
Irrigation Strategy for Crop Production in Northwest and Southwest Region of 

Bangladesh 

 
Md. Belal Hossain

1
*, Md. Maniruzzaman

1
, Jatish Chandra Biswas

1
, Md. Mozammel Haque

1
 

and Naveen Kalra
2 

 
1
Bangladesh Rice Research Institute, Gazipur, Bangladesh 

2
Indian Agricultural Research Institute, India 

 

*Corresponding author and Email: belal.iwm@gmail.com 

 

Received: 24 August 2020   Accepted: 15 December 2020 

 
Abstract 

 

Crop water requirement is an important factor for choice of crops/cropping systems, associated inputs 

and agronomic management options. In the present context of increased climatic variability and 

concerns of climate change, selection of land use types and irrigation water management has become 

vital for sustainable agriculture. The study was carried out to estimate water requirement and net 

irrigation requirement of widely cultivated crops in northwest and southwest regions of Bangladesh. 

Food and Agriculture Organization (FAO) developed CROPWAT 8 model was used in this study. 

Historical weather data (1981-2016) from Bangladesh meteorological department (BMD), soil data 

from soil resource development institute (SRDI) and crop data from relevant sources were used as 

input in the model. Normal annual rainfall of northwest and southwest regions varies from 1467 to 

2290 mm and more than 75% rainfall occurs in monsoon. Reference evapotranspiration (ET0) was 

higher during March to May and lower in December to January. The highest crop water requirement 

(ETc) was found in Jashore and the lowest in Dinajpur region. Jute (519 mm) and T. Aus rice (499 

mm) showed the highest crop water requirement although they have less growth period than other 

crops. the estimated ETc for Boro, T. Aman, maize, wheat and potato was 477, 446, 415, 255 and 202 

mm, respectively. The estimated average net irrigation requirement of Boro, T. Aus and T. Aman rice 

was 897, 439 and 91 mm, respectively. CROPWAT model projected the highest 1342 mm irrigation 

for Boro-T. Aus-T. Aman cropping pattern followed by 1006 mm for mustard-Boro-T. Aman, 988 mm 

for Boro-Fallow-T. Aman and 712 mm for potato-T. Aus-T. Aman cropping pattern. Wheat-Jute-T. 

Aman pattern required the lowest irrigation (460 mm) in the study location. But, in practice farmers are 

applying 39% more water than the model estimated during Boro season, which results higher 

production cost and may cause groundwater level depletion.    

 

Keywords: CROPWAT Model, reference evapotranspiration, irrigation water requirement, crops and 

cropping systems 

 

1. Introduction 

 

Bangladesh has numerous agro-ecologies and 

diverse production environments. Rice and rice 

based cropping systems are the major land use 

types in our country. It is a region of highly 

intensive agriculture. Due to this the factor 

productivity as well partial factor productivity 

for major resource inputs are decreasing. Soil 

nutrient status is decreasing due to intensive crop 
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cultivation with imbalanced fertilizer (Haque et 

al., 2019). In general, farmers apply surplus 

water for their crops, resulting in decreased 

amounts of surface and ground waters (Hossain 

et al., 2016). Due to industrial growth, solid 

wastes and effluents are finding problems in 

their disposals and resulting in increased land 

degradation. Occurrence of extreme climatic 

events and increased width of inter- and intra-

seasonal climatic variability is on the increase 

(Biswas et al., 2017). These are causing concerns 

for sustainable agriculture and we have to safe 

guard our environment.  

