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Abstract

Background
Different plant species, even different plant varieties, will promote different combinations of microbial
communities related to them. Here, the objective was to explore the differences in the rhizosphere
microbial communities in the wild ginseng, farmland cultivated ginseng and understory wild ginseng. The
rhizosphere soil was obtained from three type of ginsengs, namely wild ginseng (WDG), farmland
cultivated ginseng (CDG) and understory wild ginseng (LXG) (all ginsengs grown in the �eld). The 16S
rRNA gene and internal transcribed spacer (ITS) region were analyzed to investigate the diversity and
structure of the microbial community.

Result
We found the fungal communities were more in�uenced bacterial communities. There were differences in
the microbial community composition under three types of ginsengs. Moreover, higher bacterial diversity
and lower fungal diversity in CDG compared with WDG. Changes in rhizosphere microbial community
composition and diversity of WDG and CDG may be caused by domestication. Furthermore, the relative
abundance of potential phytopathogens, Chloro�exi, Fusarium and Alternaria were higher in CDG
compared to WDG and LXG. This may be related to the fact that cultivated ginseng has a short life cycle
and is susceptible to disease.

Conclusion
We found differences in the rhizosphere microbial community of the three types of ginsengs, and the
abundance of pathogenic microorganisms is signi�cantly different. This result provided insights into the
underlying mechanisms of ginseng planting and disease resistance.

Background
The rhizosphere microbiome interacts with plants [1, 2]. Plants rely on their rhizosphere microbes to
support functions related to plant growth, development and health [3]. The association with speci�c of
rhizosphere microorganisms is either promoted or prevented by plant roots through exudate and volatile
compounds. Comparing the rhizosphere of twelve Populus trichocarpa genotypes suggested speci�c
salicylic acid derivatives secreted by roots regulated rhizosphere microbial colonization and assembly [4].
In addition, root types (primary and secondary) and regions (root cap, lateral meristem) can also resulted
in uneven distribution of microorganisms in the rhizosphere, moreover microorganisms move through the
soil as the roots grow [5]. Root exudates and root morphology in�uence the composition and diversity of
rhizosphere microbial communities, and this effect largely depends on plant species and genotype [5–7].
Root morphology and root exudates composition are distinct in different plants, therefore they affect the
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structure of the rhizosphere microbial community, which leads to the speci�city of rhizosphere microbes
in different plant lineages [6–8]. In addition, effect of land use changes soil microbial community [9].
Agricultural practices such as fertilizer addition also alter microbial community composition [10].

The root of ginseng (Panax ginseng C. A. Meyer.) is used as a traditional Chinese medicine to treat many
diseases, due to its anti-in�ammatory and antitumor compounds [11]. Ginseng belongs to the family
Araliaceae that is distributed in Asia, particularly in Korea and China [12]. Wild ginseng germplasm
resources are scarce due to excessive land exploitation and disruption of the environment; thus, wild
ginseng has been gradually replaced by cultivated ginseng in the market [13]. Wild ginseng is considered
the ancestor of cultivated ginseng, but the morphology of their roots, disease resistance and bioactive
substance are signi�cantly different [14, 15]. There are two kinds of cultivated ginseng, farmland
cultivated ginseng and understory wild ginseng. Farmland cultivated ginseng is planted in farmland that
was once forested with human management, such as spraying pesticides and there the ginseng grows
very quickly. In contrast, understory wild ginseng refers to farmland cultivated ginseng seeds or seedlings
grown under natural forest conditions for many years with little human interference; its morphology and
intrinsic quality of roots are similar to those of wild ginseng [16].

