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ABSTRACT

Rice is cultivated in the three seasons (Aus, Aman, and Boro) across four ecotypes, including irrigat-
ed, rainfed upland, rainfed lowland, and deep water in Bangladesh. Rice farming in unfavourable
ecosystems is highly exposed to abiotic stresses and extreme weather events (floods, droughts, storm
surges, and cyclones), and its performance is frequently affected by the multiple-stresses and extreme
weather events. Besides, the increasing demand for rice for the growing population and decreasing
scarce resources, including arable land and fresh-water for irrigation aggravated the concern about
sustainable rice production systems under future conditions. Thus, the paper aimed to exploit unfa-
vourable ecosystems to increase total rice production for meeting future demand. Secondary data
were analyzed to achieve the objectives of the study. BR23, BRRI dhan40, BRRI dhan41, BRRI dhan47,
BRRI dhan53, BRRI dhan54, BRRI dhan61, BRRI dhan6é7, BRRI dhan73, BRRI dhan97, BRRI dhan99,
BINA dhan-8 and BINA dhan-10 are resilient to salinity. Besides, BRRI dhan56, BRRI dhan57, BRRI
dhan66, BRRI dhan71, and BRRI dhan83 are resilient to drought, and BRRI dhan51, BRRI dhan52,
BRRI dhan?79, BINA dhanll, and BINA dhan-12 are tolerant to submergence. The BR18, BRRI
dhan36, BRRI dhané67, and BRRI dhan69 are some-extent resilient to cold. The research has been con-
tinuing for developing further stress-tolerant higher yield potential rice cultivars for unfavourable
ecosystems. The increased adoption of currently available stress-tolerant rice cultivars has the poten-
tial to give a substantially higher yield than that of locally popular rice cultivars in the unfavourable
ecosystems. Therefore, the dissemination of stress-tolerant cultivars to 75% of total rice cropping are-
as of saline (0.37 Mha), submergence (1.08 Mha), and drought (2.94 Mha) ecosystem may contribute
to increasing rice production in the ecosystems by 1.26 MT, 3.45 MT, and 9.18 MT, respectively. Re-
sulting from that 13.89 MT rice will be added to the national rice basket in 2050. The policy supports
are needed to strengthen for developing and rapid dissemination of the stress-tolerant cultivars in the
unfavourable ecosystems for meeting the increased demand of rice of the growing population under

future conditions.
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INTRODUCTION

Bangladesh is a low lying agrarian country.
The land surface of the country is mostly
floodplain (80%), a few areas under terraces
(8%), and hills (12%) (FAO, 1988). Besides, the
country belongs to a favourable environment
for growing rice across the year in the three
overlapping seasons (Aus, Aman, and Boro)
and four ecotypes included irrigated, rainfed
upland, rainfed lowland, and deep water. Boro
rice is a photoperiod insensitive irrigated rice
grown in the dry season (DS: December-
March). Aus rice is also photoperiod
insensitive and mostly grown in rainfed

conditions in the early wet season.
Transplanted Aman is a mostly photoperiod
sensitive rice grown in the wet season under
rainfed conditions (Uddin, 1993). However,
rice farming in the country, in particular in
unfavourable ecosystems is frequently affected
by abiotic and biotic stresses, including global
warming lead extreme weather events
(drought, floods, tidal surge, and cyclones).
The abiotic stress in particular (i) salinity in the
coastal region, (ii) submergence in the low-
lying and basin areas, and (iii) tidal
submergence in the non-saline coastal region,
prevails in the country. Besides, drought in the
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dry season, early wet season (EWS: April-June)
and wet seasons (WS: July-September), and
cold in the Boro season in the north-west and
north-east (Haor) regions also prevails. The
arable area under drought-prone ecosystem
(4.20 M ha) was higher followed by rainfed
low land (3.20 M ha), submergence (2.80 M
ha), and salinity (1.2 M ha) (Table 1). Besides,
the country was affected by over 200 extreme
weather events across the last two decades,
consequently per year economic loss of the
country was about 1% of total national GDP
(Kreft et al., 2016).

Although a bulk of studies were carried
out for assessing the impact of climate and
environmental change on the performance of
rice and non-rice crop farming (Yu et al., 2010;
Ruane et al., 2013; Thurlow et al., 2012; Kabir et
al., 2018a) and farmers adaptation to climate
change (Kabir et al., 2016; Kabir et al., 2017a;
Kabir et al., 2017b; Kabir et al., 2017c; Kabir et
al., 2018b; Kabir et al., 2019; Kabir et al., 2020) in
Bangladesh, in particular in the stress
ecosystem. However, none of the studies
found to explore the potential of the
unfavourable ecosystems to contribute to the
national rice basket under future conditions

(2030, 2040 and 2050). Thus, the paper explores
the prospects and potential for increasing and
sustaining rice productivity in unfavourable
ecosystems.

METHODOLOGY

The data were collected from different
published and unpublished secondary sources,
including journal articles, reports, and
presentations of BRRI (Bangladesh Rice
Research  Institute), ~BARI  (Bangladesh
Agricultural  Research  Institute), BINA
(Bangladesh Institute of Nuclear Agriculture),
IRRI (International Rice Research Institute),
SRDI (Soil Resource Development Institute),
FAO (Food and Agriculture Organization of
the United Nations). The adoption of stress-
tolerant rice cultivars and their potential
performance in the saline, drought, and
submergence ecosystems under future
conditions was extrapolated based on(i)
current adoption status of stress-tolerant
cultivars and (i) potentiality of currently
available stress-tolerant cultivars for those
ecosystems. Besides, the potentiality of
enhancing rice production in the other
ecosystems, including tidal non-saline, haor,
rainfed lowland, upland, and Charland.

Table 1. Arable area under unfavourable ecosystems in Bangladesh.

Ecosystem Existence of other stress Area (M ha)*

Salinity "I."ldal submergence .1n wet season, Heat and drought stress at reproduc- 1.20
tive phase of Boro rice

Flash flood (submergence)  Flash flooding at vegetative phase of T. Aman rice 2.00

Tidal submergence Heavy siltation and turbulence 0.80

Haor (Deepwater rice) Drought at vegetative phase 0.80

Drought Heat at reproductive phase 4.20

Rainfed lowland Flooq and water stagnation at vegetative phase and drought at repro- 320
ductive phase

Upland Drought at vegetative phase and heat stress at reproductive phase 0.20

Charland Drogght and submergence at vegetative phase and heat stress at repro- 0.83
ductive phase

Low temperature* Cold at seedling stage of Boro rice at North-East and North-West region 200

; #
High temperature duration T. Aman

and reproductive phase of Boro rice at North-East region (Haor)

Heat at flowering stage of long duration Boro, Upland Aus and short

*M ha= Million hectare; Area adapted from Kabir ef al., 2018c; #This is not an ecosystem rather stress condition.
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RESULTS AND DISCUSSION

This section presents the status of currently
available rice technologies for unfavourable
ecosystems. Thereafter, constraints of rice
farming and the necessities for improvement
of the technologies for those ecosystems were
presented. Besides, the extrapolated potential
contribution of saline, submergence, and
drought ecosystem in 2030, 2040 and 2050 in
Bangladesh was also presented in the section.

