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This study was to investigate beneficial effects of microbial mixture on red pepper which was capable of promoting
plant growth by solubilizing insoluble phosphate as well as protecting plants from pathogenic attack. Saccharomyces
sp. L13 was isolated for phosphate solubilizing activity on aluminium phosphate, tricalcium phosphate, calcium
hydrophosphate, and magnesium hydrophosphate. On the other hand, Bacillus sp. L32 was isolated for antagonistic
activity against Phytophthora capsisi and Colletotrichum gloeosporioides, causing Phytophthora blight and
Anthracnose disease in pepper, respectively. The strain L32 exhibited antagonistic activities both under dual culture
assays and detached leaves assays. The each strain under the condition of mixed cultivation exhibited the same
growth rates as one under pure cultivation. In greenhouse study, the mixed culture showed the both effect of plant
growth promotion and reduction of disease symptom development against P capsisi and C. gloeosporioides
providing a potential as effective microbial agent for plant husbandry.
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& Qch(Illmer and Schinner, 1992, 1995; Song et al., 2001).
AF7A G QAAE S 783 AT v|ABEE= Bacillus
megaterium, Bacillus polymyxa, Pseudomonas striata, Penicillium
simplicissimum, Penicillium bilaji, Aspergillus awamori, Aspergillus
aculeatus, Aspergillus niger 5°] RE11Eo] Qlth(Illmer and
Schinner, 1992, 1995; Song et al., 2001).
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Table 1. Dual culture assay for antifungal activities of isolates cultivated
on PDA medium

Table 2. Detached leaves assay with isolates for antagonistic activities
on red pepper

Detached leaves assay™ b Protection (%)b

Isolate Inhibition zone in diameter (mm)* Culture
P, capsici C. gloeosporioides No. P capsici C. gloeosporioides P. capsici C. gloeosporioides
L32 11.23+0.21 11.43+0.32 Control 3.6+0.5 3.8+0.4 - -
L44 10.53+0.15 10.53+0.25 L32  1.0£0.7 0.8+0.4 91.3+6.3 91.6+7.6
L57 10.90+0.10 10.77+0.06 L44  1.4+05 1.4+0.5 82.247.8 80.9+12.6
‘Mean+SD (n=3). L57 1.8+0.8 1.6+0.5 74.7+11.4 76.9+10.5

dextrose, sodium chloride (Z}'5g,2¢g,10 g, 10 g, 2 )& B+
Z2221,000 mlof| 715t pHE 6.00.2 23 & Eau]oF

o WAAI(LY W)= ALg BTt

=2| o4=e| 34

Aeiu| gz 14 WA oIA weFE FAE 0.85% NaCl &
Aol FEFSH & API 50CHB kit (bioMérieux, France) 2 A 2|8}
4 242 2A ST BRI 5HE o]
GeneAll A}2] genomic DNA extraction kit (GeneAll, Korea)S
o] g3lo] ¢gDNAE FZ3t & universal primergl 27f (AGA
GTT TGA TCM TGG CTC AG)9} 1492r (GGT TAC CTT
GTT ACG ACT T)E o|-&stH FgaA A4 H&(PCR)
©2 16S RNA {AXE FEH4tE AYu|P=Y H¢
genomic DNAE F&317] $15t9 YM HAufR]of| A v kst &
HAHEZE 0]83te] u|AES 7435} GeneAll AF9] Exgene
Cell SV (GeneAll, Korea)E 0]-835}9] gDNAE &3 th 3=
Z£% gDNAE O = 18S tRNA {-37}9] F-& =ato|w ]
ITS1 (5-TCC GTA GGT GAA CCT GCG G-3)3} ITS4 (5
-TCC TCC GCT TAT TGA TAT GC-3)E 0]&3}o] PCRE 4!
A5} S22 PCR AFEE-2 ABI 3730XL (Applied Biosystems,
USA)Z G7IMEE B4t na=dAES e EAE oA
2%95l= GenBank t|o|gH|o|AF S-§ate] BAYESH 5
& AAEH.

