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Streptomyces strains against tomato bacterial wilt
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Abstract: Tomato bacterial wilt caused by Ralstonia solanacearum seriously affects the yield and
quality of tomato and brings serious economic losses and challenges to the tomato planting industry.
[Objective] To achieve efficient biocontrol of tomato bacterial wilt by Streptomyces, providing a
solid theoretical foundation for the development of biocontrol agents. [Methods] Six biocontrol
strains of actinomyces (AB 1 to AB_6) exhibiting potent inhibitory activities against R. solanacearum
were isolated from soil samples. The morphological, physiological, biochemical, and taxonomical
characteristics of these strains were determined. Additionally, the extracellular enzyme activities
and rhizosphere colonization abilities of the strains were analyzed. Furthermore, a greenhouse pot
experiment was conducted to evaluate the biocontrol efficacy of these strains against tomato
bacterial wilt. [Results] The inhibitory zone diameters of the strains against R. solanacearum
ranged from 1.76 cm to 6.76 cm. Comparative analysis of the 16S rRNA gene sequences revealed
that all the six strains belonged to the Streptomyces. The sequence similarities between strain AB 1
and Streptomyces gardneri, AB_2 and S. pratensis, AB 3 and S. diastatochromogenes, AB 4 and
S. canus, AB_5 and S. albiflavescens, and AB_6 and S. gramineus were 98.67%, 97.59%, 97.33%,
96.54%, 96.94%, and 97.34%, respectively. Pot experiments demonstrated that these six
Streptomyces strains prevented tomato bacterial wilt with the efficacy ranging from 69.23% to
100.00%. All the six strains successfully colonized the tomato rhizosphere and exhibited activities
of diverse extracellular enzymes including esterase, amylase, and urease. Additionally, they
displayed extensive utilization of carbon and nitrogen sources along with robust tolerance towards
variations in pH and salt concentrations. [Conclusion] The six strains of Streptomyces exhibited
remarkable environmental adaptability and demonstrated efficient colonization in the tomato
rhizosphere. Moreover, they displayed potent antagonistic activity against tomato bacterial wilt in
pot experiments. These findings align with the principles of sustainable agriculture and provide
both theoretical and experimental evidence for utilizing Streptomyces as a preventive and
management strategy against tomato bacterial wilt.

Keywords: tomato bacterial wilt; Streptomyces; antimicrobial activity; biocontrol effect
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Figure 1 Inhibition effects of Streptomyces strains

on Ralstonia solanacearum.
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100% Query of AB_5 (PQ637432)
100% Streptomyces albiflavescens 120" (KC771426)

100%

Streptomyces gardneri NBRC 12865 (AB249908)
100%LQuery of AB_1 (PQ637428)
—Streptomyces diastatochromogenes NRRL B-1698" (LIQL01000147)
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Figure 2  Phylogenetic tree constructed by the neighbor-joining method based on 16S rRNA sequences of

Streptomyces strains and their highest similarity strains. GenBank accession numbers are provided in parentheses;

The percentages represent bootstrap values; Bar, 0.005 0 nucleotide substitutions per site; Strains highlighted in

bold are those studied in this paper.
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*1 BEEEREIEE ISR

Table 1 Physiological and biochemical indexes of Streptomyces strains
Characteristics AB 1 AB 2 AB 3 AB 4 AB 5 AB 6
Temperature range for growth (°C) 10-37 10-37 10-37 10-37 10-40 10-40
pH range for growth 5-11 6-11 5-11 5-11 5-11 5-10
NaCl range for growth (%) 0-3 0-3 0-5 0-5 0-5 0-3
Diastase + - + + + +
Cellulase - - + - - -
Hydrolysis of Tween-20 - + - - - _
Hydrolysis of Tween-40 - + + + + +
Hydrolysis of Tween-80 + - - - - +
Production of H,S - + - + + +
Production of IAA - - - - - -
Urease - + + + + _
Nitrate reduction + + + - + +
Liquefaction of gelatin - + - + + -
+: Bt - B

+: Positive; —: Negative.

0.00%, AB_6=5.56%. 314 1% 48 £ 5 5 h
AB 1=9.72, AB 2=11.11, AB 3=11.11, AB 4=
16.67, AB_5=0.00, AB 6=5.56, -5 % 4b B
(disease)FH IV, 25 HE 7 bl A B 1) BoRk A 22
T E L R AR (TR 4) . #5458 DA AL B A= B AL
K (biocontrol efficiency, BE)/37 i AB_1=82.05%,
AB_2=79.49%, AB_3=79.49%, AB_4=69.23%,
AB_5=100.00%, AB_6=89.74%.

3 W54 %

0 i A PR HG A D M A T T L A A
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Table 2 Carbon source and nitrogen source utilization data of Streptomyces strains

Carbon and nitrogen source AB 1 AB 2 AB 3 AB 4 AB 5 AB 6
L-arabinose + - + + - +
D-fructose - + - - - -
D-galactose - - - + - -
Dulcitol - - - - - +
D-glucose + + + + + +
Inositol - - - + - +
Lactose - - - - - +
D-mannitol + + - + + +
D-mannose - - - + - -
D-raffinose - - - - - +
L-rhamnose - + - - - +
D-ribose - - + - + +
D-sorbitol - - - - - +
D-Sucrose - - - - - -
D-xylose - - - - - -
L-alanine - + - - - +
L-arginine + - + + + +
L-asparagine + - + + + +
L-aspartic acid + + - + + +
L-glutamic acid + - + + + +
L-glutamine + - + + + +
Glycine - + + + + +
L-proline - - + + + +
L-serine - + + + + +
L-threonine + + + + + +
L-tyrosine + + + - + +
o PR - B

+: Positive; —: Negative.

R3 MEBREEKREEMRIRIETERE

Table 3 Colonization ability of Streptomyces strains in the rhizosphere of tomato (x107 spores/g)

1d AB 1 AB 2 AB 3 AB 4 AB_5 AB_6

10 8.1340.13 8.83+0.04 2.22+0.05 2.38+0.19 6.83+0.06 4.30+0.02
20 6.70+0.28 9.43+0.17 1.31+0.09 2.09+0.06 9.73+0.04 2.9340.27
30 0.71+0.09 1.20+0.05 0.18+0.02 0.68+0.07 0.88+0.07 1.28+0.08
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4 BHAEBLBLFELFRFEH
Table 4

Incidence rate (IR) and disease index (DI) of each treatment in pot experiment

Treatments Incidence rate (IR) (%) P-value of IR Disease index (DI) P-value of DI
AB_1 11.114+4.54 0.002 0 9.72+4.09 0.001 0
AB_2 11.11+4.54 0.002 0 11.11+4.54 0.002 0
AB_3 11.11£9.07 0.002 0 11.11£9.07 0.002 0

AB 4 16.67+0.00 0.006 0 16.67+0.00 0.005 0

AB 5 0.00+0.00 0.000 2 0.00+0.00 0.000 2

AB 6 5.56+4.54 0.000 5 5.56+4.54 0.000 5
Disease 55.56+4.54 54.17+3.40

AB 1 AB 2 »

AB 5

El4 AEHBEXNEMSHBRIZRIIEEER

Figure 4 Pot experiment results on the control efficacy of different Streptomyces strains against tomato bacterial

AB 6

wilt.
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