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Abstract

The effect of useful rhizobacterium added in bed soil on the early growth promotion of red pepper plug seedlings
was investigated. Total 540 colonies of rhizobacteria from 385 samples of eggplant family roots were isolated. Among
these, 5 isolates were selected for antifungal activity against pathogenic fungi such as Alternaria solani, Botrytis cinerea,
Fusarium  oxysporium, Phytophthora capsici, and Sclerotia sclerotiorum. Of all the isolates, MJ-3 having the most
pronounced growth-promoting ability for red pepper was finally selected and identified as Bacillus amyloliguefaciens
through characterization of biochemical and bacteriological aspects and 165 rDNA sequence. The plant height, stem
diameter, root length and fresh weight of red pepper plants which were grown with inoculation of B. antyloliquefaciens
MJ-3 were higher than those without inoculation. Especially the root weight of the inoculated red pepper plant
increased by 44.3%, the content of endogenous plant hormone (GA1) being 0.556ng/g (dry weight).

Key words — Antagonistic, Bacillus amyloliquefaciens, gibberellins, red pepper

M 2 AEHE 24 ANEA AEAE 7AHCE ARAA

#3789 450 B 4% FI} £2E FFAF

HEE A9 KB A0 A%Y 24, B4 2 £ 992 301 4B 49K AuEEA A8 o
C13=207 Y Iiz]o Q —7.4‘ Z 2} o

*To whom all correspondence should be addressed SUB A7) met o] FIA Reku 53 Az }T]
Tel : 054-530-5202, Fax : 054-530-5202 TeFEelyd HE F24E AMFe AR w3
E-mail : kimjh@sangju.ac.kr b o] AHE7) ekalso] m A2 Wy 2283 LRI B

582 / Amzhets))



!
N
e
&
I
2]
P
N
o
Ho
tjo
I
™

ok

S

o

j

o

2 2 o H
o 2
-t o
=3 =Y
fu o ot
= &

=1

o

N

=2

N

N

jale

&2 o

ot

|o

fru

o

o
e

2
oo rlo i

o

Kl
30
£ e
o
5,

U/, )

o o &
of
ol

:1mﬁ12

ot rd me

o

e

off

rik e

oX o
rQL' 1o 1

N oo
o ooz Y

ok

it
e
2
of ufl o
K-3
Log
)
Ho
ofo
o
o
e
(o
o
olo

p

de o 2
& oox oR n
o o
Ny
o

e
o oy
X
X ox |o

Fo
i3k
oo
: 0=
e
Z o
Mo
2
2
o

e

=

e

o
™2 e o o o
S

X

M
o
ot
et
ol
kd
i
e
4z
A
R
of
ol
olrt
1o
o

ﬂ}{E] oX,

ol et Y&}
ATH16]. metA =

)
i
‘_:Um[o
=2 Hy
8 2
o, 1
o rg
Ho M
19 3L
%rﬁ
._\Oog(:

of Wl g M=

A5 4BAEE0) 4
bacteria, PGPR)[13],
44 QA7 sHE[10]
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A7) Bacillus amyloliquefaciens MJ-38) #2] 2 HEW A &7

o] &3t A EL ¥ E Z At 27|17} 1m
7} HA Aedd FUAE 1gdl 0.85% NaCl F4 10mL
g Hrtsta 39 343 $ Nutrient agar (NA) ¥j x|t
Tryptic soy broth (TSB) #j & o} 100pm¥ =%g F 37T
A 397 WiFEa 5 59 colony?he FHdAT 2
Aoy 29 B NA A} TSB # | (pH 6.0-7.0)l A
3-59 5k 30-37CelA g g7 F v E AX
7} ImL% 224 A w$)(colony forming unit; cfu) 2
A 10107 £ e NFAE 4T BBASAL F
20272 Azd Peadz nusUA g

BT o % A =A
284S 47] A8 A HEFe 7HAF FEAA
%7—‘:] 2 dAEE BT (Alternaria solani), AL F

