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Abstract 

Earthen pond aquaculture remains the dominant production system for Nile tilapia (Oreochromis niloticus) in resource-

constrained regions, yet inappropriate pond siting continues to undermine productivity and sustainability. This study assessed 

fish farmers’ knowledge, attitudes, and practices (KAP) regarding pond site suitability prior to GIS-based suitability modelling 

in Kisumu County, Kenya. A cross-sectional survey of 309 earthen-pond fish farmers was conducted, and KAP responses were 

analysed using descriptive statistics, multiple linear regression, and multivariate techniques (Principal Component Analysis and 

Factor Analysis). Results revealed marked imbalances in farmers’ KAP. Knowledge was relatively high for water availability 

indicators, particularly proximity to rivers and groundwater access, but consistently low for critical water quality parameters 

(dissolved oxygen, salinity, and pH) and soil quality attributes (organic matter, nitrogen, clay content, and cation exchange 

capacity). Attitudes strongly favoured water security, flood avoidance, and market proximity, while water chemistry and soil 

fertility received weak endorsement. Practices mirrored these patterns, with limited water and soil quality testing but high 

consideration of socio-economic and visually observable land characteristics. Multiple linear regression showed that farmer age, 

household income, prior aquaculture training, and extension visits were significant predictors of KAP, jointly explaining 81% of 

the observed variation. PCA and Factor Analysis further identified four latent dimensions structuring site-selection decision-

making: water availability and quality, land and soil characteristics, socio-economic feasibility, and training and extension 

support. The findings demonstrate that pond site selection among smallholder farmers is driven primarily by experiential and 

economic considerations, with insufficient integration of technical biophysical criteria. Strengthening targeted training, extension 

services, and access to affordable water and soil testing tools is therefore essential to improve site-selection decisions and enhance 

the sustainability of Nile tilapia pond aquaculture. 
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1. Introduction 

Earthen pond culture entails the use of natural or man-made 

depressions in terrestrial landscapes to rear fish under semi-

controlled conditions. This production system represents one 

of the oldest and most widely adopted forms of aquaculture 

globally, with documented origins in ancient China more than 

a millennium ago and subsequent diffusion across Asia, Eu-

rope, and Africa [1, 2]. Despite the emergence of intensive and 

recirculating systems, earthen ponds remain dominant in low- 

and middle-income regions due to their technical simplicity 

and cost efficiency. The continued popularity of earthen ponds 

is largely attributed to their low construction and maintenance 

costs, adaptability to diverse climatic conditions, flexibility in 

size and layout depending on local site characteristics, and 

suitability for culturing a wide range of freshwater fish species 

[3-5]. 

Globally, inland freshwater aquaculture accounts for over 

60% of total aquaculture production, with an even higher con-

tribution in Africa where inland systems dominate national aq-

uaculture outputs [6]. Within these systems, Nile tilapia (Ore-

ochromis niloticus) and African catfish (Clarias gariepinus) 

constitute the principal cultured species in earthen ponds 

across Sub-Saharan Africa, owing to their fast growth, envi-

ronmental tolerance, and market acceptability [7-9]. 

Pond site selection is a critical determinant of aquaculture 

productivity, environmental performance, and economic via-

bility. Appropriate site assessment enables optimization of wa-

ter quality, pond hydrology, construction costs, and long-term 

sustainability [10, 11]. Site suitability for earthen ponds is 

commonly conceptualized as the interaction of four key do-

mains: water availability and quality, soil characteristics, land-

scape features, and socio-economic conditions [7, 12, 49]. Wa-

ter supply must be both reliable and suitable, as it directly gov-

erns fish survival, growth, and pond ecosystem functioning. 

For Nile tilapia, optimal production is generally achieved at 

water temperatures of 28–32°C, pH values between 6.5 and 

8.5, and dissolved oxygen concentrations of at least 5 mg L⁻¹, 

with low salinity preferred under freshwater pond conditions 

[7, 13, 14]. 

Soil properties are equally important in determining pond 

performance, particularly with respect to water retention, nu-

trient cycling, and pond fertility. Clay or clay-loam soils con-

taining at least 20% clay are recommended to minimize seep-

age and enhance pond stability, while adequate organic matter 

and nutrient content support natural food production [12, 49]. 

Landscape features such as gentle slopes (approximately 1–

2%) facilitate drainage and reduce erosion risks, whereas sites 

prone to flooding or excessive elevation variability may com-

promise pond integrity [15]. In addition, land-use planning is 

essential to avoid conflicts with agriculture, settlements, and 

environmentally sensitive areas [12]. Socio-economic factors 

including proximity to roads, availability of labour, access to 

markets, and availability of organic manure strongly influence 

operational costs, profitability, and management feasibility of 

pond-based aquaculture [9, 16]. 

The knowledge, attitudes and practices (KAP) of fish farm-

ers regarding pond site suitability play a central role in deter-

mining whether these ecological and technical requirements 

are adequately considered in practice. Within aquaculture re-

search, KAP has increasingly been applied as a diagnostic 

framework to assess farmer awareness, perceptions, and deci-

sion-making behaviour in relation to recommended manage-

ment practices, particularly in small-scale systems [17, 18]. 

Previous studies in Kenya and the wider region have docu-

mented substantial knowledge gaps among fish farmers re-

garding critical water-quality parameters such as dissolved ox-

ygen, temperature, and pH, as well as key soil properties in-

fluencing pond productivity [19-23]. However, comparatively 

limited attention has been paid to farmers’ KAP concerning 

water availability, landscape characteristics, and socio-eco-

nomic considerations that directly shape pond site-selection 

decisions. 

