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Abstract: Ensuring food and nutrition security (FNS) is a formidable challenge under increasing
population pressure. Governments around the globe have been striving to achieve this goal, but a
major impact is attainable once the masses opt for measures at the household level. We conducted
this study to explore household-level practices aimed at ensuring FNS and their association with
FNS in rural Pakistan. Using cluster analysis, we divided a sample of 200 randomly selected rural
households into high and low FNS groups, the majority of which belonged to the low FNS group.
Logistic regression was applied to explore the association between household-level measures with
the FNS of rural households. The households in the high FNS group adopted a greater number of
measures for ensuring FNS. Households headed jointly by a male and female showed to have a
higher likelihood of FNS. Similarly, households adopting diversification strategies on their farms
were more likely to have high FNS. Moreover, households with working women exhibited a greater
probability of experiencing high FNS. Similarly, households’ adoption of value addition in dairy
products decreases the probability of food and nutrition insecurity. This study concludes with
an emphasis on women’s empowerment, off-farm income diversification, and on-farm enterprise
diversification to address FNS challenges.

Keywords: food security; nutrition security; rural household; livelihood; accessibility

1. Introduction

Food and nutrition insecurity is one of the greatest problems faced by humanity due to
limited resources and an increasing population, especially in developing and low-income
countries. People residing in rural areas of developing countries will be more at risk of food
and nutrition insecurity in the near future owing to climate change and uncertain economic
conditions. More than 820 million people globally were not able to fulfill their energy
requirements in 2015–2018 [1], and the majority of these people belonged to low-income,
developing countries. To add to this complexity, the global population is expected to reach
about 9.8 billion by 2050. Moreover, the COVID-19 pandemic will not only increase the
number of poor people in the world, but will also make it more difficult for many people
in developing countries to maintain food and nutritional security (FNS) [2]. Therefore,
governments around the globe are facing tremendous challenges in ensuring the FNS of
their populations [3].
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FNS is a combination of both food security as well as nutrition security. The food
security component individually uses the economic approach in which food as a commodity
is the main focus, and the nutrition component individually targets the nutritional status of
people by using a biological approach. Neither food security nor nutrition independently
is sufficient to provide adequate nutrition status to people to ensure health and prevent
diseases. Human needs can only be fulfilled by providing well-diversified nutritious
foods with essential required micro-and macronutrients. Experts use the term FNS to
include both components together. FNS is attained if sufficient food (quantity, quality,
safety, socio-cultural acceptability) is available, accessible, and satisfactorily utilized by all
individuals at all times to live a healthy and active life [4]. Despite FNS being a priority
of many governments, two billion people lack access to safe, adequate, and healthy food
worldwide. Food is readily available in Pakistan, but the overall situation of FNS is poor
in the country. High levels of poverty give Pakistan some of the highest rates of hunger,
undernourishment, and childhood stunting in the world. More than 20% (42 million) of
the country’s total population is undernourished [1]. Food systems and related natural
resources are under extreme pressure due to the growing population.

Climate change also affects food production and rural incomes. This affects the entire
food chain, including production, distribution, and consumption [1], making it more
difficult to ensure FNS and forcing parents to take difficult measures such as working in
non-agricultural activities or withdrawing their children from school to work and earn
money for food. Thus, households not only take measures on agricultural farms to improve
their production and income [5] but also adopt different off-farm strategies to maintain FNS.
Climate-coping mechanisms such as diversifying practices, soil and water conservation,
and the adoption of improved seed varieties can increase farm productivity and household
incomes [6–8]. Low-income rural households may seek to maximize their utility by using
cheaper foods with low nutrients [9]. Moreover, low-income people tend to seek quantity
over quality to escape from severe hunger [10]. Food is cultural for many people, and
both food and culture are interwoven [11]. Cultural and traditional practices to produce,
prepare, and preserve food can also affect the FNS of households. These practices may vary
among different societies based on social norms and cultural values. Small and medium
entrepreneurship activities play a vital role in household poverty reduction [12–14]. Women
undertake a large part of household entrepreneurship activities that enhance the FNS of
the rural households.

Thus, climate change adaptation strategies at the farm level alone are not sufficient
to ensure FNS in rural households. Other strategies such as entrepreneurial practices,
participation in off-farm activities, preserving and storing facilities for food, and quality of
drinking water are also equally important. Some studies [6,15–18] have explored the effect
of climate change strategies adopted at the farm level to support food security. However,
there is limited literature on the effect of on-farm and off-farm measures to safeguard FNS.
Therefore, this study contributes to fill the gap in the literature. For this purpose, we used a
holistic approach to examine the association between adopted strategies and FNS at the
household level by considering on-farm and off-farm practices together.

This study proceeds as follows: first, we explore existing practices at the household
level (on-farm and off-farm) to reduce food and nutrition insecurity in rural areas in
Pakistan. Second, we analyze the association between on-farm and off-farm strategies and
FNS of rural households.

We also examine policy implications for governmental institutions working to im-
prove FNS in Pakistan by emphasizing household-level practices. The results provide
insightful information about the practices useful to federal and provincial institutions and
non-governmental organizations for their policy priorities to enhance FNS among rural
households.
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2. Materials and Methods
2.1. Study Area and Sample Size

Faisalabad is the third-largest city in Pakistan, and more than 50% of its population
lives in rural areas. The district has fertile agricultural land, helping to improve the FNS
not only in the Punjab province but also in the country [19]. Therefore, Faisalabad was
selected as the study area for this research (Figure 1).

