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Nurturing Heritage Foods: Fostering Nutritional Security Among Tribal Communities



Abstract
India, one of the 12 mega-biodiversity countries, hosts a rich diversity of traditional and wild foods. The indigenous knowledge of these foods is vital for sustaining their utilisation and improving sustainable nutrition security. Besides this, malnutrition significantly affects tribal communities due to drivers such as poor food and nutrition outcomes, lack of access to water, health, sanitation, income poverty, and gaps in nutrition security. This review explores ways of fostering nutritional security among tribal communities by nurturing heritage foods.  Addressing malnutrition requires direct nutrition interventions and multi-sectoral approaches integrating food security, health, and poverty reduction strategies. Effective interventions should consider tribal resources, promote pride in cultural food systems, build tribal capacity, and support inter-project communication. Factors such as nutrition-friendly policies, supportive infrastructure, poverty alleviation programs, and active community organisations are critical for success. Future strategies should include assisting tribal communities, developing nutrition gardens, conserving biodiversity, documenting indigenous knowledge, and promoting community biodiversity management. Strengthening in-situ and ex-situ conservation, encouraging transdisciplinary research, and offering fellowships to attract researchers are essential steps. A coherent policy for reviving traditional food systems and incorporating them into tribal diets is crucial. Mainstreaming traditional foods into dietary diversification strategies and supplementary feeding programs can enhance tribal nutrition security, contributing to SDG 2 and broader sustainable development goals. Furthermore, such initiatives can enhance the resilience of these communities, ensuring their capacity to withstand environmental, social, and economic challenges. 
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1. Introduction
The global indigenous population is estimated to be around 370 million (Hell et al., 2007). In India, Indigenous Peoples, numbering approximately 104 million, represent 8.6% of the country's total population. These communities experience some of the most severe nutritional challenges. India has the largest tribal population globally, surpassing any other nation (Drewnowski, 2009), accounting for over 9% of its total population, ranking second in tribal population worldwide after the African continent (Lee et al., 2009). Although India's nutrition results are generally low, they are usually worse in tribal areas. Tribal groups' weakened food systems have exacerbated three types of malnutrition: undernutrition, micronutrient malnutrition, and overweight/obesity. Additionally, combating hunger and malnutrition issues in these susceptible individuals is the first step in controlling nutritional deficits (Marx et al., 2003). And a variety of traditional meals, such as fruits, vegetables, and wild plants, are crucial in solving the nutrition issue. These foods, which are rich in nutrients and have therapeutic properties, were the primary source of the primitive tribes' diet for a very long time (Jarapala et al., 2021). However, indigenous peoples’ food systems are changing at an unprecedented rate. A major threat comes from external actors encroaching upon indigenous Peoples’ territories and reducing their lands’ size. Markets are also one of the largest factors transforming them (FAO, 2023).
With a rich vegetation of roughly 45,000 vascular plants and concentrated hotspots in the Eastern Himalayas, Western Ghats, and Andaman & Nicobar Islands, India is regarded as one of the world's 12 mega-biodiversity countries (Aditya et al., 2019). It is home to a variety of "traditional" and "wild-food" that is consumed by humans in the savannah, woodlands, and other bushland locations. Additionally, indigenous knowledge of these foods is crucial for maintaining the use of those plant species (Jasmine et al., 2007). For this reason, it is critical that people understand the traditional foods that are already in use in their communities and how to improve them for long-term nutrition security (Jeeva, 2009). Despite this, Indian tribal communities continue to be the most nutritionally disadvantaged social groups in the nation (Bihari, 2023). It is indisputable that a variety of factors contribute to their deprivation, including poverty and hunger brought on by the loss of forest land and means of subsistence, inadequate rehabilitation efforts, poor quality of essential food and nutrition services during critical life stages, geographic remoteness, etc. (Hell et al., 2007).
To attain food and nutritional security, the indigenous groups must overcome a number of obstacles (Sankaran, 2006). Nearly half of the people in tribal areas suffer from malnutrition, particularly women and children, as a result of ongoing ignorance, a lack of nutrient-dense food, and increased susceptibility to illness. Rapid socioeconomic, demographic, and environmental changes exacerbate income and nutrition insecurity (Prakash et al., 2006). In order to fully realise the potential of traditional foods and food crops, a comprehensive framework that includes new supporting policies, people's awareness and participation, new and improved varieties with a full package of practices, value-added options, and tools and technologies for reducing drudgery must be developed.


