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Background: Food and nutritional security are pivotal for sustainable
development in developing countries. Dietary diversity is an essential aspect of
food and nutritional security. Sustainable food systems play a significant role in
achieving food and nutrition security. In this context, the Environmental, Social,
and Governance (ESG) framework is a comprehensive approach to transitioning
to sustainable food systems and climate resilience. However, scant empirical
evidence exists on the link between particular ESG-compatible practices of
farmers and their diet diversity in developing countries. ESG in agriculture drives
sustainable food production by promoting environmental responsibility, social
equity, and transparent governance.

Objectives: Therefore, the core objective of this study was to link ESG in
agriculture to the diet diversity of farmers in Pakistan.

Methodology: Data collected from 435 farmers through multistage purposive
and random sampling techniques were analyzed using binary probit regression
and propensity score matching.

Results: The Simpson index showed an average diet diversity score of 0.74, and
cereals were the main source of calorie provision to the agricultural households.
Furthermore, farmers with large families consumed less diverse foods than
those with small families. The findings also revealed that the ESG dimensions
significantly affect the dietary diversity of agricultural households. In the
environmental dimension, farmers adopting more sustainable farm practices
were likely to have higher dietary diversity than those with less sustainable
farm practices. In the social dimension, nutritional knowledge and women's
empowerment were significantly associated with household dietary diversity.
Governance is also positively related to the dietary diversity of agricultural
households. The propensity score matching results revealed that the adoption
of a greater number of sustainable practices at the farm level results in better
dietary diversity than those farmers with the adoption of a lower number of
sustainable farming practices.

Conclusion: Therefore, agricultural policies should incorporate ESG-aligned
strategies to improve dietary diversity in farming communities in developing
countries.
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Introduction

Food and nutritional security are central to sustainable
development in developing economies. Food security has four
dimensions (availability, access, utilization, and stability) (Gordillo
and Jeronimo, 2013). However, the scope of food security has
expanded beyond caloric sufficiency to include nutritional adequacy
(Ritchie et al., 2018). Nutritional security focuses on the continuous
availability of diverse, safe, and nutrient-rich foods that meet
nutritional needs and promote active and healthy lifestyles. Persistent
undernutrition and micronutrient deficiencies, particularly in women
and children in developing countries, indicate precarious nutritional
security despite improvements in agricultural productivity (Kiani
etal., 2022). Structural problems such as poverty, gender inequality,
and environmental degradation add to the problem of nutritional
inadequacy among rural communities, especially smallholder farmers
residing in developing nations (Woodhill et al., 2022).

Dietary diversity has become one of the main indicators of
nutritional quality and healthy diets. It indicates the number of
various food categories consumed by a person during a given time
and is commonly considered a proxy for the sufficiency of
micronutrients (Ma et al., 2023). Research has provided constant
information indicating that a more diverse diet is linked to health
benefits,
productivity. However, rural diets in developing countries contain

a lower risk of undernourishment, and increased
high amounts of cereals and low amounts of fruits, vegetables,
legumes, dairy, and animal-source foods (Elolu et al., 2023; Hassaan
etal, 2024). The effect of this lower dietary diversity is the prevalence
of micronutrient deficiencies, such as iron, zinc, and vitamin A
deficiencies, in developing countries. In 2022, more than 720 million
individuals worldwide were food insecure, most of whom lived in
developing nations (FAO [FAD UNICEF WEFP WHO, 2023).
Moreover, even where people have enough food in terms of caloric
needs, many people suffer from hidden hunger, showing a lack of
essential vitamins and minerals due to a lack of dietary diversity in
daily diets (Muthayya et al., 2013).

The situation is more serious in Pakistan. Although the country
has good food production capabilities as an agricultural economy; it
has persistently experienced high levels of food insecurity and
malnutrition (Government of Pakistan, 2019). The report shows a
stunting prevalence of more than 36.9%, wasting of 17.7%, and
underweight of 40.2% among children below the age of five (UNICEL,
2019). Anemia among women of reproductive age is still at a very
worrying rate (Ali, 2021). These statistics represent both insufficient
food consumption and food quality. Nutritional insecurity is also
increased due to economic inequalities, inflation, gender inequality,
poor maternal health, and regional inequalities (Baxter et al., 2022).
In addition, pandemics such as floods and droughts caused by climate
change devastate food production and distribution outputs and
exacerbate the situation in fragile groups (World Bank, 2021). Being
both a source of food and nutritionally concerned households,
smallholder farmers, who are a significant component of the rural
poor, must cope with the so-called dual challenge (Giller et al., 2021).
Therefore, the issue of food and nutritional insecurity in Pakistan
needs to be addressed through an integrated response that includes
building a resilient food system, inclusive access to it, and provision
of nutritional adequacy and dietary diversity to various sectors of
the population.
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Sustainable food systems are necessary for global environmental
sustainability and health. Sustainable food systems provide everyone
with food in a manner that does not undermine the economic, social,
and environmental dimensions of sustainability (FAO, 2018). Dietary
diversity is at the center of a sustainable food system because
sustainable agricultural activities do not only affect food availability
and determine its variety and nutritional status. Crop diversification,
agroecological farming, integrated crop-livestock production systems,
and decreased reliance on man-made inputs conserve the environment
and promote the growth of food resources (Fanzo et al., 2021). This
production diversity increases the chances of household-level diverse
diets that are directly connected to better micronutrient consumption
and less malnutrition (Jones, 2017). Therefore, the shift to sustainable
food systems is an important opportunity to benefit dietary diversity
and, consequently, nutrition and health outcomes, especially at the
household level of smallholder farms in developing countries.

In this context, the Environmental, Social, and Governance (ESG)
framework is a comprehensive approach to transitioning toward
sustainable food systems and climate resilience. Previously applied in
investment and corporate governance, ESG principles are gradually
being implemented in agriculture to view sustainability in farming.
The environmental component consists of crop diversification, less
chemical input, water conservation, and agroecological farming (Haq
et al., 2021). The social aspect focuses on equity, gender inclusion,
social community involvement, and knowledge exchange (Rasool
et al., 2023). The concept of governance relates to open policies,
institutional patronage, market access, and certification procedures
that inform sustainable agricultural practices. In Pakistan, ESG-related
agricultural activities, including regenerative farming and green
energy use, are increasingly observed, although the trend has not yet
been comprehensively reviewed from an ESG perspective.

Agriculture plays a central role in striving for economic stability
by employing more than one-third of the Pakistani workforce and
with a significant (22.9%) share in the gross domestic product of the
country (GOP, 2025). The majority of the Pakistani population resides
in rural areas, and the rural community is mainly dependent on
agriculture for food security. Thus, the sustainable agriculture sector
is pivotal for ensuring food security and sustainable economic growth.
However, the agriculture sector is endangered by climate change,
which has had catastrophic effects on this sector in recent times (Haq
etal., 2021).

