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Abstract

Background: Bacterial communities play an important role in helping plants absorb nutrients, promoting plant development, and pre-
venting diseases. Moso bamboo (Phyllostachys edulis [Carriere] J. Houzeau) has a long history of cultivation and important economic
value. Methods: In this study, high-throughput sequencing technology was utilized to analyze the differences in the diversity of en-
dophytic and root zone soil bacterial communities between high-yielding (HY) and low-yielding (LY) P. edulis forests in subtropical
China. Results: Notably, the soil conditions and bacterial communities in Yong’an (YA) and Jiangle (JL) differed, but the bacterial
community structures in the root zone soil of both regions were similar with the dominant bacterial phyla composed of Proteobacteria,
Acidobacteriota, and Actinobacteriota. The Chaol and Shannon indices of the root zone soil and endophytic bacterial communities in
the LY were higher than those in the HY. Moreover, the bacterial community structures of HY and LY were significantly different. No-
tably, the relative abundances of Actinobacteriota, Myxococcota, and Cyanobacteria were higher in the HY soil samples. The bacterial
community differences between the tissues and root zone soil of HY and LY indicated that healthy HY P. edulis plants were enriched
with specific bacterial communities, suggesting associations between yield and both endophytic and root zone soil bacterial communities.
Conclusions: The findings of this study provide a basis to regulate artificial bacterial communities to benefit the future cultivation of

HY P. edulis.
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1. Introduction

Moso bamboo (Phyllostachys edulis [Carriere] J.
Houzeau) is an important non-timber forest species that is
widely distributed in tropical and subtropical regions of the
world, including the Asia-Pacific region, the Americas, and
Africa [1]. P. edulis has a long history of cultivation [2].
In China, P. edulis covers approximately 6 million ha, ac-
counting for 70% of the total area of bamboo in China [3].
P edulis has important economic, cultural, and ecological
value; it provides edible bamboo shoots, bamboo wood,
ornamental, and value as a sustainable and renewable re-
source [4,5].

Plant growth is affected by various factors, including
environmental conditions [6,7] and microorganisms [8,9].
An increase in plant yield is often attributed to increased
nutrient uptake from the soil during growth. Soil microor-
ganisms participate in various biochemical processes and
are the primary decomposers of organic matter, which en-
ables the nutrients to be easily absorbed by plants, thus, en-
hancing plant growth. Soil microbes adjust the soil pH and
create favorable conditions for the functional microbes to
fully play their roles and promote plant growth [10]. Sph-
ingomonas sp. Cra20 enhances water uptake and water use

efficiency by improving root development, thereby promot-
ing plant growth under drought conditions [11].

In long-term production, we found that the high-
yielding (HY) P. edulis forest has fewer diseases and insect
pests, high economic benefits, and good quality bamboo
and can be used for both deep processing and enhancing
the benefits to farmers. In the past, farmers have always
thought that the difference between HY and low-yielding
(LY) sites could be the result of different levels of nutri-
ents in the soil, but the constant application of chemical
fertilizers to the soil did not improve the soil nutrient sta-
tus but instead caused adverse consequences, such as soil
compaction. In a previous study, we noticed that the soil of
a P, edulis forest with a stable yield had well-balanced and
not very abundant microbial communities [8], and a previ-
ous study postulated that the spatial and temporal variation
in the soil microbial communities affects the availability of
soil nitrogen, thereby affecting plant growth and reproduc-
tion [12,13]. Thus, the yield of P. edulis can be affected
by changes in the soil microbial communities. However,
the physiological, genetic, and environmental mechanisms
that affect the yield of P. edulis remain unclear. In this
study, we collected plant tissue and soil samples from HY
and LY P. edulis forests and analyzed the composition and
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Table 1. Indicators of high-yielding (HY) and low-yielding (LY) forests of Phyllostachys edulis.

Yield Indicators

Structural Factor Indicator

Wood (t/hm?) Shoots (/hm?) Standing density (plant/hm?) Operating density (plant/hm?) Mean diameter at breast height (cm)

HY forest 12 3.5
LY forest 4.5 1

>3000
<1800

>2250 >9
<1650 <8

Table 2. Sample categories and codes.