Construction of earthen ponds in sub-Saharan Africa has 

been guided by biophysical recommendations for many years, 

yet poor site selection has contributed to low productivity and 

high failure rates. Thus, the literature has largely emphasized 

technical standards including water quality, soil characteris-

tics, and topography, but with limited empirical evidence on 

how farmers perceive and prioritize these standards in actual 

site-selection decisions [24, 25]. Specifically, relatively few 

studies combine farmers’ KAP with multivariate analytical 

techniques to quantify site-suitability awareness as influenced 

by socio-demographic and institutional factors. Additionally, 

the connection between farmer decision processes and GIS-

based site-suitability modelling remains under-examined. The 

current research addresses these gaps by evaluating farmers’ 

KAP on Nile tilapia (O. niloticus) pond location suitability in 

Kisumu County, Kenya, and by identifying key determinants 

of KAP using regression and multivariate analyses to 

strengthen the evidence base for farmer diagnostics in design-

ing and extending sustainable aquaculture plans. 

2. Research Methodology 

2.1. Research Design 

The study adopted a descriptive cross-sectional research de-

sign to assess fish farmers’ knowledge, attitudes, and practices 

(KAP) regarding criteria used to evaluate the suitability of 

sites for earthen pond culture of Oreochromis niloticus. De-

scriptive cross-sectional designs are appropriate for systemat-

ically describing characteristics of a population and examin-

ing existing conditions without manipulating variables, 

thereby enabling an objective assessment of perceptions and 

practices within a defined context [26, 27]. 
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2.2. Study Area 

The study was conducted in Kisumu County, located in 

western Kenya within the Lake Victoria Basin. The county lies 

between latitudes 0°20′ South and 0°50′ South and longitudes 

33°20′ East and 35°20′ East (Figure 1). Kisumu County is bor-

dered by Nandi County to the north-east, Vihiga County to the 

north-west, Kericho County to the east, Homa Bay County to 

the south, and Siaya County to the west. The county covers a 

total area of 2,676.5 km2, representing approximately 0.46% 

of Kenya’s total land area, of which about 567 km2 is occupied 

by Lake Victoria. The remaining 2,109.5 km2 constitutes ter-

restrial land suitable for agriculture and aquaculture activities 

[28]. 

Administratively, Kisumu County comprises seven sub-

counties: Kisumu East, Kisumu West, Kisumu Central, 

Muhoroni, Nyando, Seme, and Nyakach, with a total of 35 

wards. According to the 2019 Kenya Population and Housing 

Census, Kisumu County has a population of 1,155,574 per-

sons, comprising 556,942 males (49.0%), 594,609 females 

(51.0%), and 23 intersex persons, with an average population 

density of approximately 550 persons km-2 [29]. 

Kisumu County experiences a modified subtropical climate 

characterized by long rains from March to May and short rains 

from September to November. Mean annual temperatures 

range between 23°C and 33°C, conditions that fall within the 

optimal thermal requirements for O. niloticus pond culture. 

Annual rainfall varies from approximately 1,000–1,800 mm 

during the long rainy season and 450–600 mm during the short 

rains. Altitude ranges from about 1,144 m above sea level in 

the low-lying plains to 1,525 m above sea level in Maseno and 

upper Nyakach areas. These conditions collectively make Ki-

sumu County a suitable region for earthen pond aquaculture 

in Kenya. 

The study area comprises a mix of urban and peri-urban 

sub-counties (Kisumu Central, Kisumu East and Kisumu West) 

and predominantly rural sub-counties (Muhoroni, Nyando, 

Nyakach and Seme), reflecting differing land-use pressures 

and aquaculture intensification patterns across the county 

 
Figure 1. A Map of Kisumu County (the study area) and the map of Kenya. 

2.3. Target Population and Sample Size 

The target population comprised households engaged in 

fish farming within Kisumu County. A county-wide survey of 

fish ponds was conducted between January and April 2022, 

covering all 35 wards. During this survey, a total of 1,350 

households with earthen ponds were identified, geo-refer-

enced using GPS, and recorded on a digitized platform. 

The required sample size was determined using Yamane’s 

formula for estimating sample size from a finite population 

[30]: 

21

N
n

Ne



 

Where: 

n = required sample size 

N = total population size (Fish farmers at the household 

level) 

e = level of precision (sampling error), set at 0.05 

Thus the sample size was calculated as: 

http://www.sciencepg.com/journal/aff


Agriculture, Forestry and Fisheries http://www.sciencepg.com/journal/aff 

 

70 

2

1350 1350 180
308.57

1 3.375 4.3751 1350 0.05
n    

 
 

Therefore, the sample size was 309 households. 

2.4. Sampling Design 

A proportionate stratified random sampling design was 

used to select respondents. The total population of 1,350 pond-

owning households was first stratified by sub-county, with the 

seven sub-counties treated as strata to ensure adequate repre-

sentation of spatial variability in aquaculture practices and 

ecological conditions across Kisumu County [31, 32]. Re-

spondents were allocated proportionally to each sub-county 

based on its share of pond-owning households. Within each 

stratum, households were selected using simple random sam-

pling, ensuring equal probability of inclusion. 

Proportionate stratification minimized sampling bias and 

improved precision of estimates compared to simple random 

sampling alone [32, 33]. The distribution of sampled house-

holds is presented in Table 1. 

Table 1. Population distribution and sample size of pond-owning households by sub-county (n = 309). 

Sub-county Pond-owning households (N) Proportion (%) Sample size (n) 

Kisumu East 122 9.0 28 

Kisumu Central 75 5.6 17 

Kisumu West 102 7.6 23 

Muhoroni 425 31.5 97 

Nyakach 202 15.0 46 

Nyando 265 19.6 61 

Seme 159 11.8 37 

Total 1,350 100 309 

 

2.5. Research Instruments, Validity and 

Reliability 

Data were collected using a structured researcher-adminis-

tered questionnaire (interview schedule) designed to capture 

farmers’ KAP regarding six key criteria influencing earthen 

pond site suitability. Items were developed based on estab-

lished aquaculture site-selection guidelines and KAP survey 

literature. Content validity was established through expert re-

view by researchers with expertise in aquaculture systems, 

fisheries extension, and survey methodology. Feedback 

guided refinement of wording and structure prior to final ad-

ministration [27, 34]. 

