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Abstract: Legumes have important nutritional and economic values, but their production faces
continuous cropping obstacles that seriously affect their yield formation. In order to reduce the
negative impact of the continuous cropping obstacles of legumes, it is necessary to understand
the response mechanisms of legumes to continuous cropping, the causes of continuous cropping
obstacles and the measures to alleviate continuous cropping obstacles. This review aimed to identify
the current knowledge gap in the field of continuous cropping obstacles of legumes and provide
direction and focus for future research. The continuous cropping obstacles of legumes start with
soil degradation, leading to oxidative stress in the plants. This triggers the expression of plant-
hormone- and signal-molecule-related genes, activating the defense system and causing continuous
cropping obstacles. Although there has been progress in researching these challenges in legume
crops, many questions remain. We believe that the exploration of molecular mechanisms of legume
crops responding to continuous cropping, rhizosphere signal exchange and soil environment repair
mechanisms after long-term continuous cropping of soybean, and the excavation of candidate genes
and functional loci related to continuous cropping obstacles in legume crops are breakthroughs for
proposing effective continuous cropping obstacle management strategies in the future.

Keywords: continuous cropping obstacles; legumes; molecular mechanism; physiology; biochemistry;
soil environment

1. Introduction

Legumes are no less important than major cereals as an essential source of protein and
multiple nutrients in the human diet [1–3]. However, despite the large variety of legumes,
only about 20 legumes meet the criteria of high protein, high fiber and low fat for human
consumption [1,4]. As the population grows, the demand for protein increases, but the
production of legume crops is affected by low yields, leading to increased challenges in
their production [5]. Therefore, it is important to identify the possible causes affecting the
yield of legume crops in order to increase their production potential at a later stage.

China is one of the major producers of legume crops [1], but due to the limited area of
arable land and the reduction in arable land area, the phenomenon of continuous cropping
is common in the production of legume crops [6]. Continuous cropping is defined as
growing the same crop on the same plot for two or more consecutive years [7]. For example,
Heilongjiang Province in China is a major soybean (Glycine max L.) production area, where
the soybean continuous cropping area accounts for more than 40% of the province, and in
the northern soybean production areas, this proportion is as high as 70–80% [8]. Similarly,
for peanut in China’s main production areas, there is also a widespread phenomenon
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of continuous cropping [9], where some places even reached 10–20 years of continuous
cropping [10]. However, legume crops are sensitive to continuous cropping and are prone to
incur continuous cropping obstacles, which seriously affect their yield formation [8,10–12].
Therefore, an in-depth understanding of and solutions to the problem of continuous
cropping obstacles in legume crops are not only important for guaranteeing global food
security but also key to promoting sustainable agricultural development.

Continuous cropping obstacles are the result of the modern intensive and large-scale
agricultural production mode, and it is also an inevitable practical problem in agricultural
production [6,13]. According to statistics from Ma et al., the number of research findings
related to continuous cropping has shown an increasing trend from 2010 to 2021 [13]. This
means that the problem of crop yield reduction caused by continuous cropping obstacles
is being taken seriously. At present, research on continuous cropping obstacles mainly
focuses on medicinal plants [14,15], melon (Cucumis melo L.) [16] and facility vegetables [17],
but there are relatively few comprehensive studies and reviews on the continuous cropping
obstacles of legumes. This situation highlights the urgency and importance of more in-
depth research in the field of the continuous cropping obstacles of legumes. Therefore, we
used Google Scholar, PubMed and other academic resources to collect relevant research
results on the continuous cropping obstacles of legumes, and conducted a systematic
synthesis and analysis. It is shown that the soil environment deteriorates after continuous
cropping, resulting in both biotic and abiotic stresses to legumes. These stresses trigger the
response mechanisms of legumes at the physiological, biochemical and molecular levels.
With the deepening of research, the measures used to alleviate the continuous cropping
obstacles of legumes are more and more in line with the development of sustainable
agriculture. In addition, we also discuss the shortcomings in the current research and
future research directions. These contents will not only help us to understand the complex
mechanisms of continuous cropping obstacles but also promote the development of more
effective agricultural management measures, thereby enhancing the production potential
of legumes.

2. Effects of Continuous Cropping Obstacles on the Growth of Legume Crops

There are differences in the response of legume crops to continuous cropping obstacles,
which are influenced by crop type, genotype and number of years of continuous cropping,
but yield reduction is a common result of continuous cropping in most legume crops. The
occurrence of this hazard form is mainly related to changes in the seedling emergence
rate, plant root system and aboveground growth capacity (Figure 1) [18]. Studies showed
that continuous cropping reduces the germination and emergence of legumes [19–21],
indicating that legume crops are sensitive to a severe continuous cropping environment
during the germination period, and the reduced emergence inevitably leads to reduced
crop yield.

Crop roots are in direct contact with the soil and can exchange signals and interact
with soil microorganisms and other crops, as well as provide nutrients and water for their
growth. Crop root systems have a high degree of plasticity in their growth and development,
allowing them to adapt to changes in the surrounding environment. Root elongation of
legume crops is hindered in continuous cropping systems, resulting in reduced root activity
and biomass [22,23]. This undoubtedly limits the root distribution in the soil and the
uptake of nutrients and water from the surrounding environment. As a unique organ of
legume roots, the number and dry weight of nodules decrease significantly after continuous
cropping [24,25]. The decrease in nodule number affects the nitrogen fixation capacity of
legumes, which, in turn, negatively affects legume growth [26,27].

The poor development of crop roots inevitably affects the growth of aboveground
parts, and changes in plant height and biomass can directly reflect the degree of stress on
crops under adverse conditions. The continuous cropping system has a negative effect on
the plant height and biomass of legume crops [28,29]. This indicates that root growth is
impeded, resulting in limited nutrient and water uptake, leading to nutrient and water
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stress, which triggers a series of physiological and biochemical responses, resulting in
growth retardation and biomass reduction. Continuous cropping obstacles also affect the
ability of legumes to flower, pod and fruit, ultimately reducing the yield. For example, a
study on peanuts (Arachis hypogaea) found that continuous cropping for 2 years significantly
reduces the main stem height, lateral branch length, 100-grain weight and kernel yield of
peanuts, ultimately leading to a significant 9.74% reduction in the yield [18]. After more
than 5 years of continuous cropping, the main stem height, lateral branch length, number
of green leaves, number of pods per plant, 100-grain weight and kernel yield of peanuts
are significantly lower than those of continuous cropping for 2 years, and the yield is
significantly reduced by 14.26% compared with a rotation crop [18]. In the continuous
cropping system, the lack of soil nutrients, the decrease in enzyme activity, the increase
in pathogenic bacteria and other factors lead to the deterioration of the soil environment,
which causes legume crops to grow under adversity stress and inhibits their growth. The
above research results show the inhibitory effect of continuous cropping on the growth and
yield formation of legume crops.
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3. Mechanisms of Legume Crops Responding to Continuous Cropping Obstacles

Legume crop growth and development are affected to varying degrees in continuous
cropping systems. Improving the productivity of legume crops under continuous cropping
conditions requires an understanding of their response mechanisms to continuous cropping.

