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Control of Fusarium diseases using antagonistic Actinomycetes
V. Mechanisms of control of radish yellows with microbial inoculum (Material A)

Shigeki Takaki', Akira Kitamura?, - Takuya Marumoto’,
Shuhei Tanaka!, Masaya Nishiyama' and Daisaku Ishida®

Faculty of Agricultuve, Yamaguchi University,
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Mechanisms of control of radish yellows by using a microbial inoculum (Material A)
which contains antagonistic Actinomybetes against Fusarium oxyséomm f. sp. raphani
with an organic carrier were investigated. First, a method for determining the
chlamydospore density of F. oxysporum in soil was newly developed to enable a more
accurate determination of the chlamydospore density in soil. Secondly, the effect of
Material A on the control of radish yellows was examined in pot experiments. The
suppressive effect of Material A varied with the’time of application and sowing.
Material A did not exert a significant effect on the total Fusarium density but in-
creased the density of the chlamydospores in soil. The disease was well controlled in
the soil where the density of chlamydospores was high and that of infection forms,
mycelia and conidia, of the fungus was low at the time of sowing. Thirdly, the effect
;of Material A on F. oxysporum was examined in Petri dishes. Material A suppressed
the germination of chlamydospores and subsequent hyphal g;‘OW‘th, resulting in a high
density of chlamydospores in soil. The results obtained suggestﬂ that the enhancement

. of soil fungistasis is one of the mechanisms of control of radish yellows by Material A.

Key Word © Fusarium oxysporum, Chlamydospore, Radish yellows, Soil fungistasis, Biological control
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Fusarium oxysporum I EEEYORIRE T1
BT 5, KEREMAGE LTEERFE DL
D, B eior g s MERCRPEMEET 3,
BRI T I3E YRS S OS5 e L TF
L, FIFIC Lo Th URERIMEEARERN
BA, FELTRERSERIT, Lo, EE
BT OEER ZOESED B E COREDOES
¥, LIELIETHESHREERAOEELEIZIT Y,

HiEREERR, BREERSCIBOSERE
YIDWEENZ &> TEL, BLUTRETRRRE 2N
%14 3 HHEE, BENACREEEOLERHRET
ZHEE L dh 3, RECHERS W -EH
MIRBRL 2> THREVOEE 2EEL, 138
HEEAZEDL I L6, KEEEYORK
D7) T AROREERNF T 2HANE R
SNTWwB, 205 b, Adams 539F, o —
AR a—t —HOTBER I HERBER 2SO,
TR Fooxysporum BEZET IRV
b oT, 7VUTARERINGI L L REE
LTw3,

EHE 51, BT ROBBE LERI v
KA N> SR BEPIMEWEN A ITEM A &
T2) OFIBHEA F. oxysporum f. sp. raphani
(LLTiE F. oxysporum & §5) L3544 ayv
EEBORELIMET 2 L 2R LM, ZOH
BiIFzFHs»IZINTORY, LaL, B A
X, Adams 5*ORWI-EH LR TERO
F. oxysporum BEZBRICIFET LWL,
BIUEMADOKAICE > TLEEB X UIRET
WIS 2 MAEWITEM AR E En 5 EIIHTR
BRI TREZWI L9 s, AEMicL 354 2
v OEEFRIE O Z, BRSNS
OREEEIE» D TR, BEEAESEL Tw
LATEEMES D B,

RIFFE T, B AT L B 54 3 EERNE
BEOEREYBENE L, &M F. oxysporum
W RIZ T HE R EREEROBSE» SMET L7,
%y, 1RO F oxysporum OFHEIZ2WT, By
FH® IR 2 B L CERFERER I & DR
ENBEERO F oxysporum BEZTIEFOE
ElFREr—RT 5L Tw5, Lkl, 1
P SETFREAMNBET 258G, ho bEE
R E R, TEho BRI TEE S ERICHLE
BNEVBEALD S, I T, FHEOHDIT,

