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O I N R e

Abstract

This study examines how climate change interacts with social, ecological, and policy
factors to shape food security among Indigenous tribal communities in Jharkhand, fo-
cusing on Saraikela Kharsawan district. It combines a scoping review, policy analysis,
and a climate-agriculture case study of Saraikela Kharsawan to identify vulnerabilities
and pathways for more resilient Indigenous food systems. The research is qualitative,
using a scoping review of 28 studies on Indigenous food security and climate impacts
in Jharkhand, thematic analysis of nine national and state policies, and a district-level
case study using land use, climate trends/projections, and crop statistics for Saraikela
Kharsawan. Additionally, findings from participant observation were integrated into how
tribal communities in Saraikela Kharsawan experience and respond to climate variability
and its implications for local food systems and nutrition. The study identifies a nutri-
tion paradox, where Indigenous communities experience micronutrient deficiencies and
anaemia despite rich biodiversity and Indigenous knowledge. This is accompanied by a
decrease in the consumption of nutrient-dense Indigenous foods and a predominance of
rainfed monoculture rice cultivation. Marked by rising temperatures and erratic rainfall,
climate variability is destabilising agroforestry systems, narrowing dietary options and
reducing adaptive capacity. Additionally, policy and institutional gaps reveal fragmented
support—strong rights laws and calorie-focused welfare schemes but weak integration of
Indigenous foods, agroforestry, and traditional ecological knowledge into nutrition and
climate programmes. The paper argues that climate change acts as a threat multiplier
on already fragile Indigenous food systems and calls for nutrition-sensitive safety nets,
community-based agroforestry, gender-inclusive Indigenous knowledge governance, and
cross-sectoral policy alignment to support resilient, culturally appropriate food systems
in Jharkhand.

Keywords: Indigenous food systems; climate change; food security and nutrition;
traditional ecological knowledge (TEK); tribal communities; Jharkhand; India

1. Introduction

Climate change represents a profound crisis for vulnerable populations globally, but its
impacts are not uniform. Communities already burdened by social, economic, and political
marginalisation often bear a disproportionate share of adverse outcomes [1]. Among
the most impacted are Indigenous peoples, whose livelihoods are closely tied to fragile
ecosystems that are highly susceptible to climatic disruptions [2].
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Globally, Indigenous communities constitute nearly 5% of the population [3] and
are recognised among the groups most susceptible to climate change impacts [4]. These
challenges have been compounded by colonial and post-colonial policies that systematically
dispossessed Indigenous communities of their traditional lands, restricted access to forest
resources, and undermined customary governance structures [5,6]. The vulnerability of the
communities is still shaped by these structural exclusions. In particular, local livelihoods,
food systems, water security, and public health frameworks within various Indigenous
communities are increasingly pressured by the direct impacts of climate change [7,8].

Projections indicate that global average temperatures are expected to rise by approx-
imately 1.5 °C by the end of this century, a trend that poses significant risks to both
natural ecosystems and human societies [9,10]. Climate warming is already contributing to
widespread environmental disruption, including shifts in temperature and precipitation
patterns, increased frequency of extreme weather events, and rising sea levels [11]. These
changes pose a direct threat to food security by reducing agricultural production, and
destabilising food availability [11]. These pressures are especially significant for Indigenous
food systems, which are community-specific systems of food production, distribution,
preparation, and consumption that sustain both nutrition and cultural continuity [4]. At the
same time, nutritional status in Indigenous tribal communities is not determined by food
availability alone, but by interacting social, economic, environmental, and health determi-
nants, including poverty, education, morbidity, sanitation, water access, and healthcare
availability [12,13]. As climate shocks intensify, these interacting vulnerabilities are likely
to deepen food insecurity, along with water scarcity, health deterioration, and increased
socio-economic instability [14].

India is home to over 700 recognised Indigenous tribes, comprising around 8.6% of
the country’s population [11]. These Indigenous communities, recognised as “Scheduled
tribes” (STs) by the Government of India, are characterised by customary systems, financial
constraints, and weaker health outcomes [15]. The Intergovernmental Panel on Climate
Change (IPCC) reports [16,17] have acknowledged the role of Indigenous knowledge and
local knowledge in climate adaptation, including the current IPCC Seventh Assessment
report (AR7) [18]. Yet, these insights remain underutilised in Indian policy and devel-
opment planning. Despite their deep ecological knowledge and cultural heritage, tribal
communities face systemic marginalisation in terms of land rights, livelihood opportuni-
ties, and access to public services [19]. Approximately 92% of these communities rely on
agriculture, forests, and livestock for survival [20]. However, traditional livelihoods are
increasingly under threat due to the effects of colonial land dispossession, mining-induced
displacement, deforestation, and the changing climate.

Jharkhand, a tribal-majority state in eastern India, is among the poorest and most
food-insecure states in India [21,22]. The state’s ecological landscape is changing rapidly,
and commercial monocultures are replacing agroforestry systems that once ensured re-
silience through mixed cropping and seasonal foraging [20]. Agriculture is mainly rainfed
and the soil structure is poor with low fertility [23]. Moreover, climate trends show de-
clining annual rainfall in several districts, coupled with a rise in the frequency of extreme
events [24,25], threatening the livelihoods and food security of tribal communities that are
heavily dependent on subsistence farming and forest-based food systems [19,26-28].

Similar concerns have been acknowledged in other regions globally. Studies in
Africa [29-32] and Central America [33,34] highlight how Indigenous farmers experience
heightened vulnerability in terms of food security and nutritional levels due to climate
variation. In India, while the literature on Indigenous foods is extensive, there is limited em-
pirical research examining the effects of climate variability on nutrition in tribal-dominated
regions like Jharkhand. Recent studies, such as [19,35], have started to shed light on these
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issues, exploring the intersection of climate variability and food security through the lived
experiences of Jharkhand’s Indigenous people. However, there are few, if any, studies
that focus on the climate vulnerability of Jharkhand'’s tribal-dominated region of Saraikela
Kharsawan district, which faces acute climate and food challenges.

While previous research has largely treated climate impacts, nutritional security, and
policy frameworks in isolation, this paper addresses this critical gap by providing a fully
integrated climate-nutrition-policy analysis for Jharkhand’s Indigenous tribal communities.
Moving beyond mere vulnerability assessments, it identifies concrete, actionable pathways
for nutrition-sensitive safety nets, community-based agroforestry, and traditional ecological
knowledge (TEK)- and gender-inclusive governance in tribal regions.

The aim of this paper is to identify and characterise the key vulnerabilities that local
tribal communities in the Saraikela Kharsawan district face regarding food security amid a
changing climate. Drawing on existing literature and secondary data, the paper pursues
three objectives: (i) to map the current research landscape surrounding Indigenous food
systems and climate change impacts in Jharkhand, characterising its dominant themes;
(ii) to examine the national and state policies that recognise and support tribal rights,
welfare, and food security; and (iii) to assess the spatial patterns that emerge from secondary
data on climate (temperature and precipitation) in Jharkhand with a focus on Saraikela
Kharsawan district, and compare whether these trends appear to co-occur spatially and
temporally with land-use patterns and agricultural productivity.

2. Materials and Methods

The research employs a qualitative, desk-based methodology, drawing on peer-
reviewed academic literature, government reports, climate data archives, and grey literature
sources. It examines academic literature to evaluate the complex interactions between cli-
mate change, Indigenous knowledge, and food security, and triangulates the spatial trends
and secondary data with the academic findings and policies.

2.1. Study Area

The research focuses on Saraikela Kharsawan, a tribal-dominated district in the south-
ern region of Jharkhand, India (Figure 1). The district has a population of 1,065,056, out
of which 35.2% of the population belong to the Scheduled Tribes [36]. In terms of the
district’s total population, the five most prominent communities in this group are Santal
(12.19%), Ho (8.37%), Bhumij (6.38%), Munda (4.22%), and Oraon (0.99%) [37]. The district
is characterised by dense forest cover, subsistence agriculture, and was selected due to
its ecological sensitivity and socio-economic vulnerability, particularly in the context of
climate variability and food insecurity.