Status of rice cultivars for unfavourable eco-
system

Table 2 presents the progress in rice breeding
in developing cultivars for unfavourable eco-
systems in Bangladesh.

Bangladesh Rice Research Institute (BRRI)
and Bangladesh Institute of Nuclear Agricul-
ture (BINA) have developed about 33% variety
for stress ecosystems (Salam et al., 2019). Most
of them are higher yield potential and stress-

resilient rice cultivars such as BR23, BRRI
dhan40, BRRI dhan41l, BRRI dhan47, BRRI

dhan53, BRRI dhan54, BRRI dhan61, BRRI
dhan67, BRRI dhan73, BRRI dhan97, BRRI
dhan99, BINA dhan8 and BINA dhanl0 for
saline ecosystem. Besides, BRRI has developed
BRRI dhan56, BRRI dhan57, BRRI dhan66,
BRRI dhan71, and BRRI dhan83 for the
draught ecosystem. BRRI dhan51, BRRI
dhan52, BRRI dhan79, BINA dhanll, and
BINA dhanl2 were released for submergence
ecosystem. BR18, BRRI dhan36, BRRI dhan67,
and BRRI dhan69 are some-extent resilient to
cold. Large-scale dissemination of the cultivar
potential to enhance rice production for ensur-
ing rice security and increasing farm income is
needed in the fragile ecosystems (Table 2).

Saline ecosystem

The region consists of 147 upazilas of 19 dis-
tricts covering about 32% of total areas of the
country (BBS, 2018) of which 48 upazilas of 12
districts are directly exposed to the Bay of
Bengal. The exposed coastal districts are high-
ly vulnerable to salinity intrusion and extreme
weather events (Bala and Hossain, 2010).

Table 2. Progress in rice breeding in developing cultivars for unfavourable ecosystems in Bangladesh.

Unfavourable ecosystem

Rice cultivars for unfavourable ecosystems”

Salinity

BRRI dhan47, BRRI dhan61, BRRI dhan67, BRRI dhan97, BRRI dhan99, BINA

dhan8, BINA dhanl0 for Boro season. BR23, BRRI dhan40, BRRI dhan41, BRRI
dhan53, BRRI dhan54, BRRI dhan73, BRRI dhan78 for T. Aman season

Flash flood submergence
Tidal submergence

Haor (Medium deep area) BRRI dhan91
Drought

Rainfed lowland

BRRI dhan51, BRRI dhan52, BRRI dhan79, BINA dhanl11, BINA dhan12
BRRI dhan44, BRRI dhan76 and BRRI dhan77 for non-saline condition

BRRI dhan56, BRRI dhan57, BRRI dhan66 and BRRI dhan71
BR10, BR11, BR22, BR23, BR25, BRRI dhan30, BRRI dhan31, BRRI dhan32, BRRI

dhan46, BRRI dhan49, BRRI dhan72, BRRI dhan75, BRRI dhan87

Upland

BR21, BR24, BRRI dhan27, BRRI dhan42, BRRI dhan43, BRRI dhan65, BRRI

dhan83 (for B. Aus) and BRRI dhan26, BRRI dhan48, BRRI dhan55, BRRI
dhan82, BRRI dhan85 and BRRI dhan98 (for T. Aus)

Charland

Low temperature (Cold stress)*

All drought tolerant, short duration and submergence tolerant varieties

BR18 and BRRI dhan36 (tolerant at seedling stage); BRRI dhan67 and BRRI

dhan69 is tolerant at reproductive phase

High temperature (Heat stress)*

BRRI dhan62 is moderate tolerant at flowering stage

*Source: http:/ /knowledgebank-brri.org/; http:/ /www.bina.gov.bd/; #This is not an ecosystem rather stress condition.
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The Soil Resource Development Institute
(SRDI) reported about 1.056 million ha arable
areas affected by different degrees of salinity
in 2009 from only about 0.833 in 1973. The sa-
linity affected area increased by 26% over the
last four decades (1973-2009) (SRDI, 2010).

The slightly (4.1-8.0 dS m) saline affected
area decreased by 153,000 ha during 1973-2009.
However, moderate strong (8.1-12.0 dS m) to
strong (12.1-16.0 dS m™) and very strong (>16.0
dS m?') salinity affected area increased by
272,000 ha and 62,000 ha, respectively during
1973-2009. Besides, low to very slight (2.0 - 4.0
dS m) salinity affected area increased by 41,000
ha during 1973-2000. The salinity intrusion dy-
namics in the arable area indicate that soil salin-
ity in the arable area in Bangladesh has been
increasing both vertically and horizontally over
time (1973-2009) (Table 3). Despite the envi-
ronmental limitation, the coastal region con-
tributes about 25% of total rice production to
the national rice basket from about 28% of the
total cultivable land of the country (BBS, 2019).

Constraints of cropping for saline ecosystem

The soil salinity and lack of fresh-water for
irrigation are the first and foremost constraints
for increasing crop production in coastal areas
through introducing rice and non-rice crops in
the dry and early wet season (Kabir et al., 2016;
Kabir et al,, 2019). Besides, extreme weather
events, in particular, drought and heat drove
moisture stress, and torrential rain-driven wa-
ter stagnation from dry to early wet season
substantially affected the performance of rice
crops in the region (Kabir et al., 2016; Kabir ef

al., 2019). However, Aus and Boro rice are
more resilient to those extreme weather events
than non-rice crops (Moniruzzaman et al,
2020). Moreover, tidal surge, storms, and de-
pression driven torrential rain frequently af-
fected crops farming and livelihoods across the
years. Furthermore, excess moisture in the soil
is also a constraint for timely sowing non-rice
dry season crops in coastal regions (Kabir et al.,
2016; Kabir et al., 2019). Finally, blockage
drainage canals and tidal flooding in the low-
lying areas limit the potential for non-rice
cropping in the areas of the coastal region.

The rice is saline sensitive crop and the
yield of sensitive cultivars decreased by 12% in
the soil having salinity over 3 dS m? (Mass
and Hoffman, 1977). The yield of sensitive cul-
tivars decreased by 50% in the soil with salini-
ty 6 dS m™. Besides, even the yield of saline
tolerant cultivars reduced by 35-40% in the soil
with 12.5 dS m salinity compared to non-
saline soil (Rana, 1985). However, the devel-
opment of saline tolerant crop cultivars is dif-
ficult due to the dynamic nature of salt stress
and a broader range of plant responses to sa-
linity at different growth stages (Munns and
Tester, 2008).