Figure 1. Study area.

After selecting the Faisalabad district of the Punjab province as the study area, the
next challenge was to extract a representative sample size. For this purpose, Cochran’s
sample size determination formula [20] was used. The formula is as follows:

no = Z2 × p × q/e2

where “n” is the sample size, “Z” describes the abscissa of the normal curve that cuts
off an area α at the tails, “e” depicts the desired level of precision, “p” is the estimated
proportion of an attribute, and “q” is equal to 1 − p. The value of “p” is equal to 0.5
(maximum variability) at the desired confidence interval; the precision level is assumed as
±7%. By putting these values in the above formula with Z = 1.96, a sample size of 196 rural
households was estimated. The estimated sample size was distributed throughout the
smallest residency units (villages) by applying the multistage random sampling technique.

In Pakistan, a district is further divided into smaller administrative units locally known
as “tehsils”. Faisalabad consists of 5 tehsils. Similarly, a tehsil is composed of even smaller
units called union councils. In the second step, 5 union councils with the largest numbers
of rural households from each tehsil were selected. A union council consists of 4–8 villages
and 4 villages from each union council were randomly chosen (total 20 villages) in this step.

Lastly, the selected sample size of 196 was proportionally divided into 20 villages and
resulted in a number of 9.8 (196/20) households from each village for the survey. This
number was rounded to 10, and data from 200 rural households were collected through
face-to-face surveys by experienced male and female enumerators in January–February
2020 before the beginning of COVID-19 in the country. These 10 rural households were
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randomly selected from each village’s list of households, which was obtained from the
village heads (“numberdar” in the local language). The adult family members of the
households, both male and female, were interviewed directly to obtain data on FNS.

The questionnaire was validated (content validity) by a panel of 6 experts familiar
with the FNS situation of Pakistani households. Per the experts’ recommendation, the
questionnaire, initially prepared in English, was translated into Urdu by a researcher. The
English and Urdu versions of the questionnaire were sent to a translator to ensure that the
content was understandable.

A pilot study was conducted to assess instrument content validity and reliability. The
pilot survey assisted in the arrangement of the questionnaire for the final survey. For
example, sociodemographic questions were asked first in the pilot survey questionnaire,
and respondents were hesitant to answer them at the beginning of the survey. Therefore,
the sociodemographic questions were placed at the end of the final survey questionnaire.
Another important detail noticed during the pilot survey was that no female respondent
was comfortable facing male enumerators due to cultural barriers.

The respondents were invited to participate in the study and informed about its
purpose before starting the survey and only after obtaining their consent, respondents were
asked survey questions. The majority of the respondents gave their consent to participate
in the study, and 9% opted out. After providing consent, participants were informed that
their participation was completely voluntary and that they did not need to answer any
question they did not like.

2.2. Conceptual Framework

FNS for the current study was defined as when sufficient food was available to rural
families, and they had physical, social, and economic access to nutritious food that met their
dietary needs and food preferences, with a sanitary environment, adequate health services,
and knowledge/care to ensure an active and healthy life. All physical dimensions of food
security (FS) (availability, accessibility, utilization) and temporal dimensions (stability) were
interlinked with one another. These food security dimensions, along with the dimensions
of nutrition security (NS), including education and care, a sanitary environment, and health
status, are commonly considered in the assessment of household food and nutrition security
(FNS) [21,22]. The fourth dimension, food diversity, was added in the nutrition security
assessment for this study because food diversity is directly related to nutrition.

The households with the consumption of diversified food items in daily life are more
likely to have FNS than households with the consumption of homogenous food items in
daily life [23]. Education and care indicate the education level and care of households
related to food-borne diseases, cross-contamination, and the suitable temperature and
arrangement of food items in a refrigerator. The sanitary environment represents 5 key
elements of food safety: (1) keep food clean, (2) separate raw and cooked food, (3) cook food
thoroughly, (4) keep food at safe temperatures, and (5) use safe water and raw materials.
The health status dimension of nutrition security was aimed at measuring the health
conditions of households, the availability of healthcare services, and the ability of rural
households to benefit from those healthcare services, as health affects the nutrition status of
the people. Food intake and health status of individuals are interlinked and determine the
overall goal of food and nutritional security [24]. A household will be food and nutritionally
insecure if that household has either poor food security (FS) or poor nutrition security (NS).
On the other hand, a household will only be food and nutritionally secure if that household
has suitable FS and NS. Off-farm and on-farm practices, along with sociodemographic
characteristics, are taken as exogenous factors in this study (Figure 2).
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Figure 2. Conceptual framework for FNS of rural households.

