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Biological Control of Fusarium Wilt of Adzukibean
Caused by Fusarium oxysporum
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Table 1 Isolated antagonistic microorganisms and their growth inhbition against Fusarium oxysporum FA-3

Inhibition zone (mm)

laver method™* metho
’ (4days) (7days)
1 Ishikari (R.) No isolation
Shinshinotsu
2 Ishikari (R,) No. 2 Streptomyces sp. 24.0 1.2 +++ 9.5 +++"
Shinshinotsu
3 Sorachi (R.) B28  Acinetobacter calcoaceticus trace 0.0 — 0.0 —
Bibai B2  Streptomyces sp. 19.0 50 ++ 50 ++
B3  Streptomyces sp. 20.0 7.0 ++ 7.0 ++
B6  Streptomyces sp. 25.0 9.0 +++ 82 ++
(R)) B17 Pseudomonas cepacia 33.8 7.0 ++ 3.5 +
4 Tokachi (R,) S-21 Pseudomonas fluorescens 19.0 2.0 + 0.0 —
Memuro Sakae ABS 19.0 2.0 + 0.0 —
5 Tokachi (Ry) ABS9 trace 0.0 - 0.0 —
Memuro Sakae AB60 Streptomyces sp. trace 0.0 — 0.0
6 Tokachi (R.) S-63 Pseudomonas fluorescens 19.0 6.0 ++ 50 ++
Memuro i AB 1 Pseudomonas maltophilia 19.0 4.0 + 4.0 +
Kitafushiko
AB 4 22.5 50 ++ 2.3 +
AB7 Flavovacterium sp. 21.0 7.0 ++ 3.5 +
AB 3 Streptomyces sp. trace 50 ++ 5.0 ++
AB5 Streptomyces sp. trace 4.0 + 3.2 +
7 Tokachi (R.) ABS8 trace 0.0 - 0.0 —
Memuro
(Noshi)
8 Tokachi (R,) S-7  Pseudomonas aeruginosa 30.0 9.5 +++ 95 +++
Shimizu

% 1 Sample source :(R.): Rhizoplane. (R,) : Inner rizosphere
% 2 Reversed layer method : Fusarium oxysporum FA-3 spore seeding plates and 4days culture agar discs of isolated

microorganisms were used.
% 3  Agar spot inoculation method : 7days culture agar dises of Fusarium oxysporum FA-3 and 4days culture agar discs

of isolated microorganisms.
% 4 Inhibition zone between Fusarium oxysporum FA-3(pathogen) and the isolate : +4++29.0mm. 9.0>++=25.0.

5.0>+=2.0. 2.0>(+)>0.0. —=0.0

SEEEEDS b, BITEKE, ZOEEERTI 7 %H 2 KSR B17 B0 REMFHMER
v EBEoRET, F. oxysporum, FA-3 12 LT, 7B BT AEY) B1T ERROBAEYEIMEIRE Table 2 WKL
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EkrsE T baaLPHIEE (7.0mm, 4 HE) 2Rl 2O REHiMAEY) B17 tkiz, MacConkey agar (Difco #14¢)
ZrhoAREET X FHRRFIERBRCH T LY 5 X O'NAC agar CEFHEEHE) TEF L. &7,
o7 OELT B HIEEYE O HBEFE 21T 7 Brucella agar & *Bouillon agar FT# @420 LIEHE



Table 2 Microbial chracteristics of Strain B17

Cell morphology

Short rods, 1.0 by

fh, R, MO =—E2BR L, KEIFILOX LT~
20 umDERRE T, 77 LM, NAERFEL, E#ELE
L, #famic Poly-g-hydroxy-butyrate DEf&E % Fol-, F

