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I. Introduction 

 Drip method of irrigation introduced to improve the water use efficiency and it has been practiced in 

different parts in India since early nighties. Drip method of irrigation reduces the working hours of pumsets 

through water saving and therefore it reduces the consumption of electricity and also increases the efficiency of 

productive capacity of the crops. Though drip irrigation technology is introduced primarily to increase the water 

use efficiency in agriculture, it also delivers may other economic and social benefits to the society. Reduction in 

water consumption due to drip method of irrigation over the surface method of irrigation varies from 30 to 70 

percent for different crops (INCID, 1994, Narayanamoorthy, 1997; Postal et al., 2001). According to the data 

available from research stations, productivity gain due to drip method of irrigation is estimated to be in the range 

of 20 to 90 percent for different crops (INCID, 1994). While increasing the productivity of crops significantly, it 

also reduces the cost of cultivation substantially in labour intensive operations. 

Cultivation of sugarcane in India dates back to the Vedic period. In agriculture sector, sugarcane shared is about 

7% of the total value of agriculture output and occupied about 2.6% of India’s gross cropped area during 2006-

07. Sugarcane provides raw material for the second largest agro-based industry after textile. About 527 working 

sugar factories with total installed annual sugar production capacity of about 242 lakh tonnes are located in the 

country during 2010-11. Sugar is the major produce of sugarcane. The domestic demand of sugar is rotating 

around 22-23 million tonnes annually, where as the production of sugar in India during last 5 years is rotating 

around 24.3 to 26.3 Million ton. Maharashtra is the largest producer of sugar contributes about 34% of sugar in 

the country followed by Uttar Pradesh. In Tropical zone Maharashtra is the major sugarcane growing state 

covering about 9.4 lakh ha area with production of 61.32 Million ton, whereas the productivity of Tamil Nadu is 

highest in tropical zones. Uttar Pradesh is the highest sugarcane producing State in sub tropical zone having area 

about 22.77 Lakh ha with the production of 135.64 Million Ton cane whereas Haryana has highest productivity 

of sugarcane in Sub tropical zone (DSD, GOI, 2013).  

 Brazil is major sugarcane producing country with an area about 90.77 lakh ha and production of about 717.46 

Million ton followed by India. Sugarcane productivity is highest in Colombia (101.32 t/ha) followed by 

Philippines (93.71 t/ha). Amongst 10 major producing country Colombia has the highest yield of sugarcane due 

to the richest biodiversities in the world and has access to multiple climates. The yield gap of sugarcane in India 

with respect to 10 major sugarcane producing countries during the last 5 years is ranges 1.33 – 31.22 t/ha. 

Sugarcane as such is neither exported nor imported, however the sugar which is a main produce of sugarcane 

crop is exported and imported as per the Government policies. As per Cooperative Sugar (Vol.-44 No.4, Dec. 

2012) the total export of sugar during 2010-11 is 32.49 lakh ton value Rs. 10.35 thousand crore and import is 

10.00 lakh ton for value Rs. 2.72 crore during the same year. Water scarcity is the major problem in the 

cultivation of sugarcane.   

Even though there has been increasing development of water management technologies over the years, the 

adoption rate by the farmers is comparatively small ranging from only 15–20%. Quite a few studies have 

analysed the impact of drip method of irrigation on water use efficiency, water saving, cost of cultivation, labour 

use, productivity of crops etc using both experimental and farm level survey data in India. However studies have 

not analysed the factors which influence the adoption of drip irrigation in sugarcane. Hence this paper attempts 

to determine the farm and farmer characteristics and other socio economic characteristics that influence the 

adoption of drip method of irrigation in sugarcane. 

 

II. Review of literature 

Shah et al. (2002) found that a general lack of development of water resources for smallholder irrigation was the 

constraining factor for rural development undermining a number of developmental strategies during the green 

revolution. 

Sheikh et al., (2003) studied the factors that determine the farm and farmer characteristics and other socio-

economic factors that influence the adoption of ‘no-tillage’ technologies’. Logit models were used for the 
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analysis undertaken. In the study it was found that in the ‘cotton–wheat’ system personal characteristics like 

education, tenancy status, attitude towards risk implied in the use of new technologies and contact with 

extension agents are the main factors that affect adoption. And the study found that in the ‘rice–wheat’ system, 

resource endowments such as farm size, access to a ‘notillage’ drill, clayey soils and the area sown to the rice–

wheat sequence along with tenancy and contact with extension agents were dominant in explaining adoption. 

