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Salinization is a major global issue due to its adverse impact on agricultural productivity and sustainability. A
substantial part of the coastal region of Bangladesh is affected by different magnitudes of salinity. Therefore,
maintaining sustainable agricultural production is a major emphasis for policymakers. The objective of this study
was to assess the salinity tolerance threshold for Boro season rice cultivation in the southwestern coastal areas of
Bangladesh based on farmers’ perceptions of salinity problem. We applied an adaptation tipping point (ATP)
approach that signifies the points, e.g., timeframe, when the threshold of a system is reached and alternate
strategies must be considered for management planning. The primary data were collected through household
surveys and focus group discussions, and were then interpreted and harmonized with literature reviews and
expert opinions. The results revealed that farmers perceived the panicle emergence stage of rice as the most
vulnerable to salinity and that a high salt concentration in the soil during this growth stage results in a lower
yield. In southwestern Bangladesh, panicle emergence of rice during the Boro season is usually observed from
March to April, the same period when salinity reaches its peak level. Based on farmers’ perspectives of salinity
problems and literature, this study defined the salinity tolerance threshold between 4-5 dS/m for traditional
Boro season rice varieties and between 8-10 dS/m for newly released salt-tolerant rice varieties. We conclude
that for the traditional Boro season rice varieties the tipping points might already have been reached in some
coastal areas of southwestern Bangladesh, while for newly released salt-tolerant rice varieties these tipping
points could be reached in the near future.

1. Introduction has reached to 1.06 Mha in 2009, in accordance with the most recent

data that are currently available (SRDI, 2010; Seal and Baten, 2012).

Salinization is a major global issue due to its adverse impact on most
major crops and the risk of reducing agricultural productivity. Salinity
problems can arise under any climatic condition as a result of either
natural or human-induced activities. Saline soils are especially wide-
spread along the coast of the arid and semi-arid regions in the world
where the amount of rainfall is insufficient to leach the mineral salts out
of the root-zone (Shahid et al., 2018). In the coastal areas of Bangladesh,
soil salinization has increased at a rate of around 0.75 % per year over
the last few decades, and the salt affected area from 0.83 M ha in 1973

According to the future climate change projections, the temperature is
likely to increase which will inevitably lead to higher evaporation and
further salinization (Shahid et al., 2013). Hasan et al. (2020) reported
that due to climate change induced sea-level rise around 2098 km? land
in the interior coast is likely to be inundated which could have immense
impacts on salinity intrusion in the crop fields of the coastal areas of
Bangladesh. Ever increasing salinization in the coastal areas can affect
ecosystems to the extent that they no longer can provide “environmental
services” to their full potential (Shahid et al., 2013; FAO-ITPS-GSP,
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2015).

Ensuring food security remains the top most priority of the
Bangladesh government since its independence in 1971 (NSDS, 2013).
The food security of Bangladesh largely depends on a good rice pro-
duction, as this is the single most important crop and covers around 75
% of the total cropped area (BRRI, 2019). In Bangladesh, rice is grown in
three distinct seasons, namely Aus, Aman and Boro. Among these sea-
sons, Boro is the largest accounting nearly 54 % of the total rice pro-
duction (BBS, 2019; BRRI, 2019). However, the Boro season rice
cultivation is severely affected by climate change-induced natural di-
sasters such as salinity intrusion, frequent droughts, and anthropogenic
intervention (Chowdhury et al., 2011; Paul and Vogl, 2011).

