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Abstract : The characters of Actinomycetes with antagonistic activities to Fusarium oxysporum
f. sp. cucumerinum. Hirosuke OGURA and DalJlro YAHATA. Laboratory of Plant Pathologyy
Faculty of Agriculture,

There were many groups of Actinomycetes with antagonistic activities to F. oxysporum,
Their distribution was different in every field but not at kinds of crop. The antibiotics to F.
oxysporum was not a simple substance. They were different at difusible activity in soil, inhibi-
tion to mycelial growth and to spore germination, but could not appear the lysis of mycelia.
Though the absorption of glucose and nitrate-nitrogen was different in each strain, this cha-
racter was not always agree with the activity of antagonism by antibiotic production. Many
of strains required a lot of nitrogen than F. oxysporum. When antagonistic strain was in
competition with F. oxysporum, activity of the strain was influenced by nutritional condition
in soil, and the strain having severe antagonistic activity on medium was not always insevere
suppressive to pathogen in soil. Even the strain having non inhibitive ab!lity to pathogen su-
ppressed the increase of F, oxysporum in soil, if it had severe competitive ability successively.
From these results it is appeared that the activity of Actinomycetes might be pointed out by two
ways : the one is the production of antibiotics and the other is the saprophitic competitive
ability. :
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BHREEE 25°C, HREHITY » 4 = 100g AH, ~7 > 2¢g, K.HPO, 0.5 g, MgSO, 0.5
g, NaCl0.5g, 7") =) v 5ml, XK 25g/] TH5, }’;Eﬁxl,fbm;ﬁ}iﬁ 1@5 — TR E

KEZ O DOERBICLDI4BIICR AL, BEL K,

EEBETRETIERELDOBMEEALLE 9em O~ H ')J]Il0)~&'l%tcﬁ‘c‘< 5cm DFHRIC
R, 25°C c#iB L, 3 Bitic Fusarium oxysporum f. sp. cucumerinum (REZEE F 501)
EABIIC R U, MEOMEIE 3.5cm THs, F. ozysporum E@3 B &ICPHIEE AR IE L7
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Table 1. Antagonistic activity of Actinomycetéé to F. oxysporum on agar plate.

Group No. Inhibited zone Crop in field District isolated
1—1 0 o
1—-2 0
1-3 0
1—4 0 " 3
% "g 3 Cucumber ~ | Nankoku-shi Tamura
1-7 0 e
1—8 0
1—-9 0
21 0
2-2 0
% _ 2 8 Cdcumber . | Nankoku-shi Tamura
2-5 0 :
2—6 0
3—1 (A 801)* 11
3=2 6 4
g _ i 8 Cuc¢umber Nankoku-shi Eida
3—5 0
3—6 0
4—-1 2
4—2 0
4—3 0
4—4 0
4—=5 0 -
i - g 8 Melon Nankoku-shi Monobe
4-—38 0
4-9 0
4 —10 0
411 0
5—-1 (A 8053* 11.3
5=2 (A 802)* 11
5—3 (A 803)* 12.3
5—4 4,7
5—5 1.5
5—6 . 1 ,
20 %2 2833* 0 Egg plant | Nankoku-shi Eida
5—9 0 h :
5—10 0
5—11 0
5—12 0
5—13 0
5—14 0
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Group No. Inhibited zone Crop in field District isolated
6—1 (A 804)* 18.7
6—2 6.5
6—3 0
6—4 0
6—35 0
g—g 8 Water melon | Fac. of Agriculture
6—38 0
6—9 0
6 —10 0
6 —11 0
7—1 35
7-2 1.1
7—3 0
7—4 0 Bean Fac. of Agriculture
7—5 0 :
7—6 0
7-=1 0
8§ —1 gA 806;* 8.7
8—2 (A 807)* 8.3
g§—3 5.1 Melon Fac. of Agriculture
8—4 4.5
§—35 4

# Strain mark used in followihg experiment

2. BMEEEESIcEF3 F. oxysporum DEBHE

HRERE LTHE 1 RICORLA IEHRER V. SEKRE 2cm R THIZ O HiciRicHE
L, 3RBICHEZSOMMOEXE 7 mm OERKIC WO M -7c0 COERKEHM Fic-~,
F. oxysporum It &7 (B2, .

