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Abstract

This study investigates the economic and socio-economic performance of three distinct irrigation systems: Farmers managed tank irrigation
through Water Users Association (WUA), Water Resource Department (WRD)-managed tanks and groundwater irrigation (control area) in
Pudukkottai district, Tamil Nadu. A sample of 240 farmers was selected equally from these three systems and extensive data were collected on
household profiles, landholding patterns, asset and livestock inventories, water use efficiency (WUE), income sources, employment and total
asset value. The analysis reveals that WUA-managed tank irrigation systems demonstrated superior outcomes in WUE, economic returns and
employment generation compared to WRD-managed and groundwater-based systems. Paddy cultivation under WUA tanks recorded the highest
WUE (263.60 kg m?), significantly outperforming WRD tanks (117.37 kg m=) and groundwater irrigation (189.35 kg m?). Socio-economically, WUA
and groundwater systems were characterised by a predominance of joint families and larger average landholdings, while WRD-managed systems
showed higher proportions of nuclear families and small farmers. Annual income, asset value and employment generation were highest in the
WUA-managed areas, pointing to the effectiveness of participatory irrigation management (PIM). In contrast, WRD systems showed relatively
poorer performance in water productivity and employment, indicating issues in governance and institutional engagement. The groundwater
system, while offering moderate performance, reflected higher reliance on livestock and groundwater infrastructure due to the lack of surface
irrigation support.
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Introduction and compare the effectiveness of various irrigation regimes,
namely, farmer-managed tanks under Water Users Associations
(WUAs), state-managed tanks under the Water Resources
Department (WRD) and groundwater-based systems across
multiple performance indicators (7). The debate over centralised
versus decentralised irrigation management has gained renewed
attention in the context of participatory irrigation management
(PIM) reforms, which seek to empower farmers through WUAs (8).
While some studies have shown promising outcomes under PIM,
especially in terms of equity, cost-sharing and maintenance
efficiency, others point to weak implementation, lack of autonomy
and poor institutional design as constraints limiting their potential.
Conversely, WRD-managed tanks continue to be administered in a
top-down bureaucratic fashion with minimal local involvement,
often resulting in inefficiencies, delays and inequitable distribution
of water, particularly between head and tailend farmers (9).
Groundwater-based irrigation, on the other hand, is highly
individualised, flexible and responsive to farmers' needs, but it
comes at the cost of over-extraction, energy-intensive pumping
and long-term sustainability concerns. These divergent models of
irrigation governance thus merit a comprehensive comparative
evaluation, particularly through the lens of WUE, economic returns

Water is a vital resource for sustaining agricultural production,
especially in semi-arid and dry sub-humid regions like Tamil Nadu,
where rainfall is erratic and highly seasonal (1). The state's
irrigation landscape is characterised by a complex mosaic of water
sources ranging from centuries-old tank systems to increasingly
dominant groundwater extraction (2). Historically, tank irrigation
has been a cornerstone of agricultural development in Tamil
Nadu, not only as a physical infrastructure but also as a
community-managed institution (3). These tanks, often built
centuries ago and linked with the socio-cultural fabric of the
region, ensured equitable water distribution through traditional
norms and local-level governance mechanisms (4). However, over
the past few decades, tank irrigation systems have experienced a
marked decline due to factors such as administrative neglect, land
encroachment, siltation, lack of community participation and the
rise of individualistic irrigation strategies centred around
groundwater extraction (5). This shift in the irrigation paradigm has
had far-reaching implications not only in terms of water use
efficiency (WUE) and agricultural productivity, but also in the
socio-economic structure and sustainability of rural livelihoods (6).
Consequently, Tamil Nadu now faces an urgent need to evaluate
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and institutional performance.

In this context, the present study is grounded in the
agrarian landscape of Pudukkottai district, Tamil Nadu, a region
that presents a microcosm of the broader irrigation diversity in
South India (10). Specifically, the study focuses on Illuppur Taluk
and Annavasal Block, where tank irrigation coexists with
groundwater systems and where interventions under both WRD
and WUA-led management have been operationalised to varying
degrees. The area provides a unique opportunity to examine the
real-world functioning of these systems under similar agro-climatic
conditions (11). One of the most critical aspects this study
addresses is the performance of the WUA model, particularly in
terms of its capacity to deliver economic and social benefits
through collective water governance. Unlike the WRD system,
where farmers often remain passive recipients of irrigation
services, WUAs, when functional, offer a platform for farmers to
make decisions on water allocation, scheduling, maintenance and
conflict resolution (12). These participatory functions are
theoretically expected to enhance ownership, accountability and
local-level adaptation, leading to better outcomes in terms of
water productivity, crop yield and rural employment (13).
However, empirical assessments of such institutional models in
Tamil Nadu remain sparse and scattered (14). Similarly,
groundwater irrigation systems, though widespread, have not
been systematically analysed from an economic performance
standpoint, particularly regarding collective tank-based systems
(15). This study attempts to fill these critical gaps by employing a
comparative analytical framework that evaluates the
socio-economic profiles of farmers, WUE, cost of irrigation,
employment generated, asset ownership and crop productivity
under each system.

