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Abstract: China is a country dominated by agriculture, but due to its geographical reasons, the
western Liaoning region has caused sandstorms, and the desertified soil has reduced crop yields
and suppressed the agricultural economy. Therefore, the concept of ecological agriculture and the
agroforestry system received extensive attention. Arachis hypogaea are the main crop in the north of
China. At present, the research on peanuts mainly focuses on grain crop intercropping, and there is
limited research on the agroforestry of peanuts. In addition, Morus alba is a restorative plant emerging
in China in recent years, which takes into account both ecological and economic benefits. Based
on the above problems, we intercropped mulberry and peanut to explore their effects on farmland
soil characteristics and rhizosphere soil bacterial and fungal communities. Our study showed that
intercropping did not improve soil nutrients, but significantly reduced soil C:N, and reduced soil C:P
and N:P to some extent. Intercropping improves the diversity and richness of soil microorganisms
in farmland. The abundance of dominant bacterial and fungal phyla and genera increased in the
soil. Actinobacteria were significantly negatively correlated with N:P, Proteobacteria was negatively
correlated with TP and positively correlated with N:P., Ascomycota was positively correlated with
soil nutrients and C:N, while Basidiomycota and Mortierellomycota were negatively correlated;
Mycobacterium and RB41 were significantly correlated with phosphorus in soil, and Talaromyces were
significantly positively correlated with soil nutrients and C:N. In conclusion, mulberry and peanut
intercropping promoted soil humus, increased soil-available phosphorus content, and provided a
good environment for microbial growth. These results provide new ideas for peanut agroforestry
production and theoretical support for the construction of mulberry and peanut composite systems
in Northeast China.

Keywords: microbial community; rhizosphere soil; Morus alba L.; Arachis hypogaea L.

1. Introduction

Peanuts, Arachis Hypogaea L., are native to South America, but China is now the
number one producer of the species [1]. Liaoning is a principal producing area of high-
quality peanuts in China. The peanuts produced are favored by import enterprises for their
good quality, high nutritional value and health function [2]. The northwest area of Liaoning
Province is a main planting area for peanuts, but continuous mono-planting negatively
impacts soil health. The results of poor soil health are a series of problems, such as the
increased risk of soil erosion, decreased yield, decreased soil nutrient content, and soil
microbial imbalance [3]. Soil and air pollution are exacerbated by the long-term overload of
fertilizers that farmers apply to ensure peanut yields. Therefore, it is necessary to improve
the ecological benefits under the condition of guaranteeing the sustainable planting of
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peanuts. Among the diverse forms of crop cultivation, intercropping is the most suitable
choice for planting peanuts in northwest Liaoning Province [4,5].

Intercropping could increase the land equivalent ratio up to 1.66 [6] and both species
obtained certain yield advantages [7]. In rhizosphere soil, intercropping increased urease
activity to 22.73% [8], and increased soil C, N and K contents [9–11]. The efficiency of
phosphorus uptake by plants was also improved [12]. Intercropping between peanuts and
medicinal plants can increase peanut yield, improve soil microbial community composition,
and reduce soil-borne pathogens [13]. Soil microorganisms are the link between plants and
soil, which can maintain soil fertility and stability [14,15]. Plant uptake of soil nutrients
is closely related to changes in microbial diversity and abundance [16]. Additionally, the
composition and diversity of vegetation will also change the structure and diversity of soil
microbial communities [17]. In relatively poor soils, soil nutrients are the main limiting
factors for microbial nutrients [18]. Soil physicochemical properties and nutrients can
change the structure and diversity of soil microbial communities and regulate soil microbial
metabolism [19,20].

Intercropping with Morus alba L. is a new type of agroforestry. As a native tree species
in China [21], Morus alba has the characteristics of strong adaptability, drought resistance
and drought tolerance [22,23], and has certain ecological restoration effects on soil polluted
by heavy metals [24,25]. At the same time, Morus alba has higher biomass than herbaceous
plants, and its leaves and tender stems are easy to digest. It can be used as supplementary
feed for livestock, which can also bring economic benefits to farmers. At present, there are
few reports on Morus alba intercropping, and even fewer reports on Morus alba and peanut
intercropping [26].