Sampling point Category Sample Code Sampling point Category Sample Code
rhizomes YAF-A rhizomes JLF-A
root YAF-B root JLF-B
. . stem YAF-C . . stem JLF-C
high-yield forests high-yield forests
leaves YAF-D leaves JLF-D
root zone soil  YAF-E root zone soil ~ JLF-E
bulk soil YAF-F . bulk soil JLF-F
Yong’an Jiangle
rhizomes YAD-A rhizomes JLD-A
root YAD-B root JLD-B
. stem YAD-C . stem JLD-C
low-yield forests low-yield forests
leaves YAD-D leaves JLD-D
root zone soil ~ YAD-E root zone soil  JLD-E
bulk soil YAD-F bulk soil JLD-F

diversity of their microbial community structure using high-
throughput sequencing technology. This study aimed to
elucidate the relationship between soil microbes and endo-
phytic microbes and the yield of P. edulis and provide em-
pirical guidance to alleviate the problems associated with
the production of P. edulis in LY.

2. Materials and Methods
2.1 Location of the Sampling Sites

Two sampling sites located in Sanming City, Fujian
Province, China, were selected for sample collection. One
was located in the bamboo forest base of Sanshe Village,
Xiyang Town, Yong’an (YA) City (25.94°N, 117.36°E), and
the other was located in the bamboo forest base of Wu Vil-
lage, Jiangle (JL) County (26.73°N, 117.47°E). Table 1 out-
lines the indicators of the HY and LY P. edulis forests.

2.2 P. edulis Tissue and Soil Sample Collection

The bamboo rhizome, rhizome root, stem, leaf, root
zone soil, and bulk soil of P. edulis were randomly col-
lected from the HY and LY forest plots in April 2021 with
a similar slope (5—10%) and orientation (south or southeast
slope). Random sampling was conducted at intervals of 100
m in the high- and LY bamboo forests that covered approx-
imately 5 ha. The bamboo rhizome was selected from the
belowground part that contained the buds and was located
50 cm from the root of P. edulis plants. The materials from
the rhizome roots that were sampled were the roots on the
rhizome. The leaves were randomly collected, while the
stem was collected from the stem section at approximately
130-150 cm from the ground. Soil samples from within
1 cm and approximately 30 cm from the root system were

selected as the root zone soil and bulk soil samples, respec-
tively. Each group of samples was replicated three times.
The samples were placed in sterile sample bags within 24 h
after collection and stored at —20 °C.

2.3 Total DNA Extraction

A total of 24 samples were collected, and there were
three random replicates of each sample (Table 2). Total
DNA was extracted from the plant and soil samples using
DP305 and DP336 Kit (TianGen, Beijing, China) follow-
ing the manufacturer’s instructions [12]. DNA quality and
quantity checks were conducted by 1% agarose gel elec-
trophoresis [14]. DNA samples that passed the quality test-
ing were stored at —20 °C.

2.4 16S rDNA High-Throughput Sequencing

The 16S rDNA (V5-V7 region) from 72 samples of
bamboo tissue and soil from the HY and LY forests in
JL and YA was subjected to high-throughput sequencing.
Primers were designed according to the conserved regions
and were followed by the addition of sequencing adapters
to the ends of the primers [12,15]. Polymerase chain reac-
tion (PCR) amplification was performed, and the products
were purified, quantified, and homogenized to construct a
sequence library. The library was first checked for qual-
ity [12,15]. Libraries that passed the quality control were
sequenced using the Illumina NovaSeq 6000 platform (II-
lumina, San Diego, CA, USA). Libraries of small fragments
were constructed using the paired-end sequencing mode
(Beijing Novogene Co., Ltd., Beijing, China) [12]. Ampli-
con sequence variants (ASVs) were clustered by splicing
and filtering reads.
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Fig. 1. a-diversity estimates of the bacterial communities. (a) Number of observed amplicon sequence variants (ASVs). (b) Chaol

indices. (c) Shannon diversity indices. The a-diversity estimates are based on three biological replicates for the bamboo rhizome,

rhizome root, stems, leaves, root zone soil, and bulk soil of high-yielding (HY) and low-yielding (LY) bamboo forests in Yong’an (YA)

and Jiangle (JL), which were calculated in mothur with 10,000 iterations.