TEFOEBETEE R L D IERICHE T 55k
%\*ﬁgﬂ‘ L7ze

REBRKE

1. F. oxysporum EH%H@?O)*%}:H}T‘EO)@E‘T
AL TH 3 BEEFIZOETF L HELTERE
PP TIC AT BRSNS L ECEH L, RO

EER R Tz, EEICIXFILNECHRIL 1251 2

VOERERIREG S0 LT F. oxysporum %
HER L 72, ,

FIEODFEEIC & D F oxysporum O REIETF
MBIE LB LI, T bbb, potato glucose
broth (PGB)T 28°C, - 7 HFEI5#& L7z F. oxyspor-
wm OEHEE2REAFCERL, 3EELERL
Jot%, ERSEREHESO (BM 55 KCl, 43mg
CaCl,*2 H,0, 92 mg ; Na,HPO,-12H,0, 179
mg ; MgS0,+7H,0, 123 mg ; FeCl;+6H,0, 270
mg ; MnCl,+4H,0, 1 mg; CuSO,-5H,0, 1
mg ; ZnS0,+7H,0, -1 mg ; NH,Cl, 107 mg ; &
gk, 1D zHEEL, 15 HEEEL ., Bohi:
E#E®0.1M ) VBREER (pH6.0) IcBELT
2 ERELEERE L, &5 ICHETIHMEL 2%, Rk
R CERE L2, ZOBB % 325 mesh 8 &
10400 mesh & 2 VT BBL THER RS L,
5,000 rpm T 3 [EhEOEEE U Ttk e DB O FE
FRCEHBEBEL, ChEPEEETRERE L,

¥ 72, F. oxysporum B ¥ % Cappellini &
Peterson'V CMC ¥fkigttc 7 HREEEL, 2
HEOH—¥Tr2BL THEHRERERE, 2BEREK
T 3 ERR LTS L TIE 2 B ORE A I HEE
L, IheSETFRERKE L,

Wiz, BEETESETOREBEE ZNLETNE
BARTHERLTH 1 X10* CFUmIT' O BEICH
B, 47COERAERTO, 60, 90 8 X120
SRIBINE U 7- 1, B % o CHERFR
HBIZ & ) ERBETOLEEREHE L2,

2. BHARABEOEWICELZLEROF.
oxysporum BENEAL L BERBEOEFRD
PAE

TEF DL F oxysporum B & VERIEF DT

ErETHREOBGRERy VERCIVFEEL

REBR L L TEM ARBREB L RO

BEZT 6 RERII/z. (Table 1),

a/5,000 7 7 xRy b BEAL, KELED
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BERSEE LKL (F. oxysporum ; 2.67x10°
CFUg'#+) BXUEM A (Ky rH7zD 20g
Thbb1tl0a™l) 2, ZNPNFEDRIICHE
mujz. HrogEm, RELLELE5 11
 (wt/wt) DEIETIRAT 5 2 LItk DTz, 5
4ay (B BHREAY) IRy b HD 125
PREEL, BE2EMB 3HERL THAI &,
BEEAGEEBCREN-T, BREBREL:, B
EIFTEHR LB CAETT L, BIREE, BRES
X UBRMEEH LUz, £/, FIEOREICE R
v b5 TEEERFINL, BIIBRE FETHFFE
WEZ &Y 2BROE F. oxysporum BE L B
JEFEEERHAE L, #BRERIRELL, v
== NI ANTITo T2,

3. F. oxysporum IZX¥ 2EM A DREEDRE
1) BERFORZFEIINT 58
KDWBWCHBEL L RKBFLBEL AR LIE
(pH6.8, EC;0.06 mScm™ ) 2FEAHL, Zid
OFEEL EERELIB L UEM A % 10 %&E (wt/
wt) WL 72 EEE L2 Z N ZThBEY v— Vi
FEDlz, —FH, BEXY TV 740y — (31
K78, EE25mm, FUZ0.3 4m) Eiz, 1 X10°
~10*CFUml" e &R L 7z F. oxysporum O R
BFE1Im Z2HETLTCRSIL, BEERT27 4
W —RIRERE LIz, D74 NT—2FBEHRS
ARTFALCEE, FEOY»—VAZLIEI
g xw, 25°CT 12 R Uiz, B8R, &7
ANWY—FEROHL, 7 72/ =YY
TN—RIOTHRGEL, KEEMET CTREB LV
RFFEERT T 25 THRIFELER L, &2
B, ERO6RE L L, EROFHFEFRERDI,
5