Therefore, this study used high-throughput sequencing technology to analyze the driv-
ing effect of Morus alba—peanut intercropping on soil microorganisms, and to determine
the community composition and diversity of soil microorganisms under intercropping
conditions. We also elucidate the relationship between soil microorganisms and physical
and chemical properties. Our study provides theoretical support for the feasibility of the
Morus alba—peanut agroforestry system in this area.

2. Materials and Methods
2.1. Test Varieties and Planting Patterns

The test area is located in Zhangwu County (42◦07′–42◦51′ N, 121◦53′–122◦58′ E),
Liaoning Province, China, which is located on the southern edge of the Horqin Sandy Land,
which is a typical sandstorm area in northwestern Liaoning Province. The experimental site
was the Breeding Center of Zhangwu County Aerospace Park. The mulberry tree tested was
the cultivar “Shen Sang No. 1” cultivated by the Forestry College of Shenyang Agricultural
University (Annual). The peanuts were the local variety “Baisha 308” in Zhangwu County.
The test soil was taken from the understory soil of Pinus sylvestris var. mongholica. Before
the experiment, the SOC content of soil was 4.74 g kg−1, TN content was 0.44 g kg−1, TP
content was 0.50 g kg−1. Three plant configurations were set up in the experiment: pure
mulberry planting (LF), pure peanut planting (LD), and mulberry and peanut intercropping
(LE). The size of the pot is 25 cm in the inner diameter of the mouth, 17 cm in the inner
diameter of the bottom, and 30 cm in the height. The potted plants were located in the same
plot, each pot of four plants, a mulberry and peanut mixed pot, two mulberry and two
peanut plants. Three replicates were set for each treatment. The mulberry trees (annuals)
were planted on 8 April 2021, and the peanuts (seeds) were sown on 7 May of the same
year. During the experiment, only weeds were removed without fertilization.

2.2. Collection and Chemical Property Analysis of Soil Samples

After gently shaking off the soil around the root system, a soft brush was used to
gently brush the soil adhering to the root system down as the rhizosphere soil. The plants
in each replicate pot were removed, and rhizosphere soil was obtained. There were nine
samples in three groups. The samples were stored in sterile labeled zip lock bags, and
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transported to the laboratory in an ice box. Then, plant root residues, stones, gravel, etc.,
were removed from the samples by sieving through a 100-mesh (the pore size of 0.150 mm)
sieve. A part of the soil samples was air-dried and stored at 4 ◦C for the determination of
soil chemical properties, and the other part of the soil samples were placed in centrifuge
tubes and stored in a −180 ◦C refrigerator for the determination of soil microorganisms.

Soil pH (1:2.5 soil: deionized water slurries) was measured with a Leici PHS-3C pH
meter [26]. Determination of soil total carbon (SOC) and nitrogen (TN) by the elemental
analyzer (Elementar Vario EL III, Hanau, Germany). Soil total phosphorus (TP) was
measured with an AA3 flow analyzer (AA3, Hamburg, Germany).

2.3. DNA Extraction and Sequencing of Soil Microorganisms

Soil genetic material was extracted from 0.25 g of fresh soil using OMEGA Mag-bind
Soil DNA Kit (Omega M5636-02) (Omega Bio-Tek, Norcross, GA, USA). Follow-up steps fol-
low the instructions of DNA Isolation Kit. After extraction, the DNA extraction quality (pu-
rity and integrity) was checked by 1% agarose gel electrophoresis, and the concentration and
purity of the DNA extract were checked with a nucleic acid quantifier NanoDrop ND-1000
(Thermo Fisher Scientific, Waltham, MA, USA). The V3-V4 region of bacterial 16S rRNA
gene was amplified with primers 338F (5′-ACTCCTACGGGAGGCAGCAG-3′) and 806R
(5′-GGACTACHVGGGTWTCTAAT-3′); The fungal ITS region was amplified with primers
ITS1F (5′-CTTGGTCATTTAGAGGAAGTAA-3′) and ITS2R (5′-GCTGCGTTCTTCATCGATGC-
3′). PCR amplification products were detected by 2% agarose gel electrophoresis, and then
recovered using AXYGEN’s gel recovery kit. The products were sent to Shanghai Paisenuo
Biotechnology Co., Ltd (Shanghai, China), and the sequencing library was prepared using
TruSeq Nano DNA LT Library Prep Kit (Illumina, Beijing, China).

