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Antibacterial Activity of Onion Pathogens and Isolation of Bacillus ehimensis YJ-4
from the Rhizosphere of Healthy Onion Roots

Gil-Jae Joo and In Koo Rhee
Dept. of Agricultural Chemistry, Kyungpook Nat’l Univ., Daegu 702-701, Korea

Abstract

This study was carried out to isolate of antagonistic bacterium to Allium cepa L. pathogens. A total of 250 strains were
isolated from A. cepa L. roots. The isolates were screened for antagonism to A. cepa L. pathogens and the isolated strain No.
YJ4 was selected among these bacteria. It was identified as Bacillus ehimensis based on morphological and physiological
characteristics according to the Bergey’s mannual of systematic bacteriology, Sherlock system of Microbial ID Inc. and 16S
rDNA sequences methods. Bacillus ehimensis YJ-4 showed broad spectrum of antibacterial and antifungal activities against
plant pathogens as Alfernaria porri, Botrytis cinerea, Erwinia carotovora subsp. carotovora, Fusarium oxysporium, Penicillium
sp., Pseudomonas sp., Rhizoctonia solani, Sclerotium cepivorum , Septoria sp., Stemphylium botryosum. Speially B. ehimensis
YJ-4 showed high antifungal activity on growth against F. oxysporium, the causal agent of onion Fusarium wilt.
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radiobacter K 84(3), Bacillus subtilis(4,5),
Chaetomium globosum(5,6), Gliocladium virens(7,8), Penicillium
oxalicum(9,10), Pseudomonas fluorescence(11-12) So] <24
gon, mg ZYPuAZEA AEAFZZIN A E(plant
growth promoting rthizobacteria, PGPR)(13)2 Pseudomonas spp.
Bacillus spp. Azotobacter spp. Azospirillum spp. and Burkholderia
spp- 5°] EHA ATH14).
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TUNEE A FITH AE =T 4N 99y
o2 AuET Qe Y FeE £33 dUAER o]
239t FEAIEQ BeE F AFHste 1 277 lmvt
A AGdted 1 1go] 0.85% NaCl B4 10mE A7l
3 3¢ 3 A8 T MFS nutrient agar (NA) Bl ], tryptic soy
broth (TSB) wjzlolA] 37C 347t wiFePaL, HAFS
yeast extract - malt extract agar (YMA) Hj=|o| X 30Co|* 5
Y37k FFo]= potato dextrose agar (PDA) v x]ol| A 28T
A 7947 gEtd &4 51 colony THE #Elste Y
AE2 ALt SANAEY BEe 74 B 2
Gzl A8 WAz F gy & 4T B@3pAY
FAAZVIE AXEY EUAHE HBAA AMSsH -

waFel uiy Y By

okule] WYA AFE FEWT (Erwinia carotovora subsp.
carotovora)?} N TFH-SHET (Pseudomonas sp) o2 B A3
oA B F1 dFoln LB ufAollA 37Tel|x 247 vk
3la] 4Co BRIAY FHAAZVZE AR EUYEZ B
HEHA ARSI Ee gube] WA FPolEE IS
T (Rhizoctonia solani), Qv (Stemphylium botryosum), 73
SR (Alternaria porri), BALHAYUHEH T (Seproria sp.),
AL FOHTE (Bomrytis cinerea), EANIANIL (Sclerotium
cepivorum), NS (Fusarium oxysporium) R FEFFolH
T (Penicillium sp.) & AP Bf{ FojAY F&AFH
A5, dFAs7Ied fAAed (KCIO), ZA5uisn
FAESY oA BF Pot o]&3dth ol HAA FF
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HAdgA dojd] (712 05cm x HlZ 0.5cm)E PDA wjx] &
ol ZiEn AR 432 &5 B 2AVMES
& ulgold HJFst 28ToA 79T wWigd & HAFY
TAH ] B394l HE (inhibition zone)E XAlste] A€
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Zgn|PE9] FAHL Bergey’'s mannual of systematic
bacteriology®] @)l Eatel v Wehe, M
A, el - ASHA 54¢ 2AEgon, Hage AT
o] Aat FAow AE EFAHSE Microbial ID Inc.9
Sherlock system (W]A&E%574Ax], GC : HP Co., 6890 series)
S o]&3te] AzAY FHze WY wE BASR,
T3k 16S 1DNA sequence %(26)2 23] G4 DNAS
F23% & PCR primerZ Rl14 (5°-ACg ggC ggT gTg TAC-3")
¢k R15 ( 5°-gCC AgC AgC CgC geT A-3)E ©] &3t PCR
AES A o]F BEA 93 om, 1 sequencing data®
ribosomal database (http://rdp.cme.msu.edu/html/ analyses. html)
A B3EA4E AMsIY FAsAT

