversified farms are defined as those that only produce rice. The terms “agricultural
diversification” and “farm diversification” have been used interchangeably in this paper.
Measurement of other variables
Some other variables were included in the model that could potentially influence household
food security. The wealth status of the household was determined by valuable assets or
household possessions such as livestock, farm equipment, radios, and bicycles. Nonagricultural income included wage income along with income earned from non-farm activities
such as the owner’s non-farm enterprises. Access to the market was assessed by the distance
from the household to the nearest market in kilometers. The minimum distance from the
household to the nearest market was synonymous with higher access to the market. Production
was calculated by the market value of all the agricultural products produced by the farm.
DESCRIPTIVE STATISTICS
The key characteristics of non-diversified and diversified farms are given in Table 1. It is
important to note that on the basis of descriptive statistics there was a significant difference
between non-diversified and diversified farms in terms of dietary diversity indicators such as
the HDDS and FCS. The diversified farms had a higher level of food diversification than nondiversified farms. In terms of wealth, diversified farm households seemed to be wealthier
compared with non-diversified farms. It also appeared that diversified farms generated more
production per capita than non-diversified farms.
TABLE 1: KEY CHARACTERISTICS OF NON-DIVERSIFIED AND DIVERSIFIED
FARMS
Variables

Non-diversified
farms (n=109)

Diversified farms
(n=151)

T-test

Mean
value

SD

Mean
value

SD

Education level of
household head (years)

5.75

4.34

5.17

3.75

1.11

Wealth (Bangladeshi taka,
BDT)

2.37

2.00

4.73

5.33

−4.96 ***

Household size (person)

4.86

1.87

5.03

1.81

−0.76

Production per capita
(BDT)

2.38

2.19

5.19

4.84

−6.27***

significance

Access to market (km)

3.41

2.38

3.14

2.07

0.99

Land size (decimal)

131.27

95.87

142.89

112.21

−0.89

Non-agricultural income
(BDT)

8.57

8.31

8.23

8.96

0.32

Northern region of
Bangladesh (yes = 1,
otherwise = 0)

0.44

0.49

0.27

0.44

2.69***

Central region of
Bangladesh (yes = 1,
otherwise = 0)

0.32

0.46

0.36

0.48

−0.72

FCS

65.76

15.56

73.60

15.00

−4.06***

HDDS

6.04

1.36

6.74

1.52

−3.90***

Simpson’s Index

0.25

0.16

0.43

0.19

−7.86***

Crop and livestock
number

11.86

9.07

13.84

11.39

−1.56

Note: *** indicates significance at the 1% (P<0.01) level.
FCS = Food Consumption Score; HDDS = Household Dietary Diversity Score; SD = standard
deviation.

Tables 2 and 3 show the positive impact of farm diversification on the FCS and HDDS by
food group, respectively.
TABLE 2: FCS IN THE PREVIOUS 7 DAYS BY FOOD GROUP
Major food Non-diversified farms
groups
(n=109)

Diversified farms

T-test

(n=151)

significance

Mean value

SD

Mean value

SD

Staples

13.81

0.57

13.54

0.89

2.90 ***

Pulses

4.01

2.92

5.42

3.64

−3.44 ***

Vegetables

3.55

1.61

3.83

1.75

−1.30

Fruits

0.24

0.84

0.54

1.18

−2.34 **

Meat and fish

14.82

6.23

17.51

5.31

−3.64 ***

Milk

11.04

10.18

13.88

10.18

−2.21 **

Note: *** and **indicate significance at the 1% (P<0.01) and 5% (P<0.05) level, respectively.
FCS = Food Consumption Score; SD = standard deviation.

In Table 2, on average, diversified farms showed significantly higher consumption of pulses,
fruits, meat, fish, and milk food groups compared with non-diversified farms in the previous
7 days.
Similarly, according to Table 3, a higher level of food items was consumed from groups such
as pulses, vegetables, meat, fish, and milk by households of diversified farms than nondiversified farms in the previous 24 hours.
TABLE 3: HDDS IN THE PREVIOUS 24 HOURS BY FOOD GROUP
Major food
groups

Non-diversified farms
(n=109)

Diversified farms (n=151)

T-test

Mean value

SD

Mean value

SD

Staples

1.00

0.00

0.88

0.31

4.36 ***

Pulses

0.35

0.48

0.64

0.48

−4.70 ***

Vegetables

0.62

0.48

0.86

0.34

−4.49 ***

Fruits

0.43

0.49

0.42

0.49

0.11

Meat and fish

0.77

0.42

0.89

0.30

−2.59 ***

Milk

0.43

0.49

0.58

0.49

−2.42 **

significance

Note: ***, **, and * indicate significance at the 1% (P<0.01), 5% (P<0.05), and 10% (P<0.10) levels.
HDDS = Household Dietary Diversity Score; SD = standard deviation.

