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ABSTRACT

FElsinoe fawcettii is one of major pathogenic bacteria which cause citrus
scab diseases, resulting in fruit blemishes that reduce the economic value of
fruit. However, by increasing interest to safe products of crops the alternative
methods of disease control is highly required. We irradiated whether the 100
bacterial strains isolated from Jeju Island have antifungal effect or suppression
effect of pathogenic processing caused by FElsinoe fawcetti bacillus on citrus.
Among them three bacterial strains THJ 609-3, MRL 408-3 and TRH 423-3
showing antifungal effect against Elsinoe fawcetti were selected. For application
to the farm, pre-inoculation with the selected bacterial strains was carried out
which could suppress the citrus crab on the citrus leaves. Also, inoculation with
the mixture with the bacterial strains and the pathogen suppressed the disease
severity as much as the case of the pre—inoculation. The observation with a
fluorescence microscope revealed that the selected bacterial strains could
decrease the number of fungal spores. The ratio of gum tube formation was
also decreased by the selected bacterial strains at 1 and 5 days after the
fungal inoculation. The TH]J 609-3 was identified as Pseudomonas pudia as a
result of analysing the internal transcript spaces (ITS) of the rhizobacterial
rDNA. And the MRL 408-3 and TRH 423-3 were identified as Burkholderia
gladioli. These results may be valuable when the selected rhizobacterial strains
used as the environment—friendly microbe for biological control scab caused by

FElsinoe fawcettii bacillus on citrus.
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ZZ FH1E 1% agarose geloll EtBr(Ethidium Bromide)E& Yo ¢143k & UV A

E

2133 DNA elutione NucleoSpin®kits(Macherey-Nagel, Germany)el| 7]& ¥
2 A,
DNA sequencet™ Genetic Analyzer(Applied Biosystems 3130x], USA)e]|

o] A3 & Applied Biosystems(AB, version 1.0)2 o] &3le] 431 £4%

Local Alignment Search Tool(Blast; http://blast.ncbi.nlm.nih.gov/Blast.cgi) & ©]-&
3lo] A3 AT
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noi'

PDAB| A & Slo]¥ 2 controle F34 #Fo] tix < 14455 = o
ol ArHo] =gk FiolA colonyZt oFatAl @A EA Agtom 3AAFE
= rEo] 2 ¢ FElEtA AdEs 2go] FHATE SAHFE HELS HA
o] A7 8emm7bA| # A ARtal, AX L2 A U (Fig. 1A% Table

a8y AE2AAsF TH] 609-3, MRL 408-33 TRH 423-3& 73 #
Ao AE AETAAT T AALo] FAHAOW o= dE ol Hiro|
St gt ZHgo] k= RS oud (Fig. 1). 53], 215 2AA THJ 609-3<
HlF 1A o] PDARIA] Gl 1A &= FRoE =gk THJ 609-39 A+t
ol xgrow, v 34ME A TRl A FEAQ e ol #Fol
o2 35Ut THJ 609-3°] 18.0mm A= Askow, ¥t U
sk AA Y& F 3t 62.14+0.66mm=E HAAH AT Axde] FAdH AAFEIL AL
o] &3l @ AFJAME g v)gol wFo| fstA HRAPO U Ao AR =
FFo]l B AT (Fig. 1D2F Table 1).

w3 A =@M MRL 408-33 TRH 423-32 A= )

E-)

W
rir
pou)
ed
fo
rO

=
Wk MRL 408-3< Wik 1d4dl] $o] B35 FHom wae] 3ol 234 #
gom Wit 3= H f FFol e uioly #Fo] WX e FE A
gk wlg 594 MRL 408-3<
sl A AADLS HdE 4712

e

g ¥38te] 11.0mm A% Ashow, Wit

0.40mm= e

-
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MRL 408-3& AAY AAFEOE wjA] 7pPgAel= e Hdolw 3ol

Falo] Agton, AAFES A e AE Tol

slo] ArebA| Rshal AR H= ol AT TRH 423-3% ¥l 14419 34

A= MRL 408-3% 22 S35 Bolow, vl 5dA A Fdol =

Aete &% EF3ste] 140mm A% FAATre] AedA A do] Fgse] e

ok Bt 4827+047Tmm A Yo] FA = =
3

609-3, MRL 408-3% #o] zt& v "o

N
X
o
ol
)
A
g
B
ol
)
r o
(o

¥

O]
g0l ofstA AEAIR AAHE As
gl3tAatt (Fig. 1E, FeF Table 1).