The importance of this study also lies in its methodological
design. A total of 240 sample farmers were selected across three
irrigation systems: Farmer managed tank area (WUA),
WRD-managed tank area and groundwater irrigation area
(control), with 80 farmers chosen from each system, ensuring
equitable representation from head and tail reaches within the
command area. This allows for a nuanced understanding of
intra-system equity, a dimension often overlooked in performance
evaluations (16). The analysis is supported by structured surveys
capturing data on family structure, education, operational
landholding, irrigation infrastructure, employment generation,
asset inventory and annual income sources (17). These socio-
economic indicators are crucial in revealing the differentiated
impact of irrigation regimes on farmer well-being, resilience and
sustainability (18). Particular emphasis is placed on WUE, defined
as kilograms of output per cubic meter of irrigation water used, as
a central metric of economic and environmental performance (19).
For paddy cultivation, the results demonstrate a significant
variance in WUE: the WUA-managed system recorded
263.60 kg m?, followed by groundwater irrigation at 189.35 kg m?
and WRD-managed tanks at 117.37 kg m3. These differences are
not merely technical; they reflect the underlying institutional
dynamics, collective behaviour and access to timely irrigation
water. In terms of income, farmers under WUA management
exhibited higher returns from agriculture, higher livestock income
and better ownership of irrigation assets, further validating the
economic viability of decentralised models (20). In contrast,
WRD farmers showed dependence on wage labour and lower

2

asset positions, while groundwater farmers, despite moderate
success in crop income, faced high costs related to borewell
maintenance and energy use.

Furthermore, the study draws attention to how irrigation
governance intersects with other socio-economic dimensions
such as family type, literacy, asset ownership, mechanisation and
livestock rearing (21). For instance, joint family systems were more
prevalent in WUA and groundwater areas, which could potentially
influence labour availability and investment patterns (22). The
data also show that WRD areas had a higher share of nuclear
families and small farmers, which may correlate with lower
collective bargaining power and reduced capacity for shared
infrastructure maintenance. These insights are critical for
policy-making, as they demonstrate that irrigation systems do not
operate in isolation but are embedded within broader social
structures and livelihood strategies. The employment generated
per household also varied across irrigation systems, with
WUA-managed areas recording the highest average employment
(224.8 man-days/year), followed by groundwater irrigation
(2185  man-days/year) and = WRD-managed  tanks
(192.7 man-days/year). Such findings emphasise that irrigation
performance should be evaluated not only in terms of crop output
or WUE but also through its impact on rural employment and
income diversification.

In light of these observations, the study aims to contribute
to the ongoing discourse on irrigation reform, participatory
governance and sustainable water management in India (23). It
calls for a re-evaluation of centralised irrigation models like WRD
and advocates for the strengthening of WUAs through legal,
financial and technical support. At the same time, it recognises the
limitations of over-dependence on groundwater and argues for
integrated approaches that promote conjunctive use,
groundwater regulation and community engagement in aquifer
recharge efforts. The study also suggests that monitoring systems
for WUE, farmer training programs on water budgeting and
targeted subsidies for micro-irrigation infrastructure can further
enhance the performance of all irrigation systems. By adopting a
comparative lens, this research underscores the fact that irrigation
governance is not a onesize-fits-all model; instead, it must be
tailored to the institutional capacity, ecological constraints and
socio-economic realities of each region (24). In conclusion, the
introduction sets the stage for a detailed empirical investigation
into how different irrigation systems affect water productivity,
income generation and socio-economic transformation (25). It
establishes the need for robust institutional models that not only
manage water efficiently but also empower farmers economically
and socially (26). As Tamil Nadu grapples with increasing water
stress, climate change and agrarian distress, studies such as this
are essential for informing grounded, evidence-based policies that
can reconcile productivity with sustainability and equity in rural
India.

In light of these gaps, the present study aims to conduct a
comprehensive comparative assessment of three irrigation
systems WUA-managed tanks, WRD-managed tanks and
groundwater-based irrigation to understand how differences in
institutional arrangements influence WUE, economic performance
and socio-economic outcomes at the farm level. Specifically, this
study seeks to: (i) evaluate the economic and agronomic
performance of the three irrigation regimes, (i) analyse variations
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in WUE across systems and (i) examine their impacts on
employment generation, income distribution, asset position and
household-level socio-economic characteristics. By articulating
these objectives, the study positions itself to generate empirical
insights for strengthening irrigation governance and improving
water productivity in water-scarce regions (27).

The findings of this study carry strong practical relevance
for agricultural extension and water-resource policy. For extension
agencies, the results highlight the need to promote participatory
water management practices, farmer training on water budgeting
and adoption of efficient irrigation methods tailored to each
system. For policymakers, the study provides evidence to guide
interventions such as strengthening WUAs, improving WRD
governance through farmer engagement and regulating
groundwater extraction while encouraging conjunctive-use
strategies (28). By demonstrating how institutional frameworks
shape water productivity and economic resilience, the study offers
actionable insights for designing policies that enhance efficiency,
equity and sustainability in irrigation-dependent farming
communities (29).

Design of the study
Selection of study area

The present study was conducted in the Pudukkottai district of
Tamil Nadu, specifically in Illuppur Taluk and Annavasal Block,
where tank and groundwater irrigation systems are widely
practised. Two tanks in Illuppur taulk of Pudukkottai, Parambur
big tank managed by farmers through collective action, where
there was an active WUA, which ensures the equity in distribution
of tank water between head and tail reach farmers and Killikkudi
big tank managed by WRD [passive or defunct WUA], where there
usually exists a conflict between head and tail reach farmers for
irrigation water, were chosen purposively for the comparative
analysis of the institutions governing the management and use of
tank water for irrigation purposes. Along with this, farmers who
had no access to an irrigation tank were also chosen as a control
area to find the economics of conjunctive use and draw
meaningful results. Eighty sample farmers were selected randomly
in each tank management regime and control area. Total data was
collected from 240 sample farmers for the research problem
identified. The distance of the channel was divided into two halves
and was demarcated as the head and tail reach.

Data collection tools and period

Primary data were collected using a structured and pre-tested
questionnaire administered to the sample farmers. The
questionnaire covered household characteristics, landholding
details, irrigation practices, crop production, employment, income
sources, livestock and asset ownership and farmers perceptions
regarding irrigation management. In addition to the questionnaire
survey, personal interviews and field observations were conducted
to ensure accuracy and cross-verification of responses. A total of
240 farmers were interviewed 80 from WUA-managed tanks, 80
from WRD-managed tanks and 80 from the groundwater-irrigated
control area, with equal representation from head- and tail-reach
farmers within tank commands. The data were collected during
the 2023-2024 agricultural year, covering both the rainy (Samba)
and summer (Navarai) seasons.

