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Biological Control of Fusarium Wilt of Carnation Plants by
Antagonistic Microorganism in Greenhouse

Cho, Jung-il - Cho, Ja-Yong

This study was carried out to screen and select the effects of antifungal bacterial
strains which inhibit the growth of plant pathogen, Fusarium oxysporum (fusarium
wilt) occurred in carnation plants in greenhouse. We isolated an effective bacterial
strains and investigated into the antifungal activity of the antagonistic microorgan-
ism and it’s identification. Twenty bacterial strains which strongly inhibited Fusarium
oxysporum were isolated from roots of camnation plants and the soil in greenhouse,
and the best antifungal bacteria designated as C121, was finally selected. Antago-
nistic bacterial strain, C121 was identified to be the genus Bacillus sp. based on
the morphological, biochemical and cultural characterizations. The Bacillus sp. C121
showed 58.1% of antifungal activity against the growth of Fusarium oxysporum.
By the bacterialization of the cultural broth and the heat bacterialization culture
filtrate of it, Bacillus sp. C121 was shown 92.1% and 21.0% of antifungal activity,
respectively.

Key Words : carnation, greenhouse culture, antagonistic microorganism, Bacillus
sp., fusarium wilt, Fusarium oxysporum
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H, & PAES o]83tq HEY & - & o84S wole FY 977 ¥HEF 4
o2 t©] o] o]Fojxo} & WgAJo] UrHBrown, 1974; Kloeppere} Schroth, 1978; & 5,
1997; Zhang &, 1997). §3], W44 VA E A3t YEFF JF2EE e 2FAA
ES 83 AETHY Mg Hulo 2EHE Fol1 A EY FFE o848 ¥l
= AEHIEY side] WA AAo|tBrown, 1974; 7], 1992; Lesingere} Margraff, 1979;
Schere} Baker, 1980; Schippers 5, 1987).

EYGURE Foe 22 A vAEe] 23 FIvAEC] F43e RS WA
3t A E9 2HE HIdly gARES YA 3 Fo2N AEY YR FFE =
e 2 EAAE ™ @A E(plant growth promoting rhizobacteria; PGPR)o] & ¥Hd,
Bejo) 7148t WalE FEAZIAY faE 23; AR Ry S AAEe 4
£ #3) v A E(deleterious rhizosphere microorganisms; DRMO)X. &) $+ci(Bakers} Scher,
1986; Orlikowski, 1987; Van Peer %, 1988; Whipps, 1997). o]#] 5t E¢ Z v EF2] ¥
she A&7, EA £ EGU faivjAdEe U= 78 E Fol wel g Ay, A E
AEEZ ZANAEY AL A o8 &8l wEA &40 g=2A Jvehdt
(Lazarovits®} Nowak, 1997; &, 1996, Zhang %, 1997).

old FHAA £ A7 Fhllo|d] AsiAu) Tt A FATE EFALA
HzHddd gt 233 F8 o5& g4, £, 33 ¢ HF Ay, #
TA <} viFA S o2 FFAPe o] 8o 2N FF fHAH TP Y+
58 883} YA

(2

HAF
£ 739
o 71%2k

I.z12 % 4y
1 si=3479 &9

A A3 AEAY FHdlo)AA e A HLdRE AR GABIEN ¥ R gE8
AzP LT 292 FHlolA HEANA Wk AR es, FHo|FHEL 4 FvA
EAPAAM HERERE HAF IAE RIS FAEAT £, 523FH 4
§}7]&A(NAIST; National Agricultural Science and Technology Institute) ¥ o7 A(HI
Horticultural Crop Institute of Research and Development)2 1€ JZHYAF L £ wol B
APAA 23 HYTy vwdle HESHA

7hdlo] ol A LS YA S B2 WS <Fig 1>3
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Infected carnation plants by Fusarium oxysporum
(moisture chamber, temp. 20°C, RH 90% for 3 days)

!

Wash and surface-sterilization
(70% ethanol, 5% NaOCl)

l
Rinse in saline solution (0.85% NaCl soln.)

|

Place on fungi selection medium
(PDA + streptomycin 2004¢/mé, pH 3.0)
l

Sporulation and pure culture of Fusarium oxysporum

Fig. 1. isolation of Fusarium oxysporum from infected carnation plants.

