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Abstract : On the antagonistic activity of Trichoderma spp. to Fusarium oxysporuin. Hirosuke
OGURA and Mitsunori HAYASHI, Laboratory of Plant Pathology, Faculty of Agriculture. Though
Trichoderma grew in soil ubiquitously, this fungus inhabited more .in soil planted tomato or
cucumber than in non-cultivated soil, .and was one of dominant group in the microflora there. At
the competition for nutrient in soil Trichoderma was most vigorous one among this dominant
group and then Fusarium oxysporum was following. At the competition between Trichoderma
and F. oxysporum the former occupied more pieces of straw than latter, generally, but this
phenomenon varied with assortment each isotate. In F. oxyspornm group the saprophytic tvpe
had more severe colonized ability to rice straw in soil than the pathogenic type under the presence
of Trichoderma. Antagonistic activity of this fungus to F. oxzysporum increased in alkali side of
medium and lower concentration of nitrogen sources. When corn powder as low nitrogen source
~was added in soil, the activity of Trichoderma increased and ratio of damped cucumber caused
by F. oxysporum decreased. This phenomenon was appeared in soil even when the Trichoderma
isolate had not activity to F. oxysporum on Czapek medium. The other hand when clover leaf
powder as high nitrogen source was added in soil the activity of Trzchoderma was less than in
soil added corn, and damping retio was appeared severely.
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l. :3EhD Trichoderma

LRREHNEOMIGIC 2 EMF 2V Y BIU b= l"&’tﬂ%ﬂ:@%ﬁ. 365‘1\ REKE LGS, ©
hENOBBIB T 5 Trichoderma OB L7120 PHEMRESF 4 BICKEA 2D 5 1000
kg, Ml 120kg ZHAL, 1 ﬁﬂ?ﬁﬂl%ﬂ‘?ﬂ@fﬁ%éiﬁﬁbko KRB HEIZ A BRI B ZATIE D
F, A REATN - RETH B0 FAE T AICFRL, BRMRELRBEEEHM L. Bl
RUOThbo—X~Y#u 150ppm, A L7 b4 vy 50ppm &L + 44 EFUHEREMR
RV, REMRETRAE 20g %, BERIZAZNAf 200g OLMLVEF LT BEANT 100
FraRY, 48R 25°C KB L THET 2B ERA L. N(?ﬁll #£)o

Table |. Number of fungi in soil

Method for isolation
Field isolated fungi Agar dilution ) Plant debris
Total fungi Trichoderma - . ". Total fungi Trichoderma
Tomato field * 21, 1X10% U . ® 935 28
Cucumber field 16. 2 108 320 195 21
Non planted 8.5%108 se o i82 12

* Number of fungi per 1g of dry soil
*x Number of fungi per 100 pieces of plant debris

KBS HLOD SORBI I FHE I I L T s D130 Trichoderma O BRI BRMREIC IN
3 EEEbHT O BREHONABVE, BAMICHBET 2BBEBICIE Penicillium » Asper-
gillus & > T ES CURT BEHBE Ve CRICKL, BELD MRS B Trichoderma D
BREFMREOZNICENTIEC, & ICKBITR BE LD S Trichoderma DEH 3
HARDEDED. —F, HETZ BREOTES, WRETR Trichoderma, Penicillium,
Chaetomium, Aspergillus, F. oxysprum, F. roseum,. Pullularia &72% DKL, BKRBEET
2 F. roseum, F. oxysporum, Trichoderma, Myrothecium, Pullularia, H‘umicola Clado-
rhinum, Chaetomium, Penicillium, Comotheczum, Paprospora EEBMLOHIEMsRH LN
%0