These tribal communities are also predominantly smallholder farmers who depend
on agriculture for food and livelihoods [35,38]. Despite access to rich agroforestry and
Indigenous foods with high nutritive values, studies have shown poor nutrition outcomes
among these tribes [19,39]. Therefore, this case study of Saraikela Kharsawan is analytically
significant, as it is broadly representative of forest-fringe, smallholder-dominated tribal dis-
tricts across eastern and central India, where comparable climate, livelihood, and nutrition
dynamics are currently unfolding.

2.2. Methods

The key methodological components for the research are literature review, policy
analysis, and a regional case study. In addition to these, the paper draws on findings from
participant observation through the authors’ long-term participatory work with the local
communities, which informs interpretation and contextualisation of the findings.
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Figure 1. Location of Saraikela Kharsawan district of Jharkhand, India.

2.2.1. Scoping Review

A scoping review was used to map existing knowledge, identify dominant theoretical
and methodological approaches, and highlight critical research gaps, particularly in the in-
tersection of climate resilience and tribal livelihoods in Jharkhand. The published literature
was documented and assessed using a scoping review methodology [40] that involved a
stepwise process of selection, extraction, analysis, and synthesis of the literature. To guide
the review and synthesis of trends and gaps, the following question was posed: What does
the published literature tell us about Jharkhand’s Indigenous food security in the context
of climate change?

Search Strategy

The search for articles was first performed on 5 May 2025 and later updated on
4 June 2026 using the following search tools: academic databases (Web of Science, Scopus,
and Google Scholar), government sources, international bodies, and grey literature. No
search restrictions such as language or date were placed. Boolean operators and keyword
combinations (as listed in Table 1) were used for each database.

A total of (n = 528) articles/reports were found in the Web of Science and Scopus. A
two-step relevance screening strategy was then employed. First, the titles and abstracts
of articles were screened. Next, all citations deemed potentially relevant went through
a review of the full text. We included articles that (1) were published in peer-reviewed
journals; (2) described any aspect of food security or food-related climate change impacts;
(3) explicitly mentioned Indigenous peoples; and (4) were linked to Indigenous tribes of
Jharkhand. After exclusion, (n = 13) articles met the predefined criteria (check Table 2
for the detailed inclusion & exclusion criteria). The reference lists of the articles were
hand-searched to identify more relevant studies and reports not captured in the database
search (i.e., citation tracking). Articles were further searched in Google Scholar with the
keywords as listed in Table 1. The review process resulted in the finalisation of (1 = 28)
articles. Refer to Appendix A.1 (Figure A1) for the methodology framework.
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Table 1. Search strategy to identify published articles on climate change impact on Indigenous
food security.

Key Concepts

Expanded Terms

Tribal Communities

Indigenous OR tribe OR ‘Scheduled Tribes” OR “Indigenous community” OR ‘tribal
community’” OR Adivasi OR Santal OR Bhumij OR Munda OR Ho OR Paharia OR Lohra
OR Kurmi OR Lohar OR Oraon

Food security

Food OR ‘“food security” OR “food insecurity’ OR ‘food access’” OR ‘food availability” OR
agriculture OR nutrition OR malnutrition OR “agricultural productivity’ OR agroforestry
OR livelihood

Climate change

‘Climate change” OR “climate variability” OR ‘climate hazard” OR ‘global warming’ OR
‘temperature” OR ‘extreme weather” OR disaster OR flood OR drought OR storm OR
cyclone OR ‘sea level rise’ OR “irregular rainfall’ OR ‘intense rainfall’ OR resilience

Geography Jharkhand OR ‘Saraikela Kharsawan’ OR ‘eastern India’
Table 2. Inclusion and exclusion criteria to identify published articles on Indigenous food security
and climate change.
Category Inclusion Exclusion
Geography Jharkhand state Studies not relevant to Jharkhand
Demography Indigenous tribals of Jharkhand Studies not focusing on_] harkhand °
tribal communities
Study discusses some aspects of food security,
Focus and direct or indirect impacts of climate change Studies not addressing food security
(temperature rise, rainfall variability, extreme or climate change impacts
weather) on food security
. Empirical studies (quantitative, qualitative, Conference abstracts or proceedings,
Type of Literature mixed-methods), peer-reviewed letters to the editor

Data Extraction and Synthesis

A final corpus of 28 articles was reviewed, with data extraction and synthesis con-
ducted following the PRISMA model guidelines. Using a standardised data extraction
form, the study systematically extracted and comprehensively arranged pertinent data from
chosen studies (Table 3). The thematic analysis identified common themes and patterns
across the literature. Results were synthesised and enhanced by tabular summaries and
visual representations where relevant.

2.2.2. Analysis of Policies, Acts and Schemes

A qualitative analysis of national and state policies, acts, and schemes was conducted
to examine the recognition, support, and integration of Indigenous peoples and climate
resilience practices in government policy frameworks for Jharkhand’s tribal communities.
This involved analysis of policy documents, followed by a thematic mapping using a matrix
of policy provisions against community needs in relevance to Indigenous food security and
climate resilience.

Search Strategy

The relevant government sources were manually screened through official national
and state-level portals, including the Ministry of Tribal Affairs (MoTA), Ministry of Environ-
ment, Forest and Climate Change (MoEFCC), Ministry of Agriculture & Farmers Welfare,
National Institution for Transforming India (NITI Aayog), Jharkhand State Government
websites, policy documents and press releases. These sources were included due to their
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role in generating key policies, data, and assessments related to tribal welfare, food security,
and climate change impacts in India.

Table 3. Summary of information extracted from articles on climate change impact on Indigenous
food security.

Categories

Information Extracted

Information on the article

Title of the document

Author/s or Organisation

Year of publication

Type of Document (Peer-reviewed articles, policy report, etc.)
Geographical Focus (Districts/ Villages in Jharkhand)

Characteristics

Any mention of the Indigenous community
e  Explicit mention of ‘food security’ (Yes/No)

O If yes, then the food security dimension (nutrition, access, diet, availability,
utilisation)

e  Explicit mention of ‘climate change” (Yes/No)
O If yes, then climate variables used (drought, temperature, rainfall, floods)

e  Explicit mention of Indigenous practices (Yes/No)
Type of study (empirical research—qualitative/quantitative /mixed-methods, case
studies, reviews, policy analyses)

Findings & Conclusions

e  Summary of findings—dominant themes and knowledge gaps
Policy measures addressed
Research recommendations

An initial set of (n = 27) national and state-level policies, acts, and schemes was
identified and then screened using the defined inclusion and exclusion criteria (Table 4).
Those not meeting the inclusion criteria were excluded, and a total of nine (1 = 9) policies,
acts, and schemes were selected for review.

Table 4. Inclusion and exclusion criteria for policy selection.

Category Inclusion Exclusion
. . . 1 1 ith
Functional Policies that are active Obs.o ete, repea .ed or without
implementation record
Statutory Official central and state-level documents NGO manifestos or informal policy drafts
Focus Focusing on forest rights, agroforestry, Indigenous Generic environmental policies with no
people, food security or climate impacts tribal /community focus

Mapping of Policies, Acts, and Schemes

Each policy, act, and scheme was systematically analysed using a deductive qualitative
content analysis approach. We identified six themes a priori, which were based on the study
objectives and insights from the relevant literature. The themes are as follows: recognition
of Indigenous rights; land tenure and forest rights; climate change adaptation; agroforestry
promotion; food security and nutrition; and integration of Indigenous knowledge. They
represent key dimensions through which the study examines the role of policies in shaping
socio-ecological, well-being and adaptive outcomes. The policies were then systematically
mapped across the six themes to check if the themes are being addressed, along with their

https:/ /doi.org/10.3390/earth7040116


https://doi.org/10.3390/earth7040116

Earth 2026, 7, 116

7 of 31

scope and emphasis. A final policy—feature matrix is presented, showcasing the thematic
coverage of the selected policies, acts, and schemes.

