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Adaptation of Coastal Farmers to Increasing Salinity in Selected Coastal Area of Bangladesh



ABSTRACT
The present study evaluated the adaptation measures taken by the coastal farmers of Bangladesh to cope up with the increasing salinity. Mixed method including key informant interview, household survey was used to collect data from 80 respondents who were selected as a sample following disproportionate random sampling technique. The study exhibits the poor socio-economic condition of the respondents in the study areas. Disappearing of agricultural land with diminished productivity was the major challenge they faced due to increasing salinity. Around 82.0% of the respondents adopted medium to high-level adaptation strategies in response to salinity management. Among the selected characteristics, only age and family size showed significant and positive contribution to adaptation. Adopting adequate adaption mechanisms can assist coastal people to sustain in the changing climatic situation and environmental hazards. The current research will be important for the relevant policymakers towards the formulation of policy for the coastal farmers. 
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1. INTRODUCTION
The agricultural sector comprises an eminent component of Bangladesh’s national economy, where 40.6% people of this country are directly or indirectly dependent on it for their livelihood with 11.22% contribution to national GDP (BBS, 2022). Agriculture is also the leading land use practice in coastal areas of the country. For the significant part of the coastal population, the agricultural sector’s growth and sustainability are crucial for their prosperity and existence (Hoque et al., 2023). To a substantial extent, this is also true for the national economy. But the decreasing trend has been observed over the years in the net-cropped area of the coastal zones due to several factors. Salinity problems affected coastal agro-lands that checked crop production. Climate change related threats like cyclone, storm surge, and rise in the sea-level have contributed to exacerbate the problem (Baten et al., 2015; Clarke et al., 2015).
Bangladesh has been undergoing a higher rate of salinity intrusion over the last few years. Around 53.0% of the country’s coastal areas have been affected by different degrees of salinity (Habiba et al., 2014). Over-extraction of groundwater, extensive use of saline water for shrimp and salt farming, and climate change-induced natural disasters are the primary reasons behind the soil salinization in these areas (Hossain et al., 2018; Al Mamun et al., 2014; Chowdhury et al., 2011; Dasgupta et al., 2014; Hossain et al., 2012). As a consequence of increased salinity problem, agricultural lands in these regions have decreased, especially during the dry season (Rahman et al., 2011) which negatively affects agricultural productivity of this region by creating an adverse environmental and hydrological situation (Khanom, 2016). Besides, restricting crop production, salinity makes freshwater unavailable for drinking and industrial purpose. Consequently, the poor people in these regions are bound to adopt alternative livelihood strategies to handle the detrimental effects of environmental changes (Baten et al., 2015; Johnson et al., 2016).
Salinity rise results from climate change which affects farmers in socio-economic aspects (Hoque et al., 2013). The climatic change can seriously affect agrarian countries by causing food scarcity. Thus, people dependent on farming activities are needed to require various adaptation strategies to alleviate the adverse impact of climate change on people’s livelihood (McDowell & Hess, 2012). Changing the planting time, using tolerant varieties, practicing soil and water conservation techniques, judicious use of fertilizer, diversification to non-farm activities are some coping mechanisms that are essential to practice at farm level to withstand climate change associated problems (Hoque et al., 2023; Uddin et al., 2014).   
[bookmark: _Hlk67166853]However, most of the empirical researches regarding adaption strategies have not focused on how farmers change agricultural practices concerning the continuous increasing salinity, or specified the key socio-economic factors that contribute (or impede) to their coping strategies. Most of the studies emphasized the causes and effects of salinity intrusion (Mahmuduzzaman et al., 2014; Rasel et al., 2013; Baten et al., 2015; Clarke et al., 2015) and adaptation strategies (Uddin et al., 2014; Kabir et al., 2016) to combat environmental/climate change. That’s why, the current study was carried out to identify the respondents’ socio-economic characteristics likely to be influential in identified adaptive strategies to combat salinity intrusion, along with the challenges faced by them due to salinity intrusion.

2. METHODOLOGY
2.1 Locale and Research Design
The current study used a descriptive and diagnostic research approach (Upoma et al., 2024, Saha et al., 2024; Hasan et al., 2023;). The present study was carried out at Batiaghata and Dumuria upazilas of Khulna district Bangladesh (Fig. 1). The study location was selected due to good communication system, easier accessibility and cooperative behavior of the farmers of the selected sites. Farmers associated with agricultural activities in the study areas were the target population of the study. Disproportionate random sampling technique was applied to select 80 respondents including 40 from each upazilas (Parveen et al., 2023; Hoque et al., 2024). Data collection accomplished within four months, ranging from July to October 2019. 

