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Abstract

Subtropical deciduous broad-leaved forests in eastern China form a key ecotone between
temperate and subtropical biomes, yet their vegetation–environment relationships remain
insufficiently understood. This study examined community structure, species diversity, and
their associations with topographic and soil variables in a 25 ha forest dynamics plot in the
Lushan Mountains. All woody plants with a diameter at breast height (DBH) ≥ 1 cm were
surveyed, and detailed topographic attributes and soil physicochemical properties were
measured. Community structure showed strong linkages with species diversity: tree-layer
structural characteristics were generally negatively correlated with diversity, whereas in
the shrub layer, density was negatively but height and DBH were positively correlated with
diversity. Species diversity in the two layers was positively associated, while tree-layer
structure was negatively related to shrub-layer diversity. Among topographic factors,
altitude and the topographic solar radiation aspect index (TRASP) exerted the strongest
influences on soil properties, with altitude negatively correlated with soil pH and available
nutrients but positively correlated with C:N, C:P, and total carbon, and TRASP showing
negative correlations with most nutrients except total phosphorus. Redundancy analysis
revealed that topographic heterogeneity and soil conditions jointly shaped community
structure and species diversity, with soil C:N ratio, altitude, pH, total phosphorus, and
total carbon emerging as key drivers. These findings demonstrate that areas with high
plant diversity do not always correspond to high soil nutrient content and underscore
the importance of integrating both topographic and edaphic factors into biodiversity
conservation and forest management in subtropical deciduous broad-leaved forests.

Keywords: community structure; species diversity; topography; soil properties; redundancy
analysis; subtropical

1. Introduction
Species composition and biodiversity, along with their interactions with environmen-

tal factors, have long been central themes in ecological research [1,2]. Mountain forest
ecosystems, in particular, are regarded as critical zones for biodiversity studies due to their
complex ecological gradients and high species richness [3]. These ecosystems are strongly
influenced by environmental variables such as topography, landform, and elevation, which
contribute to substantial spatial heterogeneity. This heterogeneity drives corresponding
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variations in soil properties and plant community composition [4]. A key feature of commu-
nity diversity is its spatial heterogeneity [5], which in forest ecosystems often manifests as
discernible differences in both soil characteristics and community structure [6]. Moreover,
forest community structure is closely associated with environmental spatial heterogene-
ity [7,8], and this structural heterogeneity, in turn, influences environmental conditions and
soil physicochemical properties [9].

In recent years, growing emphasis on sustainable forest ecosystem management has
spurred expanded research into aboveground-belowground interactions within forest
ecosystems, as well as the role of topography in shaping plant communities and soil prop-
erties [1,10–12]. In these ecosystems, aboveground vegetation influences the belowground
environment primarily through changes in tree density and litter biomass resulting from
shifts in species composition. Such alterations in litter accumulation ultimately induce
modifications in soil properties [6,13]. Conversely, the belowground soil environment
affects aboveground community characteristics mainly via soil resource heterogeneity,
which alters nutrient availability and soil physicochemical conditions, thereby driving
interspecific competition and facilitation among plant species [14,15]. Furthermore, to-
pography modulates the spatial distribution of water and thermal conditions, influencing
the contents of soil carbon, nitrogen, and phosphorus, as well as soil temperature and
moisture regimes [10–12,16]. These processes collectively give rise to spatial variation in
plant community composition, diversity patterns, and soil attributes. Thus, the interactions
among soil variables, topographic features, and plant community structure and diversity
are critical in governing forest community dynamics [12,17–19].

Lushan Mountain represents a region of high vascular plant diversity and is rec-
ognized as one of the key biodiversity hotspots for subtropical montane flora in China.
However, increasing anthropogenic activities [20,21], including the construction of tourism
infrastructure such as walkways, the large tourist numbers per year, and selective logging
and grazing in the past, have induced noticeable shifts in its floristic composition. It is,
therefore, imperative to implement targeted measures to enhance biodiversity conserva-
tion management and research in this region [20]. As a significant refuge for biodiversity,
Lushan Mountain supports a mixed vegetation structure where montane plants, evergreen
broad-leaved forests, and deciduous broad-leaved forests coexist. At lower elevations,
evergreen broad-leaved forests dominate, with Fagaceae and Lauraceae serving as the
predominant tree families. With increasing altitude, deciduous broad-leaved species be-
come more prevalent. High-altitude zones (above 900 m) are characterized primarily by
deciduous broad-leaved forests, in which Rosaceae, Cornaceae, Fagaceae, and Malvaceae
emerge as the dominant families. Additionally, coniferous communities (including Pinus
hwangshanensis and Cryptomeria japonica var. sinensis) are locally distributed along moun-
tain peaks and ridges [21–24]. Current research on forest vegetation and environmental
characteristics in Lushan Mountain remains limited. Existing studies indicate that factors
such as community type and stand structure can influence litter production and soil organic
carbon content, and community dynamics in Cryptomeria japonica var. sinensis forests have
been shown to drive changes in belowground soil properties [22,23].

