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Increasing agricultural production, improving agricultural productivity and conserving and 

managing natural resources through intellectual capital combined with people's effort and 

appropriate technology, would bring food security, improve standard of living, promote income 

generation, ensure poverty alleviation and production of market surpluses (Sahoo et al., 2003). 

These have a very high relevance in the coastal area, recurrently affected by cyclone and flood. 

The super cyclone, which had hit coastal Odisha, caused considerable damage to agriculture and 

allied enterprises. Besides, after deluge of water in the monsoon season and a huge wastage of 

surface water (Sen et al., 2000), the crops suffer from drought during winter. In addition to this, 

the coastal area very near to sea (0-10 km) faces problem of salinity also, severely limiting the 

scope of its use for irrigation. Construction of deep tube wells to draw good quality water is 

feasible, despite certain geo-hydrological constraints, but has not been taken up adequately due 

to economic reasons. 

On an average for Odisha, 663 mm rainfall is in excess during the monsoon and may be utilized 

for irrigation during second crop, provided it could be properly stored. In this context, there is a 

good scope of expansion of area under micro water resource development by creating integrated 

farming system units as well as sub-surface water harvesting structure. 

DWM had taken the land modification technology for micro water resource development in 

Satakabat village of Biswanathpur in Khurda district after the super cyclone. The total 

waterlogged area was 2212m
2
. Two ponds of size 600 m

2
 and 1022 m

2
 were constructed and the 

excavated soil was spread around in an area of 590m
2
. The height of the raised bed was 1 m 

above the surrounding field level. The idea of constructing two ponds was to rear fry in small 

ponds for about two months and then release fish in big pond at fingerling stage. A space of 553 

m
2
 was provided for cultivation of vegetable crop both in kharif and Rabi. During Rabi season, 

the performance of different vegetable crops such as ladies finger and tomato was good in low 

lying areas. The increase in yields in the raised bed cultivation system was 20 to 40 percent more 

than that in the prevailing low land cultivation system for different crops. This was due to timely 

plantation of the crops in the raised bed and protective irrigation using pond water which was 

maintained by pumping from bore well during Rabi and summer season. In the low lying land 

rabi crop production has a setback due to delayed planting caused by excessive soil wetness for a 

significant part of post monsoon season and scarcity of irrigation water.  
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Table 1. Yield and Economics of pond and raised bed system* 

Season Crop Crop yield 

(q) 

Gross 

return (Rs) 

Cost of 

cultivation (Rs) 

Net return 

(Rs) 

Kharif Ladies finger 2.08 2496.00 543.00 1953.00 

Brinjal 3.00 3000.00 271.00 2729.00 

Rabi Tomato 1.20 1200 302.00 898.00 

Ladies finger 2.08 2496 543.00 1953.00 

Summer Chilli 2.00 1800 1357.00 443.00 

Bund 

plantation 

Pumpkin 0.50 200 50.00 150.00 

Papaya 3.00 900 150 750.00 

Banana 9 bunch 1350 81 1269.00 

Cowpea 0.5 250 15 235.00 

Leafy 

vegetable 

0.05 50 10 40.00 

Pond Bitter gourd 0.62 620 35.00 585.00 

Fingerling 1200 nos. 1200.00 450.00 750.00 

Big fish 0.75 3150.00 950.00 2200.00 

*A space of 183 m
2
 for vegetable and 224 m

2
 for bund vegetables and 90 m

2
 for scaffold was 

earmarked. The study was initiated in 2001.  

The study of comparative economics between pond cum raised bed system and low-lying 

adjoining land reveals that benefit cost ratio (B: C) in the improved system is 2.45 where as in 

the low lying system (original condition) it is only 0.7.  

The other land modification technology is complete conversion of the low land into pond and 

dyke system. It was developed in Khentalo village of Nischintakoili block in the district of 

Cuttack. The total area of the system (2.47 ha) consisted of 1.5 ha swampy area and rest 0.97 ha 

waterlogged area which was being cultivated with long duration variety of local paddy (yield 1.1 

t/ha). Out of 2.47 ha of low productive swampy waterlogged low land, a pond was constructed in 

1.64 ha and the dug out earth was put in the bund to raise it for horticultural crops. The bund area 

was 0.83 ha. The width of bund in north side was 21 meter and 10 meter each in east, south and 

west side. The pond dimension was 195m x 84 m. The depth of pond was 2 m.  

