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PATHOGENICITY OF FUNGI SPECIES ASSOCIATED WITH THE SPOILAGE OF IRISH POTATO SOLD WITHIN BIRNIN KEBBI TOWN


ABSTRACT
Irish potatoes (Solanum tuberosum L) are nourishing tubers, highly perishable and susceptible to microbial spoiling and waste due to a lack of adequate storage strategies. This study isolated and identified the fungus species responsible for Solanum tuberosum rotting and determined the pathogenicity of each fugal isolate on healthy Irish potato tubers. Total of thirty (30) spoiled Irish potato tubers were collected from three (3) separate sellers: Badariya, Bello Way, and Gwadangaji areas of Birnin Kebbi. Serial dilution of the samples were performed and inoculated on sterile PDA medium using pour plate method of inoculation. The plates were incubated at room temperature (270C) for six (6) days. The isolates were identified based on their macroscopic and microscopic characteristics. The total fungal count for Bello Way, Badariya, and Gwadangaji was 5.7 ± 4.05, 5.7 ± 3.52, and 5.0 ± 2.65 TFC/g, respectively. Mold isolates discovered were Aspergillus niger 9 (39.13%), Fusarium solani 6 (26.09%), Penicillium digitatum 4 (17.39%), Rhizopus oryzae 1 (4.34%), and Mucor spp 2 (8.70%). Among the other isolates, Aspergillus niger had the highest frequency and percentage of 9 (39.13%). The five fungal isolates had varying average degrees of pathogenicity, with Aspergillus niger causing the most extensive and rapid spoiling (6.8 cm), followed by Fusarium solani (6.2 cm), Penicillium digitatum (6.0 cm), Mucor spp. (4.6 cm), and Rhizopus oryzae (4.5 cm). In conclusion, mold is responsible for the spoilage of Irish potatoes marketed within Birnin Kebbi; therefore, proper handling of potato tubers is required to mitigate fungal infection.
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INTRODUCTION
Irish potatoes (Solanum tuberosum L.) Nigeria, also known as Dankalin Turawa in Hausa, Anama Ebo in Yoruba, and Jiunu Bekia in Igbo, is a nutritional tuber that is highly perishable and prone to fungal spoilage and waste due to a lack of appropriate storage techniques [1, 2]. Despite their nutritious value, tubers have a short storage life, usually less than four weeks in the tropics. Their skin is easily damaged during harvest and post-harvest handling, making the crops very susceptible to microbial deterioration [3, 4, 5, 6]. Irish potatoes (Solanum tuberosum L.) are a dicotyledonous annual herbaceous plant from the Solanaceae family [7]. Irish potatoes are believed to have originated in the Andes highlands of South America, specifically Bolivia and Peru. It eventually spread across Europe in the sixteenth century. [8] report that it was introduced to Africa in the nineteenth century. Irish potatoes were introduced to Nigeria by Europeans in the late nineteenth and early twentieth centuries, particularly by tin workers on the Jos Plateau. Jos Plateau, Kano, Zaria, Mambila, Biu, and Obudu highlands are the most major potato-producing areas in Nigeria [7].
About 95% of overall production of Irish potato originates from the Jos Plateau [9] with high nutritional value, with tubers containing 14.2% carbohydrate, 4.7% protein, 5% ash, 0.7% fat, 0.8% fiber, 69% vitamin, 1% calcium, 14% iron, 6% magnesium, 8% phosphorus, 9% potassium, and 6% sodium [10, 11, 9, 1]. African farmers encounter numerous obstacles in the cultivation of food and income crops. Some of these limits include poor soils, inadequate farming practices, the adoption of local varieties, land tenure, and disease and insect damage [3]. The most significant of these limits is post-harvest deterioration of farm products; of the several tons gathered, only a fraction is used, while the majority is lost to post-harvest illnesses, particularly rot diseases: Alternaria solani (early blight) is a pathogenic fungus linked to post-harvest Irish potato tuber rot, Rhizogospora subtranea (Powdery Scab), Fusarium roseum and Fusarium solani (fusarium rot disease), Helminthosporium solani (skin blemish disease), Colletotrichuma tramentarium (black rot disease), Aspergillus niger, Pythium ultimum (Pythium tuber rot disease), Phytophthora erythroseptica (Pink rot disease), and Phytophthora infestans (late blight disease) [8]. Disease mechanisms vary significantly depending on the causal agents and, in certain cases, the plant. Parasitic illnesses are usually caused by a metabolite exchange between a parasite and the invaded host plant [12, 13, 14, 15].
