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The negative impacts of continuous cropping and long-term single crop planting
on soil quality significantly restrict the high yield cultivation of perennial orchards.
Intercropping can facilitate continuous cropping and improve the quality of the
soil environment. However, it is still unclear whether the interplanting of faba bean
in perennial orchards will increase the concentration of soil nutrients, change the
composition of the soil microbial community, and increase the abundance of
carbon (C) and nitrogen (N) cycling microorganisms. We interplanted faba beans
in a perennial pomegranate orchard, and used sequencing and qPCR technology
to study the effects on soil microbial diversity and C and N cycling genes. The
results indicated that the interplanting of faba bean significantly increased the
total N concentration by 28.6%, total phosphorus(P) concentration by 73.0% and
available P concentration by 103.4%. The composition and structure of the soil
microbial community were significantly changed, and the bacteria significantly
enriched were Gaiellales and Rhizobiales at the order leveland Nitrosomonadaceae
at the family level. The fungi significantly enriched were Pezizomycetes at the
class level, Pezizales and Sordariales at the order level, Ascodesmidaceae and
Ophiocordycipitaceae at the family level, Cephaliophora, Parachaetomium, and
Purpureocillium at the genus level, and Lilacinum, Lavendulum, Carinthiacum,
Tropica, Chaetomium, and Delphinoides at the species level. The copy humbers
of cbblL and nifH genes in soil were significantly increased by 79.9 and 168.5%,
respectively. Changes in major nutrient elements explained 71.2% of the variance
at the family level for bacteria and 46.0% of the variance at the family level
for fungi. These results provided a scientific basis for the improvement of soil
environmental quality and soil microorganisms by interplanting cash crops in
perennial orchards.
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Pomegranate orchard without
faba bean plantation

GRAPHICAL ABSTRACT

pomegranate orchard with faba
bean inter-plantation

Highlights

- Faba bean interplanting significantly increased the total N, total
P, and available P concentrations in soil.

- Faba bean interplanting significantly changed the soil microbial
community structure but had no significant effect on
microbial diversity.

- Faba bean interplanting significantly increased the copy numbers
of cbbL genes and nifH genes in soil.

1 Introduction

Pomegranate (Punica granatum L.) is a perennial deciduous shrub
or small tree and is an important economic fruit tree in China.
Pomegranate fruit is widely used for food, medical purposes, and organic
synthesis, and has high economic value (Marathe et al., 2017). To meet
increasing demand for the fruit, continuous cropping in recent years has
led to soil hardening, decline of organic matter, decrease of soil microbial
diversity, and aggravation of soil-borne diseases (Panneerselvam et al.,
2020). Studies have shown that soil microecological imbalance, the
accumulation of harmful microorganisms, and degradation of beneficial
microbial populations are key problems preventing soil continuous
cropping in pomegranate orchards (Kumar et al., 2020).

