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Executive summary

The main aim of this study is to provide a detail state of irrigated agriculture for the northwest region of

Fy3aftlr RSaK oFaSR 2y (KS KA&G2NAROFf RFEGF | yRI6amSt R 2
201617) across six locations inethegion that will provide information to the policy makers for sustaining
groundwater irrigation in the region. The study was undertaken by CSIRO in collaboration with Bangladesh Rice
Research Institute and University of Southern Queensland as partnér&d@ LINE 2SO0 WL YLINR @Ay 3
aSFkaz2y FaANROdzZ GdzNBE o6& YINBAYFE FyR GSyFyd FFNYSNB A
Australian Centre for International Agricultural Research (ACIAR).

Northwest region is at the forefroraf the remarkable development in agriculture over the last few decades in
Fy3fl RSaK® ¢KS NBIA2Y LINRPRdzOSa om: 2F GKS O2dzy i NEQ

the total production of potato and maize and is considered as the fastdt of Bangladesh. This was possible

by substantial intensification of agriculture, particularly growing Boro rice in the dry season, using groundwater

for irrigation. In recent years, there are serious concerns about the sustainability of groundwater us

irrigation since groundwater levels are falling in some parts of the region. Consequently, sustaining irrigation and

groundwater usage is the utmost priority of the Government of Bangladesh. This study provides a

comprehensive analysis of the currestate of irrigated agriculture in the region that is expected to provide

valuable information to the policy makers for the future sustainability of irrigated agriculture. This is also

expected to help further development of irrigated agriculture in otparts of the Eastern Gangetic Plains. The

key findings of the study are:

1. The cultivated area of Boro rice remains steady over the last few years. Area of maize is increasing
rapidly mostly at the expense of other crops except rice. Totalpaidtost, goss benefit, and gross
income of rice significantly differ among the locations, types of pumps used for irrigation, varieties of
rice, and transplanting dates; these also differ from year to year. The price of rice, which varies
significantly from year tgear, determines the overall profitability of its cultivation.

2. Average cost of irrigation was 25%the total cost of production 201516 and 20% in 201567. Due to
different price models (e.g., area based, fixadhrge based on area plus diesel by fdmener, crop
sharing, etc.), irrigation cost varies from location to location.

3. There is significant variation in yield among different locations and rice varieties. Hybrid rice and BRRI
dhan29 produced higher yield (6.0 to 7.5 tonne/ha). The variatigmeid is less in BRRI dhan29. The
probability of achieving a yield of 8.0 tonne/ha for Hybrid rice is only 20%.

4. Potato is the most profitable crop, but initial investment is very high. Maize has similar initial investment
of rice but much higher profit.he risk of growing potato may be higher.

5. Crop evapotranspiration for rice varies from 283 mm to 545 mm. Evapotranspiration for maize varies
from 276 to 528 mm. So, for water saving, maize may not be a good replacement for rice.

6. Farmers are, in general, meefficient in applying water to rice. In Shallow Tube Well (STW) sites, water
applied by the farmers were very close to actual requirements, but rice plots in DTW sites had some
overapplication.

7. The general perception of overuse of water to the extefh8,000 to 5,000 lit to produce one kilogram
of rice is nowhere near the reality in the field. The average irrigation water supplied to grow one
kilogram of rice was 1,402 lit in 201% and 1,086 lit in 201&7. However, not all water supplied to the
rice plots are consumed by the plants. Percolation and seepage water return to the underlying aquifer
as return flow. The real water usage by the plants is the actual crop evapotranspiration. Based on these
facts, the water required to grow one kilogram afgiwas 661 lit and 584 lit, respectively for 205
and 201617 crop seasons.

The study recommends examining all the factors that influence declining of groundwater levels in some parts of
the region and their relative magnitudes and the impacts of iy & U gl G SNJ &4l gAy 33U FyR {
on the local and regional water balance and groundwater recharge.

