



Original Research Article 

Aquaculture Technology Adoption in Tripura: Determinants, Patterns, and Challenges
Abstract
Introduction: Aquaculture is vital for rural livelihoods and food security in Tripura, India, where fisheries form a key component of the local economy. However, the extent of technology adoption among small-scale farmers remains limited.
Aims: To investigate the adoption of aquaculture technologies among small-scale fish farmers in Gomati district, Tripura, and to identify the socio-economic factors, adoption patterns, and constraints influencing uptake.

Study design: A survey-based study involving 60 small-scale fish farmers was conducted using a structured interview schedule. Adoption was assessed through a 10-component aquaculture technology package, with levels classified as low (<0.33), moderate (0.33–0.66), and high (>0.66).

Methodology: Data on farmer characteristics, technology adoption, and constraints were collected and analyzed using ANOVA to determine the influence of socio-economic variables. Quadrant analysis was employed to categorize practices based on adoption frequency and challenges.

Results: Nearly half of the farmers (48.33%) demonstrated low levels of adoption, largely due to financial constraints, limited technical training, and resource shortages. Practices such as feeding, pond maintenance, and fish preservation were underutilized, while pond preparation and harvesting showed higher adoption. ANOVA results revealed that land ownership, income, and farming experience significantly influenced adoption, whereas education and family structure did not. Quadrant analysis highlighted critical low-adoption areas requiring priority interventions.

Conclusion: Adoption of aquaculture technologies in Tripura is constrained by financial and technical barriers. Strengthening extension services, improving access to affordable credit, and promoting resource-efficient systems such as biofloc are essential. Targeted initiatives for youth, women, and disadvantaged communities, combined with market infrastructure development and PPPs, can enhance adoption. An integrated package of financial support, training, and sustainability practices can catalyze wider technology uptake, thereby boosting productivity, rural incomes, and regional growth.
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1.  Introduction

The impact on the overall fish economy has been significant, which is why aquaculture is expected to continue being a driver of socio-economic development and beneficial, especially against the backdrop of the ongoing disruptions related to COVID-19. Aquaculture continues to be an important source of income for rural communities in many developing countries (FAO, 2023). In Indian context, it contributes significantly in terms of food security, employment generation and economic development. In particular, aquaculture has considerable potential for increasing household incomes and reducing the incidence of rural poverty (Saha, 2011) in the state of Tripura, India, where fisheries constitute a significant contributor to the rural economy (Chouhan & Intelaquares, 2025). While the advanced aquaculture technologies are beneficial, adoption of these technologies by fish farmers in Tripura is highly variable. The gap is conditional on several factors such as availability of resources, access to technical knowledge, extension services and socio-economic conditions (Debnath et al., 2015; Das et al., 2016). Modern technologies have the potential to help farmers maximise productivity while also ensuring profitability. Adoption of new technologies is a stage of the so-called 'innovation-decision process,' a theoretical model that shows how individuals interact with innovation. This process consists of three major stages: awareness of the innovation, decision-making where the individual chooses to accept or reject the innovation, and confirmation where the decision is reaffirmed or reversed (Rogers, 1995; Ekong, 2002). In essence, the perceived risks are the key for a farmer when adopting or dismissing an innovation relative to current practices. These decisions are strongly shaped by factors including the characteristics of the innovation itself, the socio-economic status of the farmer, and the social, physical and cultural environment to which he belongs (Jones, 1987). Demonstration of the innovation profitability over the current practices must be done to farmers if possible (Wetengere, 2010). Generally, when farmers are convinced that fish farming technologies are both profitable and good for society, they are more likely to adopt them (Chi and Yamada, 2002; Stanley et al., 2010). This study explores the adoption levels of aquaculture technology among fish farmers, providing valuable insights into their practices, challenges and opportunities for growth in the sector.
2. EXPERIMENTAL DETAILS
2.1 Study Area and Sample Selection

The study was conducted in Gomati district of Tripura, India (23.53° N, 91.48° E), located in the subtropical agro-climatic zone of the North Eastern region.This study was carried out in Tripura, a key region for inland fisheries and a major hub for aquaculture-driven livelihoods. As the second-largest inland fish-producing state in India’s North-Eastern Region, Tripura recorded a production of 0.78 lakh tonnes of fish in 2020–2021
. The researcher's strong understanding of the local language, culture, and traditions played a vital role in establishing trust with participants, facilitating the collection of accurate, high-quality data for insightful analysis. As depicted in figure 1, Gomati district was purposefully selected from Tripura's eight districts due to its leading contribution to fish production, recording 13,717 metric tonnes in the reported period. Within Gomati, the Matabari block was randomly chosen for the study and two villages - Garjee and Chandrapur - were selected to provide a focused and comprehensive understanding of artisanal fish farming practices. The study specifically targeted 60 artisanal fish farmers, who were randomly selected from the two villages. These farmers are primarily engaged in small-scale fish farming operations, cultivating fish for local consumption or selling in nearby markets. A primary selection criterion required participants to be actively engaged in fish farming for a minimum of 15 days each month. Data collection took place 
at the household level, enabling an in-depth exploration of the socio-economic conditions, farming practices, and challenges faced by artisanal fish farmers in the region. 
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Fig 1. Map of Tripura state and Gomati district
2.2 Assessment of Aquaculture Technology Adoption

