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Abstract: An in-depth exploration of plant-soil interactions can improve our knowledge of the
succession and evolution of forest ecosystems. To understand the coupling relationship between
species diversity and soil physicochemical properties in natural secondary forests during the process
of vegetation restoration, the species diversity of trees, shrubs and herbs and the physicochemical
properties of soil at different depths were investigated in six forest communities in the Qinling
Huoditang area over two years (2013 and 2019). The analysis indicated that the soil nutrient content
in the region decreased during this period, but the plant diversity index showed no obvious change.
Through RDA and regression analysis, we determined that the correlations between plant diversity
and soil physicochemical properties were discrete. The tree and herb species diversity were most
closely related to the surface soil, while shrub diversity was more strongly regulated by the middle
soil layer. Available phosphorus had the strongest effect on trees, and the main factors affecting shrubs
were NO3-N and NHy-N. Herb growth was more limited by soil physical properties such as the soil
bulk density and porosity. We concluded that evident correlations exist between soil physicochemical
properties and plant communities. After six years of natural restoration, the plant diversity index did
not change significantly. However, the soil nutrient content decreased obviously. This study provides
a reference for the management of vegetation restoration processes in forest ecosystems.

Keywords: plant diversity; soil properties; vegetation restoration; coupled relationship; Qinling Mountains

1. Introduction

Soil is the material foundation of plant growth, and soil properties are important
indicators that play key roles in the performance of soil functions [1,2]. Soil directly influ-
ences the growth of plants by providing water and nutrients and indirectly affects plant
development by regulating the decomposition and transformation processes brought about
by microorganisms [3-5]. Plants can improve soil physicochemical properties and restore
soil fertility through root activities and provide litter material for microbial decomposi-
tion [6]. It is difficult to separate the effects of plants on soil from the effects of soil on plants
themselves, as the synchronization of plant-soil interactions occurs at both temporal and
spatial scales [7], playing a crucial role in the succession and evolution of ecosystems [8,9].

Soil physicochemical properties may also play important roles in the maintenance of
forest plant diversity due to their regulation of nutrient supplies [10,11]. Soil heterogeneity
is widely thought to promote plant species coexistence and plant species diversity by in-
creasing niche availability and creating more shelters [12]. Several studies have considered
soil nutrients, pH and soil water to be the most important abiotic factors affecting plant
diversity [13,14]. Among these factors, soil acidity and alkalinity affect plant diversity by
altering soil enzyme activities and root nutrient absorption [15]. Soil nutrients, especially
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nitrogen and phosphorus, which are generally considered the two most limiting elements
for vegetation development, are closely related to plant diversity [7,16]. However, some
studies suggest that the heterogeneity of soil resources (soil nutrients) generally fails to
promote plant species diversity, while the heterogeneity of non-resource factors (soil pH
and soil type) often has a positive impact on plant diversity [17,18]. The influential mecha-
nisms of soil factors are complex, and there are still many gaps in our knowledge about
them [5,19].

Plant species diversity also has a feedback effect on soil properties that can affect
soil nutrient availability through “complementary” or “mass” effects [20-22], which in
turn increase forest ecosystem productivity [23]. Plant diversity can be quantified by
diversity indexes, and the « diversity indexes reflect the coexistence of species within a
community through competition for resources or the use of the same habitat. Among
diversity indexes, the richness index is often used to describe the number of species
contained in a community, and the diversity indexes are functions that combine species
diversity and species abundance, including Simpson’s index and Shannon’s index [24]. The
Peilou index is used to describe the evenness of the distribution of the number of species
within a community. Most studies on the relationships between soil physicochemical
properties and plant diversity have focused on natural forests and artificial forests, but few
studies have focused on natural secondary forests. In addition, few studies have explored
the effects of soil physicochemical properties at different depths on the plant diversity
of trees, shrubs and herbs. There is no unified conclusion regarding the mechanisms by
which soil physicochemical properties regulate each diversity index. Both plant growth and
soil property changes occur through long processes, but changes in soil physicochemical
characteristics and plant diversity and their interactions over time are rarely reported.