Wild ginseng can grow in natural environments for decades or even hundreds of years and rarely become
sick. In contrast, the survival rate of farmland cultivated ginseng seedlings was less than 25% after 3
years [17]. Farmland cultivated roots are harvested 5–6 years after planting, which may be related to the
susceptibility of cultivated ginseng to disease. Farmland cultivated ginseng is susceptible to various soil-
borne diseases, among which root rot and root rust are the two most common diseases [18, 19]. A
previous study has shown that the Fusarium was a potential phytopathogen that can cause root rot [20].
Rhizosphere bacteria, belonging to Chloro�exi and Nitrospirae were con�rmed to cause rusty root [19].
These diseases signi�cantly hinder the development of the ginseng industry [21]. Hence, the study of
rhizosphere microorganisms of ginseng is very important for the healthy growth and industrial
development of ginseng.

Bacterial and fungal community changes during ginseng cultivation had received much attention. It has
been shown that rhizosphere microbial community is affected by cultivation ages, developmental stages
and cultivation modes [17, 22–24]. However, these studies mainly focused on cultivated ginseng [17].
Whereas is not clear the structure in the rhizosphere microbial communities of wild ginseng. We
hypothesized that (1) the diversity and structure of the bacterial and fungal communities of the different
type of ginseng rhizospheres are different (2) the pathogenicity and survival time of different ginseng
may be related to the abundance of some rhizosphere microbial taxa.

To our knowledge, no study has investigated the contributions of different ginseng type to shaping the
rhizosphere microbial community. Therefore, to explore the rhizosphere microbial community of
understory wild ginseng, farmland cultivated ginseng and wild ginseng by 16S rRNA gene and internal
transcribed spacer (ITS) region. The objective was to explore the compositions and diversity in
rhizosphere bacterial and fungal communities associated with understory ginseng, wild ginseng and
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cultivated ginseng. The study also aimed to detect the presence of known pathogens of ginseng and
compare their relative abundance among three types of ginsengs, with the goal of providing insights into
the underlying mechanisms of ginseng planting and disease resistance.

Results

Factors driving microbial communities in ginseng cultivars
We studied the in�uence of soil physical and chemical properties and type on the microbial community.
Mantel test showed that bacterial and fungal community composition were not signi�cantly correlated
with soil physical and chemical properties (Supplementary Table S1). However, the PERMANOVA result
suggested type of ginsengs explained 90.118% and 84.699% of variance in bacteria and fungi,
respectively (Table 3). The PCoA of Bray-Curtis distance matrix demonstrated that samples from the three
groups showed clear separation, suggesting that the bacterial and fungal communities were obviously
different among three types of ginsengs (Supplementary Figure S1). 

Rhizosphere community diversity in wild ginseng and
cultivated ginseng
We analyzed the bacterial and fungal communities from the rhizosphere soil in three types of ginsengs.
We obtained 1, 135, 354 and 797, 696 total high-quality paired reads, which resulted in 4, 381 and 2, 679
OTUs for the bacterial and fungal data sets, respectively. The number of OTUs from LXG, CDG and WDG
were 3,183; 1,460; 3,000 and 747; 922; 1, 654 in the bacterial and fungal community, respectively (Figure
1). The percentage of shared OTUs between LXG and WDG was smaller for the fungal community than
for the bacterial community, and this pattern also occurred between LXG and CDG and between WDG and
CDG. We also found that WDG shared more bacterial and fungal OTUs with LXG, and LXG and CDG
shared the least fungal OUTs (Figure 1).

The rhizosphere microbial diversity differed among three type of ginsengs (Figure 2). The bacterial alpha
diversity of LXG and WDG were similar, however, that of CDG was signi�cantly lower than those of
YSWDG (p < 0.01) (Figure 2A-C). YSWDG had the highest fungal species richness (Chao 1), however, the
fungal species evenness (Pielou) and fungal species diversity (Shannon) of WDG was the lowest (p <
0.01) (Figure 2D-F). The fungal alpha diversity of LXG was higher than CDG (Figure 2D-F).

