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Majority of undernourished people live in rural Asia and Africa, and many of them are

smallholder farmers and consume a significant amount of what they produce. This is

specifically true in India. However, in the context of increasing commercial production

systems, it is not well-known how much food is consumed from a particular food group

that was purchased, what proportion of food is from the production of farm households,

and how their diets change seasonally. Furthermore, whether the rural market food

diversity complements or substitutes farm production diversity in household’s diets is

unknown. We employed a mixed-methods research design to answer these questions.

The research was conducted in three villages in Telengana State. The results reveal that

crop diversity has significantly declined from a highly-diverse production system to a

less diverse one. The Food Consumption Score results show that on average own-farm

production contributes 23% of food (mainly starchy staples), while market purchases

contribute 77% of calories consumed (frommore diverse and nutritious foods). Therefore,

in the study, villages’ market food diversity is more important, and it is complementary

to own-farm production. However, our study shows that mere market access (the most

widely used proxy indicator in the literature) does not guarantee the availability of diverse

nutritious foods to households who use that specific market. This is because market

food diversity varies from market to market and across seasons. Therefore, we proposed

that in commercial production systems improving crop diversity, and strengthening rural

markets, are needed. Moreover, incentivizing retail business and subsidizing nutritious

and/or biofortified food in rural areas must be part of strategies to improve nutrition in

rural India.
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INTRODUCTION

The rural poor are the most vulnerable, food insecure, and
malnourished people in the world, and a significant population
of them lives in rural Asia and Africa, and many of them are
smallholder farm households that largely depend on agriculture
for their livelihoods (Pinstrup-Andersen, 2007; Muller, 2009;
Qaim et al., 2016; Gupta et al., 2020). Generally, smallholder
farmers consume a significant amount of what they produce;
therefore, increasing on-farm crops diversity and livestock
species is frequently seen as a promising way to improve
household dietary diversity (Fanzo et al., 2013; Jones et al., 2014;
Powell et al., 2015; Jones, 2016; Sekabira and Nalunga, 2020).
Moreover, dietary diversity is often used as a proxy to indicate
an individual’s broader nutritional status because diverse foods
facilitate the balanced intake of all essential nutrients (Webb,
2014). Besides, the corpus of empirical studies acknowledged
that increased farm production diversity had a positive influence
on dietary diversity; however, it lacks discussion of scale and
environmental aspects (Fanzo et al., 2013; Jones et al., 2014;
Pellegrini and Tasciotti, 2014; Dillon et al., 2015; Powell et al.,
2015; Sibhatu et al., 2015; Snapp and Fisher, 2015; Hirvonen and
Hoddinott, 2017; Koppmair et al., 2017; Sibhatu and Qaim, 2018;
Zanello et al., 2019). Nonetheless, for smallholders in developing
countries like India, where the average landholding is 1.09 ha
with varied weather conditions, encouraging smallholders to
increase crop diversification may have adverse effects, mainly
when crop diversity is already high. It may expose smallholders
to the risk of losing benefits from specialized and economically
viable crops and gaining a competitive advantage (Sibhatu and
Qaim, 2018). In addition, in developing countries, smallholders
have limited access to technologies, prevailing diverse agro-
climatic and soil biophysical conditions, and scattered markets
across the geographical area hinder households from diversifying
farm production (Hirvonen and Hoddinott, 2017).

Conversely, recent empirical studies have highlighted the

relative importance of markets for farm household dietary
diversity and reported that markets access is more critical for
farm household’s dietary diversity than subsistence production
(Luckett et al., 2015; Sibhatu et al., 2015; Jones, 2016; Lenjiso
et al., 2016; Qaim et al., 2016; Koppmair et al., 2017; Ludwig,
2018; Sibhatu and Qaim, 2018; Mulenga et al., 2021). Further, A
recent systematic literature review on the interplay between food
market access and farm household dietary diversity in low and
middle-income countries by Nandi et al. (2021), after screening
786 articles, revealed that the majority of the studies highlighted
that market access improves dietary diversity. However, none
of the studies reviewed have addressed how diverse foods
are sourced from markets and on-farms contributing to farm
household diet. Besides, most studies considered distance the
major proxy indicator (e.g., self-reported travel time, distance
to the nearest market, time taken, and cost to reach the nearest
market). This proxy indicator may not accurately measure the
construct of market access and may not necessarily equate to
market participation and food diversity. Besides, distance to the
market does not change with the season, while the availability of
food changes on-farm and on the market. Therefore, we argue

that mere market access does not guarantee the diverse food
available to purchase because the type of market (input, output,
or consumer market) individual accessing and market food
diversity in specific markets play an important role in impacting
farm households’ diet. Similarly, Mulenga et al. (2021) suggested
that future studies be conducted to understand how much
food consumed from a particular food group was purchased
and what proportion was from the household’s production
contributing to household dietary diversity to understand the
relative importance of on-farm production andmarket purchases
in a given context. Therefore, based on the research gaps
identified in the previous literature, we analyzed the relative
importance of farm production diversity and market access on
farm household dietary diversity by estimating how much food
consumed from a particular food group was purchased and what
proportion was from own production in the context intensive
farming system.

Objective of the Study
Given the scant evidence on this topic and the growing
cognizance that dependency on markets satisfy the demand for
nutritious non-staple foods even by very poor and remote rural
households warrants a detailed understanding of rural markets.
Our research questions mainly ask how the rural markets vary in
their food diversity, frequency, how rural markets are associated
with diets, and their relative importance in household diet and
the local production system.

With this backdrop, the present study aims to examine the

1. Relative importance of rural markets food diversity and farm
production diversity in contributing to farm household’s diet
by estimating how much food consumed from a particular
food group was purchased and what proportion was from
own production.

2. Whether the rural market food diversity is complementary
or substitute to on-farm production diversity in contributing
“household’s” diet.

3. To examine farm production patterns, the rural market food
diversity, and seasonality of foods available in the market
potentially affect the rural “household’s” diet.

