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Abstract
Background: Plant rhizosphere bacterial communities in�uence plant growth and stress tolerance, which
differs across cultivars and external environments. Peanut (Arachis hypogaea. L) as an important oil crop
cultivated worldwide. However, relatively little is known about the comprehensive effects of
environmental conditions and peanut cultivars on rhizosphere bacterial community structure and
diversity.

Results: Here, bacterial community structure diversity from rhizosphere soils of various susceptible and
resistant peanut cultivars with or without salt stress was analyzed by 16S rRNA gene deep sequencing
and quantitative PCR assays. Taxonomic analysis showed that the bacterial community predominantly
consisted of phyla Actinobacteria, Proteobacteria, Chloro�exi, Acidobacteria, and Cyanobacteria. Among
these bacteria, numbers of bene�cial bacteria Cyanobacteria and Proteobacteria increased, while that of
Acidobacteria decreased after salt treatment. Metabolic function prediction showed that the percentages
of reads categorized to signaling transduction and inorganic ion transport and metabolism were higher in
the salt-treated soils, which may be bene�cial to plant survival and salt tolerance.

Conclusions: Overall, rhizosphere bacterial community structure and population metabolism are affected
by salt stress, which may be conducive to peanut stress tolerance in saline-alkali soil. The study is
therefore crucially important to develop the foundation for improving the salt tolerance of peanuts via
modifying the soil bacterial community.

Background
Peanut (Arachis hypogaea L.) is a globally important oil and cash crop containing 36–54% oil, 16–36%
protein, and 10–20% carbohydrates [1]. China is a major peanut producing, consumption, and export
trade country with strategic importance in the development of agriculture and the national economy. Due
to the limited arable land and requirement for developing regional agriculture, peanuts have been tried for
cultivating in saline-alkali soil of northern China, such as the Yellow River delta coastal areas [2]. Extreme
conditions in saline-alkali soil severely affect peanuts’ growth and productivity and cause signi�cant
economic losses. Exploring salt response mechanisms and further enhancing peanut salt tolerance has
become a decisive factor to improve peanut production in the peanut industry.

Plants have evolved complex molecular strategies to withstand salt stress, including the modulation of
stress-response genes, accumulation of osmotic substances, activation of antioxidant enzymes, and
regulation of terminal Na+ determinants (such as Salt Overly Sensitive 1, High-a�nity K+ transporter 1,
and Na+/H+ antiporter) [3–6]. Additionally, the root external environment has also been reported to
in�uence plant salt tolerance [7–9]. However, extant results in peanut, especially different peanut cultivars
are relatively few.

Roots can exude a variety of chemicals and nutrients into the soil surrounding the roots, and then attract
various microbes, such as bacteria, algae, fungi, and protozoa living with plant roots [10, 11]. The nearby
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narrow soil is designated as the rhizosphere, which is a “hot spot” of intense microbial activity [11].
Rhizosphere-associated microbes are active to involve nutrient and water acquisition, decompose organic
matter, and exert different kinds of positive effects on plant growth [12, 13]. The quantity and quality of
rhizosphere microbial communities change with the environment due to microbes that can sense
environmental signal molecules to allow some speci�c microbes to increase or decrease [7, 14]. In the
last decade, a variety of studies have emerged involving members of the stress-response plant growth
promoting rhizobacteria (PGPRs) to be bene�cial to stress tolerance and plant growth through diverse
mechanisms such as provide a buffer zone for plants to cope with stresses, alter the nutrient
mineralization and soil fertility, produce hormones that promote plant growth or induce systemic
resistance for plants [15–18]. Thus, rhizosphere-associated microbes may be bene�cial to plant survival
and adaptation to environmental stresses. Therefore, studying the colonization and propagation of
microbial community and further selecting the stress-tolerance bene�cial microbes is very important.

