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In India, progress against undernutrition has been slow. Given its importance for income generation, improving
diets, care practices, and maternal health, the agriculture sector is widely regarded as playing an important role in
accelerating the reduction in undernutrition. This paper comprehensively maps existing evidence along agriculture—
nutrition pathways in India and assesses both the quality and coverage of the existing literature. We present a
conceptual framework delineating six key pathways between agriculture and nutrition. Three pathways pertain to the
nutritional impacts of farm production, farm incomes, and food prices. The other three pertain to agriculture—gender
linkages. After an extensive search, we found 78 research papers that provided evidence to populate these pathways.
The literature suggests that Indian agriculture has a range of important influences on nutrition. Agriculture seems
to influence diets even when controlling for income, and relative food prices could partly explain observed dietary
changes in recent decades. The evidence on agriculture-gender linkages to nutrition is relatively weak. Sizeable
knowledge gaps remain. The root causes of these gaps include an interdisciplinary disconnect between nutrition
and economics/agriculture, a related problem of inadequate survey data, and limited policy-driven experimentation.

Closing these gaps is essential to strengthening the agriculture sector’s contribution to reducing undernutrition.
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Introduction

The multiple causes of undernutrition, at the indi-
vidual, household, and societal levels, are now well
recognized. Scientific consensus exists on the ef-
fectiveness of a core package of nutrition-specific
interventions in addressing the immediate causes
of child undernutrition." But wider recognition
of the need for nutrition-sensitive development to
tackle the underlying and basic determinants of
undernutrition—development that draws on di-
verse sectors, such as agriculture, education, health,
water, and sanitation—is also gaining momentum
and catalyzing important research.>> Much of this
literature has understandably focused on the “Asian
enigma,” and on India’s unusually high rates of un-
dernutrition in particular.*” India alone contains
around one-third of the world’s undernourished
children, and its exceptionally high rates of under-
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nutrition have declined only marginally in the face of
rapid economic growth (Table 1).® Eradicating un-
dernutrition at the global level will therefore require
tackling the immense burden of undernutrition in
India, and leveraging the potential of a wide range
of nutrition-sensitive sectors.

High on the list of nutrition-relevant sectors in
India is agriculture. In theory, the potential for agri-
cultural systems to influence nutrition is sizeable.
As we describe in more detail below, agriculture
and allied sectors play a crucial role in the provision
of food, livelihoods, and income. At the same time,
the combination of agricultural production and so-
ciocultural norms can lead to harmful linkages with
nutrition, particularly via maternal health and nu-
trition and suboptimal childcare practices. In rela-
tive terms, agriculture might also be less important
than other sectors, particularly for nutrition out-
comes in the first 1000 days of life when nutritional
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Box 1. Tackling the agriculture—nutrition disconnect in India: the TANDI initiative

Agricultural initiatives alone cannot solve the nutrition crisis in India but they can play a much bigger role
toward that end than they have done thus far. This basic belief gave rise to the first phase of the TANDI
initiative (2010-2012), facilitated by the International Food Policy Research Institute, with funding from the
Bill & Melinda Gates Foundation. The goal of TANDI was to better understand and address the failure of
economic and agricultural growth to make significant inroads into reducing malnutrition in India. The
initiative brought together economists, nutritionists, and other stakeholders to (1) build consensus on the key
pathways between agriculture and nutrition in India and (2) address key knowledge gaps and drive a change in
India’s policy and program processes to tackle undernutrition.

knowledge and care practices, as well as health and
sanitation, are typically of paramount importance.
But what is certain is that agriculture has histori-
cally been an essential source of poverty reduction
in India,”!° and remains a surprisingly large sec-
tor in livelihood terms. Nearly 58% of the Indian
workforce lists agriculture as their primary source
of employment (over 80% for the rural female labor
force) and agriculture still generates more than half
of total rural income. Moreover, these ratios will be
significantly higher for more undernourished ru-
ral populations, suggesting that agriculture still has
significant potential for driving improvements in
nutrition (Box 1).

In light of these complex linkages between agri-
culture and nutrition, the goal of this review is to
systematically assess the available evidence in the In-
dian context. We first focus on six well-recognized
pathways between agriculture and nutrition in In-
dia (illustrated in Fig. 1 and described in Box 2).
Pathways 1 and 2 focus on what economists term
the separability hypothesis.'! Like other productive
sectors, agriculture is a source of household income
and expenditure on nutrition-enhancing goods and
services (pathway 2), although agriculture is gener-
ally a more important source of income for the poor
and undernourished, both directly, and through so-
called multiplier effects on other sectors.'> However,
in the context of various market failures, farmers
may make production decisions with the objective
of directly shaping their diets through consump-
tion of their own farm produce (pathway 1). Since
nonfarm activities do not possess this linkage to nu-
trition, pathway 1 potentially makes agriculture a
special sector, but also opens up complex dynamic
policy trade-offs.!® Pathway 3, which posits that
agricultural production conditions can determine

the relative prices of food in general as well as spe-
cific foods, potentially also makes agriculture a spe-
cial sector because it influences the composition of
diets through macroeconomic linkages. Both cham-
pions and critics of the Green Revolution in India
have long emphasized that technology-based im-
provements in wheat and rice production have re-
duced the relative prices of cereals while increasing
the relative prices of other nutritious foods, such as
fish and pulses.!*

The next three pathways focus on link-
ages between child undernutrition and maternal

Table 1. Undernutrition in India

India
Nutrition indicators 1998-1999 2005-2006
Stunting (children <3) 51% 45%
Wasting (children <3) 20% 23%
Underweight (children 43% 40%
<3)
Anemia (<11.0g/dL; 74% 79%
children 6-35
months)
Women with body 36% 33%
mass index (BMI)
<18.5
Men with BMI <18.5 NA 28%
Women with anemia 52% 56%
(<12.0g/dL)
Men with anemia NA 24%
(<13.0g/dL)

Source: National Family Health Survey (NFHS) rounds 2
(1998-1999) and 3 (2005-2006). http://www.rchiips.org/
nfhs/about.shtml
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Figure 1. Mapping the agriculture—nutrition pathways in India.

socioeconomic and nutritional status. Pathway 4
acknowledges that agricultural production condi-
tions can influence the empowerment of women
and household decision-making outcomes for
nutrition-relevant resources, particularly food and
health care.'> Pathway 5 focuses more specifically
on whether large female workloads in Indian agri-
culture influence childcare outcomes through in-
adequate childcare practices. Pathway 6 addresses
the possibility that the often arduous and haz-
ardous conditions of agricultural labor in In-
dia pose substantial risks for maternal nutritional
status and an intergenerational transmission of
undernutrition.

The aim of this comprehensive literature re-
view is to map existing evidence along agriculture—
nutrition pathways in India, and assess both the
quality and coverage of the existing literature. Fol-
lowing this assessment of the state of evidence, the
concluding section of the paper discusses where this
type of research should be moving, and how to
overcome data limitations that currently hamper
progress.