a9 AXYEES FAAINA e HAEFEAAMTES AT wH A=
control3 A A& YT T

Aoz KRY 505-33 CMC 903-2-& #]< 1

o] A=hH, i

¥ -3
T EEoM ZAAT

A WA Fgel ghofrl AETAA 391 7 o]
o ool wEel 234 AguA 2AAFH @ AT AL FAHY

4T e FA G B AT AF GPo|HES A A U] BAH
A e Aow mel BE Holitd 444 FAF wIt gk AL v

Wth (Fig. 1B, C&F Table 1).
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TFig. 1. Rhizobacteria showing antifungal effect (D: THJ 609-3 , E: MRL 408-3, F: TRH
423-3) or not (B: KRY 505-3, C: CMC 903-2) against Elsinoe fawcettii on the PDA

medium. The control (A) treated with agar block instead of hacterial isolation.
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Table 1. Size of inhibition zones formed by rhizobateria against Elsinoe fawcettii
on the PDA medium.

Bacterial strain Inhibition zone (mm)* Duncan test”
control - a
KRY 505-3 0.00 £ 0.00 a
CMC 903-2 0.00 £ 0.00 a
THJ 609-3 62.14 + 0.65 b
MRL 408-3 47.12 = 0.40 c
TRH 423-3 48.27 + 0.47 d

*Values represent meanststandard deviation of three separated experiments.

YThe different letters are significantly (P<0.001) different according to Duncan’s multiple test.
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Fig. 2. Disease severity on citrus leaves untreated (A) or pre-treated with rhizobacterial

suspension (B: THJ 609-3, C: MRL408-3, D: TRH 423-3) or with fungicide (E:

Imibenconazol) at 14 days after pathogen inoculation with E fawcettii (2.1x106

conidial/ml).
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Table 2. Number of scab lesions on the citrus leaves untreated, pre—inoculated
with rhizobacterial strains or treated with fungicide at 14 days after inoculation

with FElsinoe fawcettii.

Treatment Scab count” Duncan test”
control 3123 = 3.07 a
THJ 609-3" 16.46 £ 1.92 b
MRL 408-3 2.19 £ 040 c
TRH 423-3 1.81 = 0.48 C
Imibenconazol © 1.46 £ 0.45 c

Y The pre-inoculated concentration of the bacterial suspension was 2.1><106cfu/m1 and
concentration of fungal suspension was 2.1><10600nidia1/m1.

*“The concentration of the fungicide was 0.5g/1L.

YValues represent meanststandard deviation of three separated experiments.

“The different letters are significantly (P<0.001) different according to Duncan’s multiple test.
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Fig. 3. Disease severity on citrus leaves at 14 days after inoculated with FE. fawcetti

(2.2x10° conidial/ml) (A) or treated with mixture of the E. fawcettii and rhizobateria

(4.2x10° conidial/ml and 4.2x10° cfu/ml, respectively) (B: THJ 609-3, C: MRL408-3, D:

TRH 423-3) or with mixture of the E. fawceitii and fungicide (E: Imibenconazol).
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Table 3. Number of scab lesions on the citrus leaves at 14 days after
inoculation with suspension of Elsinoe fawcettii, mixture of the FE. fawcettii and

rhizobateria or with mixture of the E. fawcettii and fungicide.

Treatment Scab count” Duncan test”
control 3142 £ 2.85 a
THJ 609-3" 450 + 2.92 b
MRL 408-3 192 + 0.22 b
TRH 423-3 1.73 £ 0.15 b
Imibenconazol ™ 0.81 £ 0.15 b

"WThe concentration of the bacterial and fungal suspension was 2.1><10600r11dial/ml+2.1><106

cfu/ml.

X The concentration of the fungicide was 0.5g/1L.
Y Values represent meanststandard deviation of three separated experiments.

“The different letters are significantly (P<0.001) different according to Duncan’s multiple test.

