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Agricultural Modernization and Sustainability of Rice
Production in Bangladesh: Technological Issues

Muhammad SALIM

Abstract

At the beginning of Green Revolution in the late 1960s, modern varieties of rice were
introduced in a number of developing countries that were struggling to overcome food
deficits, including Bangladesh. The area under rice production in Bangladesh since
independence/liberation in 1971 has been, to date, almost static while production has
been increasing over the four decades. Rice production more than tripled but progress
has been slowing down. The yield plateau of rice must be overcome by revamping
agricultural research through the development of a wide number of technologies such as
development of suitable varieties in different Agro-ecological zones, fertilizer
management technology, water saving technology and System of Rice Intensification
(SRI) etc. Globally, the orientation of the development of agricultural is shifting from
productivity to sustainability, stability and safety. However, these issues have not been
studied properly in Bangladesh. This study focuses on technological issues and the
sustainability of rice production in Bangladesh.

INTRODUCTION

Bangladesh is a deltaic country located in South Asia, with a relatively
small land area (147,570 km?) but with the 8™ largest world population
(161 million) and high population density (1252 km). Bangladesh also
suffers from periodic natural calamities such as drought, flooding and
cyclones. Due to its location in a delta, climate change and associated sea
level rise is expected to increase risk of flooding and salinization of
agricultural lands, especially near the southern coast (Hossain and Silva,
2013; MOA-FAOQ,2012).



With this given condition, rice is the life in Bangladesh. It is the staple for
food for the people, the largest component of the country’s agricultural
sector, and is the main stay of the rural economy (Chowdhury, 2015):

e Rice contributes 51% of the agricultural sector’s portion of the
national gross domestic product (GDP); by itself, rice contributes
17% to the national GDP.

e Rice supplies 71% of the total calories and 51% of the protein in a
typical Bangladeshi diet.

e About 75% of the total cropped area and more than 80% of the total
irrigated area are planted to rice.

e Rice accounts for about 40% of all employment: the rural and urban
poor spend up to 60% of their income on rice.

Agricultural Modernization and cultivation or rice in Bangladesh

At beginning of Green Revolution in the late 1960s, modern varieties
(MV) of rice were introduced in a number of developing countries that
were struggling to overcome food deficit, including Bangladesh. If we
look into the time frame of 1971 (since liberation of Bangladesh) to
date, we really see that the birth of Bangladesh was with chronic
hunger. The production of rice in the country was 9.8 million tons from
9.2 million hectares of land in 1971-72 to feed 75 million people. There
was 3 million tons of food deficit and widespread poverty, starvation
and malnutrition. Around 70% people were below poverty level. As the
adoption of MV rice steadily increased along with government’s
initiatives and subsidy of modern inputs, the scenario started to change
rapidly. The rice production in 2015-16 was 35million tons from 11.3
million hectares of land (Table 1, Fig. Slide 10). Thus, over the four
decades the rice production in the country has been increased by 3.6
folds. The country has achieved self-sufficiency in rice production to
feed its 161 million people.

Among the three growing seasons (viz. Aus, Aman and Boro), the rice
production is the highest in Boro season. The contribution of Boro,
Aman and Aus rice to total rice production (33.91 million tons) in 2015-
16 were 54.19%, 38.77 and 7.04%, respectively. Area, production and
yield of boro rice showed increasing trend while those of aus rice



showed decreasing trend over the decades which for aman rice remained
more or less constant (Fig. Slide 11-14). The area under rice is almost
static while the production is increasing over the four decades (Fig.
Slide 10). This yield increase has been attributed to the use of modern
varieties and improved technologies as well as increase of area under
boro rice (Table 1). Thus the food security largely depends on
performance of boro rice production in particular.

