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We found out the new method of the consortium for the environmental friendly agriculture by 8
kinds of the selected antagonistic rhizobacteria. This research involved composition of mutual com-
plementary consortium by each antagonistic function such as production of antibiotic, siderophore,
antifungal cellulase and insoluble phosphate solubilization. The consortium No.11 among composed
consortium candidates showed the most pepper growth promoting activity and Phytophthora blight
suppression on the in vivo pot test of red-pepper plant. The consortium No. 11 is combination of
PGPR Bacillus subtilis AH18 and Bacillus licheniformis X11. B. subtilis AH18 and B. licheniformis
K11 both could produce the auxin, antifungal B-glucannase and siderophore. Also, they had mech-
anism for solubilization of insoluble phosphate. But, B. licheniformis K11 could produce the anti-
biotic of iturin which was able to inhibit Phytophthora capsici. We confirmed complementary
noncompetitive mutualism between B. subtilis AH18 and B. licheniformis K11 of the consortium
No.11. The results came out through treatment of two strains co-culture, treatment of individual
culture and co-treatment of two individual cultures for the growth and Phytophthora blight sup-
pression of red-pepper. The treatment of two strains co-culture didn’t show a synergic effect in
comparing sole treatment on the pepper growth promotion and Phytophthora blight suppression.
But, when the pots were treated simultaneously with co-treatment of two individual cultures, an
synergic effect was seen in the growth promotion of roots, stem, leaves and suppressed Phytoph-

thora blight on red-pepper in vivo pot test.
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Table 1. The consortia candidates of the selected antagonistic
strains by previous research

Antagonistic strains Antagonistic activity ~ References
Bacillus subtilis AH18 AntibiosisPGPR  Jung et al., 2006
Bacillus megaterium K139 Antibiosis Jung et al., 2003
Bacillus licheniformis K11 AntibiosisPGPR ~ Woo er dl., 2007
Bacillus thuringiensis BK4 Antibiosis Jung et al., 2003

Pseudomonas fluorescens 2112 Antibiosis PGPR
Pseudomonas maltophilia AMS ~ Antibiosis

Lee et al., 2001
Kim, 2004

Leeetal., 1999
Yun et al., 2001

Chitinase
Antibiosis

Serratia proteamaculans 3095
Chryseomonas luteola 5042
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Table 2. Consortia of the antagonistic rhizobacteria which can
inhibit Phytophthora capsici

Strains B. subtilis AH18  B. licheniformis K11

B. megaterium K1.39 No. 1 No. 6
B. thuringiensis BK4 No. 2 No. 7
P, fluorescens 2112 No. 3 No. 8
S. proteamaculans 3095 No. 4 No.9
C. luteola 5042 No. 5 No. 10
B. subtilis AH18 - No. 11
B.licheniformis K11 No. 11 -
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Fig. 1. Phytophthora blight suppression of the selected antagonistic
rhizobacteria. Suppression of Phytophthora blight (%)=[(No. of total
pepper plants)~(No. of infected pepper plants)]/(No. of total pepper
plants)x100. The plants were watered every 5 days with 50 mL of
sterile water. Values are expressed as the means of three replicates,
each containing 20 plants. Standard errors were determined at p<0.05.
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Fig. 2. Auxin production of the selected antagonistic rhizobacteria.
TAA had been estimated absorbance at 540 nm with Salkowski test.
Concentration of IAA means the highest value of IAA for 72 hrs.
Values are expressed as the means of three replicates. Standard errors
were determined at p<0.05.
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Fig. 3. Phytophthora blight suppression by various antagonistic
consortia. Values are expressed as the means of three replicates, each
containing 20 plants. Standard errors were determined at p<0.05.
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Fig. 4. Phytophthora blight suppression and plant growth promotion by the various consortia on the infected red-pepper by P capsici. N,
only P. capsici treated; C, only water treated; to No. 1 from No. 11, P. capsici and consortiums of antagonistic rhizobacteria treated.

Table 3. Plant growth promotion and antagonistic functions of the
consortium No. 11 of B. subtilis AH18 and B. licheniformis K11

Key substances

Functions
B. licheniformis K11 B. subtilis AH18
IAA (MW 175 kDa)
Pliﬁféﬁ‘ggh IBA (MW 203kDa)  IBA (MW 203 kDa)
p IPA (MW 189 kDa)
siderophore siderophore
(2,3-dihydroxybenzoate, (2,3-dihydroxybenzoyl
MW 200 kDa) glycine, MW 207 kDa)
Antlfgngal fungal cell degrading  fungal cell degrading
plant disease
suppression activity B-glucannase P-glucannase
(MW 54 kDa) (MW 55 kDa)
antibiotic

(iturin, MW 1.5 kDa)

*JAA, indole-3-acetic acid; IBA, indole-3-butyric acid; IPA, indole-3-
propionic acid

Fig. 5. Phytophthora blight suppression by the consortium No. 11
on the P capsici infected field soil. N, only P capsici treated; C, only
water treated; Pot 1 and Pot 2, P capsici and consortium No. 11
treated.
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Fig. 6. Phytophthora blight suppression and pepper growth
promotion by the single cultured and co-cultured treatment on
red-pepper. N, only P capsici treated; C, only water treated; 1, P,
capsici and singlecultured B. subtilis AH18 treated; 2, P capsici and
single cultured B. liocheniformis K11 treated; 3, P. capsici and single
cultured B. subtilis AH18 and single cultured B. liocheniformis K11
treated; 4, P. capsici and co-cultured treated.

Table 4. Pepper growth promotion ability by the single cultured
and co-cultured treatment on red-pepper

Treatments Fresh weight ~ Stem elongation Leaf
(mg) {cm) ea size

None 14£1.5 6.3+0.6 10+1 2.5x1.9
Water 97+1.1 11.3£0.8 1341 4.5%x1.9
AHI18 38+1.2 7.4+0.8 1141 3.1x2.1
K11 34+1.5 7.5+0.8 1241 3.2x2.0
AHI18+K11 82+1.2 10.9+0.6 15+1 4.2x3.1
co-cultured 37+1.1 7.6:0.8 111 2.8x1.9
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