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FROM THE DIRECTOR

The Tata-Cornell Institute for Agriculture and
Nutrition (TCI) is now seven years old. I am
delighted with the progress that we have

made in this short period of time to build a
multidisciplinary research program that is focused
on addressing the chronic problems of malnutrition
and rural poverty in India, and to emphasize

the central role that agriculture and food system
diversity plays in alleviating these problems. Our
research team consists of 14 PhD students from six
departments across Cornell, four master's students,
and four postdoctoral associates, as well as 12 other
research staff members. We are looking forward to
seeing four PhD candidates, from four departments
in the College of Agriculture and Life Sciences and
the College of Business, graduate in 2020.

The year 2019 has been a watershed year for

the release of high-quality and high-impact
publications from TCI. We authored one book,
five peer-reviewed journal articles, and five book
chapters during the year. Our book, Transforming
Food Systems for a Rising India, published by
Palgrave McMillan, has been extremely well
received by the academic and development
policy communities in India and in major donor
countries. By April 2020, the free electronic version
of the book had been downloaded over 40,000
times, and the book has had a significant impact
on policy discussions on agricultural and food
systems contributions to reducing malnutrition

in India. Our book discusses the processes,
policies, institutions, and technologies needed

for transforming India’s food systems. We argue

in favor of moving away from India’s traditional
focus on increasing the production of staple grains,
especially wheat and maize, toward a food system
that promotes diversity and nutritional quality.
Improved accessibility of more nutritious foods can
simultaneously address the chronic and persistent
problem of undernutrition, as well as the emerging
epidemic of obesity. The book can be downloaded
for free at tci.cornell.edu/food-systems-book.

In 2019, we also made major contributions to the
gender and nutrition literature through three TCI
publications based on intensive fieldwork and
rigorous empirical analysis. We showed a causal
link between women’s empowerment and their
nutritional status, as measured by iron deficiency.
We also showed that empowered women tend

to enhance their nutritional status (and that of
their households) through more judicious market
purchases of diverse foods of higher quality and
with higher nutritive values. Finally, we provided a
field-based critique of the Women’s Empowerment
in Agriculture Index and provided guidance for its
application in the Indian context. These papers can
be accessed at tci.cornell.edu/research/publications.

I am delighted with the progress that TCI has made
over the past seven years, and I am excited about
the contributions that we are poised to make over
the coming years. I am particularly excited by our
role in enhancing the academic and development
practitioner talent pool through the high-quality
graduate students and postdoctoral associates that
TCI has had the honor to support and mentor.

Prabhu Pingali
Founding Director, TCI
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TCl is a long-term, multidisciplinary research
initiative focused on creating and assessing
innovative, food systems-based approaches to
reducing poverty and improving nutrition and
livelihoods in the developing world.

Based at Cornell University in Ithaca, New York,
with offices in Mumbai and New Delhi, India, TCI
blends high-quality academic research, field-based
projects, and policy analysis to generate and share
knowledge relevant to policymakers, research
institutions, and development agencies.

ADVANCING RESEARCH,
GENERATING EVIDENCE, AND
INFLUENCING POLICY

Since its founding in 2013, TCI’s mission has been
to produce high-quality research to aid evidence-
based policymaking. Using a multidisciplinary,
food systems-based approach, TCT’s diverse team
brings together researchers and scholars from
different academic disciplines, ranging from
applied economics and sociology to food, plant,
and soil sciences. TCI's main agenda has been to
devise innovative solutions to spur agricultural
development and address the stubbornly persistent
problem of malnutrition.

With funding from the Bill and Melinda Gates
Foundation, TCI expanded its work in 2015
through Technical Assistance and Research for
India Nutrition and Agriculture (TARINA), a
project directed at promoting a nutrition-sensitive
food system in India. Working with a consortium
of partners led by TCI, TARINA implements
agriculture and nutrition programs to resolve
challenges of implementation, generate evidence,
and build capacity of partner institutions.

By disseminating findings through policy briefs
and peer-reviewed publications, as well as policy
dialogues, workshops, and roundtable events

with state governments and other stakeholders,
TCI advocates for a more nutrition-sensitive food
system and the refocusing of agricultural policy on
improved nutrition outcomes. Through TARINA,
TCI has published 14 policy briefs and organized
more than 10 policy-oriented events on topics
ranging from small-farm aggregation to the effects
of climate variability on agriculture.

In 2019, TCI researchers authored Transforming
Food Systems for a Rising India, which explores
challenges and opportunities to achieving a
nutrition-secure future. The book has been
downloaded more than 40,000 times and was well
received by the Indian food policy community,
prompting policymakers to consider the value of a
food systems-based approach that links economic
growth, agricultural production, and nutrition in
India.

