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Abstract

The rhizomicrobial composition of plants consists of various types of microbes, playing important
roles in the growth and development of plants. The mechanism by which each microbe obtains
energy and nutrients for its survival and reproduction is inter-connected, preventing the entry and
colonization of pathogenic microbes. The type of microbe found around the plant rhizosphere
is determined by the plant genotype, plant species, and the physical, chemical and biological
properties of the soil. The chemical composition of the root exudates controls the type and kind
of rhizomicrobials communities that will be present in the soil, which ranges from beneficial to
pathogenic. Research has shown that beneficial microbes together with harmful ones are attracted
to the plant rhizosphere by the help of root exudates. The beneficial microbiota protects the plant
from being colonized by pathogenic microbiota whereas the pathogenic microbiota causes disease
to the plants. Therefore, the types of microbiomes found in the rhizosphere of tomato plants and
the mechanisms by which they suppress disease outbreak in a particular bacterial wilt in the tomato
plants are discussed in this paper.
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Résumé

La composition rhizo-microbienne des plantes est constituée de divers types de microbes, jouant
des roles importants dans la croissance et le développement des plantes. Le mécanisme par
lequel chaque microbe obtient de 1'énergie et des nutriments pour sa survie et sa reproduction est
interconnecté, empéchant 1'entrée et la colonisation de microbes pathogenes. Le type de microbes
présents autour de la rhizosphere des plantes est déterminé par le génotype et 'espece de la plante,
ainsi que par les propriétés physiques, chimiques et biologiques du sol. La composition chimique
des exsudats racinaires contrdle le type et la nature des communautés rhizo-microbiennes
présentes dans le sol, allant des microbes bénéfiques aux microbes pathogeénes. Des recherches
ont montré que les microbes bénéfiques aussi bien que les microbes nuisibles sont attirés dans
la rhizosphere des plantes par les exsudats racinaires. La flore microbienne bénéfique protege la
plante contre la colonisation par la flore microbienne pathogene, tandis que celle provoque des
maladies chez les plantes. Par conséquent, les types de microbiomes trouvés dans la rhizosphere
des plants de tomates et les mécanismes par lesquels ils empéchent l'apparition de la maladie dans
un flétrissement bactérien particulier dans les plants de tomates sont discutés dans cet article.
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Introduction

Plants have developed a relationship with a vast population of different microbes around them
in the soil, which interact together to improve the plant health. This interaction among different
microbes allow for a healthy environment around the plant roots (also known as the rhizosphere),
which prevents disease causing micro-organisms from colonizing the rhizosphere. The type
of microbes found around the plant rhizosphere is dictated by the plant genotype, the species,
physical, chemical and biological properties of the soil (Compant et al., 2019). The soil microbiota
is specific to the plant (Durdn et al., 2018), in that the root exudates’ chemical composition defines
the type and kind of microbes that will be found around the plant rhizosphere and in turn the
exudates released by the plant roots is determined by the type and kind of microbes around the
plant rhizosphere (Prashar et al., 2014). This type of interaction between plant and rhizomicrobials
is the primary mechanism for disease suppression through intervention thereby preventing disease
outbreak (Durdn et al., 2018). The microbial community are found in the endosphere, phyllosphere
and the rhizosphere ( Lemanceau et al., 2017), and as such are termed as the endophytes, epiphytes
and rhizobiomes. These are found within, on the surface and around the plant, respectively. The
endophytes in particular have been instrumental in the biocontrol of phytopathogens (Sharma
et al., 2017), and comprises of bacteria, fungi and archaea; bacteria and fungi being the most
outstanding. These endophytic bacteria and fungi have a symbiotic relationship with the plants in
which they inhabit by offering protection to the host plant while receiving nourishment from them
(Omomowo and Babalola, 2019).

Ralstonia solanacearum is the causative agent of bacterial wilt disease in tomatoes leading to
great losses in its cultivation on an economic scale (Mansfield et al., 2012). It causes disease
symptoms on more than 200 plant species in 54 different families. It gains access into the plant
through the roots and takes over its vascular system, causing disease (Genin and Denny, 2012).
The disease has posed a challenge in its control over the years due to the nature of the pathogen
to survive in the soil for many years even in the absence of a suitable host (van Elsas et al., 2012).
The control of bacterial wilt in tomato has posed a challenge in the cultivation of tomato (Solanum
lycopersicon) as it serves as a suitable host for the pathogen, being spread mostly through cultural
practices and irrigation water (splashing). Research has suggested that the composition of soil
microbes contributes to the development of plant resistance against pathogens. This review will
highlight how suppressive soils and the rhizomicrobials can reduce the incidence of bacterial wilt
in crops.