Due to the above-mentioned constraints,
fallow in the dry season followed by fallow in
the early wet season and rice in the wet season
is the most dominant cropping pattern in the
coastal region. This followed by rice in the dry
season followed by fallow in the early wet sea-
son and rice in the wet season is the second
most dominant cropping pattern in the coastal

Table 3. Status of salinity affected areas in the coastal Bangladesh.

Year

Salinity class and level (dS m) and area (000" ha)

S1:2-4 52:4.1-8 53*:8.1-16 S4:>16 All
1973 287.37 426.43 79.75 39.90 833.45
2000 289.76 307.20 336.58 87.14 1020.80
2009 328.43 274.22 351.69 101.92 1056.30

Source: Adapted from SRDI, 2010, *S3 = S3 + S4 (8.1-12 to 12.1-16.0 dSm™), S1 (2-4 dS m™) = Non saline to very slightly
saline, S2 (4.1-8 dS m) = Very slightly to slightly saline, S3 (8.1-12 dS m™) = Slightly to moderately saline, S4 (12.1-16 dS
m™) = Moderately to strong saline and S5 (>16 dS m™) = Strongly to very strong saline
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region (Rashid et al., 2017 and Ibrahim et al.,
2017). The cropping intensity (159%) is largely
lower than the national average cropping inten-
sity (197%) in the country. Besides, per hectare
yield of rice in the Aus (219 t ha) and Aman
(2.28 t ha') season in the coastal district was
notably lower than the yield of the rice crops
(Aus 2.56 t ha' and Aman 2.53t ha) in the fa-
vorable ecosystem. However, despite the ad-
verse consequence of salinity, the yield of HYV
Boro (3.74 t ha') in the coastal district was
slightly lower than the national average yield of
HYV cultivars in Boro season (3.91 t ha?) (BBS,
2018). It may be because of the adverse conse-
quences of salinity is offset by the Na* existed
that in the coastal saline soil as the lower con-
centration (<3 dS m1) of Na* is beneficial for the
growth and development of plants (Idowu and
Aduayi, 2007). The result indicates that there is
potential for increasing crop production in par-
ticular rice production through both the hori-
zontal (area expansion) and vertical (adoption
of stress-tolerant cultivars and recommended
management) approaches.

Prospect and potential of rice production in
saline ecosystem

The adoption of salt tolerant T. Aman cultivars
such as BR23, BRRI dhan40, BRRI dhan41, BRRI
dhan53, BRRI dhan54, BRRI dhan73, and BRRI
dhan78 with recommended management has
the potential to give a better harvest of rainfed
wet-season rice in the coastal ecosystem. Simi-
larly, adoption of salt-tolerant Boro cultivars
such as BRRI dhan47, BRRI dhan61, BRRI
dhan67, BRRI dhan97, BRRI dhan99, BINA
dhan8, and BINA dhanl0 with recommended
management practice has substantial potential
to give notable yield advantage over currently
popular Boro cultivars in the coastal region. It
was reported that the salinity tolerant cultivars
(e.g., BRRI dhan54, BRRI dhan73, BRRI dhan67,
and BINA dhanl0) gave a 2-14% yield ad-
vantage over locally adopted popular sensitive
varieties (BR11, BRRI dhan28) at saline hotspots
(4.0-10.1 dS m?) in the Satkhira and Khulna re-

gion (BBRI 2017, BRRI 2018). The overall adop-
tion of saline tolerant varieties in the coastal
region was 28% and the variety gave about a

7% yield advantage over non-saline modern
cultivars (Sarkar and Bhandari, 2018).

The chemical, biological, and agronomic
or combining both might reduce the reclama-
tion time of commencing cropping in the sa-
linity-affected arable areas (Rehman et al.,
2016). Besides, the potential soil toxicity may
be reduced for improving the performance of
the crop in the saline ecosystem through
amending gypsum and other organic and in-
organic fertilizers (Rehman et al., 2016). How-
ever, the reclamation approaches are costly
and time-consuming as well as mostly be-
yond the farmers' knowledge. Therefore, the
development of saline tolerant cultivars is
considered as feasible and more productive
than the reclamation approaches. The current-
ly available saline tolerant rice cultivars
(Table 2.) are the potential to give expected
yield in the slightly saline soil (4 dS m™) to
moderate saline soil (12.0dS m!) that is about
75% of the total salt-affected areas in the
country (SRDI, 2010) (Table 3). Besides, de-
spite salt sensitivity, it is feasible to grow rice
instead of non-rice crops in the first reclama-
tion soil due to its inherent potential to grow
under flooded conditions, because the stand-
ing water subsides the capillary rise of salini-
ty to affect crops (Bhumbla and Abrol, 1978).

The rice production potential of the saline
ecosystem was extrapolated based on the
above-discussed potential of the ecosystem for
ten years’ interval up to 2050 considering the
baseline production in 2015. The rice produc-
tion in the saline ecosystem might increase by
11.75% by 2050, respectively subject to the dis-
semination of the saline tolerant rice cultivars
in 75% of total salinity affected areas up to
12dS m! (Table 4). The contribution of the eco-
system in the national rice basket might fur-
ther increase by adopting recently released
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salinity tolerant rice cultivars such as BRRI
dhan97 and BRRI dhan99. It was due to the
cultivars are potential to give 3.93-6.56 t ha-!
even under saline condition, increased the
yield to 7.10 t ha under non-saline condition.
It is also the case that the salinity resilience of
both the varieties (14-15 dS m™ for seedling stage
up to three weeks and 8-10 dS m? from vegeta-
tive to reproductive phase) are largely higher
compared to currently popular saline tolerant
BRRI dhan67 (12 dS m for seedling stage up to
three weeks and 8 dS m! for whole growth).

Steps need to be implemented for achieving
the extrapolated target of increasing rice
production

Firstly, the higher yield potential and salinity
tolerance (up to 12 dS m? for whole growth
period) rice cultivars need to be developed
through  implementing  classical  and
biotechnological techniques and disseminated
up to 75% of total salinity affected areas in
Boro season in the coastal ecosystem. It can be
noted that the currently available rice cultivars
are tolerant of 8.0-10.0 dS m! salinity stress.

Secondly, access to fresh-water for irriga-
tion needs to ensure achieving the dissemina-
tion goal of Boro rice for enhancing the rice
production contribution of the ecosystem.
The river water directly can be applied to Bo-
ro rice through shifted transplanting time of
the rice crop early since the water salinity of
some coastal rivers remains below the thresh-

old tolerance of rice (<4.0 dS m™) from mid-
June to mid-February. Besides, trapping river
water in the drainage canals by December can
be used for irrigation in the Boro rice. Moreo-
ver, improved irrigation water management
techniques may help to optimize the use of
scarce freshwater resources to achieve the
production target.

Finally, the sensitive modern and local
rice cultivars should be replaced by higher
yield potential saline tolerant cultivars through
strengthening extension supports in ecologi-
cally unfavourable regions.

