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Abstract: Soil fungal communities play a critical role in the promotion of nutrient cycling and the
stabilization of ecosystem functions in subtropical forests. Yet, clarifying the relationships between soil
fungal diversity and microclimate variability along an elevational gradient, as well as understanding
the driving mechanisms of their variations in subtropical forests, remains insufficiently understood.
In this study, we recorded the composition and soil fungal diversity along an elevational gradient
in Daiyun Mountain of China, aiming to elucidate the primary factors influencing the structure of
the dominant soil fungal along an elevational gradient in subtropical forests. The results showed
that (1) the dominant phylum of soil fungi at different elevations were Basidiomycota, Ascomycota
(relative abundance > 10%) and Zygomycota (relative abundance > 1%). The Simpson index of soil
fungi showed a clear upward trend along the elevational gradient, while no significant difference
was observed in the other indices, and both overall reached their maximum value at the elevation of
1200 m. (2) The mean annual soil temperature and moisture, soil pH and available phosphorus were
the main factors driving the dominant soil fungal along the elevational gradient. (3) Co—occurrence
network analyses revealed a distinct modular structure of dominant soil fungal communities at
different elevations, with Ascomycetes identified as the key taxa in fungi network relationships. Our
research holds ecological significance in understanding the pivotal role of soil environmental factors
in shaping the complex composition and interactions within soil fungal communities.

Keywords: soil fungal community; elevation; microclimate; co-occurrence network analysis;
subtropical forests

1. Introduction

Soil microorganisms play a pivotal role in subtropical forest ecosystems and the
regulation of biochemical cycles [1,2]. The soil fungal community, a crucial component of
soil microorganisms, exhibits sensitivity to environmental changes [3], and their structures
and functions react to changes in environmental conditions quickly [2—4]. Similarly, climate
change, especially near-surface microclimate conditions, significantly influences, further
affecting forest ecosystem functions [4]. Therefore, exploring the adaptation strategies of
soil fungi to environmental changes can help to understand the processes of soil fungal
diversity generation and maintenance in subtropical forest ecosystems [5].

Elevational gradients significantly influence the microclimate variations in montane
forests, providing an optimal experimental platform for studying the structure and diver-
sity of soil fungal communities [6]. These gradients induce pronounced changes in the
microclimate over relatively short spatial distances, particularly influencing the temper-
ature and soil moisture content [7-9]. Thus, this can indirectly affect soil physical and
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chemical properties, which in turn affects the structure of the soil fungal community [10,11].
However, there is considerable variation and uncertainty in the patterns observed within
soil fungal communities [12-14]. Furthermore, the precise effects of actual climate change
along elevational gradients on soil microbial communities remain unclear. This limits our
understanding the ecological roles of fungal communities in forest ecosystem [15].

The subtropical forests of China are known for their high biodiversity and complex
community structures. These factors, combined with the typical mountain climate, provide
a unique opportunity to study the variation in forest soil microorganisms. Some studies in-
dicated that elevational gradients cause environmental heterogeneity in subtropical forests,
thus affect the composition of aboveground and underground communities [4,11,16,17].
Daiyun Mountain National Nature Reserve, characterized by its subtropical forest ecosys-
tem, exhibits diverse vegetation types along the elevational gradient. This provides
an optimal environment for investigating the soil microbial community along various
elevations [16]. Jiang et al. found that environmental heterogeneity, particularly in terms of
air temperature and slope, was the main factor driving the changes in the plant community
in Daiyun Mountain [17]. He et al. demonstrated the changes in elevations and seasons
affect soil properties, influencing the soil microbial nutrient cycle and, consequently, the
functional diversity of soil microbial community [18]. Chen et al. illuminated the assembly
mechanisms of the soil microbial community along an elevational gradient in subtropical
forests [19]. On a local scale, homogeneous ecological processes predominantly influence
microbial community assembly. Soil available phosphorus moderates the relative signifi-
cance of homogeneous selection and homogeneous dispersal in soil bacterial and fungal
community assembly [19]. Nevertheless, the comprehension of the dominant soil fungal
community along an elevational gradient in Daiyun Mountain remains limited. Our ob-
jective is to elucidate the primary driving factors influencing the variations in soil fungal
communities. Thus, we hypothesized: (i) based on previous studies indicating a moderately
humped pattern of plant diversity along the elevational gradient of 1200-1300 m [18,19], we
predict that soil fungal diversity would show a similar moderate expansion pattern across
this elevation range. (ii) Soil temperature and available phosphorus have been shown to
change with elevation. Therefore, we predict that differences in soil fungal communities
along an elevational gradient are primarily driven by changes in soil temperature and
available phosphorus.

