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Dynamic Density of Soil Borne Pathogenic Fungi Caused
Root Rot Disease,

I. Some Soil Factors Related with Occurrence of
Damping-off of Cucumber Seedlings.

Hirosuke Ocura, Tokuuemon MorIMOTO

and Hiroshi IkEDA
(Laboratory of Phytopathology, Faculty of Agriculture)

It is considered that the occurrence of plant diseases caused by soil pathogens need to know
densities or activities of pathogens in soil. In the present paper, the relations between the occurrence
of damping-off of cucumber seedlings and inoculum density of causal fungi or environmental factors
were studied.

Fusarium oxysporum had wide range of adaptabilities to soil temperature, soil humidity and
carbon or nitrogen compounds. So, as a rule, the appearance of disease was influenced by the
density of this fungus in soil. It was seemed that damping-off of seedlings appeared uncontinuously
in case of gaining some quantitative activities in soil, but invasion of plant root increased step by
step with increase of fungal density. Rhizoctonia solani had more narrow adaptabilities than that
of F. oxysporum. The phenomenon of root invasion by this fungus showed the same way as F.
oxzysporum did, but from our experiments it could not confilm the relation between fungal density
and damped sympton as F. oxysporum. Pythium aphanidermatwm was most sensitive for environ-
mental factors in three pathogens tested, and for reason of these characters of this fungus, it could
not- clear up for damage-fungal density relationship.

Each pathogen utilized well amino acids. For utilizing inorganic nitrogen sources, R. solani did
not utilize much ammonium-nitrogen and P. aphanidermatum did not much nitrite-nitrogen. When
these nitrogen sources were added in soil, diseases appeared more severe than in soil did not added.
But, even if the nitrogen sources that promoted the growth of pathogen well were added in soil,
disease did not always appear severely.
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PO B IEAFTIL S 0, AERSEETNEZNERFAEL THBEIOBCIE DI LT S, £
DG, EEHHERMSKEECERICE G EESEIRRY LREND, Garrett® OB
% inoculum potential 1€ X V#RHA L, FEE O REMINE HKMINOWEIC DV TIRE L. Bl
FZEOVTRIFEFTORBEOHK, BELC OV TREMMBCLZEHOMEREBELON
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Fiz 2T 2, 3OMHmIAMNZ:,

HRUABFREZVTRG+F 29 ) JODEL F oxysporum (F50158), R. solani (RS
5085E5), P. aphanidermatum (P5025H) Ths, MEMYE L TR+ v ) PE (&% M
%) RN, '

EBRAFELOLUVICERZESR

1. R OREEEE S REORE S

TP OBEYNERER 2D H O LU HRE L LR REEA EROHAICREAL, B
HORRIEIC & D SRR O FEENB DT BBMEERT DI DO TRE L1,

F2mmPUTFO v E0a VN FIRARFEEEETL, 25°C TUBBIEELACOBRE L
AT 100ml & U, KEMATLBEREMSRREKEDOTOBIESE L 5CHE L, L by
e avRFEOHGRIBTRET P ozxysporum 130 100, 30 : 70, 60 : 40, 90 :10, 100: 0
T, R. solani & 60:40, 90:10, 95:5, 99:1, 99.5:0.5, 100:0 i, P. aphanidermatun
12 40 : 60, 7030, 80:20, 90:10, 95:5, 99:1, 100: 0L B LDICERE LI, CNE2C
IC 4 BRGEHE Uco B 15 cm OSKIC L (EEEL) 1400 ml 2 AN, RIBEL O bEREEE
EWAEMZTEICEAL, | BRSO L UDRERERMIF I F 2 v ) HFEEEKI0RT D
BRiLZ, U, BTFEERECHCENT 2058y 209, L ECH 2cm OESWWHRE L
TEBNTHEL,. COE&, tEARICHTZ Py Eo 2 VERRORE&R, 2hEh, F
oxysporum Tid 6.67, 4.67, 2.67, 0.67, 0%, R. solani Ti3 2.67, 0.67, 0.33, 0.06, 0.03,
0%, P. aphanidermatum Tit 4.0, 2.0, 1.33, 0.67, 0.33, 0.06, 0% Ths. WHERISH
R ZRIRO BRREBEEE L/, RBI1968F 8 Ah4), 9 A LM, 9 ATA, 196945 A LA
D4 BT TS 570 F 1 REHBRMEROPANLSODAHERRLL (ELIR, F1E)

FRBRC EOFHRE, LBMEERIZNEN2.0°C - &g, 25.6°C - @i, 23.8°C - > @,
19.0°C - > TH 20 F. oxysporum HHREIFETREROAVC & ICHRMENBEETHIIED S

F. oxysporum R. solani P. aphanidermatum

(1001 -

. .
R S DR T Ra E

R R

Susceptible ratio (%)

Inoculum density (%) ’
Fig. 1. Inoculum density related with damping-off of cucumber seedlings.
Bl Per cent of diseased seedlings, [__1 per cent of damped seedlings.
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Table 1. Occurrence of damped disease under different soil condition or
different inoculum density.