Therefore, there is a strong theoretical and empirical basis for
linking ESG-aligned
improvements in dietary diversity. Ecologically, incorporated cropping

sustainable agricultural practices to
and animal systems enrich the supply and access to nutrient-rich
foods (Hammad et al., 2024; Hassaan et al., 2024). Species-level
variation in diets, that is, nutritional biodiversity, improves the index
with micronutrients and decreases the reliance on a minimal number
of staple crops (Fanzo et al., 2021). ESG creates an inclusive food
system at the social level by educating and providing individuals with
technical assistance to help farmers adapt to nutrition-sensitive
interventions (Rasool et al, 2023). Governance mechanisms,
including good market connections, extension services, and input
subsidies, contribute to the use of such practices and make them
sustainable. To better understand the connection between
ESG-oriented agricultural practices and subsequent improvements in
household diet diversity (DD) in Pakistan, there is a lack of research

on its treatment.
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Despite the fact that dietary diversity assessments have been
dominated by women and children, very little has been done to
evaluate the dietary patterns of entire households, especially mature
males who are farmers and are considered representatives and major
decision-makers in the agricultural sector. Second, scant empirical
evidence exists on the linkage between particular ESG-compatible
practices of farmers and household DD. Therefore, this study aims to
fill this gap by creating a link between ESG in agriculture and dietary
diversity. The objectives of this study are as follows:

1. To estimate the DD of agricultural households

2. To estimate the share of different food groups in daily calorie
intake of agricultural households

3. To link ESG in
agricultural households

agriculture to the DD of the

The potential beneficiaries of this study include agricultural
policymakers, researchers, NGOs, farming communities, investors in
sustainable agriculture, and public health authorities, particularly in
developing countries.

Review of literature

ESG is a concept that is continuously growing among researchers
worldwide. Although ESG does not appear in micro-level nutritional
research, the ESG framework greatly intersects with sustainable
farming systems and the DD of farm families. The three dimensions
of ESG allow us to examine how environmentally oriented farm
practices, social arrangements, and governance mechanisms jointly
determine DD of farm families. Recent studies emphasize that
sustainable farming systems are crucial to achieve not only sustainable
development in agriculture but also food security.

The environmental dimension of ESG is closely linked to
sustainable farming systems, focusing on climate change adaptation,
efficient use of resources, and biodiversity. Farm production diversity
is considered one of the best and most sustainable farm practices
linked to DD. Mastura et al. (2023) used the panel data and determined
the positive impact of farm diversification on DD. Akerele and Shittu
(2017) also endorsed the positive impact of food production diversity
on DD in Nigeria. These findings indicate that DD is increased by
diversified food production, either in the form of direct food intake or
through increased income from selling surplus farm products. The
adoption of climate-smart farm practices, such as planting date
adjustments, adoption of drought-tolerant varieties, harvesting
rainwater, remaining up to date with weather information, and
adoption of solar at farm, extends this logic by indicating how
environmental-oriented farm practices play their role in developing
sustainable and resilient food production systems. Haq et al. (2021)
used the cross-sectional data of total 196 rural families and determined
that the high adoption of climate smart farm practices significantly
improve the food security by enhancing nutritional intakes and food
diversity. Similarly, Omotoso and Omotayo (2025) determined the
positive role of adopting climate-smart farm practices among 480
rural households in enhancing their DD and food security.

The second dimension of ESG, Social (S), focuses on women
empowerment, remains up to date with nutritional knowledge, and
human capital. These elements are highly recognized for their
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contributions to sustainable food production systems and the DD
framework. WE continuously acknowledge the need to strengthen the
agriculture-nutrition pathway. Huang et al. (2023) determined the
mitigating impact of WE on DD based on the data of 1,199 rural
households. They described that WE significantly mitigated the side
effects of low farm production diversity of DD. Kihiu and Amuakwa-
Mensah (2021) examined the gender disparities regarding market
access and the households’ DD. They determined that although the
market access of men and women enhances the DD, the impact of
women’s market access on DD was almost double that of men.
Shahbaz et al. (2022) and Kassie et al. (2020) analyzed how WE and
their innovativeness affect the adoption of sustainable farm practices,
which further improve the DD of rural families.

The third dimension of ESG, governance (G), indicates the
incentives, allocation of resources, and development of rules regarding
farm production and agricultural markets. Therefore, governance has
a strong link with sustainable farm production systems in shaping the
DD of farm families. Qureshi et al. (2015) analyzed the diverse range
of polices regarding demand, access and supply, and they determined
that the polices significantly affect the food security. They described
that food security policies strongly enhance food security when a
country chooses a context-specific policy instrument. Sibhatu et al.
(2022) determined that a productivity promotion program for
smallholders in Zambia significantly enhanced DD. They indicated
that the smallholder support program improved their DD by 3%.
Similarly, Pienaah et al. (2024) demonstrated the positive impact of
food demonstrations and home gardening on the DD of families.

Theoretical framework

The Sustainable Livelihoods Framework (SLF) (DFID, 1999;
Scoones, 1998) provides a theoretical framework for this study. The
SLF emphasizes how farm households leverage various forms of
capital, such as natural, human, social, and institutional capital, to
improve their food security and well-being. Therefore, the
environmental (E) dimension of ESG, which is measured by the
adoption of sustainable farming practices, contributes to the natural
capital. This natural capital leads to the availability and accessibility of
diverse food sources in the region. The social (S) dimension of this
study strengthens social and human capital through NK, WE, and
CCI. This enables farm families to make better food-related decisions.
Governance (G) indicates institutional capital, which enables families
to achieve transparent food and nutrition outcomes. Therefore, these
elements of the SLF indicate an integrated conceptual understanding
of how ESG influences the DD of farm families. Figure 1 also shows
the theoretical framework of the study.

Materials and methods
Study area

Punjab is the most populus province of Pakistan with more than
half of country’s population living in this province. Of this population,
approximately 63 percent live in rural areas, and the remaining 37%
reside in urban areas (Pakistan Bureau of Statistics, 2023). This shows
the agrarian character of the province and makes it an important
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FIGURE 1
Theoretical framework.

region to explore the idea of rural development and sustainability in
terms of agriculture and nutrition. Punjab is also a key contributor to
Pakistan’s national GDP, with agriculture as one of its main sectors
(Planning and Development Board Punjab, 2023). The province
contributes more than one-third of the national wheat and rice
production. Thus, the province is also referred to as the Pakistan
breadbasket (Pakistan Ministry of National Food Security and
Research, 2023). In addition, there are more than 6.6 million
agricultural families in Punjab. The majority of them are small farmers
with little land and other resources
Department, 2023).

Malnutrition is a highly prevalent issue despite agricultural

(Punjab  Agriculture

prosperity in the province. Food insecurity is a severe issue in the
Punjab province. The co-existence of food abundance and nutrition
insecurity represents an intricate failure of the food system in the
province. Thus, Punjab is an appropriate study area for research on
DD, food and nutrition security, and the challenge of sustainable food
systems. Furthermore, many farming policies aim to enhance
livelihoods and food security in rural Punjab (Government of Punjab,
2023). These dynamics make Punjab an interesting and worthwhile
research field for people conducting research in the area of food,
agriculture, and nutrition.

Study questionnaire and data collection

This study used multistage purposive and random sampling
techniques to collect data from agricultural households. In the first
step, Punjab province was selected purposefully because of its
prominent role in national domestic output and agricultural
production. Punjab is divided into different agro-climatic zones and
in second step, four of them (mix cropping, cotton mix cropping,
maize-wheat mix cropping, rice-wheat) were chosen to promote
diversity and representativeness. One district from each selected
agroecological zone was selected based on its agricultural significance.
In the fourth step, two counties (local tehsils) were randomly selected
from each chosen district. From each county, four villages were
selected in consultation with the local agriculture department, giving
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a total of 32 villages. Households in each village were sampled using a
simple random sampling method. Proportionate sampling was used
to select approximately 13-14 farm households in each village, giving
a total sample size of 435 in this study.

