
Citation: Wan, X.; Zhou, R.; Liu, S.;

Xing, W.; Yuan, Y. Seasonal Changes

in the Soil Microbial Community

Structure in Urban Forests. Biology

2024, 13, 31. https://doi.org/

10.3390/biology13010031

Academic Editor: Zed Rengel

Received: 2 December 2023

Revised: 2 January 2024

Accepted: 2 January 2024

Published: 5 January 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

biology

Article

Seasonal Changes in the Soil Microbial Community Structure in
Urban Forests
Xin Wan 1,2, Runyang Zhou 3, Sian Liu 3, Wei Xing 1,* and Yingdan Yuan 3,*

1 Jiangsu Academy of Forestry, Nanjing 211153, China; lkywanxin@163.com
2 Jiangsu Yangzhou Urban Forest Ecosystem National Observation and Research Station,

Yangzhou 225006, China
3 College of Horticulture and Landscape Architecture, Yangzhou University, Yangzhou 225009, China;

sianliu@yzu.edu.cn (S.L.)
* Correspondence: lkyxingwei@163.com (W.X.); yyd@yzu.edu.cn (Y.Y.)

Simple Summary: In this study, high-throughput sequencing was used to analyze the microbial
community composition of six stands. The findings of this study revealed the seasonal variations
in the microbial community of the bulk soil in urban forests, as well as the microbial community
structure associated with different tree species. These results offer valuable insights for the selection
and conservation of tree species within urban forest stands.

Abstract: Urban forests play a crucial role in the overall health and stability of urban ecosystems.
Soil microorganisms are vital to the functioning of urban forest ecosystems as they facilitate material
cycling and contribute to environmental stability. This study utilized high-throughput sequencing
technology to examine the structural characteristics of bacterial and fungal communities in the bulk
soil of six different forest stands: Phyllostachys pubescens (ZL), Metasequoia glyptostroboides (SSL), Cornus
officinalis (SZY), mixed broad-leaved shrub forest (ZKG), mixed pine and cypress forest (SBL), and
mixed broad-leaved tree forest (ZKQ). Soil samples were collected from each forest stand, including
the corners, center, and edges of each plot, and a combined sample was created from the first five
samples. The results revealed that among the bacterial communities, ZKG exhibited the highest alpha
diversity in spring, while ZL demonstrated the highest alpha diversity in both summer and autumn.
Proteobacteria was the most abundant bacterial phylum in all six forest stand soils. The dominant
fungal phylum across the six forest stands was identified as Ascomycota. Notably, the microbial
community diversity of SBL bulk soil exhibited significant seasonal changes. Although ZL exhibited
lower bacterial community diversity in spring, its fungal community diversity was the highest. The
bulk soil microbial diversity of ZL and SSL surpassed that of the other forest stands, suggesting their
importance in maintaining the stability of the urban forest ecosystem in the Zhuyu Bay Scenic Area.
Furthermore, the diversity of the bulk soil microbial communities was higher in all six stands during
spring compared to summer and autumn. Overall, this study provides valuable insights into the
seasonal variations of bulk soil microbial communities in urban forests and identifies dominant tree
species, offering guidance for tree species’ selection and preservation in urban forest management.

Keywords: urban forest; soil microbial; tree species; community diversity; seasonal changes

1. Introduction

Soil microorganisms participate in several important ecological processes and are im-
portant components of forest ecosystems. Soil microorganisms can decompose litter [1,2],
catalyze the turnover of soil carbon and nutrient elements [3], and are important drivers of
biogeochemical processes [4]. Soil microorganisms are highly sensitive to environmental
changes and are affected by various environmental factors. For example, soil microorgan-
isms are very sensitive to changes in moisture conditions and temperature. An increase in
moisture, continued warming, and earlier drought periods increase soil microbial biomass
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carbon and nitrogen [5]. Seasonal precipitation changes significantly increase the abun-
dance of rare bacteria and dominant fungi in soil [6,7]. Studies have shown that seasonal
changes affect the impact of nitrogen deposition on the soil microbial community structure,
leading to varying responses of soil microorganisms to nitrogen deposition [8]. Soil micro-
bial community characteristics show significant seasonal changes [9]. Soil temperature is
the primary factor influencing seasonal variations in bacterial communities, and seasonal
changes in soil temperature lead to changes in the composition of microbial communi-
ties. Bacteria, fungi, and actinomycetes are significantly positively correlated with soil
temperature [10].

