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ABSTRACT

Soil microorganisms can strengthen the material and energy cycle in the ecosystem and are an important indicator of the stability 
of the soil ecosystem. Soil microorganisms in tea plantations include bacteria, actinomycetes, and fungi. Bacteria are the main player 
in terms of quantity and play an important role in the soil ecology of tea plantations. This study uses high-throughput sequencing 
technology to analyze the ecological diversity of bacterial communities in Lingyun Baihao tea plantations in Guangxi, analyzes the 
composition of soil bacterial communities in 3 different types of tea plantations in Lingyun County, Guangxi, and compares the 
differences in bacterial communities between them. To promote the understanding of the soil micro-ecology of Guangxi Lingyun 
Baihao tea plantation. Our research confirmed the diversity and composition of soil microbial communities in Guangxi Lingyun 
Baihao tea garden. Among them, Proteobacteria, Acidobacteria, Bacteroidetes and Actinobacteria are the dominant communities 
in the tea garden ecosystem, revealing that the intensity of human agricultural production may affect the diversity of the bacterial 
community in tea gardens. Their structure and function provide a reference for understanding the diversity of soil microbial 
community in Lingyun Baihao tea garden in Guangxi.
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INTRODUCTION

Plants exert a strong influence on the composition of microbial 
communities in soil through rhizodeposition and the decay of litter 
and roots. Consequently, the study of forest microbial communities 
and their relationship with tea plantation is of paramount 
importance for understanding the ecosystem services provided 
by soil microorganisms. A better understanding of this could 
allow us to confer an “economic value” to native habitats, there 
by quantitatively promote their conservation. Biological control 
agents along with plant growth promoting and other important 
antimicrobial communities can achieve plant-growth promoting 
and stress-ameliorating capabilities, as well as suppressing soil-
borne pathogens.

Soil microbiota is critical in establishing healthy soil. The soil 
inhibition is a plant defense mechanism established by natural 
microorganisms in soil, which provides the first defense barrier for 
soil-borne plant pathogens [1,2]. Industrial agriculture is directly 
beneficial to improving labor efficiency and crop production. 
Intense fertilizer use has led to a series of ecological environmental 
problems such as loss of diversity in ecosystems, decreases in soil 
fertility and aggravation of environmental pollution [3,4]. Soil 
microorganisms account for a large part of the earth’s biodiversity 
and play a significant role in soil ecosystem biochemical processes, 
such as nutrient cycling and soil-borne pathogen suppression [5].

Any disturbance from both natural and anthropogenic origin 
may cause changes in microbial communities. Many studies 
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are focused on the description of the variations in microbial 
community composition and their correlation to functional roles 
[6-10]. Microbial role in the environment can be seriously altered. 
In short term, the farmers are able to obtain high crop yields by 
using pesticides and chemical fertilizers. They usually affecting 
soil quality, microbial activities and populations. Based on the 
hypothesis that native microbiota composition represents a soil 
quality indicator, the timely detection of microbial community 
alterations is crucial for the development of sustainable tea 
plantation practices.

In this study, Tea trees soil were used to investigate the effect 
on the rhizosphere bacterial community. Dynamic succession of the 
bacterial community structure in the rhizosphere was explored by 
16S rDNA gene high-throughput sequencing. These results provide 
a comprehensive understanding of the rhizosphere microbial 
response to tea tree influence and may help improve farming 
strategies by regulating the structure and function of rhizosphere 
soil flora to reduce the negative impacts. In view of the importance 
of soil microbial communities to healthy soil ecosystems, this 
study used high-throughput sequencing technology to analyze 
the ecological diversity of soil bacterial communities in Guangxi 
Lingyun Baihao tea plantations with different levels of human 
agricultural production activities and analyzed the composition of 
three different types of soil bacterial community. The differences in 
bacterial communities in tea gardens in Lingyun County, Guangxi 
were compared. The impact of human agricultural production 
activities on the soil bacterial communities in tea plantations was 
assessed to enhance the understanding of soil micro-ecology in 
Lingyun Baihao tea plantations in Guangxi.

