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I. SUMMARY

To select active bacterial strains to control plant diseases, 57 bscterial
strains were isolated from the rhizosphere of the plants growing in various
areas as coast, middle and top of Halla Mountain in Jeju Island. Anti-fungal
effect of isolated bactrial strains was tested in vitro by incubating in potato
dextrose agar with isolates of four fungal plant pathogens Rhizoctonia solani,
Fusarium oxysporum, Collectotrichum gloeosporioides and C. orbiculare,
respectively. Thirty—four bacteral strains inhibited the hyphal growth of the
plant pathogens, from which 17 strains inhibited one of the tested fungi, 10
strains two fungi, six strains three and a strain TRL2-3 inhibited all of the
tested fungi. Some bacterial strains could inhibit weakly the hyphal growth of
the plant pathogens, whereas some did very strongly with apparent inhibition
zone between the plant pathogens and bacterial strains indicating the
unfavorable condition for hyphal growth. Although there was no apparent
inhibition zone, some bacterial strains showed a strong suppression of hyphal
growth of plant pathogens. Especially, the inhibition by TRL2-3 was
remarkably strong in all cases of the tested plant pathogens in this study
that could be a possible candidate for biological control of various plant
diseases. Bacterial isolate MRL3-1 showing antifungal activity in vitro test
against plant pathogens was tested for the ability of resistance induction by
bioassay. The pre-treatment with MRL3-1 at the concentration 1.0 x 10° cfu/
m¢ in the rhizosphere of cucumber plants could induce systemic resistance in
the aerial part of cucumber plants against anthracnose caused by
Collectotrichum orbiculare. The lower concentration of the bacterial isolate
resulted in the decrease of the ability inducing systemic resistance after

challenge inoculation with C. orbiculare. Similarly the pre-treatment with



MRL3-1 could trigger the systemic resistance against late blight disease
caused by Phytophthora infestanse in tomato plants. As a positive control the
treatment with DL-3-aminobutyric acid caused a remarkable reduction of
disease severity whereas the lesions on the leaves of untreated plants
developed apparently after the fungal inoculation. From these results it was
discussed that disease control using the bacterial isolate inducing systemic

resistance in the field where chemical application is forbid.
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EAet= A AM T (plant growth promoting rhizobacteria: PGPR)S E 4l
A 4§ el AFste]l A 712E UEhlH, SARIE 2] H Aol
kel AfFA FHaAE THAY AEAFS FAAI]AL(Jeun et al. 2001),
FEAEAAY AT AGRANA AEFT 2R oddl ofriAito] FQ3 osts
st 2oz 4 dth(van Loon et al. 1998a). PGPRel st Hel= 2 &2}
A ol z]zhel o ESHA HW, A=) AR dAAFAAY s ARE e
Th(van Loon et al. 1998a). B %ol PGPRol <]g Aol wde 2 &9 A<}

44 A&He Ae Baw #4 ¢u PGPRS HEo] Avhs EFA & 4
e,
ISRE SAS %4 glolm 42AelA FEslolxn, SA: HAAY 549 F

Al ola] =¥ SARe] EAH 7] flafA wr=A] 2 stth(Pieterse et al.
1996). AATAES o] &sto 2 ISR ANEHYE 7]2o] SARS AMade 7
2 g2tk Zlo] ek ol g AME S o7 d el A PGPRE g HF
© 24 jasmonic acid®} o€ #Mo] AHA AT ALV 2 ATdE = Ui
H ek =g Aol A SARY ISRAFelo Al th2 A et (Sticher et

al. 1997; van Loon et al. 1998a). «& &3 HWUA T2 (pathogenesis

fot
R
o N

fol
2
1A
olN

related proteins: PR-proteins) S %S A E A S5dA SARY HdL o 23
A a0l F9 sz LA g ork(van Loon et al. 1998a), Wkl ISRS
HAsl= o 717l o A= PR-proteino] 7% A ek=1t}

w3 ISRO 5AS AHEY, AFAFTIH= =24 HAdAd digk Aol

FAEA gom, WA i EdAe diE A8t e wus Aotk

F

e

WAE oFAl JiEo]l HA @ Fgow mlojgid] HE&T + 3= PGPRE
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Az R EH

