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ABSTRACT

The experiment was conducted on impact of horticulture on nutrition and livelihood in participation with 750 tribal women from 10 villages across 5 states like Odisha, Bihar, Uttar Pradesh, Uttarakhand and Rajasthan with objectives to assess gender roles and intervene in existing horticultural production systems for sustainable livelihood and nutritional improvement of farm women. Data on demography (70% tribal population), participation (70%-100%), and food diversity (milk-40%, egg-40%, dal-75%, cereals-100%, GLV-60%, and meat-30%) revealed the prominent role of women in the tribal agri-food system. Interventions in raising seedlings in low cost net houses, pro-tray and growing vegetable crops in trailies and raised bed with participation of 750 women in 15 tribal villages of 4 states addressed the key issues like damage of vegetable seedlings and disease pest incidence with technology adoption rate of 20% (net house), 40% (pro-tray and Input support (56%) (trailies method) and 64% (raised bed method). Healthy crop, uniform growth, easy plucking and no damage during transplanting were the perceived technological impacts with impact index of 86%. Varietal replacement through front-line demonstration in 318.5 acre area involving 750 farmwomen revealed both increase in production (85-662kg) and income (Rs300/- to Rs 4200/-) with impact (mean core) on nutritional status (3.26-3.55), livelihood security (1.65-2.06) and farm income (28,200/- to 37,820/-). However, the impact in soil fertility, family income and nutrition had an Impact index of 54% with 36% in man-days engagement and 34% increase in family income enabling the women to attain sustainable livelihood.  
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1. INTRODUCTION
Nutrition Challenges of tribal women are ascribed to Limited dietary diversity and Persistent malnutrition. Sustainable livelihood, pathway for realizing nutritional outcomes, suffers from challenges and climate vulnerabilities impacting farming, water availability, and natural resource management. The livelihood of tribal women revolves around collection, processing and utilization of NTFPs (Patidar et al., 2018) and subsistence agriculture. (Islam et al., 2013). Integrating nutrition-sensitive approaches for mitigating malnutrition by diversifying home-grown produce has a sustained impact by context-sensitive implementation and addressing structural barriers (Jaleel, et al., 2025). Sustainable livelihood approaches for tribal communities involves research, policy and practice (Knutsson, 2006) and horticulture initiatives for economic resilience, environmental conservation and social inclusion (Maharana, et al., 2025) with pathways like social participation for sustainable and diversified livelihood (Islam et al., 2014; Islam et al., 2015) through implementation of gender friendly horticulture technologies and approaches (Srivastava et al., 2020). Tribes are a marginalized segment of the Indian population (Roy, 1989) and in all indicators are at the lower end (Chaube, 1999; Hanumantha and Grover, 1979). Tribal livelihood continues to depend on subsistence agriculture and poor market linkage (Anonymous, 2015, Devi et al., 2015, Lawania and Gupta, 2015, Sharma et al., 2020, Medhi et al., 2020.,Patel et al.,2023). Leveraging traditional knowledge and integrating into effective extension models is pertinent (Pradhan et al., 2025). To make agri-based livelihood among tribal women sustainable, improvement of livelihood variables (Islam et al., 2015, Kumar et al., 2015 Patel et al., 2023) like traditional knowledge,  organic and resource-conserving agriculture, decision-making ability and harmony with nature is essential (Mebratu, 1998; Bennett and Franzel, 2009). Anaemia, affects 40% of the world’s population, mostly women and children accounting for 50 % of the global burden of anaemia in Asia (Gupta et al., 2019).  Vegetables are rich in nutrients and diverse bioactive compounds (Kris-Etherton et al., 2002; Pennington and Fisher, 2010); Popkin, 2015; Ramchandran., 2015).Household nutrition gardens are not given priority by 91.33% women (Sudhakarrao, 2020) due to constraints of inputs (69.25%), technical (61.43%) and socio-cultural (60.82%) (Kumar et al. 2004). Farm labour is majour livelihood of Lambani tribe of Karnataka (35.84%) (Jayalakshmi et al.,2025) with 1500 tribal women reported that 50% tribal women participate in harvesting (59%) Kokrajhar district of Assam, compost making (57.8%), manure application (57.0%), collection of seeds (55.5%), seed cleaning (55.0%), intercultural operations (53.2%), seed storage (52.0%) and grading of harvested crop for marketing (51.6%) (Rupaket al., 2020). Participation of rural women in various production activities of horticultural crops was not affected by age, family income, land holding, type of family, education level, caste, etc. (Tripathi et al., 2015; Chauhan, 2012;, (Nikulsinh et al.,  2012; Samantaray et al., 2009; Awais, et al., 2014).  Results of 150 front-line demonstrations enhanced knowledge level from 4% to 80% (Singh et al., 2018). Horticulture-based interventions in homestead gardens could increase farm income by more than 20% for tribal women. (Singh et al., 2019). Adoption of horticultural interventions can reach to 70.40 % emphasizing the role of livelihood and economic empowerment (Deb., 2025) along with market access, environmental protection and entrepreneurship opportunities . (Raman et. al., 2016). Large scale adoption of horticultural interventions in different states and its impact on nutritional and livelihood status of tribal women need to be studied.	Comment by hp: fragment	Comment by hp: Use present tense or perfect tense.	Comment by hp: Fragement 