Fig 1. Map of the study sites (Batiaghata and Dumuria upazilas of Khulna district) 
(Source: Banglapedia, 2014, 2015)
2.2 Measurement of Dependent Variables
Challenges faced by the farmers due to increasing salinity and adaptation measures followed by them to tackle this were the dependent variables of this study. A five-point rating scale, consisting of 10 items was used to measure challenges faced by the farmers. Scores of ‘5’, ‘4’, ‘3’, ‘2’, and ‘1’ were assigned ‘very high challenge’, ‘high challenge’, ‘low challenge’, ‘very low challenge’ and ‘no challenge’, respectively. The total scores of a respondent were calculated by adding his/her individual scores of each item.  A Challenge Index (CI) for ten items was calculated by using the following formula:

Where,
NC = No challenge
VLC =Very low challenge
LC =Low challenge
HC = High challenge
VHC = Very high challenge
In measuring the adaptation mechanism of the farmers to increasing salinity, a four-point scale was prepared with nine constructs reflecting the different aspects to increasing salinity. Scores of ‘4’, ‘3’, ‘2’ and ‘1’ were assigned against ‘highly involved’ ‘moderately involved’, ‘partially involved’ and ‘not involved’ items. The total score of a respondent was obtained by adding the individual score of each item which was then cumulated and classified into low, moderate and high categories.
2.3 Measurement of Independent Variables
The independent variables of the present study were age, educational level, family size, member(s) involved in agriculture, sources of water, farm size, farming experience, annual income, training experience, membership of organization, and contact with information sources of the farmers.
Age of a respondent was measured based on the actual years, education in years of schooling, family size in total number of family members, members(s) involved in agriculture based on the number of respondents who used to work in the agricultural field. Sources of water was measured based on four different sources; farm size based on total farm land area (ha) owned by the respondents’ family. Farming experience was measured based on the duration of a respondent engaged in agricultural works, annual income based on his/her total annual earnings from different sources expressed in BDT (Bangladeshi Taka). In the same way, training experience was ascertained in number of days attended in different trainings, organizational membership based on the nature and duration of participation in different organization while contact with the sources of information was assessed by counting the number of information gathering sources.
2.4 Statistical Analysis
Statistical Package for Social Science (SPSS) was used to analyze data and simple statistics like percent, frequency count, mean, standard deviations were employed (Hasan et al., 2023). Linear regression analysis was used to assess the contribution of selected socioeconomic characteristics of the respondents to their adaptation measures to cope up with the increasing salinity (Hasan et al., 2022). 
3. RESULTS AND DISCUSSION
3.1 Sociodemographic Characteristics of the Respondents
Information contained in Table 1 reveal that the highest proportion (62.5%) of the respondents belonged to middle age followed by young age (27.4%). Around half (52.0%) were illiterate while rest (48.0%) had primary to higher secondary level education. The highest proportion of the respondents (38.5%) had medium family size followed by large (36.3%) family. Majority of the respondents (82.7%) had low involvement in agriculture followed by medium level involvement (13.8%). A very significant portion of them (91.30%) depended on pond water followed by rain water (65.0%). Mentionable percentage of the respondents (41.2%) owned small farm with an average of 0.89 ha, which was higher than the national average (0.8 ha) (DAE, 2018). The highest proportion of the respondents (62.5%) had medium level farming experience with an average of 24.23 years. Most percentage of the respondents (43.3%) belonged to low-income category with an average of BDT 143373, and it was lower than the national average (BDT 148518) (BBS, 2022). Only one-fourth of them (25.0%) were trained while the rest (75.0%) of them did not receive any training. More than two-fifth (41.2%) of the respondents held membership of different organizations while remaining (58.8%) of them did not hold any organizational membership. Half of the respondents (50.2%) maintained low contact, and the rest half (49.8%) maintained medium to high contact with several information sources.
Table1. Salient features of the selected characteristics of the respondent farmers
	Characteristics
	Classification
	Farmers (n= 80)

	
	
	%
	Mean
	SD

	Age (years)
	Young age (up to 35 years)
	27.4
	42.51
	11.38

	
	Middle age (36 to 50 years)
	62.5
	
	

	
	Old age (above 50 years)
	10.1
	
	