Subtropical deciduous broad-leaved forests, as vital components of global biodiver-
sity hotspots, play an irreplaceable role in carbon sequestration, water conservation, and
the maintenance of ecological stability. Understanding the mechanisms underlying the
maintenance of community structure and species diversity remains a central issue in eco-
logical research. At present, there have been relevant studies on deciduous broad-leaved
forests in eastern North America and Europe [25,26]. However, compared with evergreen
broad-leaved forests, subtropical deciduous broad-leaved forests, especially those in the
East Asian monsoon region of central and eastern China, have received much less scientific
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research attention. In particular, there is a lack of systematic analysis regarding how their
community structure and species diversity respond to soil environmental heterogeneity and
topographic gradients. To address this knowledge gap, this study focused on a 25-hectare
deciduous broad-leaved forest dynamics plot in Lushan Mountain. We investigated the
forest’s community structure, species diversity, topographic variables, and soil properties,
with particular emphasis on the responses of community organization and diversity to
edaphic heterogeneity and topographic variation. The study aims to elucidate the relation-
ships between plant communities, soil conditions, and topographic factors, and to evaluate
whether areas with high plant community diversity correspond to regions with elevated
soil nutrient levels. The findings are expected to provide a scientific basis for enhancing
biodiversity conservation and improving ecosystem functioning in subtropical montane
forests such as those of Lushan Mountain.

2. Materials and Methods
2.1. Study Area

The study was conducted on Lushan Mountain (115◦52′–116◦13′ E, 29◦22′–29◦46′ N)
in Jiujiang, Jiangxi Province, southeastern China. The region has a subtropical monsoon
climate, with a mean annual temperature of 11.4 ◦C (the extreme minimum and maxi-
mum temperatures were −16.8 ◦C and 32.8 ◦C, respectively), mean annual precipitation
of 1916 mm (mainly from April to September), and frequent fog (up to 188 days per
year) [23,27]. Lushan represents a biodiversity hotspot with an overall forest coverage of
85.3%, and its vegetation forms clear elevational zonation: evergreen broad-leaved forests
dominate at low elevations (50–600 m), mixed evergreen–deciduous forests at middle ele-
vations (600–900 m), and deciduous or mixed coniferous–broad-leaved forests above 900 m.
The soils are predominantly red (Ferric Acrisols), yellow (Haplic Alisols), or yellow-brown
soils (Luvisols) derived from granite, gneiss, shale, quartz sandstone, or metamorphic
rock [21,28,29]. Forests in the study area are mature secondary stands approximately
50–60 years old [29].

2.2. Survey and Sampling Methods

A 25 ha (500 m × 500 m) forest dynamics plot was established in Lushan National
Nature Reserve in 2021 following CTFS protocols. The plot spans elevations of 940–1174 m
and was divided into 625 contiguous 20 m × 20 m quadrats using differential GPS, with
each quadrat further subdivided into 10 m × 10 m and 5 m × 5 m subunits for detailed sur-
veys. The geographic coordinates (latitude, longitude, and elevation) of each 20 m × 20 m
quadrat were accurately recorded. All woody plants with height ≥ 1.3 m and DBH ≥ 1 cm
were tagged, identified to species, and measured for height, DBH, local coordinates, and
growth condition. Plant species were categorized into trees and shrubs according to life
form. Topographic variables (elevation, slope, aspect, and vegetation cover) were recorded
for each subunit. Soil samples (0–20 cm) were collected at the centers of 20 m × 20 m
quadrats and 10 m × 10 m sub-quadrats using a 5 cm auger, and homogenized for physic-
ochemical analyses. Undisturbed samples were obtained with 100 cm3 ring knives to
determine bulk density and physical properties.

