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Abstract
The efficient use of irrigation water has become a critical concern in Indian agriculture due to increasing water scarcity and declining groundwater levels. Drip irrigation is widely promoted as a water-saving technology, particularly for vegetable cultivation; however, its adoption remains limited among farmers. The present study examines the constraints faced by farmers in adopting drip irrigation for vegetable crops in selected districts of eastern Uttar Pradesh. Primary data were collected from 120 non-adopting tomato and chilli growers across Sonbhadra and Mirzapur districts using a structured survey schedule. Garrett’s ranking technique was employed to identify and prioritise major constraints affecting adoption. The results reveal that high maintenance costs emerged as the most severe constraint, followed by limited crop diversification, clogging of drippers, and lack of access to subsidy facilities. High initial investment and damage to drip systems by animals and rodents were also reported as significant barriers. Institutional and extension-related constraints, though relatively less severe, continue to influence adoption decisions. The study highlights that economic sustainability and operational reliability play a more decisive role than awareness alone in shaping farmers’ adoption behaviour. Addressing these constraints through targeted financial support, improved technical services, and strengthened extension mechanisms is essential for promoting drip irrigation and achieving sustainable water management in vegetable cultivation. From a policy perspective, the findings underscore the need for targeted financial support mechanisms, simplification of subsidy delivery systems, improved after-sales technical services, and strengthened extension support to address the most binding constraints and enhance the adoption of drip irrigation for sustainable water management in vegetable cultivation.
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Introduction
Agriculture remains the primary source of livelihood for a large proportion of the population in India, and irrigation plays a crucial role in enhancing agricultural productivity, cropping intensity, and farm income. However, increasing pressure on water resources, declining groundwater levels, and inefficient use of irrigation water have emerged as major challenges to sustainable agricultural growth, particularly in semi-arid and water-scarce regions (Dhawan, 1988; Shah, 2009; FAO, 2020; NITI Aayog, 2019). Traditional methods of irrigation, such as flood irrigation, are characterized by low water use efficiency and substantial conveyance and application losses, which further aggravate water scarcity and reduce irrigation effectiveness (Postel et al., 2001; Narayanamoorthy, 2005).
In this context, drip irrigation has been promoted as an efficient micro-irrigation technology that delivers water directly to the crop root zone, thereby reducing water losses, improving water productivity, and enhancing crop yields (Sivanappan, 1994; Rosegrant et al., 2002). Numerous experimental and field-based studies have demonstrated that drip irrigation not only conserves water but also reduces input use, lowers the cost of cultivation, and increases profitability, especially in vegetable crops (Kumar & Palanisami, 2010; Narayanamoorthy & Devika, 2017; Narayanamoorthy et al., 2018; Birthal et al., 2020). Owing to these advantages, drip irrigation has been identified as a key component of sustainable and climate-resilient agriculture and is actively promoted through government programmes and subsidy schemes (FAO, 2017).
Despite these demonstrated economic and environmental benefits, the adoption of drip irrigation remains limited and uneven across regions, particularly among small and marginal farmers (Narayanamoorthy, 2010; Deshpande & Narayanamoorthy, 2001). In states like Uttar Pradesh, where vegetable cultivation is expanding and water stress is increasing, the adoption rate of drip irrigation is still relatively low. This suggests that factors beyond technical efficiency and profitability influence farmers’ adoption decisions, including economic, institutional, and operational constraints (Shah, 2009; Palanisami et al., 2015; Singh et al., 2018; Birthal et al., 2020).
A review of existing literature indicates that a substantial body of research has focused on evaluating the economic viability, water-saving potential, and productivity impacts of drip irrigation using experimental station data or farm-level comparisons between drip and flood irrigation (Sivanappan, 1994; Kumar & Palanisami, 2010). While these studies clearly establish the superiority of drip irrigation in terms of efficiency and profitability, relatively fewer studies have examined the adoption process from the farmers’ perspective, particularly in eastern and south-eastern regions of Uttar Pradesh. Most of the available studies on constraints in drip irrigation adoption are either region-specific to western or southern India or are based on limited samples and descriptive analysis. Moreover, many studies treat adoption constraints in a general manner without systematically ranking them based on their relative severity. As a result, policy recommendations often lack prioritization and fail to address the most binding constraints faced by farmers. Furthermore, existing studies often emphasize technical and economic aspects of drip irrigation while under-representing institutional, subsidy-related, and extension-linked constraints that strongly influence farmers’ adoption decisions. In regions characterized by small landholdings, limited access to credit, and weak extension services, these factors become particularly important. Thus, understanding the constraints faced by farmers in adopting drip irrigation is therefore critical for designing effective policies and interventions that can accelerate the diffusion of this technology.
Against this background, the present study undertakes a detailed, field-based examination of the constraints influencing the adoption of drip irrigation among vegetable growers in selected districts of eastern Uttar Pradesh. Using primary data collected from farmers and applying Garrett’s ranking technique, the study systematically assesses and prioritizes economic, technical, and socio-institutional barriers that affect adoption decisions. By identifying the most binding constraints faced at the farm level, the study generates empirical insights that contribute to a better understanding of adoption behaviour and provide a practical basis for designing targeted policy interventions, strengthening extension services, and improving the effectiveness of micro-irrigation development programmes aimed at promoting sustainable irrigation practices.
Materials and Methods
Several factors constrained the adoption of drip irrigation by non-adopters. The analysis of constraints in the adoption of drip irrigation was carried out using primary data collected through a structured and pre-tested survey schedule. The data pertained mainly to drip irrigation non-adopters cultivating tomatoes and chillies in the Ghorawal and Robertsganj blocks of Sonbhadra district, and the Patehara block of Mirzapur district of Uttar Pradesh, India. From each block, data were collected from 40 farmers cultivating tomato and chilli. Accordingly, a total sample of 120 farmers was selected for the study. The analysis focused on non-adopters to capture the perceived barriers preventing adoption, which is essential for designing effective policy interventions, and thus the selected respondents were non-adopters of drip irrigation and were engaged in the cultivation of tomato and chilli crops. 
A total of 12 major constraints were identified based on review of literature, field interactions with farmers, consultation with extension personnel, and pre-testing of the survey schedule.
Table 1: Constraints faced by farmers
	[bookmark: _Hlk105596847]Code
	Constraints