_21_

@ jeju



3. 42 AdolMe 42 Hdold e 4 ofd 23 ddslolyd #E

A gE el 4F ¥ WAFe Ages AFelel 7 A
YA o2 T4, Bobd, A £ 5 Aol QA )

A% controld Al BF 1UA 4F Ao EAL A4 F FF 0]
Wars) A7 e 107 o1 4eR BAA Ao LA 2-37) A Lopgol
234 @4 F9oW P 5N E TN Lolwe] A7 4

o]
i, 2 FRoR Al YEhr] AT HF 108 A= A -] F

AaEddAE Al TH] 609-35 el o] HF 144 dvjd a7
< control¥t & Aol §lo] AV} ol WETF GIAY Tolydo] YA T
e FARlsidlen, HF 54 A= Lopye] FEldtal AA FAHY ofs A A
o] A7 s sttt HE 1084 = AA-RAS] WEFEARE control K
Uh= ofatAl dA Stk MRL 408-3& A@d dolA= HF 194 controls

tE Aol glE W 2AATe] 24 FHol gl Aol stk WF 5UA

v

v Woldo] g A H I FH ZAAEe] AL HE Holde AS FUs

T

om HE 1044E AA7E AU controlell Bl FEpA vERA ok ow

.
r
i
Y
o
o
=
_|>i
N

W, JF bdA= dotdo] xw FAH dopdt Fxe Ay
il

o= HEH e AS AT HF: 1094 = JAFA ] controlol H|3 oF

o
=,
L
ful
3
o
A
i
B
b
2
=,
L
ful
3
vl
=
0

N
S
5
o
(@}

=

(@}

@)

=

8

o,
o
_)1‘_11
Ak
rot
1o,
=2
o)

i)
2
X2,
3@
=
i)
ofN
al
e
|
rie
12
_O|L
N
ke
D)
=
>
(27
o!
©,
i
s
O {
oX,
i)
3@
i
i)
ofN
—_
<
e
=,
rie

_22_



Fig. 4. Fluorescence microscope observation of infection structures on the citrus leaves
untreated (A), pre-treated with suspension of rhizobacterial strains (B: THJ609-3, C:
MRL 408-3, D: TRH 423-3) or treated with fungicide (E: Imibenconazol) at 1 day, 5
days, 10 days after inoculation with Elsinoe fawcettii. Abb.: sp, fungal spore, gt; gum

tube, ns; necrosis, ba; bacterium.

_23_

@ jeju



Hotyko]l & 0 ZAA FAHAY ofstA A A Gl e (Fig. 4E).
T8 3 control YolA FAME EAFEE HE 194, 5LH, 1094 oF
1,000~1,2007 2 4% ¥k THJ 609-3& Ak oA &= oF 630~67071= FH
wlo] controlel Wl oF 60%7FF HQ1HAeH, MRL 408-3, TRH 423-3%
Imibenconazol<- X A7} 2 Zol7b glo]l oF 150~360712] XA57F F4 5 o
control®] W& EAg7F @A S v SAHE AL A & 5 USAT (Table 4).
w5k wol& S control 19A 5B 104A47bA] S7Fekolal of& A 2] F-ol A]
= A% FUFeT 1094 9] Dot M2E A vEhd Ao AW ARt ZF A
g vl 2ol Bl Els7] control ©F 1,00070 el A ©F 18%9] Trof&-o] uER
Aolw, 1044 21%¢] Eol&o] F4 % Imibenconazol ¢F 150714 A ¥ Aol
t} (Table 49} Table 5). A AL ZE X FolA] 1494 AA7} Yeba &
koL, control HSYAFH 165704 104 A 21.17M= 7kttt TH] 609-32
104 A ] #|A7F 5d Aol vls] 287k S7Fsklal controlell Wl EfAl 1/24 = 4

)
)

il

=245 vl MRL 408-3, TRH 423-33 Imibenconazole & =}o]E YERHA| &k
I 77y 5A A KT 109 A= oF 1~271 5713k controlell vl I A7 AL wtHA
=4 5 Yt (Table 6).

