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ungi constitute one of the most ecologically consequential 

kingdoms of life on Earth, and the mushroom—the 

macroscopic, spore-bearing structure produced by numerous 

fungal species—serves as both the reproductive organ of the 

organism and a visible indicator of the extensive mycelial 

networks operating beneath the soil surface. Taxonomically, the 

vast majority of mushroom-forming fungi belong to the phyla 

Basidiomycota and Ascomycota, and they are distributed across 

virtually every terrestrial biome, colonising forest floors, 

grassland soils, agricultural fields, decaying wood, and organic 

composts. Despite widespread recognition of mushrooms as a food source, their ecological 

significance extends considerably beyond human nutrition. Fungi are the principal agents of 

lignocellulose decomposition in terrestrial environments, a role that renders them 

indispensable to the functioning of global carbon and nutrient cycles. Without the enzymatic 

activity of wood-rotting and litter-decomposing fungi, organic matter would accumulate 

indefinitely, nutrients would be sequestered in unavailable forms, and plant productivity 

would decline precipitously (Stamets, 2005; Carlile et al., 2001).  

Decomposition of Organic Matter and Nutrient Recycling 

Lignocellulose Degradation 

The decomposition of dead organic matter is among the most ecologically critical processes 

in terrestrial ecosystems, and fungi—particularly wood-rotting Basidiomycetes—are its 

principal agents. Plant cell walls are composed predominantly of cellulose, hemicellulose, 

and lignin, collectively referred to as lignocellulose. The structural complexity and chemical 

recalcitrance of lignin render it resistant to most microbial degradation pathways; however, 

white-rot fungi such as Pleurotus ostreatus (oyster mushroom) and Phanerochaete 

chrysosporium secrete a suite of extracellular oxidative enzymes—including laccases, lignin 

peroxidases, and manganese peroxidases—that selectively mineralise lignin while retaining 

or subsequently degrading cellulose (Webster & Weber, 2007).  

Nutrient Cycling and Soil Fertility 

The nutrient cycling function of fungi is particularly significant in forested ecosystems, 

where organic matter inputs are high and the rate of decomposition governs the availability of 

mineral nutrients to plants. Fungal decomposers occupy a central position in the detrital food 

web, forming the primary conduit through which dead plant material is transformed into 

plant-available nutrients. The resulting increase in soil organic matter content enhances cation 

exchange capacity, buffering soil pH and improving the retention of essential macronutrients 

and micronutrients (Carlile et al., 2001). Moreover, the mycelia of decomposer fungi extend 

over considerable distances within the soil matrix, enabling the translocation of nutrients 

from zones of high organic matter concentration to nutrient-depleted microsites. This 
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capacity for long-distance nutrient transport, known as mycelial foraging, represents a 

significant mechanism by which fungi contribute to the spatial redistribution and cycling of 

mineral elements across heterogeneous soil environments (Stamets, 2005). 

Mycorrhizal Associations and Plant Productivity 

Nature and Prevalence of Mycorrhizal Symbiosis 

Mycorrhizal symbiosis—the mutualistic association between fungal hyphae and plant roots—

is arguably the most widespread and ecologically significant biotic interaction in terrestrial 

ecosystems. It is estimated that over 90% of vascular plant species engage in mycorrhizal 

associations, indicating that this symbiosis represents the ancestral condition for land plants 

rather than a specialised adaptation (Alexopoulos et al., 1996). ECM associations are 

particularly prevalent among ecologically and economically important forest trees, including 

species of Pinus, Quercus, Betula, and Fagus. The mushroom-forming ECM fungi—among 

which the genera Amanita, Boletus, Lactarius, and Russula are prominent—are therefore 

integral to the health and regenerative capacity of temperate and boreal forests (Chang & 

Miles, 2004). 