To the best of our knowledge, this article is the first to
address above mentioned questions, specifically in the Indian
context. We employed a novel but highly replicable community
and market survey using the mixed method in conjunction with
key informant interviews to explore the characteristics of rural
markets and their contribution to the household’s diet. The
results will help policymakers and development practitioners to
design successful policies and programs.

Rural Markets, Market Food Diversity, and
Their Role
“The soul of India lives in its villages”—Mahatma Gandhi.

India is a land of villages; nearly 68% of the population lives
in 640,867 villages (Census, 2011). There are 47,000 periodic
markets in India, which will play a significant role in the future
as 58% of the rural consumers prefer to buy from periodic
markets despite the product being available in the neighborhood
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stores in the villages (Kashyap, 2016; Velayudhan, 2016). A
periodic market is an informal marketplace in the village, and
such markets in various towns are as old as the settlement
(Satyam, 2018). Some of the markets are located in the center
of the community, in prominent places, and in nearby villages.
The role of rural markets is very significant for the economic
activities among rural dwellers, and largely rural people depend
upon periodic markets for the sale and purchase of agricultural
commodities. Rural markets play a vital role in supplying diverse
diets to farm households, particularly smallholder farmers, due
to stronger market linkage (Gupta et al., 2020). Various studies
highlighted that rural market linkages enable farmers to consume
a diverse diet through demand and supply. On the supply side,
markets can make diverse and nutritious foods available to
rural households across the seasons (Snapp and Fisher, 2015;
Nandi et al., 2021). While on the demand side, increased income
through commercial production of a few crops and by selling
surplus commodities in the market may raise their income and
demand for more diverse foods (Koppmair et al., 2017).

The rest of the article is organized as follows. First,
the methods, including study setting, study design, sampling
strategy, data collection, analysis, and measurements of different
indicators, are presented in Section Methodology. Then, Section
Results andDiscussion presents and discusses the analysis results,
while Section 4 provides the conclusions and implications for
policy, followed by study limitations and future research.

METHODOLOGY

Study Setting
This study is “part of a larger interdisciplinary research
project, ‘Transforming India’s Green Revolution by Research
and Empowerment for Sustainable Food Supplies (TIGR2ESS),”
conducted in multiple locations across different states in India.
It is conducted at the research site representing semi-arid agro-
ecology from the south Indian state of Telangana, which has
46,531 irrigation tanks out of a total of 556,000 tanks in India
(Kumar et al., 2016). A paddy is being cultivated in 44 million
hectares in India, resulting in overexploitation of groundwater
resources, particularly in the northwest and some parts of South
India. Besides, crop diversity in these regions has significantly
declined due to an intensive production system where paddy or
wheat is being grown intensively in large areas. Our research
site represents three villages, namely Katakshapur, House Buzurg,
and Neerukulla, under Atmakur Mandal1 of Warangal Rural
district in the Telangana state of India. These villages were
randomly selected. These are the village’s representative of larger
regions with a market-oriented production systemwhere a paddy
is being grown intensively in large areas using tank irrigation.
Due to decreased on-farm crop diversity in the selected villages,
farm households depend on the local village markets for their
diverse food needs. The selected villages are around 30 km
away from the city of Warangal and are characterized by local
periodical markets and Kirana stores. The Telangana state was
a part of Andhra Pradesh state until it was separated in 2014,

1Manda is administrative unit, which is formed with group of villages.

and Hyderabad City is the capital of Telangana state. The
Warangal district is located 150 km from the metropolitan city of
Hyderabad. More than 93% of the population live in rural areas
in the district, agriculture is the main source of livelihood, and
the literacy rate is 62.39–65.97% among males and 41.69–46.2%
among females (Census, 2011). Map showing the research site as
shown in Figure 1.

The characteristics of the study villages are mentioned
in Table 1.

The villages in Warangal rural district are undergoing
rapid transformation from subsistence farming to commercial
farming systems due to improved access to water for irrigation,
improved agricultural markets, and food processing units in
the vicinity that create demand for agricultural outputs such
as paddy and maize from the local farmers. Similarly, crop
diversity has declined over time frommultiple diverse subsistence
cropping systems to more market-oriented commercial crops
such as paddy, cotton, maize, chili, and turmeric in the
district. The nearest city is Warangal, where major agricultural
markets (output, input, and consumer), including government’s
Agricultural Produce Marketing Committee (APMC) and
National Electronic Market (eNAM) are situated. The villages
have relatively better connectivity with Warangal near the city,
and the roads are good. The majority of the farmers sell their
farm outputs, mainly paddy, cotton, maize, turmeric, and chili
in the Warangal APMC market. Farmers have to collectively
depend on their own transport or rent a truck to transport their
commodities to the market during harvest season. While farmers
have to depend on local markets to buy daily food needs, however
market day happens only once a week, accessing the urban daily
market is a challenge due to the distance factor.

Study Design
The study adopted a mixed method of research approach.
The mixed-method is an emerging methodology in social
sciences that sees through multiple lenses to understand the
complex research questions in the field. The mixed research
method integrates quantitative and qualitative data within single
research, permitting a synergistic use of data than using separate
quantitative and qualitative data use and analysis (Creswell,
1999; Johnson and Onwuegbuzie, 2004; Brannen et al., 2005;
Morse, 2016). To understand the changing cropping pattern,
crop diversity, and crop area in the study region, we employed
the quantitative data at the district level from 1966 to 2015
which is collected from ICRISAT District Level Database
(ICRISAT - DLD, 2020). In addition, data about household
food consumption, health, and nutrition-related information is
collected from district-level offices. The qualitative household
and community level information is collected through the Focus
Group Discussions (FGDs). Besides, information about market
food diversity and the seasonality of food available in the markets
are collected from traders, agents, and farmers through Key
Informant Interviews (KII). In addition, physical visits to the
markets were made (Ambikapathi et al., 2019), to understand the
market food diversity seasonality of food availability in specific
village markets. We hoped that both quantitative and qualitative
findings could be used to interpret, analyze, suggest, and guide
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FIGURE 1 | Map showing the research site (map not to scale), red dots in the google map are villages in the Warangal (R) district of Telangana state. Source: Adapted

from: mapsofindia.com.

