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ABSTRACT: Plant litter, encompassing fallen branches and leaves, are integral component of forest ecosystems,
serving as a critical substrate for microbial colonization and activities. They are primarily decomposed by diverse
microorganisms, among them fungi which contribute to the carbon and nutrient cycling in different habitats. Moreover,
the diversity of fungi, particularly ascomycetes, is crucial for maintaining ecosystem dynamics and resilience. These
fungi can decompose complex organic compounds, which are abundant in wood litter. Wood litter significantly
affects biodiversity, carbon storage, and nutrient dynamics, thereby facilitating nutrient recycling and consequently
promoting plant growth. Despite the importance of ascomycetes in wood litter decomposition, their diversity and
specific ecological functions are difficult to establish. This review highlights the importance of ascomycetes in the
decomposition of wood litter, emphasizing their distribution and diversity as fundamental aspects of the ecosystem.
Furthermore, this review aims at consolidating existing knowledge on the diversity and ecological roles of ascomycetes
in terrestrial wood litter decomposition and identifying gaps in current knowledge. Future research focusing on novel
comprehensive molecular approaches coupled with studies on the diversity and host-recurrence of ascomycetes are
requisite. Additionally, long-term monitoring of the decomposition process under different environmental conditions
is required to properly understand the biological and ecological roles of this group of fungi.
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INTRODUCTION

Fungi substantially contribute to nutrient cycling and
overall ecosystem functionality in both terrestrial and
aquatic environments. Therefore, their diversity rep-
resents a fundamental aspect of ecosystem dynamics
[1–3]. They are responsible for breaking down com-
plex organic compounds, such as lignin and cellulose,
converting them into simpler forms that other organ-
isms can utilize [4, 5]. Fungi also play an essential
role in carbon cycling [6–8]. Fungal populations
are significantly influenced by the diversity of plant
communities and they conversely impact plant growth
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through pathogenic and mutualistic behaviors, thus
affecting nutrient availability and cycling [9–11].

Plant litter, encompassing fallen branches and
leaves, provides an essential substrate facilitating fun-
gal colonization and activity. Fungi possess the ca-
pability to generate a broad spectrum of extracellular
enzymes, which participate in the degradation of litter
[12–14]. Wood litter decomposition, a vital process in
forest ecosystems, is significantly influenced by fungal
colonization. This process unfolds through a sequen-
tial process, characterized by both quantitative and
qualitative alterations in fungal communities [5, 15].
Among the diverse organisms involved in this process,
fungi, particularly ascomycetes, one of the largest
fungal phyla, play a pivotal role. Ascomycetes exhibit
remarkable diversity and are able to colonize a broad
range of substrates, including wood litter [16, 17].

Despite their importance, our understanding of
the diversity of ascomycetes involved in wood litter
decomposition and their specific function remains in-
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complete. This review aims to consolidate the knowl-
edge regarding the function, diversity, host preference,
and role of ascomycetes associated with terrestrial
woody litter. We explore recent developments in the
field, identify gaps in our current understanding, and
suggest potential directions for future research.

IMPORTANCE OF PLANT LITTER

Plant litter (hereafter referred to as litter) is an integral
part of forest ecosystems. It refers to fine detrital
biomass on the forest floor, including twigs, leaves,
fruits, flowers, bark, and buds [18, 19]. In these
environments, litter is composed of a complex mixture
of dead plant particles originating from different plant
species, and it has been defined in various ways [20].
Swift et al [21] defined litter as materials produced
through senescence and remaining debris during har-
vest time. According to Facelli and Pickett [22], litter
refers to small-sized dead plant material on the ground,
which may or may not be considered part of litter cate-
gory depending on the research objectives. According
to Bremer et al [23], litter is defined as deceased
plant material that has become detached from living
vegetation; for instance, a dead branch or leaves in a
tree crown may begin decomposition before falling to
the ground, or tree heartwood may die and decompose
before the tree falls. Litter is generally divided into
leaf litter and woody debris. Leaf litter, which forms
the majority of fallen litter, accounts for 22–81% of
the total, with deciduous trees producing 3–5 tons
of leaves per hectare in both tropical and temperate
forests [2].