MATERIALS AND METHODS
Collection and DNA Extraction of Soil Sample

The soil samples were collected from Baihao tea plantations in 
Lingyun County, Baise City, Guangxi, China, which are state-owned 
tea factory (GYCC) artificial ancient tea plantation (N:24°31´43”, 
E: 106°32´35”, Langfu(F) artificial organic tea plantations(N: 
24°46´19”, E: 106°58´60”) and Xianfengling(XFL) wild tea 
plantation (N: 24°32´4”, E: 106°32´19”).

DNA Extraction and 16S rDNA Sequencing

DNA was extracted from 0.25g of each soil sample using the 
Power Soil DNA isolation kit (MoBio Laboratories Inc., Carlsbad, 
CA, USA) following the manufacturer’s instructions. The extracted 
DNA samples were analyzed using a Nanodrop 2000 UV-Vis 
spectrophotometer (Thermo Scientific, Wilmington, DE, USA) and 
the DNA quality was confirmed by 1% agarose gel electrophoresis. 
After the total DNA of the sample is extracted, specific primers 
with Barcode are synthesized according to the full-length primer 
sequence, PCR amplification is performed, and the products are 
purified, quantified, and homogenized to form a sequencing library 
(SMRT Bell). The built library is first subjected to library quality 
Check, the library qualified by the quality check is sequenced 
with PacBio Sequel. The PacBio Sequel off-machine data is in bam 
format, and the CCS file is exported through smart link analysis 
software, and the data of different samples are identified according 
to the barcode sequence and converted into fastq format data.

Diversity Analysis of Soil Microbial Community

After exporting the PacBio off-machine data to a CCS file (the 
CCS sequence is obtained using the smart link tool provided by 

Pacbio), there are mainly three steps as follows: The first step is 
the CCS identification using lima v1.7.0 software which identifies 
the CCS through the barcode, obtained Raw-CCS sequence data. The 
second step is CCS filtering. Use cutadapt 1.9.1 software to identify 
and remove primer sequences and perform length filtering to 
obtain Clean-CCS sequences that do not contain primer sequences. 
The third step is to remove chimeras: use UCHIME v4.2 software 
to identify and remove After removing the chimera sequence. 
Following these three steps, the effective-CCS sequence is obtained. 
Use arch software to cluster Reads at a similarity level of 97.0% 
to obtain OTUs. Take SILVA as the reference database and use the 
Naive Bayes classifier combined with the method of comparison to 
perform taxonomic annotations on the feature sequence. Then the 
species classification information corresponding to each feature can 
be obtained. Then at each level (phylum, class, order, family, genus, 
species) count the community composition of each sample. Use 
QIIME software to generate species abundance tables at different 
taxonomic levels. Then use R language tools to draw community 
structure diagrams at each taxonomic level of the samples. Use 
QIIME2 software to carry out the sample Alpha diversity index and 
Beta diversity index analysis. Use Mother software and R language 
tools to draw a Shannon diversity index dilution curve based on the 
Shannon index of each sample’s sequencing amount at different 
sequencing depths to reflect the microbial diversity of each sample 
at different sequencing quantities. Use PICRUSt2 software to use the 
feature sequence for prediction and the existing phylogenetic tree 
in the software for species annotations. Use IMG microbial genome 
data to output functional information and infer the functional gene 
composition in the sample. Thereby assess different samples or 
groupings for functional difference.

RESULTS
Evaluation of Soil Sample Sequencing Data Quality

Among the three tea plantations in this study, XFL tea plantations 
have the least artificial agricultural production activities, followed 
by GYCC tea plantations, and LF tea plantations have the most 
intense artificial agricultural production activities. The tea trees in 
LF tea plantations grew poorly and caught a lot of parasitic fungi; 
the tea trees in XFL and GYCC tea plantations grew well without 
parasitic fungi Figure 1.

