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ABSTRACT 

The village tank cascade systems are identified as an 
important invention of the hydraulic civilization of Sri 
Lanka. Water productivity is a widely used indicator to 
measure the performance of these types of systems. A 
combination of agronomic and socioeconomic factors acts 
as key elements influencing water productivity in paddy 
cultivation and its variation. The current study focused on 
variations and determinants of the upstream and 
downstream water productivity of a cascade. The study 
was carried out as a comparative study investigating how 
the factors affect upstream and downstream water 
productivity in paddy cultivation separately in the Ulagalla 
tank cascade system in dry zone Sri Lanka during the Maha 
and Yala seasons over the years 2019-2021. The study 
revealed water productivity in paddy cultivation of the 
upstream and the downstream Ulagalla tank cascade was 
at satisfactory levels with reference to global standards. 
Wildlife conflicts, previous crop losses due to natural 
disasters, and length of the field canal displayed significant, 
negative relationships with paddy water productivity. 
Farm size, command area, activities of farmer 
organization, water head, and availability of lining in the 
field canal displayed significant, positive relationships 
with water productivity in paddy cultivation. 
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INTRODUCTION 

Growing paddy has been a key part of the 
culture in most Asian countries including Sri 
Lanka. Rice is not only a staple food but also an 
integral part of Sri Lankan culture 
(Rijsberman, 2004). Throughout the island for 
about 1.8 million farm families, paddy 
cultivation is their main livelihood. Currently, 
as a country, Sri Lanka annually produces 2.7 
million tons of rough rice, and it satisfies 95% 
of the domestic requirement (DOA, 2020). 
Despite the fact that dry zone agriculture is 
highly vulnerable due to a prolonged drought 
season and diminishing precipitation, it 
contributes to 70% of national paddy 
cultivation (Withanachchi et al., 2014).  

It is a well-established fact that drought is one 
of the main constraints (Tuong & Bouman, 
2003), and water is the limiting factor 
(Panabokke et al., 2002) in the dry zone paddy 
cultivation. To triumph over these constraints 
by retaining more water in the dry zone, 
village tank cascade systems were invented by 
the ancient hydraulic civilization of Sri Lanka 
(Bandara, 1985; Dharmasena, 2012). The 
origin of village tank systems dates back to the 
4th century B.C. or before (Witharana, 2004), 
which means the village tank cascade system 
possesses a history of more than 2000 years 
(Dharmasena, 2004). These human-made 
small reservoirs can be commonly observed in 
the peneplain land surface of the dry zone 
(Dharmasena, 1991). Through acclimatization 
to nature, the village tank cascade systems 
have become a constituent of the rural 
ecosystem (Witharana, 2004). Although 
anciently these human-made ecological 
constructions were sustainable systems that 
enabled high agricultural production along 
with water, soil, and biodiversity 
conservation, currently these valuable 
systems have been undergoing many 
problems. 

The main reasons for these problems are the 
chronological changes in economic, socio-
cultural, and institutional factors. These 
changes have resulted in the abandonment of 
3062 small village tanks in the dry zone 
(Witharana, 2004), while the island-wide 
number is 7753 tanks (Panabokke et al., 
2002). In addition to the complete 

abandonment of small village tanks, essential 
land components of these tanks were lost or 
reduced due to intensive cultivation and 
colonization. Since around 90% of small 
village tanks are clustered into cascade 
systems located all around the island, the 
abandonment of small tanks could cause 
complete or partial abandonment of cascades 
(Bandara, 1985; Panabokke, 2004). 

Water productivity is considered a vital 
indicator of how efficiently and sustainably 
the water resource is used for agricultural 
practices. Currently, in agriculture, water 
productivity has acquired important attention 
as it underlines the importance of water 
conservation in agricultural production. There 
are irrigation-related, land, climate, and 
farmer-based factors that directly and 
indirectly affect water productivity which is 
important in improving water productivity 
and implementing water management 
practices (Barker et al., 1999). Before focusing 
on the methodology adopted, the following 
section discusses different definitions and 
applications of water productivity in paddy 
cultivation. 

