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ABSTRACT
Agriculture remains the primary livelihood of tribal communities in Wayanad district, Kerala, traditionally centered on rice cultivation. However, declining profitability, environmental degradation, policy shifts toward cash crops, and climate change have challenged the sustainability of tribal rice farming. This study aims to assess the sustainability of tribal rice farming using a composite index integrating social, economic, and environmental indicators.
The study was conducted across three Agro Ecological Units (AEUs 15, 20, and 21) of Wayanad district. One panchayat with the highest area under rice cultivation and significant tribal population was selected from each AEU. Data were collected from 90 tribal rice farmers and supplemented with inputs from focus group discussions involving officials and social activists. A holistic sustainability model was employed to compute composite sustainability indices. Results revealed an overall sustainability score of 70 per cent, with environmental sustainability ranking highest (79 per cent), followed by social (73 per cent) and economic sustainability (59 per cent). The findings indicate that while tribal rice farming performs strongly in environmental conservation and social dimensions, economic sustainability remains comparatively weaker. Overall, traditional tribal rice farming demonstrates a balanced and sustainable agricultural model, contributing to environmental preservation and community food security.
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1. INTRODUCTION
Agriculture holds a pivotal role in India's societal fabric and economic framework. Undoubtedly, the Green Revolution stands as the watershed moment in Indian agriculture over the last century. This transformative period not only ensured India's self-sufficiency in staple grains but also deeply impacted millions of farmers across the nation. Key cereals like rice and wheat have been central throughout the stages of the Green Revolution, forming the bedrock of India's food security. However, the expansion of Green Revolution technologies into new regions in subsequent phases has led to the cultivation of cereals such as rice. Yet, the long-term consequences are now conspicuous: topsoil degradation, declining groundwater levels, water contamination, and diminished biodiversity. Current crop yields often necessitate increased fertilizer inputs, while fragmented land holdings and low farm incomes are driving many smallholders towards non-agricultural pursuits. As our understanding of climate change matures, it becomes increasingly clear that input-intensive agriculture both contributes to and suffers from climate impacts.
In South India, Kerala emerges as a critical agricultural state, where out of its total geographical expanse of 38.86 lakh ha, 66.10% is dedicated to cultivation. Despite its historical prowess in rice production, Kerala now faces a significant shortfall in meeting its rice demand of 3.5-4.0 million tons annually, producing only a fifth of this requirement. Factors contributing to this decline include land use pressures, high production costs, soil fertility depletion, indiscriminate use of chemicals, and a shift towards more lucrative plantation crops and non-agricultural uses.
Intensive cultivation in Kerala led to increased agrochemical use with serious environmental consequences. Excessive application damaged soil microbiology, reduced fertility and recoverability, and polluted rivers, backwaters, and drinking water sources. Soil productivity declined, water resources were contaminated, and biodiversity decreased. Changes in land use, cropping patterns, and high-intensity farming also created social and environmental impacts. These factors negatively influenced farmers’ practices, overall agricultural performance, and the sustainability of Kerala’s agriculture, particularly rice farming.
Wayanad, known for its agrarian economy and traditional rice varieties, reflects Kerala’s wider agricultural challenges. About 36% of the state’s tribal population lives here, traditionally cultivating indigenous rice. Economic pressures and environmental changes have driven many tribal farmers to shift to commercial crops such as banana and ginger, causing the decline of native rice varieties. Deforestation from logging, population pressure, government support for cash crops, and climate change have reduced irrigation water availability. Consequently, rice fields were abandoned, production declined, migration increased, and farmers increasingly turned to cash cropping, affecting long-term agricultural sustainability.
Reviving sustainable rice farming in Kerala requires integrating technical innovations with socio-cultural practices, including organic methods, efficient water management, and indigenous knowledge. The aim is to ensure food security, environmental protection, and socio-economic equity. Strong government support and policy interventions are essential to restore and expand sustainable agricultural practices statewide.
1.1 Sustainability indices
Ensuring sustainable agriculture is a primary concern for the country's agricultural development. Understanding how different farming systems adopt various practices to achieve sustainable agriculture is crucial. Evaluating the sustainability of farming can be approached by employing relevant indicators tailored to specific circumstances, serving as tools to gauge the progress of agricultural development. These indicators vary depending on the environment. Assessing whether agriculture is sustainable requires the use of specific indicators. Sustainability, being a "social construct," necessitates practical implementation (David, 1989; Webster, 1999). Given the diverse socio-economic and environmental conditions across countries, indicators applicable in one country may not be suitable for another (Rasul and Thapa, 2013). Therefore, indicators should be context-specific, developed considering the prevailing socio-economic conditions of each country (Dumanski and Pieri, 1996). Recent studies also emphasize the need for localized, multi-dimensional sustainability frameworks that integrate environmental, economic, and social indicators tailored to regional contexts (FAO, 2021; Bockstaller et al., 2022).
1.2 Tribal rice farming