1.7 to 2.0 um
Spore formation Negative Mo O—LAF I —F¥TALNGMHE, 57 —€T7 AN
Number of flagella 1 M g7, EE~FROOKEEEROEEETLL, B
Motility Motil —
folity - ote Bt & TR OB, EREES SR H A~
Gram-stain Negatile
Poly-£-hydroxy- Positive DETEE, 7Tr¥=ryeboi YR, Bbticsos
butyrate accumulation THEESB LU, DNAOGCE® 13671 mol% %2R 71,
Fluorescent pigment Negative o DR S, ABITEK % Pseudomonas cepacia
Diffusible pigment Positive N
) ) ) (ex Burkholder) Polleroni and Holmes'” & [@%E L 72,
Oxidase reaction Positive
Catalase reaction Positive 3. EAMYEO BB RE
OF-glucose test Oxidative P. cepacia. B17 »'EEA T 2 HiE 48 13 Brucella agar
Denitrification Negative R AT S SEERS SR L, 64D EER 7
Reduction of nitrate to nitrite Positive R o ~
Gelatin liquefaction Positive L — b5 11.5mg @ pale yellow Oy #B71, Z0O
Starch hydrolysis Negative duid, @is 125°C 2R, =¥ /—0N, 79 /=0, 7}
Lipase (Tween 80 hydrolysis) Positive v, Z7uouk Vv ACENE, K, ABHT—F7L, Yru~F
Arginine dihdrolase Negative b AT, UV, IR, Mass & £ 0 NMR 2~
Lysine decarboxylase Positive
Ornithine decarboxylase Positive 7 PADTERIC—ET 5 h 6, Kk FR ColO,
Urease Negative N.Cl; % & ¥ Pyrrolnitrin (3 - chloro - 4 -(2"- nitro - 3"~
Acid production from: chlorophenyl) —pyrrole)® ¥ [ % L 7:, Pyrrolnitrin ®
-rib , D-f . Positiv
B ribose ructose ositive NMR 27 b t*ﬁﬁiﬁ% Fig. 1 L:ﬁ'\‘[,fgo
-glucose, Lactose,
Maltose, D-mannose, 4 . Pseudomonas cepacia, B-17 ¥ 4+ 5 EMME
Sucrose, Salicin, Pyrrolnitrin mig 2 )RR E (X T 2 FLEE S
Mannitol 2 ORFERE2ERIC T2 P, cepacia. BIT D&
ED—xonse J Negative o B R
s HK77 7 % B EOBES & UABOEET 5
Citrate, Gluconate, Positive PLEEYE Pyrrolnitrin O i/ NE BRI EE (MIC) %
Caprate, Adipate, Table 3 icx L7,
Malate, Phenyl acetate BI7TE# 1, MIEEBICEWT, 7XFUHEEF
Protocatechuate, ortho Positive
cleavage oxysporum . FA-3 213 U & T % Fusarium BEICHTL,
Mol% G+C of DNA 67. 1 dHEETHHOERERLL, LaL, THETRZD
H
N
Ci
NO,
Cl
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n s 3 7 5 ; a 3 2 1 opPM

Fig. 1

Chemical structure and 'H-NMR spectrum (in CDCls) of pyrrolnitrin.



Table 3 Growth inhibition of the plant pathogens by the bacterial culture of Pseudomonas cepacia B17 and

its antibiotic Pyrrolnitrin.

Agar spot
. . inoculation method™' MIC of
Phytopathogenic fungi (Source) o s Pyrrolnitrin®®

(Inhibition zone(mm)™*?) :

(4days) (7days) (ug/ml)
38  Fusarium oxyspormFA-3 Adzuki bean 7.0 ++ 3.5 + 3.13
19 Fusarium sp. FGH Adzuki bean 50 ++ 2.0 + 3.13
17 Fusarium oxyspormF-1 Adzuki bean 6.0 ++ 0.0 — 3.13
18 Fusarium oxysporm Fsp-1 Spinach 8.2 ++ 6.2 ++ 3.13
29 Fusarium oxysporm Spinach 6.2 ++ 3.5 + 3.13
32  Fusarium oxysporm Green pepper 5.8 ++ 3.5 + 3.13
33 Fusarium oxysporm Strawberry 7.2 ++ 4.7 + 6.25
34  Fusarium oxysporm Melon 4.8 + 2.0 + 6. 25
39 Fusarium oxyspormKF-244 Tomato 5.8 ++ 0.0 — 6. 25
40 Fusarium oxysporm KF-228 Onion 0.0 — 0.0 — 200
41 Fusarium solani Rice 50 ++ 0.0 — 25
24 Fusarium moniliforme 17-1 Rice 7.0 ++ 0.0 — 25
36 Fusarium moniliforme 4-4 Rice 8.5 ++ 3.2 + 3.13
35 Fusarium roseum Wheat 9.0 +++ 0.0 — 3.13
21 Biporalis sorokiniana Hel-2 Rice 9.5 +++ 9.5 +++ 0.78
25 Alternaria alternata Rice 1.0 +++ 1.0 +++ 0.78
23 Cladosporium cucumerinum Se-2 Melon 100 +++ 100 +++ 0.78
22  Pyricularia oryzae Rice 9.0 +++ 8.0 +-+ 0.78
31 Rhizoctonia solani KF-269 Potato 125 +++ 85 ++ 0.39
30 Pythium graminicolum Py82-S Rice N.D.* 12.0 +++ 3.13
28 Verticillium dahliae Strawberry 13.0 +++ 1.9 +++ 0.78

