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Assessment of Training Needs for Pangas Fish Farmers in Disease Management: A Study in Selected Areas of Trishal Upazila, Mymensingh District


ABSTRACT
	Abstract: Enhancing the capacity of fish farmers is crucial for ensuring the profitability and sustainability of aquaculture in Bangladesh. Therefore, the study aimed to assess the training needs of fish farmers in managing diseases affecting Pangasius hypophthalmus (Pangas) and to identify the socio-economic factors influencing these needs. The research was conducted in three purposively selected villages—Bashkuri, Kanhor, and Hodder Vita—within Bailor Union of Trishal Upazila in Mymensingh District, an area with a high concentration of Pangas farmers and significant dependence on aquaculture for their livelihoods. Qualitative data were collected through focus group discussions (FGDs) and key informant interviews (KIIs), while quantitative data were gathered through face-to-face interviews using a pre-tested, structured questionnaire with 101 randomly selected fish farmers. Training needs were evaluated across 13 key aspects using a four-point rating scale, and individual training need scores were calculated accordingly. The findings revealed that 52% of the respondents had medium-level training needs, 39.2% exhibited high training needs, while only 7.8% had low training needs. Priority training areas included disease diagnosis, water quality management, appropriate use of medications, and the preparation of high-quality fish feed. Results from linear multiple regression analysis indicated that education level, household size, training exposure, organizational participation, social mobility, extension media contact, and knowledge of disease management were significant determinants of training needs. Based on the findings, it is recommended that the Department of Fisheries (DoF) and relevant stakeholders develop and implement targeted, need-based capacity-building programs to address the identified training gaps, thereby enhancing disease management practices and promoting more sustainable and profitable pangas culture among fish farmers in the study area.
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1. INTRODUCTION 

Aquaculture plays a vital role in Bangladesh's economy, significantly contributing to national food security, employment generation, and rural livelihoods (Olaganathan and Kar Mun, 2017). The fisheries sector alone employs over 18 million people—approximately 11% of the country’s population—either directly or indirectly (Shamsuzzaman et al., 2017; Uddin et al., 2022). Bangladesh’s favorable geographic conditions, abundant water resources, and rich diversity of aquatic species make it exceptionally well-suited for fisheries development. The country's extensive network of rivers, ponds, lakes, beels, haors, baors, ditches, floodplains, and coastal areas creates a strong foundation for expanding aquaculture (Department of Fisheries, 2023). Over the past two decades, aquaculture in Bangladesh has experienced remarkable growth. Fish production increased from 787 thousand metric tons (MT) in 2001–2002 to approximately 3,200 thousand MT in 2022–2023 (Department of Fisheries, 2019). Simultaneously, the aquaculture area has expanded by 4.3% over the last three decades, now encompassing approximately 798 thousand hectares (Department of Fisheries, 2019).

Among the many cultured fish species, Pangasius hypophthalmus—commonly known as Pangas, which originated from the Mekong River Basin in Southeast Asia, particularly in Vietnam, Thailand, and Cambodia, and has gained considerable international recognition for its advantageous biological traits and strong economic potential, making it a highly preferred species in global aquaculture (FAO, 2021). In Bangladesh, its cultivation has experienced significant growth, now contributing approximately 10.6% to the nation’s total fish production (Department of Fisheries, 2019). It is estimated that over two million people in Bangladesh are involved, either directly or indirectly, in Pangas farming (Department of Fisheries, 2023). The fish is particularly appealing to farmers because of its rapid growth, high survival rate, resilience in low-oxygen environments, compatibility with freshwater ecosystems, and efficient feed conversion (Khan et al., 2021; Hoque et al., 2022). Additionally, many producers have adopted integrated Pangas farming systems to maximize input utilization and enhance profitability (Khan et al., 2021). This sector also supports a robust value chain, involving a wide range of stakeholders, including hatcheries, feed manufacturers, farm workers, transport providers, processors, and market agents, all of which are crucial to the industry's continuity and growth (Uddin et al., 2018). Furthermore, Pangas serves as an affordable and widely consumed source of animal protein, playing a key role in promoting food and nutritional security across Bangladesh (Yang et al., 2024; Haider et al., 2023).

