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ABSTRACT

	Aims: This study aims to explore the multifaceted dimensions of fish farming by identifying its impacts on the economic and social status of farmers, investigating their awareness of general management practices in fish production, and determining the underlying rationale, opportunities, and challenges they encounter. Through this comprehensive approach, the research seeks to provide a deeper understanding of how fish farming influences livelihoods, the extent of farmers’ knowledge in sustainable practices, and the factors that shape their engagement in aquaculture.
Study design: The study employed a descriptive and exploratory design and a combination of snow ball sampling technique. Fish farmers were interviewed on awareness on general management practices, opportunities and challenges and the impacts of fish farming on economic and social status.
Place and Duration of Study: The study was carried out in Maseru, which is the lowest geographical point in the country, resting at approximately 1,600 meters above sea level. The district experiences a temperate climate, with average temperatures ranging from 20.4 °C in summer to 6.6 °C in winter. Annual precipitation averages around 896 mm, with monthly rainfall of approximately 57.6 mm and about 88 days per year receiving more than 0.1 mm of rainfall (Lesotho Meteorological Services, 2013). The study was carried out across two divisions of Maseru: urban and rural. The urban division included the villages of Moshoeshoe II, Seoli, Thamae, and Ts’enola. The rural division comprised Roma, Mazenod, Moruthoane, and St Michales between August 2023 and August 2024.
Methodology: Data obtained from each respondent was entered directly into Statistical Package for Social Sciences (SPSS) analysis. Cross tabulations were used to calculate the percentages while Chi-Square test was used to test p-value.
Results: There was no significant association (P  0.05) between farmers’ demographics in all the investigated regions. All the investigated parameters under the impacts of fish farming on social and economic status of farmers revealed no meaningful linkage (P 0.05) when significance was examined. Variables under both awareness of fish farmers on management practices and opportunities and challenges showed no significant association (P 0.05).
Conclusion: Fish farming offers higher and more stable income than other agricultural activities, with growing participation from women and youth (83%), enhancing gender equality and employment. However, 66.7% of farmers in Lesotho lack awareness of key management practices like water quality checks and disease control. Despite contributing to food and nutrition security (50%), high input costs especially for feeds and nets remain a major challenge. Educating farmers is essential to improve production and sustainability
.
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1. INTRODUCTION