1. HFE XY AHFZAMZ A4

AFE grepibs S0 A, FAE Ao, ARFA A A Ak QL=
BHE x83 227 AEAE 20039 6€ol AFEAL AP AEA= vIR
Aloulel] Yol Ao Bash @ AldS EEsh] sk A2 B s

ol Ak AMAT AE e AAALS o]& 1 g o] o
A 7HE ol &ste]l Addn. Hels GAARES o] § ZA2 F 10 me] i
E At mlolaw dslow whpabubel Jd 1 mee] AAE FEote] o} g
F omg FujE Eiag 9 mo] S0l HlAE FH Yo FAYPSE o]&3l
10199 wl&7t# gdsh 107 & dez 43 HF A A4S 300 w ¥
FZ38lo] TSA vixolA 28C 9] 2=2 2U7F wjde & At A5 woll 12
o= Apold uwpg} FESFI T Streaking WHORE FAES TSA uA] AeA o}
Al EEeto], 28CellA 297 vl & 2 AT AEZS5S thA TSA w4l &A
ASAAY. #HF 57 M2 At Alseo] 25, EelE Alir2 ependorf tube®l

=YAE (D TSB (D9 H&= 48 § -80 TolA AREH7] A7bA] B

w2 A AEEe] Ftas 24
AASES] Bt sol e Fdaaes Flshy] fste] TdAA 2
At s PDA wiAIZE YA Sde dAEUA v shfd el &3



Ell—]:ngoﬂT‘:‘ PDA HHX]O]]/H Z}‘ﬂ'ﬂ 9l = W 9]
2 5 m=E AHste] AFo] AR A Y

Afgel WARsel U FF4E FAL 474 W
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24
X

o,

i (Rhizoctonia solani,
Fusarium oxysporum, Colletotrichum gloeosporioides, C. orbiculare)s o2
YL Ak 28T 743 AdE3 BAHEES WY 5 242 Hdd=59 dA
A gAle] A8 53 22 7Ieem A 758tk

+, SFsHAl Al ++, A A A e+, Wi AsHA A

Aol A8 A=At st FzAES Kol
Aol A& tEe WRiel ot At Atk
ke (99 = [ 1 - (MR} 7Pk H2] wiAF A Aol / mAiEsr) wielie] A} Ao x 100

rot

rr

At Algol egk wEA

2. MEL3-1 #3352 Sy A
7h AE A2 A

20| (Cucumis sativus L. cv. Eun Sung) A2 10%2] = e}o] E(Parat® Sam
Son, Korea)7} 5% A& (Choroc Nala® Bokyung Nongsang, Korea)E Z&}2E
EZol(72 holes, @ 4 cm)oll A$-1 FdFsA o, ASE=7F 53+ 28°C, okt
25°C 7} A E = 2404, vld 30 me] S FHeA, A WA 2o
g wj7kAl A5 A

EnlE (Lycopersicum esculentum Mill cv. Super Dotaernag) A5 23k
FES RE EFWE 2,351, v/ vste] FetrE XE(F 8 o)l
A¢-a dFEA ASFSE7 F3F 25°C, okgt 20°C 7F A EE 20 A

bo 4971704 A AEAE AQEE AN At

Ho
ol



L A AAT MRL3-19] Wi H A g
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HE Hole ZHoA REEl®E A AT MRL3-1S A EA 6 doA
ISR % A4FE Fdstax & Ag A&3FA Tt AT tryptic soy agar
Hj 2 o A 28°Coll A 24 AIZF &<k ASH AT Mo F%+ Park ¥ Kloepper
(2000)7F A A8 W 9] 1.0 x 10° colony forming unit (cfu)/m(Z 274 5
Atk C orbiculare®t P. infestanseZ HE37] 74l A dg 30 MS &
olo} EmtEo] Zhz; fFetqdnt Zhzhe] Add o] 8H AEAE EvtEY 4§
3FHE (VAT 35), 209 A
(negative control)ol|= Al gl Al &

of SARS A E° X324 1 mM X9 DL-3-amino butyric acid
(BABA) 30 mt& E] #5 3otk BABAZF Al AEAEs 44 vt

