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A mode of antagonistic action of Penicillium sp. to
Fusarium oxysporum f. cucumerinum in soil.
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(*Laboratory of Plant Pathology, Faculty of Agriculture)

Abstract : A mode of antagonistic action of Penicillium sp, to Fusarium oxysporum f,
cucumerinum in soil. Hirosuke OGURA and Hideo YAMAGUCHI, Laboratory of Plant Pathology,
Faculty of Agriculture. Though the population of F. oxysporum were decreased step by step
in soil after cultivation of cucumber plant, the survival of propagules in debris were more in
cultivated soil than in non cultivated soil. In spite of cultivation lower population of F.
oxysporum were sometimes found locally in the field. A kind of Penicillium being characterized
by antagonistic activity to F. oxysporum was found. This fungus colonized the debris, where
F. oxysporum spread already, and then occupied it by production of antibitic substances. These
phenomena were intensified in soil drying, in upper part of soil, and in cucumber rhizosphere
soil. Conidia of F. oxysporum germinated more promptly than spores of Penicillium but chlamy-
dospores did more slowly. In both case the germination and mycelial growth of Penicillium
were seemed to promote the germination of F. oxysporum spores, but consequont mycelial
growth were inhibited by Penicillium mycelia. The figure were as follow : protoplasm turned
to gel, then cell inclusion disappeared but cell membrane were little in lysis. The conidia and
chlamydospores were late for formation and decreased in number and in extreme non of them
formed, because of mycelial lysis. From these results it is suggested that in antagonistic action .
of Penicillium the first step of lysis demonstrated by Lockwood group is appeared as the inhibi-

tion in growth of F. oxysporum and this phenomenon is related with microflora and nutrients

in soil. This action is not so severe in soil except particular environment like as lower
competition in microflora or as the existence. of more nutrient sources. It is considered that
there is an antagonistic mode like this phenomenon as Penicillium sp. and it is a reason for
locality of antagonism in soil
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Fig. | Survival ratio of F. oxysporum on
debris in soil planted cucumber plant,
®—®, O—O: cucumber soil, A—A :

non planted soil
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Fig. 2 Change of fungal flora on debris m soil ipoculated F. oxysporum
A : non planted, B and C : cucumber planted
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Fig. 3 Change of survival ratio of F. oxysporum and Penicillium sp. on
debris in soil added both fungi. '
Survival ratio was shown as number of debris appeared causal
‘fungus/total number of debris appeared each or-both fungiX100,
A : natural soil, B: soil dried for 30 days in room and then moistened
again before inoculation, F : F. oxysporum, P : Penicillium sp.
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Fig. 4 Suvival of F. oxysporum and Penicillium sp. at different depth in
soil cylinder o ) '
O—Q : F. ozysporum in soil inoculated this"fungus,
©®—© : F. oxysporum in soil inoculated both’fungi,
A—N : Penicillium sp. in soil inoculated this fungus,
A—A : Penicillium sp. in soil inoculated both fungi
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Fig. 5 Survival of F, oxysporum at different depth in soil cylinder
planted cucumber plant
O—0O : soil inoculated F. oxysporum
®—® : soil inoculated F. oxysporum and Penicillium sp.
}  : cucumber planting
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Table 1, Change of spores of F. oxysporum in soil added microbe suspension

; Days after inoculation

mlcs;gi)})es added Spores

5 10 20 30

. : . Microconidia *°5217 288 104 0

%;Icl)?riosb:isl %tracted Macroconidia 0 41 .46 8

Chlamydospores 0 2 17 31

Microconidia 31 136 215 98

Penicillium sp. *? Macroconidia 0 0 8 6

Chlamydospores 0 0 4 12

*% Microbes number in suspension were about 1/50 in natural soil.

*b gpores of Penicillium inoculated were about ten fold of them of
F. oxysporum. :

*¢ Spores : X 10%/g of soil
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Table 2. Change of mycelial number of F. oxy.{t;o'ritm in sand added
microbe suspension (Contact slide method) .

i Days after inbcu_lation
Microbes added S

5 S0 . w0 30
*C ' ' -
Microbes extracted 216 C 146 © 33 17
from soil ** (+~+) (4 () (#H)
Penicillium sp.*® (_,33_*_) (_JB#) (.é% ; (%,fgﬂ)

** Microbes number in suspension were about 1/50 in 'nafural soil.

*? Spores of Penicillium inoculated were about ten fold of F. oxysporum.

#® Mycelial number crossed slide glass in: sozl at ‘2_ cm of the central
horizontal axis. Lysis of mycelia; —.: non lysis,- + : protoplasm turned
to gel., +: cell inclusion disappeared., #t : cell mer‘nbr’ane disappeared.