The rhizosphere microbial communities may differ across different cultivars due to the root exudates
from some speci�c cultivars that may inhibit soil microbes by releasing allelochemicals, while others
promote the growth of some microbes [19, 20]. Peanut-associated bacterial community structure may be
unique, whereas the study about peanut bacterial community structure and the relationship with salt
stress and peanut cultivars have been largely unexplored. In this study, 16S rRNA gene sequencing and
quantitative PCR (qPCR) assays were used to compare the independent replicates of rhizosphere soils
from four peanut cultivars with or without salt treatment. The study aims to explore the relationships
between the changes of soil bacterial community with their related peanut cultivars and salt stress
treatment, to provide theoretical basis and practical guidance for the rational planting of peanuts and
maintaining soil biodiversity in saline-alkali land.

Results

Overall and alpha diversity analysis of sequencing data
Bacterial community structure diversity of rhizosphere soils from four peanut cultivars with or without
salt stress was carried out by 16S rRNA gene sequencing. Salt-resistant (big-grain peanut Huayu25,
small-grain peanut Luhua12) and susceptible (big-grain peanut Huayu33, small-grain peanut Huayu20)
peanut cultivars were used in this study. Bulk soil group without plants was collected and designated as
control bulk soil (CB). We combined the controlled rhizosphere soil groups from Huayu25, Luhua12,
Huayu33, and Huayu20 to controlled rhizosphere soil of resistant big-grain peanut (CRBR), resistant
small-grain peanut (CRSR), susceptible big-grain peanut (CSBR), and susceptible small-grain peanut
(CSSR), respectively. And salt-treated rhizosphere soil groups from Huayu25, Luhua12, Huayu33, and
Huayu20 were designated as salt-treated rhizosphere of resistant big-grain peanut (SRBR), resistant
small-grain peanut (SRSR), susceptible big-grain peanut (SSBR), and susceptible small-grain peanut
(SSSR), respectively. After �ltering using the QIIME software (Quantitative Insights into Microbial Ecology,
v1.8.0), 1,357,465 sequences passed quality screening and most of which were between 401 and 420 bp
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(Fig. 1A and Table S1). Operational taxonomic units (OTUs) were generated with a 97% threshold identity,
and a total of 6,429 OTUs were detected in peanut rhizosphere soils (Table S1).

To analyze community richness and diversity, alpha diversity analysis was performed. Alpha diversity
indices (Sobs, Shannon and Simpson, Chao1 and ace, and coverage) which can re�ect the community
richness and diversity of the bacterial community were also performed (Fig. 1B and Table S2). The
Good’s coverage index is 0.997 ± 0.001, indicating an adequate sequencing depth, which is further proved
by other alpha diversity analysis. Rarefaction curve analysis showed that in the process of population
sampling, the rate of increase of new species increased with the increase of sample size and then
gradually leveled off, indicating that the sequencing depth of this peanut rhizosphere soil was high
enough to analyze the community richness (Fig. 1C). Rank abundance curve showed that all the
rhizosphere soil samples had high species evenness and homogeneity (Fig. 1D). All the results showed
that alpha diversity revealed no signi�cant difference among the different soil samples of the peanut
rhizosphere.

