
RESEARCH ARTICLE

Evidence of potential impacts of a

nutrition-sensitive agroecology program in

Andhra Pradesh, India, on dietary diversity,

nutritional status, and child development

Lakshmi Durga Ch1, Yandrapu BharathID
2, Lilia BliznashkaID

3,4*, Vijay Kumar T.1,

Veerendra Jonnala1, Vijayalakshmi Chekka1, Srileka Yebushi1, Aditi Roy2, Nikhil

Srinivasapura VenkateshmurthyID
2,5, Poornima Prabhakaran2, Lindsay M. JaacksID

3,6

1 Rythu Sadhikara Samstha, Guntur, Andhra Pradesh, India, 2 Public Health Foundation of India, New Delhi,

India, 3 Global Academy of Agriculture and Food Systems, The University of Edinburgh, Midlothian, United

Kingdom, 4 International Food Policy Research Institute, Washington, DC, United States of America,

5 Centre for Chronic Disease Control, New Delhi, India, 6 Harvard TH Chan School of Public Health, Boston,

Massachusetts, United States of America

* l.bliznashka@cgiar.org

Abstract

Introduction

While a number of studies have examined the nutritional impacts of agroecological interven-

tions, few have examined impacts on child development, maternal and child anemia, and

men’s dietary diversity. Moreover, there have been few such evaluations at scale. We evalu-

ated the impact of a large-scale, multi-component food-based nutrition intervention involving

homestead food production, nutrition counselling, cooking demonstrations, and crop plan-

ning exercises.

Methods

A cross-sectional assessment was conducted in 2021–2022 of 50 intervention villages where

the nutrition-sensitive agroecology program had been implemented since 2018 and 79 con-

trol villages where only the agroecology program had been implemented. Data on self-

reported dietary intake, caregiver-reported early child development, anthropometric mea-

surements, and hemoglobin concentrations were collected using standardized procedures by

trained Nutrition Farming Fellows, who were also responsible for implementing the program.

Results

A sample of 3,511 households (1,121 intervention and 2,390 control) participated in the sur-

vey. Dietary diversity scores (DDS) among women and men were mean (SD) 6.53 (±1.62)

and 6.16 (±1.65), respectively, in intervention villages and 5.81 (±1.58) and 5.39 (±1.61),

respectively, in control villages (p<0.01). DDS among children 6–24 months of age in inter-

vention and control villages was 2.99 (±1.52) and 2.73 (±1.62), respectively (p<0.01). Chil-

dren <2 years of age were less likely to be anemic in intervention versus control villages
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(59% versus 69%, p<0.01). Children 18–35 months age in intervention villages had higher

child development scores than children in control villages (all p<0.05).

Conclusion

Nutrition-sensitive agroecological programs may be effective in improving diets, nutrition,

and child development in rural India.

Introduction

India, which is home to one-sixth of the global population, ranks 107th on the Global Hunger

Index and suffers from a high burden of undernutrition [1] despite economic development [2].

According to the latest National Family Health Survey (NFHS, 2019–21), 35.5% of children<5

years of age are stunted, 19.3% are wasted, and 57.0% of reproductive-aged women are anemic

[3]. These numbers reflect only small improvements in stunting and wasting, and a slight wors-

ening of anemia compared to the previous round of NFHS, conducted in 2015–16, which found

child stunting, wasting, and women’s anemia were 38.4%, 21.0%, and 55.3%, respectively [4].

Successive governments in India have attempted various interventions aimed at addressing

undernutrition. Most recently, food-based strategies to promote dietary diversity have been

highlighted by the Government of India, including in the Poshan (nutrition) 2.0 guidelines by

the Ministry of Women and Child Development [5]. To date, the most common food-based

strategy employed has been nutri-gardens, sometimes referred to as kitchen gardens or home-

stead gardening. Several evaluations of nutri-gardens have been conducted in India [6–12]. For

example, one study in Telangana in south India evaluated a home garden and backyard poultry

intervention coupled with nutrition education and found a significant increase in the quantity

of green leafy vegetables and eggs consumed by women and children [10]. Beyond India, evi-

dence from other South Asian countries and Sub-Saharan Africa shows that nutri-gardens are

an effective nutrition-sensitive agricultural intervention to improve women and children’s diets

through the production of nutrient-dense products and dietary diversification [7,13].