WIDE-RANGING AREAS OF
FOCUS

TCT’s current work focuses on three broad areas
that relate to various, interrelated aspects of food
systems: (1) institutional support systems for
agricultural development, such as research and
development for scientific innovations; (2) social
interventions that improve individuals’ access

to and utilization of nutritious food; and (3)

data systems, information and communications
technology (ICT), and other technological
innovations that enable and promote better
decision-making.

In the realm of institutional support systems for
agricultural development, TCI researchers and
scholars are developing scientific innovations for
nutrition-sensitive food systems, bridging gaps
between research and implementation, through
awareness-building, technology, and knowledge
transfer. For example, TCI researches and promotes
the awareness of holistic soil health, including
studying the links between soil health, land
management, and cropping systems, as well as soil
health’s impact on plant and human nutrition.

TCI’s work in this area also focuses on linking
farms to value chains and markets, which is
essential for improving incomes and welfare.
Addressing smallholder hindrances to market
access is essential for commercialization. TCI

is embarking on a new two-year study to assess
challenges facing farmer producer organizations in
India and Mexico, as they seek to take advantage
of rising consumer demand for diverse agricultural
products.

TCT’s work on social interventions to improve
access to and utilization of nutritious food is
wide ranging, encompassing efforts around
women’s empowerment; food safety and loss;

water, sanitation, and hygiene (WASH); and food
fortification. Gender and nutrition are inextricably
linked in developing countries like India Agriculture
is increasingly the domain of women, and women’s
empowerment at the community and household
levels helps to ensure positive nutritional behaviors
and improved intrahousehold access to food. TCI

is currently examining the impact of male internal
migration on women in agriculture, and in the past
year, TCI researchers have made several notable
contributions to the academic literature exploring
the relationship between women’s empowerment
and nutrition outcomes.

Field-based research is a core component of the TCI program.
(Photo courtesy of Jocelyn Boiteau)

Food safety, food loss, and WASH are crucial,
interrelated factors affecting nutrition. TCI’s
research in this area includes community-based
strategies to mitigate mycotoxin contamination

of crops and efforts to understand the extent of
quantity and quality food loss in Indian tomato
value chains. To assess the effects of access to clean
drinking water, TCI partnered with AguaClara to
install piped water systems in Indian villages.

TCI’s work on food fortification and
biofortification strategies includes developing

novel sources of micronutrients for fortification,
creating new fortified foods for vulnerable
demographic groups, and promoting community-
based fortification programs. Efforts in this area
include fortifying flour with iron derived from
microalgae and using cutting-edge food technology
to develop nutritious puffed snacks for infants and
toddlers. TCI introduced vitamin A-rich orange-
fleshed sweet potatoes in several Indian villages
and assessed the impact of educational workshops
about vitamin A on household decisions to grow
or purchase the crop. TCI’s Sfurti project enlisted
women’s self-help groups to raise awareness of

the importance of micronutrients and to sell
simple, home-based fortification sachets to their
community members.

To ensure that policymaking and development
strategies around food systems are built on a
foundation of solid evidence, TCI works to build
and improve data systems and take advantage of
technological innovations. Investing in policy
tools, data systems, and institutions is crucial
for supporting further research. TCI partnered
with the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) to expand and
improve a database that is related to Indian food
and agriculture systems. Also, TCI is developing
metrics to measure the institutional capacity

of national research centers, as part of the US
government’s Feed the Future initiative.

ICTs and other technological innovations can
be important levers for spreading useful messages
and improving livelihoods. TCI promotes

the development and use of digital tools for
resource management and soil mapping, and for
designing virtual communities of best practices
and developing behavior change communication
strategies for positive nutrition.

INDIA AND BEYOND

TClI is consolidating a significant body of evidence
and experience around effective food systems-based
strategies for improving nutrition and livelihoods
in India. Due to its regional diversity, lessons from
India may prove useful in other locations. Looking
forward, TCI is exploring how developing countries
in South Asia and sub-Saharan Africa can utilize
TCI’s body of work to improve nutrition outcomes
in these regions.
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RESEARCH HIGHLIGHTS

RESEARCHER
SPOTLIGHT

Kavya Krishnan
TCI Scholar and PhD Candidate, Soil and Crop Sciences

| TCI scholar Kavya Krishnan
is a PhD candidate in the
field of soil and crop sciences.
She works with India-based
agricultural universities, like
the Dr. Rajendra Prasad Central
Agricultural University in
Bihar, to advance the country’s
understanding of soil health.