Efforts to establish sustainable agricultural models for tribal communities should emphasize integrating traditional and scientific farming systems effectively. Traditional practices include mechanisms to stabilize production in risky environments without external subsidies and to mitigate environmental degradation. These stabilizing characteristics of traditional agriculture should be reinforced and complemented by agro-ecological practices that enhance soil, water, and germplasm conservation, in line with guidelines for promoting functional biodiversity (Brush, 1990; Sillitoe, 2010; Prakash, 2013). Over time, these communities have adapted their strategies to identify resources, agro-ecosystems, and services essential for sustainable rice production. Various micro-farming scenarios exist where tribal communities cultivate location-specific rice varieties (Lehtonen et al., 2002). Tribal home-gardens, based on indigenous knowledge, function as socio-ecological systems that enhance biodiversity, climate resilience, and sustainable livelihoods (Mallick et al., 2024).
1.3 Scenario of Wayanad district
Wayanad district spans across 2125 sq. km on the southwestern edge of the Deccan Plateau, situated at an elevation of 700 meters above sea level. It is bordered by Tamil Nadu and Karnataka states, as well as Kannur and Kozhikode districts of Kerala. The name "Wayanad" originates from "Vayal Nadu," meaning the land of paddy fields. Known for its tropical climate, lush hills, valleys, and forests, Wayanad is emerging as a prominent eco-tourism destination in southern India. The district also boasts ancient religious and cultural legacies, evident in its numerous religious institutions, festivals, and tribal traditions.
Wayanad’s culture is predominantly tribal-centric. Though economically disadvantaged, the district significantly contributes to Kerala’s foreign exchange through cash crops such as coffee, tea, pepper, cardamom, spices, and other condiments. Most of Kerala’s reserve forests are located here. The region has loamy soil with varying depth and texture, rich in organic matter. Wayanad’s agro-ecological conditions differ greatly from the plains, and its historical isolation limited migration. This helped native communities conserve agro-biodiversity and develop unique adaptive traits. However, recent migration has altered upland cropping patterns, replacing traditional millets with plantation crops. Lowland areas, meanwhile, have largely retained their land use practices, preserving many indigenous rice varieties.
Among the early cultivating tribes, the Kurumas have seen their agricultural practices marginalized by incoming migrants over time, particularly in rice cultivation, leaving them landless. Despite these challenges, indigenous communities have persisted in conserving their traditional practices alongside improved crop varieties. Wayanad boasts a diverse gene pool of rice varieties adapted not only to hill agriculture but also distinguished in various other aspects.
1.4 Tribes of Wayanad
Wayanad district houses the highest population of Scheduled Tribes in the region. It accounts for 35.94% of the Scheduled Tribe population in Kerala and constitutes 18.76% of the district's total population. Among the 11 communities residing in the district, the majority are Paniyan (45.12%), followed by Kurichiyan (16.49%), Kurumar (13.69%), Kattunayakan (11.13%), and Adiyan (7.31%). Kurichiyan people are renowned as skilled paddy cultivators among Kerala's Scheduled Tribes, proficiently cultivating various rice varieties. Both men and women of Kurichiyan community actively participate in agricultural activities regardless of age, demonstrating expertise in identifying medicinal plants for treating specific ailments. Kurichiyans constitute the second-largest community among Kerala's Scheduled Tribes, comprising 8.43% of the total Scheduled Tribe population. Kurumans have traditionally been settled agriculturists, focusing primarily on paddy cultivation with rice as their staple food. Historically, they also excelled in hunting, which held significant cultural importance.
2. METHODOLOGY
2.1 Selection of sample
Wayanad district is stratified into three regions based on Agro Ecological Units (AEUs) viz., Northern high hills (AEU 15), Wayanad central plateau (AEU 20) and Wayanad eastern plateau (AEU 21). A panchayat with maximum area under rice cultivation from each region with adequate tribal population has been selected in consultation with Assistant Director Agriculture Offices of Wayanad district. A total of 90 respondents belonging to tribal rice farmers and a focus group of officials and social activists were the respondents of the study.
2.2 Sustainability index for tribal rice farming
An Entangled Sustainability model suggested by Vazquez, et al. (2015) was used for identification and selection of major sustainability indicators. The Entangled Sustainability model is a computational model with participatory components; the model identifies and prioritizes sustainable indicators to enable the region to adequately assess progress towards sustainability. Entangled Sustainability model relates sustainability to human systems, implicitly necessitating defining it as a complex system. Sustainability indicators are linked one to another in a system of interconnected components so it has two components: elements and connections. In this model these elements are the sustainability indicators and the connections are the relations between the society, the economy, and the environment.
2.3 Identification and selection of sub-indicators
	Twenty-five sub indicators of sustainable tribal rice farming were identified under three major indicators of social, economic, and environmental sustainability. These were carefully examined and analysed in the light of theoretical assumptions as well as with the assistance of expert. These indicators with an explanatory note sent for relevancy rating to 40 judges. The judges comprised of scientists, experts, developmental officials, leaders etc. in the field of tribal development, Kerala Agricultural University, Training and Development Studies of Scheduled Castes and Scheduled Tribes (KIRTADS), State Planning Boards, Local Self Government institutions and Non- Governmental Organizations.
	The respondents were asked to rate the sub-indicators on a five-point continuum from most relevant to least relevant and to add additional sub indicators if any. The relevancy index for each sub-indicator was worked out using the formula given below:
Relevancy Index (R I) =           Scores obtained            × 100
                                            Maximum possible score 