On the other hand, woody debris which includes
standing dead and coarse fallen trees, and hanging
branches and stumps, is often overlooked and plays a
significant role in terrestrial and aquatic ecosystems,
contributing to detritus biomass in forests, freshwa-
ters, and coastal marine areas, and enhancing forest
biodiversity [24, 25]. Woody litter is classified into
fine and coarse types. The definitions of these terms
vary depending on the context and study. For instance,
Tritton [26] defines fine woody debris as pieces smaller
than 1 cm and coarse woody debris as pieces larger
than 1 cm. Harmon et al [24] describe fine woody
debris as woody debris smaller than 10 cm and coarse
woody debris as pieces larger than 10 cm in diameter
and more than 1 m in length. Wei et al [27] categorize
coarse woody debris as being⩾ 2.5 cm and fine woody
debris as being smaller than 2.5 cm in diameter. Eaton
and Lawrence [28] classify fine woody debris as being
⩾ 1.8 cm to ⩽ 10 cm in diameter and coarse woody
debris as being ⩾ 10 cm in diameter.

Woody litter, a key element of the forest floor,
enhances habitat diversity, aids tree seedling survival,
and serves as a source of energy, carbon, and wa-
ter. It is a vital nutrient reservoir, with availability
dependent on the size and number of debris [29]. It

regulates water flow and sediment movement [30],
impacts biodiversity [31, 32], and despite low nutrient
concentrations, acts as a long-term nutrient pool [33].

The dynamics of coarse woody debris encompass
several key aspects, including input characteristics, dis-
tribution patterns, their correlation, nutrient dynam-
ics, respiration, decomposition processes, and man-
agement strategies [34]. Unmanaged forests tend to
have more woody debris compared to managed forests.
In the latter, timber harvesting results in a significant
amount of woody litter, including branches and twigs,
produced by the remaining trees [31]. Indeed, the
dynamics of woody debris play a vital role in both
carbon cycle and forest ecosystems, yet they are not
thoroughly studied. These dynamics contribute to
forestry productivity by accumulating organic matter
in the soil, retaining moisture, and providing habitats
for decomposer organisms and ectomycorrhizal roots.
They also enhance biological diversity by offering a
seedbed for forest regeneration and supporting a vari-
ety of species [24, 34]. From a geomorphological per-
spective, they increase slope stability, manage storm-
induced surface runoff, influence nutrient fluxes, and
mitigate the risk of acidification [34, 35]. In clear-cut
watersheds, the dynamics of woody debris are essential
for conserving nutrients and ensuring system resilience
[30].

DECOMPOSITION OF WOODY LITTER

Litter decomposition refers to the breaking down of
dead organic matter into progressively smaller parti-
cles. This biochemical process is controlled by various
chemical, physical, and biological factors [36] (Fig. 1).

This process plays a vital role in the biogeochem-
ical cycling of elements in ecosystems. During this
process, the structure of the organic material is gradu-
ally broken down until it becomes unrecognizable, and
organic molecules are converted into their prime com-
ponents (water, carbon dioxide, and minerals) (Fig. 2).
The initiation of litter decomposition lacks a precise
benchmark, and the decomposition rates depend on
the types and composition of the litter, potentially lead-
ing to the incorporation of diverse chemical and phys-
ical components into the soil [22, 37]. Wood litter de-
composition is predisposed by a grouping of physical,
chemical, and biological factors. Physical factors, for
instance, moisture, temperature, and oxygen accessi-
bility, normalize microbial activity and enzymatic func-
tions, with humidity and oxygen accessibility endors-
ing microbial occupation and aerobic decomposition
[19]. Chemical properties like lignin content, nitrogen
availability, and pH meaningly affect rottenness rates,
as high lignin content (common in coniferous species)
slows decomposition, while nitrogen-rich litter has-
tens microbial interruption [38, 39]. Biological fac-
tors, including the composition of fungal and bacterial
groups and soil fauna, are serious for decay, with fungi
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Fig. 1 Simplified diagram showing factors influencing wood litter decomposition and its contribution to carbon and nutrient
flows in ecosystem.