ES
|

(2]
»-

Log (CFU/mi)
N

-

Density of Fusarium oxysporum

(-]

() 20 40 60 80 100 120

Treatment time (min) at 47°C .
Heat tolerance of chlamydospores ([1) and
conidia (A) of Fusarium oxysporum f. sp.
raphani.

Fig. 1

KIZ, Adams 52D FHEEI X D EM A RNt

DHBEZHE LTz KSR 20 %61 FHE LI KEF

+EOEBE L FHY, ZOLEICEH A %10
% (wt/wt) iUz, %72, "MERE U CHE:E
D&M AEFRMEIE 2BV, B AGNOE
#r L4, 7AM B CTHREROTHLZ I SV
I —AKEEE 0.01 % E /2 0.1%1c%B LD
ERINL, BB BB FEE 7 4 V5 — &g
&4, 25°CTHERE LT, BEEERAIA 12 iR, &
74N —EED L, il ECHECERE
FORGFREFELZ, 2B, FFEBRTIX, B
AREBHEAIN TEOXMGE2ERLT, L
BORELHIERE I TbE P72,

2) BAREFICNTEHE

BiROA YTV 740y —EEY, F
0XySPOVUM. @%;"ﬁi’%bzﬁ?‘éﬁﬁA DHE%
FAELIZAKDES 20 BICHBEL KB LEBYH
v, FEER, EBRE X, FELCEM A%
B (wt/wt) IR0 3 RERE LTz, BERT%
AV TV T 4 Vv — EBEEL TREBRK 5
CHEEL, 1, 3, 7THRIKEDHL TRER,
NEEHUFE T CHE L CEEBE 2T 7. &K
6 MOBEET, BEARLNE L, ZRIZE
X 2 RETITo 720 ' :

BRELUER

1. F. oxysporum ERERIF DR K

F. oxysporuwm 53T & BEET OB ERE *
BB THE L 7z, 47°C, 10 S0 BLE T
ETFRESWCHR LI, —H, EBEETIZZ01F
EAEBEFELTED, 2EFLD bHHLS R
ETENE» -7 (Fig. 1), &8, BEROBEER
HIZDWTRE, ERE2EERT»OZEEZHHIL
THRET 2 I LPEE L0, AHETIEAET
Eldpol, LU, BRESETOREMMSER
BIRICKRERERRWEHEEINS, TR0 Z,
ERERF & 2 OO EEOREMEDZICET»
T, 2EFOL F. oxysporum & BEERFOFh
FNOEELPHETELI NS>k, £ T,
P2 2 EOE THIE L RED F. oxysporum
HERL F. oxysporum BEEL, F1E% 47°C,
90 S EEMIE L /2R BIE LTz F. oxysporum BE
r»EERTFEEL L,
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Table 1 Effect of application of Material A on the control of radish yellows

N Treatment > 4 weeks after sowing
0.
g 0 week 1 week 2 week Infection (%) Disease severity* Suppression (%)
1 Infected soil** Sowing 100.0+ 0.0*** 100.0£ 0.0 =
3 Tofeciellpcll merialA 88.9+15.7 1.1
Sowing
3  Infected soil Material A Sowing 59.3%+ 5.3 40.7
4 Matemal e xveted poll 44.4£15.7 55.6
Sowing
5  Material A Infected soil Sowing 33.31+27.2 66.7
Material A .
+ +
6 Infected soil Sowing 55.6+31.4 40.7+27.7 59.3

: (Number of dead plants X 3+number of damaged plants X 2+number of slightly damaged plants X 1)/
(number of inspected plants X 3)x100.