 

Water is the key input for Bangladesh 

agriculture, and we have to plan our irrigation 

schedules in a judicious way, keeping in view 

the water requirements of rice and associated 

crops in major cropping systems. Reference 

evapotranspiration is for green grass cover 

grown under non-limiting conditions of water 

and other inputs, and mainly driven by the 

climatic conditions and the open grass 

characteristics (Allen et al., 1998). When the 

crop coefficients for major crops and the 

growing conditions are included, we get 

reference evapotranspiration for those crops, 

which depend on phenology of the crop, climatic 

conditions and non-limiting conditions of water 

and other inputs. We should plan the irrigation 

scheduling on the basis of reference 

evapotranspiration, soil type, growing condition 

for maximization of the crop’ yields.  Actual 

evapotranspiration, a function of reference 

evapotranspiration, inputs’ availability and the 

growing condition, can be estimated but tedious 

to be computed on regional scale, which can be 

done through the use of remote sensing by 

assessing the above ground biomass through 

normalize difference vegetation index (NDVI) 

and by use of water use efficiency we can work 

out actual evapotranspiration, and thereby can 

aid to schedule irrigation.  

 

Irrigation is the largest consumptive use of water 

globally involving 75-80% of the water use 

(Green et al., 2006). In Bangladesh about 

76.12% of the total irrigated area is covered by 

groundwater and the remaining 23.88% area is 

irrigated by surface water (BADC, 2016). 

Moreover 80% of the total groundwater is used 

in three divisions in the North central and 

Western hydrological zones (Dhaka, Rajshahi 

and Rangpur) of Bangladesh as a result 

groundwater table is declining in the northwest 

region of Bangladesh (BADC, 2016). 

 

Rice is the highest water using crop grown in 

three seasons in our region, Aman (monsoon rice 

season), Aus (pre-monsoon and summer rice 

season) and Boro (winter rice season), and the 

productivity as well as water use efficiency are 

the highest in Boro-rice, followed by Aman rice. 

However, the yield of Aus rice was found the 

lowest with the highest irrigation water 

requirement by the crop (Anonymous, 2018). 

Moreover, it is important to understand the water 

requirement of all the associated crops along 

with rice in the major cropping systems of this 

region. It is also well known that other inputs 

viz. nutrients play key role in deciding the water 

use efficiency of crops, and thus there is a need 

to understand the interaction of nutrients with 

water for major crops. 

 

Crop simulation models help in understanding 

interaction of water and other inputs for 

subsequent growth and yield of crops. The 

simulation tools effectively help in forecasting 

the yield, providing appropriate resource 

management options, helps in understanding soil 

and crop processes under various biotic and 

abiotic stresses. In the present study, CROPWAT 

was used to assess the water requirement of 

associated crops in the major cropping systems 

of north-west and south-west regions of 

Bangladesh. The major emphasis was to evaluate 

the irrigation needs (optimized) for providing 

directions to planners and farmers for judicious 

use of irrigation water for sustenance. 

 

2. Materials and Methods 

 

2.1. Study area 

The study was conducted in northwest and 

southwest (non-saline) regions of Bangladesh 
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extended from 25.63ºN and 88.65ºE to 23.17ºN 

to 89.21ºE (Figure 1). Out of 64 districts in 

Bangladesh the study region comprises 20 

districts (8 districts from Rangpur division, 7 

districts from Rajshahi division and 5 from 

Khulna division). The study area is relatively dry 

humid in which annual average rainfall varies 

from 1,400 to 1,900 mm (Biswas et al., 2017). 

Almost 92.7% rainfall occurs during May to 

October. Inter-annual variability of non-

monsoonal rainfall is more than 50% (Shahid, 

2008). Temperature ranges from 25
o
C to 40

o
C in 

the hottest season and 8
o
C to 25

o
C in the coolest 

one. About 90% land area is used for wet season 

rice cultivation. High yielding T. Aman rice 

varieties are dominant and shares almost 95% of 

total cultivated crop in wet season (BBS, 2013), 

Wet season rice based cropping patterns covers 

90% cultivable area of the region (Biswas et al., 

2017).  

 

2.2. Climate data collection and processing 

In the study region,7 weather stations (Dinajpur, 

Rangpur, Bogura, Ishwardi, Rajshahi, 

Chuadanga and Jashore) of Bangladesh 

Meteorological Department (BMD) are 

continuously monitoring different weather data. 

