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Biological Control of Pythium Root Rot by Radiation Induced Mutans,
Bacillus lentimorbus WdJdbal7
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Abstract - To control pythium root rot, Bacillus lentimorbus WJ5al7 with high anti-
fungal activity against Pythium ultimum was induced from B. lentimorbus WJ5 by
gamma radiation (¥°Co). The biocontrollers of FWJ5 and FWJ5al17 were formulated (1.0
x 1011 CFU g!) with B. lentimorbus WJ5 and WJ5al7, respectively. The population den-
sity of FWJ5 and FWJ5al7 maintained highly up to 1.0 X 10° CFU g! in nursery and field
soils until 30 days after treatment. P. ultimum spores germination were inhibited 71.0%
and 81.4% by FWJ5 and FWJ5al7, respectively. Pythium root rot of red pepper, Chinese
cabbage and radish were significantly (p<0.05) controled by one time treatment of

FWJ5 and FWJ5al7.
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HAEEHEE dovle dE2XA AFe2E Pythium,
Phytophthora, Fusarium, Rhizoctonia, Verticillium,
Sclerotium, Plasmodiophora L8| 1l Sclerotinia$-2] %
So] ¥ 9)v} (Kim and Kim 2002; Mao et al. 1998).
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A i} (Mao et al. 1997; Yang et al. 2002). Pythium4;
Aol o3t p)y g Arwe] Z7|7F £ e
A3 ZFRAE7) e 7 AAME =Hrs s, e
TR A2 HARM ol HA A 2
A3 Wk YA Hel B9 RS XFH
AA g} AA 7R Pythiums 21l 28 3e)45y
o] WA 2= A8 AFA AFAlQ metalaxylo] F
2 o] g3 AEA FAFAolmz A8 FFHo ATA
ol 53], wiFe} 7] 7ol metalaxyl Ag-o] A
AH A 2 A CeF A7 E 2000). 3Hehgoke] o
toz wgEFoFE o438t Pythiums AFo] 23
A1E9 whAlel g A7 Lewis®} Larkin (1998)0]
7FR) 8} 213l Cladorrhonum feocundissimum-<, Yang
5-(2002)0] ¢.olell Bacillus stearothermophilus YC4194
Z, Li 5(2002)0] 20]2} Fo| Burkholderia ambifaria
BC-Fg olg3lo] AT WS Ame] 50% o] 4]
WA EHE Wl Pythiumb A7 WAl eleld ]
AEsote) BEPAS ¥ Aoe nw Hgsh 1
St Aol Hug vgEEe FFE Helpers
A ez A2y wAlage JehiA 28] 2o
PR Gl ¥ Al FFF LFIAY FF9 AN
o] Bag A oldh n|HEL JAF FAE FA5
At 45 ez EddolAY] =71 sl v
AP g F5Ql ZHebdel Ssia Al=u) DNAY] 9
W]z} o7 ¥t} (Hutchinson 1985; Becker and Sevilla
1993). Zetd-& FF N P QoA fxo 83
224 wyor B3 H9lvh(Lee et al. 2000, 2001,
2002; Chung et al. 2002; Chang et al. 2003).

2 dFdxe FRF FAl o) 8l Bacillus lentimor-
bus WJ5o] WAL (ZHetA) & ZAlsle] o 3wt &
A7 Po| 279 SAHAE FEHT ol A
Sehel 2] Pythium ultimume] 913 %2423
WA £ 3-5 2ARSLIA) 3o

HE oy

L el 4 Eddoldl = 9 A7 34 A5

AT FA ol sl oW T Bacillus lentimorbus
wisg slel €04 Eofelx] wel@ F HEY
o} (FAME, API, 16S rDNA £, Table 1). NB (nutrient
broth, Difco, USA) sl z]oll HZs)x] 37°CeollA] 18217+
A uwieFgt & 1.5 ml Eppendorf tubes]] 1ml¥ HFa}o]
95%2) A AAFo R o) 23 WA (FFubA, 60Co irradi-

Table 1. Identification of Bacillus lentimorbus WJ5 iso-
lated from Uljin seaside soil

