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SUMMARY

Soil-borne diseases cause serious economic losses in agriculture. Managing dis-
eases with microbial preparations is an excellent approach to soil-borne disease
prevention. However, microbial preparations often exhibit unstable effects,
limiting their large-scale application. This review introduces and summarizes dis-
ease-suppressive soils, the relationship between carbon sources and the microbi-
al community, and the application of human microbial preparation concepts to
plant microbial preparations. We also propose an innovative synthetic microbial
community assembly strategy with synergistic prebiotics to promote healthy
plant growth and resistance to disease. In this review, a new approach is pro-
posed to improve traditional microbial preparations; provide a better under-
standing of the relationships among carbon sources, beneficial microorganisms,
and plants; and lay a theoretical foundation for developing new microbial prepa-
rations.

INTRODUCTION

The interactions of pathogens, hosts, and the environment determine the occurrence of plant diseases. The
environment, especially soil characteristics, determines the source of microorganisms recruited by plant
roots, which mainly affects disease outbreaks (Chiaramonte et al., 2021; Zheng et al., 2021). Diseases
that spread through soil are called soil-borne plant diseases, and they adversely affect crop production
worldwide, whereas some other types of organic matter might exert beneficial effects that reduce the pres-
ence of pathogens such as Fusarium, Phytophthora, Pythium, and Rhizoctonia (Jambhulkar et al., 2015). If
this organic matter is composed of recalcitrant carbon resources, then the ability of the soil to suppress soil
pathogens is enhanced, while microbial activities in the soil are stimulated by the addition of labile carbon
resources as a result of priming effects. Owing to the decomposition of microbial communities, which in
turn promotes plant productivity, studies exploring a method for modifying microbial communities to
improve the environment of plant root growth, which ultimately enhances plant resistance and yields,
are important. Disease-suppressive soils depend on the uniformity, composition and abundance of the
core microbial community (Mendes et al., 2011). Therefore, the intensified competition between microbial
communities and plant pathogens in disease-suppressive soils may be a disadvantage in niche allocation in
the soil. These microbial communities have the ability to adapt to the various environmental conditions es-
tablished for the purpose of sustainable crop production (Keswani et al., 2019). Therefore, an understand-
ing of and the targeted modification of soil microorganisms may provide new strategies for sustainable
agricultural system management (Wang and Li, 2019).

The diversity and richness of soil bacteria and fungi determine many important aspects of ecosystem func-
tion to some extent (Singh and Gupta, 2018; Sintim et al., 2019; Wagg et al., 2014). However, the imbalance
of nutrients and the presence of a large number of plant pathogens in the soil might exert a negative effect
on plant health (Steffan et al., 2018). Soil management practices involving farming, crop rotation, and
burning affect the quantity and quality of organic matter, which in turn affects soil health (Noble and
Coventry, 2005). Microbiome engineering technology for core microorganism inoculation directly adjusts
the relationship between microorganisms, inhibits harmful microorganisms, and recruits functional micro-
organisms, thereby improving soil health (Morais et al., 2019). Although the effects of chemical control are
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In recent years, researchers have achieved outstanding progress in biological agent research and develop-
ment (Compant et al., 2019; Fitzpatrick et al., 2020). Rhizosphere growth-promoting bacteria are also
important biological control resources (Martins et al., 2013; Santiago et al., 2015). Therefore, the research
and development of control methods that are harmless to the environment and exert stable effects have
become increasingly important.

The effects of biological control are often unstable; however, the synthetic microbial community represents
anew approach to address common problems associated with current microbial fertilizers (Qin et al., 2016).
At the same time, disease-suppressive soil is a natural biological control agent (bca) that potentially affects
the survival, infection or reproduction of pathogens. The core microbial community and its structural
characteristics and the nutrients in the soil are closely related to the disease-suppressing ability of
disease-suppressive soils (Carrion et al., 2018; Jaiswal et al., 2017; Xiong et al., 2017). Moreover, the
disease-suppressing ability of disease-suppressive soils is also related to the mode of the nutrient-
microbiome interaction (Mendes et al., 2011; Thakur and Geisen, 2019). In this review, we will discuss
disease-suppressive soils, the application of human microbial preparation concepts to plant microbial
preparations, and the relationship between carbon sources and the microbial community. This review
aims to understand the relationship between carbon sources and microbial communities in this process.