	C1
	Heavy initial expenses for the installation of the drip system

	C2
	High maintenance cost

	C3
	Lack of access to subsidy facilities

	C4
	Drips are energy-intensive systems

	C5
	Requires training and skills 

	C6
	Clogging of drippers problems 

	C7
	Poor after-sales service by drip companies

	C8
	Interference with agronomic activities

	C9
	Limited or no extension programs about Drips (Lack of Technical Knowledge)

	C10
	Lack of awareness about the long-term benefits of drip irrigation

	C11
	Limits crop diversification

	C12
	The drip system gets damaged by animals and rodents


Henry Garrett’s ranking technique
To identify and prioritize the constraints affecting the adoption of drip irrigation, Garrett’s Ranking Technique was employed. Each respondent was asked to rank the listed constraints according to the degree of severity experienced by them,
where:
· Rank 1 = most severe constraint
· Higher rank = relatively less severe constraint
The ranks assigned by individual farmers were converted into percent position using the following formula:

where:
· Rij = Rank given to the iᵗʰ constraint by the jᵗʰ respondent
· Nj = Total number of constraints ranked by the jᵗʰ respondent
The percent positions were then converted into Garrett scores using the Garrett and Woodworth conversion table. For each constraint, mean Garrett scores were computed by averaging the scores across all respondents. Finally, constraints were ranked in descending order of mean score, with the highest score indicating the most critical constraint.
Table 2: Percentage positions and their corresponding Garett’s table values
	Rank
	Formula
	Percentage Position
	Score