like ascomycetes and basidiomycetes breaking down
complex organic substances, while soil fauna enhance
decomposition by breaking down litter [40]. Further-
more, ecological and climatic factors, such as forest
type and climate (temperature, precipitation, etc.),
have an impact on microbial dynamic forces and litter
quality. Because of differences in microbial variety
and litter chemistry, deciduous forests typically exhibit
faster decomposition [19]. These factors’ interactions
with the carbon and nitrogen biogeochemical cycles
demonstrate the intricate nature of wood litter decom-
position. It is also influenced by the ecological and
climatic conditions of the site [41]. The decomposition
rates are influenced by climate factors and also depend
on the legacy of the plant’s functional properties within
litter populations. The forest type and neighbouring
species significantly impact the rate of decomposition
[42]. According to Cornwell et al [43], plant species
diversity is more critical in driving decomposition rates
than climate differences. They also note a consistent
link between a species’ litter decomposability and its
ecological strategy across diverse global ecosystems.

Litter decomposition drives forest biogeochemical
cycles, impacting carbon and nutrient cycling in ter-
restrial and freshwater environments [2, 44, 45]. It
influences vegetation composition and releases carbon
dioxide (CO2) [2, 44] and potassium (K) [46] and
enhances the total carbon (C) storage [33]. However,
uncertainties exist in biogeochemical models related
to carbon fluxes from decaying woody debris [33].
Litter can also significantly affect seed germination
and seedling establishment, modulate the physical and

chemical properties of soil, and influence interspecific
competition on the ground [22, 37, 47, 48]. Below-
ground litter also plays a significant role as a driver
of ecosystem organic matter dynamics [49]. In this
regard, litter contributes to the long-term fixation of
soil organic matter (SOM) through mineralization and
incorporation into the soil mineral layer. Additionally,
litter can replace mineral soil horizons in the forest en-
vironment, contributing to ecosystem equilibrium and
influencing the conditioning of belowground forests
[19].

Wood decomposition is generally slow, but it varies
depending on the wood type. Small twigs decompose
at a similar rate to leaf litter, while logs and trunks can
take almost as long as the tree’s lifetime to decompose
[25]. Logs have a half-life of 6.3 years, while snags
have 11.2 years in temperate deciduous forests [50].
All deadwood, including snags or standing dead trees
not touching the forest floor, decomposes at rates
determined by their position on the tree [25]. In
tropical seasonal rainforests in southwest China, logs
had the highest decay rate, while large branches and
standing dead boles had lower rates [33]. Lignified
plant substrate litter, despite its low decomposition
rate, significantly contributes to soil organic matter
[51].

During the decomposition process, litter under-
goes a rapid depletion of soluble compounds such as
sugar, amino acids, and starch due to leaching and
biological activity in the soil, particularly after certain
microbial species degrade lignin and cellulose [2]. The
successional process of woody litter decomposition is
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Fig. 2 Stages of wood decomposition in terrestrial ecosystem. (a) A recently fallen branch, (b) Initial stage of decay
(fragmentation of the bark), (c) Branch’s bark has sloughed off, (d) Advanced decomposition, characterized by loss of shape
and softening of the inner heartwood.

presented in Fig. 3. Fungi are very important in this
process being the main degraders of lignocellulose
[52, 53]. The decomposition process of woody de-
tritus, despite its importance, is often overlooked in
forest ecosystems leading to uncertainties regarding
its dynamics [33]. High concentrations of slowly
decomposing lignin in woody litter can lead to sigmoid
patterns in mass loss, which become more pronounced
as the size of the decomposing woody litter increases
[36].

ROLE OF WOOD-DECAY FUNGI IN WOOD LITTER
DECOMPOSITION

Woody litter decomposition is linked to biodiversity,
as it determines the quality of the woody litter in-
habited by many organisms [36]. It is broken down
mainly through microbial activity, physical weathering,
leaching, and the activity of faunal organisms [24, 43].
However, microorganisms are the most essential factor
in decomposition. This process is primarily carried
out by fungi, which are capable of producing specific
enzymes, and their hyphae provide access to new
substrates [2, 51–54], while bacteria play a compar-
atively minor direct role in breaking down natural
lignocellulose complexes. However, bacteria can mod-
ify and decompose lignin derivatives, particularly un-
der conditions unfavorable to fungal activity, such as
anoxic environments. Decomposer fungi compete with
bacteria for labile carbon sources, but environmental
factors such as pH and soil moisture influence which
group dominates the decomposition process. Gener-
ally, fungi perform better under acidic and relatively
dry environmental conditions [2, 55]. Multi-species
litter mixtures have lower bacterial diversity, higher
microbial biomass, and fungal diversity than single-