RESULTS AND DISCUSSION
In this section, the study analyzes the role of diversification in food diversity. Influencing
factors which facilitate diversified household food consumption have also been identified. The
results are presented in Table 4.
Role of farm diversity in food diversity
All measures of farm diversity are significantly positively related to dietary diversity except
for the relationship between Simpson’s Index and the HDDS. This empirically implies that
households that diversify their farm production activities will tend to increase their dietary
diversity. The crop and livestock count measures were significantly positively associated with
both HDDS and FCS. One additional crop or livestock species leads to a 1.7% and 2.4%
increase in the HDDS and FCS, respectively. Simpson’s Index was similarly positively related
to FCS but was not associated with the HDDS.

TABLE 4: DETERMINANTS OF HOUSEHOLD DIETARY DIVERSITY
Independent
variables

Farm diversity measure
Crop and livestock
count

Simpson’s Index

Agricultural
diversification index

HDDS

FCS

HDDS

FCS

HDDS

FCS

Farm diversity

0.016
(2.22) **

0.023
(2.35) **

0.426
(1.25)

0.785
(1.97) **

0.355
(2.35) **

0.316
(1.80) *

Education level
of household
head
Wealth

0.049
(2.84) ***

0.042
(2.08) **

0.055
(3.21) ***

.0483
(2.38) **

0.058
(3.35) ***

0.049
(2.44) **

0.056
(3.42) ***

0.114
(3.50) ***

0.054
(3.19) ***

0.110
(3.27) ***

0.050
(3.00) ***

0.114
(3.42) ***

Household size

0.068
(1.74) *

0.090
(1.76) *

0.078
(1.99) **

0.113
(2.19) **

0.060
(1.52)

0.085
(1.64)

Production per
capita

0.052
(2.55) **

0.057
(2.21) **

0.058
(2.87) ***

0.067
(2.61) ***

0.040
(1.84) *

0.047
(1.71) *

Access to
market

−0.102
−0.153
−0.105
−0.151
−0.103
−0.152
(−2.87) *** (−3.66) *** (−2.94) *** (−3.62) *** (−2.88) *** (−3.63) ***

Land size

0.001
(1.63)

0.0015
(1.44)

0.0016
(2.06) **

0.0018
(1.81) *

0.0019
(2.50) **

0.0023
(2.20) **

Nonagricultural
income

0.394
(2.40) **

0.534
(2.76) ***

0.360
(2.20)**

0.502
(2.61) ***

0.355
(2.16) **

0.495
(2.58) ***

Northern
region of
Bangladesh

−0.255
(−1.26)

−0.453
(−1.83) *

−0.276
(−1.36)

−0.472
(−1.91) *

−0.197
(−0.96)

−0.388
(−1.56)

Central region
of Bangladesh

−0.426
(−2.13) **

−0.040
(−0.17)

−0.488
(−2.44) **

−0.122
(−0.52)

−0.496
(−2.48) **

−0.105
(−0.45)

LR Chi-square

96.69

97.95

93.31

95.95

97.27

95.31

Log likelihood

−401.69

−236.01

−403.39

−237.01

−401.408

−237.33

Note: Z-statistics in parentheses. ***, **, and * denote significance at the 1%, 5%,
and 10% levels, respectively. FCS = Food Consumption Score; HDDS = Household Dietary Diversity
Score; SD = standard deviation.

The results show that, in addition to the number of products, the evenness of farm production
diversity is also important for food diversity. Simpson’s Index implies that considering the
number and evenness of different species produced increases in the level of nutrition and

number of groups of consumed food. A possible explanation could be that households consume
nutrients from their own production.
Similar to other indicators, the ADI also has a positive impact on dietary diversity. The index
shows that shifting to non-rice cultivation instead of rice monoculture raises both the HDDS
and FCS at a significant level. The increase in production diversification by 100% increases
the probability of the HDDS to 35.54% and the FCS to 31.68%, keeping other factors constant.
Diversification yields benefit for dietary variety in different ways. Variety in the production of
crops, animal products, fish, and other products enables households to directly consume their
own diversified production. Furthermore, moving out of rice monoculture into suitable crop
and non-crop agriculture is financially profitable for the farmers in Bangladesh. Diversification
provides opportunities for incremental income and reduced income variability and therefore is
more likely to contribute to improved food security status. Jones et al. (2014) mentioned that
farmers use income earned from market-oriented production to purchase nutrient-dense foods
that diversify household diets.
Other influencing factors which facilitate diversified household food consumption
A higher level of education of the household head was significantly related to household dietary
diversification. The result is reasonable and was expected as higher educated household heads
have greater access to nutrition, price, and weather related information through multiple
sources and are in a more advantageous position to utilize available resources for their
improvement compared with their less educated counterparts. In addition, educated household
heads are more concerned about the nutritional aspects of foods. Gebre (2012) pointed out that
educated household heads play a major role in shaping household members and facilitate better
living conditions than less educated ones when considering the long-term benefits. Thus,
educated households put effort into diversified food consumption.
This study found that food diversification was positively associated with the wealth status of
the household at the 1% level of significance. Wealthier households with higher purchasing
power are likely to consume a higher number of food items. Wealth allows farm households to
invest more resources in higher return market crops and raise a larger number of livestock and
fish. Wealth is also expected to act as a cushion against any decrease in income or food
production. A higher level of household wealth helps to maintain consumption during
unanticipated events that demand additional expenditure. This result is consistent with that
reported by Parvathi (2018).

