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ABSTRACT 

A capacity building program on drip irrigation 
(TNDRIP) was undertaken in certain regions of 
the Indian State of Tamil Nadu during 2009-2010. 
An assessment of the impact of the program in 
terms of effective use of drip irrigation and in-
creased crop yields was made in 2011 by ap-
plying double difference method (a combination 
of both with and without and before and after 
approaches). The results had indicated that the 
drip capacity building program resulted in a 
yield increase of 2.5 t/ha for Banana 1, 1.9 t/ha 
for Banana 2, 3.3 t/ha for sugarcane and 0.3 t/ha 
for turmeric. The conventional method using the 
before and after situations had shown a yield 
increase of 4.3 t/ha for Banana 1, 12.1 t/ha for 
Banana 2, 40.6 t/ha for sugarcane and 2.6 t/ha for 
turmeric. The conventional approach is highly 
upward biased in estimating the impact of the 
drip capacity building program and thus the 
double difference method will be an appropriate 
method to evaluate the impact of the programs 
that involve both with and without as well as 
before and after situations. 
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1. INTRODUCTION 
Water is becoming increasingly scarce resource and 

limiting agricultural development in many developing 
and developed economies across the world. It is esti-
mated that around 50 percent of the increase in demand 
for water by the year 2025 can be met by increasing the 
effective use of irrigation water [1]. In India, almost all 
the easily possible and economically viable irrigation 
water potential has already been developed, but the de-
mand for water for different sectors has been growing 
continuously [2,3]. Moreover, the water use efficiency in 
the agricultural sector, which still consumes over 80 per-
cent of water, is only in the range of 30 - 40 percent, in-
dicating that there is considerable scope for improving 
the water use efficiency. 

The review of past studies lucidly shows that the solu-
tion to the problem of growing water scarcity and persis-
tent water resource degradation across regions is two- 
fold: Firstly, the supply side management practices like 
watershed development and water resources develop-
ment through major, medium and minor irrigation pro- 
jects. The second is through the demand management by 
efficient use of the available water both in the short-run 
and long-run perspectives. Recognizing the importance 
of sustainable water use efficiency in agriculture, a 
number of demand management strategies (like water 
pricing, water users association, turnover system etc) 
have been introduced since the late seventies to increase 
the water use efficiency especially in the use of surface 
irrigation water.  
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One of the important demand management mechan-
isms vigorously promoted is the adoption of micro irri-
gation technologies such as drip and sprinkler methods 
of irrigation. Many researchers have attempted to study 
the impact of drip irrigation in improving water use effi-
ciency [4-13]. These studies, by and large, show that the 
adoption of micro irrigation has produced desired results. 
The water use efficiency increased up to 100 per cent in 
a properly designed and managed drip irrigation system 
[14,15]. Drip method of irrigation helps to reduce the 
over-exploitation of groundwater that partly occurs be-
cause of inefficient use of water under surface method of 
irrigation. Environmental problems associated with the 
surface method of irrigation like water logging and salin-
ity are also completely absent under drip method of irri-
gation [5].  

In addition, drip method helps in achieving reduction 
in tillage requirement, higher quality products, increased 
crop yields and higher fertilizer use efficiency [7,11,16]. 
In addition to the private benefits, the drip irrigation ge-
nerates substantial social impacts in the forms of en-
hanced food security, women participation in agriculture 
(www.ide-india.org) and social status [17]. A recent stu- 
dy indicates that drip irrigation has generated substantial 
social benefits to the society [18]. 

Though the potential benefits generated by the drip ir- 
rigation method are apparent, the adoption of drip irriga- 
tion is yet to be widely promoted across different regions 
and states in India. Several factors such as huge initial 
investment, small size of holding, lack of technical sup- 
port, nature of cropping pattern, access to water and so- 
cio-economic conditions of farmers etc., are found to be 
the major factors influencing adoption of drip irrigation 
[11,19]. In some cases, even after the adoption of drip ir- 
rigation, the farmers, particularly, the small farmers have 
often discontinued the use of drip irrigation for several 
reasons such as lack of proper maintenance, changes in 
crop pattern and unreliable water supply [12]. A study in 
Coimbatore district of Tamil Nadu State found that huge 
initial investment and small size of holding are the major 
constraints limiting the adoption of drip technology (100 
per cent of farmers), as lack of access to subsidy (46.87 
per cent of famers) and lack of technical support for fol-
low up actions (28.85 per cent of farmers) [20]. 

