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Phytophthora blight and anthracnose disease caused by Phytophthora capsici and Collectotrichum
gloeosporioides are the most important devastating diseases of red pepper plants, worldwide. Five different
bacterial isolates were isolated from the red pepper rhizosphere and non-rhizosphere soil and subsequently
tested for antagonistic activity against P. capsisi and C. gloeosporioides. The area of the inhibition zone was
taken as a measure for antagonistic activity. Among the 5 isolates tested, S54 exhibited a maximum
antagonistic activity under in vifro and in vivo conditions. In greenhouse studies the isolate has successfully
reduced the disease symptom. Protect value was 80.8% (Phytophthora blight) and 81.9% (Anthrancnose
disease), whereas the infection rate of control plants was 21.3% and 23.2%. Based on the 16S rDNA sequence
and API 50CHB Kit analysis the most effective isolate was identified as Bacillus subtilis. The results of the
study indicate that the stratin S54 could be used as an potential biological control of Phyfophthora blight and

anthracnose disease of red pepper.
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Table 1. Dual culture assay results for antifungal bacteria

Dual culture assay test
Zone in mm*
Culture No. Medium
P capsici  C. gloeosporioides
L19 11.0£0.2 11.0£0.1 PDA
L82 10.9+£0.3 11.0+£0.2 PDA
M46 10.7+0.1 10.8+0.3 PDA
S21 11.2+0.1 11.0+£0.3 PDA
S54 11.5+0.1 11.5+£0.2 PDA

*Mean=*SE (n=3).
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Table 2. Detached leaves assay results for antifungal bacteria
Detached leaves assay results
Detached leaves assay™® Infection (%)°
Culture No.
P, capsici C. gloeosporioides P, capsici C. gloeosporioides
Control 3.5+0.1 3.6+0.2 87.5+£2.5 90.0+5.0
L19 1.9+0.1 2.1+0.3 47.5+£2.5 52.5+7.5
L82 2.1+£0.2 2.2+0.3 52.5+4.3 55.0+6.6
M46 2.0+£0.2 1.8+0.2 50.0+4.3 45.044.3
S21 1.6+£0.3 1.8+0.1 40.0+6.6 45.0£2.5
S54 1.5+0.3 1.5+0.1 37.5+£6.6 37.5£2.5

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

were covered with brown lesions.
"Mean+SE (n=3).

Table 3. Seedling vigour and seed germination by antifungal bacteria

Culture No. Shoot length® Root length® Germination (%) Vigour index™°
Control 1.61£0.05 7.35+0.02 85 761.52+5.22
L19 1.75+0.03 7.51£0.04 90 833.00+5.24
L82 1.81+0.05 7.65+0.04 85 804.31+6.64
M46 1.70£0.04 7.43£0.02 90 821.79+3.88
S21 1.88+0.03 7.70+£0.07 95 909.63+8.76
S54 1.84+0.05 7.71£0.04 90 859.73+6.89
Mean= SE (n=20).
®Vigour index=(shoot length+root length)x germination (%).
Table 4. Biocontrol effects of the Bacillus subtillis strain S54 to Phytophthora blight and Anthracnose disease
Phytophthora blight Anthracnose
Culture No. - — : . . :
Disease incidence (%)*  Control efficiency (%)  Disease incidence (%)*  Control efficiency (%)
Control 213a - 232a -
S54 41c 80.8 42b 81.9

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

g BAAG = v A 20Y Foll ZAMSAT B
ol & E A o]
YA AT o] &x100)2] FAFE A ¢
Tttt 2 A3 80.8%F 81.9%°] WA
£ nelon, arat g datel thdh W2 21.3%
o} 23.2%= WAIHE W7kt ]o] S5k tH(Table 4). ©]
23 Aibe LFolM 7P 2 dalE Y A &
Aol gt AEsH] WA 2N Y] 7hs/d-S HERNITH

Ao F4. e ss540] #e 2EAM A
gram positiveZ WEFS 2™, LB agar plated] @42 HE
gt & JAE o]83k] API S0CHB kit(BioMerieux, France)

