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ABSTRACT

Resistance induction and antifungal effect by plant growth
promoting rhizobacteria(PGPR) were investigated on the leaves of
cucumber and orchid plants. PGPR with the rhizosphere of the
plants that has been known as direct antifungal effect to plant
pathogen as well as promotion of plant growth. Infection
structures were observed at the penetration sites on the leaves of
cucumber plants inoculated with Colletotrichum orbiculare using a
fluorescence microscope. The cucumber plants were previously
drenched with suspension of bacterial strains Pseudomonas putida
or Micrococcus Iuteus. In the! plants pre—inoculated with both
bacterial strains resistance was induced after inoculation
with C. orbiculare. To investigate the resistance mechanism by
both bacterial strains, the surface of infected leaves was observed
at the different time after the challenge inoculation. At 3 days
after inoculation there were no differences in the germination and
appressorium formation of conidia of C. orbiculare as well as in
the callose formation of the plants between both bacteria
pre—inoculated and non-treated plants. At 5 days, the germination
and appressorium formation of the fungal conidia were, however,

significantly decreased on the leaves of plants pre—inoculated with
M. luteus at the concentration with 1.0 X 107 cfu/ml. Furthermore,

callose formation of plant cells at the penetration sites was



apparently increased. In contrast, there were no defense reaction of

the plants at the concentration with 1.0 X 10° cfu/mt of M. luteus.
Similarly, inoculation with £ putida caused no plant resistance at the
low concentration, whereas increase of callose formation was
observed at the higher concentration, suggesting that the resistant
mechanisms might be differently expressed by the concentration of
pre—inoculation with bacterial suspension. On the other hand, a
bacterial colony was isolated from a orchid plants showing soft
rot symptom. This bacterium was identified as Pectobacterium
chrysanthemi, which caused soft rot in orchid plants. In order to
find a effective PGPR strain against the soft rot in orchid plants,
suspension of P putida, M. luteus and Pseudomonas sp.(TRH422-1)
were mixtured with suspension of 7. chrysanthemi. The suspension
mixture with TRH422-1 showed decrease of lesion size after
inoculation in orchid plants whereas the mixture of P putida and
M. [uteus. The lesion area of the PGPR PF. putida or M. luteus
pre—inoculated plants was decreased compared to that of sterile
water—treated plants, indicating a resistance induction in the orchid
plants. Furthermore the level of resistance by the both bacteria
was comparable that by antibiotic fungicide streptomycin. From
these results it was suggest that PGPR may be effective to a

broad spectrum of various crops and plant diseases.
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H O ddE= a5Eeks A A stAY Wak a71E AA vkeEt
(Agrios. 2005). AAA Fr=A3AdS HAA, HEAA A FAHAY =
© AAdAM EAste 54 AseE

Systemic Acquired Resistance(SAR) ¥ Al &9 AAS A7+ &
o] EAst= AAHF(PGPR : plant growth promoting rhizobacteria)®ll

93] =%+ A A Induced Systemic Resistance(ISR) F+ 7/ = A

et o] F 7HA Bl AAH = ARAES HEel ALl =
He AedgdAAet A el e A 717l oA Aol s
Uetdith A g A A leld SARTES flsiA = salicylic

acid(SA)] F2¢] " nhdo], ISR ANEAGA A= SARY th2 7
SA®] HA 3= daglel A AALTe] Aol ofa A3F/do] et
gk SARY = G AEgIdAS Wdatel] disiA AHA)] FaanE
7HAH AEe] AFS FXA7]132Jeun et al, 2001) FE=A3A 9
AZ ARG A AES 2O ethylene, jasmonic acido] = Q.3
AgS gt ez dEA Ati(Van Loon et al, 1998a). SARS]
AR NAS FF A 719 A 7123 FASt] AlE
o] g1 st(lignification), MAA Y H-9 el papillae A, 2
EA ¥ A WES(HR : hypersensitive reaction), ® & gtz
(PR-protein : pathogenesis related protein)e] A o] 9t} wh

Hol| [SRel|l o A A L@ /]2 SARIF} LR HoTE FaleL

Azl M=

}(Jeun et al., 2002).
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Aot IMFAIHE stol A s7tell Mt 2 ofelws F1aL alvh. &<

S ovh A% Fold mad g7l @, Asadel o T A

A nmeqd FYdo WS FAL 93 #u 7 HeE 4w
3

Ak, AxA Ao Ae3s CAM(Crassulacean Acid Metabolism)
A5 7]&o] W of7te] 7]FS do] eIt AE F5e] f7)
Abo g2 HSIAIA A AL, = 7] FS Bol R FAHE WA