Long term weather data of 7 BMD stations from 

1981 to 2016 were collected and normalized by 

taking the average of all-weather parameters. 

Summary statistics of weather parameters are 

presented in Table 1.  

  

 
Figure 1. Locations of the study region in map 
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Table 1. Summary statistics (1981-2016) of climatic parameters in northwest and southwest regions of 

Bangladesh 

 

Station Temperature (°C) Humidity 

(%) 

Wind speed 

(km/day) 

SSH (hrs) Rainfall 

(mm) 
Min Max 

Dinajpur 20.0 30.0 77 81 6.3 1990 

Rangpur 20.2 29.6 80 118 6.4 2289 

Bogura 20.9 30.7 78 113 6.4 1757 

Ishwardi 20.5 31.1 77 122 6.6 1490 

Rajshahi 20.5 31.3 78 125 6.7 1444 

Chuadanga 20.9 31.6 80 79 6.3 1553 

Jashore 20.9 31.7 79 197 6.0 1708 

 

2.3. Soil data  

Soil textural data collected from soil resources 

development institute (SRDI), Bangladesh. A 

pedotransfer function in DSSAT model was used 

to calculate field capacity, wilting point, bulk 

density, and hydraulic conductivity. Dinajpur, 

Rangpur, Bogura, Ishwardi, Rajshahi, 

Chuadanga and Jashore belongs to soil texture of 

silty clay loam, clay loam, silty clay, clay, clay, 

silty clay and silt loam class, respectively. Bulk 

density of top soil (20 cm depth) varies from 

1.23 g/cc (Chuadanga) to 1.31 g/cc (Bogura and 

Jashore). Soil field capacity ranged from 27.8-

53.1% of which the maximum and minimum 

values observed in Chuadanga and Rangpur. The 

maximum soil moisture content at wilting point 

was 25.9% in Bogura, whereas the minimum 

12% found in Jashore.  

 

2.4. Crops and cropping pattern selection 

This study was performed with 9 major growing 

crops and five cropping pattern of the study 

location. Transplanting of rice and seeding of 

non-rice crops varies from place to place and 

also farmer to farmer in the targeted area. But for 

simplification a suitable date was chosen for the 

entire area. Table 2 describes the growing 

window of different crops in a particular pattern 

and its irrigation scheduling. Widely cultivated 

BRRI dhan28 and medium duration cultivar 

BRRI dhan49 were considered in Boro and T. 

Aman season. In case of Boro-Fallow-T. Aman 

cropping pattern 15 January was considered as 

suitable transplanting time of Boro rice. But due 

to delay transplanting (15 February) in Mustard-

Boro-T. Aman cropping system growth duration 

reduced by 7 days (Anonymous, 2013). Similar 

result found in T. Aman rice for delay 

transplanting on 25-30 August, growth duration 

reduced by 7 days (Anonymous, 2015). BARI 

recommended irrigation scheduling was 

followed for non-rice crop and irrigation was 

applied up to field capacity (FC). In case of rice 

crop 50 mm irrigation was applied at 20% 

desaturation. 

 

2.5. Estimation of crop water requirement and 

net irrigation requirement  

This study used FAO developed CROPWAT 8 

model (FAO, 2009) to calculate crop water 

requirement and irrigation scheduling of some 

selected cropping patterns. CROPWAT model 

used Penman-Monteith method to calculate 

reference evapotranspiration. Crop 

evapotranspiration is the actual crop water 

requirement consisting of surface evaporation 

and transpiration from plant body. Crop 

evapotranspiration was calculated from reference 

crop evapotranspiration using the following 

formula, 

   (1) 

Where ETc is crop water requirement (mm), ET0 

is reference crop evapotranspiration in (mm) and 
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kc is crop coefficient. Bangladesh Agricultural 

Research Institute (BARI) developed crop 

coefficient values for non-rice corps (Akanda, et 

al., 2017) and rice crops (Hossain et al., 2017) 

were used to calculate crop evapotranspiration 

and the values are presented in Table 3. 