otnt TS| B2l o PaFel Mu

TN AEL A FUT 4B AE FxT 56
A 5 F 9AY v Hes FIrER 9 4F vAE
] uiR)olA oF 2504F2] ZATNES &5 5T
of ZAMNES Yt REWF (Bwinia carotovora
subsp. carotovora)® AlS-2-WlH (Fusarium oxysporium)ol z}z}
MZ di7] wjgstd ASAAY SHYOE ARG § AT
2 7ol 27t Aol 43 53] v ES WG
(Table 1). o1& 5% o@ AIVBEL AT 35, HAT 1
Z, ¥%0] 1ZT22A o|5E U] 23} Al¥3l 7V 4
28 a3 Jehll= M YI4 732 S5 Aok
Table 1. Isolation of antagonistic bacteria to Fusarium

oxysporum“) causing Fusarium wilt and Erwinia carotovora
subsp. carotovora” causing sotf rot from onion roots

Sample No. of - No.of No. of antagonistic
samples tested  isolates obtained  at two pathogens
Hamyoung-gun 43 67 3
Chungdo-gun 56 189 2
Total 9 256 5

9 Inhibition zones on dual culture between the rhizobacierum and
Fusarium oxysporum indicate on the PDA medium after incubation for
10 days. Each values is mean of three replications. ® Inhibition zones
on dual culture between the rhizobacterium and Erwinia carotovora
subsp. carotovora streaking on the TSA medium after incubation for 3
days. Each values is mean of three replications. All values are mean
+SD and the average of three samples.
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7] A¥HEEE YI4= Bergey's Mannual of Systematic
Bacteriologyoll 2] #|3te] A A, gram GAoA kAdo]
AL, +F40) oH, AARENT BE e oA A
o] "Hyg 7HAL, WAZAE FAshke Zhdolv, Table 2
o ol WYY BHE ZAG Aok catalasets $4, 7]
A ZAHNM= AHo] B3890, Voges-Prostaure test
%A, D-glucose, L-arabinose, D-xylose, D-mannitolofj A& AR&
A8, glucosed A WY FF 72 Ao,
casein® 7}R )3} Z3)aL gelatin, starcchE 7142330,
tyrosine & £8]5}A] %3}, 3 nitrate reduction™} citrate
o]84 % indole BATE 54, 2% NaCl o]3} TR AME
Hgol F5e, 4SCANE Agh} 0TANE 433
A e 54 AR A oldg BIse 194
9] Bacillus £ 22 15t

Table 2. Comparison of the characteristics of an
antagonistic bacterial isolate strain No. YJ-4 with the
Bacillus sp. in Bergey’s Mannual *

L B ehimensis
Characteristics Y]_37z4)
Cell diameter (>1.0m) -
Spore round
Sporangium swollen - -
Catalase + +
Anaerobic growth
Voges-Proskaer test
Acid from D-glicose

L-arabinose
D-xylose
D-mannitol
Gas from ghuoose
Hydrolysis of casein
gelatin
starch
Degradation of tyrosine - - -
Nitrate reduced to nitrite - - +
Formation of indole - -
Ne(l and KCI required - -
Growth of pH 6.8 + + +
57 + + +
Growth in Na(l 2% + + ND
5% - - -
7%
10%

Yi4 B polympa  B. ehimensis

+ + + o+ o+ 4
+ 4+ 4+ o+ o+ o+

e T T, T
E S R T .

