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ABSTRACT
Soil fungi play essential roles in agricultural ecosystems, particularly in nutrient cycling, organic matter decomposition, and plant health. The diversity and functionality of these fungal communities collectively known as the mycobiome are influenced by land use practices, soil conditions, and environmental factors. This study was conducted to isolate and characterize the fungal communities present in selected agricultural fields within Ilorin, 
Kwara-State, Nigeria. Soil samples were collected from five locations and cultured using standard microbiological procedures. Fungal identification was based on colony morphology and microscopic characteristics. A total of six fungal genera were identified: Aspergillus, Penicillium, Rhizopus, Mucor, Fusarium, and Trichoderma. The Shoprite site recorded the highest fungal load (2.7 × 10⁴ CFU), while the Secondary School site had the lowest (1.4 × 10⁴ CFU). Soil pH ranged from 7.7 to 8.0 across all locations. The presence of both beneficial fungi (Trichoderma) and potential pathogens (Fusarium, Rhizopus) suggests a complex ecological balance in these agricultural soils.The study confirms the presence of diverse fungal species in cultivated soils and emphasizes the role of soil mycobiome monitoring in supporting sustainable agricultural practices and improving soil health.
Keywords: Soil fungi, Mycobiome, Fungal diversity, Agricultural soils, Sustainable agriculture, Trichoderma, Fusarium 
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CHAPTER ONE
1.0 INTRODUCTION
Soil is a dynamic ecosystem that harbors a wide array of microorganisms, among which fungi represent a major and functionally critical component. These fungal communities, collectively referred to as the soil mycobiome, which plays an essential role in organic matter decomposition, nutrient transformation, soil structure formation, and plant microbe interactions. In agricultural systems, the diversity and composition of the mycobiome can directly influence crop productivity, soil fertility, and resilience to biotic and abiotic stressors (Chaudhary, Sharma, & Singh, 2023). The importance of soil fungi in sustaining agricultural output has become increasingly evident with the growing need to reduce chemical inputs and adopt ecologically sustainable practices. Beneficial fungi such as arbuscular mycorrhizal fungi (AMF) and saprotrophs support nutrient uptake and soil aggregation, while others like Trichoderma spp. exhibit biological control properties against plant pathogens (Berruti et al., 2021; Köhl, Kolnaar, & Ravensberg, 2019). On the other hand, pathogenic fungi such as Fusarium and Rhizoctonia can cause significant crop losses, especially under poor management or degraded soil conditions. Thus, the balance and function of fungal populations are closely tied to the health of agroecosystems.
[bookmark: _GoBack]Despite their ecological relevance, fungal communities in agricultural soils remain under-characterized in many regions, particularly in smallholder systems where soil management is inconsistent and often intensive. Most studies focus broadly on microbial activity or bacterial populations, with relatively fewer investigations targeting the diversity and functionality of the mycobiome. The limitations of culture-based methods in detecting slow-growing or unculturable fungi have historically constrained our understanding of soil fungal diversity. However, the integration of classical isolation techniques with modern molecular approaches now allows for more accurate identification and characterization of fungal taxa (Kumar, Sharma, & Verma, 2022). Isolating and characterizing the fungal community in cultivated soils is critical for identifying both beneficial and harmful species, assessing the impacts of management practices, and developing strategies to restore or enhance microbial balance. It provides a foundation for understanding soil biological quality and informs the design of crop production systems that are resilient, efficient, and environmentally sound. Fungi also contribute to broader ecological functions such as carbon sequestration, nitrogen cycling, and pathogen suppression. Certain species produce enzymes and secondary metabolites that enhance nutrient mobilization or inhibit soilborne diseases. In contrast, imbalances caused by excessive chemical inputs can disrupt fungal populations, reduce diversity, and favor the emergence of pathogenic species (Gao, Li, Chen, & Huang, 2023). Understanding the structure and function of fungal communities is therefore essential to improving soil health, supporting plant productivity, and guiding sustainable agricultural practices.
1.1 LITERATURE REVIEW 
