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Abstract

Background
Atractylodes lancea is a traditional Chinese medicine, which typically requires more than 3–4 years of
continuous cropping to obtain the underground medicinal components. With continuous cropping years,
the quality and yields of A. lancea medicinal materials decrease, while pests and diseases increase.
These aspects are intimately correlated with rhizospheric microorganisms.

Methods
This research paper employed high-throughput sequencing for its detection in soil that was cultivated for
three years and never cultivated to clarify the relationship between the microbial diversity of the
rhizosphere and continuous A. lancea cropping.

Results
The rhizosphere microbial community was altered following the continuous cropping of A. lancea. The
bacterial diversity and richness were observed to decrease, while the fungal community diversity
increased, and richness decreased. The total OUTs of the soil bacteria and fungi of unplanted and
planted A. lancea were 59.58% and 37.65%, respectively. At the phylum level, the relative abundance of
Proteobacteria, Gemmatimonadetes, Acidobacteria and Chloroflexi decreased, whereas the relative
abundance of Mortierellomycota increased. At the genus level, Bradyrhizobium, Striaticonidium,
Dactylonectria, Sphingomonas, Burkholderiaceae, Rhodanobacter, Arthrobacter, Scleroderma, Mortierella
and Penicillium were significantly different between the two sample groups.

Conclusions
Our results revealed that following the cultivation of A. lancea, the rhizospheric microbial community was
altered. This study preliminarily determined the

Background
A. lancea is a traditional bulk medicinal material of China, which is derived from the dried rhizomes of
Atractylodes lancea (Thunb.) DC. and Atraetylodes chinensis (DC.) Koidz. [1]. It is primarily distributed
across Jiangsu, Shanxi, Hebei, as well as Inner Mongolia Provinces in China. As it has the anti-
inflammatory, anti-cancer effects and possesses beneficial pharmacological efficacy in the treatment of
digestive system diseases and rheumatism, lowering blood sugar and more, it has been used extensively
in traditional Chinese medicine [2].
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Studies have revealed that long-term monocultures can reduce crop yields and adversely affect quality
[3]. Most of the plants that contain medicinal rhizomes have continuous cropping obstacles, for example,
Panax notoginseng (Burk.)F.H.Chen and Panax ginseng C. A. Mey. [4]. Long-term continuous cropping
seriously impacts the physical and chemical properties of soil, as well as the composition of soil
microbial communities. Existing researches have indicated that the continuous cropping difficulties in
soils are primarily caused by changes in the structures of biological flora, aggravation of infectious
diseases and insect pests, as well as the allergic autotoxicity of medicinal plants [5]. Among these, the
modification of biological flora plays a very important role, as soil microorganisms affect crop growth.
Soil microorganisms can decompose organic matter, release various nutrients, affect plant growth,
enhance stress resistance and overall adaptability [6]. For example, Proteus, Scleroderma, and
Actinomyces are associated with disease suppression. Changes in soil resident microorganisms can
reflect changes in soil quality. Furthermore, different types of soil and vegetation can generate variable
different biological flora, which is related to the complexity of soil microbial interactions, including those
of microorganisms with soil and plants [7]. The beneficial interactions between the host and its
microbiome are responsible for maintaining the health of the entire organism. Disease is often
associated with microbial abnormalities [8–9], and microbial diversity has been identified as a key factor
in the prevention of disease. A. lancea is a perennial plant, and continuous cropping has become a major
challenge that affects its cultivation. In practice, it was found that the effects of continuous cropping was
mainly manifeste in terms of poor growth, reduced quality, and increased occurrences of pests and
diseases [10]. During the continuous A. lancea planting process, the above situation will also appear,
resulting in the instability of yields and quality. However, there are no reports that articulate changes to
the microbial community following the continuous cropping of A. lancea. Therefore, an analysis of the
microbial species and community structures of the soil after the cultivation of A. lancea will assist with
the provision of certain data that support the resolution the issues associated with continuous cropping
of A. lancea.