2. MATERIALS AND METHODS
2.1. Study location
Interventions in traditional production system were taken up in a national perspective, covering arid zones, the Hhimalayan region and rain-fed conditions with the introduction of women friendly technologies. The implementing institutes were ICAR-Central Institute for Women in Agriculture, Bhubaneswar as the lead centre and with four collaborating centres, viz., ICAR-Central Arid Zone Research Institute at Pali, ICAR-Indian Institute of Vegetable Research at Varanasi, ICAR-Central Institute of Temperate Horticulture at Mukteshwar, and ICAR-National Research Centre on Litchi at Muzaffarpur. 
2.2. Research design
Purposive sampling was used in selection of farmwomen participants based on homestead land, farming experience etc. Research methodologies were comprised of a set of socio-economic tools, sampling designs, real-time field experiments and statistical analyses like adoption Index, Impact Index, Mean score test, gender sensitive indicators like livelihood, Nutritional status, and income etc. were used to map empowerment of participating tribal women from 750 tribal households of 10 villages across 5 states.	Comment by hp: Do not say etc, list the specific criteria used. 
2.3. Gender disaggregated data collection
Documentation of gender disaggregated data (GDD) in gender participation, role, issues, and programmes in horticultural production systems and assessment of different women-friendly horticultural production systems.
2.4. Field interventions through capacity building and front-line demonstrations
An extensive capacity building programme was undertaken in the form of Scientists-Farmers interface, training, exposure visits, field day, demonstrations, and input support for the improvement of knowledge and skill on improved packages and practices of vegetable cultivation in the traditional production ecosystem. Demonstrations of backyard nutritional garden, improved vegetable cultivation method,  improved nursery raising methods like raising seedlings in pro-tray using coco-pith and replacement of low yielding local cultivars with high yielding varieties in both main field and homestead land, input support with quality seeds of improved varieties of vegetables such as brinjal, tomato, chilli, okra, bitter gourd pumpkin, ridge gourd cluster beans, cowpea etc were in line with the nutri sensitive agriculture (NSA) approaches suitable for improving nutrition and livelihood opportunities of the tribal community. Location-specific refinement of technologies from a gender perspective was the thrust.
2.5. Impact assessment: Based on the issues identified, interventions proposed, and adoption status, the impact assessment was calculated using socioeconomic tools for iInterventions and technological implementations adopted. Impact was assessed in terms of perceived technological impact, impact on Nutritional Status, livelihood security and family income from farming using mean score method.