Following the removal of extraneous debris, soil samples were air-dried and utilized
for the determination of soil pH, available nitrogen (AN), available phosphorus (AP),
available potassium (AK), total carbon (TC), total nitrogen (TN), total phosphorus (TP),
and total potassium (TK). Soil pH was measured potentiometrically using a laboratory pH
meter (FE28K; Mettler Toledo, Greifensee, Switzerland). Bulk density (BD) was determined
gravimetrically after drying core samples at 105 ◦C for 48 h. TC and TN were quantified by
dry combustion employing an Elementar Vario EL cube elemental analyzer (Elementar Inc.,
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Langenselbold, Germany). TP was analyzed using acid digestion followed by spectrophoto-
metric measurement. TK was determined via acid digestion–flame spectrophotometry. AN
was extracted with potassium chloride and quantified colorimetrically using a Smartchem
140 discrete autoanalyzer (WESTCO Scientific Instruments Inc., Brookfield, CT, USA). AP
was extracted with sodium bicarbonate and measured by the molybdenum-antimony
anti-colorimetric method, while AK was analyzed by flame spectrophotometry [30].

2.3. Statistical Analysis

In this study, we quantified both the community structural characteristics—including
stand density, mean height, and DBH—and the community species diversity attributes,
namely species richness (R), the Shannon–Wiener diversity index (H′), the Simpson di-
versity index (D), and the Pielou evenness index (E), for both the tree and shrub layers.
Concurrently, key topographic variables (elevation, slope, convexity, and TRASP index)
and soil physicochemical properties (pH, BD, TC, TN, TP, TK, AN, AP, and AK) were
measured. To comprehensively assess α-diversity, four widely adopted indices (R, H′,
D, E) were selected, which collectively reflect species richness, diversity, dominance, and
distribution uniformity within plant communities [31]. The formula is as follows:

R = S

H′= −
S

∑
i=1

PilnPi

D = 1 −
S

∑
i=1

P2
i

E = H′/lnS

where S is the total number of species in a subplot, Pi is the ratio of the individual number
of the i th species to the total individual number in a subplot. Convexity was the elevation
of a quadrat minus the average elevation of all immediate neighbor quadrats [32]. Because
aspect is a circular measure, we used a linear transformation to get a continuous measure
from 0 to 1. Higher values indicate hotter and drier habitat conditions, corresponding to
south-southwesterly aspects that receive greater solar radiation, while lower values repre-
sent cooler and moister conditions typical of north-northeasterly slopes [33]. The formula
is given below: TRASP index = [1 − cos((π/180) × (Aspect − 30))]/2. Linear regression
was applied to evaluate the relationships between community structural characteristics
and species diversity within both the tree and shrub layers. Spearman rank correlation
analysis was used to assess associations between the structural and diversity attributes
of the tree layer and those of the shrub layer, as well as to examine correlations between
topographic factors and soil properties. Redundancy analysis (RDA), performed using
Canoco 5.0, was employed to elucidate the influence of environmental factors (topogra-
phy and soil properties) on variations in community structure and diversity across both
vegetation strata.

3. Results
3.1. Basic Overview of Community Structure Characteristics, Species Diversity, Topography and
Soil Properties

The coefficient of variation in stand density of the tree layer and shrub layer in the
quantitative characteristics of the plant community is the largest, which exceeds 30%
(Table 1). In general, the coefficient of variation in the diversity characteristics of the
tree layer and the shrub layer is lower than that of the structural characteristics. The
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species richness of the tree layer is still relatively high, with an average abundance of
21.32. The coefficients of variation in soil properties and topographic characteristics are
generally high, with TP, TK, AN, AP, AK, C:P, N:P, slope and convexity all greater than 30%.
Especially, the coefficient of variation in convexity is the largest, reflecting topographic
heterogeneity. The whole soil pH environment was acidity (pH, 3.58–5.34), with a high TC
content (47.24 g/kg), a high TN content (3.54 g/kg), a low TP content (0.38 g/kg), a high
AN content (324.47 mg/kg) and a low AP content (5.22 mg/kg).

Table 1. Descriptive statistics characteristics of forest community structure, species diversity and soil
properties, topographic parameters (n = 625).