species litter mixtures [56].
Coarse woody litter is a primary source of decay

material and energy for decomposer fungi in forests.
Based on the capabilities of different fungal species
to decompose lignocellulose, wood decomposition by
fungi is categorized into three distinct decay types:
1) white-rot, 2) brown-rot, and 3) soft-rot [8]. The
extracellular enzymes fungi produce play a central role
in transforming and mineralizing coarse woody debris
during this process. They are critical in facilitating
energy flow to higher trophic levels [13]. Fungi
alter the colour of wood during decomposition and
cause changes in microscopic traits, decayed wood
colour, and corresponding loss of acid nonhydrolyzable
residue (AUR) and holocellulose [57]. In addition to
releasing energy and nutrients, organisms living on
wood in terrestrial and stream ecosystems fix signifi-
cant amounts of nitrogen [24] and significantly impact
carbon storage in forest ecosystems [58].

ROLE OF ASCOMYCETES IN WOODY LITTER
DECOMPOSITION

The natural structure of forests provides varying micro-
climatic conditions and dynamics that fulfil the require-
ments of wood-decomposing fungi [54]. Ascomycetes,
basidiomycetes, deuteromycetes, and certain types of
mucoraceous species, have been isolated from wood
[59, 60]. Their effects on this substrate vary, partly
attributable to their nutrient acquisition strategies
[61]. In the last decades, the development and use
of quantitative methods have revealed that fungi have
an important role in plant litter decomposition, sig-
nificantly transferring energy and nutrients to higher
trophic levels [62]. In evolutionary ecology, woody
vegetation and xylotrophic fungi play a crucial role
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Fig. 3 The succession of the log decomposition (adapted from Müller-Using and Bartsch [32]).

in forest systems. Xylotrophic fungi are an obligatory
component of woody vegetation [63].

Ascomycetes are characterized by a sac-like struc-
ture called an ascus, which contains spores. They are
incredibly diverse, with species occupying various eco-
logical niches, including wood litter [59]. One of the
intriguing aspects of these fungi is their adaptability
and resilience, and their wide distribution speaks vol-
umes about their ecological versatility and their ability
to thrive in different environmental conditions [64].
In addition to their ecological position, ascomycetes
possess diverse enzyme complexes for lignocellulose
degradation. Key dynamic carbohydrate enzymes
(CAZymes), such as glycoside hydrolases (GHs), carbo-
hydrate esterases (CEs), lytic polysaccharide monooxy-
genases (LPMOs), and accessory activity enzymes (AA)
that include laccases and non-specific peroxygenases,
are generated by genomic and transcriptional studies.
Ascomycetes hold a discrete complement of lignocel-
lulolytic enzymes, allowing them to destroy cellulose
and hemicellulose, and alter lignin through oxidative
mechanisms [40, 65, 66]. Their metabolic approach
was less contingent on ligninolysis compared to ba-
sidiomycetes. They adapted to early decomposition
stages and stress-prone habitats [67]. This underscores
the matching roles of ascomycetes and basidiomycetes
in wood litter deterioration and highlights the need
for additional functional studies on ascomycete-driven
decomposition.

Ascomycetes are essential from the ecological
point of view and represent the most prevalent fungal
taxa in freshwater environments [62, 68, 69]. Accord-
ing to the occurrence, ascomycetes can be classified

into 1) freshwater ascomycetes, 2) freshwater and
terrestrial ascomycetes, 3) freshwater and marine as-
comycetes, and 4) generalist ascomycetes (found in all
ecosystems) [69, 70].