In Lesotho, aquaculture is a recent practice dating back to 1964. Fish farming was concentrated in the lowlands which constitute only 20 % of the total area of the country and the most reared specie was Largemouth bass and rainbow trout in the highlands. Farmers quickly recognized the advantages of the cool mountain streams and natural water bodies for cultivating trout, leading to a gradual expansion of aquaculture in rural areas. Over time, fish farming emerged not just as a supplementary food source but also as a crucial component of local economies, offering income generation opportunities for households (Hallwass et al., 2023). The growth of aquaculture has been accompanied by increasing awareness of its nutritional benefits. This growing recognition has led to government initiatives aimed at promoting fish farming as part of broader food security strategies. Programs focused on training farmers in best practices for aquaculture, water quality management, and sustainable feeding strategies have been implemented to enhance production efficiency and sustainability (Obi et al., 2024).
The production of fish has been growing slowly and it was dominated by subsistence farming, whereby women were engaged in fish farming in high numbers (80 %). Fish production in the rural fish ponds involved monoculture of common carp whereby the farms were individually owned and the total area was 10 ha (Etienne et al., 2022). The exotic species were introduced in 2005 by Katse fish farms and the most reared fish species are Rainbow trout and Salmon due to geographical advantages such as running water and ideal temperatures. Today, the company is profitable with a yearly output of 800 tonnes of fish (News Desk, 2022).
Aquaculture production in Lesotho increased from 8 tonnes to 1500 tonnes in 2021. The 28.31 % annual growth was one of the highest in the world. Both capture fisheries and aquaculture production in Lesotho came entirely from inland waters, while capture fisheries production was contributed entirely by freshwater fisheries. The total fisheries production increased from 23 tonnes in 1950 to more than 2658 tonnes in 2020 then declined to 1556 tonnes in 2021 (Nwuba et al., 2023). Between 2000 and 2019, per capita consumption of fish and sea food in Lesotho increased from 0.7 kg to 2.9 kg; The annual growth of 8,1 percent was higher than the sub regional and global average, and the growth rate was the highest among the five Southern African countries. The country’s 2.9 kg per capital fish and sea food consumption of 2.5kg in 2019 is fourth in southern Africa and 20th among land locked developing countries. Lesotho’s seafood ranking index (SLI) of 15.3 percent of the global average. Lesotho’s aquaculture production is expected to reach 14 192 tonnes to cover 11 591 tones for additional demand driven by both population and higher preference (FAO, 2024).
According to Rantlo (2022), Fish is the cheapest source of animal protein and constitutes a significant part of animal protein in the diet of most developing countries, especially African countries. Aquaculture plays an important role in the development of the national economy and key role in the socio economic sustainability of rural areas, potentially providing valuable and skill based opportunities, and in some cases stabilizing the economic base of the otherwise fragile communities (Rohana et al., 2009). It provides livelihood opportunities in rural areas of the developing world, as well as income and employment in remote regional and more developed regional economies. Research has also shown that integration of aquaculture into existing systems can lead to increased land productivity, higher farm incomes per hectare, and higher returns to family labor. Fish Farming also contribute to food and nutrition security by increasing food production and making fish more readily available in remote communities (FAO, 2008). Abisha et al., (2022), states that Aquaculture is also considered as an adaptation strategy for climate resilience during the extreme weather events, such as drought and floods. Fish farming can therefore build resilience by offering sustainable solutions for climate adaptation and further diversity global and national food production systems and cultivated species.
Although aquaculture is the fastest growing food production sector in the world, it has many limitations. The main constraints identified as being responsible for low aquaculture production include lack of inputs (fingerling and feeds), lack of knowledge resulting in poor management practices, inadequate funding, theft and direct involvement of government in production (Shitote et al., 2013). The use of poor seeds, insufficient information, high feeds costs, traditional techniques, small size holdings, poor infrastructure facilities and low capital investment are also factors reported to be limiting growth of fish farming. Bhuyan et al. (2022) found that the most crucial constraint is unavailability of fish transportation vehicle, lab for pond water testing, and cold storage. Dependence on unqualified person due to lack of qualified extension agents. Improved scientific fish production technologies are not fully adopted by farmers in rural and urban areas of Lesotho. Several problems are being faced resulting in partial and non-adoption of improved technologies. Lack of suitable organized market and lack of proper distribution channel also make it difficult for fish farming to become a success especially for small hold farmers (Shubham et al., 2023).
The purpose of this study is to ensure that farmers have access to information, training, and technical support including issues related to access communication, and the effectiveness of extension services. Farmers will also be encouraged to implement security measures such as fencing and surveillance, monitor water quality to detect potential contamination, and collaborate with local authorities to enforce regulation. Moreover, the public will be informed of the advantages of aquaculture by all credible cost benefit studies. Awareness will be made on how to promote private hatcheries through incentives, facilitating research in fish breeding and better training. Economic models of successful hatcheries could also be developed as a way of encouraging investment. The gap between farmers and government will be filled by making farmers aware of the extension workers and how to access them, this will again make the dissemination of information easier as result fish farmers will be notified about seed availability.
2. material and methods

2.1 Study Area
The research study was conducted in the three regions of Lesotho being Central, North and South. The Central region consisted of Maseru and Thaba – Tseka districts while North region was represented by Leribe district. Lastly the South region was made up of Mafeteng and Mahale s’ Hoek. Maseru.  Mafeteng and Mohale s’ Hoek are located in the Lowlands. The annual temperature ranges from 17.5 ℃ to 20.1 ℃ and the climate is temperate year round. Rainfall, occurring mostly from October to April ranges from 607 mm a year over most of the lowlands to over 1016 mm a year in the highlands (Prasad et al., 2008). Moreover, Leribe and Thaba – Tseka districts are located at an elevation of 2 242m above sea level, having tropical climate with dry winters. The city s’ yearly temperature ranges between -6 ℃ and 23 ℃ and its deemed lower than Lesotho s’ averages. They typically receive about 115.12 mm of precipitation and have 147 rainy days annually (Agricultural production on Lesotho, 2008). 
2.2 Study Design
A snow ball sampling technique was used to locate and interview fish farmers and the survey was conducted regarding the awareness on general management practices, opportunities and challenges and the impacts of fish farming on economic and social status of farmers.
2.3 Data Collection 
The country of Lesotho was divided into three regions, North, South and Central region and data was obtained through field survey. North region was represented by Leribe district South region was made up of two districts, Mafeteng and Mohales’Hoek and Central region consisted of Maseru and Thaba – Tseka.
2.4 Data Analysis
The data was entered into the Statistical Package for Social Science (SPSS version 20.0) and was analyzed using cross tabulations while the confidence interval was set at 95 %. Post hoc test was used to uncover specific differences between group means while chi square was used to measure the difference between the observed and expected frequencies of the outcomes of a set of variables