Flash flood submergence ecosystem

Heavy rain and tidal surge caused by
submergence in the low-lying areas in the wet
season is a common phenomenon in
Bangladesh (Dewan, 2015; Rahman and Zhang,
2016). Hydrological features including low
elevation of lands, criss-cross river networks,
high monsoon rainfall, and location in low-
extreme of some mighty rivers of India and
Himalayas make the country highly
vulnerable to flooding. More than 2.5 M ha of
rice lands are exposed to floods, of which 1.0
M ha are highly vulnerable to flooding (FAO,
2001; Gumma et al., 2012). Every year one-fifth
of the total arable lands of the country are
affected by different degrees of floods. As a
result, the country incurs a loss per year of
about BDT 4.0 billion and 4% of total rice
production (Bairagi and Bari, 2015).

Table 4. Extrapolated rice production through adoption of resilient cultivars in the coastal saline ecosystem of Bangladesh.

Item Base year (2015) 2020 2030 2040 2050
Rice area increase (M ha) compared to base year Oééz)z 0'((;&;5 0(11 51)9 0(1151)9 O(f 07)9
Rice production increase (MT) compared to base year ?7'60001) 817651) %355(; (()3;47156) ?2'35%1)
Projected yield increase over base year (t ha) 2.71 2.90 3.20 3.50 3.80

Note: 50% of potential yield at non-saline condition was considered for estimating the yield of rice cultivars under moderate
saline (8.1 to 12.0 dS m) environment. Values in the parentheses are the percentage computed based on the year 2015.
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Flash floods frequently affect rainfed lowland
rice (RLR) habitats even in the early monsoon
to post-monsoon, and the flood prolongs
from 2-4 weeks in many areas of the country.
Besides, moisture stress (drought) frequently
affected the performance of T. Aman rice, in
particular in the region of the north-west
floods due to decrease rainfall in the post-
monsoon months. Currently available
submergence tolerant rice cultivars including-
BRRI dhan51, BRRI dhan52, BRRI dhan?79,
BINA dhanl1, and BINA dhanl2 are tolerant
to 2-3 weeks of flash flood submergence at the
vegetative phase. Bairagi et al. (2018) reported
that about 40% of total farm households in
the flood-prone areas of north-west
Bangladesh adopted the submergence
tolerant rice varieties. It was reported that the
submergence tolerant cultivars (e.g., BRRI
dhan51, BRRI dhan52) produced a 2-14%yield
advantage over locally adopted popular
submergence sensitive varieties (BRRI
dhan44) in Rangpur and Lalmonirhat (BBRI
2017, BRRI 2018). Similarly reported that the
submergence tolerant cultivars in the region
produced a 1-4 t ha' yield advantage over
other modern cultivars (Bairagi et al., 2018).
Besides, BRRI dhan51, BRRI dhan52, BINA
dhanl1, and BINA dhan12 produced 2-3 t ha
yield advantage over popular sensitive
modern varieties under severe flooding
conditions in Rangpur and Lalmonirhat
(BRRI, 2017; BRRI, 2018). The adoption of the
submergence tolerant varieties, including

BRRI dhan51, BRRI dhan52, BINA dhanll,
and BINA dhanl2 was 21% of the total rice
area of the ecosystem and the varieties gave a
6% yield advantage over sensitive modern
cultivars (Sarkar and Bhandari, 2018).
Therefore, multi-stress tolerance, including
submergence and drought is required to
combat the increased extreme weather events
in future climates. Therefore, the tolerance of
the rice cultivars should be increased up to
four weeks and recurrent submergence at the
vegetative phase, and drought at the
reproductive phase. Besides, agronomic
management needs to be improved to achieve
the yield benefit. Total rice production of the
submergence ecosystem was extrapolated
based on the above discussed current
performance of the rice varieties in the
ecosystem. Total rice production in the
ecosystem might increase by 15.43% subject to
discrimination the submergence tolerant rice
cultivars up to 75% of total rice cropping area
in the ecosystem (Table 5).

Drought ecosystem

Drought is an environment caused by a lack of
precipitation and high temperature for a
period. The drought-driven moisture stress
adversely impacts on plants, animals, and
humans (Warwick, 1975). Although drought is
classified as (i)  meteorological, (i)
hydrological, (iii) agricultural, and (iv)
socioeconomic, they are highly interlinked
with each other. The number of days with less

Table 5. Extrapolated rice production through adoption of resilient cultivars in the submergence ecosystem of Bangladesh

Item Base year (2015) 2020 2030 2040 2050
Rice area increase (Mha) compared to base year 0.42 (21) 0.28 (14) 0.30 (15) 0.30 (15) 0.20 (10)
Eice production increase (MT) compared to 0.974 (6.00) 0.700 0.900 1.050 0.800
ase year (4.00) (4.29) (4.29) (2.86)
Projected yield increases over base year (t ha) 2.50 3.00 3.50 4.00

Note: Value in the parentheses is the percentage computed based on the year 2015.

Unfavourable Ecosystems Management 89



precipitation than some specified threshold is
called the meteorological drought. The effect
of precipitation for a period on surface or
subsurface water supply in the reservoir, lake
levels, and groundwater is called hydrological.
The moisture deficiency at topsoil and sub-soil
caused by meteorological or hydrological

drought is called agriculture drought.
Therefore, the crop 1is susceptible to
agricultural drought from emergence to

maturity. The supply and demand of some
economic  good  with  elements  of
meteorological, hydrological, and agricultural
drought are called socioeconomic drought
(Wilhite and Glantz,1985). Flow diagram 1
shows the drought series and impacts for
generally recognized forms of drought.

The water demand of plants depends on
the prevailing weather conditions, the specific

plant's biological characteristics, its growth
stage, and the physical as well as biological
properties of the soil. Water, more than any
other factor, is controlling rice growth and
development at crucial stages of growth. The
crop's ability to withstand drought is
necessary for most areas of tropical and
subtropical rice cultivation. Therefore,
farmers need drought-tolerant varieties for
the dryland.

Over 4.2 M ha of rainfed early wet season
(Aus) and wet season (Aman) rice area is
frequently affected by drought in Bangladesh.
The rainfed wet-season rice in the country,
particularly in the north-west drought ecosystem
is frequently affected by moisture at the
reproductive phase due to decrease rainfall in
the post-monsoon months (Kabir et al., 2017c).