	Educational level
	Illiterate (0)
	52.0
	1.69
	0.97

	
	Primary (up to 5)
	30.0
	
	

	
	Secondary (6 to 10)
	15.0
	
	

	
	Higher Secondary (up to 10)
	3.0
	
	

	Family size
	Small (up to 4)
	25.2
	6.05
	1.98

	
	Medium (5-6)
	38.5
	
	

	
	Large (above 6)
	36.3
	
	

	Member(s) involved in agriculture
	Low (up to 2)
	82.7
	1.69
	0.97

	
	Medium (3-4)
	13.8
	
	

	
	Large (above 4)
	3.5
	
	

	Sources of water
	Shallow tube well
	0.0
	-
	-

	
	Deep tube well
	42.5
	
	

	
	Storage rain water
	65.0
	
	

	
	Others (pond)
	91.3
	
	

	Farm size
	Marginal (0.21-0.6 ha.)
	20.0
	0.89
	0.33

	
	Small (0.61-01.0 ha.)
	41.2
	
	

	
	Medium (1.01-2.9 ha.)
	37.5
	
	

	
	Large (above 2.9 ha.)
	1.3
	
	

	Farming experience
	Low (up to 16 years)
	27.2
	24.23
	10.00

	
	Medium (17-35 years)
	62.5
	
	

	
	High (above 35 years)
	10.3
	
	

	Annual income
	Low income (BDT up to 122500)
	43.3
	143373
	70899

	
	Medium income (BDT 125000-159000)
	37.4
	
	

	
	High income (above BDT 159000)
	19.3
	
	

	Training experience
	Did not receive training
	75.0
	0.25
	0.44

	
	Received training
	25.0
	
	

	Membership of organization
	Membership
	41.2
	0.41
	0.50

	
	No membership
	58.8
	
	

	Contact with information sources
	Low contact (up to 8)
	50.2
	8.67
	1.51

	
	Medium contact (9-11)
	47.5
	
	

	
	High contact (above 11)
	2.3
	
	


3.2 Challenges Faced by Farmers Due to Increasing Salinity
Results shown in Table 2 indicate that decreased soil productivity and loss of agricultural land (CI 400) were the most challenging items, which ranked first followed by poor government as well as organizational support (CI 379) ranked 2nd, shortage of freshwater (CI 358) ranked 3rd and need to use of extra fertilizer (CI 341) ranked 4th. Simultaneously, the outbreak of viral diseases, and poor linkage between community and institution were found less challenging that ranked 8th and 9th, respectively.
Table 2. Ranking of the challenges faced by the respondents due to increasing salinity
	SL
	Items
	Challenge index
	Rank

	1. 
	Decreased soil productivity 
	400
	1st 

	2. 
	Need to provide extra irrigation 
	315
	5th 

	3. 
	Excessive weed infestation 
	313
	6th  

	4. 
	Use of extra fertilizer 
	341
	4th 

	5. 
	Poor governmental as well as organizational support
	379
	2nd 

	6. 
	Poor linkage between community and institution
	228
	9th 

	7. 
	Shortage of fresh water
	358
	3rd  

	8. 
	Outbreak of viral diseases
	249
	8th 

	9. 
	Excessive insect infestation
	261
	7th 

	10. 
	Loss of agricultural land 
	400
	1st 



These findings reveal that salinity intrusion caused infertility problems in the soil of the study area. Due to the extreme popularity of shrimp cultivation, most of the cultivable land converted to shrimp farm. Amin et al., (2011) also observed similar findings in their study. The respondents hardly receive governmental support in confronting salinity intrusion. Scarcity of fresh water was a serious concern there, made lots of soil nutrients unavailable, ultimately responsible for less soil productivity. Thereby, respondents needed to put additional fertilizer to assuage the infertility problem. Jodder et al., (2016) also found similar challenges in their study in Southwest coast of Bangladesh.