2.5 Sequence Processing and Analysis

Raw sequences were assembled and analyzed using
FLASH software (v 1.2.7, Beijing Institute of Genomics,
Beijing, China). The data were subsequently filtered using
FASTP (v 0.19.6, Beijing Institute of Genomics, Beijing,
China) and USEARCH tools (v 10.0, Edgar,R.C., USA) to
obtain high-quality sequences [16]. QIIME2 software (v
2022.2, Gregory Caporaso, Northern Arizona University,
Flagstaff, AZ, USA) was then utilized to denoise the high-
quality sequences and filter out sequences with an abun-
dance <5 to obtain the final ASVs and feature table using
the DADAZ2 (v 1.8, GitHub Inc., Stanford University, Stan-
ford, CA, USA) or deblur module. The classify-sklearn
module in QIIME2 was used to compare the ASVs ob-
tained against the database to extract the species informa-
tion for each ASV. A pre-trained Naive Bayes classifier
was utilized to annotate the species for each ASV. The QI-
IME2 plugin was then used to visualize the composition
of species. The a-diversity was then calculated; dilution
curves were drawn, and the UniFrac distance was estimated
using QIIME2. The UniFrac distance was used to study
the [-diversity of the bacterial community structure. An
ADONIS analysis was performed using the built-in adonis
function in QIIME2. A principal coordinate analysis graph
was drawn using the R statistical computing environment
(v 3.3.1, R Development Core Team, R Foundation for Sta-
tistical Computing, Vienna, Austria) to visualize the bacte-
rial community structure in more detail. #-tests were per-
formed in R to analyze the significant differences between
the species at each taxonomic level and to identify species
with significant differences in the composition of the bac-
terial communities between different tissues and soils of P,
edulis at the phylum level.
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3. Results

3.1. Analysis of the a-Diversity of Sample Sequencing
Results

A total of 5,723,699 high-quality sequences were ob-
tained, with an average of 61,586-90,452 valid sequences
among all the samples. The sample coverage rate of each
group was >98%, indicating that the sequencing accuracy
was reliable. Notably, the diversity of root zone soil bacte-
rial communities and root endophytic bacterial communi-
ties of P. edulis in the LY samples was greater than that
in the HY samples (p < 0.05). The peak values of the
root zone bacterial communities of LY samples ranged from
1100 to 1500 ASVs, while those of the HY samples reached
a maximum of 820 ASVs. There were 950-1250 ASVs
in the peak range of endophytic bacterial communities in
the roots of LY, while those of the HY samples reached as
high as 900 ASVs. A statistical analysis of the a-diversity
did not indicate any difference in the richness of ASVs
(Fig. 1a). The Chaol and Shannon indices revealed sig-
nificant differences between the LY and HY communities
(Fig. 1b,c).

3.2 Principal Coordinate Analysis (PCA) of the
Sequencing Results

A principal coordinate analysis (PCA) was performed
on the sequencing results of the 72 samples based on the
weighted and unweighted UniFrac distances. The commu-
nity structures of root zone soil bacteria and endophytes
of the HY and LY samples were also compared to deter-
mine the primary influencing factors. The bacterial com-
munities of different samples (soil, rhizomes, roots, stems,
and leaves) showed significant clustering and the commu-
nity compositions of the samples were significantly differ-
ent. The PCA results based on weighted UniFrac distances
showed that the root zone soil, bulk soil, and rhizome root
samples of the HY and LY forests in the two regions clus-
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Fig. 2. Principal coordinate analysis based on weighted and unweighted UniFrac distances. (a) 5-diversity based on the weighted

UniFrac distance difference visualized by a principal coordinate analysis (PCA). (b) 5-diversity based on the unweighted UniFrac distance

difference visualized by a PCA.

tered together but were separate from the stem, rhizome,
and leaf samples (Fig. 2a). The results of an Adonis analy-
sis indicated that there were significant differences between
the two groups (R? = 0.824, p < 0.001). The principal com-
ponents principal component [ (PC1) and principal compo-
nent II (PC2) in the PCA based on the unweighted UniFrac
distances represented 27.01% and 7.3% overlap, respec-
tively (Fig. 2b). The bamboo root zone soil samples and
the bulk soil samples in the HY forests in the two study sites
had a close distance. The distances between the HY forest
whip root samples and the bamboo whip samples in the two
places were similar. A similar trend was also observed in
the bamboo whip roots and bamboo whip samples from the
LY forests in both study sites. These findings indicated that
there were similar compositions in the bacterial community
between the HY forest samples and the LY forest samples
in both study sites. The stem and leaf samples from the
HY and LY forests in JL and YA were relatively discrete
from those of the root zone and bulk soil samples. Sim-
ilarly, the Adonis analysis showed significant differences
between these samples (R? = 0.597, p < 0.001).

3.3 Analysis of the Relative Abundance of Bacterial Taxa

3.3.1 The Relative Abundance of Bacterial Taxa at the
Phylum Level

The relative abundance of bacterial taxa at the phylum
level was compared to investigate the specific variation in
the bacterial taxa among the endophytic and root zone soil
between the HY and LY forests in more detail. Annotation
ofthe species revealed that Proteobacteria, Acidobacteriota,
and Actinobacteriota were the dominant phyla (Fig. 3).

