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Abstract

The rising salinity of land and water is an important, but understudied, climate change-sensitive trend that can exert devastating
impacts on food security. This mixed methods investigation combines salinity testing with qualitative research methods to
explore these impacts in one of the most salinity-affected regions in the world—the Ganges River Delta. Data collection in
2015 and 2016 undertaken in Bangladesh’s southwest coastal region and Dhaka consisted of 83 in-depth household and
stakeholder interviews, six community focus groups, and salinity testing of 27 soil and 45 surface and groundwater samples.
Results show that household food production is a multifaceted cornerstone of rural livelihood in the southwest coastal region, and
virtually every component of it—from rice plantation and homestead gardening to livestock cultivation and aquaculture—is
being negatively affected by salinity. Although households have attempted multiple strategies for adapting food production,
effective adaptation remains elusive. At the community level, improved irrigation and floodplain management, as well as
restrictions on saltwater aquaculture to abate salinity, are viewed as promising interventions. However, the potential of such
measures remains unrealized on a broad scale, as they require a level of external resources and regulation not yet provided by the
NGO and government sectors. This study elucidates issues of accessibility, equity, and governance surrounding agricultural
interventions for climate change-related salinity adaptation, and its findings can help inform the community of organizations that
will increasingly need to grapple with salinity in order to guarantee food security in the context of environmental change.
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subsidence, and temperature and precipitation changes that
affect aquifer recharge, and acutely from storm surge and
wave overwash in the aftermath of extreme weather
(Cisneros et al., 2014; Cramer et al., 2014; Oppenheimer
et al., 2019; Werner et al., 2013; Wong et al., 2014).
Particularly at low elevations, saltwater intrusion can lead to
soil salinization, a major cause of soil degradation affecting
plant germination, biomass production, and yield
(Oppenheimer et al., 2019).

The world’s mega-deltas, which support the livelihoods
of hundreds of millions of people, are hot spots for this
type of change. Chief among the mega-deltas is the
Ganges River Delta, the most populous river basin in the
world, home to over 100 million inhabitants at a density of
nearly 1300 people per square kilometer (Ericson et al.,
2006; Szabo et al., 2016a). Worldwide, the Ganges River
Delta is among the most environmentally sensitive to the
effects of climate change, sea level rise, and saltwater in-
trusion, in conjunction with human activity and land use
(Cruz et al., 2007; M. A. Islam et al., 2019; Oppenheimer
et al., 2019; Szabo et al., 2016a). As sea levels rise and
groundwater extraction lowers the water table, saltwater
from the Bay of Bengal can increasingly intrude laterally
into the coastal aquifers of the Bengal Basin, leading to
their salinization over the long-term (see Fig. 1) (M. M.
Rahman & Bhattacharya, 2014; Salehin et al., 2018).
Significant seasonal patterns in surface water salinity have
already been observed, with saltwater pushing inland into
rivers and canals when droughts, dry season, and upstream
dams reduce the volume of downstream flow of the Ganges
and its distributaries (Salehin et al., 2018). The surface or
shallow saltwater that has intruded inland can filter down
vertically to salinize groundwater resources, or seep into

the surrounding land to salinize the soil (Salehin et al.,
2018). Acute increases in salinity have also been docu-
mented in the delta, as a result of flooding and storm surges
from severe tropical cyclones in the North Indian Ocean,
such as Cyclone Sidr in 2007 and Cyclone Aila in 2009
(Kabir et al., 2016; Salehin et al., 2018). Such increases
can take years, i.e., several rainy seasons, to be flushed out
(Rabbani et al., 2013).

Situated in the heart of the Ganges River Delta,
Bangladesh’s southwest coastal region faces profound im-
pacts on food production from salinity. For the region’s large-
ly rural communities, food security and overall welfare de-
pend on the ability to use land productively. Bangladesh’s
coastal population engages in commercial agricultural
livelihoods—including crops, horticulture, and fisheries—
while also relying on subsistence homestead food production
activities. During the driest months of the year (roughly
January through May), much of the region’s arable land be-
comes too saline for crops to grow (M. M. Rahman &
Bhattacharya, 2014). At the same time, there is a lack of qual-
ity irrigation water. The surface waters found in canals and
rivers become too saline for irrigation use and contribute to
soil salinity as they seep into surrounding land, while aquifer
water quality also becomes compromised from the exchange
of shallow groundwater and saline surface water, groundwater
pumping and lateral saltwater intrusion, and a lack of precip-
itation that would recharge the aquifer with fresh rainwater
(Salehin et al., 2018). The resulting impacts to food produc-
tion threaten to undo the country’s recent progress in child and
maternal nutrition, and to exacerbate a malnutrition burden
that remains much higher than that of other low- and
middle-income countries (LMICs) (Das et al., 2019; Global
Nutrition Report, 2020).

Fig. 1 Saltwater intrusion into
groundwater (US Environmental
Protection Agency, 2016)
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Both climate change and human activity are expected to
intensify salinity in the region, with increasingly serious con-
sequences for agricultural productivity and food security
(Salehin et al., 2018). Over recent decades, saltwater shrimp
aquaculture has rapidly proliferated in the region due to its
apparent profitability and suitability for salinity-affected areas.
Yet this type of aquaculture entails the deliberate retention of
saltwater through a system of sluice gates and embankments
and itself drives further salinization of land and water re-
sources, highlighting the complexity of adapting agriculture
to rising salinity (R. Rahman et al., 2014; Salehin et al., 2018).
Interventions to help residents cope with salinity in soil and
water—including projects related to freshwater infrastructure
and modified agricultural practices and inputs—are being
tried by government and non-governmental organizations,
but the magnitude of the problem remains significant. The
Bangladesh government estimates that between 2015 and
2030, $3 billion USD and $8 billion USD will be needed for
adaptation measures specifically targeting “salinity intrusion
and coastal protection” and “food security and livelihood and
health protection (including water security),” respectively
(Bangladesh Ministry of Environment and Forests, 2015).

With human and environmental factors projected to drive
salinity upward, a better understanding of how to safeguard
the food security of communities living in this climate-
sensitive region is urgently needed. Rather than focusing
on a single sector or type of industry, what is required is
more nuanced knowledge of community-level experiences
with salinity, its impacts on household food security, and
communities’ own assessment of adaptation strategies. To
fill this gap, we conducted a mixed methods investigation in
Bangladesh’s southwest coastal region, drawing on the in-
put of community members, civil society, and government
officials, as well as salinity data from soil samples. A unique
combination of salinity testing and qualitative research
allowed us firstly to understand the magnitude of the prob-
lem, and secondly to probe the extent to which adaptation
options meet or fail to meet the challenge. Our study criti-
cally examines adaptation responses in context, responding
to recent calls for implementation research to understand
why interventions on household agricultural production do
or do not work (Fiorella et al., 2016).

2 Materials and methods
2.1 Study setting

Bangladesh is a low-lying country with 440 miles of coastline.
Its coastal zone, 62% of which sits less than three meters
above sea level, is divided into three regions: southwest,
south-central, and southeast (Nishat & Mukherjee, 2013).
Bordering India to the west and the Bay of Bengal to the

south, the southwest coastal region comprises the districts of
Satkhira, Khulna, and Bagerhat. Each district is divided into
sub-districts and each sub-district into unions, the smallest
rural administrative unit.

