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Executive Summary 

The fisheries sector plays a particularly crucial role among poor as a main or additional 
source of employment, livelihood and income in Bangladesh. The remarkable achievement has 
been possible disseminating the improved fisheries technologies to the fish farmers. The 
present study assessed the impact of improved aquaculture technologies on the productivity 
and livelihood of fish farmers in Bangladesh.  The study was conducted in 25 upazillas under 
11 districts based on the highest contributors in the fish production in Bangladesh. Six 
aquaculture technologies were taken into consideration to achieve the objectives. A total of 
1747 fish farm households were interviewed to represent the improved aquaculture 
technologies users covering the control fish farms in Bangladesh. The study used descriptive 
statistics, poisson regression and inverse probability weighted regression adjustment 
(IPWRA) to analyse the data. 

The findings indicate that most of the respondents adopted improved practices to some extent. 
In the case of carp culture, highest 44% of the carp farmers adopted 4 improved practices out 
of six. Carp farmers’ spouse education, training, and contact with extension were positive and 
significantly influenced the adoption of improved aquaculture practices. Due to higher 
productivity, per hectare gross and net return was significantly (P<0.01) higher for adopters 
compared to non-adopters. Treatment effect analysis suggested that adoption of improved 
practices significantly affect the productivity, profitability and consumption expenditure of the 
adopters.  Most of the pangus farmers adopted four practices out of six. Family members, 
spouse education, training, and farm size were found to be positive and significantly 
influenced the adoption of improved practices of pangus cultivation. Productivity and net 
return was found significantly higher for adopters compared to non-adopters. IPWRA analysis 
suggested that adoption of improved practices significantly affected the productivity and 
profitability of the adopters. In the case of cage culture highest 48% of the respondents 
adopted 3 improved practices. Among the different variables, farmers’ education, societal 
membership status, contact with extension and number of family members working person in 
the cage farm were positive and significantly influenced the adoption of improved practices 
while farm size of the respondents has negative effect on adoption. IPWRA analysis suggested 
that adoption of improved practices significantly affected the productivity and profitability. 
Findings also indicate that farmers who adopted improved practices also received 
significantly higher productivity and profitability in the case shrimp and prawn farming, 
respectively. In the case of crab fattening about 21% of the farmers adopted 3 improved 
practices out of six. Crab farmers’ age, education, training, contact with extension and pond 
ownership were positive and significantly influenced the adoption of improved practices. 
Treatment effect analysis suggested that adopters of improved practices received significantly 
higher productivity, profitability and consumption expenditure. Over all, the findings indicate 
that adopters of improved practices have both yield and profitability advantage for all the six 
selected aquaculture technologies. Although most of the respondents already adopted 
improved practices but there is scope to improve the situation by bringing more farmers under 
adoption by providing effective extension policies. Most of the farmers opined that frequent 
attack of diseases is the main constraints which hampered the production for all the 
technologies. Availability of extension services, more training and inputs at subsidized price 
were suggested by the farmers to further improve the production level. 
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CRG Sub-Project Completion Report (PCR) 

 
A. Sub-project Description 
 
1. Title of the CRG sub-project: Impact of Improved Aquaculture Technologies on 

Productivity and Livelihood of Fish Farmers in Bangladesh 

2. Implementing organization:  

Department of Development & Poverty Studies 

Sher-e-Bangla Agricultural University 

Sher-e-Bangla Nagar, Dhaka 1207, Bangladesh 

3. Name and full address with phone, cell and E-mail of PI/Co-PI (s):  

PI 
Dr. Mohammad Mizanul Haque Kazal 
Professor  
Department of Development & Poverty 
Studies 
Sher-e-Bangla Agricultural University 
Sher-e-Bangla Nagar, Dhaka 1207 
Email: mhkazal@gmail.com 
Mobile: 01712502840 

Co-PIs 
Shah Johir Rayhan, Assistant Professor 
Dr. Md. Sadique Rahman, Associate 
Professor 
Department of Management & Finance 
Sher-e-Bangla Agricultural University 
Sher-e-Bangla Nagar, Dhaka 1207 
Email: sohagag@gmail.com, 
saadrhmn@yahoo.com 
Mobile: 01712700906, 01712104992 

 
4. Sub-project budget (Tk): 

4.1 Total:Tk. 24,99,945 (Taka Twenty FourLack Ninety Nine Thousand 
Nine Hundred Fourty Five) 

4.2 Revised (if any): N/A  

5. Duration of the sub-project: 

5.1 Start date (based on LoA signed): 07 May 2017 
5.2 End date:    30 September 2018  

6. Justification of undertaking the sub-project:  

Bangladesh is considered one of the most suitable regions for fisheries in the world, 
with the world's largest flooded wetland and the third largest aquatic biodiversity in 
Asia after China and India (Shamsuzzaman et al., 2017). The fisheries sector plays a 
particularly crucial role among poor as a main or additional source of employment, 
livelihood and income in Bangladesh. Being one of the leading fish producing 
countries of the world Bangladesh had produced a total of 4.134million metric tonnes 
(MT) in the year of 2016-17 which was more than the targeted production level of 
4.05 million metric tonnes. Through this remarkable achievement Bangladesh become 
a self-sufficient country in fish production proving 62.58 gram of fish per person in 
daily dietary consumption (DoF, 2017). An estimated 1.2 million people of 
Bangladesh are fishers and earn their livelihood from fishing. A further 12 million 
people indirectly earn their livelihood from fisheries and aquaculture and related 
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activities and employed in the backward and forward linkages of the value chain such 
as the downstream activities of fish trading, fish seed production, collection of shrimp 
and prawn seed, fish handling, processing and marketing, net making, input supply 
and processing. The number of fish farmers and shrimp/prawn farmers presently are 
13.86 million and 0.83 million, respectively. Among the people involved in the sector 
10% are women (Hossain, 2014). In this perspective, aquaculture in Bangladesh has 
expanded rapidly over the last three decades. Aquaculture has increasingly been 
playing a major role in total fish production (3.26 million tons) of the country and 
presently more than half of the total production (52.92 %) comes from aquaculture 
(1.73 million tons). Horizontal expansion of aquaculture has been taking place on the 
riverine floodplains which have been enclosed to facilitate the intensification of 
production (Belton and Azad 2012; Hossain, 2014). Aquaculture is the farming of fish 
and other aquatic organisms, with ‘farming’ implying - some form of intervention to 
increase productions, and some form of private rights of the stock under intervention 
(Beveridge and Little 2002). The performance of the aquaculture sector of Bangladesh 
has become the fifth-largest producer of aquaculture products in the world in recent 
years. It is a clear sign of its increasingly important role in the nation’s social and 
economic development. The steady growth of aquaculture has tremendously 
contributed in the fish production and livelihood of fish farmers’ in Bangladesh.  The 
remarkable achievement has been possible disseminating the improved fisheries 
technologies to the fish farmers. The fish farmers are utilizing the fisheries 
technologies for improving their livelihood and also contributing the employment 
generation in fisheries sector. The improved aquaculture technologies are carp 
polyculture, intensive aquaculture, small scale cage culture, shrimp farming, prawn 
farming, crab farming etc. these technologies has already created a wide range of 
socio-economic impacts on the fish farmers which need to be evaluated. But rigorous 
impact assessment is very limited in Bangladesh. Following are the few studies 
conducted on different technologies in Bangladesh and abroad; 
 
Islam et al. (2016) conducted a study to evaluate the production performance and 
economics of different carp polyculture systems in Gangni upazila under Meherpur 
district from July to November 2015. Average fish production of the farmers was 
6,274 kg/ha/yr. Fish production was found to be 7,904 kg/ha/yr and net income was 
Tk. 2,42,060/ha/yr, respectively in carp-tilapia polyculture system.  
 
Kassam and Dorward (2016) assessed the potential poverty impacts of small-scale 
pond aquaculture and cage aquaculture in Ghana, comparing the relative significance 
of their direct and indirect impacts. Non-poor small-scale pond fish farmers who had 
been trained and/or use better management practices (BMPs) were found to hold the 
most potential to impact poverty indirectly through generating economic growth. 
These indirect impacts were higher than the direct impacts on poor small-scale fish 
farmers and the indirect impacts from cage aquaculture.  
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Gurunget al., (2016) showed that commercial aquaculture increased both farm income 
and income inequality, brought in new sources of employment, changed gender roles 
and relations, altered women’s access to and control of resources, altered household 
food consumption patterns, and increased market dependence for staple food.  
 
Chandra et al., (2013) studied the impact of technology intervention on the production 
and productivity of floodplain wetlands. Annual fish production of the wetlands 
increased significantly after the adoption of pen culture technology for stocking of 
fingerlings raised in situ. Fish productivity increased from 300, 417, 425, and 125 
kg/ha/yr to 1050, 1030, 850 and415 kg/ha/yr in Haribhanga, Damal, Raumari and 
Puthimari wetlands, respectively. The benefit cost ratio of fish production in wetland 
ranged between 2.85 and 3.94 for the selected wetlands.  
 
Rand and Trap (2009) estimated the impact of Mymensingh Aquaculture Extension 
Project (MAEP) in Bangladesh. The authors found a positive short-run impact on 
pond productivity and the value of fish production per capita among participants. 
However, in the long run no similar well-determined effect emerges. Second, MAEP 
appears to have had no significant impact on socioeconomic status as measured by 
consumption expenditure of participating households.  
 
Ofuoku et al., (2008) was conducted to isolate the determinants of improved fish 
production technologies in Delta State, Nigeria. The level of adoption was low. The 
grand mean adoption score and adoption index are 1.02 and 0.10, respectively. The 
low level of adoption was attributed to cost of the technologies, their complexities and 
lack of extension contact. The level of education, age of farmers, farm size, farm 
income and extension contact were the major determinants of fish production 
technologies adoption. 
 
Saha and Islam (2005) conducted a study to determine the factors affecting adoption 
of pond polyculture in three districts namely Mymensingh, Bogra and Narshingdi in 
Bangladesh and found thatin Mymensingh, 75% pond owners adopted carp 
polyculture technology whereas in Bogra and Narshingdi only 16% and 25% pond 
owners, respectively adopted this technology for fish production. The production of 
fish per unit area was found to be 5 to 10 times higher in Mymensingh compared to 
that of Bogra and Narshingdi. 
 
The systems and technology used in aquaculture has developed rapidly in the last fifty 
years. They vary from very simple facilities (e.g. family ponds for domestic 
consumption in tropical countries) to high technology systems (e.g. intensive closed 
systems for export production). Much of the technology used in aquaculture is 
relatively simple, often based on small modifications that improve the growth and 
survival rates of the target species, e.g. improving food, seeds, oxygen levels and 
protection from predators (FAO, 2018). Simple systems of small freshwater ponds, 
used for raising herbivorous and filter feeding fish, account for about half of global 
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aquaculture production. In Bangladesh, numerous aquaculture technologies have been 
used by fish farmers and other related stakeholders. A significant number of improved 
aquaculture technologies has also been developed researchers and scientists to 
facilitate these production practices. Among those pond carp polyculture, intensive 
aquaculture of pangus, small scale cage culture, shrimp farming in gher, fresh water 
prawn farming, crab farming etc. are mostly mentionable. Aquaculture production 
comprises different systems depending upon the applied level of technology. In 
aquaculture production, any change in the practice of feeding (e.g. from 
traditional/extensive to intensive feeding practice) represents a technological 
innovation and this is assumed to generate increases in aquaculture production and 
income.  (Ahmed, 2007). Rahman et al. (2011) agreed that fishermen can increase 
their production if they found training regarding production technologies. Belton and 
Thilsted (2014) found that technological changes in aquaculture have dramatically 
increased fish supply, lowered relative fish prices, and reigned in price volatility. 
Based on the assessment of impacts of training and aquaculture extension on 
livelihoods of rural fish farmers in Bangladesh Rahman et al. (2015) concluded that 
the training and extension support could have increased the fish production and 
livelihood significantly. Farmers’ adoption of technology such as industrially 
produced complete feed for aquaculture production result in higher outputs, higher 
costs and improved financial returns (Ahmed, 2007). That’s why aquaculture 
technologies have a very crucial role in the livelihoods of fish farmers and other 
stakeholders. Though enormous research works has been conducted regarding 
aquaculture technologies but unfortunately an important aspect of the improved 
aquaculture technology issues has been remained untouched. That’s why we attempt 
to investigate the impacts of improved aquaculture technologies on the livelihoods of 
fish farmers in Bangladesh. 
 
From the above discussion, it is clear that impact of aquaculture technologies 
adoption has not been addressed well in Bangladesh. Most of the Studies used very 
simple technique to measure the treatment effect without considering the selectivity 
bias. Besides most of the studies are at regional level which are not representative for 
the nation as a whole. Thus, the questions like what is the causal effect of improved 
technologies adoption on productivity and livelihood? What are factors affecting the 
adoption? are yet to be studied empirically in Bangladesh. The present study is, 
therefore, a moderate effort to examine the above research questions and fulfill the 
gap to some extent.  
 
7. Sub-project goal: The goal of the proposed project is to assess the impacts of 

improved aquaculture technologies on productivity and livelihood of fish farmers 
in Bangladesh.  
 

8. Sub-project objective (s):  
 To compare productivity and profitability of fish farming between 

traditional and improved aquaculture technologies users; 
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 To identify the determinants of adopting improved aquaculture 
technologies at farm level; 

 To assess the impact of improved aquaculture technology on fish yield 
and livelihood of fish farmers. 
 

9. Implementing location (s): 
List of technology and study districts based on technology  

Sl. No. Technology Study Districts 
1 Carp Culture (Polyculture) Mymensingh, Jessore, Rajshahi 
2 Intensive aquaculture of Pangus Mymensingh, Brahmanbaria, Jessore 
3 Cage Culture Chandpur, Chapai Nawabganj, Laxmipur 
4 Shrimp farming in gher Khulna, Bagherhat, Coxsbazar 
5 Fresh water prawn farming in gher Khulna, Satkhira, Bagherhat 
6 Fattening of crabs Khulna, Bagherhat and Satkhira 

 
10. Methodology in brief: 

10.1 Data sources and sampling design 

The fish farm survey was carried out for different aquaculture technologies by 
applying the multistage stratified random sampling technique for selecting fish 
producers. At the first stage, the 11 districts were selected based on the highest 
contributors in the fish production in Bangladesh. At stage two, selected aquaculture 
technologies adopting upazillas were selected through district fisheries office. Thus, a 
total of 25 upazillas were selected for data collection. Then, the highest aquaculture 
technologies concentrated area was surveyed applying cluster sampling approach for 
collecting information through primary survey from technologies adopter fish farmers 
and control fish farmers in the same area. The unions and blocks were selected as the 
primary sampling unit based on the highest aquaculture technologies concentration for 
the selected technologies. Finally, the fish farmers were selected randomly from the 
village level. 
 
