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Preface

The coastal agro-ecosystem in India has immense potential for agriculture,
horticulture, agro-forestry and fisheries. However, this ecology is prone to several natural
calamities like cyclones and floods. The super-cyclone of 29" October, 1999 caused
considerable loss not only to human being, agriculture and allied enterprises but also to
basic natural resources like land and water in coastal Orissa, which is characterized by
low and unstable yield and resource poor farmers. The repeated natural calamities have
deteriorated the soil health, quality of the ground water as well as the water quality in the
creeks and ponds. The land topography in the coastal area makes the region susceptible
to water logging. The saucer shaped land, high rainfall and poor drainage conditions
create severe water congestion consequently the area remains submerged for about
one to two months under water depths which vary from 30 cm to 100 cm. Poor exploitation
and management of water resources further aggravate the misery. Under such critical
conditions WTCER played a pivotal role by developing and implementing a multi
institutional and multi disciplinary research under National Agricultural Technology Project,
entitled “Management of Coastal Agro-ecosystem affected by super cyclone in Orissa”
to bring about a significant jump in agricultural productivity with a view to alleviate the
perpetual poverty of the people of the coastal region. It was a multi-institutional project
since the scientists of different disciplines of institutions like CRRI, WTCER. OUAT, CIFA,
NRCWA and the regional centers of CTCRI, IIHR and NRCG joined hands in this effort
for developing the area which comprised of 10 villages; 5 from Astarang block of Puri
district and 5 from Ersama block of Jagatsinghpur district of Orissa. In this project WTCER
has generated viable technology for micro water resource development like sub-surface
water harvesting structure and very shallow tube well on participatory basis. Technology
for participatory management of water resource utilization was also developed to increase
water productivity and make the system sustainable. Unproductive waterlogged area
was put under utilization through cultivation of water chestnut. Above-mentioned study
has been presented in this bulletin, which may help in formulation of participatory water
management strategies for similar areas in the region.

The authors acknowledge the financial help from National Agricultural Technology
Project. We are thankful to the National Director (NATP), New Delhi, Director (Coastal
Agro Eco-system), CTCRI, Trivandrum, Principal Production System Scientist, CTCRI,
Trivandrum and Dr. D.P Sinhababu, Principal Investigator (NATP Coastal Agro Eco-
system) for their support and encouragement. We are grateful to Dr. J.S. Samra, DDG
(NRM), who took tedious journey to visit the project site and encouraged us through his
critical appreciation. We are extremely thankful to the Panchayat members and villagers
of both blocks for their cooperation. The assistance provided by Er. B.N. Singh and Er.
S.K Padhi, JAF is duly acknowledged. Sincere thanks are also due to all the colleagues
and staff members of WTCER, Bhubaneswar for their help at times of need.
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Executive Summary

Coastal belt of Orissa is characterized by traditional rice cultivation practices with low
and unstable yield and resource. Poor farmers engaged in compiex and diverse risk prone
(CDR) agriculture. The super cyclone of October 1999 severely damaged the basic natural
resources, viz., land, water and vegetation of this fragile agro-ecosystem and weakened farmers’
economic capacity to invest in agriculture. In this context, during post cyclone period Water
Technology Centre for Eastern Region (WTCER) took a leading role on participatory
development and management of water resources in selected cyclone-affected area (Astarang
and Ersama blocks of Puri and Jagatsinghpur district, respectively) under National Agricultural
Technology Project (NATP) during the period 2001-2004. It has been strived to improve the
fragile agricultural production system with rehabilitation of damaged water resources by
providing prime mover and construction of new water resources to create irrigation facilities.
Diagnostic survey of existing soil and water resources followed by creation and utilization of
water resources and the formation of water user groups involving small and marginal farmers,
including farm women, are the important components of this project. The impact evaluation in
terms of utilities of water resources by the group of farmers and delineation of factors influencing
the group effectiveness have also been addressed in this project.

Testing of soil samples revealed that majority of the soils were in the acidic range (pH
of the soil samples varied from 3.56 to 6.70 in Ersama and 3.87 to 6.56 in Astarang) having
varied level of salinity (EC of the soils ranged from 0.155to 11.1 dS/m in Ersama and 0.045 to
15.4 dS/m in Astarang). Therefore, soil reclamation trials were conducted in selected places
to demonstrate and train the farmers.

Diagnostic survey revealed that different types of water resources were available in
both Ersama and Astarang blocks, but still farmers suffered from scarcity of water especially
during rabi season. Moreover, lack of power/energy for lifting the water was found to be the
major constraint in utilization of the existing water resources. In view of small and fragmented
holdings, it was planned to have strategies to follow participatory approaches to provide power/
energy for lifting the water from existing water resources, to create new water resources through
renovation and/or construction of tube-well and small subsurface water harvesting structures
depending upon the suitability of the location and availability of good quality water. Accordingly,
pump user groups (8 in Astarang and 11 in Ersama) were formed and one pump was distributed
to each group. To combat water shortage during rabiseason in Astarang and Ersama, several
alternatives were planned. But seeing the ground condition of both the sites, it was plannedto
construct very shallow tube-well (VSTW) in Astarang and subsurface water harvesting structure
(SSWHS) in Ersama. Ten shallow tube-wells were constructed for different group of farmers
on participatory basis. Construction of tube-well at Ersama site was not feasible due to salinity
in ground water, at lower depth (greater than 6 m). Therefore, small subsurface water harvesting
structure was the best option available for poor farmers. In the first year, 7 such subsurface
water harvesting structures were constructed on participatory basis by forming water user
groups, where 40 per cent of the cost of construction/renovation expenses was borne by the
farmers’ group either by self-labour or by payment and 60 per cent of the cost was met from
the project. In the second year another 14 farmers’ groups came forward to participate in such
intervention by paying 67% of the total cost and only one third of the cost was borne by the
project.




Impact of pump used lor irfigation both in Ersama and Astarang was realized during
the year 2002 by increasing total cropping area under irrigation, The irrigated area increased
to the maximum in case of rice followed by vegetables, groundnut and potalo at both the
places. The irnigation facilities through pump increased irrigated area of sunflower at Astarang
considerably. It leads to crop diversification in place of predominant rice-fallow crapping pattern
and enhanced eropping intensity. Tube-wells constructed at Astarang also facilitated the farmer
to go for crop diversitication in a big way. During kharif 2002, rainfall in the month of June-and
July was 25 per cent of the average monthly rainfall both at Ersama and Astarang. This
destroyed the crop both at seedling as well as transplanting stage in other areas. Bul lhe
groups who constructed / rehabilitated their water resources under this programme were able
to save their crops. Participatory approach paid the dividend immediately. The farmers
introduced cultivation of fish and aquatic crops like water chestnut in few tanks.

