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ABSTRACT

A fungal disease causes significant challenges to sweet pepper production, especially in Northern regions
of Nigeria. Mapping fungal pathogens of pepper seedlings: a zonal survey in Sokoto, Nigeria was
investigated. Purposive sampling technique was used to select three local Government areas from each of
the four Agricultural zones. Physically damaged samples, was collected from 36 farms of the twelve
selected local Government areas. A total of 216 physically damaged leaves and fruits were collected for
the study. Microbiological techniques were used to identify the fungal pathogens and percentage
frequency of occurrence for all the fungus isolated and per each location was calculated. Eight fungal
specie including Rhizophus stolonifer, Aspergillus fumigatus, Cephalosporium acreminium, Mucor
hiemalis, Rhizophus oryzae, Aspergillus flavus, Aspergillus niger, and Candida albicans with their
varying degree of occurrence were identified. Candida albicans was the most frequently observed species
with the highest presence (25.8%) in Sokoto Central and the least was C. acreminium with 0.8%, isolated
only in Sokoto Central. In conclusion, the distribution of fungal species varied across the zones. This
study recommended continuous surveillance of fungal species across different zones to track seasonal and
environmental shifts in fungal prevalence.
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INTRODUCTION

Damping-off, is a sweet pepper fungal disease by Pythium sp., Sclerotinia sclerotiorum results in trotting
of the roots and the base of the stem so that the seedling falls over and dies. Damping-off is caused by a
number of different fungi which live in the soil and may attack seedlings of almost any crop. Pepper
seedlings are particularly susceptible to damping-off. The disease is favored by high soil moisture and
cool temperatures. Phytophthora blight may appear anytime when wet conditions prevail. The disease has
two different phases. A crown rot phase develops when plants are grown in wet infested soils and is
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characterized by stunting, chlorosis, and wilt. The foliar phase appears when wind-driven rain blows
inoculum up onto the foliage, stem, and fruit and causes blackened lesions which can coalesce and kill the
plant. Anthracnose may occur on either green or ripe pepper fruits, this disease shows as dark, circular,
sunken spots which vary in size, but may be an inch or more in diameter. The surface of the spots is
covered with black dots which contain the spores of the fungus. After rain or heavy dew, pinkish masses
of spores exude from these dots. Infected fruits may be completely rotted away and fall from the plants.
They may also cling to the plants. Diseased fruits serve as sources of spores which wash and splash
around to infect other fruits. Anthracnose is a soil- and seed-carried disease which also infects and
survives on stems and leaves through the season. On stems and leaves, the symptoms are usually so slight
that the plant does not appear diseased until fruits develop. Diseases include phytopathogenic fungi,
bacteria, and viruses, and are major limiting factors for peppers worldwide *.

Historically, toxigenic fungi in crops have been divided into two distinct classes: “Field fungi”, which
invade and produce their toxins before harvest, and “storage fungi”, which become a problem after
harvest °. Many species of Alternaria, Fusarium, Cladosporium, and Rhizopus are associated with fungal
infections of the growing plants in the field, while Aspergillus and Penicillium species are the
predominant pathogens found in a high frequency of isolation from Capsicum by-products during the
harvest and post-harvest stages, including drying, product transportation, and marketing (e.g., factory
production, restaurants, retail markets) ”- ®. Furthermore, it has been reported that climatic conditions in
tropical or sub-tropical regions, such as high temperature, humidity, and rainfall, contribute to the high
fungal burden and mycotoxin contamination in pepper samples °. According to a previous study on co-
occurrence of mycotoxins in Capsicum '°, pepper products can be contaminated with aflatoxins,
ochratoxin A, fumonisins, zearalenone, trichothecenes, and patulin. Among those, aflatoxins and
ochratoxin A are considered the most abundant and commonly found toxins in Capsicum peppers 'l
These compounds can cause a variety of adverse health effects, including carcinogenic and
immunosuppressive activities 2.

Nigeria and Ghana lead West Africa in pepper production, ranking eighth and thirteenth globally .
Despite possessing favorable conditions, Nigeria's reported yield of 8.4t/ha lags behind the estimated 15
t/ha in Western Europe. Production challenges, including diseases, pests, and inadequate weed
management, contribute to these lower yields, particularly in northern states such as Kaduna, Kano,
Katsina, Kogi, Kwara, Yobe, and Zamfara '*. Globally, diseases significantly threaten pepper production,
impacting the supply chain and endangering farmers' livelihoods (Rutgers 2010). In this research, we
study the frequency and distribution of fungal pathogens affecting sweet pepper in the four Agricultural
zones of Sokoto State, Nigeria.

