


Prevalence and antimicrobial resistance profiling of Staphylococcus aureus in irrigation waters in Aliero and Jega LGAs, Kebbi State, Nigeria
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This study assessed the microbiological quality of irrigation water in Jega and Alero Local Government Areas, focusing on well water fed and stagnant water-fed ponds. A total of 80 water samples were analyzed for bacterial contamination, with Staphylococcus aureus and Staphylococcus epidermidis identified as the most frequently isolated organisms. Stagnant water fed ponds exhibited significantly higher microbial loads, reaching a maximum of 1.8 × 10⁶ CFU/mL, and accounted for a greater proportion of bacterial isolates (63.4%) compared to well water-fed ponds (36.6%). S. aureus alone constituted 56.1% of all identified isolates, underscoring considerable public health and agricultural risks associated with the use of microbiologically contaminated irrigation water. Prolonged exposure to such water sources may facilitate the spread of waterborne pathogens, threatening both crop safety and consumer health. These findings emphasize the urgent need for routine microbiological monitoring, improved water management practices, and the implementation of targeted intervention strategies to effectively reduce microbial contamination levels within irrigation systems across the study areas.
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Introduction
The microbiological quality of irrigation water is a decisive factor of food safety and health of people. Irrigation water may provide a channel through which environmental pathogenic microorganisms are carried into crops and this becomes a major threat to the consumer when there is consumption of the contaminated produce (Malakar et al., 2019). Of particular interest in this group of pathogens is Staphylococcus aureus because of its capacity to survive in the environment, survival in diverse conditions and induction of foodborne infections and human infections (Phan et al., 2025). This fact is demonstrated by the occurrence of S. aureus in irrigation water and there is the likelihood that water sources are reservoirs of bacteria including antibiotic-resistant strains (Moussé et al., 2020). The irrigation systems which are dependent on stagnant water feeds which are housed in ponds or surface water source are particularly susceptible to microbial contamination. The reasons include the build-up of organic matter, the absence of water flow, the exposure to human and animal life, and the improper management of waste, which provide good environments to sustain and enhance the growth of bacteria. Pathogenic microorganisms are able to survive in such environments and there are high chances that they may contaminate crops irrigated by such sources of water (Alegbeleye, et al., 2018). Antimicrobial resistance is a new world issue, and the identification of resistant strains of S. aureus in irrigation water highlights the environmental aspect of the issue. Irrigation water contains resistant bacteria that may be used as a vehicle where antimicrobial resistance genes are transferred to other places by way of agricultural ecosystems and ultimately to people by consuming infected food (Meradji et al., 2025). The problem of resistance traits spread through indiscriminate use of antibiotics in human and animal population is further increased, and monitoring of irrigation water on the presence of resistant pathogens is an urgent health concern of the population (Stocker et al., 2025). Irrigation farming is the major part of agricultural production in Kebbi State, Nigeria, where the sources of irrigation of vegetables and crops are generally the well water fed ponds and stagnant water fed ponds. Although of significance, there is a dearth of information on the prevalence and antimicrobial resistance of S. aureus in such water sources (Sahabi et al., 2017). The presence and nature of S. aureus in irrigation water is also the key to creating measures that will reduce contamination, protect the quality of crops, and mitigate the threat of antimicrobial resistance transmission (Sassi et al., 2025). The current study was aimed at exploring the prevalence, distribution, and antimicrobial resistance pattern of Staphylococcus aureus on irrigation waters in Aliero and Jega Local Government Areas of Kebbi State. The study will offer essential information about the safety of irrigation water by analyzing the diverse sources of water and the microbial load present therein, inform the agricultural management activities and assist the health interventions of people in alleviating the risks of pathogenic and resistant bacteria in the agricultural setting.
Methodology
Study Areas
Aliero is a town in northern Nigeria's Kebbi State. Located in the southeast of Kebbi State 12°16′42″N 4°27′6″E (Soluap, 2023). The town is the headquarters of Aliero Local Government Area. Most of the people in Aliero LGA are farmers, with emphasis on vegetation, especially onion and pepper. The town has the largest onion market in northwest Nigeria and is a major producer of onions in Nigeria. Aliero town is surrounded by mango trees (Umar et al., 2023).
Jega local government area is domiciled in Kebbi State, North-west geopolitical zone of Nigeria and has its headquarters in the town of Jega. Jega LGA. It has an area of 891 km2 and a population of 193,352 at the 2006 census (Wikpedia, 2026). Farming is a major occupation of the people of Jega LGA with crops such as rice and wheat grown in large quantities within the area (Manpower Nigeria, 2023).
[bookmark: _Toc187234224]Collection of Samples
