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ABSTRACT: Performance assessment of irrigation systems plays a vital role to self-evaluate
them so that interventions could be made to improve the functioning of the systems. This study
was conducted to assess water delivery and supply performances and the agricultural
productivity in three major irrigation systems, namely, Batalagoda, Hakwatuna Oya and
Kimbulwana Oya in the upper Deduru Oya river basin and comparatively evaluate them based
on the estimated values of selected performance indicators. Secondary data were collected from
these three systems with respect to rainfall, yield, cultivation performances, water supply and
delivery for the period of 2012/2013 Maha and 2013 Yala seasons. The results showed that the
relative yield of more than 1.0 was achieved only during Maha season at Batalagoda and
Hakwatuna Oya irrigation systems. None of the systems were able to reach the indicative paddy
yield of 5 Mt/ha during the Yala season. The overall comparison of performance indicators
during both seasons have shown that the performance of Hakwatuna Oya irrigation system was
relatively better compared to Batalagoda irrigation system followed by Kimbulwana Oya
irrigation system. The water scarcity during Yala season at Batalagoda and Hakwatuna Oya
irrigation systems has resulted lower crop productivity. Irrespective of high relative water
supply, the actual yield is much less than the indicative yield during both seasons at Kimbulwana
Oya irrigation system. The reasons for poor water and crop productivity during both seasons at
Kimbulwana Oya irrigation system needs to be explored in detail so that interventions could be
made to improve the system performance.
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INTRODUCTION

Irrigated agriculture being the major fresh water consumer among the water use sectors is highly
threatened under water scarcity situation in the recent past as a result of growing water demands
from emerging sectors (Aman, 2003). Effective, efficient and sustainable utilization of water
resources are important strategies to cope with water scarcity. According to Mdemu et al. (2008)
improving water productivity is one important strategy for addressing future water scarcity.
Water productivity is an indicator of agricultural productivity in relation to the crop’s
consumptive use of water (World Development Report, 2003). Productivity enhancements are
accompanied with optimum resource utilization and maximization of the margina production.
Improving water productivity in agriculture reduces competition for scarce water resources, gives
solutions to mitigate environmental degradation and finally may leads to enhance food security.
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This high water productivity is one of the important indicators among many which is reflected by
the performance of irrigation systems.

Performance assessment of irrigation and drainage is the systematic observation, documentation
and interpretation of the management of an irrigation and drainage system, with the objective of
continuous improvement (Bos et al., 2005). The bench marking process can be used to highlight
the aspects of performance where change is necessary and possible (Cornish, 2005). Leslie and
Sevendsen (1990) stated that, many of the irrigation systems in developing countries have been
performing far below their potential. Criteria used in performance studies are important for in-
depth assessment of irrigation systems, while facilitating the operation through better monitoring
and controlling (Lin, 2008). International Water Management Institute (IWMI) has proposed
minimum set of indicators for comparative performance studies in irrigation systems. They have
focused on water, land and crop production in different systems. This cross comparison gives the
answer to which irrigation system utilizes limited water and land resources optimally (Molden et
al., 1998). Recent studies have attempted to standardize these indicators to allow for better
comparison across systems (Bos et al., 1994). According to Cornish (2005) the selection of
indicators for cross comparison has evolved over time and remains fluid, as the users get the
experience with collection, analysis and diagnosis of the data.

The investment on large irrigation systems is being done by the Government of Sri Lanka as one
of the dtrategies to aleviate rural poverty while ensuring food security. Even though huge
budgetary capital is allocated to construct irrigation infrastructure in the country, most of the
systems operate with lower efficiency levels compared to desired levels. In the South Asian
region, large scale public surface irrigation systems are performing below their potential due to
inappropriate designs and lack of proper operation and maintenance (Hassen, 2004). Negligence
of irrigation systems management has been a primary cause for underperformance of irrigation
systems (Kotagama et al., 1992). Inefficiencies in irrigation systems create various issues in the
national economy while affecting the social cohesion of the society due to water scarcity in terms
of irrigation water deficiencies and lower irrigation water reliability. Therefore, it is important to
maintain good performance levels in irrigation systems to improve crop productivity to uphold
the national economy which is mainly based on agriculture.