3.1. Responses of the Physiological and Biochemical Levels of Legume Crops Caused by Continuous
Cropping Obstacles
3.1.1. Oxidative Stress Induced by Reactive Oxygen Species (ROS)

Adversity tends to disrupt the dynamic equilibrium and ion distribution in plant
cells, thereby affecting normal plant growth [30–33]. Complex biotic and abiotic stresses in
continuous cropping systems cause changes in the activities of antioxidant enzymes, such as
superoxide dismutase (SOD), catalase (CAT) and peroxidase (POD), in legume crops [34–36].
However, due to the influence of research methods, crop types, genotypes and other factors,
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there is no consistent conclusion on the changes in antioxidant enzyme activities in the
continuous cropping system of legume crops. However, antioxidant enzymes are the
major antioxidants in plants and the first line of defense against free radicals [37–39].
In plants, ROS, such as superoxide radical (-O2

−), hydroxyl radical (-OH), perhydroxyl
radical (HO2

−) and hydrogen peroxide (H2O2), are present [31,40,41]. The antioxidant
enzyme SOD catalyzes the generation of H2O2 and O2 from -O2

−, and CAT and POD
catalyze the generation of 2H2O and O2 from H2O2 by synergizing with SOD [31,32,42].
This indirectly suggests that continuous cropping induces ROS accumulation in legume
crops. The production and accumulation of ROS in the plant body can severely damage
the organelles and cause membrane peroxidation [41,43,44]. The cell membrane is an
important barrier for the exchange of matter and energy between the cell and the external
environment. Legume crops protect the cell membrane structure by modulating antioxidant
enzyme activities and scavenging ROS in vivo, but only against mild stresses caused by
continuous cropping. When the continuous cropping system causes severe stress to legume
crops, the ROS scavenging mechanism is abnormal, and the accumulation of large amounts
of ROS leads to the collapse of the plant defense system such that the phospholipids and
membrane receptor proteins on the cell membrane undergo lipid peroxidation reaction
with ROS and generate the lipid peroxidation product malondialdehyde (MDA), which
destroys the integrity, fluidity, and selective permeability of the membrane system and
affects the normal physiological function of cells [45,46] (Figure 2).

Agronomy 2024, 14, x FOR PEER REVIEW 5 of 26 
 

 

 
Figure 2. Continuous cropping causes oxidative stress response in legume crops. The solid lines are 
confirmed by research; the dashed lines are potential mechanisms that require further study. ? indi-
cates that it has not been proven in continuous cropping abstacle of leguminous crops, but there 
may be an association, and further research is needed in the future. 

The osmotic defense mechanism is an important strategy for plants to initiate a re-
sponse to abiotic stress. Plants synthesize a large number of osmoregulatory substances 
through the regulation of in vivo metabolism, and these substances maintain cell expan-
sion pressure by regulating cellular water potential [47]. In a continuous cropping system, 
the accumulation of proline [47] in legume crops is beneficial to improving the osmotic 
adjustment ability of cells [32,33]. In addition, ROS were reported to be key signaling sub-
stances that induce the expression of relevant genes in the proline synthesis pathway 
(P5Cs, P5C, P5CR, GSA, etc.) and enable their accumulation under adversity stress [48,49]. 
In addition to osmotic regulation, proline accumulation can also reduce lipid oxidation by 
protecting the redox potential of cells and scavenging free radicals [50]. On the other hand, 
proline can indirectly scavenge ROS by enhancing the oxidative defense system [51]. For 
example, under salt stress, the exogenous addition of proline increases SOD and CAT ac-
tivities in mung bean (Vigna radiata L.) [52] and soybean (Glycine max L.) [53], and increases 
the mRNA levels of CAT-related genes in tobacco (Nicotiana tabacum L.) [54]. These results 
suggest that proline has a variety of biological functions to cause plants to respond posi-
tively to abiotic stress (Figure 2). However, in the continuous cropping obstacle of legume 
crops, only the increase in proline content was detected, but its synthesis mechanism and 
action mechanism have not been reported in the study of continuous cropping obstacles. 
Studying the changes in proline content in legume crops in continuous cropping systems 
has a certain guiding significance for revealing its occurrence mechanism. 

3.1.2. Changes in the Capacity of Photosynthesis 
Photosynthesis is a major determinant of crop productivity, and chloroplasts, which 

are the sites of its response, are highly sensitive to stressful environments and influence 
the photosynthetic process in plants by affecting the cellular ultrastructure, photosyn-
thetic pigment content and light absorption efficiency [55–60]. The chlorophyll contents of 
soybean, peanut and pea (Pisum sativum L.) leaves were reduced in the continuous crop-
ping system [9,28,61], which may have been due to the blocked expression of chlorophyll 
synthase genes (CHLG, UROS, etc.) [62,63] or high expression of chlorophyll-degrading 
enzyme genes (CLH, PPH, etc.) [64–66] as a result of continuous cropping. Chlorophyll is 
the main photosynthetic pigment, and its decreased content causes the instability of pig-
ment–protein complexes, which accelerates the degradation of photosynthetic pigments 

Figure 2. Continuous cropping causes oxidative stress response in legume crops. The solid lines
are confirmed by research; the dashed lines are potential mechanisms that require further study.
? indicates that it has not been proven in continuous cropping abstacle of leguminous crops, but there
may be an association, and further research is needed in the future.