Krishnan believes the study of
soil health will help give more
focused direction to overall
food policy and food security.
“It’s the foundation of a healthy production system but often
gets ignored for more obvious fixes,” she says. “Studying
agricultural systems is especially important to me because
it affects every single person on the planet and is of utmost
importance to our continued survival”

While she enjoys working in a laboratory, Krishnan also
enjoys fieldwork and interacting with people from different
walks of life. The first focus group she held with farmers in
Bihar was particularly moving for her.

“Having grown up in Mumbai, my work had been primarily
academic till then,” she says. “It was during that interaction
that I fully realized the impact my work could have”

Prior to joining TCI, Krishnan received a joint master’s
degree in soil science and agroecology at the University of
Wisconsin—Madison, where she examined the effect of cover
crop management on mineralizable nitrogen. She earned a
bachelor’s degree from the SUNY College of Environmental
Science and Forestry in environmental biology.

When she is not working in the lab or out in the field,
Krishnan enjoys reading and writing creative fiction,
especially murder mysteries and fantasy novels. She is

also involved with the Cornell University Graduate and
Professional Student Assembly and works with other campus
organizations on diversity and inclusion issues.

DIRT MATTERS:
UNDERSTANDING SOIL HEALTH
IN BIHAR

Productive farms cannot exist without good soil.
Yet, traditional views of soil health—the capacity
of soil to function as a vital living ecosystem

that sustains plants, animals, and humans—have
focused narrowly on chemical properties, ignoring
physical and biological aspects. Soils are dynamic
and complex living systems and a thorough
understanding of the interactions between the
chemical, physical, and biological factors is
required to determine their long-term resilience.
TCI is working with several partners in India to
raise awareness and build capacity to improve soil
management, with a comprehensive view of soil
health.

Research has shown that improving soil health can
increase farm yield, as soil degradation is a major
reason for the gap between typical and attainable
yields. This is especially important in a state like
Bihar, where extreme poverty and an immense
vulnerability to climate change have hampered
the state’s ability to realize its yield potential and
achieve food security. Although the state has
made strides in agricultural growth over the past
couple of years, the agricultural productivity of
its two main crops, rice and wheat, are well below
the national average. Decreasing use of farmyard
manure and increasing use of chemical fertilizers
has led to deficiencies of micronutrients, like zinc
and boron, in the soil.

Led by scholar Kavya Krishnan, TCI is examining
the links between soil health, land management,
and cropping systems, as well as their effects

on yield, by using a comprehensive assessment
of soil health that measures 15 soil properties,
representing physical, biological, and chemical
processes. To better understand these complex
systems, TCI has partnered with the local

and state governments, Dr. Rajendra Prasad
Central Agricultural University (DRPCAU),

the Cereal Systems of South Asia (CSISA), the
Borlaug Institute of South Asia (BISA), and the
Environmental Defense Fund (EDF). These

partnerships allow for integrating research and
pooling of data and resources.

Cornell University and DRPCAU have built a
state-of-the-art soil health lab, housed at DRPCAU.
While state soil labs are mostly equipped to run
chemical tests, this new lab is capable of testing
soil’s physical and biological features as well.

Preliminary results from Krishnan’s long-term
study suggest that, on average, indicator values

for soil samples from Bihar are lower than that

of soil sampled in the United States, requiring an
adapted interpretation framework. Differences in
fertilizer application do not appear to influence
any of the indicators, but additions of crop residue
and organic amendments appear to increase labile
carbon and soil protein. Labile carbon is an energy
source for microbes that help maintain a healthy
soil food web, and protein plays an important role
in the storage and release of organic nitrogen from
the soil.

A man tills soil on small plot of land in Uttar Pradesh. Soil
health is an important factor in agricultural productivity.
(Photo by Kathryn Merckel)

This research, along with further farm trials,

will provide an improved understanding of
nutrient and carbon flows in Bihar. Much existing
knowledge of nutrient-use dynamics in India
comes from university and governmental trials
that only consider a single crop and are limited to
a single resource at a time, failing to account for
interactions between nutrients, livestock, additional
inputs, productivity, and external factors. A true
understanding of nutrient and carbon flows in

the region requires examining the interaction
effects between nutrient resources within crop and
livestock systems.
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Further activities will include the exploration of
low-cost, quick methods of predicting soil health
using mid-infrared spectroscopy. These methods
can greatly improve the speed and efficiency of data
collection in India, where the need for complete
and accurate information to drive policy is crucial.

THE NUTRIENTS BENEATH
OUR FEET: UNDERSTANDING
THE SOIL-HUMAN HEALTH
CONNECTION

You are what you eat. It’s a commonly heard saying
that synthesizes the role nutritious foods play in
human health. Dig a little deeper, and you might
update the old adage—at least as far as plant-based
foods are concerned—you are the soil.