AAE Pk 20T, FUFE 90% o) F& FFAoM 34 4 HEAT F ol
Z3-L 70% ethanol & 5% sodium hypochlorite(NaOCl)Zx] B H A3}, YT A€§ vl
Z)[potato dextrose agar(PDA) medium + streptomycin 200.¢/mé, pH 3.0)9 W23 L &A¥F
3 25T Fuj%7)olA 2~3Y7 v Fste FE(colony)E FHAA LTS £H}AT

2. FEUZE £9

AR ZRE 5~20cme) EYolAM A A 8F tris-HCl buffer solution(pH 7.5) 100me)
W Aguge 108 F= AAF F AR Soie WAEE A4 A50.85%,
NaCDZ 3]43te] 43l Al[nutrient agar(NA) plate]o] 2|43l1 s=E2 =T8T
NA plates= 30C &-2u] % 7)(incubator SW-901)e| A] 24~36A12F A& WM%S ¥ FF8 ¥
g8t Ardui Ao BESHT. e PYES JFTAMA N HFSA wiFea Ed
colony® ¥A4AIA WadHe 2y AY| AHE3At

3. WlEs A A} 2¥F A

HUFe Ao FeF 21U 25T WY =9} PDA v oA WHdEd} YT
g T3 2P A7E ALEHch PDA plate Sl | F301€ HFsia A%
4 425E Aol 79 A= u)P3te A A u(inhibition zone)F YA 3= FFE Z¥Fo =
A3l th<Fig. 2>, BZAAEL PDA HouiA o)A WaFH 74 hjFear
A FE(colony)®] A7RE &3 FA TS HwdY HELE YN
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Activating the bacterial isolates by streaking repeatedly on the NA media

Culture of Fusarium sp. occurred in the carnation plants
on PDA media at 25C (24 ~48hrs, darkroom)
|

Spotting of Fusarium sp. on the center of PDA media

l
Spotting of selected and purified microorganism 2cm apart
from the center of the PDA medium

!

Dual culture of Fusarium sp. and antagonistic bacterial isolates
for 3~5 days at 25°C (darkroom)

!

Selection of antagonistic bacterial isolates showing antifungal activity

Fig. 2. Selection of antagonistic microorganism against Fusarium sp. occurred in the
infected carnation plants.

4. AP YE 4

Fhdlo] Aol A B 3te HE LT i3t A¥o] L8 Cl121E o2 Bergey's
Manual of Systematic Bacteriology, Microbiological Method, The Procaryotes 52| ¥y o] 2]3}
o HYES FelA A, Mg 54 € Y AEF 42 58 AEINA] FFE T
33Ut

5. wiFY FHuA ) A=WAT FFoll A A=HUTF AA &5

SD+B+P ¥jx|o] A 3zt WS DYF HPAE 10,000pmol A 88 ot A4l Ee)ste)
celle AAT F A Yoz ZA WAE R o] s PDASH T 121T
A 1587 WFAY L, fiter H2)5te] AT WA AA wokade] TE PDAGH] F5)
o 1/49) PR AL BFS F 045um membrane fier oJze 349} WP Ae &
Hotel ZANA ZAY WEd WAE plawes] Ho] 28 e JEHAF TH|E A
F8}o] 25C incubator SHolA} 7YUE MYNA AYE ARE PDAC) WEY W27} Hlm
e} BaSAT

6. AZHYF AT ¥ AT S Azl 4% -ﬂ&"é%&ﬁ A &3}

2P SD+B+PB iAo A} 3Uzt v g3to] ujokel2 10,000pmol N 8% E< FAE
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Z3le] cellE AAT F IA2) vhioz & wiF FFAL 121T, 127|404 158 &
3, filter X)) Wyo 2 3 v A AL 0.45ym membrane filtler2 o3} =4
AF F%o) AF F A Ax vt 1w AX I wigdo] X H FHo|E
793} 25C incubator ¢roll A HiYFAIA AP AAE FAHY =27 vlwdtd F23}
ot

7. AAEE AYF HFh e A=A TS dAE

A7 SD+B+P v R o)A 37t vt ujkd-g 10,000pmof A 8% T B4E2
B AAY & X8 PPes § PFIARL 121T, 12719904 1583 2FI}AL,
filter X Wyo2 & wjYFAAL 045ym membrane filter2 o3}dle] ujFfol] L=
PDBE E{d & o] XAE 1% HF3}e 30CoA 59 Wig3iAch. F3o] vy
€ 3ol FHA 60TA 24X AR F BAE &A%} |G YA Fgo] 4
§A A=E A¥sach

