



Strengthening Socio-Ecological Resilience of tribal farm women through Capacity Building in Agri-Food Innovations
Abstract

Capacity building in agri-food innovations is increasingly recognized as a critical pathway to address the dual challenges of ecological sustainability and livelihood enhancement. This study was undertaken using a structured framework to strengthen socio-ecological growth through targeted objectives. The key objectives included developing the technical and entrepreneurial competencies of tribal farm women for adopting climate-smart, nutrient-smart, and water-smart practices; institutionalizing community-based platforms such as farmer producer organizations to foster participatory learning and collective action; integrating digital tools and ICT-based solutions into extension processes; and promoting resilience and awareness of socio-ecological linkages by incorporating modules on climate adaptation, biodiversity conservation, and nutrition-sensitive farming. The study was conducted in selected villages of Nalgonda district, Telangana, India. Interventions introduced were Good Agricultural Practices, reduced seed rate, line sowing of paddy, water management through Alternate Wetting and Drying (AWD), weed management through judicious use of herbicides, adoption of climate-resilient and high-zinc rice varieties, and provision of sprayers to tribal farm women for custom hiring enterprises. Results showed that  adoption of GAPs improved paddy yield by 21%, while herbicide application reduced labor costs by ₹4,231/-. The establishment of custom hiring services further enhanced income opportunities for women farmers. The integrated capacity-building approach not only improved productivity and reduced input costs but also strengthened livelihood security and ecological resilience among tribal farm women. These findings highlight the potential of targeted agri-food innovations to accelerate sustainable agricultural transformations and promote inclusive socio-ecological development.
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Introduction

Sustainable agricultural development has become an urgent global priority as farming communities confront the intertwined challenges of climate variability, natural resource degradation, and socio-economic vulnerability. In India, these challenges are especially pronounced among tribal households, whose livelihoods depend heavily on climate-sensitive agri-food systems but who often have limited access to knowledge, technologies, and institutional support. Enhancing the capacity of tribal farm women to adopt climate-resilient, resource-efficient, and economically viable farming practices is therefore essential for achieving both ecological sustainability and livelihood improvement.

Capacity building in agri-food innovations offers a strategic pathway to bridge this gap by strengthening tribal farm women’s technical skills, entrepreneurial abilities, and awareness of socio-ecological linkages. Recent approaches emphasize not only the dissemination of improved technologies but also the empowerment of farmers through participatory learning platforms, digital tools, and community-based institutions such as Farmer Producer Organizations (FPOs). When effectively designed, these interventions can enhance productivity, reduce input costs, and build long-term resilience to climate and market uncertainties.

In this context, the present study focuses on tribal farm women in Nalgonda district of Telangana, recognizing their critical yet often under acknowledged role in agriculture. By integrating climate-smart, nutrient-smart, and water-smart practices and enterprise development, the study seeks to evaluate how a holistic capacity-building framework can contribute to socio-ecological growth. Through targeted interventions including seed management, improved planting methods, water-saving techniques, weed control innovations, and promotion of climate-resilient rice varieties the study examines the potential of agri-food innovations to foster sustainable transformations while enhancing the livelihood security of tribal women farmers.
Methodology

In the present study during the years 2021 to 2022, the trials on rice cultivation to compare the two methods, Good Agricultural Practices (GAP) and Farmers’ Practice (FP) were conducted by ten  women farmers each in 11 villages of Nalgonda district of Telangana State, India. The farmers were selected to represent the similar farm size, resource status and cropping pattern. Data was collected to record the yield and yield attributes for both GAP and FP.

Good Agricultural Practice (GAP) is defined as a set of practices that address environmental, economic and social sustainability for on-farm processes, and result in safe, high-quality food and non-food agricultural products.  This project envisaged to demonstrate selected  GAP Viz. certified seeds, reduction in seed rate, line sowing, integrated weed management and water management through Alterante Wetting and Drying Method (AWD). A bench mark survey was conducted with 110 farmers of 11tribal hamlets in Deverkonda Mandal of Nalgonda Distric, Telangana. Data on socio-economic profile of the farmers was collected through personal interview method.  