Functional Benefits to Host Plants 

The physiological basis of mycorrhizal mutualism lies in a bidirectional exchange of 

resources: the fungal partner supplies the host plant with mineral nutrients—most critically 

phosphorus, but also nitrogen, potassium, zinc, and copper—derived from the soil, while the 

plant provides the fungus with photosynthetically fixed carbon, predominantly in the form of 

hexose sugars (Webster & Weber, 2007). The hyphal network of mycorrhizal fungi 

effectively extends the absorptive surface area of the root system by several orders of 

magnitude, enabling the plant to exploit soil pores and microsites that are physically 

inaccessible to root hairs. 

Improvement of Soil Physical and Biological Properties 
Beyond their roles in nutrient cycling and symbiosis, fungi exert profound effects on the 

physical structure and biological activity of soils. The extensive hyphal networks produced 

by soil-dwelling fungi physically bind soil mineral particles and organic matter into stable 

macroaggregates, a process mediated in part by the glycoprotein glomalin, produced in 

abundance by AM fungi. Soil macroaggregation improves pore architecture, increasing both 

water infiltration and water-holding capacity, reducing compaction, and enhancing gaseous 

exchange within the soil profile (Stamets, 2005). Fungal mycelial growth also stimulates 

microbial biodiversity within the soil, as the hyphal surface provides a substrate for bacterial 

colonisation and the fungal metabolites released into the rhizosphere select for specific 

bacterial communities. This enhancement of soil microbial diversity is associated with 

increased functional redundancy in nutrient transformation pathways and improved resilience 

of the soil ecosystem to environmental perturbation (Carlile et al., 2001). Furthermore, by 

reducing surface runoff and binding soil particles, fungal mycelium plays a measurable role 

in mitigating wind and water erosion, particularly in disturbed or degraded landscapes. 

Mycoremediation and Environmental Pollution Control 
Mechanisms of Pollutant Degradation 

Mycoremediation refers to the application of fungal organisms, particularly their enzymatic 

systems, for the degradation, transformation, or immobilisation of environmental 

contaminants. The same broad-specificity oxidative enzymes—laccases, peroxidases, and 

cytochrome P450 monooxygenases—that enable white-rot fungi to degrade lignin are also 

capable of transforming a wide range of recalcitrant organic pollutants, including polycyclic 

aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), dioxins, synthetic dyes, 

and various pesticide residues (Stamets, 2005).  

Applied Mycoremediation and Agricultural Waste Conversion 

Practical applications of mycoremediation have been investigated for the treatment of 

petroleum-contaminated soils, industrial wastewater containing synthetic dyes, and 
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agricultural land polluted with excess pesticide residues. Pleurotus ostreatus, in particular, 

has been extensively studied for its capacity to degrade petroleum hydrocarbons and has 

demonstrated significant reductions in total petroleum hydrocarbon concentrations in pilot-

scale field trials (Chang & Miles, 2004). An important ancillary benefit of white-rot fungi is 

their capacity to valorise lignocellulosic agricultural residues—including paddy straw, 

sugarcane bagasse, maize stalks, and sawdust—by using these materials as substrates for 

mushroom cultivation. The spent substrate remaining after fruiting retains significant nutrient 

content and can be applied as a soil amendment or composted, creating a closed-loop waste 

management system (Stamets, 2005). 

Carbon Cycling, Climate Regulation, and Biodiversity 
Fungal Contributions to the Global Carbon Cycle 

Fungi occupy a dual and apparently paradoxical role in the global carbon cycle: as 

decomposers, they mineralise organic carbon and return carbon dioxide to the atmosphere; 

yet as partners in mycorrhizal symbioses and as contributors to soil aggregate formation, they 

also promote the stabilisation of organic carbon in soil. The balance between these opposing 

functions has significant implications for the terrestrial carbon budget and by extension, for 

atmospheric greenhouse gas concentrations and global climate (Carlile et al., 2001). 