 

Table 2. Growing window and irrigation scheduling of crops in north-west and south-west region of 

Bangladesh  

 

Crop Cultivar 

Date of 

transplanting/ 

seeding 

Date of 

harvesting 

Irrigation scheduling 

Time Amount 

 Boro-Fallow-T. Aman 

Boro BRRI dhan28 15-Jan 29-Apr 20% desaturation 50 mm 

T. Aman BRRI dhan49 25-Jul 06-Nov 20% desaturation 50 mm 

 Mustard-Boro-T. Aman 

Mustard BARI Sharisha-14 20-Nov 07-Feb 20 and 55 DAS Refill to FC 

Boro BRRI dhan28 15-Feb 23-May 20% desaturation 50 mm 

T. Aman BRRI dhan49 25-Jul 06-Nov 20% desaturation 50 mm 

 Wheat-Jute-T. Aman 

Wheat  BARI Gom-26 01-Dec 20-Mar 20, 55 and 75 DAS Refill to FC 

Jute O-9897 10-Apr 02-Aug 50% critical 

depletion 

Refill to 

FC 

T. Aman BRRI dhan49 12-Aug 19-Nov 20% desaturation 50 mm 

 Potato-T. Aus-T. Aman 

Potato BARI Alu-8 25-Nov 22-Feb 20, 40 and 60 DAS Refill to FC 

T. Aus BRRI dhan48 15-Apr 18-Jul 20% desaturation Refill to FC 

T. Aman BRRI dhan49 01-Aug 11-Nov 20% desaturation 50 mm 

 Boro-T. Aus-T. Aman 

Boro BRRI dhan28 15-Jan 29-Apr 20% desaturation 50 mm 

T. Aus BRRI dhan48 15-May 12-Aug 20% desaturation 50 mm 

T. Aman BRRI dhan49 25-Aug 27-Nov 20% desaturation 50 mm 

 

Table 3. Crop coefficient (kc) value at different growth stages of crop  

 

Crop Initial Development Mid season Late season 

Rice 1.09 1.12 1.14 1.08 

Wheat 0.42 0.78 1.13 0.48 

Maize 0.38 0.87 1.36 0.75 

Potato 0.25 0.62 1.15 0.8 

Jute 0.72 1.39 1.26 0.46 

Mustard 0.68 0.98 1.07 1.26 

Lentil 0.35 1.09 0.47 0.82 
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Crop normally meets its ETc from rainfall and 

soil moisture. When rainfall and soil moisture 

fail together to meet its demand irrigation is 

applied for successful growth. Irrigation 

requirement (IR) is calculated as (2) (Michael, 

1998).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

                  (2) 

Where, ER is effective rainfall and S is moisture 

from soil profile.  

 

Simply effective rainfall is the portion of rainfall 

utilizable for plant. From the point of view of 

crop water requirement, the Food and 

Agricultural Organization has defined effective 

rainfall as part of the total annual or seasonal 

rainfall which is useful directly and/or indirectly 

for crop production at the site where it falls, but 

without pumping (Dastene, 1974). There are four 

different methods in CROPWAT model for 

estimating effective rainfall. This study 

considered USDA soil conservation method to 

determine monthly effective rainfall from 

monthly total rainfall. The method is in equation 

(3a) and (3b) 

                                      (3a) 

                                      (3b) 

Where Pe is monthly effective rainfall (mm) and 

P is monthly total rainfall.  

 

Net irrigation requirement is the amount of 

irrigation water needed to bring the soil moisture 

level in the effective root zone to field capacity. 

Mathematically it is the difference between soil 

moisture content at field capacity to root zone 

before starting irrigation (Michael, 1998). It was 

calculated as follows (4); 

  (4) 

Where d is net amount of water to be applied 

during irrigation (cm), Mfci is moisture content at 

field capacity in the i
th

 layer (%, weight basis), 

Mbi is moisture content before irrigation in the i
th

 

layer of the soil (%, weight basis), Ai is bulk 

density of the soil in the i
th
 layer (g/cc), Di is 

depth of i
th

 soil layer (cm), and n is number of 

soil layer. 