The Huoditang forests are located on the southern slope of the middle part of Qin-
ling, and contain abundant plant resources and various species. The existing forest is a
natural secondary forest restored by the original vegetation after logging in the 1960s and
1970s. This forest is an ideal area for community succession and vegetation restoration
research. However, there are few reports on the interactions between soil physicochemical
characteristics and plant diversity in the Qinling Mountains. In this study, six common
forest types—Pinus tabulaeformis forest (YS), Quercus aliena var. acuteserrata forest (RCL),
Pinus armandii forest (HSS), mixed Pinus armandii and Tsuga chinensis forest (HSSTS), Picea
wilsonii forest (QQ), and Betula albosinensis Burkill forest (HH)—in the Huoditang Forest of
Qinling Mountains were selected as the research objects. By analyzing soil and plant data
from six forest communities in 2013 and 2019 and the following questions were addressed:
(1) assess the patterns of change in soil nutrient content and plant communities in the area
over six years; (2) evaluate whether there is a correlation between soil physicochemical
properties and plant diversity; (3) if there is a correlation, determine what the mechanisms
of soil-plant interactions are during revegetation. We hope that this study will provides a
scientific basis for forest management and species diversity protection during the process
of vegetation restoration.

2. Materials and Methods
2.1. Site Conditions

The present study was carried out in the 33°25'-33°29" N and 108°25'-108°30’ E across
the southern slope of the middle part of Qinling (Figure 1). The altitude is 800-2500 m
above sea level, with a mean annual precipitation of 900-1200 mm and evaporation of
800-950 mm. The average annual temperature is 8-10 °C, with 1100-1300 h of sunshine
duration. The growing season lasts for 6 months. The terrain in the area is diverse, with
broken slopes and steep mountains. The vegetation in the study area is rich and diverse.
And the main tree species are P. tabulaeformis, P. armandii, and Q. aliena var. acuteserrata.
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Figure 1. Plot distribution map. Different colors represent different forest communities, and the
red-marked points are the locations of the sample plots. HSS indicates Pinus armandii forest, YS
indicates Pinus tabulaeformis forest, HSSTS indicates mixed P. armandii and Tsuga chinensis forest, RCL
indicates Quercus aliena var. acuteserrata forest, HH indicates Betula albosinensis Burkill forest, QQ
indicates Picea wilsonii forest, YSRCL indicates mixed P. tabulaeformis and Q. aliena var. acuteserrata
forest, HSSHH indicates mixed P. armandii and B. albosinensis Burkill forest, TS indicates T. chinensis
forest, LYS indicates Larix principis-rupprechtii forest, LYSRCL indicates mixed L. principis-rupprechtii
and Q. aliena var. acuteserrata forest.

2.2. Site Selection and Plant Investigation

Six forest communities in the Huoditang area of the Qinling Mountains were se-
lected: YS, RCL, HSS, HSSTS, QQ and HH. In June 2013, three tree sample plots in these
six communities were chosen (Table 1), considering both the slope exposure and slope.
In each plot, five shrub quadrats were defined according to the five-point method, and a
1m X 1 m grass quadrat was set in the center of each shrub quadrats (totaling 18 tree plots,
each 20 x 20 m; 90 shrub quadrats, each 2 m X 2 m; and 90 herb quadrats, each 1 m x 1 m).
In 2013 and 2019, we conducted ground surveys to collect data on plant diversity and
soil conditions. The two investigations were carried out simultaneously on sunny days in
August of the study year and maintained a consistent method. The species names, DBHs
(the diameter of the tree at 1.3 m above the ground) and heights of trees; the species names,
heights, and quantities of shrubs; and the species names, average heights, coverages and
abundances of herbs were recorded.
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Table 1. Plot characteristics. I, I and III represent the three plots in each forest community, and the

density is the number of trees per hectare.