3. RESULTS AND DISCUSSION
3.1. Socio-economic scenario of the studied villages
3.1.1. Demography and participation
	The villages selected for the interventions had more than 70% of the tribal population, in which 40%-70% were women. About 30%-40% women had a primary education. Their annual income is around 35 to 80 thousand rupees per annum. Farmwomen were engaged in growing vegetables like tomato, cabbage, potato, cucumber, bitter gourd, pea, ginger, beans, garlic, onion, cauliflower, bitter gourd, pumpkin, bottle gourd, field crops like rice, maize, oat, and wheat, and fruits like pear, peach, plum, apricot and walnut mango, litchi, pomegranate, etc. 	Comment by hp: Very uncertain estimation. Please estimate with a good precsion.	Comment by hp: Source??? if it is based on your survey, state it.
3.1.2. Gender roles in horticultural production/ processing
The gender role in horticultural production and processing was assessed using a semi-structured interview schedule, having a listing of various activities and participation and responsibility/decision making by the gender. In selected villages, operations like land preparation (70.0%), manure applications (95.0%), sowing of seeds for rootstocks (95.0%), selection of crops (100%), procurement of plants (100%), and marketing of fresh produces(100%) etc. has found dominance of male participation/responsibility/decision making while operations like ploughing (100%), clod breaking (100%), levelling (85.0%), planting (95.0%), weeding (95.0%), intercultural operations (95.0%), planting of intercrops (85.0%), insect-pest control by traditional methods (70.0%) and harvesting (100%) etc. are jointly performed. Similar results on role of women in horticultural operations was reported by Rupaket al., 2020
3.1.3. Food habits/nutritional status of tribal farm women
The survey among the sampled tribal farmwomen in 5 states for finding out food habits/nutritional status in selected villages revealed that Roti was consumed daily by all (100%) respondents, while rice was consumed very rarely by half of the respondents (50.0%), followed by once a week (30.0%). Dal is part of the daily food for 3/4thof the majority (75.0%), while 1/4th is consumed for 4/5 days in a week. Leafy vegetables are consumed by the majority (60.0%) for 2/3 days in a week, while seasonal vegetables are consumed by most (90.0%) for 4/5 days a week. Seasonal fruits are consumed weekly/monthly by 1/3rdof respondents. Milk is part of the daily food for 40.0% and 50.0% take it for 4/5 days in a week. Egg is consumed by 50.0% once a week, while chicken/mutton 2/3 days a week by 40.0% and once a week by 30.0%. The results corroborate with the consumption diversity study  in tribal women by other workers . (Berti et al, 2004; Ghosh et al ,2018; Ghosh et al ,2021)
 Technological interventions
3.1.4. Capacity Building
Knowledge and skill imparted to 750 farm women of fifteen villages through capacity building on improved package and practices of vegetable cultivation, improved method of vegetable production, improved nursery methods like raising seedlings in pro-tray using coco-pith and seed treatment. 50 training programmes were organized on vegetables for health and income, improved vegetable production techniques, organic manuring and vermin-compost production through vegetable waste, etc. The horticulture technological interventions could result in an increased income of the farm family by about 34%.  
3.1.5. Varietal replacement through front-line demonstrations
Replacement of traditional cultivars was done with high-yielding varieties in both the main field and homestead land. Seeds of improved varieties of vegetables such as brinjal, tomato, chilli, okra, bitter gourd, pumpkin, ridge gourd, cluster beans, cowpea, etc were distributed to the stakeholders. Frontline demonstrations were conducted in an area of 318.5acres,which had helped to boost their nutritional and livelihood security. Farm women were trained to conserve rainwater for life-saving irrigation in vegetables. Major focus was given to kitchen garden development so that the tribal families could get vegetables for their daily diet. 