A AfE ¥ exolA HIACGCEENETH, 2001b)
sHwe] A%ol3e doslt Aot AR, A, Hhole ol
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PDAMI A7} A A = AEZ A Wkl 7he-d Fitol w2 a2 vk

Aol = PDAWA oA Aetar e BHddo & F2

o dAAAE sm)E AF skl Aol &AL wpA e YA
q F&dd &30, Adse] ¥ddsd W I
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Ho

st ol & 47X WA (Rhizoctonia solani, Fusarium oxysporum,
Colletotrichum gloeosporioides, C. orbiculare)S © Ao &
AP At 28CoAA 743 AAEHN HATES MG & 247

AFE] FA AY A ARE ZAF F 4T

ok

g Ao adF 28 Hol= Ad P oputida, M. luteus =
MarEt Ao (d, 2005). A HAA T Aol 3 AE Ho 4
st AA A FEAEgY AP AFESH7] el A AdE M P

putida, M. luteus 2 Tryptic soy agar (TSA) #jxo]A] 28T

1-2. 2ol EA 4 ISRY F%
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Kleopper(2000) 7} AlAlg ®Wyol waba 1.0 x 10" 2 1.0 X 10°
colony forming unit(cfu)/ml= ZA3tA . C. orbiculare & 74%E3}7]
794 7] B8 F FE(1.0 X 107 7 1.0 < 10° cfu/m)E zte 7t
Zbel AlF Aol 30mA e o] ABAT EERFE AT A

A oumel M@ A dale] FRFE 2ol HBA BT,
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A 2 4B A 2R AFHTE 47 o 27l AR ARRNE AEssith

1-4. AF2PARY Aelo] 9 FEAZHY BB B4
B QoA Were] Wobk, P FAE, Teln S Wl 4%
AZE FA2 HuAsh VA4S ARRD AZAGE t-test(p=0.01

and 0.005) & o]&3lo] wmwalgit}.

[e:

d Ae 2HE T 28ToAAN wdd § e vAdEE PDA R
TSAB| Aol 242} ZeFol 25CollA widetalar, PLLACl2} ¥ stal
ot #E8l$ PLLAE & Tryptic soy agar (TSA) HjR| oAl 28T o A]
4841 st g F #F A4S 98 WA PLLAS Hddie
o AE Hedt AAE BHlo] FA4S oF it ATl e
P. putida, M. luteus (F. 2005) 18]3l Pseudomonas sp. (TRH422-1)
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G-glucans & 9317 (Kauss et al., 1989) wj&of, &3S wj= A
5 MEH callose 7F FAE AEE AZsih AE F3 A x|
Aol callose B2 T2 AEAS ¢ A= Bol THHA= &
okth(Fig. 2).

B AT 39 F FAY AEAY F uAES AAT A=A
of xExpe] obg, FAV] FAE il HEAIEEY callose A&l
= A Ael7t flSlaL, AT kol Fle] gllth(Fig. 3).

Wt AF 5d F Polgy BFY] YAHELE M luteus T 1.0 X 107
cfu/mt 2= A2 AHEAES9] SlolA ot FasAthFig. 4). LY
2 TEE M luteus T AADYF H=Ald= A4S Topgom 2
7] ENE YIS = T U}HFig. 3, Fig. 4). FASHA P. putida

AR AEAe] oS FAE AEAet vugs u ol&d F
2k7] A EAA Aol stk (Fig. 3, Fig. 4). 18y A& F 34
o A% F HAES = FEE HAAYE AL callose FAo] TF

He e w2 o= %A X vk(Fig. 3, Fig. 4).
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Fig. 1. Induction of systemically induced resistance in cucumber
plants against anthracnose disease at 7 days after
inoculation with Colletotrichum orbiculare (2.5 X< 10°
conidia/ml). The presented plants were non-treated control
(A), pre-inoculated with Pseudomonas putida (B) and
Micrococcus Iuteus (C) 7 days before the challenge
inoculation. The present pictures showed the developed
lesions by anthracnose pathogen on the non-treated control
plants (A) and the suppression of lesions on the leaves of

P. putida (B) of M. luteus (C) pre—inoculated plants.
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Fig. 2. Fluorescence Microscopical observation of infection structures
and resistance response on the leaves of the cucumber plants
non-treated (A), pre—inoculated with Pseudomonas putida (B)
and Micrococcus luteus (C) at 5 days after challenge
inoculation with Colletotrichum orbiculare. Pre-inoculation with
both bacterial strains (1.0 < 105 1.0 X 107 cfu/ml) were
carried out 7 days before the challenge inoculation. The
bars = 20pm. Abbreviations: a, appressorium; c¢, conidium; e,

epidermal cell.
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Fig.