	1
	100*(1-0.5)/12
	4.17
	84

	2
	100*(2-0.5)/12
	12.5
	73

	3
	100*(3-0.5)/12
	20.83
	67

	4
	100*(4-0.5)/12
	29.17
	61

	5
	100*(5-0.5)/12
	37.5
	57

	6
	100*(6-0.5)/12
	45.83
	53

	7
	100*(7-0.5)/12
	54.17
	48

	8
	100*(8-0.5)/12
	62.5
	44

	9
	100*(9-0.5)/12
	70.83
	40

	10
	100*(10-0.5)/12
	79.17
	34

	11
	100*(11-0.5)/12
	87.5
	28

	12
	100*(12-0.5)/12
	95.83
	17


Source: Author’s calculations
Result and Discussion
The constraints encountered by farmers in adopting drip irrigation were analysed using Garrett’s ranking technique, which enabled prioritisation of constraints based on their perceived severity. The results reveal that farmers face a combination of economic, technical, institutional, and operational constraints, with economic and system-related issues emerging as the most critical. Among all constraints, the high maintenance cost of drip irrigation systems emerged as the most severe constraint, securing the first rank with the highest mean score. Farmers reported that recurring expenses related to repair, replacement of emitters, filters, laterals, and labour for maintenance significantly increased the operational cost of the system. These recurring costs reduce the perceived economic advantage of drip irrigation, particularly for small and marginal farmers who operate under tight financial conditions.
The second most severe constraint was limited crop diversification under drip irrigation. Farmers expressed concerns that drip systems are often designed for specific crops and spacing, making it difficult to shift to alternative crops or adopt flexible cropping patterns. This rigidity discourages farmers who prefer diversified vegetable cultivation as a strategy to reduce market and production risks. The problem of clogging of drippers was ranked third, highlighting a major technical limitation of the system. Frequent clogging due to poor water quality, sedimentation, and inadequate filtration was reported to disrupt uniform water distribution and increase maintenance requirements. This technical unreliability discourages farmers from adopting drip irrigation, especially in areas where groundwater quality is suboptimal. Lack of access to subsidy facilities ranked fourth, indicating that although subsidy schemes exist, farmers face difficulties in availing them. Procedural delays, complex documentation, and a lack of clarity regarding eligibility were cited as major hurdles. This constraint weakens the effectiveness of government support mechanisms aimed at promoting micro-irrigation technologies. The constraint of heavy initial expenses for installing drip irrigation was ranked fifth. Despite long-term benefits, the high upfront investment required for system installation remains a deterrent, particularly for farmers with small landholdings and limited access to institutional credit. This finding suggests that initial capital constraints continue to restrict technology adoption. Damage to drip systems by animals and rodents occupied the sixth rank. Farmers reported frequent damage to pipes and laterals, especially in open fields, leading to additional repair costs and system downtime. This constraint further adds to maintenance-related concerns and increases farmers’ risk perception. Operational challenges such as the requirement of training and technical skills and interference with routine agronomic activities were ranked seventh and eighth, respectively. Farmers indicated that operating drip systems requires a certain level of technical understanding, and improper handling can reduce system efficiency. Additionally, the presence of pipelines sometimes interferes with intercultural operations such as weeding and harvesting, particularly in vegetable crops.
Table 3 (I): Frequency and Mean Garrett Score of constraints (C1-C6)
	Rank
	C1
	C2
	C3
	C4
	C5
	C6

	
	Freq
	GM Score
	Freq
	GM Score
	Freq
	GM Score
	Freq
	GM Score
	Freq
	GM Score
	Freq
	GM Score