Peanut Rhizosphere Bacterial Community Structure
Taxonomic Analysis
To further analyze the bacterial community structure, we analyzed the abundance distributions of each
soil group at �ve levels (phylum, classes, orders, families, and genus). The bacterial community of peanut
is mainly composed of Actinobacteria, Proteobacteria, Chloro�exi, Acidobacteria, and Cyanobacteria at
the phylum level, accounted for more than 80% of total bacterial sequences (Fig. 2A). Further structure
analysis showed that bacterial community abundance indeed altered with salt stress, whereas no
signi�cant differences were detected among the four peanut cultivars. Cyanobacteria and Proteobacteria
increased in most salt-treated soils, while Acidobacteria decreased in all the salt-treated soils compared
to the controlled rhizosphere soils. Among them, the abundance of Cyanobacteria in SRBR slightly higher
than that of controlled rhizosphere soils, while lower than that of other salt-treated rhizosphere soils
(Fig. 2A and Fig. S1). Furthermore, Chloro�exi were the dominant bacteria in the bulk soils, which
decreased in peanut rhizosphere soils (Fig. 2A and Fig. S1). At the class level, most of the bacterial
community belonged to Actinobacteria, Alphaproteobacteria, Acidobacteria, Cyanobacteria, and
Betaproteobacteria (Fig. 2B). The presence of Acidobacteria and Betaproteobacteria decreased in salt-
treated soils, whereas numbers of Alphaproteobacteria and Cyanobacteria increased in these soils.
Gammaphaproteobacteria increased in all peanut rhizosphere soils than in the bulk soils (Fig. 2B).
Bene�cial bacteria Rhizobiales were the most abundant order in peanut rhizosphere soils and
Micrococcaceae predominated in peanut rhizosphere soils at the family level (Fig. 2C, D).

A thorough investigation at the genus level was performed in our study and the top 10 most abundant
genera were shown by Wilcoxon rank-sum test in Fig. 3A. Pseudarthrobacter, norank_c__Acidobacteria,
Sphingomonas, and norank_c__Cyanobacteria were predominantly found in the peanut rhizosphere soils.
Many sequences named as “norank” or “unclassi�ed” were unidenti�ed species but were abundant in
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peanut rhizosphere soils, demonstrating that the peanut soils remained a challenging reservoir of
biodiversity which needed to further study (Fig. 3A and Excel S1). Salt treatment increased the quantities
of Rhizobium but reduced the numbers of RB41, Gaiella, norank_o_Gaiellales, and
norank_c__Acidobacteria (Fig. 3A). Pie chart analysis was also performed to provide the comprehensible
depiction of bacterial groups present in four peanut cultivars with or without salt stress. The top 10 most
abundant genera were identical in different rhizosphere soils, whereas the proportions and abundance
were signi�cantly different (Fig. 3B and Fig. S2). Thus, salt stress can rapidly cause the shift of bacterial
abundance distributions and the enrichment of some speci�c bacterial species in peanut rhizosphere
soils.

Clustering Analysis Of Bacterial Community
Beta diversity analysis and clustering analysis were performed to check the similarities and dissimilarities
among different soil groups. Principal component analysis (PCA) and principal co-ordinates analysis
(PCoA) analysis showed that the bacterial community compositions of different soil groups were diverse
(Fig. 4A, B). And bacterial community compositions of four salt-treated soil groups were more similar to
each other but farther apart from the four controlled rhizosphere soil groups in different coordinates
(Fig. 4B). Cluster analysis in the form of a hierarchical tree showed that the bacterial community
structures of salt-treated and controlled rhizosphere soils were diverse, whereas the duplicate samples in
the same soil group were similar to each other as other beta diversity analyses (Fig. 4C).

Pseudarthrobacte were the most abundant genera in the peanut rhizosphere and 35% of the top 20
richest genera belonged to the phylum Actinobacteria in the phylogenetic tree (Fig. 5A and Fig. S3). Heat
map analysis showed that Flavobacterium, Devosia, and Rhizobium at the genus level occurred relatively
higher abundance in salt-treated rhizosphere soils (Fig. 5B). Thus, all the results show that salt stress
leads to the change of bacterial community and enrichment of Flavobacterium, Flavobacterium, and
Rhizobium at the genus level, which may be bene�cial to peanut survival and salt resistance as other
PGPRs.

