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ABSTRACT

	Aims:
To assess the socio-economic characteristics, motivations, and training levels of rural households engaged in Magur (Clarias batrachus) seed production using low-cost hatchery systems, and to examine the relationship between demographic variables and enterprise orientation.
Study Design:
Descriptive cross-sectional study using structured surveys and statistical analysis.
Place and Duration of Study:
Kalindi Village, Purba Medinipur district, West Bengal, India, conducted during the years 2022–2024.
Methodology:
A purposive survey was conducted among 244 smallholder farmers involved in Magur seed production using low-cost hatchery infrastructure. Data were collected via structured interviews, field observation, and questionnaires covering demographics, education, aquaculture experience, training, and enterprise motivation. Cross-tabulations and chi-square tests were used to analyze relationships among variables such as age, education, family size, and enterprise aim.
Results:
Among the 244 respondents, 98.4% were male and 43.8% were graduates or higher. While 56.92% had 10–20 years of experience, only 23.1% received formal hatchery training. A vast majority (93.03%) were engaged in seed production to meet household needs, and only 6.97% cited profit maximization. Chi-square analysis showed no significant association between family size or education level and enterprise aim (p = 0.301 and p = 0.274 respectively), but a highly significant association with age group (p < 0.0001), indicating that younger farmers were more commercially motivated.
Conclusion:
Low-cost hatchery systems provide important livelihood support in rural aquaculture but are predominantly subsistence-oriented. Young, educated farmers show greater commercial interest. Promoting targeted training, market linkages, and inclusive policies could help transform these ventures into sustainable aquaculture enterprises.
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1. INTRODUCTION

The aquaculture sector plays a pivotal role in enhancing food security and supporting rural livelihoods in India. Among freshwater aquaculture species, Clarias batrachus (commonly known as Magur) is highly esteemed for its nutritional value, resilience to harsh conditions, and high market demand2,3. In rural regions of eastern India, particularly West Bengal, Magur farming has become increasingly important for smallholder farmers seeking income diversification4. However, the lack of access to quality seed and affordable hatchery infrastructure continues to be a major barrier to sustainable production5,6. Conventional hatchery systems for Magur breeding often require substantial capital investment, skilled labor, and controlled environmental conditions—resources that are typically beyond the reach of rural farmers7. Consequently, small-scale producers are frequently dependent on wild-caught broodstock or unreliable seed sources, which undermines both the genetic quality and consistency of their output (Alam & Islam, 2012). In response, the development of low-cost, labor-efficient hatchery systems using locally available materials has emerged as a promising alternative8,9. These systems have the potential not only to improve seed quality but also to generate socio-economic benefits, including higher household income, employment generation, and reduced poverty in agrarian communities10. This study investigates the socio-economic status of rural households involved in low-cost Magur seed production and evaluates the impact of such infrastructure on income, employment, and quality of life. The research aims to provide practical insights into how cost-effective aquaculture innovations can empower marginalized communities and contribute to the broader objectives of sustainable rural development.

2. material and methods

2.1 Study Area and Participant Selection
The study was conducted from the year of 2022, 2023 and 2024 in Kalindi Village, District – Purba Medinipur, rural aquaculture zones of West Bengal, India, where fish farming is practiced using traditional and modified low-cost breeding systems. A purposive sampling method was used to select 244 smallholder fish farmers actively involved in fish farming and seed production using low-cost infrastructure. Selection criteria included prior engagement in aquaculture, use of basic hatchery facilities, and willingness to share socio-economic information.
[image: ]
Map 1: Map showing the study area (Kalindi)
2.2 Data Collection
[bookmark: _GoBack]Primary data were collected through structured interviews, direct observation, and field visits using a pre-tested questionnaire. The questionnaire covered demographic details such as age, education, family status and size, experience, training attained and aim. Special focus was placed on identifying changes in livelihood patterns before and after the adoption of low-cost Magur breeding systems. Secondary data were sourced from government reports, fisheries department records, and previous literature related to rural aquaculture and socio-economic development.
2.3 Socio-Economic Analysis
Socio-economic impact was assessed through indicators such as:
· Gender of Respondents.
· Educational Qualifications.
· Family Status.
· Family Size.
· Knowledge of fish seed farming / Level of experience.
· Training on fish seed hatching / Training attained.
· Aim of the fish seed hatching enterprise.
· Cross tabulation between family size and aim of enterprise.
· Cross tabulation between age and aim of enterprise.
· Cross tabulation between family size and aim of enterprise.
· Cross tabulation between education and aim of enterprise.