Results shown in Table 3 reveal that the highest proportion (52.6%) of the respondents faced high challenges, compared to 40.1 percent faced medium level of challenges and the remaining 7.3 percent of the respondents faced low level of challenges to increasing salinity. Therefore, a large portion (92.7%) of them faced medium to high level of challenges. 
Table 3. Distribution of the respondents according to their level of challenges faced due to increasing salinity
	Category
	Respondents
	Mean
	SD

	
	Frequency
	Percent
	
	

	Low (up to 26)
	6
	7.3
	
30.55
	
2.08

	Medium (27-30)
	32
	40.1
	
	

	High (above 30)
	42
	52.6
	
	

	Total
	80
	100.0
	



With time, salinity intrusion is becoming severe. So, the locals have to face salinity induced problems more frequently. It has adverse impact on their livelihood. Those who cannot adapt with these situations have to change their livelihood or migrate to non-saline prone areas.
3.3 Adaptation Measures to Cope up with Increasing Salinity
3.3.1 Soil management practices
Soil management practices are employed on the farm to ensure sound health of soil. Healthy soil enhances agricultural productivity, environment and even human and animal health. Different soil management practices adopted by the respondents in the study area shown in Table 4. Findings illustrated that the huge percentage of the respondents highly involved in leveling of land (86.3%) and scraping (72.5%) practices, moderately involved in raise cultivation (77.5%), and addition of organic matter practices (75.0%). Mukhopadhyay et al., (2021) discovered nearly identical mitigation strategies for food security and sustainable agriculture against salinity issues. A large majority of them (92.5%) did not involve in zero tillage practice. Therefore, the most of the soil management practices except zero tillage were common practices in the study area. 
Table 4. Arrangement of the respondents according to their soil management practices
	Soil management practices
	Highly 
involved
	Moderately involved
	Partially involved
	Not involved

	a) Scraping
	58(72.5*)
	20(25.0)
	2(2.5)
	0(0.0)

	b) Addition of organic matter
	10(12.5)
	60(75.0)
	9(11.3)
	1(1.2)

	c) Zero tillage
	0(0.0)
	1(1.2)
	5(6.3)
	74(92.5)

	d) Leveling of land
	69(86.3)
	10(12.5)
	1(1.2)
	0(0.0)

	e) Raise cultivation
	9(11.3)
	62(77.5)
	9(11.2)
	0(0.0)

	f) Floating agriculture
	6(7.5)
	46(57.5)
	23(28.8)
	5(6.2)


*Values in parenthesis indicate percent
3.3.2 Cropping pattern practices
The farmers of Bangladesh usually follow three types of cropping pattern (single, double, and triple) whereas farmers of coastal areas usually follow triple cropping pattern. Four types of triple cropping pattern were mostly used in coastal areas (Table 5). Findings indicated that the majority of the respondents moderately to highly practiced rice-rice-rice (96.3%) cropping pattern. In contrast, most of them did not practice rice-rice-sunflower (76.6%) cropping pattern followed by rice-rice-mung bean (57.5%) cropping pattern. It means that mono-cropping was widespread practice in the study area.
Table 5. Distribution of the respondents according to their cropping pattern practices
	Cropping pattern practices
	Highly 
involved
	Moderately involved
	Partially involved
	Not involved

	a) Rice-Rice-Rice
	30(37.5*)
	47(58.8)
	3(3.7)
	0(0.0)

	b) Rice-Rice-Maize
	7(8.6)
	20(25.0)
	15(18.8)
	38(47.5)

	c) Rice-Rice-Sunflower
	0(0.0)
	0(0.0)
	19(23.4)
	61(76.6)

	d) Rice-Rice-Mung bean
	0(0.0)
	7(8.7)
	27(33.8)
	46(57.5)


* Values in parenthesis indicate percent
According to research by Hajong et al., (2021), T. Aman-mustard-boro was the primary cropping pattern, and 90% of the farmers in Satkhira Sadar upazila covered it. Though mung bean and sesame are profitable crops in the saline environment (Rasel et al., 2013), farmers of the study area were fond of mono-cropping (especially rice) practice. It was due to less awareness of them about the negative impact of mono-cropping. Constant mono-cropping practices adversely affect crop yield by causing pest resurgence, soil quality deterioration, and other problems. Uddin et al., (2014) suggested that responding to these effects, farmers should adopt diversified cropping practices to overcome overall farm risk and to expand farm profit, which helps to boost the farmers’ incomes.
3.3.3 Seasonal adaptation practices
Three common types of seasonal adaptation practices followed by the respondents (Table 6). Results showed that almost all of the respondents (96.3%) highly involved in optimum time cropping. More than half (51.3%) of them moderately involved in early cropping and similar portion of them did not involve in late cropping (48.8%).
Table 6. Arrangement of the respondents based on their seasonal adaptation practices
	Seasonal adaptation practices
	Highly 
involved
	Moderately involved
	Partially involved
	Not involved

	a. Early cropping
	9(11.3*)
	41(51.3)
	3(3.6)
	27(33.8)

	b. Late cropping
	0(0.0)
	33(41.2)
	8(10.0)
	39(48.8)

	c. Optimum time cropping
	77(96.3)
	3(3.7)
	0(0.0)
	0(0.0)


