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Abstract: Although the bioconversion of lignocellulosic residues is essential for nutrient storage in
forest floors, little is known about the mechanisms behind wood decay and its interactions with
site-specific belowground microbial community composition and chemical properties. This study
examined the components of white-rot vs. brown-rot woody debris, closely contacted soil chemical
properties and microbial community composition using high-throughput Illumina MiSeq sequencing
in coniferous and deciduous temperate forests. The lignin concentrations were higher in the brown-rot
than in the white-rot woody debris of the coniferous forest. However, lower cellulose concentrations
were observed in the brown-rot sets than in the white-rot sets of both coniferous and deciduous forest
stands. Furthermore, the woody debris had higher concentrations of nonstructural compounds and
ash in the brown-rot than in the white-rot sets of the coniferous and deciduous forests, respectively.
Surprisingly, nearly 90% of the variation in the woody debris components was explained by the
belowground fungal and bacterial phylum-level compositions. Of these major phyla, Basidiomycota
was closely related to the lignin concentration and accounted for 26.62% of the variation in woody
debris components, while Ascomycota was related to the hemicellulose concentration and accounted
for 17.7% of the variance in the woody debris components. Furthermore, soil total carbon, available
phosphorus, and available potassium were 131%, 138%, and 91% higher in the brown-rot than
white-rot sets of the coniferous (but not deciduous) forest stand. In addition, Basidiomycota fungi
presented an oligotrophic life strategy and were significantly negatively correlated with the soil total
carbon, total nitrogen, alkali-hydrolysable nitrogen, and available phosphorus contents. In contrast,
Ascomycota fungi were characterized by a copiotrophic strategy and were positively correlated with
the contents of soil total carbon, total nitrogen, and total phosphorus. These findings indicate that
wood decay processes are strongly determined by site-specific microbial community structure and
nutrient status in temperate forests.
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1. Introduction

Globally, deadwood residuals play an indispensable role in soil nutrient immobiliza-
tion of forest ecosystems, accounting for up to 54% of organic matter, 8% of total carbon
(C), 5% of total nitrogen (N), and 10% of total phosphorus (P) [1-3]. Such wood decay
impacts are usually dependent upon decomposer community structure and belowground
physicochemical properties [4-6]. However, the underlying mechanisms about deadwood
decomposition have rarely been revealed, especially in the context of the rot type distinction
and its interaction with site-specific microbial-mediated nutrient cycling in forest floors.

The wood structural framework is mainly composed of lignin, cellulose and hemicel-
lulose, which account for over 90% of the wood stuff [7]. Such polymeric constituents can
be mainly utilized by fungi and slightly modified by bacteria [8-10]. Different strategies
are deployed by decomposer communities, which result in rot type distinctions such as
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white-rot vs. brown-rot sets [11]. White-rot fungi can efficiently degrade lignin, whereas
brown-rot fungi have enzymatic systems to degrade carbohydrates (cellulose and hem:i-
cellulose), leaving modified lignin in a brown and cubic form [12,13]. As a result, there
are significantly different chemical components of woody debris between white-rot and
brown-rot sets [1]. Additionally, wood decomposition caused by white-rot and brown-rot
fungi may also differ between wood types such as coniferous vs. deciduous tree species [14].
It is believed that brown-rot fungi prefer to utilize coniferous substrates, while white-rot
fungi predominantly degrade deciduous wood [15]. Moreover, brown-rot woody debris
contains high concentrations of soluble aromatic, phenolic compounds and metals which
enter the soil through leaching and benefit the formation and protection of soil organic
matter, whereas white-rot woody debris continuously releases soluble sugars and other
rapidly metabolized components which promote the nearby fast-growing microbiomes in
the co-metabolism of available nutrients [4]. In addition to lignocellulosic materials, wood
stuff contains nonstructural substances (e.g., soluble sugars) and ashes, which may have
significant effects on wood-decay fungi and enzyme activities [7].