gniz 23 0/4Ee| 22| U F9t AN
D% e AT AL A S G SEe 2
L ulES Best] Sloto] ol FHleRES AN stel L32, L4d,
8|7 LST FFEL RS o] FAA A4 B Y
A5e g Bolt FFE L322 A st Al gite] el 2

ZF 11.23+0.21 mm, 11.43+0.32 mm<] FAAA| AZE EAF
Sth(Table 1). 22| v|BEQ vjA oA 4 BI= 7]
gt ¥4 538 4S5t Aol ot BERE A Aof gt
AL Bt EE uEY 7|5 g 235 2ARE
A3}, 132 F57F G sA ol dial 42 91.346.3%,
91.627.6% 2] 71 =2 THAA| 2L B Y S E X (Table 2) uj
Ao xe 24 A FYt Z3E el ohaba] L32
+FE S Aol AR ST 16S rRNA §-HALE 9]
L3 B E8MA 54 AW}, Bacillus subtilis2t 99% AH5AdS

*In detached leaf assay disease severity was assessed based on 04 scale: 0, no
symptoms; 1, 1-12%; 2, 13-25%; 3, 26-50%; 4, 51-100% of leaf were covered with
brown lesions

°Mean+SD (n=5).
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Fig. 1. Phosphate solubilizing activity of Saccharomyces sp. L13 on various insoluble phosphates.

G He|Fol| A Azt el disl 22 71.2%, 61.8%
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Fig. 2. Growth of Bacillus sp. L32 and Saccharomyces sp. L13 during
mixed cultivation.
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AR S HYlon g ASA% S0 0+ B4S 2=
| BEAAZA G &g TFsAdol Arka WeETH(Nautiyal,
1997; Narsian and Patel, 2000; Patel et al., 2004; Chaurasia et
al., 2005).
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Table 3. Biocontrol effects of mixed culture of Bacillus sp. L32 and Saccharomyces sp. L13 on red pepper against Phytophthora blight and Anthracnose

disease
Phytophthora blight Anthracnose
Cultures - — : - - — : -
Disease incidence (%) Control efficiency (%) Disease incidence (%) Control efficiency (%)
Nontreatment 23.3° 21.7° -
Treatment 6.7°¢ 8.3° 61.8

a,b,c

Data followed by the same letter in each column are not significantly different based on Duncan's multiple range test (P<0.05).

Table 4. Growth promotion of red pepper by mixed culture of Bacillus sp. L32 and Saccharomyces sp. L13 when cultivated in soil amended with

insoluble phosphate
Length Fresh weight Dry weight
Insoluble phosphate EC(ds/m)
Shoot Root Shoot Root Shoot Root
Nontreatment 5.88+0.33 9.12+0.98 1.12+0.39 0.10+0.05 0.059+0.028 0.012+0.006 2.58+0.27
AlPOs Treatment 7.29+0.12 11.33+0.26 1.89+0.24 0.16+0.05 0.072+0.023 0.018+0.002 1.37+0.05
Nontreatment 6.23+0.48 10.56+0.44 1.28+0.76 0.13+0.08 0.068+0.012 0.015+0.008 2.07+0.05
CaHPOs Treatment 7.69+0.41 13.55+0.37 2.01+0.18 0.20+0.03 0.092+0.012 0.020+0.004 1.07+0.06
MgPOs Nontreatment 5.77+0.62 10.32+1.24 1.33+0.58 0.13+0.04 0.066+0.01 0.015+0.005  2.48+0.15
Treatment 7.44+0.32 12.69+0.92 1.79+0.30 0.18+0.04  0.088+0.012  0.019+0.002 1.36+0.06
Nontreatment 6.08+0.33 10.09+0.99 1.15+0.42 0.1540.06  0.059+0.047 0.014+0.04 2.34+0.16
CulPOR atment 765051 14624013 2215029 022:0.04 009140014 002120005  1.0420.06

EC, electrical conductivity.

Aol gt

B =52 w208 358N (@A 2 PI009801) 9]
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