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ABSTRACT: This research on the isolated and morphologically identification of fungi and 

bacteria in soils naturally colonized by wild mushroom Agaricus silverticus was carried out in the 

crop protection laboratory at the Rivers State University.  Soil samples were collected from 4 

different locations in Ogwe, Ukwa West Local Government Area, Abia State, Nigeria: 3 sample 

sites from Obiahia kindred the mushroom colonized soils in its natural habitats and the fourth a 

control plot from Obiawom kindred where mushroom was not found. The experimental result 

significantly (P˂0.05) revealed the presence of six fungi genera: four mushroom inhibiting 

microbes namely Penicillium spp., Sclerotium spp., Mucor spp. and Aspergillus spp. in decreasing 

order from the control sites where Agaricus mushroom was not found and two other benefiting 

fungi genara: Yeast and Fusarium spp. from the Agaricus Mushroom colonized soils. However, 

fairly insignificant number (P>0.05) of Penicillium spp. was also recorded in site three of the 

Agaricus colonized soil habitat though overshadowed by the very high presence of Yeast. 

Similarly, six bacterial genera (Bacillus spp, Proteus spp, Micrococcus spp, Streptococcus spp, 

Staphylococcus spp and Pseudomonas spp) were isolated and morphologically identified. It is 

note-worthy that Pseudomonas and Bacillus spp. which enhances mycelia development and 

promote primordial differentiation were significantly present in Agaricus colonized soil samples 

and absent in control soils. This is the first trial report for the microbial assay of Agaricus 

silvaticus in Rivers State and Nigeria at large and will contribute to the artificial cultivation and 

management of edible wild mushroom Agaricus spp which is a dietary delicacy in Southern 

Nigeria and most African Countries.  
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INTRODUCTION 

 

Agaricus silvaticus (or Agaricus sylvaticus) is an edible Mushroom found growing in the humid 

tropical forests on well decomposed forest litters, soil humus and manure piles (Obe and Mshigeni, 

2013). It is found seasonally in the wild around early summer, or September through to November 

in many parts of the world including Nigeria (Orikoha and Dimkpa, 2021; Wang et al., 2003 and 

2004). It is a saprophytic fungus, division: Basidiomycota, class: Agaricomycetes, subclass: 

Homobasidiomycetidea, order: Agaricales, and family: Agaricacea (Obe and Mshigeni, 2013). 

Agaricus mushroom is also commonly known as the Scaly Wood Mushroom, Blushing Wood 

Mushroom or Pinewood Mushroom and a major dietary delicacy in Nigeria particularly the 
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southern Nigeria (Orikoha and Dimkpa, 2021). However, its domestication in Nigeria has faced 

several challenges not limited to mushroom diseases of fungi and bacteria origin (Umar and Van-

Griensven, 2000), but the little knowledge of the configuration of the mushroom holobiont, that is 

the interaction and interdependence of the mushroom host plus associated microorganisms, the 

properties of which can have a significant impact on mushroom growth and productivity (Partida-

Martinez, 2017). Mushroom growth therefore consists of the development and fructification of 

different fungal species in soil or selective substrates that provide nutrients and support for the 

crop (Carrasco and Preston, 2020). The microorganisms present in these habitats strongly 

influence, and in some cases are required for the growth and fructification of cultivated mushrooms 

(Carrasco and Preston, 2020).  

 

Fungal pathogen have been reported to cause severe damage to mushroom production reducing 

yield, causing deterioration of commercial value, shortening shell life and generally harmful to the 

mushroom industry (Aleto, 1990; Osemwegie et al., 2006; Rao et al., 2007; Ukoima et al., 2009). 

Some fungi such as Penicilium spp, Aspergillus spp, Mucor spp etc are notable soil microbes 

whose presence in the mushroom mycosphere (the environment within and surrounding the 

mushroom hyphae) might inhibit the growth and establishment of Mushroom mycelium and are 

prominent and major fungi isolated from mushroom (In-Young et al., 2010). Mucor mycelium is 

non-rhizonmorphic and lacks the clamp connections that are characteristics of many mushroom 

mycelia. Thus are vigorous contaminant and seen at various times in spawn production, inhibiting 

and overwhelming mushroom mycelium. Mucor infected spawn, when inadvertently inoculated 

into the mushroom compost, can result in the total contamination of the bed within a few days. 