2.3. A Case Study of Saraikela Kharsawan District

The analysis of literature and policies at the state and national-level is complemented
with a case study of Saraikela Kharsawan district to compare the relationship of climate with
land-use patterns, forest cover and agricultural productivity. It presents an observational
study of the land use and land cover (LULC) changes, climate trends and projections
(temperature and precipitation), and the agricultural crops trend over the years. Rather
than statistically established relationships, these findings show parallel descriptive trends.
Table 5 presents all the data and their sources used.

Table 5. Data sources for the case study.

Description and Sources Year

Administrative boundaries Survey of India (SOI) 2011

Land use and land cover

Esri: Sentinel-2 10-Meter Land Use/

Land Cover 2017-2018 and 2024-2025

Climate data

1975 to 2024 (Trend)

WorldClim 2040 to 2100 (Projections)

Department of Agriculture and Farmers
Welfare, Directorate of Economics & 2000-2001 to 2022-2023
Statistics (Gol)

Since the LULC data from Esri are only available from 2017 onwards, changes in LULC
could only be compared after 2017-2018. The LULC dataset was extracted using QGIS
3.28.11-Firenze software for the Saraikela Kharsawan district boundary of Jharkhand.

For the climate change assessment, the temperature and precipitation data were
obtained from WorldClim for the region and processed using QGIS 3.28.15-Firenze software
to prepare average temperature and precipitation gradients in the district. To project
future climate impacts, anomaly scenarios under SSP-2 (Middle of the Road) for the years
2041-2060, 2061-2080, and 2081-2100 were incorporated. SSP-2 was selected because it
represents a moderate pathway with balanced challenges to mitigation and adaptation and
plausible socio-economic development trends, making it appropriate for assessing near to
mid-term climate vulnerabilities in the study area.

Lastly, to study agriculture trends, district-level data on crops, area, production and
yield were obtained from the Department of Agriculture and Farmers Welfare. Due to miss-
ing datasets until 2016-2017, the study used data from 2017-2018 to 2022-2023, representing
the latest published information.

2.4. Participant Observation

Participant observation and Participatory Rural Appraisal (PRA) Tools were also
employed to generate contextual, ground-level insights into how Indigenous tribal com-
munities in Saraikela Kharsawan experience and respond to climate variability and its
implications for food systems and nutrition. This involved the authors” direct engage-
ment with local communities over extended periods from January 2022 to September 2025,
including participation in agricultural activities, foraging practices, local markets, Gram
Sabha on the management of natural resources, and community interactions related to
food preparation and consumption. PRA tools employed included focus group discussions,
semi-structured interviews, and card-sorting exercises focusing on agricultural activities
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and natural resource-based activities that centered on the use and management of forests
and forest resources.

Through this immersive approach, observations were recorded on seasonal changes,
shifts in cropping patterns, availability and use of Indigenous foods, and everyday strate-
gies adopted by households to cope with erratic rainfall, temperature variability, and
changing environmental conditions. Particular attention was given to agroforestry prac-
tices, dependence on rainfed agriculture, and the role of women as custodians of TEK,
especially in relation to food collection, preparation, and preservation.

Participant observation and PRA also captured the subtle socio-cultural dynamics
shaping food choices, reliance, market integration, and the erosion or adaptation of tradi-
tional food practices. These observations provide empirical grounding to complement the
scoping review, policy analysis, and secondary data, offering insights into lived experiences
and community-level responses that are not fully captured through desk-based methods.

3. Results
3.1. Stresses Facing Indigenous Food Systems in [harkhand

This section synthesises the principal findings from a scoping review of literature
examining the interplay between Indigenous food systems, nutrition, climate resilience,
and policy contexts in Jharkhand. The results reflect key thematic trends, methodolog-
ical emphases, and critical gaps in existing research, with particular attention to tribal
communities and the under-researched Saraikela Kharsawan district.

The graph shows a notable volume of articles published after 2018, reflecting a growing
research interest in the intersection of nutrition, food systems, and climate resilience
(Figure 2a). Most studies employed mixed-methods approaches (1 = 10), combining
dietary surveys, focus group discussions, and nutritional analysis (Figure 2b). Quantitative
studies (n = 9) were also common, while qualitative work was rare (n = 1). A small
number of spatial analyses (n = 6) mapped agroforestry suitability, vegetation health, and
precipitation variability.
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Figure 2. (a) Articles published by year (b) Distribution of selected articles by study design.

In terms of geographical focus, most studies focused on the village level (n = 13),
followed by the state level (1 = 7) (Figure 3). Studies with district-level (n = 4) and block-
level (n = 3) focus were less common. This finding reinforces the assertion that regional-level
studies in general remain significantly underrepresented in the academic literature [41]. It
is also important to note that none of these articles focused on the Saraikela Kharsawan
district level, which is our case study. This provides an opportunity to address this critical
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gap in the literature by conducting focused research on Saraikela district, particularly in
relation to climate change and its impact on food security of Indigenous people.

m State
m District
Block

Village

m None

Figure 3. Distribution of articles by geographical region focus.

A total of 18 studies focused on Indigenous tribal communities within the region
(Figure 4a), with some studies investigating multiple tribes simultaneously; consequently,
the sum of individual tribes not adding up to 18. Among the communities studied, the
Santhal (1 = 6) and Sauria Paharia (n = 6) were the most studied tribes, followed by the
Munda (n = 5), Ho (n = 5), and Oraon (n = 2) tribes (Figure 4b). This distribution is
significant as the study area, Saraikela Kharsawan district, is home to all these groups,
except for the Sauria Paharia. Based on our ground study, there is a Paharia hamlet in the
district, although there is no confirmation as to which Paharia sub-group they belong to.

6 6
5 5
I : I I I
Sauria Oraon Munda Ho Santhal
Paharia

m Yes

S N B~ O

= No

MW No. of Articles

@) (b)

Figure 4. (a) Articles that examined Indigenous tribal communities (b) Distribution of articles by
Indigenous tribes studied.

The summary of the articles is provided in Appendix A.2 (Table Al). The princi-
pal findings demonstrate substantial gaps in region-specific climate adaptation research,
especially for the Saraikela Kharsawan district and its diverse tribal communities.

3.1.1. Climate Trends and Agricultural Impacts

Across the literature, rainfall variability, prolonged dry spells, and rising temperatures
are widely recognised as undermining agroforestry systems and seasonal food availability
in the study region [19,42]. The scoping review revealed perceptions among Munda, and
Ho communities that climate variability is reducing the production and consumption of
Indigenous foods and shifting cropping calendars [43,44]. Climate change was consis-
tently described as a major threat to Indigenous smallholder livelihoods reliant on rainfed
agriculture and agroforestry [45].

This also conforms to our experiences of interacting with tribal farmers in Saraikela
Kharsawan. Agricultural production is overwhelmingly dominated by rainfed rice mono-
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culture, with pulses and oilseeds playing only marginal roles. Rice yields fluctuate sharply
with monsoon rainfall, and recent years have seen reduced, delayed, erratic, and unsea-
sonal rainfall accompanied by more frequent storms, negatively affecting paddy cultivation.
Even the year 2025 witnessed excessive and continuous rainfall, negatively impacting
cultivation of maize, millets, and vegetables. Increased duration of fog, unseasonal rain
and hail in winter months also negatively impact winter crops like sarso, kurthi and greens.
Since most households practice subsistence agriculture, inadequate yields, particularly of
paddy;, often translate into seasonal food shortages [44].