3. results and discussion

[bookmark: _Toc200307899]3.1 DEMOGRAPHIC PROFILE OF FISH FARMERS

[bookmark: _Toc200307900]3.1.1 Gender
The findings in Table 1 indicated that fish farming is mostly dominated (83.3 %) by females in Central region of Lesotho and males were found in small numbers in all the investigated regions. The results on gender of respondents showed no significance association (P ≤ 0.05) when subjected to a statistical analysis. The results of the current study are in line with Shubham et al. (2023) who indicated that women are engaged in fish farming on higher numbers (80.0 %) because in some communities, women may have better access to small-scale resources needed for fish farming that include smaller plots of land or family-owned ponds, which are more accessible for women to manage (Kleiber et al., 2015). Women are frequently engaged in a day-to-day management of fish farms as fish farming is seen as a less physically demanding or more accessible occupation than other forms of agriculture or large-scale farming (Lebel et al., 2009).
[bookmark: _Toc200307901]3.1.2 Age and level of experience
In relation to Table 1, most farmers (50.0 %) in all the interviewed regions are aged 41-50 and have the experience of about 3-5 years. This age category is followed by farmers who are 24-30 years old and have been in fish farming for 1-2 years, under which (50.0 %) was obtained from the central region, (25.0 %) from North, lastly (25.0 %) from the South region. When significance was tested, acquired results from Chi-Square designated that age of the respondents did not have the significance association (P ≤ 0.05). A study by Olaoye, (2013) consent to the findings of the current study that most (49.1 %) of the fish farmers fall within the age category of 41 – 50 years. People at this age range (41-50) often have a mix of life experience, technical knowledge, and the practical skills necessary for managing a fish farming operation. By this age, individuals are likely to have gained experience in agriculture, aquaculture, or related fields, which can be applied to fish farming. They are more likely to have access to capital, savings, or the ability to secure loans to invest in a fish farming business (Njera et al., 2017). 


[bookmark: _Toc200307902]3.1.4 Source of income 
In summary of the demographic profile of fish farmers Table 1 indicated that (80.0 %) of fish farmers from central region of Lesotho practice mixed farming, while 37.5 % fish farmers from South region are involved in some activities that are non-agriculture related as their primary role. Few (33.3 %) fish farmers from the North region revealed that they are actively in fish farming as the most fundamental activity. The Chi-Square test results demonstrated no significant link (P ≤ 0.05) when significance was examined. The findings of the current study are in agreement with those of Ali et al, (2009) who indicated that fish farmers are engaged in other commercial activities such as, crop production, business, services and livestock. A report by FAO, (2020) states that while fish farmers are primarily known for fish farming, they may also engage in other farming activities like aquaculture, which encompasses the cultivation of other aquatic organisms, or even integrating fish farming with crop or livestock farming. 
[bookmark: _Toc200307903]3.1.5 Education level
Most fish farmers (58.3 %) in Central region obtained post-secondary qualifications and only 57.1% acquired secondary certificates (Table 1). In North region, the proportion of fish farmers who progressed to higher education is roughly the same (16.7 %) to that of secondary. Upon testing for significance, the Chi- Square test revealed no meaningful correlation (P ≤ 0.05). According to Cummings (2020), central region has the highest concentration of educational institutions, including primary, secondary, and tertiary schools. This makes it the focal point for educational opportunities in Lesotho. In regions where access to formal education is limited it’s possible that some fish farmers have hands-on experience rather than formal tertiary education. Some fish farmers may have pursued tertiary education, especially those involved in larger, more industrial-scale operations or those interested in the scientific aspects of aquaculture (Hoque et al., 2022).  Rural areas often have fewer schools, and they can be far away from where people live. Traveling longer distances to get to school can be a major challenge, especially in areas without reliable transportation (Kober et al., 2020).