2.3. Selection of Explanatory Variables

The explanatory variables used in this study were household-level strategies adopted
by the rural households to maintain their FNS. These household-level strategies were
selected with the assistance of experts familiar with FNS in Pakistan, the researchers’ own
observations, and by reviewing FNS-related literature. The household-level strategies were
divided into off-farm and farm-level strategies. Off-farm strategies included strategies
that assisted rural households in sustaining FNS through the provision of extra income,
maintaining health, and decreasing food waste. Such strategies consisted of off-farm income
strategies, health-related strategies, and traditional strategies to avoid food waste in the
house. These income strategies assisted farmers in generating extra income from sources
other than farming. Off-farm income strategies positively contribute to household food
security [25]. Such strategies include women’s participation in economic activities other
than farming and housework. Women’s participation in economic activities in addition to
their housework is positively associated with the FNS of their household [26]. The other
strategy included in off-income strategies is migrating abroad to earn extra non-farming
income. Foreign remittance is an important source of income for maintaining food security
in Pakistan [27]. Obi et al. [28] also stated that foreign remittances positively contribute to
the food security of the receiving households. The third strategy considered in off-farm
income strategies is the value addition of dairy products, such as the conversion of milk
to yogurt, butter, and cheese. These value-added products not only improve the income
of rural households but also add food diversity in the daily eating of rural households.
Multidimensional benefits of value addition, such as the prevention of food losses, the
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promotion of nutrition and health and entrepreneurship opportunities for families, can
significantly contribute to FNS [29]. Direct marketing is the sale of agricultural goods and
products from the farm straight to the consumer [30]. The direct marketing of dairy and
agricultural products enables farmers to earn a greater profit by excluding middlemen.
Poverty is common in rural areas of Pakistan, and 80% of its poor population lives in rural
areas [31].

Although child labor is prohibited in Pakistan, child labor is still a common strategy
to fulfill the daily food needs of households. Health and nutrition are linked to each other.
Rural households adopt different strategies such as buying perishable food commodities
on an as-needed basis, cooking at home, drinking clean water from canals, and maintaining
a careful diet for elders to maintain health. The majority of the traditional strategies
considered in this study is local and may vary by region and country. Traditional strategies
decrease food waste and also assist in saving income for rural households. All off-farm
strategies have the potential to directly or indirectly influence the FNS of rural households
either through increasing income or avoiding food waste.

The farm-level strategies considered in this study are diversification strategies, con-
servation agriculture, the use of modern inputs, and the purchase of agricultural land.
These strategies improve the farm productivity and income of rural households. Diversifi-
cation strategies include crop diversification, intercropping, and farm diversification. Crop
diversification is a cost-effective technique that reduces productivity uncertainties [32],
minimizes the occurrence of weeds [33], and lowers the cost of production by lowering the
use of weedicides [2]. Farm diversification helps farmers to overcome income shocks [27]
and meet daily needs for dairy food items [23]. Conservation strategies such as water
conservation strategies enable farmers to irrigate their crops efficiently [34].

Agroforestry lowers the land erosion risk that helps to maintain the soil quality. More-
over, it also provides a supplementary source of income to farmers [35]. The adoption
of green manure, crop rotation, and dry farming also enables farmers to improve soil
health, save inputs, and increase crop yield. The adoption of modern inputs enhances crop
productivity [36]. Thus, the farm-level strategies considered in this study either improve
agriculture productivity or save input costs, thus assisting rural households in improving
their FNS. In addition to the off-farm and farm-level strategies, sociodemographic charac-
teristics (gender of household head, family size, farming experience, and market distance)
were also used as independent variables in the study because they are also associated with
the FNS of households [23,37–39].

2.4. Measuring FNS of Rural Households

FNS of rural families was calculated from the responses to a series of questions. These
questions were related to the behavior, conditions, and experiences that apply to the rural
families when they are having difficulty in meeting basic needs to enjoy a healthy and active
life. Therefore, there are a number of indicators required to capture various combinations
of food conditions, experiences and behavior to measure the FNS of rural families [40].
For that, data were gathered regarding the food conditions, experiences, and behavior of
rural households, which serve as indicators to assess the FNS of the rural families in this
study. These statements are given in Appendix A. All these statements described whether
the condition or behavior occurred at any time during the previous 12 months. Moreover,
44 statements assessed cleaning of the house and refrigerator, keeping cooked and raw
food items separate, cooking food thoroughly, keeping food safe, and using safe water and
raw materials to estimate the sanitary environment dimension of NS. The food diversity
score was calculated by summing up the consumption frequency of vegetables, fruits, dairy
items, bakery items, and drinks. For this, respondents described these food items and
their consumption frequency whenever items were available. Voluntary fasting or dieting
activities to lose weight are thereby not included in measuring the FNS of rural household
families. Each response to the question was scored based on its contribution to the FNS of
the rural households. For example, a “no” response to the question, “We worried whether
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our food would run out before we got money to buy more,” was given score a score of 1.
Similarly, a “yes” response to the question, “We can afford to eat balanced meals,” was
assigned 1, otherwise 0.

The continuous variables such as education were scored based on the average educa-
tion of the sampled respondents. Those with an education level greater than the average
were assigned 1, otherwise 0. Food diversity was directly considered as more consumption
of different food, leading to high FNS. The scores of all question statements were summed
up to reach the dimension’s value of FNS. K-means cluster analysis was applied to these
dimensions’ values to divide the rural households into high and low FNS groups, denoted
as Cluster 2 and Cluster 1, respectively (Table 1).

Table 1. Results of the cluster analysis.