The group dynamics played pivotal role in the tunctioning of groups in an efficient
manner. There were certain factors, which influenced on group functioning and group
effectiveness. Participation received top most priority for the effective functioning of farmers'
groups followed by decision-making, operation and maintenance of water resources,
interpersonal trust and fund generation. The other factors identified were social su pport, group
almosphere, membership feelings, group norms and group leadership. An attempt was made
to identify the socio-economic and personal factors, which influence farmers’ participation.
Correlation and multiple regression analyses were computed. Farmers' overall participation
was considered as dependent variable while age, education, income, land holding, assets
holding (tools, implements, equipments and other assets for agricultural operalions) social
participation and extension orientation of farmers were taken as independent variables. All
independent variables barring age were significantly correlated with participation. Seven
independent variables included in present study accounted for 76.8% variation in the farmers’
participation (R* = 0.768). Land holding, income, social participation and extension orientation
were found to have positive and significant relationship with participation. However, age,
education and assets holding did not matter much in this regard,

For sustainability of a system, farmer's participation is essential. Farmer's paying
capacity must be increased from the system to make it more sustainable. Mere distribution of
seed, fertilizer, planting material does nol help much and after the withdrawal of help the
technology adoption reduce drastically, However, participation of farmer by paying 40% of the
cost of water harvesting structures in 1% year and 87% of the cost in the 2 year gave them the
ownership feeling and they did not take it as donation from government. Since the system
worked with cyclone ravaged poor people successiully this will also work in all coastal areas.
This gives a new insight for development of small-scale water resources in coastal areas,




1. Introduction

The coastal agro-ecosystem of India forms a very valuable resource base, supporting
the livelihood security of several millions of rural poor and also contributing to the national
economy in a large measure. India has 8,129 kmlong coastline. Its peninsular region is bounded
by the Arabian Sea on the west, the Bay of Bengal on the east and Indian Ocean at its south.
The vast deltaic region on the east coast forms the rice-bowl of the country. Agriculture, agro-
forestry and silviculture are the main agro-based activities. Sea level rise due to global warming
has been predicted time and again. The implications of this phenomenon to coastal zone and
island ecosystem can be imagined. Over and above this, natural calamities like cyclones, sea
currents and tides are common features of these areas. Anthropogenic pressure and
unfavourable environmental changes are also taking place (NATP 1998). The coastal regions,
lagging significantly behind the inland areas in terms of productivity, has a still harder task
ahead in lieu of several constraints limiting its productivity. Besides a number of soil, climate,
and water-related factors limiting productivity of food grain crops, the entire shoreline is
extremely fragile in nature. As a result, there is always an element of uncertainty to the lives
and properties all along the shoreline, especially those in the lowlands. The areas are
environmentally disadvantaged and are at a great risk to the ill effects of human activities and
adversities of weather.

Coastal belt of Orissa is characterized by traditional rice cultivation practices with low
and unstable yield and resource poor farmers engaged in complex diverse risk prone (CDR)
agriculture. The super cyclone of October 1999 has severely damaged basic natural resources,
land and water, of this fragile ecosystem. Swirling sea waves inundated the lands near the sea
and deteriorated the soil health considerably. The qualities of the ground water as well as
water in the creeks have been affected. The landform in the coastal area makes the region
susceptible to waterlogging. The saucer shaped land forms, high rainfall and poor out fall
conditions create severe water congestion condition and area remains submerged for about
one to two months under water depths varying from 30 cm to 100 cm. But after December in
rabi season, the land becomes dry but no crop can be taken up because of water scarcity.
Although ground water is available within 50 cm, in most cases ground water below 5 meter is
saline. Poor exploitation and management of water resources further aggravate the situation.
Lowland rice fields in which nature of flash flood is stochastic suffer from poor yield (Sahoo
and Verma, 2002). The low productivity in this eco system faces various constraints, namely;

Limited water during the seedling stage and excess water at later growth stage
Excess water at transplanting as well as later growth stages
Excess water during initial period and less water during later growth period
Stochastic nature of flash flood in lowland
Lack of irrigation in rabi season
Poor soil quality in terms of higher salinity and clay content
Saline groundwater making shallow tube-well infeasible

In view of above, it was felt essential to develop a sustainable water management
strategy compatible to the socio-economic conditions and aspiration of the people. The water
availability and efficient utilisation, storage and application at farm level are identified as the
key performance indicators. It is not possible to manage all these indicators at farm level in
waterlogged area unless some system is developed through co-operative basis. The real
participation of the farmers paying their own share for development is likely to make the
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programme sustainable. The programme should be for the people, by the people and of the
people (Bagdi etf. al, 2002; Pande et. al, 2002). Concerted efforts by a group for achieving
common goals and sharing benefits leads to the empowerment of CDR farmers through creating
own assets and developing own irrigation system for cultivation (Khatik et. al, 1998).

In this context, Water Technology Centre for Eastern Region took a leading role in
post cyclone period and present study was taken up in the walerlogged cyclone affected area
funded by Mational Agricultural Technology Project with the objective of demonstrating a
comprehensive policy of participatory development and man agement of water resources. The
project has been strived to improve the fragile agricultural production system with rehabilitation
of damaged water resources, providing prime mover and construction of new watar resources
ta create irrigation facilities, Diagnostic survey of existing water resources followed by strateqy
formulation for creation and utilization of water resources and the formation of water user
groups involving small and marginal farmers including farmwomen have been impartant
components of this project. The impact evaluation in term of utilities of water resources by the
group of farmers and delineation of factors influencing the group effectiveness has also been
addressed in this study.