Identification % Homology Method
Bacillus lentimorbus 75.3 FAME
Panibacillus macerans 49.0 FAME
Bacillus subtilis 61.0 API
Bacillus lentimorbus 99.9 16S rDNA

ator, Atomic Energy of Canada Ltd., dose rate : 920 Gy
hr )& ZABFAS. B 24 & 25 FAE A
22 FEANEA FAAETHATY ST ENER
EAE (KACOZRE] Fof e R s ddalde
Pythium ultimum KACC 407059¢] <3t 3217 A&
Z )83 v} PDA (potato dextrose agar, Difco, USA) )
Ao P. ultimumS agar plugAtel & A Zsln JAAGFS
2] BA wjeFel 20 ul(1.0 X 107 CFU ml-H)E paper disc
(8 mm diameter, Toyo Roshi Kaishi Ltd., Japan)o] %%
sted 27°CellA] 37 A e} F A A
2459t

2 ASAA Az R B AR AEY =4

o] A A AlZ Bernhard 5 (1998)% Lewis}
Lumsden (2001)%] HE-& w43l 3ot 7
A& 48X 7§t NB w ] wjofst 3 (WJ5: 1.5
101 CFU ml-!, WJ5al7: 1.6 X 101° CFU ml-!) FA|gh&
sl Hg¥ Z8A) (Filler/Carrier) 2} © <9 (Poly-
mer/Nutrients)& £33l 40°Collx] A=x3}c}t. Az
gk Al A=A (Sticker/Binder), 2+9)41 XAl (UV
protectants)®} H|H & A4 (Adhesion aids)S A 7}5}o]
HAE AA =z AHgEtd B EAA W AL Y=
T2 A8 A 4°Cel Aol BsiEA 109
I} 30l AEFAFE 2T 24 W AR A=
g AR dEd gub i 2943 AR (Y8 AE 5
Z, (F)F5) 7 100 gell mjAYEAA 1g& B3l 4
ol Al BstHA 1093 30Y A F A7 AES
£ zARKIH.

3. W|AEANAC Pythium ultimum®) ZEApdte}
AA) A 3

B. lentimorbus WJ52} B. lentimorbus WJ5al7< |3
3 Wl EA A (F WI52F FWJ5a17)2] P. ultimum %
Z}e] whol A &2 Felslgdv). Gethas} Vikineswa-
ry (2002)¢] ¥g-& W&l P ultimum$ V8(V8 veg-
etable juice, Campbell soup Co., USA) agar vl ®]e}}A] 3
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Uzt Wk F EAYAE FEaQ TA-E PDB o)
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ot& potd U4 23 F 7 2B A{AES =
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Fig. 1. Antifungal activities of Bacillus lentimorbus WJ5
and its gamma ray induced mutants, B. lenitimor-
bus WJ5al7 and B. lentimorbus WJ5al8, zgainst
plant pathogenic fungus Pythium ultimum KACC
40705. Control: nutrient broth.
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1. A& o] 83 g2 FAF7} EddolH|
B. lentimorbus WJ5al7 %

RF Aol U= okW¥ FF B. lentimorbus WJH
Z LDgs2] HHAM A ZH(13.5kGy) o2 Fulil & £
Aysto] BRI AR P. ultimumel] W3 A
FAo] ofAYPR F74R ZdwlolAlE AT
Fig. 1. 3317 B9 H A= =g FAHT
A3} B. lentimorbus WJ5% 5.7 mm$%] 21y} B. lentimor-
bus WJ5al7-2- 6.8 mm¢] v, B. lentimorbus WJHal8-2-
5.7mm3lct B AFoA = B. lentimorbus WJHal7-S
Aol s FAT WY 27 TAwelANz Aulsl
o) % Aol AL AL D E o 43 3
o+ A F7 2delAl f=o #3 7|EY AFEE
Ahmad$} Shaukat (1987)7} B. subtilisol| A 3AA A
A 27 FAUANE FET AAoh A, & APA
ol o}slA = B. subtilis YS1, B. circulans K13} Burk-
holderia gladioli K42 RE] 327 &Ao] &7 A}
AR BANNAS A ol bl FET A}
ale} (Lee et al. 2001; Chung et al. 2002). o]28F 2}l
ek AuhAe ol 4T A Foldes B4 WUA
Aol et ARF BAo]l 7t EdHAES
= 5 35lE olE EQHelAlE ol8Fonsy 3
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AAE FWIsZ, Al 5w 2ol g 27 4
o] Z7}%] FHw o|FF B. lentimorbus WJ5al7 A A=
FWJ5a172 ®9slg]oen] #3) 4+ 1.0x 1011 CFU g!
ol Hixt.