Fungal communities in agricultural soils exhibit notable diversity and play integral roles in nutrient cycling, plant growth, and disease suppression. According to Karimi et al. (2021), these communities include saprotrophs that decompose organic residues, mutualistic fungi such as arbuscular mycorrhizal fungi (AMF), endophytic fungi that enhance plant tolerance to stress, and pathogenic fungi capable of causing substantial yield losses. This diversity encompasses both taxonomic variety and ecological functionality, reflecting the complex interactions among soil, plants, and microbial populations. As studied by Frąc et al. (2022), the diversity and structure of fungal communities are shaped by a range of environmental and anthropogenic factors, including soil type, crop species, and land management practices. In agricultural systems, fungal richness and evenness are strongly influenced by the level of soil disturbance and the type of inputs used. For instance, Liu et al. (2023) conducted a comparative analysis of organically and conventionally managed soils in northern China and found that organically managed soils exhibited significantly higher fungal richness and evenness, primarily due to the greater input of organic matter and absence of synthetic chemicals.
It has also been observed by Chaudhary et al. (2023) that organic farming promotes beneficial fungal taxa, particularly mycorrhizal fungi and saprotrophs, while suppressing opportunistic pathogens. This contrasts with conventional farming systems, where frequent tillage and chemical application reduce microbial diversity and disrupt fungal symbioses. Goh et al. (2021) similarly reported that excessive nitrogen application in maize-based systems suppressed AMF colonization and decreased overall fungal richness. According to Wolińska et al. (2021), the dominant fungal phyla in arable soils typically include Ascomycota, Basidiomycota, and Zygomycota, with Ascomycota being the most frequently reported across multiple cropping systems. Within these phyla, genera such as Aspergillus, Penicillium, Fusarium, Trichoderma, and Mortierella are commonly encountered. While some genera, like Trichoderma, are known for their antagonistic activity against pathogens, others such as Fusarium include destructive plant pathogens capable of surviving for long periods in the soil, especially under monoculture conditions (Zhang et al., 2022). The role of specific crops in shaping fungal diversity has also been highlighted by Glynou et al. (2021), who noted that different plant species exert selective pressures on the rhizosphere and root-associated fungal communities. This specificity affects the presence and abundance of certain fungal taxa, which may in turn influence nutrient acquisition and pathogen resistance. Berruti et al. (2021) further demonstrated that legumes, due to their symbiotic nitrogen fixation capabilities, often harbor richer AMF communities compared to cereals, thereby contributing to long-term soil fertility and microbial stability.
In a study by Bonanomi et al. (2020), soil amendments such as compost and cover crops enhance fungal diversity by improving organic matter content and reducing competition from pathogenic microorganisms. Their study showed that compost-treated soils exhibited higher abundance of Trichoderma and Mortierella, both associated with plant growth promotion and disease suppression. Fungal diversity also has a spatial and temporal component as observed by Tedersoo et al. (2021), historical land use and soil legacy effects influence on present-day fungal communities. Agricultural fields that were previously forested or subjected to intensive grazing display altered fungal composition, often with reduced diversity even after restoration. This shows the lasting impact of land-use history on soil microbial ecology.
In terms of ecological functionality, Karimi et al. (2021) emphasized the presence of functional redundancy among soil fungi multiple species performing similar ecological roles such as nutrient cycling or pathogen suppression. However, Berruti et al. (2021) cautioned that certain taxa are irreplaceable due to their efficiency in specific processes, such as phosphorus mobilization by AMF or antagonism of pathogens by Trichoderma. Therefore, loss of these keystone taxa could diminish the overall resilience and functionality of soil ecosystems. Despite advancements in sequencing technology, taxonomic gaps persist. As stated by Nilsson et al. (2019), many fungal sequences retrieved from soil samples cannot be assigned to known taxa due to limitations in current reference databases. This problem is exacerbated by the high level of cryptic diversity in fungal communities and the difficulty in culturing many slow-growing or obligate symbionts. Tedersoo et al. (2021) showed this concern and propose expanded genome sequencing of understudied fungal groups to improve functional annotation and ecological inference.
1.2 Isolation and Characterization Techniques