It has also been predicted that due to the high salinity share of the
rice-dominated crop sector, the GDP is likely to decrease by 3.1 %
annually by the middle of this century (USAID, 2015). To keep the pace
of sustained rice production, expanding its cultivation throughout the
coastal areas attracted the highest prioritized policy agenda in
Bangladesh (NAP, 2018). The coastal areas constitute around 30 % of
the total land area of Bangladesh, and salinity remains the top most
constrains for rice intensification (NAPA, 2009; NAP, 2018). Govern-
ment organizations, including research and extension, provide full ef-
forts with technical solutions such as salt-tolerant crops and
embankment to address the salinization problems in the coastal areas
(Hasan et al., 2018; Islam et al., 2019). For example, the Bangladesh
government agencies have developed and promoted several salt-tolerant
Boro season rice varieties for the coastal saline areas. Although, rice is
recognized as a slightly salt-tolerant plant (Maas and Hoffman, 1977;
Wassmann et al., 2009) salinity levels that exceeded 1.9 dS/m in the soil
water have shown in some cases to significantly reduce the yield of rice
(Grattan et al., 2002). The government agencies in Bangladesh claim
that newly developed rice varieties can tolerate soil salinity up to 12-14
dS/m at the seedling stage and 8 dS/m at the reproductive stage (BINA,
2019; BRRI, 2019). However, environmental factors are more likely to
affect yield of these varieties during the Boro season than genotypic
factors (Islam et al., 2016). In addition, most of the cultivated rice va-
rieties could not withstand unexpected intensification of soil salinity
after strong cyclones, such as Sidr and Aila, resulting in a lower yield in
subsequent years (Rabbani et al., 2013). Thus, it raises the uncertainty
for the policymakers whether emphasizing technical solutions such as
saline tolerant crops as a means for adaptation planning to address
salinity problems would be sufficient in the coastal areas under the
threats of climate change induced salinization. In addition, uncertainty
about appropriate adaptation measures can result from the differences
in the projections of climate change impacts on salinity intrusion at both
regional and global scales (Nicholls and Cazenave, 2010). For example,
climate change has a significant impact on global hydrological systems,
which could result in erratic rainfall patterns, rapid snowmelt, and
sea-level rise. Reduced dry season river flows combined with projected
sea-level rise could accelerate saltwater intrusion in low-lying coastal
areas in many parts of the world such as Bangladesh (IPCC, 2014; Hasan
et al., 2020).

Addressing these uncertainties are critical for the policymakers for
effective adaptation planning in which adaptation-tipping points (ATP)
framework could play a pivotal role for better management outcomes
(Selkoe et al., 2015; Nanda et al., 2018). ATP signifies a time range when
critical limits, i.e., thresholds, of a management system are reached and
beyond which the current strategy might fail to meet the objectives
(Kwadijk et al., 2010; Werners et al., 2013). Thus, the most important
requirement for the ATP approach is to determine the thresholds of a
management system (Ahmed et al., 2015; Koukoui et al., 2015). For a
biophysical system, the threshold level is considered to be irreversible or
the point of no return (Milkoreit et al., 2018) compared to threshold
levels in social and business dimensions which refer to a situation that
signifies flexibility over a time range (Firth and Colley, 2006; Russill and
Nyssa, 2009; Werners et al., 2013). In an agricultural system, the
determination of the threshold from a farmer’s perspective could
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potentially inform policymakers about need- based adaptation planning
(Maddison, 2007). Several studies have shown that people’s perceptions
of any problems are shaped by their experiences based on how they are
affected by these problems (Mertz et al., 2009; Tam and McDaniels,
2013).

Thus, understanding the farmers’ perceptions about climate change
issues or associated with the livelihood of small-holder farmers are
potentially useful to inform policymakers so that they can plan for
appropriate and relevant adaptation strategies (Gifford, 2011; Niles and
Mueller, 2016; Hasan and Kumar, 2020a, 2020b). Inconsistency be-
tween farmers’ perceptions and literature data on salinity issues could
result in less effective policy to address salinity problem particularly for
salinity adaptation planning in the coastal areas. Thus, understanding
farmers’ perceptions in relation to the salinity problem is to ensure that
the policy would align with how the local farmers perceive this problem
during rice cultivation in their fields. Several studies that have been
conducted in the coastal areas of Bangladesh indicate that farmers have
perceived an increase in salinity levels and temperature, a decline in
precipitation and more frequent occurrences of drought in the coastal
areas (Khan et al., 2014; Uddin et al., 2014; Shameem et al., 2015; Alam
et al., 2017; Hasan and Kumar, 2019, 2020a, 2020b). However, studies
to date have attracted little attention on farmers’ perceptions of salinity
and, when this problem is critical during Boro rice growing season. If
this information is known, it could provide guidance for policymakers
for adaptation decisions to address salinity problems. The objectives of
this study, therefore, are:

i) to examine farmers’ perceptions of climate change issues with
emphasis on salinity during the Boro rice season;
ii) to determine which rice growth stages during the Boro season are
most susceptible to salinity; and
iii) to assess the salinity tolerance threshold level of rice cultivation
during the Boro season in southwestern Bangladesh.