Water productivity is enumerated with 
reference to water use in various production 
sectors as the amount of output per unit of 
water used (Pourgholam-Amiji et al., 2021). 
According to Molden et al. (2003), water 
productivity is a performance indicator 
generally defined as the physical quantity or 
economic value derived from the use of a unit 
of water.  

Thus, for paddy cultivation, it is the paddy 
yield obtained based on the water volume 
used in production (Cao et al., 2015). López‐
López et al. (2018) have pointed out that 
water productivity in paddy cultivation is the 
weight of the paddy over cumulative water 
input (irrigation plus rainfall). Therefore, in 
rain-fed systems like tank cascades, the 
cumulative water input for paddy cultivation 
can be identified as the total height of the 
water used by the farmer for flooding 
purposes in the field at different growth stages 
of the paddy crop.  

Even a minor improvement in water 
productivity has a large impact on water 
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budgeting, food security, raising farm-level 
income, and alleviation of poverty & inequality 
(Giordano et al., 2017). Hence, it is important 
to identify the factors affecting water 
productivity in paddy cultivation and their 
relationships in order to improve it. A 
combination of agronomic and socio-
economic constraints acts as key elements of 
water productivity in paddy cultivation and its 
variations. (Daléus et al., 1989). But the factors 
affecting water productivity will vary 
according to location, even within the same 
system (Barker et al., 1999). There are studies 
that have focused on reasons for the 
variability of water productivity within the 
same site (Daléus et al., 1988; Daléus et al., 
1989). 

Thus, the main objective of this research was 
to investigate how the upstream water 
productivity in paddy cultivation differs from 
the downstream water productivity in paddy 
cultivation of a cascade and to identify how the 
factors affect differently upstream and 
downstream water productivity of a cascade, 
taking Ulagalla cascade as the study site. 

METHODOLOGY  

Site selection 

The selected site for the study was the Ulagall 
tank cascade system located in Thirappane 
and Kakirawa Divisional Secretariats, Sri 
Lanka, adjacent to Thirappane and 
Mahakanumulla tank cascades. Ulagalla tank 
cascade is categorized as a large, long & 
straight, broad & wavy, undulating cascade 
having valleys at the head and middle with a 
moderately sloping axis (Sakthivadivel et al., 
1994), while the form index (the ratio between 
length to width) of the cascade is 2.08 
(Sakthivadivel et al., 1996). The cascade 
covers around 51 km2 of land area in the low 
country dry zone (DL1b), originally with 19 
completely rain-fed tanks (i.e. without any 
connection to a major irrigation system) 
(Kumari et al., 2018). Of these, only nine tanks 
function as irrigational tanks at the moment 
(Figure 1). 

Data collection 

Both primary and secondary data were 
collected for the study through field surveys 
and household surveys. Field surveys were 
conducted to explore the research site. During 
the field surveys, tanks were identified for the 
study according to their current function. 
Then the water spread area, catchment area, 
command area, and homestead area under 
each selected tank were estimated.

 

Figure 1: Schematic representation of the Ulagalla cascade (Recreated based on Sakthivadivel et al., 
1994).
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RESULTS AND DISCUSSION 

Spatial mapping was conducted to identify and 
compare the changes in land use patterns in 
the Ulagalla cascade. The map data for the 
current land use patterns were obtained from 
Google Earthpro software. The demarcations 
of the structures were verified by field visits. 
The satellite images from Google Earth Pro 
software were used for this estimation. The 
1:40 000 scaled satellite images of the water 
spread area, command area, feeding area, and 
homestead area of each tank were pasted into 
a 6.35*10-3 m * 6.35*10-3 m grid. Therefore, 
each square of the grid represents 0.0625 km2 
of the actual site. Then the squares covering 
each demarcated part of the cascade were 
counted manually and converted into km2. The 
demarcation of each area was verified during 
the field observations and key informant 
surveys. The water spread areas of the tanks 
are taken at the full supply stage of the tanks.  

