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Abstract

The chapter about Wood Decay Fungi dives
deeply into the intriguing realm of these
microorganisms, which assume a crucial
function in the natural process of recycling
lignocellulosic material. Wood decay fungi,
which cover a wide range of taxonomic
groupings, play a significant role in the
decomposition  process by effectively
breaking down the intricate composition of
wood and reintroducing its components back
into the ecosystem. The present chapter
explores the ecological importance of wood
decay fungi, providing a detailed analysis of
their complex mechanisms involved in the
enzymatic breakdown of lignin, cellulose,
and hemicellulose. The chapter additionally
emphasizes the economic and environmental
consequences associated with wood decay
fungi. This includes their various functions
within forest ecosystems, their impact on the
timber industry, and their prospective
applications in biotechnology and bioenergy.

Furthermore, this study investigates the
difficulties presented by wood decay fungus,
specifically within the field of wood
preservation and biodeterioration.  This
chapter lays out a detailed summary of the
critical  ecological benefits, biological
diversity, and various ways wood decay
fungi influence the surrounding environment
as we solve the mysteries associated with
them. The comprehension of wood decay
fungus is a crucial aspect in our pursuit to
gain knowledge about the complexities of the
natural world, whether for scientific
investigation, industrial advancement, or
conservation endeavours.
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I. INTRODUCTION

According to Tong Li et al. (2022), wood decay fungi possess the exclusive ability to
break down wood into its original components, hence playing a significant role in soil
ecology. Deadwood decomposition plays a crucial role in the cycling of nutrients (Olson et
al., 2012; Koffi et al., 2017). According to Alshammari et al. (2021), the absence of these
entities would impede the release of material cycles and energy flows, ultimately leading to
the collapse of the entire ecosystem. The term "wood decay fungi" does not refer to a specific
species or taxonomic classification but instead serves as a broad word encompassing a
collection of fungi. These fungi can grow on several wood substrates, such as standing wood,
dead wood, fallen wood, and decaying wood (Wendiro et al., 2019). The presence of specific
organisms within a forest plays a crucial role in maintaining its biodiversity. These organisms
are significant markers for forest conservation efforts (Stokland et al., 2012).

Moreover, several fungi play a significant role as forest pathogens, while others
possess noteworthy medicinal and edible properties (Hyde et al., 2019; Swislowski et al.,
2020). Various species of wood-decaying fungi employ diverse ways to degrade different
wood components. The degradation of cellulose and hemicellulose by brown rot fungus is
accompanied by the preservation of lignin to a large extent. In contrast, white rot fungus can
decompose all three constituents, resulting in a whitish look of the deteriorated timber. Wood
decay fungi have garnered growing interest from forest ecologists, pathologists, and
managers due to their significance. Ongoing research has been directed toward understanding
the factors that influence the diversity of wood-decomposing organisms, their ecological
functions, and their economic worth, such as their role in breaking down soil pollutants
(Eastwood et al., 2011; Floudas et al., 2012; Kahl et al., 2017; Couturier et al., 2018).
Decomposition is the biological process in which the tissues of deceased creatures transform,
resulting in the breakdown of complex organic matter into simpler constituents. Breaking
down substances is crucial for facilitating fresh growth and development, as it serves as the
foundation for recycling finite chemical compounds and creating additional physical space.

Il. TYPES OF WOOD DECAY

Wood-decaying fungi can be classified into four primary classes according to the
specific form of decay they induce, namely Brown rot, White rot, Soft rot, and Heart rot.

1. Brown Rot Fungi: The brown rot fungi are a collection of wood decay fungi renowned
for their capacity to degrade cellulose and hemicellulose while exhibiting a comparatively
limited impact on lignin. Consequently, wood that undergoes deterioration caused by
brown rot fungi shows a brownish hue and a brittle, crumbly texture. This assemblage
includes widely recognized genera, including Serpula, Gloeophyllum, and
Coniophora. Serpula lacrymans, generally referred to as the dry rot fungus, is a
prominent example of brown rot fungi that is widely recognized for its significant
detrimental effects on wooden constructions. The decay process is distinguished by the
development of small, cuboidal voids within the wood, resulting in a substantial reduction
in its structural integrity. When wood is subjected to the activity of brown rot fungi, it
undergoes a transformation characterized by desiccation, increased fragility, and a
darkened appearance. This particular form of deterioration is commonly observed in
coniferous trees. Cellulolytic enzymes are primarily involved in the degradation process,
while lignin-degrading enzymes are often not applied.
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2. White Rot Fungi: White rot fungi can selectively degrade lignin, cellulose, and other
wood constituents. Consequently, wood that has undergone decay caused by white rot
fungi exhibits a whitish appearance, accompanied by a fibrous texture. Under optimal
environmental conditions, these fungi can decompose the entire wood structure. Upon
completion of the process, the wood exhibits a bleached appearance and transforms into a
fibrous or porous structure as it degrades lignin into more minor molecular constituents.
This particular type of decomposition is prevalent in deciduous trees and plays a
substantial role in nutrient cycling within forest ecosystems. This category encompasses
genera such as Trametes, Phlebia, and Phanerochaete. White rot fungi play a crucial
ecological role by facilitating the decomposition of plant materials abundant in lignin
within forest ecosystems. This process enables the recycling of carbon and essential
nutrients back into the environment. Moreover, the enzymes responsible for lignin
degradation in these organisms have garnered significant interest due to their potential
utility in bioremediation and biofuel synthesis.