2 Aslshy 4L EAsnh Ba EAYEeEe

=] —
ol—

MO 2 o]83le] DNA extraction kit(GeneAll)S ©]-83}
o genomic DNAE %3 ¥ universal primer?] 27f(5'-
AGA GIT TGA TCM TGG CTC AG-3)3} 14921(5-GGT
TAC CTT GIT ACG ACT T-3)Z2 o]&3}o] 16S rDNA
F92 PCR HHo® SEea HrIMES 24T F
NCBI BlastollA] 8]x 82493+ A3} Bacillus subtilisSt 99%
= 7P fFAdAZE 2Adsii e, API S50CHB kite] +
A AT Bacillus subtilis® 16S tDNAS] A ¢} o x|&}
Atk FHE Bacillus &2 A& WAAZ A AAA
o8 sHA AFEALL o, ol AT
lipopeptide AlE =2 9] A4t} 3+ oA Aol 4

WAzl o] 2 ol & & AT ol 2A

JE 2k &

AT



Bacillus subtilis S54 4525 ©|&3

in vitro$}t in vivo Z7190A AEs A5 vigo R Hr}
5H9S W) B89 Bacillus subtilis S54v 113 93 &
AW S FAlol ANE 4 A, Lol S £33

= 2 =3 Bfeka o] mA=AAR JHA7F S8

ll

shrha wetsn, 57} AR S e AYs) e
3 AEPEES F/HH 02 ARard seEee o
AT 5 9= AFAE A5 ABIE PAAe) AR
g @ & o

kO

35 A3 S-S Phytophthora capsici2b Colletotrichum
gloeosporioides® 23l WHE = HOZ AAZHOZE W
& dsle FTag Hdtolrh o]H 3 WA BA
£ flst] 243 H]:Lioﬂj‘i zkzke]l Wt S o
Ash= sHol Hold 555 Adsidlnt. Add 2
F T S5TFEE in vmfoQ]- in vivo 274 BEoA 71
HoluAl HAdHE AlskAT). a2 AN E g1
I A B 80% o]/ WAEE BoFh
S54a+F2] FL 9l8ke] 16S tDNA F-22] d7|xde)
#2413 API 50CHB Kits At e™, 2 A3} Bacillus
subtilisZ. 738t} o]e %k AAE v o2 S54e= I
Z dHly XS AT S e AESE AAAE

AT
o] 7FedS BoFdua & = i

=

= {?‘l_

fsig
=

Acknowledgements

This study was carried out with the support of “On-
Site Cooperative Agriculture Research Project (Project
No.PJ006589)”, RDA, Republic of Korea.

il

i

I

Wz} Be] AESHA ulA) 89

HOE2s

Abdul-Baki, A. A. and Anderson, J. D. 1973. Vigour determination
in soyabean seed by multiple criteria. Crop Sci. 31: 630-633.

Chiou, A. L. and Wu, W. S. 2001. Isolation, identification and
evaluation of bacterial antagonists against Botrytis elliptica on
Lily. J Phytopathol. 149: 319-324.

Cho, M. C,, Chae, U., Cho, Y. S., Ko, K. D., Shin, Y. A., Kim, D.
H. and Jung, J. W. 2005. The result of new pepper varieties
evaluation at farmer's field. Korean J. Hort. Sci. Technol.
(Suppl. T) 23: 38.

Leoffler, W., Tschen, J. S., Venittanakom, N., Kugler, M., Knorpp,
E., Hsieh, T. F. and Wu, T. G 1986. Antifungal effects of
bacilysin and fengycin from Bacillus subtilis F-29-3: a
comparison with activaties of other Bacillus antibiotics. J.
Phytopathol. 115: 204-213.

Paulitz, T. C. and Loper, J. E. 1991. Lack of a role for fluorescent
siderophore production in the biological control of Phythium
damping-off of cucumber by a strain of Pseudomonas putida.
Phytopathology 81: 930-935.

Watanabe, T., Oyanagi, W., Suzuki, K. and Tanaka, H. 1990.
Chitinase system of Bacillus circulans WL-12 and importance
of chitinase A1 in chitin degradation. J. Bacteriol. 172: 4017-
4022.

Yoshida, S., Hiradate, S., Tsukamoto, T., Hatakeda, K. and
Shirata, A. 2001. Antimicrobial activity of culture filtrate of
Bacillus  amyloliquefaciens RC-2 isolated from mulberry
leaves. Phytopathology 91: 181-187

Yin, J. F,, Zhang, W. H., Li, J. Q., Li, Y. H., Hou, H. L. and Zhou,
X. Y. 2007. Screening and antagonistic mechanism of
biocontrol agents against Phytophthora blight of pepper. Acta
Phytopathologica Sinica. 37: 88-94.