While other groups of fungi like basidiomycetes
are often associated with wood decay and broadly
studied, ascomycetes’ role should not be underesti-
mated. Developing evidence recommends that as-
comycetes perform a key part in the early stages
of wood decomposition, particularly under dry or
stressful situations when basidiomycetes are less dy-
namic [40, 71]. Many ascomycetes depend on a more
oxidative and less ligninolytic approach than basid-
iomycetes, specializing in ligninolysis. This enables
them to thrive in nutrient-poor or arid conditions [67].
This group of fungi are efficient decomposers of wood
litter and can even degrade lignin, a complex organic
polymer that most other fungi cannot process [53].
Understanding the diversity and role of ascomycetes
in wood litter decomposition is therefore essential for
a comprehensive understanding of nutrient cycling in
forest ecosystems. However, despite the wealth of
information available, there are still many unanswered
questions about the diversity of wood litter-inhabiting
ascomycetes. Future studies should strive to address
these gaps, providing a broader understanding of these
crucial organisms and their role in forest ecosystems.
In conclusion, the diversity of wood litter-inhabiting
ascomycetes is a testament to the complexity and
resilience of forest ecosystems. Understanding this
diversity and its implications for forest health and
productivity is an important area of research, with
potential applications in forest management and con-
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servation.

HOST-RECURRENCE AND -EXCLUSIVITY

“That which one prefers; the object of prior choice
the favorite” has been termed as “host-preference”
[72]. It is a concept that has frequently been applied
in mycology to show a common or unique fungus
occurrence on a specific host in comparison to other
hosts [73–75]. This term was initially offered by
plant pathologists [76]. Zhou and Hyde [77], sug-
gested “host-recurrence” and “host-exclusivity” as suit-
able terms for fungal use instead of host-preference.
Furthermore, they stated that host-recurrence is an
appropriate term with regard to saprobic fungi. Host
specificity is regulated by the genetic composition of
both the parasite and the host, which together influ-
ence the dynamics and outcome of their interaction
[77]. Subsequently, Mukwevho et al [78] incorporated
these concepts to describe host-exclusivity and host-
recurrence in saprobic fungi. Host-exclusivity refers
to fungi that grow on material derived from a spe-
cific host or a limited range of closely related hosts,
whereas host-recurrence is defined as fungi that mainly
grow on material from a particular host but may also
colonize material from other hosts within the same
habitat. Comprehensive documentation of fungal host
associations and geographic distributions is vital for
advancing the understanding of fungal biology and
their ecological interactions [60].

Many microfungal species in decomposing leaves
are recurrent on a specific host and at specific stages
of decay [79]. Tennakoon et al [80], evidenced host-
specificity in a high number of species isolated from
dead leaves. Wood inhabiting ascomycetes had diverse
levels of host preference in temperate regions [81].
Host-recurrence of palm fungi was demonstrated in
various taxa [82–84]. However, it seems that strong
host-recurrence is rare among wood-dwelling fungi,
whereas their habitat and substrata characters are
substantial in this group [85].

DEVELOPMENTS AND FINDINGS (GLOBAL
SCENARIO OF WOOD LITTER-INHABITING
ASCOMYCETES)

As previously stated, litter decomposition serves as a
vital indicator of the ecosystem’s health as it facilitates
the return of plant carbon (C), nitrogen (N), and
phosphorus (P) back into the soil and atmosphere,
alongside other essential nutrients. Recent research
has provided new insights into the role of ascomycetes
in wood litter decomposition.

Biodiversity and distribution

The biodiversity of wood litter-inhabiting ascomycetes
is remarkable. They are estimated to include al-
most 100,000 species, and this diversity is continually
expanding as new species are discovered [86–88].

Wood litter-inhabiting ascomycetes are found in var-
ious habitats, from temperate to tropical forests and
aquatic environments [59, 70]. As woody plants are
persistent and some of them provide broad surface
areas for the colonization of saprobic microfungi, they
seem to have a rich diversity of fungi [89]. Wooden
tissues inhabiting endophytic fungi frequently appear
as primary wood-decaying fungi on dead wood sub-
strates [90–92]. The number of species of both ba-
sidiomycetes and ascomycetes in fine woody debris
is significantly higher than in coarse woody debris.
Fine wood litter is essential for the wood-dwelling
fungi diversity, particularly ascomycetes, in temperate
broad-leaf forests. However, for the occurrence of
numerous basidiomycete species, coarse woody debris
is also required [54].