[bookmark: _Toc200307904] 3.1.6 Fishery association and training
The findings in Table 2 showed that majority (60.0 %) of fish farmers from the investigated regions of Lesotho confirmed that there are fishery associations in their region. However, a scattering number (16,7 %) of farmers claimed that fishery associations are in inaccessible. Several farmers from all the regions affirmed that they did not receive education about fish farming, but used guide from online platforms and some ideas from other farmers. The Chi-Square test results indicated no significant association (P ≤ 0.05) when significant was assessed.  The findings of the current study are in consonance with those of Shitote et al. (2013) who indicated that there is lack of knowledge among fish farmers because in many rural or developing areas, extension service or programs that provide expert knowledge and support to farmers are either underfunded or absent thus resulting in poor management practices. Fishery associations can help members access financial resources, grants, and loans that improve their businesses or allow for investment in more efficient and eco-friendly equipment. They also provide training to improve skills, which can directly boost productivity and profitability (Swetha et al., 2020).

[bookmark: _Toc198721449][bookmark: _Toc198721352][bookmark: _Toc198721639][bookmark: _Toc198721551]Table 1: DEMOGRAPHIC PROFILE OF FISH FARMERS IN LESOTHO
	CATEGORY
	CENTRAL%
	NORTH%
	SOUTH%
	S.E
	X2
	Sig

	Gender

	Female
	83.3
	16.7
	0.0
	0.101
	3.4
	0.090

	Male
	42.9
	21.4
	35.7
	
	
	

	Age

	24-30
	50.0
	25.0
	25.0
	0.266
	4.8
	0.804

	31-40
	60.0
	40.0
	0.0
	
	
	

	41-50
	50.0
	12.5
	37.5
	
	
	

	51-60
	100.0
	0.0
	0.0
	
	
	

	61-70
	50.0
	0.0
	50.0
	
	
	

	Level of experience

	1-2 years
	33.3
	0.0
	66.7
	0.177
	4.5
	0.256

	3-4 years
	33.3
	33.3
	33.3
	
	
	

	Less than a year
	69.2
	15.4
	15.4
	
	
	

	Source of income

	Fish farming
	33.3
	33.3
	33.3
	0.250
	3.3
	0.532

	Crop farming
	50.0
	25.0
	25.0
	
	
	

	Mixed farming
	80.0
	20.0
	0.0
	
	
	

	Other
	50.0
	12.5
	37.5
	
	
	

	Fishery association

	Yes
	60.0
	30.0
	10.0
	0.115
	2.9
	0.314

	No
	50.0
	10.0
	40.0
	
	
	

	Education level

	Secondary
	57.1
	14.3
	28.6
	0.114
	0.038
	0.914

	Tertiary
	58.3
	16.7
	25.0
	
	
	

	Training attended

	Yes
	52.9
	21.1
	26.3
	0.050
	0.861
	0.421

	No
	100.0
	0.0
	0.0
	
	
	


Footnote: X 2= Pearson Chi-Square value, Sig = Significant value, S.E = Standard error