Methods

To populate the evidence along these six agriculture—
nutrition pathways we undertook a comprehensive
review of the evidence based on three steps. First,
we followed the practice of the medical literature

in undertaking a systematic literature search with
the specific goal of populating the evidence base
as comprehensively as possible. Second, we qualita-
tively categorized studies into low-, medium-, and
high-quality studies according to the methodology
developed by the UK’s Department for International
Development (DFID),'® and mapped these studies
to the six agriculture-nutrition pathways described
above. The objective of this step is to provide a basic
overview of the state of the literature in terms of
scope and quality. Third, since the literature on this
subject tests multiple pathways—and hence a vari-
ety of different hypotheses—we undertook a more
informal review of this literature, looking in partic-
ular at the findings of higher quality studies, where
different studies agree or disagree, and significant
evidence gaps. This study is therefore more of a
social science—type literature review rather than a
conventional systematic review, albeit with the more
systematic search approaches common in the med-
ical and nutrition literatures.

For the first of these steps, we searched 12 scien-
tific databases, the websites of relevant institutions,
and references from bibliographies (Fig. 2). To cover
arange of disciplines, we included a combination of
search terms related to food, nutrition, and agricul-
ture. All references were entered into Endnote and
duplicates removed. Details of the search, which was
concluded in June 2013, are provided in Figure 2 (the
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Box 2. Agriculture—-nutrition pathways in India

. Agriculture as a source of food: Farmers produce for own consumption.

. Agriculture as a source of income for food and nonfood expenditures: As a major direct and indirect
source of rural income, agriculture influences diets and other nutrition-relevant expenditures.

. Agricultural policy and food prices: Agricultural conditions can change the relative prices and
affordability of specific foods and foods in general.

. Women in agriculture and intrahousehold decision making and resource allocation may be
influenced by agricultural activities and assets, which in turn influences intrahousehold allocations of
food, health, and care.

. Maternal employment in agriculture and child care and feeding: A mother’s ability to manage child
care may be influenced by her engagement in agriculture.

. Women in agriculture and maternal nutrition and health status: Maternal nutritional status may be
compromised by the often arduous and hazardous conditions of agricultural labor, which may in turn

influence child nutrition outcomes.

keywords and strategy used for the searches can be
provided upon request).

We included all articles that corresponded to
the following criteria: full-text publications in pub-
lished, grey, or unpublished literature linking nu-
trition outcomes to elements of agriculture in
India.

We excluded opinion pieces or conceptual pa-
pers; research that did not measure nutrition out-
comes (defined below) or did not relate elements of
agriculture to nutrition outcomes; research where
India-specific results could not be deciphered upon
reading the full text; and research that could not be
retrieved after employing various strategies, includ-
ing physical searches of major libraries in Delhi.

We defined agriculture broadly to encompass
agrifood systems and policies as depicted in Figure 1.
Nutrition outcomes included: anthropometry; total
calorie intake; diet quality; nutrient consumption;
nutrient deficiencies; consumption of specific food
commodities; nutrition knowledge; and nutrition-
related practices.

As a second step, we categorized studies based on
the DFID approach!® of assessing the study design
and general scientific quality (based on conceptual
framing, openness and transparency, appropriate-
ness and rigor, internal and external validity, relia-
bility, and cogency of the paper). We then qualita-
tively graded each study as high, moderate, or low
quality and mapped each study to one or more of
the agriculture—nutrition pathways described above.
We did not exclude low-quality studies from the

analysis, but have taken the quality grade and the
study design into account in our interpretation of
the findings. Our review emphasizes the high- and
moderate-quality studies, or notes caveats where
appropriate.

Finally, the more analytical and critical discussion
of the literature aims to draw policy-relevant conclu-
sions where feasible, identify areas of disagreement
or uncertainty, and establish where knowledge
gaps or methodological shortcomings are most
prevalent.

Findings

The initial search yielded 7,002 citations, 247
of which were deemed potentially relevant and
screened for their relevance to the pathways. After
reading the full text and applying the selection
strategy described above, 78 articles were found to
be relevant (Fig. 2) and included in this evidence
review. Table 2 shows the results of the search by
pathway and study design. We did not find any
randomized controlled research studies and found
one lower quality quasi-experimental study.!” We
found 22 observational studies using analytical
methods and 49 studies using only quantitative
descriptive statistics. In the text below, we focus on
summarizing and interpreting the 22 observational
studies (14 rated as high quality and 5 as medium
quality) that at least shed new evidence on these
issues. We draw on high-quality descriptive studies
only where we deem them to be particularly
useful.
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Figure 2. Literature search and study selection.

Pathway 1: Agriculture as a source of food controlling for household income, expenditure, or

wealth.

Overall, three large observational studies
suggest that this pathway is important, gen-
erating several important findings. First, crop
diversification seems to show a positive associ-
ation with dietary diversification in two large
and several high- and

Twenty-two papers addressed the contribution of
some form of farming or home food produc-
tion to nutrition.”!”* We found just five high-
and moderate-quality observational studies using
multivariate/econometric modeling methods with
multiple nutrition outcomes.”!®20:233% All of these
studies test the idea, with varying degrees of ex-
plicitness, that farming assets or activities have
direct effects on nutrition outcomes, even after
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Table 2. Number of studies included in the evidence re-
view by agriculture-nutrition pathways and study design

Number of
studies
Pathway
1: Agriculture as a source of food 22
2: Agriculture as a source of income 28
for food and nonfood
expenditures
3: Agricultural policy and food 29
prices affecting food consumption
4: Women in agriculture and 7
intrahousehold decision making
and resource allocation
5: Maternal employment in 9
agriculture and child care and
feeding
6: Women in agriculture and 11
maternal nutrition and health
status
Study design
Randomized controlled trials 0
Quasi-experimental studies 1
Observational studies using 22
analytical methods such as
multivariate regressions and
econometric modeling
Observational descriptive studies 49
Qualitative studies 3
Others, including reviews with 14

descriptive data and studies that
do not clearly identify a design

nonfood as well as food crops were more likely to
recover from growth faltering. For all rural India,
Bhagowalia et al.?° find that irrigation and farm size
are important determinants of crop diversification
(controlling for household income), with irrigation
compensating for smaller farm sizes. However, di-
etary quality could not rigorously be linked to child
nutrition outcomes since dietary quality was only
measured at the household rather than individual
level. In contrast to these studies, Sharma® tests
(again, with nationally representative data) whether
employment in agriculture influences household
nutrient availability, controlling for expenditure.
She finds no evidence that farm-owning households
have different diets than rural nonfarm households,

Kadiyala et al.

although this is a weak and very specific test of the
separability hypothesis.

