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ABSTRACT

Background and Objective: Aspergillus is an important genus of filamentous fungus distributed
worldwide with great important uses in agriculture, the environment, food industries and human health.
Despite the economic importance, there is no research work reported on Aspergillus in soil from the study
area. This present work was carried out to isolate and identify the various species of Aspergillus and their
diversity in some cultivated soils. Materials and Methods: Representative soil samples were collected
from six cultivated soils at 0-15 cm soil depth viz; vegetable crops (onion and tomato); cereal intercropped
with legumes (millet/cowpea and millet/groundnut) and orchard (mango and cashew) from the Faculty
of Agriculture Teaching and Research Farm and farms around the campus. Each sampled soil was analyzed
for physicochemical properties and isolation of Aspergillus using the dilution plating method. The isolates
were counted and identified at the species level based on morphological characteristics. Descriptive
statistic was used to analyzed data and results presented in percentage. Results: Five isolates were
identified; Aspergillus niger, Aspergillus flavus, Aspergillus glaucus, Aspergillus versicolor and
Aspergillus ustus. Variation in species abundance amongst the sites was observed. Aspergillus niger,
Aspergillus flavus and Aspergillus versicolor were common species to all the fields and thus recorded a total
percent abundance of (30, 28 and 21%). Aspergillus glaucus and Aspergillus ustus had 12 and 9%,
respectively and failed to appear in tomato fields. Conclusion: The results obtained indicated the presence
of Aspergillus from the studied area. The highest number of Aspergillus colonies were recorded under
orchards followed by cereal intercropped with legumes while vegetable crop fields recorded the least
colony counts.
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INTRODUCTION
Aspergillus is an important filamentous fungus distributed worldwide and can grow both on the surface
of solid and liquid substrates. The fungi are commonly found in almost any environment'. Aspergillus
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strains form spores (conidia) under adverse conditions and are tolerant to extremely high temperature®.
This spore-forming quality makes it profitable to preserve and use them as inoculants in biotechnology.
Aspergillus species have been commercially used to produce organic acids, particularly citric acid®. For
example, Aspergillus niger has long been used to produce citric acid for yogurts, sausages, soft drinks,
wines and canned products®. While others have considerable health impacts on humans and animals. They
produce gluconic acid® which is an important chemical for the supplement of human calcium deficiencies.
Some species are responsible for more than 90% of infections in humans and animals®.

The ability of some species to solubilize insoluble phosphates, such as Ca, Fe and Al phosphate was well
documented by several researchers™®. They play a huge role in the decomposition of complex plant
materials and as such are generally regarded as a more sustainable means of managing organic waste.
Their potential in the recycling of soil nutrients® through, utilizing monosaccharides which creates a wide
range of enzymes to hydrolyze polysaccharides, proteins, or other large organic molecules gave them
important grounds in the stabilization of soil organic matter and the breakdown of residues'. The species
of Aspergillus have been involved in the bioremediation of soil contaminated with heavy metals, oil spills
and microbial toxins'""2. In direct applications to plants, they enhance phosphate uptake and stimulate
plant growth through the production of auxins, gibberellins and other phytohormone-like compounds.
In addition, many Aspergillus species have been exploited to produce a variety of important industrial
enzymes, including amyloglucosidase, amylase, glucosidases, protease, cellulase, hemicellulase and
xylanase™™. More than 250 Aspergillus species were reported from different parts of the world™. Isolation
and incidence of Aspergillus on some important cereal grains and environment in Nigeria have been
documented'®"’. However, there is no scholarly report on the occurrence and diversity of Aspergillus from
the soil in this study area. The present study was therefore; conducted to isolate and identify the various
species of Aspergillus and their diversity in some cultivated soils. The species were identified
morphologically which consist of both macroscopic and microscopic characters.

MATERIALS AND METHODS

Description of the study area: This study was conducted in Maiduguri, Nigeria from 18th July
to 30th September, 2021. Maiduguri is located in the Sahel Savannah Region of Northeast Nigeria, about
350 m above sea level at Latitude 11°05'North and Longitude 13°05'East. It occupies an area of
50,778 square km with a mean annual rainfall and temperature of about 650 mm and 32°C, respectively.

Collection of soil sample: Representative soil samples were collected from six cultivated soils viz;
vegetable crops (onion and tomato); cereal intercropped with legumes (millet/cowpea and
millet/groundnut) and orchard (mango and cashew) from the Faculty of Agriculture Teaching and
Research Farm the University of Maiduguri and farms around the campus. Eighteen soil samples
(three from each field) were collected in July, 2020, during the rainy season. The soils were sampled from
0-15 ¢cm depth from the six different fields. The vegetable crops and cereal intercropped with legume
fields were fertilized with farmyard manure and mineral fertilizer while the orchards (mango and cashew)
were fertilized with only farmyard manure. Each soil sample from the six sites was shared in two; the first
part was for the analysis of soil physicochemical properties and the second part was sent to the
Microbiology Laboratory University of Maiduguri for isolating pure cultures of Aspergillus.