Soil microorganisms connect above-ground and subsurface
ecosystems and help regulate ecosystem functions (De Corato, 2020;
Vishwakarma et al., 2020). Long-term monoculture can decrease soil
microbial diversity, decrease beneficial microbial population, and
increase the harmful microbial population (Zou et al., 2019; Jin et al,,
2020). Intercropping of gramineae and legumes can increase the
quantity and population structure of soil microorganisms. Wheat-faba
bean intercropping increased rhizosphere microbial activity, improved
microbial diversity, and changed microbial community function (Lv
etal, 2020). Intercropping of peanut and maize improved the number
of species of N-fixing microorganisms in soil, changed their overall
composition and structure, and changed the rhizosphere nutrient
utilization status (Li et al., 2020). Changes in soil microbial activity can
greatly affect soil N content. The amounts of N conversion function
genes, such as nifH, amoA, nirK, and nirS, are commonly used to
quantify the potential microbial activity of a specific N transformation
process (Hao et al., 2022; Zhao et al., 2022; Frey et al., 2023). The nifH
gene is carried by N-fixing bacteria and encodes ferritin subunits of
N-fixing enzymes that catalyze biological N fixation, which increases N
in soil and N uptake and utilization by plants (Burén et al., 2020). CO,
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assimilation is the process by which atmospheric CO, is fixed by
autotrophic or heterotrophic microorganisms, including photosynthetic
bacteria, chemoautotrophic bacteria, and algae in soil. The main C
fixation pathway is the Calvin-Bassham-Benson cycle, and the key
enzyme in this pathway is CO,-fixing enzyme ribulose diphosphate
carboxylase/oxygenase. The majority of photoautotrophs and
chemoautotrophs use this pathway to fix C, including most
ammoniating bacteria involved in the N conversion process, and the key
functional gene of this pathway is cbbL (Xu et al., 2019; Shi et al., 2023;
Yao et al., 2023). Expression of functional genes (AOB, nirK) was
increased in the intercropping system of alfalfa (Medicago sativa L.) and
Siberian wildrye (Elymus sibiricus L.) (Mei et al., 2010; Qisong et al.,
2018; Liao et al., 2020; Wang et al., 2020, 2022; Wu et al., 2020). The
intercropping of grain/legumes may enhance symbiotic N fixation by
increasing biological N fixation (Gong et al., 2019). The abundance of
nifH was higher with interplanting than with monoculture (Chen et al.,
2018). The addition of legumes to a cucumber intercropping system
significantly improved the N fixation ability of soil, increased soil nifH
gene abundance by 33.7%, and increased soil microbial biomass
compared with monoculture (Gro et al., 2022).

Based on previous work described above, we proposed to improve
soil nutrient availability and microbial community structure by
interplanting faba bean in a pomegranate orchards. Faba bean is a
widely grown leguminous crop in this area and has high economic
value. However, it is unclear how the main nutrient elements of soil
change, the response of soil microbial community structure, and the
response of functional genes of soil N cycle and C cycle when faba
beans are interplanted in pomegranate orchards. Therefore, the purpose
of this study was to (1) study the effects of interplanting faba beans on
the soil physicochemical properties of pomegranate orchards; (2) study
the response of the soil microbial community in a pomegranate orchard
after with faba bean inter-plantation; and (3) determine the effects of
interplanting faba bean on functional genes of soil C and N cycling in
pomegranate orchards. The results provide theoretical support to
improve soil fertility and the microbial community structure by
interplanting faba bean in pomegranate orchards.

2 Materials and methods
2.1 Description of the experimental site
2.1.1 Experimental location

The field plot experiment was carried out in a pomegranate

orchard in Wanmu, Xinansuo Town, Mengzi City, Yunnan Province,
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FIGURE 1

Location of study area.

TABLE 1 Description of test materials.

Test material

Source of materials

Species name

Pomegranate Hong guang yan

Material age

8years

pomegranate orchard

Faba bean Yun dou 690

Seed from previous year

Seed company

China (103.4291772E; 23.3710138 N) (Figure 1). Yunnan Mengzi city
has subtropical low latitude plateau climate, annual average
temperature of 18.6°C, extreme maximum temperature of 33.8°C,
extreme minimum temperature of 2.9°C, frost-free period of 337 days,
and annual rainfall of 815.8 mm.

The test materials are described in Table 1.

2.2 Experimental design and
implementation

The pomegranate orchard had been planted for 8years, with
fertilization performed each year, between the time of leaf germination
and fruit harvest (Between April and October). Compound fertilizer
was applied twice a year (application amount: 600kg/ha), and urea
was applied once a year (application amount: 600kg/ha). Trace
element fertilizer was applied twice a year (application amount:
300kg/ha). The experiment was carried out after the pomegranate
fruit harvest. During the experiment, neither the pomegranate
orchard with faba bean nor those without faba bean were fertilized.

