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ABSTRACT:

Bangladesh is a country of 14.4 million ha geographical area and has a population density of more than 1100 persons per sg. km.
Rice is the staple food crop, growing on about 72% of the total cultivated land and continues to be the most important crop for food
security of the country. A project “Sustainable Rice Seed Production and Delivery Systems for Southern Bangladesh” has been
executed by the International Rice Research Institute (IRRI) in twenty southern districts of Bangladesh. These districts grow rice in
about 2.9 million ha out of the country’s total rice area of 11.3 million ha. The project aims at contributing to the Government of
Bangladesh’s efforts in improving national and household food security through enhanced and sustained productivity by using
salinity-, submergence- and drought- tolerant and high yielding rice varieties. Out of the 20 project districts, 12 coastal districts are
affected by the problem of soil salinity. The salt-affected area in Bangladesh has increased from about 0.83 million ha in 1973 to
1.02 million ha in 2000, and 1.05 million ha in 2009 due to the influence of cyclonic storms like ‘Sidr’, ‘Laila’ and others, leading to
salt water intrusion in croplands.

Three salinity-tolerant rice varieties have recently been bred by IRRI and field tested and released by the Bangladesh Rice Research
Institute (BRRI) and Bangladesh Institute of Nuclear Agriculture (BINA). These varieties are BRRI dhan- 47 and Bina dhan-8 and -
10. However, they can tolerate soil salinity level up to EC 8-10 dSm, whereas the EC of soils in several areas are much higher.
Therefore, a large scale dissemination of these varieties can be done only when a site suitability analysis of the area is carried out.
The present study was taken up with the objective of preparing the site suitability of the salt-tolerant varieties for the salinity-affected
districts of southern Bangladesh. Soil salinity map prepared by Soil Resources Development Institute of Bangladesh shows five
classes of salinity. viz., non-saline with some very slight saline soil, very slightly saline with some slight saline soil, slightly saline
with some moderately saline soil, strongly saline with some moderately saline soil, and very strongly saline with some strongly saline
soil. The soil EC level of different classes range from 2 dSm to >16 dSm™. The soil map was geo-referenced and digitized using
Arc GIS. Salinity tolerance characteristics of the rice varieties were matched with the soil characteristics shown on the map. Three
suitability classes were made; soils suitable for salt-tolerant varieties, not suitable for salt-tolerant varieties due to high soil salinity,
and suitable for other high yielding varieties due to slight salinity. The mauza (smallest revenue unit) boundary provided by the
Bangladesh Agriculture Research Council was also geo-referenced and digitized in the same projection. Overlaying and intersecting
the mauza boundary on the soil suitability map provided the suitable and not suitable mauzas. A total of 4070 mauzas in the 12
salinity-affected districts were listed and maps showing suitability of mauza prepared. About 0.6 million ha out of total 0.87 million
ha salinity affected area were found suitable for growing the salinity-tolerant BRRI dhan-47, Bina dhan-8 and -10 in these districts.
The maps and other generated information have helped the Dept. of Agriculture Extension (DAE) of Bangladesh in large scale
dissemination of seeds of the salinity-tolerant rice varieties in different districts during the past two years.

Introduction to decreased rice yields. Sarwar (2005) investigated the loss of
rice production in a village of Satkhira district in southern
Bangladesh and found that rice production in 2003 was 1,151
metric tons less than the year 1985, corresponding to a loss of
69 per cent. Out of this decreased production, 77 per cent was
due to the conversion of rice field into shrimp pond, and 23 per
cent because of the yield loss due to salinity increase.

Bangladesh is a deltaic country with 14.4 million ha
geographical area. About 80% of the country’s area consists of
alluvial sediments deposited by the rivers Ganga, Brahmaputra,
Tista, Jamuna, Meghna and their tributaries (Haque, 2006).
These alluvial areas having fertile soils are most suited for rice
cultivation. Rice is grown in about 11.3 million ha and is the
most important food crop of Bangladesh. However, a part of the
cultivable area in coastal districts is affected with varying
degree of soil salinity due to the ingress of saline water during
high tides. Soil salinity is also believed to be responsible for
low land use as well as cropping intensity in these districts
(Rahman & Ahsan, 2001).