. o o Stand Density

Type Altitude (m) Slope (°) Aspect (°) Age (a) (Trees-ha-1)
I II III I II III I II III I II III I II III
YS 1497 1548 1690 21 25 20 318 291 310 55 50 55 1548 1685 1576
RCL 1597 1640 1758 18 20 23 247 263 255 50 55 50 1589 1486 1575
HSS 1460 1532 1760 18 24 27 133 147 155 65 60 60 1286 1358 1395
HSSTS 1847 1863 1897 30 40 37 109 105 87 60 65 55 1458 1281 1588
QQ 1980 2003 2020 10 12 15 203 210 195 75 68 72 98 1058 978
HH 2032 2051 2131 14 20 25 348 325 335 45 42 48 1645 1785 1652

The species diversity index was described by the richness index (S), Simpson diver-
sity index (D), Shannon-Wiener diversity index (H) and Pielou evenness index (J). The
calculation methods were as follows:

Richness index (S): number of plant species in a plot or quadrat.

Simpson diversity index (D):

S
H=-) PInp (1)
i=1
Shannon-Wiener diversity index (H):
S
D=1-) P? 2)
i=1
Pielou evenness index (J):
J=H/InS 3)

where P; is the proportional abundance of species, i is the base of the logarithm, and S is
the number of species.

2.3. Soil Sample Collection and Determination

The soil was collected with a 100 cm? ring knife according to a five-point mixed sam-
pling method from four layers: 0-10 cm, 10-20 cm, 20-40 cm, and 40-60 cm. We gathered
six ring knife samples from each layer, and three samples were used to determine the soil
bulk density (SBD) and porosity (PV) by the cutting ring method. The other samples were
mixed, placed into plastic preservation bags and transported to the laboratory. Soil pH
was measured using a pH meter in a soil: water suspension (at a ratio of 1:5) after shaking
for 30 min. The soil mechanical composition (clay/silt/sand) was measured using the hy-
drometer method. Soil organic matter (SOM) was determined using the K,Cr, Oy oxidation
method. Soil total nitrogen (TN) was determined using a 2300 Kjeltec Portern Analyzer
Unit, and soil total phosphorus (ITP) was determined using the molybdenum-antimony
anti-colorimetric method. Soil total potassium (TK) was determined by the flame photome-
ter method. Soil nitrate nitrogen (NOs3-N) was measured using UV spectrophotometry.
Soil ammonium nitrogen (NH4-N) was determined by the KCl extraction-indophenol blue
colorimetric method. Soil available phosphorus (AP) was extracted with a solution con-
taining 25 mM HCl and 30 mM NH4F (at a ratio of 1:7) and measured using an ultraviolet
spectrophotometer. Available potassium (AK) was determined by a neutral ammonium
acetate flame photometer.

2.4. Statistical Analyses

We performed a nonparametric test using the Kolmogorov—Smirnov method. After
confirming that the data conformed to a normal distribution, multivariate analyses of
variance and correlation analyses (Pearson, « = 0.05) of the diversity index values and soil
physicochemical properties in different years, communities and levels were determined
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using SPSS 25.0. Canoco 5.0 was used for redundancy analysis (RDA) to quantify the
degree of explanation of soil physicochemical properties with community species diversity,
and stepwise regression analysis was used to build a regression model to identify the soil
factors that most strongly affected the community species diversity. Origin 2021 was used
to draw the graphs.

3. Results
3.1. Species Diversity

The richness index values differed significantly among the six communities and three
forest layers (p < 0.05). Except for the YS forest, the richness index and Pielou index
values of the other five forests were generally higher for shrubs than for trees and herbs
(Figure 2). Overall, the species diversity was lower in the RCL among the six examined
communities. And the diversity of the HSS community was slightly higher than those of
the other communities. Plant diversity did not fluctuate greatly between the two sampling
years. Most of the highest and lowest values of each diversity index appeared in 2019,
therefore, the species diversity of each forest community showed greater heterogeneity in
2019. In addition, there were positive correlations between diversity indexes in the same
forest layer. The Simpson index and Shannon-Wiener index had the highest correlation,
while the correlation between the richness index and Pielou index was very low. The
diversity indexes of shrubs and herbs were negatively correlated with the richness index of
trees (Figure 3).
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Figure 2. Diversity indices of different forest communities and different forest layers in both 2013
and 2019; (S) Richness index, (D) Simpson index, (H) Shannon-Wiener index and (J) Pielou index.
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Figure 3. Correlation analysis between soil physicochemical properties and plant diversity indexes.
*p <0.05,** p <0.01. (TS) tree richness index, (TD) tree Simpson index, (TH) tree Shannon-Wiener
index, (T]) tree Pielou index, (SS) Shrub richness index, (SD) Shrub Simpson index, (SH) shrub
Shannon-Wiener index, (SJ) shrub Pielou index, (HS) herb richness index, (HD) herb Simpson index,
(HH) herb Shannon-Wiener index, (H]J) herb Pielou index.