2. Research methodology and study area

The conceptual research framework for this study includes different
definitions such as adaptation tipping points (ATP), threshold of a sys-
tem, and vulnerable growth stages of rice. These definitions are
explained along with a discussion of how we determined the salinity
tolerance threshold of rice during the Boro season in the study area.

2.1. Adaptation tipping points (ATP)

Adaptation tipping points (ATP) are defined as the points where the
magnitude of change due to climate change or sea-level rise is such that
the current management strategy will no longer be able to meet the
objectives for which certain actions are undertaken. ATP may provide
information on whether and when a management strategy may fail and
other strategies may be needed to avoid difficult circumstances or loss
due to external factors such as climate change or social preferences
(Kwadijk et al., 2010). This bottom-up approach to assess vulnerability
of a system differs from traditional top-down approach in a sense that it
is less dependent on climate projections as most of the top-down ap-
proaches to climate change adaptation rely on global climate change
models (Ludwig et al., 2014). The classical top-down approach typically
starts with one or more global climate scenarios and connects the
plausible impacts on a system considering its physical vulnerability
(Dessai and van der Sluijs, 2007). The bottom-up approach in contrast
usually incepts with social-ecological vulnerability of a system, and
looks at how these vulnerabilities are influenced by climate change. The
bottom-up approach ends with identifying and evaluating options to
reduce these vulnerabilities (Glick et al., 2011). According to Ludwig
etal. (2014), the bottom-up adaptation approach is mostly concentrated
on dealing with reducing socio-economic vulnerability through
improving adaptive capacity. Thus, ATP is a typical bottom-up approach
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that provides information to policymakers regarding when and how to
act to avoid unacceptable changes in a socio-ecological system due to
climate change. It can also assist policymakers with appraising
long-term and time-flexible adaptation planning (Riquelme-Solar et al.,
2015; van Slobbe et al., 2016).

2.2. Salinity tolerance threshold level and vulnerable growth stages of rice

To apply ATP to climate change adaptation or management issues,
the first step is to identify the threshold level of a system. For the study
presented here, the salinity tolerance threshold was defined as the
salinity concentration during the most vulnerable growth stage of Boro
season rice that results in a 30 % reduction in yield. The vulnerable
growth stage is the growth phase of rice plants that farmers perceive as
the most critical and unmanageable to salt intrusion during the Boro
season. We assume that above this salinity tolerance threshold level,
Boro rice cultivation is unlikely to be economically viable, and other
profitable land-use options might emerge as more attractive to the local
farmers in the coastal areas of Bangladesh that has been reported in the
literature (Ahmed et al., 2010; Paul and Vogl, 2011).

Data were collected on how farmers perceived climate change issues.
Their responses were ranked according to how they relate those issues to
rice cultivation and when these problems generally occur during the
growing season. After studying these perceptions, we focused on the
available scientific literature to determine the critical growth stages for
rice under salinity stress. We also looked at the available literature to
determine the effects of different salinity levels on rice yield and the salt
concentration above which yield was significantly reduced. We then
searched the literature to determine during which months these critical
stages of Boro rice generally occur in the study area. Observed or

Land Use Policy xxx (xxxx) xxx

recorded salinity levels in the study area for that particular time of the
year were compared to the salinity data found in literature. Finally, the
salinity tolerance threshold level for rice cultivation was identified by
harmonizing the survey results with literature review data and expert
opinion (Fig. 1).

2.3. Study area

This study was conducted in two locations of the sub-districts along
the southwestern coast of Bangladesh. The southwestern coastal region
constitutes three districts (e.g. Khulna, Satkhira, Bagerhat), which
represent critical salinity dominant areas induced by climate change and
human interventions (Kausher et al., 2012; Hossain et al., 2013; Ahmad,
2019). The Satkhira district (22°37’ N; 89°10’ E; 3.0-3.5 m above mean
sea level; Climate Change Cell (CCC, 2009) was selected as the study
area. This district represents a typical environment and livelihood sce-
nario of the coastal area of the country. It is highly vulnerable to climate
change-induced salinity intrusion and currently around 66 % of the
district area is affected by different magnitudes of salinity (SRDI, 2010).
In order to conduct household survey for data collection the Shyamna-
gar and Assasuni sub-districts of the Satkhira district were selected from
a total of seven sub-districts (Fig. 2).

