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Table 1.Sources of bacteria strainsisolated in this study
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Strain no. Field crop Sample for isolation Location

R 1-14 eggplant root Ell-Shoei, Changhua (&21t5% — 7k 4F)
R 15 hot pepper root Ell-Shoei, Changhua (821§ — 7K 4¥)
R 16-30 eggplant root Ell-Shoei, Changhua (F21b% — 7k 41)
R 31-48 eggplant root Puu-Shin, Changhua ( 521t B3 L41)
R 49-66 eggplant root Tyan-Woei, Changhua (&21b R FEE45)
R67-71 hot pepper root Tyan-Woei, Changhua (821t #2H E4)
R 72-77 sweet persimmon root Ho-Pin, Taichung (& T HRFLZ4)

R 78-91 tomato root Hsin-She, Taichung (& T ER#FTH41)
R92-121 sweet pepper root Tsuey-Feng, Nantou (Fe #&85{— Z4)
R 122-131 tomato root Hsin-She, Taichung (& 1 ERETH4T)

R 132-173 eggplant root Ell-Shoei, Changhua (#21 LiE — 7K 41)
R 174-195 tomato root Hsin-She, Taichung (& B 41)

R 196-202 sweet persimmon root Ho-Pin, Taichung (& HHRFLZ4)

RS 1-20 tomato rhizosphere soil Hsin-She, Taichung (& T ER#TH41)
RS 21-45 Sweet pepper rhizosphere soil Tsuey-Feng, Nantou (1 ¥ #1—Z41)
RS 46-53 tomato rhizosphere soil Hsin-She, Taichung (& A 55T +40)
RS 54-107 tomato rhizosphere soil Hsin-She, Taichung (& 1 ERFT1H4T)
SR 1-26 eggplant soil around root Ell-Shoei, Changhua( #1LHE — /K41
SR 27-43 eggplant soil around root Puu-Shin, Changhua (Z21 i1 L. 40
SR 44-59 eggplant soil around root Tyan-Woei, Changhua (2211 55 EE4F)
SR 60-66 hot pepper soil around root Tyan-Woei, Changhua (821t 5 E4F)
SR 67-75 sweet persimmon soil around root Ho-Pin, Taichung (& HERF0Z-40)

SR 76-87 tomato soil around root Hsin-She, Taichung (& A 5587 40)
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Table 2. Effect of treatment of tomato seeds with bacterial
strains on the seed germination and root growth in a petri
dish-blotter paper system test (15 days after seed sowing)

Strain Root length (cm) Germination (%)
R 137 11.69bc 86.7b
R 155 12.43bcd 93.3d
R 165 11.13bc 96.7e
R 178 11.28bc 96.7e
R 185 11.60bc 96.7e
RS4 9.3%b 90.0c
RS 65 15.63de 93.3d
RS 70 18.50e 96.7e
RS 83 12.93cd 96.7e
SR 4 12.68bcd 96.7e
SR 19 12.44bcd 93.3d
CK 5.82a' 80.6a

' Means in the same column followed by the same letter are
not significantly different (p = 0.05) according to Duncan's
multiple range test.
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Fig. 1. A petri dish-blotter paper method to screen bacterial
strains that promote tomato seedling growth. A, screening
method : B, test results (15 days after seed sowing ),
left : control (CK), right : seeds treated with bacteria.
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Fig. 2. Tomato seedlings showing differences in growth by
the treatment of seeds with a bacterial strain R4 (A) or
RS70 (B), and control (CK) one month after seed sowing
ina peat moss-plug test.
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Fig. 3. Effect of seed treatment with rhizobacterial strains on stem and root lengths of tomato seedlings in nonsterilized (A)
and sterilized (B) peat moss-plug test. The same letter above each of the bars is not significantly different (p = 0.05)
according to Duncan's multiple range test. Bars indicate the standard deviation.
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Table 3.The effect of different treatment methods with
bacterial strains RS4, RS65 and RS70 on tomato seed
germination (7 days after seed sowing)
Seed germination (%)

Strain Drenching’ 30minseed  Overnight seed
soaking soaking
R4 75.0¢ 96.90b 100.0b
RS65 70.8¢c 96.9b 96.9b
RS70 62.5b 93.8b 100.0b
CK 54.2a 78.1a 87.5a

! Methods of treatment : drenching, a bacterial suspension was
drenched into peat moss in a plug system right after seeds
were sown in the peat moss ; 30 min and overnight seed
soaking, seeds were soaked in a bacterial suspension for 30
min and overnight, respectively, before they were sown in
the peat moss.