[bookmark: _Toc170379387][bookmark: _Toc185509382][bookmark: _Toc187234225]A total of 80 irrigation water samples, with 40 collected from each of two Local Government Areas, were obtained from eight different sites used for irrigation farming. In Aliero Local Government, samples were taken from Aleiro town, Sabiyal, Rafin Bauna, and Dan Warai, while in Jega Local Government; the sites included Gadan Omo, Yarga, Dan Gamaji, and Gadan Rowan Kanwa. The samples were collected in sterilized plastic containers and transported to the Microbiology Postgraduate Laboratory at Kebbi State University of Science and Technology, Aliero, for further analysis.
Microbiological Analysis
The water samples were serially diluted up to 10-4dilutions and plated on mannitol salt Agar plates. Zero point one millimeter (0.1ml) of diluted sample were spread onto the surface of mannitol salt Agar medium and incubate at 37ºC for 24 hours. After incubation, the plates were observed, and colonies were counted. A colony counter was employed, ensuring each colony was counted only once (Yadav et al., 2020). The original microbial count per unit volume was calculated based on the dilution factor and the number of colonies counted. Results were reported in colony-forming units per milliliter (CFU/ml).
 The formula can be expressed as:
CFU/ml = (Number of coloniesdilution factor) / volume of culture plate (Gunasekaran, 2007).
Given that:  0.1 mL, 14 colonies and the dilution factor for tube 4 which is 10,000
Using the formula:
CFU/mL=14colonies×10, 000 / 0.1 mL
CFU/mL=1, 40,000 / 0.1
CFU/mL=1,400,000. That is 1.4×106 in standard form.
Thus, the concentration of bacteria in the original sample, based on the colonies grown from tube 4, is 1.4×106 CFU/mL.
[bookmark: _Toc136932251]The subculture was done according to barges manual which a colony was picked from a culture plate using a sterilized wire loop, and transfer to a new prepared sterilized nutrient agar media using streak plate method (Gunasekaran, 2007).  Morphological characteristics were determined by Gram’s Staining.
[bookmark: _Toc170379389][bookmark: _Toc187234227]3.4.1 Gram Staining
A smear was prepared from the 24-hour culture of the pure colonies, where a pinch of well separated colony was placed directly into a drop of normal saline on a clean, dried, grease free slide, and then allowed to air-dry. The smear was heat-fixed by passing the slide over a Bunsen flame for three quick successions. Crystal violet solution was then applied and allowed to stand for one minute, then washed with slow-running tap water and then lugol’s iodine solution (mordant) was applied and allowed to act for also one minute. The slide was than washed with tap water and decolorized with 95% alcohol for 30sec. The slide was rinsed with tap water and then counterstained with safranin for another 30sec. The slides was finally rinsed with slow-running tap water, allowed to air-dry and then examined microscopically under oil immersion objective len (x100). Gram positive microorganisms appeared dark purple while gram negative microorganisms appeared pink. Their morphology and arrangement were also recorded (Thairu et al., 2014).
Result
[bookmark: _Toc187234243]Isolation of Bacteria
[bookmark: _Toc170379408]The study focuses on evaluating the quality of irrigation water in two local government areas, Jega and Aliero. A total of 80 water samples were analyzed, with 40 samples collected from each area. The sampling strategy ensured that the water sources commonly used for irrigation in these localities specifically, well water fed ponds and stagnant water fed ponds were included. This comprehensive approach aimed to provide a representative understanding of the water quality and the presence of microbes across both regions.
To enhance the accuracy of the findings, water samples were collected from four distinct locations within each local government area. This systematic sampling helped capture variations in environmental conditions and microbial contamination across different parts of Jega and Aliero.
The findings related to the environmental characteristics of the irrigation water sources, along with the results of microbial isolation from these samples, are presented in Tables 1 and 2. These tables summarize the types of water sources assessed, the conditions under which they were sampled, and the microbial isolates identified, offering valuable insights into the water quality and potential risks associated with microbial contamination in these irrigation systems.
The analysis of microbial contamination in irrigation water sources revealed notable differences in microbial loads between stagnant water fed ponds and well water fed ponds in the study areas of Jega and Aliero. Using serial dilution and quantifying colony-forming units (CFUs) at a dilution factor of 10⁻⁴, the results indicated that stagnant water fed ponds consistently harbored the highest number of microbial colonies per sample in both regions.
The findings, detailed in Tables 3 and 4, demonstrate a significant disparity in colony counts between the two types of water sources. Stagnant ponds exhibited a substantially greater microbial load than well water-fed ponds, reflecting the susceptibility of stagnant water to microbial proliferation due to its environmental conditions.
This elevated microbial contamination in stagnant water fed ponds raises concerns about potential health and agricultural risks. The use of these water sources for irrigation in Jega and Aliero could introduce pathogenic microorganisms into the food supply chain or agricultural ecosystems, emphasizing the need for targeted interventions and improved water management practices to mitigate these risks.