TABLE 1 | Characteristics of study villages.

Village Dependency on farming Population Landholding* (ha) Literacy rate

Male Female Marginal Small Medium Large Male Female

Neerukulla 96% 2101 2124 798 (81%) 124 63 0 65.97 46.28

Katakhapur 92% 444 451 214 (73.3%) 78 0 0 62.39 41.69

House Buzurg 97% 688 671 226 (67%) 106 7 0 54.07 39.34

*Marginal up to 1 ha, Small 1–2 ha, Medium 2–10 ha, and large >10 ha. Source: village revenue office.

appropriate interventions at the community and next level of the
study sites.

Sampling and Data Collection
The field enumerators are recruited to collect the qualitative data,
and trained on research protocol to ensure their understanding
of the broader objectives of the study. The recruited field
enumerators were familiar with Telugu local language to conduct
the FGDs and KIIs in the local language. The respondents
were carefully selected by following stratified purposive random

sampling from the list of households obtained from each village
revenue office. The FGDs were held separately with male and
female groups. While doing so, care was taken to ensure the
fair representation of households covering all caste and classes
existing in the village. Each FGD group ranged from 8 to
10 respondents. To achieve saturation of information on a
specific theme, we continued conducting the FGDs until we
reached a point where we had a range of opinions and no
new information was collected. In addition, KIIs are conducted
by visiting respective “villages” periodical markets. After Focus
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TABLE 2 | Sources of data.

Qualitative data Quantitative data

• Total of 34 sex-segregated focus group

discussions with 254 households (119

males, 135 female).

• Physical visits to local periodical markets

• Seasonal food availability in the

local markets

• Household-level dietary diversity.

• Six Key Informant Interviews (KIIs)

• District-level data from 1966 till

2015 about crop diversity.

• Market Food Diversity (MFD)

Group Discussions (FGDs), the individual participants also
answered the survey questions related to household consumption
patterns. The details about the sample and source of information
are mentioned in Table 2.

Data Analysis
This qualitative research is grounded in interpretative
approaches, and each theme-based analysis was inductively
and deductively identified from the qualitative data. Inducting
coding was made based on the grounded theory technique,
including line-to-line analysis and the comparative method. All
the transcripts were coded independently by the lead author
and co-lead. Further, the discussion was held with other team
members to interpret the results. The data analysis from the
FGDs and KIIs with respondents and videos and audios were zed
using content analysis and the software RQDA for Qualitative
Data Analysis, mainly used to systematically structure large text
information (Chandra and Liang, 2016). For all the qualitative
data from the project involving responses to different research
questions, RQDA was used to systematically cluster responses
to open and to probe questions into meaningful categories.
We used only relevant qualitative information specific to this
study from the entire qualitative data. Besides, quantitative data
is analyzed using MS excel to arrive at the participants’ Food
Consumption Score (FCS), Household Dietary Diversity Score
(HDDS), and socioeconomic profile.

Measurements
We employed the FCS and HDDS, which are important
qualitative measures of household food consumption and are
cost-effective and less time-consuming compared to quantitative
dietary intake methods (Kennedy et al., 2010). These are the
proxy measures of household dietary intake. The Food and
Agriculture Organization (FAO) and the World Food Program
(WFP) use information about dietary diversity as one element to
inform food security studies. Albeit, the FAO uses a 1-day HDDS
based on the Food and Nutrition Technical Assistance Project
guidelines, whereas theWFP uses an FCS (Swindale and Bilinsky,
2006). Both HDDS and FCS have been validated in different
countries as a proxy measure of caloric intake (Wiesmann et al.,
2009; Kennedy et al., 2010; Hussein et al., 2018). The validation
studies have shown that FCS and HDDS are both related to
caloric intake and each other. The data gathered using either
measure are most useful for application within a given agro-
ecological zone or country (Kennedy et al., 2010).

Food Consumption Score (FCS)
Food Consumption Score is an index developed byWFP in 1996,
and it is a proxy indicator of household caloric availability. The
FCS aggregates household-level information on the diversity and
frequency of food groups consumed during the previous seven
days, which is then weighted according to the relative nutritional
value of the consumed groups (World Food Program, 2008).
FCS consider eight food groups and each food group consumed
receives a weight from 0.5 to 4 (cereals, tubers, and root crops =
2; meat and fish = 4; milk = 4; oil/fats = 0.5; fruit = 1; vegetable
= 1, pulses = 3, sugar = 0.5) and condiments are not counted in
FCS (Kennedy et al., 2010). The typical cut-off scores were ≤21
(poor), borderline (21.5–35), and acceptable (>35).

To construct the FCS, we used information on the
household’s food consumption and the frequency of specific food
groups/items during the previous 7 days. The food items were
then grouped into eight specific food groups. Any frequency
values over seven are capped at seven. Finally, each food group
was multiplied by a food group weight, and the sum of the
weighted food group score is calculated to arrive at Food
Consumption Score (FCS).

