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Enhancing Vegetable Yield under Tribal Farming Systems: Impact of Demonstrated Interventions in Balaghat, Madhya Pradesh, India  

Abstract
The present study uses cross-sectional data collected from 150 tribal farmers in one growing season across three blocks, namely Baihar, Paraswada, and Birsa of Balaghat district, Madhya Pradesh to analyze the important vegetables production of grow based drip irrigation based technological interventions promoted under the tribal sub plan (TSP) scheme of the ICAR (Indian Council of Agricultural Research, New Delhi), Government of India. Under farmers’ practice, vegetable yields showed limited variation across blocks, with overall low productivity due to rainfed summer cultivation, absence of improved varieties, and suboptimal nutrient and water management. In contrast, the demonstrated intervention significantly enhanced yields of all vegetable crops. Mean yields of tomato, brinjal, cauliflower, and chilli increased from 210, 100, 15, and 13 kg per 25 plants under farmers’ practice to 356, 230, 40, and 33 kg per 25 plants, respectively, resulting in an overall yield increase of nearly 94 percent. Higher extension gaps compared to technology gaps across crops indicated that yield losses were primarily due to non-adoption of recommended practices. Technology index values (11.1–23.3%) confirmed the technical feasibility of the intervention under farmers’ field conditions. Economic analysis further revealed that the demonstration technology substantially improved net income (Rs. 18,056–18,477) and the benefit–cost ratio (2.84–2.91) compared to farmers’ practice (B:C ratio 1.36–1.43), despite a marginal increase in cultivation costs. The study demonstrates that grow-bag–based drip irrigation systems significantly enhance vegetable productivity, profitability, and resource-use efficiency, offering a viable and scalable solution for improving the livelihoods and nutritional security of tribal farmers.
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1. Introduction
The Scheduled Tribes (ST) in India are generally known as ‘Adivasis,’ meaning indigenous people or original inhabitants of the country (Tiwary, 2020). The tribal communities are geographically isolated, socially neglected, and economically exploited and are the most vulnerable section in society. Besides, tribals have abundant natural resources, but they are the most marginalized and disadvantaged communities of the Indian society. Indian tribal people are the worst off in terms of income, health, education, nutrition, infrastructure and governance. The government needs to pay more focused attention to tribes as they lack the basic conditions like communication, transport and relationship with the city or town. The Tribal Sub Plan (TSP) is one of the ambitious strategies that reflects the Indian Government’s special concern and commitment to the well-being of the Scheduled Tribes (ST) who suffer due to their social and economic backwardness and relative isolation. The strategy of TSP (initiated in the seventies earlier and as the Special Component Plan for Scheduled Tribes) is in force from the Sixth Five Year Plan, with an aim to ensure a proportionate flow of plan resources for the development of Scheduled Tribes. This umbrella strategy aims to empower the ST population by, for example, (i) increasing the income of the target population through various income generating schemes, skill development and infrastructure development; and (ii) reducing the incidence of poverty among the target population (Kamble, 2023).In accordance with the 2011 census Indian Scheduled Tribes (ST) population is 10.43 crore, which is 8.6 % of the total population living in 15% of the total land. Vegetable cultivation plays a vital role in ensuring nutritional security, income generation, and livelihood sustainability for tribal farmers. In India, vegetables contribute significantly to agricultural diversification and employment generation; however, their productivity often remains low due to poor crop management, limited access to quality inputs, and inadequate adoption of improved technologies. Farmers’ traditional practices are generally characterized by the use of local varieties, imbalanced fertilizer application, poor pest and disease management, and inefficient planting techniques. In contrast, grow bag drip irrigation based demonstrated technologies and various important inputs developed through research and extension systems—emphasize improved varieties, scientific nutrient management, plant protection measures, and optimized cultural practices. Among these, grow bag cultivation combined with overhead irrigation systems has gained prominence due to its potential to enhance productivity while optimizing resource use. Vegetable crops such as tomato (Solanum lycopersicum), brinjal (Solanum melongena), chilli (Capsicum spp.), and cauliflower (Brassica oleracea) constitute major components of India’s horticultural sector, contributing substantially to dietary diversity, farm income, and rural employment (Anonymous, 2023). The integration of grow bag cultivation with overhead irrigation offers multiple agronomic and economic advantages, including efficient water use, improved nutrient management, and the feasibility of high-density planting. In Madhya Pradesh, particularly in Balaghat district, the adoption of grow bag cultivation is being actively promoted under government initiatives such as the Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) and the Mission for Integrated Development of Horticulture (MIDH). These schemes encourage the use of micro-irrigation technologies, including overhead sprinklers and drip systems, to improve water-use efficiency and ensure climate-resilient vegetable production in water-scarce regions (Anonymous, 2022). Balaghat district is characterized by mono-cropping systems and extended fallow periods, which constrain farm income and contribute to seasonal migration. In this context, grow bag cultivation integrated with overhead irrigation represents a sustainable production strategy by enabling the utilization of otherwise underused spaces for year-round vegetable cultivation. This system not only supports crop diversification but also enhances livelihood security, reduces migration pressure, and strengthens local food and nutritional security (Thakur et al., 2021). Frontline and on-farm demonstrations serve as an effective extension approach to showcase the yield potential of improved technologies under real farming conditions. The present study was therefore undertaken to compare the yield performance of selected vegetable crops under farmers’ practice and demonstrate intervention across different blocks and to quantify the yield advantages of improved technologies.
2. Materials and Methods
2.1 Description of the Study Area
The study was conducted during 2024-25 in the tribal blocks of Paraswada, Birsa, and Baihar located in the Balaghat district of Madhya Pradesh, India. The area lies within the forested Satpura range of central India and is characterized by hilly terrain and a high concentration of tribal population. Geographically, the study area is situated between 21- 22°N latitude and 80-81°E longitude (Fig. 1). The region experiences a sub-tropical climate with hot summers, a well-defined southwest monsoon, and cool winters. Annual rainfall ranges from 1294.5 to 1505 mm, with July being the wettest month, receiving approximately 504 mm of rainfall. Maximum summer temperatures reach up to 43°C, while minimum winter temperatures range between 8°C and 13°C. Relative humidity during the monsoon season remains high (70–75%), whereas the summer months are comparatively dry. The topography comprises alluvial plains and undulating landscapes, and the predominant soil types are black cotton and sandy loam soils.
Fig. 1: Map of Balaghat District of Madhya Pradesh, India(Blue circles show the    research area)