Data analysis

The data collected from the field survey were coded, tabulated
and analysed using descriptive statistical techniques. Frequencies,
percentages, averages and cross-tabulations were employed to
describe the socio-economic profile of farmers, irrigation practices,
asset positions, employment levels and income patterns across
the three irrigation systems. This descriptive approach is
appropriate for extension and rural development research, where
the objective is to characterise farmers’ livelihoods, resource
conditions and institutional environments rather than perform
inferential or hypothesis-testing statistical procedures.

Tools of analysis
Descriptive analysis

The simple average and percentage analyses were used to
examine the socio-economic characteristics of the sample farm
and household characteristics such as age, educational status,
farming experience, size of operational land holdings, livestock
inventory and farm assets inventory. To assist in the interpretation
of findings, descriptive statistical measures, such as percentages
and averages, were calculated wherever necessary.

Water use efficiency

The WUE formula is used to measure how effectively irrigation
water is converted into agricultural output. It is calculated as the
ratio of crop yield to the amount of water used for irrigation, both
expressed on a per-hectare basis (30). A higher WUE indicates
better water productivity, meaning more yield is obtained with less
water. A lower WUE suggests inefficient water use, possibly due to
losses, poor irrigation methods, or suboptimal crop management.
Water use efficiency (WUE), which is calculated as follows,

Cropyield (kg/ha)

WUE (kg/m?) =
(kg/m) Water used (m®/ha)

The WUE is expressed in kilograms per cubic metre
(kg m3), where crop yield is measured in kilograms per hectare
(kg ha') and total water used is measured in cubic metres per
hectare (m*ha).

Where,
WUE =Water use efficiency (kg m?)
Crop yield =total yield of crop (kg ha™)

Water used = total irrigation water used in cubic metres per
hectare (m*ha)

Results and Discussions
Socio-economic characteristics of the respondent farmers

To better understand the social and economic perspectives of the
profile of the sample farmers, the general characteristics of the
farmers of both tank irrigation management institutions and
groundwater irrigation, namely family type, family composition,
age distribution, literacy level, farming experience, size of land
holding, livestock and farm assets inventory, are presented in this
section.

Family type of sample farmers

The size of family labour in farming is determined by the type of
family, including nuclear and joint families. The sample
respondent's family type is analysed and shown in Table 1.
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Table 1. Type of family among sample farmers (%)

Sl. No. Family type Farmers managed tank area (WUA) WRD managed tank area Groundwater irrigation (control area)
. 38 52 33
! Nuclear family (47.50) (65.00) (41.25)
. . 42 28 47
2 Joint family (52.50) (35.00) (58.75)
Total 80 80 80
(100.00) (100.00) (100.00)

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.

The data showed that the WUA-managed areas, joint
families, constitute a slightly higher proportion (52.50 %)
compared to nuclear families (47.50 %). This suggests that
community-managed irrigation systems may encourage or benefit
from joint family structures, which often provide greater labour
availability and collective decision-making capacity. In contrast,
the WRD-managed areas show a different trend, with a significant
majority of farmers (65.00 %) belonging to nuclear families and
only (35.00 %) from joint families. This may indicate a shift toward
more individual or nuclear family-based farming systems in areas
managed by government agencies, where participation in
collective decision-making is minimal. In the control area, farmers
who utilise the groundwater had the majority (58.75 %), while
nuclear families accounted for (41.25 %). This could reflect a
greater need for labour sharing and cost distribution in managing
private groundwater sources. This indicates that the
joint family was predominant in groundwater irrigation and
WUA-managed areas. On the other hand, the nuclear family type
was dominant in the WRD-managed areas.

Family composition of sample farmers

Family size affects the farm management choices, as well as the
pattern of income and expenditure. Therefore, information on
family composition is presented in Table 2. The table showed that
in the WUA-managed tank area, families have a moderate size
(average 4.43), with a balanced proportion of males (39.44 %),
females (32.96 %) and children (27.60 %), indicating a stable labour
force for farming and water management. The WRD-managed
area shows smaller families (average 3.68) and a higher proportion

Table 2. Family composition of sample farmers (%)

of children (37.97 %), suggesting a higher dependency ratio and
limited adult labour. In groundwater-irrigated control area has the
largest family size (average 4.86), with a higher share of females
(35.99 %). This showed the highest family size of 4.86 in
groundwater irrigation.

Age distribution of sample farmers

Age is a significant factor influencing farm-level decisions,
particularly with irrigation practices and technology adoption. The
age distribution of sample farmers across the three irrigation
management systems reveals a clear dominance of the 41-50 age
group. In the WUA-managed tank area, the majority of farmers
(65.00 %) fall within this age group, followed by above 50 years
(22.50 %) and only below 40 years (12.50 %). A similar trend is
observed in the WRD-managed tank area, where 71.25 % of farmers
are aged between 41-50 years, 16.25 % are below 40 years and only
12.50 % are above 50 years. In the groundwater-irrigated control
area, 66.25 % of farmers are in the 41-50 age group, 18.75 % are
below 40 years and 15.00 % are above 50 years. Table 3 indicate that
middle-aged farmers (41-50 years) dominate across all irrigation
types, suggesting that this group is most actively involved in
managing farm operations and irrigation decisions. The relatively
lower share of younger farmers (below 40 years) across all systems
reflects limited youth participation in agriculture, while the declining
share of older farmers (above 50 years), especially in WRD areas, may
indicate generational transitions or reduced physical involvement in
farming tasks. These results shows that the 41-50 age group appears
to be the most engaged demographic in irrigation management
across the study areas.