Deduru Oya basin is the fourth largest river basin in Sri Lanka and is located within the highly
vulnerable areas due to climate change according to recent studies (Katupotha, 2009). As aresult,
performance of such large irrigation systems within the basin needs to be studied to assess the
status of their performances and the underline reasons for such performances so that
interventions could be made in advance to address impacts of water scarcity. Therefore, the
objective of this study was to assess three magjor irrigation systems in upper Deduru oya river
basin with respect to irrigation water utilization performances for crop production at their system
level and to identify reasons for such performances.

METHODOLOGY
Study site
This study was conducted in three irrigation systems, namely, Batalagoda, Hakwatuna Oya and
Kimbulwana Oya which are located within the upper Deduru Oya river basin (Figure 1).
Catchment area of Deduru Oya basin covers 2620 km? in the wet and intermediate zones with

3% in Kandy and Matale districts, 88% in Kurunegala district and 9% in Puttalam district
(Somaratne et al., 2003). The details of the three systems are given in Table 1.
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Batalagoda Irrigation System is situated in WM3 Agro Ecological Region (AER). The annual
rainfall is about 1270 mm in WM. Rice can be grown in both Yala and Maha seasons. The main
soil types of the region are Red Yellow Podzolic soil in undulating terrain, Reddish Brown
Latazolic and Immature Brown Earth soils situated in steeply dissected, hilly, and rolling terrain
(Katupotha, 2009).

Hakwatunaoy

Kimbulwanaoy

Batalagoda

Fig. 1.  Location of study area
(Source: Somaratne et al., 2003)

Hakwatuna Oya irrigation system is located in the IL; region and receives less amount of rainfall
compared to other two regions in the intermediate zone. Only October and November months
receive rainfall over 200 mm. In this region, some of the loose soils (None Calcic Brown and
Alluvial) are used for dry sowing especially during Yala season for maximum use of rain water.
The main rice growing soils in this region are Reddish Brown Earths, Low Humid Glay and
None Calcic Brown soils situated in undulating terrain (Katupotha, 1992).

The Kimbulwana Oya irrigation system represents 1L, AER. Rainfall pattern during Maha season
ensure favorable rice production. However, during Yala season rice production is recommended
only with irrigation facility. The major soil types include Low Humid Glay soils situated in
undulating to rolling terrain and River Alluvia in flat terrains. Imperfectly drained Red Y ellow
Podzolic soils with strongly mottled sub soil are also used for paddy cultivation to a certain
extent (Katupotha, 1992).

Data collection
Data used for estimating comparative performance indicators were collected during the period of

2012/2013 Maha and 2013 Yala seasons. Data used for the computation of performance
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indicators for 2012/2013 Maha season and 2013 Yala season are shown in Table 2. Seasonal
volumes of irrigation water supply, gross capacities of three systems and paddy yield for the
systems were collected using seasona performance records of each system available at the
Residential Project Managers offices (RPM) of the respective irrigation systems. Rainfal,
command area specified by the Irrigation Department, irrigated extent including encroachments
and cultivated crop varieties were obtained from the records available at the Divisional Irrigation
Engineers Office and verified from relevant RPM offices. Prices of paddy for the above seasons
were obtained from RPM office and it was verified by interviewing of farmers. Indicative targets
for paddy for major irrigation systems in Kurunegala District for both seasons were obtained
from official website of the Ministry of Agriculture. Seepage and percolation loss for three and
half month paddy variety on RBE soil and water requirement for land preparation data were
adopted from Nayakakorale (1980). Crop water requirement for three and half months paddy
varieties for both seasons were taken from Udagedara and Najim (2010).