Management factors such as forest history, conti-
nuity and availability of deadwood, and habitat frag-
mentation can affect fungal diversity patterns along
geographical gradients. Increased deadwood in forest
ecosystems can increase diversity [93]. Meier et al [94]
found remarkable diversity in the composition of fun-
gal communities across the elevation gradient, never-
theless, the richness of fungi did not undergo signifi-
cant alteration with this factor, which is significantly
different from the criterion observed for other taxa
over this elevation gradient and others. This high
level of biodiversity indicates the ecological versatility
of these fungi and their ability to colonize diverse
substrates. Freshwater ascomycetes exhibit a prefer-
ence for colonizing woody litter [95]. Marine fungi
distribution is primarily influenced by factors such as
water temperature and salinity [96].

Biotechnological applications

Compared to other biological sources, especially
plants, fungi offer significant advantages. They play
pivotal roles in various biotechnological applications
and hold great potential for industrial exploitation due
to their metabolic diversity, ease of cultivation in large-
scale bioreactors, and genetic tractability [97]. Fungi
and their value-added products have diverse biotech-
nological applications across agriculture, healthcare,
industrial processes, and environmental management.
In particular, fungal enzymes such as xylanases, cellu-
lases, lipases, phytases, proteases, and amylases play
key roles in these sectors [98]. Pimpisai et al [99] as-
sessed the co-culturing approach of enzyme-producing
saccharolytic molds (Aspergillus oryzae TISTR 3086
and Amylomyces rouxii TISTR 3182) with Saccha-
romyces cerevisiae TISTR 5088 to enhance bioethanol
production from cassava starch.

Among wood decomposer fungi, white rot and
brown rot fungi, along with their enzymes, are increas-
ingly utilized in a wide range of biotechnological appli-
cations, including pulping, Pitch removal, textile treat-
ment, lignin modification to enhance inter-fiber bond-
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ing, pretreatment processes for ethanol production
and improved wood permeability, treatment of waste
effluents and bioremediation, as well as biochelation
and recycling of treated wood [100]. In contrast,
soft rot fungi have found more limited applications
in biotechnology. However, some species, like Tricho-
derma reesei, have played important roles in enzyme
production and are recognized as valuable sources of
cellulase [101].

Ecological role

Wood litter-inhabiting ascomycetes are integral to the
health and sustainability of forest ecosystems. They
are primary decomposers, breaking down complex or-
ganic materials in deadwood into simpler compounds
[52, 53]. This process of decomposition not only
recycles nutrients back into the soil, enhancing its
fertility but also contributes to carbon sequestration
[102, 103]. By storing carbon in their mycelial net-
works, these fungi help mitigate the impacts of climate
change. Different fungal species inhabiting wood litter
exhibit different capacities of decomposition [53, 104].

As pointed out, decomposer fungi are typically
categorized into three stages based on the type of decay
they cause: white rots, brown rots, and soft rots. The
rot is identified by a gradual reduction in the thickness
of the cell walls. Brown-rot fungi primarily decompose
cellulose and hemicellulose polymers in wood and can
adapt to lignin [105]. Soft rot is mainly caused by a
wide range of ascomycetes and deuteromycetes, often
referred to as “microfungi” in that they do not generally
form large fruiting bodies such as those characteristics
commonly associated with many brown and white rot
fungi [61, 106]. Soft-rot fungi, which grow inside the
cell walls, are the main wood-decaying fungi contain-
ing a significant amount of water [107]. Degradation
of lignin is done by white-rot fungi (particularly ba-
sidiomycetes in Agaricomycotina) [40], however, some
ascomycete taxa (species of Xylariales) have the poten-
tial to degrade lignin [53, 108].

Cornwell et al [43] found that species diversity is
more important than climate differences as a driver of
decomposition rates and that a species’ litter decom-
posability is consistently associated with its ecological
strategy across diverse ecosystems globally. According
to the authors, this represents a novel link between the
carbon strategy of the whole plant and biogeochemical
cycling. Increasing the richness of litter species can
also increase the release of carbon and nitrogen [56].