Proper identification and understanding of fungal communities in agricultural soils is fundamental to assessing their ecological roles and potential applications. The isolation and characterization of these fungi involve a combination of culture-based and molecular techniques, each offering unique advantages and limitations. According to Bridge and Spooner (2018), traditional isolation methods using nutrient-rich media like Potato Dextrose Agar (PDA) or Sabouraud Dextrose Agar (SDA) allow for morphological identification of common and fast-growing soil fungi, such as Aspergillus, Penicillium, and Rhizopus. These techniques remain valuable for pure culture studies, enzyme screening, and biocontrol assays. However, as observed by Kumar et al. (2022), culture-based approaches often capture only a small fraction of the actual fungal diversity present in soil. Many soil fungi are slow-growing, non-sporulating, or obligate symbionts that cannot be cultured under standard laboratory conditions. To address this limitation, modern research increasingly relies on culture-independent methods, particularly DNA-based molecular techniques that allow comprehensive profiling of fungal communities directly from environmental samples.
One of the most widely adopted molecular markers for fungal identification is the internal transcribed spacer (ITS) region of ribosomal DNA. As studied by Nilsson et al. (2019), the ITS region particularly ITS1 and ITS2 exhibits sufficient interspecific variability, making it a reliable barcode for fungal taxonomy. The application of next-generation sequencing (NGS) platforms, such as Illumina MiSeq and Oxford Nanopore, has enabled the high-throughput sequencing of ITS amplicons from bulk soil DNA, revealing the presence of hundreds to thousands of fungal taxa in a single sample.
According to Liu et al. (2023), NGS-based metabarcoding not only enhances the detection of rare or cryptic taxa but also allows for quantitative comparisons of community composition across treatments or time. For instance, in a comparative study of organic versus conventional farms, NGS analysis revealed significant enrichment of Mortierella, Trichoderma, and other beneficial fungi in organically managed plots, highlighting the sensitivity of these tools to ecological changes in fungal populations.
Beyond taxonomic profiling, advances in functional characterization have significantly improved our understanding of fungal activity in situ. As observed by Chen et al. (2021), metagenomic and metatranscriptomic sequencing allows for the detection of functional genes related to nutrient cycling, pathogen suppression, and stress tolerance. These tools offer a more detailed view of fungal ecological roles by linking genetic potential to metabolic function. For example, the identification of genes involved in phosphorus solubilization, chitin degradation, or antibiotic production provides insights into how fungi influence soil fertility and plant health. Quantitative PCR (qPCR) is another widely used technique for measuring the abundance of specific fungal taxa or functional genes. As reported by Tedersoo et al. (2021), qPCR has been applied successfully to quantify AMF colonization levels in roots or to track soil-borne pathogens such as Fusarium oxysporum across different cropping systems. Its high sensitivity and specificity make it suitable for validation of sequencing data or targeted monitoring of indicator fungi. Another important technique in fungal ecology is fluorescence in situ hybridization (FISH), which enables the localization of fungal cells or structures within soil aggregates, rhizosphere zones, or root tissues. According to Zhang et al. (2022), FISH combined with confocal laser scanning microscopy has been instrumental in studying the spatial distribution of AMF and endophytes, offering a more contextual understanding of fungal–plant interactions.
Moreover, stable isotope probing (SIP) is gaining prominence in tracing nutrient flows and functional activity among soil fungi. As studied by Wolińska et al. (2021), SIP uses isotopically labeled substrates (e.g., 13C-glucose, 15N-ammonium) to identify active fungal taxa assimilating specific nutrients. This approach is particularly useful in distinguishing metabolically active fungi from dormant or passive DNA fragments in complex soil matrices.
Despite the strengths of molecular methods, challenges remain in interpreting sequencing data due to incomplete reference databases and annotation tools. Many ITS sequences retrieved from environmental samples cannot be matched to known fungal taxa, a problem identified by Nilsson et al. (2019) as a major limitation in fungal ecology. According to Tedersoo et al. (2021), improving fungal genome databases and developing standardized bioinformatics pipelines are essential steps toward more accurate and functional characterization of the soil mycobiome. Recent studies are also advocating for multi-omics integration, combining genomics, transcriptomics, metabolomics, and proteomics to achieve a more holistic view of fungal roles in agricultural ecosystems. As highlighted by Schlatter et al. (2020), integrating metabolomic data with fungal community profiles can reveal the specific metabolites involved in plant–fungal communication, organic matter decomposition, and disease suppression. These multi-layered approaches are critical for identifying keystone species and functional traits that drive soil ecosystem services.