2.4. Statistical Analysis

The fitting effect of the amplicon sequence variant (ASV) partitioning method and the
environment is better than that of the OTU partitioning method, which can more accurately
capture the community information. Therefore, in this study, the DADA2 method was used
to perform the steps of depriving [27], quality filtering, denoise, splicing and decimaliza-
tion to generate ASVs (https://docs.qiime2.org/2022.2/ (accessed on 10 November 2021).
ASVs were extracted using QIIME2 (2019) to obtain the bacterial and fungal community
composition of each sample at the phylum and genus, and displayed as a relative abun-
dance heatmap. IBM SPSS Statistics 20.0 (Chicago, IL, USA) was used to analyze the
correlation between soil nutrients and the relative abundance of bacteria, fungal phyla and
genus, and a correlation heat map was constructed through the gene cloud tools, a free
online platform for data analysis (https://www.genescloud.cn (accessed on 10 June 2022).
Alpha diversity analysis was performed on ASVs including Good’s coverage, Shannon,
Simpson, Pielou’s evenness and Observed species. In samples with high diversity, the ASV
method would reduce the Chao1 and PD indices to a certain extent [28], so the above five
indices are selected for alpha diversity analysis in this study. Hierarchical clustering was
used to display the similarity between samples in the form of a hierarchical tree, and the
clustering effect was measured by the branch length of the clustering tree. Visualization was
performed using the ggtree package of the R script (the Bray–Curtis distance matrix and the
Ward D clustering method). The Bray–Curtis distance was used to analyze the differences
in microbial community structure among different soil samples [29], and visualized by
principal coordinate analysis (PCoA) [30].

3. Results
3.1. Effects of Intercropping on Soil Carbon, Nitrogen and Phosphorus Stoichiometry

According to the data in Table 1, the pH values of the three configurations were
all slightly alkaline, and the soil of LE was more alkaline, but there was no significant
difference between LE and LD (p < 0.05). SOC, TN, TP and C:N showed LD > LE > LF,

https://docs.qiime2.org/2022.2/
https://www.genescloud.cn
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while N:P showed the opposite (p < 0.05). There was no significant difference in C:P among
all treatments (LD > LF > LE).

Table 1. Rhizosphere soil physicochemical properties and soil stoichiometry under different treatments.

Soil Chemistry LF LE LD

pH Value 7.91 ± 0.03 b 8.02 ± 0.03 a 7.96 ± 0.01 ab
TN (g kg−1) 0.47 ± 0.01 b 0.49 ± 0.01 b 0.54 ± 0.02 a

SOC (g kg−1) 4.54 ± 0.18 c 5.34 ± 0.15 b 6.79 ± 0.30 a
TP (g kg−1) 0.44 ± 0.01 c 0.58 ± 0.01 b 0.65 ± 0.02 a

C:N 9.70 ± 0.19 c 10.90 ± 0.11 b 12.56 ± 0.18 a
N:P 1.07 ± 0.05 a 0.84 ± 0.05 b 0.85 ± 0.02 b
C:P 10.42 ± 0.62 a 9.23 ± 0.22 a 10.59 ± 0.78 a

The values represent the mean ± standard error. Significant differences in the mean values of variables in
each plant configuration by treatment are indicated by different lowercase letters (p < 0.05). The significance in
difference among treatments was tested by Duncan (p < 0.05). LF: Morus alba; LD: Arachis hypogaea; LE: Morus
alba-Arachis hypogaea.