Bacterial and fungal community composition
The composition and abundance for each taxon were obtained based on the OTU classi�cation results.
For bacteria, the dominant phyla were Proteobacteria, Acidobacteria, Actinobacteria and Chloro�exi in
LXG (relative abundances of 30.76%, 27.92%, 8.51% and 4.57%, respectively) and WDG (relative
abundances of 32.61%, 25.39%, 11.92% and 8.39%, respectively) (Figure 3A), However, Actinobacteria
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(23.75%) was the most phylum in CDG, followed by Chloro�exi (21.85%), Firmicutes (17.40%) and
Proteobacteria (13.53%). The ANOVA analysis suggested that the proportions of each main four phyla
were not signi�cantly different between LXG and WDG, however, these four phyla (Proteobacteria,
Acidobacteria, Actinobacteria and Chloro�exi) were signi�cantly different in groups WDG and CDG, LXG
and CDG, respectively. (Supplementary Figure S2, p < 0.01). The most abundant bacterial classes were
Alphaproteobacteria and Betaproteobacteria in LXG (relative abundances of 14.71% and 7.07%,
respectively) and WDG (relative abundances of 14.02% and 8.76%, respectively), then Saprospirae
(6.94%) and Acidobacteria (6.94%) in LXG, after Chloracidobacteria (12.02%) and Deltaproteobacteria
(7.17%) in WDG. Ktedonobacteria (20.24%), Bacilli (13.80%), Actinobacteria (11.18%) and
Thermoleophilia (11.05%) had the highest relative abundances in CDG (Figure 3B). 

For fungi, Basidiomycota and Ascomycota accounted for more than 90% of the total abundance across
all groups (Figure 3C), but the result of ANOVA indicated that the proportions of each phylum were
different in each ginseng group (Supplementary Figure S3, p < 0.01). At the class level, the dominant
classes were Agaricomycetes, class incertae_sedis and Leotiomycetes in LXG (relative abundances of
82.56%, 5.61% and 3.04%, respectively) and WDG (relative abundances of 63.85%, 7.45% and 6.78%)
(Figure 3D), respectively. In CDG, the relative abundance of Sordariomycetes (45.92%) was the highest,
followed by Dothideomycetes (27.00%) and Microbotryomycetes (7.22%) (Figure 3D). At the genus level,
the most abundant genus was Fusarium (28.37%) in CDG; however, it was rare in LXG (< 0.01%) and WDG
(0.01%) (Figure 4A), and ANOVA suggested that the abundance of Fusarium was the highest in CDG (p <
0.01) (Figure 4B). Alternaria is a pathogenic fungi associated with ginseng rusty roots [25]. And the
abundance of Alternaria in CDG than in LXG and WDG (p < 0.01) (Figure 4C). 

The LEfSe analysis of the bacterial communities showed that there were 68 differentially abundant taxa
among the three groups of ginsengs. Of the 68 taxa, 23 were differentially abundant in WDG (Figure 5A,
Supplementary Figure S4A), namely the Verrucomicrobia phylum and the Deltaproteobacteria,
Betaproteobacteria, Acidobacteris_6, Chloracidobacteria and Anaerolineae classes. The enriched taxa in
LXG were the phyla Bacteroidetes and Acidobacteria and the class Alphaproteobacteria. The differentially
abundant taxa in the rhizosphere soils of CDG were the Firmicutes, Actinobacteria, WPS-2 and Chloro�exi
phyla and the Gammaproteobacteria class.

The LEfSe analysis of the fungal communities from LXG, WDG and CDG showed that meanwhile, there
were 69 differentially abundant taxa with an LDA score higher than 2.0 (Figure 5B, Supplementary Figure
S4B). Among the 69 fungal taxa, 15 fungal taxa were differentially abundant in WDG, principally
including the Mortierellomycota phylum, the Leotiomycetes and Eurotiomycetes classes, and the
Russulales order. The abundant taxa in the rhizosphere soils of LXG were the Agaricomycetes and
Tremellomycetes classes. The most differentially abundant fungal taxa were the Sordariomycetes,
Dothideomycetes and Microbotryomycetes classes in CDG. These results indicated that Verrucomicrobia
and Mortierellomycota phyla were signi�cantly enriched in WDG, moreover, Alphaproteobacteria and
Alphaproteobacteria classes were signi�cantly enriched in LXG, in addition, The differentially abundant
taxa in CDG were Chloro�exi phyla and Dothideomycetes classes.
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Discussion