2. Location of the Study

The project has been implemented in 10 villages, 5 each from Astarang block (19°58’
N latitude 86°17’ E longitude) of Puri district and Ersama block (20°12’ N latitude 86°24’ E
longitude) of Jagatsinghpur district in the State of Orissa. The study area in Astarang block
comprised of a cluster of 5 villages viz. Hiradeipur (Kuanrpur + Patalada), Gudubani, Sundar,
Manduki and Chakrpada. These villages are situated within the radius of 4 km and within 5 km
away from seacoast. The villages are located at about 2-6 km away from the Astarang block,
12 km away from Kakatpur tahasil, 75 km away from Bhubaneswar and 115 km away from
Cuttack district. The village Hiradeipur (Kuanrpur) comes under Astarang Gram Panchayat
and Guduibani, Manduki and Chakrpada villages come under Patalada Gram Panchayat, The
study area in Ersama block included 5 villages viz. Saraba, Badabellary, Sahadabedi, Ambiki
and Kankan, These five villages are located in a cluster within the radious of 10 km and at a
distance of 5 km from the seacoast. The distance from Cuttack and Bhubaneswar to this
location is 80 km and 130 km, respectively. The village Saraba, Badabellary and Sahadabedi
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Fig. 1. Study villages of Astarang and Ersama block
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come under Jirailo Gram Panchayat where as Ambiki and Kankan belong to Ambiki Gram
Panchayat. All these 5 villages come under Erasama block (8 km away) and Kujanga Tahasil
(25 km away) from Jagatsinghpur district. The peculiar feature of the area in Astarang site is
that its location is at the mouth of river Devi, a gigantic branch of river Mahanadi. So whenever
seawater rises due to heavy tide, the river water is not being discharged to sea and the adjoining
area becomes saline and waterlogged. In case of Ersama, though there is no big rivers, but
several creeks join to the sea. Hence during high tide seawater enters the hinterland thus
making the land saline.

3. Diagnostic survey

3.1. Rainfall pattern

The average annual rainfall of Astarang block is 1653 mm and that of Ersama is 1356
mm. The annual rainfall during super cyclone year (1999) in Ersama was 2021 mm and in
Astarang it was 1959 mm, i.e. 49% and 18% higher than average, respectively. Average
monsoon rainfall (June to October) in Astarang is 1273 mm and in Ersama itis 1080 mm. The
weekly rainfall, ponding water level and water table depth have been depitcted in Fig 2. From
the figure it is clear that there is excess water from 32" week (75 cm) to 49" week (5 cm).
From January onwards, deficit starts. Water table is within 12 cm upto 2™ week (Jan 14) and
then there is steep rise upto 16" week (end of April onwards) and again slowly comes near
surface. This may be attributed to the reasons of heavy ground water withdrawal and one or
two showers of rain after 16" week.
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3.2. Demographic feature

The typology of households both in Astarang and Ersama is categorized into 6 types
viz. Landless labourer, Landless sharecropper, Marginal (< 1ha}, Small (1-2 ha), Medium (2-4
ha) and Large (> 4 ha). Both in Ersama and Astarang more than 12% of the total households
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were landless out of which about 6% were sharecroppers. Majority of the households (68-
69%) belonged to marginal category. Small and medium categories included about 15% and
3% of the households, respectively. Only less than 1% of the households were having more
than 4 ha of land who belonged to large category. In Ersama, majority of the households were
Bengali who have migrated from East Bengal during partition. Their level of education ranged
from illiterate to higher secondary and above. The dominant livelihood options were crop farming

and fish farming.

3.3. Water Resource Survey

Diagnostic survey revealed that different types of water resources are found to be
available in both Ersama and Astarang blocks (Table 1), but still farmers suffer from scarcity
of water especially during rabi season.

Table - 1 : Existing water resources available at Ersama and Astarang block.

b1 B Type of water Ersama Aslarang
Nao TESOUTCES

Number | Area irrigat_ed (ha) | Mumber Arca irrigated (ha)

) Tank 84 94.8*% 27 Qs

i Shallow Tube- well 2 =i 41 34

2% Creek 2 425+ i .
Total 98 o 370G 69 71

*Irrigated in Kharif season only
Ersama site

Although plenty of water resources are available in Ersama block, still farmers suffer
from scarcity of water during rabi season. The groundwater below 3 m to 5 m is saline in
Ersama block. Rural water supply project has constructed 7 drinking tube-welis with a depth
varying from 80 meter to 100 meter. There are about 84 tanks with capacity varying from
100m?® to 1000m?®, 2 shallow tube-wells and 12 creeks in 10 villages of Ambiki Panchayat. The
most important creek is Hansuariver. About 42 ha area is irrigated by lift from this source. The
creek in Kankan is mostly used for fish production and it supplies water to shrimp ponds. The
creek at Baghadi (Chaulia) also serves similar purposes. Other creeks are mostly used for
fish production and supplying water to shrimp ponds. It is evident from Table 1 that about
137.6 hais under irrigation i.e. (11% of the total cultivable area). Most of the irrigation is being
done by lifting of water through manual water lifting devices like Tenda. However the cyclone
has affected this process very badly leading to a condition where sufficient manpower is not
available to operate these water-lifting devices. The area under the command of tanks has
been provided with water during kharif after cessation of the monsoon only. Water in most of
the tanks becomes saline after kharif season due to its higher depth (more than 4 to 5 m).

Astarang site
Unlike Ersama, creeks are scantily available in Astarang block. However, the area is

comparatively rich in good quality ground water that is available at shallow depth. The farmers
have augmented the resource with low capacity ponds in backyards of their households to
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utilize surface water for kitchen garden. The summary of water resources at Astarang is
presentedin Table 1. Itis evident that about 71 ha area is irrigated i.e. 37 ha by tank and 34 ha
by shallow tube-wells. The command area under tank gets irrigation only in kharif. In case of
shallow tube-well, after February, the water becomes saline due to higher depth (> 17 m).
Many of the shallow tube-wells in this region have been defunct due to this reason.

3.4. Soil Survey
Ersama site

The pH of the soil samples varied from 3.56 to 6.70 with majority of the soils falling in
the acidic range. EC of the soils ranges from 0.155 te 11.1 dS/m with majority of the sail from
all villages having medium level of salinity. Water samples collected from shallow lube-walls,
open well, drinking water wells and ponds from & villages from Ersama site are having pH in
the range of 6.4 to 7.4 and EC in the range of 0.3 1o 8.2 dS/M. Majority of the samples show
presence of salt and are saline in nature. Regular use of this water for irrigation may cause
soil salinisation and unfavorable soll physical condition.

Astarang Site

The pH of the soil samples ranges from 3.87 to 6.56, indicating majority of the soils in
the acidic range. EC of the soils varied from 0.045 to 15.4 dS/m indicating varying levels of
salinity. Soils from Timor and Patalda villages are found to be saline to highly saline in nature.
EC and pH of 35 water samples taken from different villages of Astarang were also tested.
The pH of the water samples varies from 5.67 to 7.02 and EC varies from 0.40 to 4.0 dS/m.
Water samples collected from Timore and Patalda are saline in nature.

