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Abstract

This study tries to trace out the impact of salinity on livelihood strategies of farmers and responses of farmers to solve 
the salinity problem. The study area consists of four villages from two unions in Asasuni upazila of Satkhira district, 
Bangladesh. According to the study findings, while salinity intrusion negatively influences income, expenditure and 
employment opportunity of the farmers, it positively influences shrimp culture-led land-use activity. It is also found 
that farmers try to handle the salinity problem at their own levels through applying lime, gypsum etc. Finally, it is 
suggested for government or external intervention and assistance for long-run sustainable solution of the persistent 
salinity problem.
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1. Introduction

Bangladesh faces various types of natural disasters 
every year. These disasters generate environmental 
externalities hindering the development of the country. 
Salinity is a major problem which is expected to 
exacerbate by climate change and sea level rise, 
especially in the south-west region2 of the country. 
Salinity intrusion due to reduction of freshwater 
flow from stream, salinisation of groundwater, and 
fluctuation of soil salinity are major concerns of 
Bangladesh. Salinity ingress causes an increase in soil 
salinity, especially when farmers irrigate their lands 
with saline surface water at the beginning of the low 
flow period. Consequently, higher rates of capillary 
action from an increased rate of topsoil desiccation 
accentuate the salinity problem.

2For the purposes of this study, the Satkhira, Bagerhat and 
Khulna districts comprise the south-west region of Bangladesh.

Salinity has emerged as a major factor responsible 
for the crop production at a lower rate in Bangladesh. 
Various agricultural regions have significantly lost 
their productivity due to soil salinity in last several 
decades (SRDI, 2010). The trend is alarming for 
the Asasuni upazila3 of Satkhira district which is an 
important rice producing area of Bangladesh (Khan 
et al., 1996). According to salinity survey findings, 
salinity monitoring information, and interpretation of 
Land and Soil Resource Utilization Guides (Upazila 
Nirdeshika), about 1.02 million hectares, i.e. about 70 
percent of cultivated lands of the southern coastal areas 
of Bangladesh are affected by various degrees of soil 
salinity.

3Upazila is an administrative unit of Bangladesh.  A district 
consists of several upazilas. 
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The main factors that contribute towards salinity 
in the Asasuni upazila are irrigation technology 
and the geophysical properties of the sub-soil and 
soil (Elahi, 1998). The problem has been addressed 
at various levels. At the farm level, farmers have 
adopted different strategies that include the scrapping 
of surface salt, applying gypsum and ultimately 
abandoning the land as return falls. Despite all these, 
the increase of salinity in these areas has created a 
suitable habitat for shrimp cultivation. Along with 
other factors, shrimp cultivation played a major role 
to increase soil salinity (Umamaheswari et al., 2009). 
Discussion of salinity has also been undertaken at the 
national level with a range of solutions and partial 
solutions being identified and implemented. These 
include changing the management of irrigation flows, 
investment in the upgrading of irrigation channels, 
research to determine the specific constraints on water 
use and more recently, the use of alternative crops 
such as Eucalyptus trees that have been successful in 
the reduction of salinity in other parts of the world.

Soil salinity has emerged as a problem which is not 
only reducing the agricultural productivity (Ali, 
2006; Battacharya et al., 1999; Sarwar and Khan, 
2007; Singh and Singh, 1995), but also putting 
far reaching impacts on livelihood strategies of 
farmers. Both of the soil and water salinity have 
adverse effects on people’s living standard, daily life 
activities and socio-economic conditions (Haque and 
Saifuzzaman, 2003; Miah et al., 2004; Tanwir et al., 
2003). The intensity of the problem is large which has 
made it very difficult for the farmers to combat with 
the situation. The temporary solution being adopted 
by the farmers seems to have adverse effects in the 
long run. These solutions will not only put pressure 
on the farmers who are already at the cutting edge, 
but will also spoil the soil and ultimately the whole 
agricultural set up. 

Only a few research and development activities have 
been implemented in the study area infested with 
heavy salinity due to the presence of millions of tones 
of salts in the salt range. 