Irrigated agriculture in the northwesegion of Bangladesh 15
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1 Introduction

1.1 Background

Bangladesh has made remarkable development in agriculture over the last few decades and gained self
sufficiency irrice production. With a population of 76 million in 1977, total production of rice was 11.6
million tonnes (152 kg/capita). The total production of rice has increased to 34 million tonnes (222
kg/capita) for an increased population of 168 milliarR019.1t is not only rice, there is significant increase

in production of other crops such as wheat, maize, vegetables and fruits over the last few decades. Thus,
agriculture has become a leading contributor to poverty reduction in Bangladesh since 2000 (¥/dld B
2016).

Increase in production has resulted from a substantial intensification of agriculture rather than from the
increase in land area available for cultivation. The overall cropping intensity for the country has increased
from 148.9% in 1977 to 194# 2016 (BBS, 2016) with an increasing proportion of land being daatble
triple- cropped. This growth in intensity was driven by increased cultivation during the dry season
(OctoberApril) that was made possible by the growing availability of irrigafaaility. Bororice is the

major crop grown in the dry season that currently contributes more than 55% of the total rice production
of the country from about 42% of the total cultivated area of rice. Most of the-mmancrops such as

wheat, maize, potatptomato, summer and winter vegetables, pulses, and oilseeds are also grown in the
dry season with irrigatiorAmanrice is the predominant crof-70% of total cultivated ar@an the wet

season.

There was an impressive growth in irrigatevelopment in Bangladesh over the last 3 decades. The total
irrigated area has increased from 1.52 million ha in 1983 (18% of the net cultivable area) to 5.5 million ha in
2015, (64% of the net cultivable area). This growth was driven by the growind gsmiadwater through

rapid increase in the adoption of shallow tubewells (STWSs). Currently, groundwater covers 79% of the total
irrigated area of the country. The number of STWSs has increased from 93 thousand to 1.52 million during
this period. The numbesf deep tubewells (DTWSs), which also pump groundwater, has increased from
about 14 thousand to 36.7 thousand. The northwest region of the country has the highest percentage of
net cultivable area irrigated (around 85% in 2alt®) and has the most intensiwise of groundwater; over

97% of the total area was irrigated by groundwaterin28a8 @ ¢ KS NBIA 2y LINR RdzOSa
total rice, 60% of the total wheat, and more than 2/3 of the total production of potato and maize. This
region is considereds the food bowl of Bangladesh. Groundwater is the main driver for this development.

In recent years, there are serious concerns about the sustainability of groundwater use in the northwest
region. Many studies (Samsudduha et al., 2009; Rahman and Makbi®;, Aziz et al., 201B10jid et al.,

2019) show that groundwater levels are falling in some parts of the region and that the use of shallow
aquifers for irrigation in the area is unsustainatBero rice is the predominant irrigated crop in the dry
seasm. Thereisageneral perception with the researchers and policy makers that farmvaestewater by
applying excessive quantiRahman2018 Hoque, 2018in thericefield than is requiredSo,3,000 to

5,000 liresof water are required t@roduceone kilogramof rice (Reddy et al., 2014; Tuong, 2008). These
perceptions are based on the surface water irrigation system where delivery of water was done through
highly inefficient earthen canals and the-tarm water management was also poor. The return #ow
(seepage and percolation) from the rice fields goes to aquifer or to other sources from where they are not
used or cannot be used (in case of saline aquifer). We could not find any literature about the actual water
usage by the farmers in the rice fiekhd on the amount of water required to produce one kilogram of rice
in the northwest region. Yet the current response to the declining groundwater levels is based on this
perception without any detail investigations in the field.