Urban forests are ecosystems composed of various woodlands as the main body,
which can produce important ecosystem service effects, contribute to the improvement of
environmental quality and sustainable urban development, and bring extensive benefits to
urban residents. Urban forest construction can reduce the pressure and negative impact of
urban development. Urban soil microorganisms are an important part of urban ecosystems
and form the basis for maintaining their stability [11]. The soil microbial diversity is closely
related to the environmental characteristics of soils [12]. Relevant studies have shown
that soil pH is the most critical factor affecting changes in soil bacterial community [13].
Based on the exploration of soil microorganisms and soil physical and chemical properties
in urban green spaces, it has been reported that soil microbial diversity is also affected
by factors such as soil moisture and sand content [14]. With the intensification of human
activities, urban soil pollution, particularly the impact of heavy metal ions on soil microor-
ganisms, has become a common phenomenon. Research has shown that soil fungi are more
susceptible to heavy-metal pollution than bacteria [15]. In addition, soil organic matter
pollution can have an important impact on soil microbial diversity [16]. Urbanization is
also an important reason for the loss of natural ecosystems and damage to the ecological
environment [17]. Soil fungal diversity is expected to decrease as a result of urbanization,
leading to the homogenization of soil fungal communities, whereas soil bacterial diversity
is not significantly affected by urbanization [18].

As an important component of ecosystems, the correlation between soil microorgan-
isms and environmental factors has always been an important topic in ecological research.
Many researchers have extensively studied the correlations between environmental factors
and soil microbial diversity. Environmental changes lead to changes in soil microbial
diversity and species composition, and the soil microbial diversity is affected by various en-
vironmental factors. Related studies have found that, under drought conditions, soil fungal
networks are more stable than soil bacterial networks [19]. Therefore, climatic conditions
have a significant effect on the structure and diversity of the soil microbial communities.
The community composition and function of the soil microbes are closely related to soil
organic matter along latitudinal gradients [20]. These studies demonstrate that soil envi-
ronmental conditions play an important role in microbial diversity and the community’s
structural composition. Changes in land-use types in subtropical plantations affect the
composition of soil microbial communities [21]. The addition of phosphorus to temperate
grasslands exacerbates microbial nitrogen limitation and changes the composition and
life-history strategies of microbial communities [22]. Therefore, the relationship between
environmental factors and soil microorganism changes owing to changes in the living
environment, and the effects of environmental factors on microorganisms are different in
different ecological environments.

Urban forests play an important role in maintaining the stability of urban ecosystems.
Six different forest stands were selected from the Zhuyu Bay Scenic Area in Yangzhou City,
Jiangsu Province, China: SBL, SSL, SZY, ZKG, ZKQ, and ZL. Bulk soil samples were col-
lected from various forest stands, and high-throughput sequencing analysis was conducted
to study the diversity of soil microorganisms across different seasons. The purpose of this
study was to investigate the seasonal changes of bulk soil microbial communities in urban
forests and the composition of bulk soil microbial communities in different tree species.
Here, we mainly focused on three questions: (1) what are the similarities and differences
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in the microbial community composition of the bulk soil of six different forest stands? (2)
What is the relationship between the season and bulk soil’s microbial community compo-
sition? (3) Which tree species are more suitable as dominant tree species in urban forest
ecosystems? Understanding these three questions will help further explore the significance
of the interaction mechanism between plants, soil, and microorganisms in maintaining the
stability of urban ecology.

2. Materials and Methods
2.1. Study Site and Experimental Design

Zhuyu Bay Scenic Area is located in the Guangling District of Yangzhou in the Jiangsu
province. There is a National Positioning Observation and Research Station of Urban
Ecosystem in Yangzhou City, Jiangsu Province. In this area, the climate transitions from
subtropical to temperate monsoon, with an average altitude of two meters, average temper-
ature of 15.8 ◦C, and average precipitation of 864 mm. In this study, six different stands
were selected in Zhuyu Bay Scenic area: SBL, SSL, SZY, ZKG, ZKQ, and ZL. Soil samples
from different stands were collected for high-throughput sequencing analysis to study the
diversity of soil microorganisms in different seasons. The average temperature in spring,
summer, and autumn is 15 ◦C, 28 ◦C, and 18 ◦C, respectively.