[bookmark: _Toc200307905]3.2 EFFECTS OF FISH FARMING ON ECONOMIC AND SOCIAL STATUS OF FISH FARMERS 

[bookmark: _Toc198734545][bookmark: _Toc200307906]3.2.1 Contribution to food security
[bookmark: _Toc198734546][bookmark: _Toc3360]As for the contribution to food security displayed in Table 2, seniority (55.0 %) of farmers from all the surveyed regions of Lesotho consent that fish farming brings about food security. When significance was tested the attained results from Chi-Square test evidenced no significant association (P ≤ 0.05). These findings are conforming to those of FAO, (2008) divulging that fish farming contributes to food and nutrition security by increasing food production and making fish more readily available in remote communities. A report by Mills et al. (2023) states that fisheries provide employment for millions of people worldwide. This includes jobs in fishing, processing, distribution, and retail, all of which contribute to local economies and help reduce poverty, which is closely linked to food security.
[bookmark: _Toc198734547][bookmark: _Toc200307907]3.2.2 Cultural and social influence 
[bookmark: _Toc198734548][bookmark: _Toc15312]In accordance with Table 2, there no cultural and social influence in fish farming in explored regions of Lesotho. The Chi-Square test results denoted no significant (P ≤ 0.05) linkage when significance was scrutinized. The outcomes of this study are uncooperative to those of Stebellah et al, (2022) who stated that tradition and cultural beliefs fall under the factors affecting the adoption of modern fish farming. A study by Morgan et al. (2017) shows that livestock farming has long been a core part of the culture and economy therefore there may be a cultural preference for animal husbandry over fish farming. This cultural attachment to livestock farming might lead to a lack of interest in or resistance to adopting fish farming as an alternative. Local culture allows only sons to inherit land from parents and these practices might affect who has the financial and social authority to develop fish production businesses or invest in sustainable practices (Kundu et al., 2016).

[bookmark: _Toc200307908]3.2.3 Level of production

[bookmark: _Toc198734549]All fish farmers from the studied regions of Lesotho are engaged in commercial farming, however, there is a certain percentage (50.0 %) from Central region that is practicing subsistence farming. The Chi-Square test revealed no meaningful correlation (P ≤ 0.05) upon testing for significance. This finding are in agreement with those of Meintjes et al. (2017) who suggests that many low-income developing countries have a combination of commercial and subsistence agriculture because farmers can leverage their small-scale operations as stepping stones to larger commercial ventures, gradually increasing their market presence and profit. An article by Mgomezulu et al. (2024) reported that fish farmers transition from subsistence farming into commercial farming since subsistence farming usually requires lower initial capital investment compared to commercial operations. Starting small allows farmers to test the waters, learn the trade, and gain experience before scaling up. 
[bookmark: _Toc198734550][bookmark: _Toc200307909]3.2.4 Marketing
[bookmark: _Toc198734551][bookmark: _Toc14809]The majority (57.1 %) of fish farmers from the central region of Lesotho are selling their fish to the local markets, 50% still from Central region sell directly to consumers (Table 2). Farmers from the North region (28.6 %) stated that they sell to the local markets and 10.0 % direct to consumers. South region is no different from the mentioned regions as 14.3% and 40.0 % sell to local markets and direct to consumers respectively. The results on marketing showed no significance association (P ≤ 0.05) when subjected to a statistical analysis. The findings of the current Study are conforming of those of FAO, (2010) who reported that fish is later sold to traders for reselling to consumers in local markets. Conversely, lack of suitable organized market and lack of proper distribution channel also make it difficult for fish farming to become a success especially for small hold farmers (Shubham et al., 2023)  


[bookmark: _Toc198721450][bookmark: _Toc198721640][bookmark: _Toc198721552]Table 2: SOCIO – ECONOMIC EFFECTS OF FISH FARMING IN LESOTHO
	CATEGORY
	CENTRAL%
	NORTH%
	SOUTH%
	S.E
	X2
	Sig

	Contributes to food security

	Yes
	55.0
	20.0
	25
	0.138
	0.0
	0.00

	No
	0.0
	0.0
	0.0
	
	
	

	Cultural and social influence

	Yes
	0.0
	0.0
	0.0
	0.00
	0.0
	0.000

	No
	55.0
	20.0
	25.0
	
	
	

	Level of production

	Subsistence
	100.0
	0.0
	0.0
	0.688
	1.8
	0.918

	Commercial
	50.0
	22.2
	27.80
	
	
	

	Marketing

	Local market
	57.1
	28.6
	14.3
	0.253
	5.4
	0.748

	Consumers
	50.0
	10.0
	40.0
	0.253
	5.4
	0.748

	Both
	0.0
	100.0
	0.0
	
	
	