The osmotic defense mechanism is an important strategy for plants to initiate a re-
sponse to abiotic stress. Plants synthesize a large number of osmoregulatory substances
through the regulation of in vivo metabolism, and these substances maintain cell expansion
pressure by regulating cellular water potential [47]. In a continuous cropping system, the
accumulation of proline [47] in legume crops is beneficial to improving the osmotic adjust-
ment ability of cells [34,35]. In addition, ROS were reported to be key signaling substances
that induce the expression of relevant genes in the proline synthesis pathway (P5Cs, P5C,
P5CR, GSA, etc.) and enable their accumulation under adversity stress [48,49]. In addition
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to osmotic regulation, proline accumulation can also reduce lipid oxidation by protecting
the redox potential of cells and scavenging free radicals [50]. On the other hand, proline
can indirectly scavenge ROS by enhancing the oxidative defense system [51]. For example,
under salt stress, the exogenous addition of proline increases SOD and CAT activities in
mung bean (Vigna radiata L.) [52] and soybean (Glycine max L.) [53], and increases the mRNA
levels of CAT-related genes in tobacco (Nicotiana tabacum L.) [54]. These results suggest
that proline has a variety of biological functions to cause plants to respond positively to
abiotic stress (Figure 2). However, in the continuous cropping obstacle of legume crops,
only the increase in proline content was detected, but its synthesis mechanism and action
mechanism have not been reported in the study of continuous cropping obstacles. Studying
the changes in proline content in legume crops in continuous cropping systems has a certain
guiding significance for revealing its occurrence mechanism.

3.1.2. Changes in the Capacity of Photosynthesis

Photosynthesis is a major determinant of crop productivity, and chloroplasts, which
are the sites of its response, are highly sensitive to stressful environments and influence the
photosynthetic process in plants by affecting the cellular ultrastructure, photosynthetic pig-
ment content and light absorption efficiency [55–60]. The chlorophyll contents of soybean,
peanut and pea (Pisum sativum L.) leaves were reduced in the continuous cropping sys-
tem [9,28,61], which may have been due to the blocked expression of chlorophyll synthase
genes (CHLG, UROS, etc.) [62,63] or high expression of chlorophyll-degrading enzyme
genes (CLH, PPH, etc.) [64–66] as a result of continuous cropping. Chlorophyll is the main
photosynthetic pigment, and its decreased content causes the instability of pigment–protein
complexes, which accelerates the degradation of photosynthetic pigments and affects the
light absorption capacity and electron transport capacity [67,68]. In the study of simu-
lating pea continuous cropping obstacles with autotoxic substances, it was found that
the maximum photochemical electron efficiency (FV/FM) and the actual photochemical
electron efficiency (ΦPSII) of the PSII of pea seedlings were significantly reduced [69]. This
suggests that continuous cropping reduces the ability of photosynthetic pigment molecules
in legume crops to absorb light energy, reduces the rate of light energy transfer and electron
transfer, and thus, inhibits photosynthesis. By determining the photosynthetic rate of
soybean and peanut leaves in the continuous cropping system [18,70], as well as the net
photosynthetic rate, stomatal conductance, intercellular carbon dioxide concentration and
transpiration rate of mature pea [28], it was found that these indices were significantly
reduced. This further suggests that continuous cropping may reduce the chlorophyll con-
tent, resulting in limited excited-state chlorophyll molecules. Excited-state chlorophyll
molecules are electron donors that transfer high-energy electrons to nearby electron accep-
tors [71]. The decrease in their number will inevitably affect the transfer of electrons to
photosystem I, reduce the production of ATP and NADPH, and decrease the photosynthetic
efficiency of legume crops. At the same time, the decrease in photosynthetic capacity will
interfere with electron transfer in photosynthesis, resulting in the accumulation of electrons
in the chlorophyll body, and some of the electrons will react with oxygen molecules to
form ROS [72]. Excessive accumulation of ROS leads to oxidative stress, which further
adversely affects the growth and development of legume crops (Figure 3). In summary, the
essence of continuous cropping leading to the decrease in the photosynthetic capacity of
legume crops is the change in photosynthetic pigments, and the synthesis and metabolism
of photosynthetic pigments are complex. We believe that studying the molecular mecha-
nisms of physiological changes caused by it has important theoretical guidance significance
for improving the photosynthetic efficiency of leguminous crops in continuous cropping
systems, which will promote the efficient operation of photosynthetic products, and thus,
improve the yield of legume crops.
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3.2. Molecular Responses of Legume Crops to Continuous Cropping Obstacles

Changes in plant phenotype and physiological and biochemical levels are regulated by
gene expression. Therefore, studying how legume crops respond to continuous cropping at
the molecular level is conducive to further understanding their response mechanisms.