Following the methodology used by Smitha (2012), those sub-indicators which secured a relevancy index of 80 and above were selected for the study and which were given in the table-6.
2.4 Measurement of sustainability index for tribal rice farming
[bookmark: _GoBack]In this study, the sustainability index for tribal rice farming is developed in such a manner that when a respondent attains maximum social, economic and environmental sustainability, the index value reaches 100 per cent. The minimum value of the index is zero per cent. Sustainability index for tribal rice farming was the mean of the indices of the 90 tribal rice farmers which were studied and was computed using the formula: 
Sustainability index for tribal rice farming= 
Where, 
SIi= Sustainability index for an individual tribal farmer
Sustainability index for an individual tribal farmer (SIi) is calculated by the mean of the scores of three indicators namely, Social Sustainability (SS), Economical Sustainability (EcS) and Environmental Sustainability (EnS).

The value for social sustainability index (SSi) for an individual tribal farmer is the mean of the values of its sub-indicators, after converting them to a zero to one scale.

Where,
S1=Food security
S2= Housing security
S3=Health security
S4=Information adequacy
S5=Institutional access and support
S6=Infrastructural development
S7=Protection of cultural heritage

The value for economical sustainability index (EcSi) for an individual tribal farmer is the mean of the values of its sub-indicators, after converting them to a zero to one scale.

