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Fig. 1-1.

Fig. 1-2.

Fig. 1-3.

Fig. 1-4.

Fig. 1-5.

List of Figures

Occurrence of citrus canker on citrus trees in the field(A) and
symptoms on citrus leaf(B), young stem(C) and fruit(D). Dotted
line zones indicate the infected part by Xanthomonas axonopodis

pV. citri.

Gel electrophoresis of PCR amplified 16S/23S internal transcript
spacer regions(ITS) from X. axonopodis pv. citrilleft) and ITS
sequencing based on rDNA of X. axonopodis pv. citri and blast
results on the web-site(right). The presented Gel electrophoresis of
PCR bands were using primer-2 and primer-3(lane 1 and 2). M:

1kb molecular size marker.

Observation of citrus leaves by wound inoculation with isolated
citrus canker from the infected citrus leaves. The untreated control
was H2O, the concentration of X. axonopodis pv. citri were 1.0 x
107 cfu/ml, 1.0 x 10°® cfu/ml, 1.0 x 10° cfu/ml, respectively. Lesions
of the upper leaf surfaces(A) and the lower leaf surfaces(B) of

citrus leaves were observed after 20 days.

Occurrence of cirus canker on citrus leaves(A) at 30 days after
sprays—inoculated with X. axonopodis pv. citri in vivo test. The
concentration of X. axonopodis pv. citri was 1.0 x 10° cfu/ml(B),

1.0 x 10" cfu/ml(C), respectively.
Growth inhibition of X. axonopodis pv. citri by the selected

bacterial 4 isolates on TSA medium. The presented TSA plates
were untreated control(H20)(A), treated with MRL408-3(B),
TRH423-3(C), TRH415-2(D), THJ609-3(E) and commercial
fungicide Streptomycin® (F). The concentration of anti-bacterial
isolates and Streptomycin® were 1.0 x 10" cfu/ml and 10 g/L,

respectively.
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Fig. 1-6. Gel electrophoresis of PCR amplified 16S/23S internal transcript
spacer regions from Dbacterial isolates MRL408-3(lane 1),
TRH423-3(lane 2), TRH415-2(lane 3) and THJ609-3(lane 4) using
universal primers 38r and 72f. M: 1kb Ladder (iNtRON Bio.)

Fig. 1-7. Disease severity on citrus leaves at 20 days after inoculated with
X. axonopodis pv. citri (1.0 x 10" cfu/ml(A) and inoculated with
mixture of citrus canker and bacterial isolates MRL408-3(B),
TRH423-3(C) and pre-treated with commercial fungicide
Streptomycin®(D) in vivo test. The concentration of anti-bacterial
1solates and Streptomycin® were 1.0 x 10" cfu/ml and 1 g/L,

respectively.

Fig. 1-8. Disease severity on citrus leaves at 7 days after inoculated with X.
axonopodis pv. citri(1.0 x 10" cfu/ml) in the field experiment in
2010. Bacterial suspension of the isolates was pre-inoculated on
citrus leaves 7 days before challenge inoculation with X.
axonopodis pv. citri. The presented leaves were untreated
control(A), pre-sprayed with MRL408-3(B), TRH423-3(C),
TRH415-2(D), THJ609-3(E) and pre-treated with commercial
fungicide Streptomycin® (F). The concentration of bacterial isolates

and Streptomycin® were 1.0 x 10° cfu/ml and 1 g/L, respectively.

Fig. 1-9. Disease severity on citrus leaves at 7 days after inoculated with X.
axonopodis pv. citri(1.0 x 10" cfu/ml) in the field experiment in
2011. Bacterial suspension of the isolates was pre-inoculated on
citrus leaves 7 days before challenge inoculation with X.
axonopodis pv. citri. The presented leaves were untreated
control(A), pre-sprayed with MRL408-3(B), TRH423-3(C),
TRH415-2(D), THJ609-3(E) and pre-treated with commercial
fungicide Streptomycin® (F). The concentration of bacterial isolates

and Streptomycin® were 1.0 x 10° cfu/ml and 1 g/L, respectively.
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Fig. 2-1. Inhibition of mycelium growth of Phytophthora citrophthora by
antifungal bacterial isolates MRL409-2(no anti—-fungal activity)(A),
THJ609-3(B), TRH423-3(C), BRH433-2(D), TRL2-3(E),
KRY505-3(F) on the PDA medium. The present photographs were

at 10 days after incubation.

Fig. 2-2. Suppression of disease severity on the citrus fruits pre-treated with
suspension  of  antifungal bacterial isolates  THJ609-3(C),
TRH423-3(D), BRH433-2(E), TRL2-3(F), KRY505-3(G) and
commercial fungicide Cyazofamid®(H) and untreated control(A and
B) at 5 days after inoculation with late blight pathogen
Phytophthora citrophthora. The concentration of antifungal bacterial
isolates and Cyazofamid® were 1.0 x 10’ cfu/mé and 660 /L,
respectively. The arrows indicate the measure points of lesion

diameter.

Fig. 3-1. Spore formation conditions of Diaporthe citri. A, Spore horns
emerged from pycnidia on surface of OTA medium treated with
light and air conditions; B, OTA medium blocked from light and

air conditions.

Fig. 3-2. Symptoms on citrus leaves at 15 days after inoculated with
H-O(A), different concentrations of Diaporthe citri(B and C). The
concentration of spores suspention from D. citri were 1.0 x 10°

conidia/ml(B) and 1.0 x 10" conidia/ml (C).
Fig. 3-3. Inhibition of mycelium growth of Diaporthe citri by the selected

bacterial isolates on PDA medium. The presented PDA plates were
untreated control(A), treated with TRH423-3(B), MRLA408-3(C),
THJ609-3(D), TRH415-2(E) and CRY521-1(no anti-fungal activity)

(F). The present photographs were at 10 days after incubation.

Fig. 3-4. Disease severity on citrus leaves at 14 days after inoculated with

Diaporthe citri(A) and inoculated with mixture of citrus melanos
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and rizobacterial isolates TRH415-2(B), THJ609-3(C), MRL
408-3(D), TRH423-3(E) and pre-treated with commercial fungicide
Dithianon® (F). The concentration of Diaporthe citri, anti—bacterial
isolates and Dithianon® were 1.0 x 10° conidia/ml, 1.0 x 10° cfu/ml

and 1 g/L, respectively.

Fig. 3-5. Mycroscopical observation of mycelium growth inhibition site of
plant pathogen Diaporthe citri by anti—fungal bacterial isolates from
plant rhizosphere. Mycelium morphology were photographed
non-inhibition site(A) and inhibition site(B) on PDA after 14 days.

Fig. 3-6. Mycroscopical observation of a-conidia germinating at 48 hours
after inoculated with Diaporthe citri in distilled water(A) and
inoculated with mixture of citrus melanose and bacterial isolates
MRL408-3(A), TRH423-3(B), TRH 415-2(D), THJ 609-3(D) and
commercial fungicide Dithianon®, respectively. The concentration of
Diaporthe citri and anti-bacterial isolates were 1.0 X 10° conidia/ml
and 1.0 x 10° cfu/ml, respectively. The concentration of commercial
fungicide Dithianon® were 1 mg/L(B), 10 mg/L(C) and 1000
mg/L(D, traditional using). One % of glucose were added in all
treatments.

Fig. 4-1. Mycelium growth of Sclerotium cepivorum Berk. in culture soil
medium(left) or sand medium (right).

Fig. 4-2. Garlic plants infected white rot caused by Sclerotium cepivorum
Berk. A and B, Occurrence of white rot in soils of garlic plants; C,

infected garlic stem.

Fig. 4-3. Inhibition of mycelium growth of Sclerotium cepivorum Berk. by
the selected bacterial isolates on PDA medium. A, THS602-1(no
anti-fungal activity); B, BRH433-2; C, TRH423-3; D, TRL406-3;
E, TRH415-2; F, MRL408-3.

Fig. 4-4. Suppression of disease severity on the garlic plants pre-treated

with suspension of antifungal bacterial isolates. The presented
= vii -
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plants were untreated control(A), pre-treated with the selected
bacterial  suspension of < TRH415-2(B), TRH423-3(C) and
BRH433-2(D), respectively. The bacterial isolates suspension(1.0 x
10° cfu/ml) were treated twice. As a untreated control, HoO was
given instead of the bacterial suspension. Disease severity on the
garlic plants were observed at 7 days after inoculation with
Sclerotium cepivorum Berk. in the plastic pot experiment. In the
styrofoam pot experiment(E) and vyields of the garlic bulbs(F) on
the garlic plant pre-treated with bacterial isolates. The bacterial
isolates suspension(1.0 x 10° cfu/ml) were treated 10 times. The
garlic bulbs were harvested at 90 days after inoculation with

Sclerotium cepivorum Berk.

Fig. 5-1. Disease severity of potato seeding untreated control(A),
pre-inoculated with bacterial isolate TRK2-2 at 1 day(B) and at 3
days(C) and pre- treated with BABA at 1 day(D) and at 3 days(E)
before the fungal inoculation, respectively. The infected potato
seeding were presented at 7 days after inoculation with

Phytophthora infestans at concentration with 1.0 x 10" zoospores/ml.

Fig. 5-2. Under diseases progress curves(AUDPC) of the infected potato
seeding in tissue culture. All treatments were potato seeding
untreated control, pre-treated with bacterial isolate TRK2-2 at 1
day and at 3 days, BABA at 1 day and at 3 days before the
fungal inoculation, respectively. The infected potato seeding were
presented at 7 days after inoculation with Phytophthora infestans at

concentration with 1.0 x 107 zoospores/ml.

Fig. 5-3. Disease severity of potato seeding untreated control(A),
post-inoculated with bacterial isolate TRK2-2(B) and post-treated
with BABA(C) at 2 hours after the fungal inoculation, respectively.

The infected potato seeding were presented at 7 days after
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Fig. 5-4.

Fig. 5-5.

inoculation with Phytophthora infestans at concentration with 1.0 x

10" zoospores/ml.

Under diseases progress curves(AUDPC) of the infected potato
seeding in tissue culture. All treatments were potato seeding
untreated control, post-inoculated with bacterial isolate TRK2-2 and
BABA at 2 hours after the fungal inoculation, respectively. The
infected potato seeding were presented at 7 days after inoculation
with Phytophthora infestans at concentration with 1.0 x 10°

zoospores/ml.
Gel electrophoresis of total DNA(left) and PCR amplified 16S/23S

intergenic spacer regions(right) from bacterial isolate TRK2-2 using

universal primers 38r and 72f. M: 1kb molecular size marker.
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ABSTRACT

The most popular method to control the diseases has been to apply
chemical fungicides. However, environment favorable plant protection comes to
the fore as another method, and the number of eco—friendly crop cultivation
has been gradually increased in Jeju, where the application of the synthetic
organic fungicides is forbidden. Therefore, an alternative strategy to protect
various plant pathogens is strongly required in organic farms.

Plant growth promoting rhizobacteria(PGPR) has been known as a
biological inducer of resistance against various plant pathogens in many
crops. Also biological control of plant diseases was conducted using
antagonistic bacteria after having been selected through sequential screening
procedures in laboratory. Bacterial strains were isolated from the rhizosphere
of annual plants growing in Jeju. In total, 12 bacterial isolates were selected
from over 100 bacterial isolates through the tests on resistance induction or
biological control efficacy against various plant diseases.

Protective effects to many diseases in crop plants by bacterial isolates
were Investigated. And resistance mediated by bacterial isolates against
various plant diseases were tested in annual crop plants such as cucumbers,
potatoes, tomatoes, and peppers. The bacterial isolates were identified through
the analysis of the ribosomal DNA sequence in the internal transcribed
spacer(ITS) region. Using universal primers 38r and 72f, all the bacterial
DNA samples were amplified. Among the effective bacterial isolates, 42%
were belonged to genus Bacillus. Three of them were identified as B. cereus
and other 2 isolates as B. weihenstephanensis and B. circulans in genus
Bacillus. Three isolates were identified as Burkholderia gladioli. And the
other 4 isolates were identified as Acinetobacter Quenomosp, Miamiensis

avidus, Pseudomonas fluorescens and Pseudomonas putida.
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In the first study, bacterial strains isolated from rhizosphere of plant
were tested whether they could suppress citrus canker on citrus leaves.
Among 17 bacterial strains, 4 Dbacterial isolates such as MRL408-3,
TRH423-3, TRH415-2, and THJ609-3 showed antibacterial effects against
citrus canker pathogen in vitro and suppression of disease severity on the
leaves, compared to the single inoculation treatment with suspension of the
citrus canker pathogen in vivo test, and in the field experiments.

In the second study, suppression effect against late blight caused by
Phytophthora citrophthora of the 12 bacterial isolates from plant rhizosphere
were investigated on citrus fruits. Among the 12 bacterial isolates, THJ609-3,
TRH423-3, BRH433-2, TRL2-3, and KRYb505-3, disease suppression was
confirmed, after having wound inoculation with the fungal pathogen in vivo.
Disease severity was determined by measuring the lesion diameter on the
inoculated sites of the citrus fruits.

In the third study, 4 bacterial isolates such as THJ609-3, TRH415-2,
MRL408-3 and TRH423-3, known as effective microorganism for biological
control to the melanose of citrus were investigated in vitro as well as in vivo
test. Disease severity of melanose caused by Diaporthe citri was measured
up by the number of the appeared lesion on the citrus leaves,
spray-inoculated with mixture of Diaporthe citri and the bacterial isolates.
Only a few lesions were found on the leaves inoculated with mixture of
Diaporthe citri and the suspension of the bacterial isolates, respectively.