2.4. Data collection and analysis

A mixed approach combining both qualitative and quantitative
research methods was used to conduct the present study. Qualitative
research is an important method to investigate social phenomena (Green
and Thorogood, 2009). Primary data were collected through a house-
hold survey using an interview schedule, focus group discussions and
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climate change
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issues and top
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Fig. 1. Research framework.
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Fig. 2. Study area showing the Satkhira district (Right) in the coastal area of Bangladesh and the Shyamnagar and Assasuni sub-districts of the Satkhira district (Left).

key informant interviews with experts, which were conducted from
August to October 2014.

A total of 54 households were randomly selected from the list of
households provided by the sub-district agriculture office. Agriculture
Officers of the respective sub-districts advised us the union, i.e., the
smallest administrative unit of Bangladesh, and villages where salinity
problems were acute. One member, e.g. the head of the household, from
each household was selected as a respondent following a multistage
stratified sampling procedure (Table 1). A similar technique was re-
ported by Hasan and Kumar (2020a, 2020b) who studied farmers’ per-
ceptions of climate change in the coastal areas of Bangladesh. A
pre-tested, semi-structured questionnaire and an interview schedule
were used to gather the primary data from the selected household re-
spondents. During data collection from the respondents, salinity levels
were defined based on crop reaction to salinity and soil salinity class as
described in the general interpretation of electrical conductivity (EC)
values (SRDI, 2010). Farmers’ perception of the salinity level at their
field were categorized as low salinity, medium salinity and high salinity.

We conducted two focus group discussions (FGDs) in two sub-
districts and 16 key informant interviews (KII). Informal interviews
were conducted with key informants and experts such as academics from
different fields, personnel from government and non-government orga-
nizations, and community members prior to and after the questionnaire
survey was conducted in the field. Prior to conducting the survey, the
key informants helped us on how and where relevant data could be

Table 1
Multistage random sampling and selection of the respondents.

found. After completion of the questionnaire and focus group discus-
sions, informal interviews were also conducted with experts to validate
farmers’ perceptions on climate change related problems, especially
farmers’ perceptions on the most salinity sensitive growth stages of rice
during the Boro growing season. Following data collection, the ques-
tionnaires were converted to a suitable digital format and then analyzed
using SPSS software (Seale and Kelly, 2004; Bryman and Cramer, 2011).

In order to understand and interpret data from various sources
(household surveys, focus group discussions, expert opinions, literature
reviews, etc.) we used data harmonization process (Granda et al., 2010).
Data harmonization refers to efforts provide a comparable view of data
by combining data of varying file formats, naming conventions, etc.
from different sources and studies. It takes an approach to data quality
that involves to detect outliers, trends, and the cause and effect across
data sets. This process is becoming more and more significant in
research, as the volume and the need to share existing data is rapidly
increasing.

3. Results
3.1. Demographic and socioeconomic status of the respondents
The average age of the respondents was 49 years and 42.6 % of the

respondents were between the age of 41 and 50 (Table 2). Among the
respondents, 31.5 % had a secondary level of education followed by 22.2

Stage-1 Stage-2 Stage-3

Stage-4 Stage-5 Stage-6

Selected Sub-districts (total
no. of sub-districts = 7)
Assasuni

Shyamnagar

Selected districts from the south-
western coast (total districts) no. of unions)
Pratap Nagar (11)

Satkhira (3) Munshiganj (12)

Selected unions (total

Number of interviewed
households (%)

30 (11.5 %)

24 (13.6 %)

Selected villages (total Total number of

no. of villages) households per village
Purohitpur (18) 261

Khutikata (16) 176
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Table 2
Demographic and socioeconomic status of the respondents.

Category Characteristics % of the respondents
30—40 18.5
41-50 42.6
Age, years 51-60 29.6
61-70 7.4
71-80 1.9
Illiterate 1.9
Can only sign 9.3
Primary 22.2
. Secondary 31.5
Education $sC 167
HSC 7.4
Graduate 7.4
Post-graduate 3.7
Crop farming 85.2
. Shrimp farming 7.4
Occupation Other (Fishing, etc.) 5.6
Small business 1.9

Note: SSC - Secondary School Certificate (Year-10), HSC - Higher Secondary
Certificate (Year-12).