The study assessed adoption levels based on a 10-item aquaculture technology package, encompassing key components vital to effective fish farming practices. The ten key practices assessed were: Pond-site selection, Pond Construction, Pond installation, Pond preparation, Stocking, Transportation of fingerlings, Feeding, Pond maintenance, Fish preservation, Harvesting and marketing. A 3-point Likert scale was used to evaluate the frequency of adoption for each practice: Regularly (2 points), Partially (1 point), and Never (0 points). Each respondent’s total score was obtained by summing their responses across 10 practices, with a maximum possible score of 20, indicating regular adoption of all practices. To ensure comparability, raw scores were normalized (by dividing the individual score of each respondent by a maximum score of 20) to obtain a standardized level of adoption from 0 to 1. Using these normalized values, we were able to categorize adoption levels into three categories: Low Adoption (score 0.66). 
The structured categorization allowed a clear differentiation between fish farmers concerning their adoption behavior and helped identify the areas that need targeted interventions.
2.3 Analytical Tools and Techniques

A one-way Analysis of Variance (ANOVA) using SPSS was carried out to examine the effect of socio-economic factors on the adoption of aquaculture technologies. The analysis examined the variation in adoption levels across characteristics such as education, landholding size, income and fish farming experience. Results provided insight into associations between these variables and technology use that could point to the main facilitators and barriers to adoption. Additionally, Matplotlib
. Using pyplot, the authors conducted a quadrant analysis, a visualization technique that classifies aquaculture practices into four quadrants that describe their production levels and adoption trends. Using this technique, we arrived at an intuitive representation of: well adopted and well performing practices, partially adopted practices requiring tightening, neglected practices requiring significant intervention. The integration of these techniques offered the research statistical robustness and visual simplicity whilst allowing for intersectional insights in aquaculture technology utilization of artisanal fish farmers in Tripura. This in turn enabled policymakers and extension workers to prioritise interventions guided by the specific needs of the farmers.
3. RESULTS AND DISCUSSION
3.1 Profile Variables

The demographic and socio-economic characteristics of 60 fish farmers in the surveyed area are presented in Table 1. Participants’ age ranged from x to y years 
(M = 39, SD = 12), resulting in moderate age variability among the respondents. The farmers have gone through primary education (grades 1-5) to secondary education (grades 9-10), which indicates the foundational level of literacy among the group. Most respondents are from nuclear families and reside in pucca houses, permanent durable homes that indicate a medium level of socio-economic stability. Their livelihood strategies are varied, encompassing fish farming, livestock rearing, agriculture, small businesses, and wage labor, indicating a need to diversify income sources and manage risks. The average annual income is ₹1.3 lakh (SD = ₹0.33 lakh), pointing to some fluctuation in earnings across households. Respondents have an average of 12 years of fish farming experience (SD = 9), suggesting a broad range of skill levels. However, their average landholding is only 0.31 hectares (SD = 0.12 hectares), highlighting limited access to land for aquaculture activities. These insights shed light on the socio-economic realities of fish farmers, emphasizing both their dependence on multiple income streams and the challenges posed by constrained land resources and modest earnings.
Table 1: A quantified brief account of socio-personal, socio-economic characteristics of fish farmers
	Sl. No.
	Variables
	Fish farmers (n=60)