MATERIALS AND METHODS

Study Area

Sokoto is situated in the Sudan savannah vegetation belt '° Its annual rainfall stands around 600mm
which normally starts in June and ends in October while average daily temperature is about 36°C '¢17,
Generally, the vegetation of the area is characterized by short and stunted shrubs and grasses around the
metropolis, but the inner part and the precincts have vestiges and patches of vegetation composed mainly
of trees '®. In the north of the metropolis is the Sokoto-Rima river floodplain which prevents the city
growth in that direction. This and a number of anthropogenic factors are contributory to land use /land
cover changes that impact on the vegetation The 23 Local Government Areas have been grouped into 4
agricultural zones '°.

Study Design

This study employed a purposive sampling strategy. Initially, three Local Government Areas (LGAs)
were selected from each of Sokoto State's four agricultural zones: Gwadabawa (West), Isa (East), Sokoto
(Central), and Tambuwal (South) ?°. Subsequently, the primary sweet pepper-cultivating districts within
these LGAs were identified using records from the State Ministry of Agriculture and local government
agricultural departments. From each zone, three LGAs confirmed to cultivate sweet pepper were
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purposively chosen for data and sample collection. Relevant information was gathered through interviews
with ward heads and local farmers in these selected areas.

Sample Collection

Physically damaged sweet pepper samples (leaves and fruits) were collected from 36 farms across the 12
selected LGAs (Kware, Wamakko, S/South, Bodinga, Shagari, Tambuwal, Gada, Goronyo, Wurno,
Gwadabawa, Silame, and Binji). Within each farm, three damaged leaves and three damaged fruits were
collected. This yielded a total of nine leaves and nine fruits per LGA, 27 leaves and 27 fruits per
agricultural zone, and an overall total of 108 leaves and 108 fruits for the study. All samples were placed
in separate sterile polythene bags and transported to the Mycology Laboratory of the Plant Science
Department, Usmanu Danfodiyo University, Sokoto, for the isolation and identification of fungal
pathogens.

Preparation of Potato Dextrose Agar (PDA) Medium

Potato Dextrose Agar (PDA) was prepared as the primary isolation and cultivation medium according to
standard mycological protocols®!. Briefly, 39 grams of commercial PDA powder (Oxoid Ltd.) was
suspended in 1 liter of distilled water in a 2L conical flask. The mixture was heated with frequent
agitation until completely dissolved. The medium was sterilized by autoclaving at 121°C and 15 psi for
20 minutes. After cooling to approximately 45-50°C, the antibiotic streptomycin sulfate was added
aseptically to a final concentration of 0.2 g/L to suppress bacterial growth. The amended medium was
then poured into sterile 90-mm Petri dishes (approximately 20 mL per plate) under laminar airflow
conditions and allowed to solidify. Prepared plates were stored at 4°C until use®?.

Isolation of Fungal Pathogens

Fungal pathogens were isolated from symptomatic sweet pepper leaves and fruits using a standard tissue
plating technique®®. Plant tissue samples were first subjected to surface sterilization to reduce epiphytic
microbiota. Small segments (5 x 5 mm) were cut from the margin of necrotic lesions using a sterile
scalpel. These segments were sequentially rinsed in 70% ethanol for 30 seconds, followed by immersion
in a 1% sodium hypochlorite solution for 2 minutes, and finally rinsed three times in sterile distilled water
for 1 minute each to remove residual sterilants®*. The surface-sterilized tissue segments were then
aseptically blotted dry on sterile filter paper and placed centrally onto the surface of solidified PDA
plates. Five segments were plated per Petri dish. The plates were sealed with parafilm and incubated at 28
+ 2°C in darkness for 5-7 days. Fungal hyphal tips emerging from the plant tissue were aseptically
transferred to fresh PDA plates using a sterile inoculating needle to obtain pure cultures. This sub-
culturing process was repeated until axenic cultures were established.