The details of year-wise input and returns from the pond as well as bund system (integrated 

farming system) are given in Table 2.  
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Table 2. Economics of integrated farming system  

Year A: Input cost (Rs) B: Gross return (Rs) Net 

return 

in 

rupees 

(B-A) 

Net 

return 

in 

Rs/ha 

Pond 

construc

tion & 

infrastru

cture 

Hortic

ulture/

vegeta

ble 

seed, 

fertiliz

er etc. 

*** 

Fish 

and 

prawn 

seed 

Fish 

feed 

Labo

ur 

Miscel

laneou

s. * 

Total in 

rupees  

Fruits & 

Vegetab

le 

Fish & 

prawn 

Coconu

t 

Poultr

y ** 

Total in 

rupees 

1988 1,23,91

0 

(excavat

ion)  

- - - - 20,000 143910 - - - - - -  

1989 - 12600 12000 28730 14000 13000 80330 110400 70100 - - 180500 100170 40,554 

1990 - 12000 14700 29750 14000 13500 83950 114000 88000 - - 202000 118050 47,793 

1991 - 12000 16400 31200 14000 14800 88400 98600 96750 - - 195350 106050 42,935 

1992 - 10400 18000 36900 17500 14500 97300 44000 172800 30000 - 246800 149500 60,526 

1993 - 8700 23000 42850 17500 16000 108050 42800 199000 45000 - 286800 178750 72,368 

1994 - 8900 28300 48700 17500 19000 122400 46000 269200 48500 - 363700 241300 97,692 

1995 - 7500 30100 54225 21000 30500 143325 52100 329700 59000 - 440800 297475 1,2043

5 

1996 - 3200 33200 64650 21000 28600 150650 47200 345000 76900 - 469100 318450 1,28,92

7 

1997 - 2850 35500 81000 24500 29000 172850 35450 372400 93250 - 501100 328250 1,32,89

4 

1998 130000 

(stone 

lining)  

2900 48900 86800 28000 23000 319600 48300 383900 105000 - 537200 217600 88,097 

1999 320000 

(poultry 

shed)  

3000 53100 69500 28000 38000

0 

753600 14000 218200 80500 324000 636700 (-) 

 116900 

(-) 

47,327 

2000 - 2660 42200 92000 17500 31000 185360 1300 249500 2400 - 253200 67840 27,465 

2001 - 2550 58700 10600

0 

17500 34550 219300 12900 541000 6000 - 559900 340600 1,37,89

4 

2002 - 2500 69615 15640

0 

17500 42580 288595 23000 617160 10950 - 651110 362515 1,46,76

7 

Grand Total on 15 year basis  29,57,6

20 

    55,24,2

60 

25,66,6

40 

10,39,1

25 

*Miscellaneous includes lime, cow dung, pumping, irrigation system, masonry work etc.  

**Poultry was added in the year 1999 

*** Horticulture including banana, papaya, pineapple, mango, areca nut etc. 

Average net return per ha per year on 15 year basis from IFS = Rs. 69,275  
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The system suffered loss only the year 1999 to the tune of Rs 1,16,900 due to devastation caused 

by super cyclone (Table 2). Further the impact of cyclone affected the net return in the 

subsequent year 2000 in which the net return was only Rs. 67.840. The net return was Rs, 

1,00,170 in the first year of operation of the system, which has enhanced to the maximum of Rs. 

3,62,515 in the year 2002. The comparative net return from the IFS was in the tune of Rs. 70000 

and rice cultivation was around 5000 rupees per hectare per year. 

Improvement of Capacity of Natural storage of drains  

In lowland, there are many localized pockets which are completely unfit and unsuitable for 

growing rice. Sometimes the water depth reaches more than2 m. In those cases, the storage space 

should be reconstructed and made further deep during summer season, to receive more water. 

This will help adjoining lands to moderately suffer from drainage congestion. Such pockets are 

there in Gobari Doab in Kendrapara and Rajnagar area. Even in the Chilika lake region, the 

coastal areas are silted up, due to which lowland drainage waters could not be discharged. Tanks 

in the lowland area should be deepened to store more water as in case of Puri, Ganjam, Balasore 

districts of Odisha.  