Farmers managed tank area

Sl. No. Particulars

WRD managed tank area Groundwater irrigation

(WUA) (control area)

140 86 129

1 Number of males (39.44) (29.15) (33.16)
117 97 140

2 Number of females (32.96) (32.88) (35.99)
) 98 112 120

3 Number of children (27.60) (37.97) (30.85)
Total 325 o 0¢

(100.00) (100.00) (100.00)
Average family size 4.43 3.68 4.86

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.

Table 3. Age distribution of sample farmers (%)

Farmers managed tank area

Sl. No. Particulars

WRD managed tank area Groundwater irrigation

(WUA) (control area)
10 13 15
! Up to 40 years (12.50) (16.25) (18.75)
52 57 53
2 41=30 (65.00) (71.25) (66.25)
18 10 12
3 More than 50 years (22.50) (12.50) (15.00)
Total 80 80 80.00
(100.00) (100.00) (100.00)

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.
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Literacy level of sample farmers

The literacy level of farmers enhances the production and
productivity of farms with technology adoption. The literacy levels
of sample farmers across the three irrigation management
systems are presented in Table 4. In the WUA-managed tank area,
the highest proportion of farmers were degree holders (33.75 %),
followed by those with secondary education (22.50 %) and
primary education (18.75 %). llliterates accounted for only 10.00 %,
indicating a relatively educated farming community in this system.
In the WRD-managed tank area, the majority of farmers had
secondary education (27.50 %), followed closely by degree holders
(27.50 %) and primary education (22.50 %). Illiteracy formed a
small share at 6.25 %, showing a similar trend of relatively high
literacy among farmers. In the groundwater-irrigated control area,
farmers with primary education were the highest (25.00 %),
followed by degree holders (30.00 %) and secondary education
(21.25 %). The percentage of illiterates was slightly higher in this
group (13.75 %) compared to the other two systems but remained
low. Thus, it could be concluded from the given table that most
farmers across all irrigation systems have attained at least primary
or secondary education, with a notable shareholding of degrees.
The presence of illiterates remains minimal, suggesting that the
majority of farmers are equipped with basic literacy skills, which
can facilitate the adoption of modern farming practices. Degree
holders are particularly notable in the WUA and control areas,
indicating potential for greater awareness and participation in
irrigation management and farm decision-making,

Farming experience of sample farmers

Farming experience has a great impact on yield and profit, with
technological adoption resulting in high production and
productivity and the results are presented in Table 5. The
distribution of farming experience among the sample farmers

Table 4. Literacy rate of sample farmers (%)

across different irrigation systems. In the WUA-managed tank area,
the majority of farmers (35.00 %) had 31-40 years of experience,
followed by those with more than 40 years (30.00 %) and
21-30 years (27.50 %). Farmers with less than 20 years of
experience accounted for only 7.50 %, indicating that most
participants were experienced cultivators. In the WRD-managed
tank area, the highest proportion of farmers (37.50 %) had more
than 40 years of farming experience, followed by 21-30 years
(30.00 %). Farmers with 31-40 years of experience constituted
22.50 % and those with up to 20 years formed only 10.00 %. This
suggests a strong presence of highly experienced farmers in
WRD-managed areas. In the groundwater-irrigated control area,
farmers with more than 40 years of experience were also the
largest group (33.75 %), closely followed by 21-30 years (31.25 %).
Farmers with 31-40 years of experience made up 21.25 % and
those with up to 20 years formed 13.75 % of the sample. This
confirms that farmers with over 40 years of experience are
dominant in all irrigation systems, reflecting a mature and
experienced farming population. The prevalence of longterm
farming experience may contribute positively to resource
management, technology use and sustainable agricultural
practices across the study area.

Size of land holdings of sample farmers

The size of land holding details is given in Table 6. It could be seen
from the table that the average land holding size of both the farmers
managed tank area, the WRD managed tank area and groundwater
irrigation was 2.35 ha, 2.29 ha and 1.94 ha respectively; it was highest
in the farmers managed tank area. Among the farmers managed
tank area, the medium-sized farms were high with a proportion of
43.75 %, followed by large-sized farms and small-sized farms with
11.25 % and 27.50 % respectively. The average size of land to small,
medium and large farms in farmers-managed tanks was 1.50 ha,

Farmers managed tank area

Groundwater irrigation

Sl. No. Particulars (WUA) WRD managed tank area (control area)

. 8 5 11

1 Illiterates (10.00) (6.25) (13.75)
2 Primar 15 18 20

y (18.75) (22.50) (25.00)
18 22 17

3 Secondary (22.50) (27.50) (21.25)
. 12 13 8

4 Higher secondary (15.00) (16.25) (10.00)
5 Degree 27 22 24

& (33.75) (27.50) (30.00)
Total 80 80 80

(100.00) (100.00) (100.00)

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.

Table 5. Farming experience of sample farmers (%)

Farmers managed tank area

Sl. No. Particulars

(WUA)

6
1 Up to 20 years (7.50)

22

2 21-30 (27.50)
28

3 31—40 (35.00)
4 More than 40 years 24

y (30.00)
80

Total (100.00)

Groundwater irrigation

WRD managed tank area (control area)

8 11
(10.00) (13.75)
24 25
(30.00) (31.25)
18 17
(22.50) (21.25)
30 27
(37.50) (33.75)
80 80
(100.00) (100.00)

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.