Most nutrition-sensitive agricultural interventions to date have not emphasized agroecolog-

ical production methods, including limiting the use of synthetic chemicals such as pesticides.

However, given increasing evidence of adverse effects of pesticides on child growth [14] and

development [15], the production practices used for nutri-gardens are an important consider-

ation. Moreover, most evaluations of nutri-garden interventions have focused on the impact

on women and children’s dietary diversity, or, in a few cases, on women and children’s nutri-

tional status including anthropometry and anemia [7]. Likewise, a number of studies have

demonstrated the nutritional impacts of agroecological interventions, including nutrition-sen-

sitive ones [16–18], but few have examined impacts on child development, maternal and child

anemia, and men’s dietary diversity. Moreover, few such interventions have been evaluated at

scale. Important gaps remain in understanding the impact of nutrition-sensitive agricultural

and agroecological interventions on under-studied outcomes including child development,

men’s dietary diversity, and maternal and child anemia.

The objective of this study was to evaluate the potential impact of a government funded and

implemented nutrition-sensitive agroecology program on adult and child dietary diversity,

nutritional status, and child development. Our study advances the understanding of the

importance of production practices free of synthetic pesticides in the context of food-based

strategies to improve nutrition and child development.
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Methods

Study context

The study was conducted in the south Indian state of Andhra Pradesh, known as the ‘rice bowl

of India’ where 63% of households depend on agriculture and 37% of the land area is under

agriculture (including fishponds) [19]. The main nutrition problems are child stunting (31%),

child wasting (16%), and women’s anemia (59%) [20]. Rates of non-communicable diseases in

Andhra Pradesh, particularly diabetes and hypertension, are also on the rise [20].

Intervention

This study evaluated a food-based nutrition intervention that was embedded within a larger

government program, called the Andhra Pradesh Community managed Natural Farming

(APCNF), previously referred to as Zero Budget Natural Farming (ZBNF). APCNF is an ongo-

ing community-based transformation program implemented by Rythu Sadhikara Samstha

(RySS), a not-for-profit company established by the Government of Andhra Pradesh. The pro-

gram aims to convert all six million farmers and six million hectares of land to natural farming

by the year 2031 [21].

The APCNF intervention, conceived as a climate-resilient, agroecological intervention,

comprises use of locally sourced natural inputs to act as bio stimulants to the soil. APCNF is

grounded in nine universal principles: (1) soil to be covered with crops 365 days (living root

principle), (2) diverse crops, 15–20 crops, including trees, (3) keep the soil covered with crop

residues, whenever living plants are not there, (4) minimal disturbance of soils, minimize till-

age, (5) farmers’ own seeds or indigenous seeds, (6) integrate animals into farming, (7) bio

stimulants as catalysts to trigger soil biology, (8) pest management through better agronomical

practices and botanical pesticides, and (9) no synthetic fertilizers, pesticides, herbicides, or

weedicides. The intervention is implemented through women collectives known as self-help

groups and their federations [22].

The food-based nutrition intervention comprised a variety of initiatives to nudge house-

holds towards better dietary diversity, health seeking behaviors, and nutrition. Specific initia-

tives included implementing homestead food production (nutri-gardens, backyard poultry

and small ruminants, and fisheries), nutrition counselling at Farmer Nutrition Schools, cook-

ing demonstrations, crop planning exercises, and behavior change communication (BBC).

Participatory Learning and Action tools were employed to counsel women attending the

Farmer Nutrition Schools. The cooking demonstrations involved recipe preparation with

locally available ingredients and cooking methods for retention of nutrients.

The target beneficiaries consisted of pregnant and lactating women, mothers of children

under 2 years of age, adolescent girls, and women from the ‘poorest of the poor; households.

The ‘poorest of the poor’ households included agricultural labor households that did not own

land, nor take land on lease, or belonged to Scheduled Caste / Scheduled Tribe communities

and owned less than two acres of land [22]. The Scheduled Caste / Scheduled Tribe communi-

ties are the most marginalized sections of society.

These interventions were implemented by Nutrition Farming Fellows (NFFs) trained in

Home Science, whose primary objective was to counsel the target beneficiaries to encourage

nutritious food consumption behaviors. The NFFs resided in their allocated villages, for which

they were paid by RySS. The NFFs worked in synergy with various community programs such

as Integrated Child Development Scheme, that provides an array of services to children under

6 years of age and their mothers. Beginning at the end of 2018, 50 APCNF villages received

this food-based nutrition intervention (herein ‘intervention villages’).