To minimise dis-adoption rate of drip irrigation by 
farmers, the International Water Management Institute 
(IWMI) under its IWMI-TATA Water Policy Program 
initiated a capacity building program in certain regions 
of the Indian State of Tamil Nadu. The present paper 
attempts to make an assessment of the impact of the ca-
pacity development program mainly on use of drip irri-
gation in improving crop yields. 

Hypotheses: The following hypotheses were tested in 
this study. 
• Drip capacity building will enhance the yield of  

crops compared to drip irrigation alone. 
• Appropriate evaluation methods will capture ex-

actly the impact of the capacity building program. 

2. CAPACITY BUILDING PROGRAM ON 
DRIP IRRIGATION 

Realising the significance of drip maintenance prac-
tices, drip irrigation capacity building and management 
initiative for maximizing productivity and income 
(TNDRIP) was conceived and implemented by Interna-
tional Water Management Institute (IWMI) under the 
IWMI-TATA water policy program jointly with the Water 
Technology Centre (WTC) of the Tamil Nadu Agricul-
tural University (TNAU) and Jain Irrigation Systems 
Limited (JISL) in Coimbatore district, Tamil Nadu state, 
Indiaduring 2009-2010. The objective of TNDRIP is to 
sustain the drip irrigation through increased adoption and 
proper drip maintenance practices by the farmers in order 
to achieve increased crop yields. 

The program was implemented in 100 villages cover-
ing about 1000 farmers who have adopted the drip irriga-
tion already for various crops.A base line survey was 
conducted to know the current level of use of drip irriga-
tion, inputs used and crop yields. The main part of the 
capacity building program was one day training which 
was organized in each village where farmers with differ-
ent crops and farm sizes actively participated. The field 
based training was given by the field technicians of the 
WTC and JISL through lectures, hand-on exercises with 
the drip systems, demonstrations of the various drip ma-
terials and question-answer sessions. 

The contents of the training mainly focused on the op-
eration and maintenance practices of drip irrigation sys-
tem besides fertigation and irrigation scheduling practic-
es. In addition, the farmers were given hand outs and 
booklets (in local language) regarding fertigation, drip 
demonstrationsand cleaning (sand filters, PVC pipes 
(sub-mains and laterals, screens and disc filters) drip 
system using acid. This helped the farmers in a big way 
to learn the drip and fertigation technologies and their 
periodical maintenance.  

3. METHODOLOGY 
3.1. Impact of Technology on Crop Yield and 

the Evaluation of the Technology  
Impact 

Technology is nothing but the application of improved 
knowledge on production relationships and thus tech-
nology has the effect of raising the production function. 
More output per unit of input (water) is possible with the 
new technology such as drip irrigation. This indicates 
that production can be increased with improved technol-
ogy through the same amount of inputs that were used 
with traditional technology or the current production 
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level can be reached with fewer inputs with improved 
technology. Consider the Figure 1, where curve AA re-
fers the traditional irrigation technology production func- 
tion, curve AB refers the improved (drip) technology 
production function and curve AC refers the improved 
drip technology with capacity building. With X units of 
water, traditional technology produces Y1 units of output, 
improved (drip) technology produces Y2 units of output 
where as improved technology with capacity building 
produces Y3 units of output. The difference between Y2 
and Y3 is the additional output due to capacity building. 

3.2. Impact Evaluation Using 
Double-Difference Method 

Several tools or approaches are used for impact evalu-
ation. The most commonly used tools are the financial 
measures like the benefit-cost (B-C) ratio and internal 
rate of return (IRR) [11,19,21,22]. The major problems 
with this approach is that the benefits and costs are cal-
culated using either before and after or with and without 
concept which ignores some of the benefits that are con-
sidered as residual which may occur even without the 
intervention such as drip irrigation. Hence an approach 
that considers both with and without as well as before 
and after situations is important. 

