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Studies on saprophytic behaviour of soil borne
pathogenic fungi,

V. Fungal succession on plant debris in soil.
by
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(Laboratory of Phytopathology, Faculty of Agriculture)

Abstract

Many soil fungi containing soil pathogens compets each other severely on living ﬁlant
root or plant debris for taking their nutrients in order to take their saprophytic activities
in soil. In the present paper, the transition of fungal-flora and changes of components of
plant debris, and antagonistical actions of these fungi on law plant debris in soil were
studied.

On the plant debris in soil, different fungal flora successions were appeared as compared
with them in soil, viz. at first, sugar fungi in soil as first colonizers grew and then
cellulose décomposers as second colonizers developed and at last lignin decomposers as
third colonizers developed on it. Some of these fungi inhabited on plant debris for long
time were vigorous, and appeared constantly on different debris. These were Trichodermas
Fusarium, Rhizoctonia, Cladorhinum and Cladosporium etc.. Many of fungi were recessive
and appeared on plant debris for a short time. Cellulose decreased constantly but water
soluble substances decreased rapidly in early period and then did more slowly. Nitrogen
source in debris decreased too,but it rather increased temporarily after a while, and began
to decrease again. First colonizers had non- or negative-antagonistic abilities against second
colonizers, some of second group had severe antagonistic activities, and third colonizers
had non- or negative-one against second colonizers.

From these results, it is considered as follows. The transition to second colonizers from
first one are due to want of nutrients especially that of carbone sources for the latter and
antibiotic activities of second one. The second colonizers ocupy the plant debris for long
time and compete each other for possession of nutrients or of living spaces by means of
antibiotical activities etc. . They inhibit also mycelial developments of third colonizers, but
their activities are lost step by step for want of their nutrients in plant debris, and then
third colonizers utilized lignin etc. begin to grow on debris successively. These fungal
succession is agree with changes of water soluble substances, cellulose and nitrogen
compounds in plant debris.
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Table 1. Fungi isolated from plant debris* in soil.
) Buried duration of plant debris in soil
Group Fungi .
3 days 7 14 28 42 56 70
Rk
R. solani 100 21 31 24 7 11 4
F. oxysporum** ) 3 16 18 26 21 27 16
F. oxysporum 4 -8 7 12 4 7
F. roseum 3 8 12 21 13 13 14
A F. solani 2 4 7 6 7 9 3
Fusarium*¥* 5 5 9 13 11 10 7
Trichoderma 2 8 21 24 12 17 13
Cladosporium 7" 25 24 19 2 4
Cladorhinum 3 6 S 7 3 2
Chaetomium 3 12 4 2 8 1
P. aphanidermatum 21 18 18 4 1
Mucor 6 11 7 3
Rhizopus 3 7 ) 2 2 1
B Phoma 2 14 6 1
Phycomycetes—a 7 4 1 2
Phycomycetes—b 1 4 4
Phycomycetes—c 2 3 7 1
Phycomycetes—d 6 7 12 3
Penicillium—a 2 1 1 8 3
Penicillium—b 1 7 16 22 3 3
Aspergillus 1 2 2 4 1 1
Pullularia 1 8 4 4
Sporotrichum 1 8 6 2 1
Stemphyllium 4 4
C Gliomastix 1 4 1
Nigrospora 2 3
Pyrenochaeta 1 1 3 3
Pachybacium 1 5 L
Cephalosporium 4
Coniothecium o1 3 5 3 1
Volutera 2 3 3
Torula 2 -
Mycogone 2 1
D Sepedonium . 1 3 3
Botryotrichum . : 1 1 4 2
Hormodendrum . 2

* Rice straw were used.