The analysis of the rhizospheric soil microorganisms of A. lancea encompassed traditional research
methods including plate culture, biomarker, biochemical, molecular biological methods and more [11].
However, these research methods have several limitations for the study of microorganisms, for instance,
the types of identified microorganisms are often incomplete, whereas the methods involved are quite
complex. Compared with traditional research methods, high-throughput sequencing is efficient, accurate,
and widely employed in various disciplines [12]. The use of high-throughput sequencing to investigate the
rhizospheric microorganisms of A. lancea provided an opportunity for the further analysis of important
bacteria involved in the continuous cropping challenges of A. lancea. For this paper, high-throughput
sequencing technology was employed to amplify and sequence the microbial flora in the rhizosphere of
A. lancea and soil samples that were not planted with A. lancea. The relationship between the continuous
cropping of A. lancea and soil microorganisms is discussed to provide a specific reference for a potential
solution to the continuous cropping of A. lancea.

Material And Methods
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Soil samples and reagents
The experiment was conducted in Xialiang Town, Zhashui County, Shaanxi Province, China (109 °
10'52.57 "E, 33 ° 39'52.704" N). Rhizosphere soil samples of A. lancea at different growth stages, up to
three years as well as soils that were never planted with A. lancea were collected. These two soil samples
were designated ZX3 and ZXCK, respectively. When a soil sample was extracted, we divided the plot
involved into three sub plots. Each plot was 10 m wide x 10 m long, and the plots were 5 m apart. In each
plot, we collected five rhizosphere soils in an S-shape at a collection depth of 15–30 cm. Subsequent to
extracting samples, they were transferred to the lab in sterilized self-sealing bags at a low temperature.
The root system and soil mass were then removed and stored in a -refrigerator at -80℃ after sieving for
future use.

Extraction And Purification Of Soil Genomic DNA
A soil genomic DNA extraction kit (Tiangen Biochemical Technology Company.) was used to extract the
genome of the sample, and the DNA was extracted according to the manufacturer’s instructions. An
agarose gel was prepared and electrophoresed (25 V, 8 h), after which the gel containing the band that
was located was removed, and the DNA was retrieved using a DNA recovery kit. A UV spectrophotometer
(Nanodrop 2000) was employed to determine the DNA concentration, OD260 and OD280 values. The
OD260/OD280 values should be between 1.7–1.9, and stored at -20 °C following normal testing.

PCR Amplification
The extracted DNA samples were diluted to an appropriate level at 1.0 ng. µL-1 according to the
concentration, following which the diluted DNA was employed as a template to amplify the gene
sequences of rRNA and ITS rRNA using specific primers with Barcode. The primer of the 16SV4 region
was 515F-806R, whereas, the primer of the ITS1 region was ITS1F-ITS2, and the primer of the ITS2 region
was ITS2-3F-ITS2-4R.

The PCR products were purified, while 2% agarose gel was used for electrophoresis detection. The mixing
of the same quantities proceeded according to the PCR product concentration. After thorough mixing, a 1 
× TAE concentration of 2% agarose gel was used for electrophoresis to purify the PCR products.

Library Construction And Sequencing
An Ion Plus Fragment Library Kit 48 rxns library construction kit from Thermofisher was employed to
construct the library, which was quantified by Qubit and qualified for library detection. Subsequently,
IonS5TMXL was used for sequencing.
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Data analysis
Sequencing data processing Cutadapt was initially employed to perform low-quality partial cuts on the
reads, followed by separating the sample data from the reads obtained according to Barcode, and then
cutting the Barcode and primer sequences to obtain the original data (Raw Reads). The above-mentioned
Reads were processed for removing the chimera sequence [13]. The Reads sequence was compared with
the species annotation database to detect the chimera sequence https://github.com/torognes/vsearch/
[14], and finally the chimera sequence was removed to obtain the final valid data (Clean Reads).