The current (2018) poputian of Bangladesh is 168 million and is projected to increase to 194 million by
2050 (UN medium variant population projection). To feed this extra population, Bangladesh must increase

Irrigated agriculture in the northwest region of Bangladdsi7



food production substantially (Mainuddin and Kirby, 2015) and thigegllire further intensification of
production from a land base that is in rapid decline due to urbanization and industrial development.
Considering the current trend, it is expected that this extra food will come from further augmentation of
the productinity of both rainfed and irrigated agriculture. So, the availability of water for irrigation is crucial
for maintaining the current and future growth in agricultural production. Sustaining groundwater irrigation
while maintaining the current growth in prodtion, particularly in the northwest region, is of utmost

priority of the government. This requires a clear understanding of the current state of irrigated agriculture
in the region.

The rorthwest region is part of the Eastern Gangetic Plains (broadlgy Bitd northern West Bengal in

India, the Terai in Nepal and Northwest Bangladesh) within the Ganges Basin. Eastern Gangetic Plains are
believed to have significant potential for intensification of agricultural production and to offer underutilised
opportunities to improve livelihoods of smallholder farmers. As mentioned abitresnorthwest

Bangladesh has been more successful in tapping into this potential than the biophysically similar
neighbouring states in India, and Nepal Terai (Kirby g2@13). Thisraises the question about the nature

of social and institutional constraints to rural development holding back smallholders in India and Nepal.

1.2 Aim and djectives

The main aim of this study is to provide a detail state of irrigaigdculture for the northwest region based
on the historical data and field observations that will provide information to the policy makers for planning
sustaining groundwater irrigation in the region. This information is also expected to help further
devdopment of irrigated agriculture in the other parts (areas in India and Nepal) of the Eastern Gangetic
Plains. The specific objectives of the study are:

1. To analyse the historical trends of cultivated area, yield, production and irrigation development in
the region.

2. To understand the variation water and land productivity from plot to plplocation to location
andby different modes of irrigationTo know theeasonsof productivity variations and to identify
the ways for their improvement.

3. To draw keynmessagefor the sustainable and equitable managemengafundwaterresources
that may be applicable in Nepal and Bihar

The study is based on historical data available mainly from the Bangladesh Bureau of Statistics (BBS),
primary data collected througimtensive field observations in 7 locations across the region during the dry
seasons of 20146 and 201617, and the relevant modellings using field data and observations. To the best
of our knowledge, this is the most comprehensive study on the irrigatgitulture on the northwest

region and is expected to provide valuable information to the policy makers for planning sustainable
irrigated agriculture for the future.
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2 Current state of irrigation and agriculture in
the northwest region

2.1 Topography andlmnate

The total area of the northwest region is 34,515%mhich is about 23.5% of the total area of the country
(Figure 2.1). The area is divided into 16 administrative districts under two administrative Divisions (Rajshahi
and Rangpur). The area is cheterized by two distinct landforms viz. the Barind T+@dissected and

undulating, and the floodplainghe Barind Tract is a distinctive physiographic unit comprising a series of
uplifted blocks of terraced land covering 8,720%kmnorth-western Bangidesh between the floodplains

of the Padma (known as the Ganges in India) and the Jamuna rivers (the main channel of the lower
Brahmaputra)YRiches, 2008)t coverspartsof Pabna, RajshatBogura and Joypurhat districts of Rajshahi
Divisionand some p#s of Dinajpur,and Rangpur districts of the Rangpur Division.

Panchagarh

Thakurgaon NilphamariLalmonirhat

Kurigram
Dinajpur Rangpur
Gaibandha
Joypurhat Sherpur
Naogaon T Netiakona Sunamganj Sylhet
y Bogra
Newssn - Northwest mmensngh N Ortheast
Rajshahi o ‘ .Maulvibazar
Natore ~ Sirajganj  Tangail Kishoreganj Habiganj
Central
Pabna GaZIPUT . rsingd
Kushtia ) : Brahmanbaria
Meherpur i 'Manukganj Dhaka
Rajbari Narayanganj
Chuadanga
Jhenaidah Munshiganj
Magura karepu % Comilla
ipyurShariatpur,
Narail Madaqpur iy Khagrachhari
Gopalganj
Jessore Fenl
Barisal Lakshmipuryoaxhali Rangamati
Southwest Southeast
Pirojpur nalokati Chittagong
Chittagong
Satkhira""""?Bagerhat Patuakhali Bhola