The list of fish farm households in each upazilla was collected from upazilla Fisheries 
Office, which serves as the population for the present study. Then 50 fish farmers 
were surveyed in each upazilla for each of the selected technologies. Thus from each 
district 100 fish farmers were interviewed randomly for each of the selected 
aquaculture technologies. For each technology we have selected three districts, thus 
for each of the selected aquaculture technology total sample size stood at 300. But due 
to lack of respondents of cage culture we only managed to survey 247 farmers from 
the selected three districts. Thus, a total of 1747 fish farm households were 
interviewed to represent the improved aquaculture technologies users covering the 
control fish farms in Bangladesh. Out of the 300 carp farmers, 2 farmers did not 
provide any production related data due to severe production loss, those were dropped 
from the analysis. Similarly, 3 pangus farmers, and 13 prawn farmers were also 
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dropped from the analysis due to non-availability of data. Finally, data of 1729 fish 
farmers were used to achieve the objectives of the study. 
Area wise sample distribution is as follows: 

Name of the 
districts 

Name of the upazilla Name of Technology 
No. of 
sample 

Khulna Dumuria Shrimp farming in gher 50 
Fresh water prawn farming in gher 50 
Fattening of crabs 50 

Paikgacha Shrimp farming in gher 50 
Fresh water prawn farming in gher 50 
Fattening of crabs 50 

Bagerhat Bagerhat Sadar Shrimp farming in gher 50 
Fresh water prawn farming in gher 50 
Fattening of crabs 50 

Rampal Shrimp farming in gher 50 
Fresh water prawn farming in gher 50 
Fattening of crabs 50 

Sathkhira Sathkhira Sadar Fresh water prawn farming in gher 50 
Kolaroa Fresh water prawn farming in gher 50 
Kaligonj Fattening of crabs 50 
Shamnagor Fattening of crabs 50 

Jessore Jessore Sadar Carp Culture (Polyculture) 50 
Jhikorgacha Carp Culture (Polyculture) 50 

Intensive aquaculture of Pangus 50 
Monirampur Intensive aquaculture of Pangus 50 

Mymensingh Trishal Carp Culture (Polyculture) 50 
Intensive aquaculture of Pangus 50 

Vhaluka Carp Culture (Polyculture) 50 
Intensive aquaculture of Pangus 50 

Rajshahi Mohanpur Carp Culture (Polyculture) 50 
Paba Carp Culture (Polyculture) 50 

Chapai 
Nawabganj 

Sader & Gomostapur Cage Culture 21 
Godagari Cage Culture 06 

Chandpur Chandpur Sadar Cage Culture 50 
Haimchar Cage Culture 50 

Laxmipur Laxmipur Sadar Cage Culture 50 
Raipur Cage Culture 50 

Brahmanbaria Brahmanbaria Sadar Intensive aquaculture of Pangus 50 
Akhaura Intensive aquaculture of Pangus 50 

Cox’s Bazar Cox’s Bazar Sadar Shrimp farming in gher 50 
Chakaria Shrimp farming in gher 50 

Total sample 1747 
 
10.2 Selection of adopters 

Adopters of improved aquaculture technologies were selected based on the following 
indicators: 
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1. Carp culture (polyculture): use improved variety of fingerlings, maintain 
appropriate stocking density, provide food according to body weight of the 
fish, change water of the pond when necessary, apply lime according to soil 
ph, and have proper drainage facility. 

2. Intensive aquaculture of pangus: use improved variety of fingerlings, maintain 
appropriate stocking density, provide food according to body weight of the 
fish, change water of the pond when necessary, apply lime according to soil 
ph, and have proper drainage facility. 

3. Cage culture: use improved variety of fingerlings, maintain appropriate 
stocking density, provide food according to body weight of the fish, and apply 
lime in the nursery pond. 

4. Shrimp farming in gher: use improved variety of fingerlings, maintain 
appropriate stocking density, provide food according to body weight of the 
fish, change water of the pond when necessary, apply lime according to soil 
ph, and have proper drainage facility. 

5. Fresh water prawn farming in gher: use improved variety of fingerlings, 
maintain appropriate stocking density, provide food according to body weight 
of the fish, change water of the pond when necessary, apply lime according to 
soil ph, and have proper drainage facility. 

6. Fattening of crabs: maintain appropriate stocking density, provide food 
according to body weight of the fish, change water of the pond when 
necessary, apply lime according to soil ph, proper drainage facility, and 
maintain male-female ratio. 
 

10.3 Analytical techniques 

10.3.1 Productivity and profitability of the improved aquaculture technologies  

To achieve the first objective mostly descriptive statistics like mean, percentage was 
used. To test the difference between the mean of the outcome variables of improved 
technology adopters and non-adopters, t-test was conducted for the independent group 
of the sample with the hypothesis is that there is no difference between the population 
mean of the two groups of farmers. In this study the following formula was used to 
test the difference between two groups. 

 
Where, XIA and XINA is the mean of the improved technology adopters and non-
adopters respectively. μIAand μINAis the population mean of the adopters and non-
adopters. δIA-INA is the standard error of the difference between adopters and non-
adopters mean. 
 

10.3.2 Factor affecting the adoption 

Poisson regression model was used to examine the factors affecting the adoption of 
improved aquaculture practices. The Poisson regression model, suitable for the 
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estimation of count data (Greene 1997), was selected for the estimation of the 
farmers’ decisions on the number of improved aquaculture practices to adopt. The fish 
farmers made a series of discrete household decisions that was computed across an 
aggregation of choices to a Poisson distribution. The Poisson regression model is the 
development of the Poisson distribution to a non-linear regression model of the effect 
of independent variables, xi, on a scalar dependent variable y.  
 
E (y / xi) = μ = exp(x’β) and y = 0-6 

Where, 

exp(x’β) = exp (β0) + exp (β1x1 ) + exp(β2x2 ) +....... + exp (βkxk)  

The coefficients of the marginal effects of the Poisson model can be interpreted as 
theproportionate change in the conditional mean if the ithregressor changes by one 
unit. 

 =  

The Poisson model sets the variance as equal to the mean, as follows: 

v(  

To identify the factors affecting the adoption the following explanatory variables were 
used; 

X1 = Number of family members 

X2= Age of the respondent (years)  

X3 = Education (year of schooling) 

X4 = Spouse education (year of schooling) 

X5 = Training received on selected aquaculture technology (days) 

X6 = Farm size (in ha) 

X7 = Societal membership (yes/no) 

X8 = Extension contact (yes/no) 

X9 = Pond ownership (yes/no)  

X10 = Number of family members working in the fish farm 

 
10.3.3 Estimation of impacts of adoption 

Causal effects estimation of improved aquaculture practices on potential outcome 
indicators is not easy due to selection bias problem. True measurement of impacts 
requires controlling of sample selection bias through random assignment of 
individuals into treatments. If the sample selection procedure is not completely 
random, several studies (Gautam et al., 2017; Schreinemachers et al., 2016; Gitonga 
et al., 2013; Khan et al., 2012; Abebaw et al., 2010) suggested to use propensity score 
matching (PSM) to estimate the average treatment on treated (ATT). 
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However, ATT from PSM can still produce biased results in the presence of mis-
specification in the propensity score model (Robins et al., 2007; Wooldridge, 2010). 
To overcome the problem, the present study used IPWRA which provides consistent 
results in the presence of mis-specification in the treatment or outcome model, but not 
both. IPWRA estimator has the double-robust property that ensures consistent results 
as it allows the outcome and the treatment model to account for mis-specification. 
Following Imbens and Wooldridge (2009), ATT in the IPWRA model was estimated 
in two steps. In the first step, we estimate the propensity scores using multinomial 
logistic regression and in second step, linear regression was used to estimate the ATT. 
ATT was computed as follows; 

 

Where, (α/1 and δ/1) are estimated inverse probability weighted parameters for treated 
households (adopters) while (α/2 and δ/2) are estimated inverse probability weighted 
parameters for untreated households (non-adopters), Nt indicates the total number of 
treated households. 
 
11. Results and discussion:  

11.1. Carp Culture (Poly culture)  

11.1.1 Descriptive statistics of the variables used in the models 

Differences in selected characteristics of adopters and non-adopters are presented in 
Table 1. The mean difference suggested that there are some differences between 
adopters and non-adopters in terms of selected household characteristics. The 
characteristics of adopters and non-adopters were similar in terms of family members, 
age, training, farm size, societal membership, and fishing experience. But significant 
differences exist between adopters and non-adopters with respect to education 
(p<0.01), and extension contact (p<0.01) which indicates that the two groups are not 
directly comparable and justifies the use of treatment effect model.  
 
Table 1. Descriptive statistics of the socio-economic characteristics of the 

respondents 

Characteristics 
Number of technologies adopted All 

adopters 
Non 

adopters 
Mean 
diff. 01 02 03 04 05 06 

Family member 
(No.) 

4.04 3.67 4.03 4.13 5.00 -- 4.09 3.73 0.36 

Age (yrs) 40.45 37.17 42.76 40.38 42.44 -- 40.51 42.47 -1.96 
Education (yrs) 9.08 9.00 8.90 10.02 8.56 -- 9.48 6.07 3.41*** 
Training (days) 0.94 1.22 3.79 7.10 16.44 -- 4.66 2.27 2.39 
Farm size (ha.) 0.54 0.33 0.75 0.76 0.84 -- 0.66 0.76 -0.1 
Societal 
membership (%) 

04 11 31 16 22 -- 13 07 6 

Extension 
contact (%) 

70 67 75 82 79 -- 76 33 43*** 
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Characteristics 
Number of technologies adopted All 

adopters 
Non 

adopters 
Mean 
diff. 01 02 03 04 05 06 

Pond ownership 
(%) 

71 72 83 67 67 -- 70 60 10 

FMWCF (No.) 1.23 1.17 1.28 1.25 1.33 -- 1.24 1.27 -0.03 
Experience in 
carp farming 
(yrs) 

9.01 8.11 10.83 11.16 14.44 -- 10.33 8.87 1.46 

Note:  *** indicates significant at 1% level; FMWCF indicates family members 
working in carp farming 
 
11.1.2 Adoption status of improved practices 

It is evident from the Table 2 that most of the farmers (44.97%) adopted 4 practices 
out of the selected 6 improved carp cultivation practices followed by 31.21% of 
farmers who adopted 1 practice. No farmers were found to be adopted all the 6 
selected practices while only around 5% of the farmers did not adopted any of the 
selected improved carp cultivation practices. 
 
Table 2. Adoption status of different improved technologies (n = 298) 

Items 
Number of practices 

1 2 3 4 5 6 0 
No. of farmers 93 18 29 134 9 -- 15 
Percent of total 31.21 6.04 9.73 44.97 3.02 -- 5.03 

 
11.1.3 Factors affecting adoption 

It is revealed from Table 3 that the estimated pseudo R-squared value is low (0.08), 
but the overall significance of the Poisson model, reported by the Wald chi-squared 
value, is satisfactory. Non-significant value of goodness of fit also indicating the good 
fit of the model. 
 
Carp farmers’ spouse education, training, and contact with extension were positive 
and significantly influenced the adoption of improved aquaculture practices. The 
positive and significant association of the extension contact and training suggested 
that exposing farmers to agricultural extension advice and training could help to 
increase the adoption of improved practices confirms the findings of DeGraft-Johnson 
et al., (2014) and Mensah-Bonsu et al., (2017). Adoption of new technologies require 
some level of technical knowledge, direct contact with extension services and training 
increases the acquisition of relevant knowledge. Efforts are warranted to increase the 
number of extension personnel’s in the rural areas to increase the adoption level. 
Positive and significant value of spouse education indicates that the farmers who have 
educated spouse were adopted more.  
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Table 3. Factors affecting adoption decision: Poisson estimates 

Variables Unit Coefficient Robust SE z 

Family member Number 0.028 0.023 1.19 

Age Years 0.003 0.003 0.91 

Education Years 0.003 0.009 0.34 

Spouse education Years 0.024*** 0.009 2.69 

Training Days 0.011*** 0.003 3.74 

Farm size Hectare 0.002 0.031 0.06 

Societal membership Dummy (yes/no) 0.088 0.074 1.18 

Extension contact Dummy (yes/no) 0.227*** 0.083 2.73 

Pond ownership  Dummy (yes/no) 0.045 0.068 0.66 

FMWCF  Number 0.053 0.057 0.94 

Constant   0.179 0.222 0.80 

Log likelihood -526.23 

LR chi square 54.49*** 

Pseudo R2 0.08 

Goodness of fit 224 ns 

No. of observations 298 

Note: FMWCF indicates Family members working in carp farm; *** indicates 
significant at 1% level; ns indicates not significant 
 
11.1.4 Cost and return of carp cultivation 

On an average, the total cost of carp cultivation was found higher who adopted the 
improved aquaculture practices compared to the farmers who did not adopted but 
these differences were not statistically significant (Table 5). Among the cost items, 
feed cost was the major cost item followed by carp fingerlings cost (Table 4). 
 
Table 5 Indicates that total cost of production was almost similar for both adopters 
(Tk 387110/ha) compared to non-adopters (Tk. 374022/ha). Per hectare production 
was also found to be significantly (P<0.05) higher for adopters (3443 kg/ha) than that 
of non-adopters (2884 kg/ha). As a result of higher productivity, per hectare gross and 
net return was also significantly (P<0.01) higher for adopters compared to non-
adopters. The findings indicate that adoption of improved practices need marginally 
higher capital investment but at the same time it provided significantly higher income 
which may be useful in reducing poverty and malnutrition to some extent in the rural 
areas. 
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Table 4. Per hectare cost structure of carp cultivation (in Taka) 

Cost items No. of technology adopted 
Non adopters 

1 2 3 4 5 6 
A. Fixed costs 
Land rent 51835 53062 50811 56210 40208 -- 61371 

Pond preparation 14100 11234 12155 13353 13489 -- 12345 

Netting 1350 2206 1709 1487 2867 -- 823 

Guard 1314 1779 1236 1272 2168 -- 1551 

Equipment 910 932 2549 966 2093 -- 1105 

Total fixed cost 69509 69213 68460 73288 60825 -- 77195 

B. Variable cost 
Fingerlings 79348 49314 64156 87441 59899 -- 70279 

Feed cost 156341 152651 130876 149010 133947 -- 138567 

Human labor 56571 46312 40222 43186 38141 -- 29839 

Fertilizer cost 27467 21723 22530 26771 39510 -- 39537 

Lime cost 3560 3141 3543 4189 2760 -- 3458 

Pesticide cost 637 189 247 735 409 -- 399 

Pond repair 10906 10359 14580 11959 13879 -- 12242 

Water treatment 1411 2245 2217 1892 4367 -- 2506 

Total variable cost 336241 285934 278371 325183 292912 -- 296827 

Total cost (A+B) 405750 355147 346831 398471 353737 -- 374022 

 
Table 5. Per hectare return from carp cultivation 

Items 
Number of technology adopted All 

adopters 
Non 

adopters 
Mean 
diff. 1 2 3 4 5 6 

Production (kg/ha) 3305 3034 3138 3512 5623 -- 3443 2884 559** 

Ave. price (Tk/kg) 213 192 182 230 215 -- 216 168 48*** 

Gross return (Tk/ha) 703965 582528 571116 807760 1208945 -- 743688 579264 164424*** 

TVC 336241 285934 278371 325183 292912 -- 322466 296827 25639 

TFC 69509 69213 68460 73288 60825 -- 64644 77195 -12551 

Total cost 
(Tk/ha) 

405750 355147 346831 398471 353737 -- 387110 374022 13088 

Net return (Tk/ha) 292038 227573 210635 398249 855208 -- 356578 205242 151336*** 

BCR 1.73 1.64 1.65 2.03 3.42 -- 1.92 1.55 -- 

Note: ** and *** indicates significant at 5% and 1% level. 
 
11.1.5 Impact of improved aquaculture technology adoption  

Impact on productivity 

It is evident from the Table 6 that the adoption of improved practices significantly 
affected the productivity of carp. It is clear from the results that farmers who adopted 
2 and 3 number of improved practices received higher per hectare yield compared to 
non-adopters but these differences are not statistically significant.  The farmers who 
adopted 1, 4, and 5 number of improved practices were received significantly 
(p<0.01) higher per hectare yield (445 – 2248 kg) compared to non-adopters which is 
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similar to the findings of Rand and Tarp (2009) indicated that technology adoption 
significantly affected the productivity.  
 
Table 6. Impact of improved technologies on productivity of carp 

Number of technology adopted 
ATT SE z 

Adopters Non-adopters 
1 0 445.38*** 169.13 2.63 
2 0 176.15 181.29 0.97 
3 0 122.04 230.05 0.53 
4 0 623.07*** 179.70 3.47 
5 0 2248.45*** 302.45 7.43 

Note: *** indicates significant at 1% level 
 
Impact on profitability 

Findings of the table 7 indicates that all category of adopters of improved practices 
received higher per hectare profit compared to non-adopters due to higher 
productivity but these differences were not significant for the farmers who adopted 2 
and 3 number of improved practices. Amankwah and Quagrainie (2017) also found 
that improved fish technology adoption increases the income from fish cultivation. 
Farmers who adopted more number of improved practices received more income 
compared to the farmers who adopted less number of practices as well as non-
adopters. The values of ATT were ranged from Tk. 48883 – Tk. 450127 based on 
different number of adopted improved practices. More awareness building programs 
and trainings are warranted to augment the adoption process since adoption enhanced 
the productivity and income. 
 
