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Abstract
Although rhizosphere microorganisms have been studied for a long time, rhizosphere microbial
communities based on monoculture and intercropping soybean and maize have rarely been studied. To
de�ne the effect of crop monoculture and intercropping on soil physicochemical properties and
rhizosphere bacterial communities, �eld experiments were conducted using maize and soybean cultivars
at �ve different crop growth stages, including monoculture maize, monoculture soybean and maize-
soybean intercropping. The rhizosphere bacterial communities were analyzed by using the 16S rRNA
Illumina sequencing. The pH and soil organic matter (SOM) were the key factors affecting crop
rhizosphere soil bacterial communities. The intercropping soybean-maize increased the available
phosphorus (AP) content at �ve different crop growth stages. And the available potassium (AK) content
in the intercropping soybean soil samples was higher than corresponding monoculture soil samples. The
content of available cadmium (ACd) in monoculture soybean rhizosphere soil samples decreased and
then increased, but the intercropping soybean soil samples indicated an opposite trend. Proteobacteria,
Chloroflexi, Acidobacteria, Actinobacteria and Firmicutes were the dominant phyla in the soybean and
maize rhizosphere soil samples. Crops of the same plant species showed little difference in the bacterial
community diversity under the two planting modes. The results indicated the intercropping planting
pattern altered the absorption of ACd in the maize and soybean soil since the S2 stage and showed a
different change in different crop growth stages. And the maize-soybean intercropping system also
changed the bacterial community and soil physicochemical properties.

Introduction
Intercropping is often an e�cient land use and sustainable agricultural practice and becoming common
in the Americas, Asia, Africa, and Europe. It plays an important role in maintaining farmland ecosystem
biodiversity and stability (Zhang et al., 2012). Intercropping involves the aboveground and belowground
interaction of crops. Intercropping of soybean and maize is a common pattern that can improve maize
yield (Zaeem et al., 2019). The maize-soybean relay intercropping system also could effectively increase
the grain yield by utilize heat and light resources (Yang et al. 2017; Du et al., 2018). Crops intercropping
can increase the N uptake of grain, the nitrogen use e�ciency and total N accumulation (Yong et al.,
2015; Chen et al., 2017). In recent years, more studies have been focused on the belowground interaction
in intercropping systems in altered the soil nutrients, community composition and root exudates (He et al.,
2013; Xue et al., 2016). Li et al. (2018) indicated that the maize/peanut intercropping have the advantage
of enhancement of soil nutrient, enzymes activity and microbial community composition due to the
belowground interactions. He et al. (2013) found that the plant P uptake increased in maize-soybean
intercropping due to a shift in the microbial community composition. Changes in soil microbial
communities have been observed in mulberry/soybean, maize/chickpea, maize/soybean, and
sorghum/peanut intercropping (He et al., 2013; Li et al., 2016; Yang et al.,2016).

The micro-environment in plant roots that interacts closely with soil is called the rhizosphere and
includes many components, such as carbohydrates, amino acids and growth substances (Berendsen et
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al., 2012). Soil microorganisms can affect and change the supply of soil nutrients by producing various
organic acids, hormones, antibiotics, alcohols, vitamins and other products (Manching et al., 2014;
Coskun et al. 2017). As an important part of the soil environment, soil microorganisms play an important
role in the transformation and increase of soil nutrients and organic matter and thus affect the growth,
development and yield and quality of crops (Mendes et al., 2013). The nutrient status of soil can be
re�ected by the species, number and activity of soil microorganisms (Manching et al., 2014; Yin et al.
2015). Understanding the in�uencing factors and diversity of the rhizosphere microbial community has
great signi�cance for crop growth and contaminated land remediation. 

