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Abstract
Biofloc technology (BFT) has emerged as a sustainable and nutrient-efficient approach to aquaculture, providing a practical response to resource limitations in Bangladesh's fisheries sector. This study examines the present condition, key challenges, and prospects of biofloc fish farming in Rajbari Sadar Upazila. Primary data were gathered from six selected farms using structured questionnaires and focus group discussions. The results show that the farms cultured a variety of fish species, including Labeo rohita, Catla catla, Cirrhinus mrigala, and Hypophthalmichthys molitrix. The overall stocking density recorded across the farms was 3,150 fish per acre. Demographic findings reveal that 95.83% of the farmers were male, while the largest proportion (33.33%) belonged to the 31–40 age group. In economic terms, production costs ranged from 253,200 to 358,150 BDT, with feed and fish fry accounting for the highest expenditures. Despite the considerable input costs, biofloc farming proved to be profitable, with the highest net profit reaching 129,975 BDT. Nevertheless, the sector continues to face significant constraints, including frequent disease outbreaks mainly fungal (40%) and bacterial (34%) along with high production costs and insufficient technical knowledge among farmers. While biofloc farming shows high potential, its future success in Rajbari depends on improved technical training, access to quality resources, and enhanced financial support.
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Introduction
Aquaculture is one of the fastest-growing food-producing sectors globally and plays a vital role in ensuring food security, nutrition, and economic development, particularly in developing countries (FAO, 2022). In Bangladesh, fisheries contribute significantly to national income, employment, and protein supply, accounting for a major portion of animal protein intake among the population (DoF, 2023). The rapid expansion of aquaculture in Bangladesh over recent decades has been driven by increased demand for fish, technological advancements, and favorable environmental conditions (Belton et al., 2014). However, conventional aquaculture systems face several constraints, including water pollution, disease outbreaks, high feed costs, and inefficient resource utilization (Badiola et al., 2012). These challenges have encouraged the development and adoption of more sustainable and efficient aquaculture technologies.
Biofloc technology (BFT) is recognized as an innovative, sustainable, and reliable system that facilitates the continuous recycling and reuse of nutrients (Kamruzzaman et al. 2023). These systems rely on the growth of heterotrophic microorganisms that convert organic waste materials, such as uneaten feed and fish excreta, into microbial biomass (Avnimelech, 2015). BFT enhances biosecurity, feed conversion, water efficiency, and quality control by improving land use and minimizing light fluctuation sensitivity (Hargreaves, 2013). It boosts fish biomass, optimizes feed conversion ratios (FCR), increases aquaculture efficiency, enhances feed recyclability, and reduces water exchange needs (Huang et al., 2022). As a result, biofloc technology is particularly suitable for areas with limited water resources and high population density.
Fish culture in Bangladesh is well-established and considered with the Biofloc technique, offering a valuable tool to enhance fish production, supply, and maintain equilibrium between the demand and supply of natural food resources (Kamruzzaman et al., 2021).  The ability of biofloc systems to recycle nutrients and reduce feed dependency aligns well with the need for cost-effective and sustainable aquaculture practices in Bangladesh. Despite its promising potential, the adoption of biofloc technology is associated with several challenges. One of the major limitations is the requirement for continuous monitoring and management of critical water quality parameters, including dissolved oxygen, pH, ammonia, and carbon-to-nitrogen (C: N) ratio (Avnimelech, 2015) and a higher incidence of disease (Boyd et al., 2020; Kunwong et al., 2022). Maintaining the optimal balance of these parameters is essential for sustaining microbial activity and ensuring system stability. 
Rajbari Sadar Upazila, located in the central region of Bangladesh, has seen a rising interest in biofloc fish farming. The district benefits from favorable climatic conditions, abundant water resources, and a growing demand for fish in the market. However, like many other regions in Bangladesh, Rajbari faces challenges such as land scarcity, increasing production costs, and environmental degradation. In this context, biofloc technology presents a promising solution, offering the potential to boost fish production within limited space while reducing environmental impacts
Although biofloc farming is gaining popularity in different parts of Bangladesh, there is a lack of comprehensive research focusing on its present status, challenges, and future prospects at the district level. However, regional variations in socio-economic conditions, infrastructure, and farmer capacity may influence the adoption and performance of biofloc technology. Therefore, it is essential to conduct location-specific studies to understand the unique opportunities and constraints associated with biofloc farming in Rajbari district.
The present study aims to assess the current status of biofloc fish farming in Rajbari sadar upazila, identify the major problems faced by farmers, and evaluate the future prospects of this technology in the region. By examining the existing practices and challenges, this study seeks to provide insights that can support the development of sustainable aquaculture strategies. The findings are expected to contribute to policy formulation, capacity building, and technological adoption in the aquaculture sector of Bangladesh.
Materials and Methods
Study area:
[image: ]The study was conducted on six biofloc fish farms distributed in several villages of Sadar Upazila, Rajbari district, located in the West-Central region of Bangladesh (Figure 1).








