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Table 2. Effect of leaf treatment with four avirulent
mutants of Ralstonia solanacearum PS152 on the severity
of bacterial wilt of tomato inoculated 7 days later by soil
drenching with 105 cfu/ml of R. solanacearum PS152

Treatment
Disease index (%)

7 1 14 21 30 
PS152E 18.00c2 26.67c 30.00c 40.00b
PS152H 49.33b 70.00b 86.67b 80.00a
PS152K 46.67ab 64.67ab 76.67ab 93.33a
PS152R 24.67c 45.33ac 60.00a 76.67a
CK (water treated) 38.00a 57.33ab 66.67ab 73.33a
1 Days after inoculation with PS152.
2 Means in the same column followed by the same letter are

not significantly different (p = 0.05) according to Duncan's
multiple range test.

Streptomyces sp. RS70

Table 3. Times required for induction of systemic
resistance against bacterial wilt in tomato by leaf
treatment with Streptomyces sp. RS70 

Day1 Treatment2 Disease % disease 
index (%)3 reduced4

1 RS70 50.00 0
CK 50.00

2 RS70 55.00 0
CK 55.00

3 RS70 75.00 0
CK 70.00

4 RS70 75.00 0
CK 70.00

5 RS70 65.00 0
CK 45.00

6 RS70 65.00 0
CK 65.00

7 RS70 53.33 30.44
CK 76.67

8 RS70 50.00 44.44
CK 90.00

9 RS70 47.50 32.14
CK 70.00

10 RS70 36.67 0
CK 36.67

1 Day of inoculation with Ralstonia solanacearum PS152 by
soil drenching after leaf treatment with RS70.

2 Top leaves were syringe-infiltrated with Streptomyces sp.
RS70 (RS70) or 0.005% Tween 20 (CK).

3 Disease recorded at 30 days after challenge-inoculation with
PS152. Means with star sign between RS70-treated and CK
are significantly different (P=0.05) according to t-test. 

4 Mean percent disease reduction was calculated in
comparison to the control (CK).

Streptomyces sp. RS70 

Table 1. Effect of leaf treatment with Streptomyces sp.
RS70 on the severity of bacterial wilt of tomato inoculated
by soil drenching with 105 or 106 cfu/ml of Ralstonia
solanacearum PS152

Treatment1 Disease index (%) 
7 2 14 21 30 

106 cfu/ml of PS152
RS70-treated 21.00 3 63.00 70.00 70.00
CK 35.33 65.33 76.67 83.33

105 cfu/ml of PS152
RS70-treated 3.00 29.00 40.00 40.00
CK 37.33 70.00 70.00 73.33

1 A top leaf of a tomato plant was syringe-infiltrated with
Streptomyces sp. RS70 (108 cfu/ml suspended in 0.005%
Tween 20) or 0.005% Tween 20 only (CK) and 7 days later
the root was inoculated by drenching with 106 or 105 cfu/ml
of Ralstonia solanacearum PS152 

2 Days after inoculation with PS152.
3 Means with star sign in the same column between RS70-

treated and CK for the same inoculum concentration are
significantly different (p = 0.05) according to the t-test.
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Fig. 1. Expression of PR-1 mRNA in non-inoculated
leaves of tomato after a top leaf was inoculated by
syringe-infiltration with Streptomyces sp. RS70. Total
RNA was extracted from leaves below the inoculated top
leaf at each time point and analyzed by Northern
hybridization. Identical blots containing 10 g of RNA
per lane were hybridized to 32P-labeled PR-1 probe (A).
The intensity of the signals in blots was measured with an
image analysis software (Kodak 1D image analysis
software). The values of the hybridization signal obtained
for PR-1 were normalized with that of the control 28S
rRNA for each time point (B). Data points are means of
six replications.

Streptomyces sp. RS70 
PS152E 7 8 
PR-1 mRNA 

Fig. 2. Induction of PR-1 expression in non-inoculated
leaves of tomato after a top leaf was inoculated by
syringe-infiltration with Streptomyces sp. RS70 or
avirulent mutant PS152E of Ralstonia solanacearum
PS152. Total RNAs were extracted from leaves below the
inoculated leaves at 7 and 8 days after inoculation, and
analyzed by Northern hybridization with 32P-labeled PR-1
probe. The intensity of the hybridization signals was
measured with an image analysis software. The values of
the signal obtained for PR-1 were normalized with that of
the control 28S rRNA. Tween 20 and H2O were used as
control in these assays for RS70 (cells were suspended in
0.005% Tween 20) and PS152E (cells were suspended in
sterile distilled water), respectively.
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Fig. 3. Effect of leaf and root treatments with Streptomyces sp. RS70 on the induction of PR-1 expression in non-
inoculated leaves of tomato. RS70 cells suspended in 0.005 % Tween 20 were either syringe-infiltrated into top leaves or
drenched onto roots of potted plants. Total RNAs were extracted from leaves below inoculated leaves (for leaf treatment)
or from top leaves (for root treatment) 7 days after treatment, and analyzed by Northern hybridization with 32P-labeled PR-1
probe. H2O and Tween 20 represent treatments with sterile distilled water and 0.005% Tween 20 only, respectively.
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ABSTRACT

Teng, Y. C1., Tzeng, K. C1., and Hsu, S. T1,2. 2006. Induction of systemic resistance in tomato against

bacterial wilt by a plant growth-promoting rhizobacterium Streptomyces sp. RS70. Plant Pathol. Bull.

15:107-116 (1Department of Plant Pathology, National Chung-Hsing University, Taichung, Taiwan ;
2Corresponding author, Email : sthsu@mail.nchu.edu.tw ; Fax : +886-4-22877585)

Streptomyces sp. RS70 is a rhizobacterium capable of promoting tomato growth and reducing

bacterial wilt disease caused by Ralstonia solanacearum following either seed coating or seedling

drenching. However, it has no inhibitory activity against R. solanacearum in vitro. To understand the

mechanism by which Streptomyces sp. RS70 controls the bacterial wilt, we investigated whether

RS70 could induce systemic resistance in tomato. The severity of bacterial wilt was significantly

reduced when the top leaves of tomato seedlings were syringe-infiltrated with Streptomyces sp. RS70

and challenge-inoculated by root drenching with strain PS152 of R. solanacearum 7 days post

infiltration, indicating that RS70 may have induced systemic disease resistance. At least six days after

leaf infiltration with RS70 were required for effective resistance to be induced. However, the induced

resistance persisted only for several days. The Northern blot analysis revealed that RS70 treatment

could induce PR-1 gene expression in noninoculated leaves, and in a 10-day test period, the quantity

of PR-1 mRNA increased with time, reaching the highest at the 8th day and then slightly decreased.

Accumulation of PR-1 mRNA in noninoculated leaves was observed not only by leaf infiltration but

also by root treatment with RS70, indicating that the signal for PR-1 gene expression induced by

RS70 may be transported downward and upward from the inoculated site. Similar to RS70, one of the

four tested avirulent mutants of R. solanacearum PS152, was able to induce systemic resistance and

increase PR-1 gene expression.

Key Word rhizobacteria, induced resistance, bacteria wilt disease, tomato, PR-1 gene

15 2 2006116