Table 1: Frequency of occurrence for positive samples of S. aureus in Jega
	[bookmark: _Toc187234244]S/N
	Sample Sites
	No. of Samples Examined n (%)
	No. of Positive Samples n (%)

	1
	Gadan Omo
	Well water fed pond: 5 (12.5%)
Stagnant water fed pond: 5 (12.5%)
	Well: 1 (20.0%)
Stagnant: 2 (40.0%)

	2
	Yarga
	Well water fed pond: 5 (12.5%)
Stagnant water fed pond: 5 (12.5%)
	Well: 2 (40.0%)
Stagnant: 3 (60.0%)

	3
	Dan Gamaji
	Well water fed pond: 10 (25.0%)
	Well: 6 (60.0%)

	4
	Gadan Ruwan Kanwa
	Well water fed pond: 5 (12.5%)
Stagnant water fed pond: 5 (12.5%)
	Well: 3 (60.0%)
Stagnant: 4 (80.0%)

	Total
	
	40 (100%)
	18 (43.9%)


Table 2: Frequency of occurrence for positive samples of S. aureus in Aliero
	S/N
	Sample Sites
	No. of Samples Examined n (%)
	No. of Positive Samples n (%)

	1
	Aliero
	Well water fed pond: 5 (12.5%)
Stagnant water fed pond: 5 (12.5%)
	Well: 3 (60.0%)
Stagnant: 5 (100%)

	2
	Sabiyal
	Well water fed pond: 5 (12.5%)
Stagnant water fed pond: 5 (12.5%)
	Well: 1 (20.0%)
Stagnant: 4 (80.0%)

	3
	Rafin Bauna
	Well water fed pond: 5 (12.5%)
Stagnant water fed pond: 5 (12.5%)
	Well: 2 (40.0%)
Stagnant: 5 (100%)

	4
	Dan Warai
	Well water fed pond: 10 (25.0%)
	Well: 6 (60.0%)

	Total
	
	40 (100%)
	23 (56.1%)









Table 3: Colony Forming Units (CFU/mL) of S. aureus Isolates of Jega and Aliero L.G.A
	Sample ID
	Number of Colonies Counted
	CFU/mL

	JWFP32
	8
	8 × 10⁵

	JWFP27
	9
	9 × 10⁵

	JWFP10
	6
	6 × 10⁵

	JSFP35
	14
	1.4 × 10⁶

	JSFP18
	16
	1.6 × 10⁶

	JSFP11
	13
	1.3 × 10⁶

	JSFP28
	15
	1.5 × 10⁶

	JSFP6
	14
	1.4 × 10⁶

	AWFP35
	5
	5 × 10⁵

	AWFP22
	7
	7 × 10⁵

	AWFP9
	7
	7 × 10⁵

	AWFP27
	6
	6 × 10⁵

	AWFP14
	4
	4 × 10⁵

	AWFP2
	5
	5 × 10⁵

	ASFP18
	17
	1.7 × 10⁶

	ASFP11
	12
	1.2 × 10⁶

	ASFP30
	15
	1.5 × 10⁶

	ASFP5
	13
	1.3 × 10⁶

	ASFP40
	18
	1.8 × 10⁶

	ASFP33
	11
	1.1 × 10⁶

	ASFP28
	14
	1.4 × 10⁶

	ASFP13
	16
	1.6 × 10⁶

	ASFP24
	15
	1.5 × 10⁶


KEY: JSFP = Aliero Stagnant Fed-pond; AWFP =Aliero Well-fed Pond; Jega Stagnant Fed-	pond; JWFP = Jega Well-fed Pond.