3.1.2. Household Food Security and Dietary Diversity

Research by [43,44,46] highlights how Indigenous peoples have fostered resilient,
low-carbon, and nutrition-rich food systems using crops like millets, legumes, wild tubers,
and traditional leafy greens that are highly nutritious. Despite the documented availability
of nutrient-dense Indigenous foods, the scoping review indicates that Indigenous food
systems in Jharkhand are nutrient-rich but underutilised [39,44,47]. Studies show that
communities such as Santhal, Ho, and Oraon identify over 100 varieties of Indigenous
foods, including green leafy vegetables and wild edibles, many of which are high in iron,
vitamin A, and folate [39,44,48]. Historically, the diets of some groups, such as Ho, were
not predominantly rice-based, they cultivated maize, sorghum, finger millet, and niger
seeds, supporting more diverse and potentially higher nutritional diets. However, gradual
loss of traditional seeds and a shift toward paddy cultivation have resulted in a less diverse
array of agricultural and dietary practices.

Despite this ecological and cultural diversity, household dietary diversity remains
low. Reported dietary diversity scores among Indigenous women average around 2.9
for Ho, 2.6 for Munda, and 3 for Sauria Paharia, well below recommended levels by
FAO [44,49,50]. Similarly, the Food Accessed Diversity Index (FADI) used by [51] illustrates
low access to agroforestry foods despite ecological potential. These patterns are reflected
in high prevalence of chronic energy deficiency (CED) and micronutrient deficiencies
across communities.

3.1.3. Gendered Dimensions of Food Insecurity

Evidence from the scoping review highlights a pronounced gendered dimension to
food insecurity. Indigenous women exhibit a high prevalence of CED and anaemia, with
reported CED rates of 48.9% among Santhal women, 41.3% among Sauria Paharia women,
39.2% among Oraon women, and 35% among Munda women [49], with anaemia affecting
more than 70% of Santhal women [52]. National Family Health Survey-5 (2019-2021)
similarly reports higher CED among Indigenous women compared to men [53].

Dietary recalls show that women, in particular, fall short on micronutrients such as
calcium, iron, Vitamin A, and vitamin B12 [47,54-56], and often have lower dietary diversity
than men in the same households [57,58]. The literature and the participatory observation
reveal that intra-household food allocation norms, combined with the disappearance of
traditional nutrient-dense preparations (e.g., foods based on millets and mahua flowers used
during pregnancy and early motherhood), exacerbate women'’s nutritional vulnerability
during climatic and economic shocks. Despite shifts from traditional diets, our interactions
reveal that the women from these communities have knowledge of the Indigenous foods
and the memory to prepare them.

3.1.4. Traditional Ecological Knowledge and Wild Foods

The review documents rich but eroding TEK related to Indigenous foods. Commu-
nities hold detailed knowledge of wild edible plants, seasonal calendars, preservation

https:/ /doi.org/10.3390/earth7040116


https://doi.org/10.3390/earth7040116

Earth 2026, 7, 116

11 of 31

techniques, and agroforestry-based food systems [48,56]. However, multiple studies report
that TEK and the use of Indigenous foods are slowly declining [28,59,60].

The gradual disappearance of wild foods and the loss of TEK are particularly
alarming [43,59]. Younger generations are increasingly disengaged from foraging and
preservation practices, reducing community capacity to adapt to climate stress. Interna-
tional literature echoes this pattern, showing that the erosion of TEK weakens adaptive
strategies and increases exposure and sensitivity to climate risks [59,61]. Some initiatives
are trying to address some of these challenges, such as Keystone Foundation’s Village Elder
Programs, where village elders are encouraged to take children on forest trails to document
wild crops and Indigenous practices, but these remain limited in scale. A study by [62]
showed that excluding local, indigenous knowledge in formal climate planning makes it
harder for communities to adapt to climate change.

3.1.5. Market Integration

The scoping review and case study indicate rapid market penetration in and around
Indigenous villages, reshaping local food environments [28]. Weekly markets (haats) now
provide an expanded array of purchased foods, including cheap ultra-processed and street
foods high in salt, sugar, and fat [44]. This has contributed to a nutrition transition, particu-
larly among groups such as the Munda and Ho, characterised by reduced consumption of
traditional foods and increased reliance on market-procured, calorie-dense, nutrient-poor
items [44,63].

Community reports and case study observations link growing dependence on
markets [43,51] with a decline in the foraging and use of Indigenous roots and tubers
(e.g., Kukui sanga, Bayang sanga, Haser sanga, ban-aloo/ Pitadu sanga), fruits (e.g., Mata Soore,
Kandeyor), green leafy vegetables (e.g., chimti leaves / Mui aa, phutkal saag, beng saag, Burnui
aa) and wild mushrooms (e.g., Neem poga, Sasang ud, Simdali ud) [44]. These shifts further
narrow dietary diversity and weaken Indigenous food systems’ resilience.

3.1.6. Cross-Cutting Vulnerabilities and Policy Gaps

The scoping review underscores four interconnected vulnerabilities of Jharkhand’s In-
digenous peoples to food insecurity: nutritional deficiencies, climate stressors, Indigenous
knowledge, and gendered vulnerabilities. These vulnerability dimensions are compounded
by rapid market integration and fragmented policy support, which together accelerate
dietary shifts away from Indigenous foods and weaken TEK-based adaptation. The frame-
work in Figure 5 captures these vulnerabilities.

Climate variability and forest degradation (through deforestation and mining) disrupt
Indigenous crops, agroforestry systems, and wild food sources, leading to decreased yields
and seasonal food shortages [4]. High CED and anaemia among Indigenous women,
combined with their role as custodians of Indigenous food knowledge, mean that erosion
of TEK and diet shifts particularly affect women [28,49].

Government food programmes in Jharkhand, such as the Public Distribution System
(PDS), Integrated Child Development Services (ICDS), and Mid-Day Meal (MDM) schemes,
still largely supply subsidised rice, wheat, sugar, and salt, with very limited incorporation
of Indigenous crops, leading to reduced cultivation and consumption of traditional cereals,
millets, and nutrient-rich Indigenous foods [43]. Together with a shift to chemical-intensive
monocropping with hybrid seeds, driven by market demand and lack of incentives, this
results in negligible formal support for Indigenous crop cultivation [28,44].
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Figure 5. Interlinked vulnerabilities within Indigenous food systems identified through the scoping
review in relation to, compounded by market penetration and policy and institutional gaps.

3.2. The Current Policy Landscape

Nine policies, acts, and schemes relevant to Indigenous tribal communities, food sys-
tems, and climate change were identified. Of these, seven are enacted at the national level,
while the remaining two are state-specific or state-operationalised instruments. All nine,
however, are currently active within Jharkhand and have direct or indirect implications
for tribal communities in the region. These policies were assessed across six thematic
dimensions (Table 6).

The results show that rights-based legislation dominates the policy landscape. First,
Indigenous rights and land tenure are recognised within tenure-based legislation such as
the Forest Rights Act (FRA) and the Chotanagpur Tenancy Act. These legislations explicitly
safeguard customary rights, community ownership, and territorial control. They are also
recognised under the National Agroforestry Policy (NAP) and the MoTA Guidelines on
Minor Forest Produce (MFP) since many forest areas are occupied by Indigenous tribal
people. While these provisions are legally robust, their practical enforcement has been
inconsistent and often NGO- and grassroots-driven [64], with noted implementation gaps
in tribal land rights [65] and recent dilution of provisions despite stiff opposition from the
tribal communities and civil society organisations [64].

Second, climate adaptation receives moderate attention, predominantly through the
National Mission for Sustainable Agriculture (NMSA), National Agroforestry Policy, and
the Jharkhand State Action Plan on Climate Change (SAPCC). These policy initiatives align
with evidence that temperature and precipitation variability are the main climate chal-
lenges for tribal farmers, as both droughts and irregular rainfall cycles increasingly affect
subsistence livelihoods [66,67]. The NMSA'’s climate-smart farming practices and water
management practices, NAP’s agroecological approaches, and Jharkhand SAPCC’s vul-
nerability assessment in sectors such as agriculture, water, health, and forests all prioritise
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strengthening resilience against climate change. This is crucial for our study area, which is
characterised by significant vegetation, high forest cover, and increased climate variability.