% with only a primary level of education. Crop farming was the domi-
nant occupation at 85.2 % followed by shrimp farming at 7.4 %.

3.2. Harmonization farmers’ perception and literature data to determine
present salinity level in the study area

The results from this study show that farmers in the study area know
about changes in the rainfall pattern and an increase in temperature
associated with climate change. Around 65 % of respondents ranked
salinity as the primary natural hazard that they face, followed by erratic
rainfall patterns as the second ranking (38 %) and the increase in tem-
perature as the third ranking (48 %) (Fig. 3). 87 % of the respondents
reported that the current salinity level in their fields was high while 9 %
of the respondents reported salinity as moderate level, and around 4 %
of the respondents said salinity in their area was at the low level. This
study also examined farmers’ perceptions of the causes of increased
salinity. Results revealed that 45 % of the respondents stated that
increased salinity was associated with natural disasters such as cyclone
“Aila” in 2009. 23 % of the respondents said a cyclone in 1988 and the
cyclone “Aila” in 2009 were the major natural causes linked to the in-
crease in salinity (Fig. 4). Several other studies that have been conducted
in different regions around the globe also indicated that farmers are well
aware of climate change related issues (Mertz et al., 2009; Gandure
etal., 2013; Maponya and Mpandeli, 2013; Le Dang et al., 2014; Udmale
et al., 2014; Bahta et al., 2016). In addition, studies conducted in the
coastal areas of Bangladesh also showed that farmers in these regions

Third ranking

Second ranking

First ranking F
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reported a higher level of salinity, an increase in temperature and erratic
rainfall compared to few decades ago (Islam et al., 2019; Hasan and
Kumar, 2020a, 2020b; Hasan et al., 2020).

The current literature suggests that salinity in the southwestern
coastal areas of Bangladesh including the Satkhira district has risen
sharply over the last few decades (SRDI, 2010; Seal and Baten, 2012). A
sudden increase in salinity was reported following cyclone “Aila” in
2009, causing cropland to flood with saline water, which created
waterlogging and resulted in an increase in salinity in the Satkhira dis-
trict (Rabbani et al., 2013; Bangladesh Meteorological Department
(BMD, 2019). Around 67 % of the cultivable land of the Satkhira district
is affected by different magnitudes of salt intrusion and about 81 % of
the total land of Shyamnagar and Assasuni sub-districts are affected by
salt intrusion. Among the salt affected areas, around 84 % of the culti-
vated land of Assasuni and 91 % of the cultivable land the Shyamnagar
sub-district are moderately saline to strongly saline with an EC above 8.0
dS/m (Table 3). Therefore, farmers’ perceptions about the current
salinity level align with the data from current research. Based on our
survey results and harmonization of these observations with available
data from the literature, it can be concluded that the present salinity
level of the study area could be described as moderately saline to highly
saline with an EC level that is greater than 8.0 dS/m.

3.3. Harmonizing survey results and literature data to identify the most
vulnerable growth stage of rice to salinity stress

Farmers from the study area acknowledged that they face problems
due to salinity during the Boro season with different sensitivities for the
individual rice growth stages. The survey results showed that panicle
emergence is the most vulnerable growth stage according to 71 % of
respondent farmers (Fig. 5). They were also of the opinion that during
the panicle emergence stage, a high salt concentration is unmanageable
and that even a few days of a high salinity concentration during this
stage could potentially result in a reduction in rice production (62 % of
respondents) (Fig. 5). The perceptions from the focus group discussions
and the opinion of experts also illustrated that the panicle emergence
stage of rice is the most vulnerable growth phase and high salinity
during this phase results in a drastic reduction in yield.