FNS Dimensions
Cluster 1 Cluster 2

Low FNS High FNS

HFANSS (Availability) 4.55 5.42
HFANSS (Accessibility) 7.31 9.02
HFANSS (Utilization) 6 6.27
HFANSS (Stability) 4.49 4.67
HFANSS (Sanitary environment) 25.7 28.09
HFANSS (Food diversity) 26.36 52.57
HFANSS (Education and care) 4.13 4.56
HFANSS (Health status) 4.26 4.53

2.5. Statistical Analysis

The prime objective of the study was to analyze the association of adopted household-
level strategies with the FNS of rural households. For this, the households belonging to the
high FNS group were assigned 1, and those belonging to the low FNS group were assigned
0. This categorical variable was used as a dependent variable in logistic regression. Four
sociodemographic variables—gender of household head, family size, farming experience,
and market distance from home—were used as independent variables in the analysis.
Climate change-countering measures at the farm level were categorized into three groups
(diversification, conservation, and modern input strategies), and an index was developed
for these categories. Similarly, an index was created for health-related strategies and
traditional strategies. These indices were used as independent variables in the model.
The categorical variables used were working women, migration to other countries, child
labor, value addition, direct marketing, and renting or purchasing land to examine these
strategies’ association with the FNS of rural households. The general functional form of the
logistic regression is given as [41]:

Pi = E
(

Y =
1
Xi

)
=

1
1 + e−(βo+βi Xi)

For the ease of exposition, the probability of high FNS households is given as:

Pi =
1

1 + e−(Zi)

The probability of low FNS households is 1 − Pi, thus:

Pi
1 − Pi

=
1 + e (Zi)

1 + e−(Zi)

Thus, the ratio of the probability that a household has high FNS to the probability that
a household has low FNS is:

Li = ln
∣∣∣∣ Pi
1 − Pi

∣∣∣∣ = Zi
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3. Results and Discussion
3.1. Descriptive Statistics of Sampled Rural Households

The majority (69%) of the rural households belonged to the low FNS group (Table 2).
This may be due to the prevalence of high poverty and large family sizes in the rural areas
of Pakistan, which limits the ability of rural households to attain sufficient FNS.

Table 2. Descriptive analysis for sampled rural households.

FNS Groups Description Frequency Percent

Low Low FNS rural households 138.00 69.00
High High FNS rural households 62.00 31.00

Independent variables Mean Std. Dev.

Sociodemographic factors

Gender of household head Assigned 1 if headed jointly by male and female, 0 otherwise 0.45 0.50
Family size Total number of members in a family 7.65 4.47
Farming experience Farming experience of the household head in years 20.81 12.88
Market distance Distance from home to market in kilometers 7.05 6.89

Household-level adopted strategies

1. Off-farm strategies

i. Off-farm income strategies

Working women Assigned 1 if a household had women working jobs other
than looking after their own home/farm, 0 otherwise 0.58 0.49

Migrating abroad Assigned 1 if a household member migrated abroad, 0
otherwise 0.25 0.43

Value addition Assigned 1 if household added value to their dairy products,
0 otherwise 0.41 0.49

Direct marketing Assigned 1 if household sold their products to consumers, 0
otherwise 0.37 0.48

Child labor Assigned 1 if child labor existed in a household, 0 otherwise 0.37 0.48

ii. Health-related strategies 0.53 0.22

Preparing food items at home Assigned 1 if household preferred to prepare own food, 0
otherwise 0.47 0.50

Buying fresh perishable
commodities

Assigned 1 if household preferred to buy fresh, perishable
commodities on a daily basis, 0 otherwise 0.50 0.50

Proper cleaning of home and
refrigerator

Assigned 1 if household cleaned home and refrigerator
properly on a regular basis, 0 otherwise 0.71 0.45

Use of drinking water from canal
pumps Assigned 1 if household drank canal water, 0 otherwise 0.45 0.50

Taking care of diet Assigned 1 if households took care of diet of elders, 0
otherwise 0.48 0.50

iii. Traditional strategies to avoid food waste 0.87 0.32

Avoiding purchase of food items in
bulk quantity

Assigned 1 if households avoided bulk purchasing of food
items, 0 otherwise 0.90 0.31

Use of ice for milk storage Assigned 1 if households used ice for milk storage, 0
otherwise 0.69 0.46

Cooking according to daily needs Assigned 1 if households cooked for daily needs only, 0
otherwise 0.88 0.33

Putting rice in sunshine Assigned 1 if households put rice in sunshine to save it from
insects/pests, 0 otherwise 0.96 0.20

Freezing milk Assigned 1 if households froze milk for future use, 0
otherwise 0.91 0.29
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Table 2. Cont.

FNS Groups Description Frequency Percent

2. Farm strategies

i. Diversification strategies 0.67 0.30

Crop diversification Assigned 1 if households practiced crop diversification, 0
otherwise 0.63 0.49

Intercropping Assigned 1 if households practiced intercropping, 0 otherwise 0.67 0.47

Farm diversification Assigned 1 if households were cultivating crops and animals
together, 0 otherwise 0.71 0.46

ii. Conservation strategies 0.61 0.24

Water conservation Assigned 1 if households practiced water conservation, 0
otherwise 0.73 0.45

Agroforestry Assigned 1 if households practiced agroforestry, 0 otherwise 0.59 0.49
Green manure Assigned 1 if households used green manure, 0 otherwise 0.46 0.50
Crop rotation Assigned 1 if households practiced crop rotation, 0 otherwise 0.54 0.50
Dry farming Assigned 1 if households practiced dry farming, 0 otherwise 0.76 0.43

iii. Adoption of modern inputs 0.77 0.25

New and high-yielding seed
varieties

Assigned 1 if households used new and high-yielding seed
varieties, 0 otherwise 0.91 0.29

Synthetic fertilizer Assigned 1 if households used synthetic fertilizer, 0 otherwise 0.71 0.46
Pesticides Assigned 1 if households used pesticides, 0 otherwise 0.71 0.45

Renting or purchasing land Assigned 1 if households purchased or rented land, 0
otherwise 0.89 0.31

Rural households reported that they employed a number of strategies to maintain and
improve the FNS of their families. These household-level measures were categorized into
two main groups: farm-level strategies and off-farm strategies. Each type of strategy has a
specific purpose that is associated with improving the FNS situation in rural areas. Health
status and traditional off-farm measures have more inclination towards the nutrition aspect
of FNS, while on-farm and off-farm income measures tilt more towards the food security
aspect. However, the integration of all these strategies is associated with increasing or
stabilizing all dimensions of the FNS of rural households.