Negligible research has been done so far to explore 
the impact of salinity on the socio-economic 
condition and livelihood strategies of the farmers. 
Therefore, this study investigates the impacts of 
salinity on peoples’ livelihood strategy and farmers’ 
coping strategies for sustainable livelihood in the 
presence of salinity.

2. Methodology

2.1. Study area 

This study considers four villages from two unions4  

in Asasuni upazila of Satkhira district as the study site 
(see Map of the study area). The proximity to sea and 
existence of high saline areas having 16+ dSm-1 EC value 
(SRDI, 2010) in some places encourage the authors to 
select the district. The Chapra and Mohessor Kathi 
villages at Budhata union represents low saline area 
and the Sreeula and Moheskur villages at Sreeula 
union represents high saline area. 

2.2. Methods 

The first phase of this study is to collect data on 
livelihood strategy of the people living in the study 
area. The income, expenditure, employment, and 
land-use pattern are considered as four parameters to 
represent livelihood strategy of the respondents and a 
well-designed interview schedule is administered to 
collect information of the above noted and some other 
socio-economic characteristics of the farmers. A total 
of 150 respondents (farmers) were interviewed by 
taking 75 randomly selected respondents from each 
of Budhata and Sreeula unions. 

4Union is an administrative unit of Bangladesh.  An upazila 
consists of several unions.
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The second phase of this study is to collect soil sample 
from the study area. This study collected soil samples 
from 150 plots taking the biggest plot of each of the 
surveyed 150 farmers in the first phase for collecting 
socio-economic data. The collected soil samples were 
analyzed in the laboratory for getting EC and pH 
values. 

The third phase of this study is to analyze the collected 
socio-economic data and laboratory test results. 
Statistical techniques such as frequency distribution, 
correlation, t-test, and regression analysis are used to 
analyze the data. STATA and MINITAB are used for 
this purpose. 

Figure 1. Working Area

419



Haider and Hossain

Journal of Soil Science and Plant Nutrition, 2013, 13 (2), 417-431

This study uses frequency distribution to represent the 
data on land ownership, freshwater source, distance 
from freshwater source, age, income, expenditure, 
land-use pattern, intensity of harvest, etc. These 
indicators are considered to represent livelihood 
strategy and socio-economic status of the farmers in 
this study.  

A  t-test is used to check the statistical significance 
of mean difference between two groups for salinity 
and income. For salinity, the groups are high 
and low saline areas and the corresponding null 
hypothesis is:

   HO1: No difference in salinity level between low and 
high saline areas. 

Similarly, for income, the corresponding null 
hypothesis is:

  HO2: No difference in income level between low and 
high saline areas.

In a correlation analysis, this study uses age, 
education, land holding, income, expenditure, 
salinity, pH, land-use pattern, water sources and 
occupation/employment. A pair-wise correlation 
gives the correlation coefficients among the pairs of 
the cited indicators. Table 1 lists twenty variables to 
estimate correlation coefficients with salinity. 

This study uses a multiple regression analysis 
to check the influence of salinity on livelihood 
strategy of the farmers. Four dependent variables 
for four multiple regression models are income, 
expenditure, employment and land-use pattern (see 
Table 2).

The income and expenditure are continuous 
variables which measure the yearly income and 
expenditure of the respondents in a unit of thousand 
Taka5.For dichotomous type of dependent variables, 
such as employment and land-use patter, both linear 
probability model and logit model are estimated to 
check robustness. The corresponding explanatory 
variables are age, education, land holdings, 
income, expenditure, distance from fresh water 
source, salinity level, pH, land-use for shrimp, 
water sourcing from tube well and occupation as 
a day labor (see Table 2). For running the first and 
second regressions with income and expenditure 
as dependent variables respectively, the variables 
‘income’ and ‘expenditure’ are dropped in both 
cases from the list of explanatory variables. 
Similarly, for running regressions with employment 
and land-use pattern as dependent variables, the 
corresponding variables are dropped respectively 
from the list of explanatory variables. The general 
equation for multiple regression analysis is: 

                                                           

Where, Y  =  Dependent variables such as income, 
expenditure, employment and land-use pattern to 
represent livelihood strategy.