The review of literature showed that the response of rice to salinity
varies for the different growth stages, and that varieties responded
differently (Maas and Hoffman, 1977; Yoshida, 1981; Heenan et al.,
1988; Joseph and Mohanan, 2013). Several studies have shown that the
early vegetative and panicle emergence periods are the most sensitive to
salinity (Heenan et al., 1988; Zeng et al., 2001; Shereen et al., 2005;
Hakim et al., 2010; Ali et al., 2014; Ologundudu et al., 2014). Salinity
stress during the panicle emergence stage results in less floret fertiliza-
tion in the panicle and ultimately causes a reduction in grain yield

H Others

m Cyclone
Flood

H Salinity

m Drought

W Temperature

rise
Erratic rainfall

0 20

T 1

60 80

Respondents, %

Fig. 3. Ranking of reported weather and climate issues in the study area.
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Fig. 4. Farmers’ perception on the natural events associated with the increase of the salinity level.

Table 3
Salinity affected areas of the Satkhira district and their share in the sub-districts of the study area.

Soil Salinity classes and affected areas (‘000° ha)

Name of sub-district & Total area Total saline area

district (‘000’ha) (‘000 ha) S1 EC, dS/m S2 EC, dS/m S3 EC, dS/m S4 EC, dS/m S5 EC, dS/m (>
(2.0-4.0) (4.1-8.0) (8.1-12.0) (12.1-16.0) 16.0)

Assasuni 40,982 33,390 81 % 1980 6 % 3430 10 % 9770 30 % 10,040 30 % 8170 24 %

Shyamnagar 45,609 36,910 81 % 6202 % 2630 7 % 7380 20 % 12,360 33 % 13,920 38 %

Satkhira district 229,607 153,110 67 % 30,000 19 % 31,960 21 % 30,650 20 % 31,920 21 % 28,580 19 %

Source: (SRDI, 2010)

80

72.2

70 63 m Growth stages when salinity is
- unmanageable

® Most vulnerable growth stages
50
40
30

18.5
20 13
9.3
10 37 56 Lo 7.4 56
R Y HEEm m

Seedling stage  Panicle emergence  Seedling and Panicle emergence Seedling and
stage panicle emergence and ripening stage ripening stage
stage

% of the respondents

Different growth stages of rice

Fig. 5. Farmers’ perceptions of the most vulnerable and unmanageable growth stages of rice to salinity.

(Pearson and Bernstein, 1959; Lutts et al., 1995; Alam et al., 2004; 2012). A study conducted in Australia also showed that the early

Mohammadi-Nejad et al., 2012). A recent study has shown that rice vegetative and reproductive development phases are the most suscep-
plants are most susceptible to salinity during the early growth stages, i. tible to salinity stress (Heenan et al., 1988). Salinity stress above 8.0
e., tillering and panicle emergence (Hoang et al., 2016). A salinity level dS/m during the early vegetative phase and between panicle initiation
of 6—8 dS/m significantly reduces the yield per panicle (Rad et al., and the booting significantly reduced grain yield (Alam et al., 2004;
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Hasanuzzaman et al., 2009). It also has been reported that a 20-day
duration of a moderate, e.g., 4-5 dS/m, level of salinity stress is the
most harmful between active tillering and panicle initiation, resulting in
a significant reduction in grain yield (Zeng et al., 2001). Based on our
survey results, focus group discussions and review of literature, we
concluded that the panicle emergence stage of rice growing during the
Boro season is the most vulnerable growth stage to salt intrusion.

3.4. Determination of salinity tolerance thresholds through harmonizing
survey results and literature data

Rice is characterized as a slightly salt-tolerant crop up to an EC
threshold of 3.0 dS/m (Maas and Hoffman, 1977; Wassmann et al.,
2009). Different studies have indicated that rice yield is significantly
reduced if the plants are stressed at salinity levels above 4.0 dS/m,
especially during the panicle initiation stage (Grattan et al., 2002).
Yoshida (1981) reported that yield was reduced by 50 % at a salinity
level that range from 6.0 to 7.0 dS/m during the panicle emergence
stage. Zeng and Shannon (2000) observed yield losses of 30 % at a
salinity level of 3.9 dS/m and 50 % at a salinity level of 5.0 dS/m. Joseph
and Mohanan (2013) showed that rice grain yield in India was signifi-
cantly reduced at a salinity level of 4.5 dS/m for all studied varieties and
that yield was reduced by 50 % at a salinity level of 6.4 dS/m. Another
study conducted in Iran showed that a salinity stress of 8 dS/m at the
panicle emergence stage reduced yield by 50 % (Rad et al., 2012).
Hasanuzzaman et al. (2009) showed that the yield of salt-tolerant rice
varieties in Bangladesh decreased by 30 % at a salinity level of 10 dS/m.
However, studies on the effects of salinity levels during panicle emer-
gence stage on the yield loss of newly released salt-tolerant rice varieties
in Bangladesh are very limited.