2.2. Sample Collection

Bulk soil (BS) refers to soil that is not near the roots of a selected plant. Each plot was
sampled at five points: the corners, center, and edges. The sixth repeat was obtained by
mixing the previous five samples. A soil auger was used to collect soil samples from depths
of 0–20 cm. The samples were then examined to remove any litter, fine roots, small stones,
or other impurities, and they were thoroughly mixed to reduce heterogeneity. Each sample
was packaged in a sterile plastic bag, sealed, and then transported in ice to the laboratory.
The samples were stored in a refrigerator at −80 ◦C for microbial sequencing.

2.3. DNA Extraction, Amplification, and Sequence Analysis

Microbial DNA from 108 samples from three seasons (six forest stands, with six repli-
cates per plot) was extracted using the CTAB and SDS methods [23]. DNA concentration
and purity were tested on a 1% agarose gel. Depending on the concentration, DNA was
diluted to 1 ng/µL with sterile water. Primer sets 515F (5′-GTGCCAGCMGCCGCGG-3′)
and 806R (5′-GGACTACHVGGGTWTCTAAT-3′) were used to generate bacterial libraries
with a unique 6-nt barcode at the 5′-end of the forward primer to amplify the V4 region of
the 16S rRNA gene for each sample. Similar to the process used to construct the bacterial
library, the ITS1 region of the fungus was amplified using ITS1-1F-F (CTTGGTCATTTAG-
GAAGTAA) and ITS1-1F-R (GCTGCGTTCTTCATCGATGC) [24]. Sequencing libraries
were generated, and index codes were added using the TruSeq® DNA PCR-Free Sample
Preparation Kit (Illumina, San Diego, CA, USA) according to the manufacturer’s instruc-
tions. The library quality was evaluated on a Qubit@ 2.0 fluorometer (Thermo Scientific,
Waltham, MA, USA) and an Agilent Bioanalyzer 2100 system. After purification and quan-
tification, the libraries were sequenced on an Illumina NovaSeq 6000 platform (Personalbio
Company (Shanghai, China)) according to standard protocols. All raw data from the 16S
V4 bacterial region and the fungal ITS1 region were processed using QIIME for quality
control processes (V1.9.1, http://qiime.org/scripts/split_libraries_fastq.html, accessed on
1 October 2023) and FLASH for paired reads (V1.2.7, http://ccb.jhu.edu/software/FLASH/,
accessed on 1 October 2023) [25,26]. For bacteria and fungi, annotation was performed
by matching the Silva sequences with the UCHIME algorithm and Unite database (ITS:
http://unite.ut.ee/, accessed on 1 October 2023) (UCHIME, https://www.drive5.com/
usearch/manual/uchime_algo.html, accessed on 1 October 2023) [27,28].

http://qiime.org/scripts/split_libraries_fastq.html
http://ccb.jhu.edu/software/FLASH/
http://unite.ut.ee/
https://www.drive5.com/usearch/manual/uchime_algo.html
https://www.drive5.com/usearch/manual/uchime_algo.html
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2.4. Statistical Analysis

Alpha diversity was analyzed using three indices of species diversity: richness, Shan-
non’s evenness, and Pielou’s evenness. These indices were calculated and visualized using
QIIME (Version 1.9.1) and the R package ggplot2. One-way ANOVA was used to determine
significant differences at a p-value of 0.05, followed by Duncan’s post hoc test to identify
values that were different. A beta diversity analysis was used to determine the differences
in species complexity among samples, and Beta diversity on Bray–Curtis was calculated
using QIIME software (version 1.9.1). To calculate the indicator values for each species in
the comparison group, the R language Labdsv package (Version 2.1-0)was used [29].