3.2. Correlation Analysis of Relative Abundances of Soil Microbial Communities and Soil
Properties

The community structures of different treatments for the bacterial and fungal phyla
were similar. The dominant bacterial phyla were Actinobacteria, Proteobacteria, Acidobac-
teria and Chloroflexi. Actinobacteria was the phylum with the highest relative abundance
under the three treatments used in this study, with a relative abundance higher than 34%.
The relative abundances of Proteobacteria were similar among the treatments, around 25%.
In Acidobacteria, the relative abundance of LE was 3.75% lower than LF and 1.28% higher
than LD. The difference between LE and LF is 0.25%, and between LF and LD, it is 0.53%,
for Chloroflexi as Figure 1a shows some differences.
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Figure 1. Relative abundance of bacteria and fungi at phylum in rhizosphere soil. (a): Relative
abundance of bacterial phylum-level species composition. (b): Relative abundance of fungal phylum-
level species composition. LF: Morus alba; LD: Arachis hypogaea; LE: Morus alba-Arachis hypogaea.
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The dominant phyla of fungi were Ascomycota, Basidiomycota and Mortierellomycota.
Among them, Ascomycota was the absolute dominant phylum, accounting for 83.91% of
the total sequence numbers. The treatment with the highest abundance was LD (90.44%),
followed by LE (84.86%), and the relative abundance of LF was the lowest (76.41%). The
relative abundance of Basidiomycota and Mortierellomycota under different treatments
were on the contrary (Figure 1b).

The relative abundance of bacteria in the phylum was not significantly correlated with
pH and C:P (p > 0.05). The relative abundance of Actinobacteria was positively correlated
with TP and C:N, and negatively correlated with N:P. Proteobacteria was negatively corre-
lated with TP and positively correlated with N:P. Acidobacteria has a significant negative
correlation with SOC and C:N, a very significant negative correlation with TP, and a very
significant positive correlation with N:P. Except that Firmicutes had a significant positive
correlation with N:P, other correlations were consistent with Acidobacteria. There was no
significant correlation between the relative abundance of fungi in the phylum and N:P
(p > 0.05) (Figure 2a). Ascomycota was positively correlated with TN, positively correlated
with SOC, TP and C:N, and negatively correlated with N:P. Basidiomycota and Mortierel-
lomycota showed opposite correlations with soil properties compared with Ascomycota
(Figure 2b).
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Figure 2. Pearson correlation analysis between soil physicochemical properties and the top ten phyla
of soil bacterial and fungal communities. Colors indicate relevance. The color corresponds to the
ruler value on the right side of the image. Red means positive correlation, and blue means negative
correlation. ** and * significant at 1% and 5% probability, respectively. (a) Correlation between
bacterial phyla and soil properties. (b) Correlation between phylum fungi and soil properties.

The community structures of different treatments at the bacterial and fungal genus
were similar, but the relative abundances of fungal communities varies in different treat-
ments. Among all bacterial genera, Subgroup_6 (19.13%) was the main genus with a total
relative abundance of more than 10% in the three treatments. Among them, the relative
abundance of LF was the highest at 7.69%, followed by LE at 6.28%, and the relative
abundance of LD was the lowest at 5.16%. There were only four bacterial genera with
relative abundance above 5%, KD4-96 (9.86%) (LF > LE > LD), Mycobacterium (LD > LE > LF)
(6.10%), RB41 (5.87%) (LF > LD > LE), and Blastococcus (5.60%) (LE > LF > LD) (Figure 3a).
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(b) Figure 3. Relative abundance of bacteria and fungi at phylum in rhizosphere soil. (a): Relative
abundance of bacterial genus-level species composition. (b): Relative abundance of fungal genus-
level species composition. LF: Morus alba; LD: Arachis hypogaea; LE: Morus alba-Arachis hypogaea.