2.2 Experimental Details
2.2.1. Technology intervention: The selected tribal blocks are predominantly characterized by marginal and small landholdings, with mono-cropping of rice during the Kharif season due to limited irrigation facilities. This production system leads to low farm income, nutritional insecurity, and persistent poverty among tribal households, as well as vegetable cultivation in Balaghat district of Madhya Pradesh is largely small-scale, with about 52.5 per cent of farmers being smallholders, and is gradually shifting from subsistence to commercial production, focusing mainly on crops such as tomato, brinjal, chilli, and cauliflower. However, vegetable farming in the region is constrained by limited technical knowledge and heavy dependence on rainfed conditions. To overcome these constraints and enhance the livelihood and nutritional security of tribal farmers, a location-specific intervention was implemented under the ICAR-tribal sub-plant funded project (Table 1). To gain in-depth insights into the local context and farming practices, various Participatory Rural Appraisal (PRA) tools were employed for baseline assessment of the study area. A total of 150 tribal households, comprising 50 beneficiaries from each selected block, were supported through grow bag-based vegetable cultivation using a gravitational drip irrigation system. The intervention was supplemented with intensive training programmes and exposure visits to strengthen farmers’ technical capacity. Each beneficiary was provided with a complete input package consisting of a 300-litre water tank, an iron frame, a drip irrigation pipeline, grow bags, enriched vermicompost, and healthy seedlings of improved vegetable varieties, namely brinjal (Utkal VNR), tomato (Saaho), chilli (Pride), and cauliflower (1522). The entire system was installed under project supervision, followed by farmer orientation on system operation and maintenance. Regular monitoring and supervision were carried out by the project team to ensure proper implementation and adoption of the technology. At harvest, yield data were recorded from both the demonstration plots and the farmers’ practice plots. Subsequently, the cost of cultivation, net income, and cost–benefit ratio were computed. Finally, the average cost of cultivation, yield, and net returns of participating farmers were analyzed using appropriate statistical formulas.
2.2.2 Data Analysis
The crop performance was monitored at regular intervals by scientists from the College of Agriculture, Balaghat, and the recommended advisory practices were strictly followed. At the time of harvest, yield data were recorded separately for both the demonstration plots and the farmers’ practice plots. Subsequently, the cost of cultivation, net income, and cost–benefit ratio were calculated. Finally, the average values of cost of cultivation, yield, and net returns across different farmers were analyzed using the appropriate formula.
Average = (F1 + F2 + F3……………+ Fn)
		             N
Where, F = Farmer (s) N = No. of farmers