3. results
A total of 244 respondents engaged in Magur (Clarias batrachus) seed production using low-cost hatchery systems in Kalindi village were surveyed. The findings are summarized as follows:
3.1 Gender Distribution: The sector was overwhelmingly male-dominated, with 98.4% of respondents identifying as male and only 1.6% as female, highlighting a significant gender gap in participation.
Table-1: Gender of Respondents
	Gender
	Frequency
	Percent

	Male
	240
	98.4%

	Female
	004
	1.6%



Figure 1: Graph showing the frequency and percentage of respondents.
3.2 Educational background: Educational attainment among respondents was relatively high: 43.8% were graduates or held higher qualifications, 24.2% had completed higher secondary education, 15.2% had high school education, 9.0% had primary education, and 7.8% reported no formal education.
Table-2:  Educational Qualification
	Education Level
	Number of Respondents
	Percentage of Respondents

	No Formal Education
	19
	7.8%

	Primary Education
	22
	9.0%

	High School Education
	37
	15.2%

	Higher Secondary Education
	59
	24.2%

	Graduate and Above
	107
	43.8%

	Total
	244
	100



Figure 2: Graph showing educational qualifications of the respondents
3.3 Family structure and size: The majority of respondents (79.5%) belonged to nuclear families, with the remaining 20.5% living in joint families. Regarding household size, 47.0% had 3–6 members, 39.4% had 6–9 members, and 13.6% had more than 9 members.
Table-3: Family Status of Fish Farmers
	Family Type
	Number of Respondents
	Percentage of Respondents

	Nuclear Family
	195
	79.5%

	Joint Family
	49
	20.5%

	Total
	244
	100



Figure 3: Graph showing family status of the respondents.
Table-4: Family Size of Respondents
	Family Size
	Frequency
	Percent

	3 – 6 Members
	115
	47.0%

	6 – 9 Members
	96
	39.4%

	Above 9 Members
	33
	13.6%

	Total
	244
	100%



Figure 4: Graph showing family size of the respondents.
3.4 Aquaculture experience: Most farmers (56.92%) had moderate experience (10–20 years), followed by 27.69% with over 20 years of experience. Only 15.38% had less than 10 years of involvement in fish seed production.
Table-5: Level of Experience
	Level of Experience
	Frequency
	Percent

	Low (Less than 10 Years)
	38
	15.38%

	Moderate (10 – 20 Years)
	139
	56.92%

	High (Above 20 Years)
	67
	27.69%

	Total
	244
	100%



Figure 5: Graph showing experiences of the respondents.
3.5 Formal training in hatchery practices: Only 23.1% of respondents reported receiving formal training in fish seed hatching, whereas 76.9% had no such training, indicating a significant gap in structured capacity building.
Table-6: Training on Fish seed Hatching
	Formal Training Attended
	Frequency
	Percent

	Yes
	56
	23.1%

	No
	188
	76.9%

	Total
	244
	100%



Figure 6: Graph showing the percentage of formal training attained by the respondents.
3.6 Enterprise objective: A dominant 93.03% of respondents pursued Magur seed production to meet family needs, with only 6.97% identifying profit maximization as their primary aim.
Table-7: Aim of the Fish seed Hatching Enterprise
	Aim of Enterprise
	Frequency
	Percent

	Profit Maximization
	17
	6.97 %

	Provision of Family Needs
	227
	93.03 %

	Total
	244
	100%



Figure 7: Graph showing the interest of the respondents on enterprises.
Cross-tabulation insights:
3.7 Family Size vs. Enterprise Aim: Across all household sizes, the majority prioritized subsistence. Among those with 3–6 family members, 9.57% aimed for profit. This figure decreased in larger households.
Table-8: Cross Tabulation between Family size and Aim of Enterprise
	
Family Size
	Aim of Enterprise
	
Total

	
	Profit Maximization
	Provision of Family Needs
	

	3 – 6 Members
	11 (9.57%)
	104 (90.43%)
	115

	6 – 9 Members
	04 (4.17%)
	92 (95.83%)
	96

	Above 9 Members
	02 (6.06%)
	31 (93.94%)
	33

	Total
	17 (6.97%)
	227 (93.03%)
	244



Figure 8: Graph showing Enterprise aim by family size (100% Stacked Bar Chart)
3.7.1 Chi-square (χ²) analysis: Family Size x Enterprise Aim
	Family size
	Profit
	Family needs
	Total