PLOS ONE Potential impacts of nutri-gardens

PLOS ONE | https://doi.org/10.1371/journal.pone.0286356 May 13, 2024 3 / 14

https://doi.org/10.1371/journal.pone.0286356


Evaluation design and sample

A cross-sectional survey was conducted between 20 December 2021 and 11 March 2022. Data

were collected on dietary diversity for men, women, and children; nutritional status (anthro-

pometry and anemia) for women and children, and child development for children under 3

years of age living in the 50 intervention villages and in 79 APCNF villages where the food-

based nutrition intervention had not yet been implemented (herein ‘control villages’). The 79

control villages were villages adjacent to the intervention villages.

Ethics

The Public Health Foundation of India Institutional Ethics Committee (Protocol number:

TRC-IEC 488/22) and the Harvard T.H. Chan School of Public Health Institutional Review

Board (Protocol number: IRB22-0220) approved the study. Written informed consent was

obtained from all adult participants and parents/caregivers of children and adolescents.

Data collection

Data were collected by the NFFs, who were trained over two days in standardized data collec-

tion procedures and electronic data capture using EpiCollect. The survey questionnaire was

pilot tested for suitability. NFFs collected the data in collaboration with the Department of

Women and Child Development and local childcare centers known as Anganwadi Centers.

The survey collected information on socio-economic and demographic characteristics, nutri-

garden practices, and natural farming practices. Natural farming practices were those without

the use of synthetic pesticides or fertilizers.

Dietary diversity for men, women, and children over 2 years of age was assessed over the

past 24 hours based on Food and Agriculture Organization guidelines [23]. Women reported

their own intake, and that of their children and spouse. A dietary diversity score (DDS, range

0–10) was calculated for women, men, and children over 2 years of age. A binary indicator was

calculated for meeting minimum dietary diversity (MDD) if DDS was�5 food groups [23].

For children 6–24 months of age, DDS (range 0–8) and MDD (DDS�5) were calculated

according to the World Health Organization (WHO) Infant and Young Child Feeding (IYCF)

indicators [24]. Diet adequacy for breastfed children was calculated as children receiving�4

food groups and a minimum meal frequency (MMF), defined as receiving solid or semi-solid

food�2 times per day for children 6–8 months of age and�3 times per day for children 9–23

months of age. Diet adequacy for non-breastfed children was calculated as meeting the follow-

ing three IYCF practices: (1) being fed with other milk or milk products�2 times per day, (2)

meeting MMF, defined as receiving solid or semi-solid foods�1 per day, and (3) receiving

solid or semi-solid foods from�4 food groups not including the dairy food group [3].

Anthropometry for women and children under 2 years of age was measured using stan-

dardized procedures. Weight was measured to the nearest 0.1 gram using a digital or analo-

gous scale. Height for women was measured to the nearest 0.1 cm using a stadiometer, and

length for children under 2 years of age was measured using a length board. Women’s body

mass index (BMI, kg/m2) was calculated, and women were categorized as underweight

(BMI<18.5 kg/m2), normal weight (BMI between 18.5–24.9 kg/m2), overweight (BMI between

25–29.9 kg/m2), or obese (BMI�30 kg/m2). Length-for-age Z-score (LAZ), weight-for-age Z-

score (WAZ), and weight-for-length Z-score (WLZ) were calculated according to the 2006

WHO Child Growth Standards [25]. Stunting was defined as LAZ <-2 SD, underweight as

WAZ <-2 SD, and wasting as WLZ <-2 SD.

Hemoglobin (Hb) concentrations for women and children under 2 years of age were mea-

sured using a point-of-care device, Mission1Hemoglobin system. Among pregnant women
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and children under 2 years of age, anemia was defined as severe: Hb <7.0 g/dL, moderate: Hb

7–9.9 g/dL, mild: Hb 10–10.9 g/dL, and no anemia Hb�11 g/dL. Among non-pregnant

women, anemia was defined as severe: Hb <8.0 g/dL, moderate: Hb 8–10.9 g/dL, mild: Hb 11–

11.9 g/dL, and no anemia Hb�12 g/dL [26].