OTU clustering and species annotation: Using Uparse software [15] to cluster the Clean Reads of all
samples, the sequences were clustered into OTUs with an identity coefficient of > 97%, while
simultaneously selecting representative sequences of OTUs. Species annotation analysis (set threshold is
0.8~1) was performed to obtain taxonomic information. Multi-sequence alignment was performed using
MUSCLE software [18] (Version 3.8.31), and the homogenization was performed with the smallest
quantity of data in each sample as the standard for subsequent sample diversity analysis (Alpha, Beta).

Alpha diversity analysis: The Shannon index was calculated using Qiime software (Version 1.9.1), and
the analysis of differences between groups of Alpha diversity indices was performed using R software
(Version 2.15.3). Parametric and non-parametric tests were performed respectively.

Results

Dilution curve
The bacterial and fungal dilution curves for the three replicates of samples ZX3 and ZXCK are shown in
Fig. 1. As the dilution factor increased, the curve became flatter, which indicated that further sequencing
would result in only a small number of new species (OTUs). As the number of bacterial and fungal
sequences in the rhizospheric soil samples of A. lancea increased, the dilution curve gradually revealed a
flat trends, as the sequence results essentially covered all species information in the sample.

Diversity Analysis

OTUs classification
The statistics on bacterial and fungi OTUs revealed that the bacteria detected in the two groups of
samples covered 37 phyla, 187 families, and 395 genera. The number of OTUs detected in ZX3 was
3,696, whereas the number of OTUs detected in ZXCK was 3,849. The fungi detected in the two groups of
samples covered 15 phyla, 190 families, and 284 genera. The number of OTUs detected in ZX3 was
2,429, and the number of OTUs detected in ZXCK was 2,354 (Table 2).
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Table 1
Species statistics of different classification levels of soil bacterial and fungal microbial communities.

ZX3 and ZXCK represent the rhizospheres from the consecutive three-years cultured soils, and those that
had never been planted with A. lancea respectively.

Microbe Sample
name

Kingdom Phylum Class Order Family Genus Species OUTs

Bacteria ZX3 3 37 48 105 186 394 259 3696

  ZXCK 2 37 49 105 187 395 246 3849

Fungi ZX3 2 15 44 98 190 284 305 2429

  ZXCK 2 15 41 85 170 284 286 2354

Species annotations were made on bacterial and fungal OTUs, and it was found that species could be
identified at different taxonomic levels such as phylum, class, order, family, genus, and species. It can be
seen from the table that in the two groups of samples, the OUTs detected by bacteria were 3,696 and
3,849, whereas the OUTs detected by fungi were 2,429 and 2,354 respectively. Compared to the ZXCK
sample, the OUTs of the bacteria in ZX3 decreased, whereas the OUTs of the fungi increased.

A Venn diagram can intuitively reflect the difference and overlap of the composition of the soil bacterial
communities OUTs between the two groups of samples.

As can be seen from Fig. 2a, the number of unique OTUs of ZX3 and ZXCK was 765 and 950, whereas the
number of OTUs shared by ZX3 and ZXCK samples was 2,528, and the shared OUTs occupied 59.58% of
the total OUTs. It can also be seen from Fig. 2b that the number of OTUs shared by the ZX3 and ZXCK
samples was 1,185, and the shared OUTs occupied 37.65% of the total OUTs. The number of unique ZX3
OTUs was 1,050, unique ZXCK OTUs was 912.

Table 2
Alpha diversity index table for bacteria and fungi. The Chao1 index and Ace index represent the

community richness, whereas the diversity is represented by the Shannon index and the Simpson
index. ZX3 and ZXCK represent the rhizosphere soils from the consecutive three-years cultures and

those that had never been planted with A. lancea, respectively.
Microbe Sample name Observed species Shannon Simpson Chao1 Ace

Bacteria ZX3 1969.33 8.82 0.993479 2103.02 2135.13

ZXCK 2160 9.12 0.994796 2312.6 2323.52

Fungi ZX3 1175 6.25 0.944552 1272.3 1237.16

ZXCK 1158.33 6.16 0.934756 1281.4 1237.32

Alpha Diversity Analysis
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It can be seen from the bacteria Alpha diversity index table (Table 2), that the Chao1 index of the
experimental group ZX3 was 2,103.02 and the Ace index was 2,135.13, which were both lower than ZXCK.
Simultaneously, the Shannon index and Simpson index of ZX3 were lower than ZXCK.