PacBio Sequel was used to sequence and analyze the bacterial 
community composition of the three mixed soil samples. The 
sequencing data evaluation results of each sample are shown in 
Table 1. After filtering, a total of 20757 high-quality sequences 
were obtained, with an average sequence length of 1451bp (Table 
1). Rarefaction Curve is to randomly select a certain number of 
sequences from a sample, count the number of species represented 
by these sequences, and construct a curve based on the number of 
sequences and the number of species to verify whether the amount 
of sequencing data is sufficient to reflect the species diversity in the 
sample. The Rarefaction Curve shows that the slope of the curve of 
most samples has been significantly reduced, and there is a trend 
toward saturation, which to a certain extent reflects that the depth 
of sequencing in this experiment met the needs of analysis at a level 
above. Sample ID is the name of the tea plantation sample; Raw-
CCS is the number of CCS identified by the sample; Clean CCS is the 
number of sequences after primer removal and length filtering; 
Effective-CCS is the number of sequences used for subsequent 
analysis after the chimera is removed; Avg Len (bp) is the average 
sequence length of the sample; Effective (%) is the percentage of 
Effective-CCS in Raw-CCS.
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Figure 1: Tea tree diagrams of the three tea plantations.
LF: Langfu artificial organic tea plantation in Lingyun County, Baise City, Guangxi; GYCC: the artificial ancient tea 
plantation of the State-owned tea plantation in Lingyun County,Baise City, Guangxi; XFL: the Xianfengling wild tea 
plantation in Lingyun County, Baise City, Guangxi.

Table 1: Statistics of the three tea plantations sequencing data processing results.

Sample ID Raw CCS Clean CCS Effective CCS Avg Len (bp) Effective (%)

GYCC 7484 6726 6667 1446 89.08

LF 7495 6997 6965 1451 92.93

XFL 7504 7034 7028 1457 93.66

Analysis of OTUs in Soil samples from Tea Plantations

Figure 2: Venn diagrams of soil microbial communities in three tea plantations.

In bioinformatics data analysis, each sequence obtained by 
sequencing comes from a corresponding strain. Through the 
classification operation, the sequences are classified as Operational 
Taxonomic Units (OTU) according to the similarity between the 
sequences. When divided according to 95% similarity, an OTU is 
a collection unit of sequences belonging to the same genus; when 
divided according to 97% similarity, an OTU is classified as a 
sequence collection of one species. In order to analyze the bacterial 
community structure of tea plantation soil, Usearch software was 
used to cluster reads at a similarity level of 97.0%. Total 899 OTUs 
were obtained from three mixed soil samples (Figure 2-4). Among 
them, LF tea plantation soil has the most OTUs: LF tea plantation 
soil contains 553 OTUs, GYCC tea plantation soil contains 403 
OTUs, and XFL tea plantation soil contains 488 OTUs (Figure 2). 
Comparing the number of communities shared between the three 
tea plantations soil samples (Figure 2) there are 96 OTUs shared by 
the soil of the three tea plantations. Among them, GYCC and LF tea 
plantations have 171 identical OTUs. GYCC and XFL tea plantations 
have 13 identical OTUs. LF and XFL tea plantations share 169 OTUs. 
In addition, there are plantation specific communities in the soil 

of these three tea plantations: The GYCC tea plantation has 123 
plantations specific OTUs, the LF tea plantation has 117 plantation 
specific OTUs, and the XFL tea plantation has 210 plantation specific 
OTUs. The samples of different tea plantations are represented by 
different colors. The number of overlapping parts between multiple 
color graphs is the number of features shared by multiple samples, 
and the non-overlapping part is the number of unique features of 
each sample.