Seasonal crop water requirement and net 

irrigation requirement for different crops and 

cropping systems were estimated. Spatial 

variation of water requirement was also 

identified for dominant cropping patterns of the 

region. Suitable cropping patterns were also 

selected based on water availability.  

 

2.6 Water saving in model based irrigation 

scheduling 

A comparison has been made between the 

amount of water applied in model based 

irrigation scheduling and existing farmer’s 

practice during Boro season. The irrigation 

applied by farmers in Boro rice were monitored 

in different locations of the study region. The 

volume of water saved in model based irrigation 

was calculated using the following formula (5) 

 

  (5) 

Where, I1 is irrigation applied in farmer’s 

management (mm), I2 is model based irrigation 

requirement (mm), A is total Boro area coverage 

(ha)  

 

2.7 Calibration of model 

The model was calibrated and validated by 

comparing simulated and observed irrigation 

requirement. Statistical parameter prediction 

error (Pe) and normal root mean square error 

(NRMSE) were used to judge performance of the 

model. The formula are given in equation (6) and 

(7) 

                       (6) 

 

                                             (7) 

 

Where, Pi is simulated data, Oi is observed data, 

 is mean of observed data  n is number of 

observation.   

 

In case of NRMSE, a simulation can be 

considered excellent if NRMSE is smaller than 

10%, good between 10 and 20%, fair between 20 

and 30% and poor if larger than 30% (Raes et 

al., 2012). 
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3.  Results and Discussion 

 

3.1 Model calibration and evaluation 

Model was calibrated by using observed gross 

irrigation requirement of dry season rice in two 

locations i.e. Rangpur and Nilphamary. It was 

found that the prediction error between model 

estimated gross irrigation requirement and 

observed gross irrigation requirement was about 

6 to 10% (Figure 2) which is acceptable for 

modeling studies. Fifteen percent prediction 

error is within the acceptable range (Chowdhury, 

et al., 2018). NRMSE of simulated and observed 

value was 9.2% which is less 10% referred as 

excellent (Maniruzzaman et al., 2017). For 

validation of the model, observed and simulated 

irrigation requirement of Boro rice following 

AWD (alternate wetting and drying) irrigation 

method and CSW (continuous irrigation water) 

were analyzed and presented in Table 4. The 

model simulation statistically satisfied the 

observed data with 12.8% prediction error and 

8.6% of NRMSE value. NRMSE value 12.8% 

indicated the good validation of the model. 

 
Figure 2. Observed and simulated gross irrigation requirement in two study locations, 2012-13 for 

model validation 
 

Table 4. Observed and simulated irrigation requirement during Boro, 2015-16 and 2016-17 at BRRI 

Farm, Gazipur for model calibration 

 

2015 2016 

 

Observed Simulated Observed Simulated 

AWD method 1055 854 1021 914 

CSW method 843 752 920 878 

Pe 12.8% 

NRMSE 14.6% 
 

 
Figure 3. Annual and monsoon normal rainfall in various key locations of North-west and South-west 

region of Bangladesh. 

Pe= 8%, NRMSE = 9.2% 
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3.2 Variability of rainfall and reference 

evapotranspiration 

 

Normal rainfall (1981-2016) of north-west and 

south-west regions was analyzed and presented 

in Figure 3. Annual normal rainfall of the 7 

stations varies from 1467 to 2290 mm. The 

highest (2290 mm) rainfall was observed in 

Rangpur followed by 1990 mm in Dinajpur and 

1750 mm in Bogura. In all stations, more than 

75% rainfall occurred during monsoon (June to 

October). Crops other than monsoon often faced 

drought and irrigation needs to apply for getting 

desired yield. Akanda et al., (2016) reported 26-

49% yield reduction in rainfed wheat than 3 

supplemental irrigated plots. Wet season rice (T. 