+ 4+ + +

Growth at 5C
10T
0T
40T
50T
55C
65°C

* Symbpols : +, 90% or more of strains are positive; -, 90% or more of
strains negative; d, 11-89% of strains are positive; ND, no data available

+ + + +
+
+ + + o
+ 4+ o+

Sherlock systemodi} &[5t 53

Sherlock systemol] 23t ZA&F YI-49] A¥EH ks
A3 A3, Fg 19 2o] 2 Cl14:0 iso, C15:0 iso, CI5:0
anteiso, C16:1 w7c alcohol, C16:0 iso, Cl6:1 wllc, C16:0,
CI7:0 iso, C17:0 anteiso2 ©]Fo1A glom, Tl
C15:0 iso (7,74%), C15:0 anteiso (53,96%), C16:0 iso (12.21%)
2 Cl17:0 anteiso (104%)7} o] Ea=o] ¢iuch ol st
A3}, Bacillus ehimensise= REFF9 07789 HoA Z,
778%9] FAFES JHAE AR AT

FheH
!
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Pt

Fig. 1. Identification of isolate YJ4 by Sherlock system
(Microbial L.D. Inc., USA).

The Sherlock system consists of a gas chromatograph equipped with a
flame ionization detector, 5% methylphenyl silicone fused-silica
capillary column (25m by 0.2mm), automatic sampler, integrator,
computer, and CFA analysis data bank. The isolates were analyzed
according to the manufacturer’s recommendations.

16S rDNA &@2[ME ZHEo| 28t 83

237 YI-4 TF39] 16S 1DNA sequence= UHHAQ] Hb o
Z M%) DNAEZ 231 PCR primer R149} RISE o] &
o] PCR AHE-S U3 o|F ¥4 o=zl ¥ @/4Y
609bpE A3t ribosomal databased| A FFAEE HA
A3}, Fig 20|M9} Zo] £el5 YI-4= Bacillus ehimensis2]
EEaF9) B836%9 L FAITE BHOW, Paenibacillus
koreensis®}  97.36%,  Paenibacillus  validus®t  93.90%,
Paenibacillus chibaensis$}t 93.17%2] fAL=S Yehict o
29 371A Rl da 3% AF oA A EQ
YJ4 TFFE  Bacillus ehimensisZ FRAE 7] Bacillus
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1. REE MALNEL M 508 bp

2. BMEE @WhAME
AGLGHBCRGA
TAACTA
AGAGGATUAAGAAACALTGGOOCAACCT]
CBUATIALCTAL BEHOGTAALGE
COOASCTEABAGHETEATORRCCACALT

CLACUAGTASGGAATOTIC

GOGTGALTGATEAAGATY

TGOABAGTAACTGUTLTOCAAATS o

GCTAALTACSTRCCAGUABCCRCAGTAATACGTA

3

WAL GATTCTOTTEUAT
CGOOTGOGH

FGUTTACAGATEG
TCACCAASGERATGA

SGACTGAGAL

TLOTADGS

COGOAGIAAD,

COBATOGTARAG

CACTTAAGTCTOET T TTARGCCCBAGGLYCAALCTOGRTTCRCACTGGA
AACTGGOTGEU TTOAGTGCAGCABACUBAAAGLAGAATTCOATCTATAGCN
GIGARATGY

3. Similarily a2

‘‘‘‘‘‘‘

Stran | AShniiarity
Bacilius ehimarsis FQ 156597 98.36
Faenibecilius koreensis YCI00T 27,36
Pagnibacitys validus DB 33877 83.80
Pagnibaciliug chinensis NRAL B-1427 e8.17

Fig. 2. 16S rDNA partial sequence (609bp) of the isolated
strain No. YJ-4.

The PCR primer was R14 (5’-ACg ggC ggT gTg TAC-3") and RI5 (
5’-gCC AgC AgC CgC ggT A-3"), The sequencing data (609 bp) were
analyzed from ribosomal database (http://rdp.cme.msu.edwhtml/analyses. htral).

Bacillus ehimensis= Kuroshima $(27)¢] chitosanaseE E-H]
e 1xFoR EYOERE £ - T AS BHud}
Fom, 19999 Yo Akiyama S(28)©] chitosanase®] & A
2 I {FFAE cloningsle] WESFHI, 2000 FEo]
Shmosaka 5(29)0] 1 FAte] Ao Bt wH Gt

B. ehimensisE o83 AEEH WA= F S@24)0] Ak
7o RAEHFY 52 Z2¥9E /AL USE B
o a8y AixF 2ERAEWTY BFAY B chimensis
YI-37 5% casein #38o] T 50CAAM A5 A=
5 B cehimensis YI49= Er7lA] & Ay zpojdS
7R A w3 Az Xuate] ZXT B ehimensis
Y137 #FE= F2 Cl40 iso, Cl14:0, C15:0 iso, C15:0
anteiso, C15:0, Cl16:1 w7c alcohol, C16:0 iso, Cl6:1 wllc,
C16:0, C17:1 wl0c, C17:0 iso, C17:0 anteiso2 ©]F o]z o]
B. ehimensis Yl4 9= ZF4 ©2A dehgod,
IDNAS] @7|MEx 207t Q1o TYE T FFUAE
EAol 27 tE fddez gddtyoh

o g 23 24 227

otel UE WY

Le=g
YJ-4 SFIdd =AL

oralo] HAA MF L Ao W B ehimensis YJ-4«]
gine!