Primary data were collected using a structured, pre-tested
questionnaire. This was designed based on the relevant literature and
adapted to the local context. The questionnaire was translated into
Urdu to make it comprehensible to the local population. It contained
a broad set of questions, such as household socioeconomic profiles,
dietary intakes, and ESG-related questions. It was pilot-tested to
determine the clarity and reliability of the instrument prior to the final
survey. A team of well-experienced enumerators conducted face-to-
face interviews using the local language. Each respondent provided
verbal informed consent for the study. The study purpose was
explained by the enumerators before the interview was conducted to
maintain privacy and comply with the ethics of research principles.
When households did not respond, they were randomly replaced by
households from the same village.

The survey questionnaire was prepared by taking assistance from
the prior relevant literature. The study used two step process to ensure
the reliability ad validity of the survey questionnaire. In the first step,
three subject specialists (one associate professor and two professors)
were consulted, and the questions were thoroughly revised and
rearranged to ensure face validity. In the second step, a pilot survey
was conducted with the study households to ensure the content
validity of the survey questionnaire. The data collected from 24
farmers during the pre-testing were not utilized in the final analysis
due to significant changes in the final survey questionnaire.

Diet diversity

DD was the main variable, which was estimated using the
Simpson index. This index indicates both DD and the nutritional
adequacy of households (Nguyen and Winters, 2011: Ruel, 2003). DD
indicates the quality of diet and consumption of different food items
across or within different food groups. These food groups contain
different food items that provide the necessary nutrients for human
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growth. Households in rural areas consumed different food items, but
their consumption varied across households. In Pakistan, there are six
different food groups that categorize the food items consumed by
households. These food groups are (i) cereals, (ii) vegetables, (iii)
fruits, (iv) milk and milk products, (v) meat and pulses, and (vi) fats
and oils (FAO and GoP, 2018). The consumption of food items from
different food groups indicates DD. Therefore, farm households that
consume food items from all six food groups are characterized by a
high DD. To apply the Simpson index, we used the calorie share of
each food group to calculate the DD of agricultural households. The
following formula was used:

n
DD=1- P’
g=1

where DD indicates diet diversity, P; shows calories share of the
ith food group, n is the total food group, and g indicates food groups
from 1 to 6. This resulted in the DD index, and its value varied
between 0 and 1. Values near 1 indicate a higher DD, while values near
0 indicate a low DD among agricultural households. To estimate the
calorie intake from each food group, we converted the food items
consumed from any food group into calories using the composite food
table index prepared by the Government of Pakistan and the Food and
Agricultural Organization (FAO and GoP, 2001).

Statistical and econometric analysis

First, the demographic characteristics and ESG aspects of
agricultural households were assessed using descriptive statistics. To
examine the impact of demographic characteristics and ESG aspects
on the DD of agricultural households, we applied a binary probit
model. For this purpose, agricultural households were divided in two
categories (high and low dietary diversity groups). Of the households,
66% were highly diet-diversified and 34% were low-diversified. The
numeric values were assigned to them; the high diet-diversified
households were assigned 1, and low diet-diversified households were
assigned 0. It generates a dependent variable with two categories,
which justifies the application of the binary probit model. The binary
probit model estimates the probability of a family having a highly
diversified diet. This model assumes that the observed dependent
variable Y can be 1 if and only if its underlying continuous latent
variable Y* takes on a positive value (Washington et al., 2011).

Y= Lif Y* > average DD score
0,Otherwise
Where,
Y* =XpB+e¢,withe ~N(0,1)
Where Y indicates the respondents’ family categories belonging
to highly diet-diversified households, X shows the vector of

independent variables, £ indicates the vector of measurable unknown
parameters for the latent variable Y*, and ¢ is the error term. By
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indicating two outcomes as 1 and 2, the cumulative probabilities of
outcome 1 occurring for households n can be specified as follows:

(ﬂlxlu_ﬁZXZW )/O- _lwz dw,
4

Where, o indicates the standard deviation used to rescale the
normally distributed random variables into the standard normal
distribution. Therefore, the cumulative probability for the binary case
is specified as follows:

By (1) = (/7(ﬂ1X1n _ﬁZXZH)/O-

where ¢ indicates the cumulative distribution function of the
standard normal distribution. To apply the probit model, the unknown
parameters were estimated using the maximum likelihood method.
The variables with multicollinearity were removed from the probit
analysis. Moreover, propensity score matching was used to link the
intensity of sustainable farming practices at the farm level with the
dietary diversity of rural households.

As we have a categorical dependent variable in 0 and 1 forms, the
probit model was particularly suitable for this study. The categorical
form of households offers an estimation of the probability of achieving
a high DD in the presence of ESG dimensions and other household
characteristics. Moreover, propensity score matching enabled us to
determine causal inference by reducing selection bias. This method
offers a robust estimation of the average treatment effect of adopting
sustainable farming practices on DD by controlling for possible
confounders. Therefore, both the probit model and propensity score
matching complement each other and improve the analytical analysis.

Results and discussion

Demographic characteristics provide important information
about the background of the respondents and their capabilities to
diversify their diet and adopt certain sustainable farm practices (Haq
et al., 2023). Table 1 presents the demographic characteristics of
agricultural households. The respondents were almost 44 years old
and had nearly 9 years of schooling. The reason may be that education
level of people living in rural area is lower than those living urban

TABLE 1 Demographic characteristics of agricultural households.

Characteristics (units) Mean Std. deviation
Age (years) 43.70 14.47
Farming experience (years) 25.42 8.44
Education (years) 8.90 4.78

Family size (members) 7.30 4.47

Family income (PKR, million) 0.93 0.36
Agricultural land size (hectares) 2.92 0.85
Agricultural labor force

(persons) 2.16 0.78
Market distance (kilometers) 11.93 5.98
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areas. The average farming experience of the agricultural households
was more than 25 years. This result shows that the respondents had
abundant farming experience and had spent more than half of their
lives in farming fields. The average family size was more than 7 family
members, and their average family income was 0.930 million annually.
Large family sizes normally prevail in rural areas of Pakistan because
of the joint family system (Shahbaz et al., 2020). The mean agricultural
land size was 2.93 hectares. The reasons for this small farm size may
be that a large majority of farming households own less than five
hectares of land in the country. On average, more than two persons
from each rural family were engaged in farming activities. A plausible
reason for this may be that agriculture is not the main source of food
production but also a source of livelihood for more than one-third of
the country’s population.

Environment, social and governance
aspects in agricultural households

ESG among farmers indicates how strongly they are integrating
all three aspects of farming to optimize their farm productivity. As
every action taken by a farmer ultimately affects their farm production,
which ultimately affect their daily diet.