Natural Climate Variability

[

Precipitation deficiency
(amount, intensity, timing)

High temperature, high winds, low
relative humidity, greater
sunshine, less cloud cover

Reduced infiltration, runoff,
deep percolation, and
ground water recharge

Increased evaporation
and transpiration

Meteorological
Drought

Time (duration)

I Soil water deficiency I © -
| 25
1 ==
Plant water stress, reduced g o
biomass and yield g)ﬁ

Reduced streamflow, inflow to ‘_cg
reservoirs, lakes, and ponds; 'E)E
reduced wetlands, o2
wildlife habitat 9
‘gp

| = =

l Economic Impacts | I Social Impacts J I Environmental Impacts ]

Flow diagram 1. Sequence of drought occurrence and impacts for commonly accepted drought types (adapted from National
Drought Mitigation Center (NDMC):https:/ / drought.unl. Edu/Education/Droughtlndepth/TypesofDrought.aspx/).
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Besides, the delay sowing broadcast Aman rice
in the deepwater ecosystem is also affected by
drought due to early withdrawal of rainfall.
Therefore, the development of drought-
tolerant rice cultivars is a demand for
changing climate conditions.

BRRI has developed some drought toler-
ant and drought escaping rice cultivars, such as
BRRI dhan56, BRRI dan57, BRRI dhan66, BRRI
dhan71, and BRRI dhan83 for Aus and Aman
season to reduce unexpected yield loss due to
moisture stress driven by lack of rainfall or
drought. It was reported that the drought-
tolerant cultivars (e.g., BRRI dhan56, BRRI
dhan57) produced a 6-12% yield advantage
over locally adopted popular sensitive varieties
(BRRI dhan49 and BINA dhan?) in Rangpur,
Nilphamari, Lalmonirhat and Kurigram (BBRI,
2013). Similarly, reported that the current adop-
tion of drought-tolerant cultivars was 5% of the
total rice area in the ecosystem, and the variety
produced a 1.5% yield advantage over sensitive
varieties (Sarkar and Bhandari, 2018). Total rice
production of the drought ecosystem was ex-
trapolated based on the above discussed cur-
rent performance of the rice varieties in the
ecosystem. Total rice production in the ecosys-
tem might increase by 21% subject to the dis-
semination of the drought-tolerant and escap-
ing rice cultivars up to 75% of the total rice
cropping area in the ecosystem (Table 6). It can
be noted that further moisture stress-tolerant
cultivars need to be developed to combat the
stress under future conditions.

Tidal non-saline ecosystem

Wet season rice in about 0.8 million ha in the
Barishal agriculture region is frequently
affected by freshwater tidal submergence.
Therefore, farmers of the region cultivate lower
yield potential local Aman rice cultivars, as the
cultivars are tidal submergence tolerant due to
taller plant height and lodging resistance due to
strong stem. Besides, the photoperiod-sensitive
local cultivars have the potential to produce
good yield even in late planting conditions.
Moreover, the photoperiod period sensitive and
late planting suitable cultivar such as BR23 is
also popular Aman variety in the region.
However, recently released BRRI cultivars such
as BRRI dhan76 and BRRI dhan77 have the
potential to produce 1-2 t ha’ yield advantage
compared to locally popular local and modern
cultivars, including BR23 in the tidal
submergence region. Besides, the cultivars are
suitable for transplanting in the fields with
stagnant water due to taller seedling and plant
height and lodging resistant stem. Therefore,
large-scale adoption of the cultivars in the tidal
submergence region is the potential option to
contribute to meeting SDGs.

Haor ecosystem

The haor ecosystem covers an area of around
8600 sq. km in the upper Meghna river basin in
northeast Bangladesh. About 0.80 million ha of
land are suitable for rice cultivation in the haor
ecosystem. The area mostly remains fallow in
the wet season due to 0.5 -4.0 meters depth of

Table 6. Extrapolated rice production through adoption of resilient cultivars in the drought ecosystem of Bangladesh.

Base year
Item (2015) 2020 2030 2040 2050
0.21 0.63 0.84 0.84 0.63
Rice area increase (M ha) compared to base year

(M ha) comp v ©) s e e 0

. o 0.525 1.764 2.520 2.688 2.205
Rice production increase (MT) compared to base year (1.50) (4.50) (6.00) (6.00) (4.50)
Projected yield increases over base year (t ha) 2.50 2.80 3.00 3.20 3.50

Note: The advantage of better irrigation management practice was considered in extrapolating Aus and T. Aman yield.
Value in the parenthesis is the percentage computed based on the year 2015.
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water for 3-5 months. Therefore, Boro rice is
mainly cultivated in the haor region in the dry
season. The contribution of the rice is 5.3 MT
yr-l, which is about 16% of total Boro rice pro-
duction in the country (BBS, 2019). However,
the performance of the Boro rice in the region
is affected by floods because of heavy rainfall
in the early wet season (April to mid-May) and
flows of upstream rivers and mountainous in
every 3-4 years interval and damaged the
crops substantially. The flash flood is a threat
to the food security and livelihood of people in
the region. The likelihood of affected by early
flash floods is very high for the delay trans-
planting rice. However, the early transplanting
rice suffers from spikelet sterility due to low
temperature at the reproductive phase. There-
fore, the development of higher yield potential
short duration and cold-tolerant (at reproduc-
tive phase) rice cultivars are required to over-
come both the constraints.

Besides, the area is mostly remained fal-
low in the wet season due to the unavailability
of rice cultivars suitable for growing in the
deepwater ecosystem, some of the areas are
used for cropping local cultivars of Deepwater
Rice (DWR) in the wet season. The taller plant
height (> 140 cm) local cultivars survive in the
deepwater due to higher elongation capacity.
Some of the local cultivars have the potential
to elongate up to 5-8 cm d-! for 7-10 days at the
vegetative stage. The local cultivars are estab-
lished about a month earlier in the deep-water
ecosystem to improve their survivability. It can
be noted that BRRI dhan91 has the potential to
give over 3 t ha! yield in the Deep-Water Rice
Ecosystem (DWRE). Therefore, the develop-
ment of high yielding varieties for medium-
deep water condition, pureline selection of
existing elongating DWR for deep water envi-
ronment and large-scale dissemination of the
cultivars in the ecosystem may contribute to
achieving SDGs.
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Rainfed lowland ecosystem

Rainfed lowland ecosystem is the major rice-
growing area of Bangladesh. The performance
of rice in the ecosystem depends on various
conditions including amount, time, and length
of rainfall, depth and duration of stagnant wa-
ter, frequency and time of floods, soil type, and
topography. This environment is sub-classified
as (i) favourable rainfed, (ii) slightly drought-
prone, (iii) slightly submergence prone, and (iv)
medium-deep submergence prone.

The favourable rainfed ecosystem is
sometimes affected by drought at the repro-
ductive phase due to the early withdrawal of
post-monsoon rain. However, BRRI dhan66
and BRRI dhan71 have the potential to give
per hectare 4.5-5.5 t ha yield in the areas sub-
ject to supplementary irrigation application.

The duration of the rainy season is short
in the slightly drought-prone ecosystem
(whole Barind areas and Rangpur, Lalmonir-
hat, Nilphamari, and Kurigram district). As
result, wet season rice in the sub-ecosystem is
sometimes affected by moderate to extreme
drought stress. Therefore, photoperiod insensi-
tive drought escaping and drought tolerant
cultivars such as BRRI dhan56 and BRRI
dhan57 are the potential cultivars to give 4.0-
4.5 t ha'l yield in the region.