Community dynamics

A group of species coexisting in a restricted time and
area is called a community [109]. The “construction
and maintenance of local communities through se-
quential arrival of potential colonists from an external
species pool” has been characterized as community
assembly [110]. The dynamics within the communities

of fungi that colonize wood are heavily influenced by
abiotic factors, such as moisture, temperature, and
oxygen level, as well as biotic factors like fungal suc-
cession and competition [71, 111]. As deadwood is a
dynamic substrate, the physical and chemical microen-
vironment undergoes continuous changes during its
decomposition. To adapt to these fluctuations, wood-
dwelling fungi have developed various strategies for
dispersal, establishment, competition, and resilience
against both biotic and abiotic stress [112].

Wood-inhabiting fungal communities comprise
numerous decomposer species in the same substrate,
therefore rendering them species-rich. These fungal
species interact with each other because fungal com-
munity composition expands progressively [112]. The
composition of wood-inhabiting fungal communities is
dynamic undergoing changes over time. It often seems
to be a progressive change from the first colonization
step to the final stages of degradation [61]. Therefore,
“fungal succession” refers to this time-related change
of fungal communities during the decaying process
[11, 113]. In this process, interactions between fungal
species, have a substantial role in determining their
success in colonizing and maintaining territory [114].
Some fungi also excrete compounds that directly im-
pact the growth and evolvement of other fungal taxa
[115].

Rayner and Todd [61], recommended the study
of community structure and dynamics of fungi in
decaying wood should encompass both spatial and
temporal dimensions. They emphasized prioritizing
the examination of community structure and devel-
opment over a narrow focus solely on succession. In
theory, direct interaction (contact between mycelia) or
indirect mechanisms, could result in both deadlock and
replacement phenomena. Some indirect mechanisms
that can lead to deadlock or replacement in wood
include nutrient reflects, production of antibiotics, re-
moval of toxic materials, host resistance removal, and
incidental environmental factors [61].

As wood decomposes, its physical and chemical
properties alter, creating different ecological niches.
The chemical constituents of the wood undergo sub-
stantial changes. Cellulose and hemicellulose are the
first to be broken down into more resistant lignin,
which favors the growth of fungal taxa adept at lignin
degradation [111, 116]. During decomposition, these
changes are directly linked to the alteration in the
mosaic of fungal enzymes and the ever-changing fun-
gal community from innovator colonizing ascomycetes
to more dedicated basidiomycetes [71, 111]. These
structural and functional variations have been eluci-
dated by more recent metagenomic and metatranscrip-
tomic analyses where fungal genes responsible for the
degradation of lignocellulose and temporal changes in
community residence were tracked [117, 118].
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With advancements in molecular biology tech-
niques, many novel species of ascomycetes have been
discovered. These discoveries have expanded our
understanding of the diversity and their roles in various
ecosystems. For instance, a research topic aimed to
discover more novel species of ascomycetes focusing
on their taxonomy and phylogeny, as well as the ge-
netic and molecular characterization of these fungi and
their interaction with the host species. These novel
species could potentially have significant impacts on
wood litter decomposition. However, further research
is needed to fully understand these impacts.

METHODS FOR ASSESSING THE DIVERSITY OF
MICROFUNGI FROM WOODY LITTER

Various methods have been applied to estimate the
diversity of litter fungi, among them the culture-
based approach is the most frequently used method
[119–123]. Traditionally, culture-based methods com-
bined with phylogenetic studies have been used in
fungal diversity studies worldwide [59, 124]. First, this
polyphasic approach used only morphological charac-
teristics, physiological and biochemical traits, or re-
sponses to chemical tests to differentiate fungal taxa
[125]. However, with the development of molecular
methods and DNA sequencing, traditional methods
have been used in combination with evolutionary anal-
yses [124, 126–128]. These methods have revealed
fungal taxa up to the species level [129]. Moreover, it
can identify diversity patterns, and resource utilization
while determining the fungal community composition
[130]. Nonetheless, relying solely on traditional phy-
logeny and culture-based studies to understand fungal
species distribution poses challenges due to difficul-
ties in isolating slow-growing and weakly competitive
species for complete culture-based assays [129].