As part of the TCI Soil Health Project, scholar
Fatma Rekik is leading a study to help understand
how soil health affects human health through
nutrition. The soil-to-human nutrient transmission
has rarely been studied on a household level,

and when it has, studies have looked at only one

or two minerals. TCI’s approach is holistic and
comprehensive, addressing the physical, biological,
and chemical attributes of soil, including 22
different minerals.

Rekik’s study in Jharkhand, India, examines soil-to-
human mineral transmission through rice. Rice is
the most consumed staple in Jharkhand, one of the
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Two women mill rice by hand in order to remove the inedible
husk and bran layers. (Photo by Fatma Rekik)

poorest states in the country and with high rates of
malnutrition across income levels.

Rekik collected and analyzed 43 samples of soil,
rice, and human hair (a bioindicator of long-term
nutrition) from rice-subsisting communities across
seven districts in Jharkhand. The levels of minerals,
such as iron and arsenic, were tested to assess their
associations across all three mediums. Physical and
biological indicators in the soil, such as available
water capacity and respiration, were also tested.
The study revealed that soil health is reflected

“Our work in Jharkhand has resulted
in better awareness of the importance
of soil health. This is especially
pronounced in rural subsistence
communities.”

- Fatma Rekik

nutritionally in both rice and humans. The
associated benefits of physical and biological soil
health for humans includes increased availability
of essential nutrients like manganese, calcium, and
cobalt, as well as decreased presence of potentially
toxic elements like lead.

Rekik also interviewed 43 female heads of
household about their dietary, health, farming,

and cooking practices to assess their effects on

soil, rice, and human health. Results indicate that
the type of grazing livestock allowed on farm

plots after harvest has a significant impact on soil
health, specifically regarding levels of cadmium and
molybdenum. Rice varieties, sources of cooking
water, and cooking method each affect human
nutrition, while landscape positions and soil texture
have a significant effect on rice nutrition. For
example, medium-textured soil appears to have an
optimal capacity for holding onto minerals while
also making them available to plants.

The results of this study are insightful for the
betterment of human nutrition in malnutrition-
afflicted areas. They show that healthy soil yields
important nutritional benefits to humans by
increasing the availability of essential minerals,
and that farming and cooking methods play an
important role in ensuring that those minerals
make it to people’s plates for consumption. Further
study of those methods is warranted to maximize
the benefits of healthy soils for human nutrition.

CORRELATION BETWEEN PHYSICAL/BIOLOGICAL SOIL HEALTH
AND MINERAL CONTENT IN HUMAN HAIR AND RICE
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Pearson’s correlation coefficients between physical and biological soil health indicators and mineral composition in hair and
rice. Each colored cell represents a significant correlation coefficient (p<0.05). Orange indicated a negative relationship and
green indicates a positive relationship. Blank cells indicate insignificant correlations.

VALUE CHAINS AND

MARKETS

AGGREGATION MODELS AND
THE FUTURE OF SMALL FARMS

As the world’s population increases and the
demand for diverse agricultural products rises,
small farms have an opportunity to play a big role
and reap many benefits, if they are able to join
together to form farmer producer organizations
(FPOs) to increase their aggregate size. With

support from the Walmart Foundation, TCI is
embarking on a two-year study to assess challenges
facing FPO models in India and Mexico.

Nearly 90% of the 570 million farms around the
world are small, of less than two hectares in size.
Most of these farms are in low- and middle-
income countries, where a substantial amount of
the population are dependent on the agricultural
sector. Because size determines economies of
scale, small farms have an inherent disadvantage
in accessing product markets, credit, management
inputs, and technology. These disadvantages have
kept small farms from leveraging income-growth

13



RESEARCH HIGHLIGHTS

RESEARCHER
SPOTLIGHT

Fatma Rekik
TCI Scholar and PhD Candidate, Soil Science

A National Science Foundation
fellow and PhD candidate in the
field of soil science, TCI scholar
Fatma Rekik is an important
part of TCT’s Soil Health Project.
Her work focuses on soil health’s
impact on human nutrition.

Rekik’s primary research interest
is soil health’s effect on the
socioeconomic, nutritional, and
qualitative dimensions of food
and agriculture in developing
nations. She believes that many
of the issues that the world faces—from climate change to
mass migrations—can be traced back to, and perhaps, solved
by soil health.

“Soil is the foundation of life;” Rekik says. “It brings
communities together, both literally and figuratively. For me,
soil is life”

Rekik decided to study soil health after spending time in
Cornell University’s Soil Health Laboratory and working
with the US Department of Agriculture Natural Resource
Conservation Service in Gainesville, Texas. “At that time, it
dawned on me how wondrously powerful and crucial soils
are,” she says.

The soil health study Rekik leads is based in Jharkhand,
India. She is thankful for the opportunity to connect with
local people in the field, learn about their lifestyles, and hear
first-hand about the challenges they face.