2. Materials and Methods
2.1. Study Location

Daiyun Mountain National Nature Reserve (25°38'07"-25°43'40" N, 118°05'22"-118°20'15" E)
is located in Quanzhou City, Fujian Province, China, and covers an area of 13,473 ha. The elevation
ranges from 650 to 1856 m, with precipitation ranging from 1700 to 2000 mm, and relative humidity
is consistently above 80%. The nature reserve stands out with a forest coverage rate of 93.4% [19]. It
is home for many ancient plants, serves as a focal point for natural biodiversity, and ranks as one of
the largest plant repositories in Fujian Province [20,21].

2.2. Sample Plot Setting

In July 2018, we carefully selected a region with relatively consistent conditions and
minimal anthropogenic disturbances in the southern slope of Daiyun Mountain to establish
sample plots. Following the Center for Tropical Forest Science standard [18,19], seven
permanent sample plots were established along an elevation range of 900-1500 m (Table S3),
with intervals of 100 m. Three standard plots of 10 m x 20 m were set up at each elevation
gradient. Soil samples were collected from each standard plot using the five-point sampling
method. Topographic factors, comprising the longitude, latitude, and elevation for each
quadrat, were documented using a GPS positioning system (Table S1). We surveyed the
specific vegetation information within the sample plots. Dominant tree species including
Cyclobalanopsis glauca, Cunninghamia lanceolata, Machilus thunbergii, Eurya rubiginosa var.
attenuata, Pinus taiwanensis and Rhododendron simsii in this forest (Tables S1 and S3).
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2.3. Microenvironment Detection

We utilized Temperature-Moisture Sensor (TMS) devices to capture air temperatures
and soil moisture at three depths (surface soil, 6 cm depth below the surface soil, 12 cm
depth below the surface soil) in each plot [4,22]. A single TMS recorder was deployed at
each elevation, continuously recording soil and air temperatures, as well as soil moisture,
at 15 min intervals starting from midnight daily. Climatic data were collected over one year,
and the average values were determined as the final data for air and soil temperature and
soil moisture at each elevation. In this study, microclimate parameters such as the minimum
soil temperature (soilTempyin ), mean annual soil moisture (MAMsoil), mean annual soil
temperature (MATso0il) and mean annual air temperature (MATair) were calculated for
each elevation.

2.4. Soil Sample Collection

In July 2018, soil sampling was collected along the seven elevations. For soil samples,
5 cores (020 cm depth) were collected from each plot, mixed thoroughly to remove plants
and roots, and homogenized to make one representative sample for each plot for a total
of 21 soil samples. The amalgamated soil samples were then carefully packed into sterile
sealed bags, placed in iceboxes, and promptly transported to the laboratory. Following
the sieving of fresh soil samples through a 2 mm mesh sieve, the samples were subse-
quently partitioned into two subplots [19,23]. The one subplot experienced natural drying
(10-18 °C) for the measurement of soil physical and chemical properties. The other subplot
designated for soil DNA sequence analysis was stored at —20 °C.