Chang (2007) reported Aspergillus spp as thermophilous fungi living in various mushroom 

compost, which is also known as a human and animal pathogen.  Aspergillus spp is the causal 

agent of aspergillosis, farmer's lung disease and other related disorders. Penicilium competes for 

preoccupancy with green spores and inhibits the formation of fruiting bodies (In-Young et al., 

2010).  Yeast in the soil on-like the other harmful fungi, is suitable for the production of bacteria 

that aids the growth of fruiting bodies (Owaid et al., 2014). It is also rich in growth factors for 

mushroom mycelium such as free amino acids, vitamins, proteins, carbohydrates, some 

micronutrients and nucleotides which can significantly increase the specific growth rate, simple 

control of culture process, and good mycelia quality (Zimbro et al., 2009; Abdulhadi et al., 2013). 

Yeast also acts as a front-runner to gobble up fungi mycelium (basidia) and convert them to usable 

nutrient for the mycelium.  

 

Bacteria have been reported to associate with a variety of fungi including mushroom.  Carrasco 

and Preston (2020) reviewed the interaction between bacteria and cultivated mushrooms and 

described both positive and negative outcomes for the mushroom, depending on the bacterial 

isolate and the developmental stage of the mushroom (Frey-Klett et al., 2011). They further 

reported that the benefits for mushroom forming mutualistic associations with bacteria include the 

action of helper bacteria in promoting ectomycorrhizal association with plant symbionts, enhanced 

nutrition through degradation of complex poly-carbohydrates by lignocellulosic enzyme activity, 

the consumption of volatile organic compounds (VOCs) blocking mushroom fructification by 

bacteria and secretion of antibiotics to suppress competing fungi or provide protection against crop 
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parasites (Sbrana et al., 2002; Chang and Kim, 2007; Kim et al., 2011; Pion et al., 2013; Pudelko, 

2014; Antunes et al., 2016; Vos et al., 2017; Pandin et al., 2018a,b). Bacteria in turn benefit from 

enhanced dispersal and growth on mushroom exudates (Warmink and Van Elsas, 2009). However, 

Mushrooms may also consume bacteria and assimilate bacterial carbon and nitrogen as a nutrient 

source (Vos et al., 2017; Kertesz and Thai, 2018); whereas bacteria can cause significant yield 

losses by causing a wide range of mushroom diseases (Frey-Klett et al., 2011; Gea and Navarro, 

2017). 

 

Mushrooms have therefore, been described to modify and select the microbiome associated with 

the environmental niche where they grow and fructify (Li et al., 2017; Zhou et al., 2017). Selective 

processes acting on the microbiota present in substrates and soils determine the composition of the 

microbiota inhabiting the fruiting bodies or interacting with mushroom hyphae, and both configure 

the mushroom holobiont (Carrasco and Preston, 2020).Understanding of these complex 

interactions and the knowledge of this mushroom selected microbiota in its natural habitat would 

enhance artificial cultivation and domestication of the Agaricus Mushroom in Rivers State, Nigeria 

as to provide all year round commercial production of Agaricus silvaticus in Nigeria. Thus this 

research article documents the first morphological and cultural isolation and identification of fungi 

and bacteria in soils naturally colonized by wild mushroom Agaricus silvaticus. 

 

MATERIALS AND METHODS 

 

Experimental site 

This research was conducted in the Crop Protection laboratory, Crop/ Soil Science Department, 

Rivers State University, Nkpolu-Oroworukwo, Port Harcourt, Nigeria. 

 

Collection of Soil Samples 

Soil samples were collected from 4 different locations in Ogwe Ukwa West Local Government 

Area, Abia State, Nigeria (Plate A1 and A2): 3 from Obiahia kindred the mushroom colonized 

soils in its natural habitats and the fourth a control plot from Obiawom kindred where mushroom 

was not found. 
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Plate A1: Agaricus silverticus in the wild                  Plate A2: Soil Samples collection 

 