Where,
Ec1=Area cultivated
Ec2= Land productivity
Ec3=B-C ratio
Ec4=Employment generation and income generation
Ec5=Control over land resources

The value for environmental sustainability index (EnSi) for an individual tribal farmer is the mean of the values of its sub-indicators, after converting them to a zero to one scale.

Where,
En1=Land and soil management
En2= Water management
En3=Plant protection
En4=Biodiversity 
            En5=Indigenous Technical Knowledge system  
3. RESULTS AND DISCUSSION
Sustainability index for tribal rice farming is calculated by the mean of the scores of three indicators namely, social, economic and environmental given by the respondents. 

3.1. Social sustainability index
Social sustainability was calculated as the mean of the sum of its sub-indicators namely, food security, housing security, health security, information adequacy, institutional access and support, infrastructural development, and protection of cultural heritage. The index value of each sub-indicator was given in Table 1.

Table 1. Social sustainability index for tribal rice farming
	Sl. No.
	Social indicators
	Mean
(Per cent)

	1 
	Food security 
	90.00

	2 
	Housing security 
	           100.00

	3 
	Health security 
	98.00

	4 
	Information self-adequacy 
	16.00

	5 
	Institutional access and support 
	87.00

	6 
	Infrastructural development 
	93.00

	7 
	Protection of cultural heritage 
	27.00

	
	Total average
	73.00



It was reported that 90.00 per cent of food security was attained by the families of tribal rice farmers. Food security in tribal families refers to the extent to which the families get sufficient food for their subsistence living. It was observed that enough meals per day were available to all members of the family and food is accessible to the family throughout the year. This is mainly because of the utilization of cultivated food for their consumption purposes only.	 The cultivation of various indigenous varieties with nutritive value and medicinal properties makes their life healthier. It includes Chennellu, Chomala, Gandhakassala, Jeerakassala, Kayama, Njavara, Veliyan, Palveliyan etc., among which Njavara is considered as king of the rice varieties because of its high medicinal value and hence used in the special diet for pregnant women. It was also found that accessibility to Public Distribution System (PDS) also makes the tribal families attain food security.
Regarding housing security, cent per cent of the tribal rice farmers had houses with provision of enough facilities such as electric supply, water supply, sanitation facilities and transport facilities which were suited to their local settings.
	It was found that the health security in families of tribal rice farmers had reached to 98.00 per cent. Majority of the respondents had accessibility to primary health centers and medical shops. They used to consult with doctors/ vaidyas during the period of illness and give attention for giving vaccinations for their children against major diseases like polio, hepatitis etc. This might be due to the regular visits of health workers in the tribal hamlet.  The Noolpuzha Family Health Centre (FHC) in Wayanad, serving the state’s second-largest tribal Grama Panchayat, was selected for National Quality Assurance Certification (NQAC) for the second consecutive time. With support from local bodies, it provides comprehensive tribal healthcare services, including maternal care, pre- and post-delivery facilities, and telemedicine that connects patients to specialist doctors via videoconferencing. These initiatives have established an effective health service model for tribal communities.
	It was observed that information self-adequacy among tribal farmers were very low which was found to be only 16.00 percentage. Majority of them depend on fellow growers for information regarding the cultivation aspects.  This is mainly due to their illiteracy and lack of awareness about the available technologies and services. It is necessary to increase the extension services for educating tribal farmers to possess sufficient information for successful rice farming and to upon themselves at the time of decision making. Low information adequacy and reliance on peers among tribal farmers highlight the need for stronger extension support (Bahubalendra et al., 2025).