Cd contamination harms the surrounding ecological environment by altering and destroying local
ecosystems. Many studies have found that the presence of cadmium will lead to changes in soil
properties (Harichová et al., 2012; Hurdebise et al., 2015). In order to �nd the most crucial stage of
cadmium absorption mechanism in intercropping systems, we preliminary explored the dynamic changes
of intercropping on physicochemical properties and bacterial community of rhizosphere soil. Therefore, it
is imperative to understand the responses of soil microbial assemblages in maize-soybean intercropping
system to cadmium contamination. The dynamic changes in the soil physicochemical properties and
rhizosphere microbial community of maize-soybean intercropping systems in different growth stages
were studied.

Materials And Methods
Site description and sample collection

The experiment was carried out in Zhuzhou City (113°8′3.8″E, 27°43′25.6″N), Hunan Province, China. The
�eld climate was subtropical monsoon humid, with average annual temperature of 17.5-18℃, rainfall of
1400-1500 mm, and sunshine of 1500-1600 h. The �eld experiment included two monoculture systems,
e.g., monoculture maize and monoculture soybean, and maize- soybean intercropping system in a typical
cadmium-polluted fallow zone. The compact and high cadmium accumulation maize (Denghai 605) and
major soybean cultivars (Xiangchundou 26) of Hunan Province were used as experimental materials.
Maize and soybean were sown on April 6, 2019, and harvested on July 30, 2019. The physicochemical
properties of the top 20 cm of soil were shown in Table S1. 

The planting density for maize was 52500 hm-2, and for soybean was 150000 hm-2. In the monoculture
system, the row spacing of maize plants and soybean plants were 60 cm and 33 cm, respectively. And the
plant spacing of maize plants and soybean plants were 32 cm and 60 cm, respectively. The distance
between maize and soybean rows was 60 cm. Corresponding intercropping systems were planted the
same density, while the plant spacing of maize plants and soybean plants were 16 cm and 30
cm, respectively. The ratio of corn to soybean rows was 2:3 in the maize-soybean intercropping system,
the plot size was 30 m2 and each treatment was repeated 4 times. The nitrogen fertilization for maize
was divided into two parts, 112.5 kg/hm2 for base fertilizer and 105.75kg/hm2 for topdressing. The
phosphorus and potassium fertilization were used as base fertilizer at 112.5 kg/hm2 and 112.5
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kg/hm2 for maize. The nitrogen, phosphorus and potassium fertilization were used as base fertilizer 67.5
kg/hm2, 67.5 kg/hm2 and 67.5 kg/hm2 for soybean. In IMS, the nitrogen topdressing for IM applied with a
distance of 40 cm from the maize rows to the soybean rows. The two cultivars were planted in the same
experimental �eld with the same soil properties and climate conditions. There was no irrigation during
crop growth. 

The rhizosphere soil samples were collected at the V2 (S1), V6 (S2), R4 (S3), R6(S4), R8 (S5) for soybean
and V3(S1), V6(S2), VT(S3), R3(S4), R6(S5) for maize (Fehr and Caviness, 1977; Ritchie and Hanway,
1982). The rhizosphere soil was collected by shaking the roots to obtain soil attached to the roots. In
each plot, each sample was randomly collected from �ve points and mixed into one sample.
The rhizosphere soil samples were used for soil microbial DNA extraction, while the rest was air-dried and
used for soil property analysis.

Determination of soil physiochemical properties

The soil pH was examined using potentiometry with a pH meter (PB-10, Sartorious, German). The
volumetric method was used to measure the content of soil organic matter (SOM) and available nitrogen
(AN). UV-Vis spectrophotometry was used to measure the content of available phosphorus
(AP). Available potassium (AK) was determined by the inductively coupled plasma-atomic emission
spectrometry (ICP-AES).

DNA extraction, PCR ampli�cation and pyrosequencing

In total, 80 rhizosphere soil samples were collected and sequenced. Genomic DNA was extracted using a
Fast DNA spin kit for soil (MP Biomedicals LLC, USA) according to the manufacturer’s instructions. The
extracted DNA was stored at -20 °C before use. The V3-V4 region of the 16S rRNA gene was ampli�ed
with primer pairs 338F (5′-ACTCCTACGGGAGGCAGCAG-3′) and 806R (5′-GGACTACHVGGGTWTCTAAT-
3′) (Kong et al., 2019). Both the forward and reverse primers were tagged with unique barcodes to
distinguish different samples. The PCR and sequencing processes were performed by Majorbio Bio-
Pharm Technology Co. Ltd., Shanghai, China. Sequencing was performed
on an Illumina MiSeq platform using a PE250 kit. The sequencing data were deposited in the NCBI
Sequence Read Archive database and the BioProject ID PRJNA662201.