Soil contact is essential for wood decomposition [16], as the soil microbiome and
nutrient status are usually regarded as the dominant factors explaining the variability in
decomposition [7,17]. A previous study showed that fallen woods directly contacting the
forest floor decomposed 1.4 times faster than those separate from the forest floor [18]. Once
contacting fallen woods, soil microorganisms colonize wood through mycelial growth
(such as fungi and actinomycetes) to acquire nutrients of polymeric constituents and thus
accelerate wood decomposition processes [19]. It is believed that taxonomic richness,
evenness, and species associations (i.e., co-occurrence patterns) of fungal decomposers
account for over 50% of the variation in wood decomposition rates [20]. The soil-borne
decomposers, moreover, are closely determined by site-specific soil chemical properties,
such as the C:N ratio [21], pH value [22], available phosphorus [23] and alkali-hydrolysable
nitrogen contents [24]. In general, Ascomycota fungi are copiotrophic and are positively
influenced by nutrient availability, whereas Basidiomycota fungi are oligotrophic and are
reduced with enriched nutrient status [25,26]. Furthermore, soil physicochemical properties
usually vary among different forest stands [27]. For example, birch forests may have higher
soil pH and base saturation, thinner humus layers, and less C and N stored in the soil than
do pine and spruce forests [28]. Consequently, wood decomposition (e.g., red maple wood
(Acer rubrum L.)) is largely dependent upon belowground abiotic conditions, including soil
pH, total nitrogen, moisture and temperature [20].

Although site-specific biotic and abiotic factors strongly influence wood lignocellulose
decomposition [1,29], their roles in wood decay and the consequences for woody debris
components have rarely been unraveled. By investigating white-rot vs. brown-rot wood
components, belowground microbial communities and chemical properties, this study
aimed to delineate the mechanisms behind in situ wood decay in different forest ecosys-
tems. We hypothesized that (1) the white-rot and brown-rot type distinctions would vary
significantly between coniferous and deciduous forest stands; (2) the components of woody
debris would be determined by closely contacted belowground microbiomes; and (3) the
wood-decay-related microbial community would be dependent upon site-specific edaphic
chemical properties.

2. Materials and Methods
2.1. Study Sites

The study area is located in Changbai Mountain in Jilin Province, China. The mean
annual precipitation is 700 mm. The mean annual air temperature is 2.8 °C. The maximum
and minimum air temperatures are 27.9 °C (July) and —32.0 °C (January), respectively. The
study area consists of coniferous and deciduous forest stands. The evergreen coniferous
forest (42°12/00.44" N, 128°10'10.40” E, altitude 1107 m) is dominated by the tree species
Picea jezoensis Carr. var. microsperma (Lindl.) Cheng et L.K.Fu and Abies nephrolepis (Trautv.)
Maxim. The deciduous forest (42°23'05.13"” N, 128°05’31.36" E, altitude 800 m) is dom-
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inated by the tree species Tilia amurensis Rupr., Quercus mongolica Fisch. ex Ledeb. and
Pinus koraiensis Sieb. et Zucc. The soil is affiliated with an Andosol that developed from
volcanic ash [4].

2.2. Log Identification and Sample Collection

In July 2015, decayed logs (ca. 20 cm in diameter) dominated by white-rot and brown-
rot fungi were identified according to Mékinen et al. [30] and Bai et al. [4]. A total of
5 decayed logs (5 replicates) with each rot type were collected in coniferous and deciduous
forests, respectively. Thus, a total of 4 wood decay (rot) sets (2 forest stands x 2 rot types)
were formed.

In each rot set, sawdust samples were taken from each decayed log using an electric
drill (bit diameter 6 mm). At least 5 drilled holes were sampled in each decayed log to
form a composite woody debris sample. The drill bit was sterilized between samples with
75% ethanol. Soil samples at the 0-5 cm depth were collected right beneath each decayed
log, where we marked five evenly spaced sampling points, and then samples were mixed
and pooled together to form a composite soil sample. At the same time, we collected soils
located 1 m horizontally from the decaying logs as controls. Each composite sample was
divided into two parts: one part was air-dried to analyze the soil chemical properties or
woody debris components, and the other part was stored at —80 °C for DNA extraction.