** These fungi were f. cubense.
*#k  Oxysporum-, solani-, roseum-type were exepted from this group.
®k% - Number of isolate. :
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A— AR L ABREE b > TREL, #5LEA- 7o



me

16 EAARSERNEEE TR R =
Table 2. Utilization of carbon sources by soil fungi.
G Carbon source®
roup Fungi
& Soluble Sucrose Pectin Cellulose  Lignin
starch

R. solani sokokk g, 4 4+ S + _
F. oxysporum** ++ ++ + 4 RS —
F. oxysporum + - + + + + + _
F. roseum—a + -+ - ++ R -
F. roseum—2b ++ + - + 4 + _
F. roseum—c + -+ ++ + + +
F. solani—a ++ 4 4+ + -

A F. solani—b + ++ + + _
Fusarium— a*** + + ++ + + ot -
Fusarium~ b*** ++ R + + _
Trichoderma—a +++ ++ + 4 ++ -
Trichoderma—b ++ + 4 + + —
Trichoderma—c 4+ + -+ + + —
Cladosporium + + + + _
Cladorhinum + + + * _
Chaetomium—a + + + + + -
Chaetomium—>b + - + ¥ _
P, aphanidermatum + 4+ ++ + - -
Mucor +++ ++ + - —
Rhizopus—a + 4+ -+ =+ + -

B Rhizopus—b + 4+ + -+ ++ + -
Phycomycetes—a ++ + 4 + - -
Phycomycetes—b + 4+ + 4 ++ + -
Phycomycetes—c + + + — —
Phycomycetes—d ++ + -+ + —
Phoma + 4+ ++ + - -
Penicillium—a + + + _ _
Penicillium—b + + + + —
Penicillium—c ++ o RIS + _
Aspergillus—a + + + _ _
Aspergillus—b + + + + _
Pullularia + + + - -
Sporotrichum + + + + _
Stemphyllium + + + + +

C Gliomastix + + + + +
Nigrospora + - + + _
Pyrenochaeta + + + + +
Pachybasium + + + + -
Cephalosporium ++ ++ + -+ — —
Coniothecium—a ++ + + + -
Coniothecium—>b ++ ++ + + +
Volutera + + + + ¥
Torula + + + + -
Mycogone 4+ + + + +

D Sepedonium + + + + +
Botryotrichum + +- + T i
Hormodendrum + + + + s
Unknown—a ++ + -+ ++ - -
Unknown—b + -k + + + _
Unknown—c + -+ + + +
Unknown—d ++ ++ ++ + -
Unknown—e ++ + + - + +
Unknown—f + + - + -
Unknown—g + + - X +

* These carbon sources were added in Czapek’s medium.
**  These fungi were f. cubense.
% Qzysporum-, solani-, roseum-type were exepted from this group.
Sokkok

Mycelial growth-— +-+ : not developed — developed very well.
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Table 3. Decrease of components of plant debris in soil.
P‘l debri Duration in Per‘cent of component
ant debris : i
soil (Days) Cellulose Water Total nitrogen
extract
0 *98. 34 0.011 0. 002
7 89. 22 0.028 0. 0022
Cotton fiber 14 71.72 0. 058 0.005
28 56. 68 0. 091 0.012
42 47.74 0.286 0. 0086
0 38.31 18. 88 4,22
7 28. 16 12. 42 2.96
Rice strsw 14 27.97 9.44 2.87
28 22.99 10. 19 2.70
42 16,28 7.95 3.08
56 14.94 — 2.1

* Per cent for total weight of law material.

FMEHER D2 v e — 23 IAB LIBED OEIABHAL, FARCSEZEMNKT B,  fokiEk
YESHMNT 50 428 LIRS D0 DK F MR U, RIERENKICH 2120 ERIT
bk Utco &KICA2B OKAMME QLIS BRI COLEE FIC X BMEMMEDETNG &2
ZoNbe TP DOOLLTiE Vo~ G BHEHICEE I N2 BERER 7 8BRS —H1
ABIC R VA XV HURBLESRICIE 5. KBEEYELERH LB UHANED LN S

Table 4. Rate of cellulose decomposer on cotton fiber in soil.

Duration in soil . Cellulose ‘ Per cent of
Days Total fungi decomposer decomposer

7 * 89 53 59. 55

14 136 100 73.53

21 178 144 ’ 80. 90

28 172 155 90. 12

35 . 143 123 86. 01

42 155 141 90. 96

* Fungi on 100 pieces of cotton fiber
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Table 5. Rate of cellulose decomposer in soil added cellulose powder-
Days after cellulose . cellulose Per cent of
treatment Total fungi decomposer decomposer .