(positive control) & A& %] it}
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S 100 /L vl&=2 FH7ske] ARg-aFdth.
P. infestans (Mont.) de Bary® 54 J4dS #13+e] V8 agar A4 74
St 15CAHA ASFE AT frFAdel A A7t FEEHESE 8] 93 10 meo]
EFE T FAE AR wj Aol F-olvh dAbEe] s Pl A EE
al7] 918t kA E o]§ AL Aol FUIE A A
WAE FF2A7 52 o 7HA FAo s 23

AL cheesecloth® ©]&38}0] TAIZZAES Z3lom EnlEe HFUOR ALY
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olsle] Hde dgde %2 15 x 10° zoospores/ml 2 FA 34},
C. orbiculare X7 @YY} FFAE E3ela l= P oinfestans e A2
MRL3-1 "] & & el T 5 AdA He= F XAGEe AEA o] Az o]

ey
5 o] gate] AxHAG AEAd WATES JTaL A AEAES F571
100% +# %= humid chamberol 24 A|7Fsot Fa gl YA FE7F 60%
s

FAE AL e 28T Ao 25T &4 &A
2k MRL3-19] #2437 37t

C. orbiculared] 98] A3 WH7E<d & (Disease severity)© HYTS HFs
A 7d Bk Fo] ®nko]l HAlG olS et FA4s i P
ofgt gl HF F 5 8 1¥a 11Y A He F 47 SAHEAY. B9 E
Lol9t EntE ZtZhex Qo] A wWwol WA S #Fste] V| EFTOEN
45U A5l gl WAlE&2 Cohen(1994)0] A A s Whwe] o]ste] A4k
How 1 AL g5 Ak
WAE(%) = [ 1 - ( T 5 2e7rllxe] Be] A/ HF 5 tiarolke] #el A=) ] x 100
C orbiculare$} P. infestans©ll 2sle] @AYs WA &S JElNE AR E9
9] 2 Duncan’s multiple range test % MRL3-1 Az ¢ iz Alo]9

t-test® &3] HF3HA T



1. HFE XY AHFZAMZ A4

AFAG A A Sdow FH 57 e A Aol EeEAr. o
oA 34 e Alxt ATE] Aol U] A=l A S S,
17 78] At Ales2 17HA Bt ARS A, 10709 Al Ale
27HA Wdate] RS AL, 670 At AEE EAlel 37HA Wit

W4E Alstgon, TRL2-3& Adel A48 BT 25 442 st

FaAge A ASER A8 9

rie

g WAT TAYFIAR ks
ArhFig. 1). F#A4ES wolx 2= AFAEL FHade] e vaTa
AgthFig. 1B). A A%l o8 AdgeAs A, 9y A
AFES 4379 @A 44 Al AAIkithFigs. 1G, 1. 22 A7

AeES WA S AeA dASII L A e o i 2SS e
HAA e Alet Alole]l o A A] 9 (inhibition zone)o] #-#% ¢l tH(Figs. 1B, 11). H]
Tl AAA G AR, AR A ATES AEHYTY dAF AFS S

=
-5 70%7F A = A (Table 2).

_‘IO_



Fig. 1 . Inhibition of hyphal growth of plant pathogens Rhizoctonia solani,
Fusarium oxysporum, Colletotrichum gloeosporioides and C. orbiculare by
bacterial strain TRL2-3 (A, B, C and D), C orbiculare by TRK2-2, TRK1-2
and MRL2-3 (F, G and H), C gloeosporioides by MRL2-3 (I) in vitro.
Strain BRL2-1 showed no inhibition of hyphal growth of C orbiculare (E).
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Table 1. Inhibition of hyphal growth of plant pathogens Rhizoctonia sloarmi,
Fusarium oxysporum, Collectotrichum gloeosporioides and C. orbiculare
by various bacterial strains from the rhizosphere of the plants in Jeju