The approach of any analysis of impact can be accom-
plished into two ways. Firstly, “with project” parameters 
compared to the “pre-project” situation gives the incre-
mental benefits due to the project. But these increments 
in the parameters intrinsically include the changes due to 
state of art of technology. Thus sometimes, the benefits 
may be exaggerated. Secondly, the literature on project 
analysis unanimously suggests the use of comparison 
between the “project parameters” with the “non-project  
 

 
Figure 1. Technology adoption and crop yield. Note: AA refers 
the production function with traditional irrigation technology, 
AB refers the production function with improved (drip) tech-
nology; AC refers the production function with improved (drip) 
technology along with capacity building. 

control region’. This method automatically incorporates 
the correction for the impact of technology in the ab-
sence of the project. For the present study, the informa-
tion were collected for the pre and post-project period 
and compared with the control as well. Hence, the ap-
proach is a combination of both with and without and 
before and after approaches i.e. double difference me-
thod (Table 1). 

Farm level data were collected from both types of drip 
farmers i.e. who have participated in the capacity build-
ing program and who have not participated. This enables 
the use of the double difference method to study the im-
pact of the drip capacity building program. The frame-
work was adopted from the program evaluation literature 
[23,24]. 

The resulting measures can be interpreted as the ex-
pected effect of implementing the drip capacity building 
program. The columns distinguish between groups with 
and without the program and the rows distinguish be-
tween before and after the program. Before the capacity 
building program, one would expect the average yield of 
different crops be similar for the two groups, so that the 
quantity (D0 - C0) would be close to zero. Once the ca-
pacity building program has been implemented, however, 
one would expect differences between the groups as a 
result of the improvement in knowledge of the farmers 
about the drip maintenance, fertigation and irrigation 
scheduling due to the program. The impact of the pro-
gram, however, would be better assessed considering any 
pre-existing observable or unobservable differences be-
tween the two randomly assigned groups i.e. the double- 
difference estimate, which is obtained by subtracting the 
preexisting differences between the groups, (D0 - C0), 
from the difference after the program has been imple-
mented, (D1 - C1) [23]. This is best explained in Figure 
2. 

Double Difference (DD) methodology is becoming a 
popular tool for studying the impact analysis as it has the 
advantage to control for the time-invariant characteristics 
of farmers when comparing adopters and non-adopters of 
a technology or a capacity building program. In this me-
thodology, the average impact of a capacity building 
program is computed by the formula 
 
Table 1. Double difference method of impact assessment of 
drip capacity building. 

Particulars Drip  
Participants Non-participants Difference across 

groups 
After drip  
training D1 C1 D1 - C1 

Before drip  
training D0 C0 D0 - C0 

Difference  
across time D1-D0 C1-C0 Double difference 

(D1 - C1)-(D0 - C0) 
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Figure 2. Illustration of impact of capacity building program 
by double difference method. 
 

( )
( ) ( )1 0 1 1 0 1

Double Difference DD

| 1 | 0T T c cE Y Y T E Y Y T= − = − − =
  (1) 

where T
tY  and C

tY  respectively denote the outcome 
responses for the trained and control groups at period 
( )0,1t =  where the time period t = 0 corresponds to the 

period before program implementation and the period t = 
1 corresponds to after program implementation. Further, 
T1 = 1 means presence of the program at time t = 1 and 
T1 = 0 means absence of the program. The first term in 
Equation (1) represents the average difference between 
before-after for the trained group and hence it is given by 

( ) ( )1 0 1 1 0 1 0
1| 1T T

i i T T
i TT

E Y Y T Y Y y y
N ε

− = = − = −∑   (2) 

Similarly for the control group, the second term is 
given by 

( ) ( )1 0 1 1 0 1 0
1| 0c c

j j c c
j cc

E Y Y T Y Y y y
N ε

− = = − = −∑   (3) 

Substituting these values in (1), the impact of the pro-
gram can be obtained as 

( ) ( )1 0 1 0Impact T T c cy y y y= − − −      (4) 

The same results can be obtained by following a re-
gression approach as follows: 