The duration of submergence persists
from 2 to 3 weeks in the slightly submergence-
prone sub-ecosystem. The wet season in the
sub-ecosystem is prolonged and occurred
heavy rain until the reproductive phase of T.
Aman rice. The moderate to strong photoperi-
od sensitive varieties such as BRRI dhanb1,
BRRI dhan52, and BRRI dhan?79 are the poten-
tial varieties to give a good harvest in the area.

The duration of submergence persists
from 3 to 4 months in the deep submergence
prone sub-ecosystem. The photoperiod sensi-
tive and submergence tolerant cultivars such



as BRRI dhan91 have the potential to give a
good harvest in the ecosystem.

BR10, BR11, BR25, BRRI dhan30, BRRI dhan32,
BRRI dhan46, BRRI dhan49, BRRI dhan54,
BRRI dhan72, BRRI dhan87, BRRI dhan93,
BRRI dhan94, and BRRI dhan95 are suitable
for cropping in the favorable rainfed condition.
Besides, BRRI dhan56, BRRI dhan57, BRRI
dhan66, and BRRI dhan71 are suitable for
growing in the slightly drought-prone ecosys-
tem. Moreover, BRRI dhan51, BRRI dhan52,
and BRRI dhan79 are the potential varieties to
give good harvest at a slightly submergence-
prone ecosystem. Finally, BR22, BR23, BRRI
dhan34, and BRRI dhan54 are the potential to
give good harvest at late planting conditions
after drainage out the flood water and BRRI
dhan91 is suitable for cropping in the medium-
deep condition.

The performance of rainfed rice in the ar-
ea is frequently affected by submergence and
drought and other abiotic stresses. As a result,
the livelihoods of millions of farmers have
been affected adversely. However, adoption of
the above-mentioned cultivars and improving
management may contribute to increasing rice
production for achieving SDGs.

Upland ecosystem

Upland or dryland rice is grown in rainfed
conditions. The rainwater was drained out
easily and quickly from the surface of the
upland ecosystem. The broadcast rice is
cultivated under Jhum culture on the slope of
the mountain in the upland ecosystem. The
photoperiod insensitive, deep-rooted, and to
some extent drought tolerantlocal cultivars are
mainly cultivated in the ecosystem. The
performance of low yield potential local
cultivars in the nutrient-deficient soil and
stress ecosystem (moisture stress, heat) is quite
low. The severe pest infestation, including
weeds and application of imbalance fertilizer
dose, and poor agronomic practice, also
affected the performance of rice in the

ecosystem. The extension supports for
dissemination of higher yield potential
drought-tolerant rice cultivars  (such as
BRRIdhan42, BRRI dhan43, BRRI dhan65, and
BRRI dhan83) and improving current
agronomic practice may contribute to
increasing rice production for food security in
the wupland ecosystem. Besides, research
should strengthen for developing (i) higher
yield potential rice cultivars introducing
preferred traits and (ii) further improved crop
management practices for the severe stress-
prone and nutrient deficient ecosystem.

Charland ecosystem

Chars are the lands that appear as islands on the
bank of rivers and the Bay of Bengal due to the
dynamics of erosion and accretion in Bangla-
desh. The active floodplain and non-saline char-
land soils occur mainly in Kurigram, Lalmonir-
hat, Sirajganj, Pabna, Rajshahi, Jamalpur, Mani-
kganj, Faridpur, Kushtia, Shariatpur, Madaripur,
and Chandpur. Bangladesh has approximately
0.83 million hectares of charland, of which ap-
proximately 0.52-0.79 million are cultivable (BA-
RI, 2016). Based on location, charland are of two
types-island Chars and attached chars. Island
chars are distributed sporadically in the main
channel of the rivers and attached chars, which
eventually become an integral part of the main-
land. Chars' cultivated soils are mainly sandy
loam to silty loam, reacting slightly acidic to
slightly alkaline, and deficient in nutrients and
organic matter. The charland farmers typically
cultivated local crop varieties adopting indige-
nous crop production practices. As a result, crop
yield is extremely poor in charland areas. Some
problems are associated with lower crop yields
at char areas of Bangladesh but drought and
scarcity of irrigation facility could hinder profit-
able cultivation. Introduction of short duration
and drought-tolerant modern rice varieties along
with improved management practices and dif-
ferent intercropping systems should be the po-
tential for an increase in production and thereby
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improving the livelihood of the marginal farmers
in the charland of Bangladesh.

Low temperature stress (Cold stress)

The daily mean temperature drops below 20
°C is the potential to make different levels of
cold injury in rice crops, depending on
growth stages. Common cold injuries include
failure to germinate, delayed seedling emer-
gence, stunting, and vegetative leaf discolor-
ation; panicle tip degeneration, incomplete
panicle exertion, delayed flowering, high
spikelet sterility, and irregular reproductive-
phase maturity (Yoshida, 1981). The growth
and development of Boro rice in Bangladesh
are affected by cold injury despite the short
winter season in Bangladesh. The mild to
severe cold waves (<10-12 °C) during mid-
December to late-January frequently affected
seedling growth in nursery, vegetative
growth after transplanting, and sometimes
delayed the transplanting, consequently af-
fected on the performance of the rice crop in
the north-western region of the country. Be-
sides, the early transplanting medium
growth-duration Boro cultivars (e.g., BRRI
dhan28) in the Haor ecosystem are some-
times affected by cold injury (<18 °C) at the
reproductive phase during mid to late Febru-
ary, consequently increased rice grain sterili-
ty. However, the rice crop could be escaped
from unexpected yield loss subject to shifted
delay transplanting of the medium-growth-
duration rice cultivars after mid-November.
Besides, BRRI dhan67 and BRRI dhan69 were
identified as moderately cold tolerant at the
reproductive phase so that adoption of the
varieties in the Haor ecosystem might be re-
duced unexpected yield loss. Moreover, BRRI
has been working on two advanced lines
(such as TP16199 and TP7594) for releasing
as the variety for the Haor region.

High temperature stress (Heat stress)

The heat stress affects the performance of rice in
the tropical and subtropical regions. Although,
the typical heat episodes persist for a short pe-
riod. However, an overlap of heat episodes and
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critical flowering stage pose a serious threat to
spikelet fertility, consequently occur a yield
penalty (Jagadish et al., 2007). The persistence of
the temperature over 35 °C for two hours at the
flowering stage affects anther dehiscence, polli-
nation, and pollen germination, caused rice
grain sterility, consequently reduced yield. It
can be noted that some exotic Aus rice cultivars
such as N22, Kachalath, and Dularis the poten-
tial to maintain high spikelet fertility under up
to 35-38 °C at the flowering stage.