Morphological Identification of Fungal Pathogens

Initial identification of fungal isolates was based on macroscopic and microscopic morphological
characteristics following established taxonomic keys*: 2. Macroscopic features such as colony diameter,
texture, and pigmentation (obverse and reverse) were recorded after 7 days of growth on PDA at 28°C.
For microscopic examination, slide cultures were prepared on PDA blocks and incubated for 3-5 days to
allow conidiation in situ ?’. Fungal structures were mounted in lactophenol cotton blue stain and
examined under a compound light microscope (Olympus CX23) at 400x and 1000x magnification. Key
diagnostic structures including hyphal characteristics, conidiophores, conidia, and other reproductive
structures were measured and compared to standard descriptions. Identities were confirmed using
authoritative manuals, with a specific focus on genera including Aspergillus **, Mucor and Rhizopus *°,
and Candida™.

Determination of the Frequency of the Isolates

For Frequency of each fungus per location, the percentage was determined by dividing the number of
occurrences in that location by the total occurrences of that fungus across all locations, and then
multiplied by 100. For total percentage occurrence by Fungus, the total number of occurrences for each
fungus was divided by the grand total of all isolates and then multiplied by 100 to get the percentage. And
for total percentage occurrence by location, the percentage was calculated by dividing the total number of
fungal isolates in each location by the grand total of 120 isolates, and then multiplied by 100 3!,
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The number of times each fungus occurs on the samples was recorded. The percentage frequency of
occurrence was then calculated according to 2.
Frequency =Number of times the fungus was encountered x 100
Total fungal isolations

RESULT

The table 1 shows the percentage frequency of occurrence of various fungal species isolated across three
locations within the Sokoto Central Zone: Wamakko, Kware, and S/South. The table shows that C.
albicans was the most prevalent species, with a total frequency of 29.7%, distributed across Wamakko,
Kware, and S/South. M. hiemalis was the next most common at 24.3%, found exclusively in S/South. R.
oryzae had a 16.2% occurrence, found only in Kware. Other species, including 4. flavus (13.5%), A. niger
(5.4%), and C. acreminium (2.7%), had varying occurrence rates across the three areas.

Table 2 outlines the percentage frequency of various fungal species isolated across three locations within
the Tambuwal Zone: Shagari, Tambuwal, and Bodinga. C. albicans was the most prevalent species, with
a total occurrence of 18.5%, distributed across all three locations. 4. niger, R. oryzae, R. stolonifer, and
M. hiemalis each had a frequency of 14.8%, with each species present only in select locations. 4. flavus
and 4. fumigatus had lower occurrence rates of 11.1%. Each location contributed equally (33.3%) to the
total frequency distribution across the zone.

The table 3 presents the percentage frequency of various fungal species isolated across three locations
within the Gwadabawa Zone: Silame, Gwadabawa, and Binji. R. oryzae had the highest occurrence at
44.4%, distributed across all three locations. C. albicans was the next most common species, with 18.5%,
primarily found in Silame and Gwadabawa. 4. niger and R. stolonifer each had a frequency of 11.1%,
present only in specific locations. M. hiemalis and A. flavus each had a frequency of 7.4%. All three
locations contributed equally (33.3%) to the total fungal distribution across the zone.

The table 4 shows the percentage frequency of various fungal species isolated across three locations
within the Isa Zone: Gada, Goronyo, and Wurno. R. oryzae had the highest occurrence, accounting for
31.0%, and was found exclusively in Goronyo. C. albicans, R. stolonifer, and M. hiemalis each had a
frequency of 17.2%, distributed across various locations. 4. niger occurred at 10.3%, while A. flavus had
a lower occurrence at 6.9%, found only in Gada. Goronyo contributed the highest to the total frequency
(62.1%) across the zone.

Table 5 summarizes the percentage frequency of various fungal species isolated across four Agricultural
zones in Sokoto State: Gwadabawa (Sokoto West), Isa (Sokoto East), Sokoto Central, and Tambuwal
(Sokoto South). Candida albicans was the most frequently observed species, accounting for 25.8% of the
total isolates, with the highest presence in Sokoto Central. R. oryzae followed, with an 18.3% occurrence,
mostly found in Isa Zone. M. hiemalis was also prevalent, with 16.7%, particularly in Sokoto Central. 4.
flavus, A. niger, R. stolonifer, and A. fumigatus had varying frequencies across the zones, with C.
acreminium being the least common at only 0.8%, isolated only in Sokoto Central. Sokoto Central Zone
contributed the most to the total occurrence at 30.8%.