Rekik received both her Master’s in soil science and
Bachelor’s in agricultural science from Cornell University.
After completing her PhD, she hopes to join a United
Nations agency or CGIAR Center.

Outside of her research, Rekik enjoys reading and acquiring
new skills through workshops and online learning. She is an
ardent international traveler.

opportunities, which have arisen from changing
demand for diversified, high-value agricultural
products through globalization, population
increase, and income growth. By forming FPOs,
smallholders can benefit from scale economies,
and thereby, in the process, aid agricultural
development and poverty reduction.

In India, the average farm size was 1.15 hectares in
2010-11, a decrease from 1.33 hectares in 2000-01.
Considering this downward trend, aggregation
models have become critical for the country’s
smallholders. In the past two decades, there has
been renewed interest in the promotion of FPOs
for agricultural development and poverty reduction
by philanthropic actors, donors, corporations, and
governments. The country continues to promote
FPOs in a big way, and in 2017, the government
assisted in the formation of over 3,000.

Farmers work on a plot of land. Such smallholder
farmers can benefit by aggregating into farmer producer
organizations. (Photo by Kiera Crowley)

Yet, despite increased focus and avenues of support,
global FPO success stories are few. Low-financing
opportunities and the extended gestation period
required for FPOs to become self-sustaining are
major factors that impede success. Other challenges
include weak market linkages, high coordination
costs, government interference, inadequate
managerial expertise, low levels of trust among
members, and exclusion of women.

TCI is committed to the promotion of producer
organizations as essential for agricultural
development and food security. The Walmart
Foundation’s focus on promoting FPOs, to develop
location-specific strategies for market access to
include smallholders in organized value chains, fits

squarely with TCT’s research goals. In September
2019, the Foundation awarded TCI a $1 million
grant to study the FPO promotion experience by
philanthropic actors, government, and private
entities in India and Mexico. Knowledge gained
from these experiences will allow TCI to formulate
operational, context-specific FPO models that are
capable of improving smallholders’ income and
welfare.

GENDER AND NUTRITION

THOSE LEFT BEHIND:
UNDERSTANDING THE
EFFECTS OF INTERNAL
MALE MIGRATION ON
WOMEN'S PARTICIPATION IN
AGRICULTURE
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Across the developing world, hundreds of millions
of people migrate seasonally in hopes of bettering
their livelihoods by increasing their incomes and
improving household welfare. This is especially
true in India, which according to the latest census
data from 2011, has around 450 million internal
migrants. Due to social and gender norms, the
majority of these migrants are men. TCI scholar
Vidya Bharathi Rajkumar is working to understand
how male labor migration affects women’s roles in
agriculture in rural India.

Male-dominant migration has implications for
agricultural productivity as well as gender equality.
As men migrate, women tend to be left behind

in rural areas, usually in charge of agriculture. In
several countries across Africa, Asia, and Europe,
women’s share in total agricultural employment
has increased, a phenomenon referred to as

the “feminization of agriculture” In countries
like India, these women may have to shoulder
the additional workload on the farm while also
attending to daily domestic chores, which could
adversely affect their health and productivity.

In some instances, women could also transition
into new roles as farm managers. Typically, female
farm managers tend to have less control over
production assets and limited access to technical
know-how and credit opportunities. Women who
take over as farm managers, as a result of male
migration, may have previously been unexposed to

15
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INTERNAL MIGRATION IN INDIA
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Migration for Work/Employment (2011)
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Data from the 2001 and 2011 Census of India show that internal migration has increased in India and that the majority of

those who migrate for work are men.

the rigors of managing a farm, which could impact

agricultural production and productivity.

Using data from a nationally representative,
multi-topic, household panel survey, Rajkumar
is estimating the causal effects of male migration
on womens participation in agriculture in India.
Preliminary results suggest that, while male
migration does not affect the amount of time

Two women harvest green gram (mung beans). Internal
migration by work-seeking men leaves women to shoulder the
burden of agricultural work. (Photo by Kiera Crowley)

women spend in agriculture, women are more
likely to report becoming farm managers as a result
of it.

Future work will explore how the effects of
migration vary based on family structure—the
relationship between the migrants and the women
left behind—as well as social structures, like caste
systems and gender norms. Upcoming work will
also focus on determining potential pathways
through which male migration could lead to
greater female farm management and examining
how migration-induced changes in women’s roles
impact agricultural productivity.