Suresh kumar et al. (2011) find out that drip irrigation received considerable attention from policy makers 

because of its significant contribution towards resource saving, enhanced agricultural productivity and 

environmental sustainability. The study explored the potential benefits of drip irrigation adoption by addressing 

the social benefits and costs in Southern India. The study showed that adoption of drip irrigation technology has 

resulted in significant external and private benefits. The social benefit–cost ratio (SBCR) ranged from 4.33 to 

5.19 at a 2% discount rate under different scenarios across regions. This confirms that a wide adoption of drip 

irrigation produces sufficient social benefits to justify the subsidization of drip irrigation. The authors also 

suggested that water management policy should focus attention on the promotion of drip irrigation in regions 

where water and labour scarcity are critical. 

Palanisami et al. (2012) found out the return to water management research investment that will help to fine-

tune investment in future research. A detailed study was carried out using the data from Tamil Nadu state, India. 

The study found that the successful technologies yielded a moderate return ranging from 11–20%. It also found 

that with higher adoption levels of the water management technologies, the rate of return will be higher. The 

authors also suggested that strategies to boost technology transfer and upkeep should be given importance in 

water management programmes. 

Humayun et al. (2013) examined the factors affecting the biogas technology adoption in rural areas in 

Bangladesh. The study was conducted by a survey method on respondents. Stratified random and purposive 

sampling techniques were applied for selecting 150 biogas users and 150 non-users. Data were collected through 

individual interviews by using structural questionnaire. A qualitative response model (Logistic regression 

model) was applied for examining the main factors influencing the biogas adoption. The study found that socio-

economic factors play an important role in the respondents' behaviors toward biogas adoption. The empirical 

results indeed highlighted that year of education, income level, number of cattle, and women headed family 

have significant influences on the decision of biogas plant installation. It also found that increasing the level of 

education, empowering women, enhancing the yearly income and number of cattle are strategies likely to 

increase the adoption rate of biogas plants. 

Kiruthika et al., (2013) evaluated the demographic characteristics which cause consumers to be more likely to 

purchase IPM grown produce. Following the Lancaster consumer’s demand theory the paper assumed that 

consumer’s utility depends on product characteristics instead of the product itself. Consumer’s choice for IPM 

grown produce was analyzed within the random utility discrete choice model and a logit model was specified. A 

hypothetical willingness-to-purchase as well as willing-to-pay models for IPM produce were presented in the 

study. Income and education were found to be the most significant determinants of willingness-to-purchase IPM 

grown produce. The results also indicated that younger individuals, those who frequently purchase organic 

produce, those who visit farmers market, those who know the riskiness of the pesticide and those who live in 

urban areas were all found to be more likely to pay a premium for IPM grown produce. In the study the authors 

also quoted that respondents also ranked pesticide residues as their top food safety concern relative to five other 

common sources of food risk.   

III. Methodology 

Among the districts of Tamil Nadu state, Villupuram district stands first and Erode district stands second in both 

area and production of sugarcane. However, drip irrigation technology was highly adopted in Erode district of 

Tamil Nadu. Hence for the present study Erode district was purposively selected.  Among the taluks in Erode 

district, Erode taluk was selected purposively for the present study, since both cultivation and adoption of drip 

irrigation in sugarcane were concentrated in this taluk. There are three blocks in Erode taluk. Among the three 

blocks, based on the maximum area under sugarcane two blocks viz., Kodumudi and Modakurichi were 

selected. The villages of the selected two blocks were listed and three villages were selected at random. From 

each village thirty farmers were selected randomly. 

The research reported here seeks to identify key variables affecting a decision with a dichotomous outcome 

depending on a farm’s features and a farmer’s characteristics and the specific attributes of the drip irrigation 

technology. In modelling terminology, ‘adopt’ is represented by ‘1’ and ‘do no adopt’ is represented by ‘0’, 

when the dependent variable is the fact of adoption (Amemiya, 1981; Jamnick and Klindt, 1985), assuming that 

an individual decision-maker makes rational choices in maximizing his/her utility (Amemiya, 1981; Rahm and 