3. Results
3.1. Alpha and Beta Diversities of Microbial Communities in Urban Forest Stands in
Different Seasons

To compare the diversity of microbial communities in the bulk soil of the urban forest,
we conducted alpha diversity analysis for bacteria and fungi in different stands and seasons.
Among the bacterial communities, the evenness of the Pielou index for ZKQ in spring
was the lowest, indicating that the bacterial community in the bulk soil of ZKQ during
spring had the lowest evenness. The evenness of the SBL in autumn was the lowest,
and there were no significant differences among the other five forest stands. However,
there was no significant difference in evenness between the six forest stands during the
summer (Figure 1a). The results showed that forest stands with the highest richness of
bulk soil bacterial communities also differed in different seasons. The highest richness
was observed in ZKG in spring and ZL and SZY in summer and autumn, respectively
(Figure 1b). In addition, for the Shannon index, the bulk soil bacterial community diversity
of ZKG in spring, ZL in summer, and ZL and SZY in autumn was also the highest. Further
research found that the evenness, richness, and diversity of urban-forest bulk soil bacterial
communities were not significantly different between the six forest stands in spring and
summer; however, the differences between the SBL and ZL in autumn were significant
(Figure 1c). In the fungal community, the evenness of the Pielou index showed the same
trend as that of the Shannon index (Figure 1d–f). The results showed that the evenness
and diversity of the fungal community in the bulk soil of ZKG was relatively low in
spring and summer. Similarly, the evenness and diversity of the fungal community in
the bulk soil of ZL were relatively low in summer and autumn and several other forest
types. The evenness and diversity of the fungal communities in the bulk soil were relatively
high. Further research found no significant differences in evenness or diversity among
the six forest stands in spring. The difference in evenness between ZL and ZKG was not
significant in summer; however, the difference in evenness between ZL and the other
four stands was significant. There was also a difference in the diversity between ZL and
ZKQ. There were significant differences in evenness and diversity between ZL and SZY in
autumn. Additionally, the difference in evenness between ZL and SSL was also statistically
significant. For the richness index, the forest stands with the highest richness in each
season were SSL in spring, ZKQ in summer, and SZY in autumn. There was a significant
difference in richness between ZKG and ZKQ in spring and a significant difference in
richness between ZL and SZY in summer and autumn. An alpha analysis of the bacteria
and fungi revealed that the bacterial community had a higher evenness, richness, and
diversity than the fungal community.
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Figure 1. The variations in α diversity in the bulk soil of various city forest plots across three seasons.
Pielou’s evenness (a,d), richness (b,e), Shannon index (c,f), bacterial (a–c) and fungal communities
(d–f), The lower letters in the figure indicate the degree of difference between them.

We also performed a beta diversity analysis on bacteria and fungi to compare the
differences between the samples. The contribution values of PCoA1 and PCoA2 to the
differences in bacterial communities in six forest soil samples across three seasons were
26.81% and 9.056%, respectively. Additionally, the contribution values of PCoA1 and PCoA2
to the differences in fungal communities in six forest soil samples across three seasons were
10.92% and 9.113%, respectively. Among the bacterial communities, the reproducibility
of the six forest stands in spring was relatively good. SBL, ZKQ, and ZL were far from
the other three forest stands, indicating that the bacterial community compositions in SBL,
ZKQ, and ZL were relatively similar. The bacterial community compositions of the other
three stands were significantly different. The distance between ZL and the other five forest
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stands in summer and autumn reflected the differences in bacterial communities between
ZL and the other five forest stands (Figure 2a). In the fungal community, there were no
significant differences in the bacterial communities among the six forest stands in spring,
but there were large differences in the composition of the fungal community among the six
forest stands in summer and autumn. Among them, ZL differed from the other five forest
species in summer and autumn. Differences in bacterial communities were most significant
among the forest stands. Further research found significant differences in the composition
of bacterial communities in the same forest during different seasons, including bacterial
and fungal communities (Figure 2b).
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(a) Principal coordinate analysis (PCoA) of bacterial communities; (b) PCoA of fungal communities.

3.2. Microbial Community Composition in Urban Forest Stands in Different Seasons

Among the OTU annotation results of bulk soil bacterial and fungal communities at
the phylum level in six forest stands, the bacterial communities in spring, summer, and
autumn were 32, 34, and 34 phyla, and the fungal communities were 24, 23, and 21 phyla,
respectively. In the bacterial community, the dominant bacterial phyla with relatively high
relative abundances in the six forest stands were Proteobacteria and Acidobacteria during
the three seasons. The relative abundance of the dominant bacterial phyla in different
seasons differed among the six forest stands. The relative abundance of Proteobacteria was
highest in the SBL in spring and autumn, whereas the relative abundance of Proteobacteria
in SZY was highest in summer. The relative abundance of Acidobacteria was highest in
ZL during spring, SSL and ZKQ in summer, and ZKQ in autumn (Figure 3a–c). Among
the fungal communities, the fungal community with the highest relative abundance was
Ascomycota. In the three seasons, the relative abundance of Ascomycota was the highest
in ZL. In autumn, the relative abundance of Ascomycota was relatively high in the SBL
and ZKQ forest stands. The relative abundance of Ascomycota in ZKG was the lowest in
both spring and autumn, whereas it was the highest in summer, except for ZL. In addition,
the relative abundance of Basidiomycota was second only to that of Ascomycota. The
relative abundance of Basidiomycota was higher in spring and lower in winter. However,
the relative abundance of Basidiomycota in ZKG was higher in winter than in summer
(Figure 3d–f). The results also show that the relative abundance of the same dominant
bacterial phylum in different forest stands and that of different dominant bacterial phyla in
the same forest stand were different.
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3.3. Relative Abundance of OTUs in Soil Microbial Communities during Different Seasons