2. B lfi@ﬂ’ﬂ@iﬁiﬂb'cm

ﬂ@i%CkwTKﬁiﬂbmﬁTéﬁﬁij,Wfﬂ@iﬁﬂb%ﬁmén,bﬁ% aJ
OB MEEINSE F rosewn, F. oxysporum, Trichoderma, Myrothecium, Pullularia,
Humicola, Cladorhinum, Chaetomiwm, Pythium }C?D'Ciﬁqj'G@Fﬁa?U’Emﬁ‘f Uico #4EK 9
ﬁﬁm%ﬁﬁmiﬁfﬁhiméﬁmEﬂ@@@béﬁ&ﬁoéémUmemk%%%MLt
SN—3IF 254 M 25°C CTIORRMERLL @%ﬁ’i’ﬂﬁﬁ‘h’\ FYMATH l0ml $2EFAL, #
B Lot A MmA T 200ml &L, H—RKBALAOLREKTREEZ0% (v/v) KHREL 25°C
AR - foo MEIRI0AC ST, BELLROOEMALT I BRICIUB L TKEEL, ¥+ 71 E/M
Hig bic@EE, HBETIWERELL (B2R). -
EHREROLOKEY L, COEMIMOSRVERICLELEBDNE, B LERR>ETO—
WicF &M, BRLAEEDOSI TR F oxyspb(un‘l, Trichoderma \FEEBOHMEZEL T
BABLEELLAEERTEADN S, T/, Myrothecium, Humicola, Chaetomium & 33
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Table 2. Competition on plant debris in soil for fungi iﬁ dominant group

Days- after inoculation in soil
Fungi* ’ . ‘

10 20 30 - 40
E. oxysporum k40 60 47 35
F. roseum 81 ©52 13 10
Trichoderma 45 68 52 51
Myrothecium 8 9 10 13
Pullularia 32 11 10 4
Humicola 16 " 22 11 15
Cladorhinum 41 2 8 3
Chaetomium 6 0 i1 6
Pythium - 4 5 0 0

* Fungi were isolated from cucumber and tomato field at the experiment
of Table-1.
¥k Number of fungi on 100 pieces of rice straw buried in soil.

DI MERAZEIDDIE 0 EOMOBERIRIGHEORE DI DN TRD T 2 2, %@‘ilﬁ@‘@ﬁa)}féi
FRO L TR—EL TN,
3. Trichoderma & F. oxysporum & D3FE
FEROREXY, DT Trichoderma BEWEBOMTIZ BAUERL, F. oxysporum
CRIRERSBEASBED SN Do MEE LRI VML THOONOELDEELHEL o HHE

¥id F. oxysporum f. cucumerinum J3B# (F501, F504, FS07T5E), #+a2vYPb=th
‘C%bﬁﬁ‘fﬁ%%f:f@:ﬁiﬁﬂélﬁibn%» F. oxysporwm 3B# (F105, F109, FI11258) ,

Table 3. Trichoderma and F. oxysporum on rice straw in sterilized soil
added causal both fungi

Fusarium Saprophytic type . Pathogenic type .
Trichoderma ™~ F 105 F 109 F 112 F 501 F 504 F 507
T 101 * 92/66 93746 93/56 85/36 91/50 100/22
T 102 81/170 76/55 73/69 91/58 86/73 92/41
T 103 86/59 91/56 11/61 83/56 79/50 87/31
T 104 76/61 90/56 73/65 73/51 78/53 81/44
T 105 90/55 96/44 82/11 85/36 83/36 91/21
T 106 12/62- 81/37 76/57 75/49 73/51 73/42
T 107 92/171 95/33 - 92/51 93/35 87/39 - 97/22
T 108 82/44 93/33 75/50 86/39 83/32 88/31
T 109 92/31 100/32 93/51 96/39 92/45 100/41
T 110 52/52 66/46 56/59 | 62/51  55/56 13/49
T 111 76/50 85/44 73/50 82/46 - 78/55 88/41
T 112 52/58 61/42 55/51 58/46 60/49" - 62/40
T 113 68/70 72/51 - 65/65 71/49 12/45 78/39
T 114 85/51 92/50 82/11 91/34 93/34 97/23
T 115 93/52 " 90/45 93/53 93/35 98/36 94/23

* Per cent of appeared fungi at 20 days after inoculation in soil : Trichoderma / Fusarium
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Trichoderma spp.