Plant Science Today, ISSN 2348-1900 (online)



MALAISAMY ET AL

Table 6. Size of land holding of sample farmers (%)

Farmers managed tank area

WRD managed tank area Groundwater irrigation

sl. No. Particulars (WUA) (control area)
No. Average in ha No. Average in ha No. Average in ha
o MR ws 0.60 2250 066 a7s0) 0.4
2 Sn}_ﬂf;g)ers @750 10 500 42 150 e
4 i 19 210 @750 21 5000 3
5 Large farmz‘e;sagmore than (11?25) 4.55 (5.?)0) 4.80 (5.‘;0) 4.20
Total (10%?00) 233 (10%(.)00) 229 (10%(.)00) 1.94

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.

2.70 haand 4.55 ha respectively.

In the WRD-managed tank irrigation, small farms were
high, followed by medium farms and marginal farms with
proportions of 45.00 %, 27.50 % and 22.50 % respectively. The
average size of land for marginal, small, medium and large farms in
the tank irrigation was 0.66 ha, 142 ha, 275 ha and
4.80 harespectively.

In groundwater irrigation, small farms were the highest,
followed by medium farms, marginal farms and large farms with
proportions of 37.50 %, 30.00 %, 27.50 % and 5.00 % respectively.
The average size of land for marginal, small, medium and large
farms in groundwater irrigation was 0.54 ha, 1.38 ha, 2.35 ha and
4.20 ha respectively. The results showed that medium-sized farms
were high in farmer-managed tank irrigation, small farms were
high in WRD-managed tank irrigation and small farms were highin
groundwater irrigation. Also, the average size of land holding was
high in the farmers managed tank area.

Livestock and farm assets inventory

The livestock composition across different irrigation systems
provides valuable insights into the farmers livelihood strategies in
response to irrigation availability. The WRD-managed tank area
recorded the highest share of livestock (335 animals), followed by
the WUA-managed tank area (373 animals) and the
groundwater-irrigated control area (234 animals) (Table 7). Among
the livestock types, sheep and poultry birds accounted for the
largest proportions across all regions, with sheep representing
40.75 %, 44.78 % and 38.46 % of total livestock in the WUA, WRD

Table 7. Livestock inventory of sample farmers in the study area (%)

and control areas respectively. Similarly, poultry birds made up
40.49 %, 39.40 % and 41.46 % in the same order, showing their
popularity as low-cost, income-generating assets. Crossbred cows
were notably higher in the groundwater control area, contributing
9.40 % of total livestock, compared to 8.06 % in the WRD-managed
and 8.04 % in the WUA-managed areas. This indicates that in
areas with limited surface water availability, farmers rely more on
high-yielding livestock such as crossbred cows to support their
livelihoods. Draught animals (bullock pairs) were found only in the
control area, albeit minimally (0.43 %), while buffaloes and goats
were present in small numbers across all systems.

Overall, the findings reveal that farmers in the control area
rely more on productive livestock (like crossbred cows) to
compensate for the limited irrigation, whereas those in
conjunctively irrigated systems (WUA and WRD) show relatively
more diversified livestock holdings. The WRD-managed tank area
showed slightly higher livestock possession than the
WUA-managed area, likely due to water scarcity at the tail-end,
compelling farmers to depend more on livestock. These trends
affirm that the availability of irrigation water is inversely related to
livestock dependency, as assured water supply reduces the need
for supplementary income through animal husbandry.

The farm assets inventory of the sample farmers across the
three irrigation systems reflects their access to mechanisation and
infrastructure that support agricultural operations. As shown in
Table 8, the highest number of assets was recorded in the control
area (281), followed by the WRD-managed tank area (218) and the

Farmers managed tank area

Sl. No. Particulars

WRD managed tank area Groundwater irrigation

(WUA) (control area)
. 0 0 1
1 Bullock pairs (0.00) (0.00) (0.43)
2 Cows 14 ! 10
(3.75) (2.09) (4.27)
30 27 22
3 Crossbred cows (8.04) (8.06) (9.40)
1 1 2
4 Buffaloes (0.27) (0.30) (0.85)
152 150 90
5 Sheep (40.75) (44.78) (38.46)
25 18 12
6 Goats (6.70) (5.37) (5.13)
. 151 132 97
7 Poultry birds (40.49) (39.40) (41.46)
Total 373 335 234
(100.00) (100.00) (100.00)

Figures in parentheses indicate the percentage of farmers possessing the livestock. WUA - Water Users Association, WRD - Water Resource

Department.
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Table 8. Farm assets of sample farmers in the study area (%)

Sl. No. Particulars

Farmers managed tank area

WRD managed tank area Groundwater irrigation

(WUA) (control area)
5 7 10
1 Wooden/M.B. ploughs (2.32) (3.21) (3.56)
. 8 7 >
2 Power tillers (3.72) (3.21) (1.78)
3 Tractorand accessories (51111) (433) (2 Z‘9)
4 Sprayers I o i
pray (34.89) (35.78) (25.27)
N 43 47 53
5 Irrigation pumps (IP Set) (20.00) (21.56) (18.86)
6 Borewells » 2 e
(16.28) (14.68) (29.89)
- 31 27 38
7 Farm buildings (14.42) (12.39) (13.52)
7 11 13
8 Cattle shed (3.26) (5.04) (4.63)
Total 215 oy oc
(100.00) (100.00) (100.00)

Figures in parentheses indicate the percentage of farmers possessing those farm assets. WUA - Water Users Association, WRD - Water Resource

Department.

WUA-managed tank area (215). Among all assets, sprayers were
the most widely possessed across all systems, 34.89 % in WUA,
35.78 % in WRD and 25.27 % in the control area, indicating
widespread use for pesticide and weedicide application.