2.5. Soil Samples Measurement
2.5.1. Determination of Soil Physical and Chemical Properties

The methods for determining the soil physical and chemical properties were as follows:
the soil pH value was measured using a pH meter (water-soil ratio 2.5:1); the soil water
content (%, SWC) was calculated based on the sample weight before and after drying;
hydrolysable nitrogen (HN) content was assessed using the alkaline hydrolysis diffusion
method; soil available phosphorus (AP) content was quantified using the molybdenum
antimony colorimetric method; total phosphorus (TP) and total potassium (TK) contents
were determined via the sulfuric acid-perchloric acid digestion method (PEOPTIMA 8000,
PerkinElmer, Waltham, MA, USA); and soil total carbon (TC) and total nitrogen (TN) con-
tents were analyzed using a carbon and nitrogen analyzer (Vario MAX cube CN, Elementar
Analysis system GmbH, Langenselbold, Germany). For detailed determination methods,
refer to the ‘forest soil analysis method’ [24].

2.5.2. DNA Extraction, Sequencing and Bioinformatics Analysis

The BioFast Soil Genomic DNA Extraction Kit from BioFlux (Hangzhou Bioer Tech-
nology Co., Ltd., Hangzhou, China) was employed for total DNA extraction, with each
sample subjected to three extraction cycles. The resulting soil microorganism DNA under-
went an assessment through 1% agarose gel electrophoresis, and the DNA concentration
was quantified using a NanoDrop 2000C spectrophotometer (Thermo Scientific, Waltham,
MA, USA). DNA was purified and recovered by the TIANGEN gel recovery kit (TianGen
Biotech (Beijing) Co., Ltd., Beijing, China) and stored at —20 °C in a refrigerator. The soil
fungi ITS1 F (primer sequence: 5-CTTGGTCATTTAGAGGAAGTAA-3') and ITS2 (primer
sequence: 5'-GCTGCGTTCTTCATCGATGC-3') ITS1 regions were amplified by PCR. The
amplification procedures were as follows: pre-denaturation at 95 °C for 5 min, denaturation
at 95 °C for 30 s, annealing at 57 °C for 30 s, extension at 72 °C for 40 s, a total of 35 cycles,
and extension at 72 °C for 7 min. The PCR amplification reaction system was 50 pL:1 pL
of Q5 High-Fidelity DNA Polymerase, 1 pL of dNTPs (10 mmol/L), 1.5 pL of the ITS1
F primer, 1.5 pL of the ITS1 primer, and 2 pL of the DNA template supplemented with
ddH;O. According to the concentration of PCR products, the PCR products were detected
by agarose gel electrophoresis with the concentration of 18 g/L, and the target bands
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were recovered by a DNA gel recovery kit (Sangon Biotech (Shanghai) Co., Ltd., Shanghai,
China). At the same time, the library was constructed. Following the qualification of the
library using the Illumina HiSeq PE250 sequencing platform, a small fragment library was
constructed through single-end sequencing.

2.6. Data Analysis

Soil fungal sequence numbers showed variation across soil samples. The minimum
sequence number was extracted from each sample at different elevations on the southern
slope of Daiyun Mountain. The normality of the data was assessed using the Shapiro-
Wilk test and normalization was conducted prior to the correlation analysis [25]. The
rarefaction curve was used to check if the sequencing depth was sufficient. A certain
number of OTU sequences were randomly drawn from the sample, and then the soil fungal
taxa represented by these OTU sequences were counted to construct the curve. When
the rarefaction curves of seven soil samples at different elevations tended to be flat, and
the coverage of sequencing soil fungi was more significant than 0.99, it showed that se-
quencing data were reasonable and could reflect the soil fungal community composition of
soil samples at different elevations. A total of 1,702,480 high-quality sequences were ob-
tained through sequencing, averaging 80,070 sequences per sample, ranging from 80,019 to
99,386 sequences. A total of 28,830 operational taxonomic units (OTUs) were obtained at
the 97% similarity level, with 1017-1711 OTUs per sample.