The short-form Caregiver Reported Early Development Index (CREDI) tool was used to

assess cognitive, motor, language, and socio-emotional development in children under 3 years

of age [27]. The CREDI short form consists of a set of 20 items differing according to the follow-

ing age bands: 0–5 months, 6–11 months, 12–17 months, 18–23 months, 24–29 months, and

30–35 months. The CREDI was administered by NFFs to the child’s primary caregiver who

reported on whether the child can perform each item (yes/no) [28]. Norm-referenced Z-scores

for overall development for each age band were calculated from raw scores using the CREDI

Scoring Application. A positive Z-score indicated a child has better developmental status than

the average child in the CREDI reference population in the same age band. A Z-score of zero

indicated a child has similar developmental status to the average child in the CREDI reference

population in the same age band. A negative Z-score indicated a child has worse developmental

status than the average child in the CREDI reference population in the same age band [29].

Data analysis

The analytic sample size included 3,511 households (1,121 intervention households and 2,390

control households). We calculated mean and SD for continuous variables and proportions for

binary variables. We used t-tests to test whether unadjusted differences between the control and

the intervention groups were significant. As a sensitivity analysis, we also ran adjusted linear

regression models. All adjusted models controlled for whether the village was tribal or not. Vil-

lages were classified as ‘tribal’ based on standard Government of India criterion, e.g., more than

25% of the village population belonged to Scheduled Tribe [30]. Adjusted models for child out-

comes also controlled for child age except for comparisons in child development since the

CREDI Z-scores were age-standardized. In adjusted models for women’s anthropometry and

anaemia, we also controlled for woman’s age. In all adjusted comparisons of maternal and child

anthropometry, we also adjusted for the type of scale used (digital vs analogue). P-value<0.05

was considered statistically significant. Data analysis was conducted using Stata 17.0.

Results

Sample characteristics are summarized in Table 1. Women were, on average, 25 years old.

Forty-three percent of intervention villages were classified as ‘tribal villages’ versus 23% of con-

trol villages (p<0.01). Thirty-seven percent of the households in intervention villages reported

practicing natural farming compared to 12% in control villages (p<0.01). Forty-three percent

of households in intervention villages reported having a nutri-garden compared to 11% of

households in control villages (p<0.01). Thirty-nine percent of households in intervention vil-

lages reported having backyard poultry compared to 21% in control villages (p<0.01). Of

those who had backyard poultry, 8% of households in intervention villages reported selling

and not consuming their backyard poultry produce compared to 18% in control villages–in

other words, households in control villages were more likely to sell their produce and not con-

sume them than households in intervention villages (p<0.01).

Dietary diversity

DDS among women and men was mean (SD) 6.53 (±1.62) and 6.16 (±1.65), respectively in

intervention villages and 5.81 (±1.58) and 5.39 (±1.61), respectively in control villages (p<0.01

for women and p<0.01 for men, S1 Table). Adults in intervention villages were more likely to
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have diverse diets compared to adults in control villages: 87% of women and 83% of men in

intervention villages had a diverse diet (DDS�5) compared to 79% of women and 73% of

men in control villages (p<0.01 for women and p<0.01 for men). Compared to women in

control villages, women in intervention villages were significantly more likely to consume all

food groups except starchy staples, other vegetables, and flesh foods (p<0.01) (Fig 1, panel A).

Results were similar for men (Fig 1, panel B). Results were consistent when adjusting for

whether the village was tribal or not (S1 Table).

Forty-three percent of women and 41% of men in intervention villages reported consuming

any type of naturally farmed foods compared to 22% and 15%, respectively, in control villages.

Overall, consumption of naturally farmed starchy staples, pulses, dark green leafy vegetables,

vitamin A-rich fruits and vegetables, and other fruits and vegetables, was higher in interven-

tion villages as compared to control villages (S1 Fig). After adjusting for whether the village

was tribal or not, results were consistent with one exception: women in intervention villages

were significantly more likely to consume naturally farmed eggs.

In children 6–24 months of age, 8% of breastfed children in intervention villages had an

adequate diet compared to 11% in control villages (p = 0.02). DDS among children 6–24

months of age in intervention and control villages was mean (SD) 2.99 (±1.52) and 2.73

(±1.62), respectively (p<0.01) (S2 Table). With regards to specific food groups, children 6–24

months of age in intervention villages were more likely to consume eggs and vitamin A-rich

fruits and vegetables (Fig 2, panel A). No differences were observed for the other food groups.

There were no differences in DDS by child sex (p = 0.12). Results were consistent when con-

trolling for village type (tribal vs non-tribal) and child age (S2 Table).

