


FACTORS INFLUENCING THE ADOPTION OF DRIP IRRIGATION TECHNOLOGY AMONG THE FARMERS IN THE GROUNDWATER OVER-EXPLOITED WESTERN AGRO-CLIMATIC ZONE OF TAMIL NADU
[bookmark: _GoBack]Abstract
Water is one of the most essential and important natural resource which has to be conserved, that too especially groundwater. Since agriculture is the predominant water consumer, measures have to be taken to reduce water consumption by agriculture. Drip irrigation is one such a measure that reduces water use and hence a study to access the factors influencing the adoption and non-adoption of drip irrigation was undertaken. Western agro-climatic zone of Tamil Nadu was selected as the study area with 160 drip irrigated farms and 160 flood irrigated farms as the sample. The study was carried out by collecting primary data through pre-tested interview schedule and the collected data were processed to perform logistic regression and Garrett ranking analysis. The study found that age, education, farming experience do not have significant impact in adoption of drip irrigation. Factors like land holding, No. of wells, farm income, irrigation source and distance from the surface water source are found to influence the farmer’s decision in adoption of drip irrigation in the western agro-climatic zone. The same kind of results was also found when the reasons for adoption and non-adoption of drip irrigation were ranked. Wells as the only source for irrigation ranked first and availability of subsidy ranked second in case of drip irrigation adoption. Less subsidy, high initial cost and availability of more than one water source ranked first, second and third places respectively in case of non-adoption of drip irrigation.
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Introduction
Water, the most important resource of the universe and the essential component for agriculture. Water is required for all living organisms for their survival in the earth. Without water, the possibility of living in earth will be zero. This shows the importance of water in earth. The quantity of water available on earth had been assessed and it was found to be 1386 M km3, of which, 96.54 per cent (1338 M km3) of water exists in oceans and seas. Only 23.40 million kilometer cube is found below the earth surface (groundwater) and 2120 km3 of water available in surface water sources like rivers, lakes, etc., can be used for agriculture, which is less than 2 per cent of the total water availability. Though the quantity of water is less than 2 per cent of the total water availability, globally more than 70 per cent of agricultural land is irrigated (Jain et. al., 2019) and in India according to 2023-24 data, the net irrigated area was 82.42 hectares. 
Several studies showed that agriculture is the top most water consumer. This is because the population of our country is increasing in an increasing rate and India ranked first place in terms of population. This rising population need to be fed and hence cropping has to be increased, which in turn increases the demand for water (Singh et al., 2020). The demand for water decreased the groundwater levels in several places of our country and also surface water resources have dried up in several places. According to Rockstrom, (2001) a country or place with less than 1700 m3 of utilizable water resource per person per year is said to be water stressed nation. Based on the census of 2011, India is a water stressed country, where the per capita water availability is 1614 m3 which may even become worse in 2065 up to 1137 m3 of water (Jain 2011).
Decrease in water levels in wells due to decrease in groundwater levels, would lead to formation of overexploited zones and critical zones (Patle et. al., 2015). Overexploited zones refer to the areas wherein the quantity of groundwater extraction is greater than groundwater recharge. Similarly, in a region if more than 90 per cent of groundwater recharge is exploited then it is said to be critical regions. The formation of overexploited and critical regions are the initial phases leading to extinction of agriculture in that region due to lack of water, since the moment when the wells dried up, agriculture is impossible. From the above all arguments, it is clear that without water, agriculture will be impossible and hence measures need to be taken to reduce water loss in agriculture. 
Water loss in agriculture may be of several types like percolation loss, run off loss, seepage loss, evaporation, transpiration etc. The collective quantity of water loss through percolation, runoff, seepage is low as compared to water loss in evaporation and transpiration, together called as evapotranspiration (Kool et al., 2014 and Djaman et al., 2018). Transpiration is process taken within plants and hence neglected. Thus, it is important to reduce the water loss through evaporation to prevent water loss in agriculture (Qin et.al., 2016). One such a measure is drip irrigation, wherein the plants are irrigated near the rhizosphere region alone in small volume preventing the water loss through evaporation. Also, the water is transported through small pipelines which helps to avoid seepage, percolation and runoff losses. Thus, it is evident that drip irrigation reduces the different forms of water loss (Parthasarathi et al., 2018). Several advantages in drip irrigation adoption including reduced weed growth, improved yields, water use efficiency, better BCR, NPW, etc., benefits farmers. (Devika et al 2017; Ganapathi and Shanthasheela 2024; Narayanamoorthy et al 2025). In addition, reported that drip irrigation also reduces electricity use and saves energy (Narayanamoorthy 2021).  On contrary, reported that drip irrigation adoption has problems in installation and maintenance cost, drip blockage issues, infrasture issues, etc (Greenland et al. 2019; Wainaina 2021). 