Speci�c phylotypes of rhizosphere bacterial community modulated by salt stress

Linear discriminant analysis (LDA) effect size (LEfSe) was employed to identify speci�c phylotypes of
peanut rhizosphere bacterial community responding to salt stress from phylum to genus level in
cladograms (Fig. 6 and Fig. S4). LEfSe analysis con�rmed the signi�cant enrichment of Rhizobiales
(from order to genus) and Flavobacteriia (from class to genus) in the salt-treated group (SSBR) and
enrichment of Chloro�exi (from phylum to order) in the bulk soil (CB) found by community structure
taxonomic analysis (Figs. 2, 3, and 6). In the bulk soil (CB), additionally found the enrichment of
Firmicutes (from phylum to genus, namely p__Firmicutes, c__Bacilli, o__Bacillales, f__Bacillaceae, and
g__Bacillus) and TK10 (from class to genus, c__TK10, o__norank_c__TK10, f__norank_c__TK10, and
g__norank_c__TK10). In peanut rhizosphere soils of different treatments, the predominant bacterial
community was diverse. In controlled rhizosphere soils, phylum Acidobacteria dominated in CRBR, and
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phylum Gemmatimonadetes and Saccharibacteria dominated in CSSR, while class Acidimicrobiales and
Clostridiales speci�cally elevated in CRSR and CSBR, respectively (Fig. 6). After salt stress treatment,
Rhodobacterales and Xanthomonadales dominated in SRBR, and phylum Cyanobacteria and genus
Sphingomonas were predominant in SRSR (Fig. 6). Additionally, in rhizosphere soils of salt susceptible
peanut cultivars, SubsectionIII (from order to genus, namely o__SubsectionIII, f__FamilyI_o__SubsectionIII,
and g__unclassi�ed_f__FamilyI_o__SubsectionIII) and family Intrasporangiaceae were relatively abundant
in SSSR. The bacterial community structure shows signi�cant speci�city in different treatments, which
may be associated with their survival abilities or potential roles under salt stress.

Metabolic Functional Features Prediction Of Peanut
Rhizosphere Bacterial Community
We then predict the function of bacterial population metabolism based on the known microbial genomic
data. The cluster of orthologous groups (COG) database analysis showed that four metabolic functions
(namely amino acid transport and metabolism, lipid transport and metabolism, energy production and
conversion, and posttranslational modi�cation, protein turnover, chaperones) were more abundant in salt-
treated soil groups (Figs. 7A, B and Fig. S5). Furthermore, salt stress-related classi�cations including
signal transduction mechanism and inorganic ion transport and metabolism were also enriched in these
salt-treated soils (Fig. 7A). These vigorous metabolic functions may be associated with salt stress
tolerance of bacterial communities in the salt-treated soils.

Qpcr Of Speci�c Bacterial Groups
To further verify the 16S rRNA gene sequencing data, qPCR assay further con�rmed the changes in the
abundance of the major bacterial phyla (Actinobacteria, Proteobacteria, Chloro�exi, Acidobacteria, and
Cyanobacteria) and salt-induced bacteria Rhizobium in all soil samples. The numbers of phylum
Cyanobacteria and Alphaproteobacteria and bene�cial bacteria Rhizobium were signi�cantly higher in
salt-treated peanut rhizosphere soils, whereas Acidobacteria was relatively lower in these soil samples as
the taxonomic analysis in Fig. 2A (Fig. 8). And Chloro�exi were enriched in the bulk soils, and gradually
decreased in peanut rhizosphere soils (Fig. 2A and 8D). Most of the results were consistent with the 16S
rRNA gene sequencing analysis. Taken together, all the results indicate that Cyanobacteria and
Alphaproteobacteria as predominant phyla in salt-treated soils.