Bacterial
isolate®

Plant pathogen

R. solani

F. oxysporum

C. gloeosporioides

C orbiculare

CRJ1-2

CRJ2-2

CRJ3-1

CRJ3-3

CRL1-3
CRILA-3
CRL5-1
MRJ1-1
MRJ1-3
MRJ2-2
MRJ2-3
MRJ3-1
MRJ3-2
MRJ3-3
MRLI1-2
MRL2-1
MRL2-2
MRL2-3
MRL2-4
MRL3-1
TRJ1-1

TRJ2-1

TRJ2-2
TRJ3-2
TRJ4-1

TRJ4-3
TRL2-1
TRL2-2
TRL2-3
TRL3-1
TRK1-2
TRK2-2
TRK3-1
TRK3-2

+

++

++

+ —

++ -

= +++

+ ++

+

+

++

++

++

++

++

++

+++

++

+++

++

+

4C mreans strains isdlated from coast areas of the ME Hallas M from midde areas; T, from top of the Mt Hella
P~ non inhibited; +, weakly inhibited; ++, strongly inhibited; +++, very strongly inhibited
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Table 2. Inhibition rates of hyphal growth of pathogens Rhizoctonia solani,
Fusarium oxysporum, Colletotrichum gloeosporioides and C

orbiculare by the selected bacterial strain TRL2-3

Plant pathogens (%)*

Bacteiral
strain
R. solani  F. oxysporum C. gloeosporioides C. orbiculare
TRL2-3 67.2+9.6° 55.0+13.2 5R.617.4 70.0+11.4

? Inhibition rate (%) = [1-(length of fungal colony near the strain/length of
fungal colony opposite of the strain)] x 100
> Values represent means*standard deviation of three separated experiment,

each containing six plates per treatment

_13_



2. MEL3-1 #3352 Sy A

In vitro AgA Fd2ES Bl AFASG A A= FHAA E2et At

A2l MRL3-1¢] 2Q.o]dl A Colletotrichum. orbiculardl &|&te] dA ¥ = ehx =z

o
ftlo

EnlEoo| X Phytophthora infestansol 2] LA E+= G 3 AIFA &
HAEstax 2 AFS FastA w3l

MRL3-1& AH#3g thg 594 5= 3 C orbiculares FZslg o, 39+

QETI 2ol Al W wHHAoM HF F 7UA Nt & AGEL o}
70% A tHFig. 3). MRL3-1< (LO x7110% cfa i/ m) 2 A d 2] Foll A
kel Aol Qo) g RAR AR ArkFg. 2, 4. B¢ WP haTo)

Hlste] o)A QA PaEom(Fig. 3) A7 02 oF 55%9] WA &S BAr)
(Table 3). ©]¢} H]=8H Y& %2(1.0 x 109 1.0 x 10° cfu / m)e] MRL3-1

A= HudEs da

>

1712 AygH oz Zz; 479%9F 36.6%2 HHASS
eI tHTable 3). Aeo] FAA vuTE DL-3-amino butyric acid(BABA)Z

A Aol s ImMe] simol A Aol thate] WAeo] dAE st

d
rlo
ok

A&S BHYtHFig. 33 Table 3). MRL3-13 BABAY HnAFS =3
LAATE AEd AT BABA Az ol wWdEo e WAl &9
A Aol v A YEhve o2 HEH A e Alx"oe] 4

Aol e AEH A= Ae

e

},
%0
kS
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Fig. 2 Induction of systemically induced resistance in cucumber plants
against anthracnose disease at 7 days after inoculation with
Colletotrichum orbiculare(1.0 x 10° conidia/ml). The presented plants
were pre—treated with 30 ml of bacterial suspension of MRL3-1 (1.0
x 10° cfu/ml) (A) and untreated control (B) at 5 days before the

challenge inoculation.