3. Soft Rot Fungi: Soft rot fungi primarily target hemicellulose and cellulose components,
whereas lignin is generally preserved, resulting in distinct voids within the cellular
structure of wood. These organisms are frequently observed in damp habitats and can
decompose wood that has undergone prior degradation caused by other fungal species.
Genera such as Chaetomium and Poria exemplify soft rot fungus. Structural timber
weakness occurs due to the softening and spongy texture brought about by the decay
instigated by soft rot fungi.

4. Heart Rot Fungi: Heart rot fungi are a specific type of wood decay fungi that primarily
attack the central, heartwood portion of trees. They often enter the tree through wounds or
cracks in the bark and can cause significant damage to living or standing trees. Species
like Fomes fomentarius, known as the tinder fungus, have been historically used for fire-
starting purposes. Heart rot fungi play a crucial role in nutrient cycling and form tree
cavities that provide habitat for wildlife. (Source- Srivastava et.al., 2013)

1. ECOLOGICAL SIGNIFICANCE

The ecological significance of wood-decaying fungi is of utmost importance. These
fungal organisms serve as ecosystem engineers, facilitating nutrient cycling by releasing
minerals otherwise contained within the wood. Consequently, this phenomenon promotes the
proliferation of various flora and fauna. In addition, these ecosystems provide suitable
environments for a wide range of species, spanning from insects to small animals,
contributing to enhancing biodiversity. Wood decay fungi play a dual role as both
decomposers and essential agents in carbon sequestration. As a result of the decomposition of
lignocellulosic materials by these fungi, carbon molecules are released into the soil. A portion
of the carbon is retained within forests in the stable humus state, significantly contributing to
long-term carbon sequestration. The findings, as mentioned earlier, hold significant
implications for the mitigation of climate change through the reduction of atmospheric carbon
dioxide concentrations.

The presence of wood decay fungi plays a significant role in the formation of

microhabitats within forest ecosystems. As they engage in colonization, they influence the
physical and chemical qualities of dead wood. Decomposed wood undergoes a process of
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softening and increased porosity, hence serving as a habitat and substrate for a diverse array
of species. Invertebrates, including wood-boring insects and myriapods, utilize these softened
substrates for nesting, breeding, and feeding. Avian and diminutive mammalian species
frequently seek refuge and engage in insect foraging activities within decomposing timber,
establishing a multifaceted web of interconnections within the forest ecosystem.

In addition, it is worth noting that the fruiting bodies of wood decay fungi, which are
often referred to as mushrooms, play a crucial role as primary food sources for a diverse
range of wildlife, encompassing deer, squirrels, and numerous types of insects. Wood decay
fungi play a significant role in indirectly facilitating higher trophic levels, exerting a
substantial impact on the structure and functioning of the ecosystem.

IV. MECHANISM OF DECAY

The degradation occurs when wood-decaying fungus secrete enzymes that can
degrade the resilient lignocellulosic structure. The enzymes encompass cellulases,
hemicelluloses, and lignin-modifying enzymes. Utilizing chemical reactions, these enzymes
facilitate the degradation of the wood's structural components, leading to the conversion of
complex carbohydrates into simpler sugars and molecules that may be utilized by the fungi
for their metabolic processes and subsequent growth. This chapter will look into the
mechanisms by which wood decay fungi facilitate the degradation of wood, with a focus on
the enzymes involved and the chemical routes they traverse. The knowledge acquired through
this method holds significance for extensive applications, ranging from forest ecology to
biotechnology. This chapter aims to present a comprehensive examination of the mechanisms
mentioned earlier and elucidate their relevance.