2.3. Chemical Analyses

The hemicellulose, cellulose, and lignin contents were determined by the Van Soest
method [31,32]. In short, sawdust stuff was separated by stepwise chemical digestion
into neutral detergent fiber (NDF), acid detergent fiber (ADF), strong acid detergent fiber
(SADF) and ash. Ash in wood is mainly composed of inorganic materials, such as silicates,
sulfates, carbonates and metals [33,34], and was determined with the residues from SADF
being combusted at 550 °C in a muffle furnace for 3 h. The nonstructural compounds (NS)
are primarily composed of soluble carbohydrates, soluble proteins and lipids [35], and
were determined by the difference between the starting weight and NDF. The contents
of the remaining three polymeric constituents were separately calculated as “NDF minus
ADF” for hemicellulose, “ADF minus SADF” for cellulose, and “SADF minus ash” for
lignin. Soil total carbon (TC) and total nitrogen (TN) concentrations were determined
using an elemental analyzer (Vario Macro cube, Elementar, Germany). The C:N ratios were
presented as mass ratios. Alkali-hydrolysable N (AN, alkali solution diffusion method),
readily available potassium (AK, extracted using 1 mol/L ammonium acetate acid) and
available phosphorus (AP, extracted with 0.5 mol/L of NaHCOj3; (pH 8.5)) were measured
according to [36]. Soil pH was determined using a glass electrode (soil:water = 1:2.5).

2.4. Bacterial and Fungal Community Taxonomic Profiling

We analyzed the soil microbial community composition using high-throughput se-
quencing from 0.5 g subsamples. The DNA was extracted using a PowerSoil DNA Iso-
lation Kit (MoBio, Carlsbad, CA, USA). Bacterial and fungal DNA were amplified using
the 165 rRNA gene (primers were 5-GTGCCAGCMGCCGCGGTAA-3’ (515F) and 5'-
CCGTCAATTCCTTTGAGTTT-3' (907R)) and the internal transcribed spacer (ITS) region
(primers were 5'-GCATCGATGAAGAACGCAGC-3' (ITS3-2024F) and 5'-TCCTCCGCTTA-
TTGATATGC-3' (ITS4-2409R)) [37], respectively. The 25 pL reaction mixture contained
5-10 ng of total DNA, 1 unit of Ex Taq (TaKaRa, Dalian, China), 1 x Ex Taq buffer, 0.2 mmol
of each dNTP and 0.4 pmol of each primer. The polymerase chain reaction (PCR) was
performed as follows: initial denaturation at 94 °C for 2 min, followed by thirty-five cycles
(95 °C for 45 s, 56 °C for 45 s, and 72 °C for 50 s), and a final extension at 72 °C for 5 min.
The PCR product was then checked on 1% agarose gel electrophoresis. PCR product was
purified and sequenced using the Ion Plus Fragment Library Kit 48 rxns (Thermo Fisher
Scientific Inc., Waltham, MA, USA). lllumina sequencing reads were analyzed and demul-
tiplexed using QIIME. Sequences with >97% similarity were clustered into operational
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taxonomic units (OTUs). The relative abundance of an individual taxon was defined as its
percentage (%) in the total number of OTUs.

2.5. Statistical Analysis

All statistical analyses were performed using R (version 3.6.3). The Shapiro-Wilk test
and Levene’s test were used to check the normality and homogeneity of variances prior
to statistical analysis. Analysis of variance (ANOVA) was used to assess the differences
between the mean values of the measured indexes. Eight representative key microbial phyla
closely related to dead wood residues were selected through the forward selection method
(Table 1). We used redundancy analysis (RDA) to elucidate the relationships between
the soil properties and soil microbial compositions and rotten-wood components. To
calculate the relative influence of each microbial phylum, we also employed the hierarchical
partitioning method to distinguish a single variable’s contribution via the “rdacca.hp”
package in R [38]. Pearson correlation coefficients were also used to analyze relationships
between the key microbial phyla and soil properties.

