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Abstract: The aggravating soil-borne diseases threaten the production of a variety of crops and
undermine the sustainable development of agriculture. Strepfomyces-based bio-agents have been
widely explored as an environmentally safe and economically durable biocontrol resource.
However, the biocontrol efficacy and influencing factors require further optimization. [Objective]
Here we conducted a meta-analysis to evaluate the efficacy of Streptomyces-based bio-agents in
controlling the two common soil-borne diseases and identify the key influencing factors.[Methods]
The relevant articles were retrieved from Web of Science and CNKI with the keywords
“Streptomyces” and “Fusarium wilt”, “Streptomyces” and “bacterial wilt”, “Streptomyces” and
“Fusarium oxysporum”, and “Streptomyces” and ‘“Ralstonia solanacearum (or Pseudomonas
solanacearum)”. The articles containing comparable treatment groups (with Streptomyces
application) and control groups (without Streptomyces application), disease incidence, sample
sizes, and mean values were systematically selected. Finally, 76 articles (113 groups) on
Streptomyces-based bio-agents for Fusarium wilt control and 19 articles (28 groups) on those for
bacterial wilt control were obtained. [Results] After the application of Streptomyces-based
bio-agents, the disease incidence of Fusarium wilt decreased from 75.58% to 24.49% (average
control efficacy of 67.60%), and that of bacterial wilt decreased from 73.75% to 19.83% (average
control efficacy of 73.11%). The soil density of Streptomyces, the final concentration ratio of
Streptomyces to pathogen in soil, and climate types were vital for the biocontrol performance of
Streptomyces-based bio-agents. Moreover, Streptomyces at the final concentration of 10" CFU/g
demonstrated the best biocontrol performance on both diseases. The biocontrol effect of
Streptomyces on Fusarium wilt was better when the final concentration ratio of Streptomyces to
pathogen was 1:1, whereas the biocontrol effect on bacterial wilt disease was better when the ratio

http://journals.im.ac.cn/actamicrocn
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was 10:1 or 100: 1. Notably, Streptomyces demonstrated enhanced biocontrol effects on the both
diseases in tropical monsoon climate regions. [Conclusion] The application dose of Streptomyces-

based bio-agents in soil-borne disease management should be adjusted according to the species and
concentration of the pathogen. In addition, it may be better to apply Streptomyces-based bio-agents

in tropical monsoon climate regions.

Keywords: soil-borne diseases; Streptomyces; biocontrol effect; meta-analysis; influencing factors
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*1 BHEEMNMERLERENGERR

Table 1  Statistics of control efficiency of Streptomyces on the two common soil-borne diseases
Soil-borne diseases ~ Xc (%) Xe (%) CE (%) MES k P LCI UCI (0] Py
Two diseases 75.22 23.57 68.67 —1.39%*%* 141 0.001***  —1.5 -1.3 683* 0.000 02***
Fusarium wilt 75.58 24.49 67.60 -1.31*%** 113  0.010%* -1.4 -1.2 1 074%*  0.000 60***
Bacterial wilt 73.75 19.83 73.11 —1.69%** 28 0.001%** 2.0 -14 292%* 0.002 40**
XeFTRAS BRE I R 3 P31 s Xe s AbSRZH Y A0 3 X (8 s CERREE 5 B BT AL B - R Bl #5805 s MESFRRT-H4%%

NAE; kFRFEAR PRIRZES D EME; LCIRIRIS%EARE X T UCIFIRIS% EAF X IR ORRFBME: Po&R
OMWAEMERGIRAA . *. ** . D RIFRP<0.05, P<0.01, P<0.001. R,

Xc represents the average disease incidence of the control; Xe represents the average disease incidence of the treatment; CE
represents the average control efficacy Streptomyces-based bio-agents; MES represents the mean of effect size value; k represents
sample size; P represents the significance; LCI represents the lower limit of 95% confidence interval; UCI represents the upper limit
of 95% confidence interval; Q represents the heterogeneity; P, represents the significance of Q. *, **, #** represents P<0.05, P<0.01,

P<0.001, respectively. The same below.

R2 BAZMEZEEEN S IR

Table 2 Heterogeneity test of influencing factors on the efficacy of Streptomyces

Influencing factors Two diseases Fusarium wilt Bacterial wilt

k oM P k QM P k oM P
Experiment type 140 1.8 0.3 112 3.9% P<0.05 27 1.9 0.2
Crop family 139 17.0%* P<0.01 111 12.6* P<0.05 26 0.4 0.8
Streptomyces form 140 0.6 0.9 112 3.1 0.4 26 0.2 0.7
Application mode 140 3.0 0.6 112 1.2 0.9 26 10.1%*%  P<0.01
Application dose 86 27 .5%%* P<0.001 67 12.1* P<0.05 17 1.0 0.3
Concentration ratio of 68 27 4 P<0.001 49 11.0* P<0.05 17 6.0% P<0.05
Streptomyces to pathogen
Climate type 139 16.7%* P<0.01 112 15.7#*  P<0.01 26 14.0%*%*  P<0.001

KFTRFEA R ; QMPORSERIE; PRIQMAY .

k represents sample size; QM represents heterogeneity; P represents the significance of QM.
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Figure 1

The effect size of different factors on the biocontrol efficacy of Streptomyces against soil-borne disease.

A: Crop family; B: Application dose; C: Concentration ratio of Streptomyces to pathogen; D: Climate type.
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Figure 2 The effect size of different factors on the biocontrol efficacy of Streptomyces against Fusarium wilt
disease. A: Experiment type; B: Crop family; C: Application dose; D: Concentration ratio of Streptomyces to
pathogen; E: Climate type.
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Figure 3 The effect size of different factors on the
biocontrol efficacy of Streptomyces against bacterial
wilt disease. A: Application mode; B: Concentration

ratio of Streptomyces to pathogen; C: Climate type.
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Figure 4 The effect of different strains and the phylogenetic distances on the biocontrol efficacy of Streptomyces
against soil-borne disease. A: Phylogenetic relationship of the tested sequences of Streptomyces with its efficacy;
B: Correlation between the change (A) of biocontrol efficacy and phylogenetic distance. In the phylogenetic tree
of Streptomyces, strain names are followed by their corresponding accession numbers in the GenBank database,
and the percentages represent the mean of control efficiency in disease management assays. The phylogenetic tree

was constructed using the neighbor-joining (NJ) method, numbers at the nodes of branch indicate the

phylogenetic relationship between Streptomyces (calculated by bootstrap, n=1 000).
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