% 1 Agar spot inoculation method ; 7days culture agar discs of phytopathogenic fungi and 4 days culture agar discs of

Pseudomonas cepacia B17.

% 2 Inhibition zone between the pathogen and Pseudomonas cepacia B17: +++29.0mm. 9.0>++=5.0, 5.0>+=2.0,

2.0>(4+)>0.0, —=0.0
% 3 MIC : Minimum inhibitory concentration (ug/ml)
* 4 N.D.: not detected.
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Fusarium oxysporum
FA-3
(adzuki-bean)

KF-228
(onion)

Fig. 2
KF -269 of pyrrolnitrin.

Plates were 7days culture.
PY : pyrrolnitrin
B : blank (no drug)

Fusarium oxysporum

Rhizoctonia solani
KF-269
(potato)

Antibiotic effect on Fusarium oxysporum FA-3, F. oxysporum KF-228 and Rhizoctonia solani

0.15ml of 16 xg/ml pyrrolnitrin was used.

Table 4 Effect of seed bacterization with Pseudomonus cepacia B17 on the

control of Adzukibean wilt caused by Fusarium oxy sporum FA-3*!

Treatment Diease incidence (%) Disease
N severity
g:\n—:g‘ IBJIC;*I)’H I I m N Avr. index’"Sy
1 + - 60 85 85 75 76.3 2. 14
2 + + 10 0 15 10 8.8 0.17
3 — + 0 0 0 0 0.0 0.0
4 - - 0 0 0 0 0.0 0.0

* 1 Adzukibean: Hayate-syozu was used.

* 2 Pathogenic Fungi :
* 3 Antagonistic microorganism :
4 4+

* 5 Disease severity index : 0 :

treatment, —

: no treatment

Fusarium oxysporum FA-3

Pseudomonas cepacia B17

No necrotic lesion on the leaf, ~4 : Necrotic

lesion appeared on all of the leaf and yellowing. wilt
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XN B BEIEYO Fusarium s ¥ HIBEREREOED
Bk~ DF A AT I N D,

LI, BBFIG0ERE ) 5 A F — b L7 BB T
HHEEHRO—RETH L EMBEOERE L ZOFIHIK
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XX B8

During a study on biological control for Fusarium
wilt of adzuki bean caused by Fusarium oxysporum. we
fsolated the 18 antagonistic microorganisms from the
rizosphere soil of adzuki bean by the improved triple
layers method. They were 7 strains of Streptomyces. 5
of Pseudomonas, 1 of Flavobacterium. 1 of Acinetobacter
and 4 of unknowns. Isolated strain B17 antagonistic to
F. oxysporum was identified as Pseudomonas cepacia (ex
Burkholder) Palleroni and Holmes. An antibiotic
strongly inhibitory to F. oxysporum FA-3 was isolated
from P. cepacia (B17) cultures and identified as
pyrrolnitrin (3 - chloro - 4 - 2" nitro - 3"~ chlorophenyl -
pyrrole). The P. cepacia (B17) cultures and pyrrol-
nitrin also inhibited growth of many other plant path-
ogenic fungi: F. solani, F. moliniforme, F. roseum.
Biporalis sovokiniana. Alternaria alternata, Cladospo -
rium  cucumerinum, Pyricularia oryzae, Rhizoctonia
solani, Pythium graminicolum, Verticillium dahliae, but
did not F. oxysporum f. sp. cepae. The minimum in-
hibitory concentration against the causal fungus (F.
oxysporum. FA-3) of Fusarium wilt of adzukibean was
313 ug/ml. Treatment of adzukibean with P, cepacia
B17 at the time of seeding in F. oxysporum FA-3-
infested soil decreased the disease incidence from 76.3
to 8.8% and the disease severity index from 2.14 to
0.17.