A household survey was carried out from 
February to March 2020, representing 25% of 
farmer households registered under the 
Farmer Organizations in Ulagalla cascade. 
Accordingly, randomly selected 170 
individuals were interviewed using a 
pretested, structured questionnaire. 
Secondary data such as farmer registration 
lists, farmer organization registration lists, 
and fertilizer subsidy registration lists were 
collected from Divisional Secretariats, 
Agrarian Service Centres, and Grama 
Seva Officers. 

Data analysis 

As stated earlier, the study was carried out as 
a comparative study. The upstream and the 
downstream paddy water productivities and 
determinates of them were studied to identify 
the variations between the upstream and the 
downstream. The data of 
the Yala 2019, Maha 2019/2020, and Maha 
2020/21 seasons in upstream and 
downstream tanks were analyzed separately 
to identify the variations of water productivity 
in paddy between the upstream downstream 
and Yala - Maha. The boundary of the 
upstream and the downstream of the cascade 
was demarcated at the point where the 

cumulated water surface areas of upstream 
and downstream tanks were approximately 
equal (Figure 1).  

The literature referred to for the selection of 
variables for the empirical model is discussed 
below. Daléus et al. (1989) has conducted a 
study to investigate the relationship between 
water availability/ water coverage and 
agricultural water productivity; Wijayaratna 
(1993); Vermillion (1997) emphasis the 
relationship between the Farmer Organization 
activities and agricultural water productivity; 
Ashraf et al. (2010) have found that the 
relationship between command area and 
agricultural water productivity is positive, 
while the same study showed a negative 
relationship between individual farm size and 
agricultural water productivity; studies done 
by Zwart and Bastiaanssen 2004; Rockström 
2003 prove fertilizer usage has a positive 
relationship with agricultural water 
productivity; According to Dharmasena, 
(2004) construction of agro wells for upland 
crop cultivation may affect the available water 
level in the tanks; Barker et al. (1999); Van-
dam and Malik (2003); Van-dam et al. (2006) 
have found that the agricultural water 
productivity can be increased by lining 
distribution and field canals. 

Previous studies showed that climatic factors, 
crop scheduling, and crop varieties have 
significant impacts on water productivity 
(Modlen et al., 2003; Mdemu et al., 2013). 
According to the farmer organization 
members, farmers, and agrarian officials, the 
decisions on paddy varieties that are going to 
be cultivated (during the research period BG 
350 and 352 were used in the study site) and 
the time of cultivation are taken by the Farmer 
Organizations as collective decisions. 
Tennakoon (1986), also stated that these 
decisions are taken as collective decisions 
through farmer organizations in the village-
tank systems. As the climatic factors were the 
same for the site since the whole cascade 
spread only an area of 51km2. Hence those 
factors are not taken as independent variables 
considering those factors as constants for the 
site throughout the period that study was 
carried out. Accordingly, the conceptual 
framework for the study is shown in Figure 2.
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Figure 2: Conceptual framework for the study.

Water productivity in paddy cultivation was 
taken as the dependent variable for the study. 
Field level water productivity was calculated 
using the following equation (Eq.01).  

WP = Y/V    (Eq.01) 

Where, WP is the water productivity at farmer 
field level, Y is the paddy yield, and V is the 
volume of water used for paddy cultivation 
(Van-dam & Malik, 2003; Giordano et al., 
2017). 

The cumulative water input for paddy 
cultivation is taken as the total height of the 
water used by the farmer for flooding 
purposes in the field at different growth stages 
of the paddy crop. 