This study was carried out to detect the fungal contaminants of Irish potato sold within Birnin Kebbi town and to determine the level of pathogenicity of the isolates on healthy Irish potato.
METHODOLOGY
Study Area
This research is carried out in Kebbi State University of Science and Technology Aliero. Kebbi State, Nigeria. The study covers Birnin Kebbi, a city in northwestern Nigeria. Birnin Kebbi is the capital of Kebbi State and the seat of the Gwandu Emirate Council. The city has an estimated population of 150,000 people [16]. The state is primarily inhabited by Hausa and Fulani people [17, 18]. The city's topography is distinguished by flat and high undulating landscape with compact stony brown soil. The climate is characterized by thick dust and relative cold, with an average annual temperature of 42°C [19]. The hottest months are typically March and April. Farmers make up the majority of Birnin Kebbi's population, with an emphasis on farming crops such as onions and peppers [20, 21].
Sample Collection
Thirty (30) samples of spoiled Irish potato tubers are readily gathered in sterile polythene bags from three (3) separate sellers in Birnin Kebbi: Bello Way, Badariya, and Gwadangaji areas. The samples are promptly taken to the microbiology laboratory of the Department of Microbiology, Kebbi State University of Sciences and Technology Aliero, for isolation and identification.
Isolation of Fungi from Spoilt Irish Potato
Samples were first washed by running tap water. A suitable size of spoiled Solanum tuberosum (Irish potato tuber) was carefully sliced with a sterile blade, then disinfected in 70% ethanol and washed in sterile distilled water. Sliced portions were then plated on sterile Potatoes Dextrose Agar (PDA) media, with 2% streptomycin added to suppress bacterial growth. The media was aseptically put into sterile Petri dishes and left to harden before being incubated at 27°C for six (6) days. Each colony was subcultured on PDA media to produce pure mold colonies. The fungal isolates were identified macroscopically and microscopically by comparing them to standard mycological charts, and a microscopy technique was employed to examine the form and configurations of hyphae, conidia, and conidia pores [22, 23, 24, 14].
Macroscopy and Microscopic Identification of the Isolates
Using Biolog’s GEN III MicroPlate, the isolates were identified by comparing their morphological and cultural traits following the methods of [25, 26, 27]. A wet mount was used to identify the isolate under a microscope. On a spotless slide, a drop of lactophenol blue was placed. Using a sterile wire loop, a portion of the isolate was emulsified in the lactophenol blue. This was carried out on separate slides for every isolate. A binocular microscope with x10 and x40 lenses was used to identify each isolate [14, 28].
Tests for Pathogenicity of Fungal Isolates
Healthy potato tubers were infected with the fungus isolated from spoilt potatoes. The potato tubers were bored with a 2mm sterile cork borer. The tubers' cores were then replaced after each of the isolated fungi was introduced into them. For one week, the inoculated tubers were kept at 27°C and 80% relative humidity [24]. A scale of 0–5 was used to evaluate the severity of the condition, and the amount of rotting was measured in centimeters [29, 14]. The control group contained only PDA and no fungus, whereas the fungi were re-isolated from the tubers and compared to the original isolates.
Data Analysis
Using the Instat GraphPad software version 21 for data analysis, this study used chi-square to calculate the mean and standard deviation in addition to the frequency of occurrence and percentage.
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Table 1: Total Fungal Count of mold spp Isolated from Solanum tuberosum
Total Fungal Count (TFC) results indicate that samples from Bello Way and Badariya had the greatest TFC, with mean values of 5.7 ± 3.52 and 5.7 ± 4.05 CFU/g, respectively. However, samples from Gwadangaji had a lower TFC, with a mean value of 5.0 ± 2.65 CFU/g. The TFC varied significantly within each area, according to the standard deviation (S.D.) values. Variations in handling, storage, and environmental conditions could be the cause of this discrepancy. With mean TFC values ranging from 5.0 to 5.7 CFU/g as indicated in Table 1, the results further imply that the fungal load was comparatively high in all three regions.
Table 1: Total Fungal Count of mold spp Isolated from Solanum tuberosum
	Sample (Area) 
	Dilution Factor
	Number of 
Colonies 
	Total Fungal Count
(TFC/g) 
	Mean ± S.D. 