Some of the IRRI-bred high yielding rice varieties equipped
with salt-tolerances have been tested by the Bangladesh Rice
Research Institute (BRRI) and Bangladesh Institute of Nuclear
Agriculture (BINA) and released recently by the Government.
These varieties are-BRRI dhan 47, Binadhan-8 and -10. These
varieties have been tested in the coastal region of Bangladesh
and have proved their high performance during Boro season
(Khandker et al., 2014). However, these salt-tolerant varieties
can grow in soil salinity level upto EC 8-10 dSm, whereas the
EC of soils in several coastal districts is much higher.
Therefore, dissemination of these varieties can be done only
when a site suitability analysis of the area is carried out.

The area affected by soil salinity in Bangladesh has been
reported to be increasing due to the climate change effect. The
salinity affected area increased from about 0.83 million ha in
1973 to 1.02 million ha in 2000, and 1.05 million ha in 2009
(SRDI, 2010). The increase in soil salinity area during 2000-
2009 has been reported to be due to the influence of severe
cyclonic storms like ‘Sidr’, ‘Laila’ and others, leading to salt
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the aim of improving food security through enhanced and
sustained productivity. The project activities included scaling

Table 1. Rice area (ha) in study districts of Southern
Bangladesh during different seasons

up the production and distribution of quality seeds of high Total rice
yielding and stress-tolerant rice varieties, and to make them District AUS Aman Boro area (ha)
available to the farmers on a site-specific basis in 20 districts of Barisal Division
southern Bangladesh. The present study was, therefore, taken up -
with the objective of generating site suitability information for Barguna 45,984 | 95,787 314 142,085
dissemination of salt-tolerant rice varieties in southern Barisal** 36,441 | 126,391 | 62,477 225,309
Bangladesh. Bhola* 66,264 | 164,369 | 54,427 285,330
Since mauza (lowest administrative revenue unit) suitability Jhalekati™ | 22,555 | 42,332 8,990 13877
level analysis for the dissemination of salt-tolerant rice varieties Pétulakhah* 66,914 | 198,432 3,224 268,570
has not been done using remote sensing and GIS in the study Pirojpur* 21,863 | 69,216 19,418 110,479
districts, this research is important for the dissemination of Total 260,021 | 696,527 | 148,850 | 1,105,668
BRRI dhan-47, Binadhan-8 and -10 in suitable mauzas of the Khulna Division
districts. Out of 20 project districts of southern Bangladesh, 12 -
districts are affected by the problem of soil salinity (Singh et al., Bagerhat 8,357 105,852 38,499 152,708
2012). Chuadanga® | 13,739 39,491 42,376 95,606
Jessore** 40,203 141,490 | 152,007 333,700
) Jhenaidaha® | 22,745 95,227 91,257 209,229
Study area details Khulna* 7681 | 106,993 | 39,793 | 154,467
@
The study area comprises of USAID-supported 20 project Magura 6,046 51,961 41,171 99,178
districts of southern Meharpur@ 4,923 26,510 26,630 58,063
Bangladesh- = = = ~ Narail** 8,225 45,205 36,487 89,917
Bagerhat, Barguna, Satkhira* 2460 | 110,115 | 67,281 | 179,856
Barisal, Bhola, Bangladesh ' ' : :
Total 114,379 | 722,844 | 535,501 | 1,372,724
Chuadanga, Gl —
Faridpurv 4 Project districts Dhaka D|V|S|0n
Gopalgan;j, . i < | Distict boundary Faridpur® 14,271 51,601 38,083 103,955
Jhalokati, Jessore, > Gopalganj** | 4,093 | 28479 | 74498 | 107,070
Jhenaidaha, Madaripur® | 3454 | 27,935 | 39558 | 70,947
Khulna, Madaripur, 9
Magura, Meharpur, ‘ Rajbari 4518 | 46,682 | 22443 | 73,643
Narail, Patuakhali, |- e Sharitpur@ 11,630 16,195 33,279 61,104
Pirojpur,  Rajbari, EPIRTE Total 37,966 | 170,892 | 207,861 | 416,719
Sﬁtkf_"ra and Grand Total | 412,366 | 1,590,533 | 892,212 | 2,895,111
i ariatpur. P— e *Districts with entire area affected with soil salinity
d_ocqnon_ ot t ese A (7),**Districts partly affected with soil salinity (5)
'.Str'CtS IS given n @ Districts free from soil salinity (8)
Fig. 1. These
districts grow rice
;]n aboutt2.9 :cm”![?]n Soil salinity is restricted to 12 out of 20 study districts. These
a out 0 € are: Barguna, Barisal, Bhola, Jhalakati, Patuakhali and Pirojpur