The independent variables were categorized 
into three types as farmer-related factors, 
tank-related factors, and infrastructure-
related factors (Figure 2). Under farmer 

 

* Chemical fertilizer input: the amount of main chemical 
fertilizers (i.e. Urea, MOP and TSP) to the paddy field in kg/ha 

† Degree of human-wildlife conflicts: (1-very low, 2- low, 3- 
moderate, 4- high, 5-very high) 

‡ Index for previous crop losses due to natural disasters: 
frequency of occurrence of the crop losses due to natural 
disasters, rupee value of the crop losses due to natural disasters 
taken into the account 

§ Index for farmer organization activity: the respondents were 
asked to rank the services of the Famer Organizations such as 
maintenance of tank parts, distribution of water, distribution of 

related factors Individual farm size (ha), 
Chemical fertilizer input (kg/ha), *Degree of 
human-wildlife conflicts†, Index for previous 
crop losses due to natural disasters‡ , Farmer 
organization activity (index)§, Adaptation of 
water conservative methods (dummy), and 
Availability of agro wells (index) **were taken. 
Under tank-related factors, Water head (m)††, 
and Command area (ha) under respective tank 
were taken while under infrastructure-related 
factors, Availability of lining in the field canal 
(index), ‡‡and Length of the field canal (km) 
were taken.  

The empirical model estimated is given in the 
equation 02. 

Y= β0+ βi Vi + U    (Eq: 02) 

Where, Y Field level water productivity in 
paddy, V1 - Iindividual farm size, V2 -Chemical 
fertilizer input, V3 - Degree of wildlife conflict, 
V4 - Previous crop losses, V5 - Farmer 
organization activity , V6 - Adaptation of 

fertilizer subsidy and decision making on cultivation process (1-
very low, 2- low, - moderate, 4- good, 5- very good) 

** Index for agro wells: the availability of the agro wells, the 
distance of the agro well to the tank and the paddy field are 
taken into consideration 

†† Water head: the available water head of the tank at the 
beginning of the season  

‡‡ Index for availability of lining in the field canal: the availability 
of lining in the field canals, if available the length of the lining, 
and the current condition of the lining (1-poor, 2-moderate, 3- 
good) taken into the consideration 
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water conservative methods, V7 - Availability of 
agro wells, V8 - Water head, V9 - Command area, V10 

- Availability of lining in the field canal, V11-Length 
of the field canal, and U- Error term. V7 - Availability 
of agro wells, V8 - Water head, V9 - Command area, 
V10 - Availability of lining in the field canal, V11-
Length of the field canal, and U- Error term.  

RESULTS AND DISCUSSION 

Altogether 170 respondents participated in 
the household survey, where 70% (119) of the 
sample were male, and 30% (51) were female. 
The average age of the respondents was 45.90 
years. The average number of years of 
schooling (i.e. years of formal education) was 
10.5 years. Though all the respondents were 
engaged in paddy farming, 36.25% of them 
were government employees, and 22.94% and 
24.71% were private-sector employees and 
engaged in business ventures respectively. 
The remaining 21.88% of the respondents 
were engaged in paddy farming as their sole 
livelihood.  Further, 68.24% of the sample 
were commercial paddy farmers, and 31.76 % 
were subsistence paddy farmers. 

Hydrological status of the cascade  

The hydrological linkages such as the 
upstream and downstream water flows, and 
the hydrological endowment are also 
important parameters for identifying 
cascades’ functions and performances. The 
hydrological endowment is an indication of 
the adequacy or the inadequacy of water for 

feeding the existing feeding area (Gunarathna 
& Kumari, 2014; Witharana, 2004). It). The 
ratio of the total catchment area of the cascade 
(CAA) to the total water spread area of all 
tanks located within the cascade (WA), and the 
ratio of the total command area under all the 
small tanks (COA) to the total water spread 
area (WA) are two quantitative parameters, 
which can be used to express the hydrological 
endowment of a cascade (Jothi and 
Panabokke, 2001). Where CAA to WA ratio 
should be higher than eight (8) and COA to WA 
ratio should be less than 1 to have adequacy of 
water for feeding the exiting feeding area. In 
the Ulagalla tank cascade, the CAA to WA 
value was measured to be 8.74 and COA to WA 
value as 0.97.  