	With respect to institutional access and support, it was found that the tribal communities had better (87.00%) accessibility and support from various institutions. Some of the respondents opined that need based support and training programmes were provided by institutions like Regional Agricultural Research Station (RARS), Krishi Vigyan Kendra, Krishi Bhavan, Non-Governmental Organizations (NGOs) etc. Availability of schools, hospitals, structured markets and banks or money lending institutions in the villages make the tribal farmers fulfill their social needs. But majority of them reported non availability of timely support from Grama Panchayats and other similar institutions.
	The study revealed that 93.00 per cent of infrastructural facilities were available at the tribal hamlets. Good linkages of road from villages to the nearby cities/ towns and proper transportation facilities like bus, trucks, auto-rickshaws, etc. were found to be available to the tribal farming communities. Water facilities such as lakes, rivers, irrigation channels etc. were also available in the villages and farmers were having access to these facilities. 
	It was shown that protection of identity and ethnic heritage of tribal rice farmers were considerably reduced to 27.00 per cent. This may be due to the external interference of settlers, money lenders, development agencies, lack of support of government on heritage protection and conservation etc. Modernization is another major reason for the displacement of cultural heritage which lead the younger generations in lesser understanding of the importance of cultural heritages associated with their society. It is a fact that the sustainability of tribal development can be achieved only based on their culture, values and traditional life supporting system.
Overall, the study revealed that, social sustainability index for tribal rice farming was 73.00 per cent and the contributing sub indicators (Fig. 1) were in the order of housing security (100%), health security (98%), infrastructural development (93%), food security (90%), institutional access and support (87%), protection of cultural heritage (27%) and information adequacy (16%).		
3.2. Economical sustainability index
Economical sustainability was calculated as the mean of the sum of its sub-indicators namely, area cultivated, land productivity, B-C ratio, employment generation and income generation and control over land resources. The index value of each sub-indicator was given in Table 3.
It was observed from the table that area cultivated had contributed to 82 per cent of the economical sustainability for tribal rice farming followed by control over land resources (80%), land productivity (65%), B-C ratio (36%) and employment and income generation (33%).
With respect to the area, it was found that majority of the tribal farmers had more than 2.5 acres of land for rice cultivation. Traditional rice cultivation has been a way for the life for majority of the tribal farmers in Wayanad for centuries and majority of them have vast range of land holdings which act as a major factor for their economic pursuit. The Kurichya tribal farmers practice collective family farming on comparatively large land holdings, utilising a unique system of organisation of family labour. Underpinning this sustainable way of life is a unique system of land governance that prevents land alienation and fragmentation, which are among the main threats faced by family farmers worldwide. However, the Kurichya system of land governance, which ensures equitable use of land and other resources, is facing conflicts with national and state laws on land governance and with development programmes. 
The average contribution of land productivity to the economical sustainability of tribal rice farming was measured to be 65 percentage. It was calculated by total quantity of rice produced from the farm during the previous three crop seasons. Average land productivity of tribal rice farming was found to be 2400 kg/ha which comes under the
Table 2. Economical sustainability index for tribal rice farming
	Sl. No.
	Economic indicators
	Mean
(Per cent)