Table 2. Inhibition of mycelial growth of F. oxysporum
by agar block™ near Actinomycetes mat

Strain Inhibited zone Strain Inhibited zone
A 801 1.5 mm A 806 8.3

A 802 ‘ 0 A 807 0

A 803 1.5 A 808 0

A 804 9 A 809 0

A 805 0 i

% Tmm of agar blocks were cut off from spaces between two lines of
Actinomycetes mat with 20 mm interval.

A 803, A804 DEXMBIPSHIC F. oxysporum DEBEMIEL, BZ 5 BRBOEAREE
BibL7o BIRTELESHIEAESDEHKL SEBAEXAR F. o.iysporum DEREERL
FBILBVT, H3VEENNENICEVTEADHEELZHEIET 245, A808, A809 Dk icHIE
HEBD SN OEETRERFAMIC F. oxzysporum 1R L7,

rTREABICEBO hRBICHRICEBREEERL, BERECSALLD 0, 1, 2 cm DOAE
P OEBAREKROE Tmm OERAREBENDOR 4 ¥ 52 bict~, 1ml 70 1.0x10°
@ F. ozysporum SHERTFBBRAEBB LT 25°C i 7THEBEL, BERFLORFRELEEL
o (B3,
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Table 3.

HAOAXFERREBE F8E 0 %

agar plate near Actinomycetes mat.

Germination of microconidia of F. ozysporum on

Distance from Actinomycetes mat

Strain

0 cm 1 ¢cm 2 cm
A 801 ¥ o % 45 8.1
A 802 0 0. 87.5
A 803 0 48,1 84,3
A 804 21,3 28.1 68. 8
A 805 0 46,2 100
A 806 34,7 58.9 75.5
A 807 100 100 100
A 808 24. 4 59.0 79.2
A 809 100 100 100

* Per cent of germination: The germination of conidia

on PDA or water agar is in 100 %.

of F. oxysporum

A 802, A 801, ABO05, A 803 DAEMTFREMENHES, A807, A9 TRIMEIIEH LN
o E7z, A 803, A 804 OEXF FOSAERTFICIREREILU 2 dDRHEL 72 b D hsflic
TELBYHONT, LU, BEIDSDEHICE DMEIOREERSL, 2ORMBIEKICLD
BB, ChIEEYOEHEEOMELEHN S,

3. BREDORERS KUEZFEOHNY

BEFELTI/va—2, ERFEE U THEBREERE R Capek KicF 7 3 v 2004g, ©F
Fv 1eg/l X, BMEEEHKRE LU F. oxysporumHEE L, 25°C TI6AREE LA, L,
F. oxysporum I313A & Uice FHICER TS NO:—N 457 =) — VB, s va—2%7 =
=V HEETRAEL, RRBEAE L, 3/, SEROEBREAELIREEL: B4,

Table 4. Utilization of carbon and nitrogen sources by Actinomycetes
in Czapek’s solution. -

. Mycelial Glucose NOs-N

Strain weight Utilized Utilized Utilized Utilized
quantity ratio quantity ratio

A 801 81.3 mg 8.4 mg/ml 40.38°% 159.3 pg/ml 69,47 %
A 802 46,0 5.2 25.0 186. 1 81.16
A 803 50.3 10. 4 50.0 ° 156.2 68.12
A 804 56.1 10.2 49,04 144.5 63.02
A 805 41.6 6.9 33.17 168.5 73. 48
A 806 34.9 7.8 37.50 179. 1 78. 11
A 807 78.9 14.4 69. 23 177.1 71. 49
A 808 45.0 10.6 50. 96 161.3 70. 34
A 809 78.2 11.2 53.85 1951 85.08
F. oxysporum 93.6 14.0 617.31 110.7 48,28