Second, livestock assets appear to be a very im-
portant determinant of animal-sourced foods.”?*3
In the nationally representative study by Bhagowalia
et al.,”® cow and buffalo ownership was strongly as-
sociated with household milk consumption, which
is consistent with emerging results from the African
context.’>*! An older study on Operation Flood
found a positive association between joining dairy
cooperatives and increased milk production, sales,
and consumption. '

Finally, several studies look at the inability of farm
households to meet their nutrient requirements and
allude to the importance of diversification of liveli-
hood and food sources, especially with increasing
land fragmentation and landlessness.?>***¢ How-
ever, the lack of rigorous evidence on livelihood
diversification and nutrition make policy-relevant
inferences difficult.

Pathway 2: Agriculture as a source of
income for food and nonfood expenditures

Although the importance of agriculture for poverty
reduction is well established, less research has fo-
cused on how agriculture’s contribution to the in-
comes of poor people influences nutrition out-
comes. Twenty-eight papers attempt to investigate
the link between income or expenditure (sources
and shocks) and expenditure patterns, or individ-
ual nutrition status,”1820-242629,31,33,383942-56 ;¢
only nine are high- and moderate-quality ob-
servational studies using multivariate analytical
approaches”18:20:23:39:43.44.4655 and very few studies
contain anthropometric outcomes as a dependent
variable. Instead, a relatively large literature has
focused on understanding patterns and trends in
household calorie availability in India, mostly with
a view to assessing the apparent decline in calorie
availability in recent decades.?***? Appropriate
measurement of income, expenditure, and calorie
availability is also a nontrivial task hindering this
literature.

Studies examining the gradient between income
and calorie intake have found it to be relatively
steep, suggesting that increased income would sig-
nificantly increase calorie intake.”**>” Despite this,
household survey data for India suggest a surprising
decline in calorie consumption in recent decades
that has been linked to not only declining calorie
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requirements,* but also to measurement error in
national surveys.”® Rising incomes should also in-
crease dietary diversity. In the nationally represen-
tative study by Headey et al, the authors find that
increased household wealth is a very significant de-
terminant of the dietary diversity of children.” In a
study assessing expenditure switching in response to
external shocks, such as economic crises, no switch-
ing was seen between food and nonfood items, with
expenditures rising or falling proportionally with
income.® Also using nationally representative data,
Bhagowalia et al.?® report a strong positive gradient
between household income and household dietary
diversity, although the income gradients for child
nutrition outcomes are relatively weak.

These studies therefore raise something of a
paradox: income and expenditure are important
determinants of dietary quality, yet nutritional
outcomes have improved very slowly in a period
of rapid economy-wide growth in India. Several
explanations for this paradox have been proposed
and investigated in the literature”**—slow income
growth among more undernourished populations,
slow improvement with regard to micronutrient-
rich food consumption and/or nonincome factors
(nutrition education, infrastructure, water, sani-
tation, and health services), and intergenerational
inertia—but with little conclusive evidence on the
matter. However, the literature is sparse on the ques-
tion of whether agricultural growth is more pro-
nutrition than nonagricultural growth.

Pathway 3: Agricultural policy and food
prices affecting food consumption

Agricultural developments on either the supply or
demand side clearly have substantial scope to in-
fluence the price of food relative to nonfood prices
(including wages), as well as the relative price of
specific foods of particular nutritional importance.
Thirty papers attempt to examine supply and de-
mand factors on household food security, and to
a lesser extent on nutrition.”»?!*425:46:51,53,56,57,59-79
Only 12 observational studies use analytical mul-
tivariate regressions or econometric modeling, 11
of which received high and moderate ratings. Most
of these studies investigate the role of agricultural
growth, policies, tastes, and price changes on con-
sumption patterns.

An earlier literature is mixed on the question of
whether India’s rural poor are predominantly net

Agriculture-nutrition pathways in India

producers or consumers of food”®"*7>—a deci-
sive factor in determining the short-run costs or
benefits of higher food prices.’>*7> The results of
a recent high-quality and nationally representative
study shows that Indian districts with higher food
prices in the period 2004-2009 also saw larger rural
wage growth, to the extent that all rural households
benefited from higher prices to some extent.*

The remaining literature looks at the relative
prices of specific foods or food groups. A litera-
ture on South Asia’s Green Revolution first estab-
lished the possibility that cheaper prices for sta-
ple grains might raise the relative price of more
micronutrient-rich foods. Economic theory is am-
biguous on the matter because higher relative prices
would reduce the consumption of micronutrient-
rich foods, but cheaper prices for staple foods also
raises real income, which in turn raises demand
for micronutrient-rich foods. In the 1998 Asian
financial crisis, for example, higher rice prices in In-
donesia led to no change in rice consumption but to
large decreases in the consumption of more expen-
sive micronutrient-rich foods, particularly eggs.®!
Thus, the real income effect dominated the relative
price effect.

In India, relatively few studies rigorously inform
this question. The analysis by Gaiha et al.”” is one
exception since the study analyzes the demand for
different nutrients in a dynamic context over the
period 1993-2004. They find that an increase in
rice or wheat prices would increase protein con-
sumption, though higher prices for animal-sourced
foods have varying (positive and negative) effects
on protein consumption. In general, their results
suggest that income effects largely dominate rela-
tive price effects, at least for protein consumption.
Consistent with this result, an analysis of national
survey data did not show an adverse effect on child
anthropometry (weight-for-age) of a sudden rise
in the price of rice supplied by the Public Distribu-
tion System (PDS), which largely subsidizes rice and
wheat consumption.®

This, in turn, touches on the question of whether
governments should attempt to alter consumption
patterns through the PDS or other programs or poli-
cies. While the PDS has shown a positive impact on
poverty outcomes,” there are many more papers
critiquing the inefficiency and ineffectiveness of the
system.”®8283 A study in Rajasthan that employed
a dual pricing model to account for demand-side
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and supply-side constraints®* found low access to
PDS and—even among those with access—low uti-
lization. There is no evidence as yet as to whether
the PDS has any sizeable impact, positive or neg-
ative, on dietary patterns and nutrition outcomes,
and this should surely be an area for future research.

Despite the tendency toward finding that the real
income effects of cheaper grains outweigh or com-
pensate relative price effects, other studies suggest
that relative price changes may explain consumption
trends for specific food groups (rather than nutri-
ents as a whole). A quantitative but more descriptive
analysis by Headey et al.” concludes that the steep
rise in coarse grain prices relative to other foods
(particularly rice and wheat) explains the widely
noted decline in coarse grain consumption. The
same study also finds a strong correlation between
changes in prices over 1983—-2000 and changes in the
consumption of major food groups: large increases
in the prices of pulses seem to predict the absence of
consumption growth in pulses, while large declines
in the relative price of fruits would appear to ex-
plain rapid growth in fruit consumption. However,
the authors only offer a speculative analysis of what
might explain these relative price changes in the first
place.