Discussion
Rhizosphere soil is a very complex ecological system, a wide range of host and environmental factors
have been shown to in�uence plant microbial community compositions [21–23]. In the current study, 16 s
rRNA gene sequencing was used to examine the rhizosphere bacterial community of four peanut cultivars
with or without salt stress. Actinobacteria, Proteobacteria, Chloro�exi, Acidobacteria, and Cyanobacteria
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were identi�ed in all the rhizosphere soils in high abundance as similarly reported elsewhere [24, 25].
Further bacterial community structure analysis and qPCR assays showed that salt stress can rapidly lead
to the change of bacterial abundance distributions and enrichment of some speci�c bacterial species in
peanut rhizosphere soils, whereas different peanut cultivars only slightly change the bacterial community
structure (Fig. 2–5). Cyanobacteria and Proteobacteria dramatically increased in salt-treated soils as
dominant bacteria, while Acidobacteria decreased in these soils compared to the controlled soils
(Fig. 2A). Cyanobacteria can improve soil environments via accumulating soil carbon and nitrogen, which
can survive in harsh environments such as saline-alkali and arid soil [26, 27]. Proteobacteria is the
predominant phylum in the rhizosphere of most plant species may due to their rapid growth rates [28]. In
addition, Proteobacteria as bene�cial bacteria can degrade aliphatic and aromatic compounds into
simpler forms, and survive in some extreme conditions [29]. This work revealed that the increased
Cyanobacteria and Proteobacteria under salt stress in our study may be conducive to salt stress
tolerance.

The clustering analyses revealed that Flavobacterium, Devosia, and Rhizobium were relatively abundant
in salt-treated peanut rhizosphere compared with that of the control (Fig. 5). Flavobacterium is a kind of
copiotrophic and fast-growth bacterium with a transient nutrition niche [30]. Rhizobium as a nitrogen-
�xing bacterium is closely related to peanut nodulation [31]. Devosia has been found to have functions of
nitrogen �xation, which can catalyze the conversion of N2 gas to ammonia [32]. The enrichments of these
nitrogen-�xing bacteria in peanut rhizosphere soils have important environmental signi�cance for
improving soil quality and ensuring plant survival in adverse conditions.

Soil bacterial community plays a vital role in sustaining the basic functions of plants under salt stress.
Metabolic functional feature prediction showed that the percentages of reads categorized to defense
mechanisms (posttranslational modi�cation, protein turnover, and chaperones and signal transduction
mechanism) and biological metabolisms (amino acid transport and metabolism, lipid transport and
metabolism, energy production and conversion and chaperones and inorganic ion transport and
metabolism) were enriched in the salt-treated soils than that of the controlled soils (Fig. 7A). Amino acids
such as glutamine and proline can improve salt tolerance in plants [33, 34], and some chaperones, such
as heat shock proteins, are also identi�ed as stress tolerance enhancers for plants [23]. Moreover,
inorganic ion transport and metabolism is high. Soil salinity can cause excessive ion toxicity (Na+ and
Cl−) to plants or microbes [35], thus the vigorous inorganic ion transport and metabolism in salt-treated
soils may have implications for plants to re-establish ionic homeostasis. Therefore, we assume that these
vigorous pathways may contribute to peanut adaption to salt stress. This study aims to evaluate and
provide some new insight into the effect of peanut cultivars and soil salinity on the bacterial abundance
distributions of rhizosphere soil. It may be a good strategy to screen dominant and bene�cial soil bacteria
and deliver high populations of some desired bacteria around the rhizosphere soil to improve salt
tolerance of peanuts.

Conclusions
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In the current work, the study of rhizosphere microbial community of four peanut cultivars under salt and
normal conditions via 16S rRNA gene deep sequencing was performed, we found that Actinobacteria,
Proteobacteria, Chloro�exi, Acidobacteria, and Cyanobacteria were predominant in all the peanut
rhizosphere soils. Salt stress can quickly lead to the shift of microbial community structure and
enrichment of Cyanobacteria and Proteobacteria, while Acidobacteria decreased in salt-treated soils
compared to the controlled soils. Identifying dominant and bene�cial soil bacteria and improving salt
tolerance of peanuts via modi�cation of the soil microbes is promising in the future.