In all fungal genera, the main genera were Fusarium (34.24%), Talaromyces (26.67%),
Acaulium (19.15%), Tausonia (15.65%), Pseudogymnoascus (13.87%) and Metarhizium (12.64%).
The relative abundances of Fusarium, Talaromyces and Metarhizium in different treatments
were LD > LE > LF. Additionally, the relative abundance of Talaromyces in LD was dozens
of times that of LF and LE. The relative abundance of Acaulium in LE was the highest
at 10.04%, followed by LF (6.29%), and the relative abundance in LD was the lowest at
2.19% (Figure 3b).

Among the top ten bacterial genera, the bacteria with low abundance were those
with a high correlation between soil nutrients and soil stoichiometry. However, bacterial
genera with higher abundance were mainly associated with TP and N:P in the soil. Sub-
group_6 and RB41 were negatively correlated with TP, and positively correlated with N:P.
Mycobacterium, on the contrary, was significantly positively correlated with TP and nega-
tively correlated with N:P. Subgroup_6 was negatively correlated with C:N and positively
correlated with Mycobacterium. There was no significant correlation between fungi and pH
and C:P. Fusarium was positively correlated with TP and negatively correlated with N:P.
Talaromyces was positively correlated with soil nutrients and C:N. Tausonia is the opposite
of Talaromyces (Figure 4).



Forests 2022, 13, 1757 7 of 12Forests 2022, 13, 1757 8 of 13 
 

 

 

Figure 4. Pearson correlation analysis between soil physicochemical properties and the top ten bac-

terial genera in soil bacterial and fungal communities. Colors indicate relevance. The color corre-

sponds to the ruler value on the right side of the image. Red means positive correlation, and blue 

means negative correlation. ** and * significant at 1% and 5% probability, respectively. (a) Correla-

tion between bacterial genera and soil properties. (b): Correlation between fungal genera and soil 

properties. 

3.3. Structural Diversity of Soil Microbial Communities 

The Good’s coverage (p = 0.408) and Pielou’s evenness (p = 0.810) indices of LE were 

higher than those of monoculture, while the Simpson (p = 0.521) and Observed species (p 

= 0.385) of bacteria were lower than those of monoculture. The Shannon (p = 0.711) index 

of group treatment was LF > LE > LD from large to small. The Shannon and Pielou’s even-

ness indices of the three treatments showed significant differences, and the Shannon and 

Pielou’s evenness indices of LF were significantly higher than those of the other two treat-

ments (p < 0.05), while the other indices had no significant difference (p > 0.05). Each index 

showed LF > LE > LD (Figure 5). 

 

Figure 5. Alpha diversity of bacteria and fungi in rhizosphere soil. The upper and lower end lines 

of the box indicate the upper and lower quartiles (IQR); the median line indicates the median; the 

upper and lower edges indicate the maximum and minimum values (extreme values within 1.5-fold 

of the IQR range). The numbers under the diversity index labels are the p values of the Kruskal–

Wallis test. (a): Analysis of α diversity of the soil bacterial community. (b): Analysis of α diversity 

of the soil fungal community. The relative abundance of bacteria and fungi at phylum in rhizosphere 

soil. LF: Morus alba; LD: Arachis hypogaea; LE: Morus alba-Arachis hypogaea. 

(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

Figure 4. Pearson correlation analysis between soil physicochemical properties and the top ten
bacterial genera in soil bacterial and fungal communities. Colors indicate relevance. The color
corresponds to the ruler value on the right side of the image. Red means positive correlation, and
blue means negative correlation. ** and * significant at 1% and 5% probability, respectively. (a)
Correlation between bacterial genera and soil properties. (b): Correlation between fungal genera and
soil properties.