Table 6. Thematic mapping of policies, acts, and schemes implemented in Jharkhand.
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Policy/Act/Scheme

Indigenous Rights
Land Tenure and Forest Rights
Climate Change Adaptation
Agroforestry
Food Security and Nutrition
Indigenous Knowledge

Recognises the rights of the forest dwelling Indigenous/tribal

Forest Rights communities and other traditional dwellers to forest resources,
Act, 2006 with the management authority transferred to Gram Sabhas (rural
local government)
Protects the land rights of Indigenous tribal communities in the
Chotanagpur Chotanagpur division (parts of Jharkhand, Odisha, and West
Tenancy Bengal), regulating landlord-tenant relationships, prohibiting
Act, 1908 transfer of tribal land to non-tribals, and recognising customary
community rights
Policy framework designed to enhance productivity,
National employment, and income for farmers by integrating tree
Agroforestry cultivation with crops and livestock, while also ensuring
Policy (2014) environmental sustainability, increasing forest cover, and

meeting the demand for timber and fuel

National Mission
for Sustainable

Launched in 2014, NMSA is an integral part of India’s National
Action Plan on Climate Change (NAPCC). Its primary focus
includes building strong, productive and resilient agriculture,

Agriculture especially in rainfed areas, through integrated farming systems,
soil health management, and efficient water use
MoTA Empowers tribal gatherers through Minimum Support Price

Guidelines on
Minor Forest

(MSP) and Development of Value Chain to ensure fair prices and
a safety net against price fluctuations, thereby providing income

ll _

Produce security, and promoting sustainable harvesting
The plan focuses on economic growth and poverty alleviation
Jharkhand objectives while ensuring ecological sustainability, addressing
SAPCC climate risks and implementing adaptation and
mitigation strategies
. Aims to ensure food security in India, chiefly by providing food
1\;232? FAO;)td security to targeted beneficiaries through PDS, ICDS, and
y MDM schemes
Dakia Yojana Food security scheme aimed at ensuring nutritional security for
(PTGs) PVTGs through the doorstep delivery of subsidised food grains
g P Yy &
11\\113:;3?5:1 Aims to improve nutritional outcomes for children, pregnant
Mission (Poshan women, and lactating mothers. It operates at state level in
Abhiyaan) Jharkhand under the name, Jharkhand Nutrition Mission

Not addressed

_ Themes addressed
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Third, food security and nutrition emerge as the most widely addressed dimensions.
The PDS and ICDS under the National Food Security Act (2013) and the Jharkhand Nutrition
Mission under the National Nutrition Mission all focus on caloric sufficiency, maternal-
child nutrition, and dietary supplementation. Moreover, the NAP, NMSA, and MoTA
Guidelines on MFP also explicitly focus on food security and nutrition by seeking to
enhance rural livelihoods through sustainable and climate-resilient agriculture. Yet, the
emphasis remains mainly on caloric sufficiency and crop diversification rather than dietary
diversity or culturally grounded nutrition practices.

Fourth, only a limited number of policies explicitly emphasise agroforestry. The NAP
and the NMSA highlight agroforestry as a strategy for enhancing soil fertility, diversifying
farm incomes, and building climate resilience. At the state level, the Jharkhand SAPCC
also recognises agroforestry as a climate mitigation and adaptation measure. However,
agroforestry remains siloed within agriculture and climate policy and is largely absent from
nutrition and welfare schemes, despite evidence of its potential to improve food diversity
and resilience [68].

Lastly, Indigenous knowledge is explicitly articulated in only a handful of frame-
works, notably the Forest Rights Act, the MoTA Guidelines on MFP, and, to some extent,
the Jharkhand SAPCC and the NMSA. The Forest Rights Act is the first act in India that
acknowledges the value of Indigenous knowledge of biodiversity conservation in building
a sustainable forest management model [69]. Similarly, the Jharkhand SAPCC emphasises
the integration of Indigenous knowledge for sustainable forest management, climate adap-
tation, and biodiversity conservation, and NMSA aims to synergise traditional knowledge,
agricultural heritage, and modern research to boost productivity. The “Van Dhan Vikas
Karyakram’ under the MoTA Guidelines on MFP aims to tap into Indigenous knowledge
and tribal skillsets and transform tribal wisdom into viable economic activity. While In-
dia’s Indigenous knowledge systems are widely acknowledged in principle, they remain
marginalised in operational frameworks, particularly in nutrition-focused policies.

Taken together, the policy landscape reflects a fragmented architecture: tenure rights
are well protected in legal instruments, nutrition is addressed through welfare schemes,
and climate receives partial but emerging attention. However, cross-cutting themes such
as Indigenous knowledge and agroforestry remain sporadically incorporated rather than
mainstreamed. This uneven thematic distribution is captured visually in the thematic
policy matrix.

3.3. Trends Within Saraikela Kharsawan
3.3.1. Land Use and Land Cover

Between 2017-2018 and 2024-2025, Saraikela’s vegetated cover (agriculture and forest)
remained relatively stable (74-76%); however, underlying shifts were notable. Forest cover
increased slightly (28.1% to 31.2%), while agriculture decreased significantly from 49.6% to
42.9%. Built-up areas grew from 5% to 6.7% of the total area, suggestive of urbanisation
and infrastructure development. There is also an increase in barren, uncultivable, and
wasteland areas from 13.2% to 14.9%, implying a need for land reclamation and restoration
efforts. These trends (Table 7 and Figure 6) indicate that while overall LULC is stable,
encroachment and fragmentation of agricultural and forest land could potentially threaten
traditional livelihoods. Our own field visits and direct interactions with local communities
reveal increased industrial and urban activities, especially in blocks like Gamharia and
Saraikela, which are emerging as heavily industrialised zones.
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Table 7. Land use and land cover of Saraikela Kharsawan district.
2017-2018 2024-2025
LULC Category
Area (sq km) Percentage Area (sq km) Percentage
Built-up 131.65 5.0% 178.41 1 6.7%
Agriculture 1311.74 49.6% 1135.66 | 42.9%
Forest 743.40 28.1% 826.76 1 31.2%
Barren/unculturable /Wastelands 348.35 13.2% 394.90 © 14.9%
Wetlands/Water Bodies 112.06 4.2% 111.47 | 4.2%
Total 2647 100% 2647 100%

Agriculture
I Forests
I Built-up

Barren

I wetlands/Water bodies

0 10 20 km
I

Note: The arrows show the change in area in 2024-25 as compared to 2017-18. Green indicates positive shift;
while red marks areas of concern.

2017-18 2024-25
Year

Figure 6. Land use and land cover of Saraikela Kharsawan district.

3.3.2. Climate Trends, Variability and Future Projections
Current Scenario

Climatic conditions crucially influence agricultural productivity and agroforestry via-
bility. The district’s historical data (1975-2024) show mean annual temperature increasing
from 25.7 °C to 26.3 °C, registering a warming of approximately 0.6 °C over five decades
(Figure 7). According to [66], the temperature conditions across Jharkhand are generally
favourable for sustaining locally prevalent agroforestry practices, which remain integral to
traditional land-use systems and livelihood strategies. However, this steady increase could,
over time, affect crop phenology.

Precipitation, a critical factor for rainfed agriculture, showed considerable inter-annual
variability, ranging between 1022 mm and 1546 mm (Figure 8), with more erratic distribu-
tion across seasons. Although average rainfall has increased marginally in recent years,
the greater variability has heightened the risk of both drought and flooding. Such insta-
bility directly disrupts cropping calendars and harvest cycles, making rainfed agriculture
increasingly precarious.
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Figure 7. Average temperature for Saraikela Kharsawan over the years.
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— )

Figure 8. Average precipitation for Saraikela Kharsawan over the years.

Future Scenario

Climate projections up to the end of the century (2041-2100) under the SSP-2 scenario
anticipate further warming of 1.1-1.9 °C (Figure 9), and a slight increase in average precipi-
tation from 1278 mm to 1323 mm (Figure 10). Studies have shown that the suitable climate
for agroforestry is characterised by a mean annual temperature between 20 °C to 30 °C and
an average annual precipitation greater than 1300 mm [70,71].