_15_



120

A: control
B: MRL3-1(1.0x10°)
100 | a’ C: MRL3-1(1.0x107)
_ D: MRL3-1(1.0x10°%)
Ei 80 E: BABA (1 mM)
5 b b
o 60 be
(0]
@
3 40 C
®
[m)]
20
0 1 1 1 1
A B C D E
Treatment

Fig. 3 : Disease severity on the leaves of cucumber plants pre-treated with
different concentration of bacterial isolate MRL3-1 and non-treated
after inoculation with €. orbiculare (1.0 x 10° conidia / ml). The
disease severities were measured at 7 days after challenge
inoculation. The vertical bars indicate the standard deviation of the

three separated experiments each containing 6 plants per treatment.

a Duncan’s multiple range test
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Table 3. Protection rate of diseased cucumber leaves treated with different

concentration of MRL3-1 or BABA

MRL3-1 (cfu / mf)

BABA
Control
(1 mM)
10 x 10° 1.0 x 10" 1.0 x 10°
Protection rate (%97 0 55.1 479 36.6 74.8
a Protection rate (%) = [l1-(disease severity of treated/disease severity of

control)] x 100

_17_



AETAATS AL QoM eoldAd Wd AFEdE ekl A
P72 MRL3-1& A 23 BEvtEdA = Ao tid A4S Hehd.

MRL3-1& A &3 te 594 He= I P oinfestans< FEsPow, #HA

B e ARE 39 Aoz BA Aoyt A ey As 49

3
%0,
v
12
o
&
2
lo,
p‘L
2

T
o
ok
o

WS R E o] EntEdA & wdeiel o
P. infestansE HAE3st WA 1144 He F WA Eo] oF 70% ol=2wit}
(Fig. 5). °ol¢} H]==38tAl MRL3-1+ A gg EvtE o = wyke] ddo]
A gtE Ach(Fig. 5). t-testE ol & folA AAAR 5 8UA FA T
Aol WAl &S 339%2A 5% MEFFFNA fFoAel AR, 1144
HiE 9o BAES 436%%2 1%9 AFHFFAA Fodo] AAH
e tHFig. 5, Table 4). ¥ad &2 HE st UA 5 8 119 A7E Hol

wa} Tl A 745 QT Table 4).
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Fig. 4

Induction of systemically induced resistance in tomato plants
against late blight disease at 7 days after inoculation with
Phytophthora infestans (15 x 10° zoospores/ml). The presented
plants were pre-treated with 30 ml¢ of bacterial suspension of
MRL3-1 (1.0 x 10® cfu/m¢) (A) and untreated control (B) at 5

days before the challenge inoculation.
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100
90
80
70 T
60
50
40
30 x2
20

O Control
EMRL3-

ksk

Disease severity (%)

5 8 11
Days after inoculation

Fig. 5 : Disease severity on the leaves of tomato plants pre-treated with MRL3-1
(1.0 x 10° cfu/ml) and non-treated at different days after inoculation with
P. infestans (15 x 10° spores/ml). The vertical bars indicate the standard
deviation of the three separated experiments each containing 6 lants per

treatment.

a T-test * = significant at the 5 % probability level;

¢ = gignificant at the 1 96 probability level
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Table 4. Protection rate of diseased cucumber leaves treated with MRL3-1

at different days after fungal inoculation.

Days after inoculation

5 8 11
Protection rate (%97 339 39.7 43.6
a Protection rate (%) = [l-(disease severity of treated/disease severity of

control)] x 100
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AN e T Al AlE 7R 50% o] o]l A&t wiske]
g 7 Y= Aow Fae] g Aol Fed Ayt ASEI vlast
e W Ft 2AEE o= At 28 WE7F =t(Jeun et al, 2001). &+t z-E

& sk el At A% ke, TAES AFAG] sietbel A R H g,

13AES TR AGelA EelEglon, 14745 kA elA e vt
(Table 1). W5 w3 A2 <77k LA, vistzb 2199 A& <4 Hus

b A Hm 2ddAMTE FEES ThAe vAdEe]l wdE= A5t

Faso] Aokt
Wil FAES AT AFE WA GH Sihel AGel AgE 4

et A A A H(Table 1). o5 3 It z4&S B

Al 7 A9 b8 A drtel distel dwA-8S YERHATHTable 1). o2 g
AHRE vlg o2 Aol HEE E¥) %= lipopoly-saccharideset 22 #3733
EdE0 AegHdde dste] 8-S Yedoa =95, T3 ipopoly -
saccharides®] 3282 o 2 2 9 tHDow et al., 2000).