Variable Minimum Maximum Mean Value Standard
Deviation

Coefficient of
Variation(%)

Tree layer

R 5.00 37.00 21.32 5.13 24.06
D 0.74 0.96 0.91 0.04 4.50
H′ 1.33 3.18 2.41 0.31 13.05
E 0.57 0.89 0.79 0.06 7.75

SD 10.00 216.00 79.88 31.91 39.95
H 4.08 11.11 6.50 1.11 17.13

DBH 4.14 17.82 9.32 2.07 22.20

Shrub layer

R 1.00 19.00 9.85 2.93 29.73
D 0.49 0.93 0.81 0.08 10.04
H′ 0.24 2.62 1.71 0.36 21.12
E 0.42 0.96 0.76 0.10 13.00

SD 1.00 281.00 96.51 57.61 59.69
H 1.86 6.20 3.31 0.67 20.22

DBH 1.63 6.18 3.10 0.66 21.45

Soil properties

pH 3.58 5.34 4.10 0.23 5.50
TC content (g/kg) 22.51 80.80 47.24 9.92 20.99
TN content (g/kg) 1.59 7.33 3.54 0.89 25.05
TP content (g/kg) 0.11 1.13 0.38 0.13 34.50
TK content (g/kg) 2.90 18.93 9.47 2.96 31.25

AN content (mg/kg) 90.70 678.24 324.47 97.54 30.06
AP content (mg/kg) 1.28 28.24 5.22 2.40 46.02
AK content (mg/kg) 24.87 229.80 87.18 36.36 41.71

C:N 10.04 19.60 13.66 1.63 11.90
C:P 54.84 391.87 138.68 48.38 34.88
N:P 4.03 27.64 10.28 3.64 35.46

BD (g/cm3) 0.57 3.91 1.00 0.23 23.12

Topographic
parameters

Elevation (m) 945.03 1172.65 1062.55 54.38 5.12
Slope (◦) 1.24 65.67 26.58 9.29 34.94

TRASP index 0.01 1.00 0.83 0.20 24.56
Convexity −35.87 63.53 0.15 7.11 4619.83

R: Species richness; D: Simpson diversity index; H′: Shannon–Wiener diversity index; E: Pielou evenness index;
SD: Stand density; H: Height; DBH: Diameter at breast height.

3.2. Relationship Between Community Structure Characteristics and Species Diversity in
Tree Layer

A significant linear relationship was observed between the community structural
characteristics and species α-diversity within the tree layer (p < 0.001, Figure 1). With the
exception of a highly significant positive correlation between stand density and both R
and the H′ index (p < 0.001), all other structural attributes exhibited a highly significant
negative linear relationship with measures of species α-diversity (p < 0.001). Specifically,
increases in tree height and DBH were associated with significant reductions in R, D index,
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H′ index, and E index. Conversely, although higher stand density correlated with increased
R and H′ index, it corresponded to significant decreases in both the D index and E index.
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Figure 1. Linear regression analysis of community structure characteristics and species diversity in
the tree layer (n = 625). Community structure characteristics, including SD, H, DBH. Species diversity,
including R, D, H′, E.

3.3. Relationship Between Community Structure Characteristics and Species Diversity in
Shrub Layer

No significant linear relationship was detected between stand density, DBH, and
R within the shrub layer (p > 0.05, Figure 2). In contrast, other community structural
characteristics exhibited significant linear associations with shrub layer species α-diversity
(p < 0.05, Figure 2). Specifically, both height and DBH demonstrated highly significant
positive relationships with the D index, H′ index, and E index (p < 0.001). Conversely, stand
density showed a significant negative linear correlation with these same diversity indices
(p < 0.001). Accordingly, the D index, H′ index, and E index of the shrub layer increased
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significantly with greater shrub height and DBH, but decreased markedly with increasing
stand density.
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Figure 2. Linear regression analysis of community structure characteristics and species diversity
in the shrub layer (n = 625). Community structure characteristics, including SD, H, DBH. Species
diversity, including R, D, H′, E.