Technically, according to the above values, the 
cascade is in a state where it can feed its 
command area for 
both Yala and Maha seasons. However, the 
depths of the tanks have decreased 
significantly. Dharmasena (1991) stated that 
the storage capacities of the village tanks 
decline at the same rate as the depth reduction 
due to sedimentation. Almost all the tanks in 
the cascade are silted hence, the water holding 
capacity of the Ulagalla cascade has reduced 
approximately by half of its initial capacity. 
Figure 3 illustrates how the depths of the 
corresponding tanks have changed over 20 
years. 

 

 

Figure 3: Average effective depth of the tanks 20 years back vs. present 
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The gradual reduction of cultivable extend 
under respective tanks results from the 
reduction of storage capacities. Further, the 
non-availability of water in the tank during the 
dry season for the cultivation purposes can be 
resulted (Dharmasena, 1991). 

Descriptive statistics of variables 
measured 

In the current study, the water productivities 
in paddy cultivation upstream areas are 
reported to be higher than downstream in 
both the Yala (2019) and the Maha 
(2019/2020) seasons. Compared with the 
global range, the values for upstream and 
downstream in both the Yala (2019) and the 
Maha (2019/2020) seasons were at a 
satisfactory level. In the upstream, 
the Yala and Maha values were reported as 
0.72 kg/m3 and 1.07 kg/m3 respectively, while 
in the downstream the respective values were 
0.47 kg/m3 and 0.83 kg/m3). The global value 
for water productivity in paddy cultivation 
ranges from 0.5 kg/m3 to 1.1 kg/m3 (FAO, 
2021). 

The average upstream paddy yield 
in Yala (2019) and Maha (2019/2020) season
s were 2948.61 kg/ha and 3728.12 kg/ha 
respectively, whereas, the respective values in 
the downstream were 2686.45 kg/ha and 
3364.45 kg/ha. The average paddy yield value 
for rain-fed systems in the Anuradhapura 
district for the respective Yala season was 
3870 kg/ha (DCS, 2019), and for the 
Maha season, it was 4716 kg/ha (DCS, 2020). 
Although in both seasons, the average paddy 
yield in the upstream and downstream was 
recorded as lower than the district’s average 
values upstream values were higher than 
downstream values in both seasons.   

 Upstream, the average individual farm size 
was higher than that of downstream in both 
seasons (see Table 1). In the Yala (2019) 
season, the cultivated area was considerably 
lower than Maha (2019/2020) both upstream 
and downstream. The farmers are reluctant to 
cultivate the paddy lands in the Yala season 
since the occurrence and the amount of 
rainfall are uncertain (Aheeyar, 2001). The 
findings of the present study can be supported 
by the above statement by Aheeyar (2001). As 
farmers were reluctant to cultivate during 

the Yala season since they were not certain 
about the adequacy and the occurrence of 
rainfall.  

The amount of average fertilizer usage across 
the cascade was higher than the chemical 
fertilizer subsidy (289.6 kg/ha) by the 
government. The farmers believe that the 
given amount of fertilizer as the subsidy was 
not sufficient for them to get better yields, 
which was reported as the main reason for 
them to use fertilizer than the subsidy. The 
previous crop losses due to natural disasters 
downstream were higher than that upstream 
(see Table 1). The downstream paddy fields 
were been affected by the floods soon after 
cultivation was started, especially during the 
Maha season of the surveying year can be 
given as the possible reason for this situation. 
According to Tennakoon (2004), the regulated 
storage of water in upstream tanks in a 
cascade, reduces the risk of overflowing the 
downstream tanks during the seasons of 
above-average rainfalls. However, as 
mentioned above, the tank depths have 
reduced in significant values hence (see Figure 
3), the water-holding of the tanks both 
upstream and downstream of the cascade was 
reduced. Therefore, the crops downstream 
were highly damaged because the overflowing 
water would be logged into the downstream 
paddy lands.  