α-Diversity Index Analysis of Soil Bacterial Community 
Diversity in Tea Plantations

Alpha diversity reflects the species abundance and species 
diversity of a single sample. There are multiple measurement 
indicators. The Chao1 and Ace indexes measure species abundance. 
The Shannon and Simpson indexes are used to measure species 
diversity and are affected by sample Community evenness. In the 
case of the same species abundance, the greater the uniformity 
of each species in the community, the greater the diversity of the 
community. The greater the Shannon index and Simpson index, the 
higher the species diversity of the sample.
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The Coverage indexes of the three tea plantations soils are 
all greater than 0.98 indicating that the species in the samples 
have a high probability of being detected, and once again that the 
sequencing results better reflect the community structure and 
species diversity in the tea plantation soil. For Chao1 and Ace 
indexes, both are in following order: LF>XFL>GYXC. That is, LF tea 
plantation has the largest number of communities while GYCC tea 

plantation has the least number. This is consistent with the OTUs 
community analysis result. For the Simpson and Shannon indices, 
both are LF>GYCC>XFL, indicating that for the same species 
abundance, LF tea plantation has the highest species diversity, 
GYCC tea plantation is the second, and XFL tea plantation is the 
lowest (Table 2).

Table 2: Statistics of α-diversity index of bacterial communities in the soil of tea plantations.

Sample ID Feature ACE Chao1 Simpson Shannon Coverage

GYXC 403 425.2456 426.5 0.9935 7.8864 0.9876

LF 553 604.1286 613.7083 0.9944 8.2147 0.9806

XFL 488 536.2016 535.1081 0.9908 7.8614 0.9807

Figure 3: Relative abundance of soil phylum bacterial communities in three tea plantations.

Sample ID is the name of the sample; Feature is the number of 
features (OTUs); Chao1, Ace, Shannon, and Simpson respectively 
represent each index; Coverage is the coverage rate of the sample 
library.

Analysis of bacterial community structure in the soil of 
tea plantation

At each classification level of bacteria (phyla, class, order, family, 

genus, species), the composition of bacterial communities in the 
soil of three tea plantations was counted, and the results are shown 
in the (Table 3). The results show that the soil of LF tea Plantation 
has the most types of bacteria at all classification levels (except for 
the family level which is slightly lower than XFL tea plantation), 
followed by XFL tea plantation, and GYCC tea plantation have the 
least, which is the same as OTUs analysis.

Table 3: The statistical table of species of various grades of bacterial communities in the soil of three tea plantations.

Sample Kingdom Phylum Class Order Family Genus Species

GYCC 1 20 39 78 102 140 155

LF 1 24 41 99 139 195 225

XFL 1 24 46 95 134 179 202

Total 1 29 56 126 186 262 305

At the level of phylum classification, the composition of the soil 
bacterial community in three tea plantations was analyzed. The 
most dominant bacterial communities in the three tea plantation 
soils are all Proteobacteria. The Proteobacteria community in the 
XFL tea plantation soil has the most obvious community advantages. 
The second most dominant bacterial group is Acidobacteria. 
Comparing the differences in dominance of Acidobacteria among 
the three tea plantations, the order in dominance of Acidobacteria 

in the soil is GYCC>LF>XFL. Verrucomicrobia is the third most 
dominant community. It has a higher predominance in the soil 
of LF tea plantations than GYCC and XFL. In addition, compared 
with GYCC and XFL, LF tea plantation soil has a higher relative 
abundance advantage of Bacteroidetes and Bacteroidota bacterial 
communities. It is worth noting that the relative abundance 
advantage of the bacterial communities Gemmatimonadetes and 
Rokubacteria in XFL tea plantation soil is high while the relative 
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abundance advantage in GYCC and LF tea plantation soil is extremely 
low. For the bacterial community Acidobacteriota, it also occupies a 
certain relative abundance in the soil of GYCC and LF tea plantations. 
However, it is not found in the soil of XFL tea plantations. There 
are significant differences in the relative abundance of bacterial 
communities in the soil of the three tea gardens at the phylum level 
(Figure 3).

The soil bacterial communities of the three tea plantations 
were also analyzed at the genus level. Most of the dominant 

bacterial communities of the three tea plantations were 
uncultrured bacterium. There are only relatively few genera 
that can be cultivated: Candidatus Udaeobacter, Sphingomonas, 
Candidatus Solibacter, and ADurb.Bin063-1. The most abundant 
cultivable bacteria in the soil of XFL tea plantations are Candidatus 
Udaeobacter and Sphingomonas. The genus of culturable bacteria 
with higher abundance in the soil of LF tea plantation is ADurb.
Bin063-1. The genus of culturable bacteria with higher abundance 
in the soil of GYCC tea plantation is Candidatus Solibacter (Figure 4)

Figure 4: Clustering heat map of soil genus abundance of bacterial communities in three tea plantations.