For each observation i, let us define a variable iδ  as 
0iδ =  if the observation is from the control group and 
1iδ =  if it is from the trainedgroup. Similarly for each 

observation i define a variable iT  as 0iT =  if the ob-
servation belongs to time t = 0, that is before the drip 
capacity building program and 1iT =  if the observation 
belongs to time t = 1, that is, after the program. Now 
form the regression equation, 

i i i i iy a b cT d Tδ δ= + + +           (5) 

The following results can be easily checked: 

Observation belongs to δ  T  iy  

Control group before the program 0 0 0Cy a=  

Control group after the program 0 1 1Cy a c= +  

Trained group before the program 1 0 0Ty a b= +  

Trained group after the program 1 1 1Ty a b c d= + + +  

 
So using Equation (4) 

( ) ( )( ) ( )( )
Impact of the program

a b c d a b a c a d= + + + − + − + − =
  (6) 

4. DATA AND VARIABLES 
Out of the targeted 1000 farmers for the training, only 

800 farmers actively participated in the training. Out of 
this, 500 farmers were selected employing random sam-
pling procedure to study the impact of the TNDRIP dur-
ing November 2011, one year after the program was in-
troduced. In order to make a comparative study, 250 drip 
farmers in these villages who have not participated in the 
capacity building program were selected as control. Thus, 
a sample of 750 farmers was covered for the impact stu- 
dy. The needed information from the respondents was 
gathered personally administering the interview schedule. 
The primary information collected from the farmers in- 
cluded mainly the farm size, cost of wells, cost of drip ir- 
rigation system, crops grown, maintenandce costs, ground- 
water use, crop production including inputs used and 
crop yields, adoption of drip irrigation practices and the 
constraints in using the drip irrigation. In addition, the 
details of the trainings attended and subject matter learnt 
during the training program were collected from the res- 
pondents.The base line data collected in 2009 wasalso 
used for cross checking the inputs used and crop yields 
of the farmers prior to training. 

5. RESULTS AND DISCUSSIONS 
5.1. General Characteristics of the Farm 

Households 
Knowledge on general profile of the sample respon-

dents will help us to understand better the impact of the 
capacity building program. The general characteristics in 
terms of landholdings, cropped area, and irrigated area 
for the participants of the drip capacity building program 
were compared with that of control farmers. The average 
size of holding of the drip-farmers with training was sig-
nificantly high as compared to control farmers. The re-
sults had shown that mostly large farmers had attended 
the capacity building program compared to small and 
marginal farmers who have not shown much interest due 
to their limited area under drip irrigation and hence the  
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average farm size was comparatively high under partici-
pants of the drip training. However, cropping intensity 
and irrigation intensity are more or less same among the 
participants of drip training and control farmers (Table 
2). 

5.2. Awareness and Adoption of Drip  
Maintenance 

The capacity building program has created adequate 
awareness about various drip management practices. The 
perception of the trainees about the important drip man-
agement and maintenance activities before their partici- 

pation in the training revealed that most of them were 
aware about the fertigation practice (48%) followed by 
the cleaning of screen/disc filters (42.7%). Many farmers 
(5% to 21%) were aware about the practices like clean-
ing the sub-mains and laterals, acid treatment, protecting 
the drip system, valve protection and placing the laterals 
under shade. However, no one was aware about the im- 
portant practices like cleaning the sand filter, pressure 
regulation in the laterals and irrigation scheduling to 
various crops before attending the training program 
(Table 3). 

After undergoing the training program all the trainees  
 
Table 2. General characteristics of the sample farmers. 

Particulars Participants of drip training (N = 500) Control (N = 250) 

Average farm size (ha) 3.41*** 2.58 

Net sown area (ha) 3.31*** 2.43 

Gross cropped area (ha) 3.86*** 2.79 

Cropping intensity (%)a 116.6*** 114.8 

Net irrigated area (ha) 2.97*** 2.18 

Gross irrigated area (ha) 3.26*** 2.38 

Irrigation intensity (%)b 109.8*** 109.2 

Percentage of area irrigated by wells to the total cropped area (%) 84.5 85.3 

Percentage of area irrigated under drip to gross cropped area (%) 67.1 64.8 

Percentage of area irrigated under drip to gross irrigated area (%) 79.5 75.9 

Source: Field survey. Notes: ***indicates values are significantly different at 1 per cent levels from the corresponding values of control farmers. aCropping 
intensity is defined as the ratio of gross cropped area to net sown area and is expressed as a percentage; bIrrigation intensity is the ratio of gross irrigated area to 
net irrigated area and is expressed as a percentage. 
 