ISE#TH D0 FEOEREEIC N N—I+ 254 P TEEHEEEL, F

oxysporum & Trichoderma % ZH0E N 20ml 9 2% 100ml OBRWEHFICERL, BE% 60
% (v/v) KRB 25°C TARMBTE Lo COLBMICES 2em OWWLARDSEHALTIA
BICZDPRE Smm EVW-> THRTIEEREL L (BIR)

BEAEDEA, Trichoderma & F. oxysporum L DBLIICH 2 MHEKDOEEEIK LT

RLROD HZRBEL B0 F. oxysporum 3,

Table 4.

Antagonistic activity of Trichoderma
to F. oxysporum on PDA medium
Trichoderma Activity to Fusarium

T 101 * 4+

T 102 -

T 103 ' +

T 104 -

T 105 ++

T 106 -

T 107 ++

T 108 ++

T 109 -

T 110 -

T 11 +

T Li2 -

T 113 -

T 114 ++

T 115 ++

* Antagonistic activity ; — : none, = :
slight, ++ : severe.
Table 5. Antagonistic activity of Trichoderma

to F. oxysporum on PDA medium at
different pH

Trichoderma *
pH
T 104 T 105
4.0 o — +
5.0 - +
6.0 - ++
7.0 +~— ++
8.0 +~— +

* T104 was a isolate not inhibited growth
of F. oxysporum but T105 was a isolate
inhibited it severety.

*k  Antagonistic activity.
—> severe

— —> ++: non

FHA2NIREFOREEA LW E, 503 NaNOs 0Cfﬁ‘éz_'C V8 Ya—

TH@Z 25°C Tt (FB6R)o

AR ObOR HERO bOIKLT Tricho-
derma L THANBHOEL S TH 5o
DEIC Trichoderma @ F. oxysporum IC

T AMEOE RS ETEHE L. b Y

MADY + A4 ERHEEH LI F. oxzysporum
. (FS045H) & Trichoderma % X3l% S+,
25°C I 5 HRME L7-Db MBO/BIERE
Lt (B 43

F. oxysporum WX T AHEAIC &V Tri-
choderma 13 IBHCA BB o HENDHL
wEk (T101, TIL05 TI107, T108, Tl1l14,
T1I558) 3 F. oxysporum DBEAEZEER
HHABAEBEIET 34, HBEHE RSB HE
(T102, T104, TI106, TI109, TI110, T
112, T11388) FHicHnEic D ERDE
BMflE >0 5. £/-T103, TI1105 8 mE
OB & LT, B0 £FE BEEE3
5, ZDERIEBEC. chdOERLY, Lt
OERICIRITENE RILOTIM4SE, Hil
FOHNTI05 TIISEEZ, WHREE L TR
BRFERIDIO M BREDMHRD F5045HE%
oo

o pH MSHED gBAK RiZT BB
i, pH ORIEBY + #A4 %A‘Iﬂ‘fﬁi’tﬂbf—
TR AR (F5E)

Trichoderma OEHFIRWVITNDS pH HHhin
TEELETFTTIChHS T, TAhVATH,
HBHZERSED TIMETS DFLREBOH
EhHBED L. TI105 TI11558E pi
fHETHEINEL, TAHHVATEPSET
T2H, BUHANTRISKEABRARETT %,
LU, FAUER%E Czapek EHTTL D &,
TI04 BERAHENERE LD 570

1, RADPEORS BN ETOME DR
AAFE Lo T, Czapek LFHDER

ZAERO R E
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- Table 6. Antagonistic activity of Trichoderma to F. oxysporum on Czapek's medium- at
different nutrient condition

Conc. of C source* Conc. of N source®*
Trichoderma
; 1/10  1/5 1 2 S 1710 1/5 1 2 5 V gk
T 104 RE— — - - - ++ + - - - ++
T 105 - & E~— E~— 4 ++ ++ E~— = =+

* Sucrose was added at different ratio in Czapek’s preparation. Unit 1 was standard
prepartion.
*k NaNOQOs was added at different ratio in Czapek’s preparation. Unit | was standard
preparation.
¥ V 8 juice was added in Czapek’s agar medium that was taken off NaNOs.
*kX  Antagonistic activity. ——++ : non—>severe.