_9_ [&]
Tt (Botrytis cmerea), 2 i (Fusarium oxysporium),
3N ¥ 77 (Sclerotinia sclerotiorum)
-°4 U FRolE2 01%3}931 oJEL F&IEAH
KCTC (#AxL8) Sollx # o} PDA(potato dex-
trose agar) HjZ|o| A 28Tl 7Y o] wjdste] 4T
RsRA A9 A8sdTh AgY e 2ATAES B
79| thA|Hj (pair plate culture)ol] 2J3 FA}3I%Lo.H,
PDA #jA oA 71¢ BATA Qolg|& A2 PDA A
FG gy HRAE 43 £FEHE SAIE
:2: 3 W Fol# HEste 28TolA 7~10Y37F mjd3t ¥
Welro] FALA S AAAA A X (inhibition zone)E FA}
8l WA E clear zoned] Zolz AR

7

O

o

2] *-Jﬁﬂ(petrl dish, 9em)oll A== 273 723 =5

4mLo} AguAE WFY ImLE 242 Y1 7] F

TAE BFete 5U S § WA FHE

Fr8 29 e dz2Fo v Ko £
ES ASSAvAEE st

[
-
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W18l 3t vl =] Hejshd, widsta, A - A Eo} AulstA] ¢ AEZ o] 77 oAl 1FE
883 EA4E AL 165 rDNA sequence H[14]0 =2
S48t olm PCR primer= R14 (5-ACg ggC ggT

AR5 - A48 BRA - FAA - AR

gTg TAC-3')¢} R15(5'-gCC AgC AgC CgC goT A-3)E ©] ameter), Be]9] Ao, AAFF T

£3}993 sequencing datax ribosomal database(http://rdp. Aok AT wiA e Gy ubEo R

cme.msu. edu/html/analyses.htmb)ol] A AEAS AM3} ZAFF Ao

o S5,

o|MEMH H7t AES| M=

B EAAE F2A (T
st 121 A 1587 47
i kA (2.0x10° cfu/mL) 1Loj T
30T oA 244 7F v YA A 7
st 9 FaFol 20%

AR F23 4
100mesho] 3} 2 (1998) 5o wHHel £3]
‘6‘}01 ol &34, v|AE nal standard, ISTD)& *H

X

Gibberellin(GA) 9 &4

k=l

=

o dulzel Azyd o FANE 4%, HJETA 29%,

ZElolE 16%, Hu]FeolE 11%E ¥

a0l Mt
A7) Az AEAANE 4% &5t Azs LA EL 7FA 7 AE e Mste 2dn
=2 B o 23go] g2 =3 A2 58
& uf AlE AN e MIBEZA 28 - 2 - AFEIBAES A
1 AuAP L 7t wgshe dol| A olE] F stotn A E H&3tAth Table 33 do] ZHMAZ
vl g 407 Edlold 7] A l §%xﬂx}] A7pek 4 AT AEY e AMEY T 38549 TUANER

sl AZY %

Table 1. HPLC operation conditions for the fractionation of gibberellin in Red pepper

-~

X
=

gZstgh 20029 11€ 139 g5t 20039 19 17¢
7hA 6747 Aulsle] ZA(plant height), 7
27 4558 249

2 do] A A% S

|

& Foster?} Morgan(1995), Lee

ste Pttt U F2EE D (Inter-
» GA1¢ AHE-3L o} HPLC (Table

¥ gdsty 1)Z GA; BAEYE 233193, GC/MS SIM (Table 2)
571(40C) M 48M7F Az o2 GAY e zAEIYTh

o Rkl P EAAE AZ3A

O A4EE 48402 Bol AH8en 3k UBE o83 247}

HPLC
Column
Solvent A
Solvent B
Gradient

Flow rate

Waters Co., model 510, USA

1 Bondapak Cis (3.9x300mm)

28% MeOH in 1% HOAc

100% MeOH

100% Sovent A—100% Solvent B—100% Solvent B
(0~5 min) (5~36 min) (36 ~40 min)

1.5 ml/min

Table 2. GC/MS conditions used for analysis and qualification of the gibberellin

GC/MS SIM
Column

Carrier gas

Source temperature
Oven conditions
Injector temperature
lonizing voltage

Hewlett-Packard 6890, 5973N Mass Selective Detector
HP-1 capillary column (30x0.25mm i.d. 0.25um film thickness)
He (40 m¢/min)

GA : 60C(1 min.) — 15C/min. — 200T (2 min) — 5TC/min.