Barguna

Bandarban

Cox's Bazar

Figure2.1 Five main regions of Bangladesh

Climatically, this region belongs to the dry humid zone with annual rainfall varying from 1,273 to 2,515 mm
(average of 1982010). Among the regions, the northwest has the lowest average annual rainfall (1,927
mm; Figure 2.2). The average reference evegntpiration (ETo, estimated by Penrdsionteith method)
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region.Thus the regionis thedriest and hathe 2" greatest reference evapotranspiration
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Figure2.2 Average (19858010) annual rainfall andeference evapotranspirationETq of the different regions of
Bangladesh

There is significant variation of rainfall within the region (Figure 2.3)n8area, represented by Rajshahi

in Figure 2.3, has the lowest average rainfall (1,428 mm) and Rangpur has the highest rainfall (2,262 mm).
Rainfall varies widely (with coefficient of variation, CV, of 20 to 24%) from year to year as well (Figure 2.3).
There are spatial and temporal variation in ETo as well (Figure 2.4); however, the variation is much less
(temporal CV of 6 to 8%) than the variation in rainfall. The highest average ETo is 1,366 mm for Ishurdi
(within Pabna district) and the lowest is 125tnm RangpurThe monthly distribution of rainfall and

reference evapotranspiration is shown in Figarg. Almost 82% of rainfall occurs during the monsoon
season (MagOctober) and 18% of rainfall occurs during the dry season (Novejilag).
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Figure2.3 Annual variation in rainfall for thesix main weatherstations in thenorthwest region
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Figure2.4 Annual variation in ETo fosix mainweather stations inthe northwest region
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Figure2.5 Comparison of average monthly rainfall and ETo in the northwest redishurdi is in Pabna district and
Sayedpur is another station within Rangpur district)
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Themonthly average temperature ranges from 25 to 35°C in the hottest season@®d® in the coolest
season. In summer, some of the hottest days experience a temperature of about 45°C or even more
(Habiba et al., 2014). In the winter season, temperaturesgib@vn to 5°C in sonaaces (Habiba et al.
2014).Maniruzzaman et al. (2017) reported that theerage annual maximum, minimum and mean
temperatures have increased by 0.001°C ye@r016°C yedrand 0.009°C year(p<0.05), respectively
during 19712010. They also reported thatry season maximum temperature decreased by 0.013°Clyear
and seasonal minimum and mean temperature increased by 0.024°C ae@i0.006°C yedr respectively.
On the otherhand, wet sea®n maximum and minimum temperaturese increasing by 0.0174 and
0.0083°C yed, respectively (Biswas et al., 201&yeragemonthly humidity varies from @2 (in March) to
87% (in July)with a mean annual of 28 (Jahan et a]2010).

2.2 Croppingseason, area, and intensity

A wide range of crops are grown in Bangladesh. They are broadly classified into two groups according to
seasons in which they are grown:

0] Kharif crops
(i) Rabi crops
Kharif crops are grown in the spring or summer season and harviestate summer or in early winter
(Figure 2.6, BBS, 2011). Kharif season is divided into Kfdafch to June) and Khatlf(July to October).
Rabi (November to February) crops are sown in winter and harvested in the spring or early summer (BBS,

2011) Kharif crops are mostly rainfed and partially irrigated as they are grownimpnsoon and
monsoon seasa Rabi crops are grown in dry season with very little rainfajiti®y are mostly irrigated.