Means in the same column followed by the same letter are
not significantly different (p = 0.05) according to Duncan's
multiple range test.
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Fig. 4. Effect of rhizobacterial strains on the growth of
tomato seedlings, based on four growth measurements, in
the peat moss-plug test. A, root and stem length ; B, fresh
and dry weight of plant. The same letter above each of the
bars is not significantly different (p = 0.05) according to
Duncan's multiple range test. Bars indicate the standard
deviation.
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Fig. 5. Population changes of strains RS4, RS65 and RS70
in peat moss in the plug system after seeding of tomato
seeds treated with each of these strains by seed soaking or
drenching. Bars indicate the standard deviation.
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Table 4. The effect of different methods of treatment with bacterial strains RS4, RS65 and RS70 on some horticultural
characters of tomato (30 days after seed sowing)

Treatment  Stem Stem Shoot Root No.of Leaf Leaf Leaf Shoot Root
height diameter  fresh fresh leaves length width area dry dry
(cm) (mm)  wt(g)  wt(g) per (cm) (cm) (cm)  wt(g)  wt(9)
plant
Drenching
R4 10.38*  3.57F 11.50™ 291™ 9.60™ 4.12* 3.32 26.60™ 0.94* 0.27™
RS65 11.26™ 3.78" 11.10™ 2.98™ 11.40™ 4.26™ 3.67" 30.40™ 0.96™ 0.20™
RS70 11.66* 3.68* 13.80* 2.62* 11.20* 4.24* 3.66* 21.80* 1.09* 0.21*
CK 9.08 3.20 5.78 1.86 7.20 3.20 3.10 10.60 0.45 0.16
LSD 0.36 0.01 0.00 0.001 0.52 0.16 0.01 4.06 0.001 0.00
30 min seed soaking
R34 11.80™" 3.43" 12.65* 6.22™" 12.00* 3.66" 2.48* 23.80" 0.98* 0.42*
RS65 11.84* 3.29" 12.55™ 4,74 12.22™ 3.79 2.70™ 24.60™ 0.99" 0.27™
RS70 11.88* 3.33* 12.16* 5.26* 11.70* 3.79* 2.72* 24.20* 1.00* 0.34*
CK 8.67 3.25 7.38 342 10.30 311 2.23 12.00 0.65 0.20
LSD 0.31 0.01 0.79 0.92 0.48 0.11 0.12 1.40 0.11 0.01
Overnight seed soaking
R4 13.88* 3.69" 17.15* 6.26™ 13.60* 4.23* 2.62 32.90" 1.42* 0.98*
RS65 11.88 3.62 13.30 5.53 13.30 4.02* 2.67 24.20™ 1.02 0.32
RS70 12.81™ 357 12.45 4,95 13.40 3.88 2.55 26.20™ 0.99 0.38
CK 11.57 3.54 12.35 5.39 12.90 3.74 2.68 20.60 1.03 0.41
LSD 0.49 0.11 1.59 0.67 0.57 0.15 0.16 2.79 0.01 0.34