— 285 (5 min.)
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1% Z18 27 3%L 227 Bacillus amyloliquefaciens MJ-39) 22 9 H4EY AE &3

Table 3. Isolation of rhizobacteria and antagonistic bacterial isloates from the roots of eggplant family samples

Sample sources No. of samples tested

No. of isolates obtained

No. of antagonistic
bacterial isolates

Rhizosphere 234 368 12

Eggplants roots 151 177 10

Total 385 545 22
B 540904 -& sttt ol€ 2T E TolAM 2%

AEL 7123 25| FEZH 02 WA R = Alternaria solani,
Botrytis cinerea, Fusarium oxysporium, Phytophthora capsici,
Sclerotinia sclerotiorum 59 W Aw3} A u|tste] 2%
o] 44 204 £8 17 Aan A8 AU o
o Hud g Z2¥gE s yede 25 M1~MJ5 7+
A 572 23 *d 33hgith A MJ-25} 3

F7b 58 2¥8 e Jehlslen, Botrytis cineren 2
MJ-13} 47F7}, Phytophthora
capsici @ Sclerotinia sclerotiorumo)= MJ-33} 5 #571 &
& AYES BT AS2ATHES A 91
271579 28 - AP EE AR 7Y F% A
1539 AAFTFE 2 23, SRS A dxzT
o BAF o] 0.90(g/plant)ol Ao.up M]3 7% wjFdS
HA7et ATl M e 1.18(g/plant) 2 30% ©]4 7] A&
of Ao M]3 #FE HF FE&VAEE ddste 4
ol o] &3tk

Alternaria solaniol| <

Fusarium oxyspormm‘ﬂ]c

28 04z MJ-32l S8 U SMZA

2 - 2% - A2 And 29 MJ3 dFFE Bergey's
Manual of Systematic Bacteriology-‘ll o g ulorsky
AE - AR 5L ZAE 2%, gam G401 F
S8 ey, AAdn g #AstdAe o Ao Hx
AA 03, WAZTAE §439THFig 1). ALE AY
Htoln], 27)= 05x3.8m FEold, flagella7} &
=o] Q111 catalaseE AY4d3te] i B A Q1 Bacillus
= ATk T3 glucosed o] &3] g S
FheRsatn 8718 2704 3T ALdAE
7Heatdnh. ol2ld §4-2 Bacillus 49 A¥H
o B. subtilis, B. amyloliquefaciens, B. maroccanus,
B. pacificus 59 £E0] 97]q 4gch(Table 4).

165 t1DNA 714 4(590bp)& Z A3} 1 Jukes9} Cantor
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Fig. 1. Scanning electron micrograph of the isolated
strain' No. MJ-3.

modeldl] ¢)3}ad evolutionary distanceE 7)4ts}e} Neigh-
bor-joining method2 Al55E 2443 23 Fig. 29} 7EL°}

% MJ-3& Bacillus amyloliquefaciensS} 99.48% 9] &
WA}EE Bom, B. atrophaeusSh= 99.28%, B. vallismortis
ob= 99.15, B. subtiliso}= 98.98% <] HAIEE ey o] B.
subtilis complexd] &&= Aog FAHA o] A
2XE MJ-3 #F< Bacillus amyloliquefacienso] Ak 1
Ao g FAHA7 G Bacillus amyloliguefaciens MJ-32.2
% et

