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This study was carried out in order to develop a biological control of anthracnose of red pepper caused by fungal
pathogens. In particular, this study focuses on the Colletotrichum species, which includes important fungal
pathogens causing a great deal of damage to red pepper. Antagonistic bacteria were isolated from the soil of pepper
fields, which were then tested for biocontrol activity against the Colletotrichum gloeosporioides anthracnose
pathogen of pepper. Based on the 16S rRNA sequence analysis, the isolated bacterial strain CS-52 was identical to
Bacillus sp. The culture broth of Bacillus sp. CS-52 had antifungal activity toward the hyphae and spores of C.
gloeosporioides. Moreover, the substances with antifungal activity were optimized when Bacillus sp. CS-52 was
grown aerobically in a medium composed of 0.5% glucose, 0.7% K;HPOy, 0.2% KH,POy, 0.3% NH4sNOs, 0.01%
MnSOs7H;O, and 0.15% yeast extract at 30°C. The inhibition of spore formation resulting from cellulase,
siderophores, and indole-3-acetic acid (IAA), were produced at 24 h, 48 h, and 72 h, respectively. Bacillus sp. CS-52
also exhibited its potent fungicidal activity against anthracnose in an in vivo test, at a level of 70% when compared
to chemical fungicides. These results identified substances with antifungal activity produced by Bacillus sp. CS-52
for the biological control of major plant pathogens in red pepper. Further studies will investigate the synergistic
effect promoting better growth and antifungal activity by the formulation of substances with antifungal activity.

Keywords: Bacillus sp. CS-52, Colletotrichum gloeosporioides, antagonistic microorganism, antifungal activity, red

pepper anthracnose

=oAL AR AT BAEHT Jlen, x|
AE 59 FoheTE Auiste] 7ol Rt 2T uijd WA=
o] a3 Aikpo] rastal gl Aol H, 53] 200749 o] & A
v A Aol A& Eol5al k. 11 o= W=
ATt 7 Ha2 wfjd e vk 52 7|5 Hslo) w2t
SR APo R Qs IA THT = Al )
10%-80%, Sl &Jsf 100%7H4] o] s 4= QIrkal B

TThese authors contributed equally to this work.
*For correspondence. E-mail: gskwon@andong.ac.kr; Tel.: +82-54-
820-5909; Fax: +82-54-820-6252

1% ¢lth(Badadoost, 2009).

ol A 23] WAYSl= W= 265011, 1150 =8 B4t
Ag 2 F shel BAEE o AEE I Fa Hog
$2) bk ohjah A A A 02 e g 2 ol 53
Qlth(Okayama and Tsujimeto, 1994). 1.3 EtA o 7] B&
B SA4L BAEA G, 20(Seta), 5 A2, FAHRT
LA o) EAof| whe} Colletotrichum gloeosporioides, C. acutatum,
C. coccodes, C. dematium3} Glomerella cingulata2X 255 %
o] £z TR =0} FollA Bar=]3 §lck(Park and Kim, 1992). &
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X% C. gloeosporioides7} S-Adt= £ o0& B 1% 1 ¢JrtHKwon
and Lee, 2002; Im and Lee, 2004). C. gloeosporioides= A1
o} o] gt YA B2 o ujgE EAJof o
o} GO RAIGL= Rt itk GAS2 FF9t T30
A SRS 4.07]31, PDA iRt B ZAE B/, A+
Gkt 7R (Seta)= FATHA| oL, B ZAE= F Bl FA
U T2, 759 AZ-2 o)A Y-S At £ R
AL F2 oA BAE UEhlim, PDA iR| oA B4
Aok Ahdrke FASIT oFEo] F21 wdl BAEAE FA5}
w20 AZE B4 UX) olF AL Uehicka B
th(Farley, 1967; Kim et al., 1986).