Table 1: Percentage Frequency of Fungal Species in Sokoto Zone (Sokoto Central)

Percentage frequency of occurrence Sokoto zone (Sokoto Central)

Wamakko, Kware, S/South Total (%)

Aspergillus niger 0 (00.0) 2 (100.0) 0 (00.0) 2 (5.4%))
Rhizophus oryzae 0 (00.0) 6 (100.0) 0 (00.0) 6 (16.2%))
Candida albican 6 (54.5) 3(27.3) 2 (18.2) 11 (29.7%))
Rhizophus stolonifer 0 (00.0) 0 (00.0) 3 (100.0) 3 (8.1%))
Mucor hiemalis 0 (00.0) 0 (00.0) 9 (100.0) 9 (24.3%))
Aspergillus Flavus 5(100.0) 0 (00.0) 0 (00.0) 5 (13.5%))
Cephalosporium acreminium 1 (100.0) 0 (00.0) 0 (00.0) 1 (2.7%))
Total 12 (32.4) 11 (29.7) 14 (37.8) 37 (100%))
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Table 2: Percentage Frequency of Fungal Species in Tambuwal Zone (Sokoto South)

Percentage frequency of occurrence Tambuwal zone (Sokoto South)

Shagari, Tambuwal Bodinga, Total (%)
Aspergillus niger 2 (50.0) 0 (00.0) 2 (50.0) 4 (14.8)
Rhizophus oryzae 0(00.0) 4 (100.0) 0(00.0) 4 (14.8)
Candida albican 1 (20.0) 1 (20.0) 3 (60.0) 5(18.5)
Rhizophus stolonifer 4 (100.0) 0 (00.0) 0 (00.0) 4 (14.8)
Mucor hiemalis 0(00.0) 0 (00.0) 4 (100.0) 4 (14.8)
Aspergillus Flavus 2 (66.7) 1(33.3) 0 (00.0) 3(11.1)
Aspergillus fumigatus 0 (00.0) 3 (100.0) 0 (00.0) 3(11.1)
Total 9 (33.3) 9 (33.3) 9 (33.3) 27 (100)
Table 3: Percentage Frequency of Fungal Species in Gwadabawa Zone (Sokoto West)
Percentage frequency of occurrence Gwadabawa zone (Sokoto West)
Silame Gwadabawa, Binji Total (%)
Aspergillus niger 0 (00.0) 2 (66.7) 1(33.3) 3 (11.1%))
Rhizophus oryzae 4(33.3) 5(41.7) 3(25.0) 12 (44.4%))
Candida albican 3 (60.0) 2 (40.0) 0 (00.0) 5 (18.5%))
Rhizophus stolonifer 0 (00.0) 0 (00.0) 3 (100.0) 3 (11.1%))
Mucor hiemalis 0 (00.0) 0 (00.0) 2 (100.0) 2 (7.4%))
Aspergillus Flavus 2 (100.0) 0(00.0) 0 (00.0) 2 (7.4%))
Total 9 (33.3) 9 (33.3) 9 (33.3) 27 (100%)
Table 4: Percentage Frequency of Fungal Species in Isa Zone (Sokoto East)
Percentage frequency of occurrence Isa zone (Sokoto East)
Gada, Goronyo, Wurno, Total (%)
Aspergillus niger 1(33.3) 2 (66.7) 0(00.0) 3(10.3%)
Rhizophus oryzae 0 (00.0) 9 (100.0) 0 (00.0) 9 (31.0%)
Candida albican 2 (40.0) 0 (00.0) 3 (60.0) 5 (17.2%)
Rhizophus stolonifer 0 (00.0) 4 (80.0) 1 (20.0) 5(17.2%)
Mucor hiemalis 0 (00.0) 3 (60.0) 2 (40.0) 5(17.2%)
Aspergillus Flavus 2 (100.0) 0 (00.0) 0 (00.0) 2 (6.9%)
Total 5(17.2) 18 (62.1) 6 (20.7) 29 (100%)
Table S: Percentage Frequency of Fungal Species across four Agricultural Zones in Sokoto State
Percentage frequency of occurrence
Fungal pathogens Gwadabawa zone Isa zone Sokoto zone Tambuwal Total (%)
(Sokoto West) (Sokoto (Sokoto Central) zone (Sokoto
East) South)
Cephalosporium 0 (0.00) 0 (0.00) 1 (100%) 0 (0.00) 1 (0.8%)
acreminium
Mucor hiemalis 2 (10.0) 5(25.0) 9 (45.0) 4 (20.0) 20 (16.7%)
Rhizophus oryzae 3 (13.6) 9 (40.9) 6 (27.3) 4(18.2) 22 (18.3%)
Aspergillus Flavus 2(14.3) 2(14.3) 5(35.7) 5(35.7) 14 (11.7%)
Aspergillus niger 5(41.7) 3 (25.0) 2 (16.7) 2 (16.7) 12 (10.0%)
Aspergillus fumigatus 1(25.0) 0 (0.00) 0(0.00) 3(75.0) 4 (3.3%)
Rhizophus stolonifer 4(25.0) 5(25.0) 3 (18.8) 4 (25.0) 16 (13.3%)
Candida albican 10 (32.3) 5(16.1) 11 (35.5) 5(16.1) 31 (25.8%)
Total 27 (22.5) 29 (24.2) 37 (30.8) 27 (22.5) 120 (100%)
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Candida albicans