However, the sustainability of Pangas aquaculture is increasingly threatened by frequent outbreaks of fish diseases. Common health challenges include bacterial gill disease, tail and fin rot, saprolegniasis, epizootic ulcerative syndrome (EUS), and streptococcosis, which compromise fish health, survival, and productivity (Kawsar et al., 2022). These disease outbreaks are often attributed to suboptimal farm management practices, weak biosecurity protocols, inappropriate antibiotic usage, and the limited availability of diagnostic and treatment services (Subasinghe et al., 2023). A critical issue contributing to these challenges is the insufficient technical knowledge and skills among farmers regarding disease diagnosis, pathogen identification, and the application of appropriate treatment and prevention strategies (Faruk and Anka, 2017). Besides, many smallholder Pangas farmers continue to rely on traditional methods and informal advice rather than scientifically validated disease management practices due to a lack of proper knowledge. This often leads to misuse or overuse of chemicals and antibiotics, which not only reduces treatment efficacy but also contributes to the rise of antimicrobial resistance and poses threats to aquatic ecosystems (Anka et al., 2014; Hoque et al., 2022). Moreover, limited training opportunities hinder farmers from implementing essential health management practices, such as regular water quality assessments, regulation of stocking densities, and prompt health interventions (Ragasa et al., 2022).

To enhance productivity and improve livelihoods in the Pangas aquaculture sector, it is essential to strengthen farmers’ knowledge and technical capacity through targeted training on disease management. Designing effective training programs necessitates first identifying and assessing the specific training needs of farmers. Therefore, this study intends to assess the training needs among fish farmers in managing Pangas fish diseases and to identify the key factors influencing these needs. The study focuses on the Pangas farmers of Trishal Upazila in Mymensingh District, aiming to provide policymakers, extension agents, and other stakeholders with practical insights to develop effective strategies for sustainable and profitable Pangas aquaculture.
2. methodology 

2.1 Study area

Trishal Upazila in Mymensingh District was purposively selected for its prominence in Pangas aquaculture. The study focused on three villages—Bashkuri, Kanhor, and Hodder Vita—under Bailor Union, chosen for their high concentration of Pangas farmers. Site selection was guided by consultations with the SUFO, LEAF, and experienced farmers. Figures 1 and 2 show the study location.
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Figure 2. Map of Trishal upazila showing the study area

    Figure 1. Map of Mymensingh district showing Trishal upazila

2.2 Population and Sampling 

The target population of the study consisted primarily of fish farmers engaged in the cultivation of Pangas in the villages of Bashkuri, Kanhor, and Hodder Vita within the Bailor union of Trishal Upazila. A total of 337 Pangas fish farmers were identified in these villages. A random sample of 30% of these farmers was selected for the study. Given the large size of the population, determining an exact sample size was considered arbitrary (Cochran, 1977). The final sample size of 101 farmers was chosen based on available funding, time constraints, and desired research quality (Lynn, 2016). 

2.3 Data collection

2.3.1 Key Informant Interviews and Focus Group Discussions

To enhance contextual understanding and refine the survey tool, four Key Informant Interviews (with the UFO, LEAF, and two model farmers) and three FGDs (one per village, with eight participants each) were conducted. These helped tailor the questionnaire to local practices and needs.

2.3.2 Household Survey

A structured questionnaire, based on relevant literature, was used to collect data from 101 farmers through personal interviews. It covered demographics, farming characteristics, knowledge, and training needs related to Pangas disease management.

2.3.3 Secondary data sources

Information was collected from books, journals, theses, reports, online sources, and secondary documents from the Upazila Fisheries Office.

2.4 Measurement of variables

2.4.1 Measurement of independent variables

The study considered twelve socio-economic characteristics of fish farmers as independent variables influencing training needs in Pangas disease management. These variables—such as age, education, household size, farming experience, farm size, income, credit, training exposure, organizational participation, social mobility, extension contact, and disease management knowledge—were measured using appropriate units or scoring methods 

2.4.2 Measurement of the training needs for fish farmers in managing pangas 
fish diseases 

The training needs of fish farmers in managing Pangasius (Pangas) fish diseases were assessed using a 4-point rating scale. The scale assigned scores of 3, 2, 1, and 0 to represent "high training need," "medium training need," "low training need," and "no training need at all," respectively. Each respondent’s total training need score was calculated by summing their responses across 13 specific aspects related to disease management. Consequently, the possible training need scores ranged from 0 to 39. This methodology is consistent with the approach adopted by Uddin et al. (Uddin et al., 2022) in their study. Furthermore, the rank order of individual training need aspects was determined using a specific formula, as employed in previous studies by Halder et al. [2019] and Uddin et al. (Uddin et al., 2022).