3.3. Structural Diversity of Soil Microbial Communities

The Good’s coverage (p = 0.408) and Pielou’s evenness (p = 0.810) indices of LE were
higher than those of monoculture, while the Simpson (p = 0.521) and Observed species
(p = 0.385) of bacteria were lower than those of monoculture. The Shannon (p = 0.711)
index of group treatment was LF > LE > LD from large to small. The Shannon and Pielou’s
evenness indices of the three treatments showed significant differences, and the Shannon
and Pielou’s evenness indices of LF were significantly higher than those of the other two
treatments (p < 0.05), while the other indices had no significant difference (p > 0.05). Each
index showed LF > LE > LD (Figure 5).
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Figure 5. Alpha diversity of bacteria and fungi in rhizosphere soil. The upper and lower end lines of
the box indicate the upper and lower quartiles (IQR); the median line indicates the median; the upper
and lower edges indicate the maximum and minimum values (extreme values within 1.5-fold of the
IQR range). The numbers under the diversity index labels are the p values of the Kruskal–Wallis test.
(a): Analysis of α diversity of the soil bacterial community. (b): Analysis of α diversity of the soil
fungal community. The relative abundance of bacteria and fungi at phylum in rhizosphere soil. LF:
Morus alba; LD: Arachis hypogaea; LE: Morus alba-Arachis hypogaea.
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PCoA1 and PCoA2, respectively, explained 20.4% and 13.6% of the bacterial commu-
nity variations,. In the three groups of treatments in this experiment, LF was located in the
negative semi-axis of PCoA1, LD was located in the positive semi-axis of PCoA1, and LE
was located in the middle of LF and LD, near the zero line of PCoA1 (Figure 6a). PCoA1
and PCoA2 explained 51.7% and 14.8% of the fungal community variations, respectively.
The fungal samples were also grouped along the PCoA1 axis, and their distribution was
similar to the bacterial samples, but the LE fungal community was closer to the LF fungal
community (Figure 6b).
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4. Discussion

Intercropping can increase the content of various nutrients in the soil [31]. However,
in the agroforestry system, the soil nutrient content of intercropping was lower than that of
crop monoculture [32]. In the present study, the nitrogen content of peanut monocultural
treatment was significantly higher than that of the other two groups of treatments. After
intercropping with mulberry, the nitrogen fixed by peanut rhizobia could be used by
mulberry, and this degree of nitrogen addition could increase the complexity of rhizosphere
soil bacteria [33] Although SOC, TN and TP contents in the mixed soil were reduced
compared with peanut monoculture, according to the soil ecological stoichiometry, it
had a higher degree of humification [34], and the lower C:N was more conducive to the
survival of soil microorganisms [35]. Low C:P ratios indicate that microorganisms release
nutrients well in the process of organic matter decomposition and promote the release of
soil-available phosphorus [36]. This study showed that intercropping could significantly
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reduce C:N in farmland soil, and reduce C:P and N:P to a certain extent. Lower C:P can
increase the content of available P in soil. N:P ratio can be used as a diagnostic in-dicator for
N saturation and as a threshold for nutrient limitation [37]. The N:P ratio in the study area
was always less than 14, indicating that the nitrogen was limited during the intercropping
period, and nitrogen fertilizer should be added appropriately.

Agroforestry not only improves soil nutrient status, but also has certain effects on soil
microorganisms [38]. In this study, compared with peanut monoculture, intercropping of
mulberry and peanut improved the diversity and richness of bacteria and fungi in soil.
The reason may be that the root niche and rhizosphere exudates of crops changed after
intercropping, resulting in changes of nutrient utilization in the intercropping system,
and consequently the changes in soil bacterial and fungal community structure. The root
exudates related to intercropping of mulberry and peanut will be further analyzed in the
future. According to the results of hierarchical cluster analysis and principal coordinates
analysis, mulberry monoculture and intercropping were closer and grouped. This indicated
that mulberry was more authoritative than peanuts in the construction of bacterial flora in
the agroforestry system. The distance of fungal communities was significantly different
among the three treatments, proving that the taxonomic characteristics of fungi in each
treatment were obvious than those of bacterial communities.