Based on the hypothesis that soil fungal diversity exhibited a moderate expansion
trend within the range of 1200-1300 m. In the study of soil fungal communities in forest
ecosystems, this work involved identifying the top 10 phylum with the highest abun-
dance at each sample or clustering level, calculating relative abundance, and generating
bar accumulation plots. These steps aligned with the expected similar patterns, indicat-
ing a moderate expansion of soil fungal diversity within the designated elevation range.
Permanova (Permutational Multivariate Analysis of Variance) analysis based on the Bray-
Curtis distance was conducted using the ‘adonis’ function from the ‘vegan’ package, which
is a widely utilized tool for analyzing ecological and biodiversity data [26]. This method
was used to investigate differences in soil fungal community structure along the elevational
gradient. Furthermore, the application of non-metric multidimensional scaling (NMDS)
helped assess the differences in dominant soil fungal community structures at different ele-
vations through the Permanova method and helped precisely quantify the contribution of
influencing factors to explain the diversity of soil fungal communities, thereby reinforcing
the hypothesis of elevation-related diversity patterns [26,27].

Based on the hypothesis that environmental factors strongly correlated with eleva-
tional gradients as the primary drivers of variations in the soil fungal community structure,
we used the vegan package within the R program. Employing distance-based redundant
analysis (dAbRDA) for explanatory variable selection through backward stepwise regression,
we evaluated each model’s variation inflation factor (VIF) and simplified it by eliminating
interactions with VIF < 3 to prevent overfitting. The Akaike information criterion (AIC)
employed to measure the goodness of fit for models. This process resulted in the estab-
lishment of simplified and optimized models, ultimately forming the complete model.
To evaluate the explanatory significance of environmental factors on the distribution of
dominant fungal phylum communities in the soil, we conducted a Monte Carlo replace-
ment test. Additionally, we used the Gamma model, a generalized linear model (GLM),
and analyzed the key factors influencing the dominant phylum of soil fungi along the
elevational gradient in the southern slope of Daiyun Mountain.

In order to explore the correlation among soil fungal groups (OTUs), we selected the
top 100 soil fungal groups (OTUs) based on their relative abundance. The Spearman corre-
lation coefficient was then calculated between these selected groups to generate r-value
and p-value matrices. At the same time, the absolute value of the Spearman correlation
coefficient was set to be greater than 0.6, and the p-value was set to be less than 0.05. The
interaction analysis diagram of the dominant soil fungal community network was con-
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structed using the ‘igraph” and ‘psych’ packages. Meanwhile, the network topology, such
as the connection number, average degree, and aggregation coefficient of the interaction
network parameters, were calculated.

Statistical analyses were performed utilizing R version 4.2.3 for all computations [25].

3. Results
3.1. Soil Fungal Community Structure and a Diversity

The dominant soil fungal communities (relative abundance of >1%) in Daiyun Moun-
tain belonged to the following three phyla: Basidiomycota (26.0%-61.1%), Ascomycota
(24.3%-56.0%), and Zygomycota (2.3%-38.0%) (Figure 1). The relative abundance of Basid-
iomycota and Ascomycota exceeded 10%, and Zygomycota exceeded 1% at all elevations.
Basidiomycota showed the highest relative abundance at 900 m, reaching 61.1%. Ascomy-
cota’s relative abundance was highest at 1100 m, at 56.0%, and Zygomycota’s relative
abundance was highest at 1400 m and 38.0%. Significant differences existed in the distri-
bution patterns of dominant soil fungi along different elevations among the class, family,
and genus levels in Figures S2-54. The « diversity index of soil fungi followed a unimodal
trend, with the Simpson index showing significant differences along the elevational gradi-
ent (Figure 2). The Shannon index was the highest at 1300 m and lowest at 1000 m. The
observed phylum and PD index reached their highest at 1200 m and lowest at 1100 m.
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Figure 1. The dominant soil fungal composition at the phylum level along the elevational gradient.

3.2. B-Diversity of Soil Fungal Community

The dominant soil fungal community structure along the elevations could be clearly
distinguished along the first and second axis of NMDS (Figure 3). The stress value of
NMDS was 0.022, indicating that the fitting degree was adequate, which could accurately
reflect the difference of dominant soil fungal community structure. The NMDS diagram
revealed a tripartite division in the dominant soil fungal community structure as follows:
first at the elevations of 900 m and 1000 m; second at 1100 m, 1200 m, and 1300 m; and third
at 1400 m and 1500 m. The considerable separation among these three segments provided
a visual representation of the disparities in dominant soil fungal community structures.
Notably, the distances between the samples from the 1100 m and 1400 m elevation groups
were relatively concentrated, exhibiting some overlap and suggesting a high similarity in
soil fungi between these elevations. Conversely, the distribution of soil fungal communities
at the elevations of 1000 m and 1500 m displayed greater dispersion, indicating notable



