
XA0101368

IC/IR/2001/12
INTERNAL REPORT
(Limited Distribution)

United Nations Educational Scientific and Cultural Organization
and

International Atomic Energy Agency

THE ABDUS SALAM INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

IMPACT ASSESSMENT OF ON-FARM RESEARCH
IN CANAL COMMAND OF EASTERN INDIA

S.S. Singh
Directorate of Water Management Research,

Indian Council of Agricultural Research (ICAR), Walmi Complex,
P.O. -Phulwari Sharif, PATNA - 801 505, India,

R.B. Sharma
N. D. University of Agriculture & Technology, Faizabad, U.P., India

and

A.R. Khan1

Directorate of Water Management Research,
Indian Council of Agricultural Research (ICAR), Walmi Complex,

P.O. - Phulwari Sharif, PATNA - 801 505, India
and

The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy.

MIRAMARE - TRIESTE
May 2001

1 Regular Associate of the Abdus Salam ICTP.
* Director of Research.



The Gandak irrigation project was initiated in 1964, is one of India's biggest
irrigation projects with a Culturable Command Area of 0.96 and 0.44 million ha,
respectively in Bihar and Uttar Pradesh states of India and 44100 ha in a neighbouring
country-Nepal. The discussion in this report will be confined to the area of Bihar state in
its northern part commonly called the north-Bihar. This area lies within the latitudes of
25° 40' to 27° 25' and longitude 83° 15' E and is served by one of the two canals of the
Gandak river viz., Tirhut Main Canal. Gandak Area Development Agency (hereafter,
GAD A), Bihar, was created in April 1975 for integrated development of the Command of
the Gandak project in north-Bihar.

In terms of creation of irrigation potential the project stood completed in 1985
with the irrigation potential created for 0.987 million ha. The utilization percent of
created irrigation potential however, has remained quite low, fluctuating from about 56 in
1980-81 to 69 in 1987-88 (GADA Annual Report, 1987-88). The cropping intensity,
which was recorded at 115 percent in 1973-74 before the creation of GADA, has risen
only marginally to 157 percent in 1987-88. Similarly, the productivity of major Kharif
season (monsoon) and Rabi season (winter) crops of rice and wheat, respectively, has
remained at low levels rising from 0.76 t/ha in 1974-75 to 1.37 t/ha in 1987-88 for rice
and from 1.48 t/ha to 1.98 t/ha for wheat within the same period (GADA Annual Rep.
1987-88). Thus, despite the creation of massive irrigation facilities, the productivity of
major crops and in turn the economic benefits to the farmers in the Command area, have
not been commensurate with the expenses incurred in creating the irrigation potential.

According to farmers' perspective of problems (Table 1) several factors are
responsible for the lower utilization of created irrigation potential and thereby lower crop
productivity. However, we felt that a lack of knowledge among farmers about the
improved water management practices and other related agronomic technology was also
one of the major constraints. It is in view of this that the Rajendra Agricultural
University, Bihar, (hereafter, RAU), which is situated in the Gandak Command Area,
stepped - in to initiate some on-farm research/demonstration projects in the command
area. There are two main canals viz., Tirhut Main Canal (Hereafter, TMC) and Saran
Main Canal (SMC) under the command area in north Bihar. Our effort concentrated on
the TMC only which serves five districts of north-Bihar which have an irrigation
potential created for 0.6 m.ha.

INITIATION OF ON-FARM RESEARCH/DEMONSTRATION PROJECTS

The three on-farm research/demonstration projects initiated in the command area
in phases were located at three different minors of the TMC. Rice is the main crop during
kharif (monsoon) season for which irrigation Water requirements range from 21-28 cm.
But during winter Water requirements range from 30-35 cm for maize and 12-18 cm for
wheat - the major rabi (winter) season crops. Even at 65% canal efficiency water
released in rainy and winter seasons respectively to 56.5 and 51.3 cm, which is much
higher than the requirements. Therefore, in areas where water is made available in the



canal farmers tend to apply excessive irrigation especially in the upper reaches, using
water wastefully while water is not available to the tail and areas. Excessive irrigation
and seepage is causing water logging and secondary salinization in the area.