In YA, the relative abundance of Proteobacteria in the
HY forest was higher than that of the LY forest, while the
relative abundance of Firmicutes was lower. Moreover, the

relative abundances of Proteobacteria, Bacteroidota, Acti-
nobacteriota, Cyanobacteria, Bdellovibrionota, and Myxo-
coccota were higher, while the relative abundance of Ver-
rucomicrobiota was lower. Similarly, a comparison of
the bacterial taxa of bamboo stems in LY revealed higher
relative abundances of Proteobacteria, Actinobacteriota,
Verrucomicrobiota, and Bdellovibrionota in the HY forest
and lower relative abundances of Acidobacteriota and Fir-
micutes. The relative abundances of Verrucomicrobiota,
Cyanobacteria, Bdellovibrionota, and Myxococcota in the
HY forest were higher than those in the LY forest. How-
ever, the relative abundance of Firmicutes was lower in
the bamboo leaf samples. The relative abundances of
Actinobacteriota, Verrucomicrobiota, and Myxococcota in
the HY forest were higher than those in the LY forest.
In contrast, the relative abundances of Bacteroidota and
Cyanobacteria were lower in the root zone soil samples.
The relative abundances of Proteobacteria, Bacteroidota,
and Myxococcota were higher in the HY forest than in the
LY forest. However, the relative abundances of Firmicutes
and Cyanobacteria were lower in the bulk soil samples.
Moreover, the relative abundances of Chloroflexi and Fir-
micutes in the HY forest were lower than those in the LY
forest in the bamboo tissue and soil samples. Within YA,
the relative abundance of Bacteroidota in the rhizome roots
samples and the root zone soil samples in the HY forest was
significantly lower than that in the LY forest.

The relative abundance of Chloroflexi in the YH for-
est was significantly higher than that in the LY forest in
JL, while the relative abundance of Proteobacteria was
lower than that in the LY root zone soil. The Acidobac-
teriota were more abundant in the HY forest, while Bac-
teroidota and Cyanobacteria had a lower relative abun-
dance in the rhizome roots. Similarly, Acidobacteriota was
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samples.

the most abundant bacterial phylum, while Verrucomicro-
biota and Cyanobacteria were the least abundant in bam-
boo stems in the HY forest compared with the LY forest
in JL. The Proteobacteria in the HY-JL forest were more
abundant, while Actinobacteriota, Firmicutes, Verrucomi-
crobiota, and Chloroflexi were significantly less abundant
than those in the LY bamboo leaves. The relative abun-
dances of Bacteroidota and Bdellovibrionota in the root
zone in the HY forest were lower than those in the LY for-
est. In the bulk soil samples, the relative abundances of
Actinobacteriota and Myxococcota were higher than those
in the HY-JL forest. Acidobacteriota in the various tissues
and soil samples was more abundant in the HY-JL forest
than in the LY-JL forest, while the Cyanobacteria were less
abundant in tissue samples from the HY-JL forest.

3.3.2 A Phylogenetic Analysis of the Bacterial Taxa

Representative sequences of the top 100 genera ob-
tained were used to determine the phylogenetic relation-
ships of taxa at the genus level. The sequences were first
subjected to multiple sequence alignment, and the trees
were reconstructed to visualize their evolutionary relation-
ships.

Fig. 4 shows the results of the phylogenetic analysis
of changes in the bacterial taxa in the JL samples. Candi-
datus Uzinura, Ralstonia, Cupriavidus, Arthrobacter, and
Chujaibacter were relatively more abundant, while Strep-
tococcus, Weissella, and Xanthomonas were less abundant
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in the rhizomes of the HY forest than in the LY forest.
Similarly, Methylocella, Bryocella, and Chujaibacter were
significantly relatively more abundant, while Weissella and
Candidatus Udaeobacter were less abundant in the rhizome
roots of HY forest than in the LY forest. Candidatus Uz-
inura, Arthrobacter, Pseudarthrobacter, and Chujaibacter
were relatively more abundant in the stems of the HY for-
est, while Candidatus Xiphinematobacter was much less
abundant. Weissella, Nitrospira, and Leuconostoc were
relatively less abundant in bamboo leaves in the HY for-
est. Pseudomonas, Methylobacterium-Methylorubrum, and
chloroplasts were relatively less abundant in the root zone
and bulk soil samples in HY.

Notably, Chujaibacter was relatively more abundant
in all the JL samples except for bamboo leaves. Pseu-
domonas was relatively more abundant in the plant tissue
samples and less abundant in the soil samples. Subgroup 2
was less abundant in the plant tissue samples, which dif-
fered slightly from the soil samples. In addition, Ralsto-
nia was relatively more abundant in the bamboo rhizome,
root, and root zone soil of P. edulis in the HY forest, while
Streptococcus and Methylobacterium-Methylorubrum were
relatively abundant in all the samples.