Among children over 2 years of age (range 2–18 years), DDS was mean (SD) 6.6 (±1.7) in

intervention villages and 6.0 (±1.5) in control villages (p<0.01). In the intervention villages,

Table 1. Descriptive characteristics of the 3,511 households enrolled in the evaluation of a nutrition-sensitive

agroecology program in Andhra Pradesh, India. Values are Mean ± SD or N (%).

Intervention Control

Mothers

N 1121 2390

Age (years) 24.7±3.7 24.9±3.8

Education

Illiterate 50 (4.46) 86 (3.6)

Literate, no formal education 37 (3.3) 46 (1.92)

Primary school 59 (5.26) 128 (5.36)

Middle school 218 (19.45) 495 (20.71)

High school 326 (29.08) 799 (33.43)

Higher Secondary school 249 (22.21) 470 (19.67)

Graduate 156 (13.92) 319 (13.35)

Children<2 years old

N 888 1861

Age (months) 11.8±6.6 11.2±6.9

Female 431 (48.5) 878 (47.1)

Children�2 years old

N 763 1400

Age (years) 5.2±2.8 4.8±2.7

Female 443 (58.1) 762 (54.4)

Household Size 4.22±1.22 4.14±1.19

https://doi.org/10.1371/journal.pone.0286356.t001
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children over 2 years of age were more likely to consume other fruits, vitamin A-rich fruits

and vegetables, dark leafy vegetables, dairy products, nuts, and eggs (Fig 2, panel B). There

were no differences in DDS by child sex in children over 2 years of age (p = 0.16). Consistent

results were observed in models controlling for village type (tribal vs non-tribal) and child age

except in the case of flesh foods where the difference between children in intervention and

control villages was no longer statistically significant (S2 Table).

Nutritional status

Women in intervention villages were less likely to be overweight (16% versus 23%, respectively

p = 0.01) and more likely to be underweight as compared to women in control villages (12%

versus 8%, respectively, p = 0.02) (Fig 3, panel A). In children under 2 years of age, stunting

prevalence was similar in intervention and control villages (p = 0.83) (Fig 3, Panel A). However,

children in intervention villages were more likely to be underweight (28% versus 23%, respec-

tively, p = 0.01) and wasted (26% versus 21%, respectively, p<0.01) compared to children in

control villages. Of note, children measured with an analogue scale were twice as likely to be

wasted as children measured with a digital scale (23% versus 11%, respectively, p<0.01),

whereas women measured with an analogue scale were less likely to be underweight than those

measured with a digital scale (9% versus 17%, respectively, p = 0.02). Results for child anthro-

pometry were consistent when adjusted for age, type of village, and type of scale used. However,

after adjustment, differences in women’s underweight were no longer significant (S3 Table).

Moderate anemia was the most common form of anemia, with half of women in both inter-

vention and control villages classified as having moderate anemia (Fig 3, panel B). There were

Fig 1. Food groups consumed by (Panel A) adult women and (Panel B) adult men in intervention versus control

villages as part of an evaluation of a nutrition-sensitive agroecology program in Andhra Pradesh, India. P<0.01 for all

intervention versus control comparisons except starchy staples, other vegetables, and flesh foods.

https://doi.org/10.1371/journal.pone.0286356.g001
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no significant differences in anemia prevalence between women in intervention versus control

villages. In contrast, children under 2 years of age in intervention villages were less likely to be

anemic as compared to control villages: 59% versus 69%, respectively (p<0.01) (Fig 3, panel

B). When examining the distribution of hemoglobin concentrations, the entire distribution

had shifted right in intervention villages, i.e., to higher hemoglobin values among children (S2

Fig). Results for differences in anemia in women and children under 2 years old were consis-

tent when adjusted for village type and age (S4 Table).