“Nutrition security is achieved “when all people at all times consume food of sufficient quantity and quality in terms of variety, diversity, nutrient content and safety to meet their dietary needs and food preferences for an active and healthy life, coupled with a sanitary environment, adequate health, education and care.”
- (FAO, 2018)
Indigenous knowledge offers valuable insights into alternative agricultural practices that enhance food security and nutrition. The customs of handling, preparing, and preserving food that have been passed down to the current generation are known as indigenous knowledge. These traditions are intangible and priceless assets that have been developed over many years of practical experimentation and study (Roy et al., 2025). 

2. Drivers of nutrition insecurity and undernutrition in tribal communities
According to the literature, tribal communities are always impacted by malnutrition due to differences in the average levels of multifaceted endowments like education, economic activity, dependency burden, land and other productive assets availability, basic civic amenities, and public utilities like electricity, clean drinking water, and modern sanitation (Rao et al., 2006). Tribal groups' nutrition insecurity is caused by a number of factors, including:
2.1. Poor food and nutrition outcomes – Yadav et al. (1999) reported that in the self-assessed nutrition insecurity estimates, about 38 per cent of tribal households face nutrition insecurity, and about 13 per cent face severe forms of food insecurity along with hunger. 
2.2. Nutrition insecurity - Tribal children and adults consume far less food than the recommended dietary allowances (RDAs), according to the majority of reviewed studies (Yadav et al., 1999). This is especially true when it comes to shortages in proteins and other micronutrients (Rao et al., 2006). According to Chakravarthy's (2009) survey, both men and women from Schedule Tribes (STs) eat a diet that is generally low, with a specific deficiency in fruits and milk or curd. Additionally, it was stated that in India's major states with a high concentration of tribal people, there is a notable disparity in food expenditure between tribal and nontribal communities. Despite having attained enough food security through the Public Distribution System, it is also seen that tribal groups lag behind in terms of attaining nutritional security (Chakravarthy, 2009; FAO, 1996).
2.3. Inadequate access to health, water and sanitation services - According to the National Family Health Survey, the proportion of ST children who consumed foods high in vitamin A was the lowest of all social categories. About 76.8% of ST children aged 12 to 35 months were anaemic, and only 21% of them took vitamin A supplements (Chakravarthy, 2009). According to the 2011 Census, only 41% of tribal households had a permanent residence, 19% had a source of drinking water on the property, 52% had access to electricity, 23% had a latrine, and only 6.1% had a closed drainage system that allowed them to connect to a wastewater outlet. According to Aditya et al. (2019), all of this indirectly adds to the indigenous people's nutritional insecurity.
2.4. Income poverty - Tribal households in states with large tribal populations have poverty rates greater than the national average (Das et al., 2010). It is estimated that the poorest deciles of tribal households spend about 40% of their monthly food budget on cereals. Additionally, tribal households were found to allocate a smaller percentage of their food expenditures to food products that were more expensive, of higher quality, and offered a more diverse nutrient intake (measured in terms of eggs, fish, and meat).
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Fig. 1 – Services related to water, sanitation, and housing among tribals
2.5. Lags in basic drivers of food and nutrition security outcomes - The tribal people live in distant areas, frequently near woodlands, which isolates them from the rest of the community. As a result, the tribal community faces difficulties since these localised concentrations are unable to establish favourable social and economic environments that accommodate all preferences, including dietary choices (Singh et al., 2018). According to estimates, of the 16.9 million hectares (ha) of operational holdings by tribal people in the country in 2005–06, the majority of individual holdings were less than an average of 0.5 ha, indicating a preponderance of tiny landholders (Das et al., 2010). Poor results among tribal people are explained by this alienation, which also affects traditional eating habits and forces many to leave their ancestral places (Johns and Eyzaguirre, 2007). People in need are frequently forced to take out high-interest private loans due to tribal debt, a weak public bank system, and challenges in obtaining credit from public sources. As a result, it causes a vicious cycle of debt and low income (Mander, 2002). 
3. Overview of tribal dietary habits
Most tribespeople in India reside in or near forests, and they rely on the forests and the wild plants that grow there for their food and energy needs (Mohapatra and Sahoo 2010). Each of these tribes has its own dietary customs. However, the use of wild foods and the knowledge that goes along with them is increasingly disappearing due to modernisation and settled agriculture, which results in a reduction in the variety of indigenous diets and worse nutrition (Dweba and Mearns 2011). Therefore, in order to confirm, quantify, and preserve these high-value but non-traditional, non-commercial fruits and vegetables for future generations, it is imperative that the scientific community investigate and document them.