0 296 128 44.53
1 310 134 43.23

14 306 140 . ' 45.175

21 322 155 48. 14
28 330 165. 50. 00
35 299 152 50. 84
42 326 161 49.39

o — RSBEEDIC e v — BRI A ST A0, T DWEIMOEERINIBEE
THbo to—2ESMERIBICENANSE va — ORI v o — 2RO HICEH
FTAEELDITHSBo A

T, BELORBEHEOHERIC OOV THME Lico B8cmDEICELEAN, 50mlD Czapek
WCTI0BM25°CTHIE L. R. solani, F. oxysporum, P. aphanidermatum DH%E D%+ %
TFAF—THW U TEHKICBERM L. 7 BERICETRE Lo, fbo, NElTE LK
BAL, 3, T, 14, 21, 28, 35, 42BHICEI005% &MU TKEER, o +r4 BMHERE
HWEbicss, HEBREHBELL GBo6R)

Cotton fiber  Rice straw  Wheat seed
Duration in soil (Days)
7142128 35 4‘2 "/ 14 26 2{8 3542 714 2128 35

Trichoderma
F. roseum

F. solani

F. oxysporum
R. solani
Cladorhinum
Cladosporium

Chaetomium

N . ;. ]
S .
_—
-
i,
B - .
s

Phycomycetes

Fig. 1. Succession of dominant fungl on plant debris in soil.
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Table 6. Transition of pathogens on plant debris in soil
Duration in soil (Days)
Plant debris Fungl
3 7 14 21 28 35 42
Soil infested by R. solani '
R. solani xg 20 18 22 18 13 10
Cotton fiber
Others 71 76 74 97 112 108 91
. R. solani 24 30 34 29 29 24 18
Rice straw .
Others 75 122 100 124 108 80 71
R. solani 21 46 32 13 6
Wheat seed
Others 132 121 134 15 44 62
Soil infested by F. oxysporum
" F. oxysporum 12 27 18 25 18 26 21
Cotton fiber
Others 81 11 84 136 101 112 108
. F. oxysporum 14 20 36 25 18 . 22 18
Rice straw
Others 101 132 115 122 118 98 103
F. oxysporum 20 39 31 30 16 16
Wheat seed
Others 122 131 133 85 70 46
Soil infested by P. aphanidermatum
P. aphanidermatum 11 7 12 2 0 0 0
Cotton fiber
Others . 64 98 112 107 136 121 122
P. aphanidermatum 26 33 11 1 3 0 0
Rice straw
Others 76 81 146 144 132 119 109
P. aphanidermatum 43 36 8 0 0 0
‘Wheat seed
Others 1217 136 1122 89 102. 41

* Fungl on 100 pieces of plant debris.

BHMES/NETT, WD, MMEOIIC BB BADT 503, & <IC P. aphanidermatum
TR OEMAMHL, MBI HTOEELLV. O 2ERIVINS/IELTRFEEMSIPL
7, C O —RLEECSED SN, WBEEICARESTALEZPEIAPLTOEREEINT
LE-TWAEEEZEZLNE. Fibo B XM L TRAEREIZRARI4B E» S BEHRHM
L, ZOHEEE F oxysporum WKHLEPICRED SN B

FEEFESRIBEIOERE LOBREOEBIE | ROFVTH 5.

FEHE IR B 2 I3 YIIICI3 Phycomycetes 2% <, KT F. roseum> F. ozysporum.
Cladosporium, Cladorhinum, Chaetomium, Rhizoctonia 13 EBHBETEH, chdicPvs B
{NT Trichoderma, F. solani 13 EMBEME LD Do T OMWE ORHENRBIZ 1 SO -
TRAEBELESITH A, DERETREENEE LEBSHEL, TELSI4BOBOEMER
Bhicis 0, REROLUC LICEBBEOFEMCELOEHBRHONE. T ORE, FA—FiEhic
H YIS LOEMBBRERRESICI0ELOENSD, T, BHOEB LEBOTMIC X
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Table 7. Antagonistic activity* of soil fungi.
Fungi antagonized
3
R v © o
Fungi tested § 5 5 s -JI’—‘ @ o © a 'a |§ 2 § R