Household Dietary Diversity Score (HDDS)
Household Dietary Diversity Scores are calculated by summing
the number of food groups consumed in the household or by
the individual respondent over the 24-h recall period. More
diversified households’ diet is correlated with protein and caloric
adequacy (Swindale and Bilinsky, 2006). We use a number of
food groups consumed by the farm households over the last 24 h
to create HDDS as a proxy for household diet quality, and it is
validated as a measure of nutrient adequacy and food security
using 24-h recall periods for women and children (Verger et al.,
2019; Nandi et al., 2021). To measure HDD, we categorized
reported food items into food groups to align as closely as
possible with the FAO guidelines (Kennedy et al., 2011). The
12 food groups included are namely cereals; white tubers and
roots; legumes, nuts, and seeds; vegetables; fruits; meat; eggs; fish
and fish products; milk and milk products; sweets and sugars;
oils and fats; and spices, condiments, and beverages are used
to calculate the HDDS indicator. Each food group is assigned
a score of 1 if consumed or 0 if not consumed. The household
score ranges from 0-to 12, and it is equal to the total number
of food groups consumed by the household. The aggregated
food consumption index measures the sum of groups of foods
consumedwithin a household, and it reflects the dietary quality of
foods available to households and is used as a household nutrition
security indicator (Swindale and Bilinsky, 2006). HDDS ≤ 3 is
considered a low dietary diversity group, with between four to
six as medium and ≥ 7 as high diversity score category. We
have considered ≤ 3 as a low dietary score because, as a general
rule, consuming four food groups over 24 h is considered good
dietary diversity (Kennedy et al., 2011). However, there is no
international consensus on which cut-off values to use (Vanessa
Cordero-Ahiman et al., 2017).

HDDS=SUM (A+B+C+D+E+F+G+H+I+J+K+L)
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The average household dietary diversity score for the target
population can be calculated as follows:

Sum (HDDS)

Total number of households surveyed

Crop Diversity Index (CDI)
Crop diversity refers to growing several crops in a year in the
given landholding. There are different methods to measure crop
diversification, and the important one is Herfindahl-Hirschman
Index (HHI). HHI is calculated by taking the sum of squares of
acreage proportion of each to the total cropped area (Sharma,
2017).

HHI =

N∑

i=1

Pi2

Where,
N= The total number of crops.
Pi = is the proportion of area under ith i = 1 i = 1 crop to

total cropped and Ai= is the actual under ith crop.
The index is defined as a sum of squares of all “n” proportions

and is a measure of concentration.
The value of HHI ranges between 0 and 1, where zero indicates

perfect diversification and one indicates perfect specialization.
The value of HHI approaches zero as “N” becomes large and
takes value one when only one crop is cultivated (Sharma, 2017).
The HHI is categorized into three levels: HHI Below 0.1 is less
diversified, 0.1–0.18 is moderately diversified, and HHI above
0.18 is highly diversified.

Market Food Diversity/Market Food Availability
Themost commonly used variables for market access indicator in
the literature is self-reported to nearest markets, the existence of
a market in the village, roads, and ownership of vehicles (Sibhatu
et al., 2015; Snapp and Fisher, 2015; Nandi et al., 2021), the share
of farm produce sold to proxy for market access at household
level (Jones, 2016). In our study, we use a similar measure to
access the market, but it is market food diversity to measure the
diversity of food available in the specificmarket across the season,
and on the consumption side, the share of purchased foods from
the local markets in household diet during the last seven days.

Market Food Diversity (MFD) is defined as the availability
of foods and food groups across the seasons in a given market.
MFD is a new definition that was recently used by Ambikapathi
et al. (2019), and a similar definition of market food availability
by Zanello et al. (2019). The MFD information can be collected
using the information gathered from traders (from their book
transactions), shopkeepers, other key informants, and visiting
the target markets. Conversely, in the previous literature, mainly
market access is used as an indicator to study the role of markets
in household diet quality. But mere access to the market cannot
guarantee the availability of diverse foods (Nandi et al., 2021).
It is reported from several studies that food crop and livestock
diversities have a positive relation with dietary diversity. In our
study, we collected MFD information by interviewing regular
vendors and traders in the market and also by visiting village

markets. There are two key informants for each village. The
information collected is about availability of different food items
belonging to different food categories, price, abundancy of food
available, frequency of market and seasonal variability of specific
foods in the village market. Based on the availability of 32 foods,
7–10 food groups are created to form monthly market food
diversity for individual village. The 32 foods are as mentioned
in Figure 4.

Seasonality
In India, there are three cropping seasons, namely Kharif (June-
November), Rabi (October-March), and Zaid (between Kharif
and Rabi). Generally, the production of the major staple come
from the Kharif season, whereas pulses and oilseeds are from
the Rabi season, including wheat. But due to diverse climatic
conditions across the geographical area, there is significant
variability in seasonal agricultural patterns in India. As a result of
seasonal variability, the availability of foods in the local markets
varies. Understanding such variability in a specific geographical
area is important due to its potential impact on the diet quality
of the population who depend on such a market for their daily
consumption. Therefore, there is a need to understand local food
availability in the local markets and its impact on the ’household’s
diet, as such information is missing in the literature in low
and middle-income countries. This article advances the literature
on the importance of seasonality on market food availability
and diversity that potentially affect household dietary diversity.
Besides, we assess the role of rural markets’ food diversity than
the previous literature.

Ethical Approval
Ethical approval was obtained from the Institute Review Board
(IRB) for the ethics of ICRISAT (Reference number IEC-
ICRISAT/20190818/01).

RESULTS AND DISCUSSION

Descriptive Statistics
The sociodemographic characteristics of the respondents are
shown in Table 3. Of the 254 total respondents who participated
in the FGDs, 47% were males with an average age of 47 years,
whereas 53% of the respondents were females with an average
age of 41 years. The majority (53%) of the households belong
to Backward Class (BC), and 20% are Scheduled Caste (SC),
17% Other Caste (OC), and 9% belong to Scheduled Tribe (ST).
Thirty-eight percent of the respondents were illiterate without
any formal education, and only 15% had formal education,
graduated and, pursued higher studies. The remaining 40%
studied middle school to higher secondary. The majority (89%)
of the households are landed, involved in farming, and mainly
belong to OC and BC caste, 11% were landless and mainly
belong to SC and BC caste, and the majority of them are farm
laborers. The health and nutritional data of study villages are
not part of our survey. However, to provide an overview of the
district’s health and nutritional status, district-level information
is provided in Annexure 1.
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TABLE 3 | Sociodemographic characteristics of the survey respondents.