Two studies investigate the impact of trade on
food consumption. In a simulation study, Atkin re-
ports that trade liberalization causes price increases
for anumber of nutrition-relevant goods.”> Another
study that incorporated both relative price and in-
come effects found that trade liberalization could
potentially reduce protein and calorie intake for the
poorest 30% in both urban and rural areas of India,
despite real income gains.79 In contrast, the afore-
mentioned paper by Jacoby casts doubt on this idea,
finding statistical evidence that higher food prices
reduce poverty through positive rural wage effects.®

Pathway 4: Women in agriculture and
intrahousehold decision making and
resource allocation

Seven studies examined factors linking indica-
tors of female empowerment, intrahousehold deci-
sion making, and resource allocation for improved
health or nutrition outcomes,?**8>-%0 five of which
are observational studies using multivariate analyti-
cal methods. However, two high-quality studies®>3®
do not explicitly relate indicators of women’s em-
powerment to nutrition outcomes per se. Berman

Kadiyala et al.

et al. report that additional female wages were
not sufficient to alter the overall spending pattern
and, in fact, reduced spending on health, possibly
due to women having insufficient time to devote
to child health (pathway 5).% Swaminathan et al.
show that women’s asset ownership predicts their
power to make decisions about their own health.
Bhagowalia et al. report a positive association be-
tween household dietary diversity and mothers’
decision-making power.?’ Sharma reports that chil-
dren of mothers who exercise autonomy in house-
hold decision making had better nutritional status.*
However, none of these studies are strong on causal
attribution.

Pathway 5: Maternal employment in
agriculture and child care and feeding

Nine studies examined the links between female
employment, maternal caring capacity or health
seeking, and nutrition and health out-
comes, 8879129 3lthough only four of these
are analytical studies using multivariate analytical
models. Of these, one study was ranked as poor-,
one as moderate-, and two as high-quality empirical
studies. The more descriptive studies were primarily
ranked as high to moderate with several of them
focusing on maternal expenditure patterns and
nutritional outcomes among children.

An earlier literature raises concerns about eco-
nomic liberalization, income volatility, women’s la-
bor supply, and health outcomes.”! A high-quality
paper by Bhalotra shows that economic recessions
and income volatility increase female labor force
participation, particularly in agriculture, with detri-
mental effects on healthcare seeking, and child
survival,” which appears to be related to the op-
portunity cost of maternal time. The risk of rural
infant mortality is 50% higher if the mother works
in agriculture and her participation in rural agricul-
tural activity also has consistently adverse effects on
indicators of health seeking, such as place of delivery
and antenatal care seeking.

Other studies, although weaker on causal attribu-
tion, focus more tightly on nutrition-relevant out-
comes. For example, one study concludes that chil-
dren of mothers in agricultural work (compared
to children of mothers in nonagricultural work and
children of fathers in agricultural or nonagricultural
work) are more likely to contract both diarrhea and
respiratory disease, and are less likely to be treated

50 Ann. N.Y. Acad. Sci. 1331 (2014) 43-56 © 2014 New York Academy of Sciences.



Kadiyala et al.

and immunized.®” Another study finds no prima fa-
cie evidence that women employed in agriculture
spend less time on child care’—if anything, other
relatively unskilled occupations (such as household,
domestic, or service employment) tend to show an
even higher incidence of preschoolers being cared
for by other children or other adults, with the ex-
ception of unskilled manual workers. The authors
test for the impact of different caregiver categories
on child stunting and wasting in a multivariate anal-
ysis. They find no difference between the care im-
pacts of mothers and other adults on mean height-
for-age Z-score or stunting, but care provided by
other children has an adverse impact on height-for-
age Z-score. No significant effects were found for
wasting or weight-for-age Z-score, and height-for-
age results were not particularly robust to different
samples, nor were they large in magnitude. The au-
thors tentatively conclude that poor childcare prac-
tices are neither more prevalent nor more important
in agricultural households than in nonagricultural
households of similar socioeconomic status.

Pathway 6: Women in agriculture and
maternal nutrition and health status

Eleven studies related female employment in agri-
culture to women’s energy expenditure and their
nutrition and health outcomes.”"19:85:92:93:97-102 py_
pers attempted to classify the energy costs of daily
household and farming activities; to assess adapta-
tions to seasonality; to assess the impact of activity
and food intake on neonatal size; and to look at dif-
ferences in thinness according to work behavior and
gender. Only four studies are observational studies
using multivariate analytical methods, one of which
we ranked as poor quality, two as moderate quality,
and one as high quality.

Energy expenditure by rural women was esti-
mated in two high-quality descriptive quantitative
studies using Food and Agriculture Organization
Physical Activity Ratios.””!% In both studies, ac-
tivity levels for most women in most tasks were
found to be light to moderate. These studies do not
necessarily take into account seasonal variations in
energy expenditure or other threats to optimal nu-
trition outcomes. Seasonality was found to affect
both energy expenditure and food intake of women
in two studies, with loss in body fat, body weight
and exercise capacity among poor women engaged
in agricultural activities in the lean season®® and in
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increased birth weight with lower maternal activity,
especially during the harvest time in late gestation.*?
One other study assessed maternal activity (such as
farm work) and neonatal size, finding that exces-
sive maternal activity is associated with smaller fetal
size.%?

Thinness could not be attributed to working be-
havior in another study, although women were thin-
ner in farming families than in nonfarming families,
and women were found to be more likely to work
long hours in farming as well as carry the burden of
household chores.”®

Discussion

In reflecting on the general size and quality of this
literature, our understanding of the complex link-
ages between agricultural development and nutri-
tion outcomes in India is still hampered by a lack
of high-quality evidence. The poor evidence base
is not unique to India and several reviews confirm
the paucity of rigorous evidence on the linkages
between agriculture and nutrition globally.>103-106
Studies with strong causal identification are almost
nonexistent. Of the 22 observational studies that
use analytical techniques, only 14 were classified as
high quality, while a further five were classified as
moderate quality. The gender-related pathways (4—
6) are particularly poorly informed, and often lack
both internal and external validity. Relevant papers
exploring pathways 1-3 have often made the most
of available data, but the nature of these data and
analytical methods limit the strength of any causal
inferences. Measurement of anthropometry or mi-
cronutrient status was absent from most studies.
As a result, nutrition continues to be commonly
equated with calorie intake or food expenditures,
with only a handful of papers grappling with dietary
diversity indicators (and typically at the household
rather than individual level).

Given the nature of the evidence, the review
has some limitations. Most studies undertaken be-
fore 2010 do not explicitly endeavor to investi-
gate agriculture—nutrition linkages, and thus only
a handful are theory driven. The studies included in
the review varied in scope and quality, and it was es-
pecially challenging to rate the descriptive studies.
As noted earlier, we were careful to highlight and
interpret only high- and moderate-quality analyti-
cal studies using observational data.
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The gloomy conclusions on the state of the ex-
isting evidence prompt two questions. First, what
conclusions, however tentative, can be drawn from
a review of the existing evidence? And second, why
is the evidence base so weak?

