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Abstract : ‘Studies on saprophytic behaviour of soil borne pathogenic fungi. VIL Competitive
saprophytic abilities of Fusarium oxysporum and Rhizoctonia solani. Hirosuke OGURA, Yoshikazu
NiNoMIYA and Shigeko TANEDA. Laboratory of Plant Pathology, Faculty of Agriculture.
Many fungi have severe competitions each other on living roots or plant debris in soil. In this
paper fungal competition on food base in soil was studied. There were many kinds of fungi on
debris or in soil, but were many number of them on roots of cucumber though there were not
so many of kinds. Some of them had antagonistic activities for Fusarium oxysporum f. cucumeri-
num or Rhizoctonia solani, and their activities were shown in rich nutrients. Colonized ability
of R. solani on debris occupied by the antagonist was weak in sterilized soil but its abilify of F.
oxysporum was not so. In natural soil, some of antagonists had weak competitive abilities, in
spite of their antagonistic actions, and the pathogens could compete with them for food base.
Colonization of these antagonists on debris occupied by pathogen were different with kind of
pathogen or soil condition, and R. solani had more weak saprophytic ability than F. oxysporum.
Trichoderma and F. oxysporum (non pathogenic type) were dominant type in all fungi tested.
In competitive colonization on cucumber root, Trichoderma, F. oxysporum, R. solani, F.
roseum, Humicola and Myrothecium were in dominant group, and Aspergillus, Cladorhinum
and Penicillium were in recessive. From these results the group having antagonistic activities is
not always the one having severe competitive saprophytic abilities. And dominant group in soil
and on root surface are divided from competitive activities to colonized on food base as followed:
one having severe saprophytic ability, one having precolonized character, one having antagonistic
action influenced in environmental factors, and one localized on food base. for their slow growth
or weak adaptative abilities.
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SREIBER+ 27 ) 2KEL, %u%%bt%ﬂmiﬁﬁﬁﬁ%ibﬁﬁbtoﬂ§i3
BicA xbh5EKY 800 kg BAL, 58 bl 150 kg, AIK 80 kg 20Z, #HiEHRGH
FBRSESIER A L gL T, pH 36.4TH50 FaU JFEEAREL, SADEKKE
H, 8 B LANckEL, slktxnia 90 ke, AIK40 kg _’Eﬁﬁifi‘ﬁﬁb, 8 AT 2 fFEEHE
L, IOAENCHRELT, DURBBFEITHREL %ﬁ%‘i SATAE® BV 6 Arpaic LS S
ViZE 2y ) DS SIRELL. THADBE, RETS~10 cm OLHEARML, ¥+ /4 THH
HREHMEBOTERRREICED, 550 RHERLBRPICHEY 2 EWRER X 0 RRE £RK
Ut %70, BEERO+ 20 ) OREMOMD, WRERE 100 78 bicl e, WRT 288
ZERRLTBEARARREE U T £, XERIC FELV: BIEE W Fusarium oxysporum f.
cucumerinum (BB ESF501, T /:213F 504), Rhizoctoni'a solani (RS_ 508) T, WFhd+av
VR SBEKTH %,

ML &L RREBDOS> L, BEREBEIAR 7}’L5 430)6;" ?@Eﬁ%ﬁtc dnid, Aspergillus,
Cladosporium, F. oxysporum, Gliomastiz, Humzcola, Mucor, Myrothecium, Penicillium,
Pullularia, Trichoderma, Verticillium T&H Y, BElEIC LT, Asbergzllus, Cephalosporium,
Chaetomium, Cladorhinum, F. oxysporum, F. roseum, Geotr_zchum, Glzomastzx,l Humicola,
Mortierella, Myrothecium, Phoma, Pullularia, Pyth;um Rhizoctonia, Trichoderma, Verti-
cillium TH 1o BEETEABBREENS IEEOEMRSE VERIBHONT, R
BOEH, HERNTULBREE —KLED 710 F1-, BELEERREE Cephalosporium,
Cladorhinum, F. oxysporum, F. roseum, Humicoia, Mortzerella, Myrothecium, Pythium,
Mucor, Rhizoctonia, Trichoderma 13& b\ﬁ%%ﬁ& b 'C%U’ b nan, P gi)s: s e =N et
ORI IESBERICELOERIBHEN S, '