Variable FGDs (N = 254)

Gender Male 119 (47%)

Female 135 (53%)

Caste OC* 42 (17%)

BC* 135 (53%)

SC* 52 (20%)

ST* 24 (9%)

Av. Age Male 46.67

Female 41.13

Education Illiterate 96 (38%)

Up to middle school (1- 8th std) 63 (25%)

High and higher sec (9–12 std) 58 (15%)

Under graduation and above 37 (15%)

Occupation Farming 227 (89%)

Farm labor 27 (11%)

Land status Landed 227 (89%)

Landless 27 (11%)

*OC, Others; BC, Backward Class; SC, Scheduled Caste; ST, Scheduled Tribe.

Source: Author’s compilation based on survey data.

Cropping Pattern in the Study Villages
More than 94% of the population depends on agriculture for
their livelihood in the study villages. Paddy occupies the ’lion’s
share in the cultivable area, and it is the main crop during Kharif
season, followed by cotton, maize, groundnut, chilies, and other
few crops in less area. Maize is not consumed locally, and it is
grown for commercial purposes (processing and poultry feed).
Due to the well-established government-supported Agricultural
Produce Market Committee (APMC), rice mills, and other
private buyers within the village vicinity and farmers generally
“don’t face any problem selling their produce.” Farmers often
have prior contact with potential buyers through their inputs and
credit transactions. The free electricity, access to tank irrigation,
MSP, and subsidized inputs are major push factors for farmers
bringing more area under paddy. In particular, for paddy, access
to water from the local village tanks helps farmers to grow
two paddy crops in a year (both in Rabi and Kharif ). Besides,
enabling environmental factors such as local markets (APMC),
village-level procurement ers (under MSP), rice mills, poultry
feed factories, and local production ecosystems are favorable for
farmers to grow paddy andmaize. Besides, access to high yielding
varieties (HYVs) and improved inputs such as seeds, fertilizers,
and plant protection chemicals helped increase the production
and productivity of paddy and maize crops in the region over the
period (Figure 2).

On-Farm Crop Diversification and Farm
Income
The cropping system in the study region has shifted from
subsistence farming to a commercial and market-oriented
production system, mainly due to easy access to irrigation water
and a better market for agricultural commodities. We analyzed

crop diversification from 1966 to 2015 using longitudinal data
about crops in the Warangal rural district of Telangana state
using Hirscman - Herfindahl Index (HHI) method to measure
the crop diversity. The results revealed that the crop diversity
had declined significantly from a highly diverse (HHI >0.18)
cropping system to a very less diversified (HHI < 0.1) cropping
system between 1966 to 2015 (Annexure 2). From 1966 to 1975,
the 10 “years” average HHI was 0.20, which is a highly diverse
cropping system, and it continued till the year 1984 with HHI
ranging from 0.20 to 0.18. After the year 1985 onwards till
the year 2010, the HHI was moderate, with the HHI values
ranging from 0.16 to 0.11. However, HHI values declined below
0.10 from 2011 until 2015, indicating that crop diversity has
significantly declined in the district during recent years. This
clearly shows a rapid decline in the district’s crop diversity,
which severely impacts natural resources, ecology, household
health, and nutrition. The impact of farm production diversity
on-farm household’s nutritional outcomes is well-established in
the literature (Pellegrini and Tasciotti, 2014; Powell et al., 2015;
Sibhatu et al., 2015; Snapp and Fisher, 2015; Hirvonen and
Hoddinott, 2017; Koppmair et al., 2017; Sibhatu and Qaim, 2018;
Zanello et al., 2019) highlighting decreasing farm production
diversity directly impact household nutrition in the absence of
access to the market. The rapid decline in crop diversity in the
region is due to the increased number of farmers shifting from
diverse cropping patterns to more commercial crops such as
paddy, cotton, maize, etc. It is observed from the detailed analysis
that some of the crops, particularly wheat, sorghum, pearl millet,
finger millet, minor pulses, and oilseeds, have lost their place in
the total crop area, and the area is being replaced with cash crops,
mainly cotton (Annexure 3). The cereal crops occupied the lion’s
share in the total cropped area in the district (Annexure 4).

Focus Group Discussions also revealed similar results at the
village level in the study area. Some of the FGDs participant’s
responses related to changing crop diversification in the study
area are mentioned below,

“We used to grow variety of crops including fruits, vegetables,

millets etc. 20–40 years back. The majority in our villages grow

paddy, cotton, and maize crops due to access to water from tanks,

better price, assured markets, and easy to cultivate, particularly

paddy” (Male, Landed, FGDs, House Buzurg).

Another FGD participant reported,

“[. . . ] In our village majority grow paddy with tank water, we also

grow watermelon, cucumber etc. in a small patch of our land along

with paddy crop, but monkeys and wild boar menace is severe that

destroy fruits and vegetable crops, we must monitor day and night

if we plant such crops. Therefore, we don’t prefer to grow other than

paddy, maize, and cotton” (Female, landed, FGD, Neerukulla).

Key informant interviews also revealed similar views on changing
crop diversity. One key respondent said:

“[. . . ] During our childhood days, my parents used to grow different

pulses, millets, vegetables, fruit crops along with paddy crops or

during the rabi season, but nowdays [sic], we can see only two to
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FIGURE 2 | Yield of paddy, maize, and other major crops over time in the study region.

three crops in surrounding villages” (Male, KII, Katakshapur, Age

56 years).

Another key informant mentioned,

“During 15–20 years before, the study villages were growing

diversified crops such as paddy, wheat, sorghum, pearl millets,

finger millets, minor pulses, oilseeds, fruits, vegetables, chili, and

other crops. In addition, the majority of the households in the

villages had at least 2–4 milk animals, and every household

used to sell surplus milk to the city. Then, however, the

majority of the crops disappeared, and paddy became a major

food crop. As a result, the majority of the households buy

milk packets from outside” (Male, KII, landed, Sarpanch, Age

52, Neerukulla).