TRL2-3& Algol o] §¥ RE A& dqrel] tiste] 28-S 1l on(Table 1)
TAES] S ofF ZstAl A tHTable 2). TRL2-39] E7%4Q1 28-S
T8, in vitro ZdelA WHE AJFlo] o]fojow HPAI TRL2-3°]
At A dAees A7t FAEUA dEbsStH(Table 2). A1 3ol
AbEE BE AEHATESY TAMF] 50% @A AAEAeH, C . orbiculares
TRL2-3° ¢]ate] 70%7F |A 4ol A A Table 2). o]H g AltATL

AgAol FTAE B ohs HBA FEAFYS FEFoRA HEYS

=)
o
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HAL ¢ S Aoz Jiddn. oHd HARES AZAEE = & B

g A& ASS FHIAZNYL B tH(van Loon et al, 1998). o] gk

Y
EU
iy
o
i)
ot
ru
)
=
M

(plant growth promoting rhizobacteria ; Kioepper et al.,
1980)0l 2t stk AEW WAE 9 aHHd MTEs 7] YeEAeE AHAd
Faavet ALd 2 & U HdFol ol Folx ok s}
HOEAE S vAES AMEStE AL 534 FAAE HAE 9 HH e
2 ofe] e Fot TasA AAA k) shARE I A E
nAEe ol&d e W WAE AT FEAZELE H=ddA Lddde= A
AL ol 4 AeHolAe ¥dth(van Loon et al, 1998a). —L¥ut
IR EgNA sehA oAl ARE RS HAE JHASITE A= A EH

At SRS FrEshs BRA WARAS Adar] 95k, 2o BAYY

HAE G (Fig 4). ohE B9 AdS Be sEE g3 A$ v
wAol a7t AAEA A3 FHAHFig. 3). AW, A EoA ISRY 29
A1ZHS 913k PGPRY v%w AEsA &2 A 2. Serratia marcescens

of

Pseudomonas fluorescens 72 229 PGPR AL 5T TolA 20]9 BA
BolA Adetes FEAFAES oz FAddtk(Liu et al, 1995). 2 o]A
9 Bacillus amyloquefaciens EXTN-13} B. pummilus INR-7< ©]&3F ISR
=5 53 AgelA ¥ WAl gl 334%, 187%7F YERd Tl B A th(Jeun et
al 2001). & A9 23 (Table 3)¢F FA|vtS 7FAaL vl E 3 B MRL3-1

o] &3k Qoo A v el et ¥ WAl&o] =A UEUYE S B 5 Qo
ISRE SAR®| 7% v]aste](Jeun et al, 2004), AlF-H oz A= o] gih,
SARI} @A 3] @ebA B3] PGPR AleS AfAoR It ads 7hAa gl
U A Eeeh e Aol Fdads Fdeit ISR 2
& tE 7122 PGPReIA A5 Aol o A Aads e H

2o uFAdre] AHstolth(Maurhofer et al, 1994; Van Loon et al, 1997;

mlo

[-AI
lo
ke



Baus A= Fokrh kARt ISRe A4 7]12ke] & 22, SARY <] F A=
I v =8t A A AR npriol Al Rkl th(Pieterse and van Loon 1999).
DL-3 amino butyric acid(BABA)E B2 2 EAoA 2z I8 AHIdA F=
¢l x}o] tH(Cohen 2002; Jeun and Park 2003; Zimmerli et al. 2000). ¥ <304
BABAE SAAHuT2A aaxor AAAREYE FEBem(Fig 2, 4),
FAA HagAd FAYE e AgAEd Haste] =2 AdEs UEil
tHFig. 2, 4). ol23 dx=7= & o A4 FEAZAdl 7 SRAds 54
Teg AAee 49 &as] vErdo
QoFstAbH @Al MRL3-10] ojafjA] 2oldA= gty EntEdA+E
gGHo tigsle] ISR F=7F 7Fedth. dAA T ok ISRe] BABAC] ¢Jgh
HARAY Bk =4 UeuA guds, nAES AR AER ST}
Foluh, g3tEe AMES A Fh 2L EFZANA {8 Aol o

24 9I5to] ISRel sl F7b49) AT ool Aok T,

d

B

=
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