The type of ginseng obviously affected the rhizosphere
microbial community
We investigated the rhizosphere bacterial and fungal communities under three types of ginsengs,
including understory wild ginseng, farmland cultivated ginseng and wild ginseng. The physical and
chemical properties of soil in three types are different. In our study, Mantel test suggested soil physical
and chemical properties had little effect on bacterial and fungal communities. In addition, PERMANOVA
result indicated that the ginseng types signi�cantly affected the rhizosphere microbial community.
Previous studies showed that plant species or genotype had measurable effect their rhizosphere
microbial community [26]. Therefore, we inferred that soil physical and chemical properties had little
effect on bacterial and fungal communities. However, the type of ginseng obviously affected the
rhizosphere microbial community. Different plant may form different microbial communities through
interactions between plant roots and microorganisms [27, 28].

The microbial community is not only affected by host plant, but also affected by factors such as
geographic location, climate et al, also other soil legacies (effect of soil management practices, effect of
composition of the current/previous plant community) [27, 29-33]. In our study, we found that the
proportion of shared fungal OTUs was much smaller than that of bacterial OTUs between any two pairs
of three groups. Furthermore, WDG shared more fungal OTUs with LXG, and LXG and CDG shared the
least fungal OTU. In addition, the distance between the two sampling locations of WDG and LXG was the
closest, and the distance between the two sampling locations of LXG and CDG was the furthest. Hence,
we inferred fungal communities appeared to be more affected by geographic distance than bacterial
communities. The fungal community seem to be differentiate in geographic distance than are bacterial
community [34, 35]. The limited dispersal capacity of fungal communities might be the cause of this
phenomenon [36]. Coleman-Derr et al (2016) also suggested that fungal communities were perhaps more
shaped by geographic distance than bacterial communities in rhizosphere soils of Agave from California
and Mexico [29]. Our analyses and comparisons across different sampling sites further suggested that
geography plays a greater role in driving fungal than bacterial communities. 

Different bacterial diversity and fungal diversity in three
types of ginsengs
The bacterial alpha diversity of LXG and WDG were similar, and WDG shared more bacterial OTUs with
LXG than with CDG. Maybe the understory wild ginseng is a semi-wild ginseng and its morphology and
intrinsic quality of roots are similar to those of wild ginseng. Meanwhile, understory wild ginseng and wild
ginseng both grow in mixed forests and deciduous broad-leaved forests, and there were similar
vegetation types under the forest. These factors may lead to the similar bacterial diversity in understory
wild ginseng and wild ginseng. However, analysis of the bacterial alpha diversity revealed a decreasing
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trend in CDG compared with WDG, showing a loss of natural bacterial diversity in the rhizosphere.
Similarly, a lower in bacterial diversity was observed in cultivated maize as compared to its ancestors,
and the Shannon index was higher for ancestors than for one cultivated maize [37]. A number of
agronomic management practices may potentially in�uence bacterial diversity in cultivated ginseng.
First, bacterial diversity would decrease over longer cultivation periods. This may be because older roots
secrete low amounts of organic matter, or because long-term cultivation depletes nutrient cycling is
altered in cultivated soils [38, 39]. Second, the growth environments of the cultivated ginseng and the wild
ginseng were very different, and environmental factors such as climate and annual precipitation in�uence
the diversity of rhizosphere microorganisms [40]. Third, pesticide disposal also affects rhizosphere
microorganisms and reduces the microbial diversity of cultivated ginseng. Pesticides were applied to
reduce pests and diseases and may have indirectly affected root exudates or directly affected the
diversity of rhizosphere microorganisms during ginseng cultivation [41, 42]. In addition, the decrease in
bacterial diversity may occur because domesticated crops and wild crops may interact with rhizosphere
microbial communities differently [43]. The roots of farmland cultivated ginseng grow more quickly than
those of wild ginseng, and roots may secrete different types of organic compounds, which can have an
important impact on below-ground microbial communities. For instance, previous studies have shown
that plants growing at a faster growth rate might excrete compounds into the rhizosphere soil that result
in reduced microbial diversity [44-46]. 