Instrument reliability was assessed using Cronbach’s alpha 

coefficient, based on a pilot test conducted among households 

not included in the final analytical sample. A Cronbach’s al-

pha value of ≥ 0.60 was considered acceptable for exploratory 

KAP research [35, 36]. 

2.6. Methods of Data Collection 

A cross-sectional household survey was conducted using a 

structured interview schedule administered by trained enu-

merators. This approach enhanced completeness of responses, 

minimized item non-response, and ensured clarity of ques-

tions during administration, particularly where technical pond 

site suitability concepts were involved [26]. 

2.7. Ethical Considerations 

The study adhered to principles of responsible research con-

duct, including informed consent, confidentiality, voluntary 

participation, objectivity, and respect for respondents’ rights 

[37]. Ethical approval and authorization to conduct the study 

were obtained from the National Commission for Science, 

Technology and Innovation (NACOSTI) prior to data collec-

tion. 

2.8. Data Analysis and Scoring of the 

Instrument 

Attitude statements were measured using a five-point Likert 

scale ranging from 1 (Strongly Disagree) to 5 (Strongly 

Agree). Mean scores were interpreted as negative (1.00–2.49), 

neutral (2.50–3.49), or positive (3.50–5.00) attitudes [38, 39]. 

Quantitative data were coded, cleaned, and analyzed using 

SPSS version 26 and Microsoft Excel. Descriptive statistics 

(frequencies, percentages, means, and standard deviations) 

were used to summarize demographic characteristics and KAP 
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responses. 

Composite indices were constructed for each KAP compo-

nent as follows: knowledge scores were computed by assign-

ing 1 to correct responses and 0 to incorrect/“don’t know” re-

sponses and standardized to percentages; attitude scores were 

derived from Likert-scale items with reverse-coding for nega-

tively worded statements; practice scores were computed by 

assigning 1 to appropriate practices and 0 to inappropriate 

practices and aggregated into a composite index. 

Multiple linear regression was used to examine relation-

ships between socio-demographic characteristics and compo-

site KAP scores. Separate models were fitted for knowledge, 

attitude, and practice scores as dependent variables, while age, 

education level, aquaculture training, years of fish-farming 

experience, and sub-county were included as predictors. Re-

gression coefficients (β), standard errors, and significance lev-

els were used to assess magnitude and direction of associa-

tions. Model fit was evaluated using R2 and model signifi-

cance assessed using F-tests. Assumptions of linearity, nor-

mality, multicollinearity, and homoscedasticity were evalu-

ated before analysis [40]. 

Exploratory factor analysis was considered; however, given 

the a priori conceptual grouping of KAP items and the diag-

nostic nature of the study, composite indices were constructed 

directly. 

3. Results 

3.1. Socio-Demographic Background 

The socio-demographic characteristics of the surveyed fish-

farming households are summarized in Table 2. Overall, fish 

farming in Kisumu County was largely dominated by older 

adults, within the age 51–65-years category, followed by those 

above 65 years. There was low youth involvement in earthen 

pond aquaculture (18–35 years). Males constituted approxi-

mately two-thirds of respondents, indicating a male-domi-

nated sector. 

Most respondents reported primary or secondary education, 

implying basic literacy. Household sizes ranged from small to 

medium (typically below five members), with implications for 

family labour availability. Incomes were generally low, with 

most households reporting less than USD 100 per month, 

highlighting the resource constraints faced by small-scale fish 

farmers. Occupations were diverse, but a notable proportion 

reported technical engagement, which likely relates to pond 

construction, maintenance, or aquaculture-related skilled 

work. 

Table 2. Socio-demographic characteristics of earthen-pond fish farmers in Kisumu County, Kenya (n = 309). 

Variable Response category Frequency (n) % 

Age (years) 18–35 16 5.2 

 36–50 58 18.9 

 51–65 171 55.2 

 Above 65 64 20.8 

Gender Male 203 65.6 

 Female 106 34.4 

Level of education None 13 4.2 

 Primary 117 37.7 

 Secondary 163 52.9 

 Tertiary 16 5.2 

Household size <3 106 34.4 

 3–5 117 37.7 

 6–10 48 15.6 

 11–20 38 12.3 

Household income (US$ / month) <50 149 48.1 

 50–100 91 29.2 

 101–200 59 18.9 

 201–500 10 3.3 
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Variable Response category Frequency (n) % 

Occupation None 59 18.9 

 Salaried employment 38 12.3 

 Casual labour 42 13.7 

 Self-employed 26 8.5 

 Technical expert 128 41.5 

 Business 16 5.2 

Source: Field survey, 2022 

3.2. Farmers’ Knowledge, Attitudes and 

Practices (KAP) on Suitability of Pond 

Siting 

3.2.1. Farmers’ Knowledge of Pond Site Suitability 

Factors (n = 309) 

Farmers’ knowledge of site suitability factors was assessed 

across five criteria domains: water availability, water quality, 

soil quality, land characteristics, and socio-economic factors 

(Table 3). Knowledge was highest for water availability fac-

tors, particularly the importance of proximity to rivers and 

groundwater availability, while the role of distance to lakes 

showed greater uncertainty. Knowledge of water quality pa-

rameters was uneven: temperature was relatively well recog-

nized, whereas dissolved oxygen, salinity, and pH were poorly 

understood by most farmers. Knowledge of soil quality indi-

cators (organic matter, total nitrogen, clay content, and cation 

exchange capacity) was consistently low, with the majority in-

dicating uncertainty. For land characteristics, farmers showed 

moderate awareness of slope and land use, but weaker recog-

nition of elevation and flood risk. Awareness of socio-eco-

nomic considerations was mixed, with market access more 

recognized than roads, labour, or manure-related considera-

tions. 