The fungi diversity index revealed that the Chao1 index and Ace index of the experimental ZX3 group
were lower than those of the control group ZXCK, while the Shannon and Simpson indices of the
experimental group ZX3 were higher than that of the ZXCK control group.

Relative Abundance Analysis
The bacterial species abundance was analyzed at the Phylum classification level (Fig. 3), which showed
the top ten species with a relative abundance of bacterial species, which included Proteobacteria,
Actinobacteria, Acidobacteria Gemmatimonadetes, Chloroflexi, Bacteroidetes, Verrucobacterium,
Firmicutes, Thaumarchaeota and Latescibacteri. The relative abundance of these 10 species in all
samples was ≥ 0.7%. The relative abundance ratios of Proteobacteria in samples ZX3 and ZXCK were
38.139% and 38.715%, whereas the relative abundance ratios of Actinobacteria in the ZX3 and ZXCK
samples were 21.085% and 18.020%. The relative abundance ratios of Acidobacteria in the ZX3 and
ZXCK samples were 20.196% and 22.334%. The relative abundance of the three strains in both samples
was > 18%; however, compared to ZX3 and ZXCK, the abundance of the two strains of Proteobacteria and
Acidobacteria declined, while the relative abundance of Actinomycota increased.

The species abundance of fungi was analyzed at the level of phylum classification, as shown in Fig. 3,
which revealed the relative abundance of bacterial species. They were Ascomycota, Mortierellomycota,
Basidiomycota, Mucoromycota, Chytridiomycota, Zoopagomycota, Rhizopusmycota, Glomeromycota,
Aphelidiomycota and Neocallimastigomycota. The relative abundance ratios of Ascomycota in the ZX3
and ZXCK samples were 29.602% and 41.530%, whereas the relative abundance ratios of
Mortierellomycota in the ZX3 and ZXCK samples were 37.170% and 21.669%. The relative abundance of
Basidiomycota in the ZX3 and ZXCK samples were 2.704% and 18.893%. Compared with ZXCK, the
relative abundance of Ascomycota and Basidiomycota decreased, and the relative abundance of
Mortierellomycota increased. The relative abundances of the three were significantly different in ZX3 and
ZXCK.

The bacterial composition of cultivated and uncultivated A. lancea soils was significantly different
(Fig. 4). The PCoA ranking showed the changes in the bacterial community in the soil prior to and
following the planting of A. lancea (Fig. 4a). The first principal component (41.6% contribution) and
second principal component axis (22.46% contribution) distinguished the bacterial communities in the
two groups of samples. Moreover, the distribution of bacterial communities varied for different samples.
In particular, the difference between the soil samples planted with A. lancea and those without was more
obvious (Fig. 4b).
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Fungal compositions also differed prior to and following the cultivation of A. lancea, which showed
variations based on PCoA ordination analyses (Fig. 5a). The first principal component (41.11%
contribution) and second principal component axes (28.39% contribution) differentiated the fungal
composition of soils planted with A. lancea and never planted with A. lancea. Furthermore, the
distribution of fungal communities varied prior to and following the cultivation of A. lancea (Fig. 5b).

Differential Species Analysis
The differences in bacteria were shown in Fig. 6, where we can see that Bradyrhizobium and Arthrobacter
had the most significant species difference between the two groups of samples, where in the ZX3 sample,
the Bradyrhizobium had a higher population average. The differences between Cyanobacteria,
Sporichthya, Candidatus Koribacter, Jatrophihabitans and Pseudonocardia were obvious in the two
groups of samples.