}?kf% L7 &E¥kD F. oxysborum, R. solani C;‘d“?‘ 55{%73 ’Ej‘_ﬁiﬁﬁﬁ-iﬁﬂﬂ, Czapek ik
KUY ¥ 74 ERHED LT CTRSRBICL DB Lo

R L 7R IRE I BT D AR T BRI R 1 ilC/TT:E hTH %o ﬁ%jﬂii“‘ﬁﬁ@i@ﬁ kDRI

Table 1. Antagonistic activities of sozl fungl to F. oxysporum and
R. solani on agar media. .

Soil ext. l/lO—Cz:gbe,k ) ~ Czapek PDA

*F R F R

Aspergillus-A - - + . —_

Aspergillus-B . - - - S=

Antagonist

H_
H_

1
|

Cephalosporium - - - -
F. oxysporium - - - 4
Humicola - + + +
Myrothecium + —
Penicillium-A + - - =
Penicillium-B - .

|+ + K
I+ + + + + | =

- LK K+ R
I+

Penicillium-C + o
Trichoderma-A + - — L —
Trichoderma-B — :

HHH++HF+FHHFH+|T

++ + o+ o+

T
B+ M

* F: F. oxysporum f. cucumerinum, R: R. solani =~ |
*  — . Non inhibition, = : Inhibited each other, + : Inhibited by antagonist.
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BT OREROBEILSVTRE Lo RER, TREELAD, 550248
3:1) %300 ml A7z 300 ml A —H—DOBRFOERLH 1 cm ORBICE

BEROES mm OB% S5 HAEAN, Bicid Czapek #4, +EICIIBE LA HENHEMAT
TBEEZ60% (v/v) ICHEEL, REETVIECTE 7D B525°CIciE U, BE®S, 10,
BERICE—H —DhRBO+5E4E | cm OESEBAOTROBL, BEELD 1 cm &0
MEOLHEERST 5 C LI L DB/ L BOTOHELHE L 720 ﬁia"wﬁwirﬁﬁmi
DI LRI~ BICRON 108K TH2 B2,

Table 2. Mycelial growth of soil fungi in soil
Soil Days after inoculation
Fungi
type S days 10 15
F. oxysporum* S *x 2 cm 5 7
L 1 3 6
R. solani* S 3 7 ’
L 2.5 6
Aspergillus v S 0.5 1 2
L 0 0.5 0.5
Cephalosporium S 1 2 3
' L 0.5 1 2
Chaetomium S 2 5 7
L 0.5 3.5 6
Cladorhinum S 3 1
L 2.5 5 6.5
F. oxysporum N 3 5
L 1.5 3.5 .5
F. roseum: S 3 7
L 2 4.5 6
Humicola S 1 2 3
L 0 0.5 L5
Myrothecium N 2 4 S
' L 0.5 2 3
Penicillium S 0 0.5 2
L 0 0.5 1
Trichod('rmd S 4 7 \
L 3.5 "6

*

Pathogenic type

*% §: Sand, L: Loam

BHEKL TP TOBERI BEPLED B h 3,

AHBRBDDLD DOLBNBETH 3,

Cladorhinum, Cephalosporium (ZBEITNE O,

FWINBEA R DO H S F HET
UL, BEHRICL-TERBICIZIFEROENED SN,

B DM EL Trichoderma, R. solani, F. roseum
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Cladorhinum WK% <, Astergillus, Humicola, Penicillium {Z/INE o’

ER2 BRANELEN

FEPOAERCEYBEEIRERE AW T—REBEROBES AT IRNRTH 5. KRR
Tz, BELLTA 2bo%, AERELT 427 ) OHEEAL T AREHOFEENZHEL
72 L

I 41 3bo~DLBBEOESE -

HE=X U 7o BBk Aspergillus, Cephalosporium, F, oa;yspofum (Jﬁ@gﬁ), Humicola, Mpyrothe-.
citum, Penicillium, Trichoderma T, WiIhd Fﬁ)ﬁ%mi‘]‘ LT HEAET2EKTHS. B
EEgE LTt F. oxysborum (F 504), R. solani %)ﬁb“f&o REMESHOLOLHY v T4 T
HEEXw FT 25°C It TRREL, COB% > LREHFEEBREL K Capek RICEBBREL
E&Xlcm O 32hoAEE~, 25°CI2BMBV - bOFEEERE Lice £/, BELA/ -3
%254 % Capek WTRE 60% (v/v) ICHBEL, SEKREMA DU T 25°CICI0RBE L