3.2. Soil Physical Properties

The physical properties of soil were significantly different among the six forest com-
munities (p < 0.05). In general, the soil under the RCL community had strong acidity and
a high SBD, which are not conducive to plant growth. The soil in the HSS community
showed higher soil porosity and a lower SBD than that in other communities, and these
characteristics are suitable for plant survival. These results are consistent with the regularity
of the diversity index in each forest community. Soil properties also changed obviously
within the same community between the two sampling years. The soil in the six forest
communities was weakly acidic, with differences in pH among the communities in the
two sampling years (Figure 4a). From 2013 to 2019, the soil PV decreased (Figure 4b), and
the SBD increased (Figure 4c). Except for the YS forest, the other five forest communities
showed a trend in which the silt content declined, the sand content increased, and the soil
quality declined. The soil physical properties were also significantly discriminated among
different depths. Except for the YS and HSS communities, with increasing soil depth, the
SBD in the other communities gradually increased, while the soil PV decreased. Signif-
icant differences also existed in the soil mechanical composition of different soil depths
(Figure 4d) (p < 0.05). The clay and silt contents increased slowly with increasing soil
depth, while the sand content showed the opposite trend. The SBD was strongly negatively
correlated with the soil PV. The soil silt and clay contents were negatively correlated with
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the SBD and positively correlated with the soil PV. With increases in the soil sand content,
soil compaction became more severe (Figure 3).
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Figure 4. Physical properties of different forest communities at four soil depths in both 2013 and
2019; (a) soil pH, (b) soil porosity, (c) soil bulk density, (d) soil mechanical composition.

3.3. Soil Chemical Properties

The soil chemical properties were significantly different among the six forest communi-
ties (p < 0.05). The soil nutrient contents of the QQ and HH communities were higher than
those of the other communities. The RCL community was the poorest in terms of soil nutri-
ents, but the NH4-N content of its topsoil was significantly higher than those of the other
communities in 2019 (Figure 5a). This could be the result of the pH increasing significantly
over the six years, which greatly contributed to the accumulation of NH4-N in the soil.
This may also be because the litter in this community may have a higher N content. The
differences in nutrient content among the communities were similar to the regularities of
plant diversity, which indicated that there was a certain correlation between plant diversity
and the forest soil physicochemical properties. Significant differences existed among soil
depths for other chemical properties except for TK (Figure 6a) (p < 0.05). NH4-N (Figure 5a),
NO3-N (Figure 5b), AP (Figure 5c), AK (Figure 5d), TN (Figure 6b), and SOM (Figure 7) all
decreased with increasing soil depth, which was consistent with the changes in the SBD.
The soil nutrient content also changed obviously between the two years (p < 0.05). The
NH;y-N (Figure 5a), AK (Figure 5d), TP (Figure 6¢), SOM (Figure 7) contents in 2019 were all
lower than those in 2013, which shows that the soil nutrient content in Huoditang declined
over the examined six years. A positive relationship between the pH and TN, TP, and AK
was observed in the topsoil (Figure 3). With increasing soil depth, the positive correlation
decreased until the deep soil showed a negative correlation. Moreover, there were certain
correlations between soil physical properties and chemical properties. The soil mechanical
composition was affected by the soil NH4-N, TP and AP. The clay content and silt content
were directly proportional to NH4-N and inversely proportional to TP and AP.
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Figure 5. Soil available nutrient content of different forest communities at four soil depths in both
2013 and 2019; (a) soil ammonium nitrogen, (b) soil nitrate nitrogen, (c) soil available phosphorus,
(d) soil available potassium.
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Figure 6. Total available nutrient content of different forest communities at four soil depths in both
2013 and 2019; (a) soil total potassium, (b) soil total nitrogen, (c) soil total phosphorus.
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Figure 7. Soil organic matter (SOM) content of different forest communities at four soil depths in
both 2013 and 2019.