An analysis of fungal differential species revealed that Dactylonectria was significantly different between
the two groups of samples. Aspergillus, Humicola and Striaticonidium exhibited significant differences
between the two groups of samples.

The ZX3 and ZXCK samples were selected for analysis in the top ten bacterial subordinate levels. The
total bacterial abundance of these 10 genera accounted for 73.2% and 76.2% of all detected bacterial
levels of the genus level, covering a large portion of the species. The genus name on the abscissa was
plotted, as well as the percentage of bacterial species abundance as the ordinate (Fig. 7a). As can be
seen from the figure, the richness of Sphingomonas, Solibacter, Rhodanobacter, Bryobacter and
Haliangium increased in the ZXCK sample, whereas Burkholderiaceae, Arthrobacter,
Gammaproteobacteria, Bradyrhizobium, and Streptomyces declined in abundance. Among these, the
proportion of Sphingomonas in the two groups of samples was 4.6% and 5.7%, Burkholderiaceae was
6.3% and 1.0%, Rhodanobacter was 3.0% and 2.1%, and the genus of Arthrobacter was 4.5% and 1.7%.
The four genera had obvious differences between the two groups of samples.

According to the cluster heat map of the dominant bacteria genera (Fig. 7b), there were some differences
in the species of different groups in the same sample; however, the differences between the ZX3 and
ZXCK samples were more obvious. Among these, the abundance of Gammaproteobacteria and
Streptomyces were higher in the ZX3 sample, while the abundance of Rhodanobacter was higher in the
ZXCK sample.

The top ten fungal subordinate levels in the ZX3 and ZXCK samples were selected for analysis (Fig. 8a).
The total abundance of the fungal in the ten genera accounted for 67.1% and 50.4% of the fungi species
in all detected genera. It can be seen from the figure that the abundance of Mortierella and
Pseudogymnoascus in the ZXCK sample decreased, whereas the abundance of Scleroderma, Fusarium,
Penicillium, Metarhizium, Aspergillus, Trichocladium and Epicoccum increased. Among these, the
proportions of Scleroderma in the ZX3 and ZXCK samples were 0.001% and 14.2%, Mortierella was 14.2%
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and 4.0%, and Penicillium was 1.9% and 6.7%, respectively. The fungi of the three genera differed
significantly between the two groups of samples.

According to the cluster heat map of the dominant fungi genus (Fig. 8b), Pseudogymnoascus and
Mortierella were more abundant in the ZX3 sample, whereas the abundance of Epicoccum and
Scleroderma were higher in the ZXCK sample.

Analysis And Discussion
Continuous cropping is a major issue for cultivation of A. lancea., which seriously affects the quality of A.
lancea. It is generally acknowledged that the problems associated with A. lancea continuous cropping are
intimately associated with rhizosphereic microorganisms. In terms of changes in soil microbial
community structures, plant allelopathy and autotoxicity can alter the structures of microorganisms in
the soil, which affects the growth of plants [19]. Studies have shown that the root exudates of C. citratus,
A. conyzoides and B. Pilosa can decrease the germination rate, root length of seedlings, and seedling
heights of radish, rice, and cucumber [20]. The allelopathic substance lycopene in tomato has inhibitory
effect on other plants, fungi and insects. Researchers have also discovered that there is an allelopathy
phenomenon in A. lancea, which often promotes the increase or decrease in the number of one or more
types of microorganisms, and can changes microbial structures [21]. Soil microorganisms play a critical
role in the prevention of plant diseases. Once a plant is attacked by root pathogens, it can employ
microbial aggregates in the soil to prevent infection [22]. An increasing number of studies have shown
that diseases involved in different plant growth processes are closely related to rhizosphere
microorganisms [23–25]. Following continuous long-term cultivation of plants such as cotton, the soil
microbial communities that support many plants will change, thus affecting their growth [26]. Therefore,
changes in the populations of rhizospheric microorganisms and their community structures are the most
likely reasons for the continuous problems with A. lancea.