Due to increased market-oriented commercial production
of crops, mainly paddy, maize, and cotton in the study
region, farmers’ income has improved over time. This is

due to increased production, productivity, and assured
government’s Minimum Support Price (MSP) for the
crops mentioned. As a result, the farmers in the study
villages received an average Rs. 1,800/quintal of paddy, Rs.
5,800/quintal for cotton, and Rs. 1,400 for maize under MSP
during 2020.

Relative Importance of On-Farm
Production and Rural Markets in
Contributing Farm “Household’s” Diet
Similar to the majority of the Indian villages, in our study
village markets (consumer market) takes place once a week
(periodical markets), and rural communities rely on these
periodical markets to buy their household food needs (vegetables,
fruits, groceries, meat, etc.), which are not grown in their farm.
Therefore, we exclusively assessed the relative importance of
on-farm production and purchases from consumer markets in
contributing to farm ’household’s dietary diversity. Based on
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TABLE 4 | Descriptive statistics for FCS and HDDS in rural Warangal district.

Indicators

FCS HDDS

Mean SD Range Mean SD Range

Scores 60.81 6.82 47–67 7.63 2 4–10

Own farm 14 (22.71 %) 0.81 12–14 3.06 1.48 0–6

Market purchase 47 (77.29 %) 6.65 35–58 4.56 1.63 2–8

Women

Scores 57.38 7.52 49–67 8.25 1.49 6–10

Own farm 13.75 (24%) 0.71 12–14 3.63 1.51 2–6

Market purchase 43.63 (76%) 7.15 35–53 4.63 1.60 3–7

Men

Scores 64.25 4.03 59–72 7.00 2.33 4–10

Own farm 13.50 (21%) 0.93 12–14 2.50 1.31 0–4

Market purchase 50.75 (79%) 3.81 45–53 4.50 1.77 2–8

Neerukulla Mean SD Range Mean SD Range

Scores 58.4 6.7 49–65 9.8 0.4 9–10

Own farm 14 (24%) 0 14 3.8 1.8 2–6

Market purchase 44.4 (76%) 6.7 35–51 6 1.6 4–8

Katakshapur Mean SD Range Mean SD Range

Scores 64.33 6.35 54–72 7.67 0.82 7–9

Own farm 14 (21.8%) 0 14 3.50 0.84 2–4

Market purchase 50.33 (78.2%) 6.35 40–58 4.17 1.47 4–7

H.Buzurg Mean SD Range Mean SD Range

Scores 59 7.1 47–65 5.4 1.34 4–7

Own farm 12.8 (21.7) 1.1 12–14 1.8 1.1 2–3

Market purchase 46.2 (78.3%) 6.72 35−51 3.6 0.9 2–4

FCS, Food Consumption Score; HDDS, Household Dietary Diversity Score.

Source: Household survey.

the household-level food consumption, we estimated both Food
Consumption Score (FCS) and Household Dietary Diversity
Score (HDDS) to differentiate the relative importance of on-farm
production and market purchases. Besides, gendered and inter-
village differences in food consumption from different sources
is analyzed. Furthermore, we estimated how many food groups
were consumed from their own production and what proportion
was purchased (Table 4).

From Table 4, the mean FCS of the farm households in the
study villages is 60.81, which indicates the households are food
secure (FCS > 35). The contribution from own production to
the total FCS is 22.71%, whereas market purchases contribute
77.29%. Similarly, the mean HDDS is 7.63, which means farm
households consume diverse foods representing an average of
7.63 food groups (≥7 as high diversity score category) out
of 12 food groups considered. The contribution from own
production to the total HDDS is 3.06 (≤3 is considered low
dietary diversity), whereas market purchases contributed an
average of 4.56 food groups. The detailed analysis of FCS
and HDDS (Supplementary Material 1) revealed that the farms
mainly supplied cereals with an average FCS of 13.63. The
average frequency of consumption of cereals per week is 6.81.

Whereas market purchases supply pulses, fruits, vegetables, meat,
fish, milk, sugar, and cooking oil. The individual FC scores
ranged from 0.38 (fruits) to 24.50 (milk), and the weekly average
frequency of consumption of individual food groups ranged from
0.40 (fruits) to 6.13 (milk). Though the frequency and FCS of
milk is higher, the quantity of milk consumed is meager (only for
mixing with tea and preparing curd to eat along with rice). This
is one of the limitations of FCS calculation as it considers only
the frequency of consumption of a specific food group and does
not consider the quantity of food intake. The quantity of milk
products consumed may not be adequate to supply the required
nutrition to individuals. Further, there is gendered differences
observed in FCS and HDDS, with “women’s” mean FCS and
HDDS being 57.38 and 8.25, respectively. Whereas “men’s” FCS
and HDDS is 64.25 and 7.0, respectively. The results clearly show
there is gendered differences in dietary diversity. The gendered
differences may be linked to sociocultural aspects of individuals.
Similarly, inter-village differences with FC andHHD scores range
from 47 to 67 with a standard deviation of 6.82 for FCS, and
4–10 food groups with a standard deviation of 2 for HDDS
are observed. The wide variation is mainly attributed to the
level of diverse foods and food groups available in the specific
market from which specific village purchases. From Figure 3, it
is clear that village market 3 has low diversity of foods available
as compared to village markets 1 and 2, and from Table 4, it
is evident that House Buzurg village, which buys foods from
the village market 3 has food groups available ranging from 2
to 7, as compared to the other two villages with food groups
ranging from 7 to 10. Conversely, the FC scores of House Buzurg
village are distant with the other two villages. This is mainly
because of the type of food it often purchases (milk, meat, and
fish) from village market 3. Further, the detailed analysis of the
determining factors for gendered differences in dietary diversity
in food sources is scope for future study. Overall, the market
purchases significantly contribute to the farm household dietary
diversity than on-farm production. The literature confirms the
results (Luckett et al., 2015; Qaim et al., 2016; Ludwig, 2018;
Mulenga et al., 2021). Further, specific food groups consumed
at farm households are assessed to understand the share of own
farm andmarket sources in each food group. The results revealed
that 93.75% of the cereals consumed at households are from
their own production, whereas 93.75% of oils/fats and spices, and
condiments are from local markets. Similarly, the contribution
from each source contributing to the farm households’ dietary
diversity is shown in Figure 2. This clearly shows that currently,
the market plays a vital role in the food security of households, as
it supplies majority of food groups.