Table 4: Colony Forming Units (CFU/mL) of S. epidermidis Isolates of Jega and Aliero L.G.A
	Sample ID
	Number of Colonies Counted
	CFU/mL

	JSFP39
	16
	1.6 × 10⁶

	JSFP37
	14
	1.4 × 10⁶

	JSFP24
	13
	1.3 × 10⁶

	JWFP9
	7
	7 × 10⁵

	JWFP21
	8
	8 × 10⁵

	JWFP5
	5
	5 × 10⁵

	AWFPF34
	4
	4 × 10⁵

	AWFPF25
	3
	3 × 10⁵

	AWFPF12
	5
	5 × 10⁵

	ASFPF26
	17
	1.7 × 10⁶

	ASFPF8
	12
	1.2 × 10⁶

	ASFPF37
	16
	1.6 × 10⁶

	ASFPF21
	14
	1.4 × 10⁶

	ASFPF7
	15
	1.5 × 10⁶

	ASFPF19
	17
	1.7 × 10⁶

	ASFPF36
	12
	1.2 × 10⁶

	ASFPF10
	15
	1.5 × 10⁶

	ASFPF29
	13
	1.3 × 10⁶


KEY: JSFP = Aliero Stagnant Fed-pond; AWFP =Aliero Well-fed Pond; Jega Stagnant Fed-	pond; JWFP = Jega Well-fed Pond.
Frequency of occurrence of S. aureus and S. epidermidis among the two different water sources.
The frequency of occurrence of S. aureus and S. epidermidis was observed among the two distinct water sources. Among the 41 isolates (51.25%), S. aureus was the predominant organism, identified in 23 cases (56.10%), and followed by S. epidermidis, with a prevalence of 18 cases (43.90%). The bacterial isolates were most frequently found in samples from stagnant water fed ponds, accounting for 26 cases (63.41%), followed by samples from well water fed ponds, which accounted for 15 cases (36.59%). Regarding S. aureus specifically, it was predominantly isolated from stagnant water fed pond samples, comprising 14 cases (53.85%), while it was least isolated from well water fed pond samples, with 9 cases (60.00%).




[bookmark: _Toc170379409][bookmark: _Toc187234245]Table 5: Distribution of S. aureus and S. epidermidis among different water sources
	Organisms
	Well water fed pond n (%)
	Stagnant water fed pond n (%)
	Total n (%)

	S. aureus
	9 (39.13%)
	14 (60.87%)
	23 (56.10%)

	S. epidermidis
	6 (33.33%)
	12 (66.67%)
	18 (43.90%)

	Total
	15 (36.59%)
	26 (63.41%)
	41 (100%)


Prevalence of S. aureus according to samples sites based on the two studied L.G.A
Among the 23 S. aureus isolates, 15 (65.22%) were from Aliero Local Government Area, and 8 (34.78%) were from Jega Local Government Area. Analysis of the prevalence of S. aureus by sample site revealed that stagnant-fed ponds had the highest prevalence in Jega Local Government Area, at 62.50%, while Aliero Local Government Area had the lowest prevalence at 60.00%. Furthermore, the prevalence of S. aureus in well-fed ponds showed that Aliero Local Government Area had the highest prevalence at 40.00%, compared to Jega Local Government Area with 37.50%.
Table 6: Prevalence of S. aureus according to sample sites based on the two studied L.G.A
	Samples
	Aliero n (%)
	Jega n (%)
	Total n (%)

	Well water fed pond
	6 (40.00%)
	3 (37.50%)
	9 (39.13%)

	Stagnant water fed pond
	9 (60.00%)
	5 (62.50%)
	14 (60.87%)

	Total
	15 (65.22%)
	8 (34.78%)
	23 (100%)