A positive relationship between farm production and dietary diversity signifies the importance
of production diversity to meet the dietary requirements of households. An increase in
production per capita of non-cereal products of 100% increases the probability of varied food
consumption by 4.00% ceteris paribus. Farms with more diversified production earn higher
revenue and experience increased food security compared with smaller farms. Increasing
demand for non-cereal food items ensures an exhilarating selling price, which in turn results in
higher income for the larger diversified farms.
Better market access through reduced distance was found to improve dietary diversity. Access
to market increases consumption diversification in two ways. First, greater access to market
permits farms to sell various fresh agricultural products on the market at the best price. It
provides the farmers with a greater opportunity to receive useful information in a timely
manner. Non-cereal items such as vegetables, fruits, and dairy products are perishable and must
be sold quickly on the market. Therefore, wider access to market stimulates the farmers to
diversify (Rehan et al., 2017). However, Dewey (1981) mentioned that subsistence farming
can no longer meet the family income needs, which leads the farmers to diversify income
sources. In addition to higher income, production of non-cereal crops can more easily be
incorporated into a combination of wage labor and work on the family plot than the production
of subsistence crops. Second, better roads and transportation networks ensure the availability
of a variety of foods for household consumption.
The effect of land size on diversification was positive and significant. Farm households with
larger land size can devote larger land areas to different crop and non-crop cultivation. Using
less land area for cereal production allows more diverse production. This cultivation intensity
increases the production and income of households, which in turn promotes food security. This
result is in line with that found in the study by Bidisha et al. (2017). The positive relationship
between land size and Simpson’s Index points to farms with larger land area having a greater
variety of food consumption in a more balanced way than farms with smaller land area.
Similar to Jones et al. (2014), it is found that larger household size increases food diversity.
Larger household size allows more family effort, especially by women who mostly remain in
or immediately near to the house in developing countries. It is relatively hard for women to
take part in cereal farming such as rice cultivation, but they can easily contribute to vegetable
farming and non-crop farming such as poultry and livestock farming. Thus, larger household

size facilitates the growth and consumption of various self-produced food items. It also
contributes to the purchase of diversified food from the market.
Non-agricultural income had a positive and significant effect on the probability of diversity,
suggesting that households with considerable income outside of agriculture prefer to
supplement their dietary diversity needs through purchasing from the market. In this paper,
non-agricultural income includes wage income along with income earned from non-farm
activities such as the owner’s non-farm enterprises. In line with the findings of this research, a
previous study by Babatunde and Qaim (2010) described that non-agricultural income
contributes positively to food security. Non-farm income contributes to intensive farming and
higher production as a source of capital especially when it is difficult to manage financing. In
addition, non-farm income can complement farm income and permits farm households to
consume various food items during times of decreased farm income due to market or natural
causes. Compared with the southwestern region (the reference region), rural households in the
central regions showed a lower level of HDDS. However, the FCS did not demonstrate any
significant result within the central regions.
CONCLUSION AND POLICY RECOMMENDATIONS
This paper specifies that agricultural diversification can be a useful strategy to improve
household food diversity and therefore food security in Bangladesh. Descriptive and
econometric analyses have revealed that farm diversity contributes to improving food
diversification at the household level. Therefore, agricultural policy targeted to ensure food
security should emphasize diversification in agricultural production. Over the years, the prime
focus has been on self-sufficiency in rice production and energy availability for food security
in Bangladesh (Thorne-Lyman et al., 2010) with little encouragement of farmers to diversify
production. A noteworthy finding is that diversification through moving out of cereal
production, especially rice cultivation, is an effective strategy to improve food diversity and
thus enhance household food security status. The results showed that household size,
production per capita, and land size are positively associated with household food diversity.
The study suggests that policy should stress raising the education level, development of
infrastructure for better market access, and promoting non-farm income diversification along
with supporting further agricultural diversification to attain household food security while
highlighting the nutritional dimension. The study found that the education level of a household
is a significant contributor to household food security. In order to promote access to education,

policies that enhance household education status are vital. These policies may include
increasing the number of schools in rural areas, improving teaching facilities, increasing
enrollment, and more investment in education by way of public–private partnerships.
The results recognize that access to market, one of the significant factors of the study, allows
farmers to receive useful information on time that benefits to buy and sell farm produce under
favorable conditions. Therefore, strengthening market access through developing infrastructure
or reducing travel time could improve food diversification. The findings suggest that policy
geared toward increased and continuous investment in infrastructure is necessary in this regard.
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