Figure 1: location of the study area under Rajbari Sadar Upazila in Rajbari district
Data Collection: 
This study employed both primary and secondary data collection methods from the selected study sites. Primary data were gathered through focus group discussions (FGDs), structured interviews, and questionnaire surveys. A pre-designed questionnaire was utilized to assess various aspects of biofloc fish farming, including aquaculture practices, farmers' socioeconomic conditions, and the challenges encountered in biofloc-based aquaculture. Additionally, the study explored the relationships between independent variables such as farmers' age, income, profession, sources of information, and farming experience. Secondary data were sourced from existing literature, online databases, and pertinent institutions, including the Department of Fisheries (DoF).
Data Analysis:
The collected data were systematically categorized, and Microsoft Excel was used to process the data. Its features, such as sorting, filtering, and performing calculations, were utilized to identify patterns and trends.



Result and Discussion

Table 1. Fish species cultured and Stocking in the biofloc water bodies of the study areas

	Feeding
Preference
	Species
	Size
(cm)
	Stock (per acre)
	Seasonal availability

	Surface feeder
	Catla Catla
	15.24-17.78
	150
	Rare

	
	Hvpophthalmichthys molitrix

	7.62-10.16
	600
	All

	
	Oreochromis niloticus
	5.63-9.65
	450
	All

	Column feeder
	Labeo rohita
	10.16-12.70
	600
	Rare

	Bottom feeder
	Cirrhinus mrigala
	7.62-10.16
	500
	All

	
	Cyprinus carpio
	7.62-10.16
	150
	All

	
	Aristichthys nobilis
	8.02-14.78
	500
	

	Every layer feeder
	Ctenopharyngodon idellus
	7.62-10.16
	50
	All

	
	Puntius terio
	7.62-10.16
	150
	Rare

	Total
	3150
	






Cultered Fish Species and Stocking Density
The study revealed a variety of fish species cultured in the study area, including surface feeders like Catla catla (catla), column feeders such as Labeo rohita (rohu), and bottom feeders like Cirrhinus mrigala (mrigal), with Hypophthalmichthys molitrix (silver carp) being the most commonly found. The species' average size varied, with Labeo rohita reaching 8–15 cm and Cirrhinus mrigala ranging from 8.5–16 cm (Table 1). Most species were available year-round, though Hypophthalmichthys molitrix showed seasonal variation. Stocking density ranged from 150 fish per acre for surface feeders to 600 per acre for column feeders, with a total stocking density of 3150 fish per acre across all species. This relatively high stocking density may affect fish health and productivity. This pattern is broadly consistent with previous carp polyculture studies in Bangladesh, where rohu, catla, mrigal, silver carp, common carp, grass carp, and bighead carp are commonly reported as the dominant cultured species in pond-based systems (Khan et al., 2018; Hossain et al., 2022).
Table 2. Comparative expense of fish farmers in the study area
	Expense per acre
	Farm 1
	Farm 2
	Farm 3
	Farm 4
	Farm 5
	Farm 6