Can Bangladesh produce enough rice to meet future demand?
Ways to improve future food sufficiency

. Increase crop yields
. Increase crop intensity (i.e., growing more crops per year); already approx.. 200% at present
. Increase in rice imports

BEST OPTION SEEMS TO BE TO INCREASE CROP YIELD

Recent findings show that most of the land suitable for cropping in the
country is already under cultivation and arable land area is even
decreasing by 1.0% per annum due to increasing demand for residential
and industrial use, while the population is being increasing by 1.58%
(Rahman et al., 2013). According to the medium variant UN projection
(UN, 2015), Bangladesh’ population will further increase to 186 and
202 million by the years 2030 and 2050, respectively. Our estimates
indicate that current yields in Bangladesh are not sufficient to meet
future rice demand due to combination of expected cropland area
reduction and expected grain demand increases. Therefore, rice
production needs to be increased to a great extent to maintain the food
security in the country. Though rice production more than tripled since
liberation, but the progress is slowing down recently (Fig. Slide 16).
The yield plateau of rice must be overcome by revamping agricultural
research with development of wide number of modern rice growing

technologies (Fig. Slide 17)



Technology
Development of suitable variety in different AEZs
(Fig. AEZ of Bangladesh, Slide 18)

Though Bangladesh occupies 4™ position among the rice producing
countries of the world but yield per hectare is 4.5 tons only which is
much lower than China, Japan and Korea where yield ranges 6-6.5 ton
per hectare. But while China, Japan and Korea produces only one rice
crop per year, Bangladesh produces three rice crops from the same field
in a year. In this regard the yield of rice in Bangladesh is not meager.
However, to keep pace with the food demand, rice production should be
increased by adopting suitable modern variety and sustainable
technology.

IR 8 was introduced as first modern rice variety to cultivate in
Bangladesh in 1968 from IRRI. With the inception of Bangladesh Rice
Research Institute (BRRI), it developed so far about 70 modern rice
variety suitable for cultivating in different agro ecological regions of
Bangladesh. BRRI, Bangladesh Institute of Nuclear Agriculture (BINA)
and Bangladesh Agricultural University (BAU) developed MV rice
varieties cover about 80% rice area which accounts 91% of the total rice
production in Bangladesh. Rest 20% of the rice area is covered by local
rice varieties and by imported hybrid rice.

Fertilizer management technology

Use of balanced fertilization is a must to obtain good yield in rice. In
applying fertilizer two things need to be given due consideration. First,
fertilizer dose should be determined by considering weather, soil
fertility, variety under cultivation, life duration etc. Second, to increase
fertilizer efficiency, it should be applied based on cropping pattern
instead of applying for a single crop. Following two technologies will
ensure farmer to obtain economic benefit from fertilizer management.



1)

2)

Use of Leaf-color Chart (LCC) for nitrogenous fertilizer
management particularly urea : LCC is a color chart or scale made
by plastic body having four colors in it (Fig. Slide 19). By using
LCC right amount of urea fertilizer can be top-dressed to rice plant
in right time. Consequently, the amount and cost of urea can be
minimized and the efficiency of urea becomes more. Results show
that by using LCC 20-25% urea can be saved. BRRI (2017) has
formulated the time and dose of urea to be applied through LCC for
the modern rice varieties in Bangladesh.

Use of Urea Super Granule (Gooti urea) (Fig. Slide 20)

Urea Super Granule is granular urea made from pilled urea with a
special device developed by IFDC in Bangladesh. Two types of
granules are available, 1.7g granuleand 2.7g granule™. The smaller
granules are recommended for aus and aman rice while bigger
granules are recommended for boro rice cultivation. Granules are
applied in the rice field within 7-15 days after transplanting rice
seedling. Good result can be obtained if 2-3cm water can be kept in
the field continuously. By using Urea Super Granule 80-100 kg urea
ha™can be saved by which farmers become economically benefitted.

Water saving technology and Direct seeding

Water saving technology with Alternate Wetting and Drying (AWD)

irrigation technology: Rice is a semi aquatic plant which is generally

grown by transplanting requiring 1000-5000 litres of water for
producing one kilogram of rice (Bouman and Tuong, 2000). It involves
about 1/3 of the total cost of cultivation of boro rice. AWD technology
has already been introduced in the country to sustain Boro rice
production at the expense of less (30%) irrigation water (Fig. Slide 21-
22).