Irrigation pumps (IP sets) were also common, accounting
for 20.00 % in WUA, 21.56 % in WRD and 18.86 % in the control
area. Notably, borewells were significantly higher in the control
area (29.89 %), compared to 16.28 % in WUA and 14.68 % in WRD
areas, reflecting the control area’s greater dependency on
groundwater sources. This corresponds with the higher number of
borewells and electric pump sets typically used in such systems.
The possession of tractors and power tillers was slightly higher in
the WUA-managed area (5.11 % and 3.72 % respectively),
indicating greater use of mechanisation compared to WRD (4.13 %
and 3.21 %) and control areas (2.49 % and 1.78 %). Traditional
implements like wooden or MB ploughs were found in small
proportions across all systems, but slightly more in the control
area (3.56 %). Farm buildings and cattle sheds were relatively
evenly distributed, with a slightly higher presence in the control
area, reflecting better storage or livestock housing infrastructure.

Thus, it could be inferred that mechanised assets like
tractors and power tillers are more prevalent in the WUA-managed
areas, while the control area shows greater investment in
groundwater infrastructure such as borewells. The widespread
presence of sprayers across all systems highlights the universal
need for plant protection measures. These patterns indicate that
asset ownership is influenced by the type of irrigation system and
resource availability, shaping the technological and infrastructural
profile of farming in the region.

Economic performance of both tank irrigation management
institutions and groundwater irrigation

Economic performance of productivity of crops, annual income of
farmers, employment of farmers and asset position of farmers for
tank and groundwater irrigation are presented in this section.

Water use efficiency (WUE) of crops

The average WUE of major crops was studied by dividing the total
output by the total inputs in the farm production. The average
productivity of crops for both tank and groundwater irrigation is

Table 9. Water use efficiency of major crops for the Water User
Association managed tank irrigation

SL. No. Crops WUE (kg m?)
1 Paddy 263.60
2 Groundnut 87.58
3 Millets 33.91
4 Pulses 25.06
5 Gingelly 47.35

WUE - Water Use Efficiency.

Table 10. Water use efficiency of major crops for the Water Resource
Department-managed tank irrigation

SL. No. Crops WUE (kg m3)
1 Paddy 117.37
2 Groundnut 59.68
3 Millets 30.73
4 Pulses 22.50
5 Sugarcane 32.24

WUE - Water Use Efficiency.

Table 11. Water use efficiency of major crops for groundwater
irrigation

SL. No. Crops WUE (kg m?3)
1 Paddy 189.35
2 Groundnut 37.12
3 Millets 25.17
4 Pulses 17.10
5 Gingelly 42.68
6 Banana 27.16
7 Vegetables 10.06

WUE - Water Use Efficiency.
discussed in the given table 9, 10 and 11 respectively.

The superior performance of the WUA-managed system
can be attributed to stronger farmer participation and collective
decision-making (31). Functional WUAs ensure timely water
release, equitable distribution between head- and tail-end
farmers, regular maintenance of field channels and conflict
resolution mechanisms. These governance practices improve
irrigation reliability, reduce water losses and ultimately enhance
crop yield and WUE compared with the WRD system, where
governance tends to be more top-down and less responsive to
field conditions (32, 33).

Water use efficiency (WUE) for Water Users Association-managed
tankirrigation
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Water use efficiency of major crops for the WUA managed tank
irrigation. The analysis of crop productivity under WUA-managed
tank irrigation reveals notable differences in WUE among major
crops cultivated in the command area. Paddy exhibited the
highest WUE (263.60 kg m™), indicating its strong responsiveness to
controlled and timely irrigation practices ensured by the WUAs.
Groundnut recorded the second highest WUE (87.58 kg m?),
reflecting its moderate water requirement and effective utilisation
of soil moisture in tank-fed conditions. Millets (33.91 kg m3), pulses
(25.06 kg m3) and gingelly (47.35 kg m3) showed comparatively
lower WUE values, largely due to their lower biomass production
potential and partial dependence on supplementary irrigation
(Table 9). Nevertheless, these crops remain essential for sustaining
crop diversification and improving soil health. Overall, the results
demonstrate that WUA-led water allocation, channel maintenance
and participatory decision-making significantly contribute to
improved irrigation efficiency and enhanced water productivity
across crops in tank-irrigated systems (Fig. 1).

Water use efficiency (WUE) for Water Resource Department-
managed tank irrigation

Water use efficiency of major crops for the WRD-managed tank
irrigation. The WUE of major crops cultivated under the
WRD-managed tank irrigation system shows a distinct pattern
similar to that of WUA-managed systems, with paddy recording
the highest WUE at 117.37 kg m™ (Table 10). Groundnut ranked
second with a WUE of 59.68 kg m?, reflecting its relatively efficient
use of limited irrigation water. Millets (30.73 kg m?), pulses
(2250 kg m3) and sugarcane (3224 kg m?) exhibited
comparatively lower WUE values, which can be attributed to their
varying crop duration, biomass potential and water demand
characteristics. Although these crops require either moderate or
supplementary irrigation, their lower WUE indicates differences in
field-level water management and crop response under the
departmental irrigation structure. Overall, the variations highlight
the need for improved water allocation and crop planning to
enhance productivity and optimise the use of scarce tank water

resources (Fig. 2).
Water use efficiency for groundwater irrigation

Water use efficiency of major crops for groundwater irrigation. The
productivity performance of major crops under groundwater
irrigation also revealed substantial variations in WUE (Table 11).
Among the crops, paddy recorded the highest WUE at
189.35 kg m?, indicating its strong response to assured and
controllable groundwater availability. Groundnut exhibited the
second-highest WUE (37.12 kg m?), followed by millets
(25.17 kg m*3), pulses (17.10 kg m), gingelly (42.68 kg m™), banana
(27.16 kg m*) and vegetables (10.06 kg m?3). The relatively lower
WUE of several crops under groundwater irrigation reflects
differences in crop characteristics, irrigation frequency and farmers
water management practices. When compared across the three
irrigation systems, WUA-managed tanks, WRD-managed tanks
and groundwater irrigation, it is evident that paddy and groundnut
consistently demonstrated the highest WUE. This suggests that
these crops are more capable of converting available water into
higher productivity across varying irrigation environments,
highlighting their suitability and economic advantage under
diverse water regimes (Fig. 3).