M. @ o g
1. 7hdlolA wiul 3 o 9jzddF £

AL 292 Jhio)d AEANE A AFT AHAY o] WA A A
SAE A GABIEA HY % EYEE YYSHT 2H0)FUE HEFNYELH A
A AAY oY AEA WEHRERE AWPYPH o] Fusarium oxysporum(fusarium wilt)
AT ZAE EISAc B A7 228 AMEY F%ole Fhilol A6l A FF:E
A7 H9A47 xHe] AP HF S Ha E AP FANTFLE Yt

2. AdA 2 e nYEY £

Fhdlolde] AldW EFAuls}t F3AuolA FAse xS KUshe W UT (Fusarium
oxysporum)l] tidte] A3AgE zte {8 WA ELS 28] A%t Ad BET FHUY
Fhdlol QA A LS E EA BALSIEAAN ZHEY, g R g §& AJHA

.Y AEe A9 2ol A ddTFE 34004F E2sIA. vIBES
g 53 £t JETAA A HF3}T colonyE JFPANL F ¥F HadgoH
ol Aol A HAEe Axydd o] FFAE Aol ol &3u.
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3. Az N APu|YE A

Ad AEFT AYHY FHilo]ld ESAN & FRAAMGRAE FHLE EY, olgy »
29 FollA EE3 3,40009F 9] GATF FollA Fhiloj A Bt AT
o it FFAEE e 7 PAES B8l Ee§ AFAE <Fig 37 4> R <Table
1> §3 Zth £ AoA £89 3,400 F 2] dUddT FoAA Fhilojde BT
et g ztgo] 714 4% FFE CI212 ZAE Y28, C204, C51, C58, C103, C97,
Cl156 2 C288 £9] A2 3FaLo] $538 Aoz ZAHYL}

Fig. 3. Screening of antifungal microorganisms against fusa It (F. oxysporum) oc-

curred in carnation plants grown in greenhouse Soil.

Fig. 4. Inhibition effeéts of antifungal bacterial strains against fusarium wilt, F. oxysporum
occurred in carnation plants on potato dextrose agar(PDA)‘pIate for 7 days at 28
C(a: C51, b: €58, ¢: C97, d: C103, e: CI21, f: C156, g: C204, h: C288, p: F.
oxysporum- occurred in carnation plants).
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<Table 1>& PDA plate %] 1 30| & HE31 Y7 435 Ho 74 A= WY
&t} A A i(inhibition zone)& P4 3= AFE FFTLE A7 AFo|t). <Table 1>
Al e ups} Zo] Fhdlo]d Y2 HUF e dFA8o] 7MY ¢4 dFE Cl2IE
ZAER O, 1 0B C204(53.7%), C51(52.4%), C58(52.0%), C103(51.8%), C97(51.4
%), C156(47.4%) % C288(46.5%) 59 €A2 FgF8ol 58 Aoz Yeut

Table 1. Inhibition zone*(%) of the each antagonistic microorganism against fusarium wilt,
Fusarium oxysporum occurred in carnation plants on PDA media for 7 days at 28
T in the greenhouse.

Isolated bacterial strain Pathogen Fusarium oxysporum
Cs1 52.4
Cs8 52.0
c97 514
C103 51.8
C121 58.1
C156 474
C204 53.7
C288 46.5
Zone of inhibition*(%) = ——NTT_I;T— x 100

NT : colony diameter of non-treatment (mm), T : colony diameter of treatment (mm)

B AT gAaste E2§ A4 dFe HEFYY NEelste FHAA {8314
82 AoE AL4Et HHLE vAE b3y YaAEE Fe Y vYEES Y
A4 B3HE o] A4, siderophore A4, @A) WARH Y T AL o3}
o ZHAM Fv YL et JFHEE e AeE HuFT oBakers} Scher,
1986; Brown, 1974; Lesinger2} Margraff, 1979; Orlikowski, 1987; Scher2} Baker, 1980; Schip-
pers et al., 1987; Van Peer et al., 1988; Whipps, 1997). 2822, 3% 37A v &< Cl21
£ gz g7t Aiete BRI 230 AR 28 AA 5 Z¥EAY A&
FHEe A7t gedidn A4En.
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4. AYT 34