In the fourth study, 4 bacterial isolates as BRH433-2, TRH423-3,
TRH415-2 and MRL408-3 were selected through the antagonistic activity
against garlic white rot caused Sclerotium cepivorum Berk. and testing of
resistance induction efficacy against various plant diseases with priority. The
highest anti—fungal activity was evaluated by the inhabitation of hyphal
growth of plant pathogens adjacent to bacterial isolates as BRH433-2 and

TRH423-3. Disease suppression increase of the garlic bulbs on the garlic
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plant, in these 4 pre-treated bacterial isolates, were higher than the
non-bacterized control plants in vivo test.

In the fifth study, it was investigated that the antagonistic effect of the
bacterial isolate TRK2-2 against late blight in tissue culture after its pre- or
post treatments. Pre-treatment of the bacterial suspension to 1 or 3 days
before the fungal inoculation caused suppression of disease severity of late
blight, whereas post-treatment behind 2 hours after pathogen inoculation did
not control. In pre- or post treatments of DL-3-amino butyric acid (BABA),
a well-known resistance inducer, similar results were shown, with those of
TRK2-2.

Based on these results it 1s suggested that the effective bacterial
isolates may be very useful to find biological control efficacy or resistance
induction agents against major diseases in various crop plants, especially on

environment-friendly farm where the application of fungicide was limited.
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o.49 T A

Ao BHRESG PUARE Fol FAHL wAo] HWA Foke] W
54 9 BALGEA A 7, FFAH ool AFAL 24 EdEn

S Fkor tAstes 2%
&

9

i&

o

ok 19924 FoF AM S T 20%E AEFe 2
C S-Egels 20143714 A} e 9l 3t

o] 30%& ZolAY tiAEE Aol MR U (Hynes9t Boyetchko, 2005; &

AAAATY, 2010; ¥ 2011). AAH oz AL AA ha sFg ke 7]

2

Gul W EAE @o] AtE e, plant growth promoting rhizobacteria(PGPR)©]
gt ettt PGPR2 HeEle] wW & dlFdd 7AdstHA 2 dlo] AAEe
A

4832 ol ABASANTY Y52 dAFAY FAA AduE B
AYgonyE 482 BEd o5 FFEES GABA AN, HAYY FE I
WY ASREHARA, ARTA, A4S B ABYS L WagAel F8F )

5 A - HAHewm zka 9tk (Kloepper, 1980; H¥F 2011). A &7bA ®aig
PGPRYr =2+ Aczospirillum sp., Azobactor sp., Bacillus sp., Burkholderia
sp., FEnterobacter sp., Kluyvera sp., Pseudomonas sp., Serratia sp.,
Trichoderma sp.,'s B2 HlAZE°] 484 Aot (Glick &, 1995, Kloepper &,

2004).

PGPR¥t 50l A& A& AfHer s 7Hdozs dirts
3}, AixuA AEAFEZZ S 2 (quxin, cytokinin, gibberelin)®] A4k o €&l %

A Fol ¢#A JiL(Glick &, 1995), FHAR] 7[#omE A4 BA 77

2 o]lg5 = 571A #go] 9t A WA= cellulase, chitinase, chitosanase %<
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Iz

wHgto] AEldA e AxdE Ealets & #8(Jung 5, 20072

M

ok
40,
oX,
™
4

o

t}. chitine 2 &
st EAoltl.  Bacillus lichenifornis Kl1& EwEAESLSHS o=

Fusarium oxysporume®] thsl]l S#l5S Yeld 3420 52 AU, 2

21 Aspergillus%:3}t Penicillium%: 2] A ¥HS A

EAYS Z78= auxin, $Z A siderophore ¥ AFAE &5 cellulase
Z Eu|de #Foltt. 1F9H S Ao )= Phytophthora capsici® A 3EH o]
cellulose®} glucan S o2 o]Folx o], :FAW ol Bacillus lichenifornis
Kil& Agddy MzdS sttt (Jung 5, 2007). + WA= Bacillus
sp., Pseudomonas sp., Streptomyces sp., 5°] AAtsli= dAEAo o] 2 H
AEHATY AHE Adlletes LS b Bacillus%2 fungicine, iturin,
iturin-like compounds, B-1,3-glucanase, bacillomicine &3 #2 th3sh 33t
A =48 #8dtt (Cho &, 2003; Joo &, 2002, $-<F 7, 2007). Al WA= 2
EWdatel 71AsAA A& gk Wite] HYUAdS AAs= 71 e] Ut
Ampelomyces — quisqualis=  d7}FFH o] 7St FFol  FHI|AA
(hyperparasite) &2 3 7}541 HAd] o] & 7lgAdo] &) o] WE w4

o, ol wh @), Abd, EnbE, 2, 46 5 12%6] Pelehs AbRwi

’

Sy

Sphaerotheca®: 6%3} Erysiphes 159 W3] A quisqualis 2 717 °] L
7|FEol o] e AoR yey SAVFFEHC s FHelstA A8E + U=
A BAE T2 AEHAT (Lee &, 2005). vl HA= AF31helA
FEEH 22 s a3 AAE AT HAddo A5 H FAS o
At AAY A28 (Jung 5, 2006)°1t}. Trichoderma sp. 731228l
2 EHAES dFE dIHom ol&sto] A AL Fad HAE
g5ajofrt st7] wfZol o ol ] Aol stk Hulol JFEAS W
WAl Fusarium 2 Rhizoctonia®l A4S 9AsA Y (Clarkon %5, 2002;
Mclean 5, 2000). PFA2to 2 A Eojabe]l #efsts Hol&(Fe')o AAlM $
e MAAs7) 8 AarstsE XA siderophore & 2 (Vandenbergh's, 1984;
Zhang &, 2010)& H|E3Fo] wAEo] AASE exopolysaccharide(EPS),
2,3-butanediol, lipopolysaccaride(LPS), hydrogen cyanide(HCN), salicylic
acid(SA) 59 E-2Ed oJair A& Wr|so] &AdstEol el e A3
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Ae MO R, 1960 ol 5 woFe] JuE HAE&3H7] A&t d S5
ZH o] WAZ 3 A AWE2 Agrobacterium radiacter K84 2 K10263FF
AHA & kst A AT A radiacter< ©18&3% A radiobacterol| X ABALE & of
a2 (Agrocin)ol et 3t B thdA SEFY ¥elo @A &

wmals A 78 (Crown gal)e AXY AL Adstozyn s g731=2 e

o] 958 WAl AR o] &5, Galltrol 5 4719 AFOZ JUE T} W
5 A@wel oa #7134 kun mabseln, Wal wAE JEFF F Y

F9A9e Qv w3 Ad4Ey B 98 Quantumd000, Kodiak,

Serenade 522 AE3E Bacillus subtiliss A n=E ZoA ExA g A
31

A A= 8 Folt} (Keer, 1980; Mena, 2007; Schisler &, 2004; Siddiqui,
2003). "= ZAjo| Al AH AdFFo] Trichoderma harzianum-> Gustafson
S| Abel ol&), ZAEHo gt dgH el Gliocladium virenst Garace3]Aloll 2]
& AFsl =Tk (Spadaro, 2005 ¥, 2011). AAA R HA&s= e A=
TUHES FH T dAHe 2AEY A& oR JidE Aso] giidelth 1w
AEFoo = Agstd Ao Agrobacterium radiobacter strain 84% 16%, 2

2 F7 F2 Aol Bacillus sp. 5°] 29F°] 4HA dr} o5 74F A=
B SAS A, 7S ALY, AL R EARES EUE 3 A=A
WAlolth, el = W ABE AAE ol &3 W WAE wAd= RS 19854
Virulence virusoll <& o] Zapo] W (TMV) HAo that AFE A|Fo g
Bacillus ehimensisE ©]&3to] F<oF drol  Rhizoctonia solani®t Pytium
ultimumel 93] LAt RAEY( &, 2002)s HASAT Fob =4S

of tigt Streptomyces sp. ¢ A=A WAZHNE FIst¥ L, Pseudomonas
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gladiolio] 23 2.9]29] AESH (Fusarium wilt) A, Bacillus sp.(AC-1)° <]
sk 1152] 98 (Phytophthora blight) WA, Trichoderma harzianum®l| 23+ = 7]
B oA 5 FoAEY AW WAl #g A4 BarE I oHCho
S, 2007, Moon &, 1988; Spadaro, 2005)

vA=ol  Aies GHEHAS ol&3 Ae=wols  Blasticidin S,

Lo

Al E

dlo

Kasugamycin, Polyoxin, Validamycin, Stretomycin, Oxytetracyclin %
Natamycin &°] AH& 57 7 Folm o]t SAHEHE nAEo] Hitet=
2 AL E A B vl QReoll A e - AAst] kg Bl
At} 19583 Streptomyces griseochsomogenes °| 4 @ ¥ Blasticidin S&
Sy AR AA7EA 22olar flom F¢F 9 Fupoly s T HAEG]
. Polyoxini= St. cacaoi var. asoensis 1A w88 42 14719 F=A7}F
SoE JdHE BddY AxY Jdde] A wolste Aewr 4 A
ARow ALyl A Y (canker), 2019 27}FH (Powdery mildew)s Tsk 2

sl dded AJAEAE HEHlY $98 dEAERE JidE nAEd s WAE

Fﬁlilﬂ

0

(Actinomycetes) % Streptomycess W57} F-H o2 48 IAEAS AL
st FAZE H At (Lee &, 2005). A=A ¢F 8000F ©]/do] 4HA Aor

2 T T AL of 6000FolH FHE&EoR &Y= AL 2097,
A8 o 2 ol AlE5a = A 650 A88=1 At (Hynes9t

Boyetchko, 2005; ¥}, 2011)

oo 2
L

=
3

O

A

o-r'

ofr

FEARAAE WA o e T ste=ded Y AUl AR AE
Aol HALE FQlo AeHAA =52 g5 &d(local acquired resistance) ¥ Y
A, B LA FAEAY e AdolA EAlste 5 AststEdd oA
=%+ A3A systemic acquired resistance(SAR) T 2 E LA EA)ste] 2

2o HAS =ZA7)= Z3Al(plant growth promoting rhizobacteria, PGPR) <l

uls
r
}01,
29
i
—_>‘4—",
g
o
Y
o
o,
o,
i3
["_8{.'4
i,
uls
Y

of
o
>
N

N
N
3
2
o,
N
N
%0,
i
>
}01,
29
i

A A Aol A salicylic acid(SA)e] =H o] & SARYEo] wHx|wk ISR 4l
SAGAA = SAS FA = Fdglel AEdIAATe Aol 23] Aol A
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o
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%
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o

T
o
1>
i
=2
>,
rlr
ol
r o
(i
e
1=
i
lo,
Ay
2
g0

o] & A

off
O~

e v

B, FEAAHY AEAdEH AN 22T 27 ethylene, jasmonic

=

acide] 838 d8& 3= Aoz d#x vk (Van Loon 5, 1998). #

g4 fE 949 2FTAATS FAED 5o BE 24 ARAS 4

I+
(Fe)ol g&o=z 2E9 MHAS FH3th (De La Fuente &, 2004, Jeun
S, 2002; Kloepper &, 1980). =4 WA <QAZ= Bacillus pumilus(Mari &
1996), Pseudomonas fluorescens(Nielsen &, 1998), Trichoderma harzianum
(Latorre &, 1997), Paenibacillus®t Bacillus< 5o %2 802 A& = 1A
B2 FAELD 2 Axd Falas AL ISRFE 59 9Yst gaaEs &3
AER AT AFE Asgtt (Winding &5, 2004). F=AFAES 7wtez 3
nAEA A o= wpAE A & wAEo] FE O AEEAOW Bacillus
subtilus?y 7Y% ¥al, B. pumilus, B. amyloliquefaciens 5 783} ¥ gt}
TR AEY BAIAHNS Fste WIAERE Bacllus  vallismortis
EXTN-12 A=Ffo=m 7o, A&o] 7HAal = AA W7 2s &

BEAA A Eo] AAAHeR W AZHS 7HAA =Y, ¥ A4 @uide &4

=
1>
i
Lo
0
o
o
Jpw
>
>
)
=)
2
ot
o,
o
do
H
ol
ol
rr
—
v
j=y)
mlo
0%0

(Kleopper &, 1980)
ol SdolM W WAl gow B
AA, LA AFEE Ao, o] Ao Qg EAgA e Azl W EA Fol
o|gh Jaf, AstetE Aol F=Ed ofgw Tol AUtk

_0|L
rr
>.\I
S
nj
Ho
AL
QL
Py
O
HU
033
r&ﬁ
v
wm
>
=
o
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SIEARUIE

1. =IdATE Ao A F2AFE oA

(1) 797

< - (pinpoint spot) &2 Al ZFE o] 2~10mme YFRbHe] HH WA F3
of &a = tAsHAl W= vk Wol AlstA wAaE dojup oAM= I
e H3de HARE F2 oYy FEI|7HA ot o] AuEThAE "oy

T Atk vhsrel A B 2] o fH A

oy
]
EY
0%
ol
rlo
to
)
B
S
=2
i3
o
ro
>
4

WS citrus canker® Hasse(1915)9]
oA Hz= wystdoen, ¥ - s4d¥ WAMITES Pseudomonas citri