Aman) sometimes faced terminal drought due to 

uneven distribution of monsoon rainfall and 

yield loss occurred. Yield reduction of T. Aman 

rice found by 15% due to terminal drought in 

2008 (Roy, 2010) Figure 4 illustrates daily 

average of reference evapotranspiration (ET0) 

among different months in seven stations of the 

study region. ET0 varies among the stations due 

to spatial and temporal variations of climatic 

factors such as temperature, wind speed, 

sunshine hours. During March to May mean 

daily ET0 was higher than the other months due 

to low relative humidity and high temperature. 

On the contrast, low temperature and less 

sunshine hours resulted less ET0 in the period of 

November to February. Among the 7 weather 

stations Jashore showed comparatively the 

highest ET0 (5.98 mm day
-1

) in April and the 

lowest 1.89 mm day
-1

 was found in Dinajpur in 

January. 

 

 
 

Figure 4. Temporal trend in reference evapotranspiration for key locations in north-west and south-

west regions of Bangladesh (by using normal weather data of the test locations). 

 

ET0 is significantly influenced by minimum and maximum temperature, relative humidity, wind speed 

and solar radiation in all the stations. Figure 5 showed a strong relationship (R
2
 = 0.98) between 

observed and predicted ET0 of the study region.  
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Figure 5. Multiple regression of minimum and maximum temperature (ºC), relative humidity (%), 

wind speed (m s
-1

) and solar radiation (MJ m
-2 

day
-1

) on reference evapotranspiration (ET0 

in mm day
-1

) in north-west and south-west region of Bangladesh 

 

Table 5. Crop water requirement (as computed through CROPWAT for normal weather) for major 

crops in test locations of North-west and South-west region of Bangladesh. 

 

Crops Crop water requirement (ETc, mm) 

Bogura Rangpur Rajshahi Ishwardi Chuadanga Jashore Dinajpur Average 

Boro 463 438 504 498 459 553 423 477 

T. Aman 426 443 461 454 439 460 437 446 

T. Aus 473 452 525 521 503 568 452 499 

Mustard 173 159 177 176 162 184 155 169 

Wheat 257 238 268 263 242 286 232 255 

Jute 497 479 543 538 519 579 478 519 

Maize 407 374 418 418 419 490 376 415 

Lentil 204 207 184 197 238 199 186 202 

Potato 206 189 212 208 193 222 182 202 

 

 

3.3 Crop water requirement 

The CROPWAT model estimated water 

requirement of 9 major growing crops in the 

study region has shown in Table 5. Jute and T. 

Aus rice showed the highest crop water 

requirement although they have less growth 

duration than many other crops. This was 

resulted because of the highest mean daily ET0 

was recorded during this period. On the other 

hand, robi (winter) crops like wheat, mustard, 

lentil, potato required less water due to lower 

mean daily ET0 prevailed in their growing 

period. Maize, Boro and T. Aman rice required 

more water because of their higher growth 

duration. Hossain et al., (2017) reported higher 

crop water requirement in Boro rice due to 

longer growth duration and high ET0 rate in 

March to May. Table 5 also showed the spatial 
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variation of crop water requirement among 

different locations. In general, the highest crop 

water requirement was found in Jashore and the 

lowest in Dinajpur region. Boro rice has the 

highest 553 mm ETc at Jashore, followed by 504 

mm 498 mm and 463 mm in Rajshahi, Ishwardi 

and Bogura. The lowest ETc was found in 

Dinajpur (423 mm) followed by 438 mm in 

Rangpur. Average ETc of T. Aman and T. Aus 

rice was found 466 mm and 499 mm, 

respectively. This result has a good agreement to 

Mainuddin et al., (2014) who found that ETc of 

Aus rice varied from 450-500 mm and that for T. 