A color represents a species, and the length of the color block 
represents the relative abundance proportion of the species. 
To make the view the best, only display the top ten species with 
abundance level, and merge the other species into others to display 
in the figure.  The corresponding value of the heat map is the Z 

value obtained after the relative abundance of each row of species 
is standardized. The color gradient from blue to red indicates the 
relative abundance from low to high; the previous row in the figure 
is the sample grouping information, the color and the graph Column 
correspondence.

Analysis On The Differences Of Soil Bacterial Communities In Three Tea Plantations

Figure 5: The ternary phase diagram of the differences in soil bacterial communities in three tea plantations.
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The ternary phase diagram uses an equilateral triangle to 
describe the ratio relationship of the different attributes of the 
three variables. In this analysis, the species composition of three or 
three groups of samples can be compared and analyzed according 
to the species classification information. The triangle diagram 
can be intuitively displayed and draw out the proportions and 
relationships of different species in the sample. The Ternary Phase 
Diagram of soil bacterial communities in three tea plantations 
(Figure 5).

The three corners of the triangle represent three tea 
plantations, which are represented by three colors. The three 
sides are used to measure the abundance of the corresponding 
tea plantations. The icons in the triangle represent the number 
of all species contained in a certain level. The size of the icon 
represents the average relative abundance of the species, and the 

colored icons in the legend represent the species classifications of 
the five phylum levels with the highest abundance. At the phylum 
level, The top five bacterial communities in relative abundance 
were listed separately, and the rest were combined into others. 
The differences of bacterial communities among the three tea 
plantations were analyzed. The types of high relative abundance of 
bacterial communities in XFL tea plantation soil are Proteobacteria 
and other types. Compared with GYCC tea plantation and LF tea 
plantation, the high relative abundance of other types of bacterial 
communities in XFL tea plantation soil is more obvious. The relative 
abundance of Proteobacteria and Planctonycetes in the soil of GYCC 
tea plantations is larger. Compared with XFL tea plantation and 
LF tea plantation, its higher relative abundance of Planctonycetes 
is more obvious. For LF tea plantation, the relative abundance of 
Verrucomicrobia is greater than that of GYCC tea plantation and LF 
tea plantation.

Functional Prediction of Soil Microbial Communities

Figure 6: The COG functional classification statistics map of three tea plantation soils.

In order to better study the micro-ecological functions of soil 
microorganisms in the three tea plantations, we used PICRUSt2 
software for Clusters of Orthologous Groups of proteins (COG) 
analysis. The results showed that the functional characteristics of 
the soil bacterial communities in the three tea plantations were 
significantly different. The metabolic functions of the soil bacterial 
communities were rich, most of which belonged to the metabolism, 
and the bacterial communities were metabolically active. Comparing 
the differences in the metabolic pathways between LF tea plantations 
and XFL tea plantations, most of the metabolic pathways in XFL tea 
plantations are stronger than LF tea plantations. These metabolic 
pathways include Coenzyme transport and metabolism; Energy 
production and conversion; Translation, ribosomal structure, 
and biogenesis; Amino acid transport and metabolism; Cell wall/
membrane/envelope biogenesis. For the two metabolic pathways 
of Carbohydrate transport and metabolism and Transcription, LF 
tea plantations have big advantages. Comparing the differences 