At the phylum level, the dominant bacterial phyla in the six forest stands in the three
seasons were Proteobacteria and Acidobacteria. The results showed that the bacterial
community structures in the bulk soil of the six forest stands were different. Additionally,
Proteobacteria in the SBL, SSL, and ZKG forest stands exhibited significant differences.
Similar to the relative abundance of Acidobacteria in the three seasons, Proteobacteria
had the highest relative abundance in spring, and Acidobacteria had the highest relative
abundance in autumn. The relative abundance of Proteobacteria and Acidobacteria in
SZY and ZL was similar across the three seasons. Proteobacteria had the highest relative
abundance in summer, whereas Acidobacteria had the lowest relative abundance in summer.
In addition, the relative abundance of both Proteobacteria and Acidobacteria in ZKQ was
highest in autumn. In addition, the relative abundance of the bacterial community in
the SBL changed with season. Proteobacteria and Bacteroidetes had the highest and
lowest relative abundances, respectively, in spring and autumn. The relative abundance
of Actinobacteria was higher in summer and autumn and lowest in spring. Acidobacteria
and Verrucomicrobia had the highest relative abundances in autumn, followed by summer
(Figure 4a–f).

Among the fungal communities, the bulk soil community structure differed between
seasons and forest stands. The dominant fungal phylum in the six forest stands was the
Ascomycota. During the three seasons, the relative abundance of Ascomycota in SSL and
ZL was not different, whereas the relative abundance of Ascomycota in the other four
forest stands was different. The relative abundance of Ascomycota in SBL, SZY, and ZKQ
was highest in autumn, and the relative abundance of Ascomycota in ZKG was highest
in summer. In addition, the relative abundance of Basidiomycota in SBL, ZKG, and ZKQ
first decreased and then increased from spring to summer to autumn, whereas the relative
abundance of Basidiomycota in SZY gradually decreased from spring to summer to autumn
(Figure 5a–f).
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Figure 5. Ternary map of bulk soil fungal community OTUs in different seasons. The size of each
point indicates the relative abundance of OTUs. (a) SBL, (b) SSL, (c) SZY, (d) ZKG, (e) ZKQ, and
(f) ZL.

3.4. Taxonomic Tree and Bitaxonomic Network Analysis of Dominant Phyla of Soil Microbial
Communities in Different Stands

The results of the species classification tree and bipartite network analyses showed
that the species richness of different bacterial phyla was also different. Proteobacteria was
the phylum with the highest species richness, followed by Acidobacteria. Among them, the
species evenness of ZKQ in spring, SZY in summer, and SBL in autumn was relatively low.
The common bacterial phyla in the six forest stands in the three seasons mainly included
Proteobacteria, Acidobacteria, and Bacteroidetes (Figure 6a,b). In the fungal community,
Ascomycota had the highest species richness, followed by Basidiomycota. The uniformity
of the ZL was relatively low in summer and autumn, and the uniformity of the ZKG was
also relatively low in spring and summer. The fungal phyla shared by the six forest species
in the three seasons were Ascomycota, Basidiomycota, Chlorophyta, and Mortierellomycota
(Figure 6c,d).
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4. Discussion

Bacteria and fungi are the main components of soil microorganisms and play important
roles in nutrient cycling [30,31]. This study revealed the specific community structure of
bulk soil bacterial and fungal communities in different forest stands. We found that
different forest stands had an impact on bulk soil microbial diversity, which is consistent
with previous research [32,33]. The OTU annotation results showed that the dominant
bacterial phyla in the six forest stands were Proteobacteria, Acidobacteria, Bacteroidetes,
Actinobacteria, Planctomycetes, Verrucomicrobia, Chloroflexi, Nitrospirae, and Firmicutes.
The relative abundance in the bulk soil of the six forest stands was the highest. The main
bacterial phyla were Proteobacteria and Acidobacteria. Many studies have shown that
Proteobacteria are the main functional bacteria that decompose and transform litter [34,35].
Acidic soils are conducive to the growth and reproduction of acidophilic bacteria [36]. The
dominant bacterial phyla in the fungal community were Ascomycota and Basidiomycota.
The dominant fungal phylum with the highest relative abundance in the six forest stands
was Ascomycota, which is consistent with the results of previous studies [37,38]. Many
Ascomycota fungi grow and reproduce by absorbing the humus. The relative abundance
of Basidiomycota in BL and ZKQ was high. Basidiomycota can decompose lignocellulose
and is the main decomposer of soil fungi [39].