Table 1. Composition of rotten wood, soil properties and relative abundances of soil microbial

key phylum.
Indexes DB DW CB Ccw
Lignin 61.62+1.84a 29.96 £1.72b 30.39 £ 4.92b 36.95+£2.09b
Cellulose 9.61 £0.79b 31.10 £ 4.50 a 13.15+1.18b 31.06 =1.99 a
Rotten-wood composition % Hemicellulose 46l +142a 733+115a 763+ 1.76a 448+ 116a
NS 16.16 =246 b 30.82 £ 6.45 ab 47.09 £ 6.57 a 25.87 £3.96 b
Ash 799+0a 0.793 +0.19 ¢ 175+ 0.35Db 1.64 +0.28 be
TC % 14.85 + 1.56 ab 12.94 + 4.76 ab 8.17 £2.59b 18.86 = 1.06 a
TN % 0.88 £0.04a 0.87 £025a 045+0.12a 0.84+0.15a
C/N 16.88 £ 1.00 ab 1420+ 1.27b 17.69 + 0.80 ab 21.77 = 4.28 a
Soil physical-chemical proprieties AN mg/kg 829.7 £ 95.71a 849.8 +228.11a 461.5 £103.19 a 802.6 + 219.86 a
AP mg/kg 27.24 £ 10.46 ab 26.40 & 7.67 ab 15.85+4.10b 3777 £4.78 a
AK mg/kg 320.50 + 1.00 ab 304.83 + 74.04 ab 188.17 £ 13.57 b 358.83 +43.86 a
pH 530+ 026a 495+0.20a 481+0.13a 470+ 0.37a
Basidiomycota 46.44 +7.36 ¢ 68.71 £5.59 ab 8274 + 423 a 60.10 £ 4.97 bc
Fungi Ascomycota 1247 £0.72 ab 13.00 £ 4.49 ab 5.09+0.74b 1572 £ 095a
Rozellomycota 112+ 055a 097+034a 0.50 +0.47 a 1.08 £ 0.81a
Mai o Glomeromycota 1.07 £0.17a 0.82 +0.33 ab 0.24 £ 0.05b 0.47 +0.17 ab
ajor phyla %
Acidobacteria 3519+ 13.04a 2648 +9.16 a 3416 +£13.26 a 31.71+6.55a
. Actinobacteria 377 £1.19ab 718+199a 1.39 £ 0.60 b 3.96 £ 0.46 ab
Bacteria Nitrospirae 1.01+0.12a 0.75 + 0.18 ab 039+ 0.16b 0.32+0.15b
Armatimonadetes 0.28 £0.04a 0.17 £0.06 a 031 £0.05a 0.18 =0.03 a

All results are reported as mean = standard error and different letters behind indicate significant differences
between different treatments (p < 0.05). DB: Brown-rotten wood in the deciduous forest; DW: White-rot wood
in the deciduous forest; CB: Brown-rotten wood in the coniferous forest; CW: White-rot wood in the coniferous
forest. NS: non-structural compounds; TC: total carbon; TN: total nitrogen; AN: alkali-hydrolysable nitrogen; AP:
available phosphorus; AK: available potassium.

3. Results and Discussion
3.1. Site-Specific Woody Debris Composition

The cellulose concentrations of woody debris were much higher in white-rot than in
brown-rot sets, which increased by 223.62% and 136.20% in the deciduous and coniferous
forest stands, respectively (p < 0.05, Table 1). In contrast, the lignin concentration was
105.67% higher in the brown-rot sets than in the white-rot sets of the deciduous forest
stand (p < 0.05, Table 1). Such rot type effects occurred because white-rot fungi can
competently mineralize lignin but gradually degrade cellulose and, thus, result in the
accumulation of cellulosic materials [12,13]. However, brown-rot fungi can efficiently
hydrolyze cellulose and hemicellulose but merely modify lignin compounds and, therefore,
enrich lignin materials [11,39]. Consistent with lignin, the ash content was 908% higher in
the brown-rot than in the white-rot sets of the deciduous forest stand (p < 0.05, Table 1).
Ash is concentrated in woody debris probably because soluble substances (e.g., silicates,
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sulfates, carbonates and metals) continuously infiltrate from closely contacted belowground
minerals [33,34]. In particular, lignin-rich residues are abundant in aromatic products and
can efficiently immobilize metals (e.g., calcium, iron, manganese, and magnesium) [40,41].