Table 3. Fish farmers’ knowledge of site suitability factors for Nile tilapia earthen ponds in Kisumu County, Kenya (n = 309). 

Criteria Factor Yes n (%) No n (%) Not sure n (%) 

Water availability 
Precipitation 163 (52.8) 34 (10.8) 112 (36.3) 

Groundwater availability 179 (58.0) 31 (9.9) 99 (32.1) 

 Distance to lake 109 (35.4) 16 (5.2) 184 (59.4) 

 Distance to rivers 239 (77.4) 33 (10.8) 37 (11.8) 

Water quality Temperature 162 (52.4) 49 (16.0) 98 (31.6) 

 Salinity 29 (9.4) 18 (5.7) 262 (84.9) 

 Water pH 130 (42.0) 48 (15.6) 131 (42.5) 

 Dissolved oxygen (DO) 13 (4.2) 25 (8.0) 271 (87.7) 

Soil quality Organic matter 19 (6.1) 31 (9.9) 259 (84.0) 

 Total nitrogen 18 (5.7) 23 (7.5) 268 (86.8) 

 Clay content 12 (3.8) 25 (8.0) 272 (88.2) 

 CEC 18 (5.7) 38 (12.3) 253 (82.1) 

Land characteristics 
Elevation 49 (16.0) 45 (14.6) 215 (69.3) 

Slope 159 (51.4) 18 (5.7) 132 (42.9) 

 Land use 165 (53.3) 16 (5.2) 128 (41.5) 

 Flooding risk 48 (15.6) 28 (9.0) 233 (75.5) 
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Criteria Factor Yes n (%) No n (%) Not sure n (%) 

Socio-economic factors 

Distance to roads 22 (7.1) 19 (6.1) 268 (86.8) 

Availability of labour 31 (9.9) 19 (6.1) 259 (84.0) 

Availability of manure 57 (18.4) 61 (19.8) 191 (61.8) 

 Access to market 163 (52.8) 34 (10.8) 112 (36.3) 

Source: Field survey, 2022 

3.2.2 Farmers’ Attitudes Towards Site Suitability 

Factors (n = 309) 

Attitudinal responses (Table 4) showed that respondents 

strongly valued stable water supply, particularly accessible 

groundwater and reliable rainfall. There was moderate agree-

ment that proximity to rivers and lakes supports pond water 

supply. In contrast, attitudes towards routine water quality 

monitoring were weaker: while respondents generally agreed 

that temperature supports tilapia growth, perceptions were 

neutral-to-weak regarding monitoring salinity, pH, and dis-

solved oxygen, indicating limited emphasis on water quality 

testing at pond establishment and during operation. 

Soil-related attitudes suggested greater appreciation for 

physical suitability (clayey soils for water retention) than for 

chemical fertility indicators (organic matter, nitrogen, and 

CEC). Land attributes received strong support for avoiding 

floods and preferring gentle slopes, while elevation and land-

use planning were less strongly endorsed. Among socio-eco-

nomic factors, market proximity was the strongest driver, 

whereas labour, manure access, and roads were rated more 

modestly, implying that profitability signals are clearer to 

farmers than enabling infrastructure and input constraints. 

Table 4. Fish farmers’ attitudes towards site suitability factors for Nile tilapia earthen ponds in Kisumu County, Kenya (n = 309), Responses: 

SD = Strongly Disagree; D = Disagree; N = Neutral; A = Agree; SA = Strongly Agree. 

Factor Statement SDn Dn Nn An SAn Mean SD 

Water 

availability 

Rainfall is critical for ensuring consistent pond water supply 9 15 33 79 173 4.27 0.90 

Groundwater should be readily accessible for fish pond sit-

ing 
10 12 19 71 197 4.40 0.89 

Proximity to lakes improves pond water supply 17 28 35 188 41 3.67 0.75 

 Proximity to rivers is an essential factor for site selection 7 22 35 178 67 3.89 0.90 

Water quality Optimal water temperature enhances tilapia growth 17 17 35 172 73 3.84 0.94 

 
Salinity negatively affects fish health and should be consid-

ered 
70 31 45 143 20 3.04 1.08 

 Water pH should be tested before pond establishment 79 48 79 53 50 2.83 0.95 

 
Dissolved oxygen levels affect fish survival and should be 

monitored 
66 39 89 106 9 2.85 1.13 

Soil quality Organic matter content improves pond soil fertility 55 66 66 111 11 2.86 1.06 

 
Total nitrogen levels should be known before pond construc-

tion 
66 64 48 123 8 2.82 1.21 

 
Clayey soils are ideal for pond construction due to water re-

tention 
13 22 48 157 69 3.80 0.94 

 CEC is an important soil property for ponds 108 74 83 33 11 2.24 1.28 

Land character-

istics 

Elevation affects water drainage and fish growth 51 121 45 82 10 2.61 0.97 

Gentle slopes are preferred for pond stability 9 47 33 184 36 3.62 0.83 

 Land use planning is important before pond establishment 22 57 69 149 13 3.24 0.72 
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Factor Statement SDn Dn Nn An SAn Mean SD 

 Flood-prone areas should be avoided when siting ponds 13 18 18 125 135 4.14 0.84 

Socio-economic 

factors 

Closeness to roads enhances market access and reduces 

transport cost 
53 61 93 90 12 2.83 0.76 

 
Availability of labour influences pond management effec-

tiveness 
106 85 49 60 9 2.29 0.87 

 
Availability of manure enhances pond fertilization and 

productivity 
73 58 32 130 16 2.86 0.89 

 Nearness to market improves profitability of fish farming 16 18 39 61 175 4.17 0.66 

Response scale: SD = strongly disagree; D = disagree; N = neutral; A = agree; SA = strongly agree. 