3.4. Relationship Between Tree Layer and Shrub Layer of Community Structure and Diversity

The relationships between α-diversity indices of the tree and shrub layers were pre-
dominantly positive, with the exception of a significant negative correlation between tree
layer R and shrub layer E index (p < 0.001, Table 2). Regarding the structural characteris-
tics of the tree layer and their correlation with shrub layer α-diversity, tree stand density
showed a positive correlation with shrub R (p < 0.05). In contrast, other tree layer structural
attributes were generally negatively correlated with shrub α-diversity indices (p < 0.05).
The correlations between tree layer α-diversity and shrub layer structural characteristics
were heterogeneous. Specifically, tree layer R was positively correlated with shrub stand
density (p < 0.05), whereas the D and E indices of the tree layer were negatively correlated
with shrub density (p < 0.001). Conversely, tree R was negatively correlated with mean
shrub height and DBH, while the D, H′, and E indices of the tree layer were positively cor-
related with these structural parameters (p < 0.05). The correlations between the structural
characteristics of the two layers also exhibited complexity. A significant positive correlation
was observed between tree and shrub stand densities (p < 0.001). However, tree stand
density was negatively correlated with mean shrub height and DBH (p < 0.001). Tree height
was positively correlated with both shrub stand density and mean shrub height (p < 0.05).
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Table 2. Spearman’s correlation coefficients among tree community structure, diversity and
shrub community structure, diversity (n = 625). R: Species richness; D: Simpson diversity index;
H′: Shannon–Wiener diversity index; E: Pielou evenness index; SD: Stand density; H: Height; DBH: Di-
ameter at breast height.

Index
Shrub Layer

R D H′ E SD H DBH

Tree layer

R 0.312 *** −0.044 ns 0.142 *** −0.154 *** 0.228 *** −0.102 * −0.122 **
D 0.296 *** 0.419 *** 0.420 *** 0.341 *** −0.200 *** 0.295 *** 0.271 ***
H′ 0.348 *** 0.199 *** 0.329 *** 0.122 ** 0.025 ns 0.121 ** 0.092 *
E 0.193 *** 0.307 *** 0.318 *** 0.323 *** −0.202 *** 0.243 *** 0.229 ***

SD 0.088 * −0.314 *** −0.137 *** −0.398 *** 0.432 *** −0.204 *** −0.295 ***
H −0.279 *** −0.161 *** −0.254 *** −0.082 * 0.091 * 0.097 * 0.034 ns

DBH −0.323 *** −0.163 *** −0.276 *** −0.034 ns 0.055 ns −0.072 ns 0.051 ns
Note: *** indicated significant correlation (p < 0.001), ** indicated significant correlation (p < 0.01), * indicated
significant correlation (p < 0.05), ns indicated non-significant correlation (p > 0.05).

3.5. Relationship Between Topographic Factors and Soil Properties

The analyzed topographic factors demonstrated significant correlations with multiple
soil properties. pH exhibited negative correlations with both elevation and the TRASP
index (p < 0.001 and p < 0.05, respectively). BD and potassium content were positively
correlated with convexity and slope, respectively (p < 0.05). The C:P ratio, TC and the C:N
ratio increased significantly with elevation (p < 0.05, p < 0.01 and p < 0.001, respectively).
In contrast, AP and AK decreased with elevation (p < 0.01 and p < 0.001, respectively).
Regarding the TRASP index, nitrogen content and the C:P and N:P ratios were negatively
correlated (p < 0.05, p < 0.001, and p < 0.001, respectively), while TP was positively correlated
(p < 0.05). Additionally, the C:N and C:P ratios were negatively correlated with slope and
the TRASP index, respectively (p < 0.05 and p < 0.001) (Table 3).

Table 3. Spearman’s correlation coefficients among topographic factors and soil properties (n = 625).

Index Elevation Slope Convexity TRASP Index

pH −0.203 *** 0.073 ns 0.010 ns −0.103 *
BD −0.023 ns −0.020 ns 0.103 * −0.076 ns
TC 0.123 ** 0.039 ns −0.054 ns −0.071 ns
TN −0.005 ns 0.061 ns −0.051 ns −0.092 *
TP −0.003 ns <0.001 ns −0.009 ns 0.092 *
TK −0.033 ns 0.116 ** 0.046 ns 0.041 ns
AN −0.068 ns 0.055 ns 0.040 ns −0.140 ***
AP −0.111 ** 0.058 ns 0.005 ns −0.097 *
AK −0.138 *** 0.101 * 0.009 ns −0.022 ns
C:N 0.200 *** −0.079 * −0.005 ns 0.062 ns
C:P 0.098 * 0.045 ns −0.019 ns −0.146 ***
N:P 0.033 ns 0.071 ns −0.016 ns −0.170 ***

Note: *** indicated significant correlation (p < 0.001), ** indicated significant correlation (p < 0.01), * indicated
significant correlation (p < 0.05), ns indicated non-significant correlation (p > 0.05).