Biodiversity Support and Ecosystem Stability 

Mushrooms and their associated mycelial networks support biodiversity at multiple trophic 

levels. Fruiting bodies provide food resources for a wide range of invertebrates, small 

mammals, and birds, while the hyphal networks themselves are grazed upon by soil 

microfauna including collembolans and nematodes. Mycophagous insects, in turn, serve as 

spore vectors, facilitating the dispersal of fungal propagules and the colonisation of new 

substrates (Alexopoulos et al., 1996). At the ecosystem scale, the functional diversity of 

fungal communities underpins the stability and resilience of ecosystems in the face of 

disturbance. The conservation of fungal biodiversity is therefore inseparable from the 

conservation of broader ecosystem function and the services that ecosystems provide to 

human societies. 

Nutritional, Medicinal, and Socioeconomic Significance 
Nutritional Composition of Edible Mushrooms 

Edible mushrooms represent a nutritionally valuable food source, characterised by high 

protein content relative to most plant foods, low fat and caloric density, and significant 

concentrations of dietary fibre, B-group vitamins (particularly riboflavin, niacin, and 

pantothenic acid), and essential minerals including selenium, potassium, copper, and zinc 

(Chang & Miles, 2004). Widely cultivated species, including Agaricus bisporus (button 

mushroom), Pleurotus ostreatus (oyster mushroom) and Lentinula edodes (shiitake 

mushroom), are now produced commercially on a global scale, with world production 

exceeding ten million metric tonnes annually. 

Medicinal Properties and Bioactive Compounds 

Beyond nutritional value, numerous mushroom species elaborate bioactive secondary 

metabolites with demonstrated pharmacological properties. Beta-glucans—complex 

polysaccharides present in the cell walls of many Basidiomycetes—have been shown to 

modulate immune function by activating macrophages and natural killer cells, and several 

beta-glucan preparations derived from Lentinula edodes (lentinan) and Grifola frondosa 

(maitake) are approved as adjunct cancer therapies in some jurisdictions (Stamets, 2005).  

Conservation Imperatives and Future Research Directions 
Despite the well-documented ecological and applied significance of fungi, fungal biodiversity 

remains systematically underrepresented in conservation planning and environmental 

legislation. Habitat loss, intensive agricultural practices, atmospheric nitrogen deposition, and 

climate change are all implicated in the decline of fungal communities across Europe and 

North America, with documented reductions in the fruiting frequency and species richness of 
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ECM fungi in nitrogen-saturated forest ecosystems (Carlile et al., 2001). Conservation 

strategies must address the dual dimensions of fungal diversity: the protection of habitat 

patches that support diverse fungal communities, and the mitigation of the diffuse stressors—

pollution, fragmentation, climate warming—that degrade fungal function across landscapes. 

Long-term ecological monitoring programmes should systematically include fungal 

indicators alongside plant and animal biodiversity metrics, enabling the early detection of 

ecosystem degradation. 

Conclusion 
This review has demonstrated that mushrooms and the fungal organisms that produce them 

are indispensable components of terrestrial ecosystems, performing a diverse array of 

ecological functions that collectively sustain ecosystem productivity, resilience, and stability. 

As decomposers, fungi are the primary agents of lignocellulose mineralisation and nutrient 

cycling in most terrestrial environments. As mycorrhizal symbionts, they mediate a 

substantial proportion of plant nutrient acquisition and underpin the productivity of natural 

and managed plant communities. Finally, through participation in the global carbon cycle and 

support of multi-trophic biodiversity, fungal communities contribute to climate regulation 

and ecosystem stability. The nutritional, medicinal, and socioeconomic values of mushrooms 

further underscore their importance to human societies, while the potential to convert 

agricultural waste into nutritious food through mushroom cultivation offers a practical 

pathway toward more circular and sustainable food systems. The conservation of fungal 

biodiversity and the promotion of ecologically informed mushroom cultivation should 

therefore be recognised as priorities within broader strategies for environmental sustainability 

and rural development. In sum, fungi occupy a unique and irreplaceable position at the 

interface of the biotic and abiotic components of ecosystems. A deeper and more widely 

disseminated understanding of their ecological roles is essential for the design of land 

management practices, conservation policies, and remediation strategies adequate to the 

environmental challenges of the twenty-first century. 
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