Soil salinity in Bangladesh’s southwest coastal region
varies depending on the time of year, the year itself, and the
location (Sarwar & Islam, 2013). Saltwater currently intrudes
as far as 110 miles inland, seeping in by way of rivers and
channels, especially from January through June, when there is
less rainfall and insufficient downstream flow of freshwater
from the Ganges and its distributaries (Food and Agriculture
Organization of the United Nations, 2009; Haque, 2006; M.
H. Rahman et al., 2011a). Soil salinity is strongly associated
with river water salinity in the southwest coastal region
(Salehin et al., 2018). The association is weaker moving far-
ther inland, where other factors (such as depth to the ground-
water table and rainfall) also play a role, and soil salinity can
remain high even when river salinity is lower (Salehin et al.,
2018).

Generally, areas closer to the shoreline are more saline-
prone (Sarwar & Islam, 2013). However, salinity levels are
also greatly influenced by land management, particularly by
how sluice gates (Fig. 2(a)) are used to retain and direct water
in and around polders, large tracts of floodplain enclosed by
mud embankments (Fig. 2(b)) (Ali, 2006; M. A. Islam et al.,
2019). Originally constructed in the 1960s and 1970s, polders
were intended to protect the coastal zone from saltwater intru-
sion and tidal flooding and allow for more intensive farming
by regulating water flow—draining excess water out from the
enclosed areas into rivers and canals funneled between the
artificial embankments. Their management has been compli-
cated by competing interests, maintenance challenges, and the
physical environment (Dewan et al., 2015; Pukinskis, 2015).

Between 1973 and 2009, Bangladesh’s Soil Resource
Development Institute (SRDI) observed increases in soil sa-
linity across the southwest coastal region, registering not only
more area affected by salinity overall, but a significant in-
crease in the amount of land experiencing high-range salinity
levels (Arbol et al., 1988; Soil Resources Development
Institute, 2010). Over that period, there was an estimated
225% increase in the amount of land with salinity values con-
sidered ‘saline’ (8000 to 16,000 uS/cm) or ‘highly saline’
(greater than 16,000 uS/cm)—i.e., land that would be unsuit-
able for all but a few extremely saline-tolerant crops. (See
Tables 1 and 2.)

Moreover, studies sampling surface water and groundwater
sources throughout the southwest coastal region have found
salinity levels that routinely exceed thresholds for water that is
suitable for irrigation (Food and Agriculture Organization of
the United Nations, 2009; M. H. Rahman et al., 2011a;
Shammi et al., 2016). For purposes of irrigation, key thresh-
olds for water are around 700 puS/cm (measured as
electroconductivity) or 450 mg/L (measured as total dissolved
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Fig. 2 Sluice gate (a) and polder (b)

solids), when there will be some restrictions to use, and around
2500 or 3000 uS/cm or 2000 mg/L, when water is so saline
that its use for irrigating typical crops is extremely limited.
(See Table 3.) Studies of deep groundwater sources in
Satkhira (M. A. T. M. Rahman et al., 2012) and Khulna
(Food and Agriculture Organization of the United Nations,
2009) have revealed highly saline water, requiring moderate
to severe restrictions on use for irrigation, while studies of
surface water from the region’s rivers, canals, and ponds have
revealed the potential for even higher salinity levels, especial-
ly in the months leading up to the start of the monsoons in
June (Food and Agriculture Organization of the United
Nations, 2009; Lam et al., 2018). Although few long-term
salinity records are available, as with soil there appears to be
an overall upward trend in water salinity. A few studies have
noted increases in average yearly salinity in specific water
sources, such as the Kazibacha River in Khulna, the Rampal
River in Bagerhat, and the Kakshiali River in Satkhira (M. H.
Rahman et al., 2011a), as well as increases in the highest
recorded salinity levels in Kaliganj sub-district in Satkhira
(M. H. Rahman et al., 2011a) and the Rupsa River in
Khulna (Food and Agriculture Organization of the United
Nations, 2009; M. M. Rahman et al., 2000).

Table 1
Resources Development Institute, 2010)

(b)

At the same time, Bangladesh’s coastal zone is character-
ized by a growing population and livelihoods that are deeply
dependent on the land. Approximately 40 million people re-
side in an area of about 47,000 km?, with a projected growth to
60 million by 2050 (The World Bank and US Geological
Survey, 2010). According to a recent synthesis of data from
the Bangladesh 2012 Yearbook of Agricultural Statistics, the
southwest coastal region within the coastal zone is home to 14
million people at a density of 750 people per km?, and 56% of
households are effectively landless (owning less than half an
acre of land) (Lazar et al., 2020). The Bangladesh Agriculture
Census, from its 1996 to 2008 to preliminary 2019 results, has
shown slight fluctuations in the percentage of completely land-
less households, from 10% to 13% to 8% nationally and from
8% to 10% to 7% for Khulna division, which includes the
three southwest coastal districts (Bangladesh Bureau of
Statistics, 2019).

Persisting nutrition and food security challenges are
reflected in Bangladesh’s 2017-2018 Demographic and
Health Survey (DHS) (National Institute of Population
Research and Training (NIPORT) and ICF International,
2020). In rural Bangladesh, 33%, 8%, and 23% of children
under five were considered stunted (short for their age),

Soil salinity (electroconductivity, EC,, in microSiemens per cm) in Khulna, Bagerhat, and Satkhira Districts: 1973, 2000, 2009 (Soil

District ~ Salt affected area (in

1000 ha)

Slightly saline 2000— Moderately saline
4000 pS/cm 4100-8000 puS/cm

Saline 8000—
16,000 puS/cm

Highly saline
>16,100 uS/cm

“73 00 09 73 ‘00 ‘09 ‘73 ‘00 ‘09

Four-decade increase
in total affected area

Khulna 120 145 148 14 29 24 93 38 27
Bagerhat 108 125 131 83 36 32 77 43 43
Satkhira 146 147 153 27 29 31 86 39 33
TOTAL 374 417 432 49 94 88 255 120 102

‘73 00 ‘09 ‘73 ‘00 <09

14 60 48 9.8 20 31 23.3%
3.6 41 53 0 6.7 9.2 21.4%
35 6l 70 11 22 29 4.62%
52 161 169 21 48 68 15.4%
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Table 2 Soil salinity classes and crop growth (Arbol et al., 1988)

Soil salinity class EC. (1S/cm) Effect on crops

Non-saline 0-2000 Salinity effects negligible

Slightly saline 2000 — 4000 Yields of sensitive crops may be restricted
Moderately saline 4000 — 8000 Yields of many crops are restricted

Strongly saline 8000 — 16,000 Only tolerant crops yield satisfactorily

Very strongly saline > 16,000 Only a few very tolerant crops yield satisfactorily

wasted (thin for their height), and underweight, respectively.
Khulna division had prevalence rates of 26%, 8%, and 19%
for stunting, wasting, and underweight, respectively. Despite
governmental and NGO initiatives on nutrition and food se-
curity (Ishrat, 2013) and some advances in health indicators
over the past decade (Global Nutrition Report, 2020), nutri-
tional status continues to be one of the country’s most pressing
challenges.

Study sites within Bangladesh’s southwest coastal region
were purposively chosen with a focus on areas where salinity
was a moderate to significant problem, and where some level
of adaptation in methods for cultivation and managing house-
hold water had been observed. Site selection, conducted in
February 2015, was based on SRDI salinity data, consulta-
tions with local officials and NGOs, and in-person visits to
candidate sites. SRDI salinity data were not specific enough to
narrow down to a community-level scale; thus we also had to
rely on consultations with stakeholders, as well as visits where
we could sample soil and water, speak with households, and
observe local conditions at the candidate sites. The final se-
lected sites were Moshamari village (Tildanga Union) in the
Dacope sub-district of Khulna; Dokin Chandpai village
(Chandpai Union) in the Mongla sub-district of Bagerhat,
and Khagraghat village (Munshiganj Union) in the
Shyamnagar sub-district of Satkhira. (See Fig. 3.)