In the present investigation, the technology index was defined as an indicator of the technical feasibility achieved through the implementation of front-line demonstrations. The technology gap, extension gap, and technology index were calculated using the formulas proposed by Samui et al. (2000).

(i) Technology Gap= Pi (Potential yield)- Di (Demonstration yield)

(ii) Extension Gap= Di (Demonstration yield) – Fi (Farmers' yield)

(iii) Technology index= Potential yield-Demonstration yield   X 100
			Potential yield


(iv) B:C ratio = 	Net  income  (Rs ha-1 )
		           Cost of cultivation (Rs ha-1)



(v) Percent increased over farmers' practices = 
Improved practices- Farmers' practices  X 100
							Farmers practices

Table 1. Technological interventions under farmers’ practices and demonstration intervention.
	S.no
	Technology intervention
	Demonstration intervention
	Farmers practice
	Gap

	1
	Selection of variety
	1. Brinjal (UtkalVNR) 2. Tomato (Saaho)     3. Chilli (Pride) 4.Cauliflower (1522)
	Age old verity
	Partial gap

	2
	Seed treatment
	Carbendazim+Mencozeb @3g/kg seed treatment
	No application
	Fully gap

	3
	Soil treatment
	Trichodarmaviridae
	No application
	Fully gap

	4
	Method of transplanting
	100 HDPE/UV-stabilized grow bags
	Flatbed transplanting
	Fully gap

	5
	Transplanting time
	First Fortnight of March
	First Fortnight of March
	No gap

	6
	Nutrient management
	Enriched vermicompost
	No application
	Fully gap

	7
	Irrigation method
	Drip irrigation method 
	Manually 
	Fully gap

	8
	Harvesting
	Manually
	Manually
	No gap

	9
	Weed Management
	100 HDPE/UV-stabilized grow bags control weed
	Manually
	Partial gap

	10
	Plant protection
	Organic farming practices
	Indiscriminate use of pesticides
	Fully gap


3. Results and Discussion
3.1 Demonstrations of technological intervention: College of Agriculture, Balaghat scientists and farmers made efforts collaboratively for making a difference in higher production and productivity of various vegetables in the Balaghat district of Madhya Pradesh.The major differences observed between the demonstration field and farmers’ practices are regarding recommended varieties, seed treatment, Soil treatment, grow bag-based plantation methods, enriched vermin-composed, drip irrigation method and plant protection measures. Details of the demonstration package and existing practices (farmer’s practice) of vegetable cultivation are given in Table 1, and a series of capacity-building initiatives, including trainings, field days, focused group discussions, and exposure visits, were systematically conducted, complemented by the dissemination of information materials such as leaflets, pamphlets, and popular articles. These outreach efforts played a vital role in simplifying technical knowledge and promoting hands-on learning among tribal farmers. Farmers’ exposure to training programs enhances their confidence in adopting new technologies and mitigates the negative impact of a lack of formal education on their decision-making process. The superiority of the recommended package of practices under frontline demonstration over farmers’ practice was reported by (Choudhary et al.,2023; Basediya et al., 2023; Markam et al., 2019).
3.2  Yield Performance under Farmers’ Practice
Under farmers’ practice, vegetable yield per season (kg per 25 plants) varied marginally across the three tribal blocks of Baihar, Paraswada, and Birsa (Table 2). The mean tomato yield ranged from 209 to 211 kg per 25 plants, with no significant difference among the blocks (p = 0.96). Similarly, brinjal yield remained statistically at par across locations, recording values between 99 and 101 kg per 25 plants (p = 0.82). These results indicate a relatively uniform performance of tomato and brinjal under traditional cultivation practices, largely influenced by similar agro-climatic conditions and production constraints across the blocks. In contrast, Cauliflower yield exhibited a significant variation among the blocks (p = 0.004). The highest Cauliflower yield was observed in Baihar (17 ± 2.8 kg per 25 plants), followed by Birsa (15 ± 1.9 kg per 25 plants), whereas Paraswada recorded the lowest yield (14 ± 2.4 kg per 25 plants). This variation may be attributed to differences in soil fertility