3.4. Correlation between Plant Diversity and Soil Physicochemical Properties

The correlation analysis results showed that plant diversity was related to the soil
physicochemical properties in the six forest communities (Figure 3). The species diversity
of trees, shrubs and herbs was affected by environmental factors in different soil layers
(Figure 8). Trees and herbs were mainly affected by the physicochemical properties of
the surface soil, with the explanatory degree of 80.07% and 59.92%, respectively, while
shrub diversity was more affected by the middle soil layer (20-40 cm), with explanatory
degrees of 72.00%. AP, NO3-N and NH4-N were the most important factors explaining
plant diversity in this area. However, herb diversity was more responsive to soil physical
properties, which were negatively correlated with the SBD and positively correlated with
the soil PV.
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Figure 8. Redundancy analysis of soil physicochemical properties and diversity indexes of trees,
shrubs and herbs. Each vertical row depicts the same plant layer, and each horizontal row depicts the
same soil layer.

The richness index was affected by the AP, NO3-N and NHy-N contents. In addition,
the herb richness index was also limited by the SBD (Table 2). The Simpson index values
in the tree layer and shrub layer were not significantly affected by single physicochemical
properties, and this index was controlled by multiple soil factors. The herb Simpson
index mainly regulated the soil PV. The influence of the Shannon-Wiener index on soil
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physicochemical properties was highly consistent with that of the Simpson index in the
tree layer. In the shrub layer, the influence was inversely proportional to the soil NO3-N
and AP contents. The herb Shannon-Wiener index was controlled by both soil physical and
chemical factors, was proportional to the soil PV and AP and was inversely proportional to
the sand and SOM contents. Moreover, there were no obvious relationships between the

Pielou index and soil physicochemical properties.

Table 2. Stepwise regression analysis of soil physicochemical properties and four diversity indexes of

trees, shrubs and herbs.

Diversity

Multiple

Layer Index Stepwise Regress Model Correlation Integration F Significance
0-10 TS = 1.075AP + 5.999 0.254 11.572 0.002
10-20 TS TS = 1.539AP + 5.737 0.272 12.702 0.001
20-40 TS = 1.906AP + 1.673NO3-N + 0.65 0.467 14.447 0
40-60 TS = 0.407TK — 0.17Silt + 11.118 0.341 8.553 0.001
0-10 TD = 0.03NO;3-N — 0.013NH4-N + 0.567 0.307 7.306 0.002
10-20 ™ TD = 0.18TN + 0.019TK — 0.073 0.327 8.026 0.001
20-40 TD = 0.011SOM + 0.282 0.278 13.103 0.001
40-60 TD = 0.187TN + 0.379 0.213 9.217 0.005
0-10 TH = 0.069NO3-N — 0.026NH4-N + 1.189 0.306 7.259 0.002
10-20 TH TH = 1.033TP — 0.768 0.21 9.053 0.005
20-40 TH = 0.02450OM + 0.615 0.275 12.879 0.001
40-60 TH = 0.422TN + 0.822 0.219 9.53 0.004
0-10 TJ = 0.018TK + 0.01250M — 0.383 0.49 15.852 0
10-20 T T] =0.186TN + 0.3 0.344 17.823 0
20-40 TJ = 0.011SOM + 0.285 0.373 20.197 0
40-60 TJ = 0.2TN + 0.381 0.301 14.644 0.001
0-10 SS = —1.337AP — 0.472NH4-N + 20.371 0.624 27.379 0
10-20 s 5SS = —1.323AP — 0.495NHy-N + 18.255 0.481 15.284 0
20-40 SS = —1.681AP — 1.461NO3-N + 17.396 0.411 11.518 0
40-60 SS = —1.172AP — 0.503TK + 22.298 0.373 9.802 0
20-40 sD SD = —0.051NO3-N — 0.048AP + 0.982 0.344 8.666 0.001
40-60 SD = —0.068NO3-N — 0.044AP + 1.00 0.397 10.841 0
0-10 SH = 0.278TN — 0.054NO3-N + 1.481 0.285 6.575 0.004
10-20 SH SH = 0.134TN — 0.048TK + 2.449 0.242 5.279 0.01
20-40 SH = —0.196AP — 0.163NO;3-N + 2.579 0.495 16.171 0
40-60 SH = —0.188NO3-N — 0.171AP + 2.541 0.48 15.214 0
0-10 S SJ = 00.026AP + 0.001AK + 0.627 0.2 4.116 0.025
2040 SJ = 0.115pH + 0.002AK — 0.06 0.326 7.979 0.001
0-10 HS = 0.11Silt + 1.775 0.204 8.725 0.006
10-20 1S HS = 0.039AK — 0.745NO3-N + 6.153 0.376 9.957 0
2040 HS = —8.1585BD — 0.977AP + 19.445 0.276 6.281 0.005
40-60 HS = —8.609SBD — 0.892AP +20.911 0.429 12.391 0
10-20 HD HD = 0.003PV — 0.072TN + 0.65 0.363 9.399 0.001
20-40 HD = 0.004PV — 0.00450M + 0.591 0.279 6.378 0.005
0-10 HH = 0.094AP — 0.010Sand + 2.007 0.271 6.125 0.005
10-20 HH HH = 0.012PV — 0.013SOM + 1.299 0.354 9.038 0.001
20-40 HH = 0.01PV + 0.927 0.223 9.784 0.004
40-60 HH = 0.006AK + 0.93 0.249 11.26 0.002
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4. Discussion and Conclusions
4.1. Changes in Soil Nutrients in Different Forest Communities