4. Strategy formulation and implementation for water resource management

Strategy formulation for utilization of existing water resources and creation of new
water resources was carried out through group discussion, farmers’ meeting and participatory
need assessment. In view of small and fragmented holdings, utilisation of water resources on
community basis was planned and accordingly water users groups (WUG) were formed for
implementation of participatory work plan. It was planned to have strategies to follow participatory
approach to provide power/energy for lifting the water from existing water resources, to create
new water resources through construction of very shallow tube-well and small subsurface
water harvesting structures depending upon the suitability of the location and availability of
good quality water.
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4.1. Strategy for utilization of existing/ created water resources

Earlier with available man power irrigation was practised through indigenous wooden
lifting device called “Tenda”. But the supercyclone left the farming community with little resource
to repair or replace the existing system. Again avaiibility of man power to operate these sysiems
was a major constraint. Hence, at the first stage it was decided to improve the utilization ot
existing water resources, It was found that lack of power/energy for liting the water is tha
major constraint in utilization of the existing water resources. In view of this it was decided to
provide 3.5/ 1.5 HP (petrol start, kerosene operated) pump sels lo the group of farmers for
irrigating crops. In view of small and fragmented holdings these pumping sets can be used
effectively on community basis. Further it was not possible to provide on individual basis due
to various socio economic reasons. Thus, 19 pump user groups were formed inclusive of few
women self-help groups and one pumping set was given to each group. In all 11 and 8 pumping
sets were given at Ersama and Astarang, villages respectively. It is often found that one of the
major shorlcomings of any operational research project is speedy withdrawal of technology
and poor maintenance of resources created/supplied after completion of the project. This
makes the project unviable. To avoid this and to make this programme sustainable, a
participatory approach for utilization, operation and maintenance has bean followed. It was
decided that the pump user group would collect a nominal rent as a part of group's fund
generation process. The decision on quantum ol rate was laft to the user group and it varied
from Rs. 10/~ to As. 25/- per hour of operation of pump in their field. The money so collected
was deposited in groups’ account. The memorandum of understanding (m.o.u) stated clearly
that the amount so deposited totally belonged to the group to meet operation and maintenance
axpenditure as well as to make group's savings for purchase of a new pump. Because the
pump provided earlier was to be taken back from the site once group mobilised required the
amount to purchase new pump and the same process would be replicated with new groups. It
leads the system self-paying and sustainable.

4.2. Strategy for development of new water resources

To combat water shortage during rabi season for Astarang and Ersama, several
alternatives were planned. After initial investigation of ground water tables of both the sites, it
was decided to construct and renovate small subsurface water harvesting structures in Ersama
and very shallow tube-wells in Astarang.

Astranga site

Strategy for creating micro water resource development was to construct very shallow
tube-wells with depths varying from 8m to 17m depending on the site condition. There was
advantage of small diameter shallow tube-wells over large diameter tube-wells in coastal area,
because increase of diameter of tube-well by two times increased discharge only upto 10%
and higher discharge resulted in ingress of sea water from unconfined aquifer zone. The cost
of deep tube-well was much high, with a possibility of sometimes getting bad quality water
aquifer zones. This type of water resource added extra benefit in terms of less water losses
because it was constructed nearer to the cropped land. Under such condition water conveyance
efficiency is very high. Four shallow tube-wells were constructed for different group of farmers
on participatory basis in the first year. The cost of one tube-well was Rs. 2476/- only. The tube-
wells were of 7.5 cm diameter and dug up to 13 m depth. In order to make the programme
sustainable, the group was mobilized to purchase a kerosene operated pump (2 HP) to be
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fitted to shallow tube-well. Agreement was made with the group to share the water among all
the group members and to non-members on payment so that the maintenance could be done
with the fund generation by the group. In the second year, four more water user groups came
forward to construct shallow tube-wells on the same condition. In the third year with 50% of
the project support, two groups constructed similar shallow tube-wells (project support was
Rs. 1250 only).

Ersama site

Construction of tube-well at this site was not feasible due to high salinity in groundwater.
Construction of creeks and large water harvesting structures in coastal area needs proper
planning and financial support from other agencies. Success of big ponds needs integrated
farming system in which fish, poultry and horticultural crops on the pond bund should be
added in a big way. Again this technology requires big land size and resource rich farmer. But
in cyclone affected coastal area, resource poor farmers are not able to add all these
components. Under such condition construction of small subsurface water harvesting structures
on participatory basis was the best option available for poor farmers. Keeping this in mind
Water Technology Centre for Eastern Region, Bhubaneswar developed a design for sub-
surface water harvesting structures (excavated tank). In this system small sub-surface water
harvesting structures (excavated tank) were constructed with an inlet to a depth of 3-4 m or
less to harvest surface water in rainy season and to harvest sub-surface seepage water in rabj
season after each pumping session. This structure provided water for raising paddy nursery in
June and irrigated additional area during rabias well as summer. It was also used for aquaculture
and aquatic crops. This system proved very effective in providing assured irrigation. As the
resource of the farmers of the region was poor, they could not construct it on their own nor
govt. could fully subsidize the programme. Hence a participatory approach with involvement
of the farmers group was considered to be successful to bring about sustainable water resource
development.

Use of Participatory approach system

This system can be installed at any place that is nearer to the creek and where a sand
zone is underneath within 10m below ground level. This zone is locally called Bellary in the state of
Orissa. In Paradip and Ersama zone, this type of land is available in a vast stretch of area within 5-
10 km from sea. There should be arable land and habitation near the zone for taking up farming in
both kharif and rabi. Seepage rate should be more than 10 mm per day. There should be clayey
zone below the surface upto first 3-4 m. The design of the sub-surface water harvesting structure
depends upon expected rate of seepage. If the rate of seepage is more, then the area of tank is
reduced and vice versa. The recuperation rate by pumping at different site in 556 m?3 to 899 m?®
tanks varies from 1.58 m#¥hr to 4.07 m*hr in sandy zone and from 1.01m%nhr to 3.4 m3hr in clayey
zone. Capacity of structure may vary from 200 m®to 1500m?®. The depth of structure may also vary
from 2-4 m.