Footnote: X 2= Pearson Chi-Square value, Sig = Significant value, S.E = Standard error

[bookmark: _Toc200307910]3.3 AWARENESS OF FARMERS ON GENERAL MANAGEMENT PRACTICES IN           FISH FARMING 

[bookmark: _Toc198734553][bookmark: _Toc200307911]3.3.1 Species reared
[bookmark: _Toc198734554][bookmark: _Toc11012]According to the results portrayed in Table 3, the most reared fish species Common carp (70.0 %) and it is reared in the central region of Lesotho. Rainbow trout fish specie is found in large numbers in North region while in South the reared fish specie is catfish. The results showed no significance association (P ≤ 0.05). when subjected to a statistical analysis The findings of the current study are in line with of Chenchen et al. (2024) who stated fish farming in Lesotho is concentrated in the lowlands. The selection of species is crucial in pond culture, as different fish exhibit varying growth rates and environmental requirements. Mishra et al. (2020) indicated that common species cultivated in ponds include Tilapia, Catfish, and Common carp, each chosen for their adaptability and market demand. 
[bookmark: _Toc198734555][bookmark: _Toc200307912]3.3.2 Access to parent stock
[bookmark: _Toc198734556][bookmark: _Toc3238][bookmark: _Toc198734557]As per the results shown in Table 3, the majority (70.0 %) of fish farmers in Lesotho get the parent stock from other farmers. Other fish farmers (66.7 %), especially those from the South region of Lesotho access the fingerlings directly from the rivers. This can be due to the plenty of rivers in the lowlands of Lesotho. Few farmers (42.9 %) from the North are able to get the parent stock from the hatchery. However, there is no significant association (P ≤ 0.05). The findings of Lambongang et al. (2021) revealed that the majority of the time, medium-scale farmers obtain their fingerlings from large-scale farmers there agrees with the results of the current study.
[bookmark: _Toc200307913]3.3.4 Type of feeds

[bookmark: _Toc198734558][bookmark: _Toc24475]The summary of type of feeds used in fish farming, Table 3 illustrated above shows that most farmers (85.7 %) in central region are using cereals such as maize to feed their fish.  In South region, farmers feed their fish commercial feeds only whereas farmers from North feed both layer mesh (33.3 %) and commercial feeds (28.6 %). When significance was tested obtained results from Chi-Square indicated no significant association (P ≤ 0.05). A study by Begho et al. (2024) found the same results and indicated that fish farmers utilize a combination of locally sourced feeds and commercial fish pellets to meet the nutritional needs of their fish. This dual approach not only ensures proper growth rates but also reduces dependency on imported feeds. Additionally, bakery or breakfast cereals discards are novel sources of digestible energy for pond fish (Kuebutornye et al., 2025).
[bookmark: _Toc198734559][bookmark: _Toc200307914]3.3.5 Water quality parameters
[bookmark: _Toc198734560][bookmark: _Toc24285]The results in Table 3 revealed that all (100.0 %) interviewed fish farmers in the Central region are not aware of the water quality parameters. However, roughly 26.3 % of fish farmers is aware of the water quality parameters from all the investigated regions. Although some fish farmers are aware of the water quality parameters, they are unable to check such. Nevertheless, the only checked parameter is oxygen which is checked by a small number of farmers (20.0 %). Upon testing for significance, the Chi-Square test revealed no meaningful correlation (P ≤ 0.05). A study by Rocha et al. (2024) discovered that water temperature is checked by about 10 % fish farmers because good water testing kits or digital sensors can be expensive, especially for small-scale or rural farmers. Water quality parameters such as temperature and oxygen levels are essential for fish farmers and aquaculture professionals, if not checked they can increase stress and decrease immunity, making fish more susceptible to infections (Siddique et al., 2024).