Different forest communities are affected by the decomposition and nutrient release of
litter from different vegetation types, thus showing significant differences in physicochemi-
cal properties [25]. Studies have shown that under the same environmental conditions, due
to the high content of organic acids produced by conifer litter during the decomposition
process, soils that develop beneath conifers are more acidic than those under broad-leaved
species [26]. This is inconsistent with the results of this study, which may be caused by
the presence of a variety of concomitant broad-leaved tree species in YS and HSS forests.
Some plant litter contains high concentrations of lignin and cellulose as well as relatively
high contents of N, which has a slow decay rate and can lead to the development of thick
humified layers in the soil, preventing further soil acidification [27,28]. SOM is the founda-
tion of other soil physicochemical properties and can improve physicochemical sorption
and nutrient availability [23]. Overall, the soil nutrient statuses including SOM of the
broad-leaved plant community were better than those of the coniferous community. The
litter decomposition of broad-leaved tree species is usually stronger than that of coniferous
species, and this attribute is more conducive to soil nutrient accumulation. Therefore, in
the process of vegetation restoration, the coniferous community is suitable for a certain
number of broad-leaved species. The low nutrient content of the RCL community may
be related to the fact that the soil is too acidic [29]. For example, P easily forms insoluble
compounds with Fe ions and Al ions, resulting in a decrease in the soil P content [30].

In this study, the soil nutrient content decreased with increasing soil depth, which has
also commonly been found in other studies [25], and may be closely mirrored by changes
in the total microbial and fungal biomasses [31]. Several studies have reported a decrease
in soil enzyme activities with increasing depth in forest soils [32]. Furthermore, deep
soil receives limited feedback from litter decomposition, making it easier for nutrients to
accumulate in the upper soil layer. The soil nutrient content declined within the region
during the six years from 2013 to 2019. This may be due to the succession stages in
which vegetation restoration occurs. The examined period coincided with the peak of
forest density growth, and excessive absorption resulted in the decline of soil nutrient
contents [33]. In addition, human disturbance and natural disasters, such as strong winds
and rainstorms, were also factors that affected this phenomenon.