Source: Field survey, 2022 

3.2.3. Farmers’ Practices on Pond Site Suitability 

Criteria (n = 309) 

Farmers’ reported practices (Table 5) indicated moderate 

consideration of water availability indicators, but consistently 

low implementation of water quality monitoring, particularly 

pH and salinity testing. Soil testing practices remained un-

common across all chemical and physical indicators. Land 

features were more frequently incorporated into decision-

making, especially slope and land use, suggesting stronger 

farmer attention to visible physical attributes. Socio-economic 

considerations were the most frequently applied, especially 

manure and labour availability and market survey activities, 

indicating that logistical and cost-related realities strongly 

shape farmer practice even when technical knowledge is lim-

ited. 

Table 5. Farmers’ practices regarding pond site suitability criteria for Nile tilapia earthen pond farming in Kisumu County, Kenya (n = 309). 

Criteria Practice Yes n (%) 

Water availability Recorded rainfall amount 147 (47.6) 

 Assessed groundwater availability 143 (46.2) 

 Considered distance to lake 152 (49.1) 

 Considered distance to rivers 111 (35.8) 

Water quality Measured water temperature 99 (32.1) 

 Measured water salinity 49 (16.0) 

 Measured water pH 48 (15.6) 

 Measured dissolved oxygen (DO) 114 (36.8) 

Soil quality Assessed organic matter 80 (25.9) 

 Assessed total nitrogen 36 (11.8) 

 Assessed clay content 39 (12.7) 

 Assessed CEC 33 (10.8) 

Land characteristics Measured/considered elevation 154 (50.0) 

 Measured/considered slope 195 (63.2) 

 Considered land use 207 (67.0) 

 Considered flooding risk 159 (51.4) 

Socio-economic factors Considered distance to roads 149 (48.1) 

 Considered availability of labour 244 (78.8) 
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Criteria Practice Yes n (%) 

 Considered availability of manure 260 (84.0) 

 Conducted market survey 226 (73.1) 

Source: Field survey, 2022 

3.3. Relationships Between Farmers’ Individual 

Factors and KAP Level 

3.3.1. Regression Assumption Diagnostics 

Before estimating the multiple linear regression model, the 

key assumptions of linear regression were evaluated to ensure 

that the parameter estimates and inferential tests were valid. 

Diagnostic checks covered multicollinearity, normality of re-

siduals, homoscedasticity, linearity, and independence of er-

rors. 

Multicollinearity was assessed using the Variance Inflation 

Factor (VIF). As shown in Appendix I, all predictors returned 

low VIF values (approximately 1.03–1.25), which is well below 

commonly applied cut-offs (e.g., 5 or 10), indicating that pre-

dictor redundancy was minimal and that the model coefficients 

could be interpreted without concern for unstable variance in-

flation. Normality of residuals was evaluated using a Q–Q plot 

of standardized residuals and a Shapiro–Wilk test. The Q–Q 

plot (Appendix II) showed residual points closely tracking the 

reference line, consistent with approximately normal residual 

distribution. The Shapiro–Wilk result was non-significant (p > 

0.05), supporting the graphical indication that the residuals did 

not depart meaningfully from normality. Homoscedasticity 

(constant variance of errors) was examined through a standard-

ized residuals-versus-fitted-values plot. The diagnostic plot 

(Appendix III) displayed an approximately random scatter 

around zero without systematic widening or narrowing of vari-

ance across fitted values, suggesting that the homoscedasticity 

assumption was satisfied. Linearity between KAP scores and 

each predictor was assessed using partial regression plots and 

residual-based linearity checks. The plots (Appendix IV) did 

not show obvious curvature or systematic non-linear patterns, 

indicating that the linear functional form used in the model was 

appropriate for the observed relationships. Independence of er-

rors was tested using the Durbin–Watson statistic. The Durbin–

Watson value (approximately 2.0; Appendix V) fell within the 

acceptable range for independence, suggesting no evidence of 

autocorrelation in residuals. 

These diagnostics indicate that the main assumptions for 

multiple linear regression were adequately met, supporting the 

suitability of the regression model for examining determinants 

of farmers’ KAP levels. 

 

3.3.2. Model Analysis Results for the Influence of 

Farmers' Characteristics on KAP 

A multiple linear regression model was fitted to examine 

the extent to which farmer and household characteristics pre-

dicted overall KAP scores on earthen pond site suitability for 

Nile tilapia. The model included eight predictors: farmer age, 

gender, education level, household size, household income, 

occupation, prior aquaculture training, and extension visits. 

The regression model was statistically significant (Table 6), 

explaining a large share of variation in KAP (R2 = 0.824; ad-

justed R2 = 0.810), indicating strong overall explanatory 

power in the study context. 

Farmer age was positively and significantly associated with 

KAP (β = 0.29, p < 0.001), implying that KAP scores in-

creased with increasing age. Household income also showed 

a positive and significant association with KAP (β = 0.26, p < 

0.001), suggesting that financially better-resourced house-

holds were more likely to exhibit stronger KAP profiles. The 

variable prior aquaculture training had the strongest positive 

association with KAP scores (β = 1.99, p = 0.001). This result 

highlights the crucial role of training in improving farmers’ 

understanding of site suitability. Extension visits were also 

positively and significantly associated with KAP (β = 1.43, p 

< 0.001), indicating that households receiving more frequent 

extension contact tended to report better KAP outcomes. By 

contrast, gender, education level, household size, and occupa-

tion were not statistically significant predictors in this model 

(Table 6). 

Table 6. Multiple Linear Regression Analysis of Factors Influencing 

Fish Farmers' Knowledge, Attitudes, and Practices (KAP) on 

Earthen Pond Site Suitability for Nile Tilapia Culture (n = 309). 