Table 7. Impact of improved technologies on profitability of carp cultivation 

Number of technology adopted 
ATT SE z 

Adopters Non-adopters 
1 0 162992.50*** 63583.74 2.56 
2 0 91330.34 72957.02 1.25 
3 0 48883.72 74149.98 0.66 
4 0 236480.00*** 64635.16 3.66 
5 0 450127.60*** 62701.77 7.18 

Note: *** indicates significant at 1% level 
 
Impact on consumption expenditure 

The positive and significant values of ATT indicate that consumption expenditure of 
the farmers who adopted improved practice was higher (Tk. 1139 – 26310) compared 
to non-adopters (Table 8). Sahu and Das (2015) also indicated that agriculture related 
technology adoption have significant and positive effect of the consumption 
expenditure used as a proxy of well being of the farmers. The findings of the present 
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study may indicate that adoption improved practices can play a vital role in the anti-
poverty policies of Bangladesh.  
 
Table 8. Impact of improved technologies on consumption expenditure of carp 

farmers 

Number of technology adopted 
ATT SE z 

Adopters Non-adopters 
1 0 12807.65** 5016.46 2.55 
2 0 15238.81 9264.61 1.64 
3 0 1139.09 5146.09 0.22 
4 0 26310.55*** 6113.57 4.30 
5 0 19080.64*** 4000.48 4.77 

Note: ** and *** indicates significant at 5% and 1% level 
 
Impact on household assets 

The findings indicate that adoption of improved practices have mixed effect on the 
household assets position of the adopters. This may be due to the fact that purchases 
of household assets depend on many other factors apart from fish income. The 
findings also indicate that the farmers who adopted more practices were purchased 
more asset compared to other farmers may be due to higher income received from 
carp cultivation (Table 9). 
 
Table 9. Impact of improved technologies on household assets of carp farmers 

Number of technology adopted 
ATT SE z 

Adopters Non-adopters 
1 0 35882.91 49987.85 0.72 
2 0 61155.44 56220.82 1.09 
3 0 -9760.69 53819.42 -0.18 
4 0 165773.40*** 53465.81 3.10 
5 0 103539.00* 64718.42 1.60 

Note: * and *** indicates significant at 10% and 1% level 
 
Impact on livestock 

The positive value of ATT indicates that the farmers who adopted 1 and 2 practice 
owned more livestock compared to non-adopters which is marginally significant 
(Table 10). Apart from that there was no significant differences between the two 
categories of farmers indicated adoption did not have any significant effect on the 
livestock assets. This may be due to the fact that rearing livestock is labor intensive 
and time consuming which may prevent the fish farmers to purchase livestock.  
 
 
 
 



 

Page-15 

Table 10. Impact of improved technologies on livestock asset of carp farmers 

Number of technology adopted 
ATT SE z 

Adopters Non-adopters 
1 0 20750.89* 12107.83 1.71 
2 0 52635.22* 29197.60 1.80 
3 0 -13505.04 10506.53 -1.29 
4 0 -4026.76 10454.40 -0.39 
5 0 -12510.17 22339.00 -0.56 

Note: * indicates significant at 10% and 1% level 
 
Impact of fishing equipment 

It is evident from table 11 that the farmers who adopted improved practices spend 
more money (Tk. 826 – 2655) to purchase different fishing equipments. This is due to 
the fact that adopters received higher net return compared to non-adopters and may 
spend extra amount of money to purchase fishing equipments. These differences were 
significant at 1% and 5% level for the farmers who adopted 1 and 4 practices, 
respectively. 
 
Table 11. Impact of improved technologies on purchase of fishing equipments 

Number of technology adopted 
ATT SE z 

Adopters Non-adopters 
1 0 2655.50*** 835.38 3.18 
2 0 779.53 860.82 0.91 
3 0 692.06 1432.93 0.48 
4 0 2623.30** 1315.64 1.99 
5 0 826.10 1235.91 0.67 

Note: ** and *** indicates significant at 5% and 1% level 
 
Impact on educational expenses 

The ATT value of the educational expenses for the farmers who adopted 1 practice 
out of 6 were significant indicates that farmers spending more money on child 
education compared to non-adopters (Table 12). The findings also indicate that the 
differences in ATT values were not significant for other category of adopters. This 
may be for the fact that apart from technology adoption, education depends on many 
other factors like no. of child in the family, child age etc. which were not considered 
in the analysis. The farmers who adopted more practices may not have enough school 
going child in the family which may resulted as non-significant effect. 
 
Table 12. Impact of improved technologies on educational expenses 

Number of technology adopted 
ATT SE z 

Adopters Non-adopters 
1 0 3236.67*** 1124.68 2.88 
2 0 744.32 1307.78 0.57 
3 0 -117.98 941.77 -0.13 
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Number of technology adopted 
ATT SE z 

Adopters Non-adopters 
4 0 1572.33 1140.50 1.38 
5 0 1072.61 1107.75 0.97 

Note: *** indicates significant at 1% level 

 
11.1.6 Problems in carp culture 

Yet carp cultivation is profitable and improves the livelihood status of the farmers but 
it has some constraints which should not be ignored. Among the constraints, frequent 
attack of diseases was the major barrier and about 42% farmers’ responses regarding 
this problem. Besides, about 23% farmers opined that unavailability of improved 
fingerlings is another constraint which hampers the carp cultivation at field level. 
Lack of transportation facilities (17.11%), lack of training (11.74%) and lack of 
capital (12.42%) are few other concerns for the farmers (Table 13). 
 
Table 13. Problems of carp cultivation 

Sl # Problems No. of farmers Percentage 
01 Frequent attack of diseases 125 41.95 
02 Lack of training 35 11.74 
03 Lack of improved fingerlings 67 22.48 
04 Lack of capital 37 12.42 
05 Lack of transportation facilities 51 17.11 

 
11.1.7 Suggestions  

To overcome the barriers of production about 36% of the farmers mentioned that 
concerned authorities may take initiatives to supply different inputs like medicine, 
fingerlings etc. at subsidized rate as well as extension services to reduce the disease 
attack. To increase the knowledge of improved technologies of the farmers more 
training (19.80%) should be arranged. Government should take necessary action to 
ensure reasonable price of carp so that the carp farmers can continue their operation in 
future (Table 14). 
 
Table 14. Suggestions for improvement 

Sl # Suggestions No. of farmers Percentage 
01 More training 59 19.80 
02 Supply of subsidized inputs and services 107 35.91 
03 Ensure good price 72 24.16 

 

11.2 Intensive aquaculture of Pangus 

11.2.1 Descriptive statistics of the variables used in the models 

Socio-economic characteristics of adopters and non-adopters are presented in Table 
15.  The socio-economic characteristics of adopters and non-adopters were similar in 
terms of age, farm size, pond ownership, number of working family members and 
experience. But significant differences exist between adopters and non-adopters in 



 

Page-17 

terms of family member, education, training, societal membership and extension 
contact. These differences indicate that in spite of careful selection of the sample, the 
two groups are not directly comparable which in one sense justify the use of treatment 
effect model.  
 
Table 15. Descriptive statistics of the socio-economic characteristics of the 

respondents 

Characteristics 
No. of practices adopted All 

adopter
s 

Non 
adopter

s 

Mean 
diff. 01 02 03 04 05 

0
6 

Family member 
(No.) 

3.91 4.39 4.11 4.59 4.17 -- 4.26 3.88 0.38** 

Age (yrs) 41.21 40.86 41.34 40.30 40.33 -- 40.82 43.04 -2.22 
Education (yrs) 7.23 8.49 7.61 9.11 8.50 -- 8.25 7.60 0.65* 
Training (days) 1.94 1.92 2.39 4.53 9.07 -- 3.90 3.00 0.90** 
Farm size (ha.) 0.39 0.59 0.65 0.71 0.86 -- 0.63 0.53 0.10 
Societal 
membership (%) 

11 08 20 26 26 -- 19 12 7* 

Extension 
contact (%) 

85 67 48 83 81 -- 73 52 21*** 

Pond ownership 
(%) 

71 90 66 67 73 -- 73 64 9 

FMWCF (No.) 1.19 1.24 1.29 1.20 1.19 -- 1.21 1.24 -0.03 
Experience in 
pangus farming 
(yrs) 

7.87 9.12 8.25 9.61 8.12 -- 8.70 9.20 -0.50 

Note:  * and *** indicates significant at 10% and 1% level; FMWCF indicates 
number of family members working in pangus farm 
 
11.2.2 Adoption status of improved practices 

It is evident from the Table 16 that about 24% of the farmers adopted 4 practices out 
of the selected 6 improved pangus cultivation practices followed by 18.86% of 
farmers who adopted 3 practices. No farmers were found to be adopted all the 6 
practices while around 8% of the farmers did not adopted any of the selected 
improved pangus cultivation practices. 
 
Table 16. Adoption status of different improved technologies (n = 297) 

Items 
Number of practices 

1 2 3 4 5 6 0 
No. of farmers 53 51 56 70 42 0 25 
Percent of total 17.85 17.17 18.86 23.57 14.14 0 8.42 

 
11.2.3 Factors affecting adoption 

It is revealed from table 17 that the estimated pseudo R-squared value is low (0.20) 
and the overall significance of the Poisson model, reported by the Wald chi-squared 
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value, is satisfactory. Non-significant value of goodness of fit also indicating the good 
fit of the model. 
 
Coefficient of farmers’ family members, spouse education, training, and farm size 
were found to be positive and significantly influenced the adoption of improved 
aquaculture practices. The positive and significant association of training (p<0.01) 
suggested that exposing farmers to training could help to increase the adoption of 
improved practices because training help the farmers to come in touch with experts 
which enhanced the knowledge of the farmers. Efforts are warranted to increase the 
number of trainings on pangus farming in the rural areas to increase the adoption 
level. Farm size (p<0.01) positively influenced adoption decision may be due to 
economics of scale confirms the findings of Ofuoku et al., (2008). The farmers who 
have educated spouse were adopted more. Number of family members also influenced 
the adoption.  
 
Table 17. Factors affecting adoption decision: Poisson estimates 
 

Variables Unit Coefficient 
Robust 

SE 
z 

Family member Number 0.039* 0.023 1.69 
Age Years -0.004 0.003 -1.18 
Education Years -0.003 0.010 -0.27 
Spouse education Years 0.006*** 0.002 3.59 
Training Days 0.019*** 0.004 4.68 
Farm size Hectare 0.080*** 0.024 3.39 
Societal membership Dummy (yes/no) 0.091 0.076 1.19 
Extension contact Dummy (yes/no) 0.054 0.073 0.74 
Pond ownership  Dummy (yes/no) -0.006 0.072 -0.08 
FMWCF  Number 0.026 0.066 0.39 
Constant   0.744*** 0.201 3.70 
Log likelihood -537.97 
LR chi square 81.27*** 
Pseudo R2 0.20 
Goodness of fit 234 ns 
No. of observations 297 

Note: FMWCF indicates Family members working in pangus farm; * and *** 
indicates significant at 10% and 1% level; ns indicates not significant 
 
11.2.4 Cost and return of pungas cultivation 

On an average, the total cost of pangus cultivation was found to be gradually 
increased from lower to higher number of practices. Among the cost items, feed cost 
was the major cost item followed by pangus fingerlings cost (Table 18). 
 
Table 19 indicates that total cost of production was higher for adopters (Tk 
631399/ha) compared to non-adopters (Tk. 518340/ha) but the difference was not 
statistically significant. Per hectare production was also found to be significantly 
(P<0.01) higher for adopters (12377 kg/ha) than that of non-adopters (7409 kg/ha). As 
a result of higher productivity, per hectare gross and net return was also significantly 
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higher for adopters compared to non-adopters. The findings indicate that adoption of 
improved practices need higher capital to some extent but at the same time it also 
provided significantly higher income which may be useful in reducing poverty and 
malnutrition in the rural areas. 
 
Table 18. Per hectare cost structure of pangus cultivation 

Cost items Adopters Non 
adopters 1 2 3 4 5 6 

A. Fixed costs 
Land rent 73972 78015 78680 78319 81496 -- 76247 
Pond preparation 12681 20032 14622 17504 17532 -- 10473 
Netting 1951 1559 6283 2127 1847 -- 2193 
Guard 1680 1868 1073 1690 2541 -- 1341 
Equipment 473 352 425 339 553 -- 445 
Total fixed cost 90757 101826 101083 99979 103969 -- 90699 
B. Variable cost 
Fingerlings 92150 86472 97248 120478 106870 -- 73018 
Feed cost 316574 335372 397114 366957 367790 -- 293623 
Human labour 45389 50407 55412 49710 59496 -- 34671 
Fertilizer cost 3791 4556 8373 3337 4636 -- 5283 
Lime cost 3765 4062 4145 5160 4866 -- 3880 
Pesticide cost 451 1701 653 2510 471 -- 1219 
Pond repair 12467 11772 13784 11373 16602 -- 12686 
Water treatment 4283 3576 3705 2443 3046 -- 3261 
Total variable cost 478870 497918 580434 561968 563777 -- 427641 
Total cost (A+B) 569627 599744 681517 661947 667746 -- 518340 

 
Table 19. Per hectare return from pangus cultivation 

Items 
Adopters All 

adopters 
Non 

adopters 
Mean diff. 

1 2 3 4 5 6 
Production 
(kg) 

10636 11347 12520 13778 15614 -- 12377 7409 4968*** 

Ave. price 
(Tk/kg) 

87 88 86 82 81 -- 85 88 -3 

Gross return 
(Tk/ha) 

925332 998536 1076720 1129796 1264734 -- 1052045 651992 400053* 

TVC 478870 497918 580434 561968 563777 -- 534046 427641 106405 
TFC 90757 101826 101083 99979 103969 -- 97352 90699 6653 
Total cost 
(Tk/ha) 

569627 599744 681517 661947 667746 -- 631399 518340 113059 

Net return 
(Tk/ha) 

355705 398792 395203 467849 596988 -- 420646 133652 286994** 

BCR 1.62 1.66 1.58 1.71 1.89 -- 1.67 1.26 -- 

Note: *, ** and *** indicates significant at 10%, 5% and 1% level. 
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11.2.5 Impact of improved aquaculture technology adoption  

Impact on productivity 

It is evident from the table 20 that the adoption of improved practices significantly 
affected the productivity of pangus. It is revealed from the results that farmers who 
adopted improved practices received significantly (p<0.01) higher per hectare yield 
compared to non-adopters.  The ATT values were increased as the farmers adopted 
more number of improved practices compared to less. The values of ATT were ranged 
3615 - 8164 kg/ha. Thus, improved technology adoption significantly affected the 
productivity which confirm the findings of Rand and Tarp (2009). 
 
Table 20. Impact of improved technologies on productivity of pangus 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 3615.34*** 670.57 5.39 
2 0 6186.51*** 1662.86 3.72 
3 0 5556.20*** 739.88 7.51 
4 0 6657.32*** 821.68 8.10 
5 0 8164.66*** 780.54 10.46 

Note: *** indicates significant at 1% level 
 
Impact on profitability 

Findings of the table 21 indicates that all category of adopters of improved practices 
received significantly higher profit compared to non-adopters due to higher 
productivity consistent with the findings of Amankwah and Quagrainie (2017), which 
indicated that improved fish technology adoption increases the income from fish 
cultivation. It is also evident that the income of the farmers increases as more 
improved practices are adopted compared to less. The values of ATT were ranged 
from Tk. 185126 – Tk. 400794 based on different number of adopted improved 
practices. Training and awareness building programs are warranted to augment the 
adoption process since adoption enhanced the productivity and income. 
 