Forests 2024, 15, 643 60f 14

differences in soil fungal communities. Permanova analysis showed that the soil pH, TP
and TC content explained a higher percentage of soil fungal communities at 29.48%, 28.79%
and 20.79%, respectively (Figure 4).
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Figure 2. Soil fungal x-diversity (Simpson’s index) along the elevational gradient. The solid blue line
represents the fitted curve of soil fungal x-diversity and seven elevations, the blue area represents
the confidence interval of 95%, and the black dots represent observed data points. * indicates p < 0.05.
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Figure 3. Redundancy discrimination analysis (dbRDA) of soil fungal communities along the
elevational gradient.
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Figure 4. Interpretation rate of different factors to the 3-diversity of dominant soil fungal communities.
The significance level was * p < 0.05; ** p < 0.01; *** p < 0.001. Notes: AP: soil available phosphorus;
MATair: mean annual air temperature; MATsoil: mean annual soil temperature; MAMsoil: mean
annual soil moisture; soilTempMin: minimum soil temperature; ELE: elevation; SWC: soil water
content; TN: soil total nitrogen; SLO: slope; HN: hydrolysable nitrogen; ST: soil temperature; TK: soil
total potassium; TC: soil total carbon; TP: soil total phosphorus; and pH: soil pH.

3.3. Dominant Soil Fungal Community and Soil Environmental Factors Relationship

The dbRDA analysis of the main environmental factors explained 46.47% of the
dominant soil fungal community, of which the first axis ({bRDA1) interpretation rate was
29.88%, and the second axis (AbRDAZ2) interpretation rate was 16.59% (Figure 5). Soil pH,
available phosphorus, total nitrogen, and soil temperature exhibited significant correlations
with RDA1, while the soil water content, total potassium, mean annual soil moisture, and
temperature showed significant correlations with dbRDA2. The results showed that the
soil fungal community strongly correlated with the mean annual soil moisture, soil pH,
total potassium, and available phosphorus (Table 52).

The generalized linear analysis revealed that within the dominant phylum, Basid-
iomycota exhibited a significantly positive correlation with the soil total nitrogen and
the minimum summer soil temperature. Conversely, it showed a significantly negative
correlation with the soil total carbon, slope, mean annual soil temperature, elevation, and
available phosphorus (Figure 6). Ascomycota was positively correlated with soil pH, slope,
mean annual soil temperature and elevation. Zygomycota exhibited a significant positive
correlation with the soil total carbon and total nitrogen while displaying a significant
negative correlation with the soil total potassium, pH, and available phosphorus. In sum-
mary, the soil environments influenced the soil fungal microbial community, representing a
combination effect of multiple soil factors.
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MAMsoil: mean annual soil moisture; and pH: soil pH.
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Figure 6. Tests of significance between the environmental factors and dominant soil fungal com-
munities at the phylum level. Note: The green line, red line, and blue line represent the negative
impact, positive impact, and no significant impact, respectively, and the abscissa represents a 95%
confidence interval. MATair: mean annual air temperature; MATsoil: mean annual soil temperature;
soilTempyin: minimum soil temperature; ELE: elevation; SWC: soil water content; SLO: slope; ST:
soil temperature; TN: soil total nitrogen; TK: soil total potassium; TC: soil total carbon; TP: soil total
phosphorus; pH: soil pH; and AP: soil available phosphorus.
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3.4. Co-Occurrence Network Analysis of Dominant Soil Fungal Communities

Overall, the biological network diagram showed the complex relationship composed
of highly interconnected phylum (Figure 7). The OTU structure of the soil fungal microbial
network resembled densely linked modules. The lines connecting nodes in the network
graph represented how different elements were related, with red lines indicating a positive
correlation and blue lines indicating a negative correlation. The number of edges of all
nodes was 434, including 315 positive correlation edges and 119 negative correlation edges,
accounting for 72.6% and 27.4%, respectively. This observation suggested that the dominant
soil fungal communities at various elevations display a distinct modular structure. The
average path length between all the nodes was 2.78, the longest distance was 6 edges, the
network clustering coefficient was 0.42, and the modularity index was 0.4.