Annual income of both tank irrigation management institutions and
groundwater irrigation

Household income distribution across irrigation systems. The
sample farmers were classified into three groups based on their
annual income. The farmers with an annual income of 0.5-2.5 lakh
were considered as the low-income group, annual income
between 25 lakh and 5 lakh was considered as the
medium-income group and annual income more than 5 lakh was
considered as the high-income group. The medium income
farmers had more proportion among all three, viz, farmers
managed tank irrigation, WRD managed tank irrigation and
groundwater irrigation, with 53.75 %, 43.75 % and 43.75 %
respectively (Table 12). This was followed by the high-income
group in all three irrigation systems with 33.75 %, 28.75 % and

Table 12. Annualincome of both tank irrigation management institutions and groundwater irrigation farmers (Z lakhs)

Farmers managed tank area

Groundwater irrigation

Sl. No. Annualincome (WUA) WRD managed tank area (control area)
1 Low income 10 22 17
(0.5-2.5L) (12.50) (27.50) (21.25)
) Medium income 43 35 35
(25-5L) (53.75) (43.75) (43.75)
3 High income 27 23 28
(more than 5 Lakh) (33.75) (28.75) (35.00)
Total 80 80 80
(100.00) (100.00) (100.00)

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.

Table 13. Income sources of both tank irrigation management institutions and groundwater irrigation farmers (X lakhs)

Farmers managed tank area

Sl. No. Particulars (WUA) WRD managed tank area  Groundwater irrigation (control area)
1 Crop income 6.21 3.76 4.50
P (94.95) (93.53) (94.14)
. . 0.15 0.13 0.13
2 Livestock income (2.29) (3.23) (2.72)
0.05 0.03 0.05
ff-farmi
3 Off-farm income (0.77) (0.75) (1.05)
4 Non-farm income 0.13 0.10 0.10
(1.99) (2.49) (2.09)
6.54 4.02 4.78

Total income (

100.00; (100.00) (100.00)
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Fig. 1. Water use efficiency of major crops for the Water User Association managed tank irrigation.
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35.00 % respectively. Finally, low-income farmers were a very of
less number in all three systems, with 33.75 %, 28.75 % and
35 % in each group. These results show that the table that
medium-income group farmers were a large proportion in all three
irrigation systems (Fig. 4).

Income sources of both tank irrigation management institutions
and groundwater irrigation

The different sources of income of sample farmers are given in
Table 13. The income sources were classified into crop income,
livestock income, off-farm income and non-farm income. It could
be seen from the table that crop income had the highest share of
94.95 %, 93.53 % and 94.14 % for farmers managed tank irrigation,
WRD managed tank irrigation and groundwater irrigation
respectively. In farmers managed tank irrigation, livestock income
was the next highest source of income at 2.29 %, followed by
non-farm income and off-farm income, at 0.77 % and 1.99 %
respectively. In the WRD, managed tank irrigation, livestock
income shares the second most with 3.23 %, followed by non-farm
income and off-farm income with 2.49 % and 0.75 %. In the
groundwater irrigation, farmers earn more from livestock sources
with 2.72 %, followed by non-farm income and off-farm income
with 2.09 % and 1.05 %. This confirms from the above table that in
all three irrigation systems, crop income was dominant and almost
all other income sources were of negligible proportion.
Employment position of both tank irrigation management
institutions and groundwater irrigation

11

The employment distribution across major agricultural operations
under different irrigation systems is presented in Table 14. Among
all activities, planting operations generated the highest
employment, accounting for 39.80 % in the WUA-managed tank
area, 4348 % in the groundwater-irrigated control area and
2250 % in the WRD-managed tank area. This highlights the
labour-intensive  nature  of  planting,  especially in
groundwater-reliant systems where timely crop establishment is
crucial. Intercultural operations such as weeding and earthing up
contributed significantly to employment, particularly in the
WRD-managed tank area (38.75 %) and WUA-managed area
(24.27 %). In contrast, the control area had a relatively lower share
at 1848 %. Field preparation accounted for 21.25 % of
employment in the WRD area, followed by 14.13 % in the control
area and 11.65 % in WUA-managed tanks, indicating the
importance of pre-sowing operations in WRD-managed fields.
Other activities, such as application of fertiliser and manure,
pesticide application and harvesting, contributed relatively less to
total employment across all systems. Their combined share
remained below 20 % in each irrigation regime, reflecting their
shorter duration or mechanisation.

In terms of overall employment generation, the
WUA-managed tank area recorded the highest total
(103 man-days), followed by the control area (92 man-days) and
the WRD-managed tank area (80 man-days). This indicates that
community-managed irrigation systems like WUAs provide greater
employment opportunities, likely due to more intensive and

Table 14. Employment position of both tank irrigation management institutions and groundwater irrigation farmers (man days ha)

. Farmers managed tank area WRD managed Groundwater irrigation
Sl. No. Particulars (WUA) tank area (control area)
: . 12 17 13
11.65 21.25 14.13
1 Field preparation ( ) ( ) ( )
. 41 18 40
39.80 22.50 43.48
2 Planting ( ) ( ) ( )
— . 12 7 10
11.65 8.75 10.87
3 Application of fertiliser & manure ( ) (8.75) ( )
R - 5 3 6
4 Application of pesticides (4.86) (3.75) (6.52)
. 25 31 17
24.27 38.75 18.48
5 Intercultural operations ( ) ( ) ( )
. 8 4 6
6 Harvesting (7.77) (5.00) (6.52)
Total 103 " o
(100.00) (100.00) (100.00)

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.