! Means with the star sign are significantly different (p = 0.05) between treatment with a bacterial strain and notreated control (CK)
within the same treatment method.
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Table 5. Inhibition of Ralstonia solanacearum Table 6. Effect of treatments with PGPR strains on disease severity of
PS152 by PGPR strains on King's B (KB), bacterial wilt of tomato 30 days after inoculation with Ralstonia
nutrient agar (NA) and potato dextrose agar solanacearum PS152 in greenhouse (seed soaking treatment) and
(PDA) media growth chamber (seed soaking and seedling drenching treatment) tests
Strain Inhibition zone (cm in diameter) Disease index (%)
KB NAI PDA Strain Seed soaking Seedling drenching
R 12 20 — —
R 81 _ . . Greenhcl)use Growth chamber
m - - - T o =
g e e
2 1;; Zf 2'_8 1'_4 R 111 709 80e 60d
R 156 17 _ _ R 127 60f 50b 60d
R 160 o B B R 133 100h 70d 70e
RS 4 _ _ _ R 156 20b 50b 80f
S50 _ _ _ R 160 30c 50b 70e
it - - RS4 30c 60c 500
RS 70 _ _ _ RS50 50e 60c 45a
RS 93 _ _ _ RS 65 10a 50b 60d
SR 38 _ _ _ RS 70 40d 40a 50b
SR 68 _ _ _ RS 93 60f 40a 80f
* No inhibition zone. SR 38 6ot /od 859
SR 68 40d 70d 50b
CK 709 80e 859

' Means in the same column followed by the same letter are not
significantly different (p = 0.05) according to Duncan's multiple range test.
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RS70) * — £ Chryseobacterium sp. » % kB

Streptomyces spp. © H Al AR Chryseobacterium A]
EEM YL R Z s (BRI RG HT9E /7 > Kwok
SN Ol v AR B AR RS 11 o B Er 2 A
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ABSTRACT

Teng, Y. C'., Tzeng, K. C*,, and Hsu, S. T*%. 2006. Screening rhizobacteria for promoting tomato
growth and testing their potential for control of bacterial wilt disease caused by Ralstonia
solanacearum. Plant Pathol. Bull. 15:83-95 (‘Department of Plant Pathology, National Chung-
Hsing.University, Taichung, Taiwan ; *Corresponding author, Email : sthsu@mail.nchu.edu.tw ; Fax :
+886-4-22877585)

Bacterial strains isolated from root, rhizosphere, and soil around root samples of different crops
in central Taiwan were screened in a petri dish-blotter paper system in growth chamber for their
effects on tomato growth following seed bacterization (seed coating). About 20% of 396 strains tested
significantly increased the germination rate of seeds and the length of seedling roots in the repeated
tests. Further screening by a peat moss-plug system showed that 14 strains consistently enhanced
tomato root growth, among which, strains RS4, RS65, and RS70 performed best. These three strains
increased not only root length, but also stem length, plant fresh weight and dry weight (except strain
RS65). Strains R$4, RS65, and RS70 were further evaluated for their growth promoting effect under
the conditions of a commercial nursery using the peat moss-plug system. They all increased tomato
seed germination following either seed bacterization or peat moss drenching. In addition, many
measurements of horticultural characteristics such as stem height, stem diameter, shoot fresh weight,
root fresh weight, leaf number, leaf length, leaf width, leaf area, shoot and root dry weight were
greater by seed coating (30 min seed soaking) or peat moss drenchinng with these three strains than
those by nontreated controls. Populations of these three strains in peat moss after introduction by seed
coating (30 min and overnight seed soaking) or peat moss drenching maintain high levels (except
strain RS65 for 30 min seed soaking ) within 21 days after seeding. The 14 strains that were capable
of promoting tomato growth were tested for the antibiosis against Ralstonia solanacearum PS152.
Most (11 strains) did not show the inhibitory activity on three media tested, but 9 strains reduced
disease severity of bacterial wilt of tomato in growth chamber and greenhouse tests by seed coating or
seedling drenching treatment. Strains RS4, RS65, and RS70 which were better in the ability to
promote tomato growth also performed better in the efficiency of disease control. Strain RS4 was
identified as Chryseobacterium sp. and strains RS65 and RS70 as Streptomyces spp.

Key word : tomato, rhizobacteria, growth promation, bacteria wilt control
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