Child development

Children in intervention villages had better early child development scores as compared to

children in control villages with larger benefits among older age groups (Fig 4). We observed a

shift from negative Z-score to positive Z- scores with increase in child age. Among children

0–5 months of age, children in control villages had better Z-scores than children in interven-

tion villages: -0.37 versus -0.68, respectively (p<0.01). Among children 6–11 months and 12–

17 months old, children in intervention villages had consistently higher Z-scores, albeit not

statistically significant (S5 Table). However, among children 18–23 months of age, those in

intervention villages had significantly higher mean Z-scores compared to children in control

villages (0.46 versus 0.24, respectively, p = 0.02). Among children 24–29 months of age, those

in intervention villages had significantly higher Z-scores compared to children in control vil-

lages (-0.14 versus -0.53 respectively, p<0.01). Among children 30–35 months of age, those in

intervention villages had significantly higher Z-scores relative to children in control villages

(-0.38 versus -0.91 respectively, p<0.01). After adjusting for whether the village was tribal or

Fig 2. Food groups consumed by (Panel A) children under 2 years old and (Panel B) children over 2 years old in

intervention versus control villages as part of an evaluation of a nutrition-sensitive agroecology program in Andhra

Pradesh, India.

https://doi.org/10.1371/journal.pone.0286356.g002
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not, results were consistent for all age groups except for 18–23 months of age where differences

were no longer significant. (S5 Table).

Discussion

In this cross-sectional program evaluation, we explored differences in dietary diversity, nutri-

tional status, and child development between adults and children in villages receiving a nutri-

tion-sensitive agroecological intervention and control villages where only an agroecological

intervention was implemented. We found that women, children, and men in intervention vil-

lages had more diverse diets and were more likely to consume naturally farmed foods relative

Fig 3. Nutritional status of women and children under 2 years of age, including (Panel A) anthropometry and (Panel

B) anemia in intervention and control villages as part of an evaluation of a nutrition-sensitive agroecology program in

Andhra Pradesh, India.

https://doi.org/10.1371/journal.pone.0286356.g003

PLOS ONE Potential impacts of nutri-gardens

PLOS ONE | https://doi.org/10.1371/journal.pone.0286356 May 13, 2024 9 / 14

https://doi.org/10.1371/journal.pone.0286356.g003
https://doi.org/10.1371/journal.pone.0286356


to those in control villages. Children under 2 years of age also had improved hemoglobin sta-

tus. Child development scores were higher in intervention villages compared to control, partic-

ularly among older children 24–36 months of age. These findings suggest that the additional

nutrition-sensitive activities implemented in intervention villages were effective in improving

diets, nutrition, and child development.

The findings from our evaluation show that women, men, and children in intervention vil-

lages tended to have more diverse diets compared to control villages. The values for children

were slightly higher (indicating slightly better feeding practices) than NFHS-5 for rural

Andhra Pradesh (6% of breastfed children had an adequate diet versus 11% in our sample).

The higher consumption of eggs and green leafy vegetables in the intervention villages may be

attributed to various nutrition-sensitive initiatives undertaken as part of the intervention such

as homestead food production including backyard poultry and nutri-gardens. The findings

from this evaluation align with the results obtained in other studies conducted in India, where

planting of nutri gardens was also associated with increased consumption of eggs and green

leafy vegetables [10,11].

Consumption of eggs and vitamin A-rich fruit and vegetables was higher in children 6–24

months age in intervention villages. Similarly, children older than 2 years of age consumed

more eggs, vitamin A-rich fruits and vegetables, dark green leafy vegetables, dairy products,

other fruits, flesh foods and nuts compared to their counterparts in the control villages. These

findings support the effectiveness of nutri-gardens and BCC activities aimed at influencing the

feeding practices in increasing the consumption of diverse foods.

Despite having more diverse diets, children under 2 years of age and mothers in interven-

tion villages were more likely to be underweight than those in control villages. The findings

may be partly explained by the fact that intervention villages were more likely to be tribal vil-

lages than control villages, and tribal villages historically have higher levels of underweight

[31]. Another explanation for this counter-intuitive finding could be differences in measure-

ment instruments used in intervention versus control villages with NFFs in control villages

being more likely to use an analogue scale as compared to NFFs in intervention villages (98%

versus 91%, respectively, p<0.01). The scales used reflected the scales available at Anganwadi

Centers as these were used for the evaluation.