R T~ R R - N - I

S 5§ ST sy s E 382882 RESxg 3

\': S % g § g '\‘: N § 3 E E % § =R R §o T & &

N R B I O R

R S B N N S e O T R

AR R R R R R ROOOSANR DA SR

Rk

R. solani + X £ 4+ X — £ £ X = - 4+ X X — — X — X X X
F. oxysporum** - X X £ &£ X X X X & X X X — £ + X — X X X
P. aphanidermatum; X X X X X =X =X — =X X X X ——-— X — =X
F. oxysporum + X X X £ — X = X £ X X X & £ £ £ £ X X X
F. roseum—a - + X X + — £ + X £ £ £ X X X £ X - X X X
F. roseum—b X £ X x =+ - X + X = X X X X —-— + X — X X X
F. solani—a + X + 4+ + + X = X+ + + + X - £ £ + + + +
F. solani—b = X X X £ X X X X £ X + X X — —- — — 4+ 4+ -+
Fusarium—a + X + + - - £ X X — & + X X — — £ £ X X X
Fusarium—b X X X X X X X X X -~ - — % - = — — — X X X
Trichoderma—a + £ + £ £ + - £ + + + 4+ + X + £ £ £ + + +
Trichoderma—b + X + X £ X £ X * + - + 4+ X - £ £ £ + X +
Cladorhinum - X X X & X = - = X — = X X — — — — X X =
Cladosporium X X X X X X — X X £ - — X X — — — ~— — X X
Chaetomium X + X £ X X X X X 4+ X X X X X — — — £ + X
Penicillium—a + = + £ X + 4+ + + + £ + + + + + £ £ + + X
Penicillium—Db + -+ £ £ £ £ + + 4+ +x £ + 4+ + =+ += + + + +
Penicillium—c X X X £ X X £+ + + + £ + + + £+ * + X X X
Aspergillus + + + £ + + - £ £ + £ £ + + £ £ - =+ + + X
Phoma X X + X X X — =X X — =X + - - = X - X X
Mucor X X X X X X — = X X — X X X X — — X — X X
Rhizopus X X X X X X — = X X - — £ X X X — X X X X
Phycomycetes—a X X X X — — — — =X = = %X X X — — X — X X X
Phycomycetes—b X X X X X X — = X X — X X X X X X X — X X X
Phycomycetes—c X X X X = X — =X X — =X X X —X X X X X X
Phycomycetes—d X X X X X X =X X — = =X X X —xX X — X X X

* On PDA medium.
**  This fungus was f. cubense.
**%  + : Fungus tested grew. = : Both fungi were inhibited together. — : Fungus tested was
inhibited by antagonized one. X : Both fungi grew together.

HoORETIRIC MRS 2WHEORETE, + 2V ) KHTZREEDS> 5, F oxysporum
FALD 2 IFEE K D SMEAMH . TDEIZ R. solani, P. aphanidermatum »SHEBE%INH X
N5 Trichoderma, Penicillium, Aspergillus WL Thhi - TMLT 2BEBTDONSB,
P. aphanidermatum BMEEZIHT 2RREBHONT, BARBT LD, HE0IE2hIC
ADHEDHAMBRON D Fro, HEEKICILEYT 2 BEEICE ADBEA L B bons
Flo THICHLTT BRIRICHDOTHET 2B, & <IC Trichoderma ¥ Penicillium, F.
solani 18 EBOIIENE S DHEESHLIL O HET 2, T SRABECH L TOFN S AROTE S
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Table 8. Antagonistic activity* of soil fungi. -II

Fungi antagonized

Fungi tested

oxysporum
P. aphanidermatum

R. solani
F.
F. roseum—a
F. roseum—b
F. solani—a
F. solani—b
Trichoderma—a
Trichoderma—b
Cladorhinum
Cladosporium
Chaetomium
Rhizopus
Phycomycetes—a
Phycomycetes—d
Penicillium—Db

Mucor
Phoma

Pullularia
Sporotrichum
Stemphylium
Gliomastix
Nigrospora
Pyrenochaeta
Pachybasium
Cephalosporium
Coniothecium
Volutera
Torula
Mycogone
Sepedonium
Botryotrichum
Hormodendrum.