* Values in parenthesis indicate percent
As soil salinity problem becomes severe during the pre-monsoon period, cropping time adjustment is a crucial practice to confront salinity. Rasel et al., (2013) reported that early cropping offers a yield gain of about 1.5t/ha over the present productive level in rice production by utilizing the advantage of rainfall.
3.3.4 Varietal adaptation practices
In the study site, two types of varietal adaptation strategies were practiced (Table 7) which indicated that regarding varietal adaptation, cent percent (100.0%) of the respondents were highly involved in practicing salinity tolerating varieties, and the majority (80.0%) of them were highly engaged in practicing the cultivation of short duration varieties. It means that adopting improved crop varieties was a common adaptive strategy against severe salinity problems.
Table 7. Distribution of the respondents according to their varietal adaptation practices
	Varietal adaptation practices
	Highly 
involved
	Moderately involved
	Partially involved
	Not involved

	a. Salinity tolerant variety(s)
	80(100.0*)
	0(0.0)
	0(0.0)
	0(0.0)

	b. Cultivation of short duration variety(s) 
	64(80.0)
	13(16.3)
	3(3.7)
	0(0.0)


* Values in parenthesis indicate percent
National Agricultural Research System (NARS) of Bangladesh has given special attention to develop salt-tolerant varieties. Thereby, Bangladesh Institute of Nuclear Agriculture (BINA) and Bangladesh Rice Research Institute (BRRI) have developed some salt-tolerant rice varieties suitable for the coastal regions naming BRRI dhan47 and BINA dhan8. Concurrently, Bangladesh Agricultural Research Institute (BARI) has developed a number of saline tolerant crop varieties other than rice suitable for the southern belts. Moreover, the Department of Agricultural Extension (DAE) introduced these varieties among the farmers of the study sites which made these improved verities popular among them. These findings are in line with the results of Habiba et al., (2014).
3.3.5 Intercultural practices
Results illustrated in Table 8 indicate that a huge majority (91.3%) of the respondents highly involved in weeding practice while most percentage of them (58.8%) were moderately involved in thinning practice. Simultaneously, a majority (88.8%) of them did not involve in mulching and flushing of top soil with water (60.0%) practices. But The management of irrigation, including scheduling and leaching percentage, as well as artificial drainage, can influence salt distribution and buildup, leaching, water-use efficiency and nutrient-use efficiency, all of which can prevent or lessen the consequences of salinity in soil and water (Machado & Serralheiro, 2017).
Table 8. Distribution of the respondents based on their intercultural practices
	Intercultural practices
	Highly 
involved
	Moderately involved
	Partially involved
	Not involved

	a. Weeding
	73(91.3*)
	7(8.7)
	0(0.0)
	0(0.0)

	b. Mulching
	0(0.0)
	0(0.0)
	9(11.2)
	71(88.8)

	c. Thinning
	30(37.4)
	47(58.8)
	3(3.8)
	0(0.0)

	d. Flushing of top soil with water
	1(1.2)
	1(1.3)
	30(37.5)
	48(60.0)


* Values in parenthesis indicate percent
Regular intercultural practices are crucial for healthy crop production. It not only increases crop production but also prevents pest infestation (Islam et al., 2024). Weeding and thinning were the prevalent intercultural practices in the study areas. Mulching would be a good practice to conserve soil moisture throughout the dry season, but most of them were not interested about it for ignorance.
3.3.6 Irrigation practices
It is evinced from Table 9 that the cent percent (100.0%) of the respondents were highly to moderately involved in using fresh water for irrigation purpose and almost all of them (97.5%) were moderately to partially involved in using dam water for irrigation purpose. Conversely, they were reluctant to use rainwater for irrigation purpose, and a substantial portion (87.5%) of them opined that they did not utilize it for irrigation.
Table 9. Distribution of the respondents according to their irrigation practices
	Irrigation practices
	Highly 
involved
	Moderately involved
	Partially involved
	Not involved

	a. Fresh water irrigation
	72(90.0*)
	8(10.0)
	0(0.0)
	0(0.0)

	b. Rain water storage irrigation
	0(0.0)
	1(1.2)
	9(11.3)
	70(87.5)

	c. Dam construction
	1(1.3)
	36(45.0)
	42(52.5)
	1(1.2)