Appressorium Germination

Callose

: Control (H,0)

A 2
B: P. putida (1.0 x 107)
C: P. putida (1.0 x 108)
D: M. luteus (1.0 x 107)
A E: M. luteus (1.0 x 108)
80 ns ns
2 60 ns ns
o 40
©
= 20
0 1 1 1 1 ]
A B C D E
—~ 80 B
R ns ns
T 60 ns ns
= 40 [ |
E 20
o
0 1 1 1 1 ]
A B C D E
C
2 1o I T,
c 8 }' l’
.0 ns
= 6
©
= 4
§ 2
0 1 1 1 1 ]

. Frequency of conidial germination (A) and appressorium formation

(B) of Colletotrichum orbiculare and callose formation of plant
cells (C) at the penetration sites on the leaves of cucumber plants
non-treated, pre—inoculated with  both  bacterial  strains
Pseudomonas putida and Micrococcus luteus at 3 days after
challenge inoculation with the fungal pathogen. The pre—inoculation
with both bacterial strains (1.0 < 10° , 1.0 X 107 cfu/mf) were
carried out 7 days before the challenge inoculation, respectively.
The wvertical bars indicate the standard deviation of the 3
separated experiments each containing 4 leaf discs from 4 plants
per treatment. * = significant at the 1% probability level; #* =
significant at the 0.5% probability level; ns = non—significant.

_20_



Fig. 4.

A: Control (H,0)
B: P. putida (1.0 x 107)
C: P. putida (1.0 x 109)
D: M. luteus (1.0 x 107)
A E: M. luteus (1.0 x 109)
80
5 —~ 60 ne ns ns
F R | | *
£8 40 I
Ew®
8 = 20
0
A B C D E
£~ 80 B
S X ns
g \8/ 60 [ ns . ns
@5 40 [ T [
s £ 20
< +
0
A B C D E
~ 12 ¢ *k
® 10 *
§ 5 8 ns ns
S8 4 -
0
A B C D E

Frequency of conidial germination (A) and appressorium formation
(B) of Colletotrichum orbiculare and callose formation of plant
cells (O) at the penetration sites on the leaves of cucumber plants
non-treated, pre—inoculated with  both  bacterial  strains
Pseudomonas putida and Micrococcus [uteus at 5 days after
challenge inoculation with the fungal pathogen. The pre-inoculation
with both bacterial strains (1.0 < 10° |, 1.0 X 107 cfu/m) were
carried out 7 days before the challenge inoculation, respectively.
The vertical bars indicate the standard deviation of the 3
separated experiments each containing 4 leaf discs from 4 plants
per treatment. * = significant at the 1% probability level; #x =
significant at the 0.5% probability level; ns = non-significant.
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-1. ST FEH A AFIAATY FAHA dAEH
Adistu AE WHest Agde #sAS gD dF= A7IA
o BAMAw} Pectobacterium chrysanthemi (Erwinia chrysanthemi)®
TAENeH, o] Qo= YUE Erwinia 53 Enterobacter 4532
A S eI TH(Fig. 5). 16S rRNA 17]4 4 #4 A= PLLA
Y P chrysanthemi (E. chrysanthemi®t HLdF)¢ 2F 98% 9 AF
TS el 1 9o Y& Erwinia 3 Enterobacter %
THE =2 FAIREE UEUAH. o599 A7IA4E dataE WEO=E
R

Phylogenic treeE 18 ¥ ZA3} PLLAY= P. chrysanthemi ¢+ 7}
AFoZ RAAY, B #55 & Qo] did] FEHTS €07
= HYA Aoz Bau 9 vk QrHFig. 5).
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Enterobacter sakazakii
—— Enterobacter hormaechei
Yersinia enterocolitica
Erwinia quercina
Erwinia salicis
Erwinia paradisiaca
Dickeya dianthicola
— Pectobacterium chrysanthemi
—— PLLA

Fig 5. The phylogenic tree result from 16s rRNA sequence analysis
in separated in orchid plants. It was confirmed of most

similarity between PLLA and Pectobacterium chrysanthemi.
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Fig. 6. Direct antifungal to soft rot disease PFectobacterium chrysanthemr
by PGPR Pseudomonas sp.(TRH422-1). It was inoculated to
mixture of PGPR and soft rot disease of bacterial suspension that
is between PGPR and soft rot disease in the ratio each 3:1(A),
1:1(B), 1:3(C). As a negative control, only soft rot inoculated

plants were used(D).
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A: Pseudomonas sp (1.0 x 106)
14 B: Pectobacterium chrysanthemi (1.0 x 107)