The 2,640 m” pomegranate orchard was divided evenly into two
halves, with one half planted with faba bean and the other without faba
bean. With faba bean inter-plantation and without faba bean plantation
are divided into two treatments, and each experimental group was
divided into four repeat plots, each with an area of about 330 m*
During the experiment, the faba bean seed was sown on September 25,
2021 after harvesting the pomegranate fruit. Sowing was done with 16
rows of seeds between pomegranate trees, double rows of 15cmx 15cm,
with rows of 30 cm (Figure 2). In the growing period, irrigation was
carried out during the blooming and filling stages. Regular weeding
and removal of aphids and leaf miner flies were performed for both
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treatments. Fresh pods were picked when the beans were ripe and the
pod shells were tender green. The field trial ended on January 23, 2022.

2.3 Sample collection

The soil samples around the pomegranate trunk were collected
from the plot without faba beans. For the plant with interplanting of
faba beans, the soil between the planting of faba bean plants around
the pomegranate trunk was collected. A soil drill was used to collect
0-30 cm of soil at each sampling site. Each soil sample is a mixture of
soil samples from multiple sampling sites. Soil samples were stored in
a sterile tube and stored at —80°C prior to soil microbial detection.
The remaining soil samples were naturally air-dried, ground, and
sifted through 1 and 0.25 mm mesh for determination of soil physical
and chemical properties, respectively.

2.4 Soil physicochemical properties

Soil physicochemical properties of pH, available N, available P,
total N, total P, and soil organic matter were measured as described
previously (Zhang et al., 2022).

2.5 Soil bacterial and fungal community
analysis

Extraction of soil DNA was performed using a FastDNA® Spin
Kit (6560-200, MP Biomedicals, United States) according to the
ABI GeneAmp® 9700 PCR

manufacturer’s instructions.
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Test design.

TABLE 2 Basic physical and chemical properties of soil.

Treatment oH Organii: Total P Available P Total N Available N
matter (%) (9/kg) (mg/kqg) (9/kg) (mg/kg)
With faba beans inter-plantation 6.1+0.07b 3.79+0.34a 3.59+0.43a 94.03+20.78a 0.99+0.03a 132.69+15.73a ‘
Without faba bean plantations 6.9+0.08a 3.30+0.31a 2.07+£0.43b 46.22+9.65b 0.77+0.12b 117.00+10.02a ‘
Different letters between different groups indicate significant differences (p <0.05).
thermocycler (ABI, CA, United States) was used to amplify the 3 Results

bacterial 16S rRNA hypervariable region V3-V4 and the fungal
ITS rRNA hypervariable region ITS1. Purified amplicons were
pooled in equimolar amounts and paired-end sequenced on an
Ilumina Miseq PE300 platform (Illumina, San Diego,
United States) according to standard protocols by Majorbio
Bio-Pharm Technology Co. Ltd. (Shanghai, China). The detailed
procedures are presented in Supplementary Data. The raw
sequence data were uploaded to the NCBI sequence, Read Archive

(SRA) with accession numbers PRINA995182 and PRJNA995172.

2.6 Quantification of C and N cycling genes
by qPCR

Primers AmoA-1F/AmoA-2R, PolyF/PolyR, and K2F/V2R were
used for the amplification of the bacterial amoA, nifH, and cbbL genes,
respectively (Rotthauwe et al., 1997; Nanba et al., 2004; Xu et al., 2019).
Cloning of target genes, production of standard curves, real-time
quantitative PCR experimental materials and instruments, PCR reaction
conditions, and other calculations were as described (Zhang et al., 2022).