Interestingly, the abovementioned white-rot vs. brown-rot type distinction varied
to greater extents in the deciduous than in the coniferous forest stand (Table 1). These
observations suggest lower resistance of deciduous substrates against wood inhabitors
compared to coniferous ones. Such an effect is probably related to lower contents of extrac-
tives (e.g., wax, resin) in the deciduous wood, indicating their hydrophilic properties and
hence higher susceptibility to water absorption. This, in turn, could potentially facilitate
access of mycelium hyphae to the deeper layers of plant materials and facilitate decidu-
ous biodegradation [42]. Additionally, deciduous stems have higher contents of living
parenchymas and lignocellulosic materials per unit volume and can accumulate higher
concentrations of minerals than coniferous ones [6]. Such initial composition distinction
may cause greater rot type difference in deciduous than in coniferous woody debris [40].

Contrary to the above site-specific rot type distinction, in the coniferous (but not
deciduous) forest stand, the nonstructural (NS) content of the brown-rot sets concentrated
as high as 47% and was over 80% greater than that of the white-rot sets (Table 1). The
NS compounds in woody debris are soluble substances, including soluble carbohydrates,
starch, nonprotein N, soluble proteins, and lipids; in particular, pine wood NS enriches
alkyl C compounds and resin acids, which could be very resistant to decomposition [35].
Note that coniferous wood decomposition might be more closely related to belowground
decomposers and nutrient cycling than deciduous wood decomposition [35]. Accordingly,
we found that soil nutrient status was significantly influenced by rot type in the coniferous
forest stand but not in the deciduous forest stand, as the contents of TC, AP and AK
were significantly lower in the brown-rot than in the white-rot sets of the coniferous
forest stand (Table 1). Probably because coniferous NS is highly resistant and coniferous
wood decomposition is closely relevant to belowground nutrient availability [15,35,43],
filamentous brown-rot fungi might be better adapted to utilizing soil nutrients (e.g., TC, AP,
and AK) beneath decomposing wood, and brown-rot woody NS accumulated to a greater
extent in the coniferous forest stand than in the deciduous forest stand. Together, these
findings supported our first hypothesis that the white-rot and brown-rot type distinctions
varied significantly between coniferous and deciduous forest stands.

3.2. Belowground Microbial Potential for Wood Decomposition

As previously reported [44], decaying wood can recruit specific decomposers and
may result in a more diversified (i.e., Shannon and Simpson) and independent soil fungal
community compared to the control (3 m away from decaying wood). In turn, wood
decay processes may be profoundly influenced by these newly introduced decomposers.
However, our results showed that there was no significant difference in the relative abun-
dances of microbial phyla between wood rot sets (underneath the deadwood) and controls
(1 m away from the deadwood) (except for Glomeromycota under CB, Table S1). To our
surprise, nearly 90% of the variance in decomposed wood components was explained by
the closely contacted belowground fungal and bacterial community structures based on
the abundances of the eight major phyla (p < 0.001, Figure 1a,b). Such a great explanation
potential of soil microbial communities underneath the woody debris is reasonable, as soil
microbial communities can be crucial drivers of wood decomposition [44—46].

The soil fungal community structure at the phylum level alone explained nearly 60%
of the variance in the woody debris components (Figure 1c), as Basidiomycota, Ascomycota
and Glomeromycota contributed 26.62%, 17.74% and 12.25%, respectively (Figure 1b).
Basidiomycota was negatively correlated with the rest of the fungal phyla (Figure 1a). In
particular, Basidiomycota and Glomeromycota pointed to the exact opposite directions.
Along the Basidiomycota vs. Glomeromycota negative correlation axis, the coniferous
white-rot and brown-rot sets were separated from each other (but not for deciduous ones).
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Figure 1. Rotten-wood components explained by key microbial phyla. (a) Redundancy analysis
of rotten-wood components and belowground key microbial phyla; (b) The proportion of the total
variation in rotten-wood components explained by key microbial phyla; and (c) The explanatory
percentages assigned to each microbial function type. BR: brown-rot wood, WR: white-rot wood,
D: deciduous, C: coniferous. : 0.05 < p <0.1,**: p <0.001.