A28 FWJI52} FWJ5a172] AAA I} =oF U A5
Az P& vx AR 23 Table 29} 2ot
PDB Atej 2. B33l =27 (PWJ58} PWIsalnE= A&
M E 4(1.0x 10" CFU ml-Yel| uv]sl] A3 104 A< A
AL 33 Rase FLAME Bagel 27
2.36 log (CFU ml )¢} 1.54 log (CFU ml )¢ 31, 4°Col| 4]
= Z}Aago]l 747} 3.98 log (CFU ml- )%} 3.89 log (CFU
ml- )G o}, v P B A (FWI52F FWI5al17)E= 7] A)
Z 2(L0X 101 CFU g-)e} 2 x}o] glo] 4°C8} AFLo)
A Ztage] 0.43 log (CFU g}) ©]32 4.0 x 101 CFU

g1 o14e) AZ4E SAHA AT A Fad
2 A% AL Sl s PDB AHA 4Cs} o)A
2% 3.71 log (CFU mlY) o|A}e v FA% Z4stdr).
e} e AEA AL F$ 30dA = 4.0x10° CFU
gl o]k AEMZSE AT webr A EA A
7b #o A SHelA B8 58X YE & £ U
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g Z 3} (Table 2) 109 ¥ A=ol| A o] Q& 22 7
AEE FWJI58 FWJI5al70A4 2+ 1.703} 1.42 log
(CFU ghglov} dutxckor: 24zt 1.24~1.18 log
(CFU ghHglom 30d 39| Ale FWJ59} FWJ5al7
o] z+z} 2.029} 1.62 log (CFU g )gld] u)s] gutzefe
Z+7F 1,429} 1.18 log (CFU g He}. apebr] A=Ero o
WESk A oA Aol glovt HlE AEHe] &
73k B9 on FWJ5al7o] FWJsRTH =2 Q&
A& At olike] Atz Hol WM frE
WHolH7} ool uja] AAHEHe] ¥ Aoz
AelElit}, o] B. lentimorbus WJ59} B. lentimorbus
Wi5al7 ¢57} BefellA aapqez AT 4 USS
BejEot

Yang %-(2002)2 B. stearothermophilus YC41942 w)
RE AAzste] 2olg FET Axol HF F T
A AL EE 2ARE A3 JFA1] 5.0x108CFU gt
4] 1.0x108CFU gle g 7k4 (3}4£: 2.70 log (CFU
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Fig. 2. Effect of biocontrollers containing Bacillus lenti-
morbus WJ5 (FWJ5) and B. lentimorbus WJ5al7
(FWJ5al7) on the germination of Pythium ultimum
spores. P. ultimum; P. ultimum spore, FC: Formu-
lation control. Bars represent standard error of
mean, n=3. **: p<0.01.

Table 2. Cell viability (log (CFU ml-1)) in biocontrollers after 10- and 30-day of storage

Strai 4°C Room temperature Field soil Nursery soil
rains

10-day 30-day 10-day 30-day 10-day 30-day 10-day 30-day
PWJ5 3.98 4.65 2.36 3.71 1.56 1.95 1.76 2.02
PWJbal7a 3.89 5.00 1.54 3.89 1.38 1.64 1.51 1.88
FWJ5 0.43 1.14 0.19 0.90 1.24 1.42 1.70 2.02
FWdJ5al17 0.24 0.39 0.09 0.64 1.03 1.18 1.42 1.62

PWJ5: Bacillus lentimorbus WJ5 in PDB, PWJ5al7: B. lentimorbus WJ5al17 in PDB, FWJ5: B. lentimorbus WJ5 in formulation, FWJ5a17:

B. lentimorbus WJ5al7 in formulation.
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Fig. 3. Effects of biocontrollers on the early growth of red pepper, Chinese cabbage and radish. C; control, FWJ5; formu-
lant of Bacillus lentimorbus WJ5, FWJ5al17; formulant of B. lentimorbus WJ5al7, Bars represent standard error of
mean. n = 25.
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stearothermophilus YC4194\} P. fluorescens¥t} =k
Henel ¥ &e & 4 ALt o4 Az el B
lentimorbus WJ52} WJ5al7#32] BT gloja] w]A)
EAA A7t frElske nAEAAE 3A sk 1.0X
10°CFU glo] HE= %ok xesleix 3047t 1.0X
107CFU g o)4k8] Mzt AEe) 713 AE & 5
U=t

3. JAEAAL P. ultimum EAPLol A &7

P. yltimum®] FEApLolo) tsted B. lentimorbus WJ5
A A (FWI5)= 71.0%, B. lentimorbus WJ5a17 ) A
(FWJ5al7)E 81.4%%] & #opejd] &aE velld
(Fig. 2). #|EAA ] AR A
2} dbote)] AA| &S HolA] ekskh FWJ5e] wls]A
FWJ5a172] A% P. ultimum EAPole]] oid dA &
H7t 104% o Fhovt Fo3 zpolE Rl st
o}, Yang 5(2002)-2 Pythium aphanidermatum EA}2
wlo}l7} B. stearothermophilus YC4194¢) 2)3]A] 80% A
&R AT 2 ussch ol Ha & DT Abg
B. lentimorbus WJ5%} B. lentimorbus WJ5al7 || =)
W A Bdg0 e fAHEE Asl &

Hg AdeE ¢ 5 Uddeh

Lol oe

=A%

1. WAEAAL) AEFA Bob & 27] A7)
A

B. lentimorbus WJ5 A A (FWJI5)¢} B. lentimorbus
WJ52a17 A A (FWJ5a17)2] =HE-Ex} wbo} gl AYAbe] n)
A 2HE AF 2 e 2ok aF w3}
¥ 53 F 20%H wolsr] Azstch Ao
27 (C), FWJI5 el F U FWJ5al7 x| Fol|A] z2F
100, 100 ¥ 96% o}styd x, w5+ 2z 80, 92 ¥
92%, $-= Z}7}; 84,88 W 849% Wro}algith o9} e u
HEE 2B Aske HFonA DDA B o 7]
Fhobae F 65% o)A, W3 75% ol Ak, T T0% ol 4
T UFAT] Aoz (PH 2000) & AFolA A xTH

oA EA A7 AEY dots AAFA &S 4 4 4

Ak v A EA A ) 23 2 z}g2-0] ulolo] & 7| YA+
X-]-a}]o w2 Folslr] sk 233 4z zAME A2
FoA A= P& ALE 83 A FA] fzrs) §

)

o)t Zol7t Ht (Fig. 3). mhepa] B AlgolA] A}4-3
oA EAAE 23, WS T8 A} wholel x7]|4%
ol el AT FFE FA dE& I F Ul 2
A B Fell AEAAER 23U A= (PGPR, plant
growth-promoting rhizobacteria)®] &HE Hol= A

-|-'°-|-'l"

% glor} (Hwang 2002; Kloepper et al. 1980) 2 o o]
A2-5) B. lentimorbus WJ58} WJ5al7-2 PGPR&#HZ

i PUFWJSa’l'I%

Fig. 4. Suppression of pythium root rot caused by Pythium
ultimum. 15-day-old red pepper (1), Chinese cab-
bage (2) and radish (3) were transplanted to the
nursery soil, P. ultimum inoculated and biocon-
trollers treated. C: untreated control, PU: P. ulti-
mum, PUFC: P. ultimum and formulation control,
PUFWJ5: P. ultimum and formulant of Bacillus
lentimorbus WJ5, PUFWJ5al7: P. ultimum and
formulant of B. lentimorbus WJ5al7.
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A oA e (p<0.05) A2 Aol #ET 4 4l
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Fig. 5. Effect of biocontrollers on the shoot length of red
pepper, Chinese cabbage and radish on which
Pythium ultimum was infected. C: untreazed con-
trol, PU: P. ultimum, PUFC: P. ultimum and for-
mulation control, PUFWJ5: P. ultimum and formu-
lant of Bacillus lentimorbus WJ5, PUFWJ5al7: P.
ultimum and formulant of B. lentimorbus WJ5al7.
Bars represent standard error of mean, n=3. *:
p<0.05, ¥*: p<0.01.
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