2.7 Data analysis

The bioinformatic analysis of the sequencing results was carried
out according to previous methods (Zhang et al., 2022). The detailed
procedures are presented in Supplementary Data. One-way ANOVA
(p<0.05) was performed among the different treatments with SPSS
Statistics 16.0 (IBM, United States), and a value of p<0.05 was
considered a significant difference among different treatments. The
figures were generated using OriginPro 2022b software (Origin Lab
Corporation, Northampton, MA, United States).
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3.1 Effects of interplanting faba bean on
basic soil properties

The concentrations of soil total P, organic matter, available P, and
total N were increased by the interplanting of faba bean, and the soil
pH was decreased. The total P concentration was increased by 73.0%,
the available P concentration was increased by 103.4%, and the total
N concentration was increased by 28.6% after interplanting (Table 2).

3.2 Response of soil microorganisms
diversity to pomegranate/faba bean
intercropping

3.2.1 Changes in soil microbial diversity

The Illumina MiSeq platform was used to conduct high-
throughput sequencing of the V3-V4 region of the 16S rRNA gene of
soil bacteria to determine changes in the soil bacterial community in
response to interplanting faba bean. Overall, we obtained a total of
563,897 optimized sequences from eight soil samples, four from each
treatment group. A total of 38 phyla, 112 classes, 226 orders, 414
families, 755 genera, 1,450 species, and 3,661 OTUs were included in
the sample annotation analysis. High-throughput sequencing of ITS
rRNA gene ITS1 region of soil fungi was performed to determine
changes of the soil fungal community in response to interplanting
faba bean. In total, we obtained a total of 510,559 optimized sequences
from the eight soil samples. The sample annotation analysis included
10 phyla, 35 classes, 91 orders, 207 families, 411 genera, 623 species,
and 1,617 OTUs. The Shannon and Chao indices of soil bacteria and
fungi increased slightly, but the differences were not significant,
compared with that without faba bean plantation (Figures 3A,B).
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FIGURE 3
Soil microbial diversity (A,C: bacteria; B,D: fungi; control: without faba bean plantation, treatment: with faba bean inter-plantation; the same below).

The Braye Curtis distances were visualized by PCoA to assess
differences in the microbial community structure between
treatments. The results showed significant differences in soil
bacteria and fungi between with faba bean inter-plantation and
without faba bean plantation (R=0.6771, p=0.034; R=0.5417,
p=0.034). In Figures 3C,D, with faba bean inter-plantation is
plotted on the left side of the Y axis and without faba bean
plantation is plotted on the right side of the Y axis. The separation
of the two treatments indicates that the interplanting had a
significant impact on both soil bacteria (Figure 3C) and fungi
(Figure 3D). For soil bacteria, PC1 and PC2 accounted for 68.5% of
the difference. For soil fungi, PC1 and PC2 together explained
50.2% of the difference.

3.2.2 Changes in soil microbial community
composition

With faba bean inter-plantation resulted in a change in the
composition of soil dominant flora. The distribution at the phylum level
is shown in Figure 4. For soil bacteria, these sequences are divided into
39 phyla, as listed in Supplementary Table S1. Without faba bean
plantation, the average proportion of Actinobacteriota in all soil samples
reached 32.3%, accounting for the largest proportion of all bacteria in
the phylum level. Other dominant phyla were Chloroflexi (20.3%),
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Proteobacteria (18.2%), Acidobacteriota (9.4%), Gemmatimonadota
(7.3%), Firmicutes (4.3%), Myxococcota (2.3%), Bacteroidota (1.5%),
Nitrospirota (1.0%), Methylomirabilota (0.6%), Verrucomicrobiota
(0.6%), and Cyanobacteria (0.3%). with faba bean inter-plantation, the
same bacteria were detected, but with some small differences in the
abundances. The proportion of Actinobacteriota in all soil samples was
still the highest, with an average of 35%. Other dominant phyla were
Chloroflexi (17.5%), Proteobacteria (19.2%), Acidobacteriota (9.4%),
Gemmatimonadota (3.9%), Firmicutes (4.3%), Myxococcota (2.3%),
Bacteroidota (1.5%), Nitrospirota (1.0%), Methylomirabilota (1.3%),
Cyanobacteria (0.9%), and Verrucomicrobiota (0.2%).