* Values in parenthesis indicate percent
Respondents of the study area used surface water as a source of freshwater for irrigation purpose. Underground water was salinity affected which was not suitable for crop production. In that sense, rain water would be an alternative source of freshwater. The use of rainwater in irrigation did not become popular due to the lack of infrastructural facilities in the study areas. 
3.3.7 Change in cropping intensity practices
Information displayed in Table 10 illustrate that almost all (98.8%) of respondents were highly involved in decreasing cropping intensity practice because of the low productivity of the soil.
Crop production in the study area is severely affected by saline contaminated soil. This gives rise to land use changes, low agricultural productivity, and changing of crop-based livelihood of the respondents, which ultimately triggers loss of agricultural lands and food insecurity. Hossain et al., (2018) noticed similar incidents in their study in the southwest coastal areas of Bangladesh.
Table 10. Distribution of the respondents according to their change in cropping intensity practices
	Cropping intensity practices
	Highly 
involved
	Moderately involved
	Partially involved
	Not involved

	a. Increasing cropping intensity
	0(0.0*)
	0(0.0)
	1(1.2)
	79(98.8)

	b. Decreasing cropping intensity
	79(98.8)
	1(1.2)
	0(0.0)
	0(0.0)


* Values in parenthesis indicate percent
3.3.8 Transformation of agricultural practices
Due to increasing salinity of coastal areas, transformation of agricultural practice is worth seeing. Most of the respondent farmers were changing their farming practices. Eight types of transformation of agricultural practices were found in coastal areas (Table 11). In accordance with most (92.5%) of the respondents highly involved in shifting from rice to prawn followed by shifting from crops to livestock (57.5%) practices. Again, a majority (92.5%) of them did not involve in shifting from prawn to livestock and adoption of agroforestry practices (86.3%). 
Table 11. Distribution of the respondents according to their transformation of agricultural practices
	Transformation type of    agricultural practices
	Highly
involved
	Moderately involved
	Partially involved
	Not involved

	a. Homestead cultivation
	9(11.3*)
	31(38.8)
	38(47.5)
	2(2.5)

	b. Shift from rice to prawn cultivation
	74(92.5)
	0(0.0)
	0(0.0)
	6(7.5)

	c. Shift from prawn to livestock
	6(7.5)
	0(0.0)
	0(0.0)
	74(92.5)

	d. Shift from crops to livestock
	46(57.5)
	0(0.0)
	3(3.8)
	31(38.8)

	e. Shift from rice to livestock
	35(43.8)
	0(0.0)
	1(1.3)
	44(55.0)

	f. Conversion of agricultural land to orchard
	2(2.5)
	34(42.5)
	5(6.3)
	39(48.8)

	g. Adoption of agroforestry
	0(0.0)
	11(13.8)
	0(0.0)
	69(86.3)

	h. Livestock rearing along with crop cultivation
	35(43.8)
	40(50.0)
	0(0.0)
	5(6.3)


* Values in parenthesis indicate percent
Shrimp cultivation is becoming popular in the coastal regions due to increasing demand of shrimp in the international market. Saltwater is essential for shrimp culture as an input. As a result, salinity problem increases with the extension of shrimp culture that also enhances salinity in ground water. As mentioned by Mahmuduzzaman et al., (2014), shrimp farming causes salt accumulation in agricultural fields and hampers crop production. To confront this challenge, farmers in the study areas were changing their livelihood strategies to shrimp farming for profitability.
3.3.9 Shift to off-farm livelihood practices
Results illustrated in Table 12 indicate the low involvement of the respondents in off-farm activities. Most percentage of them did not involve in van driving (98.8%), followed by service (90.0%), business (88.8%) and labor (85.0%).
Table 12. Distribution of the respondents according to their shift to off-farm livelihood practices
	Off-farm livelihood practices
	Highly 
involved
	Moderately involved
	Partially involved
	Not involved

	a. Service
	8(10.0*)
	0(0.0)
	0(0.0)
	72(90.0)

	b. Labor
	5(6.2)
	7(8.8)
	0(0.0)
	68(85.0)

	c. Business
	5(6.1)
	3(3.8)
	1(1.3)
	71(88.8)

	d. Others (van driver)
	1(1.2)
	0(0.0)
	0(0.0)
	79(98.8)