Table 21. Impact of improved technologies on profitability of pangus cultivation 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 

1 0 185126.80*** 42839.39 4.32 

2 0 354744.60*** 129088.40 2.75 

3 0 242003.00*** 55711.34 4.34 

4 0 273816.10*** 53480.63 5.12 

5 0 400794.30*** 48355.26 8.29 

Note: *** indicates significant at 5% and 1% level 
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Impact on consumption expenditure 

The positive and significant values of ATT indicate that consumption expenditure of 
the farmers who adopted 1, 2 and 5 number of improved practice was higher (Tk. 
7278 – 11167) compared to non-adopters (Table 22). Technology adoption have 
significant and positive effect on the consumption expenditure which was used as a 
proxy of wellbeing of the farmers (Sahu and Das, 2015). Due to higher income and 
increase in the capacity of spending more, adoption of improved practices may play a 
vital role in the anti-poverty programmes in Bangladesh.  
 
Table 22. Impact of improved technologies on consumption expenditure of 

pangus farmers 
Number of practices adopted 

ATT SE z 
Adopters Non-adopters 

1 0 19465.60 7278.44*** 2.67 

2 0 15101.62 8539.37* 1.77 

3 0 23324.00 15207.05 1.53 

4 0 13087.65 8439.76 1.55 

5 0 33035.38 11167.57*** 2.96 

Note: * and *** indicates significant at 10% and 1% level 
 
Impact on household assets 

The findings indicate that adoption of improved practices did not have any significant 
effect on the household assets position of the adopters. This may be due to the fact 
that purchases of household assets need higher investment which depends on many 
other factors.  
 
Table 23. Impact of improved technologies on household assets of pangus 

farmers 
Number of practices adopted 

ATT SE z 
Adopters Non-adopters 

1 0 -49849.15ns 76825.02 -0.65 
2 0 37216.85ns 99481.86 0.37 
3 0 -64892.71ns 91734.52 -0.71 
4 0 68285.60ns 104681.10 0.65 
5 0 147058.20ns 130562.00 1.13 

 
Impact on livestock 

The positive and significant value of ATT indicates that the farmers who adopted 6 
practice owned more livestock compared to non-adopters (Table 24). Like household 
assets position adoption of improved practices did not affect the livestock assets 
position. This may be due to the fact that rearing livestock is labor intensive and need 
more time, which may prevent the fish farmers to purchase livestock.  
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Table 24. Impact of improved technologies on livestock asset of pangus farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 3964.10 13020.87 0.30 
2 0 11850.63 14950.70 0.79 
3 0 17840.44 14317.92 1.25 
4 0 11244.81 17147.09 0.66 
5 0 31319.78* 16545.17 1.89 

Note: * indicates significant at 10% level 
 
Impact of fishing equipment 
The findings indicate that adoption of improved practices did not have any significant 
effect on the purchase of fishing equipments. This may be due to the fact that the 
adopters may already have the required number of fishing equipments which may 
prevent them to buy the new one during the last one year (Table 25).  
 
Table 25. Impact of improved technologies on purchase of fishing equipments 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 

1 0 -434.87ns 453.05 -0.96 

2 0 -272.91ns 476.65 -0.57 

3 0 -223.63ns 523.97 -0.43 

4 0 -29.97ns 515.04 -0.06 

5 0 496.99ns 812.90 0.61 

 
Impact on educational expenses 

The ATT values of the educational expenses for the farmers who adopted 1 and 3 
number of improved practices were positive and significant while the other values of 
ATT were not statistically significant.  This may indicate that education expenses not 
only depend on adoption but also on many other factors like no. of child in the family, 
child age etc., which were not considered in the analysis (Table 26). 
 
Table 26. Impact of improved technologies on educational expenses 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 2543.10** 1159.80 2.19 
2 0 1646.51 1215.66 1.35 
3 0 2042.92** 892.71 2.29 
4 0 3429.24 2329.43 1.47 
5 0 820.57 699.22 1.17 

Note: ** indicates significant at 5% level 
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11.2.6 Problems in pangus culture 

Most of pangus farmers (29.63%) opined that high price of feed is the major problem 
of pangus cultivation. Besides, about 12% farmers opined that low market demand is 
an another important constraint which hampers the pangus cultivation at field level 
(Table 27). 
 
Table 27. Problems of pangus cultivation 

Sl # Problems No. of farmers Percentage 

01 High price of feed  88 29.63 
02 Low market demand 37 12.46 

 
11.2.7 Suggestions  

To overcome the barriers of production about 35% of the farmers mentioned that the 
market price of feed should be controlled by the concern authority which may 
enhance their profitability. About 20% of the farmers mentioned that concerned 
authorities may take initiatives to supply different inputs at subsidized rate to reduce 
the disease attack (Table 28). 
 

Table 28. Suggestions for improvement 

Sl # Suggestions  No. of farmers Percentage 
01 Ensure low feed price 104 35.02 
02 Supply of subsidized inputs and services 61 20.54 

 
11.3. Cage Culture 

11.3.1 Descriptive statistics of the variables used in the models 

Differences in selected characteristics of adopters and non-adopters are presented in 
Table 29. The mean difference suggested that adopters are younger and more 
educated compared to non-adopters. There also significant differences exist between 
adopters and non-adopters with respect to societal membership, and extension contact. 
The characteristics of adopters and non-adopters were statistically similar in terms of 
training, farm size and fishing experience (Table 29).  
 

Table 29. Descriptive statistics of the socio-economic characteristics of the 
respondents 

Characteristics 
No. of practices adopted All 

adopters 
Non 

adopters 
Mean 
diff. 01 02 03 04 

Family member (No.) -- 4.65 4.38 4.57 4.46 3.85 0.61* 
Age (yrs) -- 38.94 37.38 40.74 38.78 43.71 -4.92* 
Education (yrs) -- 7.29 7.35 7.92 7.63 4 3.63*** 
Training (days) -- 2.59 3.19 6.07 4.40 2.42 1.97ns 

Farm size (ha.) -- 0.51 0.26 0.39 0.33 0.36 -0.03ns 

Societal membership (%) -- 58.82 34.45 55.67 44.21 7.14 37*** 
Extension contact (%) -- 82.35 86.55 92.78 89.27 50.00 39*** 
FMWCF (No.) -- 1.59 1.45 1.46 1.45 1.14 0.31** 
Experience in cage -- 8.53 4.74 5.92 5.48 5.42 0.05ns 
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Characteristics 
No. of practices adopted All 

adopters 
Non 

adopters 
Mean 
diff. 01 02 03 04 

farming (yrs) 

Note: * and *** indicates significant at 10% and 1% level respectively; FMWCF 
indicates Family members working in cage farm 

 
11.3.2 Adoption status of improved practices 

It is evident from the Table 30 that most of the farmers (48.18%) adopted 3 practices 
followed by 39.27% who adopted all the 4 selected improved practices, respectively. 
No farmers adopted 1 practice and around 6% of the farmers did not adopt any of the 
selected improved cage cultivation practices. 
 
Table 30. Adoption status of different improved technologies (n = 247) 

Items 
Number of technologies 

1 2 3 4 0 
No. of farmers 0 17 119 97 14 
Percent of total 0 6.88 48.18 39.27 5.67 

 
11.3.3 Factors affecting adoption 

It is revealed from table 31 that the estimated pseudo R-squared value is fairly low 
(0.15), but the overall significance of the Poisson model, reported by the Wald chi-
squared value, is satisfactory. Non-significant value of goodness of fit also indicating 
the good fit of the model. 
 
Findings indicates that farmers’ education, societal membership status, contact with 
extension and number of family members working person in the cage farm were 
positive and significantly influenced the adoption of improved practices while farm 
size of the respondents has negative effect on adoption. The negative association of 
farm size (p<0.10) may implies that the farmers who have larger amount of land for 
crop cultivation may not get enough time to involved in cage farming. The positive 
and significant association of the extension contact (p<0.01) suggested that exposing 
farmers to agricultural extension advice could help to increase the adoption of 
improved practices confirms the findings of DeGraft-Johnson et al., (2014) and 
Mensah-Bonsu et al., (2017). Adoption of new technologies requires some level of 
technical knowledge, direct contact with extension services increases the acquisition 
of relevant knowledge. Efforts are necessary to increase the number of extension 
personnel’s in the rural areas to increase the adoption level. Societal membership 
(p<0.05) also positively influenced the adoption may be due to the fact that farmers 
who are engaged with different societal membership get the opportunity to meet with 
different peoples which may influence them to adopt new technologies.  
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Table 31. Factors affecting adoption decision: Poisson estimates 

Variables Unit Coefficient Robust SE z 

Family member Number 0.007 0.019 0.370 

Age Years 0.001 0.003 0.470 

Education Years 0.015* 0.008 1.840 

Spouse education Years -0.003 0.009 -0.280 

Training Days 0.011 0.007 1.600 

Farm size Hectare -0.032* 0.020 -1.620 

Societal membership Dummy (yes/no) 0.086** 0.038 2.230 

Extension contact Dummy (yes/no) 0.227** 0.094 2.430 

FMWCF  Number 0.050* 0.030 1.660 

Constant   0.614 0.166 3.700 

Log likelihood -411.08 

LR chi square 30.68*** 

Pseudo R2 0.15 

Goodness of fit 104ns 

No. of observations 247 

Note: FMWCF indicates Family members working in cage farm; *, ** and *** 
indicates significant at 10%, 5% and 1% level 
 
11.3.4 Cost and return of cage cultivation 

The findings revealed that on an average, the total cost of cage cultivation was found 
higher who adopted the improved practices compared to the farmers who did not 
adopted. These differences were statistically significant at 1% level (Table 33). Feed 
cost was found to be the major cost item followed by fingerling cost (Table 32). 
 
Table 33 indicates per hectare production was significantly (P<0.01) higher for 
adopters (4798 kg/ha) compared to non-adopters (2634 kg/ha). As a result of higher 
productivity, per hectare gross and net return was also significantly (P<0.01) higher 
for adopters compared to non-adopters. Adoption of improved practices is capital 
intensive but at the same time it generates higher productivity and return, which may 
be useful in reducing poverty and malnutrition to some extent in the rural areas. 
 
Table 32. Cost structure of cage cultivation (per 10 cage) 

Cost items 
Adopters Non adopters 

 1 2 3 4 
A. Fixed costs 
Cage preparation -- 13412 11485 9558 9963 
Netting -- 4471 2094 2115 5407 
Guard -- 555 691 883 558 

Total fixed cost -- 18438 14270 12556 15928 
B. Variable costs 
Fingerlings -- 43382 51565 47630 26596 
Feed cost -- 281075 358284 447770 272075 
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Cost items 
Adopters Non adopters 

 1 2 3 4 
Human labour -- 24173 19657 24670 22389 
Fertilizer cost -- 753 742 810 1013 
Lime cost -- 676 141 465 429 
Cage repair -- 2412 1429 1213 1488 

Total variable cost -- 352471 431818 522558 323990 

Total cost (A+B) -- 370909 446088 535114 339918 

 

Table 33. Return from cage cultivation 

Items 
Adopters All 

adopters 
Non 

adopters 
Mean diff. 

1 2 3 4 
Production (kg) -- 3338 4549 5421 4798 2634 2164*** 
Ave. price 
(Tk/kg) 

-- 132 122 122 123 133 -10*** 

Gross return 
(Tk/ha) 

-- 440843 555412 658944 590154 350322 239832*** 

TVC -- 352471 431818 522558 453829 323990 129839*** 
TFC -- 18438 14270 12556 14720 15928 -1208ns 
Total cost 
(Tk/ha) 

-- 370909 446088 535114 468548 339918 128630*** 

Net return 
(Tk/ha) 

-- 69934 109324 123830 121606 10404 111202*** 

BCR -- 1.19 1.25 1.23 1.26 1.03 -- 

Note: *** indicates significant at 1% level. 
 
11.3.5 Impact of improved aquaculture technology adoption  

Impact on productivity 

It is evident from the table 34 that the adoption of improved practices significantly 
affected the productivity of cage farming. Farmers who adopted the improved 
practices received significantly higher per hectare yield (869 – 2668 kg/ha) compared 
to non-adopters which is similar to the findings of Rand and Tarp (2009) indicated 
that technology adoption significantly affected the productivity. The ATT values 
indicates that farmers who adopted more practices received higher yield compared to 
the farmers adopted less number of improved practices.  
 
Table 34. Impact of improved technologies on productivity of cages 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -- -- -- 
2 0 869*** 172 5.06 
3 0 2102*** 198 10.60 
4 0 2668*** 339 7.88 

Note: *** indicates significant at 1% level 
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Impact on profitability 

Findings of the table 35 indicates that adopters of improved practices received 
significantly higher profit compared to non-adopters due to higher productivity. 
Farmers who adopted more number of improved practices received more income 
compared to the farmers who adopted less number of practices as well as non-
adopters (Table 35). The values of ATT were ranged from Tk. 88111 – Tk. 119226 
based on different number of adopted improved practices, which indicates that 
improved technologies adoption increases income. More awareness building 
programs along with extension services are warranted to augment the adoption 
process since adoption enhanced the productivity and income. 
 
Table 35. Impact of improved technologies on profitability of cage cultivation 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -- -- -- 
2 0 119226** 47275 2.52 
3 0 86557* 48786 1.77 
4 0 88111* 47218 1.87 

Note: ** and * indicates significant at 5% and 10% level 
 
Impact on consumption expenditure 

The positive and significant values of ATT indicate that consumption expenditure of 
the farmers who adopted improved practice was significantly higher (Tk. 2978 – 
58583) compared to non-adopters (Table 36). Sahu and Das (2015) also indicated that 
agriculture related technology adoption has significant and positive effect of the 
consumption expenditure used as a proxy of wellbeing of the farmers. The results also 
indicate that there were no significant differences in the consumption expenditure for 
the farmers who adopted 1 practice compared to who did not adopt any practice. 
 
Table 36. Impact of improved technologies on consumption expenditure of cage 

farmers 
Number of practices adopted 

ATT SE z 
Adopters Non-adopters 

1 0 -- -- -- 
2 0 2978 6481 0.46 
3 0 34554*** 9258 3.73 
4 0 58583*** 13051 4.49 

Note: *** indicates significant at 1% level 
 
Impact on household assets 

The findings indicate that adoption of improved practices did not affect the household 
assets position of the adopters. This may be due to the fact that purchases of 
household assets depend on many other factors apart from aquaculture income.  
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Table 37. Impact of improved technologies on household assets of cage farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -- -- -- 
2 0 -36144 ns 65324 -0.55 
3 0 41459 ns 68468 0.61 
4 0 -1686 ns 57537 -0.03 

Note: ns indicates not significant 
 
Impact on livestock assets 

The findings indicate that adoption of improved practices did not significantly affect 
the livestock assets position of the adopters. This may be due to the fact that rearing 
livestock is labour intensive and time consuming which may prevent the farmers to 
purchase livestock (Table 38).  
 
Table 38. Impact of improved technologies on livestock asset of cage farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -- -- -- 
2 0 -52322 ns 33563 -1.56 
3 0 -39310 ns 33764 -1.16 
4 0 -20351 ns 35226 -0.58 

Note: ns indicates not significant 
 
Impact of fishing equipment 

The positive values of ATT indicate that the farmers who adopted improved practices 
spend more money to purchase different fishing equipment (Table 39). These 
differences were significant at 5% level for the farmers who adopted 4 practices. This 
may be due to the fact that adopters received higher income compared to non-adopters 
which enable them to spend extra amount of money to purchase fishing equipment.  
 
Table 39. Impact of improved technologies on purchase of fishing equipments 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -- -- -- 
2 0 475 1807 0.26 
3 0 1690 1559 1.08 
4 0 3890** 1668 2.33 

Note: ** indicates significant at 5% level 
 
Impact on educational expenses 

The ATT value of the educational expenses for the farmers who adopted 2 practices 
out of 4 were not significant while differences in ATT values were marginally 
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significant for the farmers who adopt 3 and 4 practices compared to non-adopters. It 
implies that farmers who adopted improved practices were spend more money on 
child education compared to non-adopters (Table 40).  
 