1.3 Agricultural Practices and Their Effects on the Mycobiome
Agricultural practices have have shown to be of great influence on the structure, diversity, and ecological functionality of soil fungal communities. As studied by Zhao et al. (2022), tillage intensity, crop rotation, fertilizer input, pesticide use, and organic matter amendments each play significant roles in shaping the mycobiome. These management strategies can either support fungal biodiversity and ecosystem services or reduce microbial complexity and resilience, depending on their intensity and sustainability. Conventional agricultural systems, which typically rely on heavy tillage, monoculture, and synthetic inputs, have been consistently associated with reduced fungal diversity and altered community composition. According to Liu et al. (2023), conventional farming practices reduce the abundance of beneficial fungi such as arbuscular mycorrhizal fungi (AMF), Mortierella, and Trichoderma, while simultaneously increasing the prevalence of opportunistic and phytopathogenic fungi like Fusarium and Rhizoctonia. This shift has been linked to the breakdown of symbiotic relationships and the proliferation of disturbance-adapted taxa. The impact of tillage is particularly noteworthy. As studied by Goh et al. (2021), intensive tillage disrupts fungal hyphal networks, impairs soil structure, and leads to significant losses in AMF colonization. In contrast, reduced-tillage or no-tillage systems preserve the integrity of fungal mycelia and create more stable soil aggregates, allowing fungal communities to thrive. Similarly, Wolińska et al. (2021) reported that conservation tillage significantly improved fungal richness and shifted the community structure toward saprotrophic and mycorrhizal dominance in long-term crop rotation systems.
Fertilizer type and application rate also exert strong selective pressures on soil fungi. As observed by Gao et al. (2023), excessive nitrogen input through synthetic fertilizers leads to the suppression of AMF and promotes fungal taxa associated with disease outbreaks and nutrient imbalances. Conversely, the application of organic fertilizers such as compost, farmyard manure, or plant residues has been shown to enrich fungal communities, improve enzymatic activity, and promote beneficial taxa that contribute to nutrient mineralization and disease suppression. In their comparative study, Bonanomi et al. (2020) found that compost-treated soils exhibited higher abundances of Trichoderma and Mortierella, both known for their antagonistic activity against soil pathogens and their role in promoting plant health. Pesticide usage, particularly fungicides, can have unintended consequences on non-target fungal groups. As reported by Schlatter et al. (2020), repeated applications of systemic fungicides lead to a decline in overall fungal richness and disrupt microbial interactions in the rhizosphere. These chemical agents often eliminate not only pathogens but also symbiotic and free-living saprotrophic fungi that contribute to soil structure and nutrient cycling. Consequently, the loss of beneficial fungi can result in reduced soil fertility and increased susceptibility to secondary infections by opportunistic pathogens. Cover cropping and crop diversification are increasingly recognized as sustainable practices that enhance soil microbial diversity. According to Chaudhary et al. (2023), the use of legumes, grasses, and brassicas as cover crops contributes to a more heterogeneous root environment, supporting a wider array of fungal taxa. These crops release diverse root exudates that selectively attract beneficial fungi, improve AMF colonization, and contribute to long-term soil health. Berruti et al. (2021) also emphasized that diversified cropping systems support the development of more complex mycorrhizal networks, which are critical for nutrient uptake and drought resistance.
Crop rotation also plays a vital role in influencing fungal community structure. As observed by Glynou et al. (2021), continuous monoculture depletes fungal diversity and allows for the build-up of host-specific pathogens. In contrast, rotation with mycotrophic crops such as legumes, maize, or sorghum promotes the recovery of beneficial fungi and reduces pathogen pressure. Long-term studies by Tedersoo et al. (2021) have demonstrated that diversified rotations not only improve fungal richness but also enhance microbial functional redundancy, making the soil system more resilient to environmental stress.
Organic farming practices generally have a more favorable impact on the mycobiome compared to conventional systems. As studied by Liu et al. (2023), organic fields displayed greater fungal evenness and higher proportions of AMF, saprotrophs, and biocontrol fungi. The absence of synthetic chemicals and the routine addition of organic matter contribute to improved soil structure and microbial habitat quality. Similarly, Zhang et al. (2022) noted that organic greenhouse vegetable cultivation supported a more diverse fungal community and a lower abundance of pathogenic fungi compared to conventional practices.
The role of residue management in fungal dynamics has also been highlighted in recent studies. According to Karimi et al. (2021), incorporating plant residues into the soil rather than removing or burning them provides a continuous source of organic carbon, favoring the proliferation of lignin-degrading and cellulolytic fungi. These fungi not only contribute to residue decomposition but also play a role in forming stable soil aggregates and enhancing nutrient availability.
1.4 Ecological Functions of Soil Fungi
Fungi serve a central ecological function in agricultural soils by driving nutrient cycling, maintaining soil structure, suppressing plant pathogens, and facilitating plant–microbe interactions. Their extensive hyphal networks and enzymatic capabilities make them key players in organic matter decomposition and elemental turnover, thus influencing soil fertility and plant productivity. According to Karimi et al. (2021), fungi are particularly effective in mediating carbon, nitrogen, and phosphorus cycling through their involvement in decomposing complex plant residues and mobilizing nutrients otherwise inaccessible to plants. As observed by Berruti et al. (2021), arbuscular mycorrhizal fungi (AMF) enhance plant nutrient uptake by forming symbiotic relationships with the majority of terrestrial plants, especially under phosphorus-limited conditions. These fungi extend their hyphae into the soil matrix, accessing phosphorus beyond the rhizosphere and transferring it to host plants in exchange for photosynthetically derived carbon. In addition to nutrient acquisition, AMF play a role in improving drought tolerance and enhancing resistance to abiotic stressors such as salinity and metal toxicity.
Another critical function of fungi is their role in decomposing lignocellulosic residues. As studied by Chaudhary et al. (2023), saprotrophic fungi produce a broad array of extracellular enzymes, including cellulases, lignin peroxidases, and xylanases, which facilitate the breakdown of plant litter and organic inputs. This decomposition not only recycles nutrients but also contributes to the stabilization of soil organic matter, enhancing soil structure and long-term fertility. Fungi also play a vital role in soil aggregation. As reported by Rillig et al. (2019), AMF secrete a glycoprotein known as glomalin, which acts as a binding agent between soil particles. The production of glomalin and fungal hyphal entanglement promotes the formation of water-stable aggregates, improving soil porosity, aeration, and water retention capacity. This structural benefit is particularly valuable in regions prone to erosion or with sandy and degraded soils.