In the area of our study, salinity concentrations in the field varied
during different months of the year. Soil salinity started to increase in
February, and it reached the highest level between 9.0-10.0 dS/m
during mid-March to mid-April. The salinity level remained high during
the rest of the growing season of Boro rice and from July to December, it
decreased to around 1—2 dS/m (Climate Change Cell (CCC, 2009). In
general, the reproductive phase of rice starts with panicle primordia
initiation, at about 65-70 days after germination (Yoshida, 1981). In the
study area, 40- to 45-day old Boro rice seedlings were transplanted into
the main field from January to mid-February (FAO, 2008), and reached
at the panicle emergence stage when the salt intrusion started to in-
crease in the study area (Climate Change Cell (CCC, 2009; Ismail and
Tuong, 2009). Thus, the panicle emergence stage of Boro rice generally
occurred during the months of March to April when the salinity level
reached its peak.

Based on farmers’ perceived most vulnerable growth stage of rice
grown during the Boro season and the known effects of salt stress on rice,
the tolerance threshold level for soil salinity in the study areas was
determined. Survey results showed that farmers’ perceived the repro-
ductive stages (e.g. panicle emergence) as the most vulnerable to salinity
stress, which was found consistent with the literature. As we assumed 30
% yield loss could be the threshold for the farmers, we searched the
available literature to show at what salinity level at least 30 % yield loss
was reported. We found at least 30 % yield loss in rice when the
reproductive stages were affected by salinity stress exceeding 4.0 dS/m.
Thus, we identified the salinity tolerance threshold as 4—5 dS/m for
traditional rice varieties as literature data were based on the rice crops
regardless of tolerance to salinity. A limited research using salt-tolerant
rice varieties reported 30 % or higher yield loss at a salinity level of 10.0
dS/m. In addition, government organizations (i.e. research and exten-
sion) claimed their salt tolerant varieties could tolerate up to 8.0 dS/m
salinity stress during the reproductive stages. Thus, based on the
farmers’ perceived vulnerable growth stages, seasonal salinity trends in
the study area, salinity tolerance threshold for new salt-tolerant varieties
were identified as 8-10 dS/m. The salinity tolerance threshold levels
represent bases of ATP for further development of management
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strategies for salinity intrusion regulation.
4. Discussion

The goal of this study was to explore farmers’ perspectives of salinity
problems during the Boro season rice cultivation. The findings of this
study revealed that a vast majority of the farmers’ perceived salinity as
the major climate change induced problem followed by an increase in
temperature and erratic rainfall. Most of farmers also perceived that the
current salinity level in their field was high. These findings were found
to be consistent with other studies that have been conducted in the
coastal areas of Bangladesh that concluded that an increase in salinity,
an increase in temperature, and abrupt rainfall are the current major
impacts of climate change (Hossain et al., 2018; Hasan and Kumar,
2019, 2020a, 2020b). Our study also showed that farmers in the study
area perceived that the recent major cyclones such as “Aila” in 2009 and
“Sidr” in 2007 were associated with an increase in salinity. Our results
are also consistent with the reported natural hazards in the coastal areas
of Bangladesh that include enhanced salinity intrusion through massive
inundation of farmers’ fields (Rabbani et al., 2013). Our study found
that farmers were more concerned about cyclone “Aila” in 2009
compared to cyclone “Sidr” in 2007, which is also consistent with the
reports on cyclones that indicate that impact of Sidr was severe in the
central and southeastern coastal areas of Bangladesh compared to Aila
(BMD, 2019). Farmers are probably more concerned about the most
recent practical experience with cyclones as these shape people’s per-
ceptions about disasters (Mertz et al., 2009; Weber, 2010).