	1
	9
	6.3
	37
	25.9
	21
	14.7
	4
	2.8
	1
	0.7
	13
	9.1

	2
	15
	9.13
	25
	15.21
	4
	2.43
	4
	2.43
	17
	10.34
	18
	10.95

	3
	0
	0
	10
	5.58
	11
	6.14
	10
	5.58
	4
	2.23
	17
	9.49

	4
	19
	9.66
	7
	3.56
	9
	4.58
	10
	5.08
	12
	6.1
	3
	1.53

	5
	16
	7.6
	23
	10.93
	20
	9.5
	4
	1.9
	5
	2.375
	17
	8.08

	6
	10
	4.42
	6
	2.65
	5
	2.21
	16
	7.07
	13
	5.74
	9
	3.98

	7
	16
	6.4
	10
	4
	3
	1.2
	13
	5.2
	13
	5.2
	14
	5.6

	8
	9
	3.3
	2
	0.73
	19
	6.97
	7
	2.57
	13
	4.77
	2
	0.73

	9
	10
	3.33
	0
	0
	11
	3.67
	6
	2
	6
	2
	2
	0.67

	10
	8
	2.27
	0
	0
	11
	3.12
	6
	1.7
	8
	2.27
	17
	4.82

	11
	0
	0
	0
	0
	6
	1.4
	14
	3.27
	14
	3.27
	5
	1.17

	12
	8
	1.13
	0
	0
	0
	0
	26
	3.68
	14
	1.98
	3
	0.43

	GM Score
	
	53.53
	
	68.56
	
	55.91
	
	43.28
	
	46.98
	
	56.53

	Rank
	
	5
	
	1
	
	4
	
	9
	
	7
	
	3


Source: Author’s calculations
Table 3 (II): Frequency and Mean Garrett Score of constraints (C7-C12)
	Rank
	C7
	C8
	C9
	C10
	C11
	C12

	
	Freq
	GM Score
	Freq
	GM Score
	Freq
	GM Score
	Freq
	GM Score
	Freq
	GM Score
	Freq
	GM Score

	1
	4
	2.8
	2
	1.4
	3
	2.1
	10
	7
	13
	9.1
	3
	2.1

	2
	0
	0
	1
	0.61
	8
	4.87
	0
	0
	24
	14.6
	4
	2.43

	3
	17
	9.49
	0
	0
	0
	0
	10
	5.58
	23
	12.84
	18
	10.05

	4
	1
	0.51
	11
	5.59
	8
	4.07
	0
	0
	17
	8.64
	23
	11.69

	5
	0
	0
	10
	4.75
	9
	4.275
	9
	4.275
	3
	1.425
	4
	1.9

	6
	9
	3.98
	9
	3.98
	7
	3.09
	8
	3.53
	19
	8.39
	9
	3.98

	7
	6
	2.4
	5
	2
	8
	3.2
	1
	0.4
	3
	1.2
	28
	11.2

	8
	14
	5.13
	17
	6.23
	13
	4.77
	12
	4.4
	10
	3.67
	2
	0.73

	9
	13
	4.33
	48
	16
	12
	4
	7
	2.33
	0
	0
	5
	1.67

	10
	25
	7.08
	6
	1.7
	21
	5.95
	18
	5.1
	0
	0
	0
	0

	11
	21
	4.9
	9
	2.1
	14
	3.27
	15
	3.5
	7
	1.63
	15
	3.5

	12
	10
	1.42
	2
	0.28
	17
	2.41
	30
	4.25
	1
	0.14
	9
	1.28

	GM Score
	
	42.04
	
	44.64
	
	41.99
	
	40.38
	
	61.64
	
	50.53

	Rank
	
	10
	
	8
	
	11
	
	12
	
	2
	
	6


Source: Author’s calculations









Fig 1: Mean Distribution of Constraints
Table 4: Constraints in the adoption of the drip irrigation technique
	Code
	Mean Score
	Rank
	Constraints

	C1
	53.53
	5
	Heavy initial expenses for the installation of the drip system

	C2
	68.56
	1
	High maintenance cost

	C3
	55.91
	4
	Lack of access to subsidy facilities

	C4
	43.28
	9
	Drips are energy-intensive systems

	C5
	46.98
	7
	Requires training and skills

	C6
	56.53
	3
	Clogging of drippers problems

	C7
	42.04
	10
	Poor after-sales service by drip companies

	C8
	44.64
	8
	Interference with agronomic activities

	C9
	41.99
	11
	Limited or no extension programs about Drips (Lack of Technical Knowledge)