4.2. Plant Diversity in Different Communities

The species richness in the tree layer in the YS community was significantly higher
than that in the other stands, which might be due to the great difference in tree height
between YS and other companion trees, which reduced the competition for factors such
as sunlight and growing space. In addition, the dominant position of tall trees in the
YS community was not fully established in the early stage of succession; therefore, the
species richness in the tree layer was high, but the community stability was insufficient.
Similarly, the species diversity in the tree layer was significantly negatively correlated
with that in the shrub layer because a lush canopy structure in the tree layer would block
the shrub and herb layers, thereby hindering the growth of shrubs and herbs [34]. In
addition to soil characteristics, competition between species for other resources (such as
sunlight and growing space) in the environment is also an essential factor affecting forest
plant diversity [35]. Appropriate tending and management are beneficial to the positive
succession of forest communities. Some research has also identified another important
stand attribute, the stand composition, which mainly influences herb species rather than
woody species [36,37]. Therefore, species diversity is comprehensively affected by various
factors and the restoration process of forest ecosystems should consider many aspects.
Huoditang forest is a natural secondary forest formed after comprehensive forest logging.
After decades of natural recovery, the species diversity of the shrub layer in each forest
community was generally higher than that of the tree and herb layers, which reflected
the succession stage of vegetation restoration in this forest to a certain extent. This has
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major implications for predicting the impact of species loss and global change on forest
ecosystems [38].

4.3. Relationship between Plant Diversity and Soil Physicochemical Properties

A few studies have indicated that N, P, and K are the most crucial nutrients that
determine tree species distributions in many areas [39]. However, even within the same
region, different plant communities are subject to different nutrient limitations [40]. In
this study, the correlation trends between the plant diversity index in each layer and soil
physicochemical factors at different depths were distinct. In general, tree diversity was the
most closely related to soil quality, and the relationship between plant diversity in shallow
soil was stronger than that in deep soil. The main reason is that the decomposition of litter
and nutrient return in the tree layer contributed the main proportion; and the activity of
plant roots effectively improved the soil properties of shallow soil, while the changes in
deep soil were limited [41,42].

In this study, soil physicochemical properties also significantly affected plant diversity.
Tree diversity was associated with increases in soil NO3-N, NH4-N and AP concentrations,
which is consistent with the results of previous studies [43,44]. Shrub diversity was also
affected by these factors but in a manner opposite to tree diversity. We believe that this is
because lush trees hinder shrub diversity increases rather than high soil nutrients inhibit
shrub growth. However, herbs have weak roots and a poor competitive ability, and
the SBD and soil PV are the main factors that limit their growth. AP can promote the
formation and growth of herbs roots and improve their resilience [45]. In many study
areas, P is usually considered a limiting factor of plant growth [21,46]. SOM was positively
correlated with tree diversity, which is consistent with previous studies [47]. An increase
in plant species diversity enhances soil ecosystem functions, including mineralization
and decomposition [48]. Other studies have shown that SOM, TN and TP are negatively
correlated with plant diversity [49], which may be the reason why high soil nutrient
levels resulting in increased plant pathogen attack, negatively impacting plant survival
and reducing plant diversity [50]. Only suitable soil nutrient statuses positively affect
plant diversity. In many studies, plant diversity often declines with decreasing soil pH
values [29,51,52], which is consistent with our findings. However, the loss of diversity
due to soil acidification can be offset by nutrient enrichment resulting from atmospheric
N deposition [53]. In addition, although soil acidification may hinder tree growth, it also
creates more space for plants growth, which balances the loss of species diversity. This
suggests that the interaction of other resources required for plant growth may obscure the
importance of soil factors on plant diversity [54]. Plant abundance is obviously regulated
by soil nutrient content, but the mechanism of its distribution uniformity is not clear and
may be disturbed by nutrient heterogeneity or other factors.

At present, the world is facing the crisis of forest ecosystem degradation. To curb
this situation, China has adopted a series of measures with a particular focus on forest
reconstruction and vegetation restoration after severe deforestation and damage. The
Qinling Huoditang forest was severely damaged during the last century, and after decades
of natural restoration, a forest ecosystem of a certain scale was formed. However, the
results of this study show that from 2013 to 2019, the species diversity in each community
did not improve significantly, while the soil nutrient status decreased obviously, which may
indicate that the management measures adopted in this forest area need to be improved.
Appropriate tending, especially regarding the adjustment of soil nutrients, may be more
conducive to the restoration of vegetation and the improvement of service functions in
forest ecosystems.
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