B. amyloliquefaciens MJ-3 D' 4EXX| £¢] AE0]
ot 1F MEQ 7| 4K olxlz g

oA EAAE HIMetA G2 FEMET) WAEA
AL 4% A7 FERANFETE ol&3ta] 4 YoM 67
A7 1F FY 0 BE At 27 A& AR 43
Table 50 X ¢} Zro] AN EAF 2% 259 2348 21.69nZ
At L& HERT o 63% Z71E0x, AL uA
BAAE #24e FES AEsiA 42 FEIY & Aol
7} §lo] 25cnE eyt el dole At 2T
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Table 4. Characteristics of an antagonistic bacterial isolate strain No. MJ-3 as compared with the Bacillus spp. in Bergey’s

manual”
MJ-3 B. subtilis  B. amyloliquefaciens ~ B. maroccanus  B. pacificus
Spore shape E? E E E E
Spore distends sporangium distinctly - - - - -
Spore dominant position C C C C C
Acid from glucose + + + + +
+ + + + +

Starch hydrolysis
Anaerobic growth -
Growth at 3T -

ISymbols :

E, elliptical or cylinderical form; C, central; +, 90% or more of strains are positive; -, 90% or more of strains negative

Table 5. Plant growth-promoting effects by the compost mixed with the microbial agent on the plants in pot experiments

Plants Treatment Plant height Stem diameter Root length Fresh weight (g/plant)
condition (cm) (cm) {cm) Top Root Total
Red pepper Untreated 2041 254 0.58 231 0.61 292
(Nogkwang) Treated 21.69 257 0.68 2.53 0.88 341
All values are mean *+SD and the average of three samples.
1. AFE AIINKS 7% : 590 bp. PGPRo|HA| biocontrol?] 7152 F3T & Ue &4
2 @3S HIINE v A€ 2 siderophoreE A4t Pseudomonas putida(21]
GCAGCOTGCCTAATACATGCAAGTCGAGCGGACAGATAGGAGCTTGCTCE ] ]
CTGATGTTAGCGGCGGACGAGTEAGTAACACBTGAGTAACCTACCTGTAA 9} FAAZE Aisle P fluorescens[17], AAFHERS
GACTGGGATAACTCCGAGAMCCGAGACTAATACCGBATGGTTGTCTGAA g _ . - s o
CCBCATAGTTCAGACATAMAGGTGGCTTCGGCTACCACTTACAGATGGA A 2¥3he Cladosporium werneckii[20], chitinase 59 £4&
AGTTGGTBAGATAACARCTCACCAAGGCAACGA . ) .
:gz(?f:cc:GcAACT;AGG:;AGG:I’?;T::GGCCACACTGGGACTGAGACACGG Ay 2+3te Serratia maecescens(3], B AT I FYE ZATA
COCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTICCACAATGGACGAA o) Trichoderma spJ15] 59 150 o)n] go] &4 itk

AQTCTGACGGAGCAACGCCGCATGAGTAATGAAGGTTTTCGGATCGTAAA
GCTCTGTTGTTAGGGAAGAACAAGTGCCATTCAAATAGGGCGGCACCTTG
ACGGTACCTAACCAGAAAGCCACGGCTAACTACGTRCCAGCAGCCACRAT
AATACGTAGGTGGCAAGCATTATCCGGAATTATTGGACGTAAAGGGCTCAE
CAGGCGGTTTCTTAAGTCTGATGTAAAAGCCCCCGGCTCA

3. Similarity E&IZg} :

Stiain %Similariyy 1 dittorerices/
compared
Bacillus amyloliquefaciens ATCC 233507 99.48 /582
Bacillus atrophasus NCIB 128987 99.28 4/558
Backiue valiismortis DSM 110317 99.15 5/580
Baciius sudtills subsp. subtiis ATCC 8051T 98.98 6/589
Bacius sublilis subsp. spizizeni/NRAL B-230497 68.64 8/580
Baciius mojavensis iIFO 157187 98.64 8/590
Bacillus licheniformis ATCC 145807 97.11 17/589