	1
	Age in years (Mean±SD)
	39±12

	2
	Education
	Primary level (1-5) - Secondary (9-10)

	3
	Family Type
	Nuclear

	4
	Type of house possess
	Pucca

	5
	Occupation
	Fish farming + Livestock + Business + Agriculture + Labour

	6
	Average annual income in lakh rupees (Mean±SD)
	1.3± 0.33

	7
	Fish farming experience in years (Mean±SD)
	12±9

	8
	Land Holding (ha)
	0.31±0.12


3.2 Frequency of Adopted Technology by Fish Farmers

Table 2 highlights the adoption patterns of various aquaculture practices among fish farmers. Pond site selection, which involves considerations such as soil type, water availability and proximity to homes or markets, is partially practiced by 28 respondents, with only 10 consistently following these guidelines. Similarly, for pond construction and installation, 12 respondents regularly consult experts regarding pond size and depth, while 14 ensure proper installation of inlet and outlet structures. Pond preparation practices, including the application of lime and fertilizers, are followed by 28 farmers, demonstrating relatively better adoption. However, inconsistency emerges in fish stocking practices, where 29 respondents follow appropriate fingerling size and density guidelines, but 15 do so only partially. Key areas requiring improvement include the transportation of fingerlings and feeding practices. A significant 32 respondents fail to maintain proper transportation conditions and 40 do not adhere to balanced feeding schedules. Pond maintenance practices also appear weak, with 39 respondents neglecting critical activities such as monitoring vegetation, predators and water quality. On a positive note, fish harvesting practices are better managed, with 31 respondents planning harvests based on market demand and fish size, though 19 follow these practices only partially. Fish preservation techniques remain notably underutilized, with 45 respondents never employing post-harvest preservation. These findings underscore the need for targeted interventions to improve feeding, pond maintenance and post-harvest practices while consolidating pond preparation and harvesting successes.
Table 2: Frequency of adoption of recommended aquaculture technology among fish farmers

	Sl. No.
	Practices
	Regularly (f)
	Partially (f)
	Never (f)

	1
	Site Selection
	
	
	

	
	Do you consider factors like soil type, year-round water availability and proximity to your residence or market while selecting a pond site?
	10
	28
	22

	2
	Pond Construction
	
	
	

	
	Did you consult an expert or follow specific guidelines to ensure the depth and size of your pond are suitable for the species you are cultivating?
	12
	34
	14

	3
	Pond Installation
	
	
	

	
	Have you installed proper inlet and outlet structures in your pond for water management?
	14
	31
	15

	4
	Pond Preparation
	
	
	

	
	Do you regularly apply lime and fertilizers to prepare the pond before stocking?
	28
	20
	12

	5
	Stocking of Pond
	
	
	

	
	Do you stock fingerlings of the recommended size and density?
	29
	16
	15

	6
	Transportation of Fingerlings
	
	
	

	
	Are the fingerlings transported to your farm under proper oxygenation and temperature control?
	13
	15
	32

	7
	Feeding
	
	
	

	
	Do you provide balanced feed to your fish per recommended schedules and monitor feed intake to avoid waste?
	08
	12
	40

	8
	Pond Maintenance
	
	
	

	
	Do you manage your pond by removing unwanted vegetation or predators and monitoring water quality parameters like pH and dissolved oxygen?
	07
	14
	39

	9
	Harvesting of Fish
	
	
	

	
	Do you plan your fish harvest based on market demand and fish size and use proper nets and techniques to avoid stress and injury during harvesting
	31
	19
	10

	10.
	Fish Preservation
	
	
	

	
	Do you use any of the fish post-harvest technologies to preserve your fish?
	04
	11
	45


3.3 Adoption Levels of Aquaculture Technologies

Figure 2 reveals disparities in the adoption of aquaculture technologies among respondents. Nearly half of the farmers (48.33%) fall into the low adoption category (<0.33), indicating minimal engagement with advanced practices; an additional 28.33% exhibits medium adoption (0.33-0.66), reflecting moderate use of these technologies. Only 23.33% demonstrate high adoption levels (>0.66), showcasing substantial commitment to advanced aquaculture practices. These findings highlight significant challenges in technology adoption, with many farmers constrained by limited access to information, resources, or financial capacity. The uneven pattern of technology adoption highlights the need for targeted interventions, such as awareness initiatives, improved access to resources, and comprehensive capacity-building programs, to assist fish farmers in embracing sustainable aquaculture practices.
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Fig 2. Distribution of respondents based on their adoption level of aquaculture technologies
3.4 Relationship between Socio-Economic Variables and Adoption Levels

Table 3 presents the outcomes of the ANOVA analysis, assessing how various socio-economic factors affect adoption levels. The results indicate that age has a significant influence on technology adoption (F = 8.061, P = 0.001), implying that farmers' willingness or ability to adopt new technologies may vary across different age groups. Education, however, shows no significant influence (F = 0.877, P = 0.422), indicating that formal schooling alone is not a determining factor. Land ownership stands out as a key determinant in the adoption of aquaculture technologies, as indicated by a high F-value (F = 38.511, P = 0.000), emphasizing the importance of secure land access in enabling technology uptake. Likewise, income on annual basis (F = 57.412, P = 0.000) and experience in farming (F = 13.612, P = 0.000) exert significant impact, hinting at the role of financial stability and practical experience. In contrast, family type shows no significant effect (F = 0.536, P = 0.588) indicating household structure does not play a role in adoption decision making. These findings shed lights on the socio-economic characteristics influencing technologies uptake, informing policymakers on the need to prioritize interventions in access to land, income improvement, and capacity building to enhance the adoption of technologies in aquaculture.
Table 3: Influence of socioeconomic variables on adoption levels: a one-way ANOVA approach