	1 
	Area cultivated
(Average area cultivated = 5.70 acres)
	82.00

	2 
	Land productivity
(Average land productivity = 2400 kg/ha)
	65.00

	3 
	Benefit-Cost ratio
(Average B-C ratio = 1.48)
	36.00

	4 
	Employment generation and income generation
	33.00

	5 
	Control over land resources
	80.00

	
	Total average
	          59.00



range of medium productivity according to the classification of productivity groups given by Directorate of Rice Development, Government of India. The results were on par with the average rice productivity of the district.
The average contribution of benefit cost ratio (36.00%) to the economical sustainability was found to be comparatively low due to lesser profitability from rice farming. As rice is considered an integral part of their culture, the tribal farmers are not profit oriented with respect to its cultivation. This might be the reason for low contribution of B-C ratio among tribal rice farmers. They cultivate traditional rice varieties mostly for their consumption purpose and various rituals and hence is not profit oriented.
The employment and income generation were also found to be low with 33.00 per cent contribution to the economical sustainability.  It was evident that tribal farmers were not giving much importance to marketing of their produce rather they focus more on the quality of produce for consumption. Lack of availability of agricultural labourers, their migration to other sectors, increase in labour wage, mechanisation etc. were the major reasons behind the lower employment generation in tribal rice farming. It was also found that majority of the family members were involved in most of the farming activities from planting to harvest and storage. Singh et al. (2023) reported that tribal households have lower income, depend mainly on farming, and show less employment diversification than non-tribal households.
The study showed that 80.00 per cent of economic sustainability in rice farming came from control over land resources. Secure land ownership and rights ensured stable livelihoods for tribal communities, with government protection reinforcing this security. The Kerala State Restriction in Transfer of Lands and Restoration of Alienated Land Act, 1999, restricts tribal land transfers and restores alienated lands, supporting development and infrastructure on restored properties.
Overall, 59.00 per cent of tribal rice farmers were found to be economically sustainable and the sub indicators contributing to economic sustainability (Fig. 2) were in the order of area cultivated (82.00%), control over land resources (80.00%), land productivity (65.00%), B-C ratio (36.00%) and employment and income generations (33.00%).
3.3. Environmental sustainability index
Environmental sustainability was calculated as the mean of the sum of its sub-indicators namely, land and soil management, water management, plant protection, biodiversity and indigenous technical knowledge system. The index value of each sub-indicator was given in Table 3.
Table 3. Environmental sustainability index for tribal rice farming
	Sl. No.
	Environmental indicators
	Mean
(Per cent)

	1 
	Land and soil management
	74.00

	2 
	Water management
	68.00

	3 
	Plant protection
	63.00

	4 
	Biodiversity
	90.00

	5 
	Indigenous Technical Knowledge system
	74.00

	
	Total average
	  79.00



It was observed from the table that sub indicator biodiversity had contributed to 90 per cent of the environmental sustainability for tribal rice farming followed by land and soil management (74.00%), indigenous technical knowledge system (74.00%), water management (68.00%) and plant protection (63.00%). A fair range of contributions were found from all the components to the environmental sustainability. 
	Majority of the tribal farmers carried out eco-friendly land and soil management practices in their rice fields which include minimum tillage, application of farm yard manure, incorporation of green manure, reduced usage of fertilizers etc. which contributed to the soil fertility and soil health.
With respect to water management, it was found that most of them maintain standing water in the field as per the crop requirement. Other practices like selection of suitable varieties based on water availability, summer ploughing and land levelling/puddling etc. were also practiced in the fields of tribal farmers. These practices were perceived to be inevitable in rice farming by all the farmers of the study area.
Majority of the farmers reported that, selection of resistant varieties, right time of sowing for the chosen variety and seed treatment were the important measures taken for the reduction of pest and disease incidents. The practices such as adoption of kerosenised roping and draining the field were also reported by some of the tribal farmers. By considering the quality of produce and environment most of them were not using any chemical plant protection measures in their fields. Moreover, traditional varieties cultivated by them were found to be resistant to pest and disease attack.
	The study revealed that tribal farmers ascribed great importance to the conservation of genetic diversity, natural habitats, and natural enemy population in their rice fields. They know the value of the traditional varieties of rice and importance of conservation of the biodiversity. Most of them think that they have a moral responsibility to handover the valuable germplasm to the new generation for its sustenance. A trend also documented in on-farm conservation studies that highlight farmers’ role in maintaining landrace diversity for cultural and ecological reasons (Puneeth et al., 2024). Majority of the tribal farmers avoid poaching and killing of birds and animals in rice fields. They used bird scarers, film tapes, ribbons with florescent colour, crackers etc to reduce damage caused by them and used rat traps instead of poison baits, to reduce rat nuisance in rice fields.  
	Several indigenous practices were found among the tribal farmers with respect to the rice cultivation. After discussion with the farmers few important indigenous practices about the rice cultivation were identified and listed below:
i. Seedlings are planted in rows opposite to the direction of wind to overcome the strong winds.
ii. Seeds are soaked in mixture of cow dung and water after three days from the new moon day and these seeds are sown in the nursery after seven to eight days from the new moon day.
iii. Avoiding Punartham and Pooyam njatuvela while transplanting during which there will be heavy rainfall and flooding in the rice fields.
iv. Thiruvathira njatuvela preferred for transplanting of seedlings of long duration varieties and broadcasting of seeds in case of short duration varieties.
v. The branch of sandpaper tree (Ficus exasperata) is widely used to control the leaf roller of the rice.
vi. Fire lamps are used in the night to reduce the pest and diseases.
vii. Harvesting is usually done after 7-8 days from the new moon day
viii. Seeds are dried under sun and at night for 7 days.