Table 3. Impact of capacity building on farmers’ awareness and adoption of various practices. 

Particulars 
Awareness Before training* Awareness & Adoption After training 

No.of farmers Percentage No.of farmers Percentage 

Fertigation 72 48.0 78 52.0 

Cleaning screen/disc filter 64 42.7 86 57.3 

Cleaning sand filter .. .. 50 33.3 

Cleaning sub-main 22 14.7 128 85.3 

Cleaning laterals 22 14.7 128 85.3 

Acid treatment 10 6.7 140 93.3 

Pressure regulation .. .. 150 100.0 

Thatching the drip system 32 21.3 118 78.7 

Valve protection 18 12 132 88.0 

Laterals in shade 8 5.33 142 94.7 

Irrigation scheduling .. .. 150 100.0 

*Most of the farmers were aware of these practices when the system was installed in their farms; subsequently due to lack of skills and knowledge in handling 
these practices, most of the farmers were not adopting these practices properly. Source: survey. 
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were aware about all the important practices and started 
adopting them. Hence, it could be inferred that the 
TNDRIP training has remained as the only source to 
provide first hand information and created awareness 
about the maintenance practices such as pressure regula-
tion, irrigation scheduling, acid treatment and advantages 
of placing the laterals under shade. However, only one- 
third of the trainees were aware of the practice of clean-
ing the sand filter even after undergoing the training. The 
overall picture had indicated that the TNDRIP training 
has made significant impact among farmers in adopting 
the drip maintenance practices in a better manner than 
before. 

5.3. Benefits Perceived by the Farmers Due 
to the Adoption 

The adopters of drip maintenance practices were en-
quired about the overall benefits they perceived due to 
the adoption of the drip maintenance practices in their 
farm. They were asked to rank their responses. The 
adopted farmers had altogether perceived and ranked six 
benefits due to the adoption of the maintenance practices 
taught in the training (Table 4). Among these, the top 
three benefits that were perceived and ranked were the 
reduction in the duration of irrigation, improved dripper 
discharge and achievement of uniform distribution of 
water in the field. 

( )Percent Position 100 0.5ij jR N= −  

where, 
ijR  = Rank given for the ith factor by the jth respon-

dent, and  
jN  = Number of factors ranked by the jth respondent. 

The benefit namely, uniform growth of plants in the 
field was perceived and ranked as fourth by the adopters. 
All these four benefits were interlinked due to the better 
maintenance practices adopted by the farmers. 

The fact that was endorsed by majority of the adopters 
was that there was reduction in the duration of irrigation  
 
Table 4. Farmers’ perception about the benefits due to drip 
maintenance. 

Benefits Garret score* Rank 

Reduction in the duration of irrigation 63 I 

Improved dripper discharge 59 II 

Uniform distribution of water in field 56 III 

Uniform growth of plants in field 51 IV 

Improvement in yield 49 V 

Extended life of drip system 39 VI 

*Garret scores [25], were worked out using the following formula. 

to an extent of up to 30 per cent than it was observed 
without the adoption of the maintenance practices. Hence 
this particular benefit was ranked as first by the adopters. 
The regular cleaning and maintenance of filters, sub- 
mains and laterals might have rendered free flow of wa-
ter through the drip system effectively. The adopters used 
pressure gauge to regulate the pressure in the sub-mains 
and laterals as per the recommendations. This particular 
action had resulted in ensuring uniform distribution of 
water throughout the field thus promoting uniform 
growth of plants also. These benefits were observable 
and hence most of the farmers had perceived such bene-
fits. 

The other two benefits that were perceived and ranked 
in the last order by the adopters were improvement in 
yield of crops and extended life expected over the drip 
system due to adoption of regular maintenance practices. 
The adopters had recorded an increase in yield up to 10 
per cent across various crops. Although this change in 
yield is negligible, it has been perceived by some farmers 
and hence ranked fifth. Anticipation over the extended 
life of the drip system was perceived and ranked last as it 
was not observed by the adopters but still they believed 
the benefit. 