Thus, while the study by [72] and the projected temperature and precipitation levels
show a suitable range for current agroforestry practices for Saraikela Kharsawan, the spatial
and temporal distributional shifts of rainfall events could increase the frequency of extreme
weather, thereby challenging traditional agricultural practices.

3.3.3. Agricultural Productivity

Agricultural productivity in the Saraikela Kharsawan district illustrates the fragility
of local food systems under changing climatic conditions. The district’s crop production
trends from 2017-2023 show clear variations across crop types (Figure 11).
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Figure 9. Temperature projections for Saraikela Kharsawan under the SSP-2 scenario.
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Figure 10. Precipitation projections for Saraikela Kharsawan under the SSP-2 scenario.
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Figure 11. Crop production in Saraikela Kharsawan district from 2017-2018 to 2022-2023.
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Rice remains the dominant crop (Figure 12), accounting for most of the Kharif season
production, and is also the staple food for these communities [39]. However, this crop has
a heavy reliance on rainfed cultivation with some dependence on ponds and rivers for
irrigation which creates a structural vulnerability with fluctuations in monsoon rainfall
directly affecting the yield stability. A study by [39] shows a decrease in the cultivation of
traditional rice varieties such as jadhan, bahiyad, and bad over time, with such varieties being
replaced by hybrid rice due to its availability, affordability, and higher yield as compared
to traditional rice. However, there are a few families who store seeds of traditional rice
varieties, which are sown on smaller plots for consumption on special occasions [39].
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Figure 12. Heat chart of crop yield in Saraikela Kharsawan district from 2017-2018 to 2022-2023.

While pulses such as Arhar, Moong, and Urad are cultivated, their production is
highly limited and shows year-to-year fluctuations. Given that pulses are critical sources
of protein and micronutrients, their marginal role in local cropping systems helps ex-
plain the persistent nutritional deficiencies identified among Santhal, Ho, and Munda
women [35,47,51].

Emerging trends in Rabi crops, such as the growth of rapeseed and mustard, reflect
some adaptation to local conditions. However, there is no evidence as to whether these
are used as staples for household diets or rather cultivated as market-oriented cash crops.
Wheat and gram show fluctuating yields, which may be linked to temperature increases in
the winter months. This variability highlights the compounded effects of climate change
across both Kharif and Rabi seasons.

Taken together, these patterns highlight how climate variability interacts with cropping
systems to shape food security outcomes. Monsoon-dependent rice monoculture exposes
communities to seasonal food shortages, while the underproduction of pulses and oilseeds
limits access to nutrient-dense foods. Moreover, the communities, such as Ho, are largely
dependant on targeted PDS for wheat, rice, and sugar, which they purchase at subsidised
rates through ICDS [35]. The lack of crop diversification and dependence on PDS not
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only reduces resilience against climatic shocks but also constrains dietary diversity. Some
Indigenous crops among the Ho communities, including the red gram (Rehad), pulses
(such as Khesari dal and cowpea—Barbatti), and flaxseed, are known for their resilience to
climate change and for their low resource requirements [35]; however, their production is
comparatively moderate in the Saraikela district. Thus, agricultural productivity trends in
Saraikela Kharsawan provide a direct pathway linking climatic stressors to the nutritional
vulnerabilities and policy gaps in promoting dietary diversity.

4. Discussion

The integrated findings of this study reveal how climate change, agricultural fragility,
policy fragmentation, and social inequities converge to produce heightened food insecurity
among Indigenous peoples in Jharkhand. Across the scoping review, policy analysis,
and a district-level case study, a coherent picture emerges: communities with access to
diverse ecological resources and deep repositories of Indigenous knowledge nonetheless
face chronic undernutrition, declining food system resilience, and insufficient institutional
support. These vulnerabilities are produced at the intersection of climatic stressors, agrarian
change, gendered inequities, erosion of TEK, and fragmented policy support, rather than
any single factor in isolation.

4.1. Climate Change as a Threat Multiplier for Indigenous Food Systems

The climate data indicate a warming trend in Saraikela Kharsawan since 1975 and
erratic rainfall distribution, with future projections indicating further instability, a combina-
tion detrimental to rainfed agriculture and agroforestry, the backbone of Indigenous liveli-
hoods in Saraikela Kharsawan. Similar patterns have been documented among tribal and
smallholder communities globally, where climate change disrupts traditional agroforestry
and mixed cropping systems, intensifying food insecurity and livelihood precarity [73,74].
In Jharkhand, these climatic shifts undermine the viability of rainfed rice monoculture and
reduce the availability of wild edible plants, narrowing already constrained dietary options.

Importantly, climate change acts as a threat multiplier rather than an isolated driver:
it interacts with deforestation, mining, soil degradation, and insecure land tenure to erode
the resilience of Indigenous food systems. Traditional practices such as shifting cultivation
(Kurwa farming) by the Paharia tribe, historically associated with sustainable ecosystem
regeneration and dietary diversity [19,75], become less viable when rainfall is erratic
and forest access is restricted. Environmental degradation, including deforestation, soil
exhaustion, and declining water availability, further impairs these systems’ productivity
and sustainability. Thus, the biophysical impacts of climate change intersect with socio-
political constraints to deepen exposure and sensitivity among tribal communities.

4.2. Nutritional Deficits Amidst Rich Ecology

Despite documented access to diverse Indigenous crops, wild edibles, and forest
foods [39,44,46], our findings show persistently low dietary diversity scores and high
prevalence of chronic energy deficiency and anaemia among Indigenous women. This
apparent paradox of nutrient-rich ecosystems coexisting with undernutrition echoes similar
findings in other Indigenous contexts, where structural barriers limit the utilisation of
traditional foods.

Several mechanisms are suggested by the literature and case study. First, the shift from
diverse cropping systems (millets, pulses, oilseeds) to rainfed rice monoculture reduces
on-farm diversity and undermines year-round food availability. Second, the loss of seeds
and declining cultivation of traditional crops weaken intergenerational transmission of
culinary practices and preferences. Third, public food programmes that prioritise rice and
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wheat over millets and Indigenous crops further normalise cereal-heavy, micronutrient-
poor diets. Together, these processes illustrate how food insecurity is not simply a result
of scarcity, but of the ways institutions, markets, and agrarian change structure access to
nutritious foods. The coexistence of rich Indigenous food biodiversity with undernutrition
should therefore be interpreted as a structural and institutional paradox rather than a
food-only contradiction.

4.3. Gendered Inequities in Climate-Related Food Insecurity

Across the literature review, women emerge as disproportionately burdened by food
insecurity. High prevalence of anaemia among Santhal women, CED among Santhal,
Sauria Paharia, Oraon, and Munda women, and low dietary diversity scores among Sauria
Paharia, Ho, and Munda women, exemplify this [49,51]. Such household practices of
unequal food distribution aggravate nutritional inequities, leaving women most vulnerable
during climatic shocks. Our findings suggest that intra-household food allocation norms,
women'’s heavy workload, and their restricted control over productive resources contribute
to these inequities.

At the same time, women are often the principal custodians of TEK related to seed
selection, food processing, and wild food foraging [28,44], with our field interactions
revealing women’s role as the last remaining repositories of traditional food knowledge.
Such women can play an integral role in the promotion and revival of traditional foods and
associated systems. However, climate shocks and market integration can both further erode
and reconfigure these roles. As traditional crops decline and market foods become more
central to household diets, women’s knowledge and decision-making power over food
may be diminished, even as their care responsibilities intensify. This limited recognition
undermines opportunities to leverage women'’s expertise in building adaptive and resilient
food systems. Addressing Indigenous food security therefore requires explicitly gender-
sensitive interventions that strengthen women'’s agency, recognise their knowledge, and
redress structural inequities in land, labour, and nutrition.