Data analysis and statistical analysis

Data analysis was performed using an open, web-based platform, Galaxy (http://mem.rcees.ac.cn:8080),
which comprises an integrated series of bioinformatics tools to aid in intensive bioinformatics research
(Kong et al., 2018). Brie�y, 12 bp barcode sequences were utilized to sort the different samples. The
forward and reverse sequences were then combined with a minimum 30 bp overlap length and a
maximum 250 bp maximum overlap length using the FLASH program (Magoc and Salzberg, 2011).
Combined sequences with low quality were removed. Subsequently, the reads were clustered into
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operational taxonomic units (OTUs) at 97% similarity using UPARSE (Edgar, 2013). The OTU table was
resampled with 17,093 sequences to guarantee the same sequencing depth.

The α-diversities (richness, Chao 1, Shannon index, and inverse Simpson index) were calculated, and the
relative abundances of phyla and genera were examined in our study. Weighted principal coordinate
analysis (PCoA) based on weighted UniFrac matrix and dissimilarity tests (nonparametric permutational
multivariate (PERMANOVA) based on Bray Curtis) were performed to investigate differences in microbial
community structure (Anderson, 2010; Caporaso et al., 2010). The Mantel test was used to evaluate the
correlation of physicochemical properties and the microbial community structure. Signi�cance between
groups was determined by one-way analysis of variance with SPSS 22. The student t-test analysis was
performed to evaluate the difference of physicochemical properties between the intercropping and
corresponding monoculture maize/soybean samples during various crop growth stages by using the
Excel 2017.

Results
Soil physicochemical properties at different growth stages

The physicochemical properties of all soil samples collected at 20, 40, 60, 80, and 100 days after the
crops were planted at �ve different stages were measured in succession (Fig. 1). The soil pH of the
rhizosphere soil samples from the monoculture soybean all decreased, while that of the maize samples
increased; intercropping soybean and maize rhizosphere soil samples all decreased and then increased
and showed the lowest value at the S3 stage (Fig. 1). The SOM contents in the monoculture and
intercropping soybean rhizosphere soil samples all decreased and then increased, and the SOM content
of the intercropping maize gradually increased (Fig. 1). The AP, AN, and AK contents in the intercropping
soybean rhizosphere soil samples all decreased from the S1 to S3 stage and then rebounded to
normal levels at the S3 stage. The AP and AK contents of the monoculture soybean showed no
signi�cant changes during the stages, and the AN content all increased and then decreased; the AN and
AK contents of the monoculture maize all decreased and then increased. The AP of the intercropping
soybean increased and then rebounded to the normal level at the S3 stage (Fig. 1). The content of
ACd in monoculture soybean rhizosphere soil samples all decreased and then increased, but
the intercropping soybean soil samples showed the opposite trend. The dynamic trends of the
physicochemical properties of the maize rhizosphere soil were opposite to those of the soybean
rhizosphere soil (Fig. 1). And all the physicochemical properties were compared in monoculture and
intercropping maize and soybean at every sampling time (Table 1). The content of AP in the intercropping
soybean/maize soil samples was higher than the corresponding monoculture soil samples at �ve
different growth stages. The content of AK in the intercropping soybean was signi�cantly higher than the
corresponding monoculture soil samples at �ve different growth stages. But content of AK in the
intercropping maize was lower than the monoculture soil from S2 to S4 stages. The content of ACd in the
intercropping soybean was signi�cantly higher than the monoculture soil from S2 to S4 stages.
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Bacterial community diversity and composition at different growth stages