R L, 25°C itk -7co Z0H, B %K@%&@&LTW¥%ﬁK%O<O BEBOIRT
ZRELUTHIEL & 57 0 ORICHE L1 (Table 1), -

HEBAEYOEET 2B TR/NEDERFRIABICEL L, BERRFHURE NS, KBS LR
Fizs oD HERL BT 0020 BET ENEMBT 50, TO—EBMEBILL RUH 5,
Penicillium %A 7B T bR UEAERT 2, ST RIS HBBHER B b,

g7, FREBMLULABETE ~ABEXMY J]IIODELLICX AV S 2EEEICEAL TRIENIC

BADOE(EHE L/ (Table 2),

@@ﬁi%@ﬁ&bmmw®¢ruziowwwmr@maﬁkﬁﬁﬁu%k&mb,u&&@
PICBAT 307, BREOBBICONTEREREEL, BEMESBRH N3, LEMEDEMA
5& 5 BED b BT HILBROZ/LHEBY o, MIRAIHIREICER{LS 28RaEML, 2082
B BYE %L, 0BRICRE DEARRIA K75 2 LICHBOSHRH 5, BOOE
FHEEERI S, EEBRTFREE SN S, Penicillium sp. _X&DDZ_LM«TGT&Z A S
It Penicillium OB AMEL, FOBMEE F. oxysporum DHEHTHELE BUHEBE RTH,
Penicillium &3+ 5 F. oxysporum ZEARETLEL, 5 EbﬁfJ“ET'@lC’C@‘%K@E?ﬁ
{LERDBUBELRY Sh, 208RICSHIEATYDERT 2EAMNE VL,  CORSFICZEDOKKIZ
BoE ZORHIC Penicillium DERYS F. ozysporum ICEEDVTVADBHEEINTH
B, BEDFENRERL TS, 30HRICHEYE S —BHEL, KEOBAETRT 5.

EE 4, IZHMPTD F. oxysvorum & Penicilliumﬂ 8p. émﬁ‘%

2, EROFEDPTOERLYD, F. oxysporum i3 Pen‘icz'lliz‘tm sp. Itk of&%%lﬁﬁ_%é h
B4, ZORREEACHTIREOLITHb, COERTE LEORRERMEBETRI L7,

1. ¥ FTO Penicillium sp, (€ &3 F. oxysporum DEEMHRIE 2w H A4 ERHEXRE
W EICHE Z %X 85 & 50 Penicillium sp. 6iﬁﬁbi1¥é%bﬁ LT F. oxysporum DEF
ZHIET 5, COBRI T ANV AL BEHEATKE D, F. 'O'IIySbeum DHEADWEKIZ pHA4
TORETT 20, RRICHL: pHOBETIEERDE L, DFCABTREEZRBT 2L, §
BEAEMUABMEREET 5, LL, BIESRIEERTR/NSCEE, Chid F. ozysporum
DIEHEN Penicillium DEn%E EBE 0 EBbnb, d/, BHREOBYINA L bEFRE
WO S 430, EILEON WG B AT Penicillium sp. OEET 5 BRI BEHRIC
REENED, 53VEAAERERORETEROETOLHICEESEEENE LR oM 5,
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Table 3. Inhibition of mycelial growth of F. oxysporum caused by
Penicillium sp. on agar media.
l. pH
pH
4 5 6 7 8
- Inhibition zone 11,6 mm 11.7 105 9.5 9.3
2, Temperature
Temperature (°C)
15 20 25 30
Inhibition zone 9. Imm 8.9 8.7 9.1
F. oxysporum + H H +H
Mycelial growth
‘Penicillium + H HH +H

3. Nutrient in medium

Nutrient source

Potato extract

Czapek 1/5 Czapek Soil ext.

Inhibition zone

9.3 mm

9.3 7.5 4.1

100

50

6 7 8 9

1 1

10 11 6 7 8 9 10 1

hrs.

after inoculation
Fig. 6 Conidial germination of F. oxysporum
or Penicillium sp. in PD broth
®—® : F. oxysporum
O—Q : Penicillium sp.
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Fig. 7 Conidial germination of F. ozysporum

and Penicillium sp, in PD broth mixed
both fungi

®—@: F. oxysporum, O—Q: Penicillium sp,

after inoculation
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Fig. 8 Germination of chlamydospores of
F. ozxysporum and conidia of Penicillium
sp. in PD broth
®—® : germination of F. oxysporum in
broth inoculated only this fungus, A—A :
germination of Penicillium sp, in broth
inoculated only this fungus, O—O :
germination of F. oxysporum in broth
inoculated both fungi
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FRBBOBAL ENBAR,

F. oxysporum f. cucumerinum (iiiﬁqﬂo)@?ﬁ‘\béi%ﬁ%%ﬁﬁ& UTHRET2HREAERD
15C%53E XN T3, Lockwood®, Watson & Ford'® iz & hif +3ic 28 TRFLHE 45
BEERIHD, TORREBIRFRIAOBEDIC L2 GETWNEMFDELETH 5, CDERIR
BRF~OYPERRICLVFH N LD, BROWEOBRTHEBIEL 3. CHIZEARLOME
Yic & 5 BEHLDREL OB DOBERD 2 BT o ahHshY,