~

100 8—-0——0 - 8_—_(3—0 - <’0—0—0
- ‘NQ\ 4 I ! o' -} - “0\\
<
Aspergillus S0F __e” © - .’./:a T o
3 hd R D . -®
1 ] 1 —1 i | - t--? 1
100 o—o— - o—o0—0¢ - | o—o0—o
oL | O~ s AN
L ~ . 0\\ L °~\°
Cephalosporium S0 /:)/:'2 - .) r
L o~ F o- 0 5 %::*
1 ] 1 ' 1 1 I '] ] 1
100 O=—0—o0 - og—0—0 . ox—o0—0
~0=~p | . TNo--0 | ~0=-9
Fusarivm > S0F _-* i i, . [~
2 - - -#—%
pey . O o - ~ -
2 1 1 1 '-’v’l -2 L e e
T 100} o—o—o - o—o—0 - or—0——0
2 ~ . \0 . | [+
=) Ou - -~ \\
—_ ~0 r .~
Humicola & S0 B : ° 3 °
”.l '—; b . /,.I
100+ o\—o—-o - o—\—o—o - o—o—o°
3 \ N 3 \
\o Oy .- \\
Myrothecium 50 o AR SR B
- F Lo 2 o
-9 4 \__'kﬁ \___Q:",i
100} oz . 0—0~=0 | o——0—0
< ~ . ! ~
L o <3 S O~ “o.
’ Lo . ~o
Penicillium OF e-.¢ 3 0—‘/,: 3 /“"
o= -o” . 3 0= w /’.
L 1 L. 1 1 !
100} W - o—o-o\\ - o . - o—o—o
O=~<o e ) Qmug
Trichoderma 0f B . i
L Le--9 3 Le--® 3 .0—-0
_,z.*/‘, o=——9 . P St s J
3 6 Ydays 3 6 9 3 6 9
50% - 25 12.5

Ratio of inoculum density in soil

Fig. 1. Colonization of R. solani on rice straw o}:cupigd by other fungus in soil.
e : R. solani, o : soil fungus, — : sterilized sand, ----: natural soil
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L .0 L d
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100} |- R e
| [ 2 R \~.~ B “~.\
~ h. (N
- 50 ¢ - =
Fusarium i /o/ 1 o-——‘”/,: | o/c{,%
) P=-? . bt A
R 100p = I ec—e—e
° e e,
B i \. [ e i to
Humicola 3 Sor .0 B ° B
N - o=--C - o__oa— I _.0
§ I 1 1 1 1 I haled JEREY
S 100} - - oo
< ~. . ..
L . [ ~ 5 ~e_
~e ~~. -~
Myrothecium 50 o B o_‘a/z
[ o=—0——9° i i -
T Le—e—e ikt Ji
- 100} - o
o-_‘\..\ [ :.__:"‘ !_‘ e,
< S \
*
Penicillium 2y O/O’O [~ o_-o)e B
-0 B }
i g=p= -9 P==3--2
100} - - '_‘\.
i D% \10 i .s\
. 50 GEN - ‘ - ()
Trichoderma i 0_,0 ” i o/o; ‘e [ e
| S A 1 i 'l ?_-? -
3 6 9days 3 3 6 9
50% - 25 12.5