In contrast, fungal diversity showed the opposite phenomenon. We found that the Chao 1 was the highest
in WDG, which may be associated with the greater number of fungal OTUs in WDG than in CDG and LXG.
In addition, the fungal diversity (Shannon and Pielou) was the lowest in WDG. A similar phenomenon has
been observed in soybean and their wild species, and the fungal diversity of cultivated soybean increased
compared to its wild type [47]. Previous studies suggested that the death rate of P. notoginseng was
signi�cantly negatively correlated with fungal diversity, indicating that fungal diversity was a potential
indicator of soil health [48]. Moreover, the fungal diversity in cultivated ginseng was higher than that in
wild ginseng, which might be the result of plant domestication leading to the prevalence of
pathogens [49]. This may be related to the low survival rate of cultivated ginseng and its susceptibility to
disease. Furthermore, the fungal alpha diversity of LXG was higher than CDG, which may might be related
to agricultural management for understory wild ginseng. Wild ginseng and farmland cultivated ginseng
were planted directly in the �eld, but understory wild ginseng seedlings were grown for several years
before transplanting them to another forest. The rhizosphere microbial community may be assembled
early in plant development, and later transplantation may alter the diversity of the microbial
community [29]. Therefore, the rhizosphere microbial diversity may be affected by the method of
agricultural management.

Changes in the composition of microbial communities
among the three types of ginsengs
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In the composition of bacterial communities, our study indicated that Proteobacteria and Acidobacteria
all existed in WDG, LXG and CDG, and previous studies con�rmed that Proteobacteria and Acidobacteria
were the dominant populations in the rhizosphere soil of ginseng [50]. The relative abundance of
Chloro�exi in CDG was higher than that in WDG and LXG (p < 0.01). [19] suggested that root rust may be
caused by Chloro�exi in rhizosphere microbial communities based on �ve cultivated ginseng samples
with different severity of rusty root disease. Although the rhizosphere soils in our study came from
healthy ginseng, we also inferred Chloro�exi contain species that are pathogenic to ginseng. In addition,
Verrucomicrobia was signi�cantly high abundance in WDG and also has been found in the rhizosphere of
the common bean, and Verrucomicrobia was also mainly found in wild bean accessions [43].
Verrucomicrobia might have a special a�nity for wild species. These phyla need further reseach in the
future.

In fungi community, the same fungal phyla were detected but the fungal community composition, also at
phylum level, the relatively abundances of Basidiomycota and Ascomycota was different in LXG, CDG
and WDG. In an earlier study, Ascomycota, Basidiomycota and were the dominant phyla during the
continuous cropping of P. notoginseng, but their relative abundances relative abundances [37].
Ascomycota, which has an important role in the decomposition of soil organic matter and largely
dominates the active fungal community through the assimilation of root exudates [51]. Furthermore, the
main pathogenic fungus Fusarium that caused root rot belongs to the Ascomycota, which was the most
predominant phylum in CDG. Fusarium is a potential phytopathogen (includes species that are
pathogenic (but also species that are not patogenic) that can cause root rot in various species, including
ginseng, American ginseng, soybean and sun�ower [52-55]. We found that the abundance of Fusarium
was the highest in CDG, but only 0.01% in WDG (p < 0.01). Likewise, cultivated rice had a higher
abundance of pathogens comparing with the wild varieties [47]. Moreover, Alternaria is a pathogenic
fungi associated with ginseng rusty roots [25]. And the abundance of Alternaria in CDG than in LXG and
WDG. Our �nding was consistent with the results of other studies, further suggesting that plant
domestication may have stimulated the epidemic of pathogens and affect the ability of modern crops to
establish bene�cial relationships with the rhizosphere [43]. This also explains how wild ginseng can grow
in natural environments for decades or even hundreds of years and rarely become sick. In addition,
continuous planting may also lead to an increase in pathogenic microorganisms in the rhizosphere. The
pathogenic microbes, including Alternaria and Fusarium, that were highly enriched in 30-year continuous
sugar beet cropping [56].