	Lease
	75000
	60000
	80000
	75000
	80000
	60000

	Pond repair
	1000
	1200
	800
	1000
	800
	1200

	Lime
	3000
	3500
	3200
	3000
	3200
	3500

	Fertilizer
	30000
	10000
	20000
	30000
	20000
	10000

	Feed
	186800
	50000
	50000
	186800
	50000
	50000

	Fish fry
	20350
	88575
	55000
	20350
	55000
	88575

	Guard
	25000
	30000
	30000
	25000
	30000
	30000

	Net
	2000
	2000
	2200
	2000
	2200
	2000

	Miscellaneous
	15000
	20000
	12000
	15000
	12000
	20000

	Total expense
	358150
	265275
	253200
	358150
	253200
	265275



Expense and Profit in the Biofloc Technology
The comparative expense and profit analysis revealed that the major costs for Biofloc fish farmers in Rajbari Sadar upazila included lease, pond repair, fertilizers, feed, and fish fry, with total expenses ranging from 253,200 BDT to 358,150 BDT (Table 2). Feed and fish fry accounted for the largest expenses, with significant variation across the farms. Despite differing expense levels, total fish sold remained consistent, and the highest profits were recorded in Farms 2 and 4, each earning 129,975 BDT, while Farm 3 had the lowest profit of 112,950 BDT (Table 3). This variation in profit is attributed to differences in stocking densities, feed costs, and fish fry expenses, suggesting that Biofloc fish farming has substantial profit potential when managed efficiently (Figure 2) which aligns with the findings of Tongsiri et al. 2020 in Thailand. Khan et al. (2018) found significant variation in total yield and cost-benefit ratio among treatments and concluded that seed source affected profitability, while Hossain et al. (2022) showed that carp polyculture in Bangladesh is generally profitable, although highly sensitive to feed price and fish sale price. 
Table 3. Comparative profit analysis of fish farmers in the study area.
	Sources
	Farm 1
	Farm 2
	Farm 3
	Farm 4
	Farm 5
	Farm 6

	Total expense
	358150
	265275
	253200
	265275
	358150
	253200

	Total fish sold
	477000
	395250
	366150
	395250
	477000
	366150

	Total profit
	118850
	129975
	112950
	129975
	118850
	112950













Figure 2. Comparative profit analysis of fish farmers in the study area.
Demographic Profile of Fish Farmers 
Different demographic status (age, family size, education level, occupation, primary information source, etc.) of 6 biofloc farm farmers in the study area were measured in the present study (Tables 4 to 8). 
Age Group
 The majority of fishermen were between 31 and 40 years old (33.33%), followed by the 20–30 age group (26.67%). A smaller proportion were aged 41–50 (13.33%), with a few farmers under 20 (13.33%) and those above 60 (4.44%) (Table 4). This value was more or less similar to the findings of Ali et al. 2022.


Table 4. Age group of Fishermen in the study area
	 
	Up to 20
	20-30
	31-40
	41-50
	51-60
	60 above
	Total

	No. of fisherman
	7
	14
	16
	7
	5
	3
	52

	Percentage
	13.33%
	26.67%
	33.33%
	13.33%
	8.89%
	4.44%
	100%



Sex Composition
 Males represented 95.83% of the fish farmers, with females accounting for 4.17%. Farms 1, 4, and 5 had the highest male participation (98.78%), while farms 2, 3, and 6 had a relatively lower but still substantial male presence (93–95%) (Table 5). 
Table 5. Percentage of distribution of sex composition and Religious status of fish farmer under study area
	BFT Farm
	Sex composition of Fish Farmers (%)
	Religious status (%)

	
	Male
	Female
	Muslim
	Hindu
	Christian

	Farm 1
	98.78
	1.22
	72.03
	27.03
	0.94

	Farm 2
	95.00
	5.00
	58.00
	42.00
	0

	Farm 3
	93.02
	6.98
	91.95
	7.12
	0.93

	Farm 4
	98.78
	1.22
	91.95
	7.12
	0.93

	Farm 5
	93.02
	6.98
	72.03
	27.03
	0.94

	Farm 6
	95
	5
	72.03
	27.03
	0.94




Religious Composition
 The majority of farmers identified as Muslim (72.03%), followed by Hindus (27.03%). Christians accounted for only 0.94% of the population. Farms 1, 4, and 5 had the highest proportion of Muslims, while farms 2 and 6 had a relatively higher proportion of Hindus (Table 5).
Educational Status
 A significant number of farmers were illiterate (44.45%) or could only sign their name (33.33%). Only a small percentage had completed schooling beyond primary education, with 6.67% having completed Class VI to X and 2.22% having a degree (Table 6).  Similar views were also expressed by Khan (1986). Where Ali et al. (2022) found no farmer was illiterate, whereas 20%, 46.7% & 33.3% had secondary, higher secondary, and graduation level of education, respectively, in Chapainawabganj District biofloc farming.
Housing Condition
 The majority of farmers lived in semi-paka houses (40.98%), followed by those in paka houses (35.98%). A smaller proportion of farmers lived in kacha houses (24.01%) (Table 6).
Table 6. Educational qualification, housing condition , Occupation and Investment of the fish farmer in the study area