AA7A] FHoll A H3d LekA e i3t At F2
AbtA] 2 Aol gk 1 30] Aol TEF AL R o]
HHgatoll gt 23S Uetl= nBES ol8ste] WA7F gl
Sz Aot} A S ol 85t AETHE WAl Al2EE
Bl 8242 B o|= Bacillus sp. (Kim and Kim, 1997,
Kim et al., 1997; Woo et al., 2007), Penicillium sp. (Imamura et
al., 2000), Pseudomonas sp. (Jung and Kim, 2004)2} Streptomyces
sp. (Lee et al., 1990; Jeong ef al., 2004) S-0] A= Y52
of ool 27 AL ekwel A4S Akohs AL 20
20 71 AsHRA 2150) thet el HAKE oRlss 71z
o] SItHLee et al, 2004). E3h AS-ETHA FoHRT} 2SS
o e e Ao 2N BT A D FAL olleke
A A ZA3FA-4(Scher and Baker, 1982; Neilands, 1984; Paulitz
and Loper, 1991; Ping and Boland, 2004; Jung et al., 2006)3} 0]
AJEo] AAS= exopolysaccharide (EPS), lipopolysaccharide
(LPS), salicylic acid (SA), hydrogen cyanide (HCN), 2,3-butanediol
Y EA=0] YA A= HY7 )5S 23St Bl gt A
FE Fedte A=A A8 55 5 5 ArhLiu et al., 1995;
Lee, 1997; Ping and Boland, 2004). 0|9} Zro] B U] n|YES
9] Az zrgof o5t BESA WA 712 S8t A7 F
T A Q] Y3ko 2 ghks] A7t 8= o] 2. YIth(Cook,
1990; Lee et al., 1990, 1999; Handelsman and Stabb, 1996).
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3|4 & 96-well plateo] 7] B33t 3 24X|7F B2t vjoFst o}
= FE HY7Y Y JA=E FFE(660 nm)E S

™, Asf&2 thad 2ol Yehl Jth(Wedge et al., 2001).
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XIAFE] siderophore @] 72 CAS liquid assay©]] 2]5}o] vjoFEl
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Neilands, 1987; Crosa, 1989; Bergeron and McManis, 1991).
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ZA 21t WA EZAE A= Gram-positive 2 | Z37]=
2.5-3.0 x 1.5 ymO.2 -2 7hF o2 2AFE Itk 16S rRNA &
ARH7I1MEE 088 57 2 1,382 bpe] A7IAES €l
NCBI (National Center for Biotechnology Information)2] BLAST
£ o] g3to] K A5 AMTE ATHE 7|8k Bacillus sp.
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s sp. CS-527} AAFS1= B B7le) AAte] w2
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Table 1. Effects of various sources, nitrogen sources and mineral salt sources on the antifungal activities from Bacillus sp. CS-52

Carbon Antifungal Nitrogen Antifungal Salt Antifungal
sources activity (@ mm) sources activity (@ mm) sources activity (@ mm)
Control 0 Control 0 Control 0
Maltose 6.7 (NH4)2S04 4.8 CoCl, 1.6
Mannose 6.4 KNO; 5.24 FeCl, 8.7
Lactose 6.2 (NH4)2PO4 5.2 CaCl, 8
Glucose 7.85 NaNO; 5.15 KCl 9.5
Sucrose 6.5 NH4NO; 7.7 MgSO4 10.2
Fructose 7.5 NH4ClI 5.8 MnSOy4 12
Starch 5.4 NH4HCO3 52
Yeast extract 9.8
Peptone 7.5
Tryptone 5.9
Soytone 7.49
Malt extract 6.0
Casamino acid 6.19

o3t et ES UEhiler, HukA
o2 gag disiae FXd o] E Zol7t gle A=
ZAE QI 2y Y EE A A l*é—% fgehd of
ok A] 7 FgAagoF 785 mme] FAF FAHL Hal
glucoseS 2|7 etA Y0 2 ALE3H= Ao| z—]g— Aoz wolch
2 Huj A 24L& 93t Glucose?] 0.5%, 1%, 1.5%9.} 2%0)| A z¢
Z-ujost 23 0.5% 04 8.4 mmE /M 2 EAHL HGoH,