3.1. Evolution of traditional diets and current dietary practices - Almost all indigenous communities have seen a profound change in their diets over the past three decades. Indigenous people's eating habits have changed over time, favouring processed and convenience foods with a focus on brands, quality, and safety. Tribal societies are changing their eating habits, according to Popkin (2002). Food availability is changing, famine is reducing, chronic diseases are rising, and people are becoming less active and consuming more processed foods that are heavy in fat, sugar, and starch. Additionally, the consumption of traditional staple foods and crops has decreased, while processed foods have become more popular, as evidenced by the changes in dietary patterns (Soon and Tee, 2014). Over the past ten to fifteen years, indigenous groups have also seen significant changes in the primary foods that are consumed for breakfast, lunch, and dinner. While there is a strong desire for highly processed meals such as burgers, pizzas, french fries, chips, cakes, biscuits, and sweetened breakfast cereals, consumption of bread, rice, and flour-based "roti" is declining (Holmboe et al., 2012). Additionally, due mostly to urbanisation, dietary habits in tribal societies have changed, regardless of age, gender, ethnicity, or socioeconomic class (Schmidhuber and Shetty, 2005). 
[bookmark: _Hlk147586286]3.2. How do culture and ecology influence dietary choices? - When a wide range of food is offered, the selection process is based on factors such as individual biological needs, cultural preferences, financial constraints, and media and educational influences (Allen, 1992). Income, the idea of affordability, and the amount of time and effort available to harvest and prepare traditional cultural foods can all influence the choice and purchase of food (Blaxter and Waterlow, 1985; Baruah and Borah, 2009; Singh et. al., 2011). Additionally, media and education have had a significant impact on indigenous peoples' dietary preferences. The introduction of new foods such as sugar, refined grain flour and bread, sweetened tea, and alcohol took place rapidly, and at the same time, there was little acknowledgement or respect, and very little understanding, of the nutritional and cultural benefits traditional food offered to indigenous peoples (Kuhnlein, 1984).
3.3. Nutrition transition - Inequitable access to food through international systems of governance is the primary cause of the current global nutrition security problem, which includes paradoxical simultaneous obesity and undernutrition from inadequate diets (Yngve et al., 2009). In order to create sustainable food systems within the distinctive local cultures and ecosystems where indigenous people reside, it is necessary to take into account the food systems of Indigenous Peoples, pay attention to the low quality of Westernised diets, and take action (Lourenço et al., 2008). The "nutrition transition" refers to the predicted changes in food brought about by modernisation, urbanisation, economic growth, and rising income. Weight gain and obesity are starting to become a bigger danger to the health of the populace in emerging nations like India as they become more industrialised and urbanised and as living standards rise (Holmboe et al., 2012). When evaluating the shift in dietary choices, we find two types of tribal groupings. On one end of the spectrum are those who have fully adapted to urbanised and processed eating habits. On the opposite end of the spectrum, there are those that are extremely poor and do not have access to food, which puts both tribal tribes at risk for malnutrition.
3.4. Health consequences of current dietary practices among tribal communities - Tribal communities have experienced an epidemiological shift in the disease profile over the past few decades as a result of rapid industrialisation and notable improvements in living quality. But currently, about 85% of the illness burden in the 25–74 age group is caused by non-communicable diseases (NCDs), including type 2 diabetes, obesity, high blood pressure, overweight, and abnormal blood lipid profiles (Caleyachetty et al., 2012). The widespread availability of foods high in energy and the quick transition from active to sedentary lives are thought to be contributing factors to the rise in chronic diseases like obesity in the last two generations. The various factors influencing the consequences are: behavioural and lifestyle factors related to diet and physical activity levels are the major factors related to the rise in NCDs and their risk factors in the tribal population. Contrarily to the past generations, the western dietary pattern characterised by a higher consumption of palatable processed, high-sugar, high-salt foods, meat, and fast foods plays the main role (Caleyachetty et al., 2012). And in developing countries like India, food choice is mainly dictated by its price. Globalisation of food markets, fast food chains, and the increasing availability of street vendors, offering food at very competitive prices, influences the eating habits of low socio-economic status (SES) people (Bhurosy and Jeewon, 2014; Dunn et al., 2011).