Fhilo] M) AldAujel A LA 2L Fushe YA sty FFEEol
58.1% A YE Ao AP FPF CR1E dAE vAES] A 54, YA
B4 9 Qejyea A 5 71XE AEF dIe <Table 29} 3>3 Zow, o|§ =
ANEARE NZZ B8 §FA VBB AL AN A Bacillus sp.s} 02.7% F=
A #FQ Aoz FAHUG

874 v|AE Bacillus sp. C121& A7 > L.oym AE9] 7] |@tdo2A 37147
714 BYon e 540 Ue Aoz AU Bacillus sp. C1212 A&
YA Gram FHFOZA 4TS 2TAM A8S 314 ¥ 1 T =9 22484
AT ALste Aoz veiget MM E3l%, Agtd A3ts o starch B3 Fo B
= okAol Aoy ZAFE OB, nitrate reduction& %4, indole AARE &40tk VP gt

& F3A AR O, Methyl red ¥H$-2 &4, 12) 3 H2S FAHL KA, 7 &
#5e XL, xylose ¥ mannitol arabinose 5& ¥ g el
99} e ARE 7|22 vl FFQ Bacillus subtilis$}t Bergey's Manual of Systematic
Bacteriology, Microbiological Method, The Procaryotes 52 o 2 vinw HEZ H7 e
83, Aeld 2 A8ty EXo] A FYF Rez Byt olgd ARE 7|22 3o
FFA v AEQ Cl121-& Bacillus sp. TF % Bacillus subtilis®t 92.7% A= {A4<

o2 A5 tHKriegs} Holt, 1984).

Table 2. Morphological and biochemical characteristics of antifungal bacteria C121.

Characteristics Strain Bacillus subtilis Cl2t
Cell diameter > 1.0ym -Z -
Spores round - -
Endospore + +
Gram stain + +
Form rod rod
Sporangium swollen - -
Parasporal crystals - ‘ -
Catalase + -
Voges-Proskauer test + +
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Strain

Characteristics Bacillus subtilis C121

pH in V-P broth

<6 d(+-) d(+-)
> 7 ) )
Acids from

p-Glucose + +
L-Arabinose 4+ +
p-Xylose + .
p-Mannitol + +
Gas from glucose . )
Hydrolysis of

Casein + +
Gelatin + +
Starch + +

“-: 90% or more are negative, + : 90% or more are positive, d : 11~89% are positive

Table 3. Morphological and biochemical characteristics of antifungal bacteria C121.

Strain
Characteristics

Bacillus subtilis

Ci21

Utilization of
Citrate
Propionate

Degradation of tyrosine

Deamination of phenylalanine

Egg-yolk lecithinase

Formation of
Indole
Dihydroxyacetone

NaCl and KCI required

Allantoin or urate required

Growth at pH
6.8, nutrient broth
57
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W Bacillus subtilis C121

Growth in NaCl
2% + +
5% + +
7% + +
10% ND i

Growth at
5C )
10C d d
30C + +
40T + +
50C d d
55T i
65T

Growth with lysozyme present d d

*. : 90% or more are negative, + : 90% or more are positive, d : 1189% are positive,
ND : no data available

5. A% Axo] g HAzUFS] AFAYA a5

3Y 59 SD+BHP iAo A g3 AT viFed-& 8% FF 10,000rpmo A A4 £
&9 cellg AASFoH, X s oz A8 v & ujdde] B PDASY T3}
o 121 T A 1587 I8 Filter 323t ZAS WA E AA wjFdo] = PDA
@l FZ)9} 1/49] Y3 AN L A7 ¥ 0.45um membrane filter2 3§ 3/49) v Iy
AR EF3IY ZA AT ZAR B FY v E plated] FHo] 2 o AXHET F
Fol& HF3led 25T incubator ¢tollA] 7UZ vl FA|A AP AAE PDAS] HEFH =2
T9 vty gAY A FhdolA AldAuie A FA S AzE AT e YR
AR &o] AT RoE FAIHATI<Fig. 5>