oS W 7 o

(A)
99 1 Bacillus safensis FO-036bT (AF234854)
no Bacillus pumilus NBRC 120927 (AB271753)
Bacillus stratosphericus 41KF2a™ (AJ831841)
91 Bacillus altitudinis 41KF2b™ (AJ831842)
Bacillus aerophilus 28K (AJ831844)
100 Bacillus sonorensis NRRL B-23154T (AF302118)
Bacillus aerius 24K (AJ831843)

Bacillus licheniformis DSM 13T (AE017333)

100
 Bacillus atrophaeus JCM 90707 (AB021181)

- Bacillus mojavens IFO 157187 (AB021191 )

Bacillus tequilensis 10b™ (HQ223107)

Bacillus vallismortis DSM 110317 (AB021198)

Bacillus siamensis PD-A10T (GQ281299)

~
>

Bacillus sp. CS-52

Bacillus methylotrophicus CBMB205T (EU194897)

0.1

Bacillus subtilis subsp. subtilis NCIB 36107 (ABQL010000)

Bacillus subtilis subsp. Spizizenii NRRL B-23049T (AF074970)

I: Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 77 (FN597644)

- Bacillus amyloliquefaciens subsp. plantarum FzB42T (CP000560)

1%, 1.5%2} 2% glucose’s =)A= 7.84 mm, 8.25 mm<} 8.15
mm= ZtzF ZAF H9t}h B3 Kim 5(1997) % 3R B4 &
Z o] Aatg o] glucoseol| Al 71 L-4=dirtal B arstgict.

Davis Z4H|AE 7|20 2 dlo] F4Y9] Fko] e A
o S AR A3} Table 13} 29kt ohelgt A QoA Y
S24 9 3R SH4LS BHE o, 53] 71284 HA o
ol AR g T PHL Kol Aoz ZAE 2]

1AM 134197 (D16276)

Fig. 1. (A) Neighbor-joining tree based on almost-complete 16S rRNA gene sequences, showing phylogenetic relationships between strain CS-52
and species from Bacillus genus. Numbers at nodes indicate levels of bootstrap support (%) based on 1,000 resampled datasets; only values
above 70% are given. Bar, 0.1 substitutions per nucleotide position. (B) Scanning electron microscopic photograph of strain CS-52 (x6,000).



Zaof| A= NHNOsE 37} 519 o) F-E/d0] 7.7 mm=E
e ow, NHINOs Y| H AR 2o 2 F=of AR
A7 FAFEA0] 0.1%, 0.2%, 0.3%, 0.4%2} 0.5% N4 ZHz+
7.7 mm, 7.8 mm, 9.0 mm, 7.8 mm%} 6.0 mm=ZE Z}ZF ZALE] o]
0.3% 7 Al 7HY =2 3Xd S Hol= A 02 ARG

Davis 48R A §-7] 2 4YL yeast extract 0.01% H7}
A1 9.8 mmE 71 =2 X+ B4 VER it ™R
= 24E 919 yeast extract®] 7} sl whet 2ARE At
0.01%, 0.05%, 0.1%, 0.15%2} 0.2% | 4] 6.0 mm, 8.2 mm, 9.0
mm, 11.8 mm&} 11.0 mm=Z Z}Z} ZA}E 0] yeast extract 0.15%
£ AR Y fr1dad FE= At guty o= A%}
Alete] gt R SHEE Bibso] F71dLdRY |7
AagolA A Uebds A= Bacillus sp.o] AFHs 348
E3 9] thE By E §ASE Aatolth(Kim et al., 1997; Jeong
etal.,2002).