Analysis of soil physicochemical properties: The soil was air dried and sieved through a 2 mm sieve
used for the determination of the physicochemical properties of the soil. The texture of the soil was
determined by the Bouyoucos hydrometer method', pH by using 1:2.5 soil-water extract and determined
with a pH meter, electrical conductivity (EC) was determined on the extract for the pH using a conductivity
meter, organic carbon by wet oxidation method, Walkley and Black'®, total nitrogen by micro Kjeldahl
procedure, as described by Horneck and Miller®® available phosphorus by Bray and Kurtz method®,
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exchangeable bases determined after extraction with ammonium acetate. Calcium (Ca) and
Magnesium (Mg) were determined by EDTA titration method®, while potassium (K) was by flame
photometer® at the Soil Science Laboratory, University of Maiduguri.

Isolation and morphological identification of Aspergillus isolates: Using the dilution plating method**,
1 g representative sample of soil, was diluted in 9 mL sterile water and 1 mL of this was seeded onto each
figure of Potato Dextrose Agar (PDA). Plates were incubated at 25°C. After the first 48 hrs, figures were
examined daily for 7 days. All fungi considered to represent Aspergillus species were then subcultured
onto freshly prepared Potato Dextrose Agar (PDA) plates for phenotypic identification. Isolates were
identified through macroscopic observations (color and nature of the fungal growth both on the surface
of the growth medium and on the reverse side) and microscopic observations (nature of hyphae, presence
or absence of spores and other microscopic structures), with the aid of a light microscope using 10 and
40x objective lens and published guidelines®>*®. The total number of colonies from each site was counted
and recorded. By summing up all the individual abundance of Aspergillus recorded from a site the total
CFU g~ was obtained. Shannon-Wiener's index (H¢) was used to measure the species diversity in all the
sites as described by Keylock?’.

Statistical analysis: Descriptive statistic was used to interpret data using measures of frequencies and
results presented in percent.

RESULTS

Soil physicochemical: The physical and chemical characteristics of the studied sites were presented in
Table 1. Soil pH ranges from 6.71-7.23 which is neutral with low EC indicating no salinity problem. The
soils had low % OC which ranges from 0.41-1.21%. The N, P, Kand CEC were higher in cereal intercropping
farming fields and orchards.

Morphological identification: Based on the morphological characteristics five isolates were identified.
Aspergillus versicolor are obverse and reverse views on potato dextrose agar, which is variously colored
and may range from very pale green, pinkish green, greenish beige, and salmon green. The reverse is
reddish to uncolored and the growth rate is slow Fig. 1(a-b). The microscopically hyphae are septate and
hyaline. Conidial heads are biseriate and loosely radiate. Conidiophores are hyaline to pale brown
smooth-walled walled and brittle. vesicles are small and variably shaped (Fig. 1c).

Aspergillus glaucus are obverse and reverse views of colonies on potato dextrose agar that are greyish-
turquoise to deep green with yellow central areas, the reverse is pale yellow to pale brown Fig. 2(a-b).

Table 1: Physical and chemical characteristics of soil from experimental sites at 0-15 cm depth

Soil sample collection sites

Soil characteristics Onion Tomato Millet/Cowpea Millet/Groundnut Mango Cashew
Soil type Sandy loam Loamy Loamy Loamy sand Loamy Loamy sand
pH (1:2.5) 6.71 6.82 7.23 7.03 7.10 7.01
EC (dSm™) 0.46 0.49 0.61 0.61 0.59 0.53
OC (%) 0.41 0.45 0.52 0.67 1.21 1.10
N (g kg™ 0.51 0.54 1.22 1.03 0.82 0.71
P (mg kg™ 0.91 0.96 1.03 1.11 1.21 1.10
K (cmol kg™) 0.19 0.18 0.20 0.20 0.19 0.21
Ca (cmol kg™ 461 4.52 471 4.20 4.40 4.20
Mg (cmol kg™) 4.21 4.30 452 411 422 3.91
CEC (cmol+kg™) 10.130 11.22 12.57 13.01 13.63 13.32

EC: Electrical conductivity, OC: Organic carbon, N: Nitrogen, P: Phosphorus, K: Potassium, Ca: Calcium, Mg: Magnesium and
CEC: Cation exchange capacity
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(b)

Fig. 3(a-c): Features of Aspergillus ustus isolated from the soil (a-b) Macroscopic and (c) Microscopic

Microscopically hyphae are septate and hyaline. Conidial heads radiate to loosely columnar.
Conidiophores are smooth-walled, uncolored to pale brown. Vesicles are uniseriate, globose to
sub-globose and phialides cover the upper portion of the vesicle (Fig. 2c).

Aspergillus ustus are obverse and reverse views of potato dextrose agar colonies are white to yellow to
drab grey or brown. The reverse is yellow to brown. The texture is cottony to granular Fig. 3(a-b).
Microscopically hyphae are septate and hyaline. Conidial heads radiate to loosely columnar and
biseriate. Conidiophores are smooth-walled and brown, and vesicles are globose to globose sub-globose.
Metule and phialides cover the upper portion of the vesicle. Conidia are globose and rough-walled
(Fig. 3¢).