3.6. Relationships of Forest Community Structure and Diversity with Environmental Factors

The RDA revealed a close association between variations in forest community struc-
ture, diversity, and environmental factors (Figure 3a,b). The first two axes collectively
explained 20.27% of the total variance for the tree layer (Axis 1: 16.35%, Axis 2: 3.92%,
Figure 3a) and 42.98% for the shrub layer (Axis 1: 39.51%, Axis 2: 3.47%, Figure 3b). The
community attributes of each layer were influenced by distinct sets of environmental factors
to varying degrees (Figure 3a,b and Table 4). For the tree layer, the C:N ratio, elevation, TP,
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and TC were identified as the most influential factors, with additional contributions from
pH and AN. Specifically, the C:N ratio and elevation exhibited negative correlations with
community α-diversity but positive correlations with structural characteristics. Conversely,
pH showed a positive correlation with α-diversity and a negative correlation with struc-
tural attributes. In the shrub layer, the primary explanatory factors were the C:N ratio, pH,
TN, and elevation, supplemented by AK, TC, TP, AP, and TK. The C:N ratio and elevation
were generally negatively correlated with both α-diversity and structural characteristics,
although the C:N ratio was positively correlated with stand density. TC and TK were
predominantly negatively associated with shrub layer attributes. In summary, the C:N
ratio, elevation, pH, TP, and TC emerged as the principal environmental drivers governing
the variation and distribution patterns of forest community structure and diversity.

 

(a)  (b) 

Figure 3. RDA of forest community structure and diversity with environmental factors. (a) tree layer
and (b) shrub layer. Stand density (SD), Height (H), Diameter at breast height (DBH), Species richness
(R), Simpson diversity index (D), Shannon–Wiener diversity index (H′), Pielou evenness index (E).

Table 4. Relationship of forest community structure and diversity with environmental variables.

Environmental Factor
Tree Layer Shrub Layer

F p F p

pH 10 0.002 ** 46.3 0.002 **
BD 0.7 0.474 0.4 0.646
TC 21.3 0.002 ** 6.3 0.004 **
TN 2 0.102 29 0.002 **
TP 22 0.002 ** 5.8 0.006 **
TK 0.5 0.61 5 0.014 *
AN 6.6 0.004 ** 2.1 0.128
AP 2.7 0.058 5.8 0.006 **
AK 0.2 0.894 7.9 0.008 **
C:N 45.6 0.002 ** 258 0.002 **
C:P 1.7 0.166 1.6 0.188
N:P 1.4 0.206 1.2 0.272

Elevation 29.4 0.002 ** 26.9 0.002 **
Slope 1.6 0.206 0.4 0.706

Convexity 1.1 0.318 1.6 0.172
TRASP index 3.3 0.062 2.7 0.078

RDA was used to explain the relationship between environmental factors (topography and soil properties) and
community structure and diversity of different vegetation layers. The significance of environmental factors was
determined with Monte Carlo permutation test, and the significance levels ** and * correspond to the p-value of
<0.01 and <0.05, respectively. The structure and diversity of plant communities mainly include the community
structure (SD, H, DBH) and diversity (R, D, H′, E) of the tree layer and shrub layer.
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4. Discussion
4.1. Effects of Forest Community Structure Characteristics on Diversity

The interrelationship between forest community structure and diversity constitutes a
fundamental basis for forest ecosystem management. Previous studies have established
that structural attributes of forest communities (such as tree height, DBH and stand density)
significantly influence species diversity [34,35]. In the present study, there was a significant
correlation between the structural characteristics of the tree layer and its diversity (p < 0.001).
Tree height and DBH were significantly negatively correlated with all diversity indices
(p < 0.001), and stand density was significantly negatively correlated with diversity indices
D and E (p < 0.001). This pattern may be attributed to competitive exclusion for spatial
and light resources resulting from a well-developed canopy. This finding is consistent
with Wang et al. [36], who reported a negative correlation between DBH and R, suggesting
that forest stands with smaller DBH tend to support higher R. In contrast, within the
shrub layer, most structural characteristics, with the exception of stand density, exhibited
positive correlations with diversity (p < 0.05). This may be explained by the relatively
sufficient availability of niche space and light resources in the shrub stratum, which allows
for the coexistence of multiple species. However, high shrub layer density was negatively
associated with diversity (D, H′, E, p < 0.001), likely due to the dominance of one or a few
shrub species, leading to reduced community evenness. Inter-layer correlations between
tree and shrub have also been widely documented [37,38]. While Zhao et al. [39] observed a
negative correlation between tree and shrub layer diversity, attributed to light interception
by a dense tree canopy suppressing shrub growth, our results indicated an overall positive
correlation (p < 0.001). This discrepancy may be explained by shared ecological processes
such as similar seed dispersal mechanisms or parallel responses to environmental gradients
and disturbances, given that both layers consist of woody plants [38,40]. Such common
drivers may lead to coupled variation in diversity across layers. Conversely, tree layer
structure was generally negatively correlated with shrub layer diversity (p < 0.001). This is
likely due to the overriding influence of the overstory on understory conditions; canopy
cover and basal area affect light penetration, temperature, and humidity, thereby shaping
the growing environment for shrubs. Consequently, increases in tree density and DBH tend
to reduce shrub diversity [35,41].