] DR

disease severity(mm)
[o0)

o N b~ O
T

A:B = 3:1 AB=1:1 A:B=1:3 P.chrysanthemi

Fig. 7. Disease severity were measured at 2 days after inoculation.
The figure shows that disease severity decreased in orchid
plants as much high ratio of PGPR PFseudomonas
sp.(TRH422-1) when it was inoculated to mixture of PGPR
Pseudomonas sp.(TRH422-1) and soft rot Pactobacterium
chrysanthemr of  bacterial ''suspension. The vertical bars
indicate the standard deviation of the 2 separated experiment

3 plants per treatment.
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Fig. 8. Induction of systemically induced resistance in orchid plants
against soft rot disease at 2 days after inoculation with
Pactobacterium chrysanthemi (1.0 < 10°, 1.0 < 10°, 1.0 x 10*
cfu/ml, sterile water). The presented plants were sterile water
(A), Pseudomonas putida (B) and Micrococcus luteus (C) and
streptomycin  800ppm (D) 2 days before the challenge
inoculation. The present pictures showed the developed
lesions by soft rot pathogen on the sterile water
pre—inoculation plants (A) and the suppression of lesions on
the leaves of 2. putida (B) of M. luteus (C) or streptomycin
800ppm (D) pre-inoculated plants.

_27_



—_—

lesion area( mm2 )

Fig. 9.

—_

A: Control (H,0)
B: P. putida (1.0 x 107)

400 C: M. Juteus (1.0 x 108)
00 | D: streptomycin (800ppm)
000 -
800 -
800
400
00 -

0

A B C D
Reduction of lesion area causing Pectobacterium chrysanthemi

in the leaves of orchid plants by pre-inoculation with
Pseudomonas putida (B), Micrococcus Iluteus (C) and
streptomycin 800ppm (D). The lesion areas were measured at
2 days after challenge inoculation with 2 chrysanthemi. The
vertical bars indicate the standard deviation of 3 plants per

treatment.
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Table 1. Protective rate on the leaves of orchid plants pre-inoculated
with  FPseudomonas  putida or  Micrococcus — luteus  or

streptomycin 2 days after challenge inoculation with

Pactobacterium chrysanthemu.

Treatment Protection rate (%)*
sterile water -
P. putida ( 1.0 x 107) 39.3
M. Iuteus ( 1.0 < 107) 41.3
streptomycin ( 800ppm ) 45.4

4 Percentage were calculated by the formula, protection (%) = 100 (1 - X/ Y)
in which X and Y are % of lesion area on the leaves of plants treated

with P putida or M. luteus or; streptomycin and with sterile water.
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A8 A £7 AFAAT(PGPRC o8 fFukEE Agdr e w
2 AgAEoA AFEe]A L tHPark and Kleopper, 2000 ; Jeun
et al., 2004b). ISR 71z F2 F 7IAZ {3 F A} s
ISRe] Az dgdAAlolar, thE sl PGPRS A2t A EAoA A

deS 3=(Malamy et al., 1990) salicylic acid(SA) (Van Loon et
al., 1998) ¢ FA = FHsirh Pieterse(1998)% ethylene &
jasmonic acidol] G3FS Mz = o 7| A] A E oA PGPRY HA
Foll ISRS fFE¥A gtk Baskglth, 23S SART  ethylene &
+= jasmonic acid®] 9go] PGPRo| ¢J3l A3tA]e] wdS Q& =23}
o= As GAg
PGPRell ¢]gk A3
e = Ades o2 A g ISRe] YEUE AEAEY Aol
PR-protein ©] A %A &=t} (Pieterse et al.,, 1996 ; Van Wees et
al.,, 1997). WrHel] SARo] Yetb= A=Al = @74 PR-proteino]
@ th(Sticher et al, 1997). Bty FEARES A8k 5Y
PGPR & AFAR1 4t &5 2zt itk 2= dd Aol in vitro
ol AFAQ FFdEHAE HAAFA F wHAE TRL2-3(Pseudomonas
putida) & TRK2-2(Micrococcus luteus)S A3t tHlLee et al., 2003).
ISR &) ke 7142 PGPReIA A5 24 o8 {47 a4
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T AE HFe)d 22 vH 949 AFoltvt(Maurhofer et al.,, 1994;
Van Loon et al., 1997; 1998).