4.4. TEK Erosion, Adaptive Capacity, and Food Sovereignty

FAO and other international bodies increasingly recognise Indigenous knowledge
as central to sustainable transformations of food systems, yet such knowledge remains
marginal in policy and practice [63]. In Jharkhand, however, homogeneous, hybrid-based
monocropping and chemically intensive practices are displacing the diverse, low-input
systems rooted in TEK, undermining both traditional seeds and the ecological basis of
Indigenous food production. Moreover, the results highlight a gradual erosion of TEK re-
lated to wild foods, seasonal calendars, and agroforestry management, particularly among
younger generations. This pattern mirrors global concerns that the loss of Indigenous
knowledge reduces adaptive capacity to climate variability [59,61]. In Jharkhand, restricted
access to forests, changing aspirations, schooling patterns, and the availability of cheap
market foods all contribute to reduced reliance on wild foods and to intergenerational gaps
in knowledge.

Existing TEK in Jharkhand’s tribal communities could be leveraged to expand the
use of traditional foods, including through systematic documentation of Indigenous foods,
scientific evaluation of their nutritional content, and support for sustainable harvesting and
advocacy [48]. Initiatives such as the Village Elder Programs, which facilitate forest walks
and knowledge sharing between elders and children, demonstrate potential pathways to
revitalise TEK. State-level initiatives such as Odisha’s FAARM (Food and Agroecological
Approaches to Reduce Malnutrition) and Rajasthan’s VAAGDHARA programme, which
promote nutri-gardens, wild food habitats, and agroecological approaches with tribal
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communities [49], illustrate how TEK-centred interventions can strengthen both nutrition
and climate resilience. Similar approaches, adapted to local ecologies and governance
structures and integrating Indigenous knowledge into state programmes, could help reverse
the shift from traditional foods to ultra-processed diets and would be central to designing
locally appropriate, and climate-resilient food systems.

4.5. Market Integration and Changing Food Environments

This study documents a progressive shift from natural to built food environments, with
weekly markets supplying an increasing proportion of household foods. While markets can
theoretically enhance dietary diversity, the observed pattern aligns more with a nutrition
transition characterised by reduced consumption of traditional foods and increased reliance
on ultra-processed, energy-dense, nutrient-poor products [43,49,58]. For communities like
the Munda and Ho, this shift coincides with declining foraging of roots, tubers, leafy greens,
and mushrooms that once played an important role in seasonal diets.

These findings connect Jharkhand’s tribal communities to a wider global trend in
which market penetration and corporate food systems displace local food ecologies, con-
tributing to a double burden of malnutrition [35,51]. Policy responses must therefore look
beyond caloric sufficiency and address the quality and cultural appropriateness of foods
available in local markets, including regulation of ultra-processed foods and support for
Indigenous producers and value chains.

4.6. Policy Fragmentation

The policy analysis revealed that while India has a relatively strong framework of
rights and food programmes, implementation gaps and siloed structures undermine their
impact on tribal communities. Acts such as the Forest Rights Act (2006) and tenancy laws
formally protect customary tenure and provide recognition of community forest rights,
but practical enforcement is uneven and often driven by NGOs rather than the state. In
Jharkhand, granting of Community Forest Rights has been particularly poor, with less than
two per cent of the area recognised [64]. This shows a sharp gap between the area of forest
land claimed and that was ultimately titled, leaving Indigenous peoples vulnerable to land
alienation and restricting their ability to manage forests and agroforestry resources, thereby
constraining both livelihoods and access to wild foods.

Food security and nutrition schemes, such as the PDS, ICDS, and MDM, emphasise
calorie sufficiency largely, with subsidised rice and wheat at the core of transfers, and
only marginal attention to dietary diversity or Indigenous foods. The scoping review as
well as the crops data reflect the reality of these policies in practice, that is, the reliance
of Indigenous people on rice monoculture production and receiving rice again through
safety nets, thus deepening nutritional monotony and crowding out traditional crops and
wild foods. Evidence from tribal populations across India shows that poverty, maternal
education, community wealth, hygiene, and service access are major determinants of
malnutrition, indicating that nutrition-sensitive interventions must extend beyond calorie
provision alone [13,76].

Climate adaptation and agroforestry are acknowledged in policies such as the National
Agroforestry Policy (2014), NMSA, and the Jharkhand SAPCC, which promote climate-
smart agriculture and recognise agroforestry as a resilience strategy. Yet these agendas
remain siloed in agricultural or forestry departments with little integration into nutrition or
tribal welfare programmes. Indigenous knowledge is explicitly valued in a few frameworks
(e.g., FRA, MoTA guidelines, SAPCC), but remains marginal in operational nutrition
policies and programme design.
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Taken together, this policy fragmentation means that tenure rights, climate adaptation,
and nutrition are treated in parallel rather than integrated ways. As a result, Indigenous
food systems are rarely recognised as legitimate, climate-resilient systems deserving sus-
tained investment. Emerging initiatives to reintroduce millets into public schemes, promote
biodiversity-based farming, and strengthen community forest governance represent promis-
ing entry points. However, without explicit attention to Indigenous rights, gender equity;,
agroforestry, and TEK, such efforts risk being piecemeal rather than transformative.

4.7. Pathways Forward

Based on the work presented here, several pathways emerge to strengthen Indigenous
food security and resilience among Jharkhand’s tribal communities under climate change.
These pathways operate across scales, from household diets and village institutions to state
and national policy frameworks, and build on the documented strengths of Indigenous
food systems as well as the vulnerabilities identified in this study.

e  Nutrition-sensitive safety nets: Incorporating Indigenous foods such as millets, pulses,
and leafy greens into PDS, ICDS, and related schemes could simultaneously tackle
micronutrient deficiencies and support local agro-biodiversity. Improving nutrition
outcomes, particularly for indigenous women, requires investments in addressing
structural determinants of poor nutrition and health [49] (such as limited access
to diverse foods, loss of traditional preparations, and heavy reliance on rice-based
rations), through a combination of policy reform, behaviour change communication,
and community-based initiatives.

e  Agroforestry as a resilient infrastructure: Given the documented importance and cur-
rent underuse of agroforestry in Jharkhand’s policy and practice, enhancing tree-crop-
livestock diversity through awareness programmes, participatory natural resource
management, joint forest management, restoration, and conservation aligned with
traditional practices can serve as a core climate-resilient infrastructure [77,78]. Also,
policies should shift agroforestry from a narrow forestry or climate silo into a cross-
sectoral resilience strategy, linking it with nutrition, climate adaptation, and tribal
welfare initiatives, and recognising its role in supplying fruits, nuts, leafy greens, and
other nutrient-rich foods as well as livelihood support.

e  Strengthening TEK through women-led governance: The erosion of TEK and declining
use of Indigenous foods, especially among younger generations, underscores the need
to actively support knowledge transmission and women’s leadership in food gover-
nance. Empowering Indigenous women as custodians of TEK through participatory
models such as community food registries, women-led seed banks, and forest map-
ping can both preserve cultural knowledge and enhance adaptive capacity. Initiatives
like village elder programmes that engage children in documenting wild foods offer
promising entry points, but require institutionalisation and scaling to meaningfully
reverse TEK loss and support food sovereignty.

e  Cross-sectoral policy alignment: The current policy architecture is fragmented, with
tenure rights, nutrition, and climate addressed in parallel and Indigenous knowledge
and agroforestry only sporadically integrated. Overcoming this fragmentation requires
institutional coordination between agriculture, health, forestry, and tribal welfare
departments to embed resilience within existing schemes. This also means developing
national and state-level strategies to mainstream the use of traditional foods in the
daily diets of Indigenous people, integrating Indigenous crops and wild foods into
nutrition and livelihood programmes, and aligning climate adaptation plans with
Indigenous rights and food system priorities. State-level agroecological programmes
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could be adapted for Jharkhand to counter the shift from traditional foods to highly
processed diets.

e  Multi-level partnerships: Finally, building resilient Indigenous food systems under
climate change will depend on multi-level partnerships among government agencies,
academic institutions, NGOs, and tribal communities. In Jharkhand and beyond,
collaborative initiatives that combine participatory fieldwork, self-help groups, and
community-based organisations have shown promise in integrating Indigenous knowl-
edge and practices with scientific insights and policy support. Similar models, includ-
ing community seed banks, community gardens, and support for climate-resilient In-
digenous crops, can create more inclusive and adaptive governance structures for food
security when designed and implemented in genuine partnership with Indigenous peo-
ples, recognising them as rights-holders and leaders rather than passive beneficiaries.