HuEdoh v=e] ZReuel HAE SolA A5 EAEEA HA o
gaol 3 SeHAAT, AaEEsol wep TS & Ay Hadd ®H A
Fgol w5 g Aol o M= How AP HIAT Vauterin 5(1995)0l ]
3] DNAX-5A 3 biolog automated system o] G4+ o] 3 55 &A=
AT,  Xanthomonas campestris pv. citri®]l  pathtype AE X

axonopodis pv. citriz, B, C2} D= X. axonopodis pv. aurantifolii=, pathtype

E+= X axonopodis pv. citrumelo® 7% o] AA7MA AFEE 1 Qo 2347
& AFAGE da FEAZYomA v ol vl It AAN, S
EReE T Be ZTbel A Aar Ulo] AEAY S HE sk fske] e
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At 71aL v A= A
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=

[e)
et (Hynes®t Boyetchko, 2005; Timmer %, 2000). 33,
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2 5 x bmm A7]e AW o= A=Z3 1.0% sodium hypochlorite solution

(NaOCDeoll Al 30x7F W Amedr. S/ 184 33 A=A 70%
ethanold] 30% H* & S/FFolA 184 3H AZFAL. 2590 AlgE 2t

H EH5AA B7E AASE w22 4583t tryptic soy agar (TSA;
Becton, Dickson and Company, France)®} nutrient agarm(NA; Becton, Dickson
and Company, France)oll |4t 3 28 £ 1TC9] 7] 4 3Lt vttt =
st Z22&o HATS FESH] Y A5H AlREE HiH filter paper® = 7]
AL w22 45E3Y] 5%2] peptone?] 1mloll Y 2A]7F FoF 2Z &
HATS SFA AT 1 A5 TSA9 NAd 100ps Eil =Este] 28 + 1T 9

oA 3U7F st on, AL FoR FAEE v colonyE Fa i

A 48X FQF wleF & HirH loopes ol&3dte] WATE ST U glycelin
o] 15% @4 tryptic soy broth”(TSB; Becton, Dickson and Company,
France)oll @o] wdstAl 41 & -20C<} -80Co| H¥sta ths Adl A%
s

1) tryptic soy agar(TSA)A|Z

. casein 15.0g, soybean 5.0g, sodium chloride 5.0g, agar 15.0g & ©] ¥3%¥ TSA 40.0¢= D.W 1L=
Ao] Hitslte] ARSI

2) nutrient agar(NA) #|z%

. beef extract 3.0g, peptone 5.0g, glucose 2.5g, agar 15.0go] E3tH NA 23g8 D.W 1LE Ao ¥
st AREshlTh

3) Tryptic Soy Broth(TSB)

. casein 17.0g, soybean 3.0g, dextrose 2.5g, sodium chloride 5.0g, dipotassium phosphate 2.5g &
o] 23 TSB 30.0eE D.W 1LE Alo] ditate] ARRsl).

_14_
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Fig. 1-1. Occurrence of citrus canker on citrus trees in the field(A) and

symptoms on citrus leaf(B), young stem(C) and fruit(D). Dotted line
zones Indicate the infected part by Xanthomonas axonopodis pv.

citri.
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b. ZEHAFI T FHALINIAEENE TF TF
ol E <SloA EeEldE pEAYHY
A3kl TSBui Aol &7 28T oAl 2441 7F& < 100rpmo.2 & w3kt ¥

Aol total DNAS FE52 NucleoSpin® kits(Macherey—- Nagel, Germany)Z

MEE SE37] 98] primerZ primer-2(5-ACGGGTGCAAAAAATCT-3") <}
primer-3(5'-"TGGTGTCGCTTGTAT-3)< ©]&(Shiotani &, 2009)3tth. PCR
g2 2u00] F2¥l DNAG~10 ng/ml), 25mMe] dNTP 10, 10pmol®]
primer 2} 10, 10 x Buffer 40, 5 unit/xl® Tag DNA polymerase(iNtRON
Co., Korea)& 1pt #H7bstal, A= wHg&H] Fu& HIF 40p7t = A o

At PCR5% %72 PCR Thermal Cycler Dice TP600(TaKaRa, Japan)<S A}
435to] 9BTAA 1023 Al £, 9BTolA 70%, 58TClA 60%, 72.0TlA 60
z9] =ZolA 303 whEsglow, wiAHow 720T 2% ¢ Askth

ol

DNA SZAHE9] 8uE ethidium bromide(EtBr)o] &% 1% agrose gelol A
A7) 4% T UVEtelA FZ 552 2289t DNA elutione NucleoSpin®
kits(Macherey-Nagel, Germany)°ll 7|<¥ WU = 3339t DNA sequence
+ Genetic Analyzer(Applied Biosystems 3130xl, USA)el|l €& A& % Applied
Biosystems(AB, version 1.0)& ©o]&3te] #4312 +A4¥ A5+ National
Center for Biotechnology Information(NCBI)¢] &3 o]%e] Basic Local
Alignment Search Tool (Blast; http://blast.ncbi.nlm.nih.gov/Blast.cgi)E& ©| &3}

of oju] £2F §rND S vwstel FBFAPIATS FAHA

c. #EAYY THxA 71X

el A5 29 e BE(ES sd2A)S A7 250 mme] el
BES AREYS 112 9 H&R 42 &5 9o &4 Adlden, F3 25 +
1T, oRF 18 + 1T7F FAIY = fref2ddA B5S FAsd. Al A8+

FEURe] Aee feedds 4% $A FFURE 28 £ 109 HEg

_16_
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TAZA)NA F2lE WETS TSA Z=dsle] 28 £ 1T 7oA 293t
HiFst it A dA A T BEUF(EFF TR ANA 309 FaE A
22, 43tH 7] Al#RE Qs AeE TR 3 A "R sk A we 3
+H 8kt UV-Visible Spectrophotometer (Varian Aust, AU/CARY 50 Conc.)
S o) gt PgEALGHAT AgAS 1.0 x 10" "colony forming unit(cfu)/ml

o2 FHlste] Eitd olFAURel =8 e A(EF FHEA) A ATt

=
o)
ok
=
lo
™

A gFolr A T HEUF(EFFT: sH=A)ANA 200 Fad A

& 699 Qo] Ut AAE BA%e] MR 9A AABesA B3k 4

o,
(@)

5

(@)

=g
5

o
D

!

=2
>,
D~
(0e]
>,
=
oy
11t
AC)
o
DN
(0e]
|

—
@
N
)
o
X
i,
rlr
1>

2) AEZAMTY FFEHo o3 A

a. EZAATY £7

Aol ebe FA 02 20039RE 2007dAA AR FAZE A

gol Aegadd mustel oFdgivh. 4FIAATY FE Lee
(2003)0] AAF el whel WSk Aol 2PN AT Ees]
o AAE AZel welg 2 BAA F2 AAGAY. R £

F AR P AAAEE olFdtel 1 g o¥e] e ZRsAYw, Pt

7918 o g3tel 10 mm A=A Avgch Wel B SRS o g3kel o )
— 17 —

Collection @ jeju



= 10 me] BTE 2ol vttt vltolaz gloz wxiabde] gl B
N 1S FHEte] D E filter paper(90 mm)ol ¢ & o &9t}
B ME o]g3sle] mE FHjE Wit 9 mlo] 501U test tubed] ¥

H&71%) skt 107, 10° 107 2 10°9 g 3R sMds 77}

[0

_l

WA FZ3ske] TSAwAo] AAHoz Tosla

_>L
WS
oo
>
™
_|_4
juv)
_
o2
ol
-
2
e

28"
# colony & Asts G, A, ZF 5 ASdATe] FEgH 54

Lo

&
TSAsA ] @32} F2E sty ald AeddATS Al TSAHA Ol &7
ASAATE HF 108719 Alet Alse] E8E AL, 28 Al ependorf tubeol
15%¢] glycelino] 23%% TSBel @o] wdstA 42 & -20C< -80T A&
7] A7A BAsEA o

b. FaEA o A

Azl T BdE AeddAdd TolA AASY, AEdy, 1

2ZA Ee T 1A T A2 FuAdg ore] wB
sttt A =AM TSBelA 2¢7F Wi $ 123F 10000rpm o= 4122
sto] A5 dE FHlsk A, AEAYH] mEE iR o Ffol it E paper
disc(@ mm)s =dF2 F A=l wigdE AL 70uls AHsdd HET=

EfEnto]als  70u¥S 77 A sk
streptomycin(f+ £ % 20%, F&41° FRAW)S ALgoFgFo] 20g/20Le] 7]FEO
®=,10 g/L, 1 g/L, 010 g/L<S sttt At A& 28T 2] wjg7lelA 2

A7k ik & A okH o] Ao A A T (inhibition zone)E ¢l 3 A3 § 37}
A&7 A= MRL40]-3,

Collection @ jeju



i
N
Y
3
2
o
=
)
=2
o
™
o
\]
0¢]
(@)
=2

TRH423-3, TRH415-2, TH]J609-35 % ¥F&
A 24X ZbERE 100rpm o= X E gt A=A sAHS 5]
total DNA®] % Ausubel 5(1987)9] AAE ol we} FE3Ath A=
THAATS] g 15mlE 10,000rpmo- = 18#3F AR & S A A A
3} 5000 TE-buffer(10mM Tris-HCl, pHS.0.,, ImM EDTA)E #H7}&le] = 4]
< F -80Cel 10%xF WYEsdv. Wed AEZE 52 F 10 mg/mle
lysozyme & ¥73%F3F 250mM tris buffer 50ul-S F7Fste] HH3] 4L T 4T
5% & B o2 SHFT 110ul, 10% SDS 13ul, 10N NaOH 3xl
Z}7y A 7Fsbe] A 23 solution 10E A 7Fstar A ¥E7F %S w7bA 50C water
batholl F3th FHal Alg5d HFFE7F 1 mg/ml7b X5 proteinase K&
H7ts & A3 AolF T tris saturated phenolS Al59 EFZy 1 : 1 HE
2 42 v 10,000rpm 15%3F 944 Zestdth S HE FHetal, Tkl s
0.1 volume®] 3M sodium acetate®} 0.7 volume®] isopropanolS il X3 4
of A Aol 10& &< FATE olF 10,000rpmo-&= 4Tl A 5&EFF 1242 4]
weete] AEde AASEL 70%9 ol&E 500 ¥ -20TelA] 1031+ =
#atdoh 229 YA R E 10,000rpm o2 4TelA 1087 APsdn Fs A4S
SA8) AAZ F 37Ce Ax7]A 3023 FATh 11x¥ DNAE TE-buffer
0uE o FRsEAIL 20T Bastar Al A&
PCRAI 2 3 DNA 947IAM 984S M. A7uE; 1. AE2AAT Ao

o FEAWPY A ) AR W P D FBAGY B D wwEd T

primer?] 38r(5-CCGGGTTTCCCCATTCGG-3)9 72f(5-TGCGGCTGGATCT
CCTT-3)(Martin-Laurnet %, 2001)E ©]&3}o] #2413} t}. universal primer<]
PCRZ% %7 PCR Thermal Cycler Dice TP600(TaKaRa, Japan)S Ab-&3}o]
96TColl A 2&3F A &, 94TolA 30%, 55.9TCA 30%, 72.0TCAA 30x<9 =
Ao A 303 wrEsIY om mpxeto g 720T 28 S Xz stk
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3) AE=HAT AP A FAZALFE IA GA

d # 8o F7F G AEe e ok AP A AdE 49 A=
<A A+ MRLA408-3, TRH423-3, TRH415-2, THJ609-3¢] #E A2 1 11
2 EFst tween 208 FHI Y 001%7F HEs H7be & alxe] AxFr
of wj ZEFAFEALI AETAAMTe] A Tt HFAoR 77 20 x
10" cfu/m = Z2AsAth hz72 AedAT Qi AdFE Ho, Z#FAS
HAe w7t 1.0 x 107 cfu/mES AE 9t} streptomycin®(F+ 54 5 209,
40 BFRAY)S 1 g/LAHE ok 20g/20L)S F=Hlste] g Alxo] At

I 2A17F Eor &AE v gEFAGHATEe] dgd 10 x 107 cfu/mE AX

l

sttt HEE e A4S 28T2 dew chamberol A 24A17F 54 A7 3 28
C7t frA = A A48 | dAfol Haste] Wuke] 113

oA st BT AR 39k Aldstlon) 30¥e] A = E AYdHd
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1kb
750bp

500bp
250bp

1 2 GCTGCACATTATATATATACATAGATAAGTATATATATACCTATC
AACCCTTGAGGAAGGCTTICCAGTGCCTCGATCACGATGTCCTT
CTCCGTGACCCTGCCGCCCTTCTCTTCCGAGCGCTTGAGCGC
TTCGCGCCGCAGGTGATCAGCCAGT TCCTCGGGGAAGTTGAA

GATTTTTTGCATCC
Kesin B | W by f |
@ st s | ovense <yvae | el
I e | CEICES. Yanthomonas atoncpods pv. ot sb, 306 pasmid pIACE4, compet X W o5 eI

EELSRAL  Yanthomenas avoncpods py, i st 306 plasmid pXACY), conglety 310 u % ledh

Fig. 1-2. Gel electrophoresis of PCR amplified 16S/23S internal transcript

spacer regions(ITS) from X. axonopodis pv. citri(left) and ITS
sequencing based on rDNA of X. axonopodis pv. citri and blast
results on the web-site(right). The presented Gel electrophoresis of
PCR bands were using primer-2 and primer-3(lane 1 and 2). M:

1kb molecular size marker.
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Fig. 1-3. Observation of citrus leaves by wound inoculation with isolated

citrus canker from the infected citrus leaves. The untreated control
was H»O, the concentration of X. axonopodis pv. citri were 1.0 x
10" cfu/ml, 1.0 x 10° cfu/ml, 1.0 x 10” cfu/ml, respectively. Lesions
of the upper leaf surfaces(A) and the lower leaf surfaces(B) of

citrus leaves were observed after 20 days.
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Fig. 1-4. Occurrence of cirus canker on citrus leaves(A) at 30 days after
sprays-inoculated with X. axonopodis pv. citri in vivo test. The
concentration of X. axonopodis pv. citri was 1.0 x 10° cfu/ml(B),

1.0 x 10" cfu/ml(C), respectively.
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2) HEIAATY FEEA T A%

a. oA 9
A dato] TdE TSAW Aol Fdol Fojn 4
Etjol A2l 8 mme| paper FHOZ Axdo] AZY. wod H=IdAS
Z o MRL408-3, TRH423-3, THJ609-3¥ TRH415-2 & 4/M¢ 57}
e AN a7 Ao, AXYLS kA7 AHEH viA| F streptomycin
0.1 g/LellA B AA L] 7B v =atAY o GA 4= A (Fig. 1-5).