Upstream tanks act as buffer reservoirs to 
supply water to the downstream tanks when 
they are deficient in water to save crops 
(Dharmasena, 2004). However, in the current 
situation, the upstream tanks are not able to 
supply water for the downstream tanks since 
they are also lacking in water during the dry 
season.  

In both upstream and downstream, the 
number of farmers using water conservative 
methods was higher in the Yala season (Table 
1) as in the Yala season available amount of 
water for cultivation is limited. The water 
head in the tank was higher upstream for both 
seasons. In Maha, a higher water head was 
maintained in the tanks because of the onset 
of the Maha season, and during 
the Maha season, northeast monsoons are 
being activated. Usually, the northeast 
monsoon contributes more precipitation than 



254 |                                                                                          Kahathuduwa and Prasada (2022) Tropical Agricultural Research, 33(3): 247-259 

 

the southwest monsoon in Yala. Most of the 
land preparations and early stages of 
cultivation are practiced using rainwater 
during Maha, which will save the stored water 
in the tank (Shakthivadevel et al., 1994; 
Tennakoon, 1980). Since some stages of 
cultivation can be carried out with direct 

rainwater and the stored water in the tank is 
available for the latter stages of the cultivation, 
the farmers tend to cultivate more area of land 
in the Maha season than in the Yala season. 
The command area under each tank 
in Maha was higher compared to 
the Yala season (Table 1). 

Table 1: Descriptive analysis of the variables for 2019- Yala and 2019/2020- Maha. 

Variable 

Upstream Downstream 
Yala 
season 

Maha 
season 

Yala 
Season 

Maha 
Season 

Mean 
(Sd*) 

Mean 
(Sd) 

Mean 
(Sd) 

Mean 
(Sd) 

Paddy water productivity (kg/m3) 0.72 

(0.41) 

1.07 

(0.08) 

0.47 

(0.23) 

0.83 

(0.11) 

Individual farm size (ha) 0.46 
(0.21) 

0.68 
(0.04) 

0.25 
(0.19) 

0.57 
(0.17) 

Chemical fertilizer input  (kg/ha) 391.23 
(55.38) 

388.72 
(58.47) 

371.13 
(44.15) 

366.28 
(49.89) 

Degree of human-wildlife conflicts (1-very 
low, 2- low,  3- moderate, 4- high, 5-very high) 

2.11 
(1.19) 

2.58 
(1.14) 

4.32 
(1.33) 

3.14 
(0.98) 

Index for previous crop losses due to natural 
disasters 

3.14 
(1.21) 

4.03 
(1.43) 

4.51 
(2.12) 

4.63 
(1.98) 

Index for farmer organization activity 3.38 
(1.18) 

2.81 
(1.02) 

2.92 
(3.32) 

1.94 
(1.52) 

Dummy variable adaptation of water 
conservative methods (:1-uses water 
conservation methods, 0- does not use water 
conservation methods) 

0.61 
(1.22) 

0.11 
(1.03) 

0.43 
(0.12) 

0.18 
(0.14) 

Index for availability of agro wells  2.14 
(4.22) 

3.40 
(2.12) 

2.67 
(1.07) 

4.07 
(1.34) 

Water head (m) 1.91 
(0.78) 

2.39 
(1.89) 

1.42 
(1.27) 

2.19 
(3.40) 

Command area (ha) 24.42 
(17.12) 

50.59 
(32.18) 

14.57 
(6.7) 

48.52 
(34.06) 

Index for the availability of lining in the field 
canal 

2.08 
(2.42) 

1.48 
(1.28) 

2.11 
(1.11) 

1.67 
(2.56) 

Length of the field canal (km) 0.41 

(0.07) 

0.72 

(0.21) 

0.35 

(0.42) 