Suppressive soil. Soil is a network of diverse microbial communities interacting together
(Philippot et al., 2013). According to recent study results, the development of soils that are capable
of suppressing disease in the event of an outbreak is because of the joining together of beneficial
microbes; these are the epiphytes, endophytes and rhizobiomes around the rhizosphere of the plant
(Berendsen et al., 2018). These microbes improve the plant’s resistance against pathogen attack
through mutualistic associations by prompting the systemic resistance of the plant, increasing
the hormonal level of the plant, synthesis of lytic enzymes and the generation of antibiotics and
volatile compounds that restrain the attack of pathogens ( Hopkins et al., 2017). The rhizobiome
serves important roles to the plant most of them being biochemical through nutrient provision
and volatile organic compound secretion. An example is the enzyme 1-aminocycloproprane-1-
carboxylate (ACC) deaminase (Rascovan ef al., 2016), released by strains of Pseudomonas spp,
Bacillus spp. and Arthrobacter spp. Its function in the plant is that it lowers the level of stress
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hormone (ethylene) thereby increasing the tolerance to stress. Another role of rhizobiome is
that they are involved in the production of plant growth regulators (Singh et al., 2020). Plant
rhizobiome in most cases is dominated by individuals of four phyla of bacteria consisting of
Proteobacteria, firmicutes, bacteroidetes and actinobacteria, amidst them, proteobacteria being
the most prominent.

In other instances, some beneficial microbes are inoculated into soils to either improve resistance
against Ralstonia solanacearum or enhance the diversification of microbes found in the soil (Hu
et al., 2016). In the case of plants, they attract beneficial microbes to prevent attack by pathogens.
This technique is termed as disease suppression and is carried out by microbial communities that
are ever present in the soil. A specific example is the phytophthora blight, a soil bourne disease
that colonizes sweet pepper as its host, is controlled by beneficial bacteria namely Serratia sp.,
Bacillus cereus and Bacillus subtilis, indirectly through increasing the population of antagonistic
micro-organisms in the rhizosphere such as Comamonas, pontibacter, sporichthya, Burkholderia,
Achromobacter and Ramlibacter, that significantly reduce the quantity of disease causing micro
- organisms in the soil and improve the nutrient quantities present in the soil that are critical for
plant health and growth such as the total nitrogen, organic carbon, phosphorus, potassium and
ammonia nitrogen (Guo et al., 2012).

Suppression of soil diseases by rhizomicrobials. Soils that are capable of suppressing disease
are remarkable ecosystems. Recent research has supported findings on soils that are capable
of supporting various pathogenic micro-organisms responsible for causing fusarium wilt in
susceptible host plants, potato common scab (Rosenzweig et al., 2012), damping-off disease
(Hunter et al., 2006), sugar beet wilt, and bacterial wilt. Additional research has supported the
fact that the assortment of microbial community is important for perpetuating the soils’ ability to
subdue disease which in turn affects the conquest of pathogenic species (van Elsas et al., 2012;
Kwak ef al., 2018).

Results from a study conducted to assess the microbial composition and their interaction between
soils with resistance and those showing no resistance revealed an increase in the heterogeneity
of species found around the rhizosphere of resistant as compared to the soils that did not exhibit
resistance. This includes microbes from the main genera Bacillus, Roseiflexus, among others
whose population decreased as bacterial wilt disease increased, with the richness of Bacillus sp.
in resistant soils being higher than that of the non-resistant soils. Increased heterogeinity in the
microbial populations around the rhizosphere causes increased interplay amongst the microbials
in the resistant soils and thus the formation of a more solid system that deters disease invasion and
proliferation. Results from several studies have supported the fact that Bacillus sp. play important
roles that are beneficial to plants, such as production of a broad assembly of bioactive molecules
that impedes attacks by pathogens. The bioactive molecules includes surfactin, iturin and fengycin
that have an antagonistic effect against Ralstonia solanacearum (Tahir et al., 2017), Rhizoctonia
solani, Pythium aphanidermatum, and Podosphaera fusca (Romero et al., 2007).

Diversity of rhizomicrobials. The microbial community in the soil are varied, stretching
across numerous types of microorganisms including bacteria, viruses, actinomycetes, fungi,
algae, protozoa and nematodes (Geisen et al, 2019), with bacteria leading in number, then
actinomycetes, fungi, soil algae and protozoa, respectively in a descending manner, which play
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an equally important role in the general health of the plant. Soils that exhibit resistance against
disease proliferation have been shown to consist of microbials such as Blastococcus, Agromyces,
Thermoleophilum, Gemmatimonas, Trichoderma and Aspergillus, where species of Actinobacteria
(Agromyces, Thermoleophilum and Blastococcus) are involved in the production of antibiotics
that deter pathogen activities in the soil (Zeng et al., 2016). Others like Trichoderma spp. are
involved in the production of antibiotics, activate systemic resistance in plants, facilitate uptake of
nutrients among other functions beneficial to plants. For example, 7. harzianum produces chemical
compounds such as phosphatase that scavenges, mobilizes and acquires phosphate to enhance
soil fertility and foster plant growth (Souza et al., 2016). Therefore, the combination of different
micro-organisms playing different roles in the rhizosphere improves disease suppressiveness.

Conclusion

Maintenance of healthy soil is crucial in ensuring growth of healthy plants as healthy soils ensure
availability of essential nutrients needed for plant growth and development and the resistance of
such plants to diseases, being soil borne and foliar. The resistance of plants to pathogen attack can
be direct or indirect. Direct resistance occurs when the plant is able to suppress disease outbreak
due to its vigorous growth and health while indirect resistance occurs when the beneficial microbes
proliferate due to well-maintained soils and outcompete the harmful microbes thereby suppressing
their activity. Healthy soils can be maintained or achieved by adding beneficial microbes to
improve on the microbial diversity or through addition of specific treatments such as biochar with
the aim of improving the soil health and consequently its quality as it increases the abundance of
beneficial micro-organisms.
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