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Abstract: Soil-borne pathogenic bacteria threaten health of the soil-plant system and sustainable development of the agriculture.
The soil ecosystem is complicated with tangled interactions of abiotic and biotic factors. Before contacting and invading the host
plant root system, pathogenic bacteria often encounter sudden changes in abiotic factors, such as pH, oxygen content and types
and contents of nutrients or biotic stresses, like competition, parasitism and predation of other soil microorganisms. Pathogenic

bacteria have numerous capabilities, like biofilm formation, metabolism, movement, virulence, DNA repair, and resistance to
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bacteriophages, antibiotics, and other environmental stresses, which are essential for them to survive in the soil and infect host
plants. To adapt to the complicated and variable soil biotic and abiotic environment, pathogenic bacteria have to trade off
dynamically between survival and virulence so as to maintain the balance between survival, spread, proliferation and infection in
soil and to maximize their adaptability in the soil environment. A systematic understanding of the processes and mechanisms of
the survival-virulence trade-off of soil-borne pathogenic bacteria is the key to establishing efficient and precise ecological
prevention and control strategies. To this end, this review first introduces the trade-off theory and survival-virulence trade-off of
soil-borne pathogenic bacteria. Soil-borne pathogenic bacteria allocate more resources either on survival or virulence for adaption
to for adaption to the environment. It is costly for pathogenic bacteria to resist stresses while producing virulent secretions. They
have to reduce the production of virulent secretions to achieve the ability to resist stresses. Viable but non-cultivable status and
phenotypic conversion are two typical phenomena of the survival-virulence trade-off in soil borne pathogenic bacteria to optimize
the balance of viability and pathogenicity. In the second section, this paper elaborates on how abiotic and biotic factors
influencing the survival-virulence trade-off of the pathogenic bacteria in the soil environment. Soil is a complex and constantly
changing living habitat for bacteria, containing various stressful factors to threaten the existence of pathogenic bacteria. Harsh
environmental factors can trigger resistant systems in the bacteria, which is rather costly, thus leading to a cut-down investment in
the expression of virulent features. So this paper analyzed and summarized those phenomena from the perspective of mechanism.
In the third section, this paper focused on this trade-off pattern in the process of pathogenic bacteria moving from bulk soil to root
surface: migration from soil to rhizosphere, colonization and proliferation in rhizosphere and invasion to root surface, since the
infection of host plants is a continuous and dynamic process varying temporally and spatially. The last section of this paper
proposed several research topics relative to the survival-virulence trade-off theory: 1) explore impacts of biotic and abiotic factors
on survival and virulence characteristics of pathogenic bacteria; 2) enhance the understanding of the multi-level interactions in the
rhizosphere micro-food web and the superimposition of biotic and abiotic factors on the survival-virulence trade-off in soil-borne
pathogenic bacteria; 3) investigate the molecular mechanism of adaptive evolution of pathogenic bacteria. This paper calls for
establishment of an ecological prevention and control strategy for soil-borne diseases based on the survival-virulence trade-off
theory. Moreover, it is expected that this paper may provide certain theoretical reference for sustainable development of the green
agriculture.

Key words: Soil-borne disease; Pathogenic bacteria; Survival-virulence trade-off; Microbe of rhizosphere; Biological control
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Fig.1 Survival cost of pathogens in different living environments (a )

and the trade-off between survival capacity and virulence of pathogens (b )
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Fig. 2 Phenotype conversion of Ralstonia solanacearum. Mucoid and virulent colonies ( a ); Non-mucoid and avirulent ones (b )
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Fig. 3 Survival, colonization and infection processes of soil-borne pathogen in soil
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