The findings of this study show that the farmers in the study area
perceived panicle emergence as the most vulnerable stage for salinity
stress. Other research on the effect of salinity stress on the growth and
developments of rice plants has indicated that reproductive growth
phases of rice, including panicle emergence and flowering are the most
sensitive to salinity (Zeng et al., 2001; Ali et al., 2014). This study also
revealed that the farmers in the study area are well aware about climate
change issues and that they perceived salinity as the major climate
change induced problems during the Boro rice season. The temporal
salinity distribution trends in the coastal areas of Bangladesh demon-
strated that the high salinity period overlaps with the farmers’ perceived
salinity sensitive stages of rice plants (Climate Change Cell (CCC, 2009;
Clarke et al., 2015). Since the present salinity level in most of the study
region is already higher than the identified threshold, the tipping point
for traditional varieties might already have been reached. For the newly
released salt-tolerant varieties, the tipping point could be reached in the
near future depending on salt intrusion scenarios.

This study demonstrated when and how salinity problems become
relevant for the farmers and why alternative strategies should be
developed by policymakers to address the salinity problems to support
intensification of rice cultivation in the coastal areas of Bangladesh.
Recent literature on the governance of adaptation to the potential
negative impact of climate change also suggests that the process of
adaptation should “start from adaptation problems in its decision
context” (Kwadijk et al., 2010; Werners et al., 2013). In this study, we
brought farmers perspectives of salinity problems to the science and
policy level through face-to-face surveys and experts’ opinion, and we
identified the salinity threshold through applying the ATP concept. The
approach of the present study for the determination of the salinity
tolerance threshold is consistent with other studies that have identified
the threshold of a biophysical system such as for flood management
through interviewing relevant stakeholders, reviewing expert judg-
ments, and harmonizing these results with available literature (Kwadijk
et al., 2010; Werners et al., 2013).

The findings of this study could have significant implications for the
policymakers in terms of adaptation decisions to address salinity prob-
lems in the coastal areas of Bangladesh. Despite the farmers’ perspective
of salinity problems in the study area, the government’s response to
salinity problems remains in technical top down solutions such as saline
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tolerant crops. As farmers’ perceive that most salinity sensitive stages of
rice overlap with the peak salinity in the coastal areas, research should
emphasize high salt-tolerance during the panicle emergence stage in the
variety development process. In addition, farmers’ innovative adapta-
tion measures such as earlier transplanting could be another adaptation
approach to avoid the high salinity prevalence period during the
reproductive stages of rice (Islam et al., 2019). In addition, encouraging
local farmers to grow alternative crops and such as short duration
vegetable crops could help to ensure farm-level food security in the
coastal areas of Bangladesh (Hassan and Kumar, 2020a, 2020b). We
considered the recommendations by the Research and Extension Service
Department about the tolerance level of salt-tolerant Boro season rice
varieties as a policy objective and determined when this policy objective
may no longer be able to achieve its goal and fails due to climate change
and societal preferences. This research could be an important step for
long-term and holistic adaptation research and for identifying tipping
points for adaptation to future salt intrusion scenarios. Timing of tipping
points could be synthesized through harmonizing the identified salinity
tolerance threshold using a systems approach with a process-oriented
crop model, such as the Decision Support System for Agro-technology
Transfer (DSSAT) (Hoogenboom et al., 2019). We defined the salinity
tolerance threshold as the level at which the yield of rice was reduced by
more than 30 %. However, these thresholds could be different since
some farmers may shift to other alternative livelihoods when the yield
reduction is smaller than 30 %, and some might continue with rice
cultivation during the Boro season and accept the higher yield loss.
Thus, further studies could survey a larger and more diverse farming
community and a larger region in the coastal area of Bangladesh for a
well-defined salinity tolerance threshold.

5. Conclusions

Salinization of coastal areas is a persistent problem worldwide, and
policymakers are struggling in making adaptation decisions to address
this issue. The finding of this study revealed that farmers’ perceived that
the salinity level has increased because of climate change, and that the
current salinity level in their field is at a high level. They also perceived
that the panicle emergence stage of rice is the most sensitive to salinity,
which overlaps with the salinity peak during the Boro growing season.
For potential adaptation to salinity, salt-tolerant rice varieties should
have a high tolerance especially during the panicle emergence stage. The
results from this study can help policymakers with setting priorities
regarding adaptation for future salt intrusion scenarios under climate
change. Further studies should examine the effectiveness of farmers’
innovation practices such as earlier transplanting or planting alternative
crops to address salinity problems in similar coastal environments
around the globe.
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