To make the project more sustainable, a participatory approach was developed and
followed. After selection of a site, irrigation user group was formed around the site. Each group
member was advised to pay a small percentage of the cost of the project either through labour or
by cash or kind. In the first year it was decided for the irrigation user group to pay 40% of the cost
of the project. Initially no farmer came forward. But seeing the successes of Madhab Mandal
(group leader) with this participatory approach, 6 such farmer’s groups were formed in different
cyclone hit villages of Ambiki Panchayat. At the site, layout of the structure was marked in two
parts (60% & 40%) and the group was asked to complete 40% work first. For example for a 30m
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X 20m x 2m structure layoul was given for 30m x 8m x 2m far the larmer group 1o complate and
then project functionary came forward to complete the remaining 30m x 12m x 2m earth work
through the same user group by providing the wages. By this the group felt their ownership in the
project. For any subsequent repair and maintenance they took care of the entire expense, In the
second year, after seeing the success of the project, the subsidy was reduced from 50% 1o 33%.
5iill 13 user groups were formed in 7 differant villages. The procedure of construction remained
the same.

5. Impact of water resources creation and utilization
5.1. Utility of pumps

The impact of pump used for irrigation both at Astarang and Ersama was realized

during last two years (2002-2004) by increasing total cropped area under irrigation. At Astarang
irrigated area has been increased from 5.6 ha to 92.3 ha in the first year and 180.1 ha in the
second year. At Ersama, cropped area of both paddy and non-paddy was increased from 13.4
ha to 83.1 ha in the first year and 243.8 ha in the second year. The irrigated area increased to
the maximum in case of rice followed by vegetables, groundnut and potato at both the places.
The irrigation facilities through pump increased irrigated area of sunflower at Astarang. It
leads to crop diversification in place of predominant rice-fallow cropping pattern and enhanced
cropping intensity,
_ A brief account of all the pump water user groups at Astarang and Ersama is presented
in Table 2 and 3, respectively, It is noticed that some groups have functioned well, utilizing
pump to irrigate different crops and making regular saving in group’s account through collection
of pump operation charges from the users. In contrast, few groups could not generate funds
consistently that resulted in relatively less saving in their group’s account.
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Table - 2: A brief account of Pump Water User Groups formed at Astarang site under
NATP(Coastal) during 2001-04
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Table - 3 : A brief account of Pump Water User Groups formed at Ersama site under
NATP(Coastal) during 2001-04

Mz of D of Ciroup Wi al Typebl | Aven Arvewimigned | Bulace:
pomp witer | leader members | i | irrigated nlter providing | amount™
LSBT Erop (HI el pimp ey [ o group
andd Lpeitiom Prdviding i AT (M)
' ; o, Hlin) vear | ovear
Civoup-l Mo Koty Manda | 12 A TR 93 | 1541 YR
Crroupe 1 Sunil Surpl 14 A3 Al A7 | 1240 ] 000
Cironpelll Frundsbun Meaidal |15 a5 0 T25 | 1435 | 1000
Cirogp-[V “Subal Dalm - =] 35 1.3 £51 2120 Sl
Cironp-¥ Kelu charan Sahoo | 14 35 1.6 o1 | 2712 [2S500
Cipoup=y | Fahitra Swaiin 11 3 Al 1521|2334 500
Cironp-v Puspuk Nayik A 1S 14 T8I | 1541 S
Ciponp- V11  Gulam Mustafa 13 2 L0 7.8 23] T8
Cipompel 3 Bhenu Musdal 7i 3 il Ty LFEs [ 400
G- Msdliab Wl il (1] A5 1.2 7.9 260 13}
Group-Xl Hikas Mails L) 240 [ 3.3 12 1K
eatal 157 134 O3 2438

* Balance amount remained in group’s account till June 2004 after meeting expenditure towards
repair and maintenance of pump (repair/change of damaged washer, ring, etc. parts ; oil change.
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5.2. Performance and economics of the sub-surface water harvesting systems

A properly designed and constructed sub-surface water harvesting structure based
on the above principle will mitigate the early drought in kharif season and provide irrigation
during rabiand summer. The evaluation of such system has shown its effectiveness in dealing
with early drought in kharif 2001 in saving an area of 8.8 ha. The details of benefit in kharif
2002 and benefit cost ratio are given in Table 4 and 5, respectively.

Table -4 : Name of the farmer and Capacity of Tank.

Mo nmd melibreds of A ol A% ol Potnl et | Clugnests “rea Mo al
T total cost tivtal oost s) o' si vl Lind wiers
(Bsl (Bl | Ehaseal in the
2002) (ha) | gremp
mlndhav Nlandal Clioulin FITERTT RN 1TT33.0K 12874 24
{Baglade), Anmibiks
Eraamwia, .
Fuspuk Nayak Aminki, S04, 08 i 1 151 1EkiKd L 22 14
_]_:.‘!:\-'Ill:lu.
Subal Behera, 5458.00 8188.00 13646.00 101L.5 B | 19
Kiyada(Nagari). Ersama.
Sunil Samal, Chaulia, AR J ¥ 300 16235 1K) 1570 b IF7
Ambiki, Ersama, A me
Sabynsachi Jen AORO0 | 9] 2000 |Fa0iky | 11523 24 Il
Eiyada{Nagamd, Ambiki
Brsamm, = —
Biabayi Prodban. Ambriki 2006 10 HEEFRRN TAU0.00 5362 (5] fi
Brsag, !
Srikantn Rama, Ambiki a0 R} TERLM T 3l | 6
__Il_f:u_.?_:!l:lil - — |

The irrigation rotation schedule was developed for the group for kharif (for paddy
nursery in case of drought) and for rabivegetables and pulses. Area irrigated during rabi was
27.9 ha for 71 farmers. The total income from the paddy and rabi crop for each SSWHS was
determined after crop harvest. The total amount of fish captured from each SSWHS was
determined and the income from fish varied from Rs. 3000/- to Rs. 17,600/-. Fish crop income
ratio varied from 1:1.85 to 1:3.16 in different SSWHS (except in one SSWHS due to low yield
of fish). Income from fish per cubic meter of capacity of SSWHS varied from Rs. 2.96/- to Hs.
12.283/-. Generally as the capacity increases fish income increases with little variation. But
total income from SSWHS varied from Rs. 12.93/m? capacity to Rs. 47.20/m?® capacity in the
firstyear itself. Low income from crop was sustained by high income from fish as the SSWHS
was being fed continuously by sub-surface seepage water in coastal waterlogged area. The
total income from SSWHS with respect to cost of construction varied from 0.98 to 3.43 in the
first year itself. The investment on small sub-surface water harvesting structure was found to
be Rs. 3328/- ha out of which farmer’'s group payment was Rs. 1331/-. In the second year 13
irrigation user groups were formed when the farmers participation was upto 67% of the project
cost. The performance index is given in Table 6.