Huffman, 1984). To develop the model, take the situation facing a farmer considering whether to adopt the drip 

irrigation technology or to persevere with the current conventional practices. If ‘t’ denotes a technology and it 

equals ‘1’ for the conventional irrigation technology and ‘2’ for the drip irrigation technology, the utility of each 

technology depends on a vector Si, the socio-economic factors of the individual, and a vector At, the attributes of 

the technology itself. For the farmer, Ui1 and Ui2 are indirect utilities derived from continuing with the 
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conventional practices and the adoption of drip irrigation technology, respectively. In their linear form, these 

utilities can be stated as: 

 

                   

and 

                   

where di and gi are vectors of coefficients corresponding to the variables in the vector representing socio-

economic factors (Si) and of the vector of technology attributes (Ai) respectively, and ei is an additive error term. 

A farmer adopts the drip irrigation technology if Ui2>Ui1 or, continues with the conventional tillage technology, 

if Ui1>Ui2. Defining a qualitative variable for the adoption of new technology, yi=1 if a farmer adopts ‘drip 

irrigation’ and otherwise yi=0. Now the probability of adoption can be written as: 

 

                            P (y2) = P (Ui2 > Ui1) = P (ɛi2 - ɛi1 < βi2Zi – βi1Zi) 

 

where y2 is a binary choice variable for the drip irrigation technology, Ui2 and Ui1 are the conditional indirect 

utility functions. The logit and probit models are quite similar as the cumulative normal and logistic 

distributions are very close to each other except at their tails (Ashton, 1972). However, the tails of a logistic 

model are flatter than the probit model (Amemiya, 1981). The results produced by either model are similar, 

unless the samples are very large and many observations fall near the tails (Maddala, 1983). But the logistic 

transformation is more convenient to compute. Unless there are other theoretical reasons for preferring a 

distribution function to the logistic cumulative distribution function, the logit model is preferred when repeated 

observations are available (Judge et al., 1980; Pinack and Rubinfeld, 1981). The logistic model also has a direct 

interpretation (as does the probit model) in terms of the logarithm of the odds in favour of success (Collet, 

1991). Being based on the cumulative logistic probability function t, the logit model can be used for 

transforming the dependent variable to predict probabilities within the bound (0, 1). The dependent variable 

becomes the natural logarithm of the odds when a positive choice is made and the model is specified as 

 

                      
where Px=the probability that an event (farmer adopts the drip irrigation technology) occurs for an observed set 

of variables Xi; Bi=the coefficients to be estimated; and Xi=the explanatory variables, that is, the socio-

economic characteristics of the individuals and the technology attributes. 

The empirical model used in the present study is 

Y = a + β1 Age + β2 Age
2 
+ β3 Education + β4 HS+ β5 Experience + β6 Total land + β7 Water scarcity    

       + β8 Extension agent + ei 

 

Table 1. Description of the variables used in the Logit model 

Variables Type Description 

Dependent variable   

Drip Irrigation adoption Binary 1 if the farmer adopt the drip irrigation 

technology in sugarcane 

Independent variable   

Age Continuous  Cultivator : Age in years 

Age
2
 Continuous Cultivator : Age in squared 

Education Binary 1 if the household head attended more than 

primary school 

HS Continuous Household size 

Experience Continuous Cultivator : Experience in years 

Total land Continuous Total land area owned (in ha) 

Extension agent Binary 1 if the farmer contact with the extension 

agent 

Water Scarcity Binary 1 if water scarcity exists 

 
IV. Results and Discussion 

The estimated parameters from the logit model of the determinants of adoption of drip irrigation in sugarcane 

were utilized to estimate the marginal effects. The marginal effects, shown in table 2, show the impact of a 

marginal change in the independent variable on the probability of adopting drip irrigation in sugarcane. 
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Table 2. Results of marginal effects of Probit estimation for IPM onion adoption 

Variable dy/dx z p-value 

Age -0.035 -1.71
*
 -0.191 

Age
2
 0.002 0.61 0.541 

Education 0.006    0.25 0.806 

HS -0.024 1.08 0.281 

Experience -0.032 -1.73
*
 -0.123 

Total land -0.018 -0.77 0.412 

Extension agent 0.273    2.52
***

 0.026 

Water Scarcity 0.316 2.75 0.12 

Number of observations 90   

Pseudo R
2
 0.89   

       Note: Significance of t-statistics of mean difference is at the 
*
10%, 

**
5% and 

***
1% levels. 

 

The explanation of the magnitude of effect of an Xi variable through the coefficients (βi) is not straight forward 

in a logit model. Hence to explain the effect of the independent variable elasticities were developed. The 

elasticity of probability may be defined as a proportionate change in probability of P(Y=1) due to a 

proportionate change in Xi. Marginal effects of this regression are provided in table 2. The marginal effect of an 

independent variable is the change in the probability of observing a certain outcome, if the independent variable 

changes by one unit, with other variables constant. The parameter dy/dx shows that a one percent change in Xi 

would bring the dy/dx percent change in probability for a particular value of the logit model.  