2) et AEAAEY 2 o)yt AT 43 oAl

A ol yqte] wisl] ARyt BV = A ESAAT THJ 609-3,
MRL 408-3, TRH 423-3& A A & A3 e 439 4 Agvr
FaAv Ao R ¥, ol P4 5 ofwdk zpo|7t d=A XAMSSIT

Aot e tdo|wte &3 HES controle A KA et Ao] 7t
Uebubx] ekglton] A &AM TH] 609-3S £33k HE 3 Az THJ
609-3& A AL E wae A ¥AFolA = E3FFFe] F 507 A% A
(Table 4} 7), Wol& % THJ 609-3& A Heg Jeol wjal] oF 296 a3t
(Table 5% 8). MRL 408-3& €3} H& A +< TRH 423-3 A
A2 MRL 408-3 41 x12]9} TRH 423-3 A 28 d A3} wjwsle] x5 b
ob&, AT} &3 JEH FAFSHA drEb T (Table 4-9).

mlo
(ol
)
_0|L
L
)
i

_24_



Table 4. Number of fungal spores on the citrus leaves untreated, pre—treated
with suspension of rhizobacterial strains TH] 609-3, MRL 408-3 or TRH 423-3
or treated with fungicide Imibenconazol at different time after inoculation with

FElsinoe fawcettii.

Number of spores®

Treatment

lday bdays 10days
control 1074.33 + 31.723,, 1120.83 + 46.87 a 1167.75 + 66.24 a
TH]J 609-3 648.75 * 44.32b 662.17 + 46.63 b 637.33 £ 53.08 b
MRL 408-3 358.92 + 39.41C 35792 + 3532 ¢ 279.08 £ 2793 ¢
TRH 423-3 340.25 £ 40.02C 34408 + 36.07 c 26183 £ 20.27 ¢

Imibenconazol 161.17 £ 14.69 149.83 + 15.44 d 163.83 + 22.89 ¢

d

XValues represent meanststandard deviation of three separated experiments, each containing four

leaves per treatment.

Y'The different letters are significantly (P<0.001) different according to Duncan’s multiple test.
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Table 5. Rate of gem tube formation on the citrus leaves untreated, pre—treated
with suspension of rhizobacterial strains THJ609-3, MRL 408-3 or TRH 423-3
or treated with fungicide Imibenconazol at different time after inoculation with

FElsinoe fawcettii.

Rate gum tube formation(%)*

Treatment
lday bdays 10days
control 2.75 £ 0.37 Qv 1540 £ 197 a 1725 £ 263 a
THJ 609-3 249 £ 0.12 b 881 + 0.89 b 1287 + 140 a
MRL 408-3 1.00 + 0.14 X 6.13 + 0.76 b 2050 £ 2.80 a
TRH 423-3 1.00 + 0.16 4 090 + 0.36 b 19.93 + 335 a
Imibenconazol 1.06 £ 0.16 d 746 £ 095 b 2176 £ 378 a

XValues represent meanststandard deviation of three separated experiments, each containing four

leaves per treatment. Gum tube rate(26)=(gum tube=+spore)x100

¥ The different letters are significantly (P<0.001) different according to Duncan’s multiple test.
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Table 6. Frequency of necrosis on the citrus leaves untreated, pre—treated with
suspension of rhizobacterial strains THJ 609-3, MRL 408-3 or TRH 423-3 or
treated with fungicide Imibenconazol at different time after inoculation with

FElsinoe fawcettii.

Frequency of necrosis®

Treatment

lday bdays 10days
control 0.00 = 0.00 Qv 1650 £ 0.97 a 2117 + 1.85 a
THJ 609-3 0.00 £ 0.00 A 742 + 045 b 1392 £ 1.12 b
MRL 408-3 0.00 £ 0.00 a 117 £ 0.27 ¢ 458 + 0.63 c
TRH 423-3 0.00 = 0.00 . 092 £ 026 ¢ 383 + 0.63 c
Imibenconazol 0.00 £ 0.00 4 033 £ 0.14 ¢ 1.83 £ 044 ¢

XValues represent meanststandard deviation of three separated experiments, each containing four

leaves per treatment.

Y The different letters are significantly (P<0.001) different according to Duncan’s multiple test.
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3 Imibenconazols Z313Fe] &3k 2l& A A Imibenconazols A A 3+ 3

W 2t F e Ak vlszskA JErs e (Fig. 59 Table 7-9).