0.81 

(1.04) 

*Sd: Standard Deviation

Results of the regression analysis 

Individual farm size was having a significant 
positive relationship with water productivity 
in paddy cultivation, in 
the Yala (2019) seasons upstream and in 

the Yala (2019) 
and Maha (2019/2020) seasons downstream. 
This result can be supported by the findings of 
Ashraf et al. (2010), who found a positive 
relationship between individual farm size and 
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water productivity in paddy cultivation. The 
possible reason in this particular scenario 
could be that when a single farmer has a larger 
area of paddy lands s/he is able to have a 
cumulatively larger amount of water 
compared to farmers with a lesser amount of 
paddy lands.  They can reuse that water 
amount within their paddy lands by flooding 
different sets of paddy plots at different times.  

Human-wildlife conflicts were found to have a 
significant, negative relationship with water 
productivity in paddy cultivation in 
both seasons upstream as well as in 
the Yala season downstream. Wild animals 
such as peacocks damage the crop throughout 
the cultivation period starting from 
broadcasting. The downstream elephants 
were reported as the main source of crop 
damage. In the Yala season, when food and 
water are scarce in the forests, elephants tend 
to come to villages looking for food and water.  

The previous crop losses due to natural 
disasters have a significant negative 
relationship with water productivity in paddy 
cultivation, in the Yala season upstream and in 
both the Yala and Maha seasons downstream. 
The possible reasons for the above finding can 
be the occurrence of drought conditions in 
the Yala seasons and the high-water logging 
conditions downstream in the Maha seasons. 
According to Aheeyar (2001), the 
uncertainties about expected rainfall generate 
reluctance in farmers to cultivate in the 
Yala seasons. This scenario is applicable to the 
current research site as well. Additionally, 
even though farmers cultivate in 
the Yala seasons, they have less attention on 
their paddy lands because over 55% of them 
engage in daily waged jobs. Therefore, they do 
paddy farming at a subsistence level or as their 
part-time livelihood.   

Activities of farmer organizations happen to 
show a significant, positive relationship with 
water productivity in paddy production in 
both Yala and Maha seasons upstream and 
downstream (see Table 2). It is evident in the 
literature that transferring the operational 
and management rights on the irrigation 
water to the farmer organizations has positive 
effects on yields, water productivity, and 
income (Wijayaratna, 1993; Vermillion, 1997). 

In these cascade systems, crop scheduling, 
irrigation management, and minor level 
maintenance are done by the farmer 
organizations with the collaboration of 
government agents (Tennakoon, 1986). The 
opening and closing of sluice gates on time, 
and minimizing wastage of tank water through 
fixing minor level malfunctions of tank 
infrastructure are some main duties of farmer 
organization with importance to water 
productivity in paddy water cultivation. A 
person selected by the farmer organization 
members named Vel Vidhane is responsible 
for the water distribution, and he is 
responsible for giving all the farmers equal 
and adequate water supply. Thus, the proper 
operationalization of the farmer organizations 
could be the reason for the significant positive 
relationship between the activities of farmer 
organizations and water productivity in paddy 
cultivation. 

Water head was found to be having a 
significant, positive relationship with water 
productivity in paddy cultivation both 
upstream and downstream 
in Yala (2019) and Maha (2019/2020) season
s. The water head (i.e. water availability or 
water allocation) of irrigation water is a factor 
determining the water productivity in paddy 
cultivation (Daléus et al., 1988). Having a 
higher level of water head causes better water 
supply at the lower-level fields, which will 
increase water productivity. 

According to Barker et al. (1999), canal lining 
is a general strategy for increasing water 
productivity. The results of this study also 
show that there was a significant, positive 
relationship between the availability of lining 
in the field canal and the water productivity in 
paddy cultivation. When there is lining in the 
field canal, the water wastage through seepage 
and percolation can be minimized and the 
crops will get an adequate amount of water for 
the production, reaching the expected yield. 
Accordingly, when the water has to convey 
through a non-lined canal for a longer 
distance, water loss through seepage, 
percolation, and evaporation is increased.  