country’s total rice
area of 11.3 million
ha. Rice in
Bangladesh is grown
in three seasons in a year. These are- Aus (April to August),
Aman (July to November) and Boro (December to May). The
district-wise rice area in different seasons is shown in Table 1.
Out of the total rice area of 2.9 million ha, about 55% is grown
in Aman, whereas only 14% in Aus, and 31% in Boro. In the
districts of Barisal division, which is most affected by salinity,
the extent of Boro is low, only 14% as compared to Khulna and
Dhaka division, having 39% and 50% area, respectively, under
Boro. This is because the crop in the salinity affected districts
suffer most during the Boro or dry season as the salts come up
on the surface when the soil dries up. In Barisal division,
farmers instead grow rice in the Aus season (23% of total rice),
taking advantage of early monsoon rains starting in the month
of April. The salinity affected areas are predominantly
inhabitated by impoverished communities with fewer
opportunities for food security and livelihood option.

Fig.1. Location map of study area

districts in Barisal division; Bagerhat, Jessore, Khulna, Narail
and Satkhira districts in Khulna division; and Gopalganj district
in Dhaka division. These districts cover approx. 0.874 million
ha salinity affected area. The extent of cultivated area and
salinity affected area in study districts has been presented in
Table 2. The Soil Resources Development Institute (SRDI) of
Bangladesh has prepared a soil salinity map (Fig.2), and the
salinity classes are shown in 5 units with the range of salinity
given Table 3.