Table 40. Impact of improved technologies on educational expenses 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -- -- -- 
2 0 393 1492 0.26 
3 0 1862* 990 1.88 
4 0 1999* 1231 1.62 

Note: * indicates significant at 10% level 
 
11.3.6 Problems of cage culture 

Among the different problems most of farmers (24.29%) opined that as cage culture is 
relatively a new dimension of aquaculture in Bangladesh, lack of proper technical 
knowhow prevented them to receive higher yield and return. Among the other 
barriers, flack of improved fingerlings reduced the production. Besides, about 18% 
farmers opined that unavailability of capital is another constraint which hampers the 
cage cultivation at field level (Table 41). 
 
Table 41. Problems of cage cultivation 

Sl # Problems No. of farmers Percentage 

01 Lack of training 60 24.29 
02 Lack of improved fingerlings 55 22.27 
03 Lack of capital 44 17.81 

 
11.3.7 Suggestions  

To overcome the barriers of production about 33% of the farmers mentioned the need 
of more training regarding production technology. About 17% of the farmers 
mentioned that concerned authorities may take initiatives to supply different inputs 
like medicine, fingerlings etc. at subsidized rate as well as extension services to 
reduce the disease attack. As cage culture is capital intensive, loan with low interest 
may influence the farmers to cultivate in future (Table 42). 
 
Table 42. Suggestions for improvement 

Sl # Suggestions  No. of farmers Percentage 
01 More training 81 32.79 
02 Supply of subsidized inputs and services 41 16.60 
03 Loan with low interest 53 21.46 
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11.4 Shrimp farming in gher 

11.4.1 Descriptive statistics of the variables used in the models 

Differences in selected characteristics of adopters and non-adopters are presented in 
Table 43. The mean difference suggested that there are some differences between 
adopters and non-adopters in terms of selected household characteristics. The 
characteristics of adopters and non-adopters were similar for most of variables apart 
from societal membership (p<0.10), and extension contact (p<0.01) which indicates 
that the two groups are not directly comparable and justifies the use of treatment 
effect model. 
 
Table 43. Descriptive statistics of the socio-economic characteristics of the 
respondents 

Characteristics 
No. of practices adopted 

All 
adopters 

Non 
adopters 

Mean 
diff. 

01 02 03 04 05 06    
Family member 
(No.) 

4.93 4.50 4.31 4.74 4.22 4.51 4.48 4.20 0.28ns 

Age (yrs) 
44.53 44.47 43.00 42.53 42.17 42.00 42.77 42.88 

-
0.11ns 

Education (yrs) 8.47 5.47 7.12 7.67 7.28 8.08 7.35 6.52 0.83ns 
Training (days) 10.53 0.59 2.16 4.98 5.64 6.03 4.61 1.40 3.21ns 
Farm size (ha.) 0.60 0.48 0.51 0.69 0.58 0.73 0.62 0.57 0.05ns 
Societal 
membership 
(%) 

40 44 43 45 52 51 47 28 19* 

Extension 
contact (%) 

33 23 59 67 78 84 65 28 37*** 

Pond ownership 
(%) 

47 71 58 74 60 49 61 76 -15ns 

FMWCF (No.) 1.13 1.32 1.29 1.28 1.48 1.64 1.40 1.32 0.08ns 
Experience in 
shrimp farming 
(yrs) 

13.00 12.82 13.22 14.48 14.55 14.20 13.92 13.80 0.12ns 

Note:  * and *** indicates significant at 10% and 1% level; ns indicates not 
significant; FMWCF indicates Family members working in shrimp farm 
 
11.4.2 Adoption status of improved practices 

It is evident from the Table 44 that most of the farmers (20.33%) adopted all the 6 
practices followed by 19.33% of farmers who adopted 4 and 5 practices. Around 8% 
of the farmers did not adopt any of the selected improved shrimp cultivation practices. 
 
Table 44. Adoption status of different improved technologies (n = 300) 

Items 
Number of technologies 

1 2 3 4 5 6 0 
No. of farmers 15 34 49 58 58 61 25 
Percent of total 5 11.33 16.33 19.33 19.33 20.33 8.33 
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11.4.3 Factors affecting adoption 

It is revealed from table 45 that the estimated pseudo R-squared value is low (0.05), 
but the overall significance of the Poisson model, reported by the Wald chi-squared 
value, is satisfactory. Non-significant value of goodness of fit also indicating the good 
fit of the model. 
 
Prawn farmers’ farm size, contact with extension and number of family members 
working person in the farm were positive and significantly influenced the adoption of 
improved practices The positive and significant association of the extension contact 
(p<0.01) suggested that exposing farmers to agricultural extension advice could help 
to increase the adoption of improved practices confirms the findings of DeGraft-
Johnson et al., (2014) and Mensah-Bonsu et al., (2017). Adoption of new technologies 
requires some level of technical knowledge, direct contact with extension services 
increases the acquisition of relevant knowledge. Efforts are necessary to increase the 
number of extension personnel’s in the rural areas to increase the adoption level. 
Positive association of farm size (p<0.10) indicates that the large farmers were readily 
accepted the new technologies may be due to the fact that large farmers have enough 
amounts of resources to cover the risk associated with adoption of new technology. 
The farms which have more family supplied manpower to work in the farm also 
adopted more (p<0.01).  
 
Table 45. Factors affecting adoption decision: Poisson estimates 

Variables Unit Coefficient 
Robust 

SE 
z 

Family member Number -0.017 0.017 -0.99 
Age Years -0.002 0.003 -0.86 
Education Years 0.004 0.009 0.5 
Spouse education Years -0.002 0.009 -0.27 
Training Days 0.003 0.004 0.79 
Farm size Hectare 0.063* 0.038 1.66 
Societal membership Dummy (yes/no) 0.045 0.051 0.88 
Extension contact Dummy (yes/no) 0.423*** 0.067 6.32 
Pond ownership  Dummy (yes/no) -0.055 0.051 -1.08 
FMWCF  Number 0.164*** 0.037 4.45 
Constant   0.913*** 0.169 5.39 
Log likelihood -589.13 
LR chi square 79.10*** 
Pseudo R2 0.05 
Goodness of fit 227 ns 
No. of observations 300 

Note: FMWCF indicates Family members working in shrimp farm; * and *** 
indicates significant at 10% and 1% level. 
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11.4.4 Cost and return of shrimp cultivation 

The findings revealed that on an average, the total cost of shrimp cultivation was 
higher for adopters compared to non-adopters (Table 47). The costs of production 
were gradually increased as the farmers adopted more practices than less. Among the 
cost items, feed cost was the major cost item followed by rental value of gher (Table 
46). 
 
Table 47 indicates that productivity was higher for adopters (421 kg/ha) than that of 
non-adopters (290 kg/ha). As a result of higher productivity, per hectare gross and net 
return was also significantly (P<0.01) higher for adopters compared to non-adopters. 
Higher production cost indicates improved practices adoption need higher capital but 
can generates higher production and income, which may be useful in country like 
Bangladesh to reduce poverty to some extent in the rural areas. 
 
Table 46. Per hectare cost structure of shrimp cultivation 

Cost items 
Adopters Non 

adopters 
 

1 2 3 4 5 6 

A. Fixed costs 
Land rent 31432 48710 50638 42862 48057 50280 46595 
Gher preparation 9906 11675 13896 13696 16046 22801 15499 
Netting 1593 1683 2071 2579 3740 4432 1119 
Guard 1422 1130 1562 1632 1328 2202 1690 
Total fixed cost 44353 63198 68167 60769 69171 79715 64903 

B. Variable costs  
Fingerlings 34817 34265 33053 31866 43507 42311 20362 
Feed cost 26905 41134 39296 46559 43696 60439 32781 
Human labour 15637 12440 11361 13721 21828 21588 22757 
Fertilizer cost 3141 1860 3587 2949 3816 3725 2568 
Lime cost 915 1222 1620 1427 1702 1988 1178 
Gher repair 4426 9754 5504 8919 8974 6259 6582 
Water treatment 1556 619 1108 636 384 571 373 
Total variable 
cost 

87397 101294 95529 106077 123907 136881 86601 

Total cost (A+B) 131750 164492 163696 166846 193078 216596 151504 

 
Table 47. Per hectare return from shrimp cultivation 

Items 
Adopters All 

adopters 
Non 

adopters 
Mean 
diff. 1 2 3 4 5 6 

Production 
(kg) 

233 403 398 400 456 481 421 290 131*** 

Ave. price 
(Tk/kg) 

658 639 654 640 628 628 639 658 -19 

Gross return 
(Tk/ha) 

153314 257517 260292 256000 286368 302068 269019 190820 78199*** 

TVC 87397 101294 95529 106077 123907 136881 113445 86601 26844** 
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Items 
Adopters All 

adopters 
Non 

adopters 
Mean 
diff. 1 2 3 4 5 6 

TFC 44353 63198 68167 60769 69171 79715 67236 64903 2333 
Total cost 
(Tk/ha) 

131750 164492 163696 166846 193078 216596 180681 151504 29177** 

Net return 
(Tk/ha) 

21564 93025 96596 89154 93290 85472 88338 39316 49022*** 

BCR 1.16 1.57 1.59 1.53 1.48 1.39 1.49 1.26 -- 

Note: ** and *** indicates significant at 5% and 1% level. 
 
11.4.5 Impact of improved aquaculture technology adoption  

Impact on productivity 

It is evident from the table 48 that the farmers who adopted 1 improved practice out of 
the 6 selected practices received similar per hectare yield compared to non-adopters. 
Farmers who adopted 2-6 number of improved practices received significantly higher 
per hectare yield (142 – 175 kg/ha) compared to non-adopters which is similar to the 
findings of Rand and Tarp (2009) indicated that technology adoption significantly 
affected the productivity. The ATT values indicates that farmers who adopted more 
practices received higher yield compared to the farmers adopted less number of 
improved practices.  
 

Table 48. Impact of improved technologies on productivity of shrimps 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -17.11 31.42 -0.54 
2 0 163.08*** 35.60 4.58 
3 0 149.44*** 33.10 4.52 
4 0 165.56*** 40.89 4.05 
5 0 142.98*** 35.37 4.04 
6 0 175.74*** 52.11 3.37 

Note: *** indicates significant at 1% level 
 

Impact on profitability 

Findings of the table 49 indicates that apart from the adopters of 1 improved practices, 
all the other category of adopters received significantly higher per hectare profit 
compared to non-adopters due to significantly higher productivity. Amankwah and 
Quagrainie (2017) also found that improved fish technology adoption increases the 
income from fish cultivation. Farmers who adopted more number of improved 
practices received more income compared to the farmers who adopted less number of 
practices as well as non-adopters. The values of ATT were ranged from Tk. 25321 – 
Tk. 75351 based on different number of adopted improved practices. More awareness 
building programmes along with extension services are warranted to augment the 
adoption process since adoption enhanced the productivity and income. 
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Table 49. Impact of improved technologies on profitability of shrimp cultivation 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 5150.61 9994.45 0.52 
2 0 56626.05*** 10916.82 5.19 
3 0 75351.41*** 13387.76 5.63 
4 0 69277.57*** 16726.07 4.14 
5 0 36718.29* 21135.73 1.74 
6 0 25321.29** 11239.11 2.25 

Note: *, ** and *** indicates significant at 10%, 5% and 1% level 
 
Impact on consumption expenditure 

The positive and significant values of ATT indicate that consumption expenditure of 
the farmers who adopted 1 improved practice was significantly higher (Tk. 20776) 
compared to non-adopters (Table 50). Sahu and Das (2015) also indicated that 
agriculture related technology adoption has significant and positive effect of the 
consumption expenditure used as a proxy of well being of the farmers. The findings 
of the present study may indicate that adoption improved practices can play a vital 
role in the anti-poverty policies of Bangladesh. The other ATT values were found to 
be positive but not significant.  May be the shrimp farmers spend their fish income for 
different purposes which were not considered in the analysis. 
 
Table 50. Impact of improved technologies on consumption expenditure of 

shrimp farmers 
Number of practices adopted 

ATT SE z 
Adopters Non-adopters 

1 0 20776.84* 12011.87 1.73 
2 0 973.13 10240.12 0.10 
3 0 9616.04 9945.79 0.97 
4 0 14207.64 13293.89 1.07 
5 0 1138.31 8230.73 0.14 
6 0 10969.11 10889.45 1.01 

Note: * indicates significant at 10% level 
 
Impact on household assets 

The findings indicate that adoption of improved practices positively affected the 
household assets position of the adopters. The ATT values were ranged from Tk. 
43674 – 193465 (Table 51). These differences were significant for the farmers who 
adopted 1, 3 and 4 numbers of practices. The findings may also imply that the shrimp 
farmers were more interested to spend their income on household assets rather than on 
consumption.  
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Table 51. Impact of improved technologies on household assets of shrimp 
farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 102807.10** 41750.46 2.46 
2 0 177839.90 123732.20 1.44 
3 0 193465.40*** 50573.71 3.83 
4 0 123586.90*** 40630.88 3.04 
5 0 100898.90 73041.42 1.38 
6 0 43674.23 37176.43 1.18 

Note: ** and *** indicates significant at 5% and 1% level 
 
Impact on livestock assets 

The findings indicate that adoption of improved practices did not affect the livestock 
assets position of the adopters. This may be due to the fact that rearing livestock is 
labor intensive and time consuming which may prevent the fish farmers to purchase 
livestock.  
 
Table 52. Impact of improved technologies on livestock asset of shrimp farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -25893.03ns 29254.53 -0.89 
2 0 -26333.12ns 31848.68 -0.83 
3 0 -8667.59ns 30591.39 -0.28 
4 0 -19800.64ns 27080.32 -0.73 
5 0 -8449.93ns 32408.18 -0.26 
6 0 -4901.99ns 27292.90 -0.18 

 
Impact of fishing equipment 

The findings indicate that adoption of improved practices did not have any significant 
effect on the purchase of fishing equipments. This may be due to the fact that the 
adopters may already have the required number of fishing equipments which may 
prevent them to buy the new one during the last one year (Table 53).  
 
Table 53. Impact of improved technologies on purchase of fishing equipments 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 352.05ns 2264.58 0.16 
2 0 -282.61ns 2529.18 -0.11 
3 0 -2031.13ns 2240.29 -0.91 
4 0 2920.91ns 2847.22 1.03 
5 0 431.53ns 2759.94 0.16 
6 0 -867.04ns 2191.18 -0.40 
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Impact on educational expenses 

The ATT values of the educational expenses were negative for the farmers who 
adopted 1 - 4 number of improved practices but statistically not significant (Table 54). 
Similarly, educational expenses for adopters of 5 and 6 numbers of practices were 
positive and higher compared to non-adopters but statistically not significant. This 
may indicate that education expenses depend on diversified factors which were not 
considered in the analysis. The farmers who adopted more practices may not have 
enough school going child in the family which may resulted as non-significant effect. 
 
Table 54. Impact of improved technologies on educational expenses 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 -1733.29ns 4916.90 -0.35 
2 0 -7049.56ns 5322.39 -1.32 
3 0 -6490.97ns 5507.94 -1.18 
4 0 -3314.36ns 5436.66 -0.61 
5 0 2068.05ns 8068.75 0.26 
6 0 1266.26ns 7230.81 0.18 

 
11.4.6 Problems in shrimp culture 

Yet shrimp cultivation is profitable and improves the livelihood status of the farmers 
but it has some constraints which should not be ignored. Among the constraints, 
frequent attack of diseases was the major barrier and about 36% farmers’ responses 
regarding this problem. Besides, 30 % farmers opine that unavailability of improved 
fingerlings is another constraint which hampers the prawn cultivation at field level. 
Low yield (9.67%) and lack of training (9.33%) are few other concerns for the 
farmers (Table 55). 
 