3.2.1. Effects of Continuous Cropping Obstacle on Hormone Signaling Pathways in
Legume Crops

Plant hormones are endogenous small signaling molecules that play a central role in
plant growth and development and in response to biotic and abiotic stresses [73]. Upon sens-
ing stress signals, plant hormones activate downstream signaling pathways and synergistic
signaling pathways to respond or adapt to the occurrence of specific stress responses [74].
The regulation of auxin on plant growth and development mainly depends on its signal
transduction pathway [75]. Auxin/indole-3-acetic acid (Aux/IAA), auxin response factor
(ARF) [76], small auxin up-regulated RNA (SAUR) and auxin responsive gretchen hagen
3 (GH3) are important families in the auxin signaling pathway [77,78]. Among them,
ARF and AUX/IAA are essential for auxin-mediated transcriptional regulation [79,80].
The peanut root Aux/IAA, ARF, SAUR and GH3 family genes are all down-regulated in a
continuous cropping system [81], implying that auxin-regulated crop traits are inhibited.
Cytokinin plays a key role in the regulation of plant growth and development and the
response to stress [82–84]. Studies confirmed that the genes encoding type-A arabidopsis
response regulators (A-ARRs) and type-B arabidopsis response regulators (B-ARRs) are
downregulated in the cytokinin signaling pathway of peanut roots in the continuous crop-
ping system [81]. Among them, B-ARRs receive the cytokinin signal and its DDK domain
(DDK refers to a conserved amino acid residue sequence in the N-terminal signaling region
of B-ARRs, which consists of two aspartic acids (D) and one lysine (K)) is phosphorylated
and activated, thereby initiating the transcription of downstream target genes, including
A-ARRs, thereby regulating plant growth and development [85–88], and its downregulated
expression may have a negative effect on plant growth. Ethylene is a versatile plant hor-
mone that regulates plant growth, senescence and fruit ripening, among others [89]. The
genes that encode ethylene response (ETR) and ethylene response factor 1/2 (ERF1/2) in
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the ethylene signaling pathway were found to be upregulated in the continuous cropping of
pea and peanut [81,90]. ETR is an ethylene receptor, and its upregulated expression implies
that ethylene signals are sensed and transduced [89]. Ethylene response factors (ERFs) are
located downstream of the ethylene signaling pathway, and regulate downstream related
genes through interactions with promoters, such as the GCC-box, which play important
roles in plant growth and development, metabolism and adversity adaptation [89,91]. In
addition, jasmonic acid (JA) [92,93] and salicylic acid (SA) [94] are also important plant
hormones that regulate plant growth and development, and their signaling pathways are
also significantly responsive to continuous cropping. Among them, the transcription factor
MYC in the JA signaling pathway is upregulated in peanut under continuous cropping
for 3 years and in pea roots under continuous cropping for 1 year [81,90]. Jasmonate-ZIM
domain (JAZ) is not differentially expressed in peanut but is upregulated in pea roots under
continuous cropping for 2 years [90]. This indicates that the JA signaling pathway plays dif-
ferent roles by continuous cropping degree and crop species. The regulation of plant growth
and development and environmental stress response by SA is achieved by altering the SA
concentration and downstream gene expression. Nonexpresser of pathogenesis-related
genes 1 (NPR1) is an important regulator in the SA signal transduction pathway [95,96].
SA affects the transcriptional activation activity of NPR1 through a variety of protein
modifications to regulate downstream gene expression [97,98]. And NPR1 interacts with
transcription factor TGA family proteins [99,100], while class II TGA negatively regulates
the expression of SA downstream genes and plays a key role in plant response to SA sig-
naling [101]. Continuous cropping induces the upregulated expression of genes encoding
NPR1 and TGA in peanut roots, which inevitably affects peanut growth. In addition,
excessive ET, JA and SA has inhibitory effects on plant growth [102–104], suggesting that
the growth inhibition of legume crops in continuous cropping systems is closely related
to hormone synthesis and signaling (Figure 4). Plant hormone synthesis, metabolism and
signaling processes are complex, and at the same time, each hormone signaling pathway
crosstalks with each other to function. At present, only a few studies have revealed the
expression of key genes in the hormone signaling pathway in the study of continuous crop-
ping obstacles of legume crops, and future studies on hormone synthesis, metabolism and
signaling crosstalk among hormones are crucial for revealing the mechanism of continuous
cropping obstacles of legume crops.
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Plant hormone signal transduction pathways not only have a direct regulatory effect on
plant growth but also indirectly regulate plant growth and development by affecting other
signals. It was reported that plant hormone signal transduction pathways can crosstalk
with calcium signaling and mitogen-activated protein kinase (MAPK) cascades [77,105,106].
Genes involved in calcium signaling (CNGCS, CDPK, CaMCML) and key genes in MAPK
signaling (MKK4/5, MPK3/6) are differentially expressed in pea roots sensitive to contin-
uous cropping [90], indicating that these signaling pathways are strongly responsive to
continuous cropping (Figure 4). However, there is no direct evidence for their crosstalk
with plant hormone signal transduction pathways. Plant hormones, calcium signaling, and
MAPK signaling all play important roles in plant growth, development and adaptation to
adversity. Studying the interaction between them can allow us to better understand the
molecular mechanism of legume growth and development and response to continuous
cropping, provide theoretical support for the adaptation of legumes to continuous cropping,
and provide new ideas and methods to improve their tolerance to continuous cropping.

3.2.2. Chemical Defense Response of Legume Crops to Continuous Cropping Obstacles

Plants cannot escape biotic and abiotic stresses in nature. To adapt to adverse environ-
ments, plants have evolved defense systems to protect themselves and reduce the extent of
damage [107]. Plants produce defense responses to biotic and abiotic stresses by synthe-
sizing a variety of secondary metabolites [76]. These secondary metabolites are essential
for plant growth and development and include alkaloids, phenolics, terpenoids and other
compounds [76]. The phenolic substances lignin and flavonoids in the roots of legume crops
respond significantly to continuous cropping [90]. Both of them are branch synthesis prod-
ucts in the phenylpropanoid biosynthetic pathway. Phenylalanine ammonia-lyase (PAL),
cinnamate 4-hydroxylase (C4H) and 4-coumarate: COA ligase (4CL) are key enzymes in the
synthesis pathway [108,109]. After a series of catalytic reactions, 4-coumaroyl coenzyme A
is formed and catalyzed by chalcone synthase (CHS) and chalcone isomerase (CHI) to form
naringenin [109,110]. Naringenin is the common precursor of most of the end products in
the process of flavonoid synthesis [108]. It is catalyzed by flavanone 3-hydroxylase (F3H),
anthocyanidin synthase (ANS), flavonol synthase (FLS) and cytochrome p450 (CYP) to form
various types of flavonoid compounds [108,111]. After 2 years of continuous cropping,
the genes encoding key enzymes in the flavonoid biosynthetic pathway are upregulated
in pea roots [90], increasing the synthesis of the enzymes and promoting the synthesis of
flavonoids (Figure 5). Studies confirmed that flavonoids can activate antioxidant enzyme
activities, enhance the antioxidant properties of low molecular weight antioxidants and
indirectly scavenge ROS under adverse conditions [108,112]. At the same time, flavonoid
compounds can provide H+ to directly scavenge ROS, thereby reducing the damage of
adversity to plants [108]. In addition, flavonoids can be exuded from roots and have an
indirect effect on plant growth by mediating underground interactions, including attracting
rhizobia, promoting nodulation and nitrogen fixation in legume crops, and inhibiting
root pathogens [113,114]. Therefore, the positive response of key genes in the flavonoid
biosynthesis pathway to continuous cropping may be the primary means by which legume
crops defend against continuous cropping obstacles.

Another important branch of the phenylpropanoid biosynthetic pathway is lignin
biosynthesis. Specifically, p-coumarate 3-hydroxylase (C3H), cinnamyl alcohol dehy-
drogenase (CADH), caffeoyl-COA O-methyltransferase (CCOAOMT) and peroxidase
(POD) are the key enzymes in the lignin biosynthesis pathway [115]. Under the severe
continuous cropping treatment of legume crops, C3H, CADH, CCOAOMT and POD
are upregulated [90]; PAL and POD activities are increased [116–119]; and the lignin
monomers p-hydroxyphenyl lignin, guaiacyl lignin, syringyl lignin and total lignin are
increased [116,117] (Figure 5). It is well known that lignin is the main component of the cell
wall and is used to build the first barrier for plants to resist stress [119,120]. Under stress
conditions, plants limit cell expansion and maintain growth by increasing lignin content in
the roots. The above studies indicate that the stress environment of the continuous cropping
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system causes an increase in enzyme activity associated with the phenylpropanoid biosyn-
thetic pathway in legume roots, which, in turn, increases the synthesis of lignin monomers,
resulting in a large accumulation of lignin. Increased lignin causes root lignification in
legume crops, which solidifies root cells and inhibits their growth [121,122]. These results
suggest that root lignification is an important strategy for legume crops to respond to
continuous cropping.
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Currently, research on the mechanism of the response of legume crops to continuous
cropping obstacles is mainly focused on morphological indicators, yield indicators, protec-
tive enzyme activity, MDA content and photosynthetic physiological indicators. A small
number of studies used transcriptomics and metabolomics to analyze gene expression and
metabolic pathways involved in response to continuous cropping in legume crops. These
methods only revealed physiological characteristics and potential molecular mechanisms of
growth inhibition of legume crops by continuous cropping. And there is a lack of continuity
and direct evidence between studies. For example, the production of ROS is a key factor
in the occurrence of continuous cropping obstacles of legume crops, but the content of
ROS is not directly determined. And changes in ROS will trigger a series of signaling
and gene expression changes. These changes involve multiple signaling pathways and
gene networks, including the hormone signaling pathway, MAPK signaling pathway, Ca2+