TSTN = Th x 3 + Tm x 2 + Tl x 1 + Tnx 0

Where, TSTN = Total score of a training need, Th = Number of farmers stating a strong need for the training, Tm = Number of farmers stating a moderate need for the training, Tl = Number of farmers citing a low need for the training, Tn = Number of farmers claiming they require no training whatsoever. 

2.4.3 Measurement of factors affecting the training needs for fish farmers in 
managing pangas fish diseases 

Multiple regression analysis was utilized to determine the impact of selected independent variables on the training needs of fish farmers in managing Pangas fish diseases. This statistical technique is particularly effective in identifying the degree to which each independent variable contributes to variations in the dependent variable. The linear multiple regression model used in the study is presented as follows (Halder et al., 2019):

𝑌 = 𝛽0 + 𝛽1𝑋1 + ⋯ … … … … …. +𝛽𝑛𝑋𝑛 + 𝑒
where,

Y = Dependent variable (Training needs of fish farmers in managing pangas fish diseases)             


 β = Slopes associated with independent variables, Xi

 𝛽0 = Intercept 

 Xi = Independent variables

 e = Error term

2.5 Processing of the Data 

Primary data were coded and entered into SPSS for statistical analysis.
3. results and discussion
3.1 Characteristics of the Pangas Fish Farmers

According to the survey data, the largest proportion of fish farmers (59.4%) were middle-aged, followed by 34.7% classified as young. Nearly half of the respondents (49.5%) had completed secondary education, while 25.7% were illiterate. The majority (76.2%) of the respondents came from medium-sized families. Regarding pond size for Pangas cultivation, 48.5% operated small ponds, followed by 45.5% with medium-sized ponds, indicating that most farmers were engaged in small- to medium-scale aquaculture. Over half of the farmers (55.4%) had up to 10 years of experience, with an average of 7.74 years. In terms of income, most respondents (61.4%) fell into the medium-income category. Credit access was limited, with 41.6% of farmers not receiving any.
Table 1: Salient features of the selected characteristics of the respondent
	Characteristics (Measuring units)
	Score Range
	Respondents (n=101)
	Mean
	SD*

	
	Possible
	Observed
	Category
	No
	%
	
	

	Age (Year)
	Unknown
	27-57
	Young (18-35)
	35
	34.7
	41.50
	6.56

	
	
	
	Middle-aged (36-55)
	60
	59.4
	
	

	
	
	
	Old (Above 55)
	6
	5.9
	
	

	Level of education
	Unknown
	0-12
	Illiterate (0)
	26
	25.7
	5.97
	4.10

	
	
	
	Primary (1-5)
	16
	15.8
	
	

	
	
	
	Secondary (6-10)
	50
	49.5
	
	

	
	
	
	Above secondary (>10)
	9
	8.9
	
	

	Household size (No. of members)
	Unknown
	2-8
	Small (up to 4)
	22
	21.8
	5.22
	1.28

	
	
	
	Medium (5-7)
	77
	76.2
	
	

	
	
	
	Large (above 7)
	2
	2
	
	

	Pond size (Hectare)
	Unknown
	0.22-2.3
	Small 

(up to .50)
	49
	48.5
	0.92
	0.61

	
	
	
	Medium (.51-2.0)
	46
	45.5
	
	

	
	
	
	Large (above 2)
	6
	5.9
	
	

	Fish farming experience (Year)
	Unknown
	4-33
	Up to 10 years of experience
	56
	55.4
	14.33
	7.74

	
	
	
	11-19 years of

experience
	25
	24.8
	
	

	
	
	
	Above 19 years of experience
	20
	19.8
	
	

	Annual family income 

(000 taka)
	Unknown
	130-1285
	Low (Up to 400 BDT)
	8
	7.9
	980.22
	535.24

	
	