In view of the above, the first on-farm demonstration by the RAU with the
objective of educating farmers about the benefits of improved technology especially that
related to water management was initiated under the Ford Foundation Scheme in 1982 at
Jaukatia village of the Ramnager Bankat irrigation minor situated almost in the middle
reach of the TMC under the Majhaulia block of the West Champran district. The
demonstrations on the methods of irrigation for wheat, maize and rapeseed crops
continued at Jaukatia through 1982-83 and 1983-84. During this period several meetings
were organized by the RAU experts and need to form a Water Users Association
(hereafter, WUA) at the irrigation minor level was emphasized on the beneficiaries
(farmers). The WUA registered, as a Cooperative Society becomes a legal body, which
can enter in agreements with the Irrigation Department of state government. Farmers
places the indents for release of water in canal as per the requirements depending upon
crops grown in the area and assess actual water charges for different farmers.

Having witnessed the impact of initial on-farm demonstration work carried out by
the RAU and receiving directions from the Water Resources Department, Govt. of India,
the GADA initiated an "Action Research Programme" with built-in provisions for on-
farm demonstration work in 1986 at the Ramnagar Bankat irrigation minor which
included Jaukatia and Ramnagar Bankat villages of Majhaulia and Baijnathpur of Bettiah
blocks covering a Culturable Command area of 223.7 ha under the minor.

The on-farm research/demonstration work of the RAU was shifted to Nayakatola
irrigation minor in the middle reach of the canal in the East Champaran district in 1984
where demonstrations were carried out on improved water management technology in
collaboration with the GADA. During winter (rabi) 1984-85, improved water
management technology for wheat was demonstrated in the fields of six different farmers,
which was increased to eight in 1985-86 (GADA Annual Report, 1987-88). A
Cooperative Society with a membership of about 700 persons already existed at the
Nayakatola irrigation minor. This Cooperative Society, however, was not taking up any
work relating to the irrigation. The beneficiaries were, therefore, advised to form a WUA
under the umbrella of the existing Cooperative Society so that work relating to the
availability and efficient utilization of irrigation water including requisition for its release
in the canal as per need of the area could be taken up by the WUA (Singh and Sharma,
1987). Irrigation calendars for wheat and winter maize prepared by the RAU (Mishra
1987) were handed over to the existing Cooperative Society and the GADA functionaries.
The on-farm research/demonstration project of the RAU was subsequently shifted to Jian
irrigation minor of the Muzaffarpur district in 1988-89, which is located at the tail end
reach of the TMC with a Culturable Command Area of 233.ha.



IMPACT ASSESSMENT

Ramanagar Bankat irrigation minor

The two year initial work by the RAU at Jaukatia village of the Ramanagar
Bankat irrigation minor paid rich dividends by arousing enthusiasm among farmers about
the formation of the WUA and adoption of improved technology. Enquiries revealed that
at the end of on-farm demonstration period of two years, about 30 percent of farmers had
adopted the improved technology. A more meaningful assessment of the impact of on-
farm demonstration at this irrigation minor, however, was made two years after the
inception of the Action Research Programme by the GADA in 1986. Some of the salient
features of the impact assessment are given below.

Initial efforts made at Jaukatia village by the RAU and subsequently by the
GADA officials finally led to the formation of WUA at the Ramnagar Bankat irrigation
minor in 1986. The RAU experts again contacted some of the beneficiaries who still
continued to be skeptical about the role of WUA and GADA officials leading to their
having been convinced about the utility of WUA, which finally got registered, vide
Registration no.13 at Bettiah on 9th December 1986. The irrigation minor serves 630
beneficiaries through 19 outlets. From among the members of WUA, Water Users Sub-
Associations were formed outlet-wise with 2 to 5 representative members from head,
middle and tail reaches of the minor. Some of the achievements of the WUA at
Ramanagar Bankat irrigation minor are as follows:

(i) In the first year of formation during kharif (monsoon) season 1986, the WUA got the
maintenance work of the field channels done by the farmers themselves along whose
boundary the channels passed and also enforced the roster for taking water by turn. A
suitable action was taken by the WUA against some of the defaulters who finally
cooperated in this work. The WUA sent some of the farmers to the RAU for training and

. field visits. The yield of maize was so good as to arouse further enthusiasm among them.