signaling pathway and transcription factors, but there is no direct evidence to show and
clarify the interactions between them. In addition, the defense system of plants includes
physical and chemical defenses. However, whether the epidermal hardness and thickness
of roots, stems and leaves of legume crops change after continuous cropping has not been
reported, and only lignin and flavonoids have been investigated in the chemical defense
system, while whether alkaloids, terpenoids, etc., respond to continuous cropping has also
not been investigated. Moreover, the regulatory relationships between the plant defense
system and ROS, plant hormone signaling, MAPK signaling pathway and Ca2+ signaling
pathway are also unknown. Therefore, there are still many gaps in the research on the
mechanism of legume crops responding to continuous cropping obstacles, and if we want
to dig deeper into the physiological potential and molecular mechanism of legume crops
responding to continuous cropping, it is necessary to integrate traditional physiological
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indexes with modern bioinformatics to realize the precise analysis and precise regulation
in the later stage.

4. Deterioration of the Soil Environment Leads to the Occurrence of Continuous
Cropping Obstacles of Legume Crops

Crops respond to continuous cropping by regulating their physiological, biochemical
and other metabolic pathways as a result of crop–soil interaction [6,123]. Among them, soil
is an important agricultural production resource and a place where continuous cropping
obstacles are triggered. Therefore, researchers and farmers are paying more attention to soil
health. A large number of studies showed that continuous cropping has deteriorated the
soil environment and threatened soil health. Among them, the change in soil physical and
chemical properties, the decrease in soil enzyme activities, the accumulation of autotoxin
substances, the increase in insect pests and the change in microbial community structure are
the main reasons for the occurrence of continuous cropping obstacles [124–129] (Figure 6).
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4.1. Response of Soil Physicochemical Properties of Legume Crops to Continuous Cropping

Continuous cropping tends to cause changes in soil physicochemical properties, includ-
ing soil aggregates, organic matter, nutrients and pH. These indicators not only influence
each other but also regulate the soil physicochemical processes and biodiversity, resulting
in soil degradation and reduced crop yields [130–133]. The soil physical properties are
related to the soil structure [132], and soil aggregates are the most fundamental structural
units of soil [134], where their stability is an important physical indicator for assessing the
soil structure and soil health [135,136]. However, they are susceptible to the influence of
the intrinsic soil properties and external environmental factors, including the cropping sys-
tem [137]. The study found that the stability of soil aggregates decreased after continuous
cropping of soybean [138,139], which means that continuous cropping may lead to soil
degradation by destroying the soil structure. However, in the research results on the effects
of legume crops on soil environment after continuous cropping, it was found that there are
few reports on soil physical properties, but soil physical properties determine the water
and nutrient absorption capacity of crop roots, and affect the types and activities of soil
organisms [140,141]. Therefore, the lack of research has limited the comprehensive analysis
of the continuous cropping obstacles of legume crops.

Soil organic matter, nutrient content and pH are the key physical and chemical indices
that reflect soil health and fertility and are the key research objects of continuous cropping
obstacles. Typically, continuous cropping negatively affects soil organic matter, nutrients
and pH. In the study of legume crops, it was found that short-term (<5–6 years) continuous
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cropping reduces the contents of nitrate nitrogen, ammonium nitrogen, available phos-
phorus, and available potassium in pea, peanut, soybean and cowpea (Vigna unguiculata
L.) soils [11,142,143]. In addition, the variation in pH in different types of legume crops is
different. It shows that short-term continuous cropping has a negative effect on the physical
and chemical properties of legumes in the soil and further affects the growth of legumes.

4.2. The Role of Autotoxic Substances in the Initiation of the Continuous Cropping Obstacles of
Legume Crops

Crops produce large amounts of secondary metabolites that are secreted into the soil
during growth [144], and some crop secretions were shown to be potentially autotoxic [123].
In the continuous cropping system of legume crops, these autotoxic substances are re-
peatedly released into the soil, and their high accumulation will inhibit crop growth and
lead to yield losses [145]. These autotoxic substances enter the soil mainly through root
secretion, residue decomposition and above-ground leaching [146]. Through identification,
phenolic acids, such as cinnamic acid, coumaric acid, ferulic acid and benzoic acid, were
found in the aboveground tissues, culture matrix extracts and root exudates of legume
crops [147–152]. Phenolic compounds are considered to be some of the main autotoxic
substances in plants [153,154]. In studies on legume crops, the number of phenolic acids
in the soil was found to increase in type [152] and content [155,156] as the number of
years of continuous cropping increased. The autotoxicity of these phenolic acids was also
widely verified in legume crops, and it was found that autotoxic substances generally
have a concentration effect of low promotion and high inhibition on the growth of legume
crops [33,157–160]. This shows that autotoxic substances may be an important cause of
continuous cropping obstacles of legume crops. The verification of the above autotoxic
effects was achieved via a simulation experiment conducted by artificially adding autotoxic
substances in a controlled environment, which can reflect the general rules of autotoxic
effects of phenolic acids. However, in a field continuous cropping system, there is a mixture
of various autotoxic substances in the soil, and the autotoxic effect verification of a single
substance cannot fully reflect the results of autotoxic substances in the soil. And it is also be-
lieved that phenolic acids in soil are susceptible to environmental factors, and their content
is not sufficient to cause autotoxic effects [161–163]. Therefore, the direct inhibitory effect
of autotoxic substances in field soils on legume growth needs to be further investigated.