Cephalosporium acreminium

Rhizophus stolonifer

Mucor hiemalis

Aspergllius fumigatus

18.3% Aspergillus niger

Rhlzaphus oryzae
Aspergillus flavus

Total percentage frequency of fungal pathogens in sweet pepper seedling

DISCUSSION

Candida albicans, representing 25.8% of isolates in Sokoto State, was the most prevalent species,
especially concentrated in Sokoto Central. This finding aligns with the results of *, who reported a 24.5%
frequency in Southern Nigerian agricultural zones, attributing its prevalence to favorable conditions in
humid environments. Similarly, 3* identified C. albicans as the dominant species in Northern Nigeria,
although at a slightly lower percentage of 21.7%, emphasizing its adaptability in various environmental
conditions. R. oryzae accounted for 18.3% in this study, with higher occurrence in Isa (Sokoto East). This
is consistent with findings from *°, who reported a 17.2% frequency in tropical regions of West Africa,
noting the species’ adaptability to varying moisture levels typical in arid zones. In contrast, *® observed a
lower prevalence (11.5%) in Central Nigeria, possibly due to differences in soil types and agricultural
practices.

The 16.7% frequency of M. hiemalis observed, especially in Sokoto Central, is comparable to the findings
of 37, who reported a similar prevalence of 15.3% in the dry regions of Northwestern Nigeria. However, in
other West African regions, its prevalence drops significantly, with * documenting only 9.8% in their
multi-regional survey, suggesting that M. hiemalis thrives more effectively in arid climates. The
Aspergillus species, including A. flavus, A. niger, and A. fumigatus, exhibited varied frequencies across
Sokoto zones, consistent with previous studies. *° reported 4. flavus at 14.5% in similar arid zones,
closely matching the findings in Sokoto. 4. niger, frequently found in various agricultural zones,
accounted for a smaller proportion in Sokoto, at 10.3%, similar to 11.1% documented by *° in semi-arid
Nigerian areas. The rare occurrence of C. acreminium (0.8%) in Sokoto Central is notable, as it
corroborates findings by *', who recorded a similarly low frequency (0.9%) in the dry savannah regions.
This minimal presence may suggest an ecological limitation, as also noted by recent studies that associate
its rarity with specific environmental constraints 42,
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CONCLUSION
Based on the findings of this study, the following conclusions are made:

1. A diverse range of fungal species was identified, including C. cremonium, M. hiemalis, R. oryzae,
A. flavus, A. niger, A. fumigatus, R. stolonifer and C. albicans, with varying distribution pattern.

2. The occurrence of multiple fungal species, in sweet pepper fields shows that these fungi thrive in
the natural soil environment and on plant surfaces, especially under warm and humid conditions

3. Candida albicans was the most prevalent fungal species in Sokoto State, particularly in Sokoto
Central.

4. The distribution of fungal species varies across Sokoto zones, with R. oryzae being more common
in Sokoto East and M. hiemalis more common in Sokoto Central.

RECOMMENDATION

Based on the findings of this study, the following recommendations are made:

1.

Continuous surveillance of fungal species across different agricultural zones is recommended to
track seasonal and environmental shifts in fungal prevalence. This will help in developing
targeted control strategies for different zones of the State.

Since the distribution of fungal species varies across Sokoto zones, tailored management
practices should be adopted.
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