Figure 2 presents the sustainable farm practices that are broadly
adopted by farmers in this locality. These strategies indicate how
seriously farmers consider the environment when producing different
farm products. Moreover, the adoption of sustainable farming
practices enhances the resilience of food production systems and
lowers carbon emissions (Nkumulwa and Pauline, 2021). The first
strategy is to cultivate drought-tolerant varieties, which is one of the
most important strategies according to the weather conditions in the
study area. The harsh weather conditions in the study area necessitate
the adoption of drought-resistant varieties to stabilize farm production
under the threat of climate change. Only 63.68% of respondents
reported a preference for drought-resistant varieties. Farmers reported
rainwater crop diversification strategies that overcome the problem of
land infertility. However, slightly more than half of the farmers
practiced crop diversification. Shahbaz et al. (2020) also determined

10.3389/fsufs.2025.1660246

crop diversification is one of the effective sustainable farm practices in
to maintain land nutrients and fertility. The third most adopted
strategy by farmers was shifting planting techniques. This is a common
strategy adopted in other parts of the province, but almost two-thirds
of the respondents were changing the planting dates of their farm
crops to lower the impact of the harsh climate. The most widely used
strategies among farmers were diversifying their income sources, and
four-fifths of the farmers diversified their income sources. Diversifying
income sources generates extra income, which assists farmers in
improving their diet by improving their purchasing capacity and
production capabilities at the farm. The adoption of renewable energy
sources, such as solar panels, has also been implemented at the farm
level to obtain electricity for running tubewells or lights at the farm.
However, this strategy is not common among farmers, and slightly
more than one-third of farmers have adopted solar energy as a farm
energy source. To achieve sustainable farming, the adoption of
sustainable farming practices is crucial, as it enables farm managers to
utilize their farm resources more efficiently, leading to stable farm
productivity while contributing to a sustainable environment (Alotaibi
etal,, 2025). The efficient use of natural resources and the adoption of
sustainable farming practices generate an integrated and sustainable
food production system that fosters environmental stewardship.

Table 2 indicates the social and governance dimensions of ESG,
and three different aspects of social groups were assessed. The first
aspect of the social dimension is nutrition knowledge (NK), and an
average score of 2.90 with a standard deviation of 1.07 indicates that
farmers have medium-level knowledge of nutrition, with great
variation in responses among respondents. This implies that there
were both types of farmers with high or low NK. Among the four
different items used for measuring NK, NK3-having education or
training on nutrition had the lowest mode value compared to the
other three items. This indicates that most respondents strongly
disagreed with this statement. The highest average score of 3.16
indicates that farmers had a good level of knowledge of a balanced
diet. The farmers were not well informed about the different food
groups, as NK4 had an average value of 2.64.

Women empowerment (WE) greatly contributes to the social
sustainability of farming systems (Ventura et al., 2021). Considering
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TABLE 2 Social and governance aspects of ESG.

10.3389/fsufs.2025.1660246

Dimensions/statements Mode Mean Std. Deviation
Social dimension

Nutrition knowledge (NK) 2.90 1.07
Understanding what constitutes a healthy diet-NK1 4 2.95 1.37
Balanced diet knowledge-NK2 4 3.16 1.38
Having education/training on nutrition-NK3 1 2.84 1.57
Information of different food groups-NK4 2 2.64 1.19
Women empowerment (WE) 2.81 0.83
Making farming decision-WE1 3 2.88 1.23
Owning agricultural resources like land/livestock-WE2 3 2.89 1.21
Visiting the market independently-WE3 3 2.84 1.11
Member of community group-WE4 1 1.44 1.10
Having a say in food purchasing decision-WE5 3 3.68 1.34
Community collaboration and impact (CCI) 2.60 0.84
Sharing farming knowledge and practices to improve productivity-CCI1 3 2.54 1.08
Collaboration with neighbor regarding healthy diet practices-CCI2 2 2.62 1.09
Sharing food or resources within community-CCI3 3 2.70 1.13
Community members work together to improve food accessibility and availability-CCI4 2 2.56 1.29
Governance (GO) 3.24 0.95
Fair and transparent governmental food/farming programs-GO1 3 3.13 1.24
Knowing where/how to register complaints about food/agriculture services-GO2 3 3.35 1.19
Trust on local agricultural support services-GO3 3 3.35 1.25
Having access to information about food/agriculture policies-GO4 4 3.29 1.31
Locally governmental food or nutritional programs-GO5 3 3.07 1.28

WE, the second aspect of the social dimension, the overall score of
WE were very low (2.81), which indicates that women were not greatly
empowered in the study area. WE4 indicates that women’s involvement
in the community as community members is very weak. The average
equal to 3 for WE% only describes women making purchasing
decisions regarding food items in the study area. The average response
value of 2.84 for WE3 highlights that women visit the market, but it is
not commonly practiced in the study area. The average of WEI and
WE?2 is almost the same, which indicates that respondents have shown
slight disagreement with the items. This implies that women have a
mild lack of autonomy in making farming decisions and visiting
markets independently. This may signify some social and cultural
barriers in the study area that limit the mobility and resource
ownership of women. Hou (2011) also described the low decision-
making power of women in Pakistan, and Adeel and Yeh (2018)
highlighted high level of womens immobility compared to men
in Pakistan.

The third aspect of the social dimension is community
collaboration and impact (CCI). The overall average score of 2.60
indicates that this aspect of the social dimension is very weak in the
study area, as most of the respondents were neutral. Although the
respondents indicated a neutral response to CCI3, their responses had
great diversity due to the high standard deviation. This implies that
there were households that shared food or resources with neighbors
to improve their food diversity. The low average and mode values of
sharing knowledge of framing practices-CCI1, collaboration with
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neighbor-CCI2, and working together to improve food accessibility
and availability-CCI4 indicate that the majority of the students
indicated neutral or disagree response. This indicates that the CCI was
not strong among the respondents.

The overall average score 3.24 of for governance (GO) indicates
that respondents had slightly above the neutral point perception
regarding the governance system. The lowest average 3.07 of for GO5
describes that respondents had a neutral perception of the
implementation of governmental food or nutritional programs at the
local level. This indicates uncertainty or mixed perceptions among
respondents. Similar response observed for GO1, GO2 and GO3 were
slightly above 3 (neutral status).

Share of different food groups in daily
dietary intake

The calorie shares of the six food groups are presented in Figure 3.
The findings indicate that the agricultural households were primarily
consuming calories from cereals. It comprised 38.22% of the total
calories consumed. The second major calorie-providing food group
was milk and milk products, which comprised 20.25% of total calorie
intake. The total share of calories from vegetables and fruits was
approximately one-fourth of the total calories, which also indicates a
good level of consumption of vegetables and fruits. This may
be because agricultural households prefer to grow their own vegetables
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along with some fruit plants on their farms for home consumption.
The fats and oil group provided almost 5% of the total calories. Among
all food groups, Geng et al. (2022) determined that cereals are the
major food group contributing to energy intake in Pakistan. Our
findings are similar to those of Haq et al. (2021) regarding the share
of cereals but contradict those of vegetables and fruits.

 Milk and Milk
Products, 20.25

FIGURE 3
Calories share of different food groups (%).

10.3389/fsufs.2025.1660246

Dietary diversity of agricultural households

Figure 4 presents the DD scores of all agricultural households. The
average DD score of the agricultural households was 0.74, indicating
a moderate level of DD. The DD scores of the households ranged from
0.55 to 0.80. These findings show great diversity in the DD scores of
agricultural households.

Impact of ESG on diet diversity of
agricultural households

Table 3 indicates the findings of binary probit regression, which
shows that the model was statistically significant as the chi-square
value of 528.66 was significant at the 1% level of significance. The
findings revealed that only family income and family size from the
demographic characteristics of farmers significantly affected their
DD. High family income and small family size increased the probability
of diverse DD. The insignificant coefficients of age and education
indicate that age and education of the head of the household do not
strongly affect improving DD in the locality. The findings indicate that
family income and family size are crucial determinants of DD. A high
family income typically enables households to have greater access to a
variety of nutritious foods, while a large family size affects the DD
within the household by impacting the distribution of resources and
food choices. Our findings are consistent with those of Kartikasari et al.
(2024). They also determined the positive impact of family income on
DD. They demonstrated that households with higher family income
are more likely to have diverse and nutritious food. Households with
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Dietary diversity scores of all agricultural households.
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TABLE 3 Impact of ESG on dietary diversity of agricultural households.