All of the abovementioned fungal phyla ubiquitously exist in soil and are highly related
to the decomposition of lignocellulosic substances [44,47-49]. In general, basidiomycetous
wood-decaying fungi (especially for white-rot decay) owe more powerful abilities in
decomposing aromatic lignin polymers compared to ascomycetous fungi [47,48,50]. Under
oxic condition, for instance, Basidiomycota isolates may prefer to degrade lignin via
ligninolytic enzymes, whereas Ascomycota members are more likely to produce cellulose-
degrading extracellular enzymes [51]. Although Ascomycota fungi may lack ligninolytic
peroxidases in lignin degradation, they can rapidly consume easy-to-access substrates
such as hemicellulose [52,53]. Accordingly, we found that Ascomycota was negatively
relevant to hemicellulose, whereas Basidiomycota showed a negative relationship with
lignin (Figure la). In addition, basidiomycetous wood-decaying fungi usually secrete
versatile secondary metabolites such as lignin-derived phenolic and aromatic compounds,
organic acids and smaller peptides [33,47]. Therefore, we observed a close and positive
correlation between Basidiomycota fungal abundance and NS concentration (Figure 1a).

Glomeromycota fungi may have low cellulolytic and ligninolytic potentials due to a
lack of genes encoding for cellulolytic glycoside hydrolase families and ligninolytic aux-
iliary activity enzymes. However, they can exhibit a large number of genes encoding for
Kyoto Encyclopedia of Genes and Genomes (KEGG) metabolic and regulatory pathways,
including amino acid metabolism, carbohydrate metabolism and lipid metabolism [48].
Their existence may not cause much consumption of lignin and cellulose but definitely
reduce certain NS components (e.g., lipids and amino acids). Therefore, we observed a
negative relationship between NS and Glomeromycota fungi; however, no correlation was
observed between Glomeromycota fungi and cellulose (Figure 1a). In addition, Glom-
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eromycota (arbuscular mycorrhizal (AM)) fungi are ubiquitous microorganisms living
in symbiosis with vascular plants, and their symbiotic mycorrhizae help plants obtain
inorganic micronutrients (e.g., phosphate ions) from the soil [48]. Their existence may
cause high ash accumulation in wood; thus, a positive relationship occurred between the
Glomeromycota fungi and the ash content (Figure 1a). Furthermore, Glomeromycota (AM)
fungal colonization is strongly related to enriched lignin and organic acids [49]; thus, we
found that Glomeromycota was more positively related to lignin than were the rest of the
fungal phyla (Figure 1a).

Bacterial phylum composition alone explained nearly 28% of the variance in the woody
debris components; their potential for wood decomposition variance ranked as follows:
Nitrospirae (9.15%), Actinobacteria (6.77%), Armatimonadetes (6.66%) and Acidobaceria
(4.14%) (Figure 1b). Interestingly, across the Basidiomycota vs. Glomeromycota negative
correlation axis, we observed another negative correlation along the Actinobacteria vs.
Armatimonadetes axis (Figure 1a), which was either highly positively or negatively related
to the cellulose content. The remaining bacterial phyla, i.e., Nitrospirae and Acidobacteria,
were both highly related to the lignin and ash contents (Figure 1a). In particular, the
deciduous brown-rot and white-rot sets varied with the Nitrospirae and Acidobacteria
abundances (Figure 1a).

Actinobacteria, Armatimonadetes and Acidobacteria are common deadwood-inhabiting
prokaryotes [21,54-57]. Similar to our study, a previous study found that Acidobacteria in
decaying wood were highly positively related to lignin content, whereas Actinobacteria
were negatively related to wood ash content based on a redundancy analysis [58]. Acti-
nobacteria and Acidobacteria possess diverse gene sets for the efficient decomposition of
plant and fungal cell wall biopolymers and open reading frames encoding enzymes in the
pretreatment and hydrolysis of complex carbohydrates, including cellulose, hemicelluloses,
chitin and pectin [59-62]. In particular, Actinobacteria have great potential in the early
colonization and decomposition of dead wood logs, and their relative abundances always
significantly decline during the wood decay process. Their early predominant detection
in wood decay is most likely due to the fast germination of dormant spores [63]. In addi-
tion, Actinobacteria members may degrade a large proportion of hemicellulose (which is
more easily mineralizable C compared to lignin and cellulose) [64]. Furthermore, the early
degradation of easily mineralizable C (xylose) was dominated by Actinobacteria at day 7 of
the 13C-xylose treatment; xylose consumption occurred before cellulose consumption [65].
These previous studies support a negative relationship between Actinobacteria abundance
and hemicellulose concentration (Figure 1a). Moreover, Armatimonadetes encode cellulase
genes and are potential decomposers of cellulose [66]; they are significantly enriched under
polyethylene plastics, indicating their ability to use a very stable C-C or C-heteroatom back-
bone [67]. Together, these findings supported our second hypothesis that the woody debris
components were strongly determined by the underlying soil microbial communities.