The government of India considering the importance of water saving introduced a scheme called PMKSY – Pradhan Mantri Krishi Sinchayee Yojana which aims to improve water use efficiency leading to more crop per drop of water (Shroff and Miglani 2024). By this scheme, small and marginal farmers can avail 100 per cent subsidy for installation of drip and sprinkler irrigation systems (together called micro irrigation) in their agricultural fields whereas medium and large farmers will receive a subsidy of 75 per cent for installation. The scheme was introduced in the year 2015-16 and 8.34 M ha area of agricultural land has availed this scheme and installed micro irrigation structures and got benefitted. In Tamil Nadu 1.09 M ha of land has installed these structures and the state stands second place in adoption of micro irrigation structures. However, discrepancy arises among farmers in the adoption of drip irrigation structures and studies have shown that farmers are still neglecting to adopt drip irrigation structures favouring water conservation. Hence, a study was undertaken with the following objectives
· To study the demographic pattern of sample farmers
· To analyse the factors influencing adoption of drip irrigation among the sample farms in the study area
Design of the study
Area selection
[bookmark: _Hlk155559239]Tamil Nadu is one of the leading states of groundwater exploitation in India. Western Agroclimatic zone of Tamil Nadu is purposively selected based on the status of groundwater exploitation. In the Western Agro-climatic zone 64.76 per cent of the firkas were over-exploited. The Western Agroclimatic Zone comprises of Coimbatore, Tiruppur and Erode districts. The region is located between 10°36’ and 11°58’ North latitude and between 76°49’ and 77°58’ East longitude.
Sampling procedure
The sampling design followed was two stage quota sampling. A quota of 160 drip irrigated farms and 160 flood irrigated farms covering the western agroclimatic zone formed the sample for the study. Primary data was collected from the sample farm households with the help of well-structured, pre-tested interview schedules, bearing questions in relation to the objective of the study.
Tools of analysis
The list of tools used in the study are percentage analysis, Logistic regression and Garrett ranking. The detailed methodology is given below.
Conventional analysis
	Percentage analysis was performed for making comparisons between drip irrigated farms and flood irrigated farms.
Logistic regression model 
This study utilized a logistic regression model to empirically quantify the influence of various factors on adoption of drip irrigation (saving or usage reducing) practices to reduce ground water use, which has been carried out using SPSS package.
The logit model in this study postulates that Pi, the probability of the ith respondent’s decision is a function of an index variable Zi, summarizing a set of the individual attributes. Hence, let us consider the following representation of respondent’s decision. (Gujarati et al., 2003 and Gayathri et al., 2020)
	 ------------- (1)
Where, e is the familiar base of the natural logarithm. Now, let equation (1) be rewritten as:
	 -------------------------------------------- (2)
Where, Zi = β1 + β2Xi 
Equation (2) represents the (cumulative) logistic distribution function (Gujarati, 1998) 
It could be verified that as Zi ranges from - ∞ to + ∞, Pi ranges between 0 and 1 and that Pi is nonlinearly related to Zi (i.e., Xi). However, we would encounter an estimation problem, because Pi is not only nonlinear in X but in the β’s as well, as can be seen clearly from (1). This means that the familiar OLS procedure could not be made to estimate the parameters. But this problem is more apparent than real because (1) is intrinsically linear, which can be shown as follows: 
If Pi, the probability of the respondents’ decision is as given by (2), then, (1-Pi), the probability of the other decision is
  -------------------------------------- (3)
 =  ---------------------------------- (4)
Now,  is simply the odds ratio in favour of the decision of the respondent. 
Now, by taking the natural log of (14), we would obtain
Zi = β1 + β2Xi ----------------------(5)
That is, Li, the log of the odds ratio, is not linear in X, but (from the estimation view point) linear in the parameters. It might be noted that the linearity assumption of OLS does not require that the X variables be necessarily linear. So, we can have X2, X3, etc. as regressors in the model. For our purpose, it is the linearity in the parameters that is crucial. L is called the logit, and hence the name logit model. 
Features of the Logit model 
1. As P goes from 0 to 1 (i.e. as Z varies from - ∞ to + ∞), the logit L goes from - ∞ to + ∞. That is, although the probabilities (of necessity) lie between 0 and 1, the logits are not so bounded. 
2. Although L is linear in X, the probabilities themselves are not. 
3. The interpretation of the logit model is as follows: β2, the slope, measures the change in L for a unit change in X. 
Estimation of the Logit model 
For estimation purposes, equation (5) can be written as follows:
 β1 + β2Xi + ui -----------------------(6)
To estimate the model, we need, apart from Xi, the values of the logit Li. but now we run into some difficulties.
If we have data on individual respondents, Pi = 1 for the respondent’s decision and Pi = 0, otherwise. But, if we put these values directly into the logit Li, we obtain:
Li = ln ( for the respondent’s decision 
Li = ln ( if otherwise
Therefore, if we have data at the micro or individual level, we cannot estimate (6) by the standard OLS routine. In this situation, one may have to resort to the maximum likelihood method to estimate the parameters. 
To examine the determinants on adoption of drip irrigation, the logit model with most likely variables was fitted, and was estimated using maximum likelihood method. The logit equation is expressed as: 
Li = α + β1X1 +β2 X2 + β3 X3 + β4 X4 + β5 X5 + β6 X6 + β7 X7 + β8 X8 μ 
Where, α = Constant 
X1 - Age of the respondents (in years)          
X2 - Education (in years) 
X3 - Farming experience (in years)
X4 - Land holding (in ha) 
X5 - Farm Income (Rs. /year)
X6 – No. of active wells per ha (in No./ha)
X7 – Source of irrigation (Groundwater – 1, Surface water – 2, Groundwater and surface water - 3)
X8 – Proximity from surface water source (in km)
βi’s - Parameters to be estimated and μ - error term