4. Traditional food systems and nutritional security among tribal communities
[bookmark: _Hlk147587017]Traditional foods are those eaten by people over the longer course of civilisation and which have supported health – cultivated, produced, and harvested from the earth and out of nature – foods which are wholly unaltered and organic, and contain the highest levels of nutrition or are nutrient-dense (Gururani et al., 2021). They are not processed or packaged, and those found in the local community. “It is these real, whole, nourishing foods enjoyed for generation upon generation that provide the cells of our bodies with the necessary fats, proteins, vitamins, minerals and phytonutrients needed for vibrant health. This state of well-being is characterised by a quiet and strong digestive system, superior brain function, blissful sleep, sturdy bones, calm mind and an immune function that prevents infection.” – Dr. Weston A. Price
As such, they represent an important element of culture, identity, and heritage. The quality and identity of such products reflect the link between the specificities of a place (i.e., the origin) and the people living there, and they represent the result of a long-standing effort of enterprises localized in the specific area that manage and communicate the quality of their products, defending and increasing their reputation (Laloo et al., 2006). Moreover, the range of foods continually evolves over time and traditional foods are being re-invented and re-adapted according to new needs and requirements. A variety of terms, like local, original, typical, speciality, etc., are used to convey the concept of traditional food (Kiruba et al., 2006).
Nutrition security means having consistent access, availability, and affordability of foods and beverages that promote well-being and prevent (and if needed, treat) disease, particularly among racial/ethnic minority populations, lower-income populations, and rural and remote populations. Nutrition security builds on and complements efforts to address food security among indigenous communities and help them to maintain an active, healthy life and emphasizes the importance of taking an equity lens to efforts to ensure access, availability, and affordability to foods and beverages among populations often managing the co-existence of food insecurity and diet-related chronic diseases (Joshi et al., 2021; Jose et al., 2020). 
4.1. Importance of traditional nutritional food systems - Indigenous tribes' traditional food systems are rich in knowledge that has developed over many generations as a result of their cultures' ongoing interactions with the environment (Misra, 2008; Badigannavar et al., 2016). The term "traditional food system" refers to all foods that are accepted in a certain society and derived from nearby natural resources. It also covers the food's use, content, social connotations, methods of acquisition and preparation, and nutritional effects on the consumers. Even when consumed in small quantities, traditional foods supply larger amounts of essential nutrients than other foods (Schuster et al., 2011). Despite being life-savers during lean season and disasters, these traditional foods are disappearing from tribal food baskets. The major aspects of traditional food systems which make them significant are:
· Health: Due to their sustainable cultivation practices, which boost nutrient content, they are naturally high in minerals, protein, vitamins, and dietary fibres and have the highest levels of nutrition (Kumar et al., 2021). helps prevent a number of illnesses, such as asthma, allergies, obesity, cardiovascular and digestive problems, and autoimmune diseases like multiple sclerosis, fibromyalgia, lupus, and even diabetes.
· Possesses a taste that is vastly different from conventional and processed foods and is full of flavour, texture, and aroma.
· Supports smaller, family farms and food-producing operations, thus helping the environment to support sustainable methods of food production.
· These crops are referred to as climate-smart crops, super-food crops, and crops of the 21st century because they are inherently more resilient to biotic and abiotic stress than major cereals, making them ideal for climate-resilient cropping systems in climate-smart agriculture. They also exhibit greater adaptability and higher nutritional value (Paschapur et al., 2021; Gupta et al., 2017). In regions with little rainfall and few other agricultural options, these crops serve as a dependent crop and assist in providing jobs during extreme weather (Gowri and Shivakumar, 2020).
· Pseudo–cereals (buckwheat, amaranths, quinoa) are highly nutrient–rich, gluten–free, non–acid forming easily digestible foods (Joshi et al., 2020). 
· Because of high nutrient and mineral content, traditional cereals are also known as “nutri–cereals” (Kaur et al., 2012). 