2.2 Study design

This was a mixed methods investigation, using a combination
of qualitative research methods (in-depth interviews and focus

groups discussions), participatory systematic data collection,
field observations, and salinity testing. In-depth interviews
(IDIs) and focus group discussions (FGDs) were semi-struc-
tured, with guides developed in English and translated into
Bangla. Systematic data collection consisted of participant
rating and ranking exercises. Field observations were guided
by a household inventory/questionnaire. All instruments are
available upon request.

2.3 Data collection

There were three components of data collection:
community-level data collection in the southwest coastal
region, salinity testing which accompanied community-
level data collection, and stakeholder-level data collection
with government officials and NGOs in the region and
Dhaka. The data collection team consisted of three public
health researchers, two female and one male. Two were
Bangladeshi and the third was a female PhD student from
the United States. All members had graduate-level train-
ing and experience in qualitative research methods.
During data collection, the team met nightly to debrief,
share observations, and supplement notes that were taken
during each data collection activity.

Written consent was obtained from all participants. The
study was approved by the Institutional Review Board of
Johns Hopkins Bloomberg School of Public Health, and the
Research and Ethics Review Committees of the International
Centre for Diarrhoeal Disease Research, Bangladesh
(icddr,b).

Table 3  Irrigation water salinity classification systems applied in Bangladesh

Source Level of restriction on use / level of salinity Study applied in
Bangladesh

FAO (TDS) No restrictions on Slight to moderate use Severe use restrictions Shahid (Shahid et al.,

(Ayers & Wescot,
1985)

FAO (EC)

(Ayers & Wescot,
1985)

Rao (EC) (Rao,
2006)

use <450 mg/L restrictions
450-2000 mg/L

Slight to moderate use
restrictions
700-3000 pS/cm

Low<250 puS/em Medium 250-750 uS/cm High 750-2250 puS/cm

No restrictions on
use <700 uS/cm

>2000 mg/L 2006)

Severe use restrictions Rahman (M. A. T. M.
>3000 puS/cm Rahman et al., 2012)

Very high
>2250 uS/ecm

Rahman (M. A. T. M.
Rahman et al., 2012)
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2.3.1 Community-level data collection

Participants for community-level data collection were purpo-
sively selected to achieve a balance between males and fe-
males, geographic spread across the sites, and coverage of
occupations and roles within the community. There were
two rounds of community-level data collection, the first in
May/June 2015 coinciding with hot season and the beginning
of rainy season. Researchers recruited 25 households across
the three sites and conducted a structured visit consisting of:
interviews with both a male and female household member, a
questionnaire, and salinity testing of the household’s garden
soil and sources of water. Household interviews covered the
impacts of salinity on household food production and strate-
gies for adapting, among other topics. Questionnaires assessed
demographic characteristics and food production resources
(land, gardens, ponds, livestock, etc.).

The research team also conducted six FGDs with other
community members and interviewed ten community key in-
formants across the three sites in May/June 2015. Among
other activities, focus group participants discussed the impacts
of salinity on food production, made seasonal calendars to
depict trends in salinity and food production, and ranked and

@ Springer

discussed adaptation strategies. Interviews with key infor-
mants focused on site history, salinity trends, and salinity
impacts.

During the second round of community-level data collec-
tion in October 2015, coinciding with mid-to-late rainy sea-
son, the researcher team revisited all recruited households and
conducted a follow-up interview with one household member
to update information. Interviewees also participated in a rat-
ing exercise, whereby they were shown six pictures of factors
cited in the literature or mentioned earlier by participants as a
cause of salinity. Interviewees were asked about their aware-
ness of the factor and the extent to which they believed it
caused salinity.

2.3.2 Salinity testing

During community-level data collection, the team also tested
the salinity of soil and water samples collected from the home-
stead gardens and sources of water used by recruited house-
holds (e.g., household and community ponds, tubewells,
piped water sources). The team photographed the sources,
marked GPS coordinates, recorded weather conditions, and
asked participants questions about topics such as perceived
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levels of salinity and how the sources were used. Testing
procedures were standard methods for assessing water and soil
salinity (New South Wales Agriculture, 2000a, 2000b). All
water testing happened on site, using an Extech EC500 pH/
conductivity meter to measure electroconductivity (EC) as the
measurement of salinity. For soil, samples were collected and
brought back to Dhaka. Testing involved the creation of a 1:5
soil-to-water suspension for each sample, measurement of the
suspension’s salinity (EC,.5) with a Hanna Instrument
86304 N electroconductivity meter, and the application of a
conversion factor based on soil type to derive adjusted (EC,)
from EC,.5, as a measure of actual soil salinity. (A more de-
tailed salinity testing protocol is available upon request.)

2.3.3 Stakeholder-level data collection

Stakeholder-level data collection took place in January and
February 2016. The research team interviewed NGO and gov-
ermment representatives based in the southwest coastal region
and Dhaka. The interviews entailed semi-structured discus-
sion about impacts of salinity on agriculture and aquaculture
and strategies for adapting, among other topics.

2.4 Data analysis

Salinity testing results were graphed and mapped. Household
questionnaire results were tabulated. IDIs and FGDs were
audio recorded, transcribed, and translated from Bangla to
English. Initial interviews and follow-up interviews with
household members lasted an average of 121 and 62 min,
respectively. FGDs, community key informant interviews,
and stakeholder (NGO and government) interviews lasted an
average of 162, 132, and 80 minutes, respectively.

Transcript analysis had three components: (1) coding illus-
trative quotes in MaxQDA software using a codebook devel-
oped from the key topics discussed; (2) extracting information
from each transcript into a summary document using a stan-
dardized template (available upon request); and (3) writing
memos about crosscutting themes and unexpected topics.
Findings were synthesized by topic from the summary docu-
ments, then supplemented by quotes and ideas from the mem-
os. All of the coding was conducted by the same researcher
(the first author), as such inter-coder reliability was not calcu-
lated; however, the research team discussed results regularly
and at key points to refine instruments (between the two sea-
sons of community-level data collection and before
stakeholder-level data collection).

3 Results

The research team conducted 59 IDIs with community mem-
bers (including households and community key informants),

and 6 FGDs with a total of 57 community participants. (See
Table 4.) Twenty-five households were recruited. (See
Table 5.) The team also interviewed 24 NGO representatives
and 16 government officials. (See Table 6.)

3.1 Severity of the salinity problem

Testing of soil from homestead gardens in the hot season
revealed that nearly all had salinity levels that would impair
crop yields, many of these for a wide range of crops according
to the United Nations Food and Agriculture Organization’s
soil salinity classification (Arbol et al., 1988). (See Fig. 4.)
Salinity was particularly elevated amongst the Bagerhat and
Satkhira samples, and lower, though not negligible, at the
Khulna site. Relatively nearby locations (i.e., households
within the same site) could have substantially different salinity
readings (see supplementary information provided as Online
Resource Figs. 1-3), though soil salinity levels were high
overall. At the same time, salinity testing of groundwater
and surface water sources revealed that the vast majority of
the sources would be of limited utility for irrigating most crops
in the hot season, according to guidelines for irrigation water
quality (Ayers & Wescot, 1985; Rao, 2006). (See Fig. 5.)