4.3. The Continuous Cropping System of Legume Crops Causes a Change in Soil Enzyme Activity

Soil enzymes are involved in a series of biochemical processes, such as organic matter
decomposition and nutrient cycling in soil, and their activities affect the rate of material
transformation and cycling in soil, but they are easily affected by environmental fac-
tors [164]. Therefore, soil enzyme activities can be an important indicator of soil fertility
and sustainable soil use [165,166]. Soil enzyme activities of legume crops are affected by
continuous cropping. Urease, acid phosphatase, catalase and invertase tend to decrease
in most legume soils after short-term (<5–6 years) cropping. Enzyme activities increase
after 2 years of continuous cropping of peanut [164,167,168]. However, there is a significant
decrease in urease, phosphatase and sucrase activities and no change in catalase in soils
cropped for more than 5 years [167,168]. The uncertain changes in soil enzyme activities in
continuous cropping systems are related to changes in soil physical and chemical properties,
such as pH, can change the base point and stability of soil enzyme reactions, and enzyme
reactions are sensitive to changes in pH, and the optimal pH of each enzyme is different,
leading to different changes in the activities of different enzymes in soils of the same crop.
At present, the research results on the mechanism of soil enzyme activity change after the
continuous cropping of legume crops are few and not deep enough, but the important
role of enzyme activity in the soil system cannot be ignored. Therefore, the study of soil
enzyme activity changes and its mechanism of action is of great significance in the study of
continuous legume cropping obstacles in the later stage to reveal the mechanisms of the
material cycle and soil system degradation in continuous cropping systems.
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4.4. Response of Legume Soil Nematodes to Continuous Cropping

Soil nematodes are involved in the decomposition of soil organic matter and the min-
eralization of nutrients, which are important for promoting nutrient cycling, energy flow
and maintaining the stability of soil ecosystems [169,170]. Soil nematodes include plant-
parasitic nematodes, bacterial-feeding nematodes and fungal-feeding nematodes. Among
them, plant-parasitic nematodes have the potential to cause severe plant diseases [171].
Studies found that cyst nematodes in plant-parasitic nematodes are related to the occur-
rence of soybean continuous cropping obstacles [172]. In a study of peanut, it was found
that the number of fungal nematodes in the soil of continuous cropping for 3 years, 6 years
and 20 years decreased, while the number of plant-parasitic nematodes significantly in-
creased with the increase in continuous cropping years [173]. The increase in nematode
species and numbers in the soil after continuous cropping is related to the change in the
soil environment. For example, allelochemicals secreted by roots can incubate the eggs of
secondary plant parasitic nematodes [174,175]. In addition, the soil microbial community
also influences the type of soil nematodes. It is suggested that changes in the soil environ-
ment in continuous cropping systems further influence the alteration of nematode species
and populations in the soil, which, in turn, threatens the growth of legume crops.

4.5. The Change in Microbial Community Structure in Legume Crop Soil in Continuous Cropping
System Is the Key Factor Causing Continuous Cropping Obstacles

Plant growth and development depend on interactions with soil microorganisms [176,177],
which constantly undergo metabolic crosstalk, forming a complex symbiotic relationship
that plays an important role in maintaining healthy plant growth and productivity [178].
Studies have shown that planting patterns are the main factors that cause changes in soil
microbial community structure [179,180]. In a continuous cropping system, the rhizosphere
soil microflora changes, the soil changes from bacterial to fungal type, and harmful microor-
ganisms become the dominant community, which is an important reason for the occurrence
of continuous cropping obstacles [181].

The rhizosphere soil has the largest number of bacteria, and their interaction with
plants plays a key role in soil fertility, sustainability, and plant growth and develop-
ment [182]. Tang et al. reported that continuous cropping increased Acidobacteria and
Firmicutes and decreased Actinobacteria in soybean rhizosphere soil [183]. Among them, Aci-
dobacteria can cause soil acidification, and most Firmicutes can form drought-tolerant spores.
Actinomycetes play an important role in decomposing organic matter and antagonizing
plant pathogens [183]. Pan et al. found that continuous cropping reduces the expression of
amoA in soybean rhizosphere soil [184]. amoA encodes the alpha subunit of ammonia oxi-
dase, which is a key gene in ammonia-oxidizing bacteria and anaerobic ammonia-oxidizing
bacteria [185]. It participates in the ammonia oxidation process, oxidizing ammonia to
nitrite and synthesizing amino acids and other nitrogenous compounds through a series
of reactions [186]. Therefore, the decrease in amoA expression leads to a decrease in the
rate of ammonia oxidation, affecting the conversion and removal of ammonia nitrogen.
Another study showed that the bacterial diversity in peanut rhizosphere soil decreases
after continuous cropping, and the abundance of Actinobacteria, Firmicutes and Bacteroidetes
decreases [81]. There are no significant changes in dominant and common bacteria, but
rare bacteria are significantly enriched [81]. The extraction of peanut rhizosphere soil
bacterial extract was found to significantly inhibit peanut growth [81]. Liu et al. found
higher bacterial abundance and diversity in soybean rotational systems than in continuous
cropping [187]. However, Ma et al. found that the bacterial diversity of pea rhizosphere
soil was not affected by short-term continuous cropping [90]. The above studies show that
the effect of continuous cropping on soil bacteria varies with the type of legume crops, but
the decrease in beneficial bacteria and the increase in harmful bacteria produce the main
effects on legume crops in response to continuous cropping.

Fungi are an important part of the soil microbial community and play important roles
in the soil ecosystem as pathogens and symbionts of plants and animals [188]. A study
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found that short-term (<5–6 years) continuous cropping increases the relative abundance
of fungi in soybean rhizosphere soil [187,189]. An analysis of fungal community structure
showed that the abundance of Fusarium oxysporum increases significantly after continuous
cropping. Fusarium oxysporum is a soil-borne pathogenic fungus with widespread and
severe pathogenicity worldwide [190]. Fusarium oxysporum infects crops through the roots
and can cause disease throughout the growing season. It manifests itself mainly as brown
necrotic spots in the root cortex of the plant. In severe cases, the main root and a large
number of lateral roots rot, and the branches decrease until the plant dies, which is called
Fusarium wilt and root rot [191]. In peanut studies, continuous cropping was also found to
increase the abundance of soil fungal, and the relative abundance of pathogens, such as
Fusarium, Aspergillus, Acrophialophora and Neocosmospora, increase in the rhizosphere under
continuous cropping [192]. The above results showed that the abundance of fungi in the
rhizosphere soil of legume crops increased after continuous cropping, and the increase
in the number of pathogenic bacteria is the key to the continuous cropping obstacles of
legume crops.