Table 55. Problems of shrimp cultivation 

Sl # Problems No. of farmers Percentage 
01 Frequent attack of diseases  109 36.33 
02 Low yield 29 9.67 
03 Lack of training 28 9.33 
04 Lack of improved fingerlings 90 30.00 
05 High price of feed 19 6.33 

 
11.4.7 Suggestions  

To overcome the barriers of production about 35% of the farmers mentioned that 
concerned authorities may take initiatives to supply different production inputs at 
subsidized rate as well as extension services to reduce the disease attack and increase 
yield. To increase the yield and knowledge of the farmers regarding production 
technology more training (27%) should be arranged. Government should take 
necessary action to ensure reasonable price so that the shrimp farmers can continue 
their operation in future (Table 56). 
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Table 56. Suggestions for improvement 

Sl # Suggestions  No. of farmers Percentage  
01 More training 81 27.00 
02 Supply of subsidized inputs and services 99 34.49 
03 Ensure good price of shrimp 53 17.67 

 
11.5. Fresh water prawn farming in gher 

11.5.1 Descriptive statistics of the variables used in the models 

Differences in selected characteristics of adopters and non-adopters are presented in 
Table 57. The mean difference suggested that there are some differences between 
adopters and non-adopters in terms of selected household characteristics. The 
characteristics of adopters and non-adopters were similar in terms of family members, 
age, training, societal membership, and fishing experience. But significant differences 
exist between adopters and non-adopters with respect to farm size (p<0.10), and 
extension contact (p<0.01) which indicates that the two groups are not directly 
comparable and justifies the use of treatment effect model.  
 
Table 57. Descriptive statistics of the socio-economic characteristics of the 
respondents 

Characteristics No. of practices adopted All 
adopters 

Non 
adopters 

Mean 
diff. 01 02 03 04 05 06 

Family member 
(No.) 

3.85 3.84 4.82 4.52 4.27 4.33 4.32 3.95 0.37 

Age (yrs) 45.74 43.19 44.33 40.71 43.49 36.63 41.85 41.10 0.75 
Education (yrs) 6.07 7.54 8.06 8.07 7.18 7.62 7.52 8.43 -0.91 
Training (days) 2.41 3.70 3.65 2.43 4.12 5.63 3.88 3.69 0.19 
Farm size (ha.) 0.72 0.97 1.00 0.73 0.78 0.87 0.85 0.48 0.37* 
Societal 
membership (%) 

22 38 43 45 65 62 49 43 6.00 

Extension 
contact (%) 

7 24 41 60 61 77 50 19 31.00*** 

Pond ownership 
(%) 

70 57 71 55 53 67 62 57 5.00 

FMWCF (No.) 1.30 1.16 1.29 1.31 1.63 1.60 1.41 1.33 0.08 
Experience in 
prawn farming 
(yrs) 

10.52 12.68 11.65 11.83 11.82 14.22 12.32 9.29 3.03 

Note:  * and *** indicates significant at 10% and 1% level; FMWCF indicates family 
members working in prawn farm 
 
11.5.2 Adoption status of improved practices 

It is evident from the Table 58 that most of the farmers (20.91%) adopted all the 6 
practices followed by 17.77% and 17.07% of farmers who adopted 5 and 3 practices, 
respectively. Around 7% of the farmers did not adopted any of the selected improved 
prawn cultivation practices. 
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Table 58. Adoption status of different improved technologies (n = 287) 

Items 
Number of practices 

1 2 3 4 5 6 0 
No. of farmers 27 37 49 42 51 60 21 
Percent of total 9.41 12.89 17.07 14.63 17.77 20.91 7.32 

 
11.5.3 Factors affecting adoption 

It is revealed from table 59 that the estimated pseudo R-squared value is low (0.10), 
but the overall significance of the Poisson model, reported by the Wald chi-squared 
value, is satisfactory. Non-significant value of goodness of fit also indicating the good 
fit of the model. 
 

Prawn farmers’ societal membership status contact with extension and number of 
family members working person in the prawn farm were positive and significantly 
influenced the adoption of improved practices while age of the respondents has 
negative effect on adoption. The negative association of age may be implied that the 
older farmers are unwilling to accept improved technologies, because they are afraid 
of risks involved with new technologies which confirms the findings of Maduakor 
(2001) and Ofuoku et al., (2008). This may also indicate that extension approach of 
trained the older farmers may not be useful rather younger farmers may be selected 
for training as they ready to accept any new technology. The positive and significant 
association of the extension contact (p<0.01) suggested that exposing farmers to 
agricultural extension advice could help to increase the adoption of improved 
practices confirms the findings of DeGraft-Johnson et al., (2014) and Mensah-Bonsu 
et al., (2017). Adoption of new technologies requires some level of technical 
knowledge, direct contact with extension services increases the acquisition of relevant 
knowledge. Efforts are necessary to increase the number of extension personnel’s in 
the rural areas to increase the adoption level. Societal membership (p<0.05) also 
positively influenced the adoption may be due to the fact that farmers who are 
engaged with different societal membership get the opportunity to meet with different 
peoples which may influence them to adopt new technologies.  
 

Table 59. Factors affecting adoption decision: Poisson estimates 

Variables Unit Coefficient Robust SE z 
Family member Number -0.008 0.022 -0.38 
Age Years -0.007*** 0.002 -3.10 
Education Years -0.007 0.008 -0.82 
Spouse education Years -0.002 0.010 -0.16 
Training Days 0.001 0.002 0.60 
Farm size Hectare 0.009 0.030 0.29 
Societal membership Dummy (yes/no) 0.138** 0.061 2.28 
Extension contact Dummy (yes/no) 0.409*** 0.062 6.56 
Pond ownership  Dummy (yes/no) 0.016 0.055 0.29 
FMWCF  Number 0.100** 0.040 2.50 
Constant   1.209 0.157 7.69 
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Variables Unit Coefficient Robust SE z 
Log likelihood -562.76 
LR chi square 103.49*** 
Pseudo R2 0.10 
Goodness of fit 232 ns 
No. of observations 287 

Note: FMWCF indicates Family members working in prawn farm; ** and *** 
indicates significant at 5% and 1% level; ns indicates not significant 
 
11.5.4 Cost and return of prawn cultivation 

The findings revealed that on an average, the total cost of prawn cultivation was 
found higher who adopted the improved practices compared to the farmers who did 
not adopted. These differences were statistically significant at 5% level (Table 61). 
Among the cost items, feed cost was the major cost item followed by rental value of 
gher (Table 60). 
 
Table 61 indicates per hectare production was found significantly (P<0.01) higher for 
adopters (630 kg/ha) than that of non-adopters (376 kg/ha). As a result of higher 
productivity, per hectare gross and net return was also significantly (P<0.01) higher 
for adopters compared to non-adopters. The findings indicate that although the 
adoption of improved practices need higher capital investment but at the same time it 
provided significantly higher income which may be useful in reducing poverty and 
malnutrition to some extent in the rural areas. 
 
Table 60. Per hectare cost structure of prawn cultivation 

Cost items 
Adopters Non 

adopters 1 2 3 4 5 6 
A. Fixed costs 
Land rent 66048 75712 65223 55304 55091 57317 56547 
Gher preparation 11020 21454 13972 20475 25664 31904 14345 
Netting 1625 1811 1926 3295 3655 7760 2070 
Guard 2929 2504 1666 1627 2194 1866 1565 
Equipment 1840 2495 3313 2763 2515 3236 1821 
Total fixed cost 83462 103976 86100 83464 89119 102083 76348 
B. Variable cost 
Fingerlings 31890 38404 38882 46100 57942 48036 36329 
Feed cost 63584 94106 67339 67412 80743 84726 42181 
Human labour 40408 60001 38431 35003 56126 31153 26243 
Fertilizer cost 9612 7300 8833 5266 4252 4521 9361 
Lime cost 3749 3371 3478 3094 3090 2628 3724 
Pesticide cost 2313 1706 742 1254 1629 3073 1027 
Gher repair 9524 7707 9166 7186 11959 7732 10383 
Water treatment 1508 2920 1373 1745 1584 1475 1619 
Total variable cost 162588 215515 168244 167060 217325 183344 130867 
Total cost (A+B) 246050 319491 254344 250524 306444 285427 207215 
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Table 61. Per hectare return from prawn cultivation 

Items 
Adopters All 

adopters 
Non 

adopters 
Mean diff. 

1 2 3 4 5 6 
Production 
(kg) 

482 654 546 601 700 711 630 376 254*** 

Ave. price 
(Tk/kg) 

640 706 647 633 635 621 643 627 16 

Gross return 
(Tk/ha) 

308480 461724 353262 380433 444500 441531 405090 235752 169338*** 

TVC 162588 215515 168244 167060 217325 183344 186344 130867 55477** 
TFC 83462 103976 86100 83464 89119 102083 93180 76348 16832* 
Total cost 
(Tk/ha) 

246050 319491 254344 250524 306444 285427 279525 207215 72310** 

Net return 
(Tk/ha) 

62430 142233 98918 129909 138056 156104 125565 28537 97028*** 

BCR 1.25 1.45 1.39 1.52 1.45 1.55 1.45 1.14 -- 

Note: *, ** and *** indicates significant at 10%, 5% and 1% level. 
 
11.5.5 Impact of improved aquaculture technology adoption  

Impact on productivity 

It is evident from the table 62 that the adoption of improved practices significantly 
affected the productivity of prawn. Farmers who adopted the improved practices 
received significantly higher per hectare yield (115 – 602 kg/ha) compared to non-
adopters which is similar to the findings of Rand and Tarp (2009) indicated that 
technology adoption significantly affected the productivity. The ATT values indicates 
that farmers who adopted more practices received higher yield compared to the 
farmers adopted less number of improved practices.  
 
Table 62. Impact of improved technologies on productivity of prawns 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 115.30*** 26.38 4.37 
2 0 195.46** 80.65 2.42 
3 0 162.74*** 36.55 4.45 
4 0 217.32*** 42.06 5.17 
5 0 369.01*** 51.80 7.12 
6 0 602.29*** 83.49 7.21 

Note: ** and *** indicates significant at 5% and 1% level 
 
Impact on profitability 

Findings of the table 63 indicates that all category of adopters of improved practices 
received significantly higher per hectare profit compared to non-adopters due to 
higher productivity. Amankwah and Quagrainie (2017) also found that improved fish 
technology adoption increases the income from fish cultivation. Farmers who adopted 
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a greater number of improved practices received more income compared to the 
farmers who adopted less number of practices as well as non-adopters. The values of 
ATT were ranged from Tk. 34658 – Tk. 245789 based on different number of adopted 
improved practices. More awareness building programs along with extension services 
are warranted to augment the adoption process since adoption enhanced the 
productivity and income. 
 
Table 63. Impact of improved technologies on profitability of prawn cultivation 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 34658.40** 17926.27 1.93 
2 0 79785.00*** 30345.00 2.63 
3 0 79955.84*** 20848.44 3.84 
4 0 125197.00*** 29723.55 4.21 
5 0 143284.40*** 30242.96 4.74 
6 0 245789.50*** 32389.30 7.59 

Note: ** and *** indicates significant at 5% and 1% level 
 
Impact on consumption expenditure 

The positive and significant values of ATT indicate that consumption expenditure of 
the farmers who adopted improved practice was significantly higher (Tk. 11440 – 
25116) compared to non-adopters (Table 64). Sahu and Das (2015) also indicated that 
agriculture related technology adoption has significant and positive effect of the 
consumption expenditure used as a proxy of well being of the farmers. The findings 
of the present study may indicate that adoption improved practices can play a vital 
role in the anti-poverty policies of Bangladesh.  
 
Table 64. Impact of improved technologies on consumption expenditure of 

prawn farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 11440.98*** 3270.73 3.50 
2 0 19944.23*** 3326.52 6.00 
3 0 17785.28*** 5966.42 2.98 
4 0 25116.73*** 6725.06 3.73 
5 0 11679.10** 4895.10 2.39 
6 0 24224.71*** 6298.65 3.85 

Note: ** and *** indicates significant at 5% and 1%  level 
 
Impact on household assets 

The findings indicate that adoption of improved practices did not affected the 
household assets position of the adopters. This may be due to the fact that purchases 
of household assets depend on many other factors apart from fish income (Table 65).  
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Table 65. Impact of improved technologies on household assets of prawn farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 64132.85ns 44956.25 1.43 
2 0 57179.05ns 52967.77 1.08 
3 0 -2456.90ns 56350.09 -0.04 
4 0 -48062.91ns 40837.99 -1.18 
5 0 -15638.21ns 57126.44 -0.27 
6 0 -54882.59ns 44857.73 -1.22 

 
Impact on livestock 

The positive value of ATT indicates that the farmers who adopted improved practices 
owned more livestock compared to non-adopters (Table 66). This also implies that 
prawn farmers are investing their income to other agricultural sector which may 
further improve their standard of living and this diversification may also work as a 
risk reduction strategy for the prawn cultivars.   
 
Table 66. Impact of improved technologies on livestock asset of prawn farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 51380.50*** 19921.80 2.58 
2 0 42476.30*** 16122.04 2.63 
3 0 41104.80** 16281.32 2.52 
4 0 13861.36 19033.44 0.73 
5 0 25746.16* 15268.65 1.69 
6 0 51543.22** 20624.30 2.50 

Note: *, ** and *** indicates significant at 10%, 5% and 1% level 
 
Impact of fishing equipment 

The positive values of ATT indicate that the farmers who adopted improved practices 
spend more money to purchase different fishing equipments (Table 67). These 
differences were significant at 5% level for the farmers who adopted 3 practices. This 
may be due to the fact that adopters received higher net return compared to non-
adopters which enable them to spend extra amount of money to purchase fishing 
equipments.  
 
Table 67. Impact of improved technologies on purchase of fishing equipments 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 1279.11 853.01 1.50 
2 0 810.06 979.65 0.83 
3 0 1901.52** 894.46 2.13 
4 0 465.71 473.49 0.98 
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Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
5 0 71.52 354.04 0.20 
6 0 350.18 405.98 0.86 

Note: ** indicates significant at 5% level 
 
Impact on educational expenses 

The ATT value of the educational expenses for the farmers who adopted 1 practice 
out of 6 were significant indicates that farmers spending more money on child 
education compared to non-adopters. The findings also indicate that the differences in 
ATT values were not significant for other category of adopters (Table 68). This may 
be for the fact that apart from technology adoption, education depends on many 
diversified factors which were not considered in the analysis. The farmers who 
adopted more practices may not have enough school going child in the family which 
may resulted as non-significant effect. 
 
Table 68. Impact of improved technologies on educational expenses 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 4603.19* 2511.03 1.83 
2 0 2912.40 2364.70 1.23 
3 0 1242.22 1561.55 0.80 
4 0 620.15 1172.24 0.53 
5 0 977.03 815.62 1.20 
6 0 382.22 1407.52 0.27 

Note: * indicates significant at 10% level 
 
11.5.6 Problems in prawn culture 

Yet prawn cultivation is profitable and improves the livelihood status of the farmers, 
but it has some constraints which should not be ignored. Among the constraints, 
frequent attack of diseases was the major barrier and about 44 % farmers’ responses 
regarding this problem. Besides, 23 % farmers opine that unavailability of improved 
fingerlings is another constraint which hampers the prawn cultivation at field level. 
Low market price (21%) is also creates difficulty in production. In addition, lack of 
training (12.20%) and lack of capital (12.89%) are few other concerns for the farmers 
(Table 69). 
 

Table 69. Problems of prawn cultivation 

Sl # Problems No. of farmers Percentage 
01 Frequent attack of diseases  125 43.55 
02 Lack of capital 37 12.89 
03 Lack of training 35 12.20 
04 Lack of improved fingerlings 67 23.34 
05 Low market price 61 21.25 
06 Lack of transportation facilities 45 15.68 
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11.5.7 Suggestions  

To overcome the barriers of production about 45% of the farmers mentioned that 
concerned authorities may take initiatives to supply different inputs like medicine, 
fingerlings etc. at subsidized rate as well as extension services to reduce the disease 
attack. To increase the knowhow of the farmers more training (35.89%) should be 
arranged. Government should take necessary action to ensure reasonable price so that 
the prawn farmers can continue their operation in future (Table 70). 
 