BE S DHEB: A 801, A 807, A 809 AR, Fra—-XDEMIT A 807, A 809, A 808,
A 803, A804 5t, NOs—N D%N4id A 809, A802, A806, A807 Htk&l . F. orysporum (3
S —2OBMEEHELOKE O, ERERBGEIZSREE LU0, S5 LA KSR >
B, BEINLBHSBRBEORNT F. ozysporum L /AFEALIBORKEFELZRICHEBT S A
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803, A 804, A 807, A808, A809 ’Ci)é?&@#’)ﬂ%f)\ FOEMHBEXRBEOERICELEINS
LEZOND,

4. +iEdick i3 Actinomycetes I kB F. oxysporum D

F. ozysporum 1T 3 HMBEOMEERE L THEAOEBHEE, RFRFME, BHERERE
HAEROTEEL N, LEhTOMEILERERARICEL 30TNERFT L

Wt EFEO@ES L DIRR LA 1% 2mm i fiBIlL, BEANL Y IICANTMERBEL 2D
b, BGERENEE F. oxysporum & & HICRMU 72, Czapek HAEMATREX60% (v/v) &
L, 25°CT 15 BB LADL, BEEERELL GBS, %Zﬁmuﬁﬁ&imﬁi%m: oA FE
-‘)'-/f-"‘iatﬂ” F. oxysporum (ZE3EDZEREHS E B,

Table 5. Suppression of F. oxysporum by Actinomycetes in
sterilized soil. *

Strain Acti(n)cgr?());%etes F. o(x)g}fg%rum (}){fat}iﬁc‘) c;i yt:;zsrts’r’llce
A 801 9.2 6. 4 9.1 %
A 802 7.8 10.6 48,2

A 803 18.3 3.1 14.1

A 804 18.8 2.7 12.3

A 805 25.2 10.3 46,8

A 806 6.6 20.9 95.0

A 807 9.3 5.0 22,17

A 808 5.1 5.8 26.4

A 809 20. 2 7.6 34.5

F. oxysporum — 22.0 100

* Soil incubated at 25 C for 15 days after contamination by both

microorganisms.
Number of F. oxysporum contaminated with Actinomycetes /
Number of F. oxysporum with none X 100

Hok

‘ BBEAERINT 3 & A806 LIAMET T NoElkERNTS F. oxysporum DMEINZEIHIT 5,

A 803, A804, A807, AS08, A80L, A809 X2 DMK, HHEEDEMD A -80S, A809,
A 803, A804 (T K x>,

A804 IHEWEALETAEMTHY, A8 EHEMEEEELLNC ENE2, 3XRLD
MohTVW3e COMBERE F. oxysporum & & SICRE LS 5 VIT B EE L EICERE LR
BEHERAEBELL (BE6HR) o

BEEHTIE AB09 13 A 804 L H~NTEMOBIMINI R HBY, £RUCBLT F. oxysporum
OME SR D OEHLNE, LrL, A804 itk 2muldgkiiicid A8 itk B enll bicid
P UL M ote BRIEDTS C OERCRE LT ERBETH 50, BELBRO &S BRI
2 Hobnil, $25< MOMEHCLEE OBERSBREOEMICES LTS & FRIC
F, oxysporum XU THIEAL, BHOEBETHET LW HIBEBECIERNEERI N DLE
ZZbhb,

BRUZBREEEBELLBED F. oxysporum DEFRBEA, EBELHE, Capek ¥
EMA 7 WRE LD CHE L. FERLEORBLEOBALARTH S BTH).