3.3. Wood Inbabitors Mediated by Soil Nutrient Status

Of the abovementioned putatively wood decomposition phyla, Basidiomycota, As-
comycota and Acidobacteria presented site-specific rot type distinctions (Table 1). For
instance, the relative abundances of Basidiomycota ranged from 46.44% to 82.74% and
declined by 48% from the white-rot sets to the brown-rot sets in the deciduous stand but
presented an opposite trend in the coniferous forest stand (38% higher in the brown-rot
sets than in the white-rot sets) (p < 0.05, Table 1). However, the relative abundances of
Ascomycota (5.09%-15.72%) under the white-rot sets was 209% higher than those under the
brown-rot sets in coniferous forest stand (p < 0.05, Table 1) but had no rot type distinction
in deciduous forest stand (p > 0.05, Table 1). Such a rot type distinction on Ascomycota is
probably because coniferous extracts of brown-rot sets are generally more active in inhibit-
ing Ascomycota fungi than deciduous extracts are [68]. In addition, the relative abundance
of Glomeromycota (0.24%-1.07%) was consistently higher in the deciduous forest than
in the coniferous forest, especially for the white-rot sets (350% higher, p < 0.05, Table 1).
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Similarly, the bacterial phylum Nitrospirae (0.32%-1.01%) was more abundant in the de-
ciduous forest than in the coniferous forest, and the white-rot sets showed a significant
forest type distinction (160% higher, p < 0.05, Table 1). Moreover, the relative abundances of
Actinobacteria (1.39%-7.18%) were consistently slightly higher in the white-rot sets than in
the brown-rot sets, separately declining by 90% and 185% in the deciduous and coniferous
forest stands, respectively (Table 1). However, the opposite trends were observed with
Acidobacteria (26.48%-35.19%), whose relative abundances were by 33% and 8% higher
in brown- than white-rot sets in the deciduous and coniferous forest stands, respectively
(Table 1).

Site-specific trends also occurred with soil chemical properties. For instance, in the
coniferous (but not deciduous) forest stands, the contents of TC, AP and AK were 131%,
138%, and 91% higher in the white-rot sets than in the brown-rot sets, respectively (p < 0.05,
Table 1). Soil properties (e.g., pH and AN) strongly influence microbial communities
dominating wood decomposition [55,69]. In this study, all measured soil physical-chemical
properties influenced the fungal phyla to a greater extent than the soil bacterial phyla, as
soil properties were significantly related to the relative abundances of major fungal phyla
but not to bacterial phyla (Table 1). Such fungi vs. bacteria distinction might be due to
the fact that the fungi often form a complex mycelium network which can penetrate both
wood tissues and belowground matrix and result in the relocation of available nutrients
in between [70-72]. These findings suggest that fungi, but not bacteria, are a hot hub for
nutrient mobilization and transportation during the process of wood decomposition in
temperate forests.