_28_

)Collection @ jeju



Fig. 5. Fluorescence microscope observation of infection structures on the citrus leaves
at 1 day, 5 days, 10 days after inoculated with E. fawcettii (2.2x10° conidial/ml) (A) or
treated with mixture of the E. fawcettii and rhizobateria (4.2x10° conidial/ml and 4.2x10°
cfu/ml, respectively) (B: THJ 609-3, C: MRL408-3, D: TRH 423-3) or with mixture of
the E. fawceitii and fungicide (E: Imibenconazol). Abb.: sp; fungal spore, gt; gum tube,

ns; necrosis, ba; bacterium.
— 29 —
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Table 7. Number of fungal spores on the citrus leaves after inoculated with E.
fawcettii or treated with mixture of the E. fawcettii and rhizobateria THJ 609-3,
MRL 408-3 or TRH 423-3 or with mixture of the E. fawcettii and fungicide at

different time after inoculation with FElsinoe fawcettii.

Number of pores®

Treatment

lday bdays 10days
control 121892 + 86‘0031" 110525 + 51.74 a 1071.92 + 31.73 a
TH]J 609-3 635.33 + 25.54b 574.08 £ 36.76 b 544.17 + 3166 b
MRL 408-3 285.42 21.89C 293.67 £ 21.69 ¢ 201.67 £ 2081 ¢
TRH 423-3 297.17 £ 25.51C 262.00 £ 22.02 ¢ 24258 £ 1584 ¢
Imibenconazol 147.83 + 10.58 d 111.17 £ 6.64 d 122.08 + 1132 d

XValues represent meanststandard deviation of three separated experiments, each containing four

leaves per treatment.

¥ The different letters are significantly (P<0.001) different according to Duncan’s multiple test.
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Table 8 Rate of gum tube formation on the citrus leaves after inoculated with
E. fawcettii or treated with mixture of the E. fawcettii and rhizobateria TH]
609-3, MRL 408-3 or TRH 423-3 or with mixture of the FE. fawcettii and

fungicide at different time after inoculation with FElsinoe fawcettii.

Rate of gum tube formation{%s)*

Treatment
lday bday 10day
control 519 £ 0.33 Qv 14775 £ 175 a 2162 + 408 a
THJ 609-3 211 + 0.11 s 6.20 £ 044 b 1065 £ 096 b
MRL 408-3 1.16 £ 0.24 | 480 £ 035 b 1692 + 2.11 ab
TRH 423-3 094 + 0.19 i 462 + 0.19 b 16.61 + 2.28 ab
Imibenconazol iIF B ¥ 6.05 £ 0.70 b 24777 £ 385 a

XValues represent meanststandard deviation of three separated experiments, each containing four

leaves per treatment. Gum tube rate(2s)=(gum tube=+spore)x100

Y The different letters are significantly (P<0.001) different according to Duncan’s multiple test.
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Table 9. Frequency of necrosis on the citrus leaves after inoculated with E.
fawcettii or treated with mixture of the E. fawcettii and rhizobateria THJ 609-3,
MRL 408-3 or TRH 423-3 or with mixture of the E. fawcettii and fungicide at

different time after inoculation with FElsinoe fawcettii.

Frequency of necrosis®

Treatment
lday bSday 10day
control 0.00 = 0.00 ar 2342 £ 179 a 28.00 £ 269 a
TH]J 609-3 0.00 £ 0.00 o 000 £ 041 b 6.83 £ 046 b
MRL 408-3 0.00 £ 0.00 L 1.67 £ 022 ¢ 267 £ 041 ¢
TRH 423-3 0.00 = 0.00 A 125 £ 025 ¢ 233 £ 054 ¢
Imibenconazol 0.00 £ 0.00 4 0.67 £ 0.19 c 1.08 + 029 ¢

X Values represent meanststandard deviation of three separated experiments, each containing four

leaves per treatment.

Y The different letters are significantly (P<0.001) different according to Duncan’s multiple test.
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4. d2Hdo|Huo| 2rtAel AN 53

A gdgoldate e A Yol = AESAAMT THJ 609-3, MRL
408-33 TRH 423-3-& ITS 38F¢} 72R9] primerE ©]§3}o] tDNA9 54 {2t
E 5%t sAsGIY 39 FAAY f7IM £45 AB programel 9@ X
a4 3le] THJ 609-3, MRL 408-33 TRIH 423-3-> Z}Z} 320 bp, 660 bp,3 538 bp2l
sequenceE 23U (Fig. 6).