The study conducted by Gupta et al. (2017) reported that 26 species of local underutilised leafy vegetables commonly consumed by tribespeople of Jharkhand were identified through a market survey and local villages of three districts of the state. Besides these, there are also a few other leafy vegetables which are not found in local markets but rural people collect them from their surroundings and consume them, a few of which are Oxalis corniculata (Netho), Ficus geniculata (Putkal), Colocasia esculenta (Kachu patta), Hibiscus sabdariffa (Kudrum phool, patta), and Portulaca oleracea (Golgola). The leafy vegetables were found to be rich in many nutrients. Such as, Colocasia esculenta, Amaranthus viridis and Vangueria spinosa showed the highest antioxidant, ascorbic acid and calcium and magnesium content, respectively. And the highest phosphorus, potassium, sulphur, iron and zinc were found in Oxalis corniculata, Polygonum plebeium, Ficus geniculata, Centella asiatica and Vangueria spinosa, respectively. 
[bookmark: _Hlk147587960]“These local leafy vegetables were among the most nutritious vegetables as they are rich sources of minerals such as calcium, magnesium, iron and potassium, as well as a good source of vitamins, which show wide and essential medicinal use as tradition of these local people or tribespeople. They are also high in fibre, extremely low in fat and carbohydrates, and also provide a fair source of protein. Thus, these leafy vegetables play a significant role in reducing micronutrient deficiency and provide food security to the tribal population. Apart from being a rich source of micronutrients and vitamins, leafy vegetables are also said to be a good source of antioxidants. Leafy vegetables contain number of phytochemicals which help to protect the cells from oxidative damage induced by free radicals and thereby help to reduce the oxidative stress” (Wada and Ou, 2002) “and thereby play an important role in health management, especially lowering risk of chronic human ailments such as cancer, cardiovascular disease and other age-related disorders” (Thakur, Kumar and Kumar 2012; Deshpande et al., 2015; Arinathan et al., 2003; García, 2006).
5. Challenges faced due to the shift from traditional foods 
Nearly 55% of the foods in the tribal groups were underutilised, despite a variety of facilitators linked to the use of traditional foods (Jerath et al., 2021; Chatterjee et al., 2016). The following are the three primary obstacles to traditional food consumption: The tribal community's farming practices have been greatly impacted by local climate variability, including unpredictable rainfall patterns that include extended dry seasons interspersed with brief wet seasons, as well as other climate change-induced occurrences. A number of wild foods are apparently becoming less available in the area as a result of the forest degradation caused by the decreased and irregular rainfall patterns (Jerath et al., 2021; Davis et al., 2019; Kuhnlein, 2015).
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Fig. 2 - Threats to traditional food systems and consequences of change
	Factors
	Challenges

	


Social
	· Decisions of farmers to replace traditional, local crops with new varieties and improved crops
· Changes in diet that accompany urbanisation
· Loss of indigenous knowledge of traditional and local crops
· Inadequate awareness of the nutritional value of local varieties
· Perceived low status of some local and traditional foods 
· Migration of farm labour to urban areas
· Over-exploitation of wild resources

	

Economic
	· Changes in land use
· Low commercial values of potential crops
· Lack of competitiveness of potential crops with other crops
· Lack of market infrastructure
· Lack of farmer incentives to continue maintaining potential crops

	

Environmental
	· Genetic erosion of potential crop gene pools through the effect of droughts, fires, pests, diseases, over-exploitation, overgrazing, land clearing and deforestation
· Effects of climate change and environmental pollution
· Ecosystem degradation

	Agronomic 
	· Insufficient propagation materials and seeds
· Lack of seed supply systems
· Insufficiently trained human resources

	Political
	· Lack of funds and adequate facilities for ex-situ conservation
· Inadequate support for scientific research on potential crops
· Lack of characterisation, breeding and evaluation information
· Lack of integration between conservation and use programmes


Table 1 – Major factors and challenges faced by the tribespeople using traditional foods
6. Pathways to address nutritional insecurity
In general, the methods used to address the issue of malnutrition can be divided into two categories: multi-sectoral approaches and direct nutrition-specific interventions (Bezanson & Isenam, 2010). The foundation of direct nutrition-specific interventions is the connection between undernutrition and food insecurity. These include pro-nutrition policies and initiatives that have a direct impact on population nutritional outcomes. Three channels are used by the multi-sectoral strategy to alleviate nutritional insecurity (Liu et al., 2016). First, it can address the main factors that contribute to undernutrition, like income and agricultural output, which directly affect food security. Women's education is another crucial characteristic that has a big impact on lowering malnutrition (Alderman and Headey, 2017). Besides, safe drinking water supply and access to sanitation facilities can address the cycle of infectious diseases and malnutrition (Headey et al., 2019; Gulati et al., 2012). Second, integrating nutrition-specific strategies with programmes in other sectors will speed up the achievement of nutritional security (Gulati et al., 2012). For instance, integrating pro-nutrition policies with agricultural development can lead to a more diversified and nutritious food basket, while integrating such policies with the school curriculum can improve nutritional education. Third, the approach to addressing under-nutrition needs better policy coordination between nutritional programmes and policies in other sectors through good governance to eliminate the key causes of under-nutrition (Bezanson and Isenam, 2010; Fears et al., 2018; Manoj et al., 2021). 