After a series of steps, a total of 3,881,770 high-quality sequences were obtained from Illumina MiSeq
sequencing of 80 rhizosphere soil samples. The observed richness (OTU numbers) and Shannon and
inverse Simpson indices of monoculture and intercropping soybean rhizosphere soil samples all
decreased and then increased, while monoculture and intercropping maize rhizosphere soil samples
showed no signi�cant changes at their different stages (Fig. 2). The Chao1 estimated richness of the
monoculture and intercropping maize and soybean rhizosphere soil samples gradually increased at the
�ve stages (Fig. 2). In addition, Student’s t-test results between the two groups showed
signi�cant differences in the α diversity indices between monoculture maize and soybean at the S2, S3
and S4 stages as well as intercropping maize and soybean at the S1, S2 and S4 stages (Table S2). There
were also signi�cant differences in the α diversity indices between monoculture and intercropping
soybean at the S4 stage and monoculture and intercropping maize at the S2 stage (Table S2).

The principal coordinate analysis (PCoA) (Fig. 3) and PERMANOVA results (Table S3) showed that the
monoculture soybean rhizosphere bacterial community structure was signi�cantly different from S1 to
S4, while that of the intercropping soybean was signi�cantly different at the S1, S2, S3(S4) and S5
stages. The monoculture and intercropping maize rhizosphere bacterial community structure
was signi�cantly different among all �ve stages (P < 0.05). There was a signi�cant
difference in monoculture maize and soybean rhizosphere bacterial community structures among the �ve
stages and in those of intercropping soybean and maize at the S1(S2), S3, S4, and S5
stages. The monoculture and intercropping soybean rhizosphere bacterial community structure
was signi�cantly different at the S1, S2 and S4 stages, and the monoculture and intercropping maize
rhizosphere bacterial community structure was signi�cantly different at the S2 and S3 stages.

Changes in bacterial taxa in rhizosphere soils at �ve different stages

The soil bacterial communities were signi�cantly altered during the �ve different growth stages. The
phyla Actinobacteria, Proteobacteria, Chloro�exi, Firmicutes, Acidobacteria, and Bacteroidetes accounted
for 88.02 and 96.38% of those communities in soil samples (Fig. 4). The relative abundance of the top 25
genera with signi�cant difference in the soil is shown in Table S4. The relative abundance of
Sphingomonas and Nocardioides in intercropping soybean in the S1 stage was signi�cantly higher than
that of monoculture soybean, and there were no signi�cant differences in the abundance of other
species. The relative abundance of Chryseobacterium, and Allorhizobium-Neorhizobium-Pararhizobium-
Rhizobium in intercropping soybean in the S2 stage was signi�cantly higher than that in monoculture
soybean, and the relative abundances of Bradyrhizobium, Intrasporangium, Enterobacter, Acinetobacter,
Microbacterium, Uncultured bacterium, Mycobacterium, and Ktedonobacter were signi�cantly lower than
those of monoculture soybean. The relative abundance of Bacillus, Fictibacillus and Oryzihumus in
intercropping maize was signi�cantly higher than that of monoculture maize. Metagenome, uncultured
Acidobacteria bacterium, Burkholderia-Caballeronia-Paraburkholderia, and Bryobacter were signi�cantly
lower in abundance in intercropping than in monoculture maize, while there was no signi�cant difference
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in other genera. In the S3 period, the relative abundance of Bacillus and Mesorhizobium in intercropping
soybean was signi�cantly higher than that of monoculture soybean. Enterobacter and Sphingobacterium
showed a signi�cantly lower relative abundance in intercropping than in monoculture soybean. The
relative abundance of Streptomyces in intercropping maize was signi�cantly lower than that in
monoculture maize, and there was no signi�cant difference in other genera. The relative abundance of
Bradyrhizobium in the intercropping soybean samples was signi�cantly higher than that in the
monoculture soybean samples in S4. The relative abundances of Intrasporangium, Metagenome,
Acinetobacter and Oryzihumus were signi�cantly lower in intercropping soybean than in monoculture
soybean, and the relative abundance of Streptomyces was signi�cantly lower than that in monoculture
maize, with no other signi�cant differences. During the S5 period, the relative abundance of Enterobacter
microbes in intercropping soybean was signi�cantly lower than that in monoculture soybean, while that
of Metagenome and Luedemannella was signi�cantly lower than that of monoculture maize, and there
were no other signi�cant differences.

