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SU M M A R Y

The- modern agricultural technologies are essential to upgrade agricultural 
production of Sri Lanka. The Sustainable Agriculture Water Management project 
(SAWMP) promotes drip irrigation technology among dry zone farmers to improve 
productivity and water use efficiency. An investigation was conducted in Polonnaruwa 
District of Sri Lanka to evaluate the adoption levels of solar-powered drip irrigation 
systems that were distributed to selected farmers in the dry zone under a subsidized loan 
scheme, and constraints faced by the recipient farmers. A sample of 40 farmers 
(vegetable, other field crops and fruits growers) who received solar-powered drip 
irrigation systems and a sample of 30 officers (Al, DO and RDAs) were used in the 
questionnaire survey. The results indicated that 60 % of farmers are utilizing the drip 
irrigation system for agriculture purposes (irrigation users) while the remaining 40 % 
are using the system for other purposes (non-users). The estimated Adoption Index was 
78% for irrigation users and 53% for non-users. The inadequate capacity to supply the 
water requirements and clogged drippers were the major reasons for abandoning the 
system for irrigation. The operating efficiency of the system is directly related with the 
level of education and farming experience with drip irrigation. The repayment rate of 
the loan was not satisfactory, which was below 10 %. The results confirmed that the 
adoption of solar-powered drip irrigation system is not satisfactory among the SAWMP 
farmers and that the capacity building of farmers is imperative for successful adoption 
of this modern technology.
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INTRODUCTION

Increasing agricultural productivity and income o f  the majority o f  
farmers in developing countries is a relatively huge challenge (IDE, 2002). 
Low agricultural productivity is associated with a number  o f  underlying 
factors including low levels o f  new technology adoption (Wirasinghe, 1997). 
The modern agricultural technologies such as drip irrigation could reduce 
farmer 's  workload,  improve productivity and family food and nutritional 
intake as well (Upadhyay et al., 2005). The choice o f  drip irrigation was 
originally intended provide water  conservation, however later was used for 
yield improvement in crops as growers become more experienced with the 
technology (Shrestha and Gopalakrishnan, 1993). The knowledge and 
experiences are important factors for the adoption o f  drip irrigation systems by 
farmers (Skaggs, 2001).



258 SIS1RA K U M A R A

The Sustainable  Agriculture Water M anagement  Project (SA W M P) - 
phase i o f  the Ministry o f  Agriculture Development  and Agrarian Services, 
which launched in 2005, has designed and delivered solar-powered drip 
irrigation systems to farmers in the dry zone o f  Sri Lanka to help them better 
manage their irrigation techniques, boost productivity and reduce CCL 
emissions. The 5085 solar-powered drip systems distributed were installed in 
farmer fields in 16 dry zone districts. The farmers who received the solar- 
powered drip irrigation facilities were selected by the officers o f  the Agrarian 
Service department  (ASD) under a loan scheme repayable  up to a ten-year 
period. Even though the government  has invested a substantial amount  o f  
public funds in this project,  no in-depth analysis has been done to find the 
impact o f  the project interventions. The objective o f  this study was to 
understand the system performance and adoption o f  solar-powered drip 
irrigation systems distributed among the farmers in Polonnaruwa district by 
the S A W M P  in order  to plan o f  future programmes in the popularization o f  
solar-powered drip irrigation systems among farmers.

M A T E R IA L S  A N D  M E T H O D S  

SA W M P  so lar-p ow ered  drip irrigation  system

The drip irrigation system was designed to efficiently irrigate small 
extents o f  cash crops using solar power, and consisted o f  six key parts namely, 
solar module  (150 modules  per system) and the frame, the DC motor pump 
and support  frame, suction pipe, S A W M P  maximum power  point trackers 
(MPPT) to adjust  vol tage to suit the motor demand, drip irrigation kit, and the 
fertigation system. The  pump operates with its m axim um  capacity over the 
whole day and even during cloudy conditions. The maxim um  vertical suction 
height and static discharge head was 6 m and 10 m, respectively.