Model Summary    

Multiple R 0.908   

R2 0.824   

Adjusted R2 0.810   

Standard Error 0.487   

ANOVA (F(8, 300) F = 48.9 p < 0.001  

Unstandardized Coef-

ficients 

Standardized 

Coefficients 
t p-value 

Variable B Std. Error Beta 
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Model Summary    

Intercept 9.84 1.15 - 

Farmer age 0.29 0.04 0.62 

Gender 0.15 0.58 0.03 

Education -0.05 0.08 -0.06 

Household size 0.06 0.12 0.05 

Income 0.26 0.02 0.71 

Occupation 0.04 0.23 0.01 

Prior aquaculture 

training 
1.99 0.58 0.29 

Extension visits 1.43 0.27 0.42 

3.3.3. Principal Component Analysis (PCA) and 

Factor Analysis 

To complement the regression findings and further 

strengthen inference on how site-suitability considerations 

cluster conceptually, Principal Component Analysis (PCA) 

and Factor Analysis were conducted on standardized KAP-re-

lated variables. These multivariate techniques were used to 

identify latent dimensions that summarize how multiple site 

selection criteria co-vary, thereby revealing the dominant 

“packs” of knowledge and perceptions shaping farmers’ deci-

sion-making. 

PCA results supported the retention of four components, 

based on eigenvalues > 1 and the clear elbow pattern in the 

scree plot (Figure 2). 

 
Figure 2. Scree plot showing eigenvalues and component retention for PCA of KAP variables. 

The four retained components jointly explained 72.4% of 

the total variance in the KAP variable set (Table 7), indicating 

substantial dimensional reduction while preserving most of 

the information in the original variables. 

Table 7. Total variance explained by principal components derived from PCA of KAP variables. 

Component Eigenvalue % of Variance Cumulative % 

PC1 (Water availability and quality) 4.15 29.2 29.2 

PC2 (Land and soil characteristics) 3.12 22.3 51.5 

PC3 (Socio-economic factors) 2.01 14.4 65.9 

PC4 (Extension and training) 1.45 6.5 72.4 

 

The relative contribution of each component to the ex-

plained variance is visualized in Figure 3, which shows that 

the first two components account for the largest share of vari-

ance, highlighting the dominance of biophysical and land-

based considerations in the overall structure. 
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Figure 3. Percentage contribution of principal components to total 

variance in farmers’ KAP. 

The rotated solution (Varimax rotation) improved interpret-

ability and revealed coherent groupings of variables (Table 8). 

The first component (PC1) captured water availability and wa-

ter quality considerations, with strong loadings for groundwa-

ter availability and water pH, indicating that water-related 

suitability knowledge and beliefs tend to co-occur. The second 

component (PC2) represented land and soil characteristics, 

with high loadings for soil organic matter, clay content, eleva-

tion, and slope, reflecting the clustering of physical site attrib-

utes relevant to pond construction and water retention. The 

third component (PC3) reflected socio-economic feasibility, 

with market access and labor availability loading strongly, 

consistent with the prominence of practicality and transaction 

costs in smallholder decision-making. The fourth component 

(PC4) summarized institutional support, dominated by train-

ing and extension variables, highlighting that information ac-

cess and advisory services form a distinct latent dimension 

that shapes farmers’ capability to apply appropriate criteria. 

Table 8. Varimax-rotated component matrix for KAP variables. 

Variable PC1 Water & Quality PC2 Land & Soil PC3 Socio-economic PC4 Training & Extension 

Groundwater availability 0.85 0.09 0.12 0.05 

Water pH 0.82 0.12 0.20 0.02 

Soil organic matter 0.19 0.75 0.14 0.13 

Clay content 0.08 0.78 0.23 0.17 

Elevation 0.15 0.76 0.12 0.03 

Slope 0.25 0.80 0.22 0.14 

Market access 0.10 0.13 0.81 0.17 

Labor availability 0.13 0.04 0.80 0.07 

Prior aquaculture training 0.04 0.17 0.10 0.91 

Extension visits 0.16 0.12 0.09 0.93 

Loadings ≥ 0.60 indicate strong associations. 

The PCA biplot (Figure 4) visually reinforces the rotated 

component structure by showing how variables align with the 

principal component axes, clarifying which variables cluster 

together and which dimensions dominate the variance struc-

ture. To further validate the PCA-derived structure, Factor 

Analysis was performed using principal axis factoring with 

Varimax rotation, and the extracted factor solution mirrored 

the PCA pattern, confirming four latent constructs correspond-

ing to water-related suitability, land/soil suitability, socio-eco-

nomic feasibility, and institutional support. 

The conceptual relationships among these four latent fac-

tors are summarized visually in the factor-loading schematic 

(Figure 5). The strongest latent dimensions emphasize (i) wa-

ter availability/quality, (ii) land and soil attributes, (iii) socio-

economic feasibility, and (iv) training and extension support, 

providing a structured basis for targeting interventions partic-

ularly those that strengthen technical training and extension 

contact while improving farmer understanding of less visible 

biophysical indicators (e.g., water chemistry and soil fertility 

properties). 
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Figure 4. PCA biplot illustrating relationships between KAP varia-

bles and principal components. 

 
Figure 5. Conceptual factor-loading diagram showing four latent 

factors influencing pond site suitability decisions. 

4. Discussion 

4.1. Farmers’ Knowledge on Pond Site 

Suitability 

This study assessed farmers’ knowledge of pond site suita-

bility prior to GIS-based modelling for Nile tilapia (Oreo-

chromis niloticus) earthen ponds, revealing substantial varia-

tion across site-suitability criteria. Overall, farmers demon-

strated relatively strong awareness of water availability and 

selected land characteristics but showed limited understanding 

of water and soil quality parameters (Table 3). This uneven 

knowledge structure indicates that site selection decisions are 

primarily driven by visible and experience-based factors ra-

ther than physicochemical considerations. 