(ii) In the subsequent rabi (winter) season, the WUA helped in construction of Parshall
flumes in the outlets with standard calibration to measure water discharge and persuaded
farmers to apply soil test value based dose of nutrients for higher economic returns.

(iii) The GADA had constructed a network of field channels only up to 2 ha block from
the outlet. The WUA persuaded farmers to construct themselves further field channels
leading to their fields to avoid flood irrigation. The WUA also got the farmers trained by
the GADA on opening, closing and controlling gate for obtaining the desired water level
in the channels for its efficient utilization.

(iv) On the subsequent kharif (monsoon) season of 1987, farmers cooperated in the
reclamation of salt affected soils using pyrites and raised suitable dykes along the
boundaries of affected fields.
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(v) In next rabi (winter) season of 1987-88, the WUA got the damaged field channels
repaired through the farmers contribution either in terms of cash or labour and made the
improved seed and required quantity of fertilizers available to the farmers. The WUA got
its members trained in measuring the discharge in the irrigation minor and outlets,
maintenance of water account and assessment of water charges on area basis. The
beneficiaries (WUA) finally accepted the responsibility of maintaining, operating and
taking over the irrigation system at the irrigation minor level.

The impact assessment study also showed that much of the cultivated area that
remained fallow has now been brought under crops and the cropping pattern is fast
changing to rice-wheat instead of annual crop of sugarcane that was being grown earlier
in about 40 percent of the area. Consequently, the cropping intensity of 123 percent in
1985 increased to 159.9 percent in 1987 (Table 2). A considerable increase has also been
registered in the productivity of various crops. For example, productivity of rice and
monsoon maize (Zea mays L.) which was respectively 1.3 and 1.4 t/ha in 1985 rose to
2.10 and 2.15 t/ha. Further, winter maize and pulses increased from 2.00 and 0.70 to 2.50
and 0.95 t/ha, respectively, within the same period (Table 2). The benefit-cost ratio for
rice also increased (Table 3) in 1987 (GADA Annual Report, 1987-88).

Nayakatola irrigation minor

As a result of impact on-farm research/demonstration project at Nayakatola
irrigation minor in the west Champaran district, the productivity of wheat recorded at 2.2
t/ha at the time of the initiation of the project in 1984-85 had risen to 3.90 t/ha, with a
corresponding decrease in irrigation water use from 31.0 to 14.3 cm within 4 years in
1988-89 (Table 4). The impact was visible in the fields of even those farmers following
traditional practices as the water use for was reduced from 34.2 cm in 1986-87 to only
20.0 cm in 1988-89. Consequently, the percentage of water saved due to improved
traditional practices which stood at 47.3 in 1986-87 decreased to 28.5 in 1988-89
showing thereby an increasing awareness amongst farmers for more efficient water use
(Table 4). The excess use of water by the farmers is attributed to the improper leveling of
their fields for which farmers had been advised to use machinery available with the
existing Cooperative Society with 700 beneficiaries (Singh and Sharma, 1987).

Jian irrigation minor

Impact assessment study conducted at the Jian minor 3 years after initiation of on-
farm research/demonstration project in 1988-89 showed that the cropping intensity in the
area has increased from about 108 in 1988-89 to 182 percent in 19991-92 (Table 5). The
cropping pattern in the area is fast changing, growing two to three crops in a year in the
same field (Table 5) instead of the earlier tradition of growing only one crop of rice in a
year and leaving the field fallow during subsequent rabi (winter) season due to the late
maturity of local long duration (185 days) rice variety, (Bauol). About 40 percent of the
area has been brought under the improved varieties of rice (Rajshree and Sujata), which
matured comparatively early (145 days) and allow fields to be planted with subsequent
rabi (winter) season crops of wheat and rapeseed. Enquiries with the revenue staff of the



Gandak Command at the irrigation minor and the beneficiaries (farmers) revealed a 43
fold increase in the number of farmers adopting wheat and 40 fold increase for mustard
crop (Table 6). Productivity of both wheat and rapeseed using improved technology has
increased by more than 3 times. For example, farmers adopting the full package of
improved technology are now harvesting about 3.8 t/ha of wheat compared to the pre-
project level of about 0.8 t/ha (Table 7). Similarly, the use of improved technology has
raised the rapeseed productivity to 2.0 t/ha against the pre-project level of 0.6 t/ha (Table
7). Rice productivity has also risen from 1.6 to 4.0 t/ha within the same period (Table 7)
using medium duration high yielding rice cv. Rajshree (Anonymous, 1991-92)