FENERIBOTIMEEBERFOLBN B ETRHES0IC F. oxysporum DEB%
BIF Utco MMBEAA2 3 DTISSEIIRERED EXRFOHAR I HENCEBSBEDON 5. WHE
BREBIV Y Y 2 — XERMTNEHBE KT %0

PIEORR, BAEE DI EERBEIVEEHOTERICEENBD SN ZDT, LEFTOR
BOBWLEREMEHEOETAM Lico PEOhiKr v 2 a v RBLT 7 0——0DH
KA ZNFNICKT 3 HEL/TSOESICREY, BE®, N~ 1F274 P hiCEBTESELEHE
BAEBMS ZVIREAUTERU . #ERI 2~4ml/150ml OB E Ulco THEEZ60% (v
) &L, 20 BRI 25°C KEW2ODL, EXBRET REREFEELL BT1R)o MA Y
BEOEZERIZ lg b7V rvEoavid 24.6mg, 7 0—s3—i3 44.8mg TH - 7o

Table 7. F. oxysporum or Trichoderma in sand added corn powder or clover leaf powder
as residue

Fungi isolated f rom soil *
Plant residue Fungi inoculated in soil
T 104 T 105
F 504 .
T 104 1164.8
Clover T 105 632.8
F 504+ T 104 5.6
F 504+ T 105 65. 6
F 504 . .
. T 104 1436. 8 »
Corn T 105 1093.6
F 5044+ T 104 187.2
F 504+ T 105 496

* Fungi were isolated by agar dilution methods.
%%  Number of causal fungi : X103/ 1l g of soil

Fusarium & Trichoderma BEShTORFERESRLD, CORHOEXBRETIIAED
+EPTOREBEESLTUSEL CHELERV, 70— "—%RNLcEE, SETEMRIKMNZ
FIEALHEEARS LABAEHET S &, Trichoderma ORBLDEIEIE, F. oxysporum DE
NIEHERTHBE LS LWe UL, HEHESDOTISSHEIR TIM4SEKE~NT F. oxysporum
LoBAITHROEBDND, T, PYETICEMR LTI F. oxysporum DD 7B
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—N—EMATEALO BB LB ULL, 2D, Trichoderma OHEKIK L 2ZRIIRAHILER
Dot TOTEE, TMHAMOBRAZIBRNMGCLIODRVEEINIBDLEDN S,

DI, TOLIBHEAMNLBENTESGEOKEDOREIC DO TR Uit LITOFEE & Rk
KEERF VIKBPE Y EaavOBES 207 0——0RKEMZ, RES SEKREH
B REALTERL, 2% 150ml & Ufo £HBES60% (v/v) & LTIBM 25°Cic
WELOL, XEREHRMEFI L+ ) (B, HE) OTWMFEBEL, BXOTFTT 25°C
R otce BT BHRITNTOF 2 vum&&%mafmwb HEBEORE AL oo HEHL
72d 2V ) BEROATH S GB§E)o

Table 8. OQccurrence of damped cucumber seedlings caused by F. oxysporum in soil added
Trichoderma and corn powder or clover leaf powder as residue

Pathogenicity
Plant residue Isolate added Damping-off Root brawning Slightly
Preemergence Postemergence

F 504 100%

Clover F 504+ T 104 . 100
F 504+ T 105 100
F 504 1.5 92.5

Corn ' F 504+ T 104 12.5 55.0 30.0
F 504+ T 105 20.0 45.0 30.0

70— N T HCE U B S, Trichodcrma OBRICEFRE S+ 20 ) IRFEFNICH
Lo FOEBIVEARIMUALETIE, BEALOWHII RERICHIET B30, Trichoderma
EMRAESCRETIBMINC. CDEE, Trichoderma WM |- TRU LB
MBI X AERRBEBEAFRONE L 510