T8 gt I B EF9 WAAAS =AM At
Bacillus sp. CS-522 Table 10|42} Zro] MnSO.E 7|5}
slorstee o A IRl 12 mma A1 A ehd
t}. 2 9] FeCly, CaCly, KCIZH MgSO,- TH,0 A= 2k} &

18 14

= Inhibition zone ——0.D F 12

r 10

-
L

Cell Growth (600 nn)
&
Inhibition zome (mm)

0.4 4

0 6 12 18 24 36 48 60 72
Times (h)

Fig. 2. Antifungal activity of Bacillus sp. CS-52 culture broth against
C. gloeosporioides according to cultivation time. Data are expressed
as means + SE, n=3.
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FRAAEE Bgom, oj2jgt ATE Ko} Bacillus sp. CS-52&
u| Y& AAstste] @7o] o]-§RthH ofn] E¢Fof ZAfskar ¢l
= HE JEE o] &3t T2 IR+ BES AAlsto] B o
A 27t & Aoz AlzHrh o|#e 2= Jeong®t Kim
(2003)2] ¥ 11| 4 KCI, MgCl,, NaCl, BaCl, H7HX] F2452
2 o] Yito] Fzsitt= ATt fFARRE A o2 Belrh

Z|XHYX| ZZ0|IM Bacillus sp. CS-529| &Hxla &
Bacillus sp. CS-52 7} AAtsl FRAE49 4 P4t
A 244 0.5% glucose, 0.7% K,HPO4, 0.2% KH,POs, 0.3%
NH4NOs3, 0.01% MnSO42} 0.15% yeast extract®2 Z}Z} ZALE
At ol2 gk H AR 2704 XA pHe} & 2= 2]l Hj
FAZE wE 4 9 FRd SHAEDY WAELS AN
A3} Fig. 29} Zo] 18-24A|7t Afolof] BAE Kol AR 1
Rt ont, Aj7to] Aol what 23 S48 Hlom uigF 364]
Zrell 71 32 ODgoo 3t 1.52 ZALE|GloH, Jof 244
2 A &Aoo 2 F7psitt v FAIZE 6041710l 13.3 mmE XT3
£ Ho|t} Fastes AR ZAESIY olF Az Ho}
Bacillus sp. CS-52& WA R71E AU AATE = 23} tiApst
=0 93 I BdE vehdE 28 5= ok o3 A}
£ Hwang®} Kim (1995)0] oJsfj ®ig Ao} fASHA Wet
Sow, Y BE vetdle 23 Al F2 2% giApit
EZ Ao 24 S UEhdE 379 & 5= 9iok(Suzi, 1992).

Bacillus sp. CS—52 T3= HiRHO| pH U 0] CHEH oA
PR B/9S Hol= Bacillus sp. CS-52 v o] pHell thgh
/3ol gt A A3} Fig. 30f4¢t o] vfjgkalio] 113 BhA|
ol gk AA|F o] pH 3-117k7] Y A LofA Uttt o]y
3t A3h= SEuEt BEQRe] EAJQI A olA Bt o oyt 7
237 S FA T 5= U2 A= AlmHA). E3F Bacillus
sp. CS-52 ujFolo] 2of ofgt Mg Ad-S 2ARSH A3} Fig. 390
A Zo] 30 C oAM= 7HE w2 P9 A8S B9 o, #23t 11.29]
B2 Ao A= vl YA o2 RAMEGl O, B3] 119t EA
23t v FHof| A = E/dS H Tt Naclerio 5(1993)¢] B il

20 -4 0 4

10 20 30 40 50 70 90 110 121

Temperature (°C)

Fig. 3. Effects of Bacillus sp. CS-52 culture broth on antifungal activity in various range of pH and temperatures showing stability of the

activity. Data are expressed as means + SE, n=3.
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Fig. 5. Production of siderophore and inhibition of spore germination
by Bacillus sp. CS-52 according to cultivation time. Data are expressed
as means + SE, n=3. (Siderophore units: For A630 measurement, use
the minimal medium as a blank, and use the minimal medium plus
CAS assay solution as reference. The sample should have a lower
reading than the reference. Siderophore units are defined as [(Ar —
As)/Ar] x 100 = % siderophore units. Ar, Absorbance of the CAS
solution plus the medium; As, Absorbance of the CAS solution plus
the culture supernatant of the respective sample).