[bookmark: _Toc198734561][bookmark: _Toc200307915]3.3.6 Feeding frequency 
[bookmark: _Toc198734562][bookmark: _Toc5242]Regarding the findings represented in Table 3, the large number (61.5 %) of fish farmers in the central region are feeding their fish twice a day, and only 42.9% feed their fish once per day. When significance was tested at 0.05 level, the attained results from Chi-Square test evidenced no significant association (p≤0.05). A study by Liu et al. (2022) found that optimal feeding frequency is 3 meals per day for largemouth bass reared in pond, and 2 meals per day for the fish reared in intensive farming. Feeding should match the specific requirements of each fish species and their growth stages, as underfeeding can lead to stunted growth while overfeeding may result in water pollution due to uneaten feed residues (Tacon et al., 2013).
[bookmark: _Toc198734563][bookmark: _Toc200307916]3.3.7 Sampling and pond cleaning
[bookmark: _Toc198734564][bookmark: _Toc11362]Results in Table 3 reveal that most fish farmers (66.7 %) are not sampling their fish while 27.3 % are able to undergo sampling weekly. All the fish farmers who were interviewed are cleaning the ponds. The Chi-Square test results demonstrated no significant link (P ≤ 0.05) when significance was examined. In some cases, fish sampling can be invasive or stressful for the fish, especially if the methods involve capture, handling, or anesthesia. Sampling techniques, such as tagging, need to be carefully managed to ensure they do not harm the fish or affect the accuracy of population data (Kubecka et al., 2012).
[bookmark: _Toc198734565][bookmark: _Toc200307917]3.3.8 Disease prevention
[bookmark: _Toc198734566][bookmark: _Toc11909]The findings in Table 3 show that majority (66.7 %) of farmers minimize the occurrence of diseases through vaccination, especially those from the central region. The other measure that is still used in the same region is water recycling (60 %). However, fish farmers from the South region are only recycling water as the way of preventing diseases. When significance was tested, the attained results from Chi-Square test evidenced no significant association (P ≤ 0.05). A study by Brudeseth et al. (2013) agrees with the findings of the current study and states that vaccination is another effective method of disease prevention, especially for bacterial and viral diseases. Biosecurity plans have been widely successful and shown significant reduction in mortality and disease prevalence (Aly et al., 2024).

[bookmark: _Toc198721641][bookmark: _Toc198721553]TABLE 3: FARMERS AWARENESS ON GENERAL MANAGEMENT PRACTICES IN FISH FARMING 
	CATEGORY
	CENTRAL%
	NORTH%
	SOUTH%
	S.E
	X2
	SIG

	Species reared

	Catfish
	50.0
	16.7
	33.3
	0.324
	9.6
	0.573

	Tilapia
	50.0
	50.0
	0.0
	
	
	

	Rainbow Trout  Fish
	0.0
	100.0
	0.0
	
	
	

	Common carp
	70.0
	10.0
	20.0
	
	
	

	Army corps
	0.0
	0.0
	100.0
	
	
	

	Access to parent stock

	Hatchery
	42.9
	42.9
	14.3
	0.207
	6.3
	0.361

	Rivers
	33.3
	0.0
	66.7
	
	
	

	Other farmers
	70.0
	10.0
	20.0
	
	
	

	Type of feeds

	Commercial feeds
	14.3
	57.1
	28.6
	0.285
	11.4
	0.182

	Cereals
	85.7
	0.0
	14.3
	
	
	

	Layer mesh
	66.7
	0.0
	33.3
	
	
	

	Water quality parameters 

	Oxygen
	50.0
	20.0
	30.0
	0.671
	5.6
	0.952

	All
	33.3
	66.7
	0.0
	
	
	

	Do not check
	66.7
	0.0
	33.3
	
	
	

	

	Feeding frequency

	Once per day
	42.9
	14.3
	42.9
	0.109
	1.8
	0.266

	Twice 
	61.5
	23.1
	15.4
	
	
	

	Sampling frequency

	Daily
	0.0
	50.0
	50.0
	0.247
	4.1
	0.242

	After 3 days
	100.0
	0.0
	0.0
	
	
	

	Weekly
	42.9
	28.6
	28.6
	
	
	

	Pond cleaning

	Yes
	50.0
	22.2
	27.8
	0.000
	0.0
	0.00

	No
	0.0
	0.0
	0.0
	
	
	

	Disease control

	Vaccination
	66.7
	33.3
	0.0
	0.235
	4.3
	0.274

	Recycling water
	60.0
	13.3
	26.7
	
	
	