3.2 Impacts of salinity on household food production
3.2.1 Crops and horticulture

Salinity had profound impacts on household food produc-
tion. While all households, save one, had one or more
homestead gardens, interviews and field observations re-
vealed that cultivation of fruits and vegetables was signif-
icantly hindered in the hot season, roughly March through
June, due to salinity, along with heat and drought. The
research team observed that many gardens lay completely
or mostly fallow, vegetation was wilted and sparse, and
soil was hard and dry. Community members said they
could perceive increases in salinity because the earth
would become powdery or crumbly, sometimes acquiring
a whitish appearance, and seeds would not sprout. Only a
few households attempted cultivation during these

Table 4 Community participants by gender and district

In-depth interviews Focus group discussions

No. of FGDs (no. of participants)

District  Males Females Total Males Females Total
Bagerhat 10 9 19 1(7) 1(15) 2(22)
Satkhira 11 10 21 1(7) 1(11) 2 (18)
Khulna 10 9 19 1(8) 109 217
Total 31 28 59 322 335 6 (57)
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Table 5  Profile of recruited households
Characteristic No. of households (out of
25)
District
Bagerhat 8
Satkhira 9
Khulna 8
Female-headed household 2
Household size
1-2 3
34 15
5-6 5
7+ 2
Highest level of education attained by a household member
No formal education completed 3
Primary 10
Secondary
Post-secondary 4
Household religion
Muslim 17
Hindu 8
Primary occupation of household head
Agriculture
Aquaculture
Fish trading
Daily (wage) labor 12
Retired 1
Housing improvements reported
Electricity 4
Improved roofing (tiles, tin roof, etc.) 18
Improved sanitation facility (any kind of 25
latrine)
Land owned (other than land upon which dwelling is built)
< 0.10 acre 8
0.10 to 0.49 acre 4
0.50 to 0.99 acre 4
1.0 to 1.9 acres 5
2.0 to 4.9 acres 3
5.0+ acres 1

months, sourcing water for irrigation from ponds farther
away perceived as less saline, reserved rainwater, kitchen
wastewater, or tubewells. Respondents detected salinity in
some tubewells and ponds by the water’s salty taste. A
few households attempted irrigating with water as saline
as 6000 to 7000 pS/cm, despite levels in excess of 2500
to 3000 uS/cm already being considered too saline for
irrigation use. The futility of attempting cultivation in
the hot season, expressed by a man from Khulna, was
echoed by many:

@ Springer

All of the plants died.... If a farmer’s crop dies before
him, after being cultivated with a lot of toil and hard
work, it is a matter of great agony.... We might have
gotten a crop if there had been at least one rainfall. But
there was no rain.

Most households recounted that salinity was less problem-
atic two to three decades ago, and attributed rising salinity to
the conversion of agricultural land to saltwater shrimp ponds
and the seeping of retained saltwater into surrounding areas.
Prior to this, rice cultivation was much more prominent, and
vegetables and fruits were abundant and diverse. A few par-
ticipants described fruit trees growing so thickly that one
could “stand naked” by their house and not be seen from the
road. Many community members echoed the following narra-
tive, told by a woman from Khulna:

There was no salinity before the saltwater shrimp ponds
were introduced. Crops grew a-plenty. My father-in-law
told us a story about a time when there were many huge
trees bearing jackfruit, lychee, rose apple, and more. All
of these died when saltwater shrimp ponds were
introduced....Now, the land’s fertility has declined due
to salinity from the ponds. Crops don’t grow well. We
have to work hard and apply more fertilizers.... In the
past, we didn’t suffer this much.

Precipitation during rainy season, from June to
October, helped to irrigate crops and dilute soil salinity,
and this season was considered the most productive.
However, too much rain—which occurred across all three
sites the year data collection was conducted—could cause
waterlogging and destroy crops. In winter, from October/
November to February, many households continued gar-
dening by using their own ponds—which were less saline
then—for irrigation. Many households reported that salin-
ity hindered cultivation and obliged them to buy produce

Table 6  Stakeholder interview informants by institution

Institution No. (out of 40)
Government
Ministry of Agriculture 4
Ministry of Fisheries and Livestock 2
Ministry of Water Resources 3
Ministry of Environment and Forests 4
Ministry of Health and Family Welfare 3
Non-governmental
Local/regional 5
National 6
International 13
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Fig. 4 Soil salinity results by site and soil salinity class, May—June 2015

from the market year-round, while a few families reported by salinity, especially during the hot season. As a woman from
they were able to grow enough to eat and sell produce  Bagerhat recalled:
during winter and rainy seasons.

In my childhood, I saw that almost everyone had a cow.

3.2.2 Livestock and aquaculture Now there are no cows. Very few have them. What will

the cows eat if [rice] paddy is not grown? If straw is not
Community members also reported that salinity made it much available?.... Grass doesn’t grow, so what will the cows
harder to raise animals. All households, save one, owned live- eat?.... Everything is changing. Change means that now
stock at a small scale, with the most common being chickens we don’t have what we had before.

and ducks, followed by cattle. Many reported giving up rais-
ing large ruminants because pastures had been rendered barren

Fig. 5 Water salinity testing
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The use of manufactured feed was rare. To obtain feed like
straw, grass, rise husks, and rice, most households from
Bagerhat and Satkhira resorted to the market. Some families
managed to pay caretakers to oversee their cattle in another
less saline area for several months at a time. At the Khulna
site, land was fertile enough so that households could procure
feed materials from their own crop production or nearby pas-
tures, rice fields, and mills.

A further challenge was obtaining drinking water for live-
stock. Animals were reported to drink saltwater often. A few
households said their animals had adapted to drinking saltwa-
ter, but most reported that consumption of saltwater caused
diarrhea, fever, gas, or convulsions in animals. Several re-
spondents noted that more chemicals, such as pesticides and
fertilizers, had been applied to the land because of salinity, and
these chemicals triggered illnesses in animals. There were also
reports that scarcity of freshwater and feed caused animals to
be generally weak and more susceptible to disease.

Salinity also affected fish raised in homestead ponds and
ghers, larger ponds enclosed by embankments constructed
from the excavated soil. Nearly all households owned and/or
rented land for aquaculture, but the area varied from less than
a hundredth of an acre (360 square feet) to 5.6 acres. In gen-
eral, salinity in the ponds and ghers was higher during the hot
season and lower in the rainy season. Higher salinity had a
significant impact on fish species diversity. Varieties of cat-
fish, carp, tilapia, and other freshwater fish were reportedly
more abundant in the past. These species were sometimes
raised in less saline ponds or during rainy season, but died
off when the water became too saline, as one farmer from
Khulna lamented:

You would be stunned to see how my fish died. Today, [
threw away another two fish. How large those fish were!
One was a shoil and another a datina. The price of the
two fish would have been 500 taka!

On the other hand, cultivation of bagda shrimp was possi-
ble in the higher salinity of saltwater ghers, and a few other
species, such as golda shrimp, crab, mullet, and Asian seabass
were described as somewhat saline tolerant. However, even
saltwater fish died in the excessively high salinity levels
reached during hot season. This included bagda, whose culti-
vation served as the primary motivation for converting land to
saltwater ghers.