Fig. 4 shows the bacterial taxa analysis of the YA sam-
ples. Gryllotalpicola, Xanthomonas, and Weissella were
relatively highly abundant in the bamboo rhizome in HY.
Methylocella and Bryocella were relatively more abundant
in the HY samples, while mle1-7 was less abundant in the
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Fig. 4. Phylum-level clustering diagram of the relative abundance of the top 100 genera. Taxonomic dendrogram showing the core

bacterial microbiome of each plant tissue. The color ranges identify genera within the tree.

rhizome root. Candidatus Uzinura and Cupriavidus were
significantly relatively more abundant in the bamboo stem
in the HY forest than in the bamboo stem in the LY forest.
Weissella and Candidatus Xiphinematobacter were signif-
icantly more abundant in bamboo leaves in the HY forest
than in the LY forest, while Subgroup 13 and Actinomyces
were significantly less abundant than those in the LY for-
est. In the root zone bacterial communities, Streptococcus
in the HY forest was relatively more abundant, while Pseu-
domonas was less abundant than that in the LY forest. In
the bulk soil samples, Pseudomonas in the HY forest was
significantly more abundant than in the LY forest. Notably,
Pseudomonas was relatively less abundant in the HY forest
in all the samples except the bulk soil samples, while Met/y-
locella and Burkholderia-Caballeronia-Paraburkholderia
were relatively more abundant in the plant tissues of the
HY forest.

A comparison of the bacterial taxa in JL and YA re-
vealed that Pseudomonas was relatively more abundant in
the HY-YA forest, which contrasted with the situation in
JL. Candidatus Uzinura was significantly more abundant
in the HY-YA forest than in the LY-YA forest, but it only
occurred in plant tissues. Streptococcus and Burkholderia-
Caballeronia-Paraburkholderia were relatively less abun-
dant in the HY-YA forest. However, JL exhibited the oppo-
site pattern.

3.4 B-Diversity Analysis

The abundance of Actinobacteriota increased (p <
0.05) in the root zone soil of HY forest compared with the
corresponding abundances in the bulk soil of YA, while
it decreased in NB1-j (p < 0.05) (Fig. 5a). The abun-
dances of Proteobacteria, Bacteroidota, and Bdellovibri-
onota increased, while that of Nitrospiota decreased (p <
0.05) (Fig. 5b). Notably, the abundances of Patescilbacte-
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Fig. 5. Comparison of the abundances between Yong’an (YA) bamboo forest sample groups. The left side of each figure shows

the differences in species abundance between groups. Each bar graph represents the mean value of species with significant differences

in abundance between and within groups. The right side displays the confidence of the difference between groups. The left end of

each circle in the figure represents the lower limit of the 95% confidence interval of the mean difference, while the right end represents

the upper limit of the 95% confidence interval of the mean difference. The center of the circle represents the mean difference, and the

color of the circle represents the p-value of the significant differences between the groups that correspond to the different species. (a—h)
Samples from YA, including the root zone soil and bulk soil of the high-yielding YA (HY-YA) forest, root zone soil and bulk soil of the
low-yielding YA (LY-YA) forest, bamboo rhizome of the HY-YA and LY-YA forests, roots of the HY-YA and LY-YA forests, bamboo
stem of the HY-YA and LY-YA forests, bamboo leaves of the HY-YA and LY-YA forests, root zone soil of the HY-YA and LY-YA forests,

and soil of the HY-YA and LY-YA forests.

ria, Elusimicrobiota, WPS-2, Nitrospirota, Patescilbacteria,
and Chloroflexi were lower in the HY forest than those in
the LY forest among different samples of P. edulis (p <
0.05) (Fig. 5c—h). The abundances of Proteobacteria, Acti-
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nobacteriota, and Myxococcota in the LY forest were higher
than those in the HY forest (p < 0.05) (Fig. 5c-h).

In JL, there was a decrease in the abundance of Planc-
tomycetota in the root zone soil of P. edulis (p < 0.05)
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Fig. 6. Comparison of abundances between the Jiangle (JL) bamboo forest sample groups. The left side of each figure shows the

differences in species abundance between groups. Each bar graph represents the mean value of species with significant differences in
abundance between and within groups. The right side displays the confidence of difference between groups. The left end of each circle

in the figure represents the lower limit of the 95% confidence interval of the mean difference, while the right end represents the upper

limit of the 95% confidence interval of the mean difference. The center of the circle represents the mean difference, and the color of

the circle represents the p-value of the significant differences between the groups that correspond to the different species. (a—f) Samples
from JL, including the root zone soil and bulk soil of the high-yielding JL (HY-JL) forest, root zone soil and bulk soil of the low-yielding
JL (LY-JL) forest, bamboo rhizome of the HY-JL and LY-JL forests, bamboo leaves of the HY-JL and LY-JL forests, root zone soil of the