Salinity affects rice crop most during the Boro season as the salt
concentration becomes high during the dry season. During the
Aus and Aman seasons, the salinity gets diluted due to the
monsoon rains and its effect on rice yield is not significant.
There seems to be a good prospect for increasing the rice area
and production in these salinity-affected districts by using the
new salinity-tolerant BRRI dhan 47, Binadhan-8 and -10.
Currently, BRRI dhan 28 and 29 and some local varieties are
popular among the farmers in the Boro season. However, these
varieties either fail or do not provide high yield during Boro
due to their being sensitive to salinity.
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Table 3. Soil Salinity classes and the range of Electrical
Table 2. Extent (ha) of cultivated and salinity-affected area in Conductivity (EC)
study districts — T
Division District Cultivated area Saline area - Salinity c!ass - EC(dSm-)
in salt-affected Non saline to very slight saline 2-4
Upazilas Very slight saline to slight saline 4-8
- Slight saline to moderate saline 8-12
Barisal | Barguna 135,334 95,620 Moderate saline to strong saline 12-16
Barisal 71,081 12,360 Strong saline to very strong saline >16
Source: SRDI, 2010
Bhola 148,109 94,570
Jhalakati 24,946 4,620 o . o
- Characteristics of salt-tolerant rice varieties
Patuakhali 215,760 155,180 Characteristics of salt-tolerant rice varieties released recently in
Pirojpur 85,282 35,830 Bangladesh are as follows:
Khulna | Bagerhat 150,744 131,120 BRRI dhan 47: (IR 63307-4B-4-3) is a salt-tolerant, high
Jessore 53,249 14,990 yielding rice variety, released in 2007 for cultivation in
hl Bangladesh during the Boro season. It is a semi dwarf (105cm),
Khulna 165,789 147,960 long duration (148-152days) variety with a yield potential of 6
Narail 51,769 17,710 t/ha. The variety can tolerate salinity level of EC 12-14 dSm* at
. seedling stage and 6-8 dSm during the vegetative growth
Satkhira 184,316 153,110 stages. The harvesting of rice is to be done at 80% grain
Dhaka Gopalganj 51,554 10,460 maturity, due to shattering of grain, and careful harvesting and
Total 1337933 872330 carrying to threshing floor is required.
Legend
Non-Saline - Very Slight Saline
I Very Siight-- Siight Saline
Slight - Moderate Saline
204 Moderate —Strong Saline =
p - Strong - Very Strong Saline
l"M;he!pw b Il Mangrove forest
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Binadhan-8: IR 66946-3R-149-1-1 is a salt tolerant high
yielding rice variety, released by the Bangladesh Institute of
Nuclear Agriculture (BINA) in 2010. It is a semi dwarf, early
maturing and medium bold grain rice variety and requires 130-
135 days to mature. It is moderately resistant to bacterial leaf
blight, sheath blight, brown plant hopper, stem borer and rice
hispa. Under salt stress, maximum grain yield is 5.5 t/ha
(average 4.5-5.5 t/ha) and in non-saline area, maximum 9.0 t/ha
(average 7.5-8.5 t/ha). The variety is salt tolerant upto EC 10
dSm! and is suitable for both ‘Boro’ and ‘Aman’.

Binadhan-10: It is a salt-tolerant, high yielding rice variety
developed by BINA, and approved by the Technical Committee
of National Seed Board for release. It is a medium duration
variety (127-132 days maturity) and can tolerate salt stress of
10-12 dS mX- Farmers can get a yield of 5.5- 6.5 t/ha in saline
and 7.5- 8.5 t/ha in non-saline lands. The plants have strong
stem, and there is no lodging even in stormy weather. The
variety can be cultivated in both Boro and Aman seasons.

Criteria used in selection of area for dissemination of salt-
tolerant rice varieties

The criteria used in selection of area for dissemination of salt-
tolerant varieties in Boro season are:

(i) The area should not have very high salinity (EC not more
than 12 dSm7) as the available salt tolerant varieties can
perform best at this salinity level.

(if) Surface water for irrigation should be available.
Groundwater quality, if being used for Boro, should be good.
(iii) Preferably select areas where some boro rice is being
grown nearby (may be with low yield due to salt stress, yields
need to be improved using salt tolerant varieties).

Data used and Methodology

The following data and maps were used for site suitability
analysis:

(i) Soil salinity map from SRDI (2010)

(ii) Rice growing areas map from IRRI (Gumma et al., 2012),
(iif) Mauza, Union and Upazila boundary from GIS unit,
Bangladesh Agriculture Research Council (BARC)

(iv) Information on water sources for selected districts from,
Bangladesh Bureau of Statistics (BBS).

Soil salinity map prepared by SRDI (Fig.2) has been used in
this study. The salinity map has been scanned, geo-referenced
(Projection: Geographic lat/long; WGS84) and digitized
(classes -non-saline to very slightly saline, very slightly saline
to slightly saline, slightly saline to moderate saline, moderate
saline to strong saline and strong saline to very strong saline) in
Arc GIS platform. Other ancillary maps - physiography, rice
growing area and forest were also brought to GIS format.