The heat stress at the susceptible repro-
ductive phase of the rice crop is correlated
with water deficit periods in some areas of
Bangladesh. The drought and heat combinedly
aggravated the moisture stress at the repro-
ductive phase of the rice crop (Wassmann et
al., 2009). It was projected that water-deficit
stress at rice cropping season might be dou-
bled under future conditions due to decreased
precipitation and rise in the temperature in the
subtropical  climatic  region(IPCC, 2007;
Wassmann ef al., 2009). Besides, global mean
warming and heat stress is likely to rise steadi-
ly across the 21st century (IPCC, 2013). As a
result, the likelihood of affected by spikelet
sterility due to moisture stress is a potential
threat for rice cropping in the tropical and sub-
tropical regions under future conditions.

Currently, the long duration Boro cultivar
namely BRRI dhan29 has been encountering ste-
rility problems due to rise temperature over
threshold level both for day (>35 °C) and night
28-30 °C at the flowering stage in late March to
April (Shelley et al., 2016). Similarly, the medium
duration (~140 days) variety like BRRI dhan28
has also been experiencing heat-induced spikelet
sterility when delayed transplanting after potato
harvest or grown in the Aus season. The short
duration T. Aman varieties (BRRI dhan33, BRRI
dhan39, BRRI dhan75) are vulnerable to heat
stress poses driven spikelet sterility due to rising
temperature at the flowering stage of the culti-
vars (September to October).



The shifting of transplanting time of Boro
rice early and delaying the short duration T.
Aman rice varieties might help to escape en-
countering over threshold temperature at the
flowering stage. Besides, the development and
dissemination of heat-tolerant rice varieties is a
viable strategy to overcome the rising tempera-
ture and heat stress-driven challenges (Challi-
noret al., 2014). Moreover, the adverse impact
of heat stress might be escaped through devel-
oping early morning flowering potential rice
varieties. BRRI research on the development of
heat-tolerant rice varieties through introgres-
sion heat-tolerant trait on BRRI dhan28 and
BRRI dhan29 at yield is at evaluation stage.
Besides, BRRI is expected to develop heat tol-
erance and early morning flowering (EMF)
potential cultivars by the next 2-3 years.

Extrapolated rice area and production in
Bangladesh

Table 7 presents extrapolated rice production
increase through the adoption of stress-tolerant
rice cultivars in the salinity, submergence, and
drought ecosystems in Bangladesh. There is
potential to add about 13.89 MT of rice to the
national rice basket in 2050 subject to introduce
stress-tolerant rice cultivars in 75% of total area
of salinity, submergence, and drought
ecosystems in the country.

rice
the

Actions for achieving
increasing goal in
ecosystems of Bangladesh

production
unfavourable

Table 8 lists required research and
upscaling activities for increasing rice area

and production in unfavourable and stress
environments. Firstly, the gravity of stress of
each ecosystem should be characterized for
developing stress-resilient cultivars and
component technologies for the unfavourable
ecosystems. The ecosystem characterization
activity will have been continued across
future conditions. It is due to the frequency
and intensity of the stresses have been
increasing over time. The research for
developing stress-tolerant rice cultivars and
management practices have to be continued
for combating the adverse consequences of
biotic and abiotic stresses on the performance
of rice crops. Besides, policy supports are
required for developing infrastructure, in
particular ~ fresh-water  reservoirs and
drainage canals for reducing water
stagnation. The policy supports are also

needed for strengthening research and
extension activities for developing and
disseminating the technologies to the

respective unfavourable ecosystem.

Finally, varietal demonstration will have
to be set up at farmers' fields in collaborations
with the Department of Agricultural
Extension (DAE) during the first half of each
decade. The extension linkage will be needed
to develop for setting large-scale and mass
demonstrations on the most stress-resilient
rice cultivars and stress management
technologies at farmers' fields in the stress
ecosystems across the country during the
second half of each future decade.

Table 7. Extrapolated rice production through the adoption of stress-tolerant cultivars in the salinity, submergence,

and drought ecosystems in Bangladesh.

Base year

Ttem (2015) 2020 2030 2040 2050
Rice area increase (M ha) compared to base year - 0.97 (36) 1.26 (50) 1.26 (50) 0.91 (35)
Rice production increase (MT) compared to base year - 2.63 (10) 3.80 (14) 415 (14) 3.31 (10)
Projected phasic production requirement over base 35.30 37.00 40,40 43.80 4720

year (MT)*

Note: Value in the parentheses is the percentage computed based on the year 2015. *Source: Kabir et al. 2020
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Table 8. Research and extension activities for enhancing rice production in unfavourable ecosystems and stress envi-

ronments under future conditions in Bangladesh.

Unfavourable
ecosystem

Action required to improve the
prevailing conditions for
increased rice production

2021-2030

2031-2040

2041-2050

2021-25

2026-30

2031-35 2036-40

2046-

2041-45 2050

Salinity

o Characterization of ecosystem
(Distribution and severity of soil
and water salinity)

Completing

Updating
info

Updating
info

e Variety
(Salinity+drought+heat+stagnat
ion tolerant with short duration)

Continue improving

e Water management (Source of
sweet water, rainwater harvest
and management of canals)

Continue improving

¢ Crop management (Ridge and
furrow planting, mulching for
non-rice crop)

Continue improving

¢ Soil health management
(Addition of organic matter,
balanced fertilization, gypsum
and potash application)

Continue improving

e Policy development (Polder
management, area demarcation
for salt and shrimp farming)

Continue improving

Submergence

o Characterization of ecosystem
(Flooding depth, duration,
turbidity, turbulence, dissolve
oxygen concentration)

Completing

Updating
info

Updating
info

e Variety (Multiple flood tolerant,
drought and stagnation tolerant
including photosensitivity)

Continue improving

o Specific fertilizer management
for quick recovery after de-
submergence

Continue improving

o Location specific variety
adoption and management
practices

Continue improving

Drought

o Characterization of ecosystem
(Occurrence, severity and
duration, sources of irrigation,
rainwater harvest)

Completing

Updating
info

Updating
info

e Variety (Highly drought
tolerant, heat tolerant and short
duration)

Continue improving

o Adjusting planting time to
escape drought period

Continue improving

o Location specific variety
adoption and management
practices

Continue improving
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Table 8. Continued.