The field experiment was conducted during the cropping season in selected farmers’ fields located at Korra Thanda, Achamkunta Thanda, Girija Nagar, Rollabanda Thanda, and Marrichettu Thanda of Devarakonda Mandal, Nalgonda District, Telangana State (Fig. 1). The study was designed to evaluate the effect of different water management practices on rice growth, yield, and water use. The two irrigation treatments were compared namely Traditional Flooding (TF) and Alternate Wetting and Drying (AWD), each covering an average area of 0.5 acre per location.
Figure1: Map showing study area
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Water Management Practices: Under the TF method, fields were maintained in a continuous submergence condition with about 5 cm of standing water throughout the crop growth period. Under the AWD method, irrigation was applied intermittently based on the field water level. The depth of standing water was monitored using a field water tube (locally called “Pani Pipe”), which allowed measurement of water level both above and below the soil surface. Irrigation was applied when the water level inside the tube fell 5 cm below the soil surface, and the field was then re flooded to a depth of approximately 5 cm.
Installation of Field Water Tube

To monitor the field water depth, PVC pipes of 15 cm diameter and 40 cm length were used as field water tubes. Each tube was perforated at 2 cm intervals along its length to permit water movement between the soil and the pipe interior. The tubes were installed vertically in each field, with 20 cm above and 20 cm below the soil surface. After irrigation, water entered the pipe through the perforations and equilibrated with the surrounding field water. The water depth inside the pipe was measured using a graduated steel scale, and the next irrigation was scheduled when the water level dropped to 5 cm below the soil surface.
Crop Establishment and Management
Rice seedlings aged 21–25 days were transplanted manually at a spacing of 15 cm × 15 cm. Uniform agronomic management practices such as land preparation, fertilizer application, and pest and disease control were followed across both treatments in accordance with the recommendations of Professor Jayashankar Telangana Agricultural University (PJTAU). Fertilizers were applied at the rate of 120:60:40 kg N:P₂O₅:K₂O ha⁻¹, with nitrogen applied in three splits at transplanting, tillering, and panicle initiation stages. Weed control was carried out by hand weeding at 20 and 40 days after transplanting (DAT).
Experimental Design and Observations
The experiment was laid out in a Randomized Block Design (RBD) with two treatments (TF and AWD) replicated across five farmers’ fields to account for location variability. Each field served as a replication. Observations were recorded on growth and yield parameters including plant height (cm), number of tillers per hill, number of panicles per hill, grains per panicle, 1000-grain weight (g) , and  grain yield (t ha⁻¹) .Water use was estimated using the sum of irrigation and effective rainfall, and water productivity was calculated as the ratio of grain yield to total water input.

Statistical Analysis

Data collected from all replications were subjected to analysis of variance (ANOVA)  using the  RBD model , and the significance of differences among treatment means was tested at the  5 per cent probability level (p ≤ 0.05) . Statistical analysis was carried out using  SPSS version 26.0  software.

Table 1 List of GAP component technologies demonstrated on farmers’ fields
	Management practice
	GAP component technology demonstrated
	Farmers’ practice

	Seed treatment
	Treated seed
	No

	Seed rate
	20kg/acre
	30 kg/acre

	Age of seedlings
	Planting young seedlings(12 -18 days)
	Nearly 30 days

	Cultivar choice
	Certified seeds: RNR 15048
	BPT 5204

	Line Sowing
	Transplanting in lines(20x20 cm) at 21 DAS
	Zig zag planting

	Herbicide application
	Application of  pre emergence herbicide Pretilachlor @ 600 ml /acre 3 to 5 days of transplanting & post emergence application of Bispyribac sodium@80-100 ml/acre
 
	Manual Weeding @3 weeks after planting

	Water management
	Alternate Wetting and Drying(AWD)


	Flooding, continuous standing water of > 5 cm


Reduction in seed rate
The optimum seed rate recommended is 20kg/acre (NFSM 2018). The  GAP intervention targeted in the present study was to reduce the seed rate to 20 kg of paddy seed in comparison to the high seed rate (25-30kg) being used by farmers. 