Agroforestry can increase the abundance of soil microorganisms [39]. This study also
found that the relative abundance of bacteria and fungi in the phylum of mulberry and
peanut intercropping was higher than that of peanut monoculture. The dominant bacterial
phyla were Actinobacteria, Proteobacteria, Acidobacteria and Chloroflexi. Actinobacteria
have the functions of degrading cellulose and decomposing organic matter efficiently [40].
There was a significant negative correlation between Actinomycetes and N:P. The inter-
cropping pattern of mulberry and peanut with a lower N:P ratio was more suitable for the
growth of actinomycetes. Proteobacteria are regnant in the soil under harsh environments
such as salt and alkali. This phylum was also resistant to the harsh environment in the
experimental area [41]. The abundance of Proteobacteria increased to a certain extent after
intercropping with mulberry, and it was significantly negatively correlated with TN and
C:N ratio. Proteobacteria predominated in fertile soils, so we hypothesized that intercrop-
ping improved the soil environment to make it more favorable for peanut growth [42]. Liu
et al. found a significant negative relationship between Chlorobacteria and available phos-
phorus [43]. In this study, intercropping of mulberry and peanut increased the abundance
of Chloroflexi, and the high abundance of Chloroflexi was conducive to the degradation
of toxic and harmful substances in the soil [44,45]. Fungi also play an important role in
the soil. Some fungi promote the growth of crops, and some fungi can also cause crop
diseases [46]. Among the fungal phyla, Ascomycota of the peanut monoculture had the
highest relative abundance. As Zhou et al., Ascomycota is associated with soil nitrogen,
and the presence of numerous rhizobia in the rhizosphere of flowers leads to nitrogen
accumulation in soil, which may be the cause of this situation [47]. Basidiomycota and
Mortierellomycota were significantly negatively correlated with TN and TP, suggesting
that low SOC, TN and TP contents were beneficial in increasing the abundance of these
two fungi in the intercropping pattern of mulberry and peanut.

The soil microbial community structure of the genus was more complex. Subgroup_6
(19.13%) was the main genus with a total relative abundance of more than 10% in the three
treatments. This genus belongs to the Acidobacteria, and it was negatively correlated with
various soil nutrients, proving that Subgroup_6 is an oligotrophic lifestyle. As depicted in
Figure 3a, mixing with mulberry increased the relative abundance of Subgroup_6 in the soil,
which means that this intercropping method was very useful in improving soil nutrients.
There were four preponderant bacterial genera, including KD4-96, Mycobacterium, RB41
and Blastococcus. They play a vital role in the decomposition of organic matter and the
antagonism of pathogenic bacteria [48,49]. Mycobacterium and RB41 were significantly
correlated with phosphorus in soil (Figure 4a). The relative abundance of fungi was
significantly different among different treatments. The relative abundance of Talaromyces in
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peanut monoculture was 10 fold that of mixed cropping and 80 fold that of the mulberry
monoculture. Talaromyces is a saprophytic mold with strong adaptability. Although it
can increase soil fertility, Talaromyces is also an opportunistic pathogen of humans and
animals [50]. It was significantly positively correlated with soil nutrients and soil C:N, and
its abundance was also low in intercropping mode, which could reduce the risk of soil-
borne diseases. Mortierella is a crucial component of soil microorganisms in the rhizosphere
of mulberry, so it had the highest content in the monocultural treatment of mulberry.
Mortierella can activate phosphatase and increase the content of phosphorus in soil, and
intercropping treatment also increased the abundance of this group [51]. By regulating soil
stoichiometry, intercropping can increase the abundance of various beneficial bacteria and
fungi in farmland soil, and then regulate the soil ecological environment.

5. Conclusions

The soil nutrients of intercropping were significantly higher than that of pure mul-
berry planting, but lower than that of pure peanut planting. However, according to soil
stoichiometry, the C:N of farmland was decreased by intercropping, and the N:P was
significantly lower than that of pure mulberry planting. There were significant differences
in bacterial and fungal communities among the three treatments. Intercropping can im-
prove the diversity and richness of bacteria and fungi. The abundances of dominant phyla
and genera in soils of intercropping patterns increased to varying degrees. These results
indicated that intercropping could regulate the soil ecological environment by increasing
soil stoichiometric characteristics, increasing soil bacterial and fungal diversity, and increas-
ing the abundance of some beneficial microorganisms. Therefore, the Morus alba–peanut
intercropping system is suitable for promotion in the Liaoning area.
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