Crop and Kharif - | | Kharif - Il | Rabi | Kharif - |
duration Mar |Apr |May [Jun IJuI |Aug |Sep |Oct |N0v |Dec |Jan |Feb |Mar IApr IMay |Jun

T. Aus
100 days

T. Aman
120 Days

Boro
120-140 days

Wheat
120 days

Maize
125 days

Potato/Tomato
140 days

Pulses
95 days

Oilseeds
60-70 days

Sunflower
130 days

Winter
Vegetables
100 days

Figure2.6 Cropping season and the standard crop calendfmsthe major crops

Rice is the predominant crop in all seasons. Three types of rice are grown. They are Aus, Aman and Boro.
Aus is grown in Kha#if Aman in Kharifi, and Boro in Rabi season. Amia the main rainfed rice and Boro

is the fully irrigated rice. Augrown in very small areas nowadaisnot generallyirrigated or partially

irrigated (BBS, 2012). Aman rice covers about 87% of the total cropped area in the2kdeasbon and Boro

rice covers 61% of the total crppdarea in the Rabi seas¢BBS, 2012)

Thenorthwestis alsoa most diversified cropping region of the country (Mainuddin et2014). Apart from

rice, a wide range of crops are grown in Bangladesh. These are Jute, wheat, maize, other cereals, potato,
tomato, pulses (lentil, mungbean, blackgram, etc.), oilseeds (mustard, soybean, sunflower, etc.), vegetables
(both Kharif and wintevegetables), sugarcane, drugs and narcotics (tea, tobacco, betel nut and betel
leaves, etc.), fibre, spices and condiments (chillies, onion, ginger,aetd.jruits (BBS, 2011). The asea

under differentcrops in 201412 are given in Figure 2.7.
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Figure2.7 Areas under differentcropsgrown 201112 in the northwest region

Northwest region is the most intensively cultivated region of the country. The region covers 23.5% of the
total area of the countryout has about 31% of the total cultivable area (2A2). The average cropping
intensity of the region in 2012 was 205% compared to the country average of 190%. In many areas, 3 to 4
crops are grown in a year. Within the region, the highest cropping sitiers ingreaterBogura(Boguraand
Joypurhat Districts) and the lowest isgreaterRajshahiRajshahi, Naogaoand NawabganjFigure 2.8).

All greater districts have cropping intensity higher than the country average. The cropping intensity is
gradudly increasing.
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Figure2.8 Cropping intensity (%) in the major districts of the northwest regialongwith the average of the region
(black dotted line) and the country (red dotted line)
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2.3 Trend incultivatedarea of major crops

Over the last decades, there was phenomenal growth in Boraariea(Figure 2.9) in the country. In the
northwest region in 19780, the area was 11600ha, which hasncreasedo 1.62 million ha in 20145;

an incease of about 14 times. There was linear growth in the area until-POG8ter whichthere was
almost no growth. It seems the area of Boro has reacheckitkin the region. Boro rice is fully irrigated
predominantly by groundwater (will be discussater). Due to concerns of falling groundwater level,
government is actively discouraging farmers to grow Boro rice and promoting to grow otheicearops.
However, there is no decrease in area, but the growth has been stalled. Among the greatdasdibgic
area of Boro rice has decreased from theakof 384,122 ha in 20089 to 371,330 ha (a decrease of 3.3%)
in 201011 and then agaiimcreasedo 379,101 ha in 20145 in Rajshahi (the most watstressed area).

The increase in Boro rice area wagdo a decreasen areas of other crops such as Aus (Aus season
overlaps with the Boro season) and other Rabi crops cultivated in the same season (FigUre2168)
cropped area during this period hatsodecreased due to urbanization and industriavdlopment. The
Aus area in theegion has declined graduallyom the maximum of 96®00ha in 198384 tothe minimum
of 110000ha in 200405 (Figure 2.10). Over the last 5 yedine area has increased to over 2000ha.
The governmer® golicy is toincrease the Aus area and reduce the Boro area. But there is no noticeable
growth of the Aus areat the regional level over thiast7 years. Only in Rajshahi, there is noticeable
growth in Aus areavhich has risen to 16800ha in 201112 from 59000hain 200£02. In 201415, the
area was 14®00ha.Aus is a clim&vulnerable crop and its flowering tinemincides with high
temperatureperiod, which negatively affects the yield. Tharvesttime coincides withrainfall period
making is difficult for the farmers for threshing, drying and winnowing.