Preparation of culture media and normal saline 

Sabouraud Dextrose Agar, Potato dextrose Agar (PDA) and Nutrient Agar (NA) were used in this 

research to isolate and identify the fungi and bacteria; and the media was prepared according to 

manufacturer’s instruction. 11g of Sabouraud Dextrose Agar and 2g of Antibiotics was weighed 

and dissolved into 160ml of distilled water in a conical flask. 5g of Nutrient Agar was weighed 

and dissolved into 160ml of distilled water. Cotton wool was then placed to cover it and wrapped 

with aluminium foil. After which the solution was then autoclaved at 121oC for 15 minutes, it was 

then allowed to cool and dispensed into Petri-dishes. 8.5g of Sodium chloride (NaCl) was weighed 

and tipped into 100ml of distilled water after which it was sterilized in the autoclave. 1ml of the 

sample was dropped into 9ml of normal saline and shake vigorously to form a uniform solution of 

10-1 concentration. The stock was subjected to a decimal dilution using sterile pipette to form 10-

2, 10-3, 10-4, 10-5 and 10-6 concentration (Cheesbrough, 2006; Harrigan, 1998).  

 

Inoculation and Incubation 

1ml pipette was employed to drop 0.01ml of the inoculums into the Petri-dishes and evenly spread 

all over the surface of the agar plate using stirring rod. All plates were incubated immediately after 

inoculation and placed upside down to prevent drops of condensations from collecting on the 

inoculated surface. Sabouraud Dextrose Agar plates were incubated for 28oC for 72hrs, after which 

pure culture was prepared from the distinct fungal isolate observed (Harrigan, 1998). 

 

Characterization and Identification of Isolates 

The fungal observed in the pure culture were identified and pure bacteria colonies prepared from 

the colonies grown on the nutrient agar were later identified on the basis of morphological and 

biochemical tests as described by CMI (2010). The magnification used in viewing the isolates is 

X40. 

Natural Vegetation of 

Agaricus and soil samples 

collection 

Agaricus silverticus 
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Experimental Design and Statistical Technique 
All treatments for the experiment were laid out using a Complete Randomization Design (CRD) 

having four (4) treatments and replicated five (5). The analysis of variance (ANOVA) was used to 

determine the treatment effects and means were tested using Turkey means method of grouping at 

5% level of probability (Minitab, 2010).  

 

RESULTS 

 

The fungi species identified in this experimental research are Yeast, Penicillium spp., Sclerotium 

spp., Mucor spp., Fusarium spp. and Aspergillus spp. (Table 1). Soils collected from control had 

the highest mean value in Penicillium spp. (19.8), Sclerotium spp. (10.5) and Mucor spp. (2.8). 

Site three had a significant (P ≤ 0.05) highest mean value of 29.0 Yeast count compared to Site 

two (15), site one (13) and completely absent in control soil where no mushroom was found. 

Except Fusarium spp. which was slightly presence in soils of site one, two and three, other 

identified fungi: Mucor spp, Aspergillus spp, and Sclerotium spp. were significantly absent in 

mushroom colonized soil samples. Although, Penicillium spp. scantly present in site three and one 

but completely absent in site two (Plate 1). 

 

Table 2 clearly showed that total heterotrophic bacterial count ranges from 5 x 108 to 1.18 x 109. 

The bacterial count in the various soil samples revealed no significance difference (P>0.05) 

between the different sites but difference in the control. Soil sample from control was significantly 

lower than the samples from other sites in bacterial count. 

 

The results in Table 3 revealed six bacteria genera: Bacillus spp., Staphylococcus spp., 

Pseudomonas spp., Streptococcus spp., Micrococcus spp. and Proteus spp. present in the different 

soil samples. Proteus spp., Staphylococcus spp. and Bacillus spp. were present in all soil samples.  

Streptococcus spp. was significantly higher in site three than the other soil samples collected from 

site one, control and site two. Also, site two had the highest mean value in Staphylococcus spp., 

Bacillus spp. and Pseudomonas spp. respectively. 

 

Table 1: Fungi Isolated in the study soil sites 

Sample Yeast Penicillium 

spp. 

Sclerotium 

spp. 

Mucor spp. Fusarium 

spp. 

Aspergillus 

spp. 