Table 70. Suggestions for improvement 

Sl # Suggestions  No. of farmers Percentage 
01 More training 103 35.89 
02 Supply of subsidized inputs and services 128 44.59 
03 Ensure good price of prawn 72 25.09 
04 Loan with low interest 25 8.71 

 
11.6. Fattening of crabs 

11.6.1 Descriptive statistics of the variables used in the models 

Differences in selected characteristics of adopters and non-adopters are presented in 
Table 71. The socio-economic characteristic indicates that adopters are more 
experienced and educated compared to non-adopters. The analysis also suggested that 
the farmers who have own pond are adopted more. The mean difference also 
suggested that adopters and non-adopters were similar in terms of family members, 
training, farm size, societal membership, extension contact and experience.  
 
Table 71. Descriptive statistics of the socio-economic characteristics of the 

respondents 

Characteristics 
No. of practices adopted All 

adopters 
Non 

adopters 
Mean 
diff. 01 02 03 04 05 06 

Family member (No.) 4.36 3.95 3.89 3.93 4.02 4.30 4.04 3.92 0.12ns 
Age (yrs) 38.82 40.57 38.30 38.50 40.95 42.79 40.02 32.19 7.82*** 
Education (yrs) 5.82 6.33 5.89 7.45 8.04 10.15 7.36 6.04 1.32* 
Training (days) 0.91 0.79 0.98 1.45 2.80 5.79 2.21 1.15 1.05ns 

Farm size (ha.) 0.79 0.45 0.25 0.42 0.54 0.70 0.49 0.46 0.03ns 

Societal membership 
(%) 

27 48 34 45 65 66 49 58 -9ns 

Extension contact (%) 50 67 58 84 84 87 73 65 8ns 

Pond ownership (%) 68 55 59 64 64 68 61 23 38*** 
FMWCF (No.) 1.45 1.50 1.67 1.77 1.67 1.53 1.62 1.62 0.0ns 

Experience in crab 
farming (yrs) 

7.05 8.00 6.89 6.41 7.76 8.00 7.36 7.35 0.01ns 

Note: * and *** indicates significant at 10% and 1% level; FMWCF indicates family 
members working in crab farming 
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11.6.2 Adoption status of improved practices 

It is evident from the Table 72 that most of the farmers (21.33%) adopted 3 practices 
out of the selected 6 improved crab cultivation practices followed by 18.33% of 
farmers who adopted 5 practices. About 16% of the farmers adopted all the 6 
practices while only around 9% of the farmers did not adopted any of the selected 
improved crab cultivation practices. 
 
Table 72. Adoption status of different improved technologies (n = 300) 

Items 
Number of practices 

1 2 3 4 5 6 0 
No. of farmers 22 42 64 44 55 47 26 
Percent of 
total 

7.33 14 21.33 14.67 18.33 15.67 8.67 

 
11.6.3 Factors affecting adoption 

It is revealed from table 73 that the estimated pseudo R-squared value is low (0.06), 
but the overall significance of the Poisson model, reported by the Wald chi-squared 
value, is satisfactory. Non-significant value of goodness of fit also indicating the good 
fit of the model. 
 
Crab farmers’ age, education, training, contact with extension and pond ownership 
were positive and significantly influenced the adoption of improved aquaculture 
practices. The positive and significant association of the extension contact and 
training suggested that exposing farmers to agricultural extension advice and training 
could help to increase the adoption of improved practices. Extension contact and 
training enable the crab farmers to acquire knowledge, which may augment the 
adoption decision (DeGraft-Johnson et al., 2014; Mensah-Bonsu et al., 2017). Positive 
and significant value of age indicates that older farmers were the one most likely to 
adopt improved practices which confirm the findings of Isoto et al. (2014). This may 
be due to the fact that crab farming is comparatively new technology in Bangladesh 
which requires experience. Educated farmers were adopted more. The farmers who 
have their own pond also adopted more. The extension approach may need 
modification targeting owners of pond rather than lease farmers to increase adoption. 
 
Table 73. Factors affecting adoption decision: Poisson estimates 

Variables Unit Coefficient Robust SE z 
Family member Number -0.021 0.026 -0.810 
Age Years 0.007*** 0.003 2.910 
Education Years 0.040*** 0.009 4.600 
Spouse education Years 0.004 0.008 0.470 
Training Days 0.031*** 0.006 5.430 
Farm size Hectare 0.007 0.032 0.210 
Societal membership Dummy (yes/no) -0.018 0.058 -0.320 
Extension contact Dummy (yes/no) 0.202*** 0.072 2.820 
Pond ownership  Dummy (yes/no) 0.135** 0.056 2.410 
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Variables Unit Coefficient Robust SE z 
FMWCF  Number 0.047 0.034 1.410 
Constant   0.315* 0.170 1.850 
Log likelihood -575.18 
LR chi square 136.17*** 
Pseudo R2 0.06 
Goodness of fit 228.9ns 

No. of observations 300 

Note: FMWCF indicates Family members working in crab farm 
 
11.6.4 Cost and return of crab cultivation 

On an average, the total cost of crab cultivation was found higher who adopted higher 
number of improved practices compared to the farmers who adopted less. Among the 
cost items, feed cost was the major cost item followed by crab fingerlings cost (Table 
74). 

Table 75 indicates that total cost of production was significantly (P<0.01) higher for 
adopters (Tk 548946/ha) compared to non-adopters (Tk. 289959/ha), which indicate 
adoption of improved practices is cost intensive. Per hectare production was also 
found to be significantly higher for adopters (1427 kg/ha) than that of non-adopters 
(767 kg/ha). As a result of higher productivity, per hectare gross and net return was 
also significantly (P<0.01) higher for adopters compared to non-adopters. Higher 
income may play a vital role in increasing the livelihood status of the crab farmers in 
the study areas. 

Table 74. Per hectare cost structure of crab cultivation 

Cost items 
Adopters Non 

adopters 1 2 3 4 5 6 
 Fixed costs 

Land rent 79683 82920 75616 83521 78045 76198 69173 
Pond preparation 20298 20798 20945 26873 25940 31149 14709 
Netting 19213 17932 15031 15506 18686 14106 15600 
Bamboo fencing 22666 29734 33191 23627 37844 38334 36374 
Guard 2805 9761 2114 5494 8158 4303 3940 
Equipments 795 2768 1103 2493 2753 1545 922 

Total fixed cost 145462 163914 148000 157514 171425 165635 140718 

 Variable costs  
Crabs 71774 151751 207063 248610 233084 313519 60091 
Feed cost 117153 75703 106155 163830 190076 131991 60327 
Human labour 43862 32872 60179 33301 76418 75765 10655 
Fertilizer cost 558 344 302 675 1405 344 583 
Lime cost 2483 1686 1586 2009 3150 2122 1788 
Electricity -- 122 234 127 119 365 -- 
Pond repair 6495 9510 11369 13530 17500 8250 14093 
Water treatment 1586 1226 1827 2028 7770 1885 1703 

Total variable cost 243909 273214 388715 464110 547522 534241 149241 
Total cost (A+B) 389371 437128 536715 621624 700947 699876 289959 
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Table 75. Per hectare return from crab cultivation 

Items 
Adopters All 

adopters 
Non 

adopters 
Mean diff. 

1 2 3 4 5 6 
Production 
(kg) 

973 1054 1404 1438 1677 1701 1427 767 705*** 

Ave. price 
(Tk/kg) 

681 640 654 681 669 684 667 688 -21ns 

Gross return 
(Tk/ha) 

662441 674658 918653 979576 1122215 1164131 943871 528186 415685*** 

TVC 243909 273214 388715 464110 547522 534241 387882 149241 238641*** 
TFC 145462 163914 148000 157514 171425 165635 161064 140718 20346ns 

Total 
cost(Tk/ha) 

389371 437128 536715 621624 700947 699876 548946 289959 259351*** 

Net return 
(Tk/ha) 

273070 237530 381938 357952 421268 464255 394925 238227 156698*** 

BCR 1.70 1.54 1.71 1.58 1.60 1.66 1.72 1.82 -- 

Note: *** indicates significant at 1% level. 
 
11.6.5 Impact of improved aquaculture technology adoption  

Impact on productivity 

It is evident from the table 76 that the adoption of improved practices significantly 
affected the productivity of crab. Adoption  of 1 and 2 number of improved practices 
did not affected the productivity but the farmers who adopted 3, 4, 5 and 6 number of 
improved practices received significantly higher per hectare yield (473 – 942 kg) 
compared to non-adopters, which is similar to the findings of Rand and Tarp (2009) 
indicated that technology adoption significantly affected the productivity. The values 
of ATT were significant at 1% level. 
 
Table 76. Impact of improved technologies on productivity of crabs 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 9.41 116.69 0.08 
2 0 105.53 106.93 0.99 
3 0 473.21*** 112.36 4.21 
4 0 696.08*** 166.13 4.19 
5 0 822.11*** 153.60 5.35 
6 0 942.55*** 230.59 4.09 

Note: *** indicates significant at 1% level 
 
Impact on profitability 

Findings of the table 77 indicates that all category of adopters of improved practices 
received significantly higher per hectare profit compared to non-adopters due to 
higher productivity. It is also evident that the farmers who adopted more number of 
improved practices received more income compared to the farmers who adopted less 
number of practices as well as non-adopters. The values of ATT were ranged from 
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Tk. 74063 – Tk. 332319 based on different number of adopted improved practices. 
More awareness building programs and trainings are warranted to augment the 
adoption process since adoption enhanced the productivity and income. 
 
Table 77. Impact of improved technologies on profitability of crab cultivation 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 74063.00* 44007.10 1.68 
2 0 103871.80** 45358.27 2.29 
3 0 230736.00*** 50928.04 4.53 
4 0 235519.70*** 53200.76 4.43 
5 0 332319.70*** 118565.70 2.80 
6 0 203136.50*** 58960.27 3.45 

Note: *, ** and *** indicates significant at 10%, 5% and 1% level 
 
Impact on consumption expenditure 

The positive and significant values of ATT indicate that consumption expenditure, 
used as proxy of wellbeing, of the farmers who adopted improved practice was higher 
(Tk. 14403 – 25357) compared to non-adopters (Table 78). The findings of the 
present study may indicate that adoption improved practices can play a vital role in 
improving the wellbeing and livelihood of the crab farmers in Bangladesh.  
 
Table 78. Impact of improved technologies on consumption expenditure of crab 

farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 17585.87** 7580.52 2.32 
2 0 21777.97*** 8440.12 2.58 
3 0 25357.71*** 7176.20 3.53 
4 0 14403.76* 7793.73 1.85 
5 0 18368.18*** 6955.85 2.64 
6 0 28183.15** 13292.16 2.12 

Note: *, ** and *** indicates significant at 10%, 5% and 1% level 
 
Impact on household assets 

The findings indicate that adoption of improved practices did not have any significant 
effect on the household assets position of the adopters. This may be due to the fact 
that purchases of household assets need higher investment which depends on many 
other factors (Table 79).  
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Table 79. Impact of improved technologies on household assets of crab farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 15451.98ns 32568.98 0.47 
2 0 26178.94ns 31500.29 0.83 
3 0 1806.63ns 16498.38 0.11 
4 0 6842.80ns 16460.93 0.42 
5 0 23305.11ns 30478.59 0.76 
6 0 22531.10ns 29206.21 0.77 

Note: ns indicates not significant 
 
Impact on livestock 

The positive value of ATT indicates that the farmers who adopted 1 practice owned 
more livestock compared to non-adopters which is marginally significant (Table 80). 
Apart from that there were no significant differences between the two categories of 
farmers indicated adoption did not have any significant effect on the livestock assets. 
  
Table 80. Impact of improved technologies on livestock asset of crab farmers 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 31645.97* 16438.82 1.93 
2 0 18994.95ns 11910.14 1.59 
3 0 17481.92ns 11298.34 1.55 
4 0 7246.61ns 12423.62 0.58 
5 0 7984.31ns 10793.49 0.74 
6 0 44160.73ns 32108.52 1.38 

Note: * indicates significant at 10% level; ns indicates not significant 
 
Impact of fishing equipment 

It is evident from table 81 that the farmers who adopted improved practices spend 
more money (Tk. 885 – 2857) to purchase different fishing equipment (Table 81). 
This is due to the fact that adopters received higher net return compared to non-
adopters and may spend extra amount of money to purchase fishing equipment.  
 
Table 81. Impact of improved technologies on purchase of fishing equipments 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 1108.26* 569.95 1.94 
2 0 885.54* 518.71 1.71 
3 0 885.86* 471.58 1.88 
4 0 1813.84* 1046.85 1.73 
5 0 2857.22*** 910.84 3.14 
6 0 1875.99*** 689.38 2.72 

Note: *, and *** indicates significant at 10% and 1% level 
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Impact on educational expenses 

The ATT values of the educational expenses for the farmers who adopted 5 and 6 
number of practices were not significant whereas the farmers who adopted less 
number practices significantly spend more amount of money on child education 
compared to non-adopters. Expenses on education depends on many other factors 
which were not considered in the analysis. The farmers who adopted more practices 
may not have enough school going child in the family which may resulted as non-
significant effect (Table 82). 
 
Table 82. Impact of improved technologies on educational expenses 

Number of practices adopted 
ATT SE z 

Adopters Non-adopters 
1 0 2509.95* 1435.13 1.75 
2 0 1391.40* 865.93 1.60 
3 0 3355.35** 1399.78 2.40 
4 0 2971.53** 1348.03 2.20 
5 0 1501.92ns 1309.49 1.15 
6 0 1078.98ns 1333.13 0.81 

Note: *, and ** indicates significant at 10% and 5% level; ns indicates not significant 
 

11.6.6 Problems in crab fattening 

Yet crab fattening is profitable at farm level, but it has some constraints which should 
not be ignored. Among the constraints, frequent attack of diseases was the major 
barrier and about 53 % farmers’ responses regarding this problem. Besides, about 
20% farmers opine that lack of improved crab fingerlings is another constraint, which 
hampers the adoption of crab improved practices at field level. In addition, lack of 
training (10.67%) and lack of capital (12%) are few other concerns for the farmers 
(Table 83). 
 
Table 83. Problems of crab cultivation 

Sl # Problems No. of farmers Percentage  
01 Frequent attack of diseases  158 52.67 
02 Lack of capital 36 12.00 
03 Lack of training 32 10.67 
04 Lack of improved fingerlings 59 19.67 

 
11.6.7 Suggestions  

To overcome the barriers of production about 34% of the farmers mentioned that 
supply of different production inputs along with extension services are necessary to 
reduce the frequent disease attack. Training may also play a vital role in improving 
the situation as opined by 28% of the respondents. According to the farmers’ opinion, 
loan with low interest (7%) may also augment the adoption of crab culture since 
adoption of improved practices are cost intensive (Table 84). 
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Table 84. Suggestions for improvement 

Sl # Suggestions  No. of farmers Percentage  
01 More training 85 28.33 
02 Supply of subsidized inputs and services 102 34.00 
03 Availability of diseases free improve fingerlings 27 9.00 
04 Loan with low interest 21 7.00 

 
12. Research highlight/findings:  

 The study found that adopters were more educated and comparatively younger 
than non-adopters for most of the selected technologies.  

 Although most of farmers adopted the selected improved practices but still 
there is an ample scope to improve the situation converting the non-adopters 
into adopters. This warranted for more awareness building programmes, 
training and field days. 

 Among the different variables’ education, training and extension contact 
positively influenced the adoption decision.  

 Total cost of production was higher for adopters. But, at the same time, 
productivity and net return was also found higher for adopters compared to 
non-adopters. This indicates that adopters may not have the cost advantage but 
higher productivity and net return augmented the adoption process.  

 Treatment effect analysis also suggested that adopters were received 
significantly higher productivity and profitability. 

 The findings of the study also indicate that consumption expenditure, used as a 
proxy of wellbeing of a farmer, is significantly higher for adopters, compared 
to non-adopters. 

 ATT values of household and livestock assets were positive but not significant 
indicates that fish farmers were not much interested to spend their income for 
household asset and livestock.  

 Among the different constraints, farmers of all the technologies faced few 
common constraints such as, unavailability of improved fingerlings, lack of 
technical knowhow, unavailability of field level extension services, low price 
of fish. 