The drip kit carried water  from the pump to the field. The pumped 
water  was filtered by disc filters with 120 micron discs. The system provided 
water  to two separate 2000 nT irrigation blocks but only one block could be 
watered at any given time. The drip lines had drippers built  into the tube at 
intervals o f  30 cm with a flow rate o f  1 liter per  hour (LPH).  The pump was 
able to irrigate a m axim um  o f  600 m o f  drip line at any given time on a fiat 
ground.

Study area and data collection

The study was conducted in Polonnaruwa district that had 191 
S A W M P  sponsored solar-powered drip irrigation systems distributed among 
farmers. The S A W M P  farmers were stratified into major Agrarian Service 
Cente r 's  (ASC) and 40 farmers were selected for data collection based on
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proportionate random sampling method (Table 1). Data  were also collected 
from 30 field officers (20 from Department o f  Agriculture — DOA, and 10 
from ASD) involved in the project. A pre-tested quest ionnaire  used to gather 
information from S A W M P  farmers in this study consisted o f  four parts 
namely, (1) to collect general information, (2) to collect information o f  
adoption, (3) for gathering information on condition o f  field establishment o f  
the system, and (4) to collect information on effect iveness o f  extension.

Table 1. Number of SAWIVIP farmers and number of farmers selected from different 
agrarian service centers for the study.

ASC s SA W M P fa n n e r s S e le c te d fa n n e rs
M an am p it iy a 22 • 4
H igurakgoda 13 3
Giritale 16 3
B ak am u n a 12 ‘ ->

J

N ew to w n 21 5
S ew ag am a 31 7
P u la s t ig a m a ^ D 0
M edirig ir iya 35 7
G a lam u n a 38 8
Total 191 40

Ranking and mean percent  score (MPS) were used for the statistical 
analysis o f  system utilization. The MPS was obtained by dividing the total 
score by the m axim um  obtainable score under each aspect  and mult iplying by 
hundred. The knowledge,  attitude, skill and practice o f  S A W M P  farmers  were 
used to develop an adoptionyindex (Sriram, 1997) as shown in Equation 1;

AI =  (R T S /M P S )x  100 ...................................... Eq. 1

where, AI - adoption index; RTS - Respondent  total scores; MPS - 
maximum possible scores.

Based on the initial observations, the sample was divided into two 
distinct categories; farmers who do use system for irrigation (users) and 
farmers who do not use for irrigation or system that  are not operational  (non­
users). The. efficiency o f  extension workers was measured by the am ount  o f  
fieldwork done by the officers during the previous year. All officers were then 
categorized into three categories as highly efficient, moderate  and poor and 
marks allocated as 5, 3, and I respectively for each o f  the major  functions 
performed and the maximum possible marks were considered as the potential.

Descriptive analysis and chi square, ‘t ’ test, and regression analysis 
were used to analyze the data, using SAS software package.
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RESU LTS A N D  DISCUSSION

Socioeconom ic background o f  the farm ers

About, 43 %  o f  non-users were reported (farmers who did not use the 
drip system for irrigation or system is not working) and most  o f  these farmers 
used their drip system for non-agricultural purposes. Tw o farmers used the 
drip system for animal husbandry and ornamental  fish cultivation. As shown 
in Table 2, the majority o f  the farmers are m id d le -a g e d 'm a le s ,  with 
employment  based on agriculture or other activities.

T a b le  2. S o c io e c o n o m ic s  co n d it io n  o f  the fa rm ers  p artic ip ated  in the s tu d y

Indica tors N um ber o f  fa rm ers .V Statistics
Users Non- Users

G e n d e r
M ale 21 (6 2 % ) 13 (3 8 % ) N s
Fem ale 2 (3 3 % ) 4 (67% )
A ge
B e lo w  30  years 8 (6 7 % ) 4 (33% ) N s
30- 50 years 9 (5 3 % ) 8 (4 7 % )
> 5 0  years 6 (46  %) 7 (5 4 % )
N a tu re  o f  fa rm in g  (% )
Full t im e 18 (7 8 % ) 5 (1 2 % ) X 2 = 9.5, d f=  1; P=0.00:
Part t im e 5 (2 9 % ) 12 (7 1 % )
E x p er ien ce  o f  fa rm in g
< 5years 5 (6 2 % ) 3 (3 8 % ) N s
5- 10 years 4 (67 % ) 2 (33% )
10- 20 years 6 (4 3 % ) 8 (57 % )
> 2 0  years 8 (6 7 % ) 4 (33 % )
D ura tion  o f  fa rm in g  w ith  D rip  irrigation