Aman rice is 400-500 mm. Wheat had average 

ETc 255 mm of which the highest (286 mm) and 

the lowest (232 mm) value was found in Jashore 

and Dinajpur station. 

 

3.4 Net irrigation requirement of component 

crops in key cropping systems 

Rice is water loving crop and grown in three 

seasons in a year, net irrigation requirement of 

rice crops varies among the season. Aman rice is 

grown in monsoon and rainfall is sufficient to 

meet its consumptive use. But irregular rainfall 

at the later stage often face drought. CROPWAT 

model estimated the highest 190 mm in Rajshahi 

whereas no irrigation was required for Rangpur 

region. Supplemental irrigation (including land 

preparation) was estimated at the early stage of 

T. Aus rice and rainfall supplied moisture at the 

later stages. The highest 514 mm and the lowest 

271 mm irrigation were estimated in Jashore and 

Rangpur, respectively with the study area 

average of 438 mm (Table 6). Mainuddin et al., 

(2014) also estimated 160 mm to 580 mm 

irrigation for Aus rice in Bangladesh. Boro 

season is completely irrigated crop since it 

started in December and continued up to May. 

Among all the highest irrigation requirement was 

estimated for Boro rice. Since net irrigation 

requirement of rice is influenced by environment 

and soil, spatial variation of it was found. The 

highest 1056 mm irrigation including land 

preparation was estimated in Bogura and the 

lowest 765 mm in Rangpur where the region 

average 897 mm. This result showed good 

agreement to Anonymous (2013) who found 945 

mm irrigation in Boro rice. The highest irrigation 

requirement of wheat, maize, mustard, lentil, and 

jute crop was 275 mm, 378 mm, 129mm,124 and 

29 mm, respectively.  

 

Since growth duration of rice is comparatively 

higher than other crops, it requires more water. 

Besides, Boro (dry season rice) is fully irrigated 

crop as less amount of rainfall occurred during 

its growing period. That’s why Boro based 

cropping pattern required more irrigation. Net 

irrigation requirement of major cropping patterns 

was calculated and shown in Table 7.   

 

Table 6. Average net irrigation requirement of major crops in different locations of Bangladesh (as 

computed through CROPWAT with normal weather data) 

 

Crops Net irrigation water requirement (mm) 

Bogura Rangpur Rajshahi Ishwardi Chuadanga Jashore Dinajpur Average 

Boro
 

1056 765 923 871 868 874 923 897 

T. Aman 60 0 190 133 127 67 60 91 

T. Aus
* 

397 271 483 508 496 514 407 439 

Wheat 275 168 186 194 186 182 169 194 

Jute 29 29 126 64 98 64 61 67 

Mustard 115 116 113 129 127 123 112 119 

Maize 320 314 323 370 365 378 328 343 

Lentil 106 119 93 118 124 91 86 105 

Potato 148 189 181 154 139 159 170 163 
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Table 7. Net irrigation requirement of major cropping patterns in northwest and southwest region of 

Bangladesh (as computed through CROPWAT with normal weather data) 

 

Cropping patterns Bogura Rangpur Rajshahi Ishwardi Chuadanga Jashore Dinajpur Average 

Boro-Fallow-T. Aman 1116 765 1113 1004 995 941 983 988 

Potato-T. Aus-T. Aman 605 460 982 795 762 740 637 712 

Wheat-Jute-T. Aman 486 321 693 524 467 379 350 460 

Mustard-Boro-T. Aman 947 790 1160 1038 1058 1103 949 1006 

Boro-T. Aus-T. Aman 1423 998 1564 1465 1337 1311 1295 1342 

 
Figure 6. Comparison of estimated irrigation requirement and irrigation applied by farmers’ during 

Boro rice cultivation in north-west and south-west region of Bangladesh 

 
Figure 7.  District wise irrigation water saved during Boro season following model derived irrigation 

practice over traditional practice in North-west and South-west region of Bangladesh  
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Results showed that the highest average 1342 

mm net irrigation water estimated for Boro-T. 