An increasing feature of changes in crop productivity at this minor is that the
farmers adopting improved technology on a partial basis (traditional technology with
some modifications incorporated due to the impact of demonstrations) have also been
able to increase the productivity of wheat by more than 3 fold and of rapeseed and rice by
about 1.5 fold each compared to the pre-project level (Table 7) thereby enhancing their
economic returns ranging from 1.8 to 2.5 fold. Farmers are using pyrites @ 7.5 t/ha
increasingly to reclaim the saline-alkali soils. Within two years of the project initiation a
10 ha area has been reclaimed. Water Users' Association named Jian Minor Irrigation
Cooperative Society Ltd. with 150 members from among beneficiaries has been
constituted and registered vide Registration no. 2 at Muzaffarpur and has undertaken to
maintain and repair the existing system and right to requisition water release in the minor.
For example, water release in the minor on January 15, 1990 was stopped on January 18
upon the request of the WUA, as the water was not required due to sufficient rainfall.

In addition to the above, several on-farm demonstrations carried out by the
GADA on rice varieties like Pankaj, Radha and Rajshree for lowland and Sujata for
medium land have led to their adoption by the farmers on a large scale resulting in higher
yields and greater economic returns. Besides, diversification of cropping patterns from
other winter crops to winter maize with much higher yields (6 to 9 t/ha) and consequently
economic returns has shown a visible impact on the adoption of improved technology
including efficient water management.

It is thus evident that various on-farm research/demonstration projects in the
Gandak Command have brought about a considerable change in the cropping pattern
resulting in increased cropping intensity and crop productivity and thereby higher
economic returns to the beneficiaries. Continuance of on-farm research/demonstration
projects to educate farmers about improved technology is expected to further enhance the
productivity and economic benefits to the farmers in the Gadak Command.

CONCLUSION

Cropping intensity and productivity in the Gandak Canal Command Area of
Bihar, Eastern India have remained quite low even after two decades of inception of the
Gandak irrigation project. However, initiation of on-farm research/demonstration
projects at several places in the Command Area since mid-eighties has contributed



significantly towards increasing cropping intensity from initially of about 115 to 182
percent at the sites of on-farm research/demonstration projects.

The impact assessment of on-farm research/demonstration projects made two to
four years after their initiation at three different irrigation minors of Ramnagar Bankat,
Nayakatola and Jian in the Gandak Command of the Tirhut Main Canal (Bihar) have
shown considerable changes in the cropping patterns in these areas. The lands that were
left fallow before the initiation of these projects have now been brought under cultivation
under such crops and cropping systems that are resulting in enhanced productivity of
major crops by 1.5 to 2.0 fold in general and in specific crops like rapeseed up to 3 fold
raising benefit cost ratio by 1.5 to 2.5 fold. The number of farmers as well as acreage
under improved technology in these areas have also increased many folds resulting in
enhanced economic returns to the farmers of the Gandak Command.
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Table 1. Farmers perspective of problem is productivity in Tirhut Main canal of Gandak
Command Bihar India.

S.No

1
2
3
4

5
6
7

Nature of Problem

Un-timely and inadequate water supply
Canal officer's indifferences to complain by users.
Insufficiency in water supply
Field kept fallow due to non-supply of water during
winter and summer season
Less number of irrigation
Canals and field channels damaged
Insufficient level of water in canals

Farmers'
opinion, percent

90.7
78.5
77.1
63.8

32.8
21.7
10.1

Source:Anonymous (1989).

Table 2. Changes in cropping intensity at Ramnagar Bankat irrigation minor at the
middle reach of Tirhut main canal in West Champaran District of the Gandak Command,
Bihar, India.

Cropping Season and
Crops

Kharif (Monsoon)
season
Rice :
Maize :
Pulses :

Rabi (Winter) season
Wheat :
Oil seeds :
Maize :
Potato :
Pulses and other :

Summer season
Maize :
Rice :
Pulses :

Annual
Sugarcane
Total

Cropping intensity, percent

Pre Post-project
Project

1985 1986 1987

46.5

35.0

4.8

37.0
123.3

57.0

52.0

5.3

30.0
144.3

66.5

61.5

5.9

26.0
159.9

Increasing in
cropping intensity in

1987 over 1985.