	Sl. No.
	Variables
	F Value
	P Value

	1
	Age
	8.061
	.001

	2
	Education
	.877
	.422

	3
	Land Ownership
	38.511
	.000

	4
	Family Type
	.536
	.588

	5
	Annual Income
	57.412
	.000

	6
	Farming Experience
	13.612
	.000


3.5 Quadrant Analysis of Aquaculture Technologies Adoption

Figure 3 provides a quadrant-based categorization of fish farming practices based on their adoption frequency, highlighting the following groups: Top-left quadrant (Low adoption/High challenges): Fish preservation, feeding and pond maintenance practices which were found to face aggressive barriers such as resource and knowledge constraints. There are urgent interventions needed in these areas that include, but are not limited to, targeted training, financial support and enhanced access to inputs. Bottom-right quadrant (High adoption/Low challenges): Practices such as stocking, pond preparation and harvesting have high adoption and low challenges These are examples of successful tried out practices that can be exploited to implement other practices. Bottom-left quadrant (Low adoption/Low challenges): Practices including pond site selection, pond construction, and pond installation show promise for gradual improvements with greater technical support and education. Top-right quadrant (High adoption/High challenges): Notably, this quadrant has no practices, indicating that well-adopted practices experience fewer hurdles and barriers to implementation. The results of the quadrant analysis provide a guiding framework for priority-setting in interventions targeting critical themes but capitalizing on areas of opportunity from successful examples in practice to increase aquaculture technology adoption. The results of this study are in agreement with previous studies by Ike and Roseline (2007), Agbamu and Orhorhoro (2007), Jadav et al., (2010), Sarma et al. (2011), Singh et al. (2011), Okunlola et al. (2011), Wandji et al. (2012), Sakib and Afrad (2014), Kumar et al. (2018), Olaoye et al. (2016), Obiero et al. (2019), and N’souvi et al. (2021). These studies highlight socio-economic factors, effective knowledge dissemination, and accessibility to vital resources as determinants of adopting agricultural and aquaculture technologies. It is well known that financial constraints, limited technical support and weak extension networks, as well as the critical need for targeted, context-specific interventions are often highlighted as common problems. This study builds on recent literature, yet also brings localised perspectives on how to enhance technology uptake in the fish farming landscape of Tripura, India by centring on the specific social-economic and cultural context of the region.
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Figure 3. Quadrant analysis of aquaculture technologies adoption based on regular and never practiced frequencies
4. CONCLUSION
So,
 in rural areas like Tripura, where fish are a part of livelihood as well as food security, aquaculture has great potential for socio-economic development. While this represents an opportunity, the study identified significant differences in the uptake of aquaculture technologies, driven largely by socio-economic constraints, a lack of access to application inputs, and a lack of technical knowledge. Solving these issues requires targeted, policy-level measures to develop a conducive environment for the growth of sustainable aquaculture. Integrating extension services will scale up the reach and effectiveness of existing extension services, enabling fish farmers with the skills to adopted innovative practices and reducing knowledge gap. Policies should encourage access to skilled advisers and to the training programs and systems that will make information about best practice and real-time guidance available in accessible digital formats. Extension approaches that lean on farmers with complementary skills and experience serving as peer trainers in community-based models can additionally increase outreach and efficacy. Financial constraints are another major barrier. Policymakers should increase access to low-interest credit as well as create aquaculture-specific financial schemes and subsidies for key inputs. Organizing farmers into cooperatives or producer groups can help farmers negotiate collectively and reduce transaction costs. It has often suggested the obsolescence of investments in advanced aquaculture practices, given recurring market uncertainties. Policy should also focus on strong market linkages, infrastructure development and public-private partnership (PPP) to avoid fair pricing, reduce post-harvest losses and provide quality inputs to the farmers. Given the limited landholdings of fish farmers in Tripura, resource-efficient technologies such as integrated aquaculture and biofloc systems should be encouraged. Policies must also emphasize sustainable practices, including water quality management and eco-friendly inputs, to ensure environmental and economic sustainability. Tailored programs targeting young farmers, women and marginalized groups can promote inclusivity, while regular monitoring and evaluation frameworks will ensure the effectiveness of interventions. Partnerships with research institutions can foster locally adapted innovations and align solutions with farmers’ needs. By integrating financial support, capacity building, market infrastructure and sustainability measures, policymakers can drive higher adoption levels of aquaculture technologies, improving Tripura's productivity, income and rural development.
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