@ Ascomycota

@ Basidiomycota
O Chytridiomycota
@ Zygomycota

Figure 7. The co-occurrence network analysis of dominant soil fungal along the elevational gradient.
Larger circles indicate higher relative abundance. Note: Red lines represent positive correlation,
while blue lines represent negative correlation.

4. Discussion
4.1. Composition and Diversity of Soil Fungal Communities at Various Elevations

Exploring the diversity of soil fungal communities offers valuable insights into the
changes in soil traits and the dynamics of plant communities. The o diversity index of soil
fungi along the elevational gradient of Daiyun Mountain showed a single peak trend, but
there was no significant difference. It was inconsistent with the pattern of the monotonous
decline of the soil fungal o diversity found in Mount Kilimanjaro, East Africa [28]. This
shared similarities with the patterns of soil fungal « diversity changes in Guanshan National
Nature Reserve [29]. Such variations highlighted the influence of regional environmental
conditions on the elevational distribution patterns of soil fungi.

The soil fungal community exhibited a pronounced scale effect with changes in el-
evations in Daiyun Mountain. When the soil microenvironment varied along different
elevations, soil fungi tended to select the soil conditions most conducive to their sur-
vival [4]. Our study suggested that the dominant phylum within the soil fungal community
in Daiyun Mountain was mainly Basidiomycetes, Ascomycetes and Zygomycetes, which
was consistent with the previous study. Basidiomycota were representatives of sapro-
phytic or symbiotic organisms, participating in the decomposition of soil organic matter
and nutrient cycling [28,30]. However, disparities existed with other studies, especially
regarding the selection of soil environments for fungi survival under varying elevation
conditions. These differences could be attributed to the variations in geographical locations
and plant diversity. A significant layer of leaf litter covered the forest soil surface, especially
in mid-elevation forest ecosystems with high plant diversity [30,31]. This stimulated root
metabolism and led to a richer diversity of organic compounds in the soil [32]. Conse-
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quently, it promoted the proliferation of Basidiomycota. Ascomycota played a pivotal role
in decomposing refractory organic matter and cycling soil nutrients [33]. Our findings indi-
cated that distinct vegetation significantly influence the composition and diversity of soil
microbial communities [34]. Regions with abundant in vegetation types provide diverse
and easily degradable residues. These served as the preferred source of soil organic matter
for dominant Ascomycota [35]. The interaction between plant richness and soil adaptability
influenced soil microbial diversity. This confirmed the findings of Eleonora et al. [36]. In
summary, our study emphasized the impact of Ascomycota and Basidiomycota on the
soil fungal community. As dominant groups, they actively engage in nutrient cycling and
utilization within the Daiyun Mountain forest ecosystem.

4.2. Factors Influencing the Soil Fungal Community along an Elevational Gradient

Climate and environmental conditions were reported as the primary factors affecting
microbial elevation patterns [37]. Previous studies emphasized the main role of soil proper-
ties (such as pH value and soil carbon content) [38] and ignored the role of the microclimate
in shaping the elevation model of the soil fungal community. Temperature, as a crucial
component of the microclimate, predominantly accounts for variations in soil fungal diver-
sity and alterations in community structure [4]. Firstly, temperature could directly alter the
metabolic rate and biochemical processes of microbial communities. Secondly, it influences
microorganisms by modulating the availability of other essential nutrients [39,40]. Changes
in microbial assemblages with different physiological characteristics led to changes in
metabolic efficiency at the community level along an elevational gradient [41,42]. In the soil
fungal community of Daiyun Mountain, the proportion of Ascomycota increased with the
elevation in soil temperature, whereas other prevalent soil fungi (such as Basidiomycota
and Zygomycota) were not clear. Similarly, a worldwide investigation into surface soil
microorganisms also indicated that the precipitation, soil pH, and low temperature cause ex-
treme pressure on the soil fungal diversity, thus reducing their activities and diversity [39].
The dbRDA analysis revealed that soil pH, the mean annual soil moisture, and the mean
annual soil temperature exerted a significant influence on the soil fungal community. This
finding further validated the association between the soil fungal niche differentiation and
environmental factors. Previous studies primarily focused on the impact of soil physical
and chemical properties on soil fungal communities [16-19,28]. In contrast, our study
further elucidated the critical role of microclimate factors, specifically temperature, in
governing soil fungal diversity and community structure [29,33,39].