Sub-surface Water Harvesting Structures (SSWHS) 

In the coastal saline area (0-10 km from sea) there is a large patch near the Hansua creek 

traversing adjacent to Erasama block of Jagatsinghpur district. This waterlogged patch varies 

from 10-15 km in length and 5-7 km in width. Huge amount of water is stored in the sandy zone 

present up to 5-l 0 m below the ground level. Water table in the area rises 0-1.5 m above ground 

level during monsoon and declines to 1-2 m below ground level during post monsoon season. 

The depth of saline water table due to ingress of sea water varies from 3-7 m below ground 

surface and fresh water due to of rainfall floats above it. This fresh water can be harvested for 

irrigation and fish production (Sahoo et al.,2004).With this background, our institute (DWM) had 

developed a design for sub-surface water harvesting structure (SSWHS) in the form of excavated 

tank. Tanks have been constructed in the super cyclone affected area on participatory basis to 

make the project sustainable. In this system small SSWHS were constructed up to a depth of 3-4 

m or less to harvest surface water in the rainy season and to harvest sub-surface seepage water in 

the rabi season.This structure will provide water for raising paddy nursery in June and will 

irrigate additional area during rabi as well as in summer. It can also be used for aquaculture and 

other crops. This system has been found very effective in providing assured irrigation. As, 

neither the individual resource poor farmers nor the government can bear the full cost, a 

participatory approach with the involvement of the farmers group under coastal area 

management programme could be successful to ensure sustainable water resources development. 
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Selection of Site 

This system can be installed at any place nearer to the creek and where a sand zone is found 

underneath within 10m below ground level. This zone is locally called Bellary in Odisha. In 

Paradip and Erasama zone, this type of land is available in a vast stretch of areawithin5-l0 km 

from the sea. There should be arable land and habitation nearby for taking up farming in both 

kharif and rabi seasons. Seepage rate should be more than 10 mm/day and a clayey zone should 

exist below the surface till the first 3-4m. 

Design and Construction of Sub Surface Water Harvesting Structure. 

The design of the SSWHS depends upon the expected rate of inflow/seepage. If the rate of 

seepage is high, then the area of tank is reduced and vice versa. The recuperation rate by 

pumping test at different sites in 556m
3
 to 899m

3
 tanks varied from 1.58 m

3
/h to 4.07 m

3
/h in 

sandy zone and from 1.01 m
3
/h to 3.4m

3
/h in clayey zone. Capacity of structure may vary from 

200m
3
 to 1500m

3
. The depth of structure may also vary from 2-4 m. 

Participatory Approach 

To make the project sustainable, a participatory approach was adopted. 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 cash or material. In the first year it 

was decided for the irrigation user group to pay40% of the cost of the project. The initial 

hesitation of the farmers to participate was overcome by seeing the successes of one of the 

farmer with this participatory approach and several 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 complete40% work first. For 

example for a 30m x20mx2m structure layout is given for 30m x 8m x 2m for the farmer group 

to complete and then project functionary comes forward to complete the remaining 

30mx12mx2m earthwork through the same user group by providing wages. By this the group 

feels their ownership in the project. For subsequent repair and maintenance, they take care of the 

entire expense. In the 2nd year, seeing the success of the project the subsidy was reduced from 

60% to 33%. Still 13 irrigation user groups were formed in 7 different villages. The procedure of 

construction remained the same. 

Performance and Economics of the System 

A properly designed and constructed sub-surface water harvesting structure based on the above 

principle will mitigate the early drought in the kharif season and provide irrigation during the 

rabi and summer seasons. The evaluation of such a system has shown its effectiveness in dealing 

with early drought in kharif and an area of 8.8ha was saved. The details of the structures are 

given in Table 3. 
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Table3 . Detailsofthefarmers in Erasama block, capacity and cost of the tank (2001). 

Name of the Head of the 

farmers’ group and 

address 

capacity 

(m
3
) 

vol. of 

earth 

work 

(m
3
) 

Total 

cost,A 

(Rs.) 

 

Farmers’ 

share 

(40% of 

A) (Rs.) 