The B: C ratio varied from 0.93 to 2.18 with an average B: C ratio of 1.55 in the first
year of the construction itself. Cost of structure varied from Rs. 12.66/m®to Rs. 18.10/m?* with
an average of Rs. 14.18/m®°. Water productivity varied from Rs. 15.84/m® to Rs. 80.43/m® with
an average of Rs. 36.20/m? by taking into consideration total income from all the structures. If
only the benefit was considered then water productivity ranged from Rs. 9.00/m®to Rs. 53.70/
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m® with an average of Rs. 23.26/m®. Pumping test determined the replenishment rate of the
sub-surface water harvesting structures as 1.67 m¥hr to 4.92 m%hr in sandy zone and 1.34
m?hr to 4.2 m¥hr in clay zone. The participatory approach of implementing the above technology
thus improved the financial status of several people and to some extent increased the
employment opportunity.

During kharif 2002, rainfall was 25 per cent of the average rainfall up to June and July
both at Ersama and Asratrang. Below average rainfall destroyed the crop both at the seedling
and transplanting stages in other areas. But the groups who had rehabilitated their water
resources under this program were able to save their crops. Participatory approach paid the
dividend imm.diately.

In addition to the building of skills and capacity of the farmers in operation and
maintenance of the shallow tube-well and portable 3.5 HP kerosene pumps and shallow sub
surface water harvesting structures / tanks, the farmers of WUGs were trained on judicious
use of water for improved agricultural production. The major impact was realized in terms of
educating and sensitizing the farmers towards economic use of water resources for cultivation
of less water intensive and more profitable crops like potato, oilseeds and vegetables; leading
to positive change in the socio-economic status of the farmers with improved financial status.

Table - 6 : Performance indices of sub-surface water harvesting structure constructed (2003-04)
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Bikash i Maiti AR | 1wTE | 184 e [T T 1250 03T 97203 | Loh | bek
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[0 [ s [ 171 L L0l BTG EE] ¥ 12735 | - 22465 | L= | 214
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| Rl O3, Plaweliar | (D60 1.216 3000 | Lewann [0 | 32050 | 14550 | 1s400 ] L1z | 1:z
Jhadeswiae Far|da T 3| 1.712 11000 16300 St 32300 9735 | 22585 | 2.8 | 1@
oo Syuin Rib | 132 | 0484 ] s000 9400 410 21400 $795 | 12605 125 | 123
Tallnv Mallick S0 [ 7631 | 0564 4000 7600 4000 15600 | Beln.| 9385 L34 ] 14l
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Wil vee Sl 357 | '

3568 | -J'ﬁiﬁ'l' BT FL0 ] ] e 3% [ Loo | w08

5.8. Utility of shallow tube-wells

The utility of very shallow tube wells constructed at Astarang site is presented in Table
7. Itis evident that Benefit cost ratio varied from 0.74 to 1.42 with an average of 1.04. The ratio
was low as in some tube wells the data was for two years and in some cases it was for one
year only. Similarly cropping intensity varied from 107 to 154% with an average of 132.7 percent.
Water productivity was found to be very high in Ersama in sub surface water harvesting structure
due to fish compent. However, in Astarang it was low as water was used for crop only. It varied
from Rs. 4.03/m® to Rs. 5.55/m? with an average of Rs. 4.84/m® with an assumption that tube
well was working for 50% of days during rabi and summer with 8 hours of pumping per session.
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5.4. Land modification and its utilization

The super cyclone destroyed several houses and high tidal water rendered the houses
into earth dunes. Applying the same participatory, technique, land modification work was carried
out with two third cost being shared by the farmers. Performance of the system is presented in
Table 8. From the table it is clear that in the first year itself B.C ratio was found to be 1.11, 1.49
and 1.58 in the three terraces respectively. Cropping intensity in the first two terraces was
300% whereas in third terrace it was 225%. In the third terrace in summer only one fourth of
the area was cultivated due to shortage of water.

5.5. Water chestnut cultivation in sub-surface water harvesting structures

As a part of crop diversification program in waterlogged areas, attempts were made
to popularize water chestnut cultivation in super-cyclone-hit coastal waterlogged area of Ersama
in Jagatsinghpur districts. Planting was done at seven water bodies in farmers field. The crop
was planted during mid June in 2002 ensuring full water in the water bodies. Both green
varieties “haldipada green” and “haldipada red” were planted in each pond in 1:1 ratio. The
vine of three seedlings at a time was tied loosely together and the knot was gently buried in to
mud bottom of the pond with the help of toe. The planting was done at a spacing of 1.5m X 1.5
m. The compost was applied @ 8 t/ha before planting. The N:P:K fertilizer @ 40:60:40 were
applied in three splits. The one third of N as urea and K as muriate of Potash with full P as
single super phosphate were applied as basal dose. The rest 2/3 N and K were applied in two
splits at two and four months after planting. To minimise the infestation of singhara beetle
(Calerucella birmanica) Sevin @ of 1.5 kg/ha was applied three times from the third month
onwards as and when infestation appeared. Out of seven places, cuitivation was successful at
three places. In four places salinity level was relatively high (3-8.8 ppt) for which crops did not
grow well. The dissolved oxygen content, pH and temperature did not vary significantly at
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Table - 9 : Performance of water chestnut is sub-surface water harvesting structures at Ersama.

A. Variable cost of production Ersama (200m")
(1) Pond preparation (Rs) 150.00
(11) Seeding cost (Rs) 50.00
(ii1) Labour Planting (1 man days) @ Rs.40/- 40.00
(b) Weeding (1 man days) 40.00
(c) Harvesting (5 man days) 200.00
(1v) Fertilizer (N :P: K) 40:40:60
Urca 1.75 kg
SSP 5 kg 35.00
MOP 2 kg
(v) Insecticide(Rs) 50.00
(vi) Misccllaneous(Rs) [ -
B. Fixed cost (Rs) Land rent 40.00
Total cost A+B (Rs) 605.00
Income from Yield of chestnut (approx) @ Rs. 5.00/kg 200 kg
Rs.1000.00
Net profit Rs. 395.00
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different places initially during monsoon. After recession of monsoon salinity increased
appreciably inone place for which the crop growth was poor. At the start of the experiment the
jeaf area increased slowly as the branching of the plants were limited till second month of the
crop (Fig. 8). Increased leaf area over surface of water significantly decreased dissolved oxygen
concentration at later stage of crop growth (Fig. 4). The total productivity of nuts in three water
bodies were 7.32, 7.56 and 8.87t/ha with net profit ranging from Rs.19,800 to 20,200 per ha.
Performance of water chestnut in sub-surface water harvesting structures at Ersama is
presented in Table 9.