Methods

Sampling Sites and Samples Collection
Rhizosphere soil samples were collected from three type of ginsengs, including understory wild ginseng
(the seedlings of the cultivated ginseng were planted directly into the soil and no additional fertilizers or
pesticides were applied to the soil during the growth of the ginseng), farmland cultivated ginseng (seeds
of the cultivated ginseng were planted in farmland that was once forested, and it is sprayed with
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pesticides during growth) and wild ginseng (wild ginseng grows naturally in the forest). All ginseng was
grown for about 15 years. wild ginseng and understory wild ginseng both grow in mixed forests and
deciduous broad-leaved forests, and there were similar vegetation types under the forest. The rhizosphere
samples of understory wild ginseng were collected from Linjiang city of Jilin Province, and the soil was
Mollic Albi-boric Cambosols (sand 51%, silt 32%, clay 17%) with PH (5.99), then chemical characteristics
of the soil were 82 mg P kg-1, 199 mg N kg-1 and 2198 mg K kg-1 with PH (5.99). The soil samples of
farmland cultivated ginseng were from Ji'an city of Jilin Province, and the soil was Mollic bori-Udic
Cambosols (sand 33%, silt 49%, clay 18%), and chemical characteristics of the soil were (mg kg-1): 146
mg P kg-1, 401 mg N kg-1 and 1823 mg K kg-1 with PH (6.62). The rhizosphere soils of wild ginseng were
collected from Korean autonomous county, Jilin Province. The soil was Mollic bori-Udic Cambosols (sand
45%, silt 37%, clay 18%), and chemical characteristics of the soil were (mg kg-1): 146 mg P kg-1, 401 mg
N kg-1 and 1823 mg K kg-1 with PH (5.99) (Table 1, Table 2). The soil characteries were mapped using
the National Earth System Science Data Center [57].

In this experiment, three groups understory wild ginseng, farmland cultivated ginseng and wild ginseng
were de�ned. Groups LXG, CDG and WDG represent the rhizosphere soils of understory wild ginseng,
farmland cultivated ginseng and wild ginseng, respectively. All rhizosphere soil samples were collected in
August 2018. A collection of ginseng rhizosphere soil was made, and samples were taken from a depth
of 20 cm using a sterile shovel. Ginseng plants were carefully removed from the ground, keeping the root
system intact. The large clumps of soil on the roots were removed, then brushed soil attached to the roots
with a brush. Each soil samples were passed through a 2 mm sieve, �nally into a sterile tube. The soil
samples in each growth state are from at least three healthy, disease-free roots of ginseng (one to three
rhizosphere soil samples were collected from the roots of each ginseng). In total, the rhizosphere soils
samples of DXSLX, PHTS and YSWDG were set up with seven, �ve and six, respectively (Table 1). All
samples were then transported to the liquid nitrogen within one hour and immediately transported to the
laboratory. Finally, the soil samples were stored at −80 °C until genomic DNA extraction using an
E.Z.N.A.® Stool DNA Kit (Omega, Shanghai). 