Tablel Detailsof threeirrigation systems selected for the study

Description Batalagoda HakwatunaOya Kimbulwana Oya
Agro ecological region WM3 ILs IL,;

Cultivated area (ha) 3088.7 2577.7 991.3

Mode of irrigation Reservoir Reservoir Reservoir

Specified irrigable area (ha) 3088.7 2093.0 665.2

Gross capacity (MCM) 5.9 24.3 8.5

Areaat FSL (ha) 244.8 333.8 267.2

Dead storage (MCM) 0.2 3.7 0.5

No. of farmer organizations 22 13 13

No. of farmer families 5450 3500 1775

MCM = Million Cubic Meter
FSL = Full Supply Depth
(Personal Communication, 2014)

Data analysis
Indicators of water delivery and supply performances

Water delivery and supply indicators are useful to identify the efficiency of the services provided
by the system. In view of irrigation systems, irrigation water is the main input for crop
production. Hence, water supply performance of the irrigation system can be assessed by
computing indicators on input supply aspect for agriculture. Guidelines for benchmarking
performance in the irrigation and drainage sector by Malano and Burton (2001) has
recommended to use three indicators, as given in Table 3 to assess irrigation service delivery
with respect to system operations. The indicator of irrigation contributions shows the percentage
of water requirement of the crop met by irrigation water. The relative water supply provides
information as to the adequacy of water provided by both irrigation and rainfall to meet the crop
water demand (potential crop evapotranspiration plus deep percolation and seepage losses) as
defined by Molden et al. (1998).
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Table2. Supplementary data used for the estimation of performance indicators

Irrigation System

Type of Data Season Hakwatuna Kimbulwana
Batalagoda o
ya Oya

Paddy yield (Mt/ha) 2012/13 Maha 6.19 5.93 412

2013 Yala 3.35 412 3.87
Cultivated variety 2012/13 Maha Mostly Bg 352

2013 Yala Mostly Bg 352

(3.5 Months)

Indicative paddy yields 2012/13 Maha 5.0
from magjor irrigation 2013 Yala 50
systems (Mt/ha) in
Kurunegala district
Totd irrigable area 2012/13 Maha 3091 2578 991
(ha) 2013 Yala 3091 2578 991
Diverted irrigation 2012/13 Maha 18.65 15.63 13.01
water (MCM) 2013 Yala 14.29 12.34 7.70
Effective Rainfall 2012/13 Maha 707 327 461
(mm) 2013 Yala 381 162 240
CWR for 3.5 months 2012/13 Maha 0.325
paddy (m) 2013 Yala 0.445
Seepage and
percolation loss for 0.383
3.5 months paddy on
RBE soil (m)
Water requirement for 0.163

land preparation (m)

CWR = Crop Water Requirement
Indicatorsfor agricultural productivity

Agricultural productivity is the expected output of the system by utilizing irrigation water. After
extensive literature review, six indicators were selected for assessing the productivity in irrigated
agricultureas givenin Table 4.

Average paddy yield reflects the productivity of land and this particular indicator depends on the
scarcity of land resource (Rao, 1993). As an indicator, it gives the information on yield per unit
area per season and shows the potential of that land for paddy production under set of
environmental and other supplementary input services (Takeuchi and Murty, 1994). The relative
yield indicator gives the ability of a particular system to produce over the expected yield at
optimum conditions. Thisis aratio between actual crop yield of a particular system and expected
crop yield of major irrigation systems. When the water is a scarce resource, agricultural
productivity per unit water delivered, as indicated by water productivity, gives a good picture on
performance of the system with respect to production (Rao, 1993). Land is now becoming a
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limited resource and for comparing irrigation systems output per cropped area can be used as an
indicator (Molden et al., 1998). Gross value of production in monetary terms was derived under
total water consumption by the system as a whole. The index commonly used in indicating the
extent of irrigation is the cropping intensity (Takeuchi and Murty, 1994). This is primary and
essential criteriato measure irrigation service performance (Lenselink and Jurriens, 1992).