HY-JL and LY-JL forests, and soil of the HY-JL and LY-JL forests.

compared with the corresponding abundances in the bulk
soil (Fig. 6a,b). Notably, there were no differences in the
root endophytic and stem bacterial communities between
the HY-JL and LY-JL forests at the phylum level. However,
there were significant differences in the endophytic bacte-
rial communities between the HY and LY forests in the rhi-
zomes, leaves, and root zone soil (p < 0.05) (Fig. 6¢c—e¢).
The bacterial community abundance in the soil samples of
P, edulis in the LY forest was generally higher than that in
the HY forest (Fig. 6f).

4. Discussion

The LY forests of Moso bamboo impose economic
losses and damage the ecological environment. Microor-
ganisms directly or indirectly impact plant physiology

through mechanisms such as symbiosis, co-habitation, mu-
tualism, and pathogenicity [17]. In this study, the HY
and LY P. edulis forests in YA and JL (Sanming, Fujian,
China) were selected to evaluate the regularity and abun-
dance of the endophytic and root zone soil bacterial com-
munity structures between the HY and LY forests.

4.1 Common Characteristics of the Bacterial Communities
of the P. edulis Forests in Both Study Sites

The bacterial community structures, particularly the
root zone soil bacterial community structures of the HY
bamboo, were highly similar at both study sites based on
various measures. (1) There were no differences in the root
zone soil samples between the HY and LY forests based
on the Shannon indices. (2) The PCA indicated that the
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root zone soil samples of the HY forests at both study sites
shared more similarities than the other samples. (3) The
dominant bacteria in the root zone soil of P. edulis in the HY
forests in the two regions were very similar. The three dom-
inant bacterial phyla were Proteobacteria, Acidobacteriota,
and Actinobacteriota, and they accounted for 89.3% of the
total bacterial community. (4) The relative abundance of
Subgroup 2 in the root zone soil of the HY forests was high
at both study sites and shared similar proportions. (5) The
relative abundances of Actinobacteriota and Chloroflexi in
the root zone and bulk soil samples of the HY forest were
higher than those of the tissue samples, while those of Pro-
teobacteria, Firmicutes, Actinobacteriota, and Bacteroidota
were lower at both study sites.

The bacterial community structures of the LY forests
at both sites also exhibited unique characteristics. (1) The
root zone soil and root endophytic bacterial communities
of the LY forests were higher than those in the HY forests
(Fig. 1). (2) The principal coordinate analysis revealed that
the soil samples in the root zone soil of P. edulis in the HY
and LY forests were highly variable and irregular. (3) In
YA, the proportions of Chloroflexi and Firmicutes in the tis-
sue samples of the LY forest were significantly higher than
those in the HY forest, but no such characteristics were ob-
served in JL. The proportions of Acidobacteriota in the tis-
sue samples from the LY-JL forest were significantly lower
than those of the HY-JL forest. All the highlighted char-
acteristics suggest that there were significant differences in
the endophytic bacterial communities between the LY and
HY forests.

4.2 Effects of the Bacterial Communities on Soil and P.
edulis Plants

This study found that the diversity of the root zone
soil bacterial community was higher than that of the bulk
soil (Fig. 1). The abundance of rhizobacteria of P. edulis
is primarily mediated by plant exudates [17-19]. The ben-
efits of the diversity of bacterial communities in the root
zone are as follows: the root zone soil bacterial commu-
nity promotes plant growth and resists adverse environmen-
tal conditions by participating in various physiological pro-
cesses, such as soil nutrient cycling and organic decomposi-
tion [20]. Thus, the interaction between plant roots and rhi-
zosphere microorganisms can potentially affect ecosystem
functions through material cycling [21]. The interaction of
various microbes contributes to the flow of nutrients to the
companion species [22]. However, the continuous increase
in bacterial abundance in the soil environment depletes the
performance of plants that would enable survival [22,23].
For example, the Chaol and Shannon indices of the soil
samples of P. edulis in the LY forest were higher, indicat-
ing a high diversity of soil microbial species, which may not
contribute to high yields. The root exudates of HY might
mediate the interaction between microorganisms, produc-
ing positive feedback and causing similar root zone soil bac-
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terial community structures of the HY forests at both study
sites. Such positive feedback can explain the reduction in
bacterial species diversity in the root zone soil of the HY
forests compared with that of the LY forests [24].