In the present study, the results showed that age and experience negatively and significantly influence the 

adoption of drip irrigation in sugarcane. Since younger farmers are more likely to be risk takers and hence 

perhaps more likely to be adopters than older farmers. Access to extension service results in households making 

better farming decisions and interactions with extension agents positively influences the adoption of the 

technology. Results show that access to extension service positively and significantly influences the adoption of 

drip irrigation in sugarcane. 

 

References 
1.  Amemiya, T. 1981. Qualitative response models: a survey. Journal of Economic Literature. 19: 1483 – 1536. 
2.  Ashton, W.D. 1972. The Logit Transformation. Griffin and Co., London. 

3.  Collett, D. 1991. Modelling Binary Data. Chapman and Hall, London. 

4.  Directorate of Sugarcane Development. 2013. Status Paper on Sugarcane. Govt. of India, Ministry of Agriculture. 
5.  Humayun, K., Rosaine N. Yegbemey and Siegfried Bauer. 2013. Factors determinant of biogas adoption in Bangladesh. Renewable 

and Sustainable Energy Reviews, 28: 881-889. 

5.  INCID. 1994. Drip Irrigation in India, Indian National Committee on Irrigation and Drainage, New Delhi. 
6.  Jamnick, S.F., Klindt, T.H. 1985. An Analysis of ‘no-tillage’ Practice Decisions. Department of Agricultural Economics and Rural 

Sociology, University of Tennessee, USA. 

7.  Judge, G., Griffiths, W.,  and Hill, R.C.1980. The Theory and Practice of Econometrics. John Wiley and Co, New York. 
8.  Kiruthika, N. and Selvaraj, K.N. 2013. An Economic analysis of Consumer preference towards Integrated Pest Management (IPM) 

produce. Journal of Environmental Research and Development (JERAD).,7(4A). 

9.  Maddala, G.S. 1983. Limited-dependent and Qualitative Variables in Econometrics. Cambridge University Press, New, York. 
10.  Narayanamoorthy, A. 1997. Economic Viability of Drip Irrigation:An Empirical Analysis from Maharashtra. Indian Journal of 

Agricultural Economics.  Vol.52, No.4,  pp.728739.  

11.  Palanisami, K., R. Kakumanu, D. Suresh Kumar, S. Challamuthu, B. Chandrasekaran, C. R. Ranganathan and Mark Giordano. 2012. 
Do investments in water management research pay? An analysis of water management research in India. Water Policy. 14(4): 594-

612. 

12.  Pinack, R.S., Rubinfield, D.L., 1981. Economic Models and Economic Forecasting. McGraw-Hill, New York. 
13.  Postal, S., Polak, P., Gonzales, F., & Keller, J. 2001. Drip  Irrigation  for Small Farmers: A New Initiative to Alleviate 

Hunger and Poverty. Water International. Vol. 26, No.1.  

14. Rahm, M.R., Hufman, W.E., 1984. The adoption of reduced tillage: the role of human capital and other variables. American Journal 
of Agricultural Economics 66, 405–413. 

15.  Shah, T., van Koppen, B., Merrey, D., de Lange, M. & Samad, M., 2002. Institutional alternatives in African smallholder irrigation: 

Lessons from international experience with irrigation management transfer. International Water Management Institute, Colombo, Sri 
Lanka. 

16.  Sheikh, A.D., T. Rehman and C.M. Yates. 2003. Logit models for identifying the factors that influence the uptake of new ‘no-tillage’ 

technologies by farmers in the rice–wheat and the cotton–wheat farming systems of Pakistan’s Punjab. Agricultural Systems. 75: 79-
95. 

17.  Suresh Kumar, D., and K. Palanisami. 2011. Can drip irrigation technology be socially beneficial? Evidence from Southern India. 

Water Policy. 13(4): 571-587.  