PGPRSl P. putida ¢t M. luteus & AA2d 2o] A=A SN &
AWl Colletotrichum orbiculare & 3539 S Wl H
Aaskglh. vlzshAl A Aol A ISRE fFEste 7 vAES] a9
tefA olu FeldldttJeun et al., 2004a). 1HY F HAES AA g

§ Qo] AzANAM oA APA vkgo] HAE=A= A Aol

EANA C orbiculare EAS] Wrotg 3 H27] PA4ES oF
A& Edn. 2y agle] WAlRe AFEe] e F
A g7 wiEel A A AP g Fo =Rolgtas AZHA
gtk ojgts Ao r WA Hdol Adste A=A Wolukg
= 3ol callose ¥ A & (stromberg and Brishammar, 1993; Kovats
et al., 1991) M. luteus & 1.0 X 107cfu/m= AHe]d 2 EA 5]
Aol A HdF-Llol FoHorw FrleAYE. Bl P oputidas A2

AEAANA callose A&l FABUA S7HeHA= FAANE Bol] FA
HAHFig. 3). olg A& Ssto] F AIYTAAMTE HAdAS 74
sto] W M-S HAaA7IE callose 49 #48E Fdve s ¢
4= At} Serratia marcescens %+i= Pseudomonas fluorescens 32 2
FEAAMTS DA Qo] AEA C orbiculares FENE W FAF
3 AnE BoldttUeun et al., 2004b). TS WA APF-HIZ WA

= calloses WA Glomus intraradices & A2 do =M
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ISRo] HHH Qo] AEAdA F7stAth(Lee et al.,, 2005). 12}

DL-3-amionbutyric acid (BABA)o| ¢J&l] SARe] @& &= Q0] A &4
A= EAtel ofF R7] YWY oy} wolgE AA Hadd
t}. ARt callose @A F718HA 2%th(Jeun et al., 2004b). So]8}H

T F A AMTES 1.0 X 10%cfu/ms] 3o =z Axast9S uo

ol F27] P& 183l callose BAAES FAE A =AE Hlas}

S A=AE ol &3 APddAM= AT FFW Pectobacterium
chrysanthemi| W3+ A3dLHA A Pseudomonas sp.(TRH422-1)2] 2
AEA Faadek 9M APdelA SRS FrEske AF¥TdAATEd P
putida 9+ M. Iuteus®] Aol 23t F-EFWH P chrysanthem| t]3st
AAA Aol FrE=A AT

FAEHold mAgE o] AAE tE HAEd S4ARE Agets

A4S Ttk X F7HA] dH R gF-Ee A EAL Swreptomyces &

& WAL I Penicillium 322 A5 el od APEH= SdE iR
v A, 2YTFE, dF #Fdd ddl S4a2 AE3n. A e
Aede gty xe Sista Be M= ddo] gith. A= Hol AE

He FAELAE AEd o A om FaE olFsteE HFol3
Aot} dAEAL (A v 7T Fe&gozH AE HE v
A gt Agrios. 2005). A&FHAAH Pseudomonas sp.(TRH422-1) 3}

P. santhemi®] @&4& 3:1, 1:1, 1:3 & v]&=2 &35k & zh7he] &3}
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NS HFoA S Wl Pseudomonas sp.(TRH422-1)e] HEFN O H]
ol &5 S4W AEAANA vYedes B 28 v Aae
R, AEFgTAATH EFetA] Fal HAdgo=2ZW HFsAE W
0E AgEd vlaste] W 28 Jrrt 7P Skl o] gA
3

(Colletotrichum orbiculare) 2 F+& AW (C.gloeosporioides)S 2

b

@A Bacillus amylolquetaciensSt 18w Aol A Z}z} o =] )
F A A F ATy wARE Aol AL AAd S AT
ol AetA &= AoE #HEHJATFUeun et al, 2002). &
St B, amylolquefaciens® Wk o| A F=3+ Lipopolysaccaride”’} 2.9]
gAgre] 527 gdE AAlshs Aol #EHAMin et al., 2000). ©]
24 AgAAwFol A ]Sk Lipopolysaccaride®t 242 2o o) H
A3t Aol AAlE = o R ARG Jeun et al., 2002).
TEAFAE S Agol BadAd o #a e 3t
= AEA HAE FHo FEHEd, oA FHA 53 (ocal
acquired resistance)o]gtil 3t} oS S, FHA IS HEAL Iyl
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JSL‘
é
o
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_
0
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o
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AsZ @AM+ (PGPR : plant growth promoting rhizobacteria)®] =
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