GONE FISHING: WOMEN'S
SELF-HELP GROUPS AND
COMMUNITY AQUACULTURE IN
ODISHA

Across India, organizing women into self-help
groups has been a popular method used for
empowering women and lifting them out of
poverty. This is particularly true in the coastal
state of Odisha, where the government’s Mission
Shakti program has helped six million women in
more than 600,000 self-help groups since 2001.
TCI scholar Anshuman Gupta spent the summer

WOMEN'S SELF-HELP GROUPS INTERVIEWED IN ODISHA

Maa Durga WSHG,
Bsdbairen

10 Acres; 800 KG

Kali Krushna WSHG,
Gambariguda
2 Acres; 535 KG

Bhagawati Badudey
WSHG, Turintira
2 Acres; 1800 KG

Bharati WEHG,
Kurungipur
0.5 Agres; 540 KG

Ma Tulsi WSHG,
Mendha
1.5 Acres; 400 EG

TCI scholar Anshuman Gupta conducted group interviews with five women's self-help groups in three districts of Odisha.

of 2019 studying the implementation of a program
to promote community aquaculture by self-help
groups.

Odisha’s community aquaculture initiative takes
advantage of an estimated 60,000 community tanks
in the state, 80% of which remain in disrepair or are
not utilized. While the primary aim of the initiative
is to increase rural incomes through the production
of fish, like rohu of the carp family, the aquaculture
program also aims to improve household nutrition
by improving access to nutritious small fish like
mola, or sunfish.

The program is implemented through a partnership
between Mission Shakti, the Department of
Fisheries and Animal Resources Development, and
the Department of Panchayati Raj and Drinking
Water. WorldFish, an international research
organization, provides technical support through
trainings and capacity building.

As a participant in TCI's Summer Internship
Program, Gupta received guidance from WorldFish
to better understand the implementation of the
aquaculture program and identify key factors that,
if addressed, could lead to better outcomes for the
project.

Through interviews with staff from WorldFish and
government agencies, Gupta created an “outcomes
pathway map” for the project, which demonstrates
how inputs like community tanks, tools, and
support staff are used to engineer outputs, such

as increased fish production, higher incomes, and
improved nutrition. The map also presents a set of
key indicators for each input and activity, that if
monitored, will ensure proper implementation of
the program.

Gupta also met with women from self-help groups
participating in the aquaculture program to assess
their needs. To identify specific factors that could
affect the programss effectiveness, a mix of groups
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turns out, childhood stunting—height-for-age in
children under five that is two standard deviations
below the global standard—is more prevalent in
India than most places around the world. Nearly
40% of children—roughly, 46.8 million—have
stunted growth.

MEDIAN HEIGHT OF ADULTS IN INDIA BY COMMUNITY

SAMPLE SIZE >500 sex: [ FEMALE [l MALE

Children who experience stunting can suffer from
lifelong adversity, including increased risk of
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of productivity in their community tanks.

The women who were interviewed identified proper
training as their primary need. None of the self-
help groups had prior experience with aquaculture,
so they lacked basic knowledge such as best feeding
practices. This was exacerbated by administrative
delays in their initial training. The women also said
that they needed access to credit to be able to buy
inputs and suggested that the poor initial quality

of the community ponds meant that they had to
spend a disproportionate amount of funds on
cleaning. This led to diminished productivity; yet,
the women reported being optimistic that they will
have more success in the coming years.

The community aquaculture program in Odisha
has, by working with self-help groups, been
effective in reaching some of the state’s most
vulnerable women. By providing increased access
to credit and more timely training, the government
could boost its impact.

HOW GENOMICS CAN INFORM
BIOLOGICAL INSIGHTS INTO
CHILDHOOD STUNTING

When visiting India, there are a few features that
become immediately apparent: bright colors, heavy
traffic, and lots of people. Many of those people are
a lot shorter than one might see in the West. As it

Environment: Family
Built, Natural, History and
Social Genetics

Individual
Health
Outcome

Developmental

Trajectory

Individual health outcomes are determined by
environmental, genetic, and developmental factors.

TCI research associate Dr. Srilakshmi Raj is using
genomic insights to address this problem from a
new angle. A human population geneticist, she

is leading a study to identify unique genomic
(including genetic, epigenetic, and transcriptomic)
and other biological markers for stunting,

which reflect the influence of biology and the
environment on health outcomes. These unique
genomic and biological markers will be used to
accurately predict and more effectively prevent
stunting and related adverse health outcomes.

' '
+ +
chronic diseases, diminished mental capacity and s ﬂ i ﬁ ’ f
learning ability, and reduced earnings. Stunting has O T
traditionally been attributed to poor maternal, fetal, - , '
and early childhood nutrition, resulting in public g I ¢
health and policy efforts to combat the condition 0
directed toward improving nutritional outcomes. I
TCI scholar Anshuman Gupta (second from left) speaks with However, despiFe decades of effort and millions of
women involved in aquaculture in Odisha. (Photo courtesy of dollars poured into trying to solve the problem, '
Anshuman Gupta) stunting has been only slightly reduced in India. 0
were chosen from areas with different levels of ﬂ“‘;@w“ o o o0 0 G 8 T o 0" b 0T e e PO
oW WO G W T g P g o R & o
development, having exhibited high and low levels INDIVIDUAL HEALTH TRIAD o W @&

COMMUNITY

Data from the Indian Human Development Survey-1I (2011-12) shows the diversity of height among different Indian

communities.