3.2.3 Overall food security
Community members felt less food secure due to salinity, not
only because of the physical impact of salinity on crop pro-

duction, livestock, and aquaculture, but also because of re-
duced economic opportunity. In hot season, men and women
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had fewer livelihood options, as agricultural activity—rice
cultivation and gher aquaculture—declined. Males left the
villages to find work, sometimes traveling to urban centers
or to other rural areas with more agricultural production, while
females who were equipped to do so engaged in non-
agricultural activities. However, these options were reportedly
not readily attainable or lucrative.

Families that were relatively successful in undertaking salt-
water aquaculture in ghers could still experience food insecu-
rity. One household from Satkhira, for example, earned
20,000 taka (about $250 USD) per bigha of land (approxi-
mately a third of an acre) devoted to saltwater aquaculture,
compared to 5000 taka per bigha when the land was previ-
ously used for rice plantation. Nonetheless, the household
head emphasized:

The plants, trees, and fruits that grew in the past, they
do not grow now. Does that give us peace? No. We don’t
have peace. We might have more money now, but in
order to eat, we have to buy food.... Before, even though
we made less money, we could grow food at home. We
could also sell produce.

Moreover, produce purchased at the market was widely
perceived to be poorer in quality than homestead-grown veg-
etables. Community members reported that market produce
was ridden with insects or grown with fertilizers, thus offering
less nutrition and making them sick.

Some respondents highlighted gender-based vulnerability
in this context of food insecurity. Female respondents de-
scribed how women fed their children before they could eat.
Women in poorer households were forced to consume rotten
food or leftovers that their families could not afford to throw
away, leading them to suffer from diarrhea. An NGO repre-
sentative in the area noted that women often had difficulties
breastfeeding from being malnourished. Children were also
described as malnourished, as a woman from Satkhira
indicated:

Are you seeing how my children are underweight? We
can’t feed them adequately... We don’t have enough
[vegetable and fruit] cultivation to feed them well....
Look at their condition — their heads are big, but their
bodies are thin, their arms and legs are thin.

3.3 Responses to salinity and measures to adapt
The near universal community perspective was that existing

options for responding to salinity—including those undertak-
en with the household’s own resources and interventions
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facilitated by outside governmental or non-governmental
entitiecs—were insufficient. Although saltwater aquaculture
was considered by some NGO and government stakeholders
to be an adaptation strategy and a form of economic develop-
ment, community key informants and households viewed it as
the biggest contributor to high salinity in their areas and a form
of maladaptation. Instead, to community respondents, the
most promising, but inaccessible, adaptation was improved
irrigation. Other measures were discussed and observed in
the field, including special cultivation techniques and saline-
tolerant plants, but were deemed to have limited effectiveness.
The prospect of encouraging non-agricultural livelihoods and/
or planned migration was met with skepticism from both com-
munity members and stakeholders, with only a few
exceptions.

3.3.1 The “role” of saltwater aquaculture?

Saltwater aquaculture was portrayed as both an adaptation
response to salinity and a cause of salinity. A common narra-
tive from community members and stakeholders was that salt-
water gher aquaculture—bagda farming, specifically—
started because there was ‘natural’ salinity in the area and
few livelihood possibilities during hot season. The activity
expanded for two reasons. First, bagda farming appeared to
be a profitable endeavor, at least initially, because bagda was
highly valued for international export. Second, even those
farmers who wished to cultivate crops could not continue to
do so, as salinity intruded from neighboring ghers onto their
land. They either tried gher farming or leased their land to
wealthier, larger-scale gher operators, who reportedly paid
low rents, taking advantage of the fact that many landowners
were smallholder farmers left with few options. As a woman
from Satkhira described, in terms similar to many other
accounts:

When ghers were introduced, people fought over it....
Those who had money and land, they started with the
ghers, while those who didn’t, we tried to continue rice
farming. Afterwards, we observed that saltwater infil-
trate [into our land], and rice didn’t grow. After two to
three years of loss, we started going ghers... I didn’t
have any rice production, I was having losses. I tried
to argue [with the gher owners), but still they wouldn’t
stop. So I couldn’t fight it anymore. I had to go along
with it and do the same thing with my land.... That is
how gher farming started.

As bagda farming expanded and became the predominant
activity year-round, gher operators deliberately brought in
saltwater, exacerbating salinity. Amongst our study partici-
pants, saltwater gher aquaculture was widely seen as

enriching the wealthy while rendering the poor more vulner-
able, due to less subsistence production, fewer opportunities
for land-poor peasants to work as daily laborers in agriculture,
and economies of scale that could only be reaped with larger-
scale gher farming. The sentiment expressed by a daily laborer
whose household was effectively landless was widely shared
by many community members in our study:

Our small parcels of land are not productive.... Poor
people are in danger.... Our area has become totally
saline, and thus, we, the poor, have to pay the cost of
this. There is much harm to us.

Communities and stakeholders took strong stances on
whether saltwater aquaculture should be promoted or
prevented as a response to the current salinity situation. At
the community level, the predominant view, supported by
poorer and modestly situated households, was that saltwater
gher aquaculture should be curtailed given its social and eco-
logical consequences. Eliminating ghers and closing sluice
gates to prevent saltwater from entering would allow the land
to restore itself to lower salinity levels over several rainy sea-
sons. Residents at the Khulna site especially emphasized this:
a hard-won local prohibition of saltwater shrimp farming in
2009 had reportedly improved soil fertility and agricultural
production over subsequent years.

The community perspective that saltwater gher aquaculture
should be eliminated went hand-in-hand with both their ob-
servation that government intervention would be required and
skepticism that this would happen. The government at the
national and local levels, including leaders, were said to ben-
efit from the saltwater aquaculture industry. As a man from
Satkhira described:

It's true that we are increasing the salinity here by doing
ghers. The government has declared this area, Satkhira
District, for the fishery industry, an industrial area for
cultivating bagda. Due to the business of the ghers, it’s
not possible to stop. As this is an industrial zone with
millions of taka going out, it's not possible to stop it
now. It’s like they are robbing us. We are struggling to
survive, but the government isn’t conscious of that.

Participants cited examples from the past when advocacy
and organizing to stop the entry of saltwater met with repres-
sive and illicit responses from those supporting it. Many
viewed their situation as hopeless, as one farmer put it: “/f’
you bind the four legs of a cow and then slaughter it, what
could the cow do then? Our situation is the same.”

Communities’ lack of confidence in government interven-
tion could be understood in light of the mixed responses
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obtained from government stakeholders. Not only was there
no coherent stance on saltwater aquaculture, but there was
strong disagreement amongst government respondents as to
whether salinity was even impacting the region. For example,
the Ministry of Fisheries took issue with the characterization
of salinity as a “problem” and celebrated saltwater shrimp
farming as a great success for the region’s inhabitants. As
one of its representatives insisted, “The air is salty, the water
is salty, the soil is salty. Everywhere, there is salinity. How
could you prevent it?”” Moreover, salinity was not a “curse,”
but a “gift,” because it could be harnessed for saltwater shrimp
farming. Ministry officials claimed that inhabitants of the re-
gion were coping successfully with salinity; those with diffi-
culties were migrants from other regions or landless. One
Ministry official accused NGOs of falsely portraying salinity
as a problem and claiming that people were vulnerable in
order to secure donor funding, which they pocketed for their
own benefit.

On the other hand, one Ministry of Agriculture representa-
tive refused to consider saltwater aquaculture an adaptation
option, stating, “Promoting shrimp cultivation in saline wa-
ter? I don’t even want to consider it an option.... We're fight-
ing against saline water.” Others, including the Ministry of
the Environment and some NGO representatives, maintained
that from a “pragmatic perspective, you couldn’t get rid of
commercial shrimp farming” because of its economic impor-
tance, and suggested that it could be done in an environmen-
tally sustainable way through strategies such as zoning, land
management, or replacing saltwater with freshwater species.