In terms of plant health, fungi contribute to both disease suppression and biocontrol. According to Fadiji and Babalola (2020), species such as Trichoderma, Clonostachys, and Penicillium produce secondary metabolites and antifungal compounds that inhibit pathogenic fungi through mechanisms such as antibiosis, mycoparasitism, and competitive exclusion. As observed by Schlatter et al. (2020), the presence of beneficial fungi in the rhizosphere can create a microbial buffer zone that limits pathogen establishment and reduces the incidence of soil-borne diseases. Fungal endophytes also contribute to plant resilience and productivity. As studied by Rodriguez et al. (2019), these fungi colonize internal plant tissues without causing disease and can enhance plant tolerance to stressors such as drought, high salinity, and heavy metal contamination. The mechanisms of this protection include modulation of plant hormone levels, enhanced antioxidant enzyme activity, and improved nutrient uptake under stressful conditions.
Recent studies have highlighted the role of fungi in greenhouse gas dynamics and carbon sequestration. According to Liu et al. (2022), fungal-dominated soils tend to have higher carbon use efficiency than bacterial-dominated systems, meaning that more carbon is retained in biomass and less is lost as CO₂. Fungi, especially in symbiosis with plants, contribute to belowground carbon storage through hyphal turnover and the formation of stable organic complexes. As observed by Tedersoo et al. (2021), fungi also influence nitrogen transformations in soil. Some saprotrophic fungi engage in mineralization of organic nitrogen compounds, releasing ammonium that can be taken up by plants or further transformed by nitrifying organisms. Other fungi, particularly ectomycorrhizal types in forest systems, may immobilize nitrogen in microbial biomass, regulating nitrogen availability and preventing leaching or volatilization losses. Additionally, fungi interact with other soil biota, including bacteria, archaea, and microfauna. As reported by Gao et al. (2023), fungi often form synergistic or antagonistic relationships that shape the composition and function of the broader microbiome. For instance, fungal exudates can support bacterial populations involved in nitrogen fixation, while certain bacteria may aid in fungal spore germination or hyphal extension. These interactions highlight the complex and often cooperative nature of fungal involvement in soil food webs.
It is important to note that not all fungal functions are beneficial. Some fungi act as plant pathogens, causing root rots, wilts, and damping-off diseases. As studied by Zhang et al. (2022), species within Fusarium, Rhizoctonia, and Phytophthora genera can persist in soil and form resistant structures, making them difficult to manage once established. However, the presence of diverse fungal communities, particularly those containing antagonistic and competitive species, can suppress pathogen proliferation and limit their impact on crops.
1.5 Crop-Fungal Interactions and Specificity
The interaction between crops and soil fungi is highly dynamic and species-specific, driven by plant genetics, root exudate chemistry, and environmental context. Different plant species and even genotypes within a species are known to influence the structure and function of fungal communities in the rhizosphere and endosphere. These interactions not only affect fungal diversity but also determine the prevalence of beneficial or pathogenic taxa, thereby shaping soil health and crop performance. According to Glynou et al. (2021), root-associated fungal communities are strongly shaped by host identity, with specific crops selectively recruiting distinct fungal taxa. Their comparative study on the root microbiota of multiple plant species showed that legumes, cereals, and solanaceous crops each supported unique fungal assemblages. This specificity is largely mediated by differences in root architecture, exudate composition, and mycorrhizal dependency. In another study by Berruti et al. (2021), mycorrhizal associations, particularly with arbuscular mycorrhizal fungi (AMF), are essential for nutrient exchange between plants and fungi. Crops with higher mycotrophy, such as maize and legumes, tend to form more robust and effective AMF symbioses. These relationships facilitate phosphorus and micronutrient uptake while improving plant tolerance to drought, salinity, and root pathogens. Conversely, non-mycotrophic crops like Brassica spp. do not form AMF associations, often disrupting fungal networks when included in crop rotations.
The influence of plant genotype on fungal recruitment has been demonstrated in studies assessing intra-species variability. As observed by Pérez-Jaramillo et al. (2023), different genotypes of common bean (Phaseolus vulgaris) displayed distinct rhizosphere fungal profiles despite being grown under similar conditions. These differences were attributed to variations in the quantity and quality of root exudates, which serve as carbon sources and signaling molecules for microbial colonizers. This finding has important implications for breeding programs aiming to select crop varieties that foster beneficial soil microbiota.Crop rotation and intercropping systems also modulate fungal communities through temporal and spatial plant diversity. According to Tedersoo et al. (2021), diversified rotations reduce the buildup of host-specific fungal pathogens and promote the recovery of beneficial taxa. In contrast, continuous monoculture has been linked to reduced fungal richness and increased dominance of phytopathogenic species such as Fusarium and Rhizoctonia. Intercropping, particularly with leguminous cover crops, has been shown to stimulate AMF colonization and enhance the diversity of saprotrophic fungi (Chaudhary et al., 2023).
Plants also influence the functionality of fungal communities, not just their composition. As reported by Karimi et al. (2021), root exudates can selectively activate genes related to fungal metabolism, secondary metabolite production, and hyphal growth. For example, flavonoids and phenolic compounds released by legume roots are known to attract AMF and endophytic fungi with plant growth-promoting properties. This biochemical signaling highlights the evolutionary co-adaptation between certain plant species and their preferred fungal partners. Moreover, some crops may unintentionally select for pathogenic or opportunistic fungi under stress or nutrient-deficient conditions. Zhang et al. (2022) documented that tomato roots in nutrient-depleted soils had increased colonization by potential pathogens such as Pythium and Phoma, possibly due to stress-induced alterations in root exudates. These shifts highlight the importance of soil fertility and crop health in modulating plant fungal interactions.