	
	Medium (401-1000 BDT)
	62
	61.4
	
	

	
	
	
	High (Above 1000 BDT)
	31
	30.7
	
	

	Credit received (000 taka)
	Unknown
	0-400
	No credit (0)
	42
	41.6
	61.88
	85.48

	
	
	
	Up to 135 BDT
	35
	34.7
	
	

	
	
	
	136-270 BDT
	20
	19.8
	
	

	
	
	
	Above 270 BDT
	4
	4
	
	

	Training exposure (Days)
	Unknown
	0-7
	No training (0)
	28
	27.7
	2.60
	2.06

	
	
	
	1 to 3 days
	16
	15.8
	
	

	
	
	
	4-6 days
	40
	39.6
	
	

	
	
	
	Above 6 days
	17
	16.8
	
	

	Organizational participation (Year)
	0-30
	0-24
	Low (up to 10)
	70
	69.3
	8.32
	7.34

	
	
	
	Medium (11-20) 
	22
	21.8
	
	

	
	
	
	High (above 20)
	9
	8.9
	
	

	Social mobility
	0-15
	4-12
	Low (up to 5)
	25
	24.8
	7.45
	2.17

	
	
	
	Medium (6-10)
	69
	68.3
	
	

	
	
	
	High (above 10)
	7
	6.9
	
	

	Extension media contact
	0-42
	3-17
	Low (up to 14)
	93
	92.1
	8.70
	3.67

	
	
	
	Medium (15-28)
	8
	7.9
	
	

	
	
	
	High (above 28)
	0
	0
	
	

	Knowledge on disease management in pangas fish culture
	0-33
	10-27
	Low (up to 11)
	7
	6.9
	19.94
	3.54

	
	
	
	Medium (12-22)
	78
	77.2
	
	

	
	
	
	High (above 22)
	16
	15.8
	
	


*SD= Standard Deviation

Among those who did, the majority (34.7%) received up to BDT 135,000. Training exposure was reported by 72.2% of farmers, with the largest share (39.6%) attending training for 4 to 6 days. A significant majority (69.3%) had low organizational participation, and 68.3% showed medium levels of social mobility. Extension media contact was low among 92.1% of respondents. Finally, most farmers (77.2%) demonstrated a medium level of knowledge regarding Pangas fish disease management.

3.2 Training Needs for the Fish Farmers

3.2.1 Overall training needs 
The observed training needs scores of the respondents ranged from 12 to 36, with an average of 27.07 and a standard deviation of 6.54. Based on their training needs scores, the respondents were classified into three categories as shown in Table 2.

Table 2: Categorization of respondents according to their overall training needs for managing pangas fish diseases
	Category of respondent
	Respondents 
	Mean
	Standard Deviation

	
	Number
	Percentage
	
	

	Low training needs

 (1-13)
	8
	7.8
	27.07
	6.54

	Medium training needs 

(14-26)
	53
	52.0
	
	

	High training needs (Above 26)
	40
	39.2
	
	


Table 2 indicates that a majority of the respondents (52%) had a medium level of training need, followed by 39.2% with a high need, and only 7.8% with a low need for training in disease management practices in pangas fish culture. Most farmers had limited experience in fish farming, low organizational participation, moderate social mobility, limited contact with extension media, and a moderate level of knowledge in disease management. These factors may explain their medium to high training needs in disease management. Similar observations were also made by Uddin et al. (Uddin et al., 2022) and Yeasmin et al. (Yeasmin et al., 2014).
3.2.1 Extent of training needs for fish farmers in managing pangas fish diseases
There were 13 aspects considered when measuring the extent of training needs for fish farmers in managing pangas fish diseases. The computed total score of the entire dimension is shown in Table 3.