Control 0.0c 19.8a 10.5a 2.8a 0.0c 5.0a 

Site one 13.0b 1.0b 0.7b 0.0b 0.3bc 0.0b 

Site two 15c 0.0b 0.8b 0.0b 0.9a 0.0b 

Site three 29.0a 1.5b 0.0b 0.0b 0.7ab 0.0b 

*Means that do not share same letter are significantly different (Tukey method at 98% Confidence 

level) 

 

KEY: 

Control – Uzopipeline, Site 1 – Obiahia, Site 2 – Obiahia, Site 3 – Obiahia 
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Table 2: Total Heterotrophic count of the Bacterial Isolates 

Samples  THC 

Control 5.0 × 108b 

Site one 1.18 ×109a 

Site two 1.12 × 109a 

Site three 1.04 × 109a 

*Means that do not share same letter are significantly different (Tukey method at 98% Confidence 

level) 

 

KEY: 

Control – Uzopipeline, Site 1 – Obiahia, Site 2 – Obiahia, Site 3 – Obiahia 

Table 3: Bacteria Isolated in the study soil sites  

Sample Streptococcus 

spp. 

Staphylococcus 

spp. 

Micrococcus 

spp. 

Bacillus 

spp. 

Proteus 

spp. 

Pseudomonas 

spp. 

Control 7.0c 18.0a 7.8b 0.0b 29.3a 0.0b 

Site one 20.3b 19.5b 16.4a 11.6c 0.0c 9.0b 

Site two 0.0c 28.3a 0.0c 26.8a 17.3b 16.3a 

Site 

three 

27.9a 17.2b 12.3ab 17.1a 13.4b 10.0b 

*Means that do not share same letter are significantly different (Tukey method at 98% Confidence 

level) 

                   
Plate 1a: Micro-conidia of Fusarium spp.             Plate 1b: Microscopic view of Mucor 

spp. 

    

A B 
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Plate 1c: Microscopic view of Penicillium spp.   Plate 1d: Microscopic view of 

Aspergillus spp. 

 
Plate 1e: Microscopic view of Staphylococcus spp. after gram staining 

 

DISCUSSION 

 

The result of this experiment most importantly attest to the earlier reports of Deveau et al., (2018) 

and Carrasco and Preston (2020) that Mushrooms natural wide habitat is characterised by microbe-

rich soils and substrates where a wide variety of interactions is established among bacteria and 

fungi ranging from antagonism and competition to mutualism. The experimental result therefore 

revealed the presence of six fungi genera: four mushroom inhibiting microbes namely Penicillium 

spp., Sclerotium spp., Mucor spp. and Aspergillus spp. in decreasing order from the control sites 

where Agaricus mushroom was not found and two other benefiting fungi genara: Yeast and 

Fusarium spp. from the Agaricus Mushroom colonized soils. However, fairly insignificant number 

of Penicillium spp. was also recorded in site three of the Agaricus colonized soil habitat though 

overshadowed by the very high presence of Yeast.  The high present of Yeast and some Fusarium 

spp. and absent of Penicillium spp., Sclerotium spp., Mucor spp. and Aspergillus spp. in Agaricus 

colonized soils affirmed the reports of Li et al. (2017); and Zhou et al. (2017) that Mushroom 

modifies and select the microbiome associated with the natural environmental niche where they 

grow and fructify.  

 

Owaid et al. (2014) described Yeast as a soil beneficial fungi microbe that is suitable for the 

production of bacteria which aids the growth of mushroom fruiting bodies. It is also rich in growth 

factors for mushroom mycelium such as free amino acids, vitamins, proteins, carbohydrates, some 

micronutrients and nucleotides which can significantly increase the specific growth rate, simple 

control of culture process, and good mycelia quality (Zimbro et al., 2009; Abdulhadi et al., 2013). 

Yeast also acts as a front-runner to gobble up fungi mycelium (basidia) and convert them to usable 

nutrient for the mycelium. Fusarium spp. which is a known root pathogen has been reported to 

produce indole acetic acid (IAA) that modulate phytohormone levels in plant roots in association 

with other fungi like Mortierella.  Thus, can affect colonization of plant roots or fructification by 

ectomycorrhizal fungi that were found to harbour distinct bacterial communities from those of the 

bulk soil, with enrichment in α- and γ-Proteobacteria, as reflected by the amplicon pyrosequencing 
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of PCR-barcoded libraries (Deveau et al., 2016). Penicilium spp, Sclerotium spp, Mucor spp and 

Aspergillus spp which were present in control soils importantly confirms the inability of Agaricus 

mushroom to colonized such soils as they negatively affect the growth of mycelium and mushroom 

production (In-Young et al., 2010).  Severe losses have occurred on farms due to contamination 

of the compost with Aspergillus spp. and Penicillium spp (Samp, 2007). However, some of the 

isolated microorganism in this research (Penicilium spp, Mucor spp, Aspergillus spp), were among 

those isolated by In-Young et al., (2010). 