Off-farm strategies help to improve the income level of rural households and thus
provide more resources not only to buy extra food but also to purchase new food cook-
ing/preserving items (refrigerator, microwave oven, pressure cooker, etc.). The first off-farm
income strategy adopted by the respondents was women working. Even though women
represent more than 49% of the total population, their labor force participation is low in
Pakistan due to cultural barriers and the unavailability of workable environments. FNS
issues, however, force women to work outside the home, and the majority (67%) of the
women labor force is involved only in agricultural activities [42]. Similarly, 58% of the
women in the sampled households are working to improve their family income as well
as FNS. Most of these women work within the boundary of their village or hometown as
domestic servants or in agricultural fields with their husbands as laborers. Poverty among
rural households also forces parents to take their children out of school and involve them
in paid work to fulfill family food and income requirements. Child labor is common in the
Punjab province despite its legal prohibition [43]. Child laborers work in agriculture fields,
the textile sector, the manufacturing sector, and at brick kilns. Child labor cannot be incen-
tivized to improve FNS. Therefore, more stringent laws and effective implementation are
needed to discourage this evil. Moreover, parental awareness and the support of different
NGOs can also prevent the pushing of children into labor. Food and nutrition insecurity
forced 37% of the total rural households to send their children to work, primarily in barber
shops, mechanical shops, and even as domestic servants in other cities. Migration to earn
income abroad was also practiced in the study area, with one in four people forced to leave
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their hometown for extra earnings to fulfill their household needs. More than 40% of the
rural households practice value addition to their dairy products. These value-addition
activities include preparing yogurt and butter from milk at home and selling it at the local
market. This not only adds extra income from the sale of the products that is used to buy
other food items, but also supports food diversity in the daily consumption of the rural
households involved in such activities. Furthermore, some rural households sell their farm
outputs, such as vegetables and fruits, directly to consumers. Approximately 37% of the
rural households in this study adopted this strategy to improve their FNS.

Health status strategies help keep rural households healthy and active by using
cheaper, fresh, and preferred food. About half (47%) of the rural households prefer to
use food items (marmalades, pickles, jams, etc.) prepared at home to control their food
expenditures and to ensure the quality of their food items. Almost 50% of the total rural
households purchase perishable commodities (vegetables, fruits) preferentially on a daily
basis. Safe and clean water is an integral part of the FNS. However, the situation of safe
water is precarious in the study area. Therefore, 45% of the total rural households fetch
drinking water from hand pumps erected on the sides of canals in rural areas.

The scarce availability of electricity, and food preserving, heating, and cooking appli-
ances (refrigerator, microwave oven, pressure cooker) force people residing in rural areas
to adopt some cultural and traditional strategies to decrease food waste and food and
nutrition insecurity. These strategies may vary among households and villages. Descriptive
analysis revealed that 90% of the rural families did not purchase food items in bulk because
of the unavailability of proper preserving facilities in order to avoid food waste. Another
cultural strategy involves the use of ice in the summer season for milk when electricity is
not available. This milk can be used not only for the day’s tea purposes but also for value
addition the next day. A majority of the rural households undertake this activity. Similarly,
88% of the rural families cook fresh food separately three times a day (breakfast, lunch, and
dinner) to lower the chances of wasting food. Almost 91% of rural families freeze milk in
the event of a sudden need during a shortage. More than 87% of the total rural households
adopted these cultural and traditional strategies for their FNS.

Farming is the main source of income for a large rural population in Pakistan. More-
over, sustainable agricultural production is the key to ensuring food and nutritional security
for an increasing population in the country, but climate change poses a great risk to the
agriculture sector. Thus, rural households take measures to ensure efficient farm production
as well as FNS. The low adaptive ability of rural households to climate change directly
affects food security [44]. Climate change adaptation strategies are divided into three broad
categories: diversification strategies, modern input strategies, and conservation strategies.
The adopted strategies minimize the impact on farm production that ultimately affects
the family income and enhance FNS for the rural population. Moreover, rural households
also increase their operational area either by renting or purchasing more land to achieve
economies of scale, which helps to save costs and increase production. This, in turn, helps
improve their FNS.

Diversification strategies minimize risk by diversifying the income source of rural
households. Another benefit of farm-level diversification strategies is that they provide
diversified foods to rural households, which helps to improve FNS. About 71% of the rural
households adopted farm diversification measures to improve their farm income. Overall,
the adoption of diversification strategies was 67% in the study area. Most of the rural
households in the locality preferred to diversify their farms in the form of rearing different
animals and cultivating different crops.

Healthy soil with essential nutrients and irrigation water are vital to production,
but both resources have limited availability. Therefore, the conservation of these scarce
resources is key, and rural households are well aware of this fact. The households surveyed
are taking measures to conserve these resources. In particular, 73% of the rural households
adopted water conservation strategies to save water and to lower seepage losses to increase
the irrigated area for better production of crops. Almost 46% of the rural households apply
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green manure to maintain soil fertility for sustainable earning and yield. Overall, 61% of
the total rural households adopted these conservation strategies on their farms to combat
climate change and to improve FNS.