Following an analysis of the dilution curves of bacteria and fungi, we found that sequencing results can
essentially cover all species data in the sample; thus, it was feasible to employ this method to treat
samples to reflect the diversity of microorganisms. The six curves of the bacterial dilution curve and the
fungal dilution curve did not overlap, which indicated that there were certain differences in the microbial
species between different soil samples. The analysis of OUTs and Alpha diversity revealed that following
the planting of A. lancea, the soil microbial communities changed, the bacterial flora richness was greater
than the fungal richness, and the bacteria in the rhizosphere microbial community of the two samples
were dominant. Further, the species similarity of bacteria was greater than that of fungi, and the fungi
exhibited more significant changes following continuous cropping. After continuous cropping, the
diversity and richness of the bacterial communities were reduced; however the richness of the fungi
communities was reduced, and the diversity of fungi was increased. Microbiological research by Lanping
on soil for planting A. lancea indicated that the microbial community structures of bacteria and fungi in
the soil rhizosphere for two consecutive years of A. lancea were lower than that of the annual samples,
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which was similar to the results of our study [27]. This also occurred in plants such as ginseng and
peanuts, which both showed a trend of increasing fungi diversity [28–29]; thus, it was speculated that
changes in soil resident fungi are one of the main reasons behind the continuous cropping issues.

Through abundance analysis, it was found that the relative abundances of Ascomycota,
Mortierellomycota and Basidiomycota were significantly different between the two groups of samples.
The relative abundance of Basidiomycota decreased, whereas the relative abundance of
Mortierellomycota increased. Studies have shown that Ascomycota and Basidiomycota are important
soil resident decomposers, where most Ascomycota are saprophytic bacteria that can decompose many
types of recalcitrant organic matter, which play an important role in nutrient cycling [30]. Following
continuous cropping, the abundance of Ascomycota and Basidiomycota decreased, and the nutrient
cycling in the rhizosphere was affected, which resulted in a decline in the quality of A. lancea medicinal
materials. Mortierellomycota is mostly saprophytic in soil, a few of which are the mycorrhizal fungi of
forest trees. Their abundance was observed to increase, which was presumed to be related to the
continuous cropping of A. lancea. The differences in bacterial were analyzed, and it was found that
Bradyrhizobium and Arthrobacter were significantly different between the two groups of samples.
Bradyrhizobium is a rhizobium of the class Proteobacteria [31], which can form a symbiotic relationship
with host plants and fix the free nitrogen in the ambient atmosphere into forms that host organisms can
use, such as ammonia (NH3) or ammonium (NH4 +), which are intimately related to plant growth [32]. The
analysis of different species of fungi revealed that Dactylonectria was significantly different between the
two groups of samples. Researchers found that Dactylonectria fungi are primarily related to plant
diseases [33–35]. The change of Dactylonectria fungi may be related to the occurrence of pests and
diseases of A. lancea.

Further analysis of the species in the two groups of samples at the subordinate level revealed that
Sphingomonas, Burkholderiaceae, Rhodanobacter, Arthrobacter, Scleroderma, Mortierella and Penicillium
were significantly different between the two groups of samples. It was inferred that the continuous
cropping issues of A. lancea radix were related to changes in the bacterial and fungal community
structures described above. Research has revealed that Sphingomonas has the capacity to degrade
cellulose, and the inhibition of glucose on cellulose is eliminated through its absorption and use [36], and
the species of Penicillium are closely related to fruit decay. Simultaneously, studies also have shown that
the complex repair of Penicillium and biochar can reduce the content of effective arsenic, while improving
the microbial environment in arsenic-contaminated soil, showing good remediation performance for
arsenic-contaminated soils [37–38].