	Bello way
	102
	9
	9 x 102
	5.7 ± 3.52

	
	104
	6
	6 x 104
	

	
	106
	2
	2 x 106
	

	Badariya
	102
	10
	1.0 x 103
	5.7 ± 4.05

	
	104
	5
	5 x 104
	

	
	106
	2
	2 x 106
	

	Gwadangaji
	102
	8
	8 x 102
	5.0 ± 2.65 

	
	104
	4
	4 x 104
	

	
	106
	3
	3 x 106
	


Key: TFU/g (Total Fungal Count/gram), Mean ± S.D (Mean ± Stand Deviation) 
Table 2: Percentage Frequency of occurrence of Fungi Isolated from Spoilt Irish potato 
The percentage and frequency of occurrence of fungus isolated from spoiled Irish potatoes were displayed in the results in Table 2. According to the findings, the most frequent and percentage occurrence of fungus species linked to Irish potato spoiling are Aspergillus niger 9(39.13%), Fusarium solani 6(26.09%), Penicillium digitatum 4(17.39%), and Mucor spp 2(8.70%) while Rhizopus oryzae 1 (4.34%) were less common. 
Table 2: Frequency of occurrence and Percentage of Fungi Isolated from Spoilt Irish potato sold within Birnin Kebbi town
	Isolates
	Frequency of Occurrence
	% Occurrence of Isolates

	Aspergillus niger
	9
	39.13

	Fusarium solani
	6
	26.09

	penicillium digitatum
	4
	17.39

	Rhizopus oryzae
	1
	4.34

	Mucor spp
	2
	8.70

	Total
	23
	100%



Table 3: Pathogenicity of fungi isolates on Solanum tuberosum
Table 3 Indicated that the fungal isolates persisted in infecting and degrading the potato tubers over time. The pathogenicity of the isolates over Solanum tuberosum revealed that the degree of spoiling rose with the number of storage days. Different levels of pathogenicity were shown by the five fungal isolates. Aspergillus niger caused the most extensive spoilage (average of 6.8 cm), followed by Fusarium solani (average of 6.2 cm), Penicillium digitatum (average of 6.0 cm), Mucor spp. (average of 4.6 cm), and Rhizopus oryzae (average of 4.5 cm). Across the various samples and storage times, the deterioration patterns for every fungal isolate were largely the same. 
Table 3: Pathogenicity of fungi isolates on healthy Solanum tuberosum tubers
	No. of days 
	A. niger
	F. solani 
	P. digitatum 
	Mucor spp
	R. oryzae