The relationship between physicochemical properties and the bacterial community

 The mantel test was performed to examine the correlation between physicochemical properties and
bacterial community composition. The results showed that pH and SOM were signi�cantly correlated
with the rhizosphere soil bacterial communities (P < 0.05, Table 2). The SOM had the highest correlation
with the rhizosphere soil bacterial community (Bray-Curtis distance, r = 0.2756, P = 0.001), with no
signi�cant correlation found between AP, AN, AK, ACd and the rhizosphere soil microbial community. To
determine the relative contribution of environmental variables to the bacterial
community, canonical correspondence analysis (CCA) and CCA-based variation partitioning
analysis (VPA) were further performed. CCA-based VPA showed that pH, SOM, ACd, and available (P, K, N)
explained 2.82%, 3.43%, 1.34% and 5.43% of the variation in the rhizosphere soil bacterial community,
respectively. Their interaction could explain 3.02% of the variation, leaving 83.96% of the variation
unexplained (Fig. 5).

Discussion
Soil microorganisms participate in many ecological processes in nature and have a great in�uence on
soil quality and function (Rovira, 1965). In our study, we analyzed the contents of pH, SOM, AN, AP, AK,
and ACd in the soil of intercropping soybean-maize systems at different growth stages. AN, AP and AK
refer to the N, P, and K in the soil that is easily absorbed and utilized by crops. Different planting patterns
will change the soil nutrient composition of the crop. Previous studies have shown that intercropping
enhances soil carbon and nitrogen (Cong et al., 2015). The maize-peanut intercropping improved levels of
soil nutrients (available nitrogen and phosphorus) and enzymes activities (Li et al., 2018). And Fu et al
(2019) also found that the soil total nitrogen, AP and SOM contents in the intercropping crop soil samples
were signi�cantly higher than corresponding monoculture soil samples. In our study, the AK content of
the intercropping soybean soil samples was higher than the corresponding monoculture soybean soil
samples. The AP content in the intercropping soybean/maize soil samples was higher than the
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corresponding monoculture soil samples at �ve different growth stages, which indicated that the
soybean-maize intercropping pattern also increased the AP content in the soil. 

In addition, the soil pH of the monoculture soybean rhizosphere samples decreased, while that of
the maize samples increased, indicating differences in rhizosphere soils among different species and
growth stages. The pH of intercropping soybean and maize rhizosphere soil samples all decreased and
then increased, showing the differences in rhizosphere soils at different growth stages (Fig. 1). Previous
studies showed that pH and organic matter were both important factors affecting crop growth and soil
microorganisms (Jung et al., 2008; Wang et al., 2019). In our study, the mantel results also indicated that
pH and organic matter were the key factors affecting crop rhizosphere soil microorganisms (Mantel,
P<0.05).

The content of ACd in monoculture soybean rhizosphere samples all decreased and then increased, but
the intercropping soybean soil samples indicated an opposite trend. The dynamic trend of the
physicochemical properties of maize rhizosphere soil was opposite to that of soybean rhizosphere soil
(Fig. 1). Interestingly, we found that the ACd content in intercropping soybean and maize soil was
signi�cantly different from the corresponding monoculture crop soil since the S2 stage. With the growth
of the two crops, the difference in the ACd content between monoculture and intercropping
soybean/maize soil gradually decreased. The results showed that there was a signi�cant difference in
the absorption of ACd between intercropping and monoculture planting patterns. The intercropping
planting pattern changed the absorption of ACd in the maize and soybean soil since the S2 stage and
showed a different change in different crop stages. The results showed that the cadmium content in
cadmium-polluted soil could be altered by the soybean/maize intercropping system (Li et al., 2008).