** . Addition of soil infected with F. oxysporum.

*** . Standard deviation.

F. oxysporum
Log (C,F({Jgg dry soil)

No. 4
s VY
4L- ---\--D: -------
o O
e
L
L T
0 . .
0 20 40 60

Days after treatment

Fig.2 Changes in densities of total Fusarium oxysporum (@) and chlamydospores ((J) in pot soil.
| sowing, ¥ Addition of infected soil, ¥ application of Material A
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2. BEMABEBEHNBVWICLSLEPDF
oxysporum BENEL L FERFENEF
BEHMADHBCEDFA4 3 VyEB/FORED
#ElE hiz (Table 1), MHEORBEIZEM A 2%
LHMETB L RGN ARRCERL X
(No. 4, 5, 6) T KEMoTze —F, HLE
g A 2R LK (No.2,3) @5,
& A M 1 BERcEEE2T>72X (No. 3)
T BB WIIEZIR SR sl b3, &M A
R EErERICT> 72X (No.2) TREER
&R IR ShBR P o T2, BIFR THRLE
k31, BMADRAL YA a2 BEORSAIC X
DEEFRTFIOBRENELLER S I LIRS
nize
LEEOEBHAN S, EFEBRX BB 548 F
oxysporum I ¥ BRI FHE DR £ #NTz,
F. oxysporum B 135 EER K B W R IRERR
DERZRLCHBL, EBRRETRE2ERS
o7z (Fig.2), Lo L, BEEFEEIZEN A
FEROEEE LI X D EBRKETRKECER-
720
A4 aVEERORECIBEROF
oxysporum BENKELEETILEEZO>NBD
DT, ZONBPOEERTFEES I UVERZED
EHRNEFEOEE L RFENH OBMFR % Fig. 21
RUTHERD ST LT RUNTEERERE L.
K (No. 1,2, 3) ®>b, EERORKENL Mo
7B A SEMERSTIEK (No. 1) & No. 2 TiZE
ERTFEEIN/NE L, BRPAHETE CEENE
EOBRENKEPoT, ZhIHL, RUICEM
A 2R L BWHERBNFHZIREOE > h - EBRK
(No. 4,5, 6) ®> %, No. 4 & No. 5 CRR#EE
»oHOM, BERTFEENIML THVWAETR
zh, EUEEROEEN/NE ot B A D
FRIEIR T EARC ITEER T h 5 B
FOEEDOHALERE EOFEEEEEOEED
BOCERT % LHEEEND, 2B, BIEDI )V
—7DEBRX No. 3 LHBEDINV—TDEEX
No. 6 Ti3, »7% D BWHRRIHZIR®E S i
ZH b s, BEROBEIT OFESHLE
HEL, WHEHEEROEENE»P>72. LoL,
No. 3 TREEDHIBOERRTEENED TR
{, & F. oxysporum DKZESEZEHDTWwWizZ Lk,
%7z, No. 6 TRFEERCEERTEEISIHI
EBALTWBERPT, 203 HECREENEE
NEFLAERHEENEL BoTWAI LS, M

100

a0hno soil
u Yatsuka soil

% germination

Non sterilized soil

Non starilized
soil+Material A

Effect of Material A on germination of
chlamydospores of Fusarium oxysporum f.
sp. raphani in 2 types of soils.

EBRX CRIBEOE S TOFREREEDOE 130
EOETLTOITEEESEZ SRS,

3. F. oxysporum =339 284 A DEE
1) EERFREFICHT 278

KEF L /RO S BV ORE T X & #5505
+ROETCERETORFELRHELI I3,
EFRROWIThHIRELRTEL, E8FELRT
E»ro7: (Fig.3), EEELICIZ, dLddri
DEVWESFHEWERNEET 2 E25N1 5%, L
L, BH A ZEZRETT CEBRETFORFEIE
EAEHIFIL 2oz,