The study will also provide more narrow definitions
of stunting and its health outcomes, based on
specific individual, household, and environmental
metrics. For example, children who are anemic and
stunted may show a different biological signature
than children who suffer from intestinal worms and
are stunted. Whether their health trajectories differ
also warrants investigation. By collecting such deep
records per household, Raj’s research will lay the
foundation for addressing large-scale public health
problems in India by carefully defining the problem
at the outset.

As part of the study, Raj is collecting genomic
and blood biomarker data from the members

of nuclear families in which a child is stunted,

as well as environmental characteristics, in two
environmentally contrasting regions of India.
Due to the complex nature of the research, Raj is
collaborating with specialists across the country,
including geneticists, epidemiologists, survey
teams, pediatricians, clinical geneticists, public
health experts, dietitians, and others. Organizations
participating in the study include the Center for
Human Genetics, the Indian Institute of Science,
INCLEN Trust International, BAIF Development
Research Foundation, and NEERMAN.

Large-scale consortiums are starting to use similar
approaches in studies conducted across multiple
countries, where context, environment, and genetic
makeup all differ, but a study like Raj’s has never
been pursued solely within India. It promises to
yield great insight into the country’s experience
with stunting.

HEIGHT AND GROWTH:
UNPACKING DIFFERENCES

IN STUNTING ACROSS
EMPOWERED ACTION GROUP
STATES

Stunted growth, is an indicator of the prevalence
of malnutrition and is an ongoing concern in
India, home to more than one-third of the world’s
stunted children. It is a particular concern in

the country’s Empowered Action Group (EAG)
states—Uttar Pradesh, Bihar, Jharkhand, Madhya
Pradesh, Chhattisgarh, Rajasthan, Orissa, and
Uttarakhand—which lag behind the rest of the
country socioeconomically, demographically, and
nutritionally. TCI postdoctoral associate Sunaina
Dhingra is working to explain regional disparities
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and high prevalence of stunting in EAG states, in
addition to determining what interventions will be
most effective.

In her analysis, Dhingra adopted the classification
of states, according to levels of structural
transformation, as described in TCI’s 2019 book,
Transforming Food Systems for a Rising India.
Structural transformation—characterized by

shifts out of agriculture, increased agricultural
productivity, and increased urbanization—can
reveal important developmental differences
between states with similar GDP indicators.

In those terms, all of the EAG states, except
Uttarakhand, are categorized as “lagging states,”
with low GDP per capita, low rates of urbanization,
and growth driven by a less productive agricultural
sector. Dhingra compared them to two better
performing states: Punjab, an “agriculture-led
growth state,” and Tamil Nadu, an “urbanization-
led growth state”

The EAG states were compared with Punjab and
Tamil Nadu along six broad categories of variables
affecting nutrition: individual and household
demographics; postdelivery health care; predelivery
health care; mother’s education and health-related
variables; household and community-level hygiene
practices; and household socioeconomic status.
Her research shows that these factors can explain
much of the difference in height-for-age outcomes
between the EAG states and Punjab and Tamil
Nadu, and highlights which variables would

yield the greatest improvements in each state, if
addressed.

For her analysis, Dhingra used a counterfactual or
regression decomposition technique known as the
Oaxaca-Blinder decomposition, which reveals how
much of the gap between two groups is explained
by the levels of a set of underlying factors related

to the outcome of interest and how much is
explained by differences in the effect (or strength
of association) of those factors on the outcome of
interest. For example, children from a particular
state could be less healthy because that state has
less health care infrastructure, but the effectiveness
or quality of the state’s health care providers could
also play a role. This technique revealed Punjab as a
better comparison than Tamil Nadu for all the EAG
states combined, as nearly 90% of the gap between
them in height-for-age outcomes can be attributed
to differences in the levels of factors affecting
nutrition.

Using this decomposition technique also allowed
Dhingra to build on the existing literature by
revealing which factors are more consequential

in each state. Although the analysis suggests

a very strong relationship between improved
socioeconomic status and improved height-for-
age outcomes across all states, the importance of
other circumstances came to light when viewed
on a state-by-state basis. For example, improving
the predelivery health care infrastructure in

Bihar, Uttar Pradesh, and Madya Pradesh to

the same level as Punjab can help reduce the
height-for-age gap in those states by almost 15%.
Improving predelivery health care infrastructure in
Chbhattisgarh, on the other hand, would have only
a very modest effect. Instead, Dhingra’s analysis
suggests that Chhattisgarh’s emphasis should be
on the betterment of hygiene practices adopted by
households, particularly, by educating people about
safe stool disposal practices, which would reduce
the gap by 23%.