The endophytic bacterial community structure has
more variation than the rhizosphere bacterial community.
This phenomenon can be attributed to the microenviron-
ment or niche (roots, stems, and leaves) within the plant that
provides relevant biotic and abiotic gradients. For exam-
ple, the availability of soluble organic compounds can lead
to niche differentiation, which causes the bacterial com-
munities of the stems and leaves to be significantly differ-
ent from those of the roots and soil [25]. In this study,
a PCA revealed that the endophytic bacterial community
was relatively scattered and varied significantly. The key
factors that shaped this variation were the nature of en-
dogenous colonization and competence, including bacte-
rial motility and the ability to produce cell wall degrad-
ing enzymes, among other factors [26,27]. The variation
may also be caused by the interaction with the innate im-
mune system of the host plants [28] and fluctuations in
abiotic conditions, such as temperature, humidity, and ac-
cess to nutrients, which are all distinct from fluctuations in
the rhizospheric buffer [29]. The differences in the endo-
phytic bacterial communities in different tissues of P. edulis
were caused by the plant responses to biotic stress, abiotic
stress, different nutrient conditions, and plant immune re-
sponses. Therefore, the interaction of the bacterial commu-
nities causes variation in the yield of P. edulis.

4.3 The Relationship between Bacterial Community
Abundance, Variation, and Functions

4.3.1 The Relationship between the Bacterial
Communities with an Increased Relative Abundance and
Their Functions in HY Forest

The relative abundances of Actinobacteriota, Myxo-
coccota, and Cyanobacteria were higher in the soil samples
of HY forest. Actinobacteriota increases the contents of soil
nutrients and organic matter, enhances the efficiency of ni-
trogen use in soil and plant tissues, and improves plant yield
by promoting photosynthesis [30]. Myxococcota is an aer-
obic bacterium that inhabits the soil surface layer and may
have important ecological and evolutionary effects on many
soil prokaryotic species [31]. Cyanobacteria can fix nitro-
gen, which significantly increases crop yield, micronutrient
contents, and levels of leaf chlorophyll [32]. Herein, there
was a relatively high abundance of Cyanobacteria in the
soils of HY forest, indicating that the HY P. edulis plants
are more effective at harboring soil microbes that can fix
nitrogen. Subgroup 2 are members of Acidobacteriota and
mediate nutrient cycling in the soil [33]. Notably, there was
a high abundance of Subgroup 2 in the root bacterial com-
munity and soil bacterial community in HY-YA, indicating
the HY-YA forests have a high ability for nutrients to cycle
between the roots and soil.
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In this study, Proteobacteria, Acidobacteriota, and
Actinobacteriota were the dominant phyla of the root zone
soil and among endophytic (rhizomes and roots) bacteria of
P edulis. This finding was consistent with that obtained
from Arabidopsis thaliana [34], indicating that the Phyl-
lostachys microbial community follows some general prin-
ciples of microbial community establishment. These bac-
teria can symbiotically produce positive effects on Moso
bamboo, promote its growth, and improve its physiologi-
cal status [35]. Proteobacteria and Acidobacteriota are in-
dicators of the soil nutrient status; Proteobacteria is associ-
ated with nutrient-rich soils, while Acidobacteriota is asso-
ciated with nutrient-poor soils [36]. Acidobacteriota main-
tains the ecological status and can improve the low rate of
nutrient utilization of plants by interacting with other mi-
croorganisms [37]. In this study, the relative abundances of
Acidobacteriota, Actinobacteriota, Bdellovibrionota, and
Myxococcota increased in the endophytic bacterial commu-
nity of HY forests. Notably, some members of Acidobac-
teriota can degrade complex biopolymers, such as xylan,
pectin, and chitin, thus, playing an important role in the uti-
lization of limited soil nutrients [38]. The relative abun-
dance of Firmicutes in the bamboo rhizome in the HY for-
est increased. Firmicutes are often involved in the decom-
position of organic matter and nitrogen fixation, which are
affected by soil pH [39]. In this study, the relative abun-
dances of Actinobacteriota and Bacteroidota in the bamboo
stem increased in the HY forest. Similarly, Bacteroidota
plays an important role in degrading complex organic mat-
ter [40].