	3-6 members
	11
	104
	115

	6-9 members
	4
	92
	96

	Above 9 members
	2
	31
	33

	Total
	17
	227
	244


· Chi square (χ²) = 2.40
· Degrees of freedom (df) = 2
· p-Value = 0.301
No significant relationship was observed between family size and enterprise orientation (χ² = 2.40, df = 2, p = 0.301), suggesting that household size did not affect motivation.
3.8 Age vs. Enterprise Aim: All respondents in the 20–25 year age group (100%) pursued profit-driven objectives, whereas older age groups (particularly above 40 years) were entirely focused on family needs.
Table-9: Cross Tabulation between Age and Aim of Enterprise
	Age of Farmer
	Aim of Enterprise
	Total

	
	Profit Maximization
	Provision of Family Needs
	

	20 – 25 Years
	04 (100.00%)
	00 (0.00%)
	04

	25 – 30 Years
	06 (26.09%)
	17 (73.91%)
	23

	30 – 35 Years
	04 (7.69%)
	48 (92.31%)
	52

	35 – 40 Years
	03 (4.76%)
	60 (95.24%)
	63

	Above 40 Years
	00 (0.00%)
	102 (100.00%)
	102

	Total
	17 (6.97%)
	227 (93.03%)
	244



Figure 9: Graph showing Enterprise aim by age of farmer (100% Staked Bar Chart)
Table 10: Chi-square (χ²) analysis: Age Group x Enterprise Aim
	Age group
	Profit
	Family needs
	Total

	20-25
	4
	0
	4

	25-30
	6
	17
	23

	30-35
	4
	48
	52

	35-40
	3
	60
	63

	Above 40
	0
	102
	102

	Total
	17
	227
	244


· Chi square (χ²) = 74.54
· Degrees of freedom (df) = 4
· p-Value = <0.0001
A highly significant relation was found between age group and enterprise aim (χ² = 74.54, df = 4, p< 0.001), indicating younger farmers were more likely to pursue profit-motivated Magur seed production.
3.9 Education vs. Enterprise Aim: A positive correlation was observed between education and profit orientation. While no profit-focused respondents were found among those without formal education or with only primary schooling, 10.28% of graduate and higher-educated respondents indicated profit as their primary motivation.
Table-11: Cross Tabulation between Education and Aim of Enterprise
	
Education
	Aim of Enterprise
	
Total

	
	Profit Maximization
	Provision of Family Needs
	

	No formal education
	00 (00.00%)
	19 (100.00%)
	19

	Primary School
	00 (00.00%)
	23 (100.00%)
	23

	Secondary School
	02 (05.26%)
	36 (94.74%)
	38

	Higher Secondary
	04 (07.02%)
	53 (92.98%)
	57

	Graduate and above
	11 (10.28%)
	96 (89.72%)
	107

	Total
	17 (06.97%)
	227 (93.03%)
	244



Figure 10: Graph showing Enterprise aim by Education Level (100% Staked Bar Chart)
Table 12: Chi-square (χ²) analysis: Education Level x Enterprise Aim
	Education level
	Profit
	Family needs
	Total

	No formal education
	0
	11
	17

	Primary school
	0
	23
	23

	Secondary school
	2
	36
	38

	Higher secondary
	4
	53
	57

	Graduate and above
	11
	96
	107

	Total
	17
	227
	244


· Chi square (χ²) = 5.13
· Degrees of freedom (df) = 4
· p-Value = 0.274
The chi-square test showed no significant relationship between education level and enterprise aim (χ² = 5.13, df = 4, p = 0.274), though a trend indicated that more educated farmers were more commercially inclined.
These findings underscore that while the majority of Magur seed farmers engage in the activity for household sustenance, there is a notable shift toward commercialization among younger and more educated individuals. The data also reveal critical gaps in gender inclusion and formal training access within rural aquaculture systems.