 
B. Implementation Position 

1. Procurement: 

Description of 
equipment and capital 

items 

PP Target Achievement 
Remarks 

Phy (#) Fin (Tk) Phy (#) Fin (Tk) 

(a) Office equipment 
Furniture 
(i) Executive Chair  
(ii) Visitor Chair  
(iii) Computer Table  
iv) Computer Chair  

Procured 
 

01 
06 
02 
02 

118000 
 

10000 
24000 
10000 
6000 

100% 117119 
 
 
 
 
 

All capital 
items have 
been 
procured 
prior 
approval of 
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Description of 
equipment and capital 

items 

PP Target Achievement 
Remarks 

Phy (#) Fin (Tk) Phy (#) Fin (Tk) 

v) File Cabinet  
vi) Steel Almira 
Computer and 
Accessories 
  i) Desktop Computer  
ii) Laptop  
iii) Laser Printer  
iv) UPS  
iv) Scanner 

01 
02 

 
 

02 
01 
01 
02 
01 

20000 
48000 

 
230000 
120000 
60000 
20000 
20000 
10000 

 
 
 

229000 

procurement 
plan by PIU-
BARC, 
NATP-2 and 
SAURES 

(b) Lab &field 
equipment 

     

(c) Other capital items      

 
2. Establishment/renovation facilities: Not applicable 

Description of 
facilities 

Newly established Upgraded/refurbished 
Remarks PP 

Target 
Achievement 

PP 
Target 

Achievement 

      
      
      
      
      
      

 
3. Training/study tour/ seminar/workshop/conference organized: Not applicable 

Description 
Number of participant Duration 

(Days/weeks/ 
months) 

Remarks Male Female Total 

(a) Training      
(b) Workshop      

 
C. Financial and physical progress  

Fig in Tk 

Items of expenditure/activities 
Total 

approve
d budget 

Fund 
received 

Actual 
expenditu

re 

Balance/ 
unspent 

Physical 
progress 

(%) 

Reasons 
for 

deviation 
A. Contractual staff salary 681545 668307 668307 0 100  
B. Field research/lab expenses and 
supplies  

780000 778978 778978 0 100  

C. Operating expenses  284400 273436 273436 0 100  
D. Vehicle hire and fuel, oil & 
maintenance  

160000 140402 140402 0 100  

E. Training/workshop/seminar etc. 100000 0 0 - Nil  
F. Publications and printing 101000 202675 202675 0 100  
G. Miscellaneous 45000 40247 40247 0 100  
H. Capital expenses 348000 346119 346119 0 100  
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D. Achievement of Sub-project by objectives: (Tangible form) 

Specific objectives of the 
sub-project 

Major technical 
activities 

performed in 
respect of the 
set objectives 

Outputi.e. 
product 

obtained, 
visible, 

measurable) 

Outcome(short 
term effect of the 

research) 

1. To compare 
productivity and profitability 
of fish farming between 
traditional and improved 
aquaculture technologies 
users; 

Socio-economic 
and cost-return 
data analysis  
 

Descriptive 
statistics, cost 
and return 
analysis, t-test 

Higher productivity 
and profit for 
adopters from fish 
cultivation. 

2. To identify the 
determinants of adopting 
improved aquaculture 
technologies at farm level; 

Econometrics 
modeling using 
field level data 
collected from 
fish farmers 

Descriptive 
statistics, 
poisson 
regression 
results 

More training and 
extension contact 
influenced the 
adoption decision. 

3. To assess the impact 
of improved aquaculture 
technology on fish yield and 
livelihood of fish farmers. 

Treatment effect 
analysis using 
field level data 
collected from 
fish farmers 

ATT estimation Due to higher 
productivity and 
profitability 
livelihood status of 
the adopters 
increased to some 
extent compared to 
non-adopters. 

 

E. Materials Development/Publication made under the Sub-project:    

Publication 

Number of publication Remarks (e.g. 
paper title, name 

of journal, 
conference name, 

etc.) 

Under 
preparation 

Completed 
and 

published 

Technology bulletin/ 
booklet/leaflet/flyer etc.  

N/A   

MS Thesis  O4 1. Profitability and 
Efficiency  
of Mud Crab 
Fattening  
in Bangladesh 
2. Profitability of 
Shrimp Farming: A 
Study in Some 
Selected Areas of 
Bangladesh 
3. A Study on 
Pangus Cultivation 
at Farm Level 
in Some Selected 
Areas of 
Mymensingh 
District 
4. Profitability 
Analysis of Cage 



 

Page-54 

Fish Culture: A 
Study in Chandpur 
District, Bangladesh 

Journal publication 06 02 Adoption and 
Impact of improve 
crab fattening 
practices on the 
productivity and 
wellbeing of the 
coastal farmers in 
Bangladesh, 
Journal: Ocean and 
Coastal 
Management 
(Under reviewed, 
Elsevier) 
 
Determinants and 
impact of improve 
practices adoption: 
case of freshwater 
prawn farming in 
Bangladesh, 
Journal: 
Aquaculture (Under 
reviewed, Elsevier) 

Conference Article   01 River-based Tilapia 
Cage culture in 
Bangladesh: 
Impacts and 
Determinants of 
Adoption,  
Applied Statistics 
and Policy Analysis 
Conference,2019 
Charles Sturt 
University, 
Australia 

Information development    
Other publications, if any    

 
F. Technology/Knowledge generation/Policy Support (as applied): 
 

i. Generation of technology (Commodity & Non-commodity): N/A 
 

ii. Generation of new knowledge that help in developing more technology in 
future: 

 Education, training and extension contact positively influenced the 
adoption of improved aquaculture practices. 

 Adoption of improved aquaculture technologies significantly enhance 
productivity and profitability of fish farming. 
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 Due to adoption of improved aquaculture technologies, wellbeing and 
livelihood of the fish farmers increases to some extent. 

iii. Technology transferred that help increased agricultural productivity and 
farmers’ income: N/A 

 
iv. Policy Support: 

 More field level extension workers are warranted to increase the 
adoption. Department of fisheries may arrange field days, 
demonstration and trainings to augment the adoption decision. 

 Crab fattening is relatively a new dimension of aquaculture in 
Bangladesh. It also has export potentiality and can be used as a useful 
adaptation strategy of climate change. Government and concern 
authorities may take initiative to encourage the farmers to adopt the 
technology, specially in coastal areas where climate change effects are 
severe.  

 More research on developing improved practices as a package is 
necessary. 

 Adoption of improved practices need capital. Since most of the 
fisherman in Bangladesh is poor, credit facility with low interest may 
provide them the capital they need to adopt improved technologies. 
Selected improved aquaculture technologies may play a vital role in 
anti-poverty policies of the country as it increases the income and 
wellbeing of the fish farmers.  

 
G. Information regarding Desk and Field Monitoring 
 
i) Desk Monitoring [description & output of consultation meeting, 

monitoring workshops/seminars etc.): 

Date Activity Place Organizer 
21.12.2017 Review Workshop BARC Auditorium PIU-BARC, NATP2 
05.03.2018 Progress Review Workshop Seminar Room, BARC AERS Division 
15/16.05.2018 Monitoring Workshop BARC Auditorium PIU-BARC, NATP2 
16.09.2018 Annual Review Workshop BARC Auditorium PIU-BARC, NATP2 

 
ii) Field Monitoring (time& No. of visit, Team visit and output): 

Date No. of Visit Team Remarks 
13.12.2017 01 Representatives of PIU-BARC, NATP 2 Satisfactory 
15.02.2018 01 M & E Members of AERS Division, BARC Satisfactory 
 
I. Lesson Learned/Challenges (if any) 

i)  Social survey: Social research is based on primary survey data which is very 
difficult to collect the information from field level farmers. In general, farmers were 
provided the information based on memorizing which inflated the proper cost and 
return data. It creates problem to achieve good results. Social survey has been 
conducted very cautiously with proper supervision and monitoring. 
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ii) Account Management:  It was very difficult to materialize the research activities 
according to proposed line items budget. It needs flexibility for spending the research 
budget to conduct the research activities efficiently, effectively and appropriately. 
Account management system should be developed easier way.  
 
iii) Fund Release: Fund release was not in timely manner which obstruct to maintain 
the research work schedule. Conducting research properly, it is very important to 
release the fund timely.  
 
J. Challenges (if any): Data collection from the filed level at different study districts 
was most challenging task of the research project. 
 
Signature of the Principal Investigator  
Date ………………………….  
   
Seal 

Counter signature of the Head of the 
organization/authorized representative 
Date ………………………….. 
Seal 
 

 



 

Page-57 

Appendix-1 

References: 

 

Abebaw, D., Fentie, Y., and Kassa, B., 2010. The impact of a food security program 
on household food consumption in northwestern Ethiopia: a matching estimator 
approach. Food Policy, 35, 286-293. 
https://doi.org/10.1016/j.foodpol.2010.01.002 

Ahmed, N. 2007. Economics of aquaculture feeding practices: Bangladesh. In M.R. 
Hasan (ed.). Economics of aquaculture feeding practices in selected Asian 
countries. FAO Fisheries Technical Paper. No. 505. Rome, FAO.  

Amankwah, A. and Quagrainie K.K. 2017. Aquaculture feed technology adoption and 
smallholder household welfare in Ghana. Journal of the World Aquaculture 
Society, 1-15. 

Belton, B. and A. Azad. 2012. The characteristics and status of pond aquaculture in 
Bangladesh, Aquaculture, 358–359:196–204. 

Belton, B. and Shakuntala Haraksingh Thilsted. 2014.   Fisheries in transition: Food 
and nutrition security implications for the global South, Global Food Security, 
3:59-66.  

Beveridge M.C.M and D.C Little. 2002. The history of aquaculture in traditional 
societies. In: Costa-Pierce, B.A. (Ed.), Ecological Aquaculture: The evolution of 
the Blue Revolution. Blackwell Science Limited, Oxford. 

Chandra, G., A. P. Sharma and S. K. Sahu .2013. Impact of pen-culture technology on 
fish productivity of floodplain wetlands in Asam. Indian Journal of Animal 
Sciences, 83 (2): 209–215. 

DeGraft-Johnson M, Suzuki A, Takeshi Sakurai T and Otsuka K. 2014. On the 
transferability of the Asian rice green revolution to rainfed areas in sub-
Saharan Africa: An assessment of technology intervention in Northern Ghana. 
Agricultural Economics, 45: 555–70.  

DoF.2017. Yearbook of Fisheries Statistics of Bangladesh 2016-17. Fisheries 
Resources Survey System (FRSS), Department of Fisheries. Bangladesh: 
Director General, DoF, 2017. Volume 34. 

  FAO (2018) The state of world fisheries and aquaculture 2018 - meeting the 
sustainable development goals. Food and Agriculture Organization of the 
United Nations, Rome, Italy. 

Gautam, S., Schreinemachers, P., Uddin, M.N., and Srinivasan, R., 2017.  Impact of 
training vegetable farmers in Bangladesh in integrated pest management 
(IPM). Crop Protection, 102: 161-169. 
https://doi.org/10.1016/j.cropro.2017.08.022 

Gitonga, Z.M., De, G.H., Kassie, M., and Tefera, T., 2013. Impact of metal silos on 
households maize storage, storages losses and food security: an application of 
a propensity score matching. Food Policy 43: 44-55.  

Greene, W. 1997. FIML Estimation of Sample Selection Models for Count Data. 
Working Paper EC-97-02, Department of Economics, Stern School of 
Business, New York University.  



 

Page-58 

Gurung, K., H. Bhandari and T. Paris (2016). Transformation from rice farming to 
commercial aquaculture in Bangladesh: Implications for Gender, Food Security, 
and Livelihood. Gender, Technology and Development, 20(1):49-80. 

Hossain, M.A.R(2014). An overview of fisheries sector of Bangladesh. Res. Agric., 
Livest. Fish. 1(1): 109-126. 

Imbens, G., and Woolridge, J., 2009. Recent developments in the econometrics of 
program evaluation. Journal of Economic Literature. 47(1): 5–86. 
http://dx.doi.org/10.1257/jel.47.1.5 

Islam, M. J., M. N. Hasan, M. Kunda, M. A. Sultana and D. Pandit. 2016. Study on 
comparison of production performance and economics of different carp 
polyculture systems at Gangni upazila in Meherpur district.Journal of the 
Sylhet Agricultural University, 3(1): 45-51. 

Isoto, R.E., Kraybill, D. S. and Erbaugh, M.J. 2014. Impact of integrated pest 
management technologies on farm revenues of rural households: The case of 
smallholder Arabica coffee farmers. African Journal of Agricultural and 
Resource Economics, 9(2): 142-157. 

Kassam, L. and A. Dorward. 2016. A comparative assessment of the poverty impacts 
of pond and cage aquaculture in Ghana, Aquaculture, 470: 110-122. 

Khan, M.A., Alam, M.F., and Khan, J.I., 2012. The impact of co-management on 
household income and expenditure: an empirical analysis of common property 
fishery resource management in Bangladesh. Ocean and coastal management, 
65, 67-78. https://doi.org/10.1016/j.ocecoaman.2012.04.014 

Maduakor, C.O. 2001. Adoption Behaviour of Cassava Farmers in Anambra State of 
Nigeria. Global Issues in Agricultural Extension, 2(1): 23-27. 

Mensah-Bonsu ,A., Daniel B. S., Ramatu H., Samuel A.B., Irene S. E., John K. M. K., 
and Yaw B. O. 2017. Intensity of and factors affecting land and water 
management practices among smallholder maize farmers in Ghana. African 
Journal of Agricultural and Resource Economics, 12(2): 142-157  

Ofuoku, A.A, Emah G.N., and Itedjere, B.E. 2008. Information utilization among 
rural fish farmers in central Agricultural zone of Delta state, Nigeria. World 
Journal of Agricultural Science, 4(5): 558-564. 

Rahman, S.M.A, A. Haque and S.M.A. Rahman. 2011. Impact of Fish Farming on 
Household Income: A Case Study from Mymensingh District, Journal of 
Social Sciences, 7 (2): 127-131. 

Rand, J. and Tarp F. 2009. Impact of an aquaculture extension project in Bangladesh. 
Journal of Development Effectiveness, 1(2): 130-146. 

Robins, J., Sued, M., Lei-Gomez, Q., and Rotnitzky, A. 2007. Comment: 
Performance of Double-Robust Estimators When “Inverse Probability” 
Weights Are Highly Variable. Statistical Science, 22 (4): 544-559. 

Saha, N. C. and M. S. Islam. 2005. Factors affecting the adoption of carp polyculture 
in Bangladesh. Bangladesh Journal of Fisheries Research, 9(1): 81-82. 

Sahu, S.K. and Das, S. 2015. Impact of agricultural related technology adoption on 
Poverty: A study of selected households in rural India. Working paper 
131/2015, Madras school of economics, Chennai, India. 



 

Page-59 

Schreinemachers, P., Wu, M., Uddin, M.N., Ahmed, S., and Hanson, P., 2016. 
Farmers training in off-season vegetables: effects on income and pesticide use 
in Bangladesh. Food Policy, 61: 132-140. 

Shamsuzzaman, M. M., Islam, M. M., Tania, N. J., Abdullah Al-Mamun, M., Barman, 
P. P. and Xu, X. 2017. Fisheries resources of Bangladesh: Present status and 
future direction. Aquaculture and Fisheries, 2: 145-156. 
https://doi.org/10.1016/j.aaf.2017.03.006 

Wooldridge, J.M., 2010. Econometric analysis of cross section and panel data. The 
MIT Press. 

 



 

Page-60 

Appendix 2 
 

 



 

Page-61 

 



 

Page-62 

 



 

Page-63 

 



 

Page-64 

 



 

Page-65 

 



 

Page-66 

 



 

Page-67 

 



 

Page-68 

 



 

Page-69 

 



 

Page-70 

 



 

Page-71 

 

 

 



 

Page-72 

Appendix 3 

Few picture of the sub-project activities 

Fattening of Crab at Bagerhat Sadar, Bagerhat  

 

Research Team Visited Case Culture 
Technology at Chandpur  

 

Cage culture 

 

Data Enumerators Collecting Data  

 

Data collection at Bagherhat 

 

Research Team Visited an Arat at Khulna 

 

 