In AWD system, the field is irrigated with enough water to flood the
paddy field for 3-5 days, and, as the water soaks into the soil, the
surface is then allowed to dry for 2-4 days before getting re-flooded. A
PVC pipe (20cm in diameter and 40 cm in length) with holes (5 mm in
diameter spaced at 2 cm) is installed in the rice field (15 cm above and



25 cm below the soil surface) after transplanting seedling to monitor
groundwater. AWD is started at 10 days after transplanting and the field
is allowed to dry out. The field is re-flooded to a standing water layer of
5 cm when the ground water is 15-20 cm below the soil surface. AWD
cycles are continued up to one week before flowering (50-60 days after
transplanting), and a standing water layer of 5 cm is kept at flowering
until harvest.

Direct seeding

Several experiments conducted at Bangladesh Rice Research Institute
clearly demonstrated that irrespective of rice varieties, direct seeding using
Drum Seeder has out yielded the conventional transplanted rice by 15-20%
both the Aman and Boro seasons (Hossain, 2005) (Fig. Slide 23) Islam
(2008) stated that direct seeding in rice reduced 8-12 days growth duration,
gave 88% higher number of panicles m?2 and 10% higher grain yield than
transplanted rice. However, poor crop establishment, heavy weed
infestation and termite problems are the barriers to the adoption of this
technology.

System of Rice Intensification

The system of rice intensification (SRI) is an integrated approach of all
management practices to increase the yield of rice. SRI, originated in
Madagascar and was first synthesized by Fr. Henry de Laulanie, S.J.,
who between 1961 and 1995 worked with Malagasy farmers and
colleagues to improve the possibilities of rice production in that country.
It is a system of plant, soil, water and nutrient management for irrigated
rice, developed in Madagascar has been yielding 5, 10, even more t ha’
on farmers’ field where previous yields averaged around 2 t ha. This
was achieved using whatever variety of rice the farmers were already
using. This system shows that alternative management practices,
creating optimal growing conditions for plants, can bring out previously
untapped genetic potential (Uphoff, 1999). Under SRI methods, less
than 15 day old infant seedlings are transplanted gently within 30



minutes of uprooting with single seedling hill*and having spacing of not
less than 25 x 25 sg. cm even up to 50 x50 sg. cm in a square method of
planting. The seedlings are transplanted so that their roots remain in ‘L’
shape instead of usual ‘J’ shape. The field should be kept moist, no
standing water would be allowed until reproductive stage. During the
reproductive stage, the rice plants should be given a thin layer of water
(1-2 cm) on the surface of the soil. During the growing period,
occasionally, even once a week, the soil is allowed to dry out, at least to
develop hairy crack on the surface. Minimum 3 to 4 weeding should be
done before the plants complete their growth and begin flowering. Soil
need to be enriched by addition of nutrients, preferably through addition
of compost and manure. It shows great promise to the substernal
increase of irrigated rice yield, its average yield is around 8.0 t hat
which is twice more than world average 3.6 t ha™* (Uphoff et al., 2002)
(Fig. Slide 24).

There are some positive and negative aspects of SRI technology as
mentioned by Gupta (2000). Very recently SRI has been introduced in
Bangladesh but this system received limited success.

Conclusion

Bangladesh agriculture has achieved significant structural changes over
past three and half decades. Technological change with market forces
greatly influenced Bangladesh agriculture in mid-sixties and seventies.
From a relatively stagnant sector in the pre-green revolution period,
Bangladesh agriculture emerged as a dynamic sector in the green
revolution period. There was a significant growth in agriculture
infrastructure as well as a shift towards liberalization from government
control. Total rice production total in 1971 was 9.8 million tons; in 2015-16
it was 35 million tons. The net result is that the country has gone from a
situation of chronic deficit to self-sufficiency. Cropping intensity increased
to about 194% in 2015-2016. Long-term trend of rice production shows
that the dominant factor in growth is rice yield, stimulated by modern
variety, fertilizer and irrigation technology. Technological progress of in



rice research, as evidenced by release of about 80 modern rice variety by
BRRI, BINA and BAU is commendable. Extension too played a role to
disseminate know how of modern rice cultivation to the farmers. Chemical
fertilizer and pesticide use became popular across all groups of farmers
from 1971. Integration of variety-fertilizer-irrigation development was a
major factor behind spread of modern variety of rice and consequent yield
increase. Other concurrent developments include increasing mechanization
of agricultural operations particularly two wheel tractors (Power Tiller).
Government is pursuing efforts to promote more and more rice production
technologies to boost up rice yield and production in the country.
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Abstract