< 2 years 9 (43 % ) 12 (5 7 % ) X" =4.1 8, d f=  1 ;P =  0.0'
> 2 years 14 (7 4 % ) 5 (2 6 % )
A verag e  n u m b er  d f  yea rs 3.8 2.6
Level o f  educa tion
L o w er  than G C E  O /L 6 (3 5 % ) 1 1 (6 5 % ) X" =5 .9 6 ,  d f=  1 ;P 0.01:
G C E  O /L  or h igher 17 (74% ) 6 (26% )
N s-  N o t  s ig n if ican t  at p= 0.05

A significant  difference (p<0.05) between users and non-users was
observed in their education level, involvement in farming and farming
experiences with drip irrigation. However,  age, gender or farming experience 
did not affect the effective utilization o f  the system. A m ong  the users, the 
majority (74 %) had an education up to GCE O/L or above. In the non-user 
group, about 65 %  o f  farmers had an education lower than G C E  O/L, thus 
indicating that the education level relates with absorptive capacity to 
understand new agricultural technologies. Farming experience with crop
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cultivation did not show any significant effect (p>0.05) on adoption o f  solar- 
powered drip irrigation. The duration o f  farming experience with drip 
irrigation among the users, prior to the introduction o f  SA W M P, was higher 
(3.8 years) than that o f  the non-users (2.6 years) suggest ing that previous 
experience with drip irrigation techniques have an impact on the adoption o f  
the system. The majority (78%) o f  users o f  the technology were full time 
farmers while only 12 %  o f  non-users were full time farmers.

U tilization o f  SA W M P  solar drip irrigation system

Insufficient water  for crops, clogged drippers due to salt and algae and 
incomplete installation o f  system are the main reasons (ranked 1st, 2nd and 3rd, 
respectively) for not using the system (Table 3). About  82 %  (14 out o f  17 
farmers) reported that water supplied through thq drip was not adequate  for the 
growth o f  crops, especially during dry season. Clogging o f  dippers is mainly 
due salt water, algae and fertilizer, which inject though the fertigation unit. 
About 52~% o f  farmers did not know how to clean drip lines. In addition, 
incomplete installation o f  the system has affected them because  at the 
installation time, the farmers had little knowledge on proper installation o f  the 
system.

T able  3. R easons  for  fa ilure o f  drip  irr igation  system  a m o n g  non users

Criteria Frequency A IPS Rank
Insufficient w a te r  for c rop  g row th 14 36.8 I
C lo g g in g  d rippers  by salt and  algae 9 23.8 7
Incom ple te  installa tion 5 13.2 3
Broken laterals 4 10.5 4
Pum p not w o rk in g / in s tru m en t  fault 4 10.5 4
Shortage o f  irrigation  well w a te r 5.2 6

The level o f  difficulties was estimated by obtaining the perception 
about the difficulties faced by farmers with the irrigation system. Clogging 
drippers by salt and algae, lack o f  uniformity in distribution o f  water  and 
damage to laterals by animals were the major difficulties am ong  the S A W M P  
farmers who use the system for irrigation (Table 4). The low-density 
polyethylene laterals (tapes) has easily got damaged by animals  while they 
seek water during the dry season. The findings o f  the survey were also 
supported by the results o f  the interviews conducted with extension officers o f  
DAS and DOA. Almost  all the officers expressed similar  views on the reasons 
for not using the system and difficulties faced by farmers.
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T a b le  4. D iff icu lties  faced  by  farm ers  w h en  u s in g  the so la r -p o w e red  d rip  sy s tem s

C riteria F requency M P S ' Rank
N o  u n ifo rm ity  in w a te r  d is tr ibu tion l i 17.5 2
C lo g g in g  d rippers  by sa lt  and  a lgae 18 28.5 i
D am ag e  latera ls  by an im a ls S 12.7 ■>j
Shortage  o f  irr igation  well w a te r 8 12.7 3
S ystem  leakage 7 11.1 5
W ater  no t eno u g h  to  c rops 6 9.5 6
D iff icu lt ies  w ith  m a in ten an c e 5 8.0 7

Adaptability of solar-powered drip irrigation system

The Adoption  Index (AI) calculated using knowledge,  attitude, skills 
and practice o f  the farmers, revealed that majority o f  the farmers (52.5 %) had 
a medium level o f  adoption followed by a low level (32.5%) o f  adoption and 
high level (15%) o f  adoption o f  solar-powered drip irrigation technology in 
crop cultivation (Table 5).