28 Bacillus sp. C121& SD+B+PB ] x|o]|A] 393t ujkste] ul -2 10,000rpmo] A
8min. F< PAEYFA cellE AAI}HT CellE AAT F A2 oz g 44
o4& 121, 12713400 A 1587 AF3H4ch Filter A3 wioz 3 wikdad AL 0.45m
membrane filter2 &J7}3}le] PP AT FHo] FF F AT AT I8t 1med ¥}
Tk wirelo] A¥E FHo|E 7Y 25T incubator el A HFAA AYH A P27
of B3} filter Al ATk A2 sy AX X2l HA3A Tl A=
Hagel v AFAA RG] e Aoz D FhiolAd AldA A FA3=
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Fig. 6.
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WAl didte) AAAANZE-L filter A viFd > A gy 4X AT > )
%7 £02 Jeygt<Fig. 6>.

Growth inhibition of F. oxysporum by antagonistic bacteria. F. oxysporum occurred
in carnation plants in greenhouse condition were selected and grown on PDA at
24hrs and bacterialized by antagonistic bacterial strain, Bacillus sp. C121. Antifun-
gal strain cultural broth was filtered into 0.45um membrane filter, and PDA me-
dium plus 3/4 suspension solution was autoclaved and antagonistic experiments
were conducted.[A: application of antifungal filtrate using 0.45um membrane filter,
B: control(F. oxysporum), C: application of heat treated antifungal cultures]

Growth inhibition of F. oxysporum by filtrate usihg 0.45pm membrane filter and
autoclaved(121°C, 15min) antifungal strain cultural broth on PDA at 24hrs. Anta-
gonistic bacterial strain, Baciffus sp. C121 was cultured in SD+B+P medium and
filtered into 0.45um membrane filter and autoclaved(121C, 15min).[A: application
of antifungal filtrates using 0.45um membrane filter, B: control(F. oxysporum), C:
application of heat treated antifungal cultures]
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6. DA A7 g A=BLAF AFAA &3}

AgFo g Mg Bacillus sp. C1210) A28 A ERo] WIAUA &AM 9
sto] Ao wFAe INsd g8 SRS AYH Bacillus sp. C1218
SD+B+P M Ao A 393t wiFE & wigAE 10,000rpmoll A} 8min. Ft WAL 3t cell
& AASET WFFFRL 121T, 12714004 1583 T3t Ao, filter
) wyo g & ujAARL 045um membrane filter2 oj3}3le] wjFYo] = PDBE
33 F o] TAE 1% AF3A 30TA 592 MiSd Ao} oF 21% Fxo Tz
go] Y Aoz FAH0] YHF uAEQ] Bacillus sp. C1210] EHldls JTFEA o=
Az do AFHE BRAFA<Fig. 7.

Fig. 7. Growth inhibition of F. oxysporum by heat treated culture broth of antagonistic
bacteria. F. oxysporum occurred in carnation plants in the greenhouse condition
were selected and grown on PDA at 25°C for 24hrs and treated by heat treated
(1217C, 15min) culture broth of antagonistic bacterial strain, Bacillus sp. C121.
[A: application of antifungal filtrates using 0.45um membrane filter, B: control(F.
oxysporum), C: application of heat treated antifungal cuitures]

NH 2

A A el A T EhE HZH AT detd AFREL de YA vIES
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2, 28 2 5] A% EY 59 AQARRH FEVYES B3N Fusarium
oxysporum®l] h3 FF2HE-E AAHT T4 VM ES FASNG AAAZFH £
34009%F 9] BlQEFTOA FhioldollA FAse AW AT e 78] ¢
3 oA ES 1F R 203 HEsigon, o FolAM daFEol 58.1% FEE 7HE ¢
FuAERA CI21E HFFH o7 AUstAnt FFFEo] £ Cl219] JuH 44, u)
¥4 54 2 A 43ty 4 5& A A Bacillus sp.9t 92.7% B A TF
2 FREAt Bele 334 5 Bacillus sp. C121& Fh|o]do o &Ash= A2
Foll gt 58.1% A= 9] & AANY LS B2, FHWANNA F. oxysporum A
2% a4 2539 oA Mk AT FF WFGE AU W F7 92.1%%
21.0%9] gFz8o] AT

(-4 : 2004. 3. 19. HF=FHTY : 2004. 5. 28]
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