The planting of Aman rice depends on the onset of monsoon season as lot of water is needed to prepare
the land for transplanting. Aman is also affected by floods and seasonal dspudjith sometimes

damage the crop. Sthe area of the crop slightly varies from year to year within the range of 1.7 to 1.9
million hectaresin the region as shown in Figure 2.11. Rmeanarearemainsalso steady within the

greater districts.

6.0
5.0
P
d B
s ogra

4.0 -~
@ - P
Z S o Dinajpur
= ,f
= P Pabna
= 3.0 ’
£ - Rajshahi
m -y W
a -
sk F —
¥ ; Rangpur

2.0 Py NW region

F
o === Bangladesh
-
1.0
__,.-_-———"-_—-___

0.0 | — 1 1 1 1 ]
1980 1985 1950 1995 2000 2005 2010 2015

Figure2.9 Trend incultivated area of Boro ricen different districts of the northwest region along with the regional
and country mean trend
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Figure2.11 Trend incultivated area of Aman ricen different districts of the northwest region along with the
regional and country mean trend

¢tKS y2NIKgSad NBIAZ2Y KIFA Y2NB GKIFIYy cm: 2F GKS O2d:
from its peak of 467,000 ha in 1998 to the minimum o217,000 ha in 20212 (Figure 2.12). Currently

(201415) the area is about 272,000 ha. Dinajpur (35% of the total area of the region), Rajshahi (38%) and
Pabna (17%) are the major whegrowing areas of the region as well as of the country.

The decrease in theultivatedarea of wheat can be partly attributed to the increase in thdtivatedarea
of maize. The area of maize has increased exponentially with a dip iR020&8d 200910 (Figure 2.13)
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The area has increased fronD@0ha in 2M1-02 to 148000ha in 200708 but reduced to 99000ha in

200910. Since thenthe area has increased exponentially again to,@00ha in 201415 (Figure 2.13)The
NEIA2Y KIF& cpz 2F GKS O2dzy i NE Q& (20 I dreawfitha legion)O dzt (i A
and Rangpur (33.4%Je the major maizgrowing areafollowed by Rajshahi (12.3%) in the region.
b2NIKgSad NBIA2Y A& faz2 GKS YIF22N LINPRAzZOSNI 2F LJ2
total production), mango (77% area and 64% of production), sugarcane (51% of area and 63% of

production), spices and condiments (38% of area and 33% of production), pulses, and oilseeds (Table 2.1).
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Figure2.12 Trend incultivated areaof wheatin different districts of the northwest region along with the regional
and country mean trend
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Table2.1 Basic statistics of the northwest region for 200445

ITEM
Total areakm?)

Net cultivable area (NCA, million ha)

Area irrigated (million ha)
Area irrigated as % of NCA

Area irrigated by groundwater (million ha)
Area irrigated by groundwater as % of total irrigated arec

Croparea(million ha)

Total rice
Aus rice

Aman rice

Boro rice

Wheat

Maize

Potato (201112)
Pulseg201112)
Oilseedg201112)

Spices and condimen(2011-12)
Vegetableg201112)

Tobacco (20112)
Sugarcan€201112)
Jute(201112)

Mango(201112)

Crop production (million tonne)
Total rice

Aus rice

Aman rice

Boro rice

Wheat

Maize

Potato (201112)
Pulseg2011+12)
Oilseedg201112)

Spices and condimen(2011-12)
Vegetableg201112)

Tobacco (20112)
Sugarcané201112)
Jute(201212), Million Bales
Mango(201112)

COUNTRY
146,589

8.268
5.218
63.1%
4.127
79.0%

11.416
1.045
5.530
4.840
0.437
0.211
0.430
0.270
0.349
0.326
0.465
0.051
0.108
0.760
0.031