4.2. Effects of Topographic Factors on Soil Environment

Topography serves as a reliable proxy for soil environmental conditions [32]. Topo-
graphic variables (such as altitude, slope and convexity) exhibit high spatial heterogeneity
and exert considerable influence on soil properties, thereby reflecting gradients in soil
fertility and nutrient availability [42,43]. Generally, gravity-driven processes lead to the
accumulation of soil organic matter and moisture in lower-lying areas, where subsequent
decomposition can lower pH [42]. In this study, however, soil carbon content increased
with altitude (p < 0.01), a finding consistent with the research of Zhang and Zhao [44,45].
Similarly, soil pH decreased with elevation (p < 0.001), aligning with Zhang’s observa-
tions [44]. This pattern may be attributed to the increasing presence of coniferous species
at higher altitudes in the study area. Coniferous and broad-leaved mixed forests typically
exhibit higher productivity, and the varied litter input from different tree species diversifies
the composition of soil organic matter, resulting in higher organic matter content compared
to pure broad-leaved forests [46,47]. Richer organic matter provides more substrate for
decomposition, contributing to lower pH values. Furthermore, at higher altitudes, although
the environment is drier, slowing organic matter decomposition [48], the accumulation of
organic matter remains substantial, leading to positive correlations between altitude and
both C:N (p < 0.001) and C:P ratios (p < 0.05). Altitude was negatively correlated with AP
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(p < 0.01) and AK (p < 0.001), likely due to the gravitational translocation and accumulation
of these nutrients at lower elevations [43]. Slope was negatively correlated with the C:N
ratio (p < 0.05) but positively correlated with TK (p < 0.01) and AK (p < 0.05). This may be
explained by the negative relationship between slope and the TRASP index in the study
area. Steeper slopes tend to be shadier and more humid, accelerating the decomposition of
organic matter and reducing the C:N ratio, while promoting the accumulation of potassium.
The TRASP index was negatively correlated with pH (p < 0.05), likely because higher
TRASP values in the study area, with the smaller the slope, are associated with deeper soil
layers and greater organic matter accumulation. The subsequent decomposition of this
organic matter releases acids, thereby reducing soil pH. Similarly, the negative correlation
between TRASP index and nitrogen content (p < 0.05), as well as the N:P ratio (p < 0.001),
may result from stronger evapotranspiration and reduced nitrogen retention on sun-facing
slopes [43]. Notably, TP was positively correlated with TRASP (p < 0.05), while AP was
negatively correlated (p < 0.05). This may be because sun-exposed, drier conditions enhance
mineral weathering and phosphorus release, increasing TP. In contrast, shaded, humid
slopes experience stronger leaching, which may mobilize AP.