Wiz, KEFLBEOHE) % Adams D TTET
HIZE L7z BM A BIMX O BRI FFIFRE, K
BABHAE R R ENER OBE N L EEREN R
o720, BiN4 B THERCIREMAEX LD D
HAs»IcEL Bo7z (Fig.4), 2D 56, &
BETCEM ABRET 3 L—EOBBRICHE
FIDEZ B L EZ 57z, Adams 5¥iFa—E—
HELEBCHEMT % L, BHEBERTOFRI
RBEENDS, DBRECHEN»HEEY, BEE
BFOREIEIMFIINI ZERREL TV5,
A THONTEREDEROBRERL TV
tEzH6Nh5,

2) BR&EBICHT 2EE

Fi+ r EEE T OW AT, ERET O
% IHEE CREROEBRREFTVEEI NS,
7THBRIZBEROBENS (BHEEILS LS Tk
-7 (Fig.5), BAEBTREZE LIV LA
HIOATEETH -7, —H, BM A REHML
1BEL TREREENELAMFH s, B
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4 day’ 7 day’

% germination

Y §

0.1 0

0.01 0.1 0 . 0.01 0.1

Concentration of glucose added to soil

Fig.4 Fungistatic level of natural, nonamended soil (A) and soil amended with microbial inoculum
(Material A) at the rate of 10% (O) in relation to chlamydospores of Fusarium oxysporm f.

sp. raphani.

* Soils after incubation at 25°C for 0, 4, 7 days.

Sterilized soil

Non-sterilized soil Sterilized soil +Material A
4000

3
% 3000 L L
=
2
e 2000 -
s
g
S 1000 | i L
=

. ‘/‘_'\A

0 5 10 0 5 10 0 5 10
Days after buried

Fig.5 Effect of Material A on mycelial growth of Fusarium oxysporum f. sp. raphani.
Mycelial growth is expressed by the total length of mycelia measured on 6 photographs.

AREERFORERLITEIRIERDLERD
MHlg 3 eEZ NI

PlEOERN S, HIBEAOEH A ORI, =
EMEERARED B LX) F. oxysporum D
B4E L EEBETFES G L, HRER
B L TRTESRRETH 2 EERTFOEE 2R
B5, BUREEOFEER2ETEE S 2 L H#E
Ehlz, Thbb, BHAWKEE5 4 aVEHRF
OMENZ IHEEAEET 2 E2ONE, &
OHEIEANEH A hOREPIBIRE T HET %

D, %723 EEYS HEROMOSZEHEDD
EMEEPEDAIEILIVBEENZDPICDOVT
BWTRHTH S, Lrl, SEERYOHEERO
BRI D W T REERE VD DT, EM
AFOEEY L BEEAOMBIC—EOREZ
B LTWwaIEbEISNS,

® =
(DESHIMEEH A (EM A) OXFRAIC XS
F 4 avEERRE KRR Fusarium oxysporum {.
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sp. raphani) MFI O % HEFEFEAOEH S
STEL, ,

2)+E2ATCT I FHEBNEST B LY,
RO F. oxysporum BT E % HEHIIE
FECHIET 2 HERERL, £ F. oxysporum %
ErEERTFEEOBERAETICR W,

QRy FABOBER, B AR LY 1 2 U F&E
DR & Y ZEFRINEHORENR R 51z, B
A X% F. oxysporum BECIHELHE Y RIZ
dhw, ERETEE2EDS I LBNHLrE
Bolee Eilz, ¥4 2 MR ERRTFEREDS
BL, Bk CEENEROFZEEDEVWERXT
ZEFRNEFRESEWERSZED shiz,

@)y v — VIR BT 2 EE» 5, B A O
Bz HESREER 28D, F. oxysporum DEFE
FRELEREFT MG T2 LS » IR
Jzo ZDER, HEPOBEERTFEE IR MR
ENBZERNEEIN,

B EDEERD S, M A D54 3 FEHFNE
BRORBEED—D £ LT HEHEIERSEZ
sz,

E
AfEE L2 bz, BXE»rOEERT

B 2B b o KRB R ERHEERE I B  BEE
L7,
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