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Abstract: [Objective] The study aimed to explore the dynamic changes of bacterial community in
bulk soil at different stages of tomato bacterial wilt under a continuous monoculture system and clarify
the response mechanisms of bulk soil bacteria to disease stages. [Methods] For all the bulk soil samples
in the Ist, 3rd, 5th, and 7th crops, quantitative real-time polymerase chain reaction (QRT-PCR) was
performed to measure the number of Ralstonia solanacearum at different disease stages, and
high-throughput sequencing of 16S rRNA V4-V5 region was used to study the diversity, composition,
biomarkers and assembly processes of bacterial community. [Results] The number of R. solanacearum
at the peak stage of disease (1.28 x 10’ copies/g) was higher than that at the final stage of disease
(1.77x10° copies/g). In addition, the influence of disease stages on the diversity of bacterial community
was enhanced with increasing continuous monoculture time. Alpha and beta diversities of bacterial
community between different stages in the 3rd and 5th crops were significantly different. Linear
discriminant analysis effect size (LEfSe) analysis showed that samples from the final and peak stages of
disease during continuous monoculture comprised distinct biomarkers. Additionally, microorganisms
that assisted R. solanacearum in inducing diseases gradually accumulated with the increasing
continuous monoculture time. Microbacterium and Nitrosospira were observed with positive effect for
tomato bacterial wilt at the peak stage of disease, while they were Sphingobium,
norank f norank o SBR1031, and norank f Rhodothermaceae at the final stage of disease. The
analysis of community assembly process revealed that bacterial community at the two stages of disease
were both dominated by stochastic processes, especially the dispersal limitation, but the bacterial
community at the peak stage of disease was more homogeneous than that at the final stage of disease.
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[Conclusion] The bacterial communities at the final and peak stages of tomato bacterial wilt were

significantly different in diversity, composition and structure in 3rd and 5th crops, and these changes

might be related to different community assembly mechanisms. This study facilitated the understanding

of the development of tomato bacterial wilt during continuous monoculture system and provided

guidance for the control of bacterial wilt.

Keywords: tomato bacterial wilt; continuous monoculture; disease stage; bacterial community
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Figure 1

The information for tamoto bacterial wilt under different monocropping time. “IR” indicates the

incidence rate of bacterial wilt. “C1”, “C3”, “C5” and “C7” refer to the first, third, fifth and seventh
consecutive growth crop of continous tomato cultivation, respectively.
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Figure 2 Quantity of Ralstonia solanacearum in
the bulk soils at final stage and peak stage of
bacterial wilt during tomato monoculture. “H”
indicates the final stage of disease and “P” indicates
the peak stage of disease. The error bar represent
standard error (n=16 ).
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Figure 3 Shannon index (A),

Observed OTUs (B), and PCoA analysis (C) of bacterial communities in bulk

soil. t-test was used for paried comparison. “¥”, “¥*¥» <*¥*» jpdjcate significant difference at P<0.05, P<0.01
and P<0.001, respectively. “H” indicates the final stage of disease and “P” indicates the peak stage of disease.
“C17, “C3”, “C5” and “C7” indicate the first, third, fifth and seventh consecutive growth crop of continous

tomato cultivation, respectively.
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Figure 4 Venn analysis of samples at different stages of disease and different continuous cropping time (A)
and samples at different stages of disease at the same cropping time (B) at OTU level. “H” indicates the final
stage of disease and “P” indicates the peak stage of disease. “C1”, “C3”, “C5” and “C7” indicate the first,
third, fifth and seventh consecutive growth crop of continous tomato cultivation, respectively.
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Figure 5 Composition of soil bacterial communities in bulk soil at genus level. “H” indicates the final stage
of disease and “P” indicates the peak stage of disease. “C1”, “C3”, “C5” and “C7” indicate the first, third,
fifth and seventh consecutive growth crop of continous tomato cultivation, respectively.
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Figure 7 Heatmap of bacterial genera with significant difference at different stages of disease that were

significantly associated with bacterial wilt incidence. “H” indicates the final stage of disease and “P”

indicates the peak stage of disease. “C1”, “C3”, “C5” and “C7” indicate the first, third, fifth and seventh

consecutive growth crop of continous tomato cultivation, respectively.
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Figure 8 PBNTI distribution of bacterial communities at different stages of disease under tomato monoculture
system. “H vs. H” indicates BNTI values of any two samples from the final stage of disease of the four crops. “P
vs. P” indicates BNTI values of any two samples from the peak stage of disease of the four crops. “H vs. P”
indicates BNTI values between the samples from the final stage and the peak stage of disease of the four crops.
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Table 1 The cummunity assembly process analysis of bacterial cummunities at different stages of disease
under tomato monoculture system

Groups VS/% DL/% Heterogenization/%  HS/% HD/% Homogenization/%  UD/%

Hvs. H 9.2 433 52.5 13.3 10.0 233 24.2

Hvs. P 12.9 473 60.2 8.6 13.3 21.9 18.0

Pvs. P 2.5 38.3 40.8 24.2 19.2 433 15.9

VS: variable selection, also called heterogeneous selection; DL: dispersal limitation; HS: homogeneous selection; HD:
homogenizing dispersal. UD: undominated processes. “H vs. H” indicates values of any two samples from the final stage of
disease of the four crops. “P vs. P” indicates values of any two samples from the peak stage of disease of the four crops. “H vs.

P” indicates values between the samples from the final stage and the peak stage of disease of the four crops.
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