[bookmark: _Hlk147588651]6.1. Strategies and concepts while promoting interventions of Indigenous Peoples 
6.1.1. Begin at the beginning – knowing the resources - It is crucial that food system projects start with a basic understanding of the food resources, including their species and variations, identification and scientific characteristics, and community usage patterns (Manoj et al., 2021). understanding what people could grow and buy locally, what made foods acceptable in the community, and community-based knowledge sharing and documentation of local food systems, etc. Establishing a community knowledge-sharing consortium is necessary to harness this information for a health promotion initiative (Misra et al., 2008). 
6.1.2. Common themes for interventions - In order for communities to achieve their goals within their own priorities and understand the values in their own surroundings, programs must represent their own opinions. Interventions that emphasise women's food, youth, and children's health that are grounded in local cultural knowledge are universally appealing. And, communities welcome scientific knowledge about the physical benefits of good nutrition and health when it is presented sensitively and with meaningful examples (Rao et al., 2005).
6.1.3. Inter-project communications -These communications play a crucial role in enabling communities and their leaders to see interventions through by providing incentives for revising and strengthening interventions where necessary, keeping intervention leaders informed of developments, and providing opportunities for them to discuss their successes and challenges with one another (Singh et al., 2018; FAO, 2019).
6.1.4. Building pride in the cultural food system and the project - Community leaders and aides are inspired and motivated to carry on by pride in the local cuisine and culture. Sharing success stories and showcasing unique meals and events in the neighbourhood. As accessible, stories can be regularly shared with the local media via newsletters, email networks, radio, television, promotional videos, and parent and school class discussions (Sinha et al., 2013).
6.1.6. Partnerships and capacity building are crucial - The secret to maintaining communication and confidence between the community and outside researchers is to provide study findings in an intelligible manner. NGOs and government sectors (for capacity building), local research assistants, community volunteer networks, and intersectoral and interdisciplinary partners are among the players in successful programs that can impact the ability to improve nutrition (Bergamini et al., 2013).
6.1.7. Leveraging community involvement to improve nutrition - Communities that have been mobilised can carry out a variety of interventions that target the most pertinent sub-issues related to nutrition outcomes. Furthermore, community groups require a great deal of ongoing assistance in the form of financial resources, technical assistance, and capacity building in order to succeed; all of this calls for a significant time commitment. The process can be facilitated in two ways: first, by utilising the knowledge and understanding that the communities already possess, and second, by providing opportunities for community members to gain knowledge from significant influencers or their peers. 
6.1.8. Evaluations and sharing of intervention results – Food use can be measured to assess food-based treatments by identifying changes in food and diet using measures of knowledge, attitudes, and behaviour. Evaluations must, above all, acknowledge how Indigenous Peoples themselves interpret advancements via their own perspectives and experiences, and how this enables community growth and self-determination (Mukhopadhyay et al., 2010; Pieroni et al., 2007).
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Fig. 3 - Convergence intervention model — Agri–nutri linkages (Kirthika et al., 2020)
[bookmark: _Hlk147589476]Moreover, M.S. Swaminathan Research Foundation highlighted the need for a participatory natural resource management strategy (PNRMS) (Oliver, 2020). Also, the Promotion of ecotourism on a Public–Private–Panchayat–People–Partnership (PPPPP) model is suggested as one of the viable pathways available. 
[bookmark: _Hlk147589901][bookmark: _GoBack] “In this context, the framework strategy of C4 continuum gains significance for effective on-farm conservation and enhancement of crop genetic diversity, conservation of endangered plant species, study of diversity in crops like rice and millets, and capacity development of tribal communities” (Nagarajan et al., 2014; Swaminathan, 2014; Kumar et al., 2010). “Conservation activities included enhancement and sustainable use of biodiversity and comprises in situ on-farm and ex-situ conservation methods; Cultivation promoted low external input sustainable agriculture based on principles of organic farming, and the farming system with specific agricultural remedies for nutritional maladies, such as the cultivation of biofortified crops and crop–livestock integration; Consumption covered product diversification for linking with markets, provision and promotion of small machinery for processing and increasing consumption, nutritional surveys for identification of the major causes of chronic and hidden hunger and identifying activities for mainstreaming nutrition in agriculture programmes; Commerce activities meant for creating an economic stake in conservation through options in livelihood security and given greater attention to increase the net income of smallholder farmers” (Swaminathan, 2010).
