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Flood-prone environment is characterized by a great diversity of growing
conditions such as the amount and duration of rainfall, depth and duration of flooding,
frequency and time of flooding etc. In most Asian flood-prone areas, flooding during wet
season starts in June and continues till November while the maximum water depth occurs
in August to October and the recession of water starts from September onward. Most of
the flood-prone areas in India (2.5 m ha) are confined in the eastern states of Assam,
West Bengal, Bihar and Uttar Pradesh (Catling, 1992). In these agricultural lands no
crops other than rice can be grown in the wet season. Productivity is, however poor,
mainly due to unpredictable growing condition. There are two main options to increase
productivity of this eco-system:
(i) To device effective flood-control measure and develop better water management

practices or
(ii) To develop suitable technology for higher productivity without changing the

existing crop growing conditions.

The first option would require an enormous investment and keeping in view the
economic condition of the concerned states, one would have to wait years for its
accomplishment. The second option, therefore, has relevance particularly for
agricultural scientists to design and develop a sustainable technology for this adverse
flood-prone fragile ecology in order to provide food security to millions of resource poor
fanners whose economic well-being depends on the harvest.

Bihar state lies in the Indo-Gangetic belt of Eastern India and is the 6th largest rice
growing region in the world. It has diverse ecological situations from upland to very
deepwater conditions, as a consequence the vast area in north and south Bihar are flood-
prone and flood affected (Fig.l). The pattern of flooding consequently does not find
universal adaptability for the whole region. An example of a case studied made by Rice
Scientists of Eastern India may be cited to elucidate the point. A cluster of four
representative villages near the embankment of Burhi Gandak of north Bihar was
subjected to agro-ecological analysis. Four types of lands were categorized, namely (i)
upland (ii) midland (iii) lowland, and (iv) deepwater on the basis of water depth and
period of stagnation during wet season. This is primarily due to the contour of the land,
and is generally valid for most of the areas. Upland and medium land constitutes 15-20
percent of the total cultivable area while the rest was flood-prone.

Keeping in view of the typical problem of this region, efforts are made to
summarize the results of painstaking work undertaken over a number of years to tame
this flood-prone ecology of Bihar for optimum productivity. First emphasis was to
characterize the growing conditions and then generate adaptable technologies. The results
are far reaching implications and were tested in the field.



Flood-Prone Ecologies of Bihar Plains:

Physiographically, Bihar plains have two distinct broad regions:

(i) North Bihar Alluvial Plains
(ii) South Bihar Alluvial Plains.

North Bihar alluvial plain: The land of this region is particularly plain with its slope
towards South-east. Many natural rivers namely Gandak, Ghaghra, Burhi Gandak,
Kamala Balan, Bagmati, Kosi Balan, Mahananda and their tributaries serve as the natural
drainage of the plain. The region has two distinct agro-climatic zones: North-west and
North-east.

The north-west (zone-I) covers Saran and Tirhut divisions of Bihar. The zone has
slopes towards South-east as evident by the direction of the rivers. However, all the
rivers finally merged in the Ganga river. As a result a vast water logged area is
developed in the districts of Saran, Vaishali, Samastipur, Muzaffarpur, Begusarai. Due to
near flatness of the landscape and saucer shaped depressions (locally called as Chaurs)
between the rivers, vast areas of these districts get flooded during the rainy season. When
flood water recedes from other areas, the saucer shape depressions and abandoned
channels of rivers, lakes etc. remain flooded for various lengths of time. Due to
constructions of irrigation structures and canal systems of Gandak Irrigation Command
project, many natural drainage have been disturbed causing more flooding and water
logging in the central and western part of the zone. Embankments and roads have also
aided water logging. Gandak river serves as a grand drainage channel in which all rivers
meet at various points.

The north-east plain (zone II) covers the Kosi division of Bihar and has a general
slope towards South-east and Kosi, Mahananda and Ganga are the major rivers. This
zone is full of abandoned beds and dead channels of Kosi river and its tributaries, small
lakes or marshy grounds are frequently encountered. There is a vast tract similar to Tal
lands (local name of water logged area) of south Bihar plains, which remain inundated
for a considerable period (July to December) of time where water depth goes as high as 3
to 4 meters.

South Bihar alluvial plain: The plain has a general slope towards north-east. Important
rivers besides Ganga are Sone, Punpun, Falgu, Badua and Chir. Except Sone river, all
are seasonal rivers. The region has comparatively higher irrigation resources (more than
60 per cent) and lands unlike north Bihar plains are normal except waterlogged Tal and
Diara lands. Rice in wet season and wheat in winter season are the main crops. Pulse
crops in Diara and Tal area are popular.

Water stagnation & crop management for north & south Bihar alluvial plains: North
and South Bihar plain lands may be classified in nine categories based on the period of
water stagnation and the consequent water depth. They are primarily rice lands. About
2.7 million ha rainfed lowlands of various categories remain submerged for considerable
periods. The longer the duration of stagnation is, the higher the depth of water. Rice
yields are poor and no other crop could be cultivated in place of rice. As the period of
stagnation in medium lands is shorter, subsequent winter crops are taken in time.



However, management is needed for lowlands and deepwater areas. Due to longer
periods of water stagnation subsequent winter crops are often delayed.

Features of Flood-Prone Land:

Water stagnates for a considerable period (ranging from 4-12 months) in an
approximate area of 0.7 million hectare. Whereas 0.65 million ha are under deepwater
(water depth varies from 0.5 to 4 m height) and 0.05 million ha are under flash flood
condition. Such deepwater lands are locally called as Charus (saucer shaped land
depression). Abandoned riverbeds (locally called Maans/Dhars) are also found in the
North Bihar plain region. They are scattered throughout the region and vary in shape,
size and depth. A typical Chaurs has higher depth in the center and shallow at the
periphery while Maans/Dhars are in long strip (Fig.2) and many are found in chains.
These are vast natural water resources, which are virtually untapped. This is one of the
important themes of the present paper, which is discussed hereafter on a practical
footing based on the result of the experiments conducted both at research stations and on
the farmers' field.

Options to Increase Productivity in Flood-Prone Land:

Therefore, there are three options to increase productivity of this flood-prone fragile
ecosystem namely:
(i) Rice mixed cropping cultivation
(ii) Winter (boro) rice and integrated farming system. Summer rice is possible where

irrigation water is available
(iii) Integrated farming system is possible where water depth varies froml.O - 1.5 m.

(i) Rice mixed cropping cultivation: A rice crop is usually broadcast sown mixed
with mungbean, sesame, fodder, sorghum and jute etc. in summer (Thakur et ah, 1984).
Mixed cropping induces a fair degree of sustainability in the system. Mixed crops are
harvested before flood in June-July. When the flood is severe, rice crop may also fail.
Extensive research on mixed cropping was conducted on the farmers' field by a Ford
Foundation project on "Farming Systems Research & Extension" over a number of years.
Investigation about the types of rice varieties, mixed crop concerned and the proportion
of seed rate were done. Total yield was calculated in terms of rice yield equivalence.
Yield as high as 4 t/ha was realized. Rice + Mungbean (pulse) in the Tirhut region of
Bihar and Rice + Jute in the Kosi command area of Bihar were found productive, where
investment was virtually nil (Thakur et al., 1994). Earlier Singh et al. (1998) suggested a
suitable cropping pattern based on rainfall and water depth pattern.

In normal years, water in the peripheral portion of Chaur dries in November -
December while in the central portion, water remains up to March. However, the
situation varies yearly due to the variation in rain and floods. Singh et al. (1998)
suggested various cropping patterns for the changing environment. Thakur (1989)
suggested to device better means to exploit water resources of Chaur lands for summer
rice cultivation and visualized summer rice revolution in Bihar. Siddiq (1997) suggested
to expand winter rice cultivation in nearly one million water-logged areas of Bihar. Since
its productivity is very high and assured, it is popular in the Kosi range adjoining West
Bengal State where summer rice became very popular with the event of high yielding



varieties. Its cultivation beyond the Kosi range did not spread. Major impediment was
low temperature. Therefore, for expansion of summer crop in other areas, cold tolerant
varieties are required. Recently a summer variety Gautam has been released which has a
very high yield potential (as high as 9 t/ha) due to the high degree of cold tolerance at
seedlings stage (Thakur et ah, 1994). This variety has set a trend in yield and has become
very popular in a short period.

(ii) Winter (Boro) rice cultivation: High yielding dwarf varieties of rice have become
popular in the winter (boro) season in West Bengal, and brought boro revolution in West
Bengal. This technology spread in adjoining the districts of Katihar, Purnea and Saharsa.
Nearly 0.1 million ha. came under boro rice mostly replacing deepwater Chaur lands
(Thakur 1989). The yield ranged from 3 to 5 t/ha. Though this region is congenial in
respect of ground water and low temperature severity, low temperature invariably
damages the seedlings in the nursery. For expansion of boro rice cultivation in other
regions, a cold tolerant variety at seedling stage is required. Popular varieties like IR 8.
Pusa 2-21, Saket - 4 etc., though popular in the boro season can't tolerate temperature
below the 10 °C. In boro varietal trial, a mutant of Rasi, PSRM 1-16-4B-11 performed
exceedingly well in boro season with an average yield of 7.5 t/ha, over number of years,
which was later released as Gautam (Thakur et at, 1994). Its performance in Frontline
Demonstration in other districts was remarkably good and yielded 7.0 to 8.8 t/ha.
Recently a trial under poly-house is being conducted at Directorate of Water
Management to evaluate the performance of seedling emergence of winter (Boro) rice at
cold temperature below 10 C (Singh and Singh, 2001).

(a) Possible area for boro cultivation: Chaur lands which spread over the entire north
Bihar are suitable for boro cultivation. Irrigation could be possible either from the
available water in the chaur or through the tube wells. Besides this, there are
waterlogged and marshy lands near roads and embankments where no crop is grown,
which could be ideal areas for boro cultivation. The area around Sone canals remained
waterlogged for a long period and virtually remains fallow. Thus nearly 1 million ha
lands in Bihar are potential boro (winter) rice cultivation. The total yield of this area
under boro will be almost equal to the total yield of wet rice grown in about 5 million ha.
It is essential to develop a number of suitable boro varieties to meet the growing
requirement. It is not visualized to replace wheat in winter seasons but in areas where
wheat is not possible due to waterlogging like Madhubani district, boro rice may be
grown. The yield of boro rice has been found to 6.4 - 9.0 t/ha (Thakur et ah, 1997).

(b) Integration of boro with deepwater: Usually, boro crop is mono cropped and
requires high input for higher yield. With the event of high yielding varieties, a major
area of deepwater land in Bangladesh shifted to boro rice when irrigation resource was
available. However, there is a trend to integrate boro with deep-water rice (Catling et ah,
1983). This was investigated at Biraul in a typical Chaur land. In the standing boro crop,
deep-water rice was broadcast sown and after the harvest of boro, proper weeding, and
top dressing @20 kg N/ha was done. Inspite of some water availability problem, boro
crop yielded 3.5 t/ha, whereas deepwater rice yielded 1.4 t/ha.

(Hi) Integrated farming system /rice + fish farming: In deepwater rice fields, fish
grow without efforts. Their turn over is, however, poor. Studies at Rice Research
Station, Chinsurah, West Bengal have shown strong possibilities of fish culturing with



rice with remarkable turn over on supplementary fish feed treatment (Thakur, 1989). It
was also tried at Agricultural University farm, Pusa in deepwater rice experiments where
the soil of a peripheral portion of land 1.0 -1.5 meters in depth and two meters in
diameter was dug out. This success was remarkable. Fish were collected after the harvest
of rice at the end of November. In normal Chaur lands, fish leave the field when the
water recedes, while they stay in trenching for longer period. An experiment on
integrated farming system was carried out at State Agriculural University farm Pusa
(Bihar) during 1993-94 and 1994-95 in 0.4 ha. of land under shallow deepwater
ecosystem. A trench of 1 m width was dug out around the field and the soil was used to
raise the dike about 1 m high. Improved photosensitive tall rice variety vaidehi was
direct seeded 70 kg/ha mixed with mungbean (Vigna radita L.) var. NP18 @ 9.0 kg/ha on
March 8, 1993 and March 5, 1994. A basal dose of 20 kg N per hectare was applied.
The mungbean was harvested 70 days after sowing (early June) before the onset of
monsoon. One hand weeding in rice was done after mungbean was harvested. Dhaincha
(Sesbania rostrata) was sown during mid June at the inner side of dike around the field.
The standing crop of rice was top dressed with urea @ 20 kg/ha after the first rain. In the
month of July, locally adopted fingerlings were added @ 7500 nos./ha in submerged rice
field. Cow dung @ 50 kg and oil cake @ 4 kg/week were used as fish feed. Climber
vegetables (Luffa spp.) were sown on the top side of the dike in July while winter pigeon
pea (Cajanas cajan) var. Navin was sown at the outer side of the dike by 15th September
@ 60 kg seed/ha and 100 kg/ha DAP was also applied to the crop. Fish survived up to
September and later on up to October in the trenches. Fish were harvested in mid
November whereas rice and Sesbania (for seed and fuel) were harvested in early and late
December. Vegetables grew well on the dike and as many as 5 pickings were taken.
Harvesting of pigeon pea was done by mid April.

The comparative economics was calculated considering the local market rate
existing at that time. The adoption of the integrated approach resulted to be an 88.7
percent higher net return in comparison to traditional practices (Rs. 11548/ha year). In
other words it can be said that by putting an additional investment of Rs. 4525.0/ha. on an
integrated approach of farming system, an additional income of Rs. 10265.0/ha can be
obtained.

It can be concluded that the integrated approach is found to be beneficial to the
farming communities in many ways, such as the basic requirements of house-hold like
food grains, vegetables, fish and fuel can very well be met from the limited area and will
also provide employment during off-periods.

Strategies for Future:

Low-lying areas of north Bihar are subjected to uncontrolled flooding and
considered unproductive. But the area is amenable to higher production. Rice mixed
cropping, boro (winter) rice and rice/fish farming are suitable options each one having its
own importance. A project involving experts on agriculture, fisheries, irrigation/drainage
and flood control is needed to expand the research achievement and utilize the vast water
resources. To tackle the problem of the entire region is complex, but it is feasible if
executed stepwise with linkage of all concerned on a regional basis. Many agencies are
working in the region. Linkage among them will make efforts successful for an
integrated farming system.
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Fig.l Flood-prone and flood affected areas of Bihar.
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Fig.2 Types of deepwater areas in Bihar.