The use of modern agricultural inputs is crucial for increasing farm productivity.
These modern input strategies include the use of new and high-yielding seed varieties,
synthetic fertilizers, and pesticides. Almost 77% of the total rural households adopted these
measures. The use of new and high-yielding seed varieties was the most common practice
on farms in the study area, exercised by 91% of the total rural households.

Sociodemographic factors showed that the average family size in the area was large
(eight members per family). The reason may be the joint family system of the country,
wherein many families live together under one roof. The large family size was also reported
by Haq et al. [45] in their findings on the same study area. Only in 45% of the total sampled
rural households were male and female household heads making decisions jointly.

3.2. Strategies Adopted by High and Low FNS Groups

Figure 3 shows the off-farm income strategies, health status strategies, and traditional
strategies to avoid food waste employed by low and high FNS rural household groups.
The proportion of working women in the high FNS group was much higher (71%) than
the proportion of working women (52%) in the low FNS group. Similarly, child labor
participation of the high FNS group was higher than the low FNS group. A greater
proportion of the rural households in the high FNS group add value to their dairy products
and directly sell their products to the final consumer than the low FNS group. The direct
selling of agricultural products to consumers offers better profits compared to selling
through middlemen.

Figure 3. Prevalence of off-farm strategies among high and low FNS households.

A larger proportion of the rural households in both groups preferred to use food items
(pickle, jams, and marmalades) from the market as compared to homemade food items.
This may be because the ingredients that are used in preparing these products are also
bought from markets. Therefore, many households prefer to buy these food items directly
from markets. On the other side, rural households preferring homemade food items may
be more satisfied with the food items. Around 60% of the rural households in the high
FNS group preferred to buy perishable commodities on a daily basis as compared to 44%
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of the low FNS group. Similarly, 93% of the total households in the high FNS group were
cleaning their homes and food-preserving facilities on a regular basis, while this proportion
was only 60% in the low FNS group. Traditional and cultural strategies to preserve and
reduce food waste were commonly adopted by the majority of rural households in both
high and low FNS groups.

Figure 4 depicts the farm-level strategies adopted by the low and high FNS groups.
The figure shows that 98% of the rural households belonging to the high FNS group opted
to grow their farm business by purchasing or renting more farmland compared with 84%
of the rural households in the low FNS group. The proportion of rural households that
adopted water conservation practices was almost the same in both FNS groups. Moreover,
the use of synthetic fertilizers was higher among the high FNS group as compared to
the low FNS group. Similarly, the adoption of crop diversification is more conspicuous
among the high FNS group (around 75% respondents in this category) compared with 57%
respondents in the low FNS group. As evident from Figure 4, the frequency of strategy
adoption is generally higher for high FNS households than low FNS households.
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3.3. Association of Household-Level Adopted Strategies with FNS of the Rural Families

Table 3 describes the results of logistic regression. The overall model was significant
(p < 0.01). The role of the household head is important in the FNS of a family [46], as all
decisions of a household are made by the head of the family, which ultimately affects the
income as well as the FNS of the family. Our results indicate that rural households making
all decisions jointly (male and female heads of household) are more likely to have high
FNS as compared to households in which decision making involves either a male or female
head only. This may be due to the fact that male household heads are mainly responsible
for the earning of income, whereas female household heads are responsible for making
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decisions on food preparation, processing, and preservation. In rural areas, decisions in
relation to food purchase and preparation are generally undertaken by the females of the
household [47]. Thus, appropriate decisions to improve FNS are only possible with the
involvement of both male and female household heads.

Table 3. Association of household-level adopted strategies with the FNS of the rural families.

Variables Coef. Std. Err. t-Values p-Values

Constant −8.531 1.978 −4.310 0.000

Sociodemographic factors

Gender of household head 1.940 * 0.793 2.450 0.002
Family size −0.133 ** 0.063 −2.100 0.036
Farming experience of family head 0.009 0.012 0.770 0.440
Market distance 0.022 0.026 0.820 0.410

Off−farm strategies

Off−farm income strategies

Working women 1.589 * 0.367 4.320 0.000
Migrating abroad 0.242 0.298 0.810 0.416
Value addition 0.556 * 0.200 2.780 0.007
Direct marketing 0.726 ** 0.335 2.170 0.030
Child labor 0.305 0.314 0.970 0.332
Health−related strategies 0.579 * 0.204 2.840 0.005
Traditional strategies to avoid food
waste 0.665 ** 0.222 3.000 0.003

Farm strategies

Diversification strategies 1.435 ** 0.581 2.470 0.013
Conservation strategies 0.326 0.730 0.450 0.656
Modern inputs −0.535 0.690 −0.780 0.438
Renting in or purchasing land 0.530 0.313 1.690 0.090

No. of observations = 200; Log likelihood = −51.368032; LR chi2 (15) = 144.9; Prob > chi2 = 0;
Pseudo R2 = 0.6851

* and ** represent significance at 1% and 5%, respectively.