Ratio of inoculum added in soil

Fig. 2. Survival of R. solani on rice straw in soil added other fungus.
e : R. solani, °: soil fungus, — : sterilized sand, ----: natural soil

bOXLIBEMAERRE Lic, ZOEES, BHE5>DEBTHEEDL F\ Aspergillus, Humicola,
Penicillium (Z3EHHME208 & L, LERBE LAY S0 2mm D530 THEIL 22 8%
BEEERAY, Choito—3%2534 PEBREEENENS0, 25, 125% X85 LHICEBAL
2o BEIAEE Scm DEB~ L Y MIC 200 ml FOARN, HENH AR L TKSE60% 1075 5
LOIHE Lo ENTHOEE~NE ) IICEBHEERBL 24 2 b 5 %20KFT DAL, 3,6,9
BEWCEDH LTKEER, Czapek M bick &, HBRTARRBEHBELTCHBEODL LREIE
JUEENERF LA BIR, F2X, B3, #4X),
BEROBLELcDOA~D R, solani DBFLERIFMORBE & bICERT 228, LEDOBER
KR - TEEICES NS0, ERSERTSE BARIERT 2HEBRBHONE, CO EAR
Cephalosporium, Fusarium, Myrothecium B\ TCERETH 3B, Trichoderma, Humicola D
HELIbo~D R, solani DERZEBETH D, £/, CORICHEHRL TSV, Chaetomium,
Cladorhinum {3 R. solani DFEEICIDRBEICH O P OWMBT LS5 TH b, ERELERLT



110 HaAREMTEEE Wik B ¥ WIS

& Trichoderma, Humicola % R. solani DFHZEMHEIET 328, b oD HEERIL Trichoderma
& Fusarium 058V OAT, MOBEKTRIEETREGBETT 3. cOHA, R. solani DL
FORTBEOKE VHICRKREO D CEERIZ ERT 5,

R. solani ®b 5 EHF L Trichoderma, Humicola, Fusarium, Myrothecium, Penicillium
Kk -THIEE R, DO ETRINODHEICLBHBNBRONG, COBESIKOLBOERICKD
BIEORREIRRL S, MRELSTLELOERNNED SN B0, Trichoderma, Fusarium %z
WTRESBORERRBESS NS, BRELEOBAD L S SEEOBMIRD 51T,
HoED R, solani DL EDOHBIZODWTIRIALL TN,

MO+ BEOZBE LD S~D F. oxysporum DHETIEKE L, Cedhalosporium, Humicola
LD HABERIENE, COBAICHIHPOBERICIDBFLADEEIRLY, BROLEL
Bz Trichoderma & HBIE 0SB LN 5, WRELIER T Trichoderma, Fusarium L
A b oD EBFHILEEL, OB F. oxysporum DHEEEEILHERLENEITH B,

F. ozxysporum Db o EHFHIIHL, HRUL-EHKRD > B, Trichoderma DA DS F. oxysporum

100} eo—~60="8 - 80040 - Ceg=0
2 \o\'\,. s Qwm L “o=w0
- s O L e N ]
Aspergillus 50 e--o R} s’ ,
o o
1 i L 1 4 N " { .
100} o=o—o - oTo—o - o—o—o
b Oy R \O i N
[« [ A4
Cephalosporium Y S - —gl- - //‘:
L | o—-* "o
IR B N T T e \
T F s [T
1 :) [ o i //‘;
Fusarium 50} .__./ - ) -
o--® B ‘__.,-o
L it t I " " i s
100} ow—0——o OO - o—0—o0
R ] RS e ~o
) -
2 i Q - ~ - ~o
- | e '/0 B
Humicola © 50 o’ o B e /7.
® " e~ B - e
2 [ T T,
3 OF o= | x| o
-3 Ky (Y <
S 1 S [ =T
so>,. v :o ° /(‘
Myrothecium 501 "o - )(o - b}
s - ,
° [T il
1 ! 4 .| P ¥ 1 4 1
1001 N -
Yojed o Omu
Penicillivm ~ 0F __.8>® F 7 _Le- J / 3
° « -
I & o ._-.
i N i " N Y N N N
0T O F e o=
Trichod i e L i
i % o’ '/4 //:
- * F e--© - .
n I 1 N v " >
3 6 9days 3 6 9 3 6 9
50% 5 12.5