This study also reveals that the length of the 
field canal has a significant negative 
relationship with water productivity in paddy 
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cultivation upstream in the Yala (2019) 
season and downstream in both Yala (2019) 
and Maha (2019/2020) seasons. Downstream 
during the Yala season, wastage through field 
canals may further reduce the water use 
efficiency in paddy cultivation furthermore.  

Chemical fertilizer input, the adaptation of 
water conservative methods, and the 
availability of agro wells did not show 
significant relationships with water 
productivity in paddy cultivation.  

Table 2: The factors affecting water productivity in paddy cultivation.  

Variable 

Upstream Downstream 
Yala 
season 

Maha 
season 

Yala 
season 

Maha 
season 

Co-efficient 
(Standard 
error) 

Co-efficient 
(Standard 
error) 

Co-efficient 
(Standard 
error) 

Co-efficient 
(Standard 
error) 

Individual farm size (ha) 0.001** 
(0.001) 

0.004 
(0.022) 

0.004** 
(0.003) 

0.072* 
(0.006) 

Chemical fertilizer input (kg/ha) 0.000 
(0.100) 

0.000 
(0.050) 

0.000 
(0.420) 

0.000 
(0.000) 

Degree of human-wildlife conflicts 
(1- very low, 2- low, 3-moderate, 4-high, 5- very 
high) 

-0.013** 
(0.004) 

-0.044** 
(0.005) 

-0.004** 
(0.006) 

-0.011 
(0.105) 

Index for previous crop losses due to natural 
disasters 

-0.001** 
(0.003) 

-0.019 
(0.040) 

-0.013** 
(0.002) 

-0.073* 
(0.005) 

Index for farmer organization activity 0.018** 
(0.005) 

0.010** 
(0.003) 

0.004* 
(0.002) 

0.004* 
(0.009) 

Adaptation of water conservative methods (1- 
uses water conservative methods, 0-Does not 
uses water conservative methods) 

0.081 
(0.100) 

0.100 
(0.073) 

0.103 
(0.109) 

0.014 
(0.139) 

 
Index for availability of agro wells 

0.012 
(0.103) 

0.107 
(0.023) 

0.024 
(0.044) 

0.141 
(0.110) 

Water head (m) 0.002** 
(0.003) 

0.011** 
(0.001) 

0.000** 
(0.000) 

0.000** 
(0.000) 

Command area (ha) 0.004** 
(0.005) 

0.005** 
(0.001) 

0.001** 
(0.004) 

0.010* 
(0.003) 

Index for availability of lining in the field canal 0.063** 
(0.001) 

0.006** 
(0.002) 

0.003* 
(0.007) 

0.007** 
(0.002) 

Length of the field canal (m) -0.070* 
(0.003) 

-0.017* 
(0.003) 

-0.007** 
(0.006) 

-0.006* 
(0.005) 

Intercept -0.195** 
(0.003) 

1.561** 
(0.002) 

1.380** 
(0.408) 

1.497* 
(0.016) 

R2 0.633 
(n = 84) 

0.717 
(n = 84) 

0.698 
(n = 86) 

0.499 
(n = 86) 

**Statistically significant at 5% level 
Statistically significant at 10 %level

CONCLUSION 

Although the values for the hydrological 
endowment of the cascade are at a satisfactory 
level, the water holding capacity of the cascade 
as a whole was observed to have reduced by 

approximately half of its initial capacity due to 
the siltation of tanks. The water productivity 
in paddy cultivation of the upstream and the 
downstream Ulagalla tank cascade was at 
satisfactory levels (with reference to global 
standards). Policy reforms of tank cascade 
systems, in terms of tank infrastructure 
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enhancement, farmer knowledge, and 
management of wildlife threats were found to 
be critical determinants for sustainable 
production of the system.   
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