On the first of these questions, there is arguably
better evidence on pathways 1-3, which look at
the impacts of agriculture as an economic sector,
than pathways 4-6, where gender impacts of agri-
cultural systems are hypothesized to influence nutri-
tion. While it is hard to establish causal attribution,
there is certainly enough evidence to suggest that
agriculture is a special sector insofar as it not only
contributes to income generation, but also directly
influences diets.

Particularly important in India is the interactive
influence of farm sizes and irrigation on the di-
versification of both crop production and food con-
sumption, as well as the impact of livestock assets on
animal-sourced foods, particularly milk. The litera-
ture on income linkages is somewhat larger, but sub-
stantially focused on explaining a paradox: higher
incomes predict increased higher calorie consump-
tion in cross-sectional studies, but calorie consump-
tion has seemingly been declining over time. While
various papers seek to explain this apparent para-
dox, there are few firm conclusions, and some evi-
dence shows that the apparent decline in calorie con-
sumption is simply the result of measurement flaws.
Finally, the literature on price impacts is inconclu-
sive on several fronts: whether cheaper prices for ce-
reals help or hinder dietary diversification; whether
higher food prices in aggregate help or hinder the
rural poor; and whether the country’s largest safety
net program, the PDS, has any impact on nutrition,
given its various design and implementation flaws.

Turning to the second important question, it is
at least possible to draw some informed conjectures
as to why the evidence base is so weak. First, our
literature search revealed a paucity of several spe-
cific methods, each of which would appear neces-
sary for satisfactorily closing these knowledge gaps.
Our study did not reveal any randomized controlled
trials, which are now a gold standard for assess-
ing the impacts of specific types of interventions in
nutrition, health, and (more controversially) eco-
nomics, and agriculture.'”” We also found very few
examples of studies that use macroeconomic mod-
els to assess the impacts of food policies, which has
been a notable weakness of the nutrition literature
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in general.!® Finally, we found very little recent
research looking at the links among gender, agri-
culture, and nutrition, particularly the important
but rarely measured dimension of women’s time
use.

Second, under the TANDI project, a comprehen-
sive audit of existing Indian datasets was under-
taken to assess the possibility of jointly analyzing
agriculture—nutrition linkages. The audit revealed a
striking dearth of unit-level data that contained in-
formation on both nutrition and agricultural out-
comes, which clearly limits the potential for rigorous
empirical inquiry.'%”

Third, this data disconnect likely reflects an un-
derlying interdisciplinary disconnect. Notable in
the Indian context is the persistent focus in aca-
demic and political circles on measuring, analyzing,
and maximizing household calorie consumption. In
contrast, the international literature in both nutri-
tion and economics has for many years now placed
increasing emphasis on micronutrient as well as
macronutrient deprivation (and on dietary diver-
sity indicators in particular), and on the important
programmatic implications of needing to redress
malnutrition in the first 1000 days of life.

Conclusions

With more than one-third of the world’s under-
nourished children, India’s relatively poor progress
in reducing malnutrition is an issue of both national
and global concern. Accelerating progress on this
front will require a range of nutrition-specific and
nutrition-sensitive interventions, including agricul-
tural interventions.

In evaluating the existing literature on agricul-
ture and nutrition in India, we find the evidence
base is often weak and inconclusive, yet neverthe-
less suggestive of a potentially important role for
more nutrition-sensitive agricultural development.
This role appears to be multifaceted. As an economic
sector, agriculture contributes to income and expen-
diture, to the dietary patterns of farm households
who substantially consume their own produce, and
to the relative prices of food as a whole and spe-
cific food items in particular. The literature on the
role of women in agriculture is much less complete,
but has uncovered sufficient evidence of impact to
warrant further research, particularly in light of the
important role of maternal health and child care in
the first 1000 days of a child’s life.
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Clearly, there is scope for agricultural policies
to influence nutrition through any of these path-
ways, although the existing literature falls well short
of providing rigorous evidence-based recommen-
dations. Given the substantial number of observa-
tional studies using standard household surveys, it
is likely that the frontier in agriculture—nutrition
research will need to be broadened through: (1)
more explicit experimental designs when such de-
signs are suitable; (2) specialized household surveys
that bridge the traditional disconnect between nu-
trition and economic modules, and which do a bet-
ter job of understanding gender and intrahousehold
dynamics through rigorous modeling methods; and
(3) more nutrition-sensitive macroeconomic simu-
lation models that can rigorously gauge the nutri-
tional impacts of large-scale policies and programs.
These advances will require political will to bring
about greater nutritional change, as well as a more
open and dynamic forum for interdisciplinary aca-
demic collaborations.

Acknowledgments

We are very grateful to Mara van den Bold (IFPRI)
for her excellent research assistance in literature
search and review. We are also grateful to the Bill
& Melinda Gates Foundation for funding to the
TANDI (Tackling the Agriculture-Nutrition Dis-
connectin India) project and to the UK Department
for International Development (DFID) for funding
to the LANSA (Leveraging Agriculture for Nutrition
in South Asia) consortium, which supported some
of our time on this paper.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Bhutta, Z.A., J.K. Das, A. Rizv, et al. 2013. The Lancet Nu-
trition Interventions Review Group & Maternal and Child
Nutrition Study Group. Evidence-based interventions for
improvement of maternal and child nutrition: what can be
done and at what cost? Lancet 382: 452-477S.

2. Ruel, M.T. & H. Alderman. 2013. Nutrition-sensitive inter-
ventions and programmes: how can they help to accelerate
progress in improving maternal and child nutrition? Lancet
382: 536-551.

3. Headey, D. 2013. Developmental drivers of nutrional
change: a cross-country analysis. World Dev. 42: 76-88.

4. Deaton, A. & J. Dreze. 2008. Food and nutrition in India:
facts and interpretations. Econ. Polit. Wkly. XLIV: 42-65.

Ann. N.Y. Acad. Sci. 1331 (2014) 43-56 © 2014 New York Academy of Sciences.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Agriculture-nutrition pathways in India

. Spears, D. 2013. How much international variation in child

height can sanitation explain? World Bank sustainabile de-
velopment network. Policy Research Working Paper 6351.
Washington DC: World Bank.

. Jayachandran, S. & R. Pande. 2013. Why are Indian children

shorter than African children? Accessed February 1, 2014.
http://faculty.wcas.northwestern.edu/~sjv340/height.pdf

. Headey, D.D., A. Chiu & S. Kadiyala. 2012. Agriculture’s

role in the Indian enigma: help or hindrance to the crisis
of undernutrition? Food Security 4: 87-102.

. Ministry of Finance. 2013. The Economic Survey 2012—

2013. New Delhi, Government of India.

. Datt, G. & M. Ravaliion. 1998. Why have some Indian

states done better than others at reducing rural poverty?
Economica 65: 17-38.