Ratio of inoculum added in soil

Fig. 3. Colonization of F. oxysporum on rice straw occupied by other fungus in soil.
e : F. oxysporum, o : soil fungus, —-: sterilized sand, ----: natural soil
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L
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© N 1 L 1 1 1 - "'?
100 eco—e - og—o—e |- -
. “o--o \._-. A o=
Myrotheci ““«/r* B -
yvro ecium | o I Q——C/‘: i o
) ?--? A ?--?— 1 o
100} og—o—e | o—o—e -
Se.l R T ©-.0--o
N ° s 5
Penicillium 50 i B
i ——p==Q B of -
? |o 1 -9 --Q~
100~ - —eor - e—eo—o
i ::‘a>3g 3 ~ | Te--e
Trichoderma S0 ,O'/ B ," B //,g
3 o/ L " - -o,
n ) ! Q L L et
3 6 9 days 3 6 9 3 6 9
50% 25 12.5

Ratio_of inoculum added in soil

Fig. 4. Survival of F. oxysporum on rice straw in soil added other fungus.
e : F. oxysporum, © : soil fungus, ——: sterilized fungus, ----: natural soil

' DL ERWTLOITH %, ﬁﬁﬁ‘iﬁﬁF’lCEb\T%C@@ﬁﬂiiﬁgf, F. oxysporum D 5K
DL Trichoderma BN TREBAEEICLIAZHDEITEZIH,

C2. Fav USHIR~NOLBEOBLE

EFERANDOLBEOEEOBLERITT 2 01C, @%@ﬁﬁ?éﬁﬁ,ééwm%ﬁﬂﬁE“
D2EBOBLESBEICO>NTHEL 7

B U - ERRE Aspergillus, Cephalosvorium, Cladorhin_um, F. oxysporum (GBER), F.
roseum, Humicola, Myrothecium, Penicillium, Trichoderma, R. solani DI10EBTH 3,

HRERDO+ 2 v ) iR (BF - B3 KT I3 WBICODOTHE LR, THhbhL, FEHKEY
v A ETHHERE LTS BH 50 108R525°C THER LA, RARBLA+ 20 ) 0BTF4
FHEELHOOLIKE S, ¥ERPHS /0L, BETOLORE LABO LIKERT225°C TIASHS
Wik 6 BiEMR - 720 WBRFEFEERL L R, solani & Cladorhinum (3B 5 _FIC125MEF
ZBOLOBPIB L, EROGEEREIRY, BOXBTOMCOVTHE L., €ORE,
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B icBiBREINLDIE R, soani, F. oxysporum ZEERELI: +29Y 150 T b 308,
Asvergillus, Penicillium, Trichoderma %% L 7’5%%1; LbhTOUNLEENTBEHONE, F
72, Penicillium ZHERL 7 BAICERE BT 50 Myrothecium ZHE L BAICIE SRR L
DHROBR, FHLDKBRFTH B, € OMDERICOVTRROREEABH SN,
HREEROFEICLY -3+ 274 VEEREL, 2EKTO2EHEEOETETAENLO
ml FORE L AWIS0mlicBE L, RELALEIHENA TREZ602ICHBL-D525°CIC
LAKBLA. —F, RARBELA+27 ) OBFERELAWS 3V EERELBICEEL
hiH1.5 cm ICHE LA TIRERD, L0 2B ERE LA, 1RERHDOBE
{HRBICAN, 2HAM25°CiIcR-70b, $HEEKREM->TKEL, B% Crapek i HiC
~, BET B AREEBEL 7 o

BE LB TRERLA 2ERESEVCEA L TRICEET 5. SEROMEADED S5, 1B
ANDBEEDS - ESENTV B bDIE Trichoderma THY, BOLED» L RiEh B, DT
F. oxysporum, R. solani, Humicola T, F. roseum, Mvrothecium, Cephalosporium I3EA
BIC X - THELRICHEEDNS 5. F 12, Aspergillus, Cladorhinum,, Penicillium ZESEOEE
KEDIBEOBEBSOLOBEENS, F/, BEANSESETHERINTVWIBERE6RIC
AT LICHE 2EMRRIBEVORAOENICIRAERL ORELH 5, TORKR, BSRICRT
MENSREE RO, BERIOBVETL, BEECIAHEEERO L, BO—HOH TERE
T BIBANEL 5 B, Trichoderma, F. oxysborum HMEREMD > b TRBELRLIELERD L
WS, Aspergillus, Penicillium, Cladorhinum ZEFERIEHHTNEL 43,