V. ENZYMES INVOLVED IN WOOD DECAY

The primary enzymatic arsenal employed by wood decay fungi comprises ligninolytic
enzymes and cellulolytic enzymes, which work synergistically to decompose wood. Several
enzyme families have been identified in this process, including:

1. Ligninolytic Enzymes

e Laccases: Laccases are copper-containing enzymes that oxidize phenolic compounds,
an essential step in lignin degradation. These enzymes play a central role in the
initiation of lignin breakdown.

e Peroxidases: Wood decay fungi produce various peroxidases, including lignin
peroxidase (LiP), manganese peroxidase (MnP) and versatile peroxidase (VP). These
enzymes catalyze the breakdown of lignin by generating highly reactive radicals.

2. Cellulolytic Enzymes
e Cellulases: Wood decay fungi produce a range of cellulases, including

endoglucanases, exoglucanases, and beta-glucosidases. These enzymes work in
concert to break down cellulose into soluble sugars.
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VI. DIFFERENT PROCESS OF WOOD DECAY

Wood decay fungi employ a multi-step process to degrade wood. It can be
summarized as follows:

1. Initiation: Ligninolytic enzymes such as laccases and peroxidases initiate the decay
process by oxidizing lignin, resulting in the formation of reactive radicals. This initial
step weakens the lignin structure, making it more susceptible to further degradation.

2. Lignin Degradation: Following initiation, peroxidases, particularly MnP, LiP, and VP,
cleave the lignin polymer into smaller fragments. These fragments are further
metabolized by the fungi or excreted as by-products.

3. Cellulose Degradation: Cellulolytic enzymes, including cellulases, work to break down
cellulose into glucose and other soluble sugars. These enzymes cleave the glycosidic
bonds within cellulose, rendering it more accessible for enzymatic attack.

4. Hemicellulose Degradation: Besides cellulose and lignin, wood also contains
hemicellulose. Wood decay fungi produce enzymes like xylanases and hemicellulases to
break down these complex carbohydrates into simpler sugars.

VIl. SIGNIFICANCE OF WOOD DECAY MECHANISM

Understanding the mechanism of wood decay by fungi is of paramount importance for
various reasons:

1. Forest Ecology: Wood decay fungi contribute to the recycling of nutrients in ecosystems
by breaking down dead wood, releasing nutrients for other organisms, and promoting
forest health.

2. Biotechnology: The enzymes produced by wood decay fungi have applications in biofuel
production, bioremediation, and the pulp and paper industry.

3. Biodiversity: A comprehensive understanding of wood decay mechanisms aids in the
identification and conservation of various fungal species, preserving biodiversity.

VIll. EFFECT OF WOOD DECAY FUNGI ON HUMAN HEALTH

While wood-decaying fungi are essential for ecosystem health, they can also harm
human structures, such as homes, wooden artifacts, and even utility poles. Understanding the
life cycle and ecology of these fungi is crucial for effective pest management and preserving
wooden structures. They can also cause allergies, hay fever, respiratory infection, and
mycotoxin exposure.

1. Respiratory Issues: The growth of wood decay fungi can lead to the release of spores
and volatile organic compounds (VOCs) that can adversely affect human respiratory
health. Prolonged exposure to these airborne particles can result in a range of respiratory
issues, such as:
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e Allergic Bronchopulmonary Aspergillosis (ABPA): Wood decay fungi, particularly
species like Aspergillus and Penicillium, trigger allergic reactions in susceptible
individuals. In cases of ABPA, fungal spores are inhaled and can lead to chronic lung
inflammation, asthma exacerbations, and severe bronchial constriction.

e Hypersensitivity Pneumonitis (HP): Exposure to fungal spores from decaying wood
can also cause HP, an inflammatory lung disease. Inhalation of these spores can lead
to cough, fever, and shortness of breath. Chronic exposure may result in lung fibrosis.

2. Allergies: Wood-degrading fungi have the potential to serve as a reservoir of allergenic

IX.

proteins that can elicit allergic reactions in persons who have developed sensitization to
these specific allergens. Allergic reactions may present with symptoms such as rhinitis,
conjunctivitis, and cutaneous eruptions. Particular individuals may exhibit more
pronounced allergy reactions.

Mycotoxin Exposure: Several species of wood decay fungi can generate mycotoxins,
which are secondary metabolites possessing toxicity that can pose risks to human health.
Mycotoxins are linked to several health complications, including:

e Mycotoxin-Induced Illnesses: Mycotoxins produced by wood decay fungi, such as
aflatoxins and ochratoxins, can contaminate indoor environments where wood is
decaying. Ingesting or inhaling mycotoxin-contaminated dust can lead to a range of
illnesses, including liver damage, kidney damage, and even cancer.

e Sick Building Syndrome: The presence of mycotoxin-producing fungi in indoor
environments with wood decay can lead to "sick building syndrome." This condition
is characterized by various non-specific symptoms, such as headaches, fatigue, and
respiratory discomfort.