6.1.9. Integrated community conservation methods – Includes: Village gene–seed–grain bank - This promotes farmer-to-farmer exchange of pure/quality seeds, broadens the genetic base; ensures seed security among the tribal communities (Kesavan and Swaminathan, 2014). Nutrition garden - for promoting household-level consumption of the required nutritional food. It is an improved form of kitchen garden where round the year availability of essential nutrition is ensured at the household level through access to vegetables and fruits, poultry, fish, mushrooms and honey (Kumar et al., 2010). Seed village - meant to explore the possibility of participatory enhancement and improved utilisation of commercially potential native crop varieties. The activity is in operation in Wayanad district in about 10 villages with involvement of Kurichiya and Kuruma tribal communities for promotion of native rice cultivars (Kumar et. al., 2015). Botanical garden - functions as a centre for education by attracting and serving a diverse group of stakeholders that range from students to teachers, the general public to farmers and tourists to tribal community members (Yenagi et al., 2010). Farmers’ markets - introduced in Kolli hills and Wayanad in 2002 to promote the commerce aspects of small farmers’ produce and to supply farm inputs like microbial fertilisers and pesticides (Bianchi et al., 2013).	
7. Outcomes of food system relocalisation
7.1. Improves health - What would happen if more people ate traditional or local foods? Obviously, people would be healthier.  Obesity is the most visible health-related problem and is said to affect all members of the community, both tribal and non-tribal (Demment et al., 2003). This was followed by diabetes and high blood pressure, which were said to be more common among tribal members. Many people also spoke about the role of local foods in improving mental health, as well, from helping with depression to helping people clear their minds (Angioni, 2004). 
7.2. Economic growth – helps in farmers’ market expansion, increases the diversity of and the amount of time the market is open. Other opportunities for selling produce include already established produce stands and, in entrepreneurial fashion, such as the community member who drives around selling products that they made at home. Yet economic opportunities do exist if growers ever did want to create a business (Berkes et al., 2000).
7.3. Improving environmental quality - local, smaller farms can and are to some extent already having a positive impact on the environment overall, whether the farm is organic or not. Trible communities expressed a desire to be able to “use the land” and that the air, land and water have to be healthy enough to support different activities like fishing, hunting or collecting wild foods (Colajanni, 2004).
7.4. Community revival - community members rely on each other as resources, whether for information, inspiration, or a needed material good, or sometimes just as someone to eat and share with. While a very simple concept, sharing and generosity are tangible components of a community that is self-reliant and resilient in the face of global price fluctuations in food, for instance (Egeland, 2009). 
7.5. A new kind of reliance - community revival through local food system renewal seems to go beyond these cultural exchanges: neighbours worked together; people were outside; the farmers’ markets provided places for diverse groups to interact; money spent on local food circulates money within the local economy; and students learn in a garden together with their parents and teachers (Fazzino and Denis, 2008; Singh and Bainsla, 2015; Pandey, 2007; Gupta, 1989). As people ate or grew more local food, they increasingly became part of a community where they are interdependent with other people, each giving and taking. This local food system is reliant on the creation and maintenance of relationships (Horrigan et al., 2002).
7.6. Reviving traditions - as part of community revival, traditions are created and revitalised. Brings forward a sense of responsibility, of history and commitment, while simultaneously portraying a sense of “time immemorial” and the totally mundane. Makes the communities aware of what they’ve lost, and of what they’re trying to bring back (Kuhnlein et al., 1996; Kamatar et al., 2013). 
For example, after the implementation of the millet village program, the majority of tribal farms gradually reverted to traditional indigenous methods such as the use of traditional seeds, hand weeding, intercultural activities using traditional instruments, etc. The tribes’ traditional millets, including finger millet, little millet, and great millet, were found to grow best in hot, dry climates and to have excellent climatic resilience (Sreeni, 2023). Instead of being driven by the economics of yield and profit (Sreenivasa et al., 2019), their production practices focused on growing food without endangering the environment, the land, or the ecosystem and as part of a belief system (Gomez et al., 2003). 