in the metabolic pathways between LF tea plantations and GYCC 
tea plantations, the strength of the Coenzyme transport and 
metabolism; Translation, ribosomal structure and biogenesis; 
Amino acid transport and metabolism pathways of GYCC tea 
plantations is greater than that of LF tea plantations. The Inorganic 
ion transport and metabolism pathway of LF tea plantation is 
stronger than that of GYCC tea plantation. For Energy production 
and conversion and Carbohydrate transport and metabolism; 
Transcription; Cell wall/membrane/envelope biogenesis pathways, 
there is little difference between LF tea plantations and GYCC tea 
plantations. The results of function prediction also reflect that 
artificial agricultural production activities have a significant impact 
on the function of soil bacterial communities in tea plantations, 
especially Energy production and conversion and Carbohydrate 
transport and metabolism; Transcription; Cell wall/membrane/
envelope biogenesis (Figure 6).
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The abscissa is the relative abundance percentage of the 
species’ metabolic pathway, and the ordinate is the name of the 
metabolic pathway. The different colors correspond to the three 
tea plantation samples. The left figure shows the abundance ratio 
of different functions in two samples or two sets of samples, the 
middle shows the difference ratio of the function abundance within 
the 95% confidence interval, and the rightmost value is the p value.

DISCUSSION
Tea trees originated in the Yunnan-Guizhou Plateau in 

southwestern China. Guangxi is one of the main tea producing 
areas in China with a long history of tea development. The Lingyun 
Baihao tea is rich in substance. Its tea soup has a strong taste, 
strong aroma and unique quality. It is one of the most important 
local tea varieties in Guangxi. As the largest artificial ecosystem 
on the planet, the issue of biodiversity in agricultural ecosystems 
has attracted more and more attention from academic circles and 
even mankind. Due to serious human interference, its biodiversity 
often fails to meet the requirements of a natural and stable ecology. 
This study uses high-throughput sequencing technology to analyze 
the ecological diversity of bacterial communities in Lingyun 
Baihao tea plantations in Guangxi, analyzes the composition of soil 
bacterial communities in three different types of tea plantations in 
Lingyun County, Guangxi, and compares the differences in bacterial 
communities between them. In order to promote the understanding 
of the soil micro-ecology of Guangxi Lingyun Baihao tea plantation.

Soil microorganisms are one of the important components of the 
soil ecosystem. They can strengthen the material and energy cycle 
in the ecosystem and are an important indicator of the stability of 
the soil ecosystem. Soil microorganisms in tea plantations include 
bacteria, actinomycetes, and fungi. They are mainly bacteria in 
quantity, and they are an important part of life in the soil ecology of 
tea plantations [11,12]. Existing studies have shown that land use 
has a significant impact on soil bacterial communities [13,14]. Soil 
microorganisms in tea plantations are also affected by environmental 
conditions and agricultural activities [15]. Therefore, studying the 
abundance, composition and diversity of bacterial communities 
in the soils of different plantations of Guangxi Lingyun Baihao 
Tea is essential for the sustainable management and production 
of Guangxi Lingyun Baihao Tea. Through the OTUs analysis of 
the bacterial communities in the soil of different tea plantations, 
it was found that the soils of the three tea plantations shared 96 
species, accounting for about 10.68% of the total OTUs, indicating 
that environmental conditions and agricultural activities have a 
greater impact on soil Bacterial community of tea plantings. LF tea 
plantation has the largest population, as high as 553 OTU, which 
may be related to the frequent agricultural production activities 
of humans, because compared with XFL and GYCC tea plantations, 
the agricultural production activities of LF tea plantations are 
more frequent and the degree of human intervention is greater. 
Thus, the number of bacterial OTUs has risen. However, the XFL 
tea plantation without human intervention has a higher OTUs than 
the GYCC tea plantation with relatively little human production 
intervention. This again shows that human agricultural production 
activities will affect the diversity of the soil bacterial community in 
the tea plantation. The impact mechanism is not yet clear. According 
to the analysis of alpha diversity of soil bacterial communities in 
different tea gardens, the results of all indexes (including Chao1, 
Ace, Simpson and Shannon indexes) are LF>XFL>GYXC, indicating 
that LF has the largest number of bacterial communities and GYCC 
tea plantation has the lowest. The results are consistent with OTUs 
analysis. It shows that compared with XFL tea plantation, the soil 