Form the study it was observed that 79.00 per cent of tribal rice farmers were environmentally sustainable. The sub indicators contributing to environmental sustainability (Fig. 3) were in the order of biodiversity (90.00%), land and soil management (74.00%), indigenous technical knowledge system (74.00%), water management (68.00%) and plant protection (63.00%).
3.4 Sustainability index for tribal rice farming
Sustainability index for tribal rice farming is calculated by the mean of the scores of three indicators’ sustainability namely; social, economic and environmental (Table 4). Categorical distributions of tribal rice farmers according to their overall sustainability were also given in the Table 5.
Table 4. Sustainability index for tribal rice farming
	Sl. No.
	Indicators
	Mean
(Per cent)

	1 
	Social
	73.00

	2 
	Economical
	59.00

	3 
	Environmental
	79.00

	
	Total average
	         70.00



Table 5. Category of tribal rice farmers in total sustainability
	Sl. No.
	Category 
	Frequency (N= 90)
	Per cent

	1
	Low       (<66.00 )
	15
	16.67

	2
	Medium (66.00-74.00)
	58
	64.44

	3
	High      (>74.00)
	17
	18.89

	Mean: 70.00S.D: 0.05



The study revealed that 70.00 per cent of the overall sustainability was found in the tribal rice farming of Wayanad district. Among the indicators environmental sustainability has the highest index value (79.00%), followed by social sustainability (73.00%) and economical sustainability (59.00%).
The empirical model of the study showing the percentage contributions of major indicators and their sub indicators towards the sustainability of tribal rice farming of Wayanad district are presented in Fig. 4 and Fig. 5 which differentiate existing and ideal scenario of the sustainability.
The field survey showed that tribal farmers continue practicing environmentally oriented traditional farming. Rice cultivation is central to their culture, with rituals linked to it. Traditional methods improve quality, shelf life, and nutritional value, support sustainable livelihoods, protect health, conserve biodiversity, promote efficient natural resource use, reduce pollution, and enhance soil health and fertility.
Tribal farmers know the value of the indigenous variety of rice and importance of conservation of the diversity in the crop. When quality calls, indigenous rice is far better than modern rice. Nature of environmental concerns elaborates the practices adopted by the farmers in response to their concern for sustainability and environmental protection that could be brought about in rice farming. The higher level of environmental awareness among the farmers would have prompted them to reduce the use of chemicals and protection of natural resources. Compared to social and environmental sustainability, economical sustainability was found to be lower in tribal rice farming due to their lesser orientation towards profit. Thus, they prefer quality over the price. The overall effect of tribal rice farming has been that of preserving the environment and at the same time feeding the communities. Thus, traditional rice farming of tribal farmers was found to be a sustainable model for agriculture.  
4.CONCLUSION 
Tribal communities in Wayanad, Kerala, historically relied on agriculture, particularly rice cultivation using traditional varieties. However, due to population growth and economic pressures, many have shifted to more profitable crops like banana and ginger. This shift, exacerbated by environmental degradation from deforestation and climatic changes, has reduced rice cultivation, leading to abandoned fields and outmigration.
To sustain rice farming, it is crucial to integrate technical and socio-cultural practices. Adopting methods such as green and animal manure, efficient water management, and aligning planting times with biophysical indicators are essential. These practices are vital not only for economic viability but also for environmental sustainability. According to the Food and Agriculture Organization (FAO), sustainable agriculture must ensure current and future food production needs while preserving profitability, environmental health, and social equity.
Research focused on tribal farmers' perspectives revealed a sustainability index for rice farming, considering social, economic, and environmental indicators. Results indicated that tribal rice farming in Wayanad achieved 70.00% overall sustainability, with environmental sustainability scoring highest (79%), followed by social (73%) and economic (59%) aspects. This underscores traditional tribal rice farming as a sustainable agricultural model, preserving both environment and community livelihoods. This approach effectively balances environmental conservation, social cohesion, and economic resilience, offering a viable pathway towards sustainable agriculture in Wayanad and beyond.
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Fig. 1: Graph showing the Social sustainability index for tribal rice farming