6. Effectiveness of group dynamics

The group dynamics plays pivotal role in the functioning of groups in an efficient manner
There are certain factors, which influence on group functioning and group effectiveness (Samra
ei al. 1996). The “Group Dynarnics Effectiveness” (GDE) has been operationally defined as
the sum total of forces among the members of group based on certain sub-dimensions/factors.
It could be assessed with respect tait's different parameters viz. participation, decision making
procedures, operation, maintenance & management functions, interpersonal trust, fund
generation, social support, group atmosphere, membership feelings, group norms, empathy,
aie. The factors affecting group dynamics effectiveness of WUGs were delineated. A schedule
was developed for this purpose including probable factors, which may influence the group
activiies. Responses were taken from users of WUGs on a 5 point continuum i.e, highly
disagree (1) to highly agree (5) with respect to each factar for its influence on group
offectiveness. Further, respandents were asked to put relative weightage to 10 moastly agreed
factors in such a manner that sum of weighlage for all those 10 factors would be 100. Mean
values for these factors were caleulated. Further probing with respect to the mosl important
factor was carried out through group discussion method by exploring of different issues under
thal factor

Table - 10 : Factors of group dynamics effectiveness of WLGs.

[y & _Faetors Pl et oo evaliatary sere Standard deviation "-"-'L-i_;_-_]]ﬁi;__-r_l'_‘:i_s:l
Participytion 445 0.52 20
Decision making 4460 1,48 15
Operation and Maintenance - 4.32 (.63 12
1I1Ir;r!1-u!3u|1.'|.llll'l.l~il 7l 430 0.55 K]
Fund generation | A2 (182 R ==
Sewnl suppor 3,74 (.85 b
Group simesphers 3.65 0,73 L
Membership feelings 350 i}58 EEs |
Crroup ot A= 3.25 oanT 5
Leadership LR (.88 5

A perusal of Table 10 indicates that the factor of participation has recelved top most
priority for the effective functioning of WUGs followed by decision-making, operation and
maintenance of water resources, interpersonal trust and fund generation. The other faciors
identified were social supparl, group atmosphere, membership feelings, group norms and
group leadership.

18




7. Farmers’ participation

People’s participation in any development programme is vital for its success. It has
been observed that any development programme taken up without involvement of local people
ends up with no takers after the executing agency withdraws. Participation is a group dynamic
process in which all members of a group contribute to the attainment of group objectives,
share the benefits, exchange information of common interest and follow the norms, regulations
and other functions. There are certain factors, which influence on group functioning and group
effectiveness. Participation has received top most priority for the effective functioning of farmers’
groups. A study was carried out to assess the level of farmers’ participation in water resource
creation, maintenance and utilization and to find out interrelationship of socio-economic and
personal traits with farmers’ participation

This study focused on farmers’ participation in creation, maintenance and utilization
of seven subsurface water harvesting structures, which were constructed in first year (2001-
02) of project by forming seven farmers’ groups. Therefore, 45 farmers of seven groups were
selected randomly and their responses were recorded with help of developed schedule. The
schedule included statements related to farmers’ participation and score was assigned as 1
for ‘yes’ and O for ‘no’ response to each statement and farmers’ participation index (FPI) was
calculated as under:

Mean patrticipation score (P)
FPI = X100
Maximum participation score

Where,

P=SP,/NandP, =S PP,

Where,

F’Pi = Total score of farmers’ participation
s 2 s N

ety

N = total number of respondents and K = total number of statements

Interrelationship between socio-economic and personal traits (independent variables)
with peoples’ participation (dependent variable) was worked out by correlation as well as multiple
regression analyses.

Farmers’ participation was studied separately for the stages of water resource creation,
utilization and maintenance. It is evident from Table 11 that most of the farmers considered
water resource creation beneficial and felt its need, therefore, formed users group and
contributed share of cost/labour towards construction of water resource. The mean participation
score with respect to different issues at creation stage varied from 0.24 to 0.98. Value of FPI
in creation stage was found to be 61.94,
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Table 12 elucidates farmers' participation in utilization of created water resource. P
value in this stage is 45.83. Farmers’ participation in waler resource maintenance is presented
in Table 13. Farmers of water users group take care of maintenance of water resource and
raise group fund to meet this expenditure. Farmers appreciate the lechnical guidance, advice
and support from project implementing agency in maintaining the created waler resources
and sustainable utilization. Mean participation score varied from 0. 11 1o 1,00 with FPl value of
58.61.

Table - 11 : Farmer’s particupation in water resources creation (N=45).

=5k Tesues an e Siage of walce sesoroes. croatin Moo ol larmets Mean Stunidard
M with positive | participation | Deviation
responie _score

1. ‘Considenng water resource creation benelicial e 0,58 oI5|

3. | Participating i planning and designing af 13 0,29 0,46
waler TEsIICy

3. | Desiring (felt need) creation of water resoiice 40 0.89 0.32
to alilize water for cultivation -

4 | Conmbuting  some share of  cost of 17 038 0,49

| comslruction "

5 | Contibuting labour  (self/hired) townrds 16 0,36 0448
construction of witer resouce

& | Forming users growp before eréation of water 39 087 0.3
il A o

7| Agreeing o share water among members of 11 0.4 043

5. | Motivating for ecrop  diversification  with 43 094 0.21
incrensed production and income with help of
creand waler fesouce

B ¢ FPlvalie = 6] 04

Table - 12 ; Farmer’s participation in water resource utilisation (N=45).

SL | Iesnes o the stiame ol water resources ulilisation Mo ol Tertmrs: Mean Stemaclird
Mo with pesitive | pardicipation. | Deviation
LRSS Joure '
[ AL Finners: in water user. srobp nvalue n At TS 0,21
deciding internal water distributions w their felds
From erented water resources’ !
20| Paticipating i collegtion o water tites 3 .76 2
3, | Faeners' grotip nudntain the collected fund 14 0,3 0A7
4. | Fammers follow | water shading  process: [or 21 0.47 01,50
rrigating eraps whin peuined |
5. | Selecting specifie erop patiern ta Tree ot by okl 1] 0.00 .00
imember Fimmers
6. | Adopiing different prsctices for multiple use af % 018 .39
water {cultivation of crops, aquatic plants - water
ohest nul, fishery, duckery. ole
7. | Tolding group meeting perindically fo decide on 45 1.00 .00
different issues of waler ulilisation
FPI valie = 45,83
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Table - 13 : Farmer's participation in water resource maintenance (N=45).