B, gl o mRA AEoddwe) A

@
2

1y

flo
off

v dde Fl

e

12807 olfF o ANESHSE FE3= Fusasrium oxysporumo| tal] # %
o] FHAX HAES AEstR (e 7, 2003; 4 5, 2005), 23] A&l A

2.4-diacetyphloroglucinol, pyoluteorin, pyrrolnitrin 5¢] 34 &2 o] A& o] 2]
A ds) FoadEsE vepdvta BuHAY (Raaijimakers 5, 2000).

b. Add H==AATY FAAGVIMEEN S TF 3
e AFEdtel Wl 2ol = A=oAAT MRLAB-3, TRH

423-3, TRH415-2 % THJ609-3< ITS 38F<} 72R9| primerg ©]-&3+o] rDNA
o] EYFHAAE FTH3A Y MRL408-3¢ TRH423-3+= 700 bpell FAA7F <
%5213 TRH415-29F THJ609-32 247} 538 bp3t 320 bpe] FA7F 535 9]
o (Fig. 1-6). %% 329 97149 #4-& AB programol| <3| % 3)star
NCBI®] Gene Bankel| & %% o559 databased] thall +A¥ o559 DNA
gA7IMES 77y vk A3 MRL408-39F TRH423-3%  Burkholderia
gladioliZ A%t TRH415-2% Pseudomons fluorescens=, THJ609-3%
Pseudomonas pudia® 57 % )t}
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Fig. 1-5. Growth inhibition of X. axonopodis pv. citri by the selected

bacterial 4 isolates on TSA medium. The presented TSA plates
were untreated control(H2O)(A), treated with MRL408-3(B),
TRH423-3(C), TRH415-2(D), THJ609-3(E) and commercial fungicide
Streptomycin®(F). The concentration of anti-bacterial isolates and

Streptomycin® were 1.0 x 10° cfu/ml and 10 g/L, respectively.
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Fig. 1-6. Gel electrophoresis of PCR amplified 16S/23S internal transcript
spacer regions from bacterial isolates MRL408-3(lane 1), TRH423-3
(lane 2), TRH415-2(lane 3) and THJ609-3(lane 4) using universal
primers 38r and 72f. M:1kb Ladder (iNtRON Bio.)
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3) HEZHAT Aol A% FZAFE JAAYA

a. AWA e HAEZAAT Ao g #A2ALEE 1d JA
X. axonopodis pv. citris @E0 2 AFE 679 7HF o] A A EA
Agstdvy JF 7del= AEAe] T offlelel = ko] wAstA] ggke
W, HF 15978 71 ol o i) Wyto] FAEY] Al Ftstdeh HF 21Y

5
ol Wewel HEE ARA 64 o F 3-47) o4, A AAHC
el &

]
FAE HRks sttt A o T HHEH o w B o]t Huke]
A5k

MRLA408-3, TRH423-3, TRH415-2¢} THJ609-3 & 4709 A&E+dAAMTS
X. axonopodis pv. citri®} 24zt &3t3te] A E Ao A uy HEH A o

of WAl WHl7} X axonopodis pv. citrig ©EO0 2 A d ARt B F
AA wAE AT B 242 EF A 49 A= dAT T MRLA08-3
¥ TRH 423-3°] &dxegj7t 7bd a4 ow ¥yte] A4 HAHAY (Fig.
1-77} Table 1-1).

A &AM MRL403-3, TRH423-3¥ THJ609-32 Za#Al g el A
Fe Ao, 448 AALe dAdstel FAF BV des g
THJ609-3& B vtol] theh A=A A o] MRL4A0S-37 TRH423-3 E.t} H] =3}
A A @4 H0] Mol el AHAcw A3 dA AdAEARE UEY
3 AzZtsoi g ot ¥ A oA A9 o] THJE09-3 Yo @5 g v A
Eel tigk JAEE F948 AA WErR AR MRL4A08-3¥ TRH423-3¢l H]3j

ol

HEoAATA g BAT FARFAALS W AH oA Abolo|

gy kol A#IA V) YA E FYth 1 o2 B cereus® =A4HE TRL2-3

9 A Rl el FAdEde] o8] Awslo] gEAv] HFY 4
#o AL oAes Bde AT W, BA e g FAF G
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A4 ¥ += siderophore, exopolysaccharide, Lipopolysaccaride(LPS)% ¢ &4 (Jeun

5, 2004; Jung &, 2007; Min &, 2000) %=+ }AEZ(Agrios, 2005 Joo s,

2002) ol ol Wedtol gt EAp4 B wopyke] FAo] A

Haso] glo] AEAet Aed AeddAdEHde] 438w Q3 Ao=w A

Zh o) 211},

in vivo AdNA X. axonopodis pv. citri®} XS HAA TS 42 =5t
wee] Alxe] ®EESe ZEAYY WwHAgAG g3 e AEIHAA

MRL408-3, TRH423-3, TRH415-2¢} THJ609-3 & 47} & A¢statt.
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Fig. 1-7. Disease severity on citrus leaves at 20 days after inoculated with
X. axonopodis pv. citri(1.0 x 10" cfu/ml)(A) and inoculated with
mixture of citrus canker and bacterial isolates MRL408-3(B),
TRH423-3(C) and pre-treated with commercial fungicide
Streptomycin®(D) in vivo test. The concentration of anti—bacterial

isolates and Streptomycin® were 1.0 x 10" cfu/ml and 1 g/L,

respectively.
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Table 1-1. Lesion numbers on citrus leaves spray-inoculated with mixture

of X. axonopodis pv. citri and rhizobacterial isolates in vivo test

Treatment” Lesion number Duncan " s-test
X. axonopodis 352 + 4.8 al
MRL408-3 23 + 07 c
TRH423-3 37 £ 18 c
TRH415-2 71 + 16 c
THJ609-3 170 £ 25 b
Stlreptornycin®b 00 = 0.0 C

@The inoculums were 1 : 1 mixture of X. axonopodis pv. citri and the
bacterial isolates. The concentration of the bacterial isolates suspension and
citrus canker of bacterial suspension X. axonopodis pv. citri were 2.0 x 107
cfu/ml. The untreated control, water was given instead of the bacterial

isolates and sprays—inoculated with an only X. axonopodis pv. citri (1.0 x

10" cfu/ml).
"The concentration of the fungicide was 1 g/L.

“Values represent means = standard error of three separated experiments,

each containing three plants of six leaves per treatment.

YThe different letters are significantly (P=0.001) different according to

Duncan’s multiple test.
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01043 BAs HES sFgom, of

£ 9974 AP WA Bl 2
&, OB, Thewel WA ERE §

A D ASZTAAMTE 83 A7lsto
A

Burkholderia gladioli= 2.°]° ®A3}= Colletotrichum orbiculare®| <]t
olgAY I Pythium ultimumol] 93 REFER WAl o]&¥i Ut
(Raupach and Kloepper, 1998; Bae &, 2007). Pseudomonas gladioli= 2.°]49
=2 AW A Fusarium oxysporum f. sp. cucumerinum T™3eh A 37 B
2
A= EntEY &S Pseudomonas putida P84S o] &3t A gt B
ot (v %§, 2008). Burkholderia gladioli®. & “§73%¥ MRLA08-37} TRH
423-33} Pseudomons %22 A %¥ TRH415-2¢9F THJ609-32 in vivo 3%
ooyt AAANAME gEAGHEA da] THAAEAE AT F AU

o, dEdol Mo £FAE7ede AT T

(£ &, 1992), EvtE, A 59 A= Ralstonia solanacearumol| ©] 3|

111

e

Rl
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Fig. 1-8. Disease severity on citrus leaves at 7 days after inoculated with X.

axonopodis pv. citri(l1.0 x 10" cfu/ml) in the field experiment in
2010. Bacterial suspension of the isolates was pre-inoculated on
citrus leaves 7 days before challenge inoculation with X. axonopodis
pv. citri. The presented leaves were untreated control(A),
pre-sprayed with MRL408-3(B), TRH423-3(C), TRH415-2(D),
THJ609-3(E) and  pre-treated  with  commercial  fungicide
Streptomycin®(F). The concentration of bacterial isolates and

Streptomycin® were 1.0 x 10° cfu/ml and 1 g/L, respectively.
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Table 1-2. Disease severity and lesion numbers on citrus leaves pre-
mmoculated with the selected bacterial isolates in the field

experiments in 2010

Treatment” Disease severity (%) Lesion number
X. axonopodis 300 + 030° a° 153 + 037 a
MRL408-3 1.17 £ 030 ¢ 011 £ 0.09 b
TRH423-3 033 £ 022 ¢ 003 £ 003 b
TRH415-2 150 £+ 026 b 018 £ 0.06 b
THJ609-3 150 + 026 Db 038 + 015 b
Streptomycin® 017 + 017 ¢ 000 + 000 b

aThe bacterial isolates were pre-inoculated at 7 days before pathogen
inoculation with X. axonopodis pv. citri(1.0 x 10" cfu/ml). The untreated
control was sprays-inoculated with an only X. axonopodis pv. citri. The
concentration of the bacterial isolates suspension was 1.0 x 10° cfu/ml. The
bacterial isolates suspension and the commercial fungicide Streptomycin®

were treated four times.
"The concentration of the fungicide was 1 g/L.

“Values represent, means and standard error calculated using two hundred

leaves per tree and three trees per treatment.

YThe different letters are significantly (P=0.001) different according to

Duncan’s multiple test.
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Fig. 1-9.

Disease severity on citrus leaves at 7 days after inoculated with X.
axonopodis pv. citri(1.0 x 10" cfu/ml) in the field experiment in
2011. Bacterial suspension of the isolates was pre-inoculated on
citrus leaves 7 days before challenge inoculation with X. axonopodis
pv. citri. The presented leaves were untreated control(A),
pre-sprayed with MRL408-3(B), TRH423-3(C), TRH415-2(D),
THJ609-3(E) and  pre-treated  with  commercial  fungicide
Streptomycin®(F). The concentration of bacterial isolates and

Streptomycin® were 1.0 x 10° cfu/ml and 1 g/L, respectively.
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Table 1-3. Disease severity and lesion numbers on citrus leaves pre—
mmoculated with the selected bacterial isolates in the field

experiments in 2011

Treatment” Disease severity(%5) Lesion number
X. axonopodis 6867 + 433¢ a° 300 £ 1.10 a
MRL408-3 1767 + 968 bc 051 £ 018 b
TRH423-3 2967 + 1225 b 070 £ 028 b
TRH415-2 633 + 284 ¢ 022 £ 016 b
THJ609-3 5.00 £ 265 ¢ 007 £ 004 b
Streptomycin® 133 + 033 ¢ 002 + 00l b

aThe bacterial isolates were pre-inoculated at 7 days before pathogen
inoculation with X. axonopodis pv. citri (1.0 x 10° cfu/ml). The untreated
control was sprays-inoculated with an only X. axonopodis pv. citri. The
concentration of the bacterial isolates suspension was 1.0 x 10° cfu/ml. The
bacterial isolates suspension and the commercial fungicide Streptomycin®

were treated eight times.
"The concentration of the fungicide was 1 g/L.

“Values represent, means and standard error calculated using two hundred

leaves per tree and three trees per treatment.