status, crop management practices, and localized microclimatic conditions. Chilli yield, however, did not differ significantly among the blocks (p = 0.88), with an average yield of 13 kg per 25 plants. The total vegetable yield under farmers’ practice ranged from 335 to 342 kg per 25 plants. Although minor numerical differences were observed, the overall production levels were low, reflecting the limitations of rainfed cultivation during the summer season, the absence of improved varieties, and inadequate nutrient and water management practices. The mean total yield under farmers’ practice remained substantially constrained, resulting in limited farm income and nutritional output. These results align with previous studies by Eigenbrod & Gruda, )2015(; Kurmi et. al. (2022), which also reported yield boosts in urban and peri-urban agriculture using container systems.
3.3 Yield Performance under grow bag drip irrigation based demonstrated Intervention
The grow bag drip irrigation based demonstrated intervention resulted in a marked improvement in yield of all vegetable crops across the study area (Table 2). Tomato yield under the intervention ranged from 353 to 357 kg per 25 plants, with no significant variation among the blocks (p = 0.93). The uniform and enhanced performance can be attributed to the adoption of improved varieties, optimized planting density in a grow bag, precise nutrient management, and assured water supply through the gravitational drip irrigation system. Brinjal yield under the demonstrated intervention also showed substantial improvement, recording yields between 228 and 231 kg per 25 plants. The absence of significant differences among blocks (p = 0.98) suggests consistent adoption and effectiveness of the recommended package of practices across locations. Similarly, Cauliflower yield increased markedly, with values ranging from 39 to 41 kg per 25 plants, and remained statistically non-significant across blocks (p = 0.64). Chili yield followed a similar trend, recording yields between 31 and 33 kg per 25 plants (p = 0.71). The total vegetable yield under the demonstrated intervention ranged from 651 to 662 kg per 25 plants, which was nearly double that of farmers’ practice. The consistency in total yield across blocks highlights the technical feasibility and scalability of the intervention. Improved water-use efficiency with the grow bag technique, balanced fertilization, healthy seedlings, and continuous technical supervision collectively contributed to higher biomass production and improved crop productivity. Likewise, findings by (Yadav et al., 2024; Eigenbrod & Gruda, 2015) reinforce the benefits of protected cultivation and grow bag systems, particularly in enhancing crop productivity through optimal management of plant-soil-water interactions.


3.4 Comparative Yield Advantage of Demonstrated Intervention over Farmers’ Practice
A comparative analysis revealed a substantial yield advantage of the demonstrated intervention over farmers’ practice for all vegetable crops (Fig 2). On average, tomato yield increased from 210 kg to 356 kg per 25 plants, while brinjal yield increased from 100 kg to 230 kg per 25 plants. Cauliflower and chili yields also showed pronounced improvement, increasing from 15 to 40 kg and from 13 to 33 kg per 25 plants, respectively. Overall, the mean total vegetable yield increased from approximately 339 kg per 25 plants under farmers’ practice to about 658 kg per 25 plants under the demonstrated intervention, indicating an increase of nearly 94 percent. Similar work reported by (Singh et al., 2018; Choudhary et al., 2022; Misra et. al., 2019). The substantial increase in yield under the demonstrated intervention was mainly due to the adoption of improved varieties, balanced nutrient management, and efficient irrigation integrated management, which collectively enhanced plant growth, productivity, and resource-use efficiency. The technology intervention significantly reduced the yield gap and nearly doubled the total vegetable yield, thereby improving overall productivity, economic returns, and sustainability compared to farmers’ traditional practices.
Table 2: Yield performance of vegetables under farmers' practice and demonstrated intervention.
	Yield in farmers' practice