Ravaliion, M. & G. Datt. 2002. Why has economic growth
been more pro-poor in some states of India than others?
J. Dev. Econ. 68: 381-400.

Singh, I, L. Squire &J. Strauss. 1986. Agricultural Household
Models: Extension, Application and Policy. Baltimore: Johns
Hopkins University Press.

Christiaensen, L., L. Demery & J. Kiihl. 2011. The role of
agriculture in poverty reduction: an empirical perspective.
J. Dev. Econ. 96: 23-254.

Alderman, H. 1994. Why Should it matter what com-
modity is the source of agricultural profits? dairy
development in India. In Agricultural Commercialization,
Economic Development, and Nutrition. Von Braun, J. &
E. Kennedy, Eds. Baltimore: Johns Hopkins University
Press.

Hazel, P.2009. The Asian green revolution. Washington, DC,
IFPRI. IFPRI Discussion Paper 00911.

Haddad, L., J. Hoddinott & H. Alderman. 1996. Intrahouse-
hold Resource Allocation in Developing Countries: Models,
Methods and Policy. Baltimore: Johns Hopkins University
Press.

DFID. 2013. Assessing the strength of evidence. London, UK.
A DFID practice paper. DFID.

Bamji, M.S., P.V.V.S. Murty, M.V. Rao & G. Satyanarayana.
2011. Diversification from agriculture to nutritionally and
environmentally promotive horticulture in a dry-land area.
Sight Life 25: 38—42.

Alderman, H. 1987. Cooperative Dairy Development in Kar-
nataka, India: An assessment. Washington, DC: Interna-
tional Food Policy Research Institute.

Babu, S.C., L.S. Thirumaran & T.C. Mohanam. 1993. Agri-
cultural productivity, seasonality and gender bias in rural
nutrition: empirical evidence from South India. Soc. Sci.
Med. 37: 1313-1319.

Bhagowalia, P., D.D. Headey & S. Kadiyala. 2012. Agri-
culture, income, and nutrition linkages in India: insights
from a nationally representative survey. IFPRI Discussion
Paper 01195. Washington, DC: International Food Policy
Research Institute.

Dame, J. 2012. Between subsistence and subsidies: nutri-
tion and food security in Ladakh. June 25, 2013. http://mri.
scnatweb.ch/en/docman-test/key-drivers-of-food-security
-in-mountains-1/presentations-food-security/580-food-
security-presentation-jdamemnuesser/file

53


http://faculty.wcas.northwestern.edu/sjv340/height.pdf
http://mri.scnatweb.ch/en/docman-test/key-drivers-of-food-security-in-mountains-1/presentations-food-security/580-food-security-presentation-jdamemnuesser/file
http://mri.scnatweb.ch/en/docman-test/key-drivers-of-food-security-in-mountains-1/presentations-food-security/580-food-security-presentation-jdamemnuesser/file
http://mri.scnatweb.ch/en/docman-test/key-drivers-of-food-security-in-mountains-1/presentations-food-security/580-food-security-presentation-jdamemnuesser/file
http://mri.scnatweb.ch/en/docman-test/key-drivers-of-food-security-in-mountains-1/presentations-food-security/580-food-security-presentation-jdamemnuesser/file

Agriculture-nutrition pathways in India

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

54

FAO. 2007. Understanding the dynamics of food insecu-
rity and vulnerability in Himachal Pradesh. Agricultural
and Development Economics Division of the Food and
Agriculture Organization of the United Nations. Report
Number 22.

Galab, S. & P. Reddy. Agriculture-Nutrition Link-
ages among Preschool Children in Andhra Pradesh.
Unpublished.

Kasim, C.M. 2012. Food security and nutrition in Kerala:
an exploratory approach. J. Rural Dev. 31: 513-534.
Kataki, P.K. 2002. Shifts in Cropping System and Its Effect
on Human Nutrition: Case Study from India. J. Crop Prod.
6: 119-144.

Lokesh, S.B. & T. Hanstad. 2004. Reaping the Rewards of
Homestead Gardens: Nutritional and Income Benefits from
Homestead Plots in Karnataka. Bangalore, India: RDI.
Murthy, P.V., K.V. Lakshmi & M.S. Bamji. 1999. Impact of
home gardening and nutrition education in a district of
rural India. Bull. World Health Organ. 77: 784.
Narayanan, R. & A.K. Panda. 2011. Vegetable cultivation
in home gardens—a study in three tribal villages of Odisha
India. J. Nutr. Diet 48: 187-196.

Parasuraman, S. & T. Rajaretnam. 2011. Agriculture, food
security and nutrition in Vidarbha: a household level anal-
ysis. Econ. Polit. Wkly. 46: 42-50.

Rais, M., B. Pazderka & G.W. Vanloon. 2009. Agriculture in
Uttarakhand, India biodiversity, nutrition, and livelihoods.
J. Sustain. Agric. 33: 319-335.

Rao, D.H., KM. Rao, G. Radhaiah & N.P. Rao. 1993.
Nutritional status of tribal preschool children in three
ecological zones of Madhya Pradesh. Indian Pediatr. 31:
635-640.

Salam, M.A., K.S. Babu & N. Mohanakumaran. 1995.
Home garden agriculture in Kerala revisited. Food Nutr.
Bull. 16.

Wani, M.H., S.H. Baba, M. Hussain, et al. 2012. Food and
nutritional security in the frame of crop diversification in
the temperature region of Jammu and Kashmir. Indian J.
Agric. Ecol. 67: 499-511.

Sarada, D. & N. Rajani. 2012. Horticultural nutrition inter-
vention through women’s participation: an action research.
J. Hum. Ecol. 38: 71-80.

George, S. 1984. Diffusing anand: implications of estab-
lishing a dairy co-operative in a village in Central Kerala.
Econ. Polit. Wkly. 19: 2161-2170.

Rajuladevi, A.K. 2001. Food poverty and consumption
among landless labour households. Econ. Polit. Wkly. 36:
2656-2664

Rajasekaran B. 2001 An Indigenous Duck-Fish Production
System in South India. Impact on Food and Nutritional Se-
curity. Saginaw MI: Consortium for International Earth
Science Information Network (CIESIN).

Begum J.M. 1994. The impact of dairy development on
protein and calorie intake of pre-school children. Indian J.
Med. Sci. 48: 61-64.

Sharma, R. 2005. Quantifying malnutrition in India. Dis-
sertation. New Delhi, India: Delhi School of Economics.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Kadiyala et al.

Pimkina, S., R. Rawlins, C.B. Barrett, et al. 2013. Got milk?
The impact of Heifer International’s livestock donation
programs in Rwanda. Food Policy 44: 202-213.
Hoddinott, J., D. Headey & M. Dereje. 2013. Cows, missing
milk markets and nutrition in rural Ethiopia. ESSP Work-
ing Paper 63. Washington DC: International Food Policy
Research Institute.