 

Similarly, six bacterial genera (Bacillus Spp, Proteus Spp, Micrococcus Spp, Streptococcus Spp, 

Staphylococcus Spp and Pseudomonas Spp) that were isolated and identified in the current 

experiment were among those isolated by Rainey et al (1990, 1991). It is note-worthy that 

Pseudomonas and Bacillus spp. which enhances mycelia development and promote primordial 

differentiation (Liu et al., 2017) were present in Agaricus colonized soil samples and absent in 

control soils. Anti-fungal agents produced by some bacteria have been shown to be beneficial to 

control pathogenic fungi (Chang and Kim 2007; Kim, 2006). Other researchers have reported that 

most Mushroom bacterial community is dominated by Proteobacteria, Chloroflexi, Actinobacteria 

and Acidobacteria phyla with high proportions of the genus Pseudomonas during the primordial 

differentiation stage (Liu et al., 2017). 

 

Among the postulated roles of the most abundant bacteria in morel substrates, members from the 

genus Pseudomonas are posited to be involved in morel Morchella spp. fructification (Liu et al., 

2017; Noble et al., 2009). Other dominant genera from the phyla Proteobacteria, Geobacter and 

Rhodoplanes, could help to degrade organic compounds into carbon sources available for the 

morels (Berlemont and Martiny, 2015) and enhance the availability of metal ions such as iron and 

manganese for fungi and plants through metal-reducing activity and siderophore production (Jin 

et al., 2013; Kügler et al., 2019) or simply they are denitrifying bacteria that thrive in the presence 

of fungal exudates (Zhang et al., 2016). Species from the phylum Acidobacteria have been 

described to play an important role in maintaining the acidic pH value of the soil and therefore, 

also influence the uptake of trace elements from substrates, whereas bacteria belonging to the 

phylum Bacteroidetes have been reported to have the capacity to degrade cellulose and chitin (Liu 

et al., 2017). 

 

It is worthy to note that, wild mushroom colonized soil is based on a series of solid fermentation 

stages under controlled environmental conditions in which bacteria and fungi have major roles in 

processing raw materials, minimizing fungal competitors and inducing fructification (Kertesz and 

Thai, 2018; McGee et al., 2018; Vieira and Pecchia, 2018). While further research is ongoing to 

molecularly elucidate the identities of these microbes associated with mushroom growing 

environment to species level. The experimental result gives an insight to the complex microbial 

interaction that could enhance the artificial cultivation of Agaricus mushroom in Nigeria to 

substitute its seasonal growth in the wild.    
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CONCLUSION 

 

The experimental result therefore revealed the presence of six fungi genera: four mushroom 

inhibiting microbes namely Penicillium spp., Sclerotium spp., Mucor spp. and Aspergillus spp. in 

decreasing order from the control sites where Agaricus mushroom was not found and two other 

benefiting fungi genara: Yeast and Fusarium spp. from the Agaricus Mushroom colonized soils. 

However, fairly insignificant number of Penicillium spp. was also recorded in site three of the 

Agaricus colonized soil habitat though overshadowed by the very high presence of Yeast. 

Similarly, six bacterial genera (Bacillus spp, Proteus spp, Micrococcus spp, Streptococcus spp, 

Staphylococcus spp and Pseudomonas spp) were isolated and morphologically identified. It is 

note-worthy that Pseudomonas and Bacillus spp. which enhances mycelia development and 

promote primordial differentiation (Liu et al., 2017) were present in Agaricus colonized soil 

samples and absent in control soils. Therefore understanding of these microorganisms associated 

with the growth of Agaricus could contribute to preparation of artificial habitats for the 

domestication and cultivation of edible A. silvaticus in Rivers State, Nigeria.   
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