This study revealed that soil microorganisms changed following the planting A. lancea, which signified
that the continuous cropping issues of A. lancea had an intimate relationship with soil microorganisms.
Future experiments should further validate the roles of bacteria and fungi with significant differences in
the two groups of continuously cropped A. lancea, and the relationship between the rhizosphere of A.
lancea rhizomes, important specific species of bacteria and fungi, and the kinetics of microbial change.
Studies have confirmed that inoculation with AV fungi has a positive impact on the growth of functionally
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symbiotic plants [39]. Further, endophytic actinomycetes and arbuscular mycorrhizal fungi, AMF, and
chitosan assist with changing the community structure of rhizospheric microorganisms of A. lancea, and
affect the physical and chemical properties of soil [40–41]. In further studies regarding the continuous
cropping of A. lancea, AV fungi, endogenous actinomycetes and arbuscular mycorrhizal fungi, AMF, and
chitosan might be employed to address continuous cropping obstacles.

Conclusion
In summary, following the continuous cultivation of A. lancea, the soil microbial communities in the
rhizosphere were altered, and overall, showed a decline in bacterial diversity and richness. Fungal
community diversity increased, while the richness declined. Individual fungi and bacteria exhibited
significant differences after the planting of A. lancea. Our work provides a certain perspective for
understanding the occurrence of continuous cropping obstacles in A. lancea and points out a potential
direction for resolving the problems of continuous cropping for A. lancea.
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Figures

Figure 1

Rarefaction curves of microbial communities based on observed operational taxonomic units (OTUs) at
the 97% similarity cut-off level for individual samples. The curve was constructed with the quantity of
data extracted as the abscissa, and the corresponding number of bacterial and fungal species as the
ordinate. ZX3 and ZXCK represent the rhizospheres from the consecutive three-years cultured soil, and
soil that had never been planted with A. lancea, respectively. a – Bacteria; b – Fungi.
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Figure 2

Venn diagrams created using OTUs show the number of OUTs that are unique to the sample and those
OUTs shared between the samples. ZX3 and ZXCK represent the rhizosphere soils from the consecutive
three-years cultures and soils that had never been planted with A. lancea respectively. a – Bacteria; b –
Fungi

Figure 3

Relative abundances of the top 10 microbial Phylum level in the two different soil samples. ZX3 and
ZXCK represent the rhizospheres from the consecutive three-years cultures and those that had never been
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planted with A. lancea, respectively. a – Bacteria; b – Fungi

Figure 4

Procinple coordinate analysis (PCoA) (a) and hierarchical clustering (b) of bacterial communities based
on an unweighted pair-group method with arithmetic mean (UPGMA) clustering analyses at phylum level
for the different soil samples. ZX3 refers to rhizosphere soil that has been planted with A. lancea for three
years, whereas ZXCK refers to soil that was never been planted with A. lancea.

Figure 5

Principal coordinate analysis (PCoA) (a) and hierarchical clustering (b) of fungal communities based on
an unweighted pair-group method with arithmetic mean (UPGMA) clustering analyses at phylum level for
the different soil samples. ZX3 refers to rhizosphere soil that was planted with A. lancea for three years,
and ZXCK refers to soil that has never been planted with A. lancea.
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Figure 6

Species difference analysis chart showing species differences between various samples. R-value> 0,
indicates significant differences between groups; R-value <0, indicating that differences within groups
were greater than differences between groups. ZX3 refers to rhizosphere soil that has been planted with
A. lancea for three years, and ZXCK refers to soil that was never been planted with A. lancea. a – Bacteria;
b – Fungi
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Figure 7

Analysis bacterial abundance among the top ten bacterial subordinate levels(a), the abscissa indicated
the genus name, the ordinate indicated the relative proportion of bacteria. Heat map analysis of the top
10 most abundant genera in the different samples (b). ZX3 refers to rhizosphere soil that was planted
with A. lancea for three years, and ZXCK refers to soil that was never been planted with A. lancea.
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Figure 8

Analysis of bacterial abundance in the top ten fungal genus levels (a), the abscissa indicates the genus
name, and the ordinate indicates the relative proportion of bacteria. The heat map analyzed the top 10
most abundant genera in different samples. ZX3 refers to rhizosphere soil that was planted with A.
lancea for three years, and ZXCK refers to soil that was been planted with A. lancea.