	7 
	6.0
	5.0
	5.0
	4.1
	4.1

	8
	6.4
	5.2
	5.0
	4.1
	4.1

	9
	6.7
	5.4
	6.0
	4.5
	4.2

	10
	7.0
	6.0
	6.0
	4.5
	4.5

	11
	7.0
	6.2
	6.2
	4.7
	4.5

	12
	7.0
	7.0
	6.2
	4.9
	4.7

	13
	7.2
	7.5
	6.5
	5.0
	4.9

	14
	7.2
	7.5
	7.0
	5.0
	5.0

	Average
	6.8
	6.2
	6.0
	4.6
	4.5



Key: A. niger (Aspergillus niger), F. solani (fusarium solani), P. digitatum	 (Penicillium digitatum) and R. oryzae (Rhizopus oryzae)  
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DISCUSSION
Potato tubers mostly suffer from postharvest losses as a result of physical, physiological, or pathological factors [30]. One of the principal factors responsible for losses during storage of potatoes has been reported to include infection by microorganisms resulting in tuber decay [31]. Fungi and bacteria causing rots in potato have been reported to produce a wide range of hydrolytic enzymes such as cellulases, pectinases, xylanases, and proteases, which contribute to the degradation of carbohydrate and protein contents of potatoes tubers, thereby causing spoilage [32].
This research recorded the total fungal counts from all samples collected. Samples from Badariya showed (5.7 ± 4.05) and Bello Way (5.7 ± 3.52) Mean±SD, had higher total fungal count than that of Gwadangaji (5.0 ± 2.65). This might be due to differences in the handling methods, the hygienic practices of the fruits vendors, storage conditions, and temperature might also have played a significant role in fungal contamination. The fungal load reported in the current study (5.7 ± 4.05 and 5.7 ± 3.52) is lower than that reported by [33], who found a fungal load of 7.2 × 10^4 CFU/g on fruits. According to [33], improper handling and poor hygiene practices by vendors contributed to a higher fungal load on fruits. Research by [34] reported that fungal contamination of Irish potatoes was influenced by factors such as handling methods, storage conditions, and hygiene practices. A similar study by [35] also observed that the handling practices of the vendors, including washing and cleaning, significantly impacted the microbial load on tubers.
This research isolated mold species that caused appreciable spoilage in spoilt potato tubers samples. The isolates were identified using a standard Biolog’s microbial identification at the genus level. The five species identified were: Aspergillus niger, Fusarium solani, Penicillium digitatum, Rhizopus oryzae, and Mucor spp. Aspergillus niger is a common fungal species associated with spoilage of Irish potatoes, while Fusarium solani is a known pathogen of Irish potatoes, causing a range of symptoms including rot, wilt, and tuber decay. More so, Penicillium digitatum is a common fungal species associated with spoilage of Irish potatoes, particularly in storage, and Mucor spp. are known to cause spoilage of Irish potatoes, particularly in warm and humid environments. These findings highlight the importance of proper storage, handling, and inspection of Irish potatoes to minimize the risk of fungal contamination and reduce postharvest losses. According to [36], the presence of Aspergillus spp., Fusarium spp., and Penicillium species in potatoes can lead to contamination and spoilage, resulting in significant economic losses. Rhizopus and Mucor species are common causes of postharvest rot and deterioration of potatoes as reported by [37]. Aspergillus, Fusarium, and Penicillium species are known to produce mycotoxins, which can be toxic to humans and animals [38]. [39] reported that the presence of mycotoxins in potatoes can pose a significant risk to human health. Research by [40] mentioned that the presence of fungi in potatoes can reduce their nutritional value, making them less suitable for consumption. Findings by [41, 42, 43] isolated similar fungi from potatoes.
The current study also showed that Aspergillus species is the dominant species isolated. This is similar to the finding of [44], who isolated fungi associated with storage rot of Irish potato tubers in Sokoto State, where R. stolonifer, Aspergillus niger, A. flavus, F. oxysporum, Penicillium species, M. racemosus, and Alternaria alternata were found to be the contaminants of the tubers. Another study by [45] identified Rhizopus oryzae, Fusarium redolens, Butryodiplodia theobromae, Fusarium oxysporum, and Penicillium species reported to be responsible for post-harvest rot of Irish potato tubers. [46, 47] mentioned that fungi constitute a menace in storage rot of many agricultural commodities after observing that R. stolonifer is the most frequently isolated fungus from rotten Irish potato tubers in Sokoto. Another study in the Southwestern part of Nigeria by [44] reported that F. oxysporum is the most frequently isolated fungus from rotted Irish potato. More so, it has been confirmed by [48] that R. stolonifer is the most frequently isolated fungus from rotten sweet potato tubers. The role of mold in