Out of the five salinity classes, class 1, 2 and 3 (very slight to
moderate salinity classes) have been separated and intersected
with the mauza (lowest administrative unit), union, upazila and
district boundary. The mauza where rice is not grown in any
season has been deleted. Finally, the list of suitable mauzas,
union, upazila and district along with maps have been prepared.
The flow chart showing the steps used in the methodology of
site suitability analysis have been given in Fig.3.

Ancillary Maps Soil Salinity map
-Physiography (5 different salinity
-Rice growing area classes)

-Forest, and

- Irrigation

Geo-referencing &
Digitization

\’

Salinity class map with different land uses —rice,
non-rice, forest, etc.

Salinity tolerance L
characteristics of

available rice varieties salinity classes
(BRRI dhan 47 and —  (salinity class 1,2
Binadhan-8) &3)

Matching salinity
tolerance with

Site suitable for growing salt-tolerant rice
varieties

Intersection with ‘mauza’, “‘union’ and
‘upazila’ boundary

/N

List of Mauzas, Map of Mauzas,
unions, upazilas and unions, upazilas and
districts districts

Fig. 3 Flow chart showing the methodology of site suitability
analysis for salt-tolerant rice varieties

Result and discussion

The site suitability map for dissemination of salt-tolerant rice
varieties in the study districts and upazils has been presented in
Fig. 4. The map shows the following classes

(i) Suitable sites for salt-tolerant rice varieties (very slight
salinity to moderate salinity area),

(ii) Not suitable for salt tolerant rice varieties (severe to very
severe salinity area), and

(iii) Non-saline area, suitable for other high yielding rice
varieties.

Upazila-wise maps showing suitability of mauza have been
prepared for all the districts. In all, 65 upazilas are affected with
salinity in the 12 districts. A sample map of Batighata upazila in
Khulna district showing suitable and not suitable mauzas has
been presented as Fig. 5. A total of 4070 mauzas have been
identified in the 12 study districts where salt-tolerant rice
varieties can be successfully grown. A detailed mauza list was
also prepared for each upazila, which is not being presented
here due to brevity. The number of mauzas selected in the 12
districts for targeted dissemination is given in Table 4.
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|| suitable for BRRI Dhan 47 / Bina 8/ Bina10
|:| Not suitable for BRRI Dhan 47 / Bina 8 / Bina10
(Severe to very severe salinity area)

Non saline area
Suitable for other HYV rice variety
Upazila boundary

Fig.4 Site suitability of upazilas in southern Bangladesh for growing BRRI Dhan-47, Binadhan-8 and -10

Table 4. Number of mauzas suitable for
Batiaghata Upazila, Khulna District dissemination of salt-tolerant rice varieties
District No. of suitable mauzas
1 Bagerhat 623
2 Barguna 215
3 Barisal 292
4 | Bhola 215
5 Gopalganj 196
6 Jessore 276
" | Jnalokati 310
8 | Khulna 395
9 Narail 132
10| patuakhali 428
Fig.5 Map showing the suitable and non- suitable 11 | pirojpur 395
mauzas for the dissemination of salt-tolerant rice 12 | satkhira 593
varieties in Batighata Upazila of Khulna district,
Bangladesh Total 4070
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CONCLUSION

The study has shown that remote sensing and GIS can be
successfully used in carrying out site suitability analysis for
targeted dissemination of salt-tolerant rice varieties BRRI dhan-
47, Bina dhan-8 and -10 in salinity affected districts of southern
Bangladesh. A total of 4070 mauzas in 65 upazilas of 12
salinity-affected districts have been found suitable for
dissemination of these varieties. About 0.6 million ha out of
total 0.87 million ha salinity affected area in the study districts
have been found suitable for growing the salinity-tolerant rice
varieties in the boro season. The maps and other generated
information have helped the Dept. of Agriculture Extension
(DAE) of Bangladesh in large scale dissemination of seeds of
the salinity-tolerant rice varieties in different districts during
2012 and 2013.
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