NCBI¢ Gen Bankel =¥ w559 databaseol| Wa] #£4¥9 #FE9
DNAYA7IAM LS 242t nlawst 23 THJ 609-3(NCBI NO. CP000949.1)-2
Pseudomonas pudia® &% 3, MRL 408-3(NCBI NO. EF552064.1)3 TRH
423-3(NCBI NO. EF522070.1)- Burkholderia gladioliZ %3 %%t} (Fig. 6).

_33_

@ jeju



<

ael electrophoresis of PCR amplified internal transcript spacer regions f DNA
from obacterial isolations THJ 609-3(lane 1), MRL ne 2), TRH 423-3(lane 3)
using universal primers 38r and 72f. M: 1kb ladder(iNt

-
e
o JEJU

1954
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HZol= ey WAZ ndes o83 A7F el Hal Ha glo
(H &, 2002), A el oJgh thekdt vz AAe] AE2 3ok WAgES]
&

o]
dedd, Balsy AT EAE AAAZ F 9o WEA

ooz A% FRA,
9o 7|wke]l w9t (David, 1983). HzxE HIA=AAZN HEFIE

Agrobacterium tumefaciens© 35 L7 SdEH T WA ] AS57AE del A
E5 3 glat(Kerr, 1980), AAIA o2 o] AMGHI & HA

s
subtilis QST 7132 A IZAEZ A|FH WA wgrw o, SA7FFEo

T A Qo] ArEHe whe] WAl &3rt v B3 @ Bacillus subtilis
KB-4017} #® ~8eh= o 9 5, 2010). A E
ol s 235 vekd PIAEES P Bacllusol9l o™ (4 5 2002, 2 &
2008; & S 2010), HFol= B2 S79 A= g A7 Frpsta v
(Clark®} Parke, 1996; Da La Fuente 5, 2004).

S B oo 2 EFAMT T Bacillus® A Y KRY 505-32 7+

H
o
u
ol
At
it}
2
>
il
i
=
30
i

vl ol wtel et in vitro AP AA A &37E gi%l ok, THJ 609-3, MRL
408-33}F TRH 423-32 Wlatol AAA& @Akl F a7t eS FAs
SAth THJ 609-3< Wetel widt Ax ggdo] MRL 408-33 TRH 423-3 H.t}
WA @dso] Welwel da] Aoz Ak A A EHE YERITAL A7
A7t (Fig. 1. °o]l#dt A& AesHtS ¥O7|= Fusasrium oxysporumo©|
el erEa HEeA Aol FAHE mAES Adgom(ee 7, 2003, %

5, 2000), ZAgmAEAA HEWHAre] g 24-diacetyphloroglucinol,

u

pyoluteorin, pyrrolnitrin 52 A& Aol AP Frgate]| o|npx|sriar KL
=2t} (Raaijimakers 5, 2000).
THJ 609-3, MRL 408-33 TRH 423-30] o A% 7+d tdo|e] tj

sl oAl mabsl uebg Aolel waste] Qi Hb AshE weF AT P
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H3tal g ol AEZAAMATE A AHE § e oWl dEs HEste] Wd
AAE APe AAsATt (B A, 2010). in vitrodlA AAYL H

dol WA u THJ 609-3¢] ¥ W A& 3= controlel Hlsl of 50%2] A
E3E B9l Wi MRL 408-33 TRH 423-38 oF 70%<] A &3E veslon,

Imibenconazol< ¢F 80%<2] A &3S vEFHY (Table 2). B3 BV A 2 &EH
WA & 7oz Qs el o]l FA dojd ¢ Qe AsS JFASY] A&

.
boloed,

AA T HAdits 3 HEFsle] JARA Lol F de=A HPs e
A3} THJ 609-32 control LT} ¢F 65%¢] AAl&& Hol A Hurl oF 15%9] H
Aitol disk A&l =4 et om, MRL 408-37 TRH 423-3+= 41 A&} &
Abet A3E ERdo] Mo A A dF &34 o] 3, Imibenconazol &