High recognition of proximity to rivers (77.4%) and 

groundwater availability (58.0%) confirms that reliable water 

access remains the most salient determinant of pond siting 

among smallholder farmers. Similar patterns have been re-

ported across Ghana, Nigeria, and East Africa, where proxim-

ity to permanent water sources strongly influences aquacul-

ture site selection and investment behaviour [41-43]. In semi-

humid and semi-arid systems, predictable water supply re-

duces production risk and therefore dominates farmers’ deci-

sion frameworks. 

Conversely, knowledge of key water quality parameters 

particularly dissolved oxygen, salinity, and pH was consist-

ently low, with more than 80% of respondents uncertain about 

dissolved oxygen and salinity (Table 3). This mirrors findings 

from Nigeria and Kenya showing that smallholder tilapia 

farmers often lack basic water chemistry knowledge due to 

limited technical training and inadequate access to monitoring 

equipment [44, 45]. Yet these parameters are critical determi-

nants of fish survival, growth performance and feed conver-

sion efficiency [46]. The disconnect between water availabil-

ity and water quality therefore represents a major vulnerability 

in pond site-selection practices. 

Knowledge gaps were even more pronounced for soil qual-

ity indicators. Most farmers were uncertain about the im-

portance of organic matter, nitrogen, clay content and cation 

exchange capacity (CEC). Similar trends have been docu-

mented across African aquaculture systems, where subsurface 

pond-site characteristics are rarely evaluated because farmers 

have limited training and weak access to soil testing services 

[47, 48]. However, soil texture and fertility strongly influence 

seepage rates, nutrient cycling, and primary productivity in 

earthen ponds [49]. Limited awareness of these biophysical 

drivers increases the probability of sub-optimal site selection 

and long-term pond underperformance or failure. 

Moderate awareness of slope and land use reflects farmers’ 

reliance on visual assessment rather than quantitative evalua-

tion, consistent with observations from Uganda and Ethiopia 

where farmers evaluate topography informally [50]. Socio-

economic factors, particularly market access, were more 

widely recognized, reinforcing the importance of value-chain 

integration in pond site selection [51]. Overall, the persistent 

uncertainty regarding technical criteria highlights major 

knowledge gaps that may constrain pond productivity and sus-

tainability unless addressed through structured extension and 

targeted farmer training.. 

4.2. Farmers’ Attitudes Towards Pond Site 

Suitability 

Farmers’ attitudes further reinforce the centrality of water 

availability in pond site suitability (Table 4). Strong agreement 

regarding the importance of groundwater access and rainfall 

confirms that farmers prioritize water security as a prerequi-

site for successful aquaculture. Groundwater likely received 

higher valuation because it provides a more reliable supply 

compared to increasingly variable rainfall patterns, a trend 

consistently reported across Sub-Saharan Africa [52]. While 
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rainfall was recognized as important for replenishing ponds, 

its unpredictability under climate variability creates substan-

tial production risks [53]. Moderate attitudes toward proxim-

ity to rivers and lakes may reflect concerns about seasonal 

fluctuations, water quality variability and access restrictions 

associated with surface water bodies [54]. 

Attitudes toward water quality management were notably 

weaker. Although optimal temperature was widely recognized 

likely because its effects on fish growth are directly observa-

ble salinity, pH and dissolved oxygen received neutral to weak 

endorsement. This suggests limited appreciation of less visible 

chemical stressors, consistent with findings from smallholder 

aquaculture systems where water testing is perceived as tech-

nically demanding or financially inaccessible [55, 56]. Soil-

related attitudes followed a similar pattern: clayey soils were 

valued due to their water-retention attributes, reflecting farm-

ers’ emphasis on physical soil traits [54]. In contrast, the low 

importance assigned to organic matter, nitrogen and CEC de-

viates from evidence that pond-bottom fertility is a key driver 

of natural productivity and fish performance [5]. This discrep-

ancy may be explained by increasing reliance on external feed 

inputs and limited farmer exposure to soil fertility and pond 

ecology concepts. 

Strong attitudes toward flood avoidance and gentle slopes 

align with best-practice recommendations given the risks of 

pond damage and fish loss in flood-prone areas [52]. Market 

proximity emerged as the most strongly endorsed socio-eco-

nomic determinant, reflecting the importance of profitability 

and transaction cost minimization in pond investment deci-

sions [57]. Collectively, these attitudes indicate a pragmatic 

prioritization of operational security and economic returns 

over long-term biophysical optimization. 

4.3. Farmers’ Practices on Pond Site Suitability 

Reported practices closely mirrored the observed 

knowledge and attitudes (Table 5). Farmers moderately as-

sessed water availability indicators such as rainfall, ground-

water presence and distance to lakes, but systematic water 

quality monitoring was uncommon. Fewer than 40% of farm-

ers measured temperature, dissolved oxygen, salinity or pH, 

consistent with studies across Kenya and other African con-

texts where monitoring is constrained by cost, equipment un-

availability, and inadequate extension support [12,58]. Lim-

ited water quality monitoring exposes ponds to stress, disease 

outbreaks and mortality events [24]. Poor dissolved oxygen 

conditions, inappropriate pH or salinity stress can severely 

compromise tilapia growth, survival and profitability [18]. 

Thus, low adoption of water monitoring reflects both technical 

limitations and a tendency to prioritize visible socio-economic 

considerations over less observable environmental risks. 

Soil-quality assessment practices were even less prevalent. 

Fewer than 26% of farmers assessed organic matter, and less 

than 13% evaluated nitrogen, clay content or CEC. Similar 

findings have been reported in Ethiopia and Tanzania where 

farmers rely on visual inspection rather than scientific soil 

analysis due to limited service access and weak technical 

training [59]. These practices heighten risks of seepage losses, 

poor pond fertility and structural failure. 

In contrast, land characteristics such as slope, elevation, 

land use and flood risk were more commonly considered. 