YThe different letters are significantly (P=0.001) different according to

Duncan’s multiple test.
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4) AEZAAT Ao g3 F2AIE 2= H3

X. axonopodis pv. citri®} A EAAT S £t dHHE 679 #HF o
o] Y AEA HFaa 1Y, 79, 14LA HZEH o FTHS AHEo 1

oS TSAu|A| o] wjoksle] X. axonopodis pv. citri®] colonyE #Z&A vy, X
axonopodis pv. citris TEAHYIFAS = FF 4 HTHANA HF 1dA KRG 7
Aol A X. axonopodis pv. citri®] F7F AxHow2 Z=719S Byt 4=
TAA L FARE o =S & AL 1A RS 208 oS it SUHE B

X. axonopodis pv. citri®}t 2 ETHA T MRL408-32] =g = X
axonopodis pv. citri®] F7F HE 149A, 744, 1444 F58 zpo] glo] |5z}
ATt X. axonopodis pv. citri®} A EA A TRH423-39] & A oA X
axonopodis pv. citri®}t A=A T MRL4A08-3¢] &3 gl et fAs Ays
BAT X axonopodis pv. citri®t A=A A T TRH415-2¢ &3A 9, X
axonopodis pv. citri®t A EZAAN T THI609-3¢ T o x: HE 194
o 7dAo] WA F7F FUEA oY, LA TS AR X
axonopodis pv. citri®t AETHAMITL A= X axonopodis pv. citri®] @5
A w1 149 Ao X. axonopodis pv. citri®] F7F AQom 7AdH, 14LA ) =

F Aol2 AT 3ttt X axonopodis pv. citri®] @GEA = HE

r o
off
-/
i

1dAR 4 JATe) BEA FAdAAT, JAFA AR

}Z
4
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[T

I+ X. axonopodis pv. citri2
o TIAYNA ZF 1L AEH
TAA7NA AA o2 Skt aL, 7d4 ek 149 7= S5l 2ol glo] Hls=at4l
(A Zw A A)), =3 X, axonopodis pv. citri®] ©=A 2 ¢ X. axonopodis pv.
citri?} A =L@ A T EFAYE vl E Y Aol & HERW A Sk o]
g3 Ayt Ay AsddAAdd o8] AdEHe FAELEY oyt F 5

.
MAT Agatel LA FHo AssE Ao 47

s 111
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= X. axonopodis pv. citri® FARAEE 7S ZHzZ 1204, F 36719 vAES
AbstRd s, BAAEEH Wl o F5% DNAYA X, axonopodis pv.
citri®l 54 primer®Z PCRS 399y 36702 u] A Eo|A 250bpo A =S &
Attt MH NS viget mA A A colonyE FHo= #Este] FHE

n A ESo] EAAESA Wl 93 X. axonopodis pv. citridS AT F 9

93, WATe 72 ARHor Z4uoj Ay RoH.
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Table 1-4. Total numbers of X. axonopodis pv.

citri

in the washed

suspension from the citrus leaves surface after treatments of X.

axonopodis pv. citri and mixture of citrus canker and bacterial

isolates
Total numbers of X. axonopodis pv. citri(cfu/ml)”

Treatment”
1 days 7 days 14 days
X. axonopodis 52 x 10"¢ 12 x 10° 1.3 x 10°
MRL408-3 2.1 x 10 24 x 10 1.7 x 10"
TRH423-3 19 x 10" 47 x 10 1.0 x 10"
TRH415-2 1.1 x 10 3.1 x 10° 2.1 x 10°
THJ609-3 1.7 x 10" 55 x 10" 54 x 10

aThe inoculums were 1

1 mixture of X axonopodis pv. citri and the

bacterial isolates. The concentration of the bacterial isolates suspension and

citrus canker of bacterial suspension X. axonopodis pv. citri were 2.0 x 107

cfu/ml. The untreated control, water was given instead of the bacterial

isolates and was sprays-inoculated with an only X. axonopodis pv. citri (1.0

x 10" cfu/ml).

bPlates of TSA medium treated with the washed suspension from the citrus

leaves were incubated at 28°C for one day and then the total number of X.

axonopodis pv. citri was counted after incubation at 15C for 5 days.

“Values represent means of three seperated experiments, each containing three

plants of six leaves per treatment.
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2. AEZAAT A 9T AF9H JA

(1) 797

A MAXHoR Hd 98 P. ctrophthora, P. nicotianae, P. citricola, P.
palmivora 5| 93] A (Erwin and Ribeiro, 1996; Graham and Menge,
2000), =L Foll A P. citrophthorax= A}, d&, @ #A] A3} 74 EFol 5
of st W 7IFHAE ZeEt (Hyun 5, 20045 Jee, 1999; Thomidis,
2002). Phytophthora(GH )= EY oA L= Fo EddAdA] HATFo
2, EY el G220 T) Ay A2 oA dEste] 2d o] AL
7bestH, ol BE W Aol AR FHUIUA AdH7] el s
shito] AR F2 Adddr. dEgle 27 HALS St 2T

U s Ao = Sl Eln 53 2ol sk wARE 3

citrophthora, $7}= 7] S utol = P. nicotianae?t 7 %At (Hyun %,
2001).

AT =543 Phytophthora sp.ol A&7 WAE F2 o= A}

RBE = Hel =27
Ee 55 5 71 dxdoR ]l 1998
d, 199990 E=2Aow I
s 2 Ve 42 ol Ao, £ Aol = A e wel FF
Aol AstA AT (Hyun 5, 2001). F= 6~799 vl ofye} 7]

Fgtel] e 9, 109l =& R F5=2 Al A5-Fol Tt = AdFs Holu
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= A

A

7t= 3

At (Hyun %, 2004; 3,

o] %014 31

A 7}

a7

3}

T=

)

=3

ﬁo

cyazofamid(®] 2] 7t E®,

-
1

A

o &

O
T

S

1

NH

2008).

AZE T2 ol F

a4

3}

278 725 7, 2007).

dimethomorph(3
o3 (A

9

REERE

A% A F

= - =
FEEY

)

ol in vitrool A &

0§

o AEA WA=

3

3o
D i U

i [e]
=S

gA 7F

el

i)

© 2 DNAY

)

(2) Az 2 3y

T g4

ki3

1) H4E2AATY F2H8T A

a. EZAATY £7

ol
H

=K

i)

o7
Iz

Gl
M
oy

—

=i |
=

=
=

b AL (2) A

o
[e]

A

FFEH 9@
]

b.

solM e 7HA

A

d 1271 9

tryptic soy agar(TSA)u]#| o] %71

Culture

Agricultural
25Tl A 74

S Korea

citrophthora

Phytophthora

-
1

Ao

el
o

—

<
T

Collection(KACC)ol| A #frto} V-8 agar(V8A)Vo| %71
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vz 8% potato dextros agar(PDA; Becton, Dickson and Company,
France)>el #t= 9w o] v wjx (274 5 mm)E dFH3te] PDAS A7 1/3

r
et
ftlo
oz
_O|L
2
o
N}
c
Y
%)
o
N
N
lo
e
rl
H,
>
=
o
=
0,
A,
—
%
>
=

Aty A ELAA TS 22 TSAA A 28T ol Al 48417 &<t nl 3k
ol owFE wiA o] 10mle] AtE Y loopeE o]l&3le] HE

pectrophotometer (Varian Aust, AU/CARY 50 Conc.)E o] &3}

o
d
il

c
b
=
0
o
(f)

ATEEE 248 T 552 1.0 x 10 cfu/m7t 5 %2 2439 2294
ELEATY AAEHE vusty] fE S AEHEHI Y TS5
9l AtAl cyazofamid(fFEAE 10%, " AE® A%)E FoFAgx A A

wet 660 wl/1Le] HE=(AFEoFE 13.3 ml/20L) = XA &te] =189t}

CFEE AEZdAT Y AT
2000 99 HE 20109 12744 AFE AATA Fde] mA o] FEok A

4) V-8 agar(V8A) Az

© V8 juice 100ml, CaCO; 1g, D.W 900ml& 4lo] pH 7.08 BA3 s agar 15g& 91 Hifsto] A%
Elpsi=s

5) potato dextros agar(PDA) 7%

. potato starch 4.0g, dextrose 20.0g, agar 15.0g°] ¥ PDA 39.0g< D.W 1Lo| 4o Htsle] AR
Eipsi=s
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e Fdel s gEdrjel 8HIHAA 70 mm)dl HFEE FES AFste] A
ol Abgattt. FrlE AEAA T AN (1.0 x 107 cfu/m)l tween 20<
TR 0.01%7F HEE Hube & g AUt 313 1S AR &
Atk #ZEe] Hyo] Age dedo] Hxd wzbA] A2(20T)NA A
&tk

AECAAT Ao alste] o] HaTR MAdFE AP,

o] W2 A cyazofamidE &L WH o=z At}

"
Ot
o

o
BN

FEY PEAe FTBHL 99 49 FAs dsgon] W

Aol o FEd Wy AAe HE 5Y Foll Myoj AR
Ak AP A A= BAHEA I ARG Abel o] BlalE £138ke] Duncantd A
(P=0.001)= A Aldlom Statistical Analysis System(SAS Institute, version
8.02) program= ©|-&3} %t}

e
ol

g
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3) 23 2 n&F

D AeddATe FE9ddol dd I+ 24

AeddAe FAAEE =AY A Al A sy,

W 109 F WAT) Aol FU Aolst vEhbA ABAATE WhE

o] AAHAH (Fig. 2-1¢F Table 2-1). F-22 H=TAATA ol FAYA

S dE S bl (Fig. 2-1E, 1F$F Table 2-1).
g, geltel ek ARl Ao A &3

1xp5 oz olfx o, olyd A Fusasrium oxysporumo| 23 2HE =

A aa A4S T8l AAde] ddE vAES ARl

of

H(eet 7, 2003, & &, 2005), Aw|AEA 2 4-diacetyphloroglucinol,
pyoluteorin, pyrrolnitrin 59 FAEZDo] A E ] AZHYA o e FF a3}

€ Yeldoa HaxAt (Raaijimakers 5, 2000).
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Fig. 2-1. Inhibition of mycelium growth of Phytophthora -citrophthora by
antifungal bacterial isolates MRL409-2(no anti—fungal activity)(A),
THJ609-3(B), TRH423-3(C), BRH433-2(D), TRL2-3(E), KRY505-3
(F) on the PDA medium. The present photographs were at 10 days

after incubation.
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Table 2-1. Mycelium of growth inhibition of plant pathogen Phytophthora
citrophthora by anti-fungal bacterial isolates from plant

rhizosphere

Growth on PDA(mm) Inhibition rate®

Bacterial strains Site of ot Opposing site of of mycelium

rhizobacteria growth(%)
MRL409-2" 42.34 + 0.76° 34.66 + 0.40 -0.22
THJ609-3 1521 + 1.30 33.19 + 0.87 4.2
TRH423-3 13.90 + 1.04 3261 + 1.36 o57.2
BRH433-2 1543 + 0.96 34.88 + 0.46 59.8
TRL2-3 2286 + 1.48 34.20 £ 0.64 33.2
KRY505-3 2250 + 1.95 33.82 + 0.34 33.5

#Inhibition rate(%) = [1 - (length of fungal colony near the strain / length of

fungal colony opposite of the strain)] x 100.
"No anti—fungal activity.
“Values represent means * standard deviation of three separated experiments,

each containing four plates per treatment.
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2) AEZAAT AP A F29H YA

d InAE vt A= 12709 wFE gEe Ao
e HEd A3 THJ609-3, TRH423-3, BRH433-2,
TRL2-3, KRY505-3 & 570 5ol 99 I JAadE sttt (Fig.
2-29} Table 2-2).

AATH (Fig. 2-2A, 1B).
a8y A &A@ A TRH423-3, BRH433-2, TRL2-3, KRY505-3% * 2]
AEolAE B A FAYET 3F & FET3AA N FHId W
o] ElU7] AlZg o HE 544 = wx Ak Hultol Mt g gAS
PR 4 gy wWuk ZAv|E Fopd A TRH423-3, BRH433-2, TRL2-3,
KRY505-3& A @gr o)A wWwre] A4S Fi 717} 314 mm, 30.0 mm,
27.1 mm, 27.6 mm=Z A s vlugte] HlE] el A W FAo] A
t} (Fig. 2-2D, 1E, 1F, 1G¢} Table 2-2). THJ609-3& A 23k 7h=ol Ao Hut
2 333 mm=E AL fIAAT 9 oA Edte dEuth (Fig. 2-2C%
Table 2-2). %2 vl 2 Al#FFe cyazofamid”’} ¥ AE AHelsk 7
oA e WxIde]l wlg- A o] Wukar|7E Ht 200 mmE AEZAATS
Ak FEr 2 WAERE JeEbAT (Fig. 2-2H¥ Table 2-2). 7} <94

e AErel sl wbE o] wdd wHAAZAE UEhilth (Table
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Fig. 2-2. Suppression of disease severity on the citrus fruits pre-treated with

suspension  of  antifungal  bacterial  isolates = THJ609-3(C),
TRH423-3(D), BRH433-2(E), TRL2-3(F), KRY505-3(G) and
commercial fungicide Cyazofamid®(H) and untreated control(A and
B) at 5 days after inoculation with late blight pathogen
Phytophthora citrophthora. The concentration of antifungal bacterial
isolates and Cyazofamid® were 1.0 x 10" cfu/m¢ and 660 xl/L,
respectively. The arrows indicate the measure points of lesion

diameter.
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Table 2-2. Lesion diameter on the citrus fruits pre-treated with effective
bacterial isolates, Cyazofamid® and untreated control at 5 days

after pathogen inoculation with Phytophthora citrophthora

Treatments Lesion diameter (mm) Duncan’s test
Untreated control 36.58 = 1.14° a
THJ609-3" 33.29 + 151 ab
TRH423-3 31.39 £+ 1.34 bc
BRH433-2 30.02 £ 1.65 bc
TRL2-3 2712 £ 1.15 C
KRY505-3 2761 = 1.72 c
Cyazofamid®” 20.07 + 1.49 d

“The bacterial isolates were pre-inoculated at 2 hours before pathogen
inoculation with Phytophthora citrophthora. The concentration of the bacterial
suspension was 1.0 x 10" cfu/ml. The untreated control, H:O was given

instead of the bacterial suspension.
"The concentration of the fungicide was 660 /L.

“Values represent means * standard error of four separated experiments, each

containing nine fruits per treatment.