At the beginning of Green Revolution in the late 1960s, modern varieties of rice were
Introduced in a number of developing countries that were struggling to overcome food
deficits, including Bangladesh. The area under rice production in Bangladesh since
Independence/liberation in 1971 has been, to date, almost static while production has been
Increasing over the four decades. Rice production more than tripled but progress has been
slowing down. The yield plateau of rice must be overcome by revamping agricultural
research through the development of a wide number of technologies such as development of
suitable varieties in different Agro-ecological zones, fertilizer management technology, water
saving technology and System of Rice Intensification (SRI) etc. Globally, the orientation of
the development of agricultural is shifting from productivity to sustainability, stability and
safety. However, these issues have not been studied properly in Bangladesh. This study
focuses on technological issues and the sustainability of rice production in Bangladesh.
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The S-W coast of Bangladesh was hit by ‘Sidr’ in Nov. 2007
which damaged 2.3 million households. ‘Aila’ hit the south
coast in May 2009 which affected about 5 million people.



Source: SRDI
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Map: Effect of Sea Level on 2ppt Salinity contour (A1B, 2050)
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Contribution of Agriculture to GDP

Rice 51%



With this given condition, rice is the life in Bangladesh. It is the sta\ole for
food for the people, the largest component of the country’s agricultural
sector, and is the main stay of the rural economy (Chowdhury, 2015):

e Rice contributes 51% of the agricultural sector’s portion of the national
gross dcl)rggsijtic product (GDP); by itself, rice contributes 17% to the
nationa :

 Rice supplies 71% of the total calories and 51% of the protein in a typical
Bangladeshi diet.

e About 75% of the total cropped area and more than 80% of the total
irrigated area are planted to rice.

e Rice accounts for about 40% of all employment: the rural and urban poor
spend up to 60% of their income on rice.



Birth of Bangladesh with Chronic Hunger (1971)

» Nation used to produce about 11 million tons of food grain and
had to feed more than 75 million people.

» About 3 million tons of food deficit and widespread poverty,
starvation and malnutrition.

»Around 70% people were below poverty level

» Malnutrition was acute problem
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Table 1: Total Rice (Aus, Aman and Boro) Area (000'ha), Production (000'ton) and Yield

(ton/ha) of Bangladesh

Area (000'ha) Production (000'ton) Yield (ton/ha)