	S.no
	Name of Block
	Yield per season (kg per 25 plants)

	
	
	Tomato
	Brinjal
	Cauliflower
	Chili
	Total

	1 
	Baihar
	211a±6.2
	101a ±5.6
	17a ±2.8
	13a ±1.7
	342a ± 9.0

	2 
	Paraswada
	209 a ±5.9
	99 a ±7.2
	14b ±2.4
	13a ±1.6
	335a±9.7

	3 
	Birsa 
	211a ±2.7
	100a ±3.8
	15ab±1.9
	13a ±1.0
	339ab±5.1

	Mean
	210*
	100*
	15*
	13*
	

	p-value 
	0.96
	0.82
	0.004
	0.88
	

	Yield in demonstrated intervention

	1 
	Baihar
	353a±11.7
	228a ±12.1
	39 a ±3.5
	31a ±2.2
	651a±17.3

	2 
	Paraswada
	357 a ±9.2
	231a ±11.0
	41a ±3.4
	33a ±2.6
	662a±15.0

	3 
	Birsa 
	357a ±9.8
	230a ±11.6
	40a ±3.1
	33a ±2.4
	660a±15.7

	Mean
	356 *
	230 *
	40 *
	33*
	

	p-value 
	0.93
	0.98
	0.64
	0.71
	


	*Showed significant difference between farmers practices and demonstrated intervention; Different alphabet showed significant difference at 0.05 for LSD test 



Table 3: Technological gap, extension gap, technology index and present increase in yield of vegetables (kg per 25 plants) in all three blocks.
	S.no
	Crop
	Farmers practice yield (kg)
	Demonstrated yield (kg)
	Technology gap (kg)
	Extension gap (kg)
	Technology
Index (%)
	Percent increase in yield (%)

	1
	Tomato
	210
	356
	94
	146
	20.8
	69.5

	2
	Brinjal
	100
	230
	70
	130
	23.3
	130.0

	3
	Cauliflower
	15
	40
	05
	25
	11.1
	166.7

	4
	Chili
	13
	33
	09
	20
	21.4
	153.8



The results presented in Table 3 clearly indicate that the demonstrated intervention significantly enhanced the yield performance of all vegetable crops compared to farmers’ practice. Tomato yield increased from 210 kg per 25 plants under farmers’ practice to 356 kg under the demonstrated intervention. The extension gap of 146 kg reflects a substantial yield advantage attributable to the adoption of improved production technologies. The technology gap was estimated at 94 kg, resulting in a technology index of 20.8 per cent, suggesting moderate limitations in achieving the potential yield under farmers’ field conditions. Overall, tomato recorded a 69.5 per cent increase in yield over farmers’ practice. In brinjal, the demonstrated yield (230 kg per 25 plants) was more than double that of farmers’ practice (100 kg per 25 plants). The extension gap of 130 kg highlights a wide disparity between traditional and improved practices, while the technology gap of 70 kg led to a technology index of 23.3 per cent, indicating partial constraints in realizing the full yield potential. Despite these limitations, brinjal exhibited a substantial yield increase of 130 per cent over farmers’ practice, reflecting the high responsiveness of the crop to improved management practices. Cauliflower recorded the highest relative yield improvement among the studied crops. Yield increased from 15 kg per 25 plants under farmers’ practice to 40 kg under the demonstrated intervention. The extension gap of 25 kg indicates considerable scope for productivity enhancement through technology adoption. The technology gap was minimal (5 kg), resulting in a low technology index of 11.1 per cent, which signifies high technical feasibility and better adaptability of the demonstrated technology under field conditions. Consequently, Cauliflower registered the highest percent increase in yield (166.7%) over farmers’ practice. Similarly, chili yield increased markedly from 13 kg per 25 plants under farmers’ practice to 33 kg under the demonstrated intervention. The extension gap of 20 kg reflects the positive impact of improved crop management practices. The technology gap of 9 kg and a technology index of 21.4 per cent indicate moderate constraints in achieving potential yield. Nevertheless, chili showed a substantial yield increase of 153.8 per cent over farmers’ practice, underscoring the effectiveness of the demonstrated intervention. Overall, the extension gap across all crops was considerably higher than the technology gap, suggesting that the major yield losses under farmers’ practice were primarily due to non-adoption of recommended technologies rather than agro-climatic limitations. The relatively low to moderate technology index values (11.1–23.3%) indicate good feasibility of the demonstrated interventions under farmers’ field conditions. These findings highlight the critical role of effective extension strategies in bridging yield gaps and improving vegetable productivity, which is consistent with earlier reports on front-line demonstration studies (Samui et al., 2000; Dayanand et al., 2012; Thakur et. al., 2025).