5. Limitations

This study has some limitations that must be highlighted. First, although the scoping
review search strategy was based on a wide range of keywords, it may have resulted in
the exclusion of relevant studies and research domains. Second, the dietary information
is largely drawn from secondary sources, with limited primary nutritional assessments.
Third, the case study was intended to support triangulation rather than causal attribu-
tion, and hence no formal statistical tests were conducted to estimate linkages between
temperature, precipitation, land-use change, and agricultural productivity. Fourth, the
climate projections for the remainder of the century (2041-2100) were modelled exclusively
under the SSP2-4.5 ‘Middle of the Road” scenario. Although SSP2 serves as a standard
benchmark for intermediate development, it remains a theoretical construct that cannot
account for unexpected shifts in global climate policy or socioeconomic changes. Fifth,
since the LULC data from ESRI are available only from 2017 onwards, comparison of the
changes in LULC is limited to recent years only. Sixth, there were missing datasets on
crops, area, production, and yield for Saraikela Kharsawan, thereby allowing us to analyse
data only from 2017-2018 to 2022-2023. Lastly, since the fieldwork is part of an ongoing
participatory research project, the findings presented here represent a preliminary snapshot.
Complete community consultations, training outcomes, and awareness programmes are
still unfolding.

6. Conclusions

This research showcases patterns of food insecurity, nutritional deprivation, and ero-
sion of Indigenous knowledge and practices that together challenge the resilience and
future well-being of tribal communities in this region. It also affirms that the protection and
revitalisation of Indigenous agroforestry systems are both a climate and a justice imperative.
Therefore, the future of food security for Jharkhand’s tribal communities hinges not only on
mitigating the direct impacts of climate change but also on redressing structural inequities,
investing in agroecological resilience, and restoring community agency. Protecting these
knowledge systems and empowering the most vulnerable are as vital as any technological
solution. Future research should include comparative case studies across multiple districts
and tribes, longitudinal analyses of climate and dietary change, and participatory action
research that co-produces knowledge with Indigenous tribal communities. The way for-
ward must be participatory, knowledge-driven, and grounded in respect for the deep and
dynamic relationship between tribal communities and their environments.
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Appendix A
Appendix A.1

Step 1: Structuring Review

Define the review scope and goals for a structured
literature review, and identify the database

4

Classify the studies from the literature survey and analyse
them to identify published articles on Indigenous food
security and climate change .

L 4

Step 2: Search Strategy

Identify a set of keywords followed by inclusion of papers (primary search
selection in Web of Science and Scopus)
{"indigenous" AND "food security" AND "climate change" AND "jharkhand" OR
""saraikela kharsawan”}

(expanded search terms in Table 1)

4

Step 3: Inclusion & Extraction

Initial Final
. Exclusion
Inclusion Inclusion

Inclusion of relevant

. Following exclusion .
Primary search criteria, the filtration articles by hand-

resulted in resulted in n=13 searching resulted in the

n=528 articles N finalisation of n=28
articles X
articles

4

Step 4: Extraction and Synthesis

Analysis and Synthesis of reviewed studies
conducted — study design & methodology, variables &
measures related to indigenous and food security, key

findings & results

Figure A1. Methodology framework behind the scoping review.

Appendix A.2

Table A1l. Summary of articles selected for the scoping review.

Indigenous Food Climate Policy

Authors Type of Study Geographical Focus Community Security ~Change Measures

W. Singhbhum
Mixed-method  district—Sonua, Khuntpani, Ho Y N Y
and Chakradharpur blocks

W. Singhbhum
district—Sonua, Khuntpani, Ho Y N Y
and Chakradharpur

Kapoor, et al.
(2024) [35]

Ghosh-Jerath, et al. Quantitative
(2024) [38] (survey)
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Table A1l. Cont.
. Indigenous Food Climate Policy
Authors Type of Study Geographical Focus Community Security Change Measures
Kapoor, et al W. Singhbhum
(2024) ’[ 44] ’ Mixed-method  district—Sonua, Khuntpani, Ho Y Y Y
and Chakradharpur blocks
Godda district—Bariyarpur,
Gho(szh(;{eéa[t%hg,]et al. Qualitative Kadampur, Tilabad, and Santhal Y N N
. Mahuatand villages
Godda district—Mahuatand,
Gho(szh(;{eéa[zhé]et al. Quantitative Teelabad, Bariyarpur, and Santhal Y N Y
Kadampur villages
Khunti district—Nine
Gho(szh (;éel;a[zhé]et al. Mixed-method  villages from the Murhu and Munda Y Y Y
Torpa blocks
Ghozszhdiga[t%]et al. Quantitative Godda district—18 villages Sauria Paharia Y N Y
Gho(s;(;;elga[tll;]et al. Mixed-method Godda district—18 villages Sauria Paharia Y Y Y
Gho(s;(;;%r)a[tzfg]et al. Mixed-method = Godda district—18 villages ~ Sauria Paharia Y N Y
S(Ezigng)/ F;Sa]L Mixed-method Jharkhand Y Y Y
Gumla district—Nawagarh,
Ghosh-Jerath, et al. . Birkera, and Sursang in the
(2015) [48] Mixed-method  p;4ih block and Guniya in Oraon Y N N
the Ghagra block
Gumla district—Nawagarh,
Ghosh-Jerath, et al. o Birkera, and Sursang in the
(2018) [54] Quantitative i 4ih block and Guniya in Oraon Y N Y
the Ghagra block
A(I;g;az(;l,[;’;]a L Spatial All districts of the state Y Y Y
A(l’zuaasc)i’[gz]a L Spatial Jharkhand N Y Y
A(I;g%c)l,{z;]a L Spatial Lohardaga district Y Y Y
"lglzr(l;le g)’ th 5a]1. Spatial Jharkhand N Y N
Kumar, et al. Literature .
eview
(2025) [3] Revi India N Y Y
Kole)(fzgzzjs’eﬁz;rgl?than Spatial Jharkhand N Y Y
Agg;?’[gg? L Spatial Jharkhand Y N N
Santhal, Ho
Ghosh-Jerath, et al. Godda, West Singhbhum o
(2019) [61] Study protocol and Khunti districts Munda and Y N N
Sauria Paharia
Chandniha, etal. o o igative Jharkhand N Y N

(2017) [81]
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Table A1. Cont.
. Indigenous Food Climate Policy
Authors Type of Study Geographical Focus Community Security ~Change Measures
Sharma &
Govindarajan Quantitative Jharkhand N N Y
(2023) [77]
Singh, et al. - Santhal, Sauria
(2022) [52] Quantitative Jharkhand Paharia Y N Y
Magry, et al. g Khunti district—
(2023) [62] Mixed-method 62 villages Y Y Y
Ghosh-Jerath, et al. . e
(2022) [51] Mixed-method Khunti district Munda Y N N
. . Sauria Paharia,
Singh, et al. Mixed-method God.da, Khunti, ‘tmd. West Santhal, Munda Y Y Y
(2025) [82] Singhbhum districts
and Ho
Singh, et al. Quantitative Godda district—17 villages Santhal Y N Y
(2023) [56] &
Ghosh-Jerath, et al. Quantitative Khunti district—Murhu and Munda Y N Y

(2025) [63] Torpa blocks

Note: “Y” stands for “Yes” to show the theme is covered. “N” stands for “No” to show the theme is not addressed.
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