Furthermore, our study highlighted the influence of the soil microclimate and envi-
ronmental factors on the local-scale diversity of soil fungal communities along diverse
elevations [31,38,39]. This matched the observations from other studies, highlighting the
importance of soil microenvironments [29-31,39]. It revealed potential key factors that
shaped the structure and composition of soil microbial communities in subtropical forests.

4.3. Dominant Soil Fungal Community and Network Interaction Analysis

The soil microbial community network topology with higher average degrees and
clustering coefficients tended to have lower average path lengths, which indicates stronger
interactions between soil fungal communities [42,43]. Understanding the interaction be-
tween soil microbial groups was crucial for unveiling the dynamic changes in the complex
microbial community structure. Among the soil fungal communities on the southern slope
of Daiyun Mountain, Ascomycota and Basidiomycota were the dominant phylum, followed
by Chytridiomycota. Ascomycota and Basidiomycota were both dominant phylum, ac-
tively engage in soil fungal community dynamics. It includes nutrient cycling and organic
matter decomposition and have a strong connection with other soil fungal taxa in the
microbial network [44]. Some studies suggested that Ascomycota exhibits greater resilience
to environmental pressures, enabling it to allocate more resources and, thereby, enhance its
dominance in the soil [15,45,46]. Furthermore, dominant soil fungi showed a strong corre-
lation with soil-available phosphorus. Specifically, Ascomycota was highly active under
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the conditions of a high phosphorus content. This activity may explain why Ascomycota is
a key taxon. Chytridiomycota was the main decomposer of lignocellulose and refractory
organic carbon. Mixed litter could influence the arrangement and interactions within soil
fungal communities in a specific manner. This could be attributed to the increased levels
of carbon and nutrients present in mixed litter, which increases in nutrient supply to soil
fungal communities and accelerated decomposition through complementary effects [45,47].
Chytridiomycota tended to utilize refractory organic matter, leading to a diminished role
within the microbial network. Furthermore, we observed that 72.58% of the total chain
number in the soil fungal communities were positive chains. This highlights the crucial role
of mutualism in shaping the structure of soil fungal communities. This phenomenon could
be associated with the increased levels of soil organic matter. Environmental disturbance
increases the instability of the microbial community structure. Soil nutrients are the main
factor affecting the interaction between microorganisms, and rich resources reduce the
negative interaction between microorganisms [48-50]. Therefore, there are many positive
interactions among the phylum of the soil fungal community in Daiyun Mountain.

5. Conclusions

By studying the composition and structure of the soil fungal community along an
elevational gradient in subtropical forests of China, we elucidated the changes in envi-
ronmental factors with elevations and their impact on the soil fungal community. We
found that the dominant soil fungi were Basidiomycota, Ascomycota and Zygomycota.
The soil fungal community at different elevations showed a single peak trend along the
elevational gradient. Microclimatic and environmental factors significantly influenced
the variations in the forest soil fungal community. This influence was mainly driven by
the mean annual soil temperature and moisture, soil pH and available phosphorus. Our
study reveals the sensitivity of soil fungal communities in subtropical forests along an
elevational gradient, highlighting the crucial role of the microclimate and environmental
factors in this process. This contributes to a deeper understanding of how environmental
factors shape soil biodiversity and ecosystem functioning. Future efforts could focus on the
impact of elevational gradients on plant-soil fungal symbiotic relationships, specifically
revealing the soil fungal coexistence mechanism and the influence of plant-soil feedback
along elevational gradients.
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