YThe different letters are significantly (P=0.001) different according to

Duncan’s multiple test.
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3) TAAQ AEZIANTFY SHAAG/NANGEANL E3 X

Eanty
rDNA?] SAFd2 d7]7}

12

Hol gk oA o] ZAM TS ITS primerE o] 8319
Zsto] sASAY. SFE FAAY] VIR
A1 AB programel & a&ste] TRH423-3, TRL2-3, KRY505-3& 72t
761bp, 268bp, 266bpe] sequences £213F% a1, BRH433-2% 340bpet 241bp -+
M9 sequence’} “FEFWETE NCBIC] Gene Bankel S 2% #3559 databaseol
el 4" 552 DNA d7I4Es 24 vagdy, TRH423-3(NCBI NO.
EF552070.1)<>  Burkholderia gladioliZ &% %3, TRL2-3(NCBI NO.
EJ932354.1)¢} KRY505-3(NCBI NO. EV915688.1)% Bacillus cereus® %735 %)
o°m BRH433-29] #7019 sequencet™ Bacillus circulans(NCBI NO. AF478111.1)
2 FAEATH

ofg] 74 AzoA J&E F= AE
AL\ Bacillus?®, Burkholderia® ~1¥]3l Psedomonass 5 ol#] Zo| E3F
ol vt (Jung &, 2007; Raupach and Kloepper, 1998; Winding %, 2004). L

% Bacillus% Al+dS @502 AMEsAY & Aol &3 =5 i 18
sho] Qlate] AR JYe] A ErtEE T udd AE Mo J1ds A

sEATH (Li &, 2008; Jung &, 2006). 53] Bacillus cereus= 93 ¢#x 4%

X0
rr
1>
(il

o|N

ol ta) BAE FHez Add m

Moz B - ool A= Pythium spp.o] &3 Rza2ZHo| i3t o4 &
H7F RIuFQOoH(Sim &, 2008, Smith &, 1993), ©ul % &3lslof A
Phytophthora  spp.ol ¢ AWM= WAHol = Aoz UER

(Handelsman &, 1991; Handelsman ‘s, 1990). %3+, Burkholderia%ol 43l
A= T4 Eo A= oomycete2] WA 23t ZAEZw I o 3

7F 49t} (Clark and Parke, 1996; Heunguns and Parke, 2000).

fol

Bacillus%l+= plant growth promoting rhizobacterium (PGPR)ol| <:3}+=
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24 BAA(Bae 5, 2004 Jung =, 2007, Weller, 1988)2 &)1 glon
Bacillus @502 AMES 4 9l vk ofyel v & At =9 Ee wA
WAstl = 337 =AY (Li 5, 2008).

°] & Bacillus cereuss &9 Az ddy, F(Halverson &, 1991)¢] ¥

44e WAL, H(Gibert %, 1996 Sim F, 200904 LAy
Pythium spp2 W] %#3le], w4 (Handelsman %, 1991), 2°](Smith %, 1993),
oyt gh(Handelsman %, 1990), EvFE(Smith 5, 1999) 5 oomycete ¥ U A o ¢
a TAEE AEHS dAsAT. ol¢t dEE By dFE2 Adyo uF
(Shen %, 2005), ¥3=(Murakami %, 2000), Ev}E(Park %, 2007)% tvheksh =

=9 Tl o] &AL At

-2). WHi R KRY505-39] 9]a #Zadrjel o

MEel FAZOAES gtk o HEZHA T

S
oX,

%9,

X

i

iul

b

o
oW

lo
b
12
ok
EY
Fii v
Rl
ox,
o
12 _1 &

iy
_0|L
N
s
&2
s
v
s
=
ftlo
o
=)
rol
=
o,
IS
:‘o
>~
>
rol
i)
&
fr
o
=)
rol
2L

ol Z+7t &3ty wgEd )Y EAE HE 3 AFgnAPES @
Froz  F»Yge W wMAAAE xAe A3 HEF bacteria ST}

5 Adetdla, o] 4345 EYE PotillA 35 3094
BF3ke] Pythium spp.©ol <] 3
o IAlwwtE¥# Rhizoctonia solanicl €3 ZAmbEHel] thsix WA EZIAE

ZAFFE Y Y bacteria 4= 287, Plate 243 % Pot 2% 5 EF

o,
HT
o
2
ol
(o
4
o
iy
o\
ol
ol
K
i)
o%
H

>
o
o

o

2L
O

2
a

<
i

=
X

_,
kil

E97F oy = thE bacteria 432} actinomycetes 21T+ A3 A

3 Plate Aol ¥ 24 JAZIAE BAoH Pot AFolA &37F vv vt
I B astA Y (Lee 5., 1997).

HI7HA e el sef oleldl S At A o] glARt

el ofsf Ao ol AHIUS W A4 WAIAR HEsH= vAd=

B=)

ol
o
Fo

o
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A}

o

[}

=

s, 2002).

A 23

)

]
Fol AAI A 2= 68

o] Wol Wi om(Timmer 5, 2000), $elubeke]l AFA delA Aujs T )

°

A7 =

5o, 53] Diaporthe citriol &) Bt

LN

EES S
L=

H}o

L gd p= s
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kel
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=
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H
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=
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WA e A 95%60] €]

il
JJ

7 3}

%

ol

o]

=
=

stA] i, 154 o]

o

A 317

=
R

ZERR:
o}

7] wizolel s, 1980 thel

1

-

1

o]

dl, 5ol A

-

thal ®ais Rl

A

}

=
0]

R4

=13

—

<
)

R

™

—
fite)

Z}A]

=

=

Mancozeb?] A}-&wFo] HA 65%

_57_

d], Mancozeb ¥

-

1

2

Collection @ jeju



Fo 8712 o8l AHge ATHAL AEHANE AEE FoFo
AHgS et It (I 5, 1998 7 5, 2005 9 5, 2003). EAbES] <bdA e
27E AR Az HAFE ANAUT, FBY ABY AWl B A=

b wmobATh f7l%elut Tok Al FEAN ARFAAZ AT REES

HU
M
e
"
°

LYF FeEAL FHHoR dusso] Ageta Yu, AgFol Frdm YE

FAT FeAS AARAE EEs dRA BANE FRALHFEN, 47
e

2 A oA dHEA QD screening S FE AdE AELAMTS
o &sto] A=Hel HEA WAE olEoWlen, APAFoA A= AAT F
Burkholderia gladioliZ s73%  MRL408-3¥ TRH423-3, Pseudomons
fluorescens TRH415-29} Pseudomonas pudia THJ609-3 < X. axonopodis
pv. citriol 913 Z=EAIYHE I Elsinoe fawcettiiol ol& @H ¥+ 7= do)H
of tial AwrE I B AEAdA W AAEHNE Gkt olE vgoe® D
citriol o3 L= H22AFH A e a4 AeddAds et
AEALAY 7HsdS St 84 A A s7ke] T4l A&kt

B oAvE AN

(2) A5 L U

A Fddze BAE Az, o] AW FEdHAFHol LA A
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< AFsATt AHE ol dL WAES FHSE 5 x 5Smm A7 WP SR
A2 31 1.0% sodium hypochlorite solution (NaOCDollA 30%7F W A2%531%
th Sl 184 33 AA3sa 70% ethanolol]l 30% @i & ZFFolA 1%
A 3 AlHEAT. A5E AEAe] HFAxAS dvd FEANA E71E A
St w22 253 3Fe] water agar(WA;  Becton, Dickson and Company,
France)®oll 2|7gt & 25 + 1TC9 7|04 3A7F vjgsiaict. o =29 4
H FY ol A= TAFE A3 8] potato dextrose agar(PDA)O o] 2 st} 25
+ 1Te &F27l0llA 1493 wjFation, #35& ALHom AFsto] 7g
¥ FEET. EE gEASATFEHY TS PDAC oatmeal agar(OTA;
Becton, Dickson and Company, France)?Dol| #jstgict. T3  Korea
Agricultural Culture Collection(KACC, =3 AuAEAAME )N Diaporthe
HHAE)S £¢ Wl PDASH OTAC

citri (KACC 45782 #r&#4d2>4 5 vl 5t
Aok B HAAL BFE AT Aea 9 WA ETALYEAS BU3

A AEste] EAE xS HulF oz Hlaste] ojHHE oA e

)
ol
(o
By

By £ B9y A 1T HH AT PDACA X Astar 25Tl A 7
me] AP Z7+S wojy o] PDAY]
of HEdta 25ColA 7L vigd & 4 + 1T Ao Hysto] A

e
L
s
o2
o,
[o
=
>
el
2
i
-z
=
2
D
al{f
a
=

b. AEHLAFHHELATY AFAPZxA
W7o #AE A7 10 mme cork borer®Z A3 3lo]

PDA, green bean agar(GBA)®), V8u|#], OTA % WA 59 5&F9 wjA|d A

6) water agar(WA) A%
: bacto agar 15g< D.W 1 L} 412 o Hdste] ARSI

7) oatmeal agar(OTA)A| %

. oatmeal 60.0g, agar 12.5g°] ¥3t¥l OTAS D.W 1Lo] 4jo] 18 o] #o] & v Hitsto] A&
o},

8) green bean agar(GBA)#|Z%

: 9A7)E AM8-3le] GREEN BEANS® (Saha Prachinburi Foods Industry, Thailand)®] W42 ZrolA]
DW= F%& 1LZ 243303, agar 20.0g& B2 o daste] AT
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3) 274 2 nF

A8 AN GBA9E OTACAM+ HEA&AFHW e A= THolH  petri
dishe AAHez DA, FA Fol F4
AATE A AJGS OTAel Hld] GBAIA wgto} xxgAel= GBAS
OTA®] Ztol= At w9l FFel e WA #AF A= w2}
PDASH OTAS ZAEAuAZ 4393, PDAS OTA

=A% A A3 PDAGA A WAFE 202 oo ARzEAdN EAH
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5 e AS gdon, 30 oo FFxn wdAl
S #FT & Ak OTAdNA 79 &<t widkd WATS F3 717 ke

W 5YH e FAEEA TYRE petri dishe] 7HEAHE
ANAFE =AM ¥ golErt FAEY] AlFetda, 109e] Felli= petri
dish®] AA Aoz ZA7F xdetA LT8R (Fig. 3-1). 14Y¢ &<t PDAMIA
ol A wjE Wewtel ¥F¥ FVRNE AHAS wl OTAwA A =z B
T ARG ARE vERlen, 48] HARE OTAC Hs) x4+ 43
t} (Table 3-1). 3 PDAC] 74 #i¥ & @3F3 7]zl w=Zo] HH £2
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Fig. 3-1. Spore formation conditions of Diaporthe citri. A, Spore horns
emerged from pycnidia on surface of OTA medium treated with
light and air conditions; B, OTA medium blocked from light and air

conditions.
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Table 3-1. Spore productions of growed Diaporthe citri on OTA medium

and PDA medium in conditions treated with light or air

Spore formation conditions

: a
non Spore production

Treatment tr_eated tr_eated tree_lted tﬁieg}tlid (conidia/ml)
light light air :
. and air
and air
O 0.0 + 00"
Oatmeal Agar O 0.0 + 00
(OTA) o 0.0 + 00
O 1.1 x 10 =+ 00
O 0.0 = 0.0
Potato Dextrose O 0.0 =+ 00
Agar (PDA) O 0.0 + 0.0
O 17 x 10"+ 00

?Spore productions were measured from 25 days on OTA and PDA cultures.

P Values represent means * standard deviation of three separated experiments,

each containing nine plates per treatment.
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Fig. 3-2. Symptoms on citrus leaves at 15 days after inoculated with H>O(A),

different concentrations of Diaporthe citriltB and C). The
concentration of spores suspension from D. citri were 1.0 X 10°

conidia/ml(B) and 1.0 x 10" conidia/ml(C).

_68_

Collection @ jeju



2) AEZAATS FFEAH o3 Mua

A A F o] oA EelE AEIAAT, 1598 2 oetAY T
22 AgolA adrt ddd AEZAATS ez g Ty
FATAFE AL 98 ZAEd 2T A e Aud, dAR A A
%2 uUehE 755 BRH433-2, TRL406-3, KRY502-1, KRY505-3,
MRLA412-4, THJ607-2, THJ609-2, THS601-2, TRH423-3, MRL408-3,
TRH415-2 % THJ609-3 5 % 12709 e, &1 5 ZadAdged ¥ oA axrt
geld 47pA 9] A& @A TRH423-3, MRL408-3, TRH415-2 2 THJ609-3
S $AAHor 3WE AP, WAFS PDAC wiYkea 29 A F 4709
b WA A e dey Mg 109 & W A%
Uelon, AEdAMre] wdEol A s gdEeHF
Hwol wARAle] Aozt Wit 289~304 mmelul Wha] A& 2 WEke
2 AFstE TARAe] dol= Hir 135~195 mm=zE AR Aol A EH AT}
iEe]  AEIAATe] o FAMEAG A&l 52%°ls  UEHou
TRH415-2+ 359%=% 7b¢ w2 dxdgdAdES dedtt (Fig. 3-29F Table
3-2).

gl &<k 109 F THJ609-301A A &AM T whFshe F-9l9 B+t
of AL AA WstE 7] AlAebdA wiek 159 % TRH423-3, MRLA408-3°l 4]
T A ®gtE As #EEgnh diAeg 209 & THJ609-3, TRH423-32 1t
A 7Y A 158744 AA Wdl e MRLAS-3 thxujdsd HAdwe vFaZ
AAH oz AA AP oY 3 FNFEIE A ETAAFAA ErE = 23]

AbE el el Aoz FeEo Rt

fﬁ
N

<
tl

U
o
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Fig. 3-3. Inhibition of mycelium growth of Diaporthe citri by the selected
bacterial isolates on PDA medium. The presented PDA plates were
untreated control(A), treated with TRH423-3(B), MRL408-3(C),
THJ609-3(D), TRH415-2(E) and CRY521-1(no anti-fungal activity)

(F). The present photographs were at 10 days after incubation.
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Table 3-2. Mycelium of growth inhibition of plant pathogen Diaporthe citri

by anti-fungal bacterial isolates from plant rhizosphere

Growth on PDA(mm) Inhibition rate®

Bacterial strains Opposing site of of mycelium

Site of rhizobacteria

rhizobacteria growth(%)
CRY521-1" 30.69 + 1.72° 29.45 * 0.68 -4.2
THJ609-3 13.85 + 0.51 29.11 + 0.62 52.4
TRH415-2 1945 + 1.35 30.37 + 1.20 35.9
MRL408-3 1348 + 1.35 29.36 * 0.70 54.0
TRH423-3 13.62 + 0.53 29.11 + 0.29 53.2

*Inhibition rate(%)= [1 - (length of fungal colony near the strain / length of

fungal colony opposite of the strain)] x 100.
"No anti—fungal activity.