Plants release chemicals to the surrounding environment by allelopathy to affect other plants and
microbes (Inderjit and Jacob, 2001). Allelopathy produced by secondary substances between different
intercropping crops is widespread in nature, and these allelochemicals may also directly or indirectly
affect the soil microbial community structure, number, composition and diversity (Inderjit and Jacob,
2001).The dominant phyla in the soybean and maize rhizosphere soil samples were Proteobacteria,
Chloroflexi, Acidobacteria, Actinobacteria and Firmicutes, which is similar to results reported in other
agricultural crops. The main phyla were similar among the rhizosphere of the same crop in monculture
cropping and intercropping systems, but there was a slight difference among the different growth stages
in our study. 

A signi�cant difference in the main phyla was observed between soybean and maize rhizosphere soil
samples, which resulted from the crop species genotype (Correa et al., 2010; Sapkota et al., 2015). When
comparing the bacterial community diversity of soybean and maize under the two planting modes, we
also found that the same crop showed little difference under the two modes (Yong et al., 2012). However,
the bacterial community diversity of maize rhizosphere soil was signi�cantly higher than that of soybean
rhizosphere soil. The results showed that maize was enriched with more bacteria than soybean, which
changed the absorption of ACd in maize. Previous research indicates that intercropping planting patterns
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not only lead to signi�cant changes in microbial diversity but also change the microbial community
composition and function (Sun et al., 2009). We found a slight difference in bacterial diversity. In our
study, microbial communities of soil samples from different growth stages were signi�cantly different,
indicating the signi�cance of crop growth stages in microbial community changes. The bacterial
communities of intercropping and corresponding monoculture soybean were signi�cantly different at S1,
S2 and S4, while those of maize were signi�cantly different at the S2 and S3 growth stages. This result
indicated that the crop rhizosphere bacterial community is not only regulated by the planting pattern but
also in�uenced by the crop growth stage. These microorganisms also regulate the rhizosphere
environment by plant-microbe interactions (Hu et al., 2020). Regulating the cadmium content in
cadmium-contaminated soil through plant-microbial interactions will be our next research focus.
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SOM: soil organic matter; AP: available phosphorus; ACd: available cadmium; AN: available nitrogen; AK:
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nonparametric permutational multivariate
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Tables
Table 1 The Student t-test analysis between monoculture and intercropped corn and
soybean during various crop growth stages.  D: the monoculture soybean, Y: monoculture corn,
JD: intercropped soybean, JY: intercropped corn. -: no significant difference; * : p<0.05; ** : p<0.01; *** :
p<0.001.
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  D JD p(D-JD) Y JY p(Y-JY)
pH S1 5.63±0.03 5.6±0 - 5.3±0 5.38±0.03 *

S2 5.6±0 5.83±0.12 - 5.4±0 5.38±0.03 -
S3 5.53±0.09 4.78±0.05 *** 5.38±0.05 5.18±0.05 *
S4 5.18±0.03 5.25±0.03 - 5.43±0.08 5.28±0.05 -
S5 5.15±0.1 5.45±0.03 * 5.6±0 5.75±0.1 -

SOM S1 28.25±0.4 29.4±0.19 * 31.48±0.33 29.43±0.08 ***
S2 25.25±1.06 30.23±0.72 ** 30.5±0.75 30.8±0.16 -
S3 25.83±0.62 27.68±1.24 - 30.68±0.58 30.53±0.28 -
S4 32.08±0.44 32.38±1.37 - 28.08±0.44 34.63±0.49 ***
S5 32.75±1.68 33.18±1.35 - 31.03±0.7 32.53±0.64 -