Zl7ol| chst B. ehimensis

a4 E AT 2 Z3, Table 35} Zo] Add
EW T (Erwinia carotovora subsp. carotovora)} /;E-q-_,}]]@
9] Zol7} 28m=E YEGT HdHSHT (Pseudomonas sp.)

€ 20 mE 2 Jepla, BdAd I3 FEH
T (Rhizoctonia solani)S- 182mm, LYvSWT  (Stemphylium
botryosum)2 150m, ZA-LELWF (Alternaria porriyS 20.6
m, H2HAHEHT (Septoria sp)E 7.2m, ALFFoET
(Botrytis  cinerea)l 21.3mm, SRS (Sclerotium
cepivorum)2  19.4mn, A5  (Fusarium oxysporium)2
248 L FEIZFo|WT (Penicillium sp)S 5.1m T 23
235 el 53] AESH T Fusarium oxysporium
o 248mZz 7P} =& ZFEE vehligon], AYEgo]
Wi, doRHdd, SRS, AT €22 ¥
wH e Z2%EE ehidoh

Table 3. Antagonistic effects of Bacillus ehimensis YJ-4 on
the onion pathogens

Phytopathogenic bact.

an, inhibition of mycelial growth?

Alternaria porri 20.6
Botnytis cinerea 213
Erwinia carotovora subsp. carotovora 28
Fusarium oxysporium 248
Penicillium sp. 5.1
Pseudomonas sp. 20
Rhizoctonia solani 182
Sclerotium cepivorum 194
Septoria sp. 72
Stemphylium botryosum 150

® Inhibition diameter was obtained from clear zone method with 3
replications. All values are mean SD and the average of three
samples.

NELWFT} B ehimensis YI-49] o x]ul ool A
o] fAbe &= He MAE AN e, FAeTH
Wit dAks WA AEFEe Fs A BuHlEo] 44
HAL, SANSAHP-E 15ColetllH g 2¢ v
A gAY Aol 43t} Ay B ehimensis YI-42]
&L BA%Y 22 Z23¥Ee YehlAe gRod 37T
dqrE SAHSTHP T TS BFL dAE] HA A
FAT Fe AFA EHAE HIYD HEHOE B
ehimensis YJ-4v 43tol] @A EE UIREe 4% M 2
A7 By g3 28aEe /1A o] o]:——'_ A &3kl
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AP EL ot He)s gdAER 3 oF 250
ZHAES & YA ol TN Z¥m|
& 59 Erwinia carotovora subsp. carotovora$} Al
WAl Fusarium oxysporiumel| Ztz} Mz thx)uj st
T 259 74 43 28 5948 Yehje Y4 7
£ HF MAesqct. At F YI4E Bergey's mannual of
systernatic bacteriology 2ol wel ZAVSte] Bacillus 202
Bk, AMEY ApRiks BASte] FA3E Sherlock
systemol| 23| Bacillus ehimensis®} 07789 §2JA4L 3ol
sg9on, 165 DNAS] 2E 7| A609p)Z  Bacillus
ehimensis®t 98.36%9] L FAIZE Ro LT YI4=
Bacillus ehimensis2 F7A3}{T). B ehimensis YI-42 w3
2¥de Add FEHT  (Erwinia subsp.
carotovora)¥ M8 (Pseudomonas sp)ox 28-S
erR, AT ZEHTE (Rhizoctonia solani), QvtEH
It (Stemphylium botryosum), A-LF-EF (Alternaria porri),
A2HAC ST (Seproria sp), ALFFo|WHA  (Botrytis
cinerea), AW FNHF (Sclerotium cepivorum), X ELH
o (Fusarium oxysporium), ¥ Zo|8d (Penicillium sp.)
Sds 2¥ EdE Jshidd S8 A5$¥IA F
oxsporiums] AEIABE Zol} 48m 7Y L 29
93 Uehpgic

carotovora
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