Lttt ettt b1 0H| Penicillium—a

XX 1 IXXHEX+FXXXXXX ¥
I XTI XHEXHEIXX] | X
XXXX XX+ X+4 XXX XX
XTI IXXX [ HXX | XX
X ITXXXXXXXXXXXX
(10 S T T T T Y Y Y A
I XTI IX I XHEHDIXT XX
IlI_IlIIIIIIlIll
1 T T T T T Y B Y O A
XXX XXXXX+HXXXXX
XXXXXXXXXXXXXXX
I XXXXX [ XHHI XXX
XXXXXXXXXXXXXXX
XX XXX XXX XXX XX XX
X T XXXXXXXXXXXX
XX XX XXX X4 XX XXX X
XX XXX XXX+ XXXXXX
XTI XUXHERT L

* On PDA medium
®k 4 : Fungus tested grew. = : Both fungi were inhibited together. — : Fungus was inhibited

by antagonized one. X : Both fungi grew together.

ARTOTIREL, T 2HOMBIC X > THENIZR 24, BRERICHBRTAEFICELT
BB DORENIERTEEMNE . ULhL, ZOBHCHrLVELHRET S F roseum IKRE
CHEADBEDONIL V. BREIIC WBT 28EHE Pachybasium 38 2, JIOWBERKELD
MENERZBET, bA-> THEOEBONBEAIOLHEFTRMEINS . C OBEIIS0HE LK
KHBRT ZEBCOPESPICRHOND. UL, £FEIMEINEOEEMT b B hnicis
BOEE SN EMET IHARBEBTEENETTIHANE L, COBRTOREIEKICLD,
FLHEEOTMEBIC L ODRORILELSITH S,

% =

T RARESIHP THCOAELHFEL TOICREFERI VI EYEBEE L TE
BICABLERIEERL, BCOEEBRELARYT 3. HiBhiCRIBEHRELBA LB,
COEBBECESEINIRDEDS > THELED RV REFRHRO - HOBEAMNTEDLNS.

TEHcEEERELEAT S L, BROBBEOBACEALRIR - -BECHMELERE LI
T %0 LEPORDSBMEICEET ZEBIE, TBEADEH» O RFMEET 285, w1l
KHBRT 2EH, ChicRCTHEYT 2EE, »ROBINCEET 28BO 4 Bickiizghd. C
NODHEBREALBNICEE L THBERT 205, BEOHH, 48RS 0ERICIVTEHOBERIR
Who F£i, BHOKEMERSEEOHBICIVREL L., HIBBOBEBSLRVEAIIE, K
WTHET 2 BEEHIRFRRIIC B30, B 470 LS50 Tribe?®, Tyner®®,
Menzies'®’, Hering®,'” SREBESBWHOMBIC DO THE L, HEOHEBS PHEMKERR
WO, TEEEEUMMEENYBENRLRREGECIDERT 2 EB~TW %, F7, Chang
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' & Hudson® REM FOB% 3BT, Walting®® R EHHIESE EOMEMEL S BT, &)
DIBTARRBEC LB EME LTV B, BEOWEBRITIRS LR T THEHEMSRD
U, DNTeno— 25T 5o Linl, BRMABREALLES QST 20T OROB
SRF—EILEL, 20%, SCROLEILDZ. CORRIERMLAMERLALEGITAEL
MEHEIC B O THBREHICER SN MNT 5 & & AR TELNE WEBC LD AESHZ VI
WAENAbDEBbNE. FHHEY 13 2— LTIEEO i X L ERLAY, HBEs#EIL,
T. viride 1EDKRREOHRIC X VWL T 5 E|EL, Tribe’ BRLHEPOLro -2 RTHE
WEBOWREE & SICERAYMBMINT 5 EHME LTV D, BBIKAINI LN OHEMEAONE
OBARBE LOBRBOME & K—KT 5, ¢714b5, AEEHHEOBLRIIMICHEYT 55 2
BOMELAKT 2, £ 2HOTEMRBEBRIALEMNEEETH 5. ¢ OMBHHEE X (A
TEBENT—2EFBLEOSONE L, TRERSOBRDICLD COEHIIKIREBICASEE
Z 5N 3o Lindsey'® 3, +HEFTRESFALD 2HEOHFMIC I SREOFINCEDMBR
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