IMPORTANCE OF CONSERVATION

As ecosystems face increasing pressures from habitat destruction and climate change,

understanding the roles of wood-decaying fungi becomes vital. Efforts to conserve and
restore ecosystems should consider the functions of these fungi in nutrient cycling and
ecosystem dynamics. In conclusion, wood-decaying fungi are remarkable organisms that
contribute to the balance and vitality of ecosystems. Their ability to break down rigid
lignocellulosic materials and release nutrients underscores their vital ecological role. As we
continue to uncover the intricacies of these fungi, we gain a deeper appreciation for the
hidden processes that shape the natural world.

1.

Biodiversity Preservation: Wood decay fungi contribute to the incredible biodiversity of
forests. They provide habitat and sustenance for various organisms, from insects to
mammals, and their loss can disrupt complex ecological relationships.

Nutrient Cycling: Wood decay fungi break down lignocellulose, making nutrients
available for plants and other organisms. This process is vital for maintaining healthy
ecosystems and enhancing soil fertility.
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Medicinal and Biotechnological Potential: Many wood decay fungi produce bioactive
compounds with medicinal and biotechnological applications. The loss of these fungi
could hinder future discoveries and innovations in these fields.

CURRENT CONSERVATION STRATEGIES

Habitat Protection: Preserving natural habitats where wood decay fungi thrive is
essential. National parks, reserves, and protected areas help maintain fungal populations
and their associated ecosystems.

Monitoring and Research: Ongoing research and monitoring are crucial for
understanding the distribution and health of wood decay fungi. Citizen Science is a
volunteer monitoring organization, and collaborations between researchers,
conservationists, and mycologists are essential for studying fungi. Conservation efforts
often rely on monitoring these fungi to assess overall biodiversity and identify rare or
endangered species. Knowing the fungal diversity can help prioritize areas for protection
and conservation, especially in old-growth forests, which are hotspots for such fungi.
Monitoring these fungi can inform habitat conservation strategies. Protecting the habitats,
they depend on, such as standing dead trees (snags) and fallen logs, is essential to ensure
the survival of these fungi.

Ex-Situ Conservation: In certain circumstances, it may be imperative to implement ex-
situ conservation strategies, which involve the cultivation and preservation of fungal
cultures within laboratory settings, botanical gardens, or dedicated facilities. Ex-situ
conservation serves as a protective measure for endangered species, thereby mitigating
the risk of their extinction during periods of population decline in their natural habitats.
This essay aims to underscore the significance of conservation measures, namely
cryopreservation, freeze-drying, and desiccation, in the preservation and sustenance of
fungal variety.

Reforestation and Ecosystem Restoration: Providing adequate habitats and resources
through ecosystem restoration efforts can also benefit wood decay fungi, particularly
those impacted by deforestation, pollution, or climate change.

Public Awareness and Education: It is imperative to emphasize the significance of
wood decay fungi and their conservation to enhance public awareness. The involvement
of the general people has the potential to provide increased backing for initiatives aimed
at protection and the adoption of appropriate land management practices.

FUTURE DIRECTIONS IN WOOD DECAY FUNGI CONSERVATION

Climate Change Adaptation: Wood decay fungi face substantial hurdles as a result of
climate change. It is imperative for conservation plans to take into account the adaptive
capabilities of these fungi in response to dynamic environmental conditions, as well as to
evaluate the potential repercussions on ecosystems.

Genetic and Functional Diversity: Comprehending the genetic and functional
variability exhibited by wood decay fungi is of utmost importance concerning their

Copyright © 2024 Authors Page | 110



Futuristic Trends in Biotechnology

e-1SBN: 978-93-6252-531-4

I1P Series, Volume 3, Book 14, Part 1, Chapter 8

SIGNIFICANCE OF WOOD-DECAYING FUNGI IN THE ENVIRONMENT

preservation. Genomic investigations have the potential to facilitate the identification of
pivotal genes implicated in the process of lignocellulose degradation, hence offering
promising prospects for their utilization in various biotechnological endeavors.

3. Microbiome Interactions: Investigating the relationships between wood decay fungus
and their related microbiomes is a developing study area. The interactions above are
essential in the overall health and functioning of these fungi, and investigating them can
provide valuable insights for developing conservation strategies.

4. Policy and Legal Frameworks: Developing and enforcing policies and legal frameworks
to protect fungal habitats is essential. Collaboration between governments, conservation
organizations, and stakeholders is necessary to ensure these measures are effective.

5. Sustainable Land Use: Using sustainable land use practices, encompassing the adoption
of responsible forestry techniques, and integrating good urban planning strategies hold
significant potential in minimizing the detrimental impacts of habitat loss and degradation
on wood decay fungi.
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