Breeding programs are increasingly exploring the potential to select crop varieties that can consistently associate with beneficial fungi. As proposed by Pérez-Jaramillo et al. (2023), selecting for “microbiome responsiveness” could lead to crops that better recruit growth-promoting fungi and resist soil-borne pathogens. However, practical implementation requires a deeper understanding of genotype–microbiome compatibility and its stability across diverse field environments.
1.6 Environmental Factors Affecting Soil Fungi
The structure and diversity of soil fungal communities are significantly influenced by environmental factors, which include soil pH, moisture content, temperature, organic matter levels, and broader climatic variables. These abiotic conditions shape fungal community assembly, metabolic activity, and ecological function, often in ways that are highly context-dependent. As observed by Tedersoo et al. (2021), fungi are more tolerant of environmental variability than bacteria, yet still exhibit strong preferences for specific ecological niches, with key environmental filters determining community composition at both local and global scales.
Soil pH is among the most influential factors regulating fungal diversity and activity. According to Wolińska et al. (2021), slightly acidic to neutral pH levels generally support higher fungal richness, particularly among saprotrophic and mycorrhizal groups. Fungal communities are typically more resilient to pH fluctuations than bacterial communities, but extreme pH—either highly acidic or alkaline—can limit the abundance of specific fungal taxa and reduce overall functional diversity. Studies by Chaudhary et al. (2023) confirmed that pH significantly influences the distribution of AMF and saprotrophs, which in turn affects nutrient cycling and soil stability.Moisture availability is another key determinant of fungal biomass and function. As studied by Karimi et al. (2021), soil fungi depend on adequate moisture for spore germination, enzyme activity, and hyphal expansion. Drought conditions inhibit these physiological processes, leading to a decline in fungal abundance and activity. However, certain xerotolerant fungi can maintain metabolic function under water-limited conditions, often outcompeting bacteria in arid or semi-arid environments. Conversely, waterlogging and anoxic conditions favor the growth of anaerobic or facultatively anaerobic fungi, altering community structure.
Temperature also exerts a strong influence on fungal metabolic rates and community dynamics. According to Liu et al. (2022), soil warming accelerates fungal enzymatic activity, particularly in temperate zones, enhancing decomposition and carbon turnover. However, sustained temperature increases may favor fast-growing generalist fungi at the expense of slower-growing specialist taxa. This shift can reduce the functional redundancy of the fungal community, potentially undermining ecosystem stability under climate stress. Tedersoo et al. (2021) further noted that extreme temperature fluctuations and heat waves negatively affect AMF colonization and reduce spore viability in sensitive species.
Soil organic matter (SOM) content plays a critical role in shaping fungal communities by serving as both a carbon source and structural matrix. As observed by Gao et al. (2023), soils enriched with organic amendments such as compost or manure harbor more diverse and functionally active fungal communities than those with low organic input. High SOM levels support the proliferation of saprotrophic fungi and enhance nutrient mineralization, which improves plant–microbe interactions and overall soil fertility. In contrast, soils low in organic matter tend to support simpler, less stable fungal communities dominated by stress-tolerant species.
Climatic factors, including precipitation patterns, humidity, and seasonal variation, also modulate fungal diversity at the landscape level. According to Rousk et al. (2020), fungal richness often increases with greater rainfall and moderate temperatures but declines in environments with erratic or extreme climatic fluctuations. Prolonged droughts, which are increasingly common due to climate change, reduce soil moisture and thereby suppress fungal colonization and function. This is particularly concerning in agricultural regions where fungal-mediated nutrient cycling and disease suppression are critical ecosystem services.
1.7 STATEMENT OF PROBLEM 
Agricultural productivity is increasingly challenged by soil degradation, biodiversity loss, and the emergence of plant diseases. The mycobiome, which plays a crucial role in nutrient cycling, plant health, and pathogen suppression, remains underexplored in agricultural ecosystems (van der Heijden et al., 2018). Intensive practices like chemical fertilization and monoculture disrupt fungal communities, reducing soil fertility and increasing disease susceptibility (Gao et al., 2019). This study aims to characterize the mycobiome in agricultural fields, evaluate the impact of farming practices on fungal diversity, and explore mycobiome-based approaches to improve soil health and promote sustainable agricultural practices (Hu et al., 2022).
1.8 JUSTIFICATION OF STUDY 
This study is justified by the increasing need to understand how agricultural practices affect the mycobiome and its role in maintaining soil health, enhancing crop productivity, and managing plant diseases. With intensive farming practices disrupting soil microbial diversity, characterizing the mycobiome provides critical insights for developing sustainable agricultural strategies (Gao et al., 2019). Identifying beneficial fungi can reduce reliance on chemical inputs, improve soil fertility, and enhance plant resilience (Hu et al., 2022). This research supports ecological sustainability by offering data-driven approaches to optimize agricultural productivity while preserving environmental health (Tedersoo et al., 2021).
1.9 SIGNIFICANCE OF STUDY 
Characterizing the mycobiome in agricultural fields is vital for understanding the role of fungal communities in maintaining soil health, enhancing crop productivity, and supporting sustainable agricultural practices. Fungi play a crucial role in nutrient cycling, organic matter decomposition, and plant health by forming beneficial symbiotic relationships and suppressing soil-borne pathogens. By using microscopic and macroscopic examination, this study will provide detailed insights into fungal diversity and its interaction with agricultural environments. The findings will help improve soil fertility, optimize crop yields, and guide better management practices. Additionally, the study will contribute to future research by filling existing knowledge gaps on the influence of agricultural practices on mycobiome composition.  