Family size in rural households is also an important factor in FNS. Family size was
found to be negatively associated with the FNS of the rural households, which indicates
that rural households with a large family size are more likely to have low FNS than rural
households with a small family size. This result clearly highlights the importance of family
planning in the study area as well as in the country because large family sizes are common
in Pakistan, especially in rural areas. Therefore, more than 42 million people in the country
do not have access to enough safe food and water due to family size [48]. This finding is
consistent with the findings of Bogale [49], who reported that households having a large
family size are more likely to have low food security.

The presence of working women in the family was positively associated with FNS,
meaning that households with working women are more likely to have high FNS compared
to those that do not. Only 26% of the total female labor force in the country is currently
participating in the labor market, and more than 67% of this employed labor force is
involved in agricultural activities. The majority of the rural households do not allow their
women to work outside the house premises. However, our results indicate that rural
households should allow women to work not only in agricultural fields but also in other
sectors of the economy. Their inclusion in working activities can benefit their family by
increasing the household income and sharing the economic burdens of the house, which
can help to raise the living standard and FNS of the family. Mehra and Rojas [50] stated
that women could facilitate the development of rural areas through their efforts to enhance
agricultural production as well as their active involvement in other income-generating
activities. This would also help achieve national food security and can contribute towards
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national economic development. Agarwal [51] also described that women could enhance
FNS by participating in procuring and production activities.

Value addition to dairy products was also found to have a positive association with
the FNS of the households. This means that households that add value to dairy products
are more likely to have high FNS as compared to those that do not. The value addition
finding stated that this practice could significantly contribute to the FNS of the family. This
practice involves selling yogurt and butter instead of only raw milk at the local market or
village, which provides more income to the rural households. On-farm value addition to
farm products, especially milk, is acknowledged and highly encouraged through value
chain approaches for its benefits in terms of improving farm income [52].

Health-related strategies and cultural strategies were also significantly associated
with the FNS of rural households. The adoption of health-related strategies increases the
likelihood of rural households becoming high FNS households. Similarly, the cultural
activities that were adopted by the rural households also contribute to the high FNS in the
study area. The significant positive association of renting or purchasing farmland indicates
that access to more land increases the probability of rural households maintaining FNS.
The rented or purchased land directly increases the farm production, which increases the
FNS of rural households. Rehmato [53] and Barraclough [54] described in their studies that
the reduction in access to land in an agrarian society leads directly to a reduction in income
and access to food.

Climate change-countering measures adopted on farms help to improve income by
minimizing the impact of climate change on agriculture. Diversification strategies were
found to have a positive association with the FNS of the rural households. The results
indicate that farms with the adoption of diversification strategies are more likely to have
high FNS as compared to those that do not. This may be because these strategies have
direct contributions to income, dietary diversity, and food accessibility and availability.
For example, crop diversification and farm diversification both lower a farm’s business
risk [55]. Diversification strategies are adopted by rural households on their farms for
maintaining their farm income under the uncertainty of weather and market conditions.
Moreover, crop diversification significantly increases farm income and also contributes to
poverty reduction [56]. Diversification assists rural households in accumulating income,
which they can use to enjoy a favorable FNS level. Diversified activities also support rural
households to fulfill immediate household needs such as food, shelter, and healthcare [57].
Pellegrini and Tasciotti [58] explored the positive relationship between crop diversification
and two other indicators, dietary diversity and farm incomes from crops. Similarly, farm
diversification also generates more stable farm incomes [59].

4. Conclusions and Policy Recommendations

Improving the FNS situation in Pakistan is one of the foremost priorities of the gov-
ernment. For this purpose, the government has encouraged both on-farm and off-measures
to improve the income of rural households in its policy documents. Moreover, rural
households are well aware of the risks in agriculture and employ off-farm measures to
ensure their families’ FNS. Thus, we used a holistic approach in this study to examine the
household-level adopted measures of surveyed rural households. This research presents
valuable information for governmental agencies on the household-level measures (on-farm
and off-farm) taken by rural households to ensure FNS.

The results show that the majority of the rural households belonged to the low food
and nutrition category. The descriptive analysis of adopted strategies show that rural
households with higher FNS adopted more practices at the household level (on-farm and
off-farm) as compared to the lower FNS category. The results also show that off-farm
practices are more beneficial than traditional and cultural strategies, which may change
from society to society. Rural households with diversification strategies on their farms
are more likely to have high FNS. Moreover, the adoption of off-farm income strategies
was also positively associated with the FNS of rural households. Similarly, family size
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was found to be negatively associated with the FNS of rural households. The government
should take help from local religious scholars in each area to educate people about the
benefits of having a small family.

In conclusion, diversification strategies (crop diversification, intercropping, and farm
diversification) can be vital to the FNS of rural households. Government agricultural
policies should aim to increase farm diversity to improve the FNS of the people instead of
only increasing the total production of food crops, as has been the tradition. Secondly, rural
households should be encouraged to adopt other off-farm income-generating measures,
such as the value addition of dairy products and women’s empowerment, in order to
improve FNS. Moreover, farmers should be encouraged to sell their products directly to
consumers without the involvement of middlemen. For this, the government must guide
and educate farmers in rural areas.

Agricultural and rural extension is one of the means available to assist policymakers to
realize improved FNS in rural areas of developing and poor countries. Extension workers
play a central role in new technology adoption and knowledge dissemination and have
connections with individuals at the ground level. Therefore, policymakers in developing
countries can utilize the already-present network of extension workers for educating and
encouraging rural households to take measures such as farm diversity, value addition, and
women’s economic participation for better FNS. Policymakers should launch programs to
inform farmers through the extension network and by organizing different seminars about
the economic, ecological, and nutritional benefits of farm diversity. In particular, the value
addition of dairy products needs knowledge, skills, and machinery.