“Values represent means *+ standard deviation of three separated experiments,

each containing four plates per treatment.
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3) AUdA AEAAT Al I FIEH2HFHE Id 9A &5

g ALAFYYTS g5z 7gdE Ao HEIPGY A AAHez 9

#Ed = Ada, WEsEE SAe A3 9 109 1386719

HulkeS god 4= Attt (Fig. 3-4A$F Table 3-3). & H2HFywda

<@ A TRH415-23 THJ609-3¥9] &S & o JFAdY, 2=

Uy 5oz FEe vuo] nlE] wukg 716709 476.07 =

LA A T MRL408-33

TRH423-3< & A23FH8S °5 FslstA gAslen (Fig. 3-4D, 4E)

F=2 UAZFE YERRY (Table 3-3).

ol T2 AFol #ArjE = % Fel Dithianono] 38 FAIS A3 2t

Hrldo]l wjg- gAlEo] Wyke] A vERA] gkokom WukETE

10302 AETAATS A3 gt =& HAa3E Jetig (Fig. 3-4H
3} Table 3-3).
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Fig. 3-4. Disease severity on citrus leaves at 14 days after inoculated with

Diaporthe citri(A) and inoculated with mixture of citrus melanos
and rizobacterial isolates TRH415-2(B), THJ609-3(C), MRL
408-3(D), TRH423-3(E) and pre-treated with commercial fungicide
Dithianon®(F). The concentration of Diaporthe citri, anti—bacterial
isolates and Dithianon® were 1.0 x 10° conidia/ml, 1.0 x 10° cfu/ml

and 1 g/L, respectively.
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Table 3-3. Lesion numbers and control value on citrus leaves spray—
inoculated with mixture of Diaporthe citri and rizobacterial

1solates in vivo test

. _ Duncan'’s Control
Treatment Lesion number
test value(%)
Diaporthe citri 1386.0 + 163.3° al -
TRH415-2 7167 £ 574 b 48.3
THJ609-3 4760 = 405 c 65.7
MRL408-3 256.0 £ 371 d 81.5
TRH423-3 2213 + 221 d 84.0
Dithianon®” 103 + 08 e 99.3

aThe 1noculums were mixture of Diaporthe citri and the bacterial isolates.
The concentration of anti-bacterial isolates and D. citri were 1.0 x 10°

cfu/ml and 1.0 x 10° conidia/ml, respectively.
"The concentration of the fungicide was 1g/L.

“Values represent meanststandard error of three separated experiments, each

containing three plants of six leaves per treatment.

YThe different letters are significantly (P=0.001) different according to

Duncan’s multiple test.
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4) HEZ AT AT FIALSHFHEET AF AA9 B3IV E #F

a. AETAATH QHIT AR FFYE T FgdEnF #F
D. citriol i8] AT 2H7F Q= AELHAT MRL4A08-3S PDAC] H

T Ao H(Fig. 3-5A), Wevtel sl R a7t lojr A AX e

Abe] FEi= &obAar, 247F wel d4E AS el (Fig. 3-5B).

b. AEZAANTH EFT #FE ALAFHETY AT A

1% glucoseS A7}k "o 28Tl WSE D. citri®] EAE 2447
5 olstr] AlzbFlom 34.1%7F Zopetlal wotwke] Holw= Hyt 405 m A
gttt (Table 3-4). B3+ 48A]%to] Ay WA wolg2 751%¢°| o]=ZiL A7}
S wAA] ol Aol 622 m AXE Akt (Fig. 3-6A%F Table 3-4).

AETPA T MRL408-3 T TRH423-3S #H godFuaty) 1
b s olabA] X3
ow 48 AJzte] Aetol EApe] whop= WAH WA ekdth (Fig. 3-6B, 6C<t
Table 3-4). A o] F 7x] 2 EZAA o] o) #ad H2HFgHT 29
protoplast’} &F = &&FH = Aol #FEEHJA=U(Fig. 3-6C), ol ol At
of o3k gt Ao Aiw Qg Aow AzHr

A &AM TRHAI5-25 412 ZAAE A= Hd A5y o]
oli= H YA Wolgo] "olHs W ooy #AF AFE AAHAT (Fig.
~7D®} Table 3-4). A &AM THJ609-3 <] 3l A]
ol &3 AL Aol B A FHSATE (Fig. 3-6E9F Table

2 Egd Aol 24 A 43 Fo) BeE 2

N

OJ

k1
o
]
Y,
rlo
X
-
Ar,
ol
4
o,
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ol
B
_0|L
&
mt[’.

Fol&& 24X 7 A & 7F7F 136% 2 9.1%% a1 ol Zolx zb
Zt 264 pm 2 116 g Gt (Table 3-4). T3 48 A|7to] A ystH A Eap who}
&2 27 291%9F 11.0%0]a wdrolyte] Aol 437 met 279 mAth (Table

d xA wols At Ao AzEY. HAFIAE F4ste] 4847

(Fig. 3-6F). 1008 3249191 10 mg/LolA Yt Expdolgy) wolyk o]
T 13.3%, 288m¥ o, THJ609-3S Azl detdn fAe &35 e
(Fig. 3-6G). 108] 3]41¥ 100 mg/LE Sl e Zxputol&L 7.1%, ol Zo)
£ 83m=z Lol AW wolg 3 Al Aol Al AR Lol WAF F

27}y AR O 2 M Al E AT TRH423-3 & MRL408-3¢| 4 Rt} & 37}

oA = Ao ZALEAT (A7 mlAA)).
A2t ek AEAANTY A7) 2S protease, chitinase, B

-1,3-glucanase 3 #Z& Ao AFH EIgsy AHRH FiAo EH]),
maltophilin, xanthobactin®} #& AT S 7[A FAEZA] A4 181
THo M A2 Fo] HiHEA O™ (Dunne &, 1997, Zhang &, 2000), =7
SAFHE e AESHA WA ae] A8 AEHE et Edlw

3 FPBA] 9% FAAE Ao A
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Fig. 3-5. Mycroscopical observation of mycelium growth inhibition site of
plant pathogen Diaporthe citri by anti—fungal bacterial isolates from
plant rhizosphere. Mycelium morphology were photographed

non-inhibition site(A) and inhibition site(B) on PDA after 14 days.
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Fig. 3-6. Mycroscopical observation of a-conidia germinating at 48 hours

after inoculated with Diaporthe citri in distilled water(A) and
inoculated with mixture of citrus melanose and bacterial isolates
MRL408-3(B), TRH423-3(C), TRH 415-2(D), THJ609-3(E) and
commercial fungicide Dithianon®, respectively. The concentration of
Diaporthe citri and anti-bacterial isolates were 1.0 x 10° conidia/ml
and 1.0 x 10° cfu/ml, respectively. The concentration of Dithianon®
were 1 mg/L(F), 10 mg/L(G) and 1000 mg/L(H, traditional using).

One % of glucose were added in all treatments.
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Table 3-4. Germination rate and length of geum tubes of the melanose
fungus on the inoculums at 24 hours and 48 hours after
mnoculation with mixture of Diaporthe citri and the anti—-bacterial
isolates, commercial fungicide Dithianon®, respectively, in vivo

test

Germination rate® Length of geum tube(um)®

Treatment”
24 hours 48 hours 24 hours 48 hours

D. citri 341 £ 16°a" 751 + 39 a 40.5 £ 0.7 a 622 14 a
TRH415-2 136 + 04 b 291 £ 29 b 264 £ 33b 437 £ 21 b
THJ609-3 91 £ 07 ¢ 110 + 23 ¢ 116 £ 1.7c 219 £32 ¢

-+
-+

TRH423-3 00 + 00 d 00 + 00d 0.0 £00d 00 +00d
MRL408-3 00 + 00 d 00 + 00d 00 £00d 00 +00d
Dithianon®™ 0.0 + 0.0 d 00 £ 00d 0.0 +00d 00 +00d

@The inoculums were 1 : 1 mixture of Diaporthe citri and the bacterial
1solates. The concentration of Diaporthe citri and rizobacterial isolates were
2.0 x 10° conidia/ml and 2.0 x 10° cfu/ml, respectively. The untreated control,
water was given instead of the bacterial isolates and was inoculated with an

only X. axonopodis pv. citri (1.0 x 10° conidia/ml).
"The concentration of the fungicide was 1 g/L.

¢ Germination rate of conidium(%) = (germinated conidia / total 100 numbers

of conidia) x 100.

dLength of geum tubes were measured numbers of total 100 on mycroscopical

observation.

“Values represent means +* standard error of three separated experiments,

each containing 100 conidias per treatment.

"The different letters are significantly (P=0.001) different according to

Duncan’s multiple test.
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Sclerotium cepivorum Berk.ol &8 W= vhEsSAMSHIY LS vhg,
b, o H3k 5 Allium® AE] BFALIATAN Y At 2 gom
A AARez whd et F7hE T Ak el e 19889 A 1%
Gx Gupso] ] xS AT, AZAule] o) nts Fakxel =y Ay, 7

AR R AFEY weks A B FAEE FAN, At i)
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5
2 A EAT B EY T F5¢ dAEH = vEAm ARG = duks A
2 d#HA Ao (Kim &, 2004; 3¢ 2, 1999).
Selvtgte] LA StE SN vy AT E(2) A 340~570m) S FAsHE
Sclerotium cepivorum®t HWETFH (A7 420~750um)S FA 8= Sclerotium sp.=
F 7EA el gt o AT, 20013 o] A= Sclerotium sp.7F $-A s
Aoz Yerykoy FHLo|= Sclerotium cepivorumel| 23+ I &7t dAap S71E
FAlelt (£ 5. 2001). SAASHEHAE L daojgt= WTAIE 45w o
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rr
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3) AEZAAT A 9% vt AR Y JAEFH

2 SRS o] &% A2 4T A2 Add vhs FAE 1.0%¢ NaOCl
oM 3027t Aa iyt 38 AlAste] FatdEe] FadAl A B 20
+ 1C9 7)ol A] wolAzl & HEid 10%9 Helo]lE(Parat® Sam Son,
Korea)7} ¥8¥ AE(Choroc Nala® Bokyung Nongsang, Korea)E Z}2d
pot(diameter 80 mm)ell -3 IFF3FS L, 73 20T, okgF 18CE FA|¥+= 2
EajFaol A AfufstATE Zhzhel A EEAt BRH433-2,  TRH423-3,
TRH415-2 % MRL408-3¢] %3+ Park®} Kleopper(2000)7} A A&+ whwof uwlz}

A1 1.0 x 10° cfu/m= A3 10 184, 2 23] #FsAh A EAA
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mm)°ll A3 vkE Al AW e = S styrofoam poto] HpEel] 41X
6705 AAste] & &gl &olstes sttt 4T A2 Agd vs TAE
FodEel & AHEE Aol oAzl $ wts FE FHlE styrofoam
potoll 20702 #Fskdar, F3F 20T ot 18CTE FAH = 22oA Aulsts

% o 29 SEAddd edstAl Ate] AeddAyt BRH4A33-Z
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Fig. 4-1. Mycellial growth of Sclerotium cepivorum Berk. in culture soil

medium(left) or sand medium(right).
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Fig. 4-2. Garlic plants infected white rot caused by Sclerotium cepivorum

Berk. A and B, Occurrence of white rot in soils of garlic plants; C,

infected garlic stem.
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Fig. 4-3. Inhibition of mycelium growth of Sclerotium cepivorum Berk. by
the selected bacterial isolates on PDA medium. A, THS602-1(no
anti-fungal activity); B, BRH433-2; C, TRH423-3; D, TRL406-3; E,
TRH415-2; F, MRL408-3.
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Table 4-1. Mycelium of growth inhibition of plant pathogen Sclerotium
cepivorum Berk. by anti-fungal bacterial isolates from plant

rhizosphere

Growth on PDA(mm) Inhibition rate”

Bacterial strains Ste of bt Opposing site of of mycelium

rhizobacteria growth(%)
THS602-1" 41.0 + 1.38° 29.89 + 0.72 -37.2
MRL408-3 30.40 + 1.18 29.82 + 1.13 -2.02
TRH415-2 2740 + 0.86 29.57 + 0.76 7.3
TRH423-3 17.82 + 0.87 2991 + 0.74 40.4
BRH433-2 1529 + 0.89 29.71 + 1.08 48.4

*Inhibition rate(%)= [1-(length of fungal colony near the strain / length of

fungal colony opposite of the strain)] x 100.
"No anti—fungal activity.