Garrett ranking technique
Garrett ranking technique was used to rank the reasons for adoption of drip irrigation. Similarly, the reasons of farmers for non-adoption of drip irrigation were also ranked. A set of reasons for adoption and non-adoption of drip irrigation were constructed through literature review, preliminary survey, expert’s opinion, etc. During the survey, drip irrigated farmers were asked to rank the reasons for adoption and flood irrigated farmers were asked to rank the reason for non-adoption of drip irrigation. The model used by Prasath et al., 2023 and Nandhini et al., 2025 was used to calculate the per cent position of each rank.
Per cent position =  
where, Rij = Rank given for the ith items by the jth individual, and Nj = Number of items ranked by the jth individual. (Devi & Ponnarasi, 2009)
Results and Discussions
Table – 1. Demographic pattern of sample farmers
	S.No
	Particulars
	Drip irrigated farms
	Flood irrigated farms

	1
	Age of the farm head

	
	<40
	67 (41.88)
	50 (31.25)

	
	40-50
	60 (37.50)
	46 (28.75)

	
	>50
	33 (20.62)
	64 (40.00)

	
	Total
	160 (100.00)
	160 (100.00)

	2
	Education

	
	Illiterate
	2 (1.25)
	13 (8.13)

	
	Primary
	30 (18.75)
	34 (21.25)

	
	Secondary
	41 (25.63)
	48 (30.00)

	
	Higher secondary
	47 (29.37)
	42 (26.25)

	
	College
	40 (25.00)
	23 (14.37)

	
	Total
	160 (100.00)
	160 (100.00)

	3
	Family size

	
	Nuclear family
	36 (22.50)
	42 (26.25)

	
	Small family
	86 (53.75)
	81 (50.63)

	
	Joint family
	38 (23.75)
	37 (23.12)

	
	Total
	160 (100.00)
	160 (100.00)

	4
	Farming experience

	
	<15
	53 (33.12)
	48 (30.00)

	
	15-20
	59 (36.88)
	62 (38.75)

	
	>20
	48 (30.00)
	50 (31.25)

	
	Total
	160 (100.00)
	160 (100.00)