10.3389/fsufs.2025.1660246

Variables Indicators Coef. St. err. t-value
Family income 0.438%* 0.194 2.26
Age —0.02 0.023 —0.89

Demographic characteristics
Education 0.011 0.059 0.18
Family size —-0.201%* 0.119 —1.68

ESG dimensions

Environment Sustainable farm practices 0.246* 0.146 1.68
Nutrition knowledge 5.262%%% 1.241 4.24

Social ‘Women empowerment 1.156%* 0.584 1.98
Community collaboration and impact 0.339 0.369 0.92

Governance Likert scale statements 0.496* 0.29 1.71
Constant —19.172 4.102 —4.67

Chi-square = 528.66; Prob > chi2 = 0.000; Pseudo r-squared = 0.852. **#p < 0.01, **p < 0.05, *p < 0.1.

low income often face limited food choices, resulting in an inadequate
DD. Households with large family sizes lead to high competition for
resources, which may negatively affect DD. Utami (2023) found that
the family size equal to five or greater are more likely to have inadequate
DD. They demonstrated that food distribution among more family
members may dilute the variety of food available to each member.

The environmental aspect of agricultural households based on the
adoption of sustainable farm practices significantly improves the DD
of agricultural households. This implies that the adoption of effective
sustainable farm practices substantially contributes to the DD of
households by improving farm productivity. Therefore, the findings
reveal that the adoption of sustainable farm practices strongly
contributes to the DD of households in rural areas. For example, a
study in Zambia and Zimbabwe highlighted that households adopting
sustainable practices reported improved DD due to increased farm
production (Ngoma et al., 2023). Similarly, in Punjab, Pakistan, rural
households adopting climate-smart farming practices exhibited high
diversity in food and calorie intakes (Haq et al., 2021). This indicates
a clear association between sustainable farming practices and the
dietary outcomes.

Among the three aspects of the social dimension, the findings
indicate that NK and WE both significantly affect DD, while CCI has
no effect on the DD of households. This implies that households with
high nutrition knowledge and high female empowerment were more
likely to have a diverse diet. NK and WE are critical pathways that affect
DD and nutritional outcomes. Our findings are consistent with those
of Ahmed et al. (2020) and Yimer and Tadesse (2016). For example,
studies in South Asia highlight that interventions targeting the social
aspects of households substantially improve DD. For instance, Ahmed
etal. (2020) in Bangladesh described that NK strongly affects DD, and
in Ethiopia, NK was found to reduce child stunting, highlighting its
crucial role in improving child nutrition (Melesse, 2020). Moreover,
Melesse (2020) and Yimer and Tadesse (2016) also indicated that
WE in farming decisions and economic resources improved nutrition.

Similarly, governance also has a strong impact on DD, implying
that when governance-related factors are improved, households are
more likely to consume a diverse diet. The findings regarding GO
indicate its crucial role in improving the DD of farm households,
particularly within the ESG framework. This indicates that an effective
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GO can substantially improve food systems by integrating local
knowledge and aligning policies, thereby improving diet sustainability.
This outcome confirms that ESG is an important aspect of improving
the DD of agricultural households. Alam et al. (2023) described that
access to information systems strongly influences the DD of
households, which directly indicates how GO can contribute to DD
by establishing an effective information system. Moreover, del Valle
etal. (2022) stated that coherent policies across sectors can facilitate
access to diverse foods, and they confirmed that effective food
governance strongly affects DD.

Linking sustainable farm practices with
dietary diversity of households

Sustainable farming practices are crucial for the food and
nutrition security of agricultural households. Therefore, farming
communities are adopting different sustainable practices at the farm
level to overcome climatic vulnerabilities and ensure food security of
their households. The farmers were categorized based on their
adoption levels of different sustainable farming practices. The farmers
adopting all six sustainable farming practices were categorized as full
adopters, and those adopting any single sustainable farming practice
were included in the solo adopter group. Farmers with four to five
sustainable practices on their farms were considered multiple
adopters, and those adopting only two to three practices were termed
partial adopters.

The propensity score matching results revealed that the
adoption of a greater number of sustainable practices at the farm
level results in better DD than the adoption of a lower number of
sustainable farming practices. For example, full adopter farmers
had 0.14 and 0.10 higher dietary diversity than partial and solo
adopters, respectively. Similarly, multiple adopters had 0.09 higher
dietary diversity than single adopters (Table 4). This may
be because the implementation of additional sustainable
agricultural practices improves DD by stimulating the overall
resilience and output of the farms. The result is an increased
availability of a greater variety of foods consumed in the
household. Those living in rural areas, where families are
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TABLE 4 Propensity score matching results.

10.3389/fsufs.2025.1660246

Adoption status Average difference

Full adopter

Multiple adopter

0.78

0.71

0.07* (0.02)

Full adopter

Partial adopter

0.78 0.68 0.10%* (0.04)
Full adopter Solo adopter

0.78 0.65 0.13** (0.05)
Multiple adopter Partial adopter

0.75 0.67 0.05 (0.04)
Multiple adopter Solo adopter

0.75 0.66 0.09%* (0.04)

Partial adopter

Solo adopter

0.67

0.66

0.02 (0.07)

*, and ** shows significance level at 1 and 5%, respectively. The values in the parentheses are standard errors.

commonly dependent on their own production, this kind of
diversity on the farm has a direct reflection of a more diverse and
healthier diet. These results align with those of Haq et al. (2021)
and Teklewold et al. (2019), who also reported that farmers with a
higher number of farm practices at the farm level have a higher
daily dietary intake than those with a lower number of
farm practices.

Conclusion

DD among agricultural households in rural areas is a major
challenge under continuously changing climatic conditions, social
structures, and government circumstances. Therefore, the core
objective of this study was to link ESG in agriculture to the DD of
farmers in Pakistan. A total of 435 agricultural households were
selected for direct face-to-face interviews through multistage
purposive and random sampling techniques from four agro-climatic
zones of Punjab, Pakistan. The study used binary probit model to link
ESG aspects with dietary diversity of agricultural households.
Moreover, the Simpson diversity index was used to estimate the DD
of agricultural households. The overall average DD score of the
farmers was 0.74, which indicates that agricultural households had a
good DD level. Among the six food groups, cereals had the largest
share of total calories consumed. The findings of the binary probit
model revealed that households with high income and small family
size were more likely to have a high DD. Similarly, the findings
indicated a significant impact of ESG dimensions on the DD of the
agricultural households. This implies that the adoption of sustainable
farming practices, high NK, WE, and accessible and transparent GO
have a strong positive impact on DD. Moreover, a high GO leads to
more equitable service delivery, which contributes to improved
DD. The results also revealed that the adoption of a greater number of
sustainable practices at the farm level results in better dietary diversity
than those farmers with the adoption of a lower number of sustainable
farming practices. Thus, promoting environmental sustainability,
social inclusion, and good governance is crucial for enhancing food
and nutrition security in the country.
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Based on the study findings, following policies are recommended to
improve dietary diversity and sustainable agricultural practices. National
and local governments must ensure fair and targeted subsidies and cash
transfer programs to low-income and marginalized rural families to
improve their dietary diversity. Farmers should be encouraged to increase
environmentally oriented farm practices through rewards, training, and
demonstrations. To foster the adoption of sustainable farm practices and
improve DD, farmers practicing environmentally friendly farm practices
must be linked with separate premium markets to increase their
profitability and adoption. To enhance NK, nutritional literacy programs
should be integrated into agricultural extension services and local
community health centers to raise awareness among rural households
about the importance of DD. To empower women, their access to
agricultural resources must be increased by making credit and farm
inputs more accessible. Moreover, nutrition-oriented education must
be incorporated into community women’s groups to improve the mental
health and dietary choices of women in rural families. For good
governance, transparency and fair distribution of food and agricultural
programs must be ensured. Similarly, grievance redressal mechanisms
and the implementation of food policies at the local level must
be functional, visible, and accessible to all. The government must launch
a digital system to avoid favoritism and improve the monitoring of welfare
programs. Moreover, investment in developing rural infrastructure and
storage facilities must be increased to lower post-harvest losses. Similarly,
agricultural policies must be aligned with national nutritional goals by
encouraging and supporting diversified farming systems.