the spoilage of potatoes could be attributed to its ability to produce numerous spores [49]. Findings by [50] highlighted the important fungal diseases of potato, which revealed that pathogens including fungi, bacteria, viruses, and nematodes caused significant yield losses in field and storage conditions as follows: Blights (Phytophthora infestans, Alternaria solani, and Phoma spp.), powdery scab (Spongospora subterranea), wart (Synchytrium endobioticum), watery wound rot (Pythium ultimum), gangrene (Phoma exigua var. foveta), silver scurf (Helminthosporium solani), pink rot (Phytophthora erythroseptica), dry rot (Fusarium spp.), black scurf (Rhizoctonia solani), skin spot (Polyscytalum pustulans), wilt of potato (Verticillium sp.), and charcoal rot (Macrophomina phaseolina) are the most destructive fungal diseases and reduced the quality, quantity, and market value of potato tubers.
The current study established a current rate of mold responsible for spoilage rot of Irish potato tubers sold within Birnin Kebbi: Aspergillus niger 9(39.13%), Fusarium solani 6(26.09%), Penicillium digitatum 4(17.39%), Rhizopus oryzae 1(4.34%), and Mucor spp. 2(8.70%). With a notable highest 9(39.13%) frequency and percentage of Aspergillus niger. A similar study by [34] recorded that Aspergillus niger was responsible for 24.6% of fungal spoilage of Irish potatoes in Nigeria. Another research by [51] reported that Fusarium solani was responsible for 31.4% of postharvest rot of Irish potatoes in Nigeria. Likewise, [35] found that Penicillium digitatum was responsible for 12.5% of fungal spoilage of Irish potatoes in Nigeria, and [52] reported that Rhizopus oryzae was responsible for 6.3% of fungal spoilage of Irish potatoes in Nigeria. The variations in the prevalence of mold species isolated in different parts of Nigeria might be due to the differences in environmental factors and humidity.
Although the results of this study are consistent with previous research findings, which have identified Aspergillus niger, Fusarium solani, Penicillium digitatum, and Rhizopus oryzae as common fungal species associated with spoilage rot of Irish potatoes in Nigeria, the percentage of Aspergillus niger 9(39.13%) in the study is higher than that reported by [34] (24.6%). Likewise, the percentage of Fusarium solani (26.09%) in the study is lower than that reported by [51] (31.4%). These variations may be due to differences in environmental conditions, handling practices, and sampling methods.
The spoilage patterns for each fungal isolate were relatively consistent across the different samples and storage durations. The results from this study highlight the importance of preventing fungal contamination of Irish potato tubers, particularly during storage and handling. The results of the study are consistent with previous research findings, which have identified Aspergillus niger, Fusarium solani, and Penicillium digitatum as common fungal pathogens of Irish potatoes. However, the average spoilage caused by Aspergillus niger (6.8 cm) in the study is higher than that reported by [34] (5.5 cm). Similarly, the average spoilage caused by Fusarium solani (6.2 cm) in the study is higher than that reported by [51] (4.8 cm). A study by [35] found that Penicillium digitatum caused an average of 3.5 cm of spoilage on Irish potato tubers after 12 days of storage. The differences in spoilage may be due to variations in environmental conditions, storage duration, transportation of the tubers, and fungal inoculum concentration.
[bookmark: _Toc30449988]CONCLUSION
This research recorded a total fungal count of molds species from Badariya samples (5.7 ± 4.05) and Bello way (5.7 ± 3.52) higher than Gwadangaji (5.0 ± 2.65). The following fungal species: Aspergillus niger, Fusarium solani, Penicillium digitatum, Rhizopus oryzae and Mucor spp were isolated and identified as the cause of irish potato rot within Birnin Kebbi town. The frequency and percentage occurrence on the rate of infection of Irish potato tuber showed a higher frequency and percentage of Aspergillus niger 9(39.13%), followed by Fusarium solani 6(26.09%) and Penicillium digitatum 4(17.39%) where Rhizopus oryzae 1(4.34%) and Mucor spp 2(8.70%) were the lowest. The five fungal isolates exhibited different levels of pathogenicity on the irish potato tubers infected, with Aspergillus niger causing the most extensive spoilage (average of 6.8 cm), followed by Fusarium solani (average of 6.2 cm), Penicillium digitatum (average of 6.0 cm), and Mucor spp (average of 4.6 cm) and Rhizopus oryzae (average of 4.5 cm). This study therefore highlight the importance for improved storage and handling practice to mitigate contamination of tubers by fungal species. Further research on effective control measures should be carried out to enhance potato shelf life and food security.
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