[bookmark: _Hlk151124965]The table – 1 showed the demographic pattern of the sample farmers in the study area. The results revealed that among the sample farmers, about 40 per cent of the farmers following drip irrigation were below the age of forty, 20 per cent of the farmers were above the age of fifty and around 35 per cent were between the age group of forty and fifty. 40 per cent of the flood irrigated farmers were above the age of fifty and about 30 per cent were below forty years of age.
[bookmark: _Hlk151125139][bookmark: _Hlk151125156][bookmark: _Hlk151125116]Information on education level of the farm head is very important because an educated farmer would normally be aware of technological, environmental and institutional changes and they follow any new strategies quickly by adopting it. Education influences the decision-making capacity of the farmers. It could be seen that the family heads without education were very low in flood irrigated farms as well as drip irrigated farms. Education level of farm heads up to primary level and secondary level were found to be 21.25 per cent and 30.00 per cent among the sample flood irrigated farms whereas in case of sample drip irrigated farms it was 18.75 per cent and 25.63 per cent respectively. Respondents educated upto higher secondary level and college level were about 26.25 per cent and 15 per cent among the sample flood irrigated farms whereas in case of sample drip irrigated farms it was around 30 per cent and 25 per cent respectively. It can be concluded that majority of the drip irrigated farmers had basic education.
The table also showed the classification of farms based on family size. It was found that more than 50 per cent of sample farms in both flood irrigated and drip irrigated category fall under small family category where the family size ranges between 4 and 7 persons. Nearly 25 per cent of the sample farms fall under nuclear family category in both flood irrigated and drip irrigated farms having family size less than 4. Similarly, 23 per cent of the sample farms fall under joint family category having family size above 7 in both drip irrigated and flood irrigated farms. 
Farming experience is another important factor determining the decision-making capacity and success of the farm. From the table it could be revealed that the respondents with the farming experiences of 15-20 years was found to be high (35 per cent and above) in both the categories. During the field survey, it was found that farming was their forefather’s occupation. From the above all demographic characteristics, no judgements could be made in adoption of drip irrigation. Based upon the need and water availability in the farm, farmers might have adopted drip irrigation on their own.

[bookmark: _Hlk151124790][bookmark: _Hlk151124880]The figure - 1 showed the land holding pattern of the sample farmers of the study area. It was found that the majority of the flood irrigated farmers (57.50 per cent) had medium level of land holdings ranging between 2 and 10 hectares, in contrary marginal (41.88 per cent) and small (46.25 per cent) land holdings were found to be high in case of drip irrigated farmers. It is important to note that only one farmer having more than 10 hectares of land had adopted drip irrigation. The percentage of sample flood irrigated farmers with marginal and small holdings were very low and is about 7.50 per cent and 16.25 per cent respectively. During the field survey, it was found that availability of subsidy for marginal and small farmers in micro irrigation adoption, plays a vital role in adoption of drip irrigation by marginal and small farmers. Medium and large farmers were given with less subsidy for adopting micro irrigation and hence they were very low in drip irrigation adoption. It is clear that number of small and marginal farmers have adopted drip irrigation is comparatively higher than large and medium farmers because of availability of subsidy.
Factors influencing the adoption of drip irrigation by farmers in the study area
	The factors that are responsible for adoption of drip irrigation by sample famers in the study area are presented below
Table – 2. Factors influencing the farmer’s adoption of drip irrigation
	S. No
	Variables
	Co-efficient
	Odds ratio
	P value