DISEASE-SUPPRESSIVE SOILS

Soil with a specific microbial community structure is postulated to promote plant growth and defense by
inhibiting pathogens, providing a strategy for preventing soil-borne diseases (Alabouvette, 1999; Haas
and Défago, 2005; Singh et al., 2011). Since the idea of disease-suppressive soils was proposed, it has
been a research hotspot (Alabouvette, 1999; Broadbent and Baker, 1974; Cook and Rovira, 1976; Schlatter
et al., 2017). Disease-suppressive soils prevent and control soil-borne diseases through specific microbial
communities (Latz et al., 2016). Specific microbial communities suppress the occurrence of soil-borne dis-
eases mainly through nutrient competition, antagonism, hyperparasitism and plant resistance induction (Lu
etal., 2019; Peng et al., 2020). Microbial function, diversity, and activity in rhizospheric soil are also involved
in inhibiting the occurrence of soil-borne diseases and promoting plant growth (Jaiswal et al., 2017). The
rhizosphere soil microbiome is the first line of defense against pathogens invading plant roots (Weller
et al., 2002). Based on an analysis of the inhibitory soil microbial community associated with Fusarium
wilt in a long-term continuous cropping system of vanilla, the fungal community was shown to play an
important role in inhibiting the development of Fusarium wilt (Xiong et al., 2017). The addition of dis-
ease-suppressing compost to the soil, if combined with organic amendments and selected bca, will trigger
various plant disease control mechanisms (Kuzyakov and Domanski, 2000).

The microbiome is regulated by root exudates in disease-suppressive soil (Bakker et al., 2018). Plants, mi-
crobiomes, and the environment form a complex chemical network that harmonizes the plant microbiome.
The rhizosphere is the soil plant root interface and in practice consists of the soil adhering to the root and
the loose soil surrounding the root. Plant growth-promoting rhizobacteria are potential agents for the bio-
logical control of plant pathogens (Babalola, 2010). When plants growing in disease-suppressive soil are
attacked by plant pathogens, the root system secretes metabolites to recruit beneficial microorganisms
that protect the plants (Rosenzweig et al., 2012; Yang et al., 2016). Recently, the root system of Arabidopsis
was shown to secrete amino acids, nucleotides, and long-chain organic acids that recruit beneficial micro-
organisms and make its progeny resistant to plant pathogens (Berendsen et al., 2018; Liu et al., 2014; Yuan
et al., 2018). Plant-derived nutrients attract probiotics in a specific manner, and this mechanism may be
used by pathogens. When the environment or plant-derived nutrition changes, plant pathogens in the
soil may experience good growth conditions and ultimately increase in number (Bulgarelli et al., 2013; Fitz-
patrick et al., 2020). When the plant pathogen density reaches a certain level in the soil, the defense func-
tion of beneficial microorganisms may be lost, and plant pathogens will move from the soil to inside the
plantroots and stem. In cases of severe infection, plant pathogens are dispersed through the soil to neigh-
boring plants and animals and into the air (Bai et al., 2015). However, when plant pathogens spread into
disease-suppressive soil, the plants recruit beneficial microorganisms by secreting root metabolites to
resist the attacks of plant pathogens. Root exudates or secondary metabolites of plants in disease-suppres-
sive soils can be used as a signal for plants to reshape the root microbiome. They can be used as chemical
attractants or nutrient sources to reorganize the microbiome and help alleviate the abiotic stress or biolog-
ical stress of host plants (Figure 1A) (Cadot et al., 2020; Zhalnina et al., 2018). Under the selective pressure
formed by a single carbon source, the synthetic microbial community tends to stabilize and simplify the
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Figure 1. The relationship between the carbon source and the microbial community and the environment-plant-carbon source network affect the
assembly of synthetic microbial communities and indigenous microbial communities in rhizosphere soil

Figure 1A presents the relationship between the carbon source and the microbial community. A red “X" indicates that plant pathogens are unable to infect
the plant roots; (A) indicates that the plant pathogens can be spread through the soil; (B) indicates that the plant pathogens can also be spread by rain or
wind; (C) indicates that when plant pathogens spread into this environment, where plant pathogens have more nutrients and beneficial microorganisms have
fewer nutrients, beneficial microorganisms are unable to resist the attack of plant pathogens; and (D) indicates that when the plant pathogens spread to this
environment, where plant pathogens have fewer nutrients and beneficial microorganisms have more nutrients, beneficial microorganisms are able to resist
the attack of plant pathogens. Figure 1B shows that the environment-plant-carbon source network affects the assembly of synthetic microbial communities
and indigenous microbial communities in rhizosphere soil. The figure shows the process of assembling synthetic microbial communities and indigenous
microbial communities (the effects of root exudates, carbon sources, host plants, and environmental conditions on the assembly of synthetic microbial
communities and indigenous microbial communities).