Sharing or recommending the learnt technologies to 
peers is considered as a social impact indicator of the 
TNDRIP project. Hence the information sharing behavior 
of the farmers was studied. Of the total number of 500 
farmers studied, 70 per cent of the farmers shared their 
information to others and 30 per cent farmers have not 
shared their information. Among the farmers shared their 
information, 52.38 per cent of farmers had shared to their 
own family members and the remaining 47.62 per cent of 
farmers shared to other fellow farmers. This showed that 
the penetration of the drip fertigation technologies, their 
maintenance and management will be possible through 
capacity building programs. 

5.4. Impact of Capacity Building Program 
Here our aim is to examine whether the capacity build- 

ing program has generated any impact on yield of crops. 
The capacity building program not only created adequate 
knowledge on drip maintenance activities but also on 
irrigation scheduling and fertigation which would help to 
increase crop productivity. The details of the mean yield 
of crops under different farmer samples had indicated 
that crop yields were comparatively high for farmers 
who were trained in drip system operation and mainten-
ance (Table 5). 

In the present study, the double difference method of 
impact assessment was employed to assess the impact 
due to the capacity building program on crop yield (Ta- 
ble 6). The two types of respondents were compared and 
assessed the net impacts due to capacity building pro- 
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Table 5. Crop yields under different farmer samples. 

Crops Type of samples Number offarmers Mean yield (t/ha) Minimum yield (t/ha) Maximum yield (t/ha) Std Dev. 

Banana 1 Control-Before 172 45.9 37.1 57.3 3.8 

 Control-After 172 47.7 38.5 66.7 4.6 

 Trained-Before 172 65.2 55.6 85.0 3.6 

 Trained-After 172 69.6 55.3 94.2 4.6 

Banana 2 Control-Before 93 22.3 17.3 59.3 4.4 

 Control-After 93 25.0 18.0 31.9 24.2 

 Trained-Before 93 32.5 29.1 79.0 5.2 

 Trained-After 93 37.1 29.9 42.4 10.0 

Sugarcane Control-Before 198 116.3 98.8 143.3 10.3 

 Control-After 198 120.0 98.8 145.7 9.9 

 Trained-Before 198 153.6 123.5 182.8 15.2 

 Trained-After 198 160.3 130.9 192.7 15.5 

Turmeric Control-Before 91 6.3 5.2 8.3 0.8 

 Control-After 91 6.4 5.2 9.4 0.9 

 Trained-Before 91 8.7 6.9 11.4 1.4 

 Trained-After 91 9.0 7.1 13.6 1.4 

Note: Banana-1: Variety robusta; Banana-2: Variety Nendran. 
 
Table 6. Impact of capacity building intervention in drip irrigation. 

Observation belongs to Banana 1 Banana 2 Sugarcane Turmeric 

Control group before the program (a) 45.9 22.3 116.4 6.3 

Control group after the program (a + c) 47.7 32.5 153.6 8.7 

Trained group before the program (a + b) 65.3 25.0 119.9 6.4 

Trained group after the program (a + b + c + d) 69.6 37.1 160.5 9.0 

Net impact due to capacity building intervention (=d) 2.5 1.8 3.3 0.3 

 
gram. For instance, the yield of banana 1 was 45.9 t/ha 
for the control farmers before the training period. The 
yield of Banana 1 for the same set of farmers after the 
training period was 47.7 t/ha, thus the increase in yield of 
Banana 1 even among the farmers who have not partici-
pated in the capacity building program was 1.8 t/ha. 

This increase in yield might be due to the experience, 
cumulative knowledge gained by the farmers, use of bet-
ter quality of inputs, technological growth and so on. 
Similarly, the above yields for the trained farmers (i.e. 
farmers who have participated in the capacity building 
program) were 65.3 t/ha and 69.6 t/ha respectively, lead-
ing to a difference of 4.3 t/ha. However, our interest here 
is to assess mainly the yield increase attributed to the 
capacity building program. The double difference me-
thod captured this yield increase as 2.5 t/ha (i.e. 4.3t/ha - 

1.8t/ha). Similarly, the yield increase due to the training 
was calculated for other crops as shown in Table 6. 