	1.
	Constant
	-1.422
	
	0.1019 *

	[bookmark: _Hlk92401213]2.
	Age of the respondent
	-0.1897
	1.2089
	0.1372

	3.
	Education 
	0.3571
	1.4292
	0.1116

	4.
	Farming experience 
	0.2481
	1.2816
	0.1379

	5.
	Land holding 
	-0.9484
	2.5816
	0.0424 **

	6.
	Farm income
	0.4710
	1.6016
	0.0911 *

	7.
	No. of wells per ha 
	1.2259
	3.4072
	0.0035 ***

	8.
	Sources of irrigation
	-1.2450
	3.4729
	0.0329 **

	9.
	Proximity from surface water source
	1.0715
	2.9197
	0.0632*

	10.
	R2
	0.6329

	11.
	-2 loglikelihood
	29.30

	12.
	Nagelkerke R2
	0.7904


Note - ***, ** and * refers to significance at 1 %, 5 % and 10 % levels respectively
The table – 2 depicts the factors influencing the farmers’ adoption of drip irrigation in the study area. The results revealed that variables like education, farming experience, farm income, No. of wells per ha and distance from the surface water source were found to be positively influencing the adoption of drip irrigation. Variables like age, land holding and sources of irrigation were negatively influencing the farmers’ adoption of drip irrigation. However, age, education and farming experience were found to be non-significant. The variable land holding is negative and significant at 5 per cent level, indicating that 1 hectare increase in the holding decreases the odds of adopting drip irrigation by 2.56 times. Marginal and small farmers receive subsidies from government for adopting drip irrigation, whereas medium and large farmers receive less subsidy and also, they have less preference in selection and hence, they were not ready to adopt drip irrigation.
Farm income is positive and significant at 10 per cent level. One rupee increase in farm income increases the odds of drip irrigation adoption by 1.60 times. Similarly increase in number of wells per hectare increases the odds of drip irrigation by 3.40 times. Whenever the well starts to dry up, farmers will start to dig new well in their land. Thus, increase in wells shows that decrease in the groundwater level in that area. Source of irrigation is negative and significant. Farms with groundwater alone for irrigation is given as dummy with 1, surface water alone with 2 and both with groundwater and surface water as 3. When farms shift from ground water irrigation to surface water irrigation, the odds of drip irrigation adoption will be reduced by 3.47 times. Similarly, when shifted from surface water to surface water and groundwater, the odds of drip irrigation adoption will be reduced by 3.47 times. This is because availability of surface water is plenty and farmers do not care about water saving or minimising technology.
Proximity from surface water source is also positive and significant factor. 1 km increase in distance from the surface water source increases the odds of drip irrigation adoption by 2.91 times. The table also showed the value of Nagelkerke R2 which is 0.79, indicating that 79 per cent of the sample fall in line with the results obtained. Negative loglikelihood is 29.30 indicating the goodness of fit of the model.
Reasons for adoption and non-adoption of drip irrigation
	The study aimed to determine the reasons for adoption and non-adoption drip irrigation practices in the study area to frame policies regarding reducing groundwater usage. The reasons were ranked by using the Garrett’s ranking method.

Table - 3. Reasons for adoption of drip irrigation
	S.No
	Particulars
	Mean Score
	Rank

	1
	Availability of subsidy
	67.19
	2

	2
	Wells are the only source for irrigation 
	68.35
	1

	3
	Reduction in water availability over years
	59.89
	5

	4
	Easy for fertilizer application
	58.03
	6

	5
	[bookmark: _Hlk103244826]Less labour requirement
	61.24
	4

	6
	Increase in yield over flood irrigation
	64.31
	3


[bookmark: _Hlk151410617]The table – 3 revealed the reasons for adoption of drip irrigation among the sample farmers in the study area. The results clearly showed that out of the selected reasons for adoption of drip irrigation, farms with well irrigation as the only source for irrigation ranked first place with mean score of 68.35, followed by subsidy availability with mean score of 67.19 ranked second place and increased yield ranked third place with 64.31 mean score. Less labour requirement, reduction in water availability over years and easy for fertilizer application occupied fourth, fifth and sixth places respectively.
Table - 4. Reasons for non-adoption of drip irrigation
	S. No
	Particulars
	Mean Score
	Rank

	1
	Less subsidy
	68.41
	1

	2
	Availability of both wells and canals
	65.72
	3

	3
	Abundant water supply – no scarcity
	63.23
	4

	4
	Damage to drip emitters during harvest
	59.12
	6

	5
	High initial cost
	66.97
	2

	6
	Less dependence on agriculture
	60.85
	5


[bookmark: _Hlk151410778]The table – 4 showed the reasons for non- adoption of drip irrigation among the sample farms in the study area. The results revealed that out of the selected reasons for non - adoption of drip irrigation, less or subsidy for micro irrigation ranked first place with mean score of 68.41. Large farmers will receive subsidy of 75 per cent, small and marginal farmer will receive subsidy of 100 per cent from the government through PMKSY scheme. Large farmers receive less subsidy as compared to small farmers and also due to larger area they require more amount for drip pipelines and emitters and hence they are not adopting drip irrigation. It is followed by high initial cost with mean score of 66.97 ranked second place and availability of both canal and wells for irrigation ranked third place with 65.72 mean score. Abundant water supply, less dependence on agriculture and damage to drip emitters during harvest, occupied fourth, fifth and sixth places respectively.
Conclusion
The study concluded that age, education, farming experience do not have significant impact in adoption of drip irrigation. Factors like land holding, No. of wells, farm income, irrigation source and distance from the surface water source are found to influence the farmer’s decision in adoption of drip irrigation in the western agro-climatic zone. The same kind of results was also found when the reasons for adoption and non-adoption of drip irrigation was ranked. Wells as the only source for irrigation ranked first and availability of subsidy ranked second in case of drip irrigation adoption. Less subsidy, high initial cost and availability of more than one water source ranked first, second and third places respectively in case of non-adoption of drip irrigation. 
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Figure - 1 Land holding pattern of sample farmers
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