Therefore, policies aiming to increase the knowledge and skills of rural households
should be implemented in rural areas. Policymakers can also persuade farmers to seek
credit from banks for purchasing machinery necessary for value addition. Moreover,
subsidies on this machinery can also be a strategy to encourage farmers to add value to their
products. Furthermore, policymakers should adopt gender equality strategies to enhance
women’s participation in economic activities in developing countries. Moreover, programs
aiming at enhancing women’s skills should be implemented in rural areas of developing
countries to alleviate poverty and food and nutrition insecurity. As fruit and vegetable
markets are the only places available to farmers for selling their agricultural commodities,
the government should establish facilities and places (farmers’ bazaars) in each city where
farmers can sell their produce on a daily basis without involving middlemen.

It is also pertinent to mention here the strengths and limitations of the study. The
study has important policy implications in the context of achieving the United Nations’
Sustainable Development Goal of zero hunger (SDG 2). The other main strength of this
study that makes it unique from previous studies is that this study considers household-
level strategies (farm and off-farm) to analyze the association between these strategies and
the FNS of rural households. However, we used cross-sectional data for our analyses that
do not allow for developing a causal relationship between household-level practices and
the FNS of rural households. The other limitation of the study is the exclusion of some
important variables such as income and size of agricultural land due to the unavailability
of the data from the respondents. Despite these limitations, this study provides important
results and policy recommendations for improving the FNS of rural households in devel-
oping countries, and researchers in developing countries can build upon this work and
extend this research by collecting longitudinal data.
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Appendix A

Table A1. Household FNS Indicators.

Household FNS Statements Mean Std. Dev.

Had enough money to buy food 0.74 0.44

Had availability of good quality food 0.25 0.43

Had availability of required quantity of food 0.59 0.49

Got worried whether food would run out before getting money * 0.79 0.41

Had storage facility to store staple food items 0.71 0.45

Got enough production of wheat for home consumption. 0.86 0.35

Instant availability of food or kitchen items 0.82 0.39

Availability 4.75 1.38

Lost the weight because there was not enough money to buy food * 0.82 0.39

Government’s development activities to improve accessibility to food
markets 0.65 0.48

Having easy access to fruit and perishable commodities on daily basis 0.87 0.34

Able to eat balanced meals 0.67 0.47

Rise in prices of food affected food quantity * 0.82 0.39

Relied only on low-cost food to feed your children * 0.46 0.50

Food accessibility problem faced by the family members * 0.46 0.50

Adult did not eat whole day * 0.51 0.50

Eating less than the adult felt hungry * 0.46 0.50

Adult skipped meal * 0.40 0.49

Children did not eat whole day * 0.40 0.49

Eating less than the children t felt hungry * 0.39 0.49

Children skipped meal * 0.82 0.39

Accessibility 7.70 2.49

Ate three meals per day 0.73 0.45

Regular nail cut for secure utilization of food 0.74 0.44

Covered hair during handling and cutting food items 0.90 0.30

Used spoon for eating food. 0.74 0.44

Used leftover cooked stored meal 0.92 0.28

Preferred to consume fresh cooked meal 0.96 0.21

Cut food expenditure 0.48 0.50

Utilization 6.06 1.39

Had stable individual income 0.61 0.49

Had stable family income 0.45 0.50
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Table A1. Cont.

Household FNS Statements Mean Std. Dev.

Full time farming 0.47 0.50

Sold animals * 0.40 0.49

Received announced prices (support prices) for crops 0.17 0.38

Easy access to veterinary hospital for treatment of sick animal to
stabilize the milk production 0.52 0.50

Received payment of sold crops on time 0.65 0.48

Availed credit facilities 0.64 0.48

Stability 4.53 1.57

Cleaning 11.01 3.76

Keep separate raw and cooked food items 4.56 1.51

Cook well-done 2.57 0.68

keep food safe 2.57 1.17

Safe water and raw material 5.54 1.95

Sanitary environment (food safety) 26.24 6.92

Fruit consumption 4.14 2.11

Vegetables consumption 8.39 1.91

Dairy food items consumption 4.57 2.17

Bakery item’s consumption 7.51 2.88

Drinks consumption 7.67 4.19

Food diversity 32.28 12.13

Education of family head 0.53 0.50

Education of spouse 0.51 0.50

Cared to avoid food borne diseases 0.50 0.50

Cared to avoid growth of food born bacteria 0.49 0.50

Cared about duration for keeping the raw food material in
refrigerator (2-4 days). 0.44 0.50

Cared to avoid cross contamination. 0.67 0.47

Cared about arrangement of different food items in refrigerator. 0.64 0.48

Avoided cutting in open air to save food from particles 0.47 0.50

Education and care 4.23 1.57

Stress problem * 0.57 0.50

Had easy access to primary health services 0.65 0.48

Had availability of expert doctor near to house 0.41 0.49

Conducted regular checkups of the sick family members 0.64 0.48

Faced problem in paying the medical expenses * 0.47 0.50

Prevalence of Hepatitis, blood pressure, and sugar among family
members * 0.44 0.50

Availed government health card scheme 0.35 0.48

Compromised on diet of sick house members * 0.82 0.40

Health status 4.33 1.42

* Assigned 1 if the response was “No”, 0 otherwise.
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