Fig. 2. 165 rRNA sequence of the isolated strain No.
MJ-3.
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de GArg 2AksH7] Y8l R EFEA(ISTD)S *Hy GA:
I U Z2E GA19 GC-MS chromatogram& FAHgH
A, Fig. 30l &} 2ol ’H, GA1& parent iono] 508, GA
& 50602 YElRth ol& VLR dET AP
GA: &g ZAIE A3, Table 694 ¢ 2o GAgt#S

Table 6. The content of endogenous plant hormone,
gibberellin (GA:) in the red pepper plant

GAi(ng/g DW)

Untreated with microbial Treated with microbial

inoculant inoculant

0.426 0.559

Abundance

10000

8000

[=Jelele)

<4000

2000

7] A%S ZAAT)E Bacillus amyloliquefaciens MJ-3¢} 28] 2 JEW AHel a3

z+z} 0.426ng/g DW3} 0559 ng/g DW= & zo]§ Ho
A gtk 28y o]y Aole AEY A5 BAsE
s2eY £2d4 45330 2 9L 712 202 A
g9k &3 B. amyloliquefaciens ¥ FA o= GA0] EA)
SH4] SEkeHs o]kl A A)

durzo g v Y& JBAE AMES in vivo AP A
GASl A4l &g A7 L HEA e 809F9 GA
AL "o o]RofRT4]. A AE F EntE(Lyco-
persicon esculentum) Qo= GAi, GAs, GAs, GAs, GAw7}
ZA)stm[6], w3 FEQ Q0] (Cucumis sativus)ell = GA,
GAs, GAY 4814 Q2[7], ZuHCucurbita maxiuma)2|
embryoo] M= GA1, GAy, GAw, GAzs, GAy, GAss, GAsg,

1on 606.00 (S505.70 to 5068.70): 6§708-J10.D
24 .01

A NN

22.60 23.00 23.50

2400

Za.50 26.00 265.60

o SO8.00 (507.7Q to S508.70): 5708-J10.0D
24.00

23.00 23 .50

Time-->

Abundance

35000

30000

25000

20000

15000

10000

5000

Scan 603 (23.999 min): 5708-J10.D

506
1448

T LIS S 5 O 200 S oo o o S B o ) S A e B 2 T +—+ —
370 3é0 390 400 410 420 430 440 450 4é0 4+O 4é0 4é0 560 5“10

M/

Fig. 3. GC-MS chromatogram of endogenous GA4(506) and ’H, GA; (parent ion: 508).
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GAg 50| ZA8te Ao g HnEdoll]. 28y 714
B &89 3(Capsium annuum)] GAo] FI M= B
# ouprh obd fla B A7 GAro] AR FUsA
I oA EAA H7t FEA GALY FFo] tha Bo] F
At At

B. amyloliquefaciens B ¥
gl gibberellin 4§ 4 o] 2o
hyrdoxylase 59 4% é% 37
st GA9| &3o] F71E Aer FEHU A& 99
2 o dFsor 2 Oi*}ﬁﬂq aev FEAo A
AEAU GA tiatg Ao M 84 GAy, GA;, GAs 59 &
Fo| Z7tgtel whe} g Ao] FIHE AL F ¢
A PE Adojrg B AT B. amyloliquefaciensd |
dgozn GA FFo] tha Bol EASHUL, B
amyloliquefaciens7} A24ste A2 EHYEL Ee ALEA
activator7} GA19 432 F7HA g A0l 24
ojurt 21 Azt 1y GAY FFo] I3t o §ol
EAQshe AEE olfdl tsiXe F7t A7 FHFH
o & 7oz AlgdH.
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3} 24 -hyrdoxylase 2 3 8-
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o of
AL |

2 A7dAE A% ARy 2
2elaa 29 2% 45EAr g

Hud Arlse N AEAA Y HES AZE F
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