The results of the double-difference method using the 
regression analysis are presented in Table 7 It is seen 
that the drip capacity building program had significant 
impact on yield of crops such as Banana 1 and sugarcane. 
The technological growth indicated by time (T) had sig-
nificant impact on crop yield in all the crops as evident 
from the coefficients of “T” which were significant for 
all crops.  

For instance, the results of Banana 1 estimates had 
shown interesting results. The adjusted R2 is worked out 
to 0.86 indicating 86 per cent of the variations were ex-
plained by the explanatory variables. The intercept term  
indicated the mean yield of the control farmers i.e. the 
yield of control farmers. It is evident that there is signifi- 
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Table 7. Results of the regression analysis on impact of capacity building program on crop yield. 

Crops Constant δ  T δ  T Adjusted R-Squared 

Banana 1 45.887 19.366*** 1.847*** 2.542*** 0.86 

 (144.75) (43.19) (4.12) (4.01)  

Banana 2 22.274 2.750 10.267*** 1.767 0.15 

 (15.88) (1.387) (5.178) (0.630)  

Sugarcane 116.404 3.574*** 37.219*** 3.285* 0.69 

 (126.24) (2.74) (28.54) (1.78)  

Turmeric 6.298 0.119 2.365*** 0.265 0.53 

 (51.04) (0.68) (13.55) (1.07)  

Note: Figures in parentheses indicate estimated “t” ratios. ***Significant at 1% level; *Significant at 10% level. 
 
cant difference between yield of trained andcontrol far-
mers in the base period. Similarly, there is a significant 
increase in yield due to time period among the control 
farmers. It is evident that 1.8 t/ha increase in yield was 
realised over time period among the control farmers. The 
impact of capacity building programwas significant on 
the expected positive line which showed that the capacity 
building programalone has increased the crop yield by 
2.5 t/ha. 

5.5. Novelty and Merit of the Double  
Difference Method 

The novelty of the double difference method is that it is 
simple and appropriate method in capturing the yield 
increase due to capacity building program alone. The 
double difference method has estimated the impact of the 
drip capacity building program interms of yield increase 
as 2.5 t/ha for Banana 1, 1.9 t/ha for Banana 2, 3.3 t/ha 
for sugarcane and 0.3 t/ha for turmeric. In the absence of 
the double difference method, the impact of the drip ca-
pacity building program interms of yield increase was 
4.3 t/ha for Banana 1, 12.1 t/ha for Banana 2, 40.6 t/ha 
for sugarcane and 2.6 t/ha for turmeric (Table 8 and 
Figure 3). Thus the conventional approach is highly up-
ward biased by over-estimating the impact of the capaci-
ty building program. Thus the merit of the double differ-
ence method is very clear from the results of the analysis. 
The results further confirmed the hypotheses that drip 
capacity building will increase the crop yield and the use 
of appropriate quantification method (double difference 
method) will capture the exact impact of the capacity 
building program. 

The results of the double difference method could fur-
ther enhance the richness of measurement methodologies 
in impact evaluation. Hence future impact studies could 
find this an interesting and valuable tool in impact evalu-
ation of the technologies where time period is a major  

 
Figure 3. Impact of drip capacity building program on crop 
yield. 
 
player along with the technologies. For example, in sev-
eral cases, farmers could be able to increase their crop 
yield over time due to better management. Thus the ap-
proach could help in decomposing the yield increase due 
to capacity building intervention and time period (man-
agement) as well. 

5.6. Constraints in Adoption of Drip  
Maintenance Activities 

During the survey it was found that there are several 
factors that limited the adoption of maintenance practices. 
One of the constraints for adoption of the maintenance 
practices was the insufficient knowledge about the re-
levance of pressure regulation in the drip irrigation sys-
tem. Farmers were not aware about the use of pressure 
gauge in the laterals to maintain uniform pressure so that 
the water would flow through the system effectively. The 
farmers believed that use of Hydro Chloric (HCl) acid 
treatment in the drip system would affect the soil health 
and crop growth and hence feared to adopt the acid 
treatment technology for removing the blockage/salt en-
crustation in the drip system. Most of the farmers also 
felt that they were ignorant about the maintenance pack-
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age to be adopted for the drip system which acted as one 
of the constraints for its adoption. Hence the lack of 
knowledge and understanding of the farmers about the 
drip and its maintenance practices itself remained as 
constraints for its adoption (Table 9). 