Bulk soil microbial community diversity is affected by season, and the relative abun-
dance of microbial communities differs between seasons [40]. According to the alpha
diversity analysis, we found that the diversity of bulk soil microbial communities in SBL
changed significantly with season, with the highest diversity in spring, followed by sum-
mer, and the lowest diversity in autumn. Pine forests are at their peak metabolism in spring,
which provides favorable conditions for the growth and reproduction of bacteria and fungi,
resulting in higher microbial diversity. However, in autumn, the root systems of pine
and forest trees enter a dormant period with less metabolic activity and lower microbial
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diversity. In addition, among the six forest stands, the difference in the microbial diversity
of the bulk soil in spring was the least significant, but the diversity was higher. This may be
because spring is the reproductive period for microorganisms, and the number and types
of microorganisms in the soil increase.

Selecting tree species with a high bulk soil microbial community diversity is conducive
to maintaining the stability of urban forest ecosystems. The results of this study showed that
vegetation type has an impact on urban forest bulk soil microbial communities [32]. There
have also been studies using MiSeq sequence analysis to assess the structure of microbial
communities, revealing specific genetic structures of bacterial and fungal communities in
similar soils under different tree species, and observing that tree species have a significant
effect on soil microbial diversity [41]. Among the six forest stands, the bacterial Shannon
index of ZL was highest in both summer and autumn, and the Shannon index in spring
was relatively high, indicating that ZL had higher bacterial diversity. Relevant studies have
shown that bamboo forests have more litter and nutrients for microorganisms [42]. This
may be one of the reasons why the number of microorganisms in the bulk soil of bamboo
forests is relatively high. Soil microorganisms promote plant growth by mineralizing soil
organic matter and supplying available nutrients [43]. Further research found that ZKG
and SSL in spring, ZL and ZKG in summer, and ZL and SZY in autumn showed a higher
bacterial diversity. In the fungal community, ZL and SBL in spring, ZKQ and SSL in summer,
and SZY and SSL in autumn showed a higher bacterial diversity. The diversity was high,
among which ZL and SSL appeared with the highest frequency, indicating that the bulk
soil microbial community structures in the ZL and SSL were relatively complex [41]. It can
be used as a dominant tree species for maintaining the stability of urban forest ecosystems.

This study investigated the community structure and diversity of bulk soil bacteria
and fungi in six forest stands in the Yangzhou Zhuyu Bay Scenic Area over three seasons.
It not only revealed the impact of different seasons on the diversity of bacterial and fungal
communities but also revealed the different effects of forest stands on microbial diversity.
These results will help conduct in-depth research on urban forest soil microbial diversity in
the future and are of great significance for maintaining the stability of the urban ecological
environment.

5. Conclusions

This study revealed the effects of different tree species on bacterial and fungal com-
munity diversity. Among the six forest stands, ZL and SSL had the highest microbial
community diversity and could be used as the dominant tree species in urban forests. In
addition, this study revealed the response of microbial community structure to seasonal
changes. We found that the diversity of bulk soil microbial communities in the SBL changed
significantly with seasonal change, with the highest diversity in spring and the lowest
diversity in autumn. Compared with summer and autumn, the bulk soil microbial commu-
nity diversity in spring was higher among the six forest stands. Overall, this study revealed
the seasonal changes of microbial community in bulk soil of urban forest and the microbial
community structure of different tree species, providing guidance for the selection and
protection of tree species in urban forest.
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2. Klimek, B.; Chodak, M.; Jaźwa, M.; Niklińska, M. Functional diversity of soil microbial communities in boreal and temperate