The study has following limitations which also must be kept in
mind while generalizing the findings of the study. This study used
cross-sectional data, which may not fully indicate the causal
relationship between variables. Future studies should focus on
longitudinal or panel data to examine reliable cause-and-effect
relationships. Further, this study was conducted in Punjab province
and did not consider geographical differences present country.
Therefore, there is a potential for further studies with wider
geographical distribution including all provinces of the country.
Moreover, cultural variations may also influence the ESG and DD
pathways; for this purpose, future studies may consider cultural
variation as one of the most important elements of DD.

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1660246
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Chen et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by University of
Education Lahore, Pakistan. The studies were conducted in accordance
with the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

SC: Conceptualization, Writing - review & editing, Investigation,
Methodology, Visualization, Software, Writing — original draft. AH:
Writing - review & editing, Conceptualization, Writing — original draft,
Project administration, Data curation. MA: Resources, Writing — review
& editing, Funding acquisition, Writing — original draft, Visualization,
Supervision.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The study was funded by
the Alexander von Humboldt Foundation, Germany, under the
project award No. Ref 3.5—DEU—1212362 -FLF—P. The article
processing fee for open access publication of this paper was paid
through the funding provided by AvH, Germany.

Acknowledgments

Muhammad Arshad greatly acknowledges financial support
from the Alexander von Humboldt (AvH) Foundation, Germany,

References

Adeel, M., and Yeh, A. G. (2018). Gendered immobility: influence of social roles and
local context on mobility decisions in Pakistan. Transp. Plan. Technol. 41, 660-678. doi:
10.1080/03081060.2018.1488932

Ahmed, A., Hoddinott, J., Quisumbing, A., Menon, P.,, Ghostlaw, J., Pereira, A., et al.
(2020). Combined interventions targeting agriculture, gender and nutrition improve
agriculture production and diet diversity more than individual interventions in
Bangladesh. Curr. Dev. Nutr. 4:nzaa053_003. doi: 10.1093/cdn/nzaa053_003

Akerele, D., and Shittu, A. M. (2017). Can food production diversity influence farm
households’ dietary diversity? An appraisal from two-dimensional food diversity
measures. Int. J. Soc. Econ. 44, 1597-1608. doi: 10.1108/IJSE-03-2016-0080

Alam, M. ], Begum, I. A., Mastura, T, Kishore, A., Woodhill, J., Chatterjee, K., et al.
(2023). Agricultural diversification and intra-household dietary diversity: panel data
analysis of farm households in Bangladesh. PLoS Omne 18:€0287321. doi:
10.1371/journal.pone.0287321

Ali, A. (2021). Current status of malnutrition and stunting in Pakistani children: what
needs to be done? J. Am. Coll. Nutr. 40, 180-192. doi: 10.1080/07315724.2020.1750504

Alotaibi, B. A., Abbas, A., Azeem, M. L, Shahbaz, P,, ul Haq, S., and Nayak, R. K.
(2025). Role of risk perception and climate change beliefs in adoption of climate-resilient
agricultural ~ practices in Saudi Arabia. Clim. Serv. 38:100552. doi:
10.1016/j.cliser.2025.100552

Frontiers in Sustainable Food Systems

11

10.3389/fsufs.2025.1660246

Ref 3.5—DEU—1212362
-FLF—P. The article processing fee for open access publication of

under the project award No.

this paper was paid through the funding provided by AvH,
Germany.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fsufs.2025.1660246/
full#supplementary-material

Baxter, J. A. B., Wasan, Y., Islam, M., Cousens, S., Soofi, S. B., Ahmed, I, et al. (2022).
Dietary diversity and social determinants of nutrition among late adolescent girls in
rural Pakistan. Matern. Child Nutr. 18:¢13265. doi: 10.1111/mcn.13265

del Valle, M. M., Shields, K., Alvarado Vézquez Mellado, A. S., and Boza, S. (2022).
Food governance for better access to sustainable diets: a review. Front. Sustain. Food Syst.
6:784264. doi: 10.3389/fsufs.2022.784264

DFID (1999). Department for International Development. Sustainable livelihoods
guidance sheets. London: DFID.

Elolu, S., Agako, A., and Okello, D. M. (2023). Household food security, child dietary
diversity and coping strategies among rural households. The case of Kole District in
northern Uganda. Dialog Health 3:100149. doi: 10.1016/j.dialog.2023.100149

Fanzo, ], Bellows, A. L., Spiker, M. L., Thorne-Lyman, A. L., and Bloem, M. W. (2021).
The importance of food systems and the environment for nutrition. Am. J. Clin. Nutr.
113, 7-16. doi: 10.1093/ajcn/nqaa313

FAO. (2018). Sustainable food systems: concept and framework. Food and Agriculture
Organization of the United Nations. Available online at: http://www.fao.org/3/ca2079en/
CA2079EN.pdf (Accessed May 20, 2025).

FAO and GoP. (2001). Pakistan dietary guidelines for better nutrition. Available
online at: http://www.fao.org/fileadmin/templates/food_composition/documents/

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1660246
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1660246/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1660246/full#supplementary-material
https://doi.org/10.1080/03081060.2018.1488932
https://doi.org/10.1093/cdn/nzaa053_003
https://doi.org/10.1108/IJSE-03-2016-0080
https://doi.org/10.1371/journal.pone.0287321
https://doi.org/10.1080/07315724.2020.1750504
https://doi.org/10.1016/j.cliser.2025.100552
https://doi.org/10.1111/mcn.13265
https://doi.org/10.3389/fsufs.2022.784264
https://doi.org/10.1016/j.dialog.2023.100149
https://doi.org/10.1093/ajcn/nqaa313
http://www.fao.org/3/ca2079en/CA2079EN.pdf
http://www.fao.org/3/ca2079en/CA2079EN.pdf
http://www.fao.org/fileadmin/templates/food_composition/documents/regional/Book_Food_Composition_Table_for_Pakistan_.pdf

Chen et al.

regional/Book_Food_Composition_Table_for_Pakistan_.pdf  (Accessed 14

June 2025).

FAO and GoP. (2018). Pakistan dietary guidelines for better nutrition. Available online
at: http://www.fao.org/3/cal868en/CA1868EN.pdf (Accessed 10 June 2025).

FAO IFAD UNICEF WFP WHO (2023). The state of food security and nutrition in
the world 2023 Available online at: https://openknowledge.fao.org/items/445c9d27-
b396-4126-96¢9-50b335364d01 (Accessed June 10, 2025).