Table3. Selected indicatorsfor water delivery and supply perfor mances

Indicator

Infor mation used

Irrigation contribution (%)

Seasonal irrigation supply per unit
irrigation area

Relative water supply

Amount of irrigation water diverted x 100/ Total
water requirement for paddy including land
preparation

Seasonal volume of irrigation supply/Seasonal
irrigated crop area of the system

Total water supply (IR+RF)/Crop demand (ET+
Seepage)

ET=Evapotranspiration RF= Rainfall

IR=Irrigation

Table4. Selected performanceindicatorsfor agricultural productivity

Indicator
(Average paddy yield)

Infor mation used
(Total paddy yield/Cultivated extent)

Relative yield

Cropping intensity

Water productivity

Output per cropped area

Output per unit irrigation water supplied

Actual crop yield/ Expected crop yield from
major irrigation systems (National average for
major irrigation systems, Department of Census
and Statistics)

Total area cultivated during the season / Total
Command area

Total paddy yield per season/ Diverted seasonal
irrigation supply

Seasonal value of agricultural production/
Cultivated extent

Seasonal value of agricultural production/
Diverted irrigation supply

RESULTSAND DISCUSSION

Batalagoda irrigation system

The water delivery and supply indicators and agricultural productivity indicators for three major
irrigation systems studied are given in Table 5. The level of effectiveness of irrigation water
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supply is shown by the three indicators computed for Batalagoda irrigation system. According to
the results, 69% of total water requirement was contributed by irrigation water during Maha
season whilst it was 47% during Yala season. However, there was an adequate water supply to
the crop during both seasons as indicated by relative water supply of 1.06 and 1.91 for Yala and
Maha seasons, respectively. According to David et al. (2003), relative water supply relates
supply to demand and it gives an indication as the condition of water abundance or scarcity, and
further, how tightly supply and demand matched. Estimated figures for both seasons indicate the
abundance of water in the system during the study period.

Table5. Comparison of estimated performance indicator valuesfor three major irrigation
systems (2012/2013 Maha and 2013 Yala)

Performance Indicator Batalagoda Hakwatuna oya Kimbulwana oya
Yala Maha Yala Maha  Yala Maha

Water Delivery and Supply

Irrigation contribution (%) 47 69 48 70 79 151

Seasonal irrigation supply

per unit irrigation area

(m¥m?) 0.46 0.60 0.48 0.61 0.78 1.31

Relative water supply 1.06 1.91 0.79 1.34 1.23 2.50

Agricultural Productivity

Paddy yield (Mt/ha) 3.35 6.19 412 5.93 3.87 412

100 100 100 100 100 100

Cropping intensity (%) *(100) *(100) *(123) *(123) *(149) *(149)

Relative yield 0.7 1.2 0.8 12 0.8 0.8

Water productivity

(kg/m®) 0.72 1.03 0.86 0.98 0.50 0.31

Output per cropped area

(Rs (,000)/ha) 107.18 17314 13192 16593 123.67 115.43

Output per unit irrigation
water supplied (Re/m®) 23.19 28.70 27.57 27.39 15.91 8.80

Paddy 1busal/ac = 51.55kgs/ha and paddy 1 busal = 20.87kgs (Conversion rates adopted from Central Bank of Sri
Lanka) ; * Total area cultivate by the system/Specified irrigable area

Though, there was adequate water supply, the actua yield (3.35 Mt/ha) was less than the
indicated yield of 5 MT/ha during Yala season as shown by relative yield of 0.7. The output was
much better during the Maha season with a paddy yield of 6.19 Mt/ha and relative yield of 1.3.
This could be explained by examining the rainfall contribution during both seasons. The effective
rainfall during 2012/2013 Maha was around 706 mm whilst it was 381 mm for 2013 Yala.
Though, the total irrigation and rainfall contribution during the Yala season was just adequate to
provide the crop water demand, as shown by relative water supply of 1.06, there may have been
spatial and temporal water scarcity during the season, leading to crop water stress. In contrast, the
water availability to the crop during Maha was 91% more (since relative water supply is 1.91)
than what was required and hence provided a much better output of 6.19 Mt/ha. Nayakkorale
(1980) reported that most of the crop water requirement could be met by rainfall during Maha
season by adhering to proper planting dates and preventing any possible moisture stress by
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supplementary irrigation. Upasena et al. (1990) also argued that, evapotranspiration requirement
of rice crop is usually met by the rainfall received in the dry zone during Maha season unless
there is an exceptional drought.