For soil fungi, the obtained sequences were assigned to 10 phyla,
as shown in Supplementary Table S1. Without faba bean plantations,
the proportion of Ascomycota in soil fungi was the highest, reaching
84% on average. Other dominant phyla were Mortierellomycota
(8.1%), Blastocladiomycota  (3.4%), (2.3%),
Rozellomycota (1.2%), Chytridiomycota (0.6%), and Glomeromycota

Basidiomycota

(0.3%). With interplanting of faba beans, the same fungi were detected,
but there were slight changes in their relative abundances. The
proportion of Ascomycota (84.4%) in soil fungi remained the highest.
The other dominant phyla were Mortierellomycota (6.9%),
Blastocladiomycota (5.6%), Basidiomycota (1.7%), Rozellomycota
(0.5%), Chytridiomycota (0.5%), and Glomeromycota (0. 2%).

frontiersin.org


https://doi.org/10.3389/ffgc.2023.1295732
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org

Zhang et al.

10.3389/ffgc.2023.1295732

[l Actinobacteriota

B Chioroflexi

B Proteobacteria

[l Acidobacteriota
Gemmatimonadota

M Firmicutes

0.8

Myxococcota
M Bacteroidota
W Nitrospirota
Methylomirabilota
B others

0.6

0.4

0.2

Percent of community abundance on Phylum level >

FIGURE 4

Percent of community abundance on Phylum level

Community barplot analysis
B

Ascomycota
Mortierellomycota
Blastocladiomycota
Basidiomycota
Rozellomycota
others

0.8+

0.6

044

0.2

Composition of the rhizosphere soil microbial community of a pomegranate orchard with and without interplanting (A: bacteria; B: fungi).

3.2.3 Microbial analysis of soil significance
difference

LEfSe is software to discover high-dimensional biomarkers and
revealing genomic features. The non-parametric factorial Kruskal-
Wallis sum-rank test was used to detect features with significant
abundance differences and find groups with significant differences in
abundance. Finally, LEfSe based on linear discriminant analysis (LDA)
was used to estimate the influence of the abundance of each species
on the differential effect.

Linear discriminant analysis scores of 3.5 and higher were
confirmed by LEfSe (Figure 5). Without faba bean plantation, the
significantly enriched bacteria were Gemmatimonadota at the phylum
level. At the class level, Gemmatimonadetes, Ktedonobacteriae, and
Acidobacteriae were enriched. At the order level, Bacillales,

Streptomycetales, Micromonosporales, Gemmatimonadales, and
Ktedonobacteriales were enriched. At the family level,
Micromonospomceae, Gemmatimonadaceae, Streptomycetaceae,

Ktedonobacteraceae, and Burkholderiaceae were enriched. At the
genus level, Streptomyces, Hamadaea, Sphingomonas, Gemmatimonas,
Caballeronia, Ktedonobacter, Calditerricola, and Micromonospora were
enriched. With the interplanting of faba beans, the significantly
enriched bacteria were Rhizobiales and Microtrichales at the order
level. At the family level, Nitrosomonadaceae and Gaiellaceae were
significantly enriched. At the genus level, Gaiella and Thiobacter
were enriched.

The same analysis was performed for fungi, with LDA scores of
3.5 or higher confirmed by LEfSe. Without the planting of faba beans,
the soil fungi that showed differences were Aspergillaceae at the family
level and Aspergillus at the genus level. At the species level,
Simplicissimum, Mortierella, Sagenomella, and Fumigatus were
enriched. With faba bean planting, the differentially dominant fungi
were Pezizomycetes at the class level, Pezizales and Sordariales at the
order level, Acodesmidaceae and Ophiocordycipitaceae at the family
level, Cephaliophora, Parachaetomium and Purpureocillium at the
genus level, and Lilacinum, Lavendulum, Carinthiacum, Tropica,
Chaetomium, and Delphinoides at the species level.
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3.3 Relationship between soil properties
and microbial community

Redundancy analysis (RDA) was used to analyze the relationships
between environmental factors and the soil microbial community
structure (Figure 6). The results showed that the eigenvalues of the
level of soil bacteria in axis I and axis II were 59.39 and 11.84%,
respectively, and the first two axes retained 71.23% of the total
variance of soil bacteria, which was mainly determined by axis I. The
eigenvalues of the level of soil fungi in axis I and axis IT were 32.04 and
13.97%, respectively. The first two axes retained 46.01% of the total
variance of soil bacteria, which was mainly determined by axis L.