Fig. 2: Graph showing the Economical sustainability index for tribal rice farming

Fig. 3: Graph showing the Environmental sustainability index for tribal rice farming

Fig.4: Contribution of major indicators to the sustainability of tribal rice   farming

Fig.5: Contribution of sub indicators to the sustainability of tribal rice farming 

Table 6: Relevancy index of sub-indicators for sustainable tribal rice farming
	Sl. No
	Sub-indicators
	Relevancy Index

	A
	Social sustainability
	

	1
	Food and nutritional security
	84.70

	2
	Housing security
	81.33

	3
	Health security
	82.00

	4
	Information self-adequacy
	83.33

	5
	Institutional access and support
	86.67

	6
	Human resource development
	66.67

	7
	Infra structural development
	86.70

	8
	Protection of cultural heritage
	82.00

	9
	Right to information
	60.7

	B
	Economic sustainability
	

	1
	Area cultivated
	87.30

	2
	Land productivity
	82.67

	3
	Input productivity
	60.67

	4
	B-C ratio
	89.30

	5
	Increase in income
	72.67

	6
	Credit orientation
	68.67

	7
	Economic motivation
	77.33

	8
	Labour productivity
	64.67

	9
	Employment generation and income generation 
	84.67

	10
	Control over land resources
	81.33

	C
	Environmental sustainability 
	

	1
	Land and soil management
	88.00

	2
	Water management
	86.70

	3
	Plant protection
	84.00

	4
	Crop diversity
	70.66

	5
	Biodiversity
	87.33

	6
	Indigenous Technical Knowledge system 
	81.33



Top of Form
Bottom of Form

Existing senario of sustainability of tribal rice farming	
Social 	Economical	Environmental	73	59	79	Ideal senario of sustainability of tribal rice farming	(100 %)
(100 %)
(100 %)

Social 	Economical	Environmental	100	100	100	



Food security 	Housing security 	Health security 	Information adequacy 	Institutional access and support 	Infrastructural development 	Protection of cultural heritage  	Area cultivated	Land productivity	B-C ratio	Employment generation and income generation	Control over land resources	Land and soil management	Water management	Plant protection	Biodiversity 	Indigenous Technical Knowledge system  	90	100	98	16	87	93	27	82	65	36	33	80	74	68	63	90	74	

Food security	90	Housing security	100	Health security	98	Information adequacy	16	Institutional access and support	87	Infrastructural development	93	Protection of cultural heritage 	27	Per cent (%)


Area cultivated	82	Land productivity	65	B-C ratio	36	Employment generation and income generation	33	Control over land resources	80	Per cent (%)


Land and soil management	74	Water management	68	Plant protection	63	Biodiversity 	90	Indigenous Technical Knowledge system  	74	Per cent (%)
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