Fungi tested

Aspergillus Cephalosporium  Cladorhinum F. oxysporum F. roseum
Aspergillus ] T I |
Cephalosporium 1
Cladorhinum B
F. oxysporum [
F. roseum < | —|
Humicola | 1 —
Myrothecivm P77 7777274 77777 A
Penicillium 772 7777772 777772
- R. solani 7772 177772 7773 ‘
5 Trichoderma — , ., m R — \
° -
>
% Humicola Myrothecium - Penicillium
E‘ Aspergillus b
O  Cephalosporium
Cladorhinum
F. oxysporum | —
F. roseum [ 7777
Humicola 77771 ::)
Myrothecium [ZIZZTZ1 771 o
Penicilliom ~ Q7TITTA | ZZZZ7A : B
R. solani
Trichoderma E , g R 3J., . . EZZn .
50 100 50 100 50 100 50 100 50 100

Colonized ratio of fungus tested (%) *

Fig. 5. Colonization of soil fungi on cucumber roots in sterilized sand.
BE : All part of root was occupied by test fungus., [77/]: About harf
part of root was occupied., [_]: A part of root was occupied.
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Fungi tested )

Aspergillus  Cephalosporium Cladorhinum F., oxysporum F. roseum
Aspergillus — m 727277
Cephalosporium{—_—] —— % 22277
Cladorhinum ?
F. oxysporum ] — —
F. roseum ’: 2777772 — _
Humicola =/ — B — 777 )
Myrothecium [—— '  [zzzz77A — pzzzzA 7772
Penicillivm  [Z721 ] 1 —]
‘& R solani : — — E
03 Trichoderma [T o R s N v | L Za ], N
-
:g Humicola Myrothecium Penicillium R. solani
§ Aspergillus 77D E
Cephalosporiumk
Cladorhinum
F. ozysporum | :
F. roseum l :
Humicola | u] ]
Myrothecium || ] — m—
Penicillium | ) ’ ros.f |
R. solani I :
Trichoderma i; L | :“ L - N : . "
50 100 50 100 50 100 50 100

Colonized ratio of fungus tested (%)

Fig. 6. Colonization of soil fungi on cucumber roots contaminated their
surfaces with soil microorganisms.

Kl : All part of root was occupied by test fungus., |Z| About half of
root was occupied., [ 1: A part of root was occupied.

z 2

TEHREDOBESBREDOEBE L BIICEET DB H 2V 3EDBEES LORETH
A1 LI OREE FTOREDOBE, HRICOWVLTIE DoxY, /A, FTH - BHY I«
LOHFTENT V3, HEPIBH 500 iﬁﬁaj;“&,@?‘%?’ﬁ’lk%%ﬂ:&?‘é&, BREE Fic i Eric R
BHEEHSSOON, HEPREICIENICRIZERSERT 3EASBHONE, ChAREED
BRSO EPCHFERBICLVHZEE LECDICHL, MBI EEED SISV THE—(LT
BRBICHERET 5 LICkBEEL SN b,

Garrett® (3WMBEMERBNDOBFLREOIC K O BENEWAETML T 595, Cook® |2EBEEHBEED
FET2RBECEOCTRIBENFEHOFNMIZRL 2 EWME L. FH - HHY BBB~OBELS
K UERFEICDOWVT R, solani DARZLBEBICK T 2887711388 < , Fusarium, Trichoderma O
SHEBRAEIEHL. TEDOEET 2 RREOPicE F. oxysporum, R. solani WCHEWH %
AREERD S, ZOTENEIRSEOMOBEEMICIVELEENS L L MOARESEH T
B ZTE10 '

Porter'’ (A FOKBWOMICHABHEE, #EH 5 WBHEL T4 OTHNSH 5 &8s
LT3, B FTHENZS "EHOBBEERIIEL, R, solani RELELUEOBAME,
Lo Uy F. ooxysporum 13 R. solani LD $FEHERBETHY, B OB E OB RBEH
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