Fig 4. Norm-referenced child development Z-scores for children under 3 years of age in intervention and control villages as part of an evaluation of a nutrition-

sensitive agroecology program in Andhra Pradesh, India.

https://doi.org/10.1371/journal.pone.0286356.g004
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Despite the nutrition-sensitive agroecology program, moderate and mild anemia were com-

mon in intervention and control villages. This could be partly explained by the complex etiol-

ogy of anemia–it is not just diet that contributes. In addition, water and sanitation access and

behaviors could influence the absorption of nutrients, which in turn could influence anemia

[32]. In addition, the high prevalence of anemia in children under 2 years of age in our sample

(90%) could be due to the instrument used to measure hemoglobin. For example, NFHS-5,

which uses capillary blood, estimated a prevalence of anemia among children under 5 years of

age in Andhra Pradesh of 63% [20]. In contrast, the Comprehensive National Nutrition Survey

(CNNS, 2016–18), which uses venous blood, estimated a prevalence in the same age group of

40% [33]. The Mission1Hb device used in this evaluation is a point-of-care device which

uses capillary blood. A study in Malaysia showed that the Mission1 Plus Hb device underesti-

mated hemoglobin relative to the gold standard cyanmethemoglobin method [34], which

would result in an over-estimation of anemia prevalence.

Nonetheless, both intervention and control villages in our evaluation used the same device

and so this measurement error was not differential between intervention and control villages.

We observed that while there were no statistically significant differences in women’s anemia

status, children in intervention villages were less likely to be anemic than children in control

villages. This is especially notable considering the fact that intervention villages were more

likely to be tribal villages, where the baseline anemia prevalence tends to be higher [35]. This

improved anemia status in children could be explained by the improved diets among children

in intervention villages.

We also found large, consistent, and beneficial effects on child development, with larger

benefits among older children 24–36 months of age. There are several plausible explanations

for this. First, children in intervention villages may have had lower pesticide exposure due to

eating naturally farmed foods. Organophosphorus pesticides, which are commonly used in

Andhra Pradesh[36], are known acetylcholinesterase inhibitors contributing to neurocognitive

impairment in children [15]. Second, children in intervention villages were slightly less likely

to have anemia, a known risk factor for suboptimal child development [37]. Together with

improved diet and better dietary diversity scores, this may have improved their energy levels

and thus their engagement with caregivers and ultimately their development.

Our results from a single time point of a non-randomized intervention should be inter-

preted with caution. To estimate the combined effects of natural farming with and without

nutrition-sensitive activities, a randomized control trial should be conducted to establish the

causal relationship. Co-Benefits of Large-Scale Organic FarMing on HuMan Health (BLOOM)

is an upcoming cluster-randomized evaluation looking at the effectiveness of APCNF on uri-

nary pesticides and dietary diversity [38]. Further, randomized evaluations are needed to assess

the additional benefits of nutrition-sensitive activities and to help disentangle which compo-

nent of the nutrition-sensitive package worked (homestead food production, BCC, nutrition

counselling, or cooking demonstrations) or whether it was the package as a whole.

Additional limitations include women reporting the dietary diversity of men and children

(particularly for older children who may eat a lot outside the home) [39], which could have led

to reporting bias. Moreover, the reported dietary data does not include information on quanti-

ties or micronutrient intake, which would help us better understand the deficiencies and the

possible solutions to tackle them. Also, the women may have over-reported their consumption

of healthy foods emphasized during BCC sessions since the data collectors (the NFFs) were

also the implementers, leading to a social-desirability bias. As mentioned above, there were

also differences in anthropometric measures by use of different scales (analogue vs digital).

Future studies should use digital scales to measure weight and venous blood samples to mea-

sure anemia to get more accurate estimates.
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Conclusion

In conclusion, our cross-sectional evaluation found that a nutrition-sensitive agroecological

program was associated with improved women, men, and child dietary diversity, reduced ane-

mia in children under 2 years of age, and improved child development in children under 3

years of age. These findings may suggest that the nutrition-sensitive activities (homestead food

production, BCC, cooking demonstration, and nutrition counselling) were effective. Effects on

child development were likely also achieved through the increased consumption of naturally

farmed foods. The policy direction provided by the Ministry of Women and Child Develop-

ment, Government of India, in establishing Poshan Vatikas (nutri-gardens) at Anganwadi

Centers under Mission POSHAN could benefit from integrating agroecological principles.

Integrating nutrition-sensitive interventions with agroecological interventions can be more

effective and aid the achievement of ‘Anemia mukt Bharat’ (Anemia Free India). These initia-

tives will not only enhance food availability, accessibility, and consumption at the household

level, but also contribute to safeguarding against the adverse effects of pesticides. The Govern-

ment of India’s commitment to agroecological practices (i.e., natural farming) was recently

reaffirmed in the 2023–24 budget speech which announced that over the next three years, the

government will facilitate 10 million farmers to adopt these practices [40]. Our evaluation of a

nutrition-sensitive agroecological program in Andhra Pradesh suggests that better outcomes

can be achieved if synergies are leveraged between various departments towards achieving

holistic nutrition and development.
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16. Bezner Kerr R, Madsen S, Stüber M, Liebert J, Enloe S, Borghino N, et al. Can agroecology improve

food security and nutrition? A review. Glob Food Sec 2021; 29:100540. https://doi.org/10.1016/j.gfs.