Year Aus Aman Boro Aus Aman Boro Aus Aman Boro
1971-72 | 300160 | 5410.70 | 86640 | 2341.00 | 569500 [ 173800 078 1.05 201
1972-73 | 293000 | 571380 | 100260 | 2243.00 | 558700 [ 207100 077 0.98 207
1973-T4 | 310790 | S718.70 | 122270 | 2B01.00 | 6699.00 [ 2220.00 050 117 1.82
197475 | 317910 | 544990 | 116120 | 2859.00 | 600000 [ 225000 0.90 1.10 1.94
1975-76 | 341990 | 575990 | 114750 | 322900 | 704500 | 228600 0594 122 1949
1976-77 | 321710 | 580640 | 85420 | 3014.00 | 690500 [ 1650.00 0.594 1.19 193
1977-78 | 316170 | 5771.20 | 109370 | 3103.00 | 742200 | 2239.00 0.98 1.29 205
1978-79 | 323460 | 5805.10 | LO7LE0 | 3287.00 | 742900 | 192900 1.02 1.28 1.80
1979-80 | 303630 | 5972.70 | 114840 | 2809.00 | 730300 | 2427.00 093 122 211
1980-81 | 311120 | 603580 | 116000 | 3289.00 | 796400 [ 2630.00 1.06 132 227
198182 | 314560 | 601030 | 130170 | 327000 | 720900 [ 315200 1.04 1.20 242
198283 | 315810 | 5993.00 | 143280 | 3065.00 | 751600 | 354800 087 125 248
1983-84 | 313870 | 600670 | 140120 | 3222.00 | 784300 | 335000 1.03 131 239
1984-85 | 293760 | S710.20 | 157440 | 2783.00 | 793000 | 3909.00 085 1.39 248
198586 | 284490 | 601890 | 153320 | 2820.00 | 854200 | 367100 059 142 239
1986-87 | 290360 | 605240 | 165170 | 3130.00 | 826700 [ 401000 1.08 137 243
1987-88 | 278830 | 559040 | 194260 | 2993.00 | 769000 [ 473100 1.07 138 244
1988-89 | 268346 | 510080 | 243830 | 26856.00 | 685700 | 583100 1.06 134 239
198990 | 225500 | 5702.50 | 245360 | 247500 | 920200 | 603300 1.10 161 246
199091 | 210730 | 5775.30 | 254790 | 2261.00 | 916700 | 6357.00 1.07 1.59 249
199192 | 191590 | 569230 | 263450 | 2179.00 | 9269.00 | 6807.00 1.14 1.63 258
199293 | 173510 | SB43.70 | 259850 | 2075.00 | 968000 | 658600 1.20 166 253
199394 | 164940 | 584330 | 258080 | 1850.20 | 941920 | 677220 112 1.61 2462
199495 | 166375 | 5594.17 | 266354 | 179070 | 850400 | 653870 1.08 152 245
199596 | 154185 | 564640 | 275357 | 1676.00 | 879000 | 7220060 1.09 156 2462
1996-97 | 159229 | 5B02.49 | 278259 | 1870.00 | 955100 [ 746000 1.17 165 268
199798 | 156588 | SB08.45 | 208856 | 1874.60 | 884980 | 813730 1.20 152 242
1998-99 | 142426 | 516550 | 352667 | 161690 | 773580 | 1055190 1.14 150 289
1995-00 | 135132 | S704.87 | 365189 | 1734.00 | 1030600 [ 11027.00 1.28 1.81 302
2000-01 | 132523 | 570996 | 376184 | 191600 | 1124900 | 11920.50 1.45 197 317
200102 | 124218 | S647.22 | 377134 | 1H0B.00 | 1072600 | 1176600 1.46 1.90 312
2002-03 | 124372 | SGH2.11 | 384484 | 185070 | 1111840 | 12222.20 1.49 196 318
2003-04 | 120258 | 5677.61 | 394350 | 183180 | 1152050 | 12837.10 1.52 203 326
200405 | 102468 | 527992 | 4063.79 | 1500.00 | 981900 | 13837.10 1.46 186 340
200506 | 103427 | 5429.01 | 406581 | 174500 | 1081000 | 13975.30 1.69 1.99 344
200607 | 90571 | S415.62 | 425010 | 1512.00 | 1084100 | 1496500 167 2.00 352
2007-08 | 91866 | S048.16 | 460785 | 1507.00 | 966200 | 17762.00 1.64 191 385
2008409 | 106556 | 549777 | 471631 | 189500 | 11613.00 | 1780900 1.78 211 378
2009-10 | 98422 | SEOZ.8Y | 470660 | 1709.00 | 12207.00 | 18059.00 1.74 216 384
2010-11 | 111287 | 564564 | 477000 | 213282 | 1279100 | 18616.00 152 227 380
2011-12 | 113800 | 5580.00 | 481000 | 233300 | 12798.00 | 1878300 | 250 229 390
2012-13 | 105300 | S610.00 | 4760.00 | 215800 | 12897.00 | 1877800 | 205 230 345
2013-14 | 105L00 | 5530.20 | 479000 | 2326.00 | 1302330 | 19007.00 | 221 236 397
2014-15 1045.00 | 5530.00 [ 4846.00 | 23268.00 ) 13190.20 [ 1934300 | 2.23 2.38 3.99
2015-16 | 102500 | 559040 | 468510 | 246800 | 1359140 | 1900110 | 244 243 406

Source: BES and DAE




Rice production more than tripled since liberation,

but the progress is slowing down
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Modern technologies for rice productions

Development of suitable variety in different AEZs

* Fertilizer management technology (USG/Gooti urea,LCC)
Water saving technology (AWD, Direct seeding)

- System of Rice intensification (SRI)
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Leaf Color Chart (LCC)




Urea Super Granule




Drum seeder










SRI system
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