Scots pine forests. Eur. J. For. Res. 2016, 135, 731–742. [CrossRef]
3. Li, J.; Li, Z.; Wang, F.; Zou, B.; Chen, Y.; Zhao, J.; Mo, Q.; Li, Y.; Li, X.; Xia, H. Effects of nitrogen and phosphorus addition on soil

microbial community in a secondary tropical forest of China. Biol. Fertil. Soils 2015, 51, 207–215. [CrossRef]
4. Veresoglou, S.D.; Halley, J.M.; Rillig, M.C. Extinction risk of soil biota. Nat. Commun. 2015, 6, 8862. [CrossRef] [PubMed]
5. Wu, H.; Zeng, G.; Liang, J.; Guo, S.; Dai, J.; Lu, L.; Wei, Z.; Xu, P.; Li, F.; Yuan, Y.; et al. Effect of early dry season induced by the

Three Gorges Dam on the soil microbial biomass and bacterial community structure in the Dongting Lake wetland. Ecol. Indic.
2015, 53, 129–136. [CrossRef]

6. Zhao, Q.; Jian, S.; Nunan, N.; Maestre, F.T.; Tedersoo, L.; He, J.; Wei, H.; Tan, X.; Shen, W. Altered precipitation seasonality impacts
the dominant fungal but rare bacterial taxa in subtropical forest soils. Biol. Fertil. Soils 2017, 53, 231–245. [CrossRef]

7. He, D.; Shen, W.; Eberwein, J.; Zhao, Q.; Ren, L.; Wu, Q.L. Diversity and co-occurrence network of soil fungi are more responsive
than those of bacteria to shifts in precipitation seasonality in a subtropical forest. Soil Biol. Biochem. 2017, 115, 499–510. [CrossRef]

8. Yan, G.; Xing, Y.; Xu, L.; Wang, J.; Dong, X.; Shan, W.; Guo, L.; Wang, Q. Effects of different nitrogen additions on soil microbial
communities in different seasons in a boreal forest. Ecosphere 2017, 8, e01879. [CrossRef]

9. Shi, Y.; Lalande, R.; Hamel, C.; Ziadi, N.; Gagnon, B.; Hu, Z. Seasonal variation of microbial biomass, activity, and community
structure in soil under different tillage and phosphorus management practices. Biol. Fertil. Soils 2013, 49, 803–818. [CrossRef]

10. Zhou, Y.; Clark, M.; Su, J.; Xiao, C. Litter decomposition and soil microbial community composition in three Korean pine (Pinus
koraiensis) forests along an altitudinal gradient. Plant Soil 2015, 386, 171–183. [CrossRef]

11. Bond-Lamberty, B.; Bailey, V.L.; Chen, M.; Gough, C.M.; Vargas, R. Globally rising soil heterotrophic respiration over recent
decades. Nature 2018, 560, 80–83. [CrossRef] [PubMed]

12. Wu, Y.T.; Gutknecht, J.; Nadrowski, K.; Geißler, C.; Kühn, P.; Scholten, T.; Both, S.; Erfmeier, A.; Böhnke, M.; Bruelheide, H.; et al.
Relationships between soil microorganisms, plant communities, and soil characteristics in Chinese subtropical forests. Ecosystems
2012, 15, 624–636. [CrossRef]

13. Xu, H.-J.; Li, S.; Su, J.-Q.; Nie, S.; Gibson, V.; Li, H.; Zhu, Y.-G. Does urbanization shape bacterial community composition in urban
park soils? A case study in 16 representative Chinese cities based on the pyrosequencing method. FEMS Microbiol. Ecol. 2014, 87,
182–192. [CrossRef] [PubMed]

14. Wang, X.; Wu, J.; Kumari, D. Composition and functional genes analysis of bacterial communities from urban parks of Shanghai,
China and their role in ecosystem functionality. Landsc. Urban Plan. 2018, 177, 83–91. [CrossRef]

15. Rex, D.; Clough, T.J.; Richards, K.G.; de Klein, C.; Morales, S.E.; Samad, M.S.; Grant, J.; Lanigan, G.J. Fungal and bacterial
contributions to codenitrification emissions of N2O and N2 following urea deposition to soil. Nutr. Cycl. Agroecosyst. 2018, 110,
135–149. [CrossRef]

16. Peng, C.; Wang, M.; Zhao, Y.; Chen, W. Distribution and risks of polycyclic aromatic hydrocarbons in suburban and rural soils of
Beijing with various land uses. Environ. Monit. Assess. 2016, 188, 162. [CrossRef] [PubMed]

17. Grimm, N.B.; Faeth, S.H.; Golubiewski, N.E.; Redman, C.L.; Wu, J.; Bai, X.; Briggs, J.M. Global change and the ecology of cities.
Science 2008, 319, 756–760. [CrossRef] [PubMed]