Geng, J., Haq, S. U,, Abbas, J., Ye, H., Shahbaz, P, Abbas, A., et al. (2022). Survival in
pandemic times: managing energy efficiency, food diversity, and sustainable practices
of nutrient intake amid COVID-19 crisis. Front. Environ. Sci. 10:945774. doi:
10.3389/fenvs.2022.945774

Giller, K. E., Delaune, T,, Silva, J. V., Descheemaeker, K., Van De Ven, G., Schut, A. G.,
et al. (2021). The future of farming: who will produce our food? Food Secur. 13,
1073-1099. doi: 10.1007/s12571-021-01184-6

GOP (2025) Agriculture. Available online at: https://www.finance.gov.pk/survey/
chapters_23/02_Agriculture.pdf (Accessed April 11, 2025).

Gordillo, G., and Jeronimo, O. M. (2013). Food security and sovereignty. Rome, Italy:
Food and Agriculture Organisation United Nations.

Government of Pakistan. (2019). Pakistan economic survey 2018-2019. Ministry of
Finance. Available online at: http://www.finance.gov.pk/survey_1819.html (Accessed
May 20, 2025).

Government of Punjab. (2023). Punjab agriculture policy 2018-2028. Department of
Agriculture, government of the Punjab. Available online at: https://agripunjab.punjab.
gov.pk/ (Accessed June 12, 2025).

Hammad, A., Ali, A., Mushtag, K., and Kousar, R. (2024). Investigating the pattern
and determinants of crop diversification: policy recommendations for sustainable
diversified farming in Punjab, Pakistan. J. Econ. Impact. 6, 174-180. doi:
10.52223/econimpact.2024.6208

Hag, S., Boz, I, and Shahbaz, P. (2021). Adoption of climate-smart agriculture
practices and differentiated nutritional outcome among rural households: a case
of Punjab  province, Pakistan. Food Sec. 13, 913-931. doi:
10.1007/s12571-021-01161-z

Hagq, S. U, Shahbaz, P, Abbas, A., Alhafi Alotaibi, B., Nadeem, N., and Nayak, R. K.
(2023). Looking up and going down: does sustainable adaptation to climate change
ensure dietary diversity and food security among rural communities or vice versa? Front.
Sustain. Food Syst. 7:1142826. doi: 10.3389/fsufs.2023.1142826

Hassaan, M. A., Alishba, H., Aslam, S., Danyal, M., Abbas, Z., Ullah, A., et al. (2024).
Crop rotation as an economic strategy for small-scale farmers: evidence from Punjab,
Pakistan. J. Oasis Agric. Sustain. Dev. 6, 31-39. doi: 10.56027/JOASD.192024

Hou, X. (2011). Women's decision making power and human development: evidence
from Pakistan. In: World Bank Policy Research Working Paper, (5830).

Huang, Y., Nie, E, and Jia, X. (2023). Forty years after poverty reduction in China: the
role of women’s empowerment in enhancing food security and diet diversity. Nutrients
15:2761. doi: 10.3390/nul15122761

Jones, A. D. (2017). Critical review of the emerging research evidence on agricultural
biodiversity, diet diversity, and nutritional status in low-and middle-income countries.
Nutr. Rev. 75, 769-782. doi: 10.1093/nutrit/nux040

Kartikasari, D., Yuliana, Y., and Yulastri, A. (2024). Hubungan antara Tingkat
Pendapatan Keluarga dan Pola Konsumsi Pangan Masyarakat: Sebuah Literatur Review.
YASIN 4, 1803-1815. doi: 10.58578/yasin.v4i6.4492

Kassie, M., Fisher, M., Muricho, G., and Diiro, G. (2020). Women’s empowerment
boosts the gains in dietary diversity from agricultural technology adoption in rural
Kenya. Food Policy 95:101957. doi: 10.1016/j.foodpol.2020.101957

Kiani, A. K., Dhuli, K., Donato, K., Aquilanti, B., Velluti, V., Matera, G., et al. (2022).
Main nutritional deficiencies. J. Prev. Med. Hyg. 63:E93. doi: 10.15167/2421-4248/
jpmh2022.63.283.2752

Kihiu, E. N., and Amuakwa-Mensah, F. (2021). Agricultural market access and dietary
diversity in Kenya: gender considerations towards improved household nutritional
outcomes. Food Policy 100:102004. doi: 10.1016/j.foodpol.2020.102004

Ma, L., Shahbaz, P, Haq, S. U,, and Boz, L. (2023). Exploring the moderating role of
environmental education in promoting a clean environment. Sustainability 15:8127. doi:
10.3390/su15108127

Mastura, T., Begum, I. A,, Kishore, A., Jackson, T., Woodhill, J., Chatterjee, K., et al.
(2023). Diversified agriculture leads to diversified diets: panel data evidence from
Bangladesh. Front. Sustain. Food Syst. 7:1044105. doi: 10.3389/fsufs.2023.1044105

Melesse, M. B. (2020). Effect of nutrition knowledge and women's empowerment on
nutrition outcomes of children in rural Ethiopia

Muthayya, S., Rah, J. H., Sugimoto, J. D., Roos, E. E, Kraemer, K., and Black, R. E.
(2013). The global hidden hunger indices and maps: an advocacy tool for action. PLoS
One 8:¢67860. doi: 10.1371/journal.pone.0067860

Ngoma, H., Simutowe, E., Manyanga, M., and Thierfelder, C. (2023).
Sustainable intensification and household dietary diversity in maize-based

Frontiers in Sustainable Food Systems

12

10.3389/fsufs.2025.1660246

farming systems of Zambia and Zimbabwe. Outlook Agric. 52, 34-46. doi:
10.1177/00307270221150660

Nguyen, M. C., and Winters, P. (2011). The impact of migration on food
consumption patterns: the case of Vietnam. Food Policy 36, 71-87. doi:
10.1016/j.foodpol.2010.11.001

Nkumulwa, H. O., and Pauline, N. M. (2021). Role of climate-smart agriculture in
enhancing farmers' livelihoods and sustainable Forest management: a case of villages
around Songe-Bokwa Forest, Kilindi District, Tanzania. Front. Sustain. Food Syst.
5:671419. doi: 10.3389/fsufs.2021.671419

Omotoso, A. B., and Omotayo, A. O. (2025). Enhancing dietary diversity and food
security through the adoption of climate-smart agricultural practices in Nigeria: micro
level evidence. Environ. Dev. Sustain. 27, 17077-17094. doi: 10.1007/s10668-024-04681-8

Pakistan Bureau of Statistics (2023). Digital census 2023 summary results. Available
online at: https://www.pbs.gov.pk/ (Accessed June 21, 2025).

Pakistan Ministry of National Food Security and Research. (2023). Pakistan
agriculture statistics 2022-2023. Islamabad: MNFSR. Available online at: https://mnfsr.
gov.pk/Publications (Accessed April 12, 2025).

Pienaah, C. K., Saaka, S. A., Yengnone, H. Z., Molle, M. N,, and Luginaah, I. (2024). Does
government food demonstration intervention influence household dietary diversity in the
upper west region of Ghana? PLoS One 19:¢0302869. doi: 10.1371/journal.pone.0302869

Planning and Development Board Punjab. (2023). Punjab development statistics 2023.
Bureau of Statistics, government of the Punjab. Available online at: https://bos.punjab.gov.
pk/ (Accessed May 28, 2025).

Punjab Agriculture Department. (2023). Annual report 2023. Government of Punjab.
Available online at: https://agripunjab.punjab.gov.pk/crop-production (Accessed June
11, 2025).