“Values represent meanststandard deviation of three separated experiments,

each containing four plates per treatment.
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Fig. 4-4. Suppression of disease severity on the garlic plants pre—treated with
suspension of antifungal bacterial isolates. The presented plants
were untreated control(A), pre-treated with the selected bacterial
suspension of TRH415-2(B), TRH423-3(C) and BRH433-2(D),
respectively. The bacterial isolates suspension(1.0 x 10° cfu/ml) were
treated twice. As a untreated control, HoO was given instead of the
bacterial suspension. Disease severity on the garlic plants were
observed at 7 days after inoculation with Sclerotium cepivorum
Berk. in the plastic pot experiment. In the styrofoam pot
experiment(E) and yields of the garlic bulbs(F) on the garlic plant
pre—treated with  bacterial isolates. ‘The  bacterial isolates
suspension(1.0 x 10° cfu/ml) were treated 10 times. The garlic bulbs
were harvested at 90 days after inoculation with Sclerotium

cepivorum Berk.
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Table 4-2. Yields of the garlic bulbs on the garlic plants pre-treated with all

four bacterial isolates, respectively

Treatment” Yields of the garlic bulbs Duncan'’s test
S. cepivorum Berk” 34218 + 21.83° al
BRH433-2 346.38 + 47.82 ab
TRH415-2 460.60 = 29.85 b
MRL408-3 36750 + 22.50 b
TRH423-3 414.37 + 16.49 b

“The total weight of garlic bulbs harvested per pot was measured using a

balance.
"The untreated control, water was given instead of the bacterial isolates.

“Values represent means = standard error of three separated experiments,

each containing three pots of twenty plants per treatment.

YThe different letters are significantly (P=0.001) different according to

Duncan’s multiple test.
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Fig. 5-1. Disease severity of potato seeding untreated control(A),
pre-inoculated with bacterial isolate TRK2-2 at 1 day(B) and at 3
days(C) and pre- treated with BABA at 1 day(D) and at 3 days(E)
before the fungal inoculation, respectively. The infected potato
seeding were presented at 7 days after inoculation with

Phytophthora infestans at concentration with 1.0 x 10 zoospores/ml.
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Fig. 5-2. Under diseases progress curves(AUDPC) of the infected potato
seeding 1In tissue culture. All treatments were potato seeding
untreated control, pre-treated with bacterial isolate TRK2-2 at 1
day and at 3 days, BABA at 1 day and at 3 days before the fungal
inoculation, respectively. The infected potato seeding were presented
at 7 days after inoculation with Phytophthora infestans at

concentration with 1.0 x 107 zoospores/ml.
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Alit TRK2-2 51 BABA®] fHAte{rel] wis] A5 aas dopir] flsir =7
ge FAAEA ] F7]d FAGEES HEFS 24 A3} F TR
BABAE Agatduy, Mg 22 wfjgnels o

o1} BABAY] 9g ¥ A= SA4 fFo4dL A AE
o o= ZH}7t FIEA vEbE T (Fig. 5-3).

T 497kA] FA g F9 TRK2-2 T3 8 Foll A #Zxgue] o
ez 2ol 7F gl o 5dAFE W A7 vEht JE F 6940 FAE
TFol A= 30.0%9 ol¥&S YERH WA TRK 2-2 A ol A= 14.4%<] ]
HE&S Uetiltl (Fig. 5-3B9} Fig. 5-4). &% 7)o Fxglo] #]s TRK 2-2

oA ol &o] vA vEhd adeE W

BT HE

o
4
=2,
o,
o
e
ol
o,
X
re
)
P
|o

of gk AFHQ Ft Zgol o3 Row AZETt
BABA $HFoANE m7iA R Z7)d e WS AAsA ko
HE 5 6dA 222%°] olE&e Kol FAZFl HlE W
(Fig. 5-3C%} Fig. 5-4). 3tA 9 TRK2-2 ¥ BABAS A= AAE = B
oAzl Axrt gt o= EdlA BABAE AHT 93 ALY Fx= FHLS
oy Am gy "ot AzET oldd ZAye ¥ (Miyagawa and
Takaya, 2000)2} <¢+5(Heungens, 1999)o WAst= 2] EHW o] s 2 At
Aol oa Aol JAH= Eds Ao FA g o] 2EHo] o
A=A gtk Bl A Foh
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Fig. 5-3. Disease severity of potato seeding untreated control(A),
post-inoculated with bacterial isolate TRK2-2(B) and post- treated
with BABA(C) at 2 hours after the fungal inoculation, respectively.
The infected potato seeding were presented at 7 days after
inoculation with Phytophthora infestans at concentration with 1.0 x

10" zoospores/ml.
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3) 4E=¥AT TRK 2-29 T4 FAAF7IMNEEHE T8 TF

o|N
el

TRK 2-2014 F%% rDNACIA ITS9 499 {FAxE SeolHe=z
=2 txkel #H 38R, 72F9] primerE o] &3te] dojd PCRE At&E¢] =
°F 650bp % 200bpA ™ (Fig. 5-5). + 7] PCRAI=9 A7IMES 72t
g A= NCBI® Gene Bankoll 5% databaseoll Al ITS @ ol sk <
g ol AEAS v A Y Y, Burkholderia gladioli®t 100%¢ 714 =
Hegorvg TRK2-2% Burkholderia gladioli® 574 % it}

N

rr

]

f
M
1%

N
2

[e]
= A

oft
o,

o

Burkholderia gladioli & 573 ¥ TRK2-2+= in vitro oA 2 A<l &2+
kel ofsf duRlom(Lee 5, 2003), 2 &AM T TRK2-27F dAe] € 2
o] 2l Z Aol A erAW I Colletotrichum orbiculareE &39Sl W Ao
sttt (Jeun 5, 2004). T3 2o A o] A H Ao HEste] ISR
T3t vAEENY 39S AU (Kim and Jeun, 2007). Burkholderia
TS 7HA L okl dE =2 A
AETHS AU frleiadiddol Holu EdAstd aador of
AT+ (Hong and Cho., 2007). 874 33}8 nAEFeFo =z o] & 715 3strtal
Hi(Bae %5, 20005 Ao, oomycete WA o] AEE= 2 E4H(Clark
and Parke, 1996; Heungens, 1999)% S Alglth. I & Burkholderia gladiolis
A& Adsidey, wudd uab A8&s F3 A AAE9 Ralstonia
salanacearum(Do &, 2001), 2.°]2] Pythium ultimum(Bae %, 2007) ol 2
BT S Adfsta A4 S 59 B7F AATH

B ANFo AxE EE Burkholderia gladioliZ 53 ¥ TRK 2-27} %
B A TRl A A ] shehA Ao gk dijtew A=A WAl
= HoF ow g A AR ALkl o] &¥ =
Hrt

B o

Alet2 Al o

oX,
<
r
ol
o
N,
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"

i

ol

oZ:

oz o gl & & %
keie S
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ogg
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T
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Fig. 5-5. Gel electrophoresis of total DNA(left) and PCR amplified 16S/23S
intergenic spacer regions(right) from bacterial isolate TRK2-2 using

universal primers 38r and 72f. M: 1kb molecular size marker.
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AE A Pz A4
APE A, e=zol e mA=ES o] &3 AEHY =4 WA 7Fsdo] -z
aoglem,
283t FJH(Clark®t Parke, 1996; Da La Fuente %, 2004; Hynes$}
Boyetchko, 2005). ¥ Q7%= "AZS ©o]&3 A=W WAl 7tesAdSs "L

A Azt o, AFAN AYsE QB SN fAH HBAANT A

i
ue)
X

\J
o?i'
FJH
K
=
4
o
o
ofo
r
=
o
(il
off
12
=2
2
o
=
(02
o
)
X

A=A W (Joo &, 2002)S AF&3tSTE ol& &3l AELAAA EEH 5
Mel 7V Bacillus$:2.2 s4HANS™ 370 ¥+ Burkholderia gladioliol
31, 27 i+ PseudomonasZs, 7€} 252 Acinetobacters;:, Miamiensiss

AAT  Bur. gladioli MRL408-3, Bur. gladioli TRH423-3, P.

fluorescens TRH415-23} P. putida THJ609-39] 47) w5+ 7=o] 2% HE

¥ Xanthomonas axonopodis pv. citriol 9@ == 7HEA%HE 3 Diaporthe

citriol ~ olal THE= AEHAFHE ZdFHew WHe  gAlSATh
ks

Phytophthora citrophthora®ll 93] WHE = Zadgd s & 79 A=2HA
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ol AwEon I Fo| 470 Bacillus$ol v}, Bur. gladioli MRLA08-3,
Bur. gladioli TRH423-3%} P. putida THJ609-3& 7= A% 3 b7 o4 7y
el 335 dUetde 524 ZdEZdHd deid= a3 ecs ¥ JAde o
At tEEZ AN eFAaH S o J|= Sclerotium cepivorum©| el a7 o
2347 gRlE AEIAAT S A EAE As5Fd s EY Ay
Y, 1 soAAM % Pseudomons fluorescens TRH415-27} 34 o2 WS A8
of vk FadE SUWAIZ Y. Phytophthora infestans®l €3t kAL rg o] o
I+ & 39 Burkholderia gladioli TRK2-25 ZZ|aldH A2 & Ao A A
A et FAYE sto] Ao WIAAWAS gl o, Burkholderia

gladioli TRK2-25 %A Wtk AAsde W7t ads ez o] A 5=

ol
i
R

ll

3

H3 Bacillus%2 A3 Wade 540z s A A4 A Al

ol oA e FHES 7HA 2 At (Handelsman¥} Stabb, 1996). 1 2] <]

=4 A ol &He To% A= 17,

1

=
e

5!

AP Mt o=

Burkholderia%:, Psuedomonas<s, Serratia®: 2 Trichodermas; 59 thF3h
ol mAEe e A= FAHXA glow, 'Y mAdEed dE Y&
A BAYs Ewole A7 sAd JAE Ao (Joo 5., 2002; Moon s,
1988; Shen ., 2005 # ., 2002; & &. 2003). &€ vAEES EY 9
ZHRE s E8l(Yang 5, 2007)skAY thkst G EH ] At
WA Al (Bae &, 2004, Jung 5, 2007, Weller, 1988)= &8 %1 Qlom wHAE
dmow ARRE £ s B oide e e = e ux WAlsk
T 23U S3EdH (Li 5, 2008). o9k #dd WY #FE2 Adye] 1F
(Shen &, 2005), 2.°](Lee &, 2005), EvlE(Park &, 2007)5 tst &9 &
P o]&= L At

FEel s AYY, BRIy, dgelys 93 WA 9%

HU
ox
o
2

¢

- 111 -

Collection @ jeju



ojn

=]
=

)
=

ATt Alliums

o~
T

B

A%

A&

(2]
<2,

el
o

fite)

olo
el

il

o

SN sIFel A Aol whef, e

of A

Mo

&

b3} the Ao YEPoaH JE

&

ﬁo
=
)
)

olo

el

Iz

T
M
oy

—

<
I

112 -

Collection @ jeju



AL

ATAA He WA A FAH PO sy Fehe Agaly

p

oo AT, 874 2899 4TH PAL 29 HA3, AR G EGE
AgeA g ARAFEANG 7L AR FoAAG oA B HE
MATY REE AT A Betol FAANBFAN B L FH A

B oAl ABIAATS AFAN Adstes Qa4 B 2|4
2 sheeh 1007 o4 wela zaasdaes oe 74 Awgel val A%

Ao R A g 2y Al o F 12709 HeaAAAde] Al

ek B oA &Ik e ARTRMT Fol 42%% Bacillus%ol %3kt
Bacillus%l A 3¢l 5= B cereus®, T HW& 2/M° TF= B
weihenstephanensis®t B. circulans® &78¥ At} 370 5+ Burkholderia
gladioliz &% At 18 = v 4749 5= Acinetobacter Quenomosp,

Miamiensis avidus, Pseudomonas fluorescens®} Pseudomonas putida@® 573 %

4
)
2
r (o3
-
=2
o

>,
(il
lo
r
)
=2
o
Sh
ik
)
)
(il

cHATEEC] HE YolA
AEAGHE AT F A=A AFE AIAY. T 1670 dF F Burkholderia
gladioli MRL408-3, Burkholderia  gladioli 'TRH423-3, Pseudomonas
fluorescens TRH415-2 % Pseudomonas putida THJ609-3¢] 47} TF+% in
vitro A @A HEAGE ATl e FHdEdN D in vivo A} 2FAF
oMM FEAGH AT A GdEHF Ao Hluwste] SloA B Aol o
A = AT
T WA Aol A Phytophthora citrophthoradl &l W == 9o &
AEddoA FEE 12075 gFEdvldA ZAEAY. 1 Sl Pseudomonas
putida 'THJ609-3, Burkholderia gladioli ‘TRH423-3, Bacillus circulans
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BRH433-2, Bacillus cereus TRL2-3¥} Bacillus cereus KRY505-32 in vivo®l
A W] #AE Ax HESAdy ¥ wwAwst o A9

Al AR ATt A o] H2AFH A del e BAE 3 29A
ol WAER 4dHA dE  Pseudomonas putida THJ609-3, Pseudomonas
fluorescens 'TRH415-2, Burkholderia gladioli MRLA08-3¥} Burkholderia
gladioli TRH423-39] 47) A=A A o] in vitro % oY} in vivodll Al ZAF
¥}t Diaporthe citrioll 98] k7%= HSHd T o] Hury == Diagporthe
citri®} =L@ ATe] EFAS I ol EF HEste] EHE dFo Wk
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H
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Aol A Az AT in vivod] AP WA Aed 2z
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2 H A e FA e Btk =kt

Al A Aol A 2 A EA A Ao s A E
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