Discussion
The Findings of this study revealed the presence of S. aureus in the irrigation water, which correspond to previous studies that reported the prevalence of S. aureus in surface water sources globally (Porrero et al., 2014; Silva et al., 2021). The isolation of S. aureus from these water sources emphasizes the role of contaminated irrigation water as a potential reservoir of pathogenic microorganisms. Surface waters, often subjected to human and animal waste contamination, act as a vehicle for pathogens like S. aureus, presenting a significant risk to crop safety and public health. This aligns with earlier research by Mola et al., (2021) who identified rivers and other surface waters as key contributors to microbial contamination in agricultural practices. The presence of S. aureus highlights a critical need for regular monitoring of water quality in agricultural settings.
Out of the forty (40) irrigation water samples analysed from Jega Local Government, only 18 samples showed a positive growth of S. aureus and S. epidermidis. While from the forty (40) irrigation water samples of Aliero Local Government, only 23 samples were positive. The result corresponds with the study of Alegbeleye et al, (2018) in São Paulo, Brazil, that showed different bacteria, fungi viruses, and parasites that contaminate irrigation water, of which S. aureus was among the listed bacteria founded. However, this study disagrees with the study of Van Der Fels-Klerx et al, (2020) in Netherland which showed no presence of S. aureus in the irrigation water studied. Also a similar study by (Oladipo, 2020) in Potchefstroom, South Africa and Ile Ife, Nigeria confirmed the presence of multi drug resistant S. aureus in irrigation water. Additionally, a report by Moussé et al. (2020) from market gardening products and irrigation water in Cotonou confirmed a higher percentage of well water for irrigation about (53.85%) than of this study which recorded (36.59%).
The results for colony count using the dilution factor of 10-4 shows that, stagnant water fed pond samples have higher level of contamination by having high number of colonies counted than samples from well water fed pond with the lower number of counted colonies as shown in Table 3 and 4. This is due to its environmental conditions and exposure to pollutants, as several factors such as; lack of movement and aeration, accumulation of organic matter, lack of filtration and direct human or animal contact.
The occurrence of S. aureus and S. epidermidis among the two different water sources, namely well water fed pond and stagnant water fed pond were   41  isolates: 23 (56.10%) were S aureus while 18 (43.90%) isolates were S. epidermidis. This result is similar to the study of Goldstein et al, (2017). Who isolated methicilin resistant Staphylococcus aureus, Yadav et al, (2020) also isolated S. aureus from outdoor water. Out of the 23 S. aureus isolates, 15 (65.22%) were isolated from Aliero Local Government Area, while 8 (34.78%) were from Jega Local Government Area. Examination of the occurrence of S. aureus based on sampling locations indicated that stagnant water fed ponds exhibited the highest prevalence in Jega Local Government Area, standing at 62.50%, whereas Aliero Local Government Area demonstrated the lower prevalence at 60.00%. Additionally, the prevalence of S. aureus in well water fed ponds indicated that Aliero Local Government Area recorded the highest prevalence at 40.00%, in contrast to Jega Local Government Area with 37.50%. This study corresponds to the study of Akpo & Mukoro (2020) who reported the presence of gram positive bacteria such as S. aureus, S. epidermidis and Actinomyces indicating human and animal activities which are carried out in the water, since they are mostly normal flora.
The results for screening the identified S. aureus isolates for resistance to commonly used antibiotics indicated a substantial number of isolates exhibiting resistance to one or more antibiotics, highlighting the growing challenge of antimicrobial resistance (AMR) in environmental samples. Resistance to commonly used antibiotics such as Amoxacillin and Levofloxacin was particularly alarming, given that these drugs are critical in managing S. aureus associated infections. The resistance patterns observed in this study mirror findings from other regions where S. aureus isolates displayed multidrug resistance profiles (Bougnom et al., 2020).
The high prevalence of resistant strains underscores the potential impact of indiscriminate antibiotic use in humans and livestock, leading to the dissemination of resistance genes into environmental water sources. These findings align with the World Health Organization’s (WHO) global priority pathogens list, which identifies methicillin resistant S. aureus (MRSA) and vancomycin resistant S. aureus (VRSA) as significant threats requiring urgent intervention (WHO, 2017). The presence of such resistant strains in irrigation water raises concerns about the broader implications for food safety, agricultural sustainability, and public health.
Conclusion
This study illustrates that irrigation water sources in Alero and Jega Local Government Areas are also intermittently polluted with bacterial species, especially Staphylococcus aureus and Staphylococcus epidermidis. Ponds that had stagnant water had a high level of microbial loads and had a higher percentage of bacterial isolates than the well water fed ponds indicating their susceptibility to microbial proliferation. The most common isolate was S. aureus with 56.10% of all bacterial isolates and most commonly recovered in stagnant ponds, which suggests a health and agricultural risk. The results highlight the importance of better water management and continuous monitoring of the sources of irrigation to reduce the value of introducing the pathogenic bacteria into the agricultural system and the food chain as a whole in these areas.
Recommendations
Based on the results of this study, it is advised that water sources used in irrigation like stagnant water fed ponds in Jega and Alero Local Government Areas should be regularly monitored with respect to microbes to identify and control contamination. To reduce water contamination, farmers and other concerned authorities ought to put in place measures of water treatment, including regular disinfection or filtration and embrace good water management practices. Also, sensitization efforts ought to be undertaken to sensitize the nearby farmers about the dangers of using contaminated water to irrigate their farms and the need to ensure hygienic sources of water. It is also recommended to conduct further research to identify existence of certain pathogenic bacteria and its possible effects on crop safety and health.
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