The higher water productivity during Maha season (1.03) compared to Yala season (0.72) is due
to percentage increment of water supply along with higher paddy production during 2012/2013
Maha season. It is also reflected by the higher value of production per unit irrigation water
supplied during Maha season (Rs.28.70/m®). Agricultural production performance during Maha
season was confirmed by the observable difference for output per cropped area which is
estimated for these two seasons.

It was observed that the physical irrigation infrastructure in this system has deteriorated over
time. In addition, there were no field canals for every paddy plots. This has led to inadequate
water supply for tail-end farmers, especially during the Yala season. Therefore, rehabilitation of
the irrigation system is a prime need in order to improve the performance of the Batalagoda
irrigation system.

Hakwatuna oya irrigation system

Hakwatuna Oya irrigation system follows the same trend for estimated performance indicator
values during Yala and Maha seasons as Batalagoda irrigation system. For instance, Hakwatuna
Oya irrigation system was able to maintain about the same level of irrigation contribution as
Batalagoda irrigation system. The notable differences are higher paddy yield during Yala season
and the higher output for unit irrigation water supplied in terms of rupees per m*. Comparatively
higher relative yield during Yala season and higher water productivity gave more value of
production for Hakwatuna Oya irrigation system than that of Batalagoda irrigation system.

Paddy productivity at Hakwatuna Oya irrigation system was 4.12 Mt/ha and 5.93 Mt/hain Yala
and Maha seasons, respectively. The relative yields of corresponding seasons were 0.8 and 1.2.
Percentage paddy production increment during 2012/2013 Maha season compared to 2013 Yala
season was 50%. These production enhancements might be due to higher contribution from both
rainfall and irrigation during Maha season. According to Table 4, irrigation contribution and
seasonal irrigation supply per unit irrigation area is higher in Maha season than that of Yala
season. Paddy productivity in Hakwatuna Oya irrigation system is closely associated with the
productivity of soil. Low Humic Glay soil has good texture and mineralogical composition for
agricultural crops. Panabokke, (1996) revealed that, rice yields of 4.0 Mt/ha are easily attainable
on this type of soil when the irrigation supply is not limited. This might be the reason for better
paddy productivity reported for Hakwatuna Oya irrigation system even though with the limited
water supply.

Somaratne et al. (2003) has identified Batalagoda as moderately water abundant system and
Hakwatuna Oya as a water scarce system. This observation is confirmed by low relative water
supply values estimated for Hakwatuna Oya irrigation system compared to Batalagoda irrigation
system in both seasons. According to Somaratne et al. (2003) Hakwatuna Oya system recorded
the highest output per unit water. The similar result was obtained in this study as well. That
shows the effective utilization of scarce water resource within the irrigation system by the
farmers in Hakwatuna Oya irrigation system. It is to be noted that the actual cultivated area is
higher than the specified irrigable area for Hakwatuna Oya system due to encroachments. That
may be one of the reasons for limited water supply for al paddy lands in this system during the
Yala season.
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Evidences for higher water productivity during Yala season were gathered during the discussions
with the farmers in Hakwatuna Oya irrigation system. The main reason behind the higher return
per unit of water is primarily due to the participation of farmers in system management activities
through their Water Use Association (WUA). This performance of the WUA is guided by their
Residential Project Manager in Hakwatuna Oya irrigation system. In addition, farmers usually
expect water scarcity in every season which motivates them to utilize water sparingly for paddy
cultivation. The mgjority of the farmers in Hakwatuna Oya irrigation system solely depend on
paddy cultivation as their livelihood, and as a result they are much more committed to get
involved with water management.