Project 

share 

(60% of 

A) (Rs.) 

Area 

saved 

(kharif, 

2002) ha 

No. of 

farmers in 

the group 

Sh. M. Mandal, 

Baghadi 

1287.4 865 17733 7093 10640 2.4 11 

Sh. Puspak Nayak, 

Baghadi 

899.0 737 15110 5044 9066 2.2 10 

Sh. Subal Behera, 

Kiyada 

1011.5 665 13646 5458 8188 2.2 10 

Sh. Sunil Samal, 

Chaulia 

1571.0 793 16255 7541 11313 2.6 17 

Sh. Sabyasachi Jena, 

Kiyada 

1152.3 741 15200 6080 9120 2.4 11 

Sh. Babaji Pradhan, 

Ambiki 

556.2 365 7490 2996 4494 1.9 6 

Sh. Srikanta Rana, 

Ambiki 

779.0 361 7409 2964 4445 3.1 6 

 

In this table it is seen that capacity has increased in different proportions in comparison to 

volume of earth work (Rs.20.50/m
3
 of earth work in 2001) in different groups due to varying 

nature of soil at different sites. 

 

The irrigation rotation schedule was developed for the group both for kharif (for paddy nursery 

in case of drought) and for rabi vegetable and pulses. Area irrigated during rabi was 27.9 ha for 

71 farmers whereas area irrigated in summer is only 2.3 ha for 11 farmers. The total income from 

the paddy and rabi crop for each SSWHS was determined from crop harvest. The total amount of 

fish captured from each SSWHS was determined and the income from fish varied from Rs. 

3000toRs. 17,600. Income from fish per cubic meter capacity of SSWHS varied from Rs. 2.96 to 

Rs. 12.23. Generally, as the capacity increases the income from fish also increases. The total 

income from SSWHS varied from Rs. 12.93/m
3
capacity to Rs. 47.201m

3
capacity in the first year 

itself. Low income from crop is sustained by high income from fish as the SSWHS is being fed 

continuously by sub-surface seepage water in coastal waterlogged area. The total income from 
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SSWHS with respect to cost of construction varied from 0.98 to 3.43 in the first year itself. In the 

2ndyear 13 irrigation user groups was formed when the farmers participation was up to 67%of 

the project cost. The performance index is given in the Table 4. Benefit cost ratio for the initial 

years is calculated on the basis of net benefit and cost of construction of the SSWHS. This would 

increase in subsequent years when bund plantation would yield benefit. 

 

Table 4. Economics of sub surface water harvesting structure (*) 

Name of the 

Head of the 

farmers’ group  

Cost of 

SSWHS 

(Rs.) 

Kharif Rabi From 

fish 

Total Total 

expenditure 

(Rs.) 

Net 

benefit 

(Rs.) 

B.C. 

Ratio 

Crop 

intensity 

(%) 

Sh. M. 

Mandal,  

17733 9000 37250 14600 60850 20050 40800 2.3 177 

Sh. Sunil 

Samal 

16255 8000 24650 17600 50250 16570 33680 2.07 182 

Sh. Puspak 

Nayak 

15110 5000 21300 11000 37300 12130 25170 1.66 192 

Sh. Subal 

Behera 

13646 9000 19650 3000 31650 10650 21000 1.53 132 

Sh. Srikanta 

Rana 

7409 2500 11770 4950 18220 6735 11485 1.55 190 

Sh. Babaji 

Pradhan 

7490 3000 8900 4300 16200 5315 10885 1.45 185 

Sh. Sabyasachi 

Jena 

15200 5000 61000 3800 14900 4675 10225 0.67 175 

*two years after super cyclone (2002-2005) 

 

IFS in coastal waterlogged area 

One experiment was under taken in 1.75 ha of low lying area, which suffered water logging 

located in Khurda district and susceptible to cyclone. During monsoon the depth of ponding 

water was more than 50 cm and during driest period (May) of a year the water table was varying 

between 50-150 cm below ground level. The water quality was good and only paddy was grown 

in kharif in some years with 0.5 t ha
-1

 average yield. The soil was acidic with low available 

nutrient and iron toxicity was present. The land was only suitable for ploughing during May and 

early June and high water table restricted growing of any other crop during rabi season. The 
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hydrologic data analysis resulted the design dimensions of the three ponds in series which were 

27 m x 27 m, 30 m x 30 m, and 34 m x 34 m at the top with 2 m depth and side slope 1:1. The 

excavated soils were spread around the pond to elevate the surrounding area so as to keep the 

water table below 2 m from ground surface. Hume pipes of 30 cm diameter and 4 m length were 

used as inlet and emergency outlet of the pond. Since the objective of the study was to store 

excess water for reclamation of waterlogged area, the area of the ponds are kept within 20 to 

25% of the total area considering the water balance component of the study area.  