A A s vz o e mabh o 38l (Table 8). 4 &2
Ae ARl 47 dPoARS AF AP} AFSAA TS 4R Yol
APLTE T A2 e Aol PAA o, A ALelA Aze A
AR dE EREe @ A Fucks AR GEHE F2o] wel glo)x

597 vz e

o2

Foy HYare] e} Wolde] A A3 do] controlB.tt A EFEA T A 2
=

3 Fig. 5, Table 3) o]#dt Ab= ZAAlEe] Aol o)gh 2 &ollAe] A=std=

o]  ZF7}e} callose® HA(Jeun B, 2004), A EFAArel oI AAEHE

o

siderophore, exopolysaccharide, Lipopolysaccaride(LPS)% 2] E#(Jeun &, 2004;
Jung &, 2007; Min &, 2000) & A= (Agrios, 2005; Joo &, 2002) ol ¢
a Mol 2gste] ZAF 9 ol Yol AstEE Ao AZbEo T

m Q% 19, 59, 100477 2RAFe] Wi A @ Wol@ Fuid

]

w5 AEFa des AU 7 UM H(Fig. 49 Tig. 5), 4F 1&A4= #2

d
it
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5, 2007, Kurosshima &, 1996)% o] ®W4te] A& A4 o

H
7F Aoz Faskglan, ol® <l Wobse] Ak W wWuke

4

=

B A o R HaEe] ¥ WAl Astd Ao g A7bw ot
v A& sA = vA=e JEistd, wjgstd, Ay - AEed 5de x

Abali= dHEA Q] Bergey's manual®] % (Sneath 5, 1986), " A& Axy¥e] =4t
A 2AE Fedste W Joo &, 2002)3% "AES] DNAE st A7IA49E
ol EAAAESHE W (Ausubel 5, 1987)% % o]-&3t

N
T

3B vastel BAT F Ak Hod: kA wW F Ree ngEe
s}

609-39] rDNAY EAFAAEZE ITS primerE ©]-&(Ausubel &, 1987)3}e] FZ3}
o] 313l o, Pseudomonas pudia® 4% A, T Pseudomonas <
g ol&3 AE4H WAE ®e]l HiuxHi gow(Da La Fuente &, 2004),
Pseudomonas gladioli= L.°|W=Z4AWd  Fusarium oxysporum f. sp.
cucumerinum W3 QA BV HAEQI(E T, 1992), EvtE 7AA 59 FE
Ralstonia solanacearum®l| 23] WA Y= FvtEHW IS Pseudomonas putida
P8AE o] &3fe] AAFTI HausAd (MF &, 2008). E=3 MRL 408-33 TRH
423-38 Burkholderia gladioli® 530, Burkholderias:o] W3t AF=2+=
AV b= o] WAl B3 7F o ™(Clark®} Parke, 1996), Yhrtrol 23|
WA FapalEe] gty Eal vk (Heungens®t Parke, 2000).  2.o]el
WA S = Pythium ultimumel] 23 ma=wo] st 37 47 B HSloh
(Bae &, 2007).

olH T B Aol e vlolWate] i
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Elsinoe fawcettiiv= @A 2= A4 AA 7HA & dolEgy, & r o]

7 ol fH 3 ) oo HAE WA uldt AF=A ATl & =
+AAT 1007 5 Elsinoe fawcettiiol 93] WHEE 7d vido|Hirel X
atel B W AA gyt JehiE=x 2AEAY o S oAE ooy
G5 J3Z THJ 609-3, MRL 408-3, TRH 423-37} tjelo]W ol Ax| o] &

gelol s, B2 482 9% WHor NETAATS A Aelstel W
T ABHE U SUATH BATS TAS] FFHE YU SRR
W AP A3k F oy 2 gueld JARAs Ak FBENA BEL A
e JEodATel JATY TAFE A F deA HEG dolg £

=
Internal Transcript Spaces(ITS)S- #4-5 F3] A 23 TH] 609-3
Pseudomonas pudia® A% ow, MRL 408-33 TRII 423-3° Burkholderia
gladioli2 FA=EUTY & A7+ A4 BAZE #d8 gdo|Has HAY & ¢

= ARAE VASAAZ §830 o1 8F F = AR Aeka AzbE,
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