2021.100540

17. Kansanga MM, Kangmennaang J, Bezner Kerr R, Lupafya E, Dakishoni L, Luginaah I. Agroecology

and household production diversity and dietary diversity: Evidence from a five-year agroecological inter-

vention in rural Malawi. Soc Sci Med 2021; 288:113550. https://doi.org/10.1016/j.socscimed.2020.

113550 PMID: 33277067

PLOS ONE Potential impacts of nutri-gardens

PLOS ONE | https://doi.org/10.1371/journal.pone.0286356 May 13, 2024 13 / 14

https://doi.org/10.1016/j.foodpol.2018.10.015
https://doi.org/10.1016/j.foodpol.2018.10.015
https://doi.org/10.1007/s40003-016-0206-x
https://doi.org/10.1111/1477-9552.12525
https://doi.org/10.1111/1477-9552.12525
https://doi.org/10.1016/j.gfs.2018.01.002
https://doi.org/10.1016/j.envres.2022.114230
https://doi.org/10.1016/j.envres.2022.114230
https://doi.org/10.1007/s11356-019-05126-w
http://www.ncbi.nlm.nih.gov/pubmed/31041704
https://doi.org/10.1016/j.gfs.2021.100540
https://doi.org/10.1016/j.gfs.2021.100540
https://doi.org/10.1016/j.socscimed.2020.113550
https://doi.org/10.1016/j.socscimed.2020.113550
http://www.ncbi.nlm.nih.gov/pubmed/33277067
https://doi.org/10.1371/journal.pone.0286356


18. Santoso M V, Bezner Kerr RN, Kassim N, Martin H, Mtinda E, Njau P, et al. A Nutrition-Sensitive Agro-

ecology Intervention in Rural Tanzania Increases Children’s Dietary Diversity and Household Food

Security But Does Not Change Child Anthropometry: Results from a Cluster-Randomized Trial. J Nutr

2021. https://doi.org/10.1093/jn/nxab052 PMID: 33973009

19. Agriculture Department Andhra Pradesh. Agriculture Action Plan for the Year 2017–18 n.d.

20. NFHS-5. National Family Health Survey 2015–2016 State Fact Sheet: Andhra Pradesh n.d.

21. RySS. Andhra Pradesh Community Managed Natural Farming n.d.

22. Reddy N. Agroecology and Sustainable Smallholder agriculture: An exploratory analysis with some ten-

tative indications from the recent experiences from Natural Farming in Andhra Pradesh. Indian Assoc

Soc Sci Institutions 2022; 41:233–71.

23. FAO. Minimum dietary diversity for women. FAO; 2021. https://doi.org/10.4060/cb3434en

24. World Health Organization, United Nations Children’s Fund. Indicators for assessing infant and young

child feeding practices: definitions and measurement methods 2021.

25. WHO Multicentre Growth Reference Study Group. WHO child growth standards: Length/height-for-

age, weight-for-age, weight-for-length, weight-for-height and body mass index-for-age: methods and

development. Geneva: 2006.

26. World Health Organization. Hemoglobin concentrations for the diagnosis of anaemia and assessment

of severity. World Heal Organ 2011:1–6. https://doi.org/2011

27. McCoy DC, Waldman M, Fink G. Measuring early childhood development at a global scale: Evidence

from the Caregiver-Reported Early Development Instruments. Early Child Res Q 2018; 45:58–68.

https://doi.org/10.1016/j.ecresq.2018.05.002

28. Mccoy DC. Assessor manual 2022.

29. Seiden J, Waldman M, Mccoy DC, Fink G. Data Management & Scoring Manual 2021.

30. Ishan Kukreti. India’s tribal village infrastructure in a shambles. Down to Earth 2019.

31. Uposoma Dey SB. The prevalence of under-nutrition among the tribal children in India: a systematic

review. Anthropol Rev 2019; 82:191–202. https://doi.org/10.2478/anre-2019-0014
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