(B) ©

Fig. 4. Bacillus sp. CS-52 culture broth of fungal spore germination inhibition activity, and production of siderophore and cellulase [Arrows: C.
gloeosporioides spore, (A) Spore germination inhibition activity, (B) Confirmation of orange halo zone by Bacillus sp. CS-52 in selection media
of CAS blue agar, (C) Confirmation of halo zone by congo-red staining of LB agar plates containing carboxymethyl-cellulose (CMC)].
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Fig. 6. Production of cellulase and IAA by Bacillus sp. CS-52
according to cultivation time. Data are expressed as means + SE,
n=3 (Cellulase unit: One unit of cellulase defined as the amount of
enzyme releasing 1 umol of reducing sugar per min).



Table 2. Disease control effect by Bacillus sp. CS-52 against C.
gloeosporioides on red pepper at wetting treatment chamber

Treatment Dilution  Disease rate (%) Note
A 0
B X100 100 Contamination
C 30 test chamber
D X1,000 50

A, Water treatment control

B, Positive control, C. gloeosporioides treatment

C, Bacillus sp. CS-52 culture broth with C. gloeosporioides treatment
D, Pesticide (ace”) with C. gloeosporioides treatment
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Fig. 7. Biological control effect by Bacillus sp. CS-52 culture broth against C. gloeosporioides on red pepper at wetting treatment chamber
[Anthracnose disease was observed by C. gloeosporioides at 6 days, 25°C after inoculation. Arrows: Susceptible reaction of C. gloeosporioides.
(A) Negative control, water treatment, (B) Positive control, C. gloeosporioides treatment, (C) Bacillus sp. CS-52 broth with C. gloeosporioides
treatment, (D) Pesticide(ace®) with C. gloeosporioides treatment]. Typical symptoms were developed on accessions of Capsicum spp. by

pin-prick wound inoculation.



208 Kwon et al.

He

2 QTolE A Ae) 294X Eeromie B
Bt Colletotrichum gloeosporioides®l] 3t FHH 4]
et 272 Belelich. el 20 MBS S48 2AR
A} YA EZAE F A= Gram-positiveo|H, A|EZ7|= 2.5~
3.0 x 1.5 um 2.2 %2 7HtE 2 2 siderophore, cellulase 2} IAA
(Indole-3-acetic acid)2 AJAF5F3 T} 16S rRNA §AH2LE 7] A
g B4 A3} Bacillus sp.2} 99% 2] A 5A)-S YeF o] Bacillus
sp. CS-522 Y3}t Bacillus sp. CS-522] X+ &4 £
2 A1) 913t vl 2)A 2742 0.5% glucose, 0.7% KoHPOy,
0.2% KH,PO4, 0.3% NH4NOs, 0.01% MnSO,-7H,0, 0.15%
yeast extract, pH 73 30 C 2 A= ¢l oo, A 3}1H wjgzA
oA 36417kl o g4 Holm, 13 BAH Aol st
604171 HRFRAGNA 7H & 133 mme] GF BYS BY
o} ZApoAE-E 4817k 71 =2 oA=lo] B,
siderophore= HZH|FA7F 7271 7HR] BAAEL Slstt)
A EGZREEA 1AAS A F 42 cellulase?] 749 HIUFA|
2k 24X1710] Zc) AHBL 21308, C. glocosporioidesol
dat Auelxel SRR AEAT Fekser wo} o £
70% 2] WAI71E e At 5 Bacillus sp. CS-52 o5}
HjgFA-& o]-gsto] BESHY AFFAA RS AE3} 7He
g ACE AmE

INEE

B AT BUSMAER AwAR7ISNE(112004-3)0]
oJs) o] o2l Rolu, o]of A=

References

Babadoost, M. 2009. Phytopthora blight (Phytophthora capsici) of
pepper and its management. The 2009 KSPP Fall Meeting and the
1" Japan-Korea Joint Symposium.