In addition, an interesting phenomenon occurs in soybean continuous cropping. The
researchers found that soybean faces serious continuous cropping obstacles in short-term
(<5–6 years) continuous cropping, but as the number of continuous cropping years increases,
the soybean yield shows an upward trend (but significantly lower than crop rotation) [193],
and organic matter, alkali-hydrolyzable nitrogen, available phosphorus, available potas-
sium, and soil enzyme activity increases and approaches rotational soils [140,194]. The
density of soybean cyst nematodes decreases while the abundance of fungal-feeling nema-
todes increases [195]. In addition, the abundance of soil fungi approaches that of rotation,
and the relative abundance of potentially beneficial bacteria Bradyrhizobium and Gemmati-
monadetes and pathogenic bacteria Mortierella sp. and Paecilomyces sp. in the soil increases,
while the relative abundance of pathogenic fungi Fusarium decreases [187]. This shows that
soybean soil produces some disease resistance after long-term continuous cropping, and the
soil’s physicochemical properties are improved, which weakens the degree of inhibition of
soybean growth. However, it is still unknown why the soybean soil environment improves
after long-term continuous cropping. An investigation of its mechanism is likely to be an
important breakthrough in effectively alleviating soybean continuous cropping obstacles in
the future.

In summary, changes in soil physical and chemical properties, accumulation of auto-
toxic substances, soil enzyme activity, plant parasitic nematodes and microbial community
structure in soil are all important factors that cause continuous cropping obstacles of legume
crops (Figure 6). In continuous cropping systems, these factors not only affect legume crop
growth directly but also act through indirect regulation. For example, soil pH and nutrients
are important environmental factors that drive the structure of microbial communities in
continuous cropping soils [187,196]. In addition, crop root exudates can shape the microbial
community structure of the rhizosphere [197], and some compounds can directly stimulate
or inhibit the growth of soil pathogens [198]. The biomass of rhizosphere fungi increases
after root exudates from legume crops enter the soil [199,200]. It was suggested that the
regulation of rhizosphere soil microbial community structure by root exudates may be
an important reason for the inhibition of crop growth in a continuous cropping system.
Meanwhile, the mechanism of legume sensitivity to continuous cropping may be related to
root secretions, which deserves further investigation at a later stage. These results suggest
that there is a correlation between the factors that cause continuous cropping obstacles, and
microorganisms play an important role in many factors. At present, soil microorganisms
are the research hotspot of continuous cropping obstacles, but the research on legume
crops is relatively scarce and not comprehensive enough. In the future, 16s rDNA, ITS and
macrogenomics technologies should be used to reveal the structure, diversity and function
of microbial communities in continuous cropping soils to screen out bacteria and fungi that
significantly respond to continuous cropping, to explore new microbial resources in com-
bination with legume crops phenotypes, to develop new microbial fertilizers, to provide



Agronomy 2024, 14, 104 14 of 26

basic data and theoretical support for mitigating the barriers of continuous cropping, and
to provide scientific basis and technical support to promote the sustainable development of
the legume crops industry.

5. The Main Measures to Alleviate the Continuous Cropping Obstacles of Legume
Crops and the Change of Ideas

The production of legume crops is facing a serious threat from continuous cropping
obstacles. How to alleviate the problem of yield reduction caused by continuous cropping
is also a hot spot in the study of the continuous cropping obstacles of legume crops. To this
end, many scholars have explored a variety of measures to alleviate continuous cropping
obstacles, as follows (Figure 7).
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5.1. Diversification of Planting Patterns

As early as 300 BC, people recognized that continuously growing the same crop on
the same land leads to its growth inhibition [7]. To mitigate this continuous cropping
obstacle, crop rotation and intercropping were introduced, especially in the cultivation of
legume crops, and these methods were shown to improve degraded soil environments
and promote crop growth by increasing ecosystem diversity [194,201–203]. However,
the application of these cropping patterns is affected by market demand, technical and
knowledge constraints, land and resource constraints, economic considerations and labor
requirements. Moreover, for some legumes, crop rotation cycles of up to 10 years may be
required to significantly improve the soil environment, presenting a challenge in terms
of meeting growing protein demand and developing low-input agroecosystems [204].
Therefore, although crop rotation and intercropping are theoretically effective ways to
improve the soil environment, in practice, more economic and market considerations need
to be taken into account. With advances in agricultural technology, and in-depth research
into the mechanisms of continuous cropping obstacles, new solutions may emerge in the
future to meet market demands while maintaining soil health and productivity.

5.2. Increase Soil Fertility

Nutrient deficiency is one of the causes of continuous cropping obstacles. People
supplement soil nutrients to achieve the purpose of alleviating continuous cropping ob-
stacles. In legume continuous cropping systems, the application of N, P and K fertilizers
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can increase soil nutrients, influence soil microbial community structure and promote yield
formation [205,206]. However, the long-term use of chemical fertilizers not only leads to
the decomposition of soil organic matter, degradation of soil structure and reduction in soil
aggregates but also to nutrient loss and reduced fertilizer efficiency [207]. Special attention
should be paid to the fact that the application of chemical fertilizers not only leads to soil
acidification but may also cause the deficiency of some trace elements and the accumulation
of heavy metals (Cu, Zn, Cd), which affects the activity of soil enzymes, the structure of soil
microbial communities and ecological functions [207,208]. Therefore, although chemical
fertilizers can rapidly replenish soil nutrients, their long-term use has a negative impact
on soil ecosystems. Therefore, bio-organic fertilizers have been applied for the mitiga-
tion of continuous cropping obstacles. Bio-organic fertilizers are organic fertilizers with
added functional microorganisms, which increase the soil microbial activity and nutrient
utilization [209]. It was found that the application of bio-organic fertilizers increases the
soil nutrients and enzyme activities of legume crops in a continuous cropping system and
increases the number of beneficial microorganisms in the soil, which greatly improves the
yield of legume crops in the continuous cropping system [210–213], and the mitigation
effect was significantly superior to that of chemical fertilizer application [211,213]. Another
study concluded that the application of organic fertilizer increases the contents of copper,
zinc and cadmium in peanut continuous cropping soil, which may cause metal pollution
in the soil [214]. Therefore, whether the use of organic fertilizer to mitigate continuous
cropping causes secondary pollution in soil needs to be further investigated.

5.3. Application of Chemical Fungicides

The increase in pests and diseases in the soil after continuous cropping is an important
factor causing the continuous cropping obstacles of legumes. In order to alleviate these
challenges, chemical agents, especially fungicides, are often used to reduce the occurrence
of pests and diseases and reduce the continuous cropping obstacles of legumes [215,216].
However, reliance on fungicides can only promote crop growth in the short term. The
widespread use of these chemicals can cause serious environmental pollution [217]. At
the same time, it has a negative impact on soil health, especially on the microbial balance
necessary for healthy ecosystems, leading to a reduction in soil biodiversity. In addition,
fungicides can increase the resistance of pathogens, especially when fungicides are used
repeatedly or at high doses [218]. Therefore, although fungicides can provide short-term
mitigation effects against the continuous cropping obstacles of legumes, the long-term
effects on environmental health and pathogen resistance have forced us to explore effective
mitigation measures that are premised on sustainable development.