4.3.2 The Relationship between the Bacterial
Communities with a Reduced Relative Abundance and
Their Functions in the HY Forest

Compared with the LY forest, not all the bacterial
communities in the HY forest can increase the abundance
of bacterial communities, which benefits plant growth. For
example, Methylobacterium-Methylorubrum, which assists
in the production of plant hormones and the fixation of at-
mospheric nitrogen, showed a very low relative abundance
in the root zone soil and root endophytic bacterial com-
munities of Moso bamboo. The relative abundances of
Bacteroidota, Verrucomicrobiota, and Firmicutes in the rhi-
zome root also decreased in the endophytic bacterial com-
munity of the HY forest. Bacteroidota is the primary mem-
ber of the bacterial community that degrades a series of
high molecular weight organic compounds, including pro-
teins and carbohydrates [12,41]. In this study, the relative
abundance of Cyanobacteria decreased in the bamboo rhi-
zome. Similarly, the relative abundances of Acidobacteri-
ota, Cyanobacteria, and Myxococcota in the bamboo stems
also decreased. The ability of Cyanobacteria to express
plant cytochrome P450 enzymes has an important func-
tion in the biosynthesis of many secondary metabolites in
plants [41,42]. The abundances of Chloroflexi and Firmi-
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cutes in the tissue samples of the HY-YA forest were sig-
nificantly lower than those in the LY-YA forest. The rela-
tive abundances of Acidobacteriota, Actinobacteriota, Fir-
micutes, and Chloroflexi in the bamboo leaf samples from
the HY forest were lower in the two regions. Actinobacteri-
ota increases the photosynthetic response of plants, thereby
increasing their yield [43]. Similarly, Chloroflexi uses light
energy to convert organic matter into energy [44].

4.3.3 Variation in the Representative Bacterial Populations

Plant growth-promoting rhizosphere (PGPR) bacteria
are beneficial microorganisms that inhabit the rhizosphere
of plants [45]. Previous studies have postulated that Pseu-
domonas, which is a genus of PGPR Proteobacteria, can
dissolve phosphate and produce siderophores, ammonia,
and indole-3-acetic acid (IAA), thus, promoting seed ger-
mination and plant growth [46—48]. Herein, the relative
abundance of Pseudomonas in the root zone soil bacterial
community of the HY forest was significantly low. No-
tably, the relative abundance of Pseudomonas in the root
zone soil bacterial community of the LY-YA forest was nine
times higher than that in the HY-YA forest. This observa-
tion suggests that the phosphates in the root zone soil of HY
forest had been dissolved by Pseudomonas and transformed
into substances that could be absorbed by plants [49]. Sim-
ilarly, the relative abundance of Streptococcus in the root
endophytic and root zone soil bacterial communities of the
HY-YA forest was nine times higher than that in the LY-YA
forest, but its role in soil and plant growth is unclear.

The bacterial communities in the root zone soil and
various tissues of the HY and LY forests were significantly
different, indicating that healthy HY P. edulis cultivation
requires a well-balanced microbial community. It is hy-
pothesized that the HY root zone soil exudates and mucus-
derived nutrients first attract organisms to the in vivo en-
vironment of P. edulis, followed by fine-tuning between
HY P edulis and bacteria. The associated bacteria must
be highly competitive to successfully colonize the roots be-
cause of the different nutritional conditions and positive re-
sponses of the plant immune systems. Thus, P. edulis plants
in the HY forests should be enriched with special functional
bacteria so that the composition and abundance of bacteria
and the growth of Moso bamboo are coordinated with each
other. The findings of this study provide a foundation for
the future development of HY P. edulis under regulation
using artificial bacteria.

Owing to the regional nature of this study, the sam-
pling sites were concentrated in southeast China, which
can only represent the characteristics of bacterial colonies
in the HY and LY P edulis forests in southeast China.
The selection of 16S rDNA (V5-V7 region) has largely
avoided the interference of plant mitochondria and chloro-
plast genomes, but the isolation of cultivatable bacteria has
been planned during the next phase of research, and it is
necessary to mutually verify the results of this study. In ad-
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dition, future research plans to use the beneficial bacteria in
the cultivatable bacteria to regulate the bacterial population
in the LY P. edulis forests.

5. Conclusions

This study systematically describes the bacterial com-
munity diversity and composition of different tissues and
soil in the HY and LY P. edulis forests. The samples were
collected from the HY and LY forests in two different ar-
eas for comparative analysis. Research conducted in mul-
tiple areas instead of collecting samples in only one place
should result in more reliable research conclusions. The
results showed that the bacterial communities, particularly
the root zone soil samples, of the HY P. edulis forests in YA
and JL were very similar. The principal coordinate distance
between the root zone soil samples of the high-yielding for-
est was closer than that of the other samples, and the dom-
inant microflora of the root zone soil of HY P. edulis for-
est was also very similar. The diversity indices of the root
zone soil and root endophytic bacterial community in LY
P edulis forests were higher than those in the HY P. edulis
forest, and the principal coordinate distances between the
root zone soil samples in the LY P. edulis forests were long
and irregular. In short, the bacterial community structure
of Moso bamboo in the HY P. edulis forest has some de-
gree of commonality, but there are substantial differences
between the endophytic bacterial communities in HY and
LY P, edulis forests.
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