Bergeron, R.J. and McManis, J.S. 1991. Synthesis of catecholamide and
hydroxamate siderophore. /n Winkelmann, G. (eds.), CRC Hanbook
of Microbial Iron Chelates, pp. 271-307. CRC Press, Boca Raton,
FL, USA.

Cook, R.J. 1990. Twenty-five years of progress towards biological. pp.
1-4. In Hornby, D. (eds.), Biological control of soil-borne plant
pathogens, CAB International, Wallingford, UK.

Crosa, J.H. 1989. Genetics and molecular biology of siderophore-
mediated iron transport in bacteria. Micorbiol. Rev. 53, 517-530.

Fadey, J.D. 1967. Survival of Collectotrichum coccodes in soil.
Phytopathology 66, 640-641.

Handelsman, J. and Stabb, E.V. 1996. Biocontrol of soilborne plant
pathogens. Plant Cell. 8, 1855-1869.

Hwang, B.K. and Kim, C.H. 1995. Phytophthora blight of pepper and
its control in Korea. Plant Dis. 79, 221-227.

Im, J.H. and Lee, D.G. 2004. Red pepper anthracnose : Colletotrichum
gloeosporioides, it's cultural variations and pathogenicity. Res Plant
Dis. 10, 203-208.

Imamura, N., Ishikawa, T., Ohtuka, T., Yamamoto, K., Dekura, M.,

Fukami, H., and Nishida, R. 2000. An antibiotic from Penicillium
sp. covering the cocoon of the leaf-rolling moth, dactylioglyphatonica.
Biosci. Biochem. 64, 2216-2217.

Jeong, H.G. and Kim, S.D. 2003. Purification and characterization of
an antifungal antibiotic from Bacillus megaterium KL 39, a
biocontrol agent of red-papper phytophtora blight disease. Kor. J.
Appl. Microbiol. Biotechnol. 31, 21-25.

Jeong, D.H., Park, K.D., Kim, S.H., Kim, K.R., Choi, S.W., Kim, J.T.,
Choi, K.H., and Kim, J.H. 2004. Identification of Streptomyces sp.
producing antibiotics against phytopathogenic fungi and its
structure. J. Microbiol. Biotechnol. 14,212-215.

Jeong, Y.K., Shin, M.J., Joo, W.H., and Chei, J.S. 2002. Structural
analysis of the antifungal antibiotic from Bacillus sp. YJ-63. Kor.
J. Appl. Microbiol. Biotechnol. 30, 21-25.

Jung, H.K. and Kim, S.D. 2004. Selection and antagonistic mechanism
of Pseudomonas fluorescens 4059 against phytophthora blight
disease. Kor. J. Microbiol. Biotechnol. 32, 312-316.

Jung, HK., Kim, J.R.,, Woo, S.M., and Kim, S.D. 2006. An auxin
producing plant growth promoting rhizobacterium Bacillus subtilis
AH18 which has siderophore-producing biocontrol activity. Kor. J.
Microbiol. Biotechnol. 25, 396-402.

Kim, W.G., Cho, EK., and Lee, E.J. 1986. Two strains of Colletotrichum
gloeosporioides Penz. causing anthracnose on pepper fruits. Korean
J. Plant Pathol. 2, 107-113.

Kim, K.Y. and Kim, S.D. 1997. Biological control of Pyricularia aryzae
blast spot with the antibiotic substances produced by Bacillus sp.
KL-3. Kor. J. Appl. Microbiol. Biotechnol. 25, 396-402.

Kim, Y.S., Son, J.K., Moon, D.C., and Kim, S.D. 1997. Isolation and
structure determination of antifungal antibiotics from Bacillus
subtilis YB-70. Kor. J. Appl. Microbiol. Biotechnol. 25, 62-67.