20.0

26.5

1.1

-11.0
36.6



Table 3. Changes in crop productivity at Ramnagar Bankat irrigation minor at the middle
reach of Tirhut main canal in of west Champaran District of the Gandak Command,
Bihar, India.

Cropping season
and crops

Kharif (monsoon)
Rice
Maize
Pulses

Rabi (Winter)
Wheat
Maize
Pulses
Benefit - cost ratio
for kharif (monsoon)
crops

Pre-
Project

1985

1.30
1.40
0.70

2.00
2.00
0.70

1.28

Productivity, t/ha

Post project

1986

1.80
1.90
0.75

2.05
2.20
0.75

NA

1987

2.10
2.15
0.85

2.10
2.50
0.95

2.14

Per cent
Increase in
1987 over
pre-project
year (1985)

61.5
53.6
21.4

5.0
25.0
35.7

NA - Not available

Table 4. Changes in productivity and water use at Nayaka Tola irrigation minor at the
middle reach of Tirhut Main Canal in East Champaran district of the Gandak Command,
Bihar, India.

Particulars

Productivity
(t/ha)
Improvement in
productivity
(%) over pre-
project year
Irrigation water
use (cm)
Water saving
(%) over
conventional
Method

Pre-
Project
1984-85

2.20

31.0

1986-87

CON

2.27

25.9

34.2

Post-

IMP

3.67

66.8

18.0

47.3

- Project
1987-88

CON

2.83

28.6

28.0

IMP

3.97

80.4

18.0

35.7

1988-89
CON IMP

2.83 3.90

28.6 77.3

20.0 14.3

28.5

CON: Conventional
IMP: Improved



Table 5. Changes in cropping pattern at Jian irrigation minor at the tail reach of TMC in
Muzaffarpur District of Gandak Command, Bihar, India.

Crops/Croppin
g

Pattern

Crops
Rice (Local)
Rice improved
Mustard
Wheat
Summer Mung
-bean
Rajmash
Cropping
pattern
Rice Quts
Rice-wheat/
Summer Mung-
bean
Rice-Mustard-
Mung- bean

Cropping
Intensity (%)

Pre-
Project

157.0
13.0
0.25
23.50
40.10

Nil

106.20

63.83

Nil

107.8

1989-90

160.0
40.00
6.00
44.50
57.05

Nil

83.0

108.3

6.0

141.7

Area (ha)

Post-project

1990-91

148.0
67.0
16.0
73.3
60.8

1.2

40.0

140.7

15.0

168.9

1991-92

146.0
75.0

20.5
86.5
62.0

4.5

35.0

149.0

20.5

181.8

Per cent

increasing/
decreasing
in 1991-92

over
1988-89

7.0
69.3

791.3
267.6

54.6

Nil

-67.0

133.4

Nil

68.64

Culturable Command Area: 217 ha.
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Table 6. Change in number of farmers growing wheat and rapeseed crops in Jian
irrigation minor at the tail end of the Tirhut main canal in Muzaffarpur District of the
Gandak Command, Bihar, India.

• Crop

Wheat
Mustard

Pre- Project

1988-89

5
2

Number of farmers
Post - project

1989-90

69
10

1990-91

137
55

1991-92

214
80

Increase in
1990-91
(times of
1988-89)

43.0
40.0

Table 7. Changes in crop productivity at the Jian Irrigation minor at tail end reach of
Tirhut main canal in Muzaffarnagar district of Gandak Canal Commond, Bihar, India

Wheat
Mustard

Rice

Productivity, t/ha
Pre-

Project
1988-89

Tradition
-al
0.8
0.6
1.6

Post-Project

1989-90
Partially

Improved
2.2
0.8
1.9

Improved

3.5
2.1
3.3

1990-91
Partially

Improved
2.5
0.9
2.2

Improved

3.4
1.9
3.8

1991-92
Partially

Improved
2.6
1.1
2.3

Improved

3.8
2.0
4.0
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