Table 15. Asset holdings of both tank irrigation management institutions and groundwater irrigation farmers ( lakhs)

Farmers managed tank area

Groundwater irrigation

Sl. No. Particulars (WUA) WRD managed tank area (control area)
1 Land 108.12 74.38 104.31
(98.14) (97.53) (98.38)
- 0.12 0.06 0.07
2 Buildings (0.11) (0.08) (0.07)
N 1.02 0.96 0.95
3 Machineries (0.93) (1.26) (0.89)
. 0.91 0.86 0.70
4 Livestock (0.82) (1.13) (0.66)
Total 110.17 76.26 106.03
(100.00) (100.00) (100.00)

Figures in parentheses indicate per cent of the respective total. WUA - Water Users Association, WRD - Water Resource Department.
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participatory agricultural practices. These results show that
irrigation type significantly affects labour distribution, with WUA
and groundwater systems offering more employment than
WRD-managed areas.

Asset position of both tank irrigation management institutions and
groundwater irrigation

The asset composition of farmers across the three irrigation
ecosystems, WUA-managed tank area, WRD-managed tank area
and groundwater-irrigated (control) area, is detailed in Table 15.
The data reveal that land constitutes the dominant asset,
accounting for 98.14 % in the WUA-managed area, 97.53 % in the
WRD-managed area and 98.38 % in the control area. This
dominance highlights the central role of land in the overall asset
structure of farming households, regardless of irrigation source.
Machinery held the second-highest share of asset value,
contributing 093 % in WUA-managed tanks, 126 % in
WRD-managed tanks and 0.89 % in the control area. Although the
differences are marginal, WRD-managed tank farmers showed
slightly higher investment in machinery, likely due to reliance on
mechanised operations to offset water uncertainties. Livestock
assets contributed 0.82 %, 1.13 % and 0.66 % in WUA, WRD and
control areas respectively, indicating a relatively higher
dependency on livestock in the WRD-managed area. The value of
buildings remained negligible across all areas, contributing less
than 0.12 % of total assets. In terms of total asset value, farmers in
the WUA-managed tank area had the highest overall asset base
(R110.17 lakhs), followed by the control area (R106.03 lakhs) and
the WRD-managed tank area (76.26 lakhs). This indicates that
farmers under WUA management possess a stronger asset
position, likely due to better water governance and participatory
resource use. This indicates that land remains the predominant
asset across all irrigation regimes, while the WUA-managed system
supports higher overall asset accumulation, underscoring the

economic  advantage of community-managed irrigation
structures.
Conclusion

This study provides empirical evidence on the differential
performance of irrigation systems in the Pudukkottai district,
Tamil Nadu. It demonstrates that community-managed irrigation
systems through Water Users Associations (WUAs) are more
effective in delivering higher water productivity, better income
distribution and greater employment opportunities than Water
Resource Department (WRD)-managed or groundwater-based
systems. The WUA-managed areas recorded the highest water use
efficiency (WUE) for all major crops, particularly paddy, which
achieved nearly twice the efficiency compared to WRD-managed
tanks. Farmers under WUAs also had larger landholdings, higher
literacy rates, more mechanised assets and stronger asset
positions, indicating robust farm economics supported by
participatory governance. On the other hand, WRD-managed
tanks, despite being under formal government supervision,
performed sub-optimally in WUE and economic returns. Weak
institutional engagement, conflicts between head and tail farmers
and passive WUAs may contribute to these limitations. The
groundwater control area showed moderate performance,
bolstered by investments in borewells and livestock but
constrained by over-reliance on depleting aquifers. The findings
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suggest that strengthening WUAs and adopting decentralised,
participatory water management can significantly enhance
economic and environmental outcomes. At the same time,
WRD-managed tanks require urgent institutional revitalisation,
including functional WUAs, equitable water distribution
mechanisms and farmer engagement. For groundwater systems,
conjunctive use strategies, regulatory frameworks and
investments in recharge structures are essential for longterm
sustainability. This indicates that irrigation governance plays a
pivotal role in shaping farm-level outcomes. The WUA model
emerges as a promising approach to achieving inclusive, efficient
and sustainable agricultural water management in water-scarce
regions.

Key quantitative findings

The study clearly demonstrates the superior performance of the
WUA-managed tank irrigation system compared with both
WRD-managed tanks and groundwater-based irrigation. The WUE
was significantly higher under the WUA system, with values for
major crops such as paddy and groundnut exceeding those of
WRD and groundwater systems by substantial margins. Farmers
under WUA management also recorded higher crop yields, better
income levels and improved irrigation reliability. Furthermore,
socio-economic indicators such as asset position, employment
generation and operational efficiency consistently favoured the
WUA system, reaffirming the value of participatory irrigation
management (PIM).

Policy and practical implications

The findings highlight the critical role of empowered WUAs in
strengthening irrigation governance. Policies that support farmer
participation, transparent water allocation and decentralised
decision-making can directly enhance water productivity and
reduce conflicts in tank irrigation systems. Extension agencies
should prioritise training farmers in water budgeting, canal
maintenance and collective governance practices to sustain WUA
performance. At the institutional level, integrating WRD officials
with WUA committees and promoting coordinated maintenance
can strengthen hybrid governance models. The results underscore
the importance of scaling participatory irrigation models to other
tank systems in water-scarce regions to improve both equity and
efficiency.

Study limitations and recommendations for further research

This study is limited to a sample from a single district and relies on
data from one agricultural year, which may not capture spatial or
temporal variability in water availability, institutional performance
and crop outcomes. Future research should consider multi-year
panel data, expand the analysis to additional districts and
agro-ecological regions and incorporate hydrological assessments
of tank storage and groundwater dynamics. Comparative studies
that combine economic analysis with remote sensing-based water
accounting would further strengthen the understanding of
irrigation efficiency across institutional and groundwater systems.
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