Joshi, A. 2004. Punjab—farm household income, investment
and consumption. Econ. Polit. Wkly. 39: 321-323.

Gaiha, R. 2002. Income and expenditure switching among
the impoverished during structural adjustment in India.
Econ. Plan. 35: 221-252.

Jha, R., R. Gaiha & A. Sharma. 2006. On modelling variety
in consumption expenditure on food. Economics RSPAS
Departmental Working Paper #20. Canberra, Australia:
Australian National University.

Sable, S.A., S.N. Goswami & U.K. Singh. 2004. A study on
consumption pattern of rural households under different
income levels in Nagpur District. J. Maharashtra Agric.
Univ. 29: 311-315.

Khullar, V., M.K. Sekhon & M. Kaur. 2007. Dynam-
ics of consumption pattern in rural Punjab (India)—
a reflection of human values. Ann. Agri-Bio Res. 12:
165-171.

Krishna, A. 2006. Pathways out of and into poverty in
36 villages of Andhra Pradesh, India. World Dev. 34:
271-288.

Deshpande, S.S., A. Mishra & M. Mishra. 2001. Profile
of expenditure pattern on food and non-food items for
villagers of Bhopal district in Madhya Pradesh. Indian. J.
Nutr. Diet. 38: 45-58.

Deaton, A. & J. Dreze. 2009. Food and nutrition in India:
facts and interpretations. Econ. Polit. Wkly. 44: 42—65.
Kumar, P. & M.M. Dey. 2006. Nutritional intake and dy-
namics of undernourishment of farm households in rural
India. Indian Dev. Rev. 4: 269-284.

Dev, S.M. 2012. Agriculture-nutrition linkages and policies
in India. IFPRI Discussion Paper #1184. Washington, DC:
International Food Policy Research Institute.

Dubey, A. & A. Thorat. Economic, Regional, and Social
Group Differences in Food Energy Intake in India. Work-
ing paper. International Food Policy Research Institute.
Washington, DC.

Bouis, H., E. Birol, E. Boy, et al. Biofortification: A new
intervention to improve mineral and vitamin nutrition in
India. Unpublished.

Gulati, A., A. Ganesh-Kumar, G. Shreedhar & T. Nandaku-
mar. 2012. Agriculture and malnutrition in India. Food
Nutr. Bull. 33: 74-86.

Abdulai, A., D.K. Jain & A.K. Sharma. 1999. Household
food demand analysis in India. J. Agric. Econ. 50: 316-327.
Gaiha, R. 1999. Food, prices and income in India. Rev. Can.
Etudes. Dev. 20: 31-58.

Gaiha, R., R. JTha & V.S. Kulkarni. 2010. Demand for nutri-
ents in India, 1993-2004. ASARC Working Papers from the
Australian National University. Canberra, Australia: Aus-
tralia South Asia Research Centre.

Ann. N.Y. Acad. Sci. 1331 (2014) 43-56 © 2014 New York Academy of Sciences.



Kadiyala et al.

58

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Ann

. Smith, L.C. 2013. The Great Indian calorie debate: ex-
plaining rising undernourishment during India’s rapid eco-
nomic growth. IDS Working Papers 430: 1-35.

Gupta, H.S. 2009. Food and nutrition security in India:
some contemporary issues. J. Indian Soc. Agric. Stat. 63:
209-218.

Tarozzi, A. 2005. The Indian public distribution system as
provider of food security: evidence from child nutrition in
Andhra Pradesh. Eur. Econ. Rev. 49: 1305-1330.
Ravallion, M. 2000. Prices, wages and poverty in rural India:
what lessons do the time series data hold for policy? Food
Policy 25: 351-364.

Chand, R. 2004. Impact of trade liberalization and related
reforms on India’s agricultural sector, rural food security,
income and poverty. Institute of Economic Growth, Delhi
University. New Delhi, India.

Patnaik, U. 2003. Global Capitalism, Deflation and Agrar-
ian Crisis in Developing Countries. Geneva, Switzerland:
United Nations Research Institute for Social Development.
Pica-Ciamarra, U. & J. Otte. 2010. Poultry, food security
and poverty in India: looking beyond the farm-gate. World
Poultry Sci. ]. 66: 309-319.

Jha, R., K. Imai & R. Gaiha. 2009. Poverty, undernutrition
and vulnerability in rural India: public works versus food
subsidy. Research Raper 135. Chronic Poverty Research
Centre. Manchester, United Kingdom.

Patnaik, U. 2009. Origins of the food crisis in India and
developing countries. Month. Rev. 61: 63-77.

Patnaik, U. 2008. “Theorizing poverty and food secu-
rity in the era of economic reforms.” In Globalization
and the Washington Consensus: Its Influence on Democ-
racy and Development in the South. G. Lechini, Ed. Buenos
Aires: CLACSO, Consejo Latinoamericano de Ciencias
Sociales.

Rao,].M. 1998. Food prices and rural poverty: liberalisation
without pain? Econ. Polit. Wkly. 33: 799-800.
Swaminathan, M. 2008. Programmes to protect the hun-
gry: lessons from India. Working Paper 22. New York, NY:
United Nations, Department of Economics and Social Af-
fairs.

Ravallion, M. 1998. Reform, food prices and poverty in
India. Econ. Polit. Wkly. 1998: 29-36

Dixit, A. 2011. Poverty and food security in Gujarat, India.
Eur. J. Dev. Res. 23: 129-150.

Atkin, D. 2013. Trade, tastes and nutrition in India. Am.
Econ. Rev. 103: 1629-1663.

Ramesh, C. & J. Jaya. 2013. Food security and undernour-
ishment in India: assessment of alternative norms and the
income effect. Indian J. Agric. Econ. 68: 39-53.

Saxena, N. 2003. Synergizing government efforts for
food security. Accessed June 15, 2013. http://www.
righttofoodindia.org/data/nc-synergizing.pdf

de Janvry, A. & E. Sadoulet. 2010. Agricultural growth and
poverty reduction: additional evidence. World Bank Res.
Obs. 25: 1-20.

Kumar, P., A. Kumar, S. Parappurath & S.S. Raj. 2011.
Estimation of demand elasticity for food commodities in
India. Agric. Econ. Res. Rev. 24: 1-14.

.N.Y. Acad. Sci. 1331 (2014) 43-56 © 2014 New York Academy of Sciences.

77.

78.

79.

81.

82.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Agriculture-nutrition pathways in India

Mittal, S. 2010. Application of the QUAIDS model to the
food sector in India. J. Quant. Econ. 8: 42—54

Walton, M. 2009. The Political economy of India’s malnu-
trition puzzle. In Lifting the Curse: Overcoming Persistent
Undernutrition in India. Haddad, L. & S. Zeitlyn, Eds. UK:
Institute of Development Studies.