composition of the microbial community (Goldford et al., 2018). Beneficial microbial strains may be com-
bined with specific substrates to selectively stimulate their growth, colonization and beneficial activities
(Cordovez et al., 2019; Pollak and Cordero, 2020). In the future, the development of methods to build a
controllable and stable microbial interaction network and to achieve precise regulation of microbial com-
munity functions will help us understand the plant-beneficial microbe-pathogen relationship and prevent
the occurrence of plant diseases.

THE RELATIONSHIP BETWEEN CARBON SOURCES AND THE MICROBIAL COMMUNITY

Beneficial and harmful soil microorganisms can live in the same environment (Rosenzweig et al., 2012).
Among the beneficial flora, endosymbionts colonized in cells can promote plant growth and enhance plant
resistance. Growth-promoting or rhizosphere growth-promoting bacteria are defined as independent
living beneficial bacteria, which can promote health and growth in plants (Fahad et al., 2015). However,
beneficial and disease-causing microorganisms share common physiological characteristics and evolu-
tionary similarities. To a certain extent, the performance of pathogenic phenotypes may depend on small
differences in microorganisms and sometimes even on the host (Berendsen et al., 2018; Molina-Romero
et al., 2017). The secretions of microorganisms and the number and nature of secretion effectors may
constitute an important factor distinguishing between beneficial microorganisms and pathogens. Further-
more, multiple omics and mathematical models can also be used to analyze the interaction mode between
pathogenic bacteria, beneficial microorganisms and host (Fiorilli et al., 2018)

One study reported that plants adjust their root microbiome upon pathogen infection and specifically re-
cruit a group of disease resistance-inducing and growth-promoting beneficial microbes, thereby poten-
tially maximizing the chances for the survival of their offspring that will grow in the same soil (Berendsen
et al., 2018). The number of beneficial microorganisms in the soil determines whether the soil inhibits
the occurrence of soil-borne diseases (Pereg and Mcmillan, 2015). Meanwhile, nutrient sources that affect
the soil microbial community, such as carbon sources, may influence the growth and reproduction of bene-
ficial microorganisms and harmful microorganisms (Bais et al., 2006; Kessler et al., 2012). Soil nutrients, soil
organic carbon and soil organic matter affect the microbial activity of the growth and development of the
microbial community, providing the most suitable habitat for the microbial community (Hadar and Papa-
dopoulou, 2012).

The disease-suppressing ability of disease-suppressive soil is closely related to competition for carbon
sources (Table 1). Moreover, Neeno-Eckwall et al. (2001) found that pathogenic Streptomyces scabies
shows weaker competition for carbon than nonpathogenic Streptomyces sp. (Neeno-Eckwall et al.,
2001). Soil-borne diseases can be managed by exploiting the competition for carbon sources between
the pathogenic bacteria and the original microorganisms in the soil; this idea is inspired by the concept
of prebiotics (Alabouvette, 1986; Duan et al., 2015; Xin et al., 2015; Yang et al., 2019). Moreover, carbon
source competition is an important factor that affects the assembly, diversity, coexistence, operation,
and evolution of microbial communities (Yang et al., 2018).

Similar to a prebiotic, the addition of an exogenous carbon source can stimulate the growth or activity of
beneficial microorganisms around the rhizosphere of plants, thereby affecting the phenotype of the plants
(Hacquard et al., 2015). For example, straw as an additional carbon source can benefit rhizosphere micro-
organisms, as well as reduces the absorption of root exudates by rhizosphere microorganisms (Maarastawi
etal, 2019; Yang et al., 2014). Similarly, the application of biochar as a microbial carbon source changes the
microbial community and increases rice yield (Nan et al., 2019). Biochar also changes the structure,
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Table 1. Combination of organic matter and root exudates with beneficial microorganisms to promote plant health

Typology Nutrition Beneficial microorganisms References
Organic Espresso spent coffee ground Trichoderma. atroviride, (Chilosi et al., 2020)
amendments Trichoderma citrinoviride,

Root exudates

Green composts from defatted/
nondefatted olive marc, spent
coffee grounds and tea bags mixed
with green wastes of various

horticultural crops

Biochar
Bio-organic fertilizers
Benzoxazinoids

Coumarin

Long-chain fatty acids and

Aspergillus sp.
Alternaria sp.