Table 4: Economic analysis of farmers’ practices and demonstration intervention.
	S.no
	Name of blocks
	Farmers practices
	Demonstration intervention

	
	
	Cost of cultivation
	Gross income
	Net income
	B: C ratio
	Cost of cultivation
	Gross income
	Net income
	B: C ratio

	1
	Baihar
	5350
	12977
	7627
	1.43
	6350
	24406
	18056
	2.84

	2
	Paraswada
	5350
	12645
	7295
	1.36
	6350
	24827
	18477
	2.91

	3
	Birsa
	5350
	12829
	7479
	1.40
	6350
	24788
	18438
	2.90


The economic analysis (kg per 25 plants) clearly demonstrates the superiority of the grow bag drip irrigation demonstration technology over farmers’ practices across all three blocks (Table 4). Under farmers’ practices, the cost of cultivation remained uniform at Rs. 5,350 per unit, resulting in relatively low gross income (Rs.12,645–12,977), net income (Rs.7,295–7,627), and benefit–cost (B: C) ratio (1.36–1.43). These modest returns can be attributed to lower productivity arising from traditional crop management practices, limited input use efficiency, and suboptimal yields. In contrast, the demonstration technology involved a slightly higher cost of cultivation (Rs.6,350), reflecting the use of improved inputs and better crop management practices; however, this additional investment led to a substantial increase in gross income (Rs.24,406–24,827) and net income (Rs.18,056–18,477). Consequently, the B:C ratio under demonstration technology improved markedly, ranging from 2.84 to 2.91, indicating significantly higher economic efficiency and profitability. The consistent economic gains observed across all blocks suggest that the improved technology enhanced yield levels and marketable surplus without proportionately increasing production costs. Overall, the higher net returns and B: C ratio under demonstration technology underscore its economic viability and potential for adoption, highlighting that investment in improved production practices results in greater profitability and income security for farmers. These findings strongly reinforce the economic viability of adopting grow bag–based production systems. The observed improvements in income and profitability are consistent with the findings of (Eigenbrod & Gruda 2015; Kumar et. al., 2018; Singh et. al., 2018; Thakur et. al., 2025; Choudhary et. al.,2022), who emphasized that container-based vegetable cultivation under controlled environments enhances income stability while reducing production risks, particularly for smallholder farmers. By enabling efficient resource use and better crop management, grow bag–based systems offer a reliable pathway for improving economic resilience in small-scale farming systems.
4. Conclusion: 
Grow bag drip irrigation-based demonstrations gave higher yield and net return with improved production technologies than the existing tribal farmers' practices due to increased awareness and use of improved variety, crop protection, enriched vermicompost and production technologies. The extension gap indicating the need to educate and enhance the skills of the tribal farmers through various extension approaches for the adoption of the latest technology package, will subsequently change this alarming trend of galloping extension gap. The technology index indicated the feasibility of the demonstrated vegetable production technology. Tribal farmers were motivated by performance technological interventions in the demonstration and it is expected that they would adopt and spread these packages and practice technologies in the coming years in the adjacent areas and villages. 
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Fig 2: Comparative yield of Vegetables: Farmers practice vs Demonstrated Intervention
Farmers Practice	Tomato	Brinjal	Cauliflower	Chili	Total	210	100	15	13	338	Demonstrated Intervention	Tomato	Brinjal	Cauliflower	Chili	Total	356	230	40	33	659	
Yield (Kg per 25 plants)
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