X  =   Explanatory variables such as age, education, 
land holdings, income, expenditure, distance from 
fresh water source, salinity level, pH, land-use for 
shrimp, water sourcing from tubewell and occupation 
as a day labor. The literature review and field survey 
indicate that age and experience of the  farmers, 

5Taka is the currency of Bangladesh.
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education level, economic condition and considered 
other explanatory variables might have some 
influences on the dependent variables.

i = 1-4 (four dependent variables).

j = 1-11 (eleven explanatory variables).

Table 1. List of variables for correlation analysis

Source: Authors’ Compilation

421



Haider and Hossain

Journal of Soil Science and Plant Nutrition, 2013, 13 (2), 417-431

Source: Author’s Compilation Based on Field Survey (2010)

Table 2. List of variables for regression analysis

Source: Authors’ Compilation

3. Results and Discussion

3.1. Laboratory test results

The laboratory test results of soil samples indicate that 
the salinity level ranges between 0.2-9.8 dSm-1 in the 
study area. The mean salinity (dSm-1) of the Chapra 
and Mohessor Kathi villages under Budhata union is 
lower than that of the Sreeula and Moheskur villages 
under Sreeula union. The mean difference in salinity 
of the two unions is statistically significant at 1 
percent level of significance (see Table 3). Therefore, 

this study considers the Chapra and Mohessor 
Kathi villages under Budhata union as a low saline 
area and Sreeula and Moheskur villages under 
Sreeula union as a high saline area. The laboratory 
test results also indicate that the pH level ranges 
between 6.05 - 8.00 in the study area. However, the 
mean difference in pH level of the two unions is not 
statistically significant.
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Table 3.  Two-sample t-test results for salinity in the study area

Source: Author’s Compilation Based on Field Survey (2010)

Table 4.  Information of the farmers in the study area

Source: Author’s Compilation Based on Field Survey (2010)

N.B.: Gw - Ground Water, Rw - River Water, O - Others
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3.2. Descriptive statistics

The distribution of the surveyed 75 sample farm 
households in the low saline area (Budhata union) on 
the basis of landholding size indicates that more than 
half of the respondents have less than two hectares 
of land, more than one-third of the respondents have 
2-5 hectares of land and only few farmers have more 
than 5 hectares of land (see Table 4). However, the 
distribution of the surveyed 75 sample farm households 
in the high saline area (Sreeula union) on the basis of 
landholding size indicates that about two-third of the 
farmers have less than two hectares of land (see Table 
4). The number of small and large farms is higher in 
the high saline area as compared to the low saline area. 
However, the number of medium farms is higher in the 
low saline area as compared to the high saline area. 

Most of the farmers in the low saline area use ground 
water and river water as their main drinking water 
source which is located at medium distance from their 
homestead. More than three-fourth of the respondents 
in the low saline area live within one km distance 
from the drinking water source (see Table 4). In 
contrast, most of the farmers in the high saline area 
use the tubewell water. The tubewells were installed by 
various NGO’s or government as their drinking water 
source in the high saline area. About three-fourth of 
the respondents in the high saline area live within less 
than 0.5 km distance of the drinking water source (see 
Table 4). 

According to the survey findings, the yearly income 
and expenditure for the people in the high saline area 
are relatively lower than that of the low saline area 
(see Table 5). The people of the low saline area are 
using their land for multiple purposes, such as, rice 
cultivation, white fish production, shrimp culture, etc. 
However, the people of the high saline area are using 
their land solely for shrimp cultivation (see Table 
5). Such a trend indicatesthat in the low saline area, 
farmers are trying to cope with the salinity in various 
ways, but in the high saline area farmers have no 
choice except the shrimp culture.

The survey findings indicate that the income and 
expenditure level of the respondents range between 30-
288 and 28-272 thousands Taka per year respectively 
in the study area. On average, both the income and 
expenditure of the shrimp cultivators are lower than 
the others. The survey data also indicates that the 
average land holdings of the shrimp cultivators are 
lower than the others. 

3.3 Impact of salinity

The mean yearly income of the low saline area is higher 
than that of the high saline area and the mean difference 
in income of the two areas is statistically significant at 1 
percent level of significance (see Table 6). 