34.710
2.328
13.190
19.192
1.348
2.272
8.205
0.240
0.353
1.756
1.489
0.085
4.603
8.003
0.945

NORTHWEST
34,515 (23.5%)
2.572 (31.1%)
2.079 (39.8%)
80.8%

2.021 (49.0%)
97.2%

3.698 (32.4%)
0.204 (19.5%)
1.870 (33.8%)
1.624 (33.6%)
0.272 (62.3%)
0.325 (64.8%)
0.307 (71.4%)
0.059 (21.9%)
0.115 (32.8%)
0.123 (37.7%)
0.125 (26.9%)
0.018 (35.0%)
0.055 (50.7%)
0.192 (25.3%)
0.024 (76.9%)

12.051 (34.7%)
0.505 (21.7%)
4.907 (37.2%)
6.639 (34.6%)
0.856(63.5%)
1.415 (62.3%)
5.490 (66.9%)
0.052 (21.9%)
0.116 (33%)
0.769 (43.8%)
0.357 (24%)
0.023 (26.8%)
2.896 (62.9%)
2.206 (27.6%)
0.600 (63.5%)

Source:BBS (2011), BADC (2010). Nursbey’ LJ- NBy 1 KSa A a

aKz2g iz

2F (KS O2dzyiNRB Q&

2.4 Trend in yield and production of major crops

adrdradaroa

Bangladesh has been making remarkable advance in rice production. At the country level, total rice
production increased from 12.5 million tonnes in 18®to 34.71 million tonnes (277%) in 201%. In the
northwest region, total production of rice during this period increased from 3.28 million tonnes to 12.051
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million (367%) tonnes. During this period, average yield of rice increased from 1.23 to 3.04 tonniha a
country level. Increase in production has resulted from substantial intensification of rice cultivation through
introduction of Boro rice during the dry season (Figure 2.14) and from the increase in yield for all types of
rices (Figure 2.15) due teplacement of lowyielding local varieties with the higfielding and hybrid

(recently introduced) varieties, increased application of inputs (such as fertilizer, pesticides, etc.) and better
management of the crop. Boro cultivation has been made posbkibthe growing availability of irrigation

by groundwater through rapid increase in the adoption of shallow tubewells, STWs. The increase in
production outweighed the growth in population. In the early nineties, with the total population of 106
million, the net import of food gain was around 3 million tonne/yékslam and Mondal, 1992). In 2013,

with the population of 152 million, Bangladesh has gainedsséficiency in rice production (The Daily Star,
2013).
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Figure2.14 Trend in total production of major crops different districts of the northwest region
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Figure2.15 Average yield of rice in the northwest regiofaotted lines)and at the ountry level(solid lines)
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The average yields of Aus, Aman and Boro rice have increased consistently all over the country, with some
fluctuations as shown in Figure 2.15. However, the average yield is higher in the northwest region
compared to average g at the country level for all 3 types of rice. The average yield of Boro rice is much
higher than that of Aman and Aus rice. Boro is a fully irrigated crop, so the risk of this crop being suffered
from water stress is much less than Aman and Aus riceshndre rainfed. Due to variation in rainfall over

space and time, Aus and Aman rice suffer fromdéasonal water stress, which is the main reason of their

low yield and yield growth (Islam and Mondal, 1992; Jensen et al., 1993). In addition, Aus andcAman
(particularly Aman) also suffer damage due to inundation and flood from heavy rainfall (Roy, 2013).

There is significant spatial variation at the district level in the yield and griowtield of Aus rice

According to the data of the lasineyears (200607 to 204-15), in general, the yield of Aus ricehigher

in the greater districts of Rajshahi, Dinajpur and Bogura and lower in Pabna and Rangpur (Figuree.16)
yield fluctuates from year to year but, in general, it is increasing. The avgrelgl for the region has
increased from 1.82 tonne/ha in 20@% to 2.48 tonne/ha in 20145.

Figure2.16 Spatial variation and trend in the yield of Aus rice during 260 to 201011 in the northwest region
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