Table 3: Extent of training needs of fish farmers in managing pangas fish diseases 

	Sl No
	Aspects of training needs for disease management
	Extent of training need
	TS
	RO

	
	
	H

 (3)
	M

 (2)
	L

(1)
	N

(0)
	
	

	Before Disease Occurrence

	1
	Pond preparation for maintaining a hygienic and disease-free situation
	20
	46
	31
	4
	183
	12

	2.
	Drying the pond before new fish culture
	40
	10
	47
	4
	187
	10

	3.
	Selection of disease-free species
	41
	50
	0
	10
	223
	5

	4.
	Water quality management  
	66
	21
	10
	4
	250
	2

	5.
	Preparation of hygiene fish feed
	20
	63
	10
	8
	196
	9

	6.
	Preparation of quality fish feed
	60
	21
	10
	10
	232
	4

	During Disease Occurrence

	7.
	Identification of different types of pangas fish diseases, like: Red Spot, Tail and Fin Rot, Anal Protrusion, Pop-eye, Dropsy, Gill Rot etc 
	73
	20
	4
	4
	263
	1

	8.
	Disposal method of disease spread from fish to fish and from place to place
	41
	36
	10
	14
	205
	6

	9.
	Application of different types of medicine and their doses against disease in Pangas fish 
	56
	31
	4
	10
	234
	3

	10.
	 Strategies to minimize toxic gas accumulation in a water body
	10
	81
	10
	0
	202
	8

	After Disease Occurrence

	11
	Separation of infected and uninfected fish
	31
	40
	30
	0
	203
	7

	12
	Killing or destroying the predatory fish 
	40
	9
	48
	4
	186
	11

	13
	Water purification by applying lime treatment
	40
	6
	37
	18
	169
	13


According to the computed total score, the aspects, namely ‘Identification of different types of pangas fish diseases’, ranked first. Precise disease identification is the cornerstone of effective fish health management (Islam et al., 2024). Without an accurate diagnosis, farmers are unable to implement suitable treatments, resulting in poor disease control, prolonged suffering for the fish, higher mortality rates, and significant economic losses (Adams and Thompson, 2011). Pangas fish farming is particularly susceptible to bacterial, parasitic, and fungal infections due to high stocking densities and unstable water quality. Therefore, early detection of symptoms is crucial (Anka et al., 2014). Numerous small- and medium-scale fish farmers in rural Bangladesh continue to rely primarily on traditional knowledge and informal observations for identifying diseases (Hasan et al., 2020). These approaches are often unreliable and prone to visual misinterpretations (Aftabuddin et al., 2016). This highlights the critical need for accessible, science-based training in accurate disease identification. Water quality control was selected as the second most needed training. This high ranking reveals a significant knowledge gap among fish farmers regarding the importance of water quality in the overall health management of cultivated Pangas. Many farmers possess limited technical knowledge of water quality management systems, which directly hinders their ability to maintain optimal environmental conditions necessary for fish health and disease prevention. This lack of understanding also impacts their capacity to apply appropriate feeding strategies, aeration methods, and pond fertilization practices—all critical for sustaining ecological balance in aquaculture systems (Yusoff et al., 2024). Due to limited awareness, farmers may unknowingly create conditions that favour the growth of harmful bacteria or fungi. While visible symptoms, such as dropsy, red spots, or anal protrusion, often alert farmers to health issues, the invisible decline in water quality tends to go unnoticed unless there is sufficient awareness and education (Grilli and Curtis, 2022). Therefore, without proper training, farmers are unable to recognize crucial changes in water quality that can trigger disease outbreaks (Austin, 2023). 

‘Application of different types of medicine and their doses against disease in Pangas fish’ ranked third. Disease outbreaks remain a persistent issue in Pangas aquaculture, primarily due to intensive farming practices, inadequate water quality, and insufficient biosecurity measures (Anka et al., 2014). When diseases arise, many farmers turn to antibiotics, disinfectants, or traditional remedies—often without accurate diagnosis, correct dosage, or awareness of withdrawal periods. This improper and unregulated use of medications frequently results in treatment failures, increased fish mortality, environmental pollution, and the growing threat of antimicrobial resistance (AMR) (Anwar et al., 2020). Farmers' understanding is generally limited to the names of commonly used antibiotics or chemicals, with little to no knowledge of critical aspects, such as dosage calculations based on biomass, appropriate treatment durations, methods of application (oral, bath, or injection), and potential side effects (Chary et al., 2022).
The fourth highest-ranked training need was “preparation of quality fish feed.” Since feed accounts for approximately 60–70% of total operational costs in aquaculture, it represents not only a significant financial investment but also a vital factor influencing fish growth and overall health (E-Jahan et al., 2015). Many small-scale Pangas farmers either rely on low-quality commercial feed or produce homemade feed using traditional, non-standardized methods. In both scenarios, poor feed preparation practices—such as using spoiled ingredients, undercooking components, or creating nutrient-deficient mixtures—can lead to inadequate nutrient absorption, increased stress levels, and weakened immune responses in fish (Manam, 2023). Numerous studies have shown that nutritional imbalances—especially deficiencies in protein, lipids, vitamins, and minerals—lead to physiological stress, poor growth rates, and heightened susceptibility to infectious diseases in Pangas and other farmed fish species (Lall and Dumas, 2022). Furthermore, poor-quality feed can negatively impact water quality due to uneaten feed and excess organic matter, thereby creating conditions that promote the growth of pathogenic bacteria (Boyd, 2017). 
3.3 Factors influencing the training needs for fish farmers in managing pangas 
fish diseases