The soil environmental factors were positively correlated with
bacteria in the soil samples from interplanted faba bean soil, and
negatively correlated with bacteria in the control treatment. For soil
bacteria, the influence of environmental factors on bacterial
community was greater than that of total P, available N, and organic
matter. The effect of pH on the interplanted soil samples was negative,
and the effect on the control soil samples was positive. For soil fungi,
environmental factors (available N, total N, available P, total P, and
organic matter) were positively correlated with interplanted faba bean
soil samples, and negatively correlated without interplanted faba bean
soil samples. The effects of total P and available P on fungal community
were greater than those of total N, available N, and organic matter. The
effect of pH on the interplanted faba bean soil samples was negative,
and the effect on the control soil samples was positive.

There were several changes in soil bacteria. Entotheonellaeota
was positively correlated with soil total P, available P, and total
N. Chloroflexi exhibited a significant positive correlation with soil
pH. Merhylomirabilota, Themodesulfobacteriota, and Actinomycetota
total P
P. Actinobacteriota showed a significant positive correlation with soil

were positively correlated with and available
pH and soil organic matter. Gemmatimonadota was negatively
correlated with total P, available P, and total N. Among soil fungi,
Glomeromycota was positively correlated with soil available P and

organic matter.
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3.4 Response of soil N and C cycling genes
to pomegranate/faba bean intercropping

The copy numbers of amoA, nifH, and cbbL genes were
increased by interplanting faba bean. There was a significant
change in the copy number of the cbbL gene with interplanting,
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with an increase of 79.9%, from 4.4904E+08 copies/g of soil to
8.0778E+08 copies/g of soil (p<0.05). There was also a
significant increase in the copy number of the nifH gene
with interplanting, from 1.4819E+08 copies/g of soil to
5.5185E+07 copies/g of soil, an increase of 168.5% (p <0.05;
Figure 7).
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properties with the dominant bacteria and fungi phyla. *Indicates a significant correlation between soil properties and microbes (A,C: bacteria; B,D:
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4 Discussion

4.1 Interplanting faba bean changed soil
microbial community structure in
pomegranate orchard

The results of our study indicated that intercropping of faba beans
increased the Shannon and Chaol indices of soil bacteria by 3.01 and
3.04%, respectively, and those of soil fungi by 7.0 and 5.22%, respectively
(Figure 3). Plant diversity was previously shown to enrich soil microbial
communities (Wu et al., 2020). Compared with monoculture, the o
diversity, f diversity, and abundances of soil bacterial and fungal
communities were increased under intercropping conditions. Previous
work showed increased soil bacterial diversity with maize and peanut
intercropping (Jin et al., 2020). The coexistence of different plants
increased the complexity of soil microbial community and the diversity
of soil microbial functions (Li et al.,, 2020). Foxtail millet and mung
bean intercropping changed soil microbial diversity and foxtail millet
rotation promoted soil bacterial diversity (Singh and Ahlawat, 2005).
The microbial environment of foxtail millet rhizosphere soil was the
best with rotation of foxtail millet and soybean (Arriagada et al., 2007).
Continuous monocultures decrease the diversity of soil bacterial
communities, and intercropping can increase the diversity of soil
bacterial communities (Qiao et al., 2012).
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Our results showed that faba bean inter-plantation changed
the community structure of soil microorganisms (Figures 3C,D).
The bacterial and fungal communities without faba bean
plantation clustered together, while those with faba bean inter-
plantation clustered together with significant differences. Soil
microbial community has an important influence on soil
ecosystem and the composition and function of soil
microorganisms can change with the change of plant diversity
(Curtright and Tiemann, 2021). Multi-dimensional scaling
analysis (NMDS) and cluster analysis clearly showed clustering
of the intercropping soil bacterial communities of maize and
peanut, that differed from soil bacterial communities without
intercropping (Chen et al., 2018).