species diversity of the two are evolutionarily closer, and it also 
shows that artificial agricultural production affects the micro-
ecological changes of the agricultural ecosystem. Ederson et al. 
reported that the use of land by humans has changed the structure 
of the soil bacterial community in the Western Amazon. After the 
introduction of crops or pastures, the structure of the soil bacterial 
community has changed. But the intensity of slash-and-burn 
agriculture is relatively weak and the impact is not particularly 
significant [16]. Lynn et al. reported that land use has a great 
influence on the abundance, diversity and community composition 
of soil microorganisms [17]. The difference between the results 
of this research and Ederson’s research also shows that modern 
agricultural production activities in LF and GYCC tea plantations 
are more intense than primitive slash-and-burn agriculture.

The diversity of soil bacterial communities is of great 
significance to maintaining the stability and sustainability of 
soil ecosystems [18]. The studies have shown that in the soil of 
agricultural systems, the most common bacterial communities 
are Proteobacteria, Chloroflexi, Acidobacteria, Actinobacteria and 
Bacteroidetes [19,20]. In the study of bacterial community diversity 
in the soil ecosystem of tea plantations, Zhang et al. reported that 
Proteobacteria, Acidobacteria, Bacteroidetes and Actinobacteria 
are the main bacterial communities in the soil ecosystem of tea 
plantations [21]. The research data of Ji et al. also reported similar 
results [21]. This study analyzed the differences in the soil bacterial 
community structure of the tea plantations in the three habitats of 
LF tea plantation, GYCC tea plantation and XFL tea plantation from 
the taxonomic level of phylum and genus. Proteobacteria is the 
most common bacterial group in each of the three tea plantations. 
Acidobacteria, Bacteroidetes and Actinobacteria also exist in the 
soil of these three tea plantations.This is consistent with the results 
of previous studies.

At the phylum level, there are significant differences in the 
composition of soil bacterial communities in three different 
tea plantations. The top two bacterial communities in relative 
abundance are Proteobacteria and Acidobacteriota. Comparing 
the differences in soil bacterial communities among GYCC tea 
plantation, LF tea plantation and XFL tea plantation, the relative 
abundance of Proteobacteria and other types of bacterial 
communities in the soil of XFL tea plantation is higher, compared to 
the other two tea plantations. The relative abundance advantage of 
the population is more significant. Among other types of bacterial 
communities in the soil of XFL tea plantation, Rokubacteria and 
Gemmatimonadetes have a higher abundance. Compared with 
other soils, GYCC tea plantation has a more significant advantage 
in relative abundance of Planctonycetes. For LF tea plantations, 
the relative abundance of Verrucomicrobia is more significant. 
Studies have shown that Proteobacteria and Acidobacteria are 
two important phylums in the microbial community. They have 
the ability to degrade cellulose and lignin in plant residues and 
play an important role in the carbon cycle. They can enhance the 
circulation of essential nutrients and improve the soil Fertility 
and sustainability [ 23-26]. However, the community functions of 
Proteobacteria and Acidobacteria are also different. Proteobacteria 
adapts to resource-rich environments while Acidobacteria are just 
the opposite [27-29]. Ji et al. reported that the organic substitution 
rate of tea plantations was positively correlated with the relative 
abundance of Proteobacteria, but negatively correlated with the 
relative abundance of Acidobacteria [21,22]. Proteobacteria, the 
important phyla in the microbial community, may use unstable 
carbon sources and grow rapidly in a nutrient-rich environment, 
forming a relatively high relative abundance [27,30]. Zhang et al. 
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reported that the soil microbial community structure in organically 
covered tea plantations. They found that the Proteobacteria and 
Acidobacteria in the soil covered by peanut shells were higher than 
those covered by polyethylene film. It shows that peanut shells as 
crop residues can provide rich nutrition for Proteobacteria and 
Acidobacteria [31]. Gemmatimodetes and Rokubacteria have been 
shown to have multiple pathways encoding antibacterial secondary 
metabolites [32,33]. Planctonycetes are widely distributed in 
natural systems such as soil. They can use ammonium nitrogen 
(NH4+) and nitrite nitrogen (NO2−) to generate nitrogen in anoxic 
environment to obtain energy and regulate the nitrogen source of 
the farmland soil system with excessive application of nitrogen 
fertilizer. It is of great significance to the nitrogen cycle of the soil 
[34-36]. Verrucomicrobia has the ability to utilize carbon sources 
such as cellulose [37]. Herlemann et al. found that Verrucomicrobia 
plays an important role in the carbon cycle of marine ecosystems 
[38]. In addition, Khadem et al. also reported that members of 
Verrucomicrobia are involved in nitrogen fixation in the soil [39]. 
At the genus level, the majority of soil bacterial communities 
are uncultured bacterium. There are relatively few cultivable 
bacteria. The cultivable bacterial genera in the soil of the three 
tea plantations of XFL, GYCC and LF are Candidatus Udaeobacter 
and Sphingomonas, Candidatus Solibacter and ADurb.Bin063-1, 
respectively.