R ETEIRE TR N TRSEOEERES LSETT %, LrL, EEEIHEcE
DEMZ B EEHORETAHLEISICETTIHECHINS, BIFEIIE A802, A804, ASBOS,
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Table 6. Survival of Actinomycetes and F. oxysporum in soil
contaminated with both microorganisms.
In sterilized soil )

Days after inoculation
Actinomycetes ‘ .
inoculated 1 6 . it 16
Actinomycetes (X105) 2.3 6.4 4.4 16.5
A B804 F. oxysporum (X10%) ) 1.5 23.1 . 29.9 15.1
Ratio of survived
F. oxysporum (%)* - 13 136 65.5 38.2
Actinomycetes (X 105) 4.8 30.6 28.3 19.2
A 809 F. oxysporum (X10%) 5.9 7.8 26.3 21. 4
B v ived) 104 59 5.3 542
F. oxysporum (X10%) . 5.1 17,0 45,9 39.5
None Ratio of survived
F. oxysporum (9%)¥ 100 . 100 100 100
In natural soil
Actinomycetes (X 105) 12,2 18.8 6.3 22.9
A 804 F. oxysporum (X10%) 5.6 3.9 0.38 3. 0%
Ratio of survived '
B arvived 9.8 103 8.4 46.2
Actinomycetes (X 105) ©29.3 29.8 26.6 52.9
A 809 F, oxysporum (X10%) . 5.6 3.3 0.31 3. 0%
B e I8 868 721 462
Actinomycetes (X105) o 5.9 7 6.4 13.8 14.6
None F, oxysporum (X10%) 6.1 3.8 0. 43 6. 5¥k
Ratio of survived
B Yoy 100 100 100 100

* Ratio of F.- oxysporum compared with them in soil added none of Actinomycetes.
** This value is not X104 but X10.

Table 7. Survival ratio of F. oxysporum in soil contaminated
with Actinomycetes.

Strain Sterilized So#laig?glmon Natural (added nutrients®)
A 801 ¥o29.1 % 67,7 85.5
A 802 48,2 73.8 43.5
A 803 14,1 66, 2 84.1
A 804 12.3 46, 2. 33.3
A 805 46. 8 64.6 21,17
A 806 95.0 98.5 99.3
A 807 22,17 69, 2 137.7
A 808 26, 4 69.2 127.5
A 809 34.5 46,2 43.5

*  Added Czapek’s soln. _
** Ratio of F. oxysporum compared with them in soil added none of
Actinomycetes incubated for 15 days at 25 C.



Fusarium oxysporum f. sp. cucumerinum BT 5 KMEROUE (MY -XFME) 105

A809 25k b, HE\ICiT AB0lL, A803, AB0O6, AB07,-AB08 Hdh 5,

% z

LI AR Y B RE R T YR A EE U CRREOBEHEZMSI L, BT ORFEECHHE
AR &®5 &3 Lockwood —JRICK DHESIN T EY, IEPICERT Z2HBRED S B,
F. oxysporum WHENAHETAERRBBICLZ OO L DAFOERSED N, BETSHIEBET
HZDOBERLE T3, i, BENICOABHNIKORLIEHISBEDOND,

BREOBEZ 5 ICBET 3 ERFE F. oxysporum DEAOEBTEZHEEL, %< OEKRIGHEIRA
RYOBEAIRE X487, Hsu and Lockwood? REGHREOELTRIRELT I/ BOBAEED
TVNBH, KRERTHOERFEIESEGTARRETORFT 22 L0 5, BERNICHREREY
BEXNTBUTVNEEEZ OB, COMBBRBERICIVELEIC LS, B—HETRLL, K
HEEORLIZYENSHD, TOEEIFEHRICLIORTLZLEDNS, % -, F. oxysporum D
EIBAREBRTFCRAREAERIDOBOREDONE, L L, HEYELEUEXRLETRERDE
BIZE» M5, Ko and Lockwood®, Hsu and Lockwood? &(I¥WAEIHARZMBAKT 2L
EERELT D,