4.3. Response of Forest Community Structure and Diversity to Environmental Factors

The structural characteristics and diversity of forest communities are influenced by
both topographic conditions and soil nutrient availability. Topography primarily induces
local habitat heterogeneity, while soil nutrients, particularly phosphorus and potassium,
may act as key limiting factors regulating community structure composition [49]. Altitude
represents the most significant topographic variable, shaping plant community structure
and diversity through its effects on temperature and precipitation patterns [43]. In this
study, forest community attributes exhibited the greatest sensitivity to elevational gradients
(tree layer, F = 29.4, p = 0.002; shrub layer, F = 26.9, p = 0.002) among topographic factors,
consistent with findings reported by Zhang and Zhao [44,45]. In contrast to Fujimoto
et al. [50], both tree and shrub layer diversity decreased with increasing altitude in the
present study. Meanwhile, tree layer structural characteristics increased with elevation,
whereas shrub layer structure declined. This pattern aligns with observations by Chuyong
et al. [51], potentially attributable to the concurrent decrease in soil phosphorus and potas-
sium availability at higher elevations. Since these elements are critical limiting nutrients for
forest community assembly [49], their reduction may drive the negative diversity response
to altitude. The increase in tree layer structure with elevation may reflect the increasing
prevalence of coniferous species at higher altitudes. Coniferous and broad-leaved mixed
forests typically exhibit higher productivity [46], supporting greater tree height, DBH, and
stand density. These structural attributes alter understory light availability and microcli-
mate conditions, subsequently suppressing shrub layer growth, resulting in a decrease
in the height and DBH of the understory shrub community [35,41]. In this study, soil
pH serves as another critical abiotic factor influencing plant diversity (tree layer, F = 10,
p = 0.002; shrub layer, F = 46.3, p = 0.002), which often declines with decreasing pH lev-
els [39,52], a trend confirmed in our results. This may be explained by the acidic soils in
the study area (pH, 3.58–5.34), where further acidification can alter soil enzyme activity
and root nutrient uptake, impairing seed germination and seedling establishment [36,39].
Soil nutrients significantly affect plant growth rates, community composition, and species
diversity [52]. Although soil carbon and nitrogen content generally promote species di-
versity and influence spatial distribution in forest communities [39,45,52,53], in this study,
the tree layer diversity index (D) and shrub layer structure correlated negatively with
soil carbon variation. This discrepancy may arise from the non-limiting levels of higher
TC content (47.24 g/kg) in the study area, reducing its influence on tree distribution and
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community assembly. Moreover, high soil carbon content may favor pathogen proliferation,
adversely affecting plant survival [54] and leading to the observed negative correlation.
In this study, the species diversity indices increased with rising TN and AK, indicating
a positive relationship between diversity and soil nutrient status [45]. In contrast, most
forest community structural characteristics declined with increasing soil nitrogen, phos-
phorus, and potassium content. This pattern may be explained by nutrient redistribution
along topographic gradients: under gravitational influence, soil nutrients accumulate at
lower elevations [43]. As altitude decreases, coniferous species diminish, and deciduous
broad-leaved forests become dominant. Since the latter typically exhibit lower productivity
than mixed coniferous-broadleaf forests [46], overall stand density, tree height, and DBH
gradually decrease. Finally, in this study, the sensitivity of forest community attributes
to C:N ratio was the most significant among the soil nutrient factors (tree layer, F = 45.6,
p = 0.002; shrub layer, F = 258, p = 0.002). Species diversity indices (D, H′, E) declined with
increasing soil C:N ratio, likely because a higher C:N ratio impedes nutrient mineralization,
thereby limiting resource availability for maintaining species diversity [55].

5. Conclusions
This study presents a comprehensive analysis of the complex relationships among

community structure, species diversity, and environmental drivers in the underrepresented
subtropical deciduous broad-leaved forests of Eastern China. Significant correlations were
identified between forest community structure and species diversity, as well as between
topographic factors and soil properties. RDA revealed that topographic conditions and
soil characteristics jointly influence forest community structure and diversity. Our findings
clearly demonstrate that the structural composition and diversity of these forests are not
determined by a single factor, but rather emerge from the synergistic effects of topographic
and edaphic variables, coupled with intrinsic community characteristics. Notably, strong
associations were observed between community structural attributes (stand density and
height) and key soil properties (particularly C:N ratio, pH, TP, and TC), underscoring the
importance of soil nutrient availability in shaping community organization. This highlights
nutrient cycling as a fundamental process maintaining productivity and community assem-
bly in these ecosystems. However, we found that areas with higher plant diversity did not
consistently correspond to regions with elevated soil nutrient levels. Furthermore, topogra-
phy, especially altitude, exerted a substantial influence on both community characteristics
(structure and diversity) and soil properties (pH, TC, C:N, C:P, AP, and AK), revealing a
fundamental environmental filtering mechanism. Topographic variation creates distinct
microclimates and affects soil development processes, which subsequently govern species
niche differentiation and influence community organization. Several limitations should
be acknowledged. Our survey provides a robust baseline but cannot capture dynamic
processes such as succession, recruitment, and mortality. Long-term monitoring is neces-
sary to understand the temporal dynamics and resilience of these forests. Additionally,
while we identified key soil nutrients, further investigation into microbial communities
and belowground biomass could elucidate deeper mechanistic links within nutrient cycling
processes. This research addresses an important knowledge gap concerning subtropical
deciduous broad-leaved forest ecosystems. The insights generated are crucial for informing
effective conservation strategies and sustainable management practices for these valuable
subtropical forest systems.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/f16121837/s1, Table S1 The list of all tree and shrub species.
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