Design and construction of three micro water resources covering water surface area of 625 (P1), 

785 (P2) and 1025m
2
 (P3) was completed in March 2006. Treatment implementation and 

stocking of fish fingerling (Magur, 12.2g MBW) was done as the first crop. Population density 

was maintained at 1200, 2100 and 1700 for P1, P2 and P3 respectively. In this experiment, 

average growth performance of Magur was highest inP1 (163.5g) followed by P3 (141.0g) and P2 

(130.5g). In this crop Yield of fish ranged between 1632-1710kg/ha/ 200days, SR%- 61-64.75, 

FCR- 1.39-1.47, PDI– 0.595-0.623. 

Indian major carps (IMC) was taken as second crop and released during 4
th

 week of August 

2007. All growth parameters were undertaken regularly. The catla has recorded a maximum 

growth in comparison to rohu and mrigal.  As age of the pond increased the quality of water 

improved as the sides of the bunds have been stabilized, hence IMC was undertaken in place of 

magur to reduce the input cost and preference in market.  

Under on-dyke horticulture activities, there were 114 papaya, 89 banana, and 16 coconut plants 

around 1
st
 pond, 69 banana, 9 papaya and 4 coconut plants around 2

nd
 pond and 70 banana plants 

were planted around the 3
rd

 pond. Besides another 90 banana plants were planted in adjacent 

area. The different varieties of tissue culture banana planted are G-9, Bantal, and Robosta. 

Papaya variety was “farm selection”.  

In the first year under on-dyke horticulture activities vegetable such as bottle gourd in 386 m
2
 

area (7.8 t/ha), tomato in 252 m
2
 area (2 t/ha) and brinjal on 66 m

2
 (1.52 t/ha) were taken up. 

Different varieties of paddy such as Khandagiri, Swarna, CR-1009 and Surendra were grown in 

four different plots showed average yield of 2.72 t/ha. 

In 2nd year, 220 bunches of banana were harvested. Different varieties of paddy such as 

Khandagiri, Swarna, CR-1009 and Surendra were grown in four different plots. During kharif 

the yield of Khandagiri was 2.1 t/ha, Surendra gave 3.2 t/ha and Swarna showed average yield of 

2.7 t/ha. During rabi Khandagiri paddy gave a yield of 2.3 t/ha. Different vegetable were taken 

as on-dyke horticultural activities as well as intercrops such as brinjal (6.25 t/ha), cowpea (1.5 

t/ha), Bean (2 t/ha), ladies finger (4.9 t/ha) and 200 kg of bottle gourd was also obtained. 
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Conclusion 

From the above studies, it is established that micro water resources are to be developed in coastal 

areas which is experiencing regular cyclones, so that in case crops fail due to cyclone, the 

aquaculture in the pond and the water stored in the pond would be used for rabi and summer crop 

cultivation for enhancing the livelihood options of the rural poor. In favourable geo-hydrologic 

condition where fresh water floats above saline water with an impervious clay interface, sub-

surface water harvesting structures are to be undertaken. Also for sustainability of a system, 

farmer's participation is essential. Farmers’ paying capacity must be increased from the system to 

make it sustainable in the long run. Mere distribution of seed, fertilizer, planting material has not 

helped much and after the withdrawal of the technology adoption reduced drastically. 

Participation of farmer by paying 40% of the cost of SSWHS on the 1st year and 67% of the cost 

in the 2nd year gave them the ownership feeling and they do not take it as government donation 

or work. Since the system worked with cyclone ravaged poor people successfully this will also 

work in all coastal areas. This gives a new insight for development of small scale water resources 

in coastal areas. 

 

 

*** 

 

  