	C10
	40.38
	12
	Lack of awareness about the long-term benefits of drip irrigation

	C11
	61.64
	2
	Limits crop diversification

	C12
	50.53
	6
	Drip system gets damaged by animals and rodents


Source: Author’s calculations
Energy-related concerns were reflected in the ranking of drip irrigation systems being energy-intensive, which occupied the ninth position. Although drip irrigation is water-efficient, farmers perceived increased dependence on electricity or diesel pumps as a limitation, particularly in areas with unreliable power supply. Institutional support constraints were also evident, as poor after-sales service by drip companies ranked tenth, indicating dissatisfaction with the availability and responsiveness of technical support and repair services. Similarly, limited or non-existent extension programmes and lack of technical guidance ranked eleventh, highlighting weak extension–farmer linkages and inadequate dissemination of practical knowledge related to drip irrigation. The constraint of lack of awareness about the long-term benefits of drip irrigation received the lowest rank, suggesting that while farmers possess a basic understanding of the technology, adoption decisions are driven more by economic feasibility, system reliability, and operational challenges than by informational gaps alone. Overall, the ranking pattern indicates that economic sustainability and operational reliability are more influential in shaping adoption behaviour than awareness-related factors.
Summary and Conclusion
The analysis of constraints using Garrett’s ranking technique reveals that the adoption of drip irrigation among vegetable growers is primarily constrained by high maintenance costs, limited flexibility in cropping, and technical issues such as clogging of drippers. Financial constraints, both in terms of initial investment and recurring maintenance expenses, continue to dominate farmers’ perceptions and significantly influence adoption decisions.
Institutional constraints, particularly difficulties in accessing subsidies and inadequate after-sales and extension support, further exacerbate adoption challenges. While awareness about drip irrigation exists among farmers, it alone is insufficient to promote adoption in the absence of reliable technical support and economic feasibility.
The study concludes that enhancing the adoption of drip irrigation requires a shift from mere promotion of technology to addressing system-level and cost-related constraints. Policies aimed at reducing maintenance costs, improving system durability, strengthening extension services, and ensuring timely and transparent subsidy delivery are essential. Additionally, designing flexible drip systems that allow crop diversification can encourage wider adoption among vegetable growers.
In essence, overcoming the identified constraints is crucial for realizing the full economic and environmental potential of drip irrigation in vegetable cultivation, particularly in water-scarce regions.
Policy Implications
The study indicates that constraints to drip irrigation adoption extend beyond technology availability and are largely rooted in economic, technical, and institutional factors. Policy efforts should therefore focus on addressing these structural barriers, particularly for small and marginal farmers in water-scarce regions of Uttar Pradesh. Since high initial investment remains the most critical constraint, financial support mechanisms need strengthening through simplified subsidy procedures, timely disbursement, and closer integration with institutional credit systems. Targeted incentives, such as enhanced subsidies or interest support for smallholders, would improve inclusiveness in adoption.
Institutional inefficiencies related to subsidy delivery highlight the need for improved governance rather than higher subsidy rates alone. Streamlined administrative processes, including single-window systems and digital platforms with direct benefit transfers, can reduce delays and enhance transparency. To overcome technical limitations, policies should prioritize farmer capacity building through regular training, on-field demonstrations, and local technical support, ensuring proper operation and maintenance of drip systems.
Strengthening extension services is essential to improve awareness and confidence among farmers. Demonstration plots, farmer-to-farmer learning, and involvement of progressive farmers can effectively promote adoption under local conditions. Additionally, region-specific technological improvements and support for protective measures can reduce system damage and recurring costs. Integrating drip irrigation promotion with broader water management and climate-resilience strategies will ensure sustainable resource use while enhancing farm income and environmental outcomes.
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