However, across the NGO and government sectors, a clear
finding that emerged was the challenge of governance, includ-
ing not only the enforcement of regulations like buffer zones,
but also confusion over where responsibility lay. Officials
from the Ministry of Agriculture and Ministry of Water’s
Water Development Board asserted that the government could
do nothing to stop saltwater aquaculture, with the former
adding that “gher owners were more powerful than the gov-
ernment” and the latter stating that it was up to “the people” to
do it. There was also disagreement over who had control over
the sluice gates. Many community members and NGO repre-
sentatives said that the Ministry of Water had ultimate over-
sight over the entire coastal ecosystem through their authority
over the embankment system, while the Ministry of Water
officials maintained that they had a limited role because sluice
gates were controlled by politically appointed committees.

3.3.2 Options for adapting agriculture

Various strategies for adapting cultivation to saline environ-
ments were described, such as improved irrigation, fertilizers,
elevating the land, raised beds, vertical horticulture, and
saline-tolerant plants. Amongst these, community members
most emphasized irrigation with freshwater as pivotal but
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currently inaccessible. Their main message was that access
to freshwater would make crop production possible; without
it, no other technique would be sufficient. Respondents
highlighted the need for new water infrastructure. Most house-
holds had no rainwater-harvesting tanks, their ponds were too
small to maintain a supply of water through hot season, and
they did not have a way to insulate their ponds from salinity.
Scarcity meant prioritizing any available freshwater for drink-
ing. When asked about irrigation, many community members
responded: “We can’t even manage having freshwater to
drink; how could we manage freshwater for irrigation?”

A larger-scale intervention for improved irrigation was pro-
posed by some, whereby silted ponds, canals, or rivers would
be excavated and used to store rainwater. The infrastructure
would need to include water transport from reservoirs to indi-
vidual homesteads and croplands, as well as protect against
infiltration from nearby bodies of saltwater. The latter point
reinforced the idea, expressed by many community members,
that permanent access to freshwater would require eliminating
saltwater ghers.

Next to improved irrigation, fertilizers featured prominent-
ly amongst methods to adapt cultivation to a saline environ-
ment. Around our study sites, chemical fertilizers such as urea,
sulfate, gypsum, potash, diammonium phosphate (DAP), and
triple superphosphate (TSP) were used. However, their suc-
cess in reducing salinity was reportedly mixed, and moreover
they were considered harmful to consume and costly. As a
woman from Satkhira recalled:

My husband planted rice for two years but did not suc-
ceed... The agricultural officers suggested applying sul-
fate, gypsum, potash, and urea. They suggested many
other fertilizers, which I can’t name. We used every-
thing. The rice didn’t grow. When we went to talk to
the officers again, they suggested more fertilizers. We
followed their advice. After that, our pockets were emp-
ty, and we didn’t go to the agriculture office again. How
do they expect the poor to have so much money?

Another method for improving cultivation was to raise the
land, ideally by at least two feet using fresh soil. Elevating the
land could happen at various scales: a garden or homestead, an
entire village, or beyond. To raise a homestead or garden was
cost- and labor-intensive, and fertilizers and irrigation were
still considered necessary. Moreover, soil could become sali-
nized or plant roots could eventually reach saline soil. To raise
land at the village level and beyond, government intervention
was required. A project known as Tidal River Management
was being undertaken by the Ministry of Water, which used
sluice gates to promote land accretion in lowland areas, ele-
vating and filling them with fertile silt, which could then be
used for agriculture. Some informants reported, however, that
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gher operators had attempted to obstruct Tidal River
Management projects.

Saline-tolerant plants, particularly crop varietals bred
to be saline-tolerant, featured prominently in discussions
with government officials and some NGOs. Varietals of
cereals (rice and wheat) and vegetables (eggplant, tomato,
and pumpkin) were being researched by the Ministry of
Agriculture. Although viewed as promising by stake-
holders, there was doubt that technology could keep pace
with rising salinity. Current saline-tolerant rice varietals
survived up to 10,000 to 12,000 puS/cm, at most, and
further progress was needed. Various stakeholders refer-
enced an additional challenge—the time needed to pilot
and scale up a varietal, which could take several years,
during which time salinity could increase beyond the va-
rietal’s tolerance. As one representative of an international
development non-profit explained:

The degree of salinity that used to exist might have been
12,000 or 13,000 puS/cm.... after that, this might become
double—15,000, 16,000, 20,000, or 40,000 uS/cm in
many places.... There are saline tolerant [rice] varie-
ties, but we’ve seen that it takes four or five years to [do
a] demonstratfion project] of one.... By that time, salin-
ity has increased. The varietal was suitable for 13,000
wS/cm. Now it is not growing.... In fact there is no use
for it. This is a very big hurdle.

We observed less familiarity with saline-tolerant varietals
at the community level at our study sites: some households
described selecting plants that could naturally withstand
higher salinity, but very few had experience with saline-
tolerant hybrid varietals of rice or other crops. Some NGOs
distributed or sold seeds and saplings, but households noted
mixed success cultivating them and distrust in seed vendors.
Several households with no experience with salt-tolerant va-
rietals expressed willingness to try them, though continued to
stress that rain or improved irrigation was crucial. A further
issue was the use of chemical inputs needed to cultivate these
varietals, which triggered concerns about costs and potential
health impacts.

At the community level, an overall finding was that exter-
nal NGO or government assistance to improve household
food production was uncommon. Many households did prac-
tice special cultivation methods, using their own resources and
sometimes copying ideas from neighbors. Methods included
mixing organic matter with soil, putting soil in jute sacks or
Styrofoam and plastic containers, and raising soil beds to help
preserve freshwater content. (See supplementary information
provided as Online Resource Figs. 4-7.) Such innovations
were reportedly somewhat effective, albeit for a few plants
at a time.

3.3.3 Non-agricultural livelihoods and migration

Among NGO and government stakeholders, the options of
non-agricultural livelihoods and migration received much less
support than the other strategies. However, these options were
already being adopted, at least seasonally. As one villager
observed:

People go wherever they can find work. They are going,
they are coming home, and they are leaving again. They
return during vacation. This is what has been going
on.... They are making their earnings elsewhere. If they
sit at home, no one will feed them.

In terms of rural-to-urban migration, some households re-
ported that the males went to port areas to work on shipyards
or to Dhaka to work as rickshaw pullers. However, various
participants described more permanent migration or relocation
of the entire houschold as undesirable, given their uneducated
and impoverished status. They believed they would be ill-
equipped to find work or navigate urban areas, at least without
NGO or government assistance.

At the NGO and government level, rural-to-urban migra-
tion was widely disfavored as an adaptation strategy. The
main justification was that it would exacerbate overcrowding
in cities. There were also concerns about the ability of rural
inhabitants to adapt, and about who would remain to continue
agricultural production in the coastal region. A few stake-
holders supported the development of non-agricultural or
off-farm livelihoods, such as fish and food processing, but
overall the emphasis was on keeping the population where it
was and not undertaking actions that could encourage migra-
tion. Only one stakeholder, from a grassroots NGO,
questioned the long-term role of agriculture in the country’s
economy in light of environmental change: “Adaptation is
very much needed, no doubt, but at the same time we should
transition to economic activities that are not dependent on the
climate.”