Qureshi, M. E., Dixon, J., and Wood, M. (2015). Public policies for improving food and
nutrition security at different scales. Food Secur. 7, 393-403. doi: 10.1007/s12571-015-0443-z

Rasool, A., Badar, H., Blare, T. D., Ghafoor, A., and Mushtaq, K. (2023). Farm
productivity and social sustainability in formalized value chain governance: the case of
the potato industry in Pakistan. Renew. Agric. Food Syst. 38:52. doi:
10.1017/S174217052300042X

Ritchie, H., Reay, D. S., and Higgins, P. (2018). Beyond calories: a holistic
assessment of the global food system. Front. Sustain. Food Syst. 2:57. doi:
10.3389/fsufs.2018.00057

Ruel, M. T. (2003). Operationalizing dietary diversity: a review of measurement issues
and research priorities. J. Nutr. 133, 39115-3926S. doi: 10.1093/jn/133.11.3911S

Scoones, I. (1998). Sustainable rural livelihoods: a framework for analysis. The
Institute of Development Studies and Partner Organisations. Report. Available online
at: https://hdlLhandle.net/20.500.12413/3390 (Accessed March 15, 2025).

Shahbaz, P, Boz, I, and Ul Hag, S. (2020). Adaptation options for small livestock
farmers having large ruminants (cattle and buffalo) against climate change in Central
Punjab  Pakistan.  Environ. Sci. Pollut. ~Res. 27, 17935-17948. doi:
10.1007/s11356-020-08112-9

Shahbaz, P,, Ul Hagq, S., Abbas, A., Batool, Z., Alotaibi, B. A., and Nayak, R. K. (2022).
Adoption of climate smart agricultural practices through women involvement in
decision making process: exploring the role of empowerment and innovativeness.
Agriculture 12:1161. doi: 10.3390/agriculture12081161

Sibhatu, K. T,, Arslan, A., and Zucchini, E. (2022). The effect of agricultural programs
on dietary diversity and food security: insights from the smallholder productivity
promotion  program  in  Zambia.  Food  Policy = 113:102268.  doi:
10.1016/j.foodpol.2022.102268

Teklewold, H., Gebrehiwot, T., and Bezabih, M. (2019). Climate smart agricultural
practices and gender differentiated nutrition outcome: an empirical evidence from
Ethiopia. World Dev. 122, 38-53. doi: 10.1016/j.worlddev.2019.05.010

UNICEE (2019). National nutrition survey Pakistan 2018. Government of Pakistan
and UNICEF. Available online at: https://www.unicef.org/pakistan/reports/national-
nutrition-survey-2018-key-findings-report (Accessed June 21, 2025).

Utami, N. W. A. (2023). The association of family characteristics with dietary diversity
among adolescent girls in Denpasar City, Bali, Indonesia. Age 20, 1-7.

Ventura, A. M., Morillas, L., Martins-Lougdo, M. A., and Cruz, C. (2021). Women’s
empowerment, research, and management: their contribution to social sustainability.
Sustainability 13:12754. doi: 10.3390/su132212754

Woodhill, ], Kishore, A., Njuki, J., Jones, K., and Hasnain, S. (2022). Food systems and
rural wellbeing: challenges and opportunities. Food Secur. 14, 1099-1121. doi:
10.1007/s12571-021-01217-0

World Bank (2021). Pakistan climate risk country profile Available online at:
https://climateknowledgeportal.worldbank.org/country/pakistan/climate-data-
projections (Accessed May 17, 2025).

Yimer, E, and Tadesse, E. (2016). Synopsis: women’s empowerment in agriculture and
dietary diversity in Ethiopia. Research Paper on Economics. Available online at: https://
econpapers.repec.org/RePEc:fpr:essprn:55 (Accessed March 07, 2025).

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1660246
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://www.fao.org/fileadmin/templates/food_composition/documents/regional/Book_Food_Composition_Table_for_Pakistan_.pdf
http://www.fao.org/3/ca1868en/CA1868EN.pdf
https://openknowledge.fao.org/items/445c9d27-b396-4126-96c9-50b335364d01
https://openknowledge.fao.org/items/445c9d27-b396-4126-96c9-50b335364d01
https://doi.org/10.3389/fenvs.2022.945774
https://doi.org/10.1007/s12571-021-01184-6
https://www.finance.gov.pk/survey/chapters_23/02_Agriculture.pdf
https://www.finance.gov.pk/survey/chapters_23/02_Agriculture.pdf
http://www.finance.gov.pk/survey_1819.html
https://agripunjab.punjab.gov.pk/
https://agripunjab.punjab.gov.pk/
https://doi.org/10.52223/econimpact.2024.6208
https://doi.org/10.1007/s12571-021-01161-z
https://doi.org/10.3389/fsufs.2023.1142826
https://doi.org/10.56027/JOASD.192024
https://doi.org/10.3390/nu15122761
https://doi.org/10.1093/nutrit/nux040
https://doi.org/10.58578/yasin.v4i6.4492
https://doi.org/10.1016/j.foodpol.2020.101957
https://doi.org/10.15167/2421-4248/jpmh2022.63.2S3.2752
https://doi.org/10.15167/2421-4248/jpmh2022.63.2S3.2752
https://doi.org/10.1016/j.foodpol.2020.102004
https://doi.org/10.3390/su15108127
https://doi.org/10.3389/fsufs.2023.1044105
https://doi.org/10.1371/journal.pone.0067860
https://doi.org/10.1177/00307270221150660
https://doi.org/10.1016/j.foodpol.2010.11.001
https://doi.org/10.3389/fsufs.2021.671419
https://doi.org/10.1007/s10668-024-04681-8
https://www.pbs.gov.pk/
https://www.mnfsr.gov.pk/Publications
https://www.mnfsr.gov.pk/Publications
https://doi.org/10.1371/journal.pone.0302869
https://bos.punjab.gov.pk/
https://bos.punjab.gov.pk/
https://agripunjab.punjab.gov.pk/crop-production
https://doi.org/10.1007/s12571-015-0443-z
https://doi.org/10.1017/S174217052300042X
https://doi.org/10.3389/fsufs.2018.00057
https://doi.org/10.1093/jn/133.11.3911S
https://hdl.handle.net/20.500.12413/3390
https://doi.org/10.1007/s11356-020-08112-9
https://doi.org/10.3390/agriculture12081161
https://doi.org/10.1016/j.foodpol.2022.102268
https://doi.org/10.1016/j.worlddev.2019.05.010
https://www.unicef.org/pakistan/reports/national-nutrition-survey-2018-key-findings-report
https://www.unicef.org/pakistan/reports/national-nutrition-survey-2018-key-findings-report
https://doi.org/10.3390/su132212754
https://doi.org/10.1007/s12571-021-01217-0
https://climateknowledgeportal.worldbank.org/country/pakistan/climate-data-projections
https://climateknowledgeportal.worldbank.org/country/pakistan/climate-data-projections
https://econpapers.repec.org/RePEc:fpr:essprn:55
https://econpapers.repec.org/RePEc:fpr:essprn:55

	Linking sustainable food systems and dietary diversity among agricultural communities: an ESG-based analysis
	Introduction
	Review of literature
	Theoretical framework

	Materials and methods
	Study area
	Study questionnaire and data collection
	Diet diversity
	Statistical and econometric analysis

	Results and discussion
	Environment, social and governance aspects in agricultural households
	Share of different food groups in daily dietary intake
	Dietary diversity of agricultural households
	Impact of ESG on diet diversity of agricultural households
	Linking sustainable farm practices with dietary diversity of households

	Conclusion

	References