Fusarium oxysporum
Fusarium solani
Trichoderma atroviride
T. harzianum

T. asperellum

B. subtilis

Bacillus licheniformis
Bacillus pumilus
Pseudomonas sp. NT-2
Pseudomonas

Pseudomonas

Pseudomonas WCS417

Pseudomonas

(De Corato et al., 2019)

(Tu et al., 2020)
(Tao et al., 2020)
(Neal et al., 2012)

(Stringlis et al., 2018)
(Harbort et al., 2020)

(Wen et al., 2021)

amino acids

Long-chain organic acids Fictibacillus Sphingomonas (Yuan et al., 2018)

and amino acids

Organic volatiles Streptomyces (Kong et al., 2021)
Bacillus

Sucrose Bacillus subtilis (Tian et al., 2021b)

Flavonoids Arbuscular mycorrhizal fungi (Tian et al., 2021a)

function, and abundance of rhizosphere microbial communities that prevent soil-borne diseases (Jaiswal
etal., 2017). Similarly, Compost fortified with bioinoculants ensures a supply of humus, minerals, and bene-
ficial microbes associated with soil and plants (Zaccardelli et al., 2011). After determining the differences in
the use of microbial carbon sources in disease-suppressive soils and disease-susceptible soils, specific car-
bon sources can be supplied to soils to regulate the population structure, abundance, and function of
beneficial microorganisms.

APPLICATION OF HUMAN MICROBIAL PREPARATION CONCEPTS TO PLANT MICROBIAL
PREPARATIONS

The human intestinal microbiota is a complex network composed of a variety of microorganisms that is
inextricably linked to the physiological functions of the host. In addition, changes in the composition of nu-
trients in the intestine directly or indirectly affect the composition of the intestinal microbial community,
and changes in the intestinal microbial community also affect host metabolism, which in turn affects the
health of the host (Agus et al., 2018).

Similar to the role of the gut microbiome, the plant microbiome plays an important role in the process of
plant disease resistance. Clarifying the relationship between community interaction characteristics and
functions is very important for directly regulating the plant microbiome and promoting the healthy growth
of plants (Kwak et al., 2018). Through studies of the microbiome, we have obtained a deeper understanding
of the relationship between the microbial community and the host. In the medical field, live microorganisms
such as probiotics, prebiotics, synbiotics, and epibiotics have been used as therapeutic agents or carriers
to change the function or composition of the microbiota, reducing the colonization of harmful species and
improving microbial community homeostasis (Plichta et al., 2019). Prebiotics are not decomposed and uti-
lized by the digestive tract in organisms, but in the rectum, probiotics are absorbed and utilized to improve
the colonization rate, viability and proliferation of probiotics in the gastrointestinal tract (Roberfroid, 2007).

iScience 24, 102918, August 20, 2021 5



¢? CellPress

OPEN ACCESS

Synbiotics are microecological preparations generated by combining probiotics and prebiotics. Use of
probiotics can help to proliferate, better physiological activities, and improvement in microecological
and enzyme balance in the organism (Rastall and Maitin, 2002). Similarly, the composition and content
of nutrients in the soil may affect the composition, activity and function of the soil microbial community
(Harbort et al., 2020; Ladau and Eloe-Fadrosh, 2019). Nutrition derived from plant sources or other sources
recruits beneficial microorganisms to preserve plant growth (Wen et al., 2021).

Currently, in the field of agriculture, beneficial microorganisms and microbial source metabolites are the
only microbial preparations used to protect or promote plant growth (Trivedi et al., 2020). Microbial
preparations refer to live beneficial microorganism preparations from fermentation broth that use porous
substances as adsorbents to adsorb beneficial microorganism cells after the target microorganisms are
multiplied through industrial production (Kaminsky et al., 2019). The intestines of vertebrates and plant
roots have evolved independently in the animal and plant kingdoms, but they have similar basic physiolog-
ical functions in terms of nutrient absorption (Hacquard et al., 2015). Currently, limited microbial prepara-
tions provide the beneficial microorganisms and the nutrients on which beneficial microorganisms rely on.
Inspired by the concepts of prebiotics and synbiotics along with literature support, we propose a new use-
ful synthetic microbial community assembly process with an intention to studying the relationship between
microbial communities and hosts for the development of new microbial agents.