Fa27 %ﬁi%bf:@]i;‘,%’ﬂi# 2V YREREBD F. oxysporum MEMEEZ SO, LL, BE
BT, 550 LEMOBEICE - T3 F. oxysporum DIEWELHG 2 8 EMhsEEL, 208
CHERETHD, METH2Y, ARESEO—BTH20", HRE UL BEIOBBEO KLY
MOEAL & Penicillium LRPEBO—BTH 5, COMIR F. oxysporum 90BN THE

BICEIEL, F. oxysporum LEEAILH T 25,

pﬁif%@féﬁiﬁ?‘é o Penicillium B¢

MEALET 2, TOBACRESNTAEEC L, EEBENCOBMICERTSH2 C &HMRE
THb, HEPFTOREYEOLERBECHYBER O L S BRSO BELBHRTOAEC 51,
FUAEYEEEERLT USRI TENEZROLEMO NI L L ORER, BHER LEPICE
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EEICHBEELLY, 5230 REEIEENTRTVCEERELTVSY, CORETHRAL &
DIBEMNERD SN B, AL o Penicillium BERIC K 2 BAEMHORBTIRENEZHEL, EHY
BoEECLD F, oxyéporum PEOBE®EZRTOSCDERICESE EEZ DN B, Penicillium
DERBLEBETHEINHS, TRIETIEELEL T 21085 T F. oxysporum b TELE
TR T 5 D2 Penicillium @f;&’bkﬁf@iﬁb\&%z’_ bhdo ‘

F. oxysporum DLrERFR Penicillium DORFED {)%ﬂ’—&iﬁb\tb Penicillium DFIF A
Wi 2 DRBELBERICEIBDS—RTHA 5o EREIEF TR Penicillium DREFHNE, O
REEPT 2 ERMENZ, LirL, HERTFSEBIRT b Penicillium ORFORFLRICTF
BN—EHICTOWE T3 &2, Penicillium 7» SORFRBEYRNHLEEIONE, O
BT Penicillium OEBARERIBETRH{LE NS,

RITEBFL IV EFNICELSBERDEB L Penicillium WL DI N2, BRICEBREEOELE
DEDHON, PR TEELTIBEYEOBRIHTORDOLNE L, CHEBHFOE | BE~O
YER®S 98 Penicillium L X DEREINBEEZTEINTHA D, E7, Penicillium DEEICLD
F. oxysporum ZJEFHBRICEBEZER/L, BROICHET T2 LREROEBHECHETZH
RTHO, BRFEREEROERIC Penicillium BB T2HhTEPEARBTH 3,

PlEDEN S, Penicillium @ﬁ_&._éiy F. oxysporum DHRIFICIFIT UAHREYDREZRTH, ¥
NITEE EBREROAETEEEL, TORR, BRINIBRFRIBO L, BRIBACIEFER
BLBLNSDERONZ, 2ORRFE LB TEBICK 2 BOHRC, BAEYHOBELEOE
BTHRASNBIERATRVTHAS, £LT, C(Dﬁliﬁ‘iﬁ&ﬁ%b‘i%f”ﬁﬂ’]fﬁ CBET3
EVhNABRDO 1 OTHHELEILNS,

TR T Fusarium oxysporum . cucumerinum 38, BE, ALK ES L OMEERICH
ATHETZ, COWMER F. oxysporum ICHEHMICIER T 2 Penicillium sp. OFEIEHICD
VTHRE L7, |

F a0 Y BEE LEICE REIPKIC F. oxysporum®d BEEET 82 RREH 0, 1ED
Penzczllzum THhb, COBTEEIC F. oxysporum L 0B NTELETAIMEYTEOLREIC X
. @@W%ﬁlﬁ?% ZOMRIIEEHIRI LI L83, BEIETH 29 ) 0BNELET 3

BRicbHtans, coced, ARRIOEELMOBEYOREICLOERICI S,

F. ozysporum DAMERITFAL Penicillium DJAF L b bELRFL, BEERTIIBTRFTS
2, WTNDREFENEEINIEEANH B, L L, TFNICHESEROETREES O, BEREE
BHEL, OCOTHEYRINBEET 2, LI L, BPWEOERISZIOBOLTRALY, £/, BFOD
FERGEBREL, HACHDRVY, CHERBEROBERET, BHEICERT3ERTH5,

INSDRR, Penicillium sp. i€X 3 F. oxysporum OEBHEZBEOS | BEEC/ERYT
ARRTHY, LEBEYHECLEPOESE BT 0T, cm%@ﬁ&ﬁ%ui§¢m%
E?é&mhn5ﬁﬁ®1o%TLrw5&%iéﬂ5°
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