4 Discussion

This study illustrates how household food production is a
multifaceted cornerstone of rural livelihood and food security
in the southwest coastal region, and virtually every component
of it is being affected by salinity. Our research expands upon
previous work, which documents some of the impacts of sa-
linity on food production in the region. These include declines
in crop production (Miah et al., 2004; Rabbani et al., 2013);
reduced agricultural diversity across rice, vegetable, and fruit
tree species (Gain et al., 2007; Miah et al., 2004; M. H.
Rahman et al., 201 1a); and difficulties in managing livestock
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feed and animal health (M. H. Rahman et al., 2011b). In recent
years, researchers and governmental and non-governmental
organizations have proposed various projects to help farmers
cope with salinity. Strategies have included saline-tolerant
crop varietals (Abedin & Shaw, 2013; Alam et al., 2013;
Braun & Saroar, 2012; CARE, 2006; Climate Change Cell,
2009; Shammi et al., 2016; WorldFish, 2014), modifications
of cultivation systems (Abedin & Shaw, 2013; Braun &
Saroar, 2012; CARE, 2006; M. A. Islam et al., 2018; Nandy
et al., 2013; M. M. Rahman & Islam, 2013; Shammi et al.,
2016; WorldFish, 2014) and shifts to different livestock and
plant species (Abedin & Shaw, 2013; Alam et al., 2013;
CARE, 2006; M. M. Rahman & Islam, 2013; WorldFish,
2014). However, while making a compelling case about the
impact of salinity, the existing literature provides less insight
into what is required for implementation of these agricultural
adaptations and the extent to which they fulfill intended ob-
jectives. There has been a call for more implementation re-
search that evaluates agricultural interventions in the context
of socio-economic, political, and environmental conditions, in
order to better understand pathways to nutrition and other
outcomes (Fiorella et al., 2016). Our study, though not fo-
cused on evaluating an outcome, begins to elucidate diverse
challenges encountered along these pathways.

In contributing to the literature, our findings suggest that
salinity adaptation efforts have been limited in their uptake
and effectiveness, and highlight issues of access, equity, and
governance as principal concerns. On the one hand, there are
small-scale, low-cost innovations that households have de-
vised themselves, such as raised beds and growing plants in
makeshift containers, but these are useful for only a fraction of
their cultivation. On the other hand, innovations perceived to
be more promising and enduring, such as restricting saltwater
aquaculture, improved irrigation, and large-scale elevation of
cropland, are unattainable because of the scope of initiative
and resources required. Despite salient challenges with food
production, especially in the hot season, community respon-
dents overwhelmingly described assistance or visits from gov-
ernment and NGO workers as uncommon.

As environmental and climatic changes continue and bring
along associated vulnerabilities, the community of organiza-
tions addressing food security in Bangladesh will need to in-
creasingly grapple with salinity. The development of infra-
structure for irrigation warrants special attention.
Historically, the goal of national self-sufficiency in the pro-
duction of food grains, especially rice, was the driver behind
the development of irrigation technologies, the expansion of
irrigated areas, and the intensification of crop production in
Bangladesh (M. W. Rahman & Parvin, 2009; Zahid &
Ahmed, 2006). Our research builds on existing studies mak-
ing the case for the importance of irrigation as a response to
salinity, not just at the national level and for food grain pro-
duction, but also at the community level and for homestead
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food production. Our study communities emphasized the im-
portance of improved irrigation above all other adaptation
strategies. However, few households had the means to irrigate
their crops during the months when irrigation was most nec-
essary, as an adequate groundwater supply was generally un-
available and most families could not afford increasing their
freshwater storage capacity. Our findings resonate with a sur-
vey conducted by Jodder and colleagues, in which 100
Khulna-based farmers reported that lack of freshwater for ir-
rigation near their cultivated areas was the biggest obstacle
they faced in addressing salinity, and lack of NGO and gov-
ernment support was a significant problem (2016).

In the development of irrigation infrastructure, there are
important environmental prerequisites—such as ensuring that
water quality is not compromised by arsenic and other con-
taminants (I. M. M. Rahman & Hasan, 2007) and preventing
excessive groundwater depletion which can exacerbate lateral
saltwater intrusion (Zahid & Ahmed, 2006). Along with these
technical and sustainability considerations, governance and
equity should also be centered early on. In this connection, a
recent study conducted in eight villages in Bagerhat and
Satkhira districts found widespread community endorsement
of irrigation to improve livelihoods, but serious weaknesses in
existing irrigation schemes: irrigation was costly, such that
agriculture was not profitable; irrigation required pumps
(and sometimes tubewells), creating disparities between those
who could afford the infrastructure and those who could not;
and water management was encumbered by the manipulation
of sluice gate infrastructure (Bernier et al., 2016). The re-
searchers thus concluded that irrigation expansion should be
prioritized only after water governance and equity were
ensured.

Our study, which likewise reveals complexities in access
and governance over water resources, underscores this point.
The resource-intensive nature of improving irrigation implies
the involvement of various external actors. Bangladesh’s gov-
ernment has supposedly prioritized the southwest coastal re-
gion for investment in irrigation expansion (Bernier et al.,
2016). Yet interviews with the Ministry of Agriculture and
the Ministry of Water suggest that systematic efforts to exca-
vate silted ponds, rivers, and canals to create reservoirs for
holding rainwater are still incipient. It is not clear how much
area can be cultivated with water stored in these excavated
reservoirs and how well they can be insulated from salinity.
A plan to deliver water and ensure access at the village or
household level appears even more inchoate. Many questions
as to the eventual beneficiaries of expanded irrigation infra-
structure and mechanisms for equitable allocation and conflict
resolution, among others, still need to be answered. These
questions should be placed at the forefront of designing initia-
tives, in order to prevent the day-to-day and long-term collec-
tive action challenges that have affected drinking water sys-
tems in the southwest coastal region (M. B. Hasan et al., 2020;
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Lam et al., 2018), and which would likely arise in this context,
as well. While more evidence is needed, Dewan (2020) sug-
gests that there is potential for an excavation project of this
sort—if designed bottom-up with local government officials,
community members, and NGO staff—to be successful in
providing both income to coastal inhabitants for the labor of
excavation and water resources for public fishing and irriga-
tion use. A detailed investigation into modes of community/
participatory resource management is beyond the scope of our
study, but in line with prior research caution is urged against
assuming that greater ‘participation’ will lead per se to more
desirable or equitable results (Sovacool, 2018). The lack of
consensus we observed over the locus of water management
authority resonates with more in-depth studies on unsuccess-
ful attempts to make management regimes in the region more
‘depoliticized,” ‘decentralized,” and ‘participatory’ (Dewan
et al., 2015; Mutahara et al., 2020).

In recent years, an expanded notion of food security, be-
yond national sufficiency in food grain production, has help-
fully inspired more research on homestead food production
and determinants of household food security in rural
Bangladesh (Belton, 2016; M. K. Hasan et al., 2018; Szabo
et al., 2016b). There has also been some investigation into the
factors correlated with agricultural adaptation in the context of
a changing environment (Anik et al., 2018; Habiba et al.,
2012; Sarker et al., 2013). These studies, along with our find-
ings, point toward the need for implementation research that
assesses socio-economic circumstances as mediating factors
for adaptation uptake and food security.