Soil infested by F. oxysporum

Susceptible ratio (%)

Exp. plot
**6.67 % 4.67 2. 67 0. 67
*1 *k64(43) 70(10) 67(3) - 28()
2 83(37) 50(3) 28(0) 23(3)
3 73(4) 43000 . 27€0) 13(0)
4 62(32) 61(16) 547 - 21(8)

Soil infested by R. solani

Susceptible ratio © (%)

Exp. plot -
%) 67 % 0.33 0. 06 0.03

*9 *¥%35(20) ' 35(19) 33(15) —
3 96(94) 98(92) 74(54) 30(28)

4 88(88) 82076) i 62(51) 28Q21)

Soil infested by P. aphanidermatum

Susceptible ratio (%)
Exp. plot .
k4 () 2.0 1.33 0.67 0.33 0. 06
* | #H%56(4) 43(13) - 69C11) - -
2 10099) 100€100) — 93(77) . — -
3 89(70) 95(37) 88(38) 67(30) 67(28) 40(8)
4 56(56) 56(51) 58(54) 28(26) 44Q31) 27(20)

* The soil conditions of each plot were as follow; Exp. 1: 29.0°C; arid, Exp. 2:25. 6°C,
overmoistened, Exp. 3% 23.8°C, moistened; Exp. 43 19.0, arid a little.
*%  Quantity of inoculum in soil (Corn granule inoculated pathogen/soil(v/v) X 100)
#%%x  Per cent of diseased cucumber seedlings i Pre- and post-damping-off was shown in par
entheses. '

h3s, 2FERAPEL THEESBRERLOMICIBEEESED SN, YRR b B EEER
Fiets B LB RET S, chicl, BROEEIHEEEORKICHE s THMT S L 3KKED
N2z, R. solani bEKOERNESDLS> ThHb, HRLA-EFETIWHIHKERIB O,
570 P. aphanidermatum FFERD 1V EICKE RIS D—EFOEMIRAMIELEH. COBE
RIS OBFBES XS LN, iiili%f}zbcctV)%ﬁfﬁ’%s‘mﬂénéﬁﬂb%w&ﬁbnéo %2
EOERCHEZRDSE O ORBEIC L VERDBMBEEED F 29 ) 2R LD TH S,

2, IEEEEREEOSH ,

HIEDERIC B TYE TR OREDOHBRERFOKMICIVELGINEHEBE L EED
N5, RN P. aphanidermatum WO TRITELZL CDAICDNT, HEHOEE
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BEDZEAL & T BB EOBFRAERE L,

R U CEEERHERBRCS O TRARCEDSRDONIBEOHEE, 714bB5, F. oxy-
sporum T3 L4 200 ml KX U THREBEHE V20 3 YT 4.67%, R. solani Ti20.06%,
P. aphanidermatum TI30.6T%DERICIIB L IICHEL, B Iem OEFHR M) IICHES %
BRELAE S0ml & & bICANTI, DL 150 ml OBEAN, BE/KENLI TLBBELREK
ZREDS0, 70, W0BE Lico CDREYMAELCIKIFEL, LERIKATA ¥ 5 22 BEICH
AlLo R4 F7 7 AR SBEITI0BRICEHE L THREL, BAREHBR L (E215),

Table 2. Number of mycelia in soil under different soil moisture
(Contact slide method).

F. ozxysporum R. solani P. aphanidermatum
Soil humidity -
**7 days 12 7 ‘ 12 7 12
* 50 % Y 100 58 L@ 220 200
70 97 112 32 -2t 172 180
90 170 204 21 24 94 64

* Soil water holding capacity / max. soil water holding capac1ty><100
¥+ Days after inoculation
**  Number of mycelia on slide glass

F. oxysporum ZEESKICERNTEARIEMT 5, 37, FEERTEIODL128DHMBEA
OEