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ABSTRACT 

Food grain based cropping systems viz. rice-wheat (10.5 M ha), rice-rice (5.9 M ha) and 

coarse grain based systems (10.8 M ha) are considered to be the major contributors to national 

food basket and out of these, rice and wheat are the highest contributor. India is getting 4000 

km
3
 of water annually out of which only 690 km

3
 is stored as ground water and acts as a 

source of drinking water and irrigation water. Since 1970 there was the beginning of over-

exploitation of the ground water often beyond the naturally replenishable limit. This was 

directly related to the introduction of high-yielding but water-intensive seeds that replaced the 

traditional ones. The analysis result showed that rice-rice is the predominant system followed 

by rice-rapeseed& mustard-jute, rice-rapeseed mustard-sesame and rice – potato - jute. Crops 

like summer rice, potato etc require huge amount of irrigation water whereas wheat, oilseed, 

pulses require comparatively less water. It was found that by sacrificing one ha of summer rice 

we can save 1400-1600 mm irrigation and with that amount of water we can grow more than 3 

ha of wheat or 7 ha of rabi pulses. Reduction of summer rice area in Gangetic flood plain of 

West Bengal in India is inevitable to sustain the degradable agro eco-system. A mass 

awareness programme to educate the farmers about modern technologies for water saving as 

well as yield maximization comprising of use of modern seeds, integrated nutrient 

management, integrated pest management, modern storage facilities is urgently necessary.  
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INTRODUCTION 

Food grain based cropping systems viz. rice-wheat (10.5 M ha), rice-rice (5.9 M ha) and coarse grain 

based systems (10.8 M ha) are the major contributors to national food basket in our country (Ray et 

al., 2014). Near about 30 important cropping systems have been identified in India (Yadav et al., 

1998). Out these systems, rice and wheat are the highest contributor and together shares 65% of 

national food grain production (Ray et al., 2014; Singh et al., 2004). Unfortunately these high 

productive systems are having high resource demand and continuously practiced over decades in 

irrigated area of the country more specifically in Gangetic flood plain. This zone of West Bengal 

situated at the eastern part of Indo-Gangetic Plains is one of the world’s most important agricultural 

eco-regions (Timsina and Conor, 2001). It is well known that cereal based cropping systems exhibit 

high demand for resources or inputs which in turn results several second generation problems like, 

over mining of soil-nutrients, lowering of ground water table, environmental degradation, water 

quality deterioration, reduction in profitability and factor productivity, build up insect-pest including 

crop weeds, causing concern for sustainability (Gangwar and Prasad, 2005).A suitable crop sequences 

or a cropping system with suitable crop component can only improve system productivity without 

hampering the resource base and environment. There are so many research works carried out during 

the last few decades covering several resource management aspects in respect to different crop 

sequences with a bit of fruitful results. A thorough and intensive study is needed to find a proper 

solution in this field. However, the present study was made to review the research work done in the 

field of changes of crop sequence due to water problem ensuring food security.Gangetic flood plains 

comprises of both old and new Gangetic alluvials of West Bengal which spreads over full or partial 

coverage of eleven districts like Nadia, Murshidabad, North & South 24 Paraganas, Howrah, Hoogly, 
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East Midnapore, Burdwan, Birbhum, Malda and Dakshin Dinajpur (Ray et al., 2014). This zone is the 

main granary of the state. It has only 38 % area of the state but contributes more than 80 % of the state 

total food grains production (Ray et al., 2014). The climate of the region is dry humid, topography is 

flat, fertile loam or clayey loam soil with soil depth of 4-6 ft and good water holding capacity, pH 

nearly neutral and having annual rainfall of 1300-1600 mm. The cropping sequences prevailing in this 

zone are mainly rice based cropping sequences like rice-rice, rice-potato-jute, rice-wheat-jute, rice-

lentil-sesame, rice-rapeseed mustard-sesame, rice-vegetable etc (Samui et al., 2004 and Ray et al., 

2009). Some cropping sequences need assured irrigation while others exist in rainfed condition. Mono 

cropping due to water or thermal limitation is rare in Gangetic flood plain. Cropping intensity of this 

region is near about 250 per cent (Ray et al., 2014). 

More than 250 important cropping systems are being followed throughout the country. Likewise state 

of West Bengal has diversified cropping sequences depending on its geographic and climatic 

variation. Land utilization pattern of West Bengal during 2010-11 depictsthat out of total 8.68 M ha 

13.52 % under forest, 20.99 % under non agricultural use and 57.48 % net sown area (Fig. 1) with 

cropping intensity 177 %. Gangetic flood plain of West Bengal comprises of about 38% of total area 

of the state and out of 3.29 Mha area only 0.45 % under forest, 23.83 % under non agricultural use 

and 71.95 % (Fig. 2) under net sown area (Anonymous, 2012). 

 

STATUS OF WATER RESOURCES 

Water is an essential component for our survival as well as crop farming. Renewable water resource 

of the country is about 4% of the global availability (Ray et al., 2014). India is getting 4000 km
3
 of 

water annually from all sources like precipitation, glacier etc. Out of this 2131 km
3
 water is lost 

through evaporation, 1179 km
3
 lost through run off and leaching out of the soil. Only 690 km

3
 is 

stored as ground water and acts as a source of drinking water and irrigation water (Gupta, 2014). 

Parameters like water deficit and water surplus are important two factors for assessing the irrigation 

requirements and judging the agricultural potentiality. Agricultural production is closely related with 

the period of water availability. It is necessary to match the water requirement of the crops with the 

period and levels of water availability of the area or the zone for getting for agricultural production. 

Length of water availability periods is very much important for selecting a crop sequence for the area 

concerned with a great aim to achieve maximum production. The development of irrigation had been 

initiated in the country since the beginning of the Indian civilization. In the post independence era, 

since the inception of first Five-Year Plan efforts were made to develop irrigation through major, 

medium and minor irrigation schemes. With the increase of irrigation status, more and more areas 

come under irrigation and thus cropping intensity increases year after year. Now more than 0.60 

millions of shallow and more than 5000 deep tube wells are operating in the agricultural fields of the 

State.  

In the 1
st
 minor irrigation census in 1986-87, there were more number of dug-well (63387), surface 

flow (70820) and surface lifting scheme (205471) scheme and these were drastically reduced in 2
nd

 

(1994-95) and 3
rd

 (2000-01) census. The trend of reduction was 11.68%, 6.16 % and 59.29 %during 

2
nd

 irrigation census and 37.8 %, 24.1 % and 47.63 % during 3
rd

 census for dug-well (DW), surface 

flow (SF) and surface lifting (SL) scheme respectively (Table 1). On the other hand, schemes like 

shallow tube well (STW) and deep tube well (DTW) tremendously increased both during 2
nd

 and 3
rd

 

minor irrigation census and there were nearly two folds increase for both shallow and deep tube wells 

during the 3
rd

 census. These were happened due to the fact that most of the surface water bodies 

degraded as result of silting, lack of maintenance and conversion for other uses. Apart from these 

there has been growth in coverage under minor irrigation by both public and private investments (Ray 

et al., 2014). Irrigation command area both culturable command area (CCA) and gross irrigation 

potential created (GCA) were significantly increased in 2
nd

(1994-95) and 3
rd

(2000-01) minor 

irrigation census in case of STW and DTW and trends ware reverse for DW, SF and SL. The 

culturable command area (CCA) and gross irrigation potential created (GCA) became double in 3
rd

 

census during 2000-01 in case of shallow tube well. In case of deep tube well the growth of culturable 

command area (CCA) and gross irrigation potential created (GCA) in 3
rd

 census during 2000-01 were 

50.5 and 56.2 % respectively (Table 1).  
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Table 1. Ground Water exploitation in West Bengal 

Comparison of figures of 1
st
,2

nd
& 3

rd
 minor irrigation census 

Sl.

No. 

Type No. of Schemes CCA in ha. GCA in ha. 

1986-

1987 

1994-

1995 

2000-

2001 

1986-

1987 

1994-

1995 

2000-

2001 

1986-

1987 

1994-

1995. 

2000-

2001 

1. DW 63387 55983 39387 31984 24386 27961 44054 39879 45411 

2. STW 368316 504638 603667 624507 1015476 1169906 994475 1543586 2002210 

3. DTW 3122 4039 5139 121689 154065 183162 197650 258192 308731 

4. SF 70820 66454 53781 357212 381412 329399 427724 459040 470680 

5. SL 205471 83645 107595 545654 352936 385431 695186 496682 600161 

 Total 711116 714759 809559 1681046 1928275 2095849 2359089 2797379 3427193 

Note: CCA- Culturable Command Area. GCA- Gross Irrigation Potential Created. DW-Dug-well, 

STW-Shallow Tubewell, DTW- Deep Tubewell, SF- Surface Flow Scheme, SL-Surface Lift Scheme.  

( Source: Report of the Third Minor Irrigation Census( 2003), Govt. of West Bengal.) 

TYPES OF CROP SEQUENCE FOUND IN GANGETIC FLOOD PLAINS 

Farmers generally grow winter rice during rainy season, followed by pulses, oilseeds, potato and other 

vegetables and with the development of irrigation facility rice-rice system became the pre-dominant 

system in this area. Ray et al. (2013) reported that in West Bengal during last 15 years (1996-97 to 

2010-11) there was a tremendous rise in summer rice cultivation in dry season. In contrast to the 

increase in summer rice area, oilseeds, vegetables, potato as well as pulse crops either showed their 

static or declining trend (Fig.3). They opined that the increase in irrigated area is one of the most 

important reasons behind this shift in the choice of crop. Due to availability of assured irrigation 

farmers showed their reluctance to cultivate pulse crops, rather they opted to grow summer rice. To 

show the status of different crop sequences the available data (2010-11) for four principle districts of 

Gangetic flood plain viz. Nadia, Murshidabad, Howrah, and Hoogly were analysed and presented 

here. Rice-rice (104 t ha) is the predominant system in Nadia district followed by rice-rapeseed 

mustard-jute (57 t ha) and rice-rapeseed mustard-sesame (19 t ha) (Fig.4). Similar trend was also 

observed in other four districts where a coverage of 141 t ha, 48 t ha and 106 t ha were recorded for 

rice-rice system in Murshidabad, Howrah, and Hoogly respectively. Rice-rice also found predominant 

systems in all the districts (Fig.5 to 7). While quinquennial data of Nadia district shows a steady rise 

in summer rice area upto 2005 except some decline thereafter. In contrast to summer rice, area the 

post monsoon (aus) rice area shows a severe decline, whereas area under mustard shows an increasing 

trend (Table 3). The quinquennial data for other four districts viz. Nadia, Murshidabad, Howrah and 

Hoogly of West Bengal in India, also shows an increasing trend for rice-rice system except after 2005 

(Table 4 to 6).  

 

 

PROBLEMS IN RELATION TO OVER EXPLOITATION OF WATER RESOURCE IN 

AGRICULTURE: 

Though our state of West Bengal has high ground water reserve, exploitation of this resource in the 

state shot up to such level that 80’s decade witnessed first sign of depletion of ground water level in 

some areas of the Gangetic flood plain when the pre monsoon water level dropped below suction limit 

of centrifugal pumps and discharge in the shallow tube wells decreased and hand tube wells went dry 

in the peak summer. Subsequently, with low capacity submersible motors available in the local 

markets, the farmers started installing the same and drawl water accelerated unabated. From the depth 

to water level data available with SWID, it has been assessed that during the decade 1995-2004 there 

has been significant average annual fall in pre-monsoon ground water level in the range of 16 cm to 
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70 cm over the districts of Bankura, Burdwan, Birbhum, Hoogly, Purba & Paschim Medinipur, 

Murshidabad and North 24 Parganas (Ray et al., 2014). In the post monsoon period such fall was 

noted in the range of 19 to 70 cm in the parts of Burdwan, Hoogly, Murshidabad and Purba Medinipur 

districts. In some parts of Burdwan, Hoogly and Murshidabad districts significant fall was noticed in 

both pre and post monsoon period. Agriculture contributes to over 20 % of global anthropogenic gas 

emission (OECD 2001) and is the sources of number of gases that pollute the environment. 

Agriculture is responsible for about 80-90 % of NH3 emission of which about 10-20 % is from urea 

when deposited to soil and soil water (Gangwar and Prasad, 2005). Appreciable increase of nitrate 

nitrogen in the irrigation water was recorded in the areas where heavily fertilized and irrigated 

cropping systems predominate. Summer grown flooded rice contributes to significant nitrogen losses 

via nitrate leaching and denitrification (Aulakh et al., 2001) resulting nitrate contamination of ground 

water. 

YIELD GAP OF MAJOR CROPS GROWN IN GANGETIC FLOOD PLAIN OF WEST 

BENGAL 

Yield gap of major crops grown in the Gangetic flood plain of West Bengal during last five years 

were calculated on the basis of optimum yield subtracting the actual farmers’ plot yield. Optimum 

yield of the said crops were determined by making average of research plot yields of five years under 

optimum input and management condition.  From the obtained results it has been found that there are 

huge gap between optimum/research plot yield and actual farmers’ plot yield in most of the major 

crops grown in Gangetic flood plain of West Bengal as depicted in table 2. However, this yield gap 

can be minimized by adopting various technological intervention like SRR (seed replacement ratio), 

good agronomic management and increased irrigation facilities. 

 

Table 2. Yield gaps of different crops in the Gangetic flood plain of West Bengal 

Name of the crop Optimum yield  

(kg ha
-1

) 

Actual farmers’ plot yield 

(kg ha
-1

) 

Yield gap (kg ha
-1

) 

Post monsoon 

(aus)rice 2750.36 2363.92 386.44 

Winterrice 
5058.54 3750.25 1308.29 

Summerrice 
6458.25 4958.54 1499.71 

Wheat  
3595.5 2354.65 1240.85 

Rapeseed & mustard 1495.57 1050.45 445.12 

Sesame  
1250.5 1058.5 192 

Lentil  
1250.25 790 460.25 

Blackgram  
1400.5 790.42 610.08 

Jute  
18.50* 14.33* 4.17* 

Potato 
34554.54 29210.25 5344.29 

 * bale ha
-1

; 1 bale = 180 kg Source: Ray et al., 2014 

 

WAYS TO MINIMIZE YIELD GAPS 

It has been found that most of the areas of Gangetic flood plain of West Bengal are covered with local 

or age old improved varieties like MTU 7029 (swarnamasuri) for rice, sonalika/UP-262 for wheat, B9 

for rapeseed, Rama for sesame, Kufri Jyoti for potato, Ranjan for lentil, Kalindi for black gram and 

Navin for jute (Ray et al., 2014). However the yield gap can be minimized by replacing such old and 

local varieties of crops with modern high yielding/hybrid varieties. Though farmers are well aware 

about when to sow, the experimental evidences showed how the betterment of yield can be brought 

about by resorting to timely sowing practice. When wheat crop is sown during mid of November 

resulted higher yield. In this zone wheat is normally grown in winter rice fallow which delays wheat 
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sowing. The delayed sowing of wheat due to land preparation after winter rice can easily be solved by 

adopting zero tillage technology. Early sown rapeseed performs better than late sown condition 

(Dinda, 2013). Sowing of pulse crop during mid November  recorded the maximum yield of chickpea 

(Ray et al., 2010). Roy et al. (2009) observed better yield of lentil, when it was sown November. 

Crops sown with optimum seed rate to ensure optimum number of plants per unit area would give 

much better yield than what is obtained at present. Black gram and green gram seeds are broadcasted 

but line sowing at 20 cm x 10 cm spacing resulted better yield (Sengupta et al., 2001). Lathyrus 

requires a seed rate of 60-75 kg ha
-1

 under utera or paira system (Anonymous, 2006). Application of 

fertilizer on soil test basis along with S and Zn recorded the highest rice yield (Ray et al. 2013). In 

case of rice 25% N replacement of recommended fertilizer through FYM and followed by growing 

wheat with 100% recommended fertilizer recorded the highest grain yield of wheat (Anonymous, 

2013). Farmers are very reluctant to apply any fertilizer to pulse crop. They treat it as neglected crop. 

However, recommended dose of fertilizer increases the yield enormously. Spraying of 2% urea at 

flowering and 10 days thereafter increased the grain yield of chickpea (Bhowmik, 2006). Bhowmik 

(2008) observed highest grain yield of lentil with two spray of 2% urea one at pre-flowering and 

another 10 days thereafter along with 20-40-20-20 (N-P2O5-K20-S kg ha
-1

). Gupta and Bhowmik 

(2005) recorded highest yield of lathyrus with basal application of 10-25-20 (N-P2O5-K20 kg ha
-1

) + 

2% DAP spray at flowering. Besides, integrated pest and disease management comprising of 

profilactive measures along with chemical and bio agents are the solution which increases the 

economic return of different crops.  

 

SAVING OF WATER RESOURCE THROUGH CROP DIVERSIFICATION 

Water requirement of crops varies depending on the growth period, morphology and nature of the 

plants. Water requirement of major agricultural crops are given in table 3. Crops like summer rice, 

potato etc require huge amount of irrigation water whereas wheat, oilseed, pulses require 

comparatively less water. If we can minimize coverage area of high water requiring crops then huge 

amount of irrigation water would be saved. From table 3 it is clear that by sacrificing one ha of 

summer rice we can save 1400-1600 mm irrigation and with that amount of water we can grow more 

than 3 ha of wheat or 7 ha of winter pulses. But Cultivation of summer rice not only raised economic 

condition of farmers but also enhanced the food security of the state. Food grain loss due to sacrifice 

of summer rice can easily be compensated rather made surplus by growing wheat or pulses using the 

water of summer rice. Therefore, it is better to grow less water requiring crops instead of high water 

requiring crops in the view to save irrigation water and protect our precious ground water.   

 

CONCLUSION 

Area under summer/summer rice in Gangetic flood plain of West Bengal is urgently needed to be 

reduced to sustain the degradable agro eco-system. Substitution of summer rice area with other food 

crops like wheat, maize and pulses is necessary for food security as well as economic growth of the 

farmers. In spite decrease in area of summer rice, adoption of modern agricultural technologies for 

other crops will ensure food security. Mass awareness programme to educate the farmers about 

modern technologies for water saving as well as yield maximization comprising of use of modern 

seeds, integrated nutrient management, integrated pest management, modern storage facilities is 

urgently necessary. Market facility, cheap & easily available credit facility, Govt. subsidy and 

effective crop insurance policies can motivate the farmers to grow alternative crops instead of summer 

and other high water requirement crops. 
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Table 3. Trend of coverage area of major crops in Nadia District 

Name of the crops 
Year wise area of cultivation (‘000 ha) 

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 

Winterrice 111.6 107.8 90.6 115.4 98.4 88.7 

Summerrice 107.4 101.1 104.2 104.8 96.5 98.5 

Wheat 47.1 46.9 47.4 35.9 37.2 38.7 

Lentil 17.5 19.8 18.7 16.9 17.2 20.7 

Blackgram 12.9 8.2 8.2 7.5 7.5 9.2 

Total pulses 46.3 38.9 36.3 35.8 36.4 45.7 

Sesame 15.4 19.5 19.7 22.6 20.5 20.5 

Rapeseed & mustard 79.2 79.6 76.9 63.3 63.2 72.8 

Total oilseed 102.5 107.1 104.6 92.5 91.7 100.2 

Jute 120.1 130.5 127.4 120.7 127.3 114.5 

Potato 5.4 5.6 5.5 5 5 7.1 

 

Table 4. Trend of coverage area of major crops in Murshidabad District 

Name of the crops 
Year wise area of cultivation (‘000 ha) 

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 

Winterrice 230.2 225.1 223.8 231.5 225.1 170.6 

Summerrice 137.6 137.3 141.9 135.7 131.3 121.6 

Wheat 125.5 125.5 122.5 101.8 100.1 96.4 

Lentil 20.8 18.8 19.7 13.8 14.6 15.4 

Blackgram 9.1 11.1 9.4 8.7 7.3 19.8 

Total pulses 55.1 52 51.5 36.9 37.8 50.7 

Sesame 14.8 14.4 13.3 17.9 15.9 17.7 

Rapeseed & mustard 77.2 77.4 79.4 83.5 83.1 88.7 

Total oilseed 92.7 92.3 93.7 101.8 99.2 106.6 

Jute 127.6 134.9 153.2 147.2 171.9 157.7 

Potato 10.3 10.7 14.6 12.2 11.9 12.3 

Table 5. Trend of coverage area of major crops in Howrah District 

Name of the crops 
Year wise area of cultivation (‘000 ha) 

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 

Winterrice 73.2 76.6 67.8 64.1 71.6 73.4 

Summerrice 50.9 39.3 48.9 49.8 41.3 41.3 

Wheat 0.2 0.5 0.5 0.1 0.1 0.2 

Lathyrus 0.3 0.5 0.4 0.6 0.2 0.2 

Total pulses 0.4 1.1 0.6 0.9 0.5 1 

Sesame 2.5 1.7 0.8 1.7 2.7 1 

Rapeseed & mustard 0.8 1.1 0.6 1.1 1 1.4 

Groundnut 2.3 3.9 5.1 3.8 4.2 4.3 

Total oilseed 5.6 6.7 6.9 6.7 8.1 7.1 

Jute 3.3 3.8 3.6 3.5 2.9 3.2 

Potato 7.3 8.6 8 6.6 6.7 8.9 



Int. J. Bio-res. Env. Agril. Sci., March 2016 
 

257 
 

 

Table 6. Trend of coverage area of major crops in Hooghly District 

Name of the crops 
Year wise area of cultivation (‘000 ha) 

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 

Winterrice 193.2 195.8 189.6 192.9 187.1 194.7 

Summerrice 107.6 96.2 106.2 106.4 106.4 93.1 

Wheat 0.3 1.2 0.4 1.5 0.5 0.5 

Lentil 1 0.6 0.5 0.4 0.3 0.3 

Total pulses 2.5 1.8 0.8 0.7 0.5 0.4 

Sesame 19.1 22.6 26.9 30.8 26.6 29.7 

Rapeseed & mustard 3.4 3.9 6.7 12.6 11.9 11.7 

Groundnut 8.6 8.6 9.3 14.2 10.9 11.1 

Total oilseed 31.1 35.2 42.9 57.7 49.5 52.6 

Jute 31 31.6 28.6 24.5 29 26.8 

Potato 92.1 96.6 94.8 94.8 91.3 100.5 

 

 

Fig. 1 Land utilization pattern of West Bengal during 2010-11 

 

 

Fig. 2 Land utilization pattern of Gangetic flood plain of West Bengal during 2010-11 

Souce: Estimates of area, production and yield rate of major crops in West Bengal, Dept. of 

Agriculture, Govt. of West Bengal (2012)  
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Figure 3: Trend of area of summer rice, pulses, oilseeds, potato and vegetables in West Bengal (1996-

97 to 2010-11) 

Source: Ray M., Ghosh P.K. and Sengupta K. 2013. Strategies to overcome pulse production 

constraints in West Bengal, India. Int. J. Bio-resource and Stress Management. 4 (2): 293-97 

 

 

Fig. 4 Major cropping sequences of Nadia district    Fig. 5 Major cropping sequences of Murshidabad 

during 2010-11                                                                      district during 2010-11 
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Fig. 6 Major cropping sequences of Howrah        Fig. 7 Major cropping sequences of Hooghly district   

district during 2010-11                                                    during 2010-11      

Souce: Estimates of area, production and yield rate of major crops in West Bengal, Dept. of 

Agriculture, Govt. of West Bengal (2012)  
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