T ables. Distribution of solar-powered drip irrigation technology according to adoption 
index (n=40)

C ategory Score range Frequency P ercentage %

L ow <30 13 32.5
M ed iu m 3 0-60 21 52.5
High > 60 6 15

M e a n = 4 1.3; S D = 1 8 .6

The chi-square value indicates that there is an association between AI 
level and utilization o f  drip system in the fields (Table 6). About  78 %  o f  
“ user” farmers have medium to high-level AI compared to 48 %  in “ non user” 
farmers.

Table 6. Frequency of farmers with either low or medium to high Adoption Index in 
users and non-user categories

A doption  Index Frequency in "u ser"  
fa rm e rs

F requency in  " not 
u se rs ’'

L ow  (< 4 0 )
M ed iu m  to H igh  (>  40)

5 (2 2 % )
1 8 (7 8 % )

9 (5 2 % ) 
8 (4 8 % )

M ean  A I = 4 1.3 S D = 1 8 .6 X 2 = 4 .18 d f= l P< 0 .04 1

Farmer field observations and reasons for failures

The performance o f  solar-powered drip system was affected 
significantly by the field condit ion (Table 7). The farmers were o f  the view
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that functioning o f  main control unit, which included water  pump, filters, 
fertigation unit and valves, are at moderate level (45 %). Ninety  per cent  o f  the 
farmers did not use the fertigation unit at all. The major  fraction o f  farmers 
stated that they did not know how to use the unit for fertigation. These, 
farmers did not use anti- clogging chemicals to clean the drip system. About  
42.5 % o f  systems were not maintained at satisfactory level and about 90 %  o f  
farmers were not aware o f  the methods o f  flushing the system to clean clogged 
lines and laterals (Table 7). About 52.5 %  o f  the farmers were not satisfied 
with the field installation o f  solar panel, main lines and laterals o f  drip 
systems. The field installation done by the private company has not completed 
the installation during their first visit due to the unprepared or improper field 
conditions and never returned to complete the installation. Only 10 %  o f  
farmers knew about the recommended crop establishment techniques to be 
practiced under drip irrigation. However, a higher percentage o f  farmers (80 
%) had selected suitable crops for the drip system (Table 7).

Table 7. Field condition ofSAW M P solar-powered drip irrigation

C riteria S a tis fie d  % M o d era te  % N ot s a t is f ie d  % R esp o n d e n ts
M ain control unit 40 45 15 40
Field installation 12.5 35 52.5 40
M ain tenance  o f  system 10 47.5 42 .5 40
Irrigated h e ld  condition 50 27.5 22.5 40
Selection  o f  c rops 80 15 5 40
K now ledge  on crop

es tab lishm en t fo r  drip
10 10 . 80 40

irrigation
----n--------:—:------ --—:---- tt?---- r—r-:—=

/ -
X 2 statistics; d f= I 0 ,  X 2= 80 .44 ,  P=0.001

Service efficiency of extension workers

The solar-powered drip irrigation is a new advanced technology 
intended for rural community development.  Agriculture extension and training 
efforts have contributed much to technology adoption. In the SA W M P, several 
government and private sector officers have been involved in extension and 
training aspects to promote the adoption o f  new technology (Table 8).

Table 8. Extension officers visits related to SAWMP

F a rm ers ’ resp o n se A ! A R P A P riva te  o ffic ers
Yes 25 10 . 7
N o 15 30 33
Total re sponden ts 40 40 40
AI — A gricu ltu re  Instructors; A R P A  — A gricu ltu re  research and P roduc tion  A ss is tan ts

•The field information revealed that the Agriculture Instructors have 
visited the fields more often than the Agriculture Research and Production 
Assistants (ARPAs).  However, the main purpose o f  their visits was not for
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extension activities related to solar-powered drip irrigation system but on other  
extension activities.