Our results revealed different bacteria between soil with and
without faba bean planting. With faba beans, the highest LDA scores
were Rhizobiales and Nitrosomonadaceae, suggesting these are key
bacteria for this treatment. The LDA score of Rhizobiales order was
4.0221, indicating significant enrichment. Nitrogen fixation is mainly
carried out in the soil by N-fixing bacteria and archaea. Among
N-fixing bacteria, Rhizobia can live in the soil as saprophytic bacteria
or live as symbiotic bacteria in the root nodules of host legumes.
Rhizobiales can also promote the dissolution and release of inorganic
P in soil for a P solubilization effect (Cavalca et al., 2019; Zhao
etal., 2022).
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With faba bean inter-plantation, the soil differential dominant
fungi were Pezizomycetes at the class level, Pezizales and Sordariales at
the order level, and Ascodesmidaceae and Ophiocordycipitaceae at the
family level. At the genus level, Cephaliophora, Parachaetomium, and
Purpureocillium were enriched, and at the species level, Lilacinum,
Lavendulum, Carinthiacum, Tropica, Chaetomium, and Delphinoides
were enriched. The LDA values of Purpureocillium, Lilacinum, and
Lavendulum were 4.2888, 4.0482, and 4.9407, respectively. These fungi
can promote the dissolution of insoluble and difficult-to dissolve
phosphate for P solublization (Baron et al., 2020; Girardi et al., 2022).

4.2 Interplanting faba bean changed the
abundances of C and N cycling genes in
the soil of pomegranate orchard

Interplanting of faba bean significantly increased the copy
numbers of cbbL and nifH genes in soil by 79.9 and 168.5%,
respectively (Figure 7). The expression level of nifH gene was
significantly increased, indicating that interplanting of faba bean
increased the number of C and N-fixing microorganisms in the soil of
the pomegranate orchard. These changes should promote the fixation
of Cand N.

Fixation, nitrification, and denitrification of soil N are key
biogeochemical processes in the soil N cycle, and each process is
driven by associated microorganisms (Zhao et al, 2022). The
nitrogenase nifH gene is a key marker gene (Yfantopoulos et al., 2022).
The abundance of nifH genes in soil is influenced by plant species
diversity. Crop rotation and shrub mix increased the copy number of
the nifH gene and affected the soil microbial community structure
through effects on soil P content (Hao et al.,, 2022). Short-term
changes in the external environment can increase soil nifH gene
abundance (Zhao et al., 2022). Crop diversification can affect the soil
N cycle and its regulatory processes in terrestrial managed ecosystems
and an increase of plant species can increase soil N fixation and
denitrification genes to improve the accumulation of soil N (Yu, 2020;
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Hao et al,, 2022). Changes in soil pH, ammonium N, and available P
can significantly affect the soil bacterial community structure,
including changes in the expression levels of soil N cycling genes
(amoA, nirk, and nifH; Frey et al., 2023).