High throughput sequencing (HTS) technologies
led to a better understanding of microorganisms’ ecol-
ogy, diversity, and distribution patterns [87, 131, 132].
The first HTS platform commercially became available
in 2005 and utilized emulsion polymerase chain reac-
tion (PCR) for parallel template amplification [133].
The sequence length, accuracy, and analysis of these
methods have been considerably modified, and Illu-
mina MiSeq and Ion Torrent platforms have been se-
lective methods for researchers [134]. The possibility
of analyzing the diversity of fungal species in species-
rich ecosystems has been facilitated by HTS [135].
HTS supports recovering fungi that cannot be cultured,
specifically inhabit extreme environmental conditions
[136]. Thus, HTS has the potential to unveil fun-
gal diversity, encompassing cryptic and non-cultivable
fungi, such as Archaeorhizomycetes, Cryptomycota, and
Zygomycotina, and non-cultivable symbiotic fungi like
mycorrhizal and nematophagous fungi [17, 137, 138].

Several studies have been conducted in different
types of forests using amplicon-based metagenomics.

For instance, Ovaskainen et al [139] identified wood-
dwelling fungi with 454 sequencing data in a pro-
tected semi-natural spruce-dominated forest in the
north of Helsinki, Finland. Kubartová and coworkers
[140] surveyed fungal communities by 454 sequenc-
ing in decaying logs of Norway spruce at different
spatial scales at two different locations in Sweden.
Yamashita et al [141] evaluated the correlation be-
tween the decomposition rate of coarse woody de-
bris and the fungal community that was identified
by HTS in a deciduous broad-leaved forest in Japan.
Runnel et al [142] identified wood-inhabiting fungi
with Illumina HTS and compared it with polypores’
fruiting bodies in a wetland pine forests in Estonian.
Hoppe et al [130] studied the community structure
and richness of fungal in Norway spruce and Euro-
pean beech woody litter using 454 pyrosequencing
in temperate forests in the UNESCO Biosphere Re-
serve “Schwäbische Alb” in southwestern Germany.
Vaz et al [143] surveyed the diversity of fungi asso-
ciated with wood using HTS in tropical forests. Rit-
ter et al [135] used HTS of DNA of fungi that existed
in the soil and organic litter for surveying the impact
of soil features, habitat, and sites in Amazonia. There-
fore, the combination of culture-based methods with
high-resolution culture-independent methods such as
HTS has been used to assess the fungal diversity from
the most diverse environments [129, 144].

CONCLUSION AND FUTURE PERSPECTIVES

This review paper provides an overview of as-
comycetes, focusing on their diversity and role in wood
litter decomposition. We delve into the basic concepts
related to these fungi and the wood litter they inhabit,
highlighting their remarkable diversity. Further, we
explore the significant contribution they make to wood
litter decomposition, comparing their role with other
fungi like basidiomycetes. The paper also highlights
recent developments and findings in the field, includ-
ing the discovery of novel species and their potential
impact.

Despite the considerable progress in understand-
ing the role of ascomycetes in wood litter decom-
position, several gaps remain in our current knowl-
edge. For instance, there is a limited number of
comprehensive investigations into the systematics of
fungal species associated with woody litter [145–148].
Furthermore, our understanding of how the diversity
of ascomycetes influences the rate and extent of wood
litter decomposition is still incomplete. Another major
gap lies in our understanding of how environmental
changes impact fungi and their role in wood litter
decomposition. Research indicates that fungi classi-
fied as ascomycetes, show sensitivity to environmental
changes [149]. However, the specific impacts of these
changes and their role in wood litter decomposition are
not well understood.
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Given these gaps, future research should focus on
several key areas. Firstly, more comprehensive studies
are needed to understand the taxonomic systematics
of ascomycetes in wood litter. This could involve
exploring uncharted regions and habitats, as well as
employing advanced molecular biology techniques to
discover novel species. Secondly, research should aim
to elucidate how the diversity of ascomycetes influ-
ences wood litter decomposition. This could involve
experimental studies manipulating the diversity of as-
comycetes and observing the impacts on wood litter
decomposition. Lastly, there is a pressing need to
understand how environmental changes impact fungi
and their role in wood litter decomposition. This could
involve long-term monitoring studies to track changes
in ascomycete communities and wood litter decompo-
sition rates under changing environmental conditions.
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