5.4. Biological Control

With the revelation of the important role of soil microorganisms in the occurrence of
continuous cropping obstacles, the measures to alleviate continuous cropping obstacles
have also entered the stage of biological control. Using beneficial microorganisms to inhibit
the growth of pathogenic bacteria and harmful organisms in the soil reduces the infection
of pathogenic bacteria to the root system and achieves the purpose of alleviating continu-
ous cropping obstacles. For example, rhizobacterial inoculation increases the nodulation
capacity of legume crops in continuous cropping systems while altering the composition of
the soil microbial community and increasing soil enzyme activity, thereby promoting the
growth of legume crops [28,32,142,219,220]. The inoculation of the endophytic fungus Pho-
mopsis liquidambari B3 in continuous cropping soybean can effectively increase the number
of beneficial bacteria and fungi in the soil [221], thus alleviating the continuous cropping
obstacles, while the inoculation of the arbuscular mycorrhizal fungus Funneliformis mosseae
significantly reduces the occurrence of continuous cropping soybean root rot [222]. There-
fore, the use of beneficial bacteria not only effectively mitigates the continuous cropping
obstacle of legume crops, but also avoids chemical fertilizer inputs and secondary soil envi-
ronmental degradation, which plays an important role in the development of sustainable
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agriculture. In summary, changing planting patterns and applying chemical fertilizers,
organic fertilizers and biological control are the main measures to alleviate the continuous
cropping obstacles. These measures promote the growth of legume crops by improving the
soil environment in the continuous cropping system. However, there is a lack of research
on improving the ability of legume crops themselves to withstand continuous cropping
through the selection and breeding of continuous cropping tolerant varieties and molecular
breeding to mitigate continuous cropping obstacles, which needs to be further explored
by researchers.

6. Future Perspectives and Research to Advance Continuous Cropping of Legumes

The occurrence of continuous cropping obstacles is a very complex problem that
limits agricultural production and it has been extensively studied in legume crops. In this
review, it was found that the continuous cropping obstacle of legume crops is caused by
the deterioration of the soil environment. The root system first senses the change in the soil
environment and regulates the expression of specific genes through a series of signal trans-
duction pathways, initiates the antioxidant system and produces secondary metabolites in
response to continuous cropping. At the same time, the root system transmits the stress
signal to the aboveground part, causing physiological and biochemical reactions, such as
antioxidant and photosynthetic systems in the aboveground part, ultimately affecting its
growth and development (Figure 8). The above provides a more comprehensive theoretical
basis for understanding the occurrence and response of the continuous cropping obstacle
of legume crops. However, it is still insufficient to reveal the occurrence mechanism of
the continuous cropping obstacle of legume crops, and the following issues need to be
elucidated in future research (Figure 8):
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1. At present, research on the mechanism of continuous cropping obstacles in legume
crops mainly focuses on the characteristics of changes in their phenotypes and physio-
logical and biochemical levels, which need to be analyzed in depth from the molecular
level by combining with advanced biological techniques. For example, “omics” tech-
nology plays an important role in understanding the crop response to continuous
cropping and can guide people to find new methods to influence the phenotypic,
physiological and biochemical changes. Future studies can use the combination of
multi-omics technology and bioinformatics to find key genes, proteins, metabolic
pathways and products involved in legumes that significantly respond to continuous
cropping obstacles. It will be helpful to further understand the molecular mecha-
nism of legume responses to continuous cropping. Nodulation and nitrogen fixation
are the characteristics of legume crops, but how the continuous cropping system
affects the genetic pathway of legume crop nodule formation and the mechanism
of their symbiotic behavior is still unknown. Clarifying the ecological adaptability
and physiological and molecular mechanisms of nodules in continuous cropping is
helpful for understanding the relationship between rhizobia and continuous crop-
ping obstacles, and provides a scientific basis for solving the problem of continuous
cropping obstacles. In addition, through large-scale genomic data and continuous
cropping test data, the mining of candidate genes and functional sites related to
continuous cropping obstacles of legume crops is the key task for the cultivation of
continuous-cropping-resistant germplasm resources of legume crops in the future.

2. Changes in the physical and chemical properties and microbial communities in soil
ecosystems trigger legume continuous cropping obstacles. The interactions between
these factors determine the structure, function and complexity of soil ecosystems. At
the same time, it also increases the difficulty of researching the causes of continuous
cropping obstacles. In the future, it is necessary to strengthen the detection of the soil
environment in the continuous cropping system of legume crops and further analyze
the mechanism of soil environment degradation in the continuous cropping system
through a meta-analysis, model building and other methods to clarify the leading
factors. In addition, soil microorganisms are currently a hot topic in the research of
continuous cropping obstacles, but the research of continuous cropping obstacles
in legume crops only revealed a decrease in beneficial bacteria and an increase in
pathogenic bacteria in the soil. In the future, it is necessary to explore the beneficial
bacteria of rhizosphere resistance to continuous cropping according to the existing
research results and design specific compound microorganisms for legume crops to
effectively alleviate the continuous cropping obstacles of legume crops.

3. After long-term (>5–6 years) continuous cropping of soybean, the degree of growth
inhibition was weakened, the soil environment was improved, soil nutrients and
enzyme activities were increased, and soil pests and diseases were reduced. However,
it is not clear why soybean soil self-repaired after long-term continuous cropping.
Therefore, in-depth research on the mechanism of soil environment improvement after
the long-term continuous cropping of soybean may be an important breakthrough to
alleviate the continuous cropping obstacle of legume crops in the future.

4. The research on continuous cropping obstacles of legume crops is more focused on the
changes in the soil environment, but the research on crop–soil interaction is scarce. The
occurrence of continuous cropping obstacles is closely related to the rhizosphere signal
exchange of legume crops. The induction effect of root exudates on microorganisms
in the continuous cropping system of legume crops and how roots perceive microbial
signals are still uncertain. In the future, a systematic dynamic model should be
established by linking the changing characteristics of soil environmental factors with
the physiological and biochemical characteristics, as well as genes and metabolites of
legume crops, to comprehensively and deeply reveal the mechanism of continuous
cropping obstacles of legume crops.
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