51 | Tssues at the stape of water resources miintéminees | Moo of Tarmems Mean Sianthird
Mo with posilive participation | Deviation
‘ TESIONLE BOOIE
L. Formers of wiler users proup take jcare of 43 (L.96 021
& matnlenunce of Wiler reaotiroe
24 Fimanciil support e mwnage and muinsin the 3 .11 037
WIlEr fesnlUrces /
3. Farmers rutse (heir own lind £ income 42 RE] 025
4, Contiibuting own  labonr for  repdic’ and Lo 0.22 0442
maintennee of own wiler esance
5, Contributing  own  ooney for fefiit and 8 018 039
ptintenance of 0w witer [esource
0. Farmers get trinings i wader ananegement 14 031 047
deficient waler use, and paricipalory water
nEnn el
7. | Project  implementing institwe!  department 4 045 0,15
afficials act us a facilitator and supportive o
Girmers” participation in wiler manageinent
‘B, Farmiers' gronp receive technienl goidimee, advice 45 1.00 0.00
and support to prope intaia the created waler
resorces and sustinable ntilizanon
FE A ialne= 5861

The participation level of most of the farmers was medium, however, about 20% farmers
ensured high level of participation (Table 14). FPI was highest at creation stage followed by
maintenance and utilization stage with an overall FPI value 55.46. The relatively low value at
utilization stage may be attributed to non-selection of specific cropping pattern by group
members as well as most of the members were not interested for water sharing and adoption
of different practices for multiple water use to avoid any possible conflict or dispute.

Table - 14 : Level of farmers’ participation in water reources creation, utilization and maintenace.

sl Participation level Mumher ol Percentoge Wi Stanelard FF1
N 5 respondents | Deviation | value
A Wader resanres dreatien I %‘}_v‘wm““'
1o | Low level 5 1L11E=] 496 1.65 61.94
2, Medim level 32 7121
3 High level 8 17.78
I Weaiter vesanrce wtilisation

1. Lo level 4 588 T 1.04 4583
3, Medium level 32 Tl £un
3, High level 9 20.00

. Water reseuree maintenance

1 Low level i 11.11
2 Mesdivm level 30 66.607
3 High level Ly 22.22
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An attempt was made to identify the socio-economic and personal factors, which
influence farmers’ participation in development and management of water resources.
Correlation and multiple regression analyses were computed. Farmers’ overall participation
was considered as dependent variable while age, education, income, land holding, assets
(tools, implements, equipments and other assets for agricultural operations) social participation
and extension orientation were taken as independent variables. All independent variables
barring age were significantly correlated with participation (Table 15). The values in Table 16
reveal that seven independent variables included in present study account to 76.8% variation
in the farmers’ participation (R? = 0.768). Land holding, income, social participation and
extension orientation were having positive and significant relationship with participation. The
respondent’s age, education and assets holding did not matter much in this regard.

Table - 15 : Correlation of socio-economic and personal variable with farmers’ participation.

51 Mo Socio-ceonomic nd personal -~ Correlation coetficient
B A 0,177

2 Fducation 0670+
3 Assels holding 04571
4. Land holding LT
5, Income Q7] =
fy. Social participation 0.671%F
T Exlension orientation ot D.6a8*

Table - 16 : Factors affecting farmers’ participation in context of water
resources development and management.

Facitrs Regression coelficient [-valug
Age 0.003 0123
Edueition 0.058 e 0216
Assets holding 0017 0,142
Laned holding - 0.704 s i g
lneonme 0,657 Akl
Social participation. | 1231 2250
Extension omientation | 0:825 1.809g==
Fvalue = 17.580%#
R =0.768
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Farmers’ participation are ensured because of following facts:

= Desire of farmers to use pump for existing water resources utilization

¢ Formation of water users group for utilization of pump to lift irrigation water

*  Agreement to share pump among all members of the group

¢ Collection of pump operation charges by the users’ group and maintaining the collected
fund in group’s account for future expenditure and savings to purchase group’s own new
pump

* Holding group meeting periodically to decide on different issues of pump utilisation

* Responsibility of operation and maintenance of pump being taken care of by water user’s
group

= Project implementing officials acting as facilitator and supportive to farmers’ participation,
monitoring periodically and providing motivational and technical training

= Creation of more water resources to avail this facility by new users groups and dissemination

of this technology  in the belt
. Conclusion

[=-]

The experiences of the present study show that farmers’ participation is essential to
make any program sustainable. The strategy formulated and implemented for participatory
development and management of water resources has successfully worked with the cyclone
ravaged, resource-poor farmers. Participation of the farmers by paying a portion of the cost of
water resources developed has provided them a kind of ownership rights. The groups of
farmers cultivated different crops by irrigating them from the water resources created by them.
The irrigated area increased about five times resulting into increased cropping intensity. The
positive impact was realized through the increase of the productivity and income. It gives a
new insight for further research and extension work to empower the socially and economically
poor, small and marginal farmers to create their own assets by forming groups and to enhance
the productivity of the complex, diverse risk prone farming system. It is also inferred that
location specific micro water resource development is the real answer for increasing irrigated
area and productivity in coastal waterlogged area. Integrated farming system approach for
each micro water resource (SSWHS) proved to be more economical. It is very easy to manage
and operate the system. Another benefit is the enhanced productivity on sustainable basis
from each micro water resource. Sustainability of a system depends on farmer’s participations.
The farmers paying capacity must be increased from the system to make it more sustainable.
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Mere distribution of seed, fertilizer and planting material will not help the farmer unit and unless
they have their own share in the whole production system. After the withdrawal of help the

technology will vanish. Participation of farmers by paying 40% of the cost of water resources
gives them the ownership rights and they do not think this, as one of the government donations
or work. That is why in the second year more number of farmers came forward (15 nos) and
even ready to pay upto 67% of the cost of the sub surface water harvesting structure. Similar
is the case of construction of very shallow tube well at Astarang. Since the system worked
with the cyclone ravaged poor people successfully, this is expected to other eco systems work
in finally it gives a new insight for further research and extension work in the field of agriculture
in general and small-scale water resource development and management in particular.
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