Market Food Diversity
We used a new definition of Market Food Diversity (MFD)
to characterize rural markets, which was recently used by
Ambikapathi et al. (2019), to analyze the access of diverse foods
to the farm households. In the literature, the most common
indicator that is used for market access is distance to market,
however, distance to market cannot guarantee the availability
of diverse food in the market. This is a significant point, as it
is plausible that the diversity of food available in the markets
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FIGURE 3 | Consumption of each food group sourced from own farms and or local markets among farm households.

is a vital source for a diverse diet for households (in a similar
way to the influence that farm production diversity has on
dietary diversity). In our study villages, MFD from 7 to 10 food
groups comprises 62–65 crop species during June–July 2020.
This contrasts with average crop diversity (number of species) in
the study villages which was only 10.50, and livestock diversity
(species) which was 4.93. It is very clear that the diversity of
food available in the market was much higher than own farm
production. However, the limitation of the rural markets in the
study villages is that the market takes place once a week and
households therefore can source their food only once a week. This
situation affects the purchase pattern of perishable foods as the
majority of the farm households don’t have refrigerators. Even
the few farmers who have their own refrigerators are not able to
use them due to frequent power supply interruptions and even
during the summer season, the power supply is restricted to a
few hours during the daytime. In conclusion, farm production
contributes mainly to caloric intake by supplying mainly cereals
(from paddy production), whereas local markets, including the
village Kirana shops, supply diverse nutritious foods to the farm
households (Supplementary Material 1).

Seasonality and Market Food Diversity
Agricultural production, market access, availability of food, and
consumption are all potentially highly amenable to seasonal
influences, specifically in developing countries (Zanello et al.,
2019). From Table 4, it is clear that a significant share of food is
sourced from local markets by farm households during the time

of our field survey. The diversity of food available in the local
village markets was collected simultaneously as the household
surveys in June and July, allowing seasonal comparison of the
availability of diverse food in the local markets. From Figure 4, it
is evident that local markets are variable in availability, diversity,
and abundance of foods belonging to different food groups
available in the local markets differ across the seasons, and it
potentially affects the farm household’s dietary diversity in the
absence of own farm production. Further, of the three study
villages’ local markets surveyed, market 1 is the most diverse,
and the village Neerukulla has access to it, while market 2
has intermediate diversity, seasonal fluctuations, and the village
Katakshapur has access to it. Conversely, village market 3
(Figure 4) has low diversity and seasonal fluctuation, the House
Buzurg village has access to it. The village markets 2 and 3
have intermediate to low diversity and seasonal fluctuations, and
these two markets fail to supply a wide range of foods during
the lean season, particularly pulses, dark green leafy vegetables,
fruits, organ meat, flesh meat, fish, and fish milk products.
Since the local crop production is significantly skewed toward
staple (Rice, Maize) crops, there is no demand for such products
in the local markets, and therefore, such products are not
abundantly available in the markets. Our results are consistent
with the literature, where we observed that seasonality and agro-
ecological zone play a role in market food diversity in Ethiopia
(Ambikapathi et al., 2019) and the importance of markets to
dietary diversity in Afghanistan (Zanello et al., 2019). Similarly,
in their study in Ethiopia, Sibhatu and Qaim (2017) observed
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FIGURE 4 | Seasonal food availability in the local village markets (three study villages). Green color indicates abundant availability of selected foods, yellow color

indicates moderate availability, and blanks represents no availability in the specific market during specific months.

that food sourced from markets has a larger contribution to
farm households’ dietary diversity than own production across
the seasons.

Figure 4 illustrates the availability of each of the 32 foods at the
markets found in each village market across 12 months. Overall,
Figure 3 shows poor access to pulses, fruits, vegetables, eggs,
and meat in the local markets. Foods like dark leafy vegetables,
potatoes, grapes, custard apple, meat, and fish show strong
seasonality. The promotion of such products might improve
consumption at farm household’s level.

In addition to the seasonal availability of diverse foods,
the frequency of market day occurrence in the study villages
potentially affect the farm ’household’s diet, as most of the local
village markets happen once a week and buying and storing
perishables such as fruits, vegetables, and milk products are
difficult as most of the households lack storage facilities such
a refrigerator.

CONCLUDING REMARKS

Majority of the undernourished people live in rural Asia and
Africa, and many of them are smallholder farm households that

largely depend on agriculture for their livelihoods. A poor-quality
diet is one of the vital contributing factors to undernutrition.
This is particularly true in India. The rapid transformation of
agricultural production systems from subsistence to commercial
and market-oriented production augmented the effect due to
declining farm production diversities. Generally, smallholder
farmers consume a significant share of what they produce;
increasing market-oriented production systems resulting in a
decline in crop and livestock diversities, ultimately impacting
household dietary diversity. Several recent studies consistently
highlighted that farm production diversity directly influences the
dietary diversity of farm households. Due to decreased on-farm
production diversities, farm households rely on local markets (if
accessible) to buy diverse food items from the increased income
from the sale of crops produced through specialization. Our
study intends to answer the relative importance of rural markets
access (MFD) and farm production diversity in contributing to
farm households’ diet by estimating how much food consumed
from a particular food group was purchased and what proportion
was from own production in the context of a market-oriented
production system. To uncover, whether the rural market food
diversity and farm production diversity are complement or
substitutes each other in contributing a farm household’s dietary
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diversity. Besides, to examine the seasonality of foods available in
the market that potentially affects the rural “household’s” diet, if
the foods availability varies with seasons.