18. Schmidt, D.J.E.; Pouyat, R.; Szlavecz, K.; Setälä, H.; Kotze, D.J.; Yesilonis, I.; Cilliers, S.; Hornung, E.; Dombos, M.; Yarwood, S.A.
Urbanization erodes ectomycorrhizal fungal diversity and may cause microbial communities to converge. Nat. Ecol. Evol. 2017, 1,
0123. [CrossRef]

19. De Vries, F.; Griffiths, R.; Bailey, M.; Craig, H.; Girlanda, M.; Gweon, H.; Hallin, S.; Kaisermann, A.; Keith, A.; Kretzschmar, M.;
et al. Soil bacterial networks are less stable under drought than fungal networks. Nat. Commun. 2018, 9, 3033. [CrossRef]

20. Kang, H.; Yu, W.; Dutta, S.; Gao, H. Soil microbial community composition and function are closely associated with soil organic
matter chemistry along a latitudinal gradient. Geoderma 2021, 383, 114744. [CrossRef]

21. Guo, X.; Chen, H.Y.; Meng, M.; Biswas, S.R.; Ye, L.; Zhang, J. Effects of land use change on the composition of soil microbial
communities in a managed subtropical forest. For. Ecol. Manag. 2016, 373, 93–99. [CrossRef]

https://doi.org/10.1126/science.1094875
https://doi.org/10.1007/s10342-016-0968-5
https://doi.org/10.1007/s00374-014-0964-1
https://doi.org/10.1038/ncomms9862
https://www.ncbi.nlm.nih.gov/pubmed/26593272
https://doi.org/10.1016/j.ecolind.2015.01.041
https://doi.org/10.1007/s00374-016-1171-z
https://doi.org/10.1016/j.soilbio.2017.09.023
https://doi.org/10.1002/ecs2.1879
https://doi.org/10.1007/s00374-013-0773-y
https://doi.org/10.1007/s11104-014-2254-y
https://doi.org/10.1038/s41586-018-0358-x
https://www.ncbi.nlm.nih.gov/pubmed/30068952
https://doi.org/10.1007/s10021-012-9533-3
https://doi.org/10.1111/1574-6941.12215
https://www.ncbi.nlm.nih.gov/pubmed/24117629
https://doi.org/10.1016/j.landurbplan.2018.05.003
https://doi.org/10.1007/s10705-017-9901-7
https://doi.org/10.1007/s10661-016-5156-z
https://www.ncbi.nlm.nih.gov/pubmed/26879983
https://doi.org/10.1126/science.1150195
https://www.ncbi.nlm.nih.gov/pubmed/18258902
https://doi.org/10.1038/s41559-017-0123
https://doi.org/10.1038/s41467-018-05516-7
https://doi.org/10.1016/j.geoderma.2020.114744
https://doi.org/10.1016/j.foreco.2016.03.048


Biology 2024, 13, 31 12 of 12

22. Shi, J.; Gong, J.; Li, X.; Zhang, Z.; Zhang, W.; Li, Y.; Song, L.; Zhang, S.; Dong, J.; Baoyin, T.-T. Plant–microbial linkages regulate
soil organic carbon dynamics under phosphorus application in a typical temperate grassland in northern China. Agric. Ecosyst.
Environ. 2022, 335, 108006. [CrossRef]

23. Niemi, R.M.; Heiskanen, I.; Wallenius, K.; Lindström, K. Extraction and purification of DNA in rhizosphere soil samples for
PCR-DGGE analysis of bacterial consortia. J. Microbiol. Methods 2001, 45, 155–165. [CrossRef] [PubMed]

24. Caporaso, J.G.; Lauber, C.L.; Walters, W.A.; Berg-Lyons, D.; Huntley, J.; Fierer, N.; Owens, S.M.; Betley, J.; Fraser, L.; Bauer,
M.; et al. Ultra-high-throughput microbial community analysis on the Illumina HiSeq and MiSeq platforms. ISME J. 2012, 6,
1621–1624. [CrossRef] [PubMed]

25. Bolyen, E.; Rideout, J.R.; Dillon, M.R.; Bokulich, N.A.; Abnet, C.C.; Al-Ghalith, G.A.; Alexander, H.; Alm, E.J.; Arumugam, M.;
Asnicar, F.; et al. Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nat. Biotechnol. 2019,
37, 852–857. [CrossRef]
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