These indicators are visually observable and directly linked to 

construction cost and physical vulnerability, making them 

more accessible without specialized tools [60, 61]. Socio-eco-

nomic practices showed the highest adoption levels, particu-

larly manure availability, labour access and market surveys, 

reflecting a pragmatic focus on feasibility and integrated farm-

ing systems typical of smallholder aquaculture [8, 24]. How-

ever, excessive emphasis on economic feasibility at the ex-

pense of environmental suitability may compromise sustaina-

bility and long-term productivity. 

4.4. Modelling the Influence of Farmers’ 

Characteristics on KAP 

Regression results demonstrate that farmer age, household 

income, prior aquaculture training, and extension visits are 

significant predictors of KAP, jointly explaining 81% of the 

observed variation (Table 7). The positive association between 

age and KAP suggests that experiential learning improves 

site-suitability awareness, consistent with studies linking 

farming experience to better decision-making and technology 

adoption [62, 3]. Household income emerged as a strong pre-

dictor, highlighting how financial capacity enables access to 

inputs, advisory services and training [63]. Prior aquaculture 

training showed the strongest effect on KAP, underscoring the 

importance of structured capacity-building in strengthening 

technical understanding of site suitability. Extension visits fur-

ther reinforced KAP outcomes, confirming the role of advi-

sory support in translating knowledge into practice [64, 65]. 

The non-significance of gender, formal education, house-

hold size and occupation suggests that practical exposure and 

institutional support outweigh demographic attributes in shap-

ing site suitability behaviour. This supports evidence that for-

mal education alone does not guarantee adoption of techni-

cally sound practices without targeted training and extension 

[66]. 

4.5. Integrating Multivariate Insights into Site 

Suitability Decision-Making 

The PCA and Factor Analysis results (Tables 8-9; Figures 

2-5) complement the regression findings by revealing four la-

tent dimensions structuring farmers’ KAP: water availability 

and quality, land and soil characteristics, socio-economic fea-

sibility, and training and extension support. The dominance of 

water-related and land-based components explains farmers’ 

prioritization of visible and immediately actionable criteria, 

while water chemistry and soil fertility remain weakly inte-

grated. 
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The convergence of regression and multivariate analyses 

strengthens confidence in the robustness of these findings and 

supports a holistic interpretation of pond site suitability as an 

interaction between environmental, economic, and institu-

tional factors. Importantly, the identification of training and 

extension as a distinct latent dimension highlights their lever-

age potential for improving sustainable aquaculture outcomes 

5. Conclusions 

The findings indicate that there is a wide range of involve-

ment in various variables such as the availability of water, the 

quality of water, the quality of soil, the nature of land as well 

as the socio-economic factors. On the whole, the results sug-

gest that socio-economic and land traits are more emphasized, 

whereas technical evaluation based on water and soil quality 

is not that widespread. The imbalance that was observed be-

tween socio-economic/land-based factors and technical water 

and soil quality measures requires holistic extension plans. 

There are knowledge gaps in water and soil monitoring that 

should be addressed by training programs and their im-

portance to fish health and the sustainability of ponds should 

be stressed. The sale of cheap water and soil testing kits and 

formation of community resource centers may be effective in 

ensuring that the practice is adopted widely to enhance better 

selection of pond site by farmers. Additionally, the combina-

tion of farmer field schools and participatory practices might 

make it practical and promote the best practices (FAO, 2018). 

The infrastructure support of rural areas such as roads and 

markets continues to be critical to the maintenance of socio-

economic benefits and the promotion of technical enhance-

ments. 

The results of the current study can give a clear guidance to 

policy makers and development practitioners who seek to en-

hance the production of Nile tilapia by ensuring that better 

pond sites are selected. To begin with, the most important el-

ements to be prioritized in capacity building include specific 

training and frequent extension assistance because these insti-

tutional variables proved to have the most significant associa-

tions with KAP. Another consideration should also be tailoring 

training to need of younger farmers who might be less experi-

enced. Secondly, the economic support systems that can help 

in uplifting the household income of farmers may indirectly 

increase KAP and adoption of the appropriate pond site prac-

tices. Microfinance or subsidies or cooperative plans may en-

able farmers to invest in better infrastructures of ponds and 

inputs. Third, the positive effect of farmer age demonstrates 

the role of incorporating older farmers into peer learning and 

mentorship work in order to share practical knowledge among 

the communities. Lastly, in future studies, the obstacles to 

adoption of water and soil quality measurements, such as so-

cio-cultural, economic, and institutional, should be investi-

gated to develop more specific interventions. 
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Appendix 

Appendix I: Variance Inflation Factor (VIF) 

and Multicollinearity Diagnostics 

Table A1. Variance Inflation Factor (VIF) values for predictors in-

cluded in the regression model. 

Predictor VIF 

Farmer age 1.21 

Gender 1.08 

Education level 1.12 

Household size 1.03 

Household income 1.25 

Occupation 1.10 

Prior aquaculture training 1.18 

Extension visits 1.22 

Appendix II: Normality Diagnostics (Q–Q Plot 

of Standardized Residuals) 

 
Figure A1. Normal Q–Q plot of standardized residuals. The stand-

ardized residuals closely follow the reference line, indicating approx-

imate normal distribution and satisfying the normality assumption of 

linear regression. 

 

 

 

Appendix III: Homoscedasticity (Residuals vs 

Fitted Plot) 

 
Figure A2. Scatter plot of standardized residuals versus fitted values. 

Residuals show random dispersion around zero with no visible fun-

neling or systematic pattern, confirming homoscedasticity. 

Appendix IV: Linearity Diagnostics (Partial 

Regression Plots) 

 
Figure A3. Partial regression plot illustrating linear relationship be-

tween predictor and KAP score. The absence of curvature or system-

atic deviation confirms the appropriateness of the linear functional 

form. 

Appendix V: Independence of Errors (Durbin–

Watson Test) 

Durbin–Watson statistic ≈ 2.01, indicating independence of 

residuals and absence of autocorrelation. 
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