A NEW SYNTHETIC MICROBIAL COMMUNITY ASSEMBLY PROCESS

The number of unconsumed (restricted) resources of the indigenous microbial community and the rate of
resource consumption by the members of the synthetic microbial community determine the fate of the syn-
thetic microbial community (Thakur and Geisen, 2019). Therefore, the addition of a specific carbon source
may increase the probability that the synthetic microbial community will gradually reach a stable state
through learning and adaptability. The screening of environmental factors eventually produces a microbial
community with different ecological niches, different pressures, tolerance capabilities and nutrient acqui-
sition capabilities (Anthony et al., 2020). The composition of the soil microbial community also depends on
plant litter input and root deposition, as well as biological factors such as top-down regulation by predators
of bacteria and fungi (Figure 1B) (Thakur and Geisen, 2019). Plants may promote the growth of rhizosphere
microorganisms by regulating the rhizosphere environment to improve the adaptability of plants in specific
ecosystems (Zhalnina et al., 2018).

Synthetic microbial communities have been used to harness the ability of microbial community members to
stably suppress soil-borne diseases, despite complex environmental changes (Biliouris et al., 2012). Unlike
natural microbial communities, the species in the synthetic functional flora are known; the community
composition is relatively simple, and the community is highly controllable. These factors enable a better
understanding of the mechanisms of interaction between the microbial community and the plant. Studying
the composition of microbial communities in various environments has substantially improved our basic un-
derstanding of microorganisms and ecosystems; compared with these communities, those in synthetic mi-
crobial ecology have reduced complexity and increased controllability (Cira et al., 2018). Moreover,
compared with single microbial strains, synthetic microbial communities achieve ecological functions in
more variable environments, and mathematical models of artificially synthesized microbial communities
can be developed to construct and study more complex ecosystems. Moreover, soil microorganisms use
saponins in root exudates as a carbon source in Panax notoginseng fields, and these saponins specifically
regulate the rhizosphere microbial community of P. notoginseng (Luo et al., 2020).

The Fabrication Ecosystems (EcoFABs) is the most mature strategy established in the microbial ecosystem
model. The EcoFAB system uses 3D printing, mass spectrometry and other methods to simulate indoor
habitats consisting of the existing microbial community structure, cultivation methods, and time-space
analysis (Zengler et al., 2019). Since EcoFAB system data can also be shared, the EcoFAB strategy also
realizes multilaboratory cooperation-adjustment-mechanism research, providing support for the
establishment of theoretical doctrines and predictive models. At present, the EcoFAB system is trying to
addsingle-cell imaging capabilities for a spatial analysis of the microbiome (Marx, 2019). We can also shape
the microbial community in a targeted manner based on the establishment of a stable microbiome model.
The current method of shaping the microbial community is mainly to shape the microbial community at the
genetic level and the nutritional level. The method of using genes to shape the microbial community is
the mobile genome MAGIC method and the bottom-up modification of the microbial community in the
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Design-Build-Test-Learn cycle (DBTL) (Du et al., 2020; Lawson et al., 2019; Ronda et al., 2019). The mobile
genome MAGIC method is mainly applied to intestinal microorganisms. However, the mobile genome
MAGIC method has recently been applied to the targeted modification of the microbiome in other envi-
ronments. The mobile genome MAGIC method enables the transformation of the microbial community
from the bottom-up in the DBTL cycle. Shaping the microbial community (sculpting microbiomes) can
also be directed toward the microbial community by changing the metabolites or other chemical sub-
stances secreted by the root system. For example, salicylic acid secreted by roots shapes microbial com-
munities in a targeted manner (Eichmann et al., 2021). Different advanced and traditional approaches have
been introduced to assess the diversity and functions of soil microbiota. These approaches have been cate-
gorized as molecular, microbiological, and biochemical methods. Extraordinary functional and taxonomic
diversity has been identified using molecular techniques. These molecular methods include quantitative
real-time PCR (gPCR), terminal restriction fragment polymorphism analysis, temperature gradient agarose
gel electrophoresis, and PCR alone or in combination with DNA sequencing (Chen et al., 2021). Among
microbiological methods, traditional culture methods based on plate counts have been very productive
when integrated with biochemical DNA-based approaches (Xu et al., 2020). Different growth media are
useful for the isolation of a wide range of filamentous fungi, culturable bacteria, actinomycetes, yeasts,
and oomycetes (Haas and Défago, 2005). Soil amendment with organic and inorganic degradable com-
pounds is another useful biochemical method to stimulate the bioactivity of soil microbes (Mastan et al.,
2019; Pang et al., 2021). These compounds also indicate the suppressive properties of soils containing mi-
crobial communities (Pane et al., 2015).