A linear multiple regression (enter method) was conducted to identify factors influencing farmers' knowledge of disease management (Table.4).

Table 4: Summaries of the linear multiple regression analysis

	Variables
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	(Constant)
	44.870
	7.551
	
	5.942
	0.000
	
	

	Age
	-0.112
	0.129
	-0.112
	-0.867
	0.388
	0.294
	3.398

	Level of education
	-0.441
	0.175
	-0.276
	-2.516
	0.014
	0.410
	2.442

	Household size
	-1.051
	0.498
	-0.206
	-2.111
	0.038
	0.520
	1.923

	Pond Size
	-0.208
	1.173
	-0.020
	-0.177
	0.860
	0.407
	2.456

	Fish farming Experience
	0.065
	0.104
	0.077
	0.624
	0.534
	0.326
	3.066

	Annual Family Income
	0.008
	0.005
	0.138
	1.532
	0.129
	0.606
	1.651

	Credit Received
	0.004
	0.006
	0.058
	0.698
	0.487
	0.713
	1.402

	Training Exposure
	-1.663
	0.428
	-0.525
	-3.889
	0.000
	0.270
	3.699

	Organizational Participation
	-0.239
	0.089
	-0.269
	-2.687
	0.009
	0.493
	2.030

	Social Mobility
	0.841
	0.312
	0.279
	2.694
	0.008
	0.461
	2.169

	Extension Media Contact
	0.777
	0.263
	0.437
	2.956
	0.004
	0.226
	4.426

	Knowledge on disease management in pangas fish culture
	-0.761
	0.242
	-0.412
	-3.148
	0.002
	0.288
	3.473

	n=101, R square= 0.566, Adjusted R square= 0.507, F-value= 9.560


The linear regression analysis showed an R² of 0.566 and an F-value of 9.560 (p < 0.01), indicating a good model fit. VIF values ranged from 1.402 to 4.426, confirming no multicollinearity issues. Significant predictors of farmers' knowledge on disease management included education, household size, training exposure, organizational participation, social mobility, extension media contact, and knowledge level. The adjusted R² of 0.507 indicated that these variables explained 50.7% of the variance in training needs.

3.3.1 Level of education
The level of education was a significant factor, showing a negative trend. A one-unit increase in education level (one year) leads to a decrease of 0.441 units in training needs for managing pangas fish diseases. This aligns with the theory that education enhances cognitive skills, problem-solving abilities, and access to information, all of which contribute to improved competency in managing fish health issues (Hanisch and Eirdosh, 2023). Therefore, educational achievement is a key predictor of lower demand for training in disease management within the aquaculture sector. These findings align with previous studies by Pandit & Basak (Pandit and Basak, 2014), Mohamed et al. (Mohamed et al., 2020), and Goli et al. (Goli et al., 2022), which have indicated that farmers with lower education levels require more training.
3.3.2 Household Size:

Household size was significant and showed a negative trend. An increase of one unit in household size results in a decrease of 1.051 units in training needs for managing pangas fish diseases. Family members may share responsibilities in feeding, disease monitoring, and pond management. This team-oriented approach might encourage informal knowledge sharing and reduce reliance on formal training. Moreover, it is also possible that younger, educated family members take on a guiding role in disease management efforts.
3.3.3 Training Exposure: 