The time-series data from 1966 to 2015 about crop diversity
measured using Hirscman - Herfindahl Index (HHI) method
indicates that the cropping system has significantly transformed
from a subsistence to a market-oriented commercial production
system. This transformation has brought a significant area under
commercial and market-oriented production where only a few
staple crops (paddy, maize) and commercial crops (Cotton and
turmeric) are being grown compared to diverse cropping systems
before. It is observed from the detailed analysis that some of
the crops, particularly wheat, sorghum, pearl millet, finger millet,
minor pulses, and oilseeds, have lost their place in the total crop
area, and the area is being replaced with cash crops. As a result,
the crop diversity has declined significantly from a highly diverse
(HHI > 0.18) cropping system to a very less diversified (HHI
< 0.1) cropping system over the years. The prevailing cropping
system is supplying only starchy staples to the household diet.
However, increased income from commercial crop production
enabled households to buy diverse foods from the local markets
which are not grown in their own farm. Foods purchased from
markets representing diverse food groups and are supplementary
to the foods produced on-farm. The increase in food group
consumption from the local village markets compensates for
the decline in food group consumption from own production.
This clearly shows that the market currently plays a vital role in
the households’ food security, as it supplies a majority of food
groups. The contribution from own production to the total FCS
is nearly 23%, whereas market purchases contribute around 77%.
The frequency of local village markets is an important constraint
for regular access to diverse foods from the market as these
village markets are periodical in nature and happen only once
a week. Besides, the absence of storage (refrigerators) at farm
households makes perishable food unavailable for consumption
regularly. The food diversity and abundance of availability vary
across the market and seasons in the study villages, potentially
impacting the household’s diet. The majority of the previous
studies used market access as a proxy by actual reliance on
markets for consumption at the village level. Our study shows
that mere market access does not guarantee the availability of
nutritious food in the specific market as market food diversity
varies from market to market and season.

Here, our argument is not for or against the increase in on-
farm diversity or market access (market food diversities), which
directly influences household nutrition as both have pros and
cons of their own (Nandi et al., 2021). However, how to improve
dietary quality while maintaining crop diversity, increase in
income through commercial crops, and access to diverse foods
from local markets by bringing synergy through optimizing
benefits from each to address the nutritional issues in a specific
context. The effects of changes in on-farm production diversity
andmarket access (market food diversity) differ for different food
groups as each food group has its unique potential to contribute
to diet quality. The effect of on-farm production may be more
critical for some food groups, and market access may be for other
food groups.

Based on our results, the following policy suggestions target
farm households to improve nutrition in rural areas, specifically
in the highly market-oriented/commercial production system.

• Particularly in the context where crop production is less
diversified (HHI2 < 0.1), encouraging diverse crop production
will help in better diet quality, manage price risk, and also help
in harnessing the multi-functional nature of diversification.
However, increasing crop diversification is easier said than
done in the commercial production system where profit is at
the center, but nuanced policies, including crop diversification
compensation/incentive package for identified regions, might
be necessary to support these multiple objectives.

• Local markets play a vital role in supplying diverse foods
to the people. Therefore, there is a need for strengthening
rural markets through developing infrastructure facilities (Ex.
cold storage) to make it accessible for rural households to
purchase diverse food across the seasons. It is to mention
here that the promotion of local markets is not against the
on-farm production diversity it is complementary to on-
farm production diversity in improving the quality of farm
household diets.

• Considering the unorganized retail sector and with the advent
of new farm policies in India, the government may also
think about incentives to retailers to set up retail outlets
in the suburbs (mandals), connecting rural areas with mini
supermarkets (like the hub and spoke model) and also
subsidizing nutritious and/or biofortified foods in rural areas
based on the context.

• In addition to the specific policy suggestions proposed based
on the field study, a few additional policies are promising
that are drawn based on the KII, context, and broader
policies in the country. Many public, private, international
developmental organizations, and civil societies working in
agriculture, marketing, extension, nutrition, health, water,
sanitation, and education are working independently without
functional coordination among themselves at field level.
Therefore, synergy is needed at different levels (policy,
planning, and execution).

Study Limitations and Future Research
This study has a few limitations. First, the survey was not
designed to understand the individual dietary habit but to look
primarily at the household level, and foods share from both
on-farm and market purchases at households. This makes the
information less than ideal for analyzing the diet intake at an
individual level. Furthermore, this is not ideal for assessing
the consumption information, as there is one respondent in a
household and is unlikely to recall all the household members
during the last seven days. This may pose a problem if the
respondent overstates or understates consumption for some
family members.

Nevertheless, they have helpful information about the overall
pattern of food consumption (food groups). Secondly, the use of

2The HHI is categorized into three-level, HHI Below.1 is less diversified, 1–0.18 is

moderately diversified while HHI above 0.18 is highly diversified.

Frontiers in Sustainable Food Systems | www.frontiersin.org 12 June 2022 | Volume 6 | Article 843697

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Nandi and Nedumaran Markets – Farm Production for Nutrition

FCS and HDDS to measure household nutrition is not without
their limitations as neither of these indicators has been validated
as a proxy for micronutrient adequacy. Thirdly, our results on
on-farm diversity, market food diversity, and associated effects
on a household’s diet need to be considered cautiously as they are
context-specific while generalizing the results.

The study identified research gaps for future research.
First, further research exploring the preferences of households
about what to produce on-farm desired purchases, and sell
in a different context is needed as an entry point for
improving household food choices among farm households.
Second, results highlight that market purchases contribute
more to household diet than own farm production. However,
the literature is meager about how safe and hygienic foods
are sourced from markets compared to their “farms” food.
Also, buying foods from markets may be associated with
unhealthy diets such as higher fat, additives/preservatives, more
sugar, chemical residues etc. Therefore, health impact studies
comparing subsistence and market-oriented farm households
are warranted. Lastly, considering the remote setting of villages,
how can private retail food companies be best incentivized
to ensure diverse foods accessible in rural areas, as against
prevailing only periodical markets and grocery shops in
the villages.
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