Aus-T. Aman cropping pattern whereas the 

lowest 460 mm water was required for Wheat-

Jute-T. Aman. Average estimated net irrigation 

was 988 mm for the most popular Boro-Fallow-

T. Aman pattern in the study region of which the 

highest 1116 mm found in Bogura and the lowest 

765 mm in Rangpur. Since T. Aus rice received 

much rainfall in its later stage, therefore T. Aus 

based pattern required comparatively less water 

than Boro based cropping pattern. CROPWAT 

model estimated the highest (982 mm) and the 

lowest (460 mm) irrigation was in Rajshahi and 

Rangpur respectively for Potato-T. Aus-T. Aman 

cropping pattern. Mustard-Boro-T. Aman 

cropping pattern estimated 1006 mm average net 

irrigation in the study area. 

 

3.5 Water requirement vs. water used by 

farmers’ 

A detail comparison of estimated net irrigation 

requirement and actual irrigation applied to the 

field by farmers’ in the study location has shown 

in Figure 6. Actual applied irrigation data were 

collected from secondary sources (Anonymous, 

2012; Anonymous, 2015). Result shows that 

farmers are using significantly higher amount of 

water in all locations than its requirement. 

Average water requirement of Boro rice in 

northwest and southwest region of Bangladesh is 

897 mm, where farmers are applying 1493 mm. 

About 39% more water mostly from 

groundwater is applying by the farmers resulting 

high production cost and groundwater depletion. 

Moreover, the highest 921 million m
3
 and the 

lowest 55 million m
3
 irrigation water can be 

saved during Boro season at Dinajpur and 

Joypurhat district, respectively (Fig. 7). So there 

is a great opportunity to increase crop water 

productivity adopting water saving technologies 

in farmer’s level. 

 

4. Conclusions  

Water requirement of key crops in the prevalent 

cropping systems of north-west and south-west 

regions of Bangladesh was simulated by using 

CROPWAT model, to ultimately decide the 

optimized irrigation schedule. The present study 

was carried out by using normal weather data of 

the seven test locations of the study region. Input 

files, in terms of normal weather on daily time 

step, soil data for texture, moisture retention and 

moisture transmission and bulk density, general 

agronomic management practices for the test 

regions, were prepared for running of the model. 

The outputs of the model run were reference 

evapotranspiration, actual crop 

evapotranspiration and irrigation water 

requirements. The test regions in north-west and 

south-west regions receive normal rainfall of 

1467 to 2290 mm, which is spatially variant. 

More than 75% of annual rainfall normally 

occurs during monsoon period. However, spatio-

temporal changes in the rainfall events as well as 

amounts have been reported in the last few 

decades, the extreme events occurrence has also 

increased in the recent years. The highest 

reference evapotranspiration rate was found in 

April and the lowest in January, which matched 

well with the atmospheric evaporativity demand 

based on the prevailing weather conditions. Jute 

and T. Aus rice showed the highest crop water 

requirement although they have less growing 

duration than other test crops. Rabi season (i.e. 

winter) crops, viz. wheat, mustard, lentil, potato 

required less water due to lower reference 

evapotranspiration and henceforth crop 

evapotranspiration, primarily due to relatively 

cooler environment during the growing period. 

Maize, Boro and T. Aman rice required more 

water because of their higher growth duration. 

Boro rice based cropping pattern required more 

irrigation, due to longer duration and less amount 

of rainfall than the other period. CROPWAT 

model estimated average 1342 mm net irrigation 

water for Boro-T. Aus-T. Aman cropping pattern 

whereas the lowest 460 mm water was required 

for Wheat-Jute-T. Aman cropping pattern for the 

study locations. In case of Boro rice, model 

estimated irrigation practice can be saved 39% 

water than existing farmers practice. Since, the 

study region is facing water shortage, judicious 

use of irrigation water for maximization of the 

agricultural productivity can be a solution to 

safeguarding the environment.  
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