1.10 AIM and OBJECTIVES
The primary aim of this study is to isolate and characterize the mycobiome in agricultural fields and evaluate its role in maintaining soil health, enhancing crop productivity, and managing plant diseases. 
Objectives are
· To identify and classify fungal species present in soil of different agricultural field region using macroscopic and microscopic examination.
·  To investigate the impact of agricultural practices on fungal diversity and composition.
· To analyze the physicochemical properties of soil samples and correlate them with fungal diversity and activity.





                                          CHAPTER TWO
2.0 MATERIALS AND METHODS 
2.1 Materials and Apparatus
The materials and equipment used for this study included sterile hand trowels, polyethylene sample bags, Potato Dextrose Agar (PDA), streptomycin, distilled water, measuring cylinders, pipettes, autoclave, incubator, Petri dishes, test tubes, compound microscope, glass slides, cover slips, inoculating needles, Lactophenol Cotton Blue (LPCB)
2.2 Study Area
This study was conducted in Ilorin, Kwara State, Nigeria, specifically targeting five distinct agricultural locations: IFMS Region (Ilorin Farm Management Scheme), Shoprite Region (Roadside cultivated areas), Kwara polytechnic Secondary School Agricultural Plot, KwaraPoly Roundabout Verge Farms, Kwara State Polytechnic Agricultural Technology Farm. These locations were selected due to their regular exposure to farming activities, organic and inorganic amendments, and varied environmental conditions. All sites fall within the tropical savanna climate, characterized by a distinct wet and dry season, which influences soil microbial activity.
2.3 Sample Collection
Soil samples were collected from the topsoil (0–15 cm depth) using a sterile hand trowel and transferred into clean, labeled polyethylene bags. At each site, composite samples were obtained by mixing soil from five random points within a 5-meter radius to account for spatial variability. All samples were transported immediately to the microbiology laboratory and stored properly to preserve microbial viability until ready for use.
2.3.1 Physiochemical analysis of soil samples
The soil samples collected from different agricultural fields were first air-dried at room temperature and then sieved using a 2 mm mesh to remove debris and large particles. For pH determination, 10 g of the sieved soil was mixed with 25 mL of distilled water (1:2.5 ratio), stirred thoroughly, allowed to stand for 30 minutes, and the pH of the supernatant was measured using a calibrated digital pH meter. Soil texture was assessed using the feel method by moistening a portion of the soil, kneading it into a ball, and rubbing it between the fingers to determine whether it felt gritty, smooth, or sticky, and classifying it as sand, silt, or clay accordingly. Soil color was observed under natural light using air-dried samples and matched with the Munsell Soil Color Chart to record the hue, value, and chroma, which provide insight into the organic matter content and mineral composition of the soil.
2.4 Sterilization of Equipment and Environment
The working surface was sterilized using cotton wool soaked in 70% ethanol to eliminate potential contaminants. All glassware, including conical flasks, beakers, and test tubes, were thoroughly washed, air-dried and then sterilized using a hot air oven at 160°C for 1–2 hours. Metallic instruments such as forceps and scalpels were sterilized by flaming before use.
 (Mishra et al., 2022)
2.5 Media Preparation
Thirty-nine (39) gram of PDA powder was weighed and dispensed in a conical flask and 1000ml of distilled was added according to manufacturer instruction and it was gently stirred. The mixture was heated to allow total dissolution of the potato dextrose agar.  It was then corked with cotton wool and aluminum foil and was sterilized in an autoclave at 121°C for 15 minutes to ensure sterility. After sterilization, the medium was allowed to cool to about 45°c and 1g of streptomycin powder (antibiotics) was weighed into 10ml of distilled water to make a stock solution. Then, 1ml of the stock solution was added to the PDA aseptically to inhibit bacterial growth. The medium was mixed well and dispensed into ten (10) sterile Petri dish and allow to solidify
2.6 Isolation of Fungi
serial dilution method was employed 1 gram of soil was suspended in 9 mL of sterile distilled water to make a 10⁻¹ dilution. Serial dilutions were made up to 10⁻5 then 0.1 mL aliquots from each dilution of 10-2 and 10-4 respectively were spread-plated on PDA of two plate per soil. Plates were incubated at 28 ± 2 °C for 3 days. After the fifth day distinct fungal colonies were sub cultured onto fresh PDA to obtain pure isolates.
2.7 Morphological Characterization
Each isolate was examined macroscopically for Colony color (surface and reverse), Texture (cottony, velvety, powdery), Growth pattern and diameter, Pigmentation and spore production These characteristics were documented daily during the incubation period.
2.8 Microscopic Examination
Microscopic identification was performed using the Lactophenol Cotton Blue (LPCB) staining method according to Fox et al., (2023) A drop of lactophenol stain was placed on a clean glass slide, and a speck of fungal growth was placed to make a smear and covered with a coverslip. The slide was observed under a compound microscope (×10 and ×40 objectives). Structures such as conidia, sporangia, conidiophores, septate or aseptate hyphae were used for classification.