Cultivar Choice
The seeds of rice variety, RNR-15048 were sourced from the Professor Jayashankar Telangana State Agricultural University (PJTAU), Hyderabad and distributed to the tribal women farmers. This rice variety has fine-grain, is resistant to blast disease and has low Glycemic index (GI) and is suitable for late planted conditions in Telangana state ( PJTAU 2019).  

Line sowing
In the line planting method seedlings are planted 3-4 cm deep following 20cm x 10cm spacing with 2-3 seedlings/ hill (DAC&FW 2018).Line sowing helps to maintain uniform crop stand within  plant to plant and row to row  and avoids crop competition within crop plant and amongst weeds and provides ease of weeding
Results and Discussion
Socio-demographic characteristics

The average age of the respondents was 40 years with 1.5 years of schooling. The average area under paddy cultivation was 1.75 acres with respondents having 14 years of experience in paddy cultivation. The popular variety is the area was BPT 5204 (Samba Mahsuri). The major gaps in existing paddy cultivation practices of farmers were identified based on the bench mark survey and the subsequent GAP component technology demonstrations were taken up on fields of tribal women farmers.

Reduction in seed rate due to line sowing
The farmers reported the yield advantage of about 5-10 quintals/ha and saving in seed about 20-45% under line sowing method over the traditional transplanting rice. The greater yield may be due to the optimum plant population and there was also saving on cost of seeds. Similar findings have been reported for higher yields, (Singh et al. 2025, ICAR-NRRI 2024) reduction in seed rate (Kumar et al. 2025, Directorate of Pulses 2023) and optimization of plant population by Li et al. 2022.
Table: 2. Yield and cost saving due to Line Sowing (yield - Qtl/ha)

	Sl. No.
	Yield (ton/ha)
	 Saving of cost on seed (Rs./ha)
	Yield advantage (ton/ha)

	Line Sowing
	6.2
	3200.00
	0.7

	Zig-Zag Sowing
	5.5
	-
	


Weed management through use of herbicides
The farmers’ reported an increase in yield to the tune of 0.88 ton/ ha as a result of herbicide application and a reduction in labour cost amounting to Rs. 4231/- over the manual weeding method .Moreover, the farmers’ reported the following reasons for not using the mechanical weeder in the field as (1) lack of sufficient water to facilitate the operation; (2) difficulties with operating the weeder in the field; and (3) fear of damaging the rice crop. Similar problems faced by farmers were reported by Senthilkumar et al., 2018. 
Table 3 Yield and cost of saving on labour due to herbicide application. 
	Sl. No.
	Yield (ton/ha)
	Cost saving (Rs./ha)
	Yield advantage (ton/ha)

	1. Herbicide application
	5.66
	4231
	0.88

	2. Manual weeding
	4.80
	-
	-


Yield Gain due to adoption of GAPs
The average productivity of paddy was 4.85 t/ha without interventions. With the adoption of Good Agricultural Practices (GAPs), farmers achieved an average yield of 5.9 t/ha, resulting in a 21% increase in productivity at the project site. This improvement is consistent with recent research showing that context-specific agronomic interventions such as optimized spacing, site-specific nutrient management, precision water management, and integrated pest management can increase rice yields by 15–20% or more. Kumar et al. (2023) reported 15–18% higher yields under System of Rice Intensification (SRI), while Chaudhary et al. (2025) documented 17–19% yield increases through site-specific nutrient and resource management in rice systems. These findings indicate that adoption of GAPs can reliably narrow the yield gap in farmer fields.
Table 4 Yield Gain due to adoption of GAPs

	Yield t/ha
	Percentage yield advantage

	Without interventions
	With interventions

(GAPs)
	