8. Future prospects, research and policy recommendations
· A sustainable, food-based approach using nutrient-rich crop cultivation could overcome deficiencies. 
· Many of the indigenous crops are rich in dietary micronutrients and phytochemicals, which benefit human health. Hence, region-specific information on important dietary nutrients of such food is necessary.
· The promotion of indigenous foods and crops, through the use of improved varieties, established market channels, and creating public awareness about their nutrition, can benefit populations by providing cheap sources of dietary nutrition and extra income for locals. 
· Assistance to local communities to establish farm gene banks for the conservation of diverse food plants and crop varieties. 
· Developing nutrition gardens and new seed materials to cope with climate change. And the information on indigenous knowledge diversity should be utilised for prioritising species/varieties and using them in crop improvement programmes for achieving nutrition and resilience.
· There must be concerted efforts in curtailing the severe loss of diversity from small and family farms and in initiating sustainable agriculture for achieving food and nutrition security. 
· Saving vanishing ‘orphan crops’ like millets, tubers, and grain legumes that are rich in micronutrients to provide nutrition conveniently, at a lower cost to the poor. And, increase the need for widening the food basket by including underutilised or ‘lost’ crops. 
· ‘Community Biodiversity Management’ with a focus on the critical genetic resources such as food crops, particularly famers’ varieties of rice, roots and tubers, and pulses; neglected and underutilized plants; non wood forest produce; domesticated animal breeds and aquatic diversity of micro-nutrient value, as they are vital sources for not only the food but nutrition as well.
· Strengthening in-situ conservation and ex-situ preservation by both farm and tribal families and professionals is important. 
· Study of the food biodiversity available in local farms needs to get adequate attention, to avoid the traditional species that contribute to the food and nutritional needs, becoming orphans. 
· There are many gaps in the existing research, starting from gender insensitive documentation of traditional knowledge to failure in identifying the innovations and ingenious practices of local communities. It is high time to promote trans-disciplinary research by involving scientists like social scientists, gender experts, anthropologists, agricultural scientists, nutrition experts and biochemists with local community men and women to produce new evidences that help to make better decisions for the sustainable management of traditional food production.
· Research should address the gaps outlined and integrate actions required for facilitating access and benefit sharing (ABS) with effective participation of local communities. 
· It is required to introduce more research fellowships that help attract young talents to undertake research studies in the above-mandated research areas.
· To realise the potential of indigenous nutrient-rich crops, it is essential to increase their cultivation. The promotion of these crops can be done through (i) enriching existing home gardens by growing more types and increasing areas devoted to conservation of local crops and varieties; (ii) establishing new home gardens in rural and urban areas with a larger share of nutrient rich indigenous crops; (iii) enriching the natural habitat of local foods by spreading seeds or planting saplings; (iv) growing local crops on farm land to increase the volume of harvest to meet the demands for the fresh market and processing sector; and (v) promoting the diverse culinary uses of indigenous foods in food businesses in tribal and rural areas and by providing outlets at tourist sites or other prime localities.  
9. Conclusion
Forests are indispensable for ensuring greater food security among tribal communities, serving as a cornerstone of their diets due to their nutritional and medicinal properties. These ecosystems provide a diverse range of wild edible plants, which are crucial for sustaining tribal livelihoods, generating income, and promoting healthy, balanced diets. To harness the potential of these nutrient-rich Indigenous Foods (IFs) and integrate them into daily diets, it is essential to develop and implement well-structured policies aimed at preserving and revitalising Indigenous Food Systems (IFS). Incorporating tribal food resources into mainstream dietary diversification strategies, alongside continuing supplemental feeding programs, can significantly enhance the nutritional well-being of India's tribal populations. This approach aligns with achieving Sustainable Development Goal 2 (Zero Hunger) and supports interconnected goals related to health, biodiversity, and sustainable ecosystems. By fostering policies that protect and promote sustainable agricultural systems enriched by biodiversity, the dietary and nutritional status of tribal communities can be improved. Furthermore, such initiatives can enhance the resilience of these communities, ensuring their capacity to withstand environmental, social, and economic challenges. This dual approach—bolstering nutrition and supporting biodiversity—underscores the critical role forests play in achieving sustainable development and improving the quality of life for tribal populations.
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