Unfavourable
ecosystem

Action required to improve the
prevailing conditions for
increased rice production

2021-2030

2031-2040

2041-2050

2021-25 2026-30

2031-35 2036-40

2041-45 | 2046-2050

Haor

o Characterization of ecosystem
(Depth of water and suitability
DW, FR and enhanced Boro
cultivation)

Completing

Updating
info

Updating
info

o Variety (Pureline selection of
DW and FR-landrace including
drought tolerances at early
stage of growth)

Continue improving

o Crop management (Fertilizer,
weed, pest, rat management
and harvesting issues)

Continue improving

e System productivity
enhancement (Boro + DWR/FR
+ Fish + Duck) could be most
productive system

Continue improving

Tidal
Submergence

o Characterization of ecosystem
(Characterizing tidal waves by
depth, turbulence and quality
of water)

Completing

Updating
info

Updating
info

o Variety (Taller and
flexible/ tender stem, strong
photosensitivity, glossy leaves)

Continue improving

o Efficient fertilizer management
under tidal water condition

Continue improving

o Location specific variety
adoption and management
practices

Continue improving

Rainfed Low
Land

o Characterization of ecosystem
(Flooding depth, duration,
stagnation, drought severity)

Completing

Updating
info

Updating
info

o Variety (Submergence, drought,
heat and stagnation tolerance
including strong photosensitivity)

Continue improving

¢ Crop management (Double
transplanting, weed and
fertilizer management)

Continue improving

o Water management (Special
water management like
supplemental irrigation)

Continue improving

Upland

o Characterization of ecosystem
(Plough pan/hardpan,
suitability for water saving rice)

Completing

Updating
info

Updating
info

e Variety (Deep root system,
water saving, drought and heat
tolerant, short duration, and
perennial type)

Continue improving
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Table 8. Continued.

Unfavourable
ecosystem

Action required to improve the
prevailing conditions for
increased rice production

2021-2030

2031-2040

2041-2050

2021-25

2026-30

2031-35

2036-40

2041-45

2046-2050

e Crop management (Water
saving technique-mulching,
weed and pest management)

Continue

improving

Charland

o Characterization of ecosystem
(Suitability of rice + non-rice
crop cultivation, source of
irrigation water)

Completing

Updating
info

Updating
info

e Variety (Short duration,
drought and heat tolerant)

Continue

improving

¢ Crop management
(Improvement of soil health
and productivity)

Continue

improving

Low
temperature

o Characterization of ecosystem
(Demarcation of low
temperature regime, severity
and duration of low
temperature stress)

Completing

Updating
info

Updating
info

e Variety (Low temp tolerant for
seedling & reproductive stage)

Continue

improving

o Adjustment of planting to
escape low temperature effect
in combination with yield
target

Continue

improving

o Seedling raising under high
temperature condition to
escape low temperature effect

Continue

improving

High
temperature

o Characterization of ecosystem
(Delineation of high
temperature regime, severity
and duration of high temp.)

Completing

Updating
info

Updating
info

e Variety (Drought and heat
tolerant with Early Morning
Flowering to escape heat
period during flowering)

Continue

improving

o Efficient water management to
mitigate heat and drought
effects

Continue

improving

For all
ecosystems

e Up-scaling activities:
--Site characterization
-- Set demonstration

e Set large-scale/mass
demonstration

o Developed extension linkage

‘info” denoted for information
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CONCLUSION

BR23, BRRI dhan40, BRRI dhan41l, BRRI
dhan47, BRRI dhan53, BRRI dhan54, BRRI
dhan61, BRRI dhan67, BRRI dhan73, BRRI
dhan78, BRRI dhan97, BRRI dhan99, BINA
dhan8 and BINA dhan10 are resilient to salini-
ty. Besides, BRRI dhan56, BRRI dhan57, BRRI
dhan66, BRRI dhan71, and BRRI dhan83 are
resilient to drought, and BRRI dhan51, BRRI
dhan52, BRRI dhan79, BINA dhanll, and
BINA dhan12 are tolerant to submergence. The
BR18, BRRI dhan36, BRRI dhan67, and BRRI
dhan69 are to some-extent cold resilient.
About 1.26 MT, 3.45 MT, and 9.18 MT rice
production may increase subject to improve
agronomic practice and adoption of stress-
tolerant rice cultivars in the 0.37 Mha, 1.08
Mha, 2.94 Mha of the salinity, submergence,
and drought ecosystems, respectively. Result-
ing from that 13.89 MT of rice will be added to
the national rice basket in 2050. The policy
supports are needed for rapid dissemination of
the stress-tolerant cultivars in unfavourable
ecosystems and development of more stress-
tolerant rice cultivars and management prac-
tices for future conditions.

RECOMMENDATIONS

e The extension supports need to be strength-
ened for disseminating currently available
specific abiotic and biotic stress-tolerant rice
cultivars to the respective stress-prone eco-
systems to enhance rice production in the
country to achieve SDGs.

e Farmers' access to higher yield potential and
further stress-tolerant (multi stress-tolerant)
cultivars for saline, submergence, and
drought-prone ecosystem needs to be de-
veloped and disseminated to achieve the
SDGs and for meeting the increased de-
mand of the growing population by 2050.

e Climate-smart agronomic and pest man-
agement technologies in the saline, sub-
mergence, drought, and cold-prone ecosys-

tems need to be developed and disseminat-
ed.

Varieties with higher yield potential and up
to four weeks and recurrent submergence tol-
erance at the vegetative phase, and drought at
the reproductive phase need to be developed
and disseminated to the submergence ecosys-
tem to reduce the unexpected yield loss. Be-
sides, agronomic management needs to be
improved to achieve the expected yield of the
ecosystem.

Farmer's access to fresh-water for irrigation
in the saline and non-saline ecosystem needs
to be improved through re-excavation of ca-
nals and developing farm-friendly canal wa-
ter management for achieving SDGs.

Rice varieties and agronomic practices need
to be developed for flash flood submerg-
ence-prone ecosystem considering the gravi-
ty of floods, including water depth and
quality (muddy or clear), frequency of oc-
currence, and length.

The over-extraction of underground
waterneeds to be reduced through capitaliz-
ing the rainwater by adjusting cropping sea-
sons and storing the rainwater in the reser-
voirs in the drought-prone ecosystem. Be-
sides, the adoption of improved irrigation
water management for cropping might re-
duce the excessive stress of groundwater
aquifer.

For the upland environment, higher yield
potential and drought-tolerant Aus rice cul-
tivars need to be developed for enhancing
productivity and farm income. The policy
supports are needed for enhancing rice area
and productivity through improving nutri-
ent management and agronomic practices in
the ecosystem.

For Charland, rice variety needs to be iden-
tified and developed based on soil types,
drought severity, and irrigation water
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availability to enhance rice production in
the ecosystem.

e The development of higher yield potential
short duration and cold-tolerant (at reproduc-
tive phase) rice cultivars are required to over-
come flash floods and cold stress in the Haor
ecosystem. Besides, the development of an
early-warning system about flash floods at the
reproductive phase of Boro rice in the ecosys-
tem might reduce unexpected crop loss. Simi-
larly, rice cultivar tolerance to cold at seedling
and reproductive phase need to be developed
for the north-east and west region of the coun-
try. Shifting transplanting time of Boro rice to
early and delaying the short duration T. Aman
rice varieties might help to reduce unexpected
yield plenty due to heat stress. Besides, the
development and dissemination of early
morning flowering potential rice varieties
might also reduce unexpected yield loss across
seasons and ecosystems.
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