This study uses a correlation analysis to address the 
objective. As the main concern of this study is to check 
the correlation between salinity and livelihood strategy, 
it considers the correlation coefficients for salinity with 
the variables associated with livelihood strategy. The 
statistically significant correlation coefficients with 
salinity are yearly income (-ve), yearly expenditure 
(-ve), distance of fresh water source (-ve), land use for 
rice cultivation (-ve), land use for shrimp culture (+ve), 
tubewell water as water source (+ve), rain water harvest 
(+ve), river water (-ve), ground water (-ve), own farming 
(+ve), day labor (-ve) and business (+ve) (see Table 
A1 of Annex). The signs of the statistically significant 
correlation coefficients are found as expected. The 
correlation analysis finds that salinity intrusion is 
positively associated with shrimp farming, working 
at own farm (gher6 ), collecting water from tubewell, 
rain water harvest and business as an occupation. On 
the other hand, the correlation analysis also finds that 
salinity intrusion is negatively associated with rice 
cultivation, income, expenditure, river water, ground 
water and day labor as an occupation.  . The derived 
correlation coefficients indicate that with change in 
expenditure and income, salinity intrusion also changes.

6Gher refers to shrimp cultivating farm.

424



Impact of salinity on livelihood strategies of farmers 

Journal of Soil Science and Plant Nutrition , 2013, 13 (2), 417-431

The results clearly indicate that salinity intrusion 
encourages shrimp culture and hence increase the 
opportunity to work at own farm (gher), constraints 
rice cultivation, restricts water collection from river 
or ground, bounds to collect water from tubewell or 
harvest rain water, reduces employment and hence 
decreases the occupation opportunity as a day labor 
and finally decreases income and expenditure of the 
people. 

In case of water source location, majority of the 
farmers in the low saline area utilize ground water 
and river water as their fresh water sources. On the 
other hand, in the high saline area, people depends 
on water from tubewells which were installed by 
the government or various NGO’s and rain water 
harvest. 

The statistically significant negative correlation 
coefficient between salinity and income indicates 
that in the high saline area farmers earning sources 
are very limited. In contrast, for the low saline 
area, farmers may earn from a variety of sources. 
Therefore, the chance of getting extra income for the 
low saline areas’ farmers is not limited like the high 
saline areas. 

In addition to the correlation exercise, this study uses a 
regression analysis to address the objective of tracing 
out the impact of salinity on livelihood strategies 
of farmers. Income, expenditure, employment and 
land-use pattern are the four important parameters 
to represent livelihood strategy of the people in 
this study. The description of these four dependent 
variables is listed in Table 2. The income and 
expenditure variables are measured in Taka per year. 
Employment is a dichotomous type of variable with 
‘1 = yes for having employment opportunity’ and ‘0 = 
no employment opportunity’ as a day labor. Similarly 
land-use is also a dichotomous type of variable with 
‘1 = yes for using land in shrimp culture’ and ‘0 = no 
for using land in shrimp culture’ (see Table 2). Four 
multiple regression models are estimated considering 
the cited four dependent variables. The regression 

results are reported in Table 7. For dichotomous type 
of dependent variables, logit models are estimated in 
addition to a linear probability model for checking 
robustness of the estimated results. 

The regression results clearly indicate that salinity has 
a negative impact on both income and expenditure of 
the farmers and the impact is statistically significant 
(see Table 7). Similarly, salinity intrusion reduces the 
occupation opportunity as day labor and hence reduces 
employment opportunity. Moreover, it positively 
influences the use of land for shrimp farming. 
The logit model estimation results considering 
employment and land-use pattern as dependent 
variables almost coincide with the above said linear 
probability model estimation results. Therefore, 
it can be said that salinity intrusion influences 
the livelihood strategies of the farmers through 
influencing income, expenditure, employment and 
land use activities.