	Educational group of fishermen

	
	Illiterate
	Only a sign, but illiterate
	Class 1-v
	Class vi-x
	Class vi-Degree
	Total

	No. of family
	20
	15
	6
	3
	1
	45

	Percentage
	44.45
	33.33
	13.33
	6.67
	2.22
	100

	Condition of the living house

	Type
	Paka
	Semi Paka
	Kacha

	Percentage
	40.98
	35.98
	24.01

	Occupation of the farmer 

	Only a biofloc fish farmer
	Businessmen
	Agricultural farmer
	GO/private employee

	40.00%
	33.33%
	13.33%
	13.33%

	Investment 

	Type
	Own
	Bank loan
	Share

	Percentage
	93.3
	0.00
	6.7



Occupation
A notable 40% of farmers were exclusively Biofloc fish farmers, while others combined their fish farming with agricultural activities (13.33%), government/private sector jobs (13.33%), or business activities (33.33%) (Table 6), which is almost consistent with the findings of Ali et al. (2022) 
Investment
The study sketched that the majority of the farmers (93.3%) invested their own currency in the biofloc fish culture, while the rest (6.7%) of the farmers combined (Table 6).  Quddus et al. (2000) reported that most of the farmers of Bangladesh culture fish with their own funds. Ali et al. (2022) found almost similar values in Chapainawabganj District biofloc farming.
Diseases in BFT Fishes
In the study area, the farmers reported the occurrence of diseases like bacterial disease, fungal disease, tail and rot disease, and other diseases during the culture period, respectively 34%, 40%, 25%, 1%  (Table 7). Most of the diseases occurred due to the injury during the transportation of fingerlings. Other reasons include environmental conditions and a lack of management.  Das et al. (2018) and Aftabuddin et al. (2016) found almost similar diseases in their study area in aquaculture.
Table 7. Different diseases occur in biofloc fish farming in the study area 
	 Name of 
Disease type
	Parasite name
	Host name
	Affected organ
	Percentage 

	Bacterial disease
	Aeromnas septicemia
	Channa maculata
	Scales & skins
	34%

	Fungal Disease
	Saprolegnia parasitica
	Putius gonionotus
	Skins & gills
	40%

	Tail & Fin rot
	Flavobacterium columnare
	Oreochromis niloticus
	Tail & fin
	       25%

	Others
	Virus or microbial
	All species
	
	1%



Emerging Problems for BFT in the study area
The fish farmers in the study area encountered several challenges, including fish poisoning, drought, flooding, insufficient scientific and technical knowledge, inadequate supply of quality fry, and the high cost of inputs. Other issues included a lack of credit facilities, limited access to fish culture training, multiple ownership of water bodies, and the multipurpose use of these water sources. Phytoplankton blooms also posed a significant problem. Despite these challenges, the communication and transportation systems in the area were relatively good. These issues, particularly the lack of access to water and resources, led to lower-than-expected fish production, hindering the farmers' ability to meet their productivity goals, which is almost similar to the findings of Ali et al (2022). Moreover, Das et al. (2018) and Mazumder et al. (2013) identified comparable challenges in pond aquaculture that serve as significant barriers to the development of fish farming in Bangladesh
Conclusion
Biofloc fish farming in Rajbari District shows promise but faces challenges such as environmental risks, lack of technical knowledge, high costs, and limited resources. Most farmers are underqualified, lacking formal training in advanced aquaculture practices. Despite these issues, biofloc systems have proven profitable when managed well. The future success of the sector depends on improved training, better access to resources, and enhanced financial support. With the right interventions, biofloc farming can contribute significantly to sustainable aquaculture in Rajbari.
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