	Table 1: Varietal replacement in the study area for addressing the constraints in horticulture 

	Study Locale
	Varieties 
Introduced
	Constraints 
addressed
	Participants
(Farm)

	1
	Bottle gourd (Kashi Ganga), Sponge gourd (Kashi Divya), Pumpkin (Kashi Harit), Okra (Kashi Pragati), Cowpea (Kashi Kanchan), Tomato (Kashi Aman), Brinjal (Kashi Komal), Chilli (Kashi Anmol), Pea (Kashi Nandini)
	Water Scarcity
Low yield of vegetables
Improper layout of the kitchen garden, Seed scarcity, damage to seedlings in the nursery 
	150 Tribal Households
63.5 Acre Area

	2
	Delichos bean (cv. HADB 119), Faba bean (cv. Swarna safal), Chilles (cv. SwarnaPradhulya), French bean (cv. HAFB-4), Pea (cv. Swarna Mukti), Tomato (cv. Swarna Lalima), Brinjal (cv. Swarna Pratibha)
	Infertile land, Water Scarcity, Low yield of vegetables, Improper layout of kitchen garden, Seed scarcity, less knowledge on vegetable cultivation
	150 Tribal Households
55 Acre Area

	3
	Tomato (Himsona, Avinash, Manisha), Potato (Kufri Jyoti),Ginger Local, Peach (Paradelux), Plum
	Tomato Wilting, Late blight of potato, Ginger Rotting, Peach leaf curl, 
	150 Tribal Households
67 Acre Area

	4
	Tomato (Himsona, Avinash and Manisha), Potato (Kufri Jyoti)
Ginger Local, Mango (Chausa)
Litchi Local
	Tomato Wilting 
Potato Late blight, Ginger Rotting, Mango Alternate bearing
	150 Tribal Households
51 Acre Area

	5
	Tomato, Brinjal, French bean, Cowpea, Onion, cabbage, Cauliflower, Okra
(Commercial varieties)
	Water logging, Pest and disease incidence, poor layout of kitchen garden, Seed scarcity, damage of seedlings in nursery
	150 Tribal Households
82 Acre Area




	Table 2: Performance of vegetables at farmers’ field 

	Crop
	Variety
	Study Area 1
	Study Area 2

	1. 
	2. 
	Mean Plot size (Sqm)
	Yield (kg)
	Income
(Rs)
	Mean Plot size  (Sqm)
	Yield (kg)
	Income
(Rs)

	Bottlegourd
	Kashi Ganga 
	150-275
	225-662
	1250-4000
	250-350
	475-825
	2550-4200

	Pumpkin
	Kashi Harit 
	150-250
	200-525
	600-1740
	200-300
	200-600
	1600-2400

	Okra
	Kashi Pragati 
	100-250
	90-175
	650-1325
	175-250
	150-225
	975-1125

	Cowpea
	Kashi Kanchan/ Nidhi 
	150-300	Comment by hp: All these values show range.  Mean score is a single value that is an average.	Comment by hp: 
	85-150
	450-925
	300-500
	100-300
	750-1250