Methods

Plant materials and salt stress treatment
Salt-susceptible (Huayu33, Huayu20) and salt-resistant (Huayu25, Luhua12) peanut cultivars cultivated
in an acrylic tank containing the same weight of topsoil in the greenhouse at Laixi experimental station,
China (120.53°E, 36.86°N). Huayu33 and Huayu25 were big-grain peanut cultivars (hundred-grain weight
95.9 g and 98 g, respectively), and Huayu20 and Luhua12 were small-grain peanut cultivars (hundred-
grain weight 68.6 g and 70 g, respectively). The topsoil was taken from a peanut �eld at the Laixi
experimental station. When the soil was dry, sieved it with a 1 cm sieve and added 18 kg soil to each tank.
The physiochemical properties of soil: pH 7.7, EC 0.26 dS/m, total nitrogen 1.70 g·kg− 1, organic content
13.23 g·kg− 1, available potassium 103.20 mg·kg− 1, and available phosphorous 11.70 mg·kg− 1. For the
salt-treated soil group, the required amount of NaCl was added into the soil to attain to 2.00 g·kg− 1 salt
concentration. Then four �ne peanut seeds of different peanut cultivars were planted in each tank,
respectively. The water was added every two days to keep the soil water content at 85% of �eld capacity
(water is kept in the capillary pores of the soil without exudation at 85% of �eld capacity, and salt cannot
be lost with water to maintain the 2.00 g·kg− 1 soil salt concentration during the whole growth period of
the peanut) until the harvest time at 25 ± 2℃ and 16/8 h light/dark photoperiod [23]. The experiment was
carried out during the rainy season 2019 and sowing was done on 1st May, and harvest was done on
15th September. Plants and soil samples were collected during the harvest time.

The sample collection of rhizosphere compartments for 16S rRNA gene sequencing

Rhizosphere compartments consisted of root surface soils and soils around the roots [7]. Soils around
the roots were obtained by slightly shaking. Then roots were cut off and placed in a centrifuge tube
containing PBS buffer (0.25 g of NaH2PO4.H2O, 0.66 g of Na2HPO4.7H2O, 8 ml Silwet L-77, pH 7.0). High-
speed centrifugation of the centrifuge tubes to remove plant debris, and the supernatant was centrifuged
at 5000 × g for 15 min and the pellets were re-suspend by the PBS buffer to obtain the root surface soil
[9]. Each treatment contained three biological replicates and a total of nine soil groups were collected.
The bacterial DNA was extracted by using PowerSoil® DNA Isolation Kit (MoBio Laboratories, Carlsbad,
CA).



Page 9/22

16s Rrna Gene Sequencing
The quality and concentrations of extracted DNA were checked before being used for bacterial 16S rRNA
gene ampli�cation by Majorbio (Shanghai, China) [7]. The V3 and V4 region of the 16S rRNA gene was
ampli�ed using the speci�c primers 338F (forward primer, 5'-ACTCCTACGGGAGGCAGCAG-3') and 806R
(reverse primer, 5'-GGACTACHVGGGTWTCTAAT-3'). 2 × Phanta Max Master Mix (P515, Vazyme, Nanjing,
China) was used in PCR reactions and then the Tiangen Gel Extraction Kit (Tiangen, Beijing, China) was
used to purify the PCR product [36]. The sequencing libraries were obtained by using TruSeq® DNA PCR-
Free Sample Preparation Kit (Illumina, San Diego, CA, USA) and 250 bp/300 bp paired-end reads were
generated. Reads were submitted to National Center for Biotechnology Information (NCBI) Sequence
Read Archive (SRA) under accession SUB6650557 and bioproject PRJNA592826, database is accessible
via the link https://www.ncbi.nlm.nih.gov/sra/PRJNA592826.

Otu Cluster And Bioinformatic Analysis
Paired-end reads were merged using FLASH (version 1.2.7) and raw tags were preliminarily screened
according to the QIIME (Quantitative Insights into Microbial Ecology, v1.8.0) quality-controlled process
[37]. Chimera sequences were detected and deleted via compared with the reference Gold database
(http://drive5.com/uchime/uchime_download.html) using UCHIME algorithm [38]. The operational
taxonomic unit (OTU) was de�ned as the sequence that the similarity threshold set ≥ 97% [39]. The gplot
package of R software was used to cluster the community composition data according to the abundance
distribution of taxon or the similarity between soil groups to generate heat maps [40].