AP S1 14.55±0.34 20.5±0.88 *** 38.38±1.13 89.78±0.33 ***
S2 7.33±0.7 19.08±0.14 *** 21.55±0.43 27.9±0.77 ***
S3 16.15±2.19 28.53±0.76 ** 20.68±0.2 28.85±3.48 -
S4 14.05±0.58 28.3±5.52 * 20.9±1.33 27±2 *
S5 16.98±0.11 27.6±1.05 *** 23.6±0.29 26.35±1.02 *

AN S1 121.5±3.38 118±5.6 - 253.25±4.23 331.25±1.18 ***
S2 107.25±0.75 222±0.58 *** 203.5±23.24 247.25±4.07 -
S3 189±1.22 108.75±0.48 *** 161.5±21.15 165.25±21.46 -
S4 133±3.49 132±8.71 - 137.25±0.48 180.5±12.98 *
S5 109.75±0.25 138±8.53 * 194.75±1.55 166.5±2.4 ***

AK S1 80.25±0.25 95.75±0.85 *** 145.75±0.85 239.75±0.63 ***
S2 59.75±0.25 70.25±0.48 *** 91.75±1.38 74.5±3.23 **
S3 72.75±3.12 99.75±8.23 * 79.25±3.01 53.25±2.02 ***
S4 71.75±1.55 136.5±12.1 ** 90.5±7.58 78.25±6.57 -
S5 90±2.27 127±9.43 ** 139.75±0.63 89.5±2.53 ***

ACd S1 0.26±0.01 0.24±0.03 - 0.18±0.03 0.12±0.04 -
S2 0.05±0.02 0.3±0 *** 0.48±0.26 0.06±0.02 -
S3 0.06±0.01 0.22±0.06 * 0.37±0.07 0.07±0 **
S4 0.07±0.02 0.16±0.02 * 0.17±0 0.34±0.07 *
S5 0.19±0.03 0.09±0 * 0.22±0 0.2±0.01 -

 

Table 2 Mantel analysis of the relationship between the microbial community structure and
soil properties. P-values were calculated using the distribution of the Mantel test statistics
estimated from 9999 permutations. *: P<0.05, **: P<0.01, ***: P<0.001.

Soil properties Bray–Curtis Jaccard

r p r p

pH 0.1344 0.037* 0.1456 0.024*

SOM 0.2756 0.001*** 0.293 0.001***

AP -0.0505 0.72 -0.0271 0.585

AN -0.0366 0.699 -0.0237 0.619

AK -0.0783 0.879 -0.0522 0.766

ACd -0.0319 0.573 -0.0431 0.695
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Figure 1



Page 16/20

Physicochemical properties of different rhizosphere soils. SOM: Soil organic matter, AP: available P, AN:
available N, AK: available K, ACd: available Cd. D: the monoculture soybean, Y: monoculture corn, JD:
intercropped soybean, JY: intercropped corn. S1-S5:V2, V6, R4, R6, R8 for soybean and V3, V6, VT, R3, R6
for maize.

Figure 2

The α diversity of different rhizosphere soils. S1-S5:V2, V6, R4, R6, R8 for soybean and V3, V6, VT, R3, R6
for maize.
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Figure 3

Principal coordinate analysis (weighted_PCoA) of microbial communities based on Bray-Curtis
dissimilarity matrices. D20, D40, D60, D80, D100: the �ve growth stages of monoculture soybean; JD20,
JD40, JD60, JD80, JD100: the �ve growth stages of intercropping soybean; Y20, Y40, Y60, Y80, Y100: the
�ve growth stages of monoculture corn; JY20, JY40, JY60, JY 80, JY 100: the �ve growth stages of
intercropping soybean.
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Figure 4

The relative abundance of the dominant phyla in the different rhizosphere soils. D: the monoculture
soybean, Y: monoculture corn, JD: intercropped soybean, JY: intercropped corn. S1-S5:V2, V6, R4, R6, R8
for soybean and V3, V6, VT, R3, R6 for maize.



Page 19/20

Figure 5

The variation partitioning analysis (VPA) based on the canonical correspondence ananlysis. SOM: Soil
organic matter, AP: available P, AN: available N, AK: available K, ACd available Cd.
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