PCR, amplicon quanti�cation, HiSeq library construction
and sequencing
The variable V3-V4 region of the bacterial 16S rRNA gene and fungal ITS1 region were ampli�ed from
each sample with the primers pairs 341F (5’-ACTCCTACGGGAGGCAGCAG-3’) / 806R (5’-
GGACTACHVGGGTWTCTAAT-3’) and ITS-1 (5’-CTTGGTCATTTAGAGGAAGTAA-3’) / ITS-2 (5’-
GCTGCGTTCTTCATCGATGC-3’) [44, 58]. All PCRs reactions were performed using NEB Phusion High-
Fidelity PCR Master Mix following the manufacturer’s recommendations. The PCR contained 30 ng of
DNA, 4μL of PCR primer mix and 25μL of PCR Master Mix. The following PCR conditions were used for
16S rRNA and ITS: 98 °C for 3 min; followed by 30 cycles of 98 °C for 45 s, 55 °C for 45 s and 72 °C for 45
s; and a �nal extension of 72 °C for 7 min. Then, the PCR products integrity was tested by 1% agarose gel
electrophoresis and puri�ed using Ampure XP beads (Beckman, America) to remove the unspeci�c
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products. The �nal library was quantitated in two ways: determination of the average molecule length
using an Agilent 2100 bioanalyzer instrument (Agilent DNA 1000 reagents, America), and quanti�cation
of the library by real-time quantitative PCR. The quali�ed libraries were sequenced pair-end on the system
with the sequencing strategy PE250 under the HiSeq platform (Illumina, America). 

Data analysis and statistics
After removing the barcode and primer sequences, the remaining reads were merged based on
overlapping regions using FLASH (fast length adjustment of short reads, v1.2.11) within paired-end
reads [59]. Reads with ambiguous bases, an average Phred score less than 20 and the length lower than
10 bp were removed. Then, operational taxonomic units (OTUs) were clustered with a 97% similarity cut
off by using UPARSE (version 7.0.1090) [60]. The chimeric sequences were identi�ed and removed using
UCHIME software (v4.2.40) [61]. OTUs undoubtedly belonging to chloroplasts or mitochondria were also
removed. Subsequently, the taxonomic classi�cation of the representative sequence for each bacterial
and fungal OTUs was annotated using Greengenes (v201304) and UNITE (Version 7.2) reference
databases, respectively, with the RDP Classi�er v2.2 (Ribosomal Database Project). The signi�cant
difference in rhizosphere microbe community composition among three type of ginsengs was evidenced
by ANOVA (One-way Analysis of Variance, p < 0.05) in SPSS_Statistics_23. A venn plotter was used to
obtain the number of unique and common OTUs common to distinct types of ginsengs using the
‘VennDiagram’ R package (v 3.1.1). The alpha diversity of the bacterial and fungal communities was
calculated with the Chao 1 (species richness), Pielou (species evenness) and Shannon (species diversity)
indexes for each group of ginseng using in MOTHUR (v1.31.2) [62]. The Chao1, Pielou and Shannon
indexes were calculated. The differences in alpha diversity were determined by Tukey’s honestly
signi�cant difference test in R package (v 3.1.1) (p < 0.05). Mantel tests and Permutational ANOVAS
(PERMANOVA) were performed to assess the correlation between rhizosphere microbial communities and
soil physical and chemical properties, type of ginseng by using R package ‘vegan’ (v 2.5-7), respectively
[63]. Principal coordinate analysis (PCoA) was performed in QIIME software (v 1.80) to re�ect the beta
diversity of the microbial community, evaluate the similarity in community composition among the
different groups of ginseng based on the Bray-Curtis distance matrix [64]. Linear discriminant analysis
(LDA) effect sizes (LEfSe) was used to detect notably different taxa among the samples using the Galaxy
online analytics platform, and LEfSe identity different abundant taxa with an linear discriminant analysis
(LDA) score higher than 2.0 (http://huttenhower.sph.havard.edu/galaxy).