F. oxysporum DOELET A2LBMCHEBEEZMA 5 & F. oxysporum DOHEBEBLT 2, COHE
MERELUACEEL S WRE L THEETH 50, MEEYEEEGERSLT L HSIMEHRNK
EFNEEBOEY, BEY REUES% Pythium IOV TEDT S, Hsu and Lockwood?
bHMEEE F. oxysporum ODEMETORHRZTHEBEMNEILINZZL2BHT S, KRR
B L 2o OEE A 807, AB09 HEEREMTOMIE IR, RELIMATI F. ozysporum
EMHT 5, CnOHERRABRMOBRICERTERTSD, BHORIRT, &< OB
IMKED, HRUK F. oxysporum b1 EEZERTEOTLEPTORIBEANE -/
LEZDLND, MEIFD/INE L AB02, A80S, AB0T i F. oxysporum & DERAWAIES EE
ZoNB, CDTEIT ASO6 TEETH b, 272, F. oxysporum SHBHEBICHENTERER
KRy, BROEFEEHA NS A809, A802 OEMHRIHEIOERFRRICL > THELEE
EiXnsLBbhbhz, ABOBRKEIHENE22RT Trichoderma THRH LN T EY, WMREL
BTOKRESBEKIC LS F. oxysporum DOHISNE A804, A 809 LIAENT (LT 5, fAD
WHEMIC LB THOIHEEZ ONEH, F. oxysporum BHROBDEIEZ LS, BRODOIE
Bl LR ARIBIC 7S B 7290510 BB OEET &R - THHSRIBLT 2L Bbhb,
DEBRELBICESEMA 5 &, HET S HREOBEKICL DMEBRSBRT 2BE5L, H-T
Wﬁ%%ﬁ—@ﬁ&?é%ﬁﬁﬁéﬂéocmﬁ%@&ﬁ%@éﬁﬁ,%Eﬂ%%ﬁ,ﬁ%ﬂww
TheESHEBEAEDONL, X5ILH OEREHRRLAGhIBPINLZVEDLEDNS,

F. oxysporum FERRE+RICBRELINA, BROCHEECEHER2 &, HEAKEFLEL
5, BAEENIDH S A809 FESMIC F. oxzysporum EF/AL, BN SEMLERDD,
ZOHBENBEICELINLTOORBSOBRAEZRTOH BT F. oxysporum DRERAD
BiFcLaLtBoh3d, COBRKIAFENEET S Penicillium LOXRETHRDHLNEY, —
+, BB hAET S A804 [34HH A8 LDEB i F. oxysporum DOWMERBI»EH5
PAKOY, TOBREENBAL L HICEBIICE K5, ERELEOBA bRBEOENR
PoNB, COCERBBENERCITEEYMEOLESL BIEMO_ENH Y, BERICL-T
BRAKEBAEETHESEEIONS,
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Fusarium ozysporum f. sp. cucumerinum \CHPT 3 KBEOBIC DO TR L,

ROBREO MR —RTLL, RIEEDL O DHBICL D BRE 3, $/, HENICHERNIC
ER-LEBSRONG, F. ozysporum KT 2 HBEHYERR TR, Bkt 2R
B850, fEAGERDEEMIE, MFORFMEIIRDE ICERHIE Nbbﬂéﬁ‘l&%ﬁgﬂi WHEE,
FLERICL > THEEYEIIRE B,

TN - ZOWEBEERORNEEREOERICL - THHEENH Y, FEEELIT—KLEL
H, F. oxysporum LD HBL DERBEERT ZEBENL L,

DTS FTHRENOBROERNBT LS F. ozysporum EMEIT 3 & B S, i
DBEYOEEIRENEB TSI € EANEDON 20, HEUYELLEET 5B BOBES
NOT CNIBERRIE F. oxysporum DEMEETE G2 N%EbDEEZ N3,
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