Synthetic microbial communities are abstractions of natural systems that allow the detailed study and anal-
ysis of the fundamental building blocks and processes that compose a microbial community (Gropkopf and
Soyer, 2014). One of the basic principles of the interaction between microorganisms and hosts is metabolic
exchange. Plants provide 40% of the compound carbon produced by photosynthesis through the roots to
enter the rhizosphere to nourish microorganisms (Rodriguez et al., 2019). For soil-borne disease prevention
and control mediated by adding synthetic microbial communities and specific carbon sources, several
studies have used synthetic microbial communities or specific carbon sources to study the relationship be-
tween microorganisms and plants (Zhuang et al., 2020).

CONCLUDING REMARKS

The soil microbiome plays a crucial role in plant protection. Through the development of synthetic micro-
bial communities, a simple microbial community can be used to efficiently promote ecological functions.
However, the mechanism of the nutrient-plant-microbial community interaction network and the effects
of nutrition on regulating the microbial community remain unclear. Thus, an understanding of the
regulation of the soil microbiome by soil microbial carbon sources will help us build better, more durable
synthetic microbial communities. At present, microbial preparations must overcome many issues, such as
unstable effects and poor rhizosphere competitiveness. Synthetic microbial communities represent a
feasible approach to solve these problems. Although the mechanisms of disease suppression in soils
are complex and diverse, studies have shown that the ability of disease-suppressive soils to inhibit dis-
ease is related to the enrichment of specific beneficial microbial communities. Microbial separation
and culture techniques have been used to design a synthetic microbial community that inhibits the occur-
rence of soil-borne diseases. Simultaneously, we can also directionally shape the microbiome to serve
agriculture through nutritional restriction or microbiome genetic modification. This synthetic microbial
community assembly process not only provides useful insights into the development of composite micro-
bial preparations but also helps us better understand the interactions among microbial communities, the
mechanisms of microbial community and plant interactions, and soil microbial regulation by organic mat-
ter and root exudates in microbial communities. Synthetic microbial communities can help us understand
the mechanisms of action of disease-suppressive soils. The composition of carbon sources in the soil
plays an important role in regulating the microbiome in the soil. The stability of synthetic microbial com-
munities can be improved by adding specific carbon sources, enabling to clarify the causal relationship
between root microbiota and plant phenotypes and analyze the interactions between microbiota mem-
bers under natural soil conditions.

Inspired by synbiotics and prebiotics, we propose that the Biolog-ECO plate method, high-throughput
sequencing, and microbial isolation and culture technology will be useful to synthesize a more stable mi-
crobial community or directionally manipulate the microbial community based on the mode of action of the
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Figure 2. Process of synthetic microbial community assembly and community regulation by carbon sources

The letter (A) represents the use of high-throughput sequencing and bioinformatics analyses such as multilevel species linear discriminant analysis effect size
(Lefse) analysis and cooccurrence network analysis to analyze the microbial communities corresponding to each particular function in the susceptible soil and
the disease-suppressive soil; (B) represents the use of microorganism separation and culture techniques, in which microorganism strains are separated and
cultivated and functional strains are screened using screening tests such as antagonism tests, etc.; (C) represents the use of the results of a microbiome
analysis to select and test synthetic microbial community members; (D) represents the use of differential Biolog-ECO plate carbon sources in disease-
sensitive and disease-suppressive soils and analyzing the results; (E) represents the addition of synthetic microbial communities and specific carbon sources
to the susceptible soil to test whether the ability of the susceptible soil to suppress soil-borne diseases is further enhanced; and (F) represents that synthetic
microbial communities are abstractions of natural systems that allow the detailed study and analysis of the fundamental building blocks and processes that
compose a microbial community.

microbiome in the soil. Figure 2 roughly describes our idea of the process for assembling this synthetic
microbial community. This idea will allow us to better understand the mechanism of action between the
microbiome and the carbon source. Meanwhile, sequencing technology, synthetic community analysis
and modeling, and functional joint analysis have important reference value for future research on rhizo-
sphere interactions. The mechanism of plant-beneficial microorganism-harmful microorganism interac-
tions is mostly unknown. More knowledge of the nutritional needs of the members of the microbiome,
including pathogens and their social networks, may achieve the development of reasonable interventions
and may produce new tailor-made disease prevention strategies.
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