Fixed C microorganisms convert CO, into organic matter in a
process that is critical to the regeneration cycle of organic matter in
the soil. The abundance and diversity of fixed C microbes can
represent the potential of C fixation (Xu et al., 2019). The Calvin-
Benson-Bassham cycle allows the absorption and conversion of C
dioxide by light self-nourished organisms, and this cycle is regulated
by Ribulose-1,5-bisphosphate carboxylase/oxygenase (RubisCO),
which is encoded by the cbbL gene (Yao et al., 2023). Melon/cowpea
intercropping increased the contents of total organic C, total N and
total ammonium in soil, increased the diversity of soil bacteria and
the number of beneficial soil microorganisms, and increased the
abundance of N cycle genes (Cuartero et al., 2022). Intercropping
between Medicago sativa and Dactylis glomerata showed that
intercropping altered soil N cycling community microorganisms
and increased the abundance of N cycling functional genes (Zhao
et al, 2017). Sugarcane/soybean intercropping changed the
abundance of functional genes of soil C cycling function (Yu, 2020).
Interplanting soybean in tea plantation could increase the
abundance of functional genes related to soil C cycle (Wang
et al., 2022).

Our study showed that the faba bean interplanting increased the
concentration of soil organic matter, available P, total P, and total N,
and decreased the soil pH value. Total P concentration was increased
by 73% (p < 0.05), available P concentration was increased by 103.44%
(p<0.05) and total N concentration was increased by 28.6% (p <0.05).
Corn/faba bean intercropping releases a large number of protons into
the rhizosphere through N fixation, resulting in a decrease in
rhizosphere pH. During N fixation, faba beans absorb more cations
than anions, and the roots release H*, which acidifies the soil (Chen
et al., 2007). In soils, total N content is determined by processes of
biological N fixation, soil organic N mineralization, nitrification, and
denitrification, all of which are driven by soil microorganisms
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(Yfantopoulos et al., 2022; Zhao et al., 2022). Therefore, changes in soil
microbial activity can have a large impact on soil N content. Grain/
legumes intercropping may enhance symbiotic N fixation (Cen et al.,
2023). The abundance of nifH genes in intercropping systems was
higher than that in monoculture systems. The nifH gene encodes the
ferritin subunit of the N-fixing enzyme that catalyzes biological N
fixation. Nitrogen fixation can improve soil N availability and plant N
status (Zeleke, 2019; Burén et al., 2020). Intercropping significantly
increased the total N concentration and the abundance of nifH and
amoA-AOB genes in soil planted with peanuts (Zhao et al., 2022).

4.3 The significance of interplanting faba
bean to the production and management
of pomegranate orchard

Interplanting legumes and other cash crops in a pomegranate
orchard can effectively increase economic benefit, improve the soil
quality of the pomegranate orchard, and alleviate the restrictions that
arise from continuous cropping. Long-term cultivation of single crops
can reduce soil microbial diversity and the numbers of beneficial
microorganisms, resulting in an imbalance of soil microbial structure
and the aggravation of soil-borne diseases (Kelderer et al., 2012;
Urashima et al., 2012; Yang et al., 2012; Zhao et al., 2016). An increase
of plant diversity can promote the increase of soil microbial diversity
and decrease the abundance of soil pathogenic microorganisms (Qiao
et al,, 2012). In an intercropping system, crop root interaction can
cause changes in soil microorganisms, and plant root exudates can
attract more beneficial microorganisms to participate in nutrient
cycling and inhibit the spread of soil-borne pathogens. In this study,
the bacterial abundance decreased with the decrease of Proteobacteria
abundance in the rhizosphere soil of a pomegranate orchard.
Interplanting with faba bean increased the Shannon and Chaol
indices of both soil bacteria and fungi, significantly changed the soil
microbial community structure, significantly enriched N-fixing and
C-converting microorganisms, and significantly increased the copy
numbers of cbbL and nifH genes in soil. These changes can alter the
soil microbial community structure and improve soil C and N
nutrition in orchards, and these results provide new ideas for the
prevention and control of soil microbial structure imbalance and soil-
borne diseases caused by long-term single continuous planting
in orchards.

5 Conclusion

To study the response of soil microbial diversity and carbon and
nitrogen cycling genes after interplanting, it is important to
understand the effect of soil microbial reconstruction on soil fertility
and microbial improvement after interplanting. The results of this
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