* Values in parenthesis indicate percent
Severe salinity intrusion affected agricultural productivity which induced the local people to change their livelihood practice to off-farm activities. But greater profitability in shrimp cultivation made them less engaged in the off-farm sector. On the contrary, Rabbani et al., (2013) observed different findings in their study where they observed that a considerable portion of the respondents switched to non-farm activities due to increasing salinity.
3.3.10 Overall Adaptation
The total adaptation score of the respondents ranged from 41 to 60 with an average of 51.92 and standard deviation of 4.08 (Table 13). Findings reveal that the highest proportion of the respondents (52.6%) practiced medium level adaptation strategies followed by high (29.7%). 
Table 13. Distribution of the respondents according to their overall adaptation
	Category
	Respondents
	Mean
	SD

	
	Frequency
	Percent
	
	

	Low level (up to 48)
	14
	17.7
	
51.92
	
4.08

	Medium level (49-53)
	42
	52.6
	
	

	High level (above 53)
	24
	29.7
	
	

	Total
	80
	100.0
	


Thus, more than four-fifth (82.3%) of them found practicing medium to high adaptation strategies against increasing salinity. It means that the respondents were adept in practicing different adaptation mechanisms. It might be due to maintain considerable contact with different information sources which helped them become aware of different coping strategies against salinity. Besides, continuous salinity intrusion made their traditional farming activities difficult, so they had no other choice but to adopt various adapting mechanisms to sustain in the critical coastal environment.
3.4 Contribution of Selected Socio-Demographic Characteristics to Adaptation 
[bookmark: _GoBack]Contribution of the socio-demographic characteristics of the respondents to their adaptation to increasing salinity was tested by employing linear regression analysis (Table 14). Results indicate that two out of the eight selected characteristics, viz. age and family size showed positive and significant contribution to their adaptation to increasing salinity. That means, the respondents with higher above stated attributes practiced better adaptation strategies and were more successful in confronting challenges caused by increasing salinity. These eight variables explained 50.34 percent of the total variations in their adaptation to increasing salinity.    
Table 14. Contribution of selected socio-demographic characteristics of the respondents to their adaptation to increasing salinity
	 Variables
	β
	p-value

	Age
	0.1513
	0.0001*

	Educational level
	-0.0141
	0.8479

	Family size
	0.6616
	0.0224*

	Member(s) involved in agriculture
	0.8559
	0.1015

	Farm size
	-0.0252
	0.9809

	Farming experience
	-0.0689
	0.0867

	Training experience
	0.2721
	0.5844

	Information sources
	0.0230
	0.8964

	R2
	0.5034

	Adjusted R2
	0.4475


*p<0.05
The age of the respondents showed positive and significant contribution to adaptation strategies. It means that older farmers are knowledgeable and highly interested in adopting coping strategies. They were well known about adverse climatic effects which made them concern about alternative approaches to cope up with those problems. But different findings were reported by Uddin et al., (2014) in their study in Satkhira district, Bangladesh. They found that older farmers are reluctant to take adaptive measures against climate change. The similar outcome found in the articles of Acquah (2011) and Quayum & Ali (2012).
The family size of the respondents showed a positive and significant contribution to adaptation strategies. The large family ensures extra labor which can actively engage in work, better assisting the adoption of coping measures against increasing salinity. Similar findings reflected in a study conducted by Deressa et al., (2009) that focused on climate adaptation strategies.
4. CONCLUSION 
Majority of the respondents in the study area were middle-aged, illiterate, had medium family size, low involvement in agriculture, used pond as main water source for irrigation, had small farm and medium level farming experience, belonged to low-income category, had no training experience having no hold organizational membership and had low contact with information sources. Hence, it can be inferred that poor literacy may be the determinant factor of their poor socio-demographic profile. A major portion of the respondents had to face medium to high level challenges in terms of increasing salinity. Decreased soil productivity and loss of agricultural land were the top-ranked challenges the respondents faced. Medium-level adaptation strategies were practiced by most of the respondents regarding soil management; cropping pattern; seasonal adaptation practices; varietal adaptation practices; intercultural practices; irrigation practices; cropping intensity practices; transformation of agricultural practices; and shift to off-farm livelihood practices. Age and family size were the significant contributing factors behind their adaptation to increasing salinity. Thereby, middle aged and old farmers with larger family size were supposed to practice better adaptation strategies against increasing salinity in the study area. 
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