Training exposure was significant and showed a negative trend. For each additional unit of training exposure, the training needs for managing pangas fish diseases decreased by 1.663 units. Farmers who have already completed training are likely to have gained both practical and theoretical knowledge in recognizing, preventing, and treating fish diseases. Moreover, they tend to continue self-learning or practicing what they have learned, thereby narrowing the knowledge gap. This finding aligns with the results reported by Uddin et al. (Uddin et al., 2022) in their study on the determinants of tilapia training needs.
3.3.4 Organizational Participation: 

Organizational participation was significant, showing a declining trend. If organizational participation increases by one unit, the training needs for managing pangas fish diseases decrease by 0.239 units. When fish farmers become more involved in organizational activities — such as joining farmer groups, cooperatives, or community associations — their training requirements for disease management are reduced. This likely happens because organizational participation provides farmers with access to shared knowledge, resources, and peer support (Liang et al., 2023). Through these networks, farmers can exchange information, learn from each other's experiences, and gain practical insights into disease prevention and treatment. As a result, they may have already acquired much of the necessary knowledge informally, thereby reducing their reliance on formal training sessions. Hasan et al. (Hasan et al., 2020) identified organizational participation as a key factor influencing fish farmers in their study on strengthening, empowering, and sustaining small-scale aquaculture farmers.
3.3.5 Social Mobility: 

Social mobility was significant and displayed a positive trend. If social mobility increases by one unit, the training needs for managing pangas fish diseases increase by 0.841 units. This means that as farmers become more socially mobile, their awareness and interest in learning modern methods of fish disease management grows. Greater social mobility exposes them to new ideas, technologies, and practices. Consequently, they feel the need for additional training and technical support to manage diseases effectively (Yeasmin et al., 2014; Huntingford et al., 2020). Uddin et al. (Uddin et al., 2022) also reported that an increase in social mobility reduces the training needs among Tilapia fish farmers.
3.3.6 Extension Media Contact: 

Extension media contact was significant and showed a positive trend. A one-unit increase in extension media contact resulted in a 0.777-unit increase in the training needs for managing pangas fish diseases. As fish farmers’ exposure to media (radio, TV, mobile, internet, leaflets) increases, their awareness and demand for training on Pangas fish disease management also increases. This may be due to the fact that extension media help farmers access updated information, understand modern practices, and recognize the importance of scientific disease management (Dzanku et al., 2022; Beaman et al., 2021). As a result, as awareness grows, their training needs rise accordingly. 
3.3.7 Knowledge on disease management in pangas fish culture:
The knowledge of disease management in pangas fish cultures was significant and showed a negative trend. A one-unit increase in knowledge resulted in a 0.761-unit increase in the training needs for managing pangas fish diseases. This suggests that farmers who already possess a higher level of understanding about fish diseases and their management are less likely to require additional training in this area. In essence, improved knowledge equips farmers with the skills and confidence to effectively handle disease-related challenges, reducing the gap that training programs would need to address (Ssekkadde et al., 2024). This finding aligns with the results reported by Yeasmin et al. (Yeasmin et al., 2014) in their study on the training needs of fish farmers involved in integrated fish farming.  

4. Conclusion
The study reveals that a substantial majority (92.2%) of Pangas fish farmers in Trishal Upazila have moderate to high training needs in managing fish diseases. Key areas requiring immediate attention include disease identification, water quality management, proper medication use, and preparation of quality fish feed. Socio-economic factors—such as education, training exposure, organizational participation, and access to extension services—were found to significantly influence these training needs.

To ensure sustainable aquaculture development, policymakers should move away from generalized training models and adopt need-based, locally tailored capacity-building programs. The Department of Fisheries (DoF), in collaboration with NGOs and extension agencies, should prioritize the development and delivery of targeted training modules that align with farmers' specific needs and contextual realities. Investing in such strategic interventions will enhance disease management, boost farm productivity, and strengthen rural livelihoods in Bangladesh’s aquaculture sector.

5. Recommendation for further study

This study was limited to three villages in Trishal Upazila and focused on 13 training need aspects and 12 socio-economic variables. Future research should expand to other regions for broader applicability, explore additional training areas, and include a wider range of influencing factors—such as personal, social, economic, and environmental variables—to deepen understanding of farmers' training needs.
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