For example, a 2018 study of the adoption of climate-smart
agriculture (CSA) methods in south-central coastal
Bangladesh assumed that the methods in question—
including saline-tolerant crops, rainwater-harvesting, and oth-
er special cultivation methods—were not capital- or
knowledge-intensive and therefore “within the reach of small-
holder farmers” (M. K. Hasan et al., 2018). The study found a
bivariate correlation between the number of CSA practices
adopted and houschold food security, but concluded, also
from bivariate correlations, that other characteristics (personal
education, pond size, cattle ownership, and market access) had
larger effects on food security. Our study suggests that the
assumption of accessibility (i.e., that adaptation strategies are
‘within reach’) should be questioned, and that these character-
istics and other socio-economic conditions should be interro-
gated as barriers/facilitators of adaptation. Szabo et al., which
found that the negative association between soil salinity and
household food security in the southwest coastal region was
rendered not statistically significant after adjusting for house-
hold wealth, provides further support for this hypothesis
(2016). Across our study sites, capital and labor were fre-
quently referenced in discussions about actions that could be
taken to address salinity—from hiring laborers to help a
household elevate its homestead, to traveling to a less saline-

affected area to graze animals and fetch water, to affording
rainwater-harvesting infrastructure, feed materials, and other
agricultural inputs.

The consideration of socio-economic contexts will be cru-
cial for future implementation research on a strategy that has
received particular attention in the development literature:
transitioning to freshwater shrimp aquaculture. Our results
and many other studies support the characterization of bagda
farming as a form of maladaptation driving further salinization
(Ali, 2006; A. F. M. T. Islam et al., 2011; M. A. Islam et al.,
2019; Jodder et al., 2016; Johnson et al., 2016; Paul & Vogl,
2011; Sohel & Ullah, 2012), as well as inequality (Paprocki,
2018; Paprocki & Cons, 2014). As the Khulna community
recounted, a moratorium on saltwater shrimp farming enacted
several years prior had restored the land by lowering salinity
levels. Our soil testing results, though potentially affected by
the timing of testing (i.e., an early start to the rainy season that
coincided with our visit), nonetheless showed significantly
lower salinity levels in Khulna just a couple weeks after the
other sets of results. Accordingly, the replacement of bagda
aquaculture by freshwater golda prawn cultivation is now be-
ing actively promoted by experts (M. H. Rahman et al., 201 1a;
M. M. Rahman et al., 2013; Sohel & Ullah, 2012) and at least
two of the NGOs we interviewed. Researchers have pointed to
golda cultivation as a promising “environmentally-friendly”
adaptation strategy that has been successful in other Asian
countries (M. H. Rahman et al., 2011a).

Belton (2016) and Faruque et al. (2017) conducted case
studies in Khulna and Bagerhat districts, respectively, in
which they compared a village with golda farming to one with
bagda farming, and found that the former, which allowed for
mixed rice-prawn-fish cultivation, seemed to provide greater
well-being, food security, and nutrition security. However,
researchers have also noted that golda are relatively capital-
intensive, as they feed on larger food items than bagda do and
require supplementary feed (Belton, 2016; Johnson et al.,
2016). While Belton found that gains from freshwater prawn
production were distributed relatively equitably at the village
level (Belton, 2016), Johnson et al. (2016) concluded other-
wise from conducting a geospatial analysis to examine salin-
ity, shrimp farming, and poverty at the union level. In analyz-
ing unions in the southwestern and south-central coastal
zones, Johnson et al. deduced that both types of aquaculture
might produce economic benefits for intermediaries and ex-
ternal investors, but not for the poor and marginalized. The
takeaway from this work and ours is that equity needs to be a
deliberate and key part of the promotion of ‘eco-friendly
shrimp farming’ as an adaptation strategy, as do issues of
governance that will likely arise in a transition away from
saltwater aquaculture.

Lastly, it is worth highlighting how our findings, which
seek to provide socio-economic context for agricultural inter-
ventions to address salinity, simultaneously echo the
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cautionary conclusions of recent critical scholarship on cli-
mate change adaptation and development. These studies,
many of which have unsurprisingly focused on Bangladesh,
link adaptation and development efforts to such consequences
as increasing socio-economic disparities, fueling agrarian dis-
possession, and exacerbating existing environmental prob-
lems (Dewan, 2020; Paprocki, 2018, and Sovacool, 2018).
Sovacool’s investigation into the political ecology of climate
adaptation in Bangladesh, for example, documented processes
of rural and urban land-grabbing by elites (“enclosure”), ma-
joritarian and authoritarian decision-making (“exclusion”),
degradation of environmental commons (“encroachment”),
and further disempowerment of marginalized groups (“en-
trenchment”) in the design and implementation of various
national and coastal adaptation policies (Sovacool, 2018).
The aggravation of risk and human insecurity caused by these
processes should, Sovacool notes, serve as a “wakeup call for
Bangladeshi planners that they can no longer ignore the
broader social and political environment in which they oper-
ate” (Sovacool, 2018, p. 192). Indeed, that study, our study,
and other similar work cited in a 2019 IPCC special report all
reinforce the [IPCC’s own recommendation to “recognise the
political nature of adaptation and explicitly address vulnera-
bility and equity implications to achieve enduring, enabling
impact of responses” (Oppenheimer et al., 2019, p. 408).

5 Limitations

At the community level, our study design incorporated ethno-
graphic methods employed over two rounds of data collection.
This level of engagement enhanced rapport with participants
and confidence in the credibility of our results, which was
important given that some of the topics of discussion were
politically sensitive. However, it also limited the number of
sites and households that we could select, given time and
resource constraints. For this reason, we triangulated informa-
tion with a number of key informants and stakeholders.
Additional localities in the southwest coastal region and other
salinity-affected deltaic regions warrant study, especially be-
fore the design and implementation of programs that should,
in any case, account for site-specific social and environmental
characteristics.

Further, with respect to salinity testing, unfortunately we
were only able to conduct salinity testing at one point in time
(during one season), as there were security concerns that co-
incided with the window we had available to sample soil in a
subsequent season. Our testing results together with the qual-
itative data help make the case for the severity of the problem,
but given the nature of our sampling, we cannot draw any
conclusions about trends or between-season variation.
Sampling more locations over several seasons/years would
be recommended to create a more complete picture of salinity,
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including month-to-month trends, year-to-year changes, and
spatial variation.

Finally, we recognize that food security has four pillars—
availability, access, utilization, and stability—all of which can
be affected by the climate and environmental factors discussed
in this study. Here we focused primarily on the pillar of ‘avail-
ability,” through the lens of rural household food production,
and had a few findings relevant to, but not an explicit focus on,
access and stability. Further work on all four pillars is needed.

6 Conclusions

This research strengthens the case that salinity in
Bangladesh’s southwest coastal region poses a substantial
threat to food production requiring adaptation, and sheds
new light on the gaps between the current solutions being
implemented and the problems salinity-affected commu-
nities continue to experience. Salinity affects multiple
spheres of household food production, including home-
stead gardening, livestock rearing, and aquaculture.
There are a range of adaptation strategies being proposed,
negotiated, and undertaken, but effective adaptation re-
mains a critical challenge. Our research highlighted issues
of equity, accessibility, and governance as important con-
siderations for organizations facilitating adaptation, as
well as the need for implementation research that con-
siders socio-economic, political, and environmental con-
texts to evaluate intervention pathways to improved food
security and nutritional status. Moreover, ecologic ap-
proaches to desalinization—which will necessitate restric-
tions on land uses that exacerbate salinity—are strongly
recommended. In this regard, salinity in the southwest
coastal region is a case study of how successful adapta-
tion to the limits of our physical world will likely require
removing political economic barriers to good environmen-
tal stewardship, while advancing solutions that center the
needs of the most socially vulnerable.
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