3.4. Farmers’ responses to salinity  

The farmers’ responses to salinity are not very 
encouraging. Survey findings indicate that they did 
not adopt any consistent strategy for coping with the 
salinity problem. There is no significant pattern in 
farmers’ responses to soil salinity. They use their lands 
for crop production which are located with minimal 
soil salinity. They try to diversify their production 
on these agricultural lands. They also emphasize on 
the need for more active government participation 
for solving the salinity problem. For example, 
installing a good drainage system is unavoidable for 
successful and sustainable reclamation. It is clear 
that farmers will not be able to install such a heavy 
drainage system without the help of government or 
NGO’s. The farmers also emphasize on maintaining 
the ground water at a level where re-salinisation can 
be maintained to a minimum level for a sustainable 
reclamation. The strategies adopted by farmers are 
summarized in Table 8.
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Table 5. Socio-economic features of the farmers in the study area

Source: Author’s Compilation Based on Field Survey (2010)

Table 6.  Two-sample t-test results for yearly income in the study area

Source: Author’s Compilation Based on Field Survey (2010)
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Table 7.  Regression results

Source: Author’s Compilation Based on Field Survey (2010)
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Table 8.  Farmers’ suggestions for reclamation of land in the study area

Source: Author’s Compilation Based on Field Survey (2010)

Table 8 indicates that a majority of the farmers 
recognize installation of tile drain, tubewell and 
cleaning of drain is good for reclaiming their salty 
land in the low saline area. However, for high saline 
area, a majority (54 percent) of the farmers were 
unable to form any opinion, which is very alarming. 
It may indicate that the intensity of problem is so 
severe that farmers are unable to visualize fully 
the possible damage of soil salinity. It is also clear 
from Table 8 that farmers are trying to reclaim 
their land by various methods. The two important 
measures suggested by the farmers are: (a) the 
installation of tile drain, tubewell and cleaning, 
and (b) cleaning of drain. Both of these measures 
require huge expenditures and farmers may not be 
able to afford these. Therefore, some assistances 
from government or external sources are required. 
Qureshi and Barrett-Lennard (1998) also reported 
similar findings.  

When the farmers were asked to state the measures 
for tackling the problem of soil salinity, all of the 
farmers in low saline area stated that they prefer to 
apply gypsum and to increase in water supply (see 
Table 9). Both of these two methods are economically 

and environmentally unsustainable. It seems that the 
farmers don’t have any systematic understanding 
about the probable side effects of gypsum application 
on their soil, such as an increase in pH level, negative 
effects on seedling and survival, contaminating 
nearby watersheds and deficiency of iron, manganese 
and magnesium. On the other hand, the survey 
findings indicate that, in high saline area, more than 60 
percent of the farmers apply lime, urea or phosphate 
amendments to reclaim their salty land and more 
than one-third (36 percent) of the respondents 
cannot specify the reclaiming amendment for 
salinity remediation (see Table 9). Applying lime, 
urea and phosphate to deal with salinity are not 
economical. As a result, higher saline area’s farmers 
have to incur more expenditure than lower saline 
area’s farmers for dealing with the salinity problem.    
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Table A1. Correlation matrix for selected variables in the study area

Source: Author’s Compilation Based on Field Survey (2010)

Table 9.  Farmer’s strategies to reclaim saline land

Source: Author’s Compilation Based on Field Survey (2010)
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4. Conclusion

Salinity is a severe problem which is not only reducing 
the agricultural potential, but also creating impacts on 
livelihood strategies of farmers. The most significant 
impact of salinity is the changes in land use activities. It 
encourages shrimp farming, constraints rice cultivation, 
negatively influences income and expenditure, invites 
water crisis and squeezes employment opportunity. 
As a result, salinity intrusion significantly influences 
livelihood strategies of the people. 

This study finds that farmers in low saline area are 
looking for a number of suitable land use practices. 
The temporary solutions, such as, gypsum, lime, etc. 
being adopted by the farmers seem to have adverse 
effects in the long run. These will not only put more 
pressure on the farmers who are already at the cutting 
edge, but also spoil the soil and ultimately the whole 
agricultural set up. Therefore, it is suggested for 
government or external intervention and assistance for 
long-run sustainable solution of the salinity problem. 
Future study focusing on salinity issue might highlight 
to derive such a solution for long term sustainability.
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