Cultivation of vegetables and fruits not only generates income and ensures livelihood but also ensures the nutritional security of tribal farmwomen. Cultivation of arid fruits like Guava (as a meadow orchard) and Cardia has been screened for field intervention. Similarly, cultivation of vegetables like tomato, cauliflower, and cucumber has been screened under a low-cost shed net. Similarly, cultivation of various flowers on a small area can generate a handsome income and for that, flower species like marigold, chrysanthemum, gladiolus and calendula have been screened for the second year at CAZRI, RRS, Pali, with promising results. The performance of these crops has been found very satisfactory in the backyard nutritional garden of tribal farmwomen and has contributed to the food basket of the family and ultimately to the improvement of nutrition and nutritional security of the tribal family. The fruit plants of Ber, Guava, Pomegranate and Mango were also distributed among the tribal farmwomen. (Table 1). 
Front Line Demonstrations on vegetables (FLDs) were conducted in the field of 750 tribal women from 3 villages for the dissemination and adoption of improved vegetable varieties by the tribal farm women with integrated support, technology intervention through kitchen gardening had been made among selected beneficiaries to ensure their livelihood and nutritional security. In a series of demonstrations, regular field visits and need-based advisory services were provided to make their farming system sustainable. The bumper yield harvested in the demonstrated vegetable field resulted in satisfaction with the introduced vegetable varieties among the farmers. Farmers used the vegetables for household consumption as well as sold excess produce in the nearby market. An average yield of 80qha-1 in the case of cowpea variety Kashi Kanchan and 45q/ha okra variety Kashi Pragati was recorded in tribal women’s field conditions, which are mostly undulated hilly and water-scarce areas. By and large, the farmers gained monetary benefits in terms of improving the productivity of vegetable crops, as well as improving the nutrition standards by daily vegetable-based dietary intake. (Table 2). The results corroborates with the results of different authors on  effect of FLD on livelihood of tribal women. (Bisen et. al.,2024; Sharma,  & Mishra.,  2024; Patel et.al. 2023)
3.2. Impact of gender sensitive horticulture on tribal households
The major constraints identified were damage of vegetable seedlings due to stray cattle, poultry birds, adverse weather such as heavy rains, unhealthy seedlings, pest and disease incidence, poor quality of seeds, lack of improved method of vegetable cultivation, water logging during rainy season, pest and disease incidence, traditional cropping systems and less man-days engagement in farming. For addressing the issues, the interventions implemented were raising seedlings and vegetables such as tomato, cauliflower, and coriander raised under low cost net houses(Adoption - 20%), raising seedlings using pro tray and coco pith(Adoption - 40%),  awareness, input support with high yielding and hybrid seeds(Adoption - 40%), trailing method of vegetable cultivation (tomato, cucumber and bitter gourd)(Adoption - 56%), raised bed method of vegetable cultivation (Adoption - 64%) and innovative & modified cropping systems. The perceived impacts of the interventions implemented to control damage of vegetable seedlings due to stray cattle, poultry birds, adverse weather such as heavy rains, unhealthy seedlings, pest and disease incidence resulted in reduced pest and disease incidence, healthy seedlings; uniform growth, easy plucking of seedlings; no damage during transplanting, during adverse weather such as heavy rains, the pro-trays can be shifted to safer places, less seed cost; 100% germination and no seed was wasted with Impact index- 86%, reduced pest and disease incidence due to improved nursery raising technology for addressing water logging during rainy season with Impact index- 63%, improved soil fertility, improved family income, addressing nutritional issues, addressed iron deficiency, home consumption and income generation due to improvement in traditional cropping systems with Impact index- 54%.Man-days or employment increased from 20 days/ month to 25 days per month, an average of 25% increase due to increased cropping intensity and innovative cropping systems, and reduced migration with an Impact index of 36%. Increased man days/ employment (20 days/ month to 25 days per month; 25% increase) due to increased cropping intensity and innovative cropping systems and reduced migration with Impact index: 36%. (Table 3)

	Table 3: Impact of Gender Sensitive Horticulture in Tribal Household (n=750 households)

	SN 
	Issues Identified
	Interventions Proposed
	Interventions/ Technologies adopted
	Perceived Technological impact
	Impact
(Nutritional Status)
	Impact
(Livelihood security)
	Impact
(Family income from farming)

	
	
	
	
	
	Pre
	Post
	Pre
	Post
	Pre
	Post

	
1.
	