Panda, M. & A. Ganesh-Kumar. 2009. Trade liberalization,
poverty, and food security in India. IFPRI Discussion Paper
00930. Washington DC. International Foos Policy Research
Institute.

. Jacoby, H.G. 2013. Food prices, wages, and welfare in rural

India. The World Bank. Policy Research Working Paper
Series No. 6412. Washington DC. World Bank.

Block, S., L. Kiess, P. Webb, et al. 2004. Macro shocks and
micro outcomes: child nutrition during Indonesia’s crisis.
Econ. Hum. Biol. 2: 21-44.

Saxena, N.C. 2001. How have the poor done? Mid-term re-
view of India’s ninth five-year plan. ODI Natural Resource
Perspectives 66. London, UK: Overseas Development In-
stitute.

. Jha, P. 2007. Some aspects of the well-being of In-

dia’s agricultural labour in the context of contempo-
rary agrarian crisis. Accessed June 2, 2013. http://www.
macroscan.org/anl/feb07/Agrarian_ Crisis.pdf

Khera, R. 2011. India’s public distribution system: utilisa-
tion and impact. J. Dev. Stud. 47: 1038—-1060.

Berman, P, J. Zeitlin, P. Roy & S. Khumtakar. 1997. Does
maternal employment augment spending for children’s
health care? A test from Haryana, India. Health Tran. Rev.
7:187-204.

Bennett, L. 1992. Women, poverty and productivity in In-
dia: issues and opportunities. EDI Seminar Paper 43. Wash-
ington DC. World Bank.

Rani, M.U. & K.C. Rao. 1995. Socio-economic and demo-
graphic factors as predictors of nutrition and health knowl-
edge of mothers in rural Andhra Pradesh. J. Res. APAU. 23:
12-16.

Swaminatha, H., R. Lahoti & J.Y. Suchitra. 2012. Women’s
property, mobility, and decisionmaking: evidence from ru-
ral Karnataka, India. IFPRI Discussion Paper 01188. Wash-
ington DC: International Food Policy Research Institute.
Kumar, S. 1977. Role of the household economy in deter-
mining child nutrition at low income levels: a case study
of Kerala. Cornell Division of Nutritional Sciences Oc-
casiaonal Paper 95. Ithaca NY: Cornell.

Agarwal, B. 1986. Women, poverty and agricultural growth
in India. J. Peasant Stud. 13: 165-220

Duvvury, N. 1998. “Women and agriculture in the new
economicregime.” In Gender, Population and Development.
M. Krishna Raj, R.M. Sudarshan & A. Shariff, Eds. New
Delhi: Oxford University Press.

Rao, S., A. Kanade, B.M. Margetts, et al. 2003. Maternal
activity in relation to birth size in rural India: the Pune
maternal nutrition study. Eur. J. Clin. Nutr. 57: 531-542.
Rao, S., A.N. Kanade, C.S. Yajnik & C.H.D. Fall. 2009. Sea-
sonality in maternal intake and activity influence offspring’s
birth size among rural Indian mothers: the Pune maternal
nutrition study. Int. J. Epidemiol. 38: 1094-1103.

55


http://www.righttofoodindia.org/data/ncsynergizing.pdf
http://www.righttofoodindia.org/data/ncsynergizing.pdf
http://www.macroscan.org/anl/feb07/Agrarian_Crisis.pdf
http://www.macroscan.org/anl/feb07/Agrarian_Crisis.pdf

Agriculture-nutrition pathways in India

94.

95.

96.

97.

98.

99.

100.

101.

102.

56

Kaur, R. 2005. Women and agricultural development in
Punjab. Indian Econ. J. 53: 99-117.

Bhalotra, S. 2010. Fatal fluctuations? Cyclicality in infant
mortality in India. J. Dev. Econ. 93: 7-19.

Ghosh, A. 2007. Land reforms and women’s nutri-
tion: evidence from India. Accessed June 15, 2013.
http://conferences.ifpri.org/2020chinaconference/pdf/
doctoralGhosh.pdf

Bains, K., B. Kaur & S.K. Mann. 2002. Measurement
of energy cost of selected household and farm activities
performed by rural women. Food Nutr. Bull. 23: 274—
279.

Barker, M., G. Chorghade, S. Crozier, et al. 2006. Gen-
der differences in body mass index in rural India are
determined by socio-economic factors and lifestyle. J. Nutr.
136: 3062-3068.

Durnin, J.V.G.A,, S. Drummond & K. Satyanarayana. 1990.
A collaborative EEC study on seasonality and marginal
nutrition: the Glasgow Hyderabad (S. India) study. Eur. J.
Clin. Nutr. 44: 19-29.

Rao, S., M. Gokhale & A. Kanade. 2007. Energy costs of daily
activities for women in rural India. Public Health Nutr. 11:
142-150.

Griffiths, PL. & M.E. Bentley. 2001. The nutrition
transition is underway in India. J. Nutr. 131: 2692—
2700.

Panwar, B. & D. Punia. 1998. Nutrient intake of rural preg-
nant women of Haryana State, Northern India: relationship

103.

104.

105.

106.

107.

108.

109.

Kadiyala et al.

between income and education. Int. J. Food Sci. Nutr. 49:
391-395.

Masset, E., L. Haddad, A. Cornelius & J. Isaza-Castro. 2012.
Effectiveness of agricultural interventions that aim to im-
prove nutritional status of children: systematic review. Br.
Med. ]. 344: d8222

Hawkes, C., R. Turner & J. Waage. 2012. Current and
planned research on agriculture for improved nutrition:
a mapping and a gap analysis. A report for DFID. Lon-
don, United Kingdom: London International Development
Centre.

Leroy, J.L. & E.A. Frongillo. 2007. Can interventions to
promote animal production ameliorate undernutrition?
J. Nutr. 137: 2311-2316.

Ruel, M.T. 2001. Can food-based strategies help reduce
vitamin A and iron deficiencies? Food Policy Review
5. Washington DC: International Food Policy Research
Institute.

Barrett, C.B. & M.R. Carter. 2010. The power and pit-
falls of experiments in development economics: some non-
random reflections. Appl. Econ. Perspect. Policy. 32: 515—
548.

Pinstrup-Andersen, P. 2013. Nutrition-sensitive food sys-
tems: from rhetoric to action. Lancet. 382: 375-376.
Gillespie, S., J. Harris & S. Kadiyala. 2012. The agriculture-
nutrition disconnect in India: what do we know? IFPRI Dis-
cussion Paper 1187. Washington, DC: International Food
Policy Research Institute.

Ann. N.Y. Acad. Sci. 1331 (2014) 43-56 © 2014 New York Academy of Sciences.


http://conferences.ifpri.org/2020chinaconference/pdf/doctoralGhosh.pdf
http://conferences.ifpri.org/2020chinaconference/pdf/doctoralGhosh.pdf