Alpha And Beta Diversity Analysis
In order to compute alpha diversity, we calculated six indices: both Chao1 and ace estimate the species
abundance; Sobs exhibits OTU numbers; Shannon and Simpson exhibit species diversity; Coverage can
re�ect sequencing depth. Rarefaction curves were generated to evaluate the species richness and
sequence depth. The rank abundance curve re�ects the species abundance and evenness [41].

The similarity or dissimilarities of the community structure between soil samples was analyzed by beta
diversity analysis. The similarities or dissimilarities among 9 soil groups were studied by using principal
component analysis (PCA), principal co-ordinates analysis (PCoA), and clustering analysis in the form of
a hierarchical tree [42].

Linear discriminant analysis (LDA) effect size (LEfSe) and the cluster of orthologous groups (COG)
database analysis

LEfSe is a high dimensional biomarker algorithm for the analysis of biomarkers in soil groups [43]. LEfSe
analysis was conducted on the website (http://huttenhower.sph.harvard.edu/galaxy) with factorial
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Kruskal–Wallis test among classes < 0.05 and the threshold on the logarithmic LDA score > 3.5. The
metabolic functional features of bacterial communities were predicted by PICRUSt10 program in the
context of the COG database [44].

Qpcr Analysis Of Predominant Bacterial Community
The main bacterial phyla (α-Proteobacteria, β-Proteobacteria, Actinobacteria, Chloro�exi, Acidobacteria,
and Cyanobacteria) and bene�cial genus (Rhizobium) was measured by qPCR [31, 45]. qPCR analysis
was performed by Bio-Rad CFX96 (Bio-Rad, Hercules, CA, USA) with the following reaction mixture: 0.5 µL
of primers (10 µM), 7.5 µL ChamQ SYBR Color qPCR Master Mix (Q411, Vazyme, Nanjing, China), and
template DNA. Primers are listed in Table S3.

Statistical analysis
All experiments were performed three times. PCA, PCoA, and hierarchical clustering analysis based on
Bray–Curtis distances were performed to assess beta diversity patterns. Error bars in each graph of qPCR
assays indicate the mean values ± SEM of replicates. Statistically signi�cant differences between
measurements were determined using one-way ANOVA (P < 0.05; LSD and Duncan test) in Statistical
Product and Service Solutions Statistics software (SPSS 24; IBM, Armonk, NY, USA) as the previous study
[46].

Abbreviations
CB
control bulk soil; COG:cluster of orthologous groups; CRBR:controlled rhizosphere soil of resistant big-
grain peanut Huayu25; CRSR:controlled rhizosphere soil of resistant small-grain peanut Luhua12;
CSBR:controlled rhizosphere soil of susceptible big-grain peanut Huayu33; CSSR:controlled rhizosphere
soil of susceptible small-grain peanut Huayu20; LEfSe:Linear discriminant analysis (LDA) effect size;
OTU:Operational taxonomic units; PCA:principal component analysis; PCoA:principal co-ordinates
analysis; PGPRs:plant growth promoting rhizobacteria; qPCR:quantitative PCR; SRBR:salt-treated
rhizosphere soil of resistant big-grain peanut Huayu25; SRSR:salt-treated rhizosphere soil of resistant
small-grain peanut Luhua12; SSBR:salt-treated rhizosphere soil of susceptible big-grain peanut Huayu33;
SSSR:salt-treated rhizosphere soil of susceptible small-grain peanut Huayu20
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Figures