Damage of vegetable seedlings due to stray cattle, poultry birds, and adverse weather such as heavy rains
Unhealthy seedlings
Pest and disease incidence

	
Raising seedlings in low-cost net houses

Raising seedlings using pro-tray and coco-pith
	
Raising seedlings in low-cost net houses- Vegetables such as tomato, cauliflower, and coriander raised under net houses (Adoption = 20%) 
Raising seedlings using pro-trays 
(Adoption = 40%)
	
Reduced pest and disease incidence, Healthy seedlings; uniform growth, Easy plucking of seedlings; no damage during transplanting, During adverse weather such as heavy rains, the pro-trays can be shifted to safer places, Less seed cost; 100% germination; no seed is wasted
(Impact index= 86%)
	
3.26 
Mean score on frequency of intake of seasonal vegetables, pulses and leafy vegetables
	
3.55
	
1.65
Mean score 
on livelihood security scale
	
2.06
	
28,200
	
37,820

	2.
	Poor quality of seeds 
	Awareness/ Input support with HYV and hybrid seeds
	Use of HYV/ Hybrids (Adoption = 40%)
	
	
	
	
	
	
	

	3.
	Lack of an improved method of vegetable cultivation
	Trailing method of vegetable cultivation (tomato, cucumber and bitter gourd)
	(Adoption=56%)
	
	
	
	
	
	
	

	4.
	Water logging during the rainy season-pest and disease incidence
	Raised bed method of vegetable cultivation
	(Adoption=64%)
	Reduced pest and disease incidence, (Impact index=63%)
	
	
	
	
	
	

	5.
	Traditional cropping systems
	Innovative/ modified cropping systems
	Introduced legume vegetables (beans, cowpea, cluster bean)
Introduction of leafy vegetables (Palak, Methi)
Introduced tissue culture banana 
	Improved soil fertility, Improved family income, addressed nutritional issues, addressed iron deficiency, home consumption and income generation 
(Impact index= 54%)
	
	
	
	
	
	

	6.
	Man-days in farming
	
	
	Increased man days/ employment (20 days/ month to 25 days per month; 25% increase) due to increased cropping intensity and innovative cropping systems; Reduced migration 
(Impact index: 36%)
	
	
	
	
	
	



Impact of horticultural technological interventions on women in nutritional status, livelihood, and employment revealed a visible change. Impact on nutritional status was improved with a mean score of 3.55 from 3.26, indicating benefits for women and children. The livelihood improvement was a mean score of 2.06 post-intervention from 1.65, revealing that women’s participation brought stable income to the family. The net field engagement days saw an increase post-intervention, with a mean income of Rs 37,820.00 from Rs 28,200.00, rendering more income (34%) to the tribal women alone from intervention in horticultural technologies. Impact of horticultural interventions also indicated positive change in the livelihood of women by other studies. (Singh et al., 2019; Srivastava et al., 2020; Islam et al., 2014; Islam et al., 2015; Sudhakarrao, 2020, Patel et al., 2023)	Comment by hp: Per what? Per month, annul, or per hectare?
4. CONCLUSION
The experiment conducted in participation with 750 tribal women from 10 villages across 5 states provided understanding on demography, participation and food diversity of women in the tribal agri-food system. Strengthening the participation of tribal women in their traditional production system through gender sensitive horticultural interventions resulted in better nutritional security in terms of vegetable availability throughout the year. Impact on nutritional status, livelihood security and family income from farming was imminent as frequency of intake of vegetables, pulses was enhanced by 8.9%, 24.8% increase in livelihood score and income gain by 34%. The technological impact in soil fertility, family income and nutrition had an Impact index of 54% with 36% in man-days engagement and mean 86% impact in farming practices. Hence, gender sensitization and interventions in existing horticultural production systems of tribal farm women resulted in livelihood and nutritional improvement of farm women. 
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General comments
Despite the paper aspires to show the role of technplogies and gender responsive policies for improving tribal women, it needs improvement on the follwing areas:
1. The paper uses different font styles- be consistent 
2. Full of fragment across the body 
3. The methodology is not rigorous 
4. [bookmark: _GoBack]The statistical analysis used are at the lowest level of analysis- prefer to use coorelation and chi-square to testb assocation of variables and the level of significant, otherwise, larger percentage or mean doest ensure statistical significant. The selction process of the sample respondents is not well stated. For eg. How many of the respondents are participated from each of the five states, and how many respondents were selected from each of the ten villages of tribes.





