Aspergillus niger are obverse and reverse view, colonies on potato dextrose agar attained a diameter of
4-5 cm within 7 days. It consists of a compact white or yellow basal felt with a dense layer of dark brown
to black conidiophores Fig. 4(a-b). Conidiophore stipes are smooth-walled, hyaline, and brown. Phialides
are borne on metulae. Conidia globose and rough-walled (Fig. 4c).

Aspergillus flavus are obverse and reverse view, colonies on potato dextrose agar attained a diameter of
3-5 cm within 7 days. It consists of a dense felt of yellow-green conidiophores Fig. 5(a-b). Microscopically
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Fig. 6: Abundance of Aspergillus (CFU g~ dry weight soil/soil sample x103) from field sites

conidiophores are hyaline and coarse, vesicles are globose. Phialides are borne directly on the vesicle.
Conidia are globose to sub globose pale green and echinulate (Fig. 5c).

Aspergillus fungal diversity: The abundance levels of Aspergillus fungi (CFU g~") isolated from all the
sites were shown in Fig. 6. The total numbers of colonies were higher in mango and cashew
fields followed by millet/groundnut fields. Tomato recorded the lowest value followed by millet/cowpea.
There was variation in specie abundance amongst the sites. Aspergillus niger, Aspergillus flavus and
Aspergillus versicolor were common specie in all the fields and thus recorded a total percent abundance
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of (30, 28 and 21%). Aspergillus glaucus and Aspergillus ustus had 12 and 9%, respectively and failed to
appear in the tomato field.

DISCUSSION

Fungi are essential constituents of the soil microbiota and play a key role in soil ecosystem functioning,
especially in forest and agricultural soils. The role of Aspergillus fungi in the cycling of major nutrients
especially, their potential role in the decomposition of complex organic molecules and solubilization of
phosphate (Ingle and Padole)?® cannot be overlooked. The results of this study revealed the presence of
Aspergillus species from all the cultivated sites. However, their composition and diversity were shown to
have been affected by different land use and fertilizer application. It is worth noting that the occurrence
of Aspergillus in almost every environment has been reported’. They can adapt and strive to several
unfavorable conditions®.

The abundance of Aspergillus species and improved soil chemical properties recorded in orchards
(mango and cashew) compared to other land use as observed in this study could be attributed to the
application of farmyard manure and the quantity of leaf litter turnover from the standing trees which
might have increased the organic matter accumulation in the orchards. This was similarly reported by
some researchers®?'. Fernan et al.* also reported that leaf litter accumulation in the understory of mango
had potential nutrients and organic carbon turnover to the soil as observed in this study. Decomposition
of leaves promote the addition of soil organic matter as well as food availability for the growth of soil
fungi. It is notable that agricultural soils with many fungal communities are known to have quantitative
and qualitative soil organic matter improvement by Holik et al** and Six et al.*. Aspergillus niger and
Aspergillus flavus, that were common in all the fields as observed in this study were similarly reported by
Peronne et al.*>. They reported Aspergillus nigri A. flavus, A. parasiticus, A. ochraceus, A. carbonarius and
A. alliaceus as common in several crops. Previous studies and research conducted in Nigeria'® and Kenya®
also reported similar species as most predominant in maize and soil. The morphological method is the
cheapest and most reliably assay to identify Aspergillus since other techniques are expensive. In the
present study five important Aspergillus species were identified through macroscopic features of colonies
and microscopic characteristics from some selected cultivated soils which is the first study of its kind in
Maiduguri. Therefore, this research recommends further studies from other locations and molecular work
to complement the findings of the morphological characteristics to identify many species.

CONCLUSION

The results obtained indicated the presence of Aspergillus from the studied area. The highest number of
Aspergillus colonies was recorded under orchards followed by cereal-intercropped fields. Five isolates were
identified; Aspergillus niger, Aspergillus flavus, Aspergillus glaucus, Aspergillus versicolor and
Aspergillus ustus. Common species in all the fields were Aspergillus niger, Aspergillus flavus and
Aspergillus versicolor. However, Aspergillus glaucus and Aspergillus ustus were not present in tomato
fields.

SIGNIFICANCE STATEMENT

Determining the composition of microbiota and their biodiversity in soils of different types and land use
is important. The genus Aspergillus includes many species and strains with several beneficial effects for
healthy agricultural soils and other scientific importance. This study has identified the presence of
Aspergillus species in different agricultural land use which is the first report from the study area, to our
knowledge. The research has also contributed to a better understanding of how the application of organic
manure imparts a positive influence on the species biodiversity of Aspergillus and improved soil nutrient
composition. It is recommended that a molecular study should be conducted to identify several species
and strains with the potential for use as bio-fertilizers and bioremediation of polluted soils.
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