Conclusions
Our study con�rmed that there was no obvious correlation between rhizosphere microorganisms and soil
physical and chemical properties, but the type of ginseng obviously affected the rhizosphere microbial
community. By comparing the rhizosphere microbial community of understory wild ginseng, wild ginseng
and farmland cultivated ginseng, the result suggested the fungal communities were perhaps more
shaped than bacterial communities. We also found lower bacterial diversity and higher fungal diversity in
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CDG compared with WDG. Domestication might be a main factor affecting the composition and diversity
of the rhizosphere communities. Furthermore, we detected the presence of known pathogens Chloro�exi,
Alternaria and Fusarium were potential phytopathogens in farmland cultivated ginseng, this can explain
the fact that farmland cultivated ginseng is more susceptible to disease than wild ginseng. This result
might provide insights into the underlying mechanisms of ginseng planting and actionable information
for soil management. We can cultivate ginseng by simulating the rhizosphere microorganism of wild
ginseng, which can reduce the prevalence of cultivated ginseng.
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  location latitude longitude Growth status n

DXSLX Linjiang country       N41°75
´36.86´´

E127°60
´29.35´´

understory wild
ginseng

7

PHTS Ji'an city N41°31
´54.46´´

E125°91
´48.33´´

cultivate ginseng 5

YSWDG Korean Autonomous County of
Changbai  

N41°31
´19.31´´

E127°57
´07.38´´

wild ginseng 6

  DXSLX PHTS YSWDG

soil
taxonomy

Mollic Albi-boric
Argosolos

Mollic bori-Udic
Cambosols

Mollic bori-Udic
Cambosols

TP (mg kg-1) 82 146 146

TN (mg kg-1) 199 401 401

TK (mg kg-1) 2198 1823 1823

PH 5.99 6.62 5.99

Sand (%) 51 33    45

Silt (%) 32 49 37

Clay (%) 17 18 18

Tables
Table 1. Geographic location, types of ginsengs and the number of rhizosphere soils samples in three
types of ginsengs.

Note: n, the number of rhizosphere soil samples.

Table 2. The physical and chemical properties of the soil in three types of ginsengs.

Note: P, total phosphorus; N, total nitrogen; K, total potassium; Sand, the content of sand in soil; Silt, the
content of silt in soil; Clay, the content of clay in soil.

Table 3. PERMANOVAs of the in�uence of ginseng types on microbial communities associated. 

  bacterial community fungal community

factor F R2 P F R2 P

types 68.3980 0.90118 < 0.01 41.5160 0.84699 < 0.01

Note: F, F.model; R2, Variation ; P, P-value.
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Figures

Figure 1

Venn diagrams of shared bacterial (blue) and fungal (red) OTUs in rhizosphere of three types of
ginsengs.
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Figure 2

Chao 1, Pielou and Simpson indexes in the bacteria (A), (B), (C) and fungi (D), (E), (F) from three types of
ginsengs in rhizosphere, data were means ± standard error. *Signi�cant at the 0.05 probability level.
**Signi�cant at the 0.01 probability level.
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Figure 3

The composition of bacterial and fungal community from different types of ginseng rhizosphere. The
phylum level of bacteria (A) and fungi (C), and the class level of bacteria (B) and fungi (D). The relative
abundances in the top 20 were chosen to exhibit. Others represented of low relative abundance that ranks
lower than top 20.
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Figure 4

The genus level of fungal community composition. The relative abundance of Fusarium (B) and
Alternaria (A) in three types of ginseng rhizosphere, data were means ± standard error. The relative
abundances in the top 20 were chosen to exhibit. Others represented of low relative abundance that ranks
lower than top 20. *Signi�cant at the 0.05 probability level. **Signi�cant at the 0.01 probability level.
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Figure 5

LEfSe analysis showing the different taxa among three growing status of ginseng rhizosphere in bacteria
(A) and fungi (B). The diameter of each circle is proportional to the relative abundance of the taxon. The
inner to outer circle corresponds to the level of the phylum to the genus.

Supplementary Files



Page 23/23

This is a list of supplementary �les associated with this preprint. Click to download.

additionaltable�gure.docx

https://assets.researchsquare.com/files/rs-646533/v1/ff9e3a5b93f220c05c5f8cb9.docx