Kwon, C.S. and Lee, S.G. 2002. Occurrenceand ecological characteristics
of red pepper anthracnose. Res. Plant Dis. 8, 120-123.

Lee, MLW. 1997. Root colonization by beneficial Pseudomonas spp. and
bioassay of suppression of Fusarium wilt of radish. Kor. J. Mycol.
25, 10-20.

Lee, Y.S., Choi, J.W., Kim, S.D., and Baik, H.S. 1999. Isolation of
antagonistic bacteria to Phytophthora capsici for biological control
of phytophthora blight of Red Pepper. Kor. J. Life Science 9, 1-7.

Lee, LK., Kim, C.J., Kim, S.D., and Yoo, L.D. 1990. Antifungal antibiotic
against fruit rot disease of red pepper form Streptomyces parvullus.
Kor. J. Appl. Microbiol. Biotechnol. 18, 142-147.

Lee, S.Y., Lee, S.B., Kim, Y.K., and Kim, H.G. 2004. Effect of
agrochemicals on mycelial growth and spore germination of a
hyperparasite, Ampelomyces quisqualis 94013 for controlling
cucumber powdery mildew. Kor. J. Pesti. Sci. 8, 71-78.

Liu, L., Kloepper, J.W., and Tuzun, S. 1995. Induction of systemic
resistance in cucumber by plant producing plant growth promoting
rhizobacteria: duration of protection and effect of host resistance on
protection and root colonization. Phytopathology 85, 1064-1068.

Miller, G.L. 1959. Use of the dinitrosalicylic acid reagent for the
determination of reducing sugars. Anal. Chem. 31, 426-428.

Naclerio, G., Ricca, E., Sacco, M., and de Felice, M. 1993. Antimicrobial
activity of a newly identified bacteriocin of Bacillus cereus. Appl.
Environ. Microbiol. 59, 4314-4316.

Neilands, J.B. 1984. Siderophores of bacteria and fungi. Microbiol. Sci.
1,9-14.

Okayama, K. and Tsujimeto, A. 1994. Occurrence of strawberry
anthracnose caused by Glomerella cingulata (Stoneman) Spaulding
et Schrenk and pathogenicity of the fungus. Ann. Phytopath. Soc.
60, 617-623.



Park, K.S. and Kim, C.H. 1992. Identification, distribution and
etiological characteristics of anthracnose fungi of red pepper in
Korea. Korean J. Plant Pathol. 8, 61-69.

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

Ping, L. and Boland, W. 2004. Signals from the underground: bacrerial
volatils promote growth in Arabidopsis. Trends Plant Sic. 9, 263~
266.

Scher, F.M. and Baker, R. 1982. Effect of Pseudomonas putida and a
synthetic iron chelator on inductionof soil suppressiveness to
Fusarium wilt pathogens. Phytopathology 72, 1567-1573.

Schwyn, B. and Neilands, J.B. 1987. Universal chemical assay for the
detection and determination of siderophores. Anal. Biochem. 160,

A BEHA WA 5 209

47-56.

Suzi, T. 1992. Biological control of soil borne disease with antagonistic
microbes. Prov. *92 agric BioTech Symp. On New Bio Pesticides.
55-76.

Tang, Y.W. and Bonner, J. 1947. The enzymatic inactivation of indole
acetic acid I. Some characteristics of the enzyme contained in pea
seedlinds. Arch. Biochem. 13, 17-25.

Wedge, D.E., Cuny, K.J., Boudreaux, J., Pace, P., and Smith, B.J. 2001.
A microtiter assay demonstrates sensitivity and resistance profiles
for Botrytis cinerea isolates from Louisiana strawberry farms. Adv.
Strawberry Res. 20, 27-33.

Woo, S.M., Woo, J.U.,, and Kim, S.D. 2007. Purification and
characterization of the sidrophore from Bacillus licheniformis K11,
a multi-functional plant growth promoting rhizobacterium. Kor. J.
Microbial. Biotechnol. 35, 128-134.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