	4.85
	5.9
	21.0


Effect of Water Management in Rice Cultivation

Rice cultivation under two water management systems Alternate Wetting and Drying (AWD) and Traditional Flooding (TF) followed a similar pattern of water use, with lower consumption during the initial and late-season stages and higher use during the development and mid-season stages. The maximum water was utilized during the mid-season stage, followed by the development stage. Under AWD, water use declined by 2.1 and 5.0 per cent during the initial and development stages, respectively, compared to TF, while the other stages showed negligible differences (Table 5). Overall, AWD reduced total water use from transplanting to harvesting by 14.49 per cent and from land preparation to harvesting by 12.61 per cent relative to TF. This indicates that AWD effectively reduced water use during the drying cycles that occurred primarily during the early and vegetative growth stages.
The present findings are in agreement with previous reports that AWD can substantially reduce irrigation water use without significant yield loss. Earlier studies (1, 2) demonstrated that intermittent drying during tillering enhances water use efficiency in rice. Recent research further confirms AWD’s water-saving potential, though the magnitude of reduction varies across agroecological conditions and management intensity.

Table 5 Water consumption during crop growth period under two water management practice 

	Stage


	AWD
	TF
	Percentage

	
	mm
	Mm
	AWD
	TF

	Land preparation 
	150.0
	150.0
	-
	-

	Initial stage
	135.7
	179.4
	15.8
	17.8

	Development stage
	241.9
	333.6
	28.1
	33.1

	Mid-season stage
	430.6
	435.7
	50.0
	43.3

	Late season stage
	53.0
	58.5
	6.2
	5.8

	Total (initial to harvest stage)
	861.2
	1007.2
	100.0
	100.0

	Total (land preparation to Harvest stage)
	1011.2
	1157.2
	-
	-


Entrepreneurship development: Custom Hiring activities

To promote sustainable livelihood opportunities and enhance income generation among vulnerable households, a custom hiring model was introduced in the village. Under this initiative, five destitute women received power sprayers through an asset-transfer arrangement, enabling them to provide spraying services to fellow farmers on a rental basis. By the end of the agricultural season, each woman earned an average income of Rs. 29,650/- demonstrating the economic viability of custom hiring services as a microenterprise in rural settings.

The outcomes of this initiative align with broader research on agricultural mechanization and rural entrepreneurship. Studies by the Indian Council of Agricultural Research and the Central Institute of Agricultural Engineering indicate that custom hiring centers reduce production costs for farmers while generating local employment opportunities, particularly for rural women and youth (ICAR–CIAE, 2020). Similarly, evidence from NABARD (2022) shows that asset-based livelihood interventions involving small-scale mechanization significantly enhance household income stability and promote microenterprise development among marginalized communities.

International research further reinforces these findings. Reports by the Food and Agriculture Organization highlight that women’s access to productive assets strengthens their participation in agriculture and supports rural transformation (FAO, 2018). Likewise, UN Women (2019) emphasizes that enabling women to own and manage agricultural technologies improves economic empowerment and decision-making power. In this context, the power sprayer initiative not only increased the women’s incomes but also enhanced their skills and social recognition within the community, demonstrating how targeted asset support and capacity building can foster women’s entrepreneurship in rural areas.

Awareness on high zinc rice variety 
Awareness programs were organized to educate about the zinc biofortified rice variety DRR Dhan 45  developed by the Indian Institute of Rice Research (IIRR) and released in 2016. It is the first among the high zinc rice varieties notified at the national level and has an overall mean zinc content of 22.6 ppm (Yadav et al., 2020). The sensory attributes of zinc biofortified rice were reported to be acceptable to the consumers and may form the part of their daily diets to improve the intake of micronutrients like zinc(Amtul et al.,2021)
 Conclusion

The integrated capacity-building framework demonstrated substantial improvements in productivity, cost efficiency, and resilience among tribal farm women in Nalgonda district. Water-smart practices such as AWD significantly improved yields, while herbicide-based weed management reduced labor expenses. The establishment of women-led custom hiring enterprises created new livelihood avenues and enhanced gender-inclusive development. Overall, the study highlights the transformative potential of targeted agri-food innovations—coupled with digital extension, community institutions, and women-centric interventions—in fostering sustainable socio-ecological development in tribal regions. Scaling such models can accelerate climate-resilient agricultural transitions and promote inclusive rural prosperity.
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