Figure 1

Alpha diversity analysis of peanut rhizosphere bacterial community richness and diversity (A) Length
distribution of trimmed sequences in the peanut rhizosphere. (B) The operational taxonomic units (OTUs)
levels of nine soil groups via sobs index analysis. CB, control bulk soil; CRBR, controlled rhizosphere soil
of resistant big-grain peanut Huayu25; CRSR, controlled rhizosphere soil of resistant small-grain peanut
Luhua12; CSBR, controlled rhizosphere soil of susceptible big-grain peanut Huayu33; CSSR, controlled
rhizosphere soil of susceptible small-grain peanut Huayu20; SRBR, salt-treated rhizosphere soil of
resistant big-grain peanut Huayu25; SRSR, salt-treated rhizosphere soil of resistant small-grain peanut
Luhua12; SSBR, salt-treated rhizosphere soil of susceptible big-grain peanut Huayu33; SSSR, salt-treated
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rhizosphere soil of susceptible small-grain peanut Huayu20. (C) Rarefaction curve analysis showing the
sequencing depth of peanut rhizosphere soils. (D) Rank abundance curve showing the relative species
abundance and evenness. The length of polyline on the horizontal axis re�ects the species abundance
and the �atness of polyline re�ects the species evenness.

Figure 2
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Bacterial community structure of peanut rhizosphere soils The bacterial abundance distributions percent
at the phylum level (A), at the class level (B), at the order level (C), and at the family level (D) in nine soil
groups in peanut rhizosphere. The values are mean relative abundances across replicate samples. Both
“norank” and “unclassi�ed” in bacteria respect unidenti�ed species obtained directly from the database
via sequence alignment.

Figure 3

Bacterial abundance distributions in peanut rhizosphere at the genus level (A) The bacterial abundance
distributions percent at the genus level in nine soil groups via the Kruskal-Wallis H test bar plot. The
difference between proportions in 95% con�dence intervals is marked on the right. (B) Pie chart showing
the abundance of bacterial genera in CB, CRBR, and SRBR using 16S rRNA gene sequencing.
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Figure 4

Beta diversity analysis (A) Two-dimensional ranking of the principal component analysis (PCA). (B) Multi-
dimensional ranking of the principal co-ordinates analysis (PCoA). The same color points belong to the
same soil group. (C) Hierarchical clustering analysis. Branch length indicates the similarity among the
nine soil samples.
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Figure 5

Phylogenetic tree and heat map (A) Phylogenetic tree showing the phylogenetic relationship of the
bacterial community. Bootstrap values were obtained from 1000 repeated searches and shown on the
nodes. The branch color on the left is the same as the color of the corresponding phylum, and the box
color on the right is the same as the color of the corresponding soil. The box size on the right corresponds
to the average relative abundance of the taxa in the corresponding soil. (B) The 50 most abundant genera
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were hierarchically clustered to generate heat maps and arranged in horizontal order according to the
similarity among their components. The values are mean relative abundances across replicate samples.
In the �gure, red represents the more abundant genera in the corresponding sample, and blue represents
the less abundant genera.

Figure 6
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Speci�c phylotypes of peanut rhizosphere modulated by salt stress in Cladogram Speci�c phylotypes of
peanut rhizosphere bacterial communities with linear discriminant analysis (LDA) scores > 3.5. From the
inner circle to the outer circle indicates phylogenetic levels from phylum to genus. The circle size
represents the bacterial abundance.

Figure 7

Metabolic functional features of nine rhizosphere soil (A) Box-plot showing the relative abundance of
metabolic functional groups in nine soil groups (metabolic functional groups with a difference are shown
here). (B) Bar chart showing the relative abundance of metabolic functional groups in nine soil groups
(metabolic functional groups with a difference are shown here). The relative abundance is the average of
the duplicated samples.
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Figure 8

Quanti�cation of genes involved in major bacterial communities under different peanut rhizosphere soils
The genes of Actinobacteria (A); Alphaproteobacteria (B); Betaproteobacteria (C); Chloro�exi (D);
Cyanobacteria (E); Acidobacteria (F); Rhizobium (G). Error bars indicate SEM (N = 3), p < 0.05. One-way
ANOVA Duncan’s test was used for statistical analysis. Statistical differences are indicated by lowercase
letters and different letters represent different signi�cance. These experiments were repeated three times.
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