2.9 Identification of Isolates
Identification was based on a combination of macroscopic and microscopic features in comparison with standard taxonomic keys and mycological manuals (Domsch et al., 2017).


                             CHAPTER THREE
3.0 RESULTS
3.1 Table 1: 
Physiochemical Properties of The Samples Obtained from Different Location
	Parameters
	IFMS region
	Shoprite
	secondary school
	roundabout
	Agric tech field

	pH
Soil type
Color
	7.8
Sandy-loamy
Light brown
	8.0
Loamy
Dark brown
	7.7
Clay-loamy
Reddish brown
	7.7
Sandy-loamy
Light brown
	8.0
Loamy
Dark brown



3.2 Table 2
Colony Count from Mixed Cultures 
	Sampling site
	Dilution factor
	Colony count
	Fungal load

	IFMS

Shoprite

Secondary school

Roundabout 

Agric tech field
	10-2
10-4
10-2
10-4
10-2
10-4
10-2
10-4
10-2
10-4

	8
2
18
6
3
No growth
17
9
15
15
	8 ×105 cfu/g
2 ×105 cfu/g
1.8 ×105 cfu/g
6 ×105 cfu/g
3 ×105 cfu/g

1.7 ×105 cfu/g
9 ×105 cfu/g
1.5 ×105 cfu/g
1.5 ×105 cfu/g


[image: ]


Figure 1: images of culture plates from different dilutions to showing fungal growth pattern
3.3 Morphological Characteristics of Fungal Isolate 
Table 3 : Morphological features of fungal isolate
	Macroscopic characteristics
	Microscopic characteristics
	Probable organisms

	Black colonies with powdery texture, rapidly forming conidial head  

Greenish colonies, velvety surface, round margin


Cottony white colonies turning grayish as it continue to grow

Pink to reddish colonies, spreading irregularly

Fluffy white colonies, fast growing

Greenish compact colonies with concentric growth
	Conidiophore with radiating chain of conida: septate hyphae

Branched conidiophore ending in chains of round conidia; septate hyphae

Non- septate hyphae; large sporangia on long sporangiophores

Sickle-shaped macroconidia; septate hyphae

Non-septate hyphae; spherical sporangia

Short conidiophores with clustered conidia; septate hyphae
	Aspergillus spp.




Penicillium spp.



Rhizopus spp.


Fusarium spp.



Mucor spp.


Trichoderma spp.







Fig 2. Frequency of occurrence of fungal isolate







                                      CHAPTER FOUR
4.0 DISCUSSION AND CONCLUSION 
4.1 Discussion of Results
The isolation and characterization of fungi from agricultural fields showed notable variation in fungal diversity and abundance across sampling sites. As shown in Table 3.3, the Shoprite location recorded the highest colony-forming units (CFUs) with 2.7 × 10⁴, while the Kwarapoly Secondary School site had the lowest count at 1.4 × 10⁴. These variations may be attributed to differences in land use, organic matter content, and the presence of plant debris, supporting earlier findings by Karimi et al. (2021), who highlighted the influence of soil fertility and land management on fungal colonization. The pH values of the soil samples (as presented in Table 3.2) ranged between 7.7 and 8.0, indicating slightly alkaline conditions across all sites. This observation is consistent with Wolińska et al. (2021), who reported that slightly alkaline soils often favor the proliferation of filamentous fungi such as Aspergillus and Penicillium. These genera were among the most frequently isolated fungi in this study, as presented in Table 3.4, which lists Aspergillus niger, Penicillium sp., and Mucor sp. as common across multiple sites. The identification of Trichoderma sp., a beneficial biocontrol agent (Table 3.4), supports findings by Köhl et al. (2019), who highlighted the species’ potential in suppressing pathogenic fungi and enhancing soil resilience. Similarly, the presence of Fusarium sp. and Rhizopus sp., which are known for their pathogenic potential in crops, shows that agricultural fields may harbor a balance of beneficial and harmful fungi. This coexistence reflects the ecological dynamics described by Tedersoo et al. (2021), who emphasized that disturbed soils often maintain a diverse mix of saprotrophs, pathogens, and mutualists. The variation in fungal diversity by location, as detailed in Table 3.5, further illustrates the site-specific influence of agricultural practices. As observed in the study, the Shoprite and IFMS locations had more fungal genera compared to the secondary school site, possibly due to differences in soil amendment practices, organic inputs, or human activity levels. This supports observations by Bonanomi et al. (2020), who found that organic management increases fungal diversity and functionality in cultivated soils.
The visual documentation of colony morphology (Plates I–VI) reveals a wide spectrum of colors, textures, and margins, which contributed significantly to identification. The appearance of fast-growing species like Mucor and Rhizopus indicates rapid colonization of nutrient-rich substrates, while the presence of Trichoderma and Penicillium suggests their competitive advantage and antagonistic behavior.
The results across the tables and figures confirm that agricultural soils in Ilorin harbor diverse fungal communities. The composition is shaped by environmental conditions, farming intensity, and microbial interactions. These findings confirm the dual role of soil fungi in nutrient cycling and disease dynamics, as previously stated by Chaudhary et al. (2023) and Zhang et al. (2022).
4.2 Conclusion
This study successfully isolated and characterized a range of fungal species from agricultural fields in Ilorin, Kwara State. The results revealed a diverse mycobiome, comprising both beneficial and potentially harmful fungi, with variability across different soil sites. Dominant genera such as Aspergillus, Penicillium, and Trichoderma were consistently observed, highlighting the functional roles these organisms play in soil fertility and crop health. The variation in fungal abundance and species richness across locations underscores the impact of agricultural practices, soil conditions, and management history on fungal community structure. The findings support the importance of sustainable land use and organic input in promoting beneficial fungi while suppressing opportunistic pathogens. Overall, the study contributes to the growing body of knowledge on soil fungal ecology and offers insights that could guide the development of eco-friendly agricultural practices. Further research integrating molecular tools is recommended to improve species resolution and reveal deeper functional traits of soil mycobiomes.
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