Kimbulwana oya irrigation system

Kimbulwana Oya irrigation system has the lowest productivity of 4.12 Mt/ha compared to other
two systems during Maha season as shown in Table 4. Thisis less than the indicative crop yield
as shown by the relative yield of 0.85. The productivity value during the Yala season is between
the values reported from other two systems.

Water was more than adequate for the system during both Yala and Maha seasons as indicated by
the relative water supply of 1.23 and 2.50, respectively. It is important to note that these higher
relative water supply values were obtained irrespective of providing irrigation water to 49% of
additional (encroached) lands. According to Somaratne et al. (2003) Kimbulwana Oya is the
most water abundant major irrigation system within Deduru oya river basin. This was found to be
valid according to the results obtained in this study as well. This higher water abundance is also
reflected by the highest irrigation contribution of 79% and 151% during Yala and Maha seasons,
respectively. This has resulted lowest output per unit of irrigation water supplied, i.e. Rs
15.91/m*for Yala season and Rs 8.80/m” for Maha season. All these performance indicators have
shown that the agricultural productivity as well as water supply and delivery performance are the
poorest at Kimbulwana Oya irrigation system compared to other two systems studied.

The predominant soil type in this system is Low Humic Glay soil and River Alluvial. Both soil
types have higher production potential with respect to paddy cultivation. According to
Panabokke (1996), 5.6 Mt/ha paddy yield is attainable with reliable irrigation supply. However,
the system did not achieve such a good performance even though it is already associated with
fertile soil and reliable water supply. Therefore, further studies are required to find the reasons
for such lower land and water productivity.

The relative water supply of three systems studied is comparable with previous studies carried
out in Sri Lanka. Dissanayaka, (2009) has conducted a study in Mahaweli system C and the
relative water supply was estimated to be between 1.37-1.70 within irrigation blocks.

Limitations and usefulness of the present study

The agricultural productivity and water supply indicators show the performance of each irrigation
systems in addition to the comparisons that could be made. This could be considered as a first
step in a diagnostic analysisto identify the problematic areas which need interventions. However,
detail studies are required to fully comprehend the reasons of poor performance. The rainfall
during 2012/2013 Maha in three irrigation systems could satisfy substantial portion of the crop
water requirement of three and half month’s paddy variety. Therefore, irrigation water issued
from the reservoir during Maha season could be considered as supplementary water to meet the
inefficiencies of water distribution within the system. The rainfall recorded within threeirrigation
systems during 2013 Yala season is not adequate to supply total crop water requirement for
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paddy. Relative water supply of 0.79 at Hakwatuna oya irrigation system shows that the paddy
crop at Hakwatuna Oya irrigation systems was under water stress conditions during the Yala
season. It could be argued that water shortage during Yala season in three irrigation systems
would have been avoided if irrigation water was efficiently used during the previous Maha
season leading to the higher water availability at the respective reservoirs at the beginning of
Yala season.

Availability of water itself does not guarantee a higher productivity as shown by the relative
yield indicators for Kimbulwana Oya irrigation system during both seasons. There was excess
irrigation water issued during both seasons as indicated by a relative water supply of more than
1.0. Therefore, some other reasons may have contributed to the low productivity which needsin-
depth studies.

CONCLUSIONS

The results showed that the relative yield of more than 1.0 was achieved only during Maha
season at Batalagoda and Hakwatuna Oya irrigation systems. None of the systems were able to
reach the indicative paddy yield of 5 Mt/ha during the Yala season. The overall comparison of
performance indicators during both seasons have shown that the performance of Hakwatuna Oya
irrigation system was relatively better compared to Batalagoda irrigation system followed by
Kimbulwana Oya irrigation system. The water scarcity during Yala season at Batalagoda
Irrigation system and Hakwatuna Oya irrigation system has resulted lower productivity.
Irrespective of very high relative water supply, the actual yield is much less than the indicative
yield during both seasons at Kimbulwana Oya irrigation system. The reasons for poor water and
crop productivity during both seasons needs to be explored in more details so that interventions
could be made to improve the system performances at Kimbulwana Oya irrigation system.
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