As  shown in Table  9, there is no significant difference between service 
efficiency o f  AIs and A R P A s for training. The  service efficiency o f  private 
sector extension worker  was much greater than AIs and ARPAs.  Although few 
visits have been reported for providing instructions to farmers, the private 
sector extension workers  have the ability to provide better  farmer support 
service as they are rich in knowledge,  skills and practice o f  drip irrigation to 
disseminate  information on the drip irrigation technology. Efficiency level o f  
D O A  s ta f f  was a lways high compared  with DAS officers but, both groups had 
lower capabil i ty/eff ic iency level for field inspect ion and advisory services. 
This is mainly  due to the lack o f  practical knowledge on the drip systems. 
Information provided by the extension workers is mostly  theoretical  and not 
practice-oriented (ICID, 2006).

T a b le  9. S e r v ic e  e f f ic ie n c y  o f  ex ten s io n  w o r k e r s  on S A W M P

F u n c t io n s
E ffic iency  le v e l (%  o f  p o ten tia l)

A ! ARPA Private sector  
officer

T  ra in ing 60 50 80
Field  in sp ec tio n 40 30 90
A d v is o ry  se rv ic e 30 20 70
P ro v id in g  p ar t  o f  d r ip  sy s tem 30 N o t  ap p l ic a b le 90

AI — A g r ic u l tu re  In s tru c to rs ;  A R P A  — A g r ic u ltu re  R esea rch  and  P ro d u c t io n  A ss is tan t

R ep aym en t o f  loan

Although farmers  were in a position to re-pay the loan installments 
while  continuing  their  farming operations, m any farmers in study area had not 
done the repaym ent  accordingly. From the phase I o f  the project,  Rs 205 
mil lion was expec ted  to be repaid by farmers to the government.  However, 
only 16.5 mil l ion has been paid so far. The  progress o f  repaym ent  was less 
than 10 %  in all A S C  divis ions (Table  10).

The  failure in repayment  indicates that farmers could  not use this 
system effectively for additional crops, increasing yields and earning more 
money. These  results have proved that adoption o f  so lar-powered drip 
irrigation system is at very low level among all farmers. Similar  observations 
have been m ade  in m any other countr ies  and ICID (2006) indicated that 
though farmers  are aware  o f  drip irrigation technology, the adoption rate was 
very poor.
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T ab le  10. R e p a y m e n t  o f  loan  Installm ents b y  S A W M P  fa rm ers

A SC Total am ount o f  
installm ents (Rs)

Total am oun t o f  
repaym ents (Rs)

P ercentage

M an u m p it iy a 1735410.25 1 54750 .00 8.9
H igurakgoda 976445 .00 9 6 4 7 0 .7 5 9.8
G iritale 1340832.25 1 17500.00 0 .87
B akam oona 895491 .25 7 0 0 0 .0 0 0 .78
N e w  T ow n 1431595.25 149500 .00 10.4
S ew ag am a 1962699.25 179100 .00 9.1
P ulastigam a 2226 7 0 .5 0 10000 .00 4.5
M edirig ir iya 22865  14.25 190935 .75 8.3
G a lam u n a  ; 2 2 40751 .25 2 0 9 0 9 9 .0 0 9.33
Source  : A S D , 2 0 1 0

C O N C L U S IO N S  A N D  R E C O M M E N D A T IO N

For the better performance o f  this SA W M P, farmer selection criteria 
should be established to select capable farmers and capacity-building 
programmes should be conducted for farmers. Extension workers  need to 
deliver good quality technical and practical extension services. In addition to 
providing the technology, an effective and efficient sale services and 
inspection o f  the system by private suppliers is needed. Special efforts are 
needed to remove the impediments and to promote further adoption o f  solar- 
powered drip irrigation technology. Therefore, more demonstra tion sites, 
technical visits, group discussions are recommended. For susta inable use o f  
this technology, an integrated and holistic approach should be adopted. A 
complete package o f  cultivation practices for appropriate  crops under solar- 
powered drip irrigation system should be developed and expla ined to 
growers/farmers and to extension staffs to facilitate successful  adoption o f  the 
technology. Frequent assessment o f  the project objective needs to be 
conducted to achieve a better outcome from the project.
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