The microecological function analysis results of soil 
microorganisms show that most of the metabolism in soil samples 
belongs to metabolism (General function prediction only,Amino 
acid transport and metabolism, Translation,ribosomal structure 
and biogenesis, Cell wall/membrane/envelope biogenesis, Function 
unknown, Energy production and conversion, Transcription, 
Carbohydrate transport and metabolism; Coenzyme transport and 
metabolism, Inorganic ion transport and metabolism, etc.).The 
bacterial metabolism is active. The results of this research are 
similar to those previously published [31,40]. In addition to the 
General function prediction only metabolic pathway, the Amino 
acid transport and metabolism metabolic pathway is the most 
active, which also shows that the nitrogen cycle in the tea plantation 
soil is very strong. For XFL tea plantation, Energy production and 
conversion, Translation, ribosomal structure and biogenesis and 
Coenzyme transport and metabolism are more active than GYCC tea 
plantation and LF tea plantation. This shows that the carbon cycle 
in the soil of XFL tea plantation is stronger than those of GYCC tea 
plantation and LF tea plantation. This result is consistent with the 
analysis result of bacterial community composition. Comparing the 
differences in metabolic pathways among LF tea plantations and 
XFL and GYCC tea plantations, most of the metabolic pathways in 
XFL tea plantations are stronger than those in LF tea plantations. 
GYCC tea plantations have stronger metabolic pathways than 
LF tea plantations and XFL tea plantations. It is worth noting 
that for Energy production and conversion and Carbohydrate 
transport and metabolism; Transcription; Cell wall/membrane/
envelope biogenesis metabolic pathways, XFL tea plantations are 
stronger than LF tea plantations, while GYCC tea plantations and 
LF tea plantations are basically Close. This may be because with 
the deepening of human agricultural production activities, the 
types of soil bacterial communities have increased, and there has 
been fierce competition between nutrients and living space, which 
in turn affects the distribution of metabolic flux. In summary, the 
diversity and composition of soil bacterial communities in tea 
plantations play a very important role in the circulation of soil 
nutrients. Establishing a microbial early warning and regulation 
system for the virtuous cycle of the tea plantation soil ecosystem, 

guiding the scientific management of the tea plantation soil, and 
protecting the ecological environment of the tea plantation are of 
important practical significance for promoting the sustainable and 
healthy development of tea production.

CONCLUSION
In view of the importance of soil microbial communities 

to healthy soil ecosystems, our study clarified the diversity 
and composition of soil microbial communities in Guangxi 
Lingyun Baihao tea plantation. The research results showed that 
Proteobacteria, Acidobacteria, Bacteroidetes and Actinobacteria 
are the dominant communities in the tea plantation ecosystem. It 
also revealed that the intensity of human agricultural production 
may affect the structure and function of the bacterial community 
diversity in tea plantations and provided a reference for 
understanding the diversity of soil microbial communities in 
Guangxi Lingyun Baihao tea plantation. 
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