	Nothing done
	0.0
	0.0
	100.0
	
	
	


Footnote: X 2= Pearson Chi-Square value, Sig = Significant value, S.E = Standard error
[bookmark: _Toc200307918]3.4 OPPORTUNITIES AND CHALLENGES FACED BY FISH FARMERS

[bookmark: _Toc200307919]3.4.1 Benefits of fish farming
According to Table 4, all interviewed fish farmers claimed that fish farming is the source of food. Most farmers (50.0 %) from the interviewed regions indicated that fish farming is also a source of income. When significance was tested the attained results from Chi-Square test evidenced no significant association (P ≤ 0.05). According to Rantlo (2022), Fish is the cheapest source of animal protein and constitutes a significant part of animal protein in the diet of most developing countries, especially African countries. Fish Farming also contribute to food and nutrition security by increasing food production and making fish more readily available in remote communities (FAO, 2008).
[bookmark: _Toc200307920]3.4.2 Challenges in fish farmers
In regard to Table 4, the proportion of 50.0 % farmers from the central region, 33.3 % from North and 16.7% from South region, are complaining about high cost of inputs especially fish feeds and harvesting nets. When significance was tested, the results from Chi-Square test showed no significant relationship (P ≤ 0.05). The findings of the current study are in line with Shitote et al. (2013) who revealed that the use of poor seeds, insufficient information, high feeds costs, traditional techniques, small size holdings, poor infrastructure facilities and low capital investment are also factors reported to be limiting growth of fish farming. However, the results contradict with the findings of Bhuyan et al. (2022) who found that the most crucial constraint is unavailability of fish transportation vehicle, laboratory for pond water testing, and cold storage.
[bookmark: _Toc200307921]3.4.3 Strategies to improve fish farming
The findings in Table 4 indicated that the mass (66.7 %) of fish farmers in interviewed regions of Lesotho suggest that fish farming can be improved through direct involvement of the government in fish farming sector. Also other farmers (45.5 %) show that the sector can grow if farmers can be educated thereby being equipped with the necessary information required for better production. When significance was assessed, the Chi-Square test results indicated no significant association (P ≤ 0.05). The results are conforming to those of Obi et al. (2024) who realized that the growth of fish farming has been improved by increasing awareness through training fish farmers about the best practices including water quality management, and sustainable feeding strategies. In order to improve fish farming, disruptive technologies such as recirculatory aquaculture system and integrated agriculture need to be implemented (Yue et al., 2022).
[bookmark: _Toc198721642]TABLE 4: RATIONALE, OPPORTUNITIES AND CHALLENGES FACED BY FISH FARMERS
	CATEGORY
	CENTRAL%
	NORTH%
	SOUTH%
	S.E
	X2
	Sig

	Benefits

	Source of income
	50.0
	22.2
	27.8
	0.053
	0.950
	0.401

	Source of food
	100.0
	0.0
	0.0
	
	
	

	Challenges

	Lack of technical knowledge
	80.0
	0.0
	20.0
	0.229
	7.1
	0.313

	High cost of input
	50.0
	33.3
	16.7
	
	
	

	Diseases and predators
	0.0
	0.0
	100.0
	
	
	

	Water scarcity
	100.0
	0.0
	0.0
	
	
	

	Improvement of fish farming

	Educate farmers
	45.5
	27.3
	27.2
	0.114
	1.1
	0.514

	Involvement of government
	66.7
	11.1
	22.2
	
	
	


Footnote: X 2= Pearson Chi-Square value, Sig = Significant value, S.E = Standard error
[bookmark: _Toc200307922]4. CONCLUSION
Fish farming generate higher and more consistent income compared to other agricultural activities, and in some regions, women and youth are increasingly (83 .0%) participating in fish farming thereby improving gender equality and youth employment. In investigated regions of Lesotho, fish farmers (66.7 %) are not aware of the general management practices in fish farming that include; water quality parameter checks, disease prevention measures and sampling. Fish farming contributes to food and nutrition security (50.0 %), however farmers complain about high cost of inputs especially fish feeds and the harvesting nets. In order to improve fish farming farmers should be educated thereby being equipped with the necessary information required for better production
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