% &

FIBENICAET 2 WEDRI B BNITES ?'Z)C&:GCJ:D%@iﬁIGC%ﬁ@E(E-ﬁ%%&T%o
KRB L CORO—BE LTI T 259 3, ABMIIEDEHBICHATEC LiIck DRI
BIEIN2. COBA, WEORARFEMY, F4H, —BREDEOHERFRICIREINBZWY
1818, Trichoderma W$& QBP0 O BRAEE L TRILEN, T4, ToRBEICOVTOR
£ DL NHLINULINIG bl F i, RPBICHE U T Trichoderma MBELKBHONBZH, ¢h
BEBICBR U ARECLZEEZELI NS, Fth, LTHPOBFHE LI ERNELET S,

Trichoderma *® F. oxysporum MWEBEEIED ZEARAE V. Tribe!”, Tyner'®, /NG
BEBO BRASCLD BAHEBO EMICT ZHHEE C &2 W|MELTWVEM, F. oxysporum,
Myrothecium, Humicola 15 E\E Trichoderma OHEED T THHEREZ L > THB. Park” 2H
RERLTUSHACBOLRBO RO ERRTO B, BHEMEN EE T HPTCRIERIDORS
BABMEINTH B 5, R U7 Trichoderma D55, WML THEADKE OEKIZ
THEATEHENERTLITH 205, HEANERIBOERTLERKEOWMICE > TRED
EBHENERTELITH B0 KB & Trichoderma DIRTFHRIF, HAOETIZE b ICHBEMN
T, #fo, HMKICHT S NBAARERO ZVHAICATHELREL T2, WHLD—AT
HBHY OFETS R. solani T3 Trichoderma OHENE KED 8EE —BT 515,
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F. ozysporum WU TRHMSH 20T 7o) MITHEDSETEESRD S Wi Fio B
ERD Fusarium FBEBE D & Trichoderma WHUTEBEEAEE T2 AN KENTELREDL
5, Trichoderma & F. oxysporum & ORICRENZHE NG, BEHEZDS DREENICHE
T, BT 3 HEOEEOEH ORI THOBICRAIERT 302 EMT 5 4XENH S
Do BEEE MNA S TP TOREOWE S, 70— ~—DEFAKIE F. oxysporum DIEHDER
12 Trichoderma ®&*N%ELMYH, ZDcHIHENOFOEKITROER LD bR L < HHIS
naH, bYEDIVRMEIETE F oxysporum OEML YD & Trichoderma BWHATHY,
CDHRENOBOER TS BOEMEBUIERA%E F. oxysporum BIKLTRD LI EER
ENBo COXSIBIAIT 2D ) OEBHAEIEE, BHOMOREOFHRHN, +27 )
ORI L HBMICEEINIYEZMALBEOT COMBEOBRANVIELIBDEEIONS,

BAEKRZBICHID, AUIECHMATEN BEABREERRASHAEBRICHELRT 5REBT
Fo

1 L2

TP EFENICAER TS Trichoderma O Fusarium oxysporum lCﬁ?’%ﬁ%ﬂGC?b"C
BE Utro RERRSHE O I E CBDONIBEREHO—DOTH 5, BHREARMOGE
TRAERZ CDEALMIKEEL, DWVT F. oxysporum DBBAZHRDHEAHS 50 Trzcho
derma Btk E F. oxysporum BMBOMOBEANDEERA T Trichoderma BBRETH B
b, F. oxysporum TRIREE X0 bREROF BELEFA DB Trichoderma DHETIIR
pH HpTh ) fITH B o Fh, RATREBES2VRERBLTRENERE T 138
HiC s a—N—ZRINTAE;, U ER I ERMUAEAXD SHEARNE . oLl
2V AEWEEZEE, RERI My o3 VRMEBOEIINELIEB. TN6DT &R, Tricho-
derma DWENIE F. oxysporum OEM EHAMMNS D, MEORICHT 2 RIBEE/T 545
MBH 5,
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