Farmers were asked to express the factors that re-
mained as constraints to the adoption of the maintenance 
practices. The findings revealed that a majority of the 
trained farmers (80%) expressed high cost of the water 
soluble fertilizers as the major constraint. About half of 
them revealed that non-availability of pressure gauge 
was one of the constraints. 

It is a fact that pressure gauge apparatus was not sold 
commonly in the shops located in rural/town areas. This 
was perceived as one of the reasons for non-adoption of 
the maintenance practices. Some farmers (12%) were 
reluctant to invest on the venturi unit which is needed for 
the adoption of the fertigation and acid treatment as well. 
About 41 per cent of them stated the non-availability of 
water soluble fertilizers in the local village/town market 
remained as one of the reasons for non-adoption of ferti-
gation practice even though they had been supplied with 
the fertilizer tank on subsidy basis by the Government of 
Tamil Nadu. One-fourth of the farmers (24%) expected 
the assistance of the extension or development staff to 
adopt acid treatment technology in their farms as they 
were not very confident in adopting the technology on 
their own. These constraints need to be addressed in the 
future training programs. 

6. CONCLUSIONS AND  
RECOMMENDATIONS 

TNDRIP training has brought out significant impact  

among farmers to adopt the drip maintenance practices in 
varied proportions. Practices such as cleaning the filters, 
sub-mains and laterals, pressure regulation, acid treat-
ment, thatching the drip system, placing the laterals in 
shade etc. were adopted by a majority of the trainees as a 
result of their participation in the training. The study re-
vealed that a majority of the farmers (70%) had shared 
the information about the drip maintenance practices to 
their family members and other fellow farmers. 

It is found that the drip capacity building program has 
produced significant impact on yield of crops such as 
banana and sugarcane. Drip farmers with training has 
increased their crop yield by 138 % under Banana 1, 19% 
under Banana 2, 9% under sugarcane and 13% under 
turmeric crops indicating that compared to drip irrigation 
alone, drip with capacity building helped them to exploit 
the full potential of drip irrigation. Compared to the cost 
of the training (Rs 110/ha), the additional yield has re-
sulted in an additional per ha gross margin of Rs. 14,000, 
Rs. 32,015, Rs. 1650, and Rs. 14,893 per year respec-
tively under Banana 1, Banana 2, Sugarcane and turmer-
ic. Given this cost effectiveness of the capacity building 
program, it is suggested to introduce more number of 
drip capacity building programs across regions so as to 
achieve more crop per drop of water. The development 
departments such as Department of Agriculture, Horti-
culture, and Agricultural Engineering may be geared up 
to follow up with similar kind of capacity building pro-
grams across the regions. This will further have multip- 
lier impact in terms of bringing new farmers under drip 
irrigation as well as effective use of fertilizers. By estab-
lishing such training programs in the rural areas, local 
expertise in terms of entrepreneur development through 
public private partnership can also be developed. 

 
Table 8. Comparison of crop yields under drip and drip with capacity building. 

Crops Increase in yield of drip farmers  
without training (t/ha) 

Increase in yield of drip farmers  
with training (t/ha) 

Increase in yield due to training  
alone (t/ha) 

Banana 1 1.8 4.3 2.5 

Banana 2 10.3 12.1 1.8 

Sugarcane 37.2 40.5 3.3 

Turmeric 2.4 2.7 0.3 

 
Table 9. Constraints in adoption of the drip maintenance activities. 

Before attending the training Per cent of farmers After attending the training Per cent of farmers 

Insufficient knowledge about pressure maintenance 94.70 High cost of water soluble fertilizers 80.00 

Fear of acid treatment 90.00 Non-availability of pressure gauge 50.66 

Lack of technical knowhow of maintenance practices 89.30 Reluctance to invest on venturi 12.00 

Misunderstanding of farmers about  
drip irrigation technology 88.00 Non-availability of water soluble  

fertilizers locally 41.33 

  Lack of confidence to use  
correct concentration of acid 24.00 
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