The results of this analysis contribute to the
understanding of how individual EAG states can
move toward improving their childhood nutrition
outcomes. Such an improved understanding can
help policymakers decide on which areas to focus
to maximize the benefits of improved nutrition for
boosting height-for-age outcomes.

FOOD SAFETY, FOOD LOSS,

AND WASH

TOMATO TROUBLE:
ESTIMATING AND
UNDERSTANDING FOOD LOSS
IN VEGETABLE SUPPLY CHAINS

The loss of fruit and vegetables—damaged during
transport or left decaying in a warehouse—in
supply chains means that the nutrients of these
foods cannot be consumed by those who need
them. This is an especially important problem in
countries like India, where there are not enough
fruits and vegetables available in the food system
to meet the population’s dietary needs. TCI works
to understand the nature, stages, and extent of food
loss of perishable vegetables along supply chains
in India, seeking to aid in the creation of effective
reduction interventions in order to improve food
security.
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Tomato traders are among those surveyed as part of TCI scholar Jocelyn Boiteau’s food loss study. (Photo by Jocelyn

Boiteau)

Attempts to reduce food loss are hampered by

the lack of a universal definition of food loss

and the lack of standard, validated methods of
measurement. In an effort to develop such metrics,
TCI scholar Jocelyn Boiteau is conducting an
observational study to estimate and understand
quantity and quality food loss of fresh tomatoes
from farm to retail in Chittoor district, Andhra
Pradesh, and Hyderabad district, Telangana.

Andhra Pradesh is one of India’s top tomato-
producing states, and Chittoor district has its
greatest land area under tomato cultivation. The
state is also home to the Madanapalle tomato
wholesale market, one of the largest tomato
markets in Asia. Tomatoes from the market are
shipped all over the country, including Hyderabad.

“We know that food loss contributes
to the deficit of fruits and vegetables
in India, but there is a knowledge gap
in how to measure both the quantity
and quality of food loss of these food
groups.”

- Jocelyn Boiteau

To gain a comprehensive understanding of food
loss across the entire tomato supply chain, TCI’s
study surveys farmers, wholesale buyers, and local
retailers in Chittoor, as well as tomato traders

and retailers in Hyderabad. Across the surveys,
Boiteau and her team gather data on self-reported

AT A GLANCE

o 277 farm-level surveys completed.

o 212 wholesale market surveys
completed.

o 52 traders surveyed.

o 52 retailers surveyed.

loss estimates, including how many tomatoes

are completely lost and how many are damaged

and have reduced quality. They also assess loss
objectively by counting crates at different stages and
gathering quality data using line-scaling methods.

Survey data collection in Chittoor district began in
February 2019, and in Hyderabad in April 2019. In
Chittoor, surveys are conducted with farmers on
harvest days and with farmers and tomato traders
on auction days at Madanapalle. To date, 277 farm-
level surveys and 212 wholesale market surveys
have been completed, with 149 farm households
participating. Enrollment of wholesale traders is
ongoing, with 84 participating so far. In Hyderabad,
monthly surveys are conducted with 52 vegetable
traders across three vegetable markets run by the
state government, in addition to 52 retailers located
across Hyderabad city.

Data collection will continue through September
2020, so as to account for differences in loss across
the seasons.
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Jocelyn Boiteau
TCI Scholar and PhD Candidate, International Nutrition
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™ A PhD candidate in the field
of international nutrition, TCI
‘§ scholar Jocelyn Boiteau leads
the Institute’s efforts on food
loss. Her study of quantity and
quality loss in Indian tomato
supply chains aims to develop
metrics for measuring loss that
can contribute to effective,
3 evidence-based reduction

‘ W strategies.

The link between supply chains
and nutrition is of particular
interest to Boiteau. “Often when we think about people’s
diets, we focus on consumption and consumer decision-
making, but there’s a lot that happens to food on the supply
side, and it’s all very dynamic,” she says. “I'm motivated

to study food loss to better understand the problem and
contribute evidence that can be used to improve food
systems to deliver nutritious food to all people.”

3

The ability to spend extended time in the field afforded to
her by TCI has allowed Boiteau to gain deep insight into

the context of her work. “I feel that I have a greater personal
investment in the project and also a better understanding of
the data and where it is coming from than if T had spent most
of my time in Ithaca,” she says.

Boiteau credits her team in Ind