The major fungal phyla showed opposite correlations with soil nutrient status: the
relative abundance of Basidiomycota was negatively related to the soil nutrient contents
(e.g., TC, TN, AN and AP); conversely, significantly positive relationships were observed
between nutrient status (e.g., TC, TN, AP, AK or pH) and Ascomycota (or Glomeromycota)
(p < 0.05, Table 2). Similar reverse trends among Basidiomycota, Ascomycota and Glom-
eromycota were also observed previously. For instance, Basidiomycota abundances were
significantly positively related to TP but negatively related to pH, whereas the opposite rela-
tionships emerged for Ascomycota and Glomeromycota [44]; moreover, Basidiomycota and
Ascomycota exhibited positive or negative correlations with edaphic properties [73]. Such
opposite trends might be due to their distinct lifestyle strategies, as Basidiomycota fungi are
oligotrophs and prefer nutrient-poor environments, but Ascomycota and Glomeromycota
are characterized by copiotrophic features and prefer nutrient-rich environments [25,26].
Particularly, an increased availability of soil nutrients (e.g., AP, NH;*-N, TN, and/or SOC)
promotes the growth of Glomeromycota (Arbuscular mycorrhizal) fungi [25,74]; addition-
ally, Ascomycota was previously reported to be significantly positively related to soil C
and N contents [75]. On the contrary, Basidiomycota fungi are always negatively related
to soil nutrient availability (e.g., TC, TN, AN, and AP) [26]. In addition, soil saprophytes
that colonize and decompose decayed wood may greatly improve the soil nutrients un-
derneath decaying wood [76,77]. Conversely, increased nutrient (e.g., N) availability has
an inhibitory effect on the lignin degradation potential of Basidiomycetes by substantially
reducing their phenol oxidase activity [78].

The above oligotrophy vs. copiotrophy distinctions and their reverse relationships
with soil available nutrients can clearly explain the correlations between the fungal phyla
and woody debris composition (Figure 1a). For instance, as oligotrophic Basidiomycota
fungi were less dependent upon or even inhibited by available nutrients, they might
be less restrained by the concentration of easily available woody NS. This means that
NS could be accumulated in woody debris under the predominant Basidiomycota com-
munities. Therefore, a strongly positive relationship occurred between Basidiomycota
and NS (Figure 1a). In contrast, the copiotrophic fungal phyla (Ascomycota and Glom-
eromycota) were both strongly dependent upon soil nutrient availability (Table 1); thus,
their dominance in woody debris must consume a great amount of easily available NS
(e.g., a negative relationship between Glomeromycota and NS, Figure 1a). In particular,
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Glomeromycota (AM) fungi may promote wood residue decomposition under situations
of high available N belowground [25,79-81]. Glomeromycota was accompanied by lower
NS contents in woody debris (Figure 1a) and higher TN and AN content belowground
(Table 1), suggesting that Glomeromycota decomposers are strongly constrained by soil
nutrient availability (e.g., NH4"-N) underneath woody debris. Soil microbial phylum
relative abundances (especially for fungi) were closely related to soil traits (Table 2),
supporting our third hypothesis.

Table 2. Pearson coefficients between microbial phyla and soil properties.

Taxa

TC TN C/N AN AP AK pH

Basidiomycota
Ascomycota
Rozellomycota
Glomeromycota

Fungi

—-0.67 * —-0.72 % —0.02 -0.70 * -0.70 * -0.57 —-0.43
0.62 * 0.55 0.26 0.46 0.72* 0.77 ** 0.17
0.40 0.52 —0.18 0.53 0.34 0 0.49
0.43 0.74 ** —-041 0.72% 0.39 0.49 0.74 **

Acidobacteria
Actinobacteria
Nitrospirae
Armatimonadetes

Bacteria

—0.06 —0.05 —0.09 0.01 0.10 —0.18 0.11
0.41 0.55 —0.08 0.47 0.24 0.46 —0.01
—0.03 0.20 -0.37 0.16 0.10 0.05 0.54
—-0.14 —0.08 —0.14 0 —0.15 —0.18 0.19

References

*' p <0.05. **: p <0.01. TC: total carbon; TN: total nitrogen; AN: alkali-hydrolysable nitrogen; AP: available
phosphorus; AK: available potassium.

4. Conclusions

To the best of our knowledge, this study is the first to experimentally disentangle the
mechanisms behind site-specific wood decomposition in the context of rot type distinction.
Importantly, our results revealed that in situ wood decomposition differed in white-rot vs.
brown-rot sets and in coniferous vs. deciduous forest stands via differences in soil microbial
communities and chemical properties underneath the decaying woods. More importantly,
the potential wood inhabitors such as Ascomycota and Basidiomycota are distinct in
life strategy and substrate utilization and are strongly dependent upon site-specific soil
physical-chemical properties. Our findings suggest that the accurate prediction of wood
decay in forest ecosystems is needed to fully unravel the contributions of belowground
microbial communities and nutrient status distinctions.
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