4. DISCUSSION
The findings of this study highlight the critical socio-economic dimensions of Magur (Clarias batrachus) seed production in Kalindi village. The overwhelmingly male participation (98.4%) underscores persistent gender disparities in rural aquaculture, which is reflective of broader structural patterns in South Asian agriculture. While women may contribute informally to aquaculture operations, their participation remains largely unrecognized and unsupported by formal systems.
The relatively high educational attainment among respondents, with 43.8% being graduates or higher, suggests considerable potential for the adoption of improved aquaculture technologies. Education has been consistently linked to higher innovation uptake and agribusiness orientation in smallholder systems. However, the low proportion (23.1%) of formally trained individuals indicates a disconnect between educational qualifications and access to technical aquaculture knowledge, suggesting the need for enhanced extension services and practical training programs.
Family structure and size appeared to influence the dynamics of participation, with nuclear families (79.5%) and medium-sized households (3–6 members) dominating the sector. Such household units may be better suited to manage the labor requirements of low-cost hatchery systems, which rely on family labor for daily operations.
Experience levels among respondents were generally moderate to high, yet this did not translate into commercial motivation. A substantial majority (93.03%) of farmers produced seed to meet household needs, with only 6.97% aiming for profit maximization. This indicates that Magur seed production is currently perceived as a subsistence activity rather than a commercial enterprise. Nonetheless, this also reflects its value in supporting food security, local employment, and resilience in rural settings.
Cross-tabulation analyses revealed that younger farmers (particularly those aged 20–25 years) were more profit-oriented, suggesting a generational shift toward aquaculture entrepreneurship. Similarly, higher education levels were modestly associated with commercial motivation. These trends point to an emerging cohort of educated youth who view aquaculture as a viable economic opportunity, in contrast to older farmers who remain focused on subsistence.
Interestingly, no strong relationship was observed between family size and enterprise goal, indicating that economic motivations in aquaculture are likely influenced more by individual vision and capacity than by household labor availability. This challenges assumptions that larger families are inherently more commercially oriented due to labor surplus.
Statistical tests reinforced the observed trends. Age was the strongest predictor of commercial motivation, with younger farmers significantly more likely to pursue profit-oriented Magur seed production (p< 0.001). Interestingly, education level showed no statistically significant effect (p = 0.274), although graduates displayed a higher tendency toward commercialization. Family size did not influence enterprise aim, contradicting common assumptions about labor availability and enterprise ambition.
Overall, the results affirm the value of low-cost hatchery systems in improving rural livelihoods, but also highlight structural limitations—such as lack of training, gender exclusion, and weak market integration—that hinder the transition from subsistence to enterprise. Addressing these challenges through inclusive training programs, youth engagement strategies, and improved access to markets will be crucial for realizing the full economic potential of rural aquaculture in India.

5. Conclusion

The present study demonstrates that low-cost hatchery-based Magur (Clarias batrachus) seed production plays a significant role in sustaining rural livelihoods in Kalindi village, Purba Medinipur, West Bengal. While the activity is primarily driven by the objective of meeting household needs, it also holds considerable potential for commercialization—particularly among younger and better-educated farmers. The findings reveal substantial experience among farmers, but a marked deficiency in formal training, which limits the effective adoption of advanced hatchery techniques. The socio-economic structure—characterized by nuclear families, moderate education levels, and male-dominated participation—indicates both strengths and areas requiring policy attention. To enhance the economic viability and sustainability of rural aquaculture, targeted interventions are necessary. These include improving access to training and extension services, fostering gender-inclusive participation, and building stronger market linkages.
Ultimately, by bridging the gaps in knowledge and infrastructure, and by supporting the entrepreneurial aspirations of rural youth, low-cost hatchery systems can transition from subsistence models to viable aquaculture enterprises. This transformation is essential not only for improving household incomes but also for achieving broader rural development and food security goals.
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3-6 Members	Frequency	Percentage	115	47	6-9 Members	Frequency	Percentage	96	39.4	Above 9 Members	Frequency	Percentage	33	13.6	Experience
Low (	<	10 Years)	Frequency	Percentage	38	15.38	Moderate (10-20 Years)	Frequency	Percentage	139	56.92	High (	>	10 Years)	Frequency	Percentage	67	27.69	Training Attained
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Profit Maximization	Frequency	Percentage	17	6.9700000000000024	Family needs	Frequency	Percentage	227	93.03	Profit Maximization	3-6 Members	6-9 Members	Above 9 Members	9.57	4.17	6.06	Family Need	3-6 Members	6-9 Members	Above 9 Members	90.43	95.83	93.940000000000026	Family Size
Percentage
Profit Maximization	20-25 Years	25-30 Years	30-35 Years	35-40 Years	Above 40 Years	100	26.09	7.6899999999999995	4.76	0	Family Need	20-25 Years	25-30 Years	30-35 Years	35-40 Years	Above 40 Years	0	73.910000000000025	92.31	95.240000000000023	100	Age of Respondents
Percentage
Profit Maximization	No education	Primary	Secondary	Higher Secondary	Graduate and above	0	0	5.26	7.02	10.28	Family Need	No education	Primary	Secondary	Higher Secondary	Graduate and above	100	100	94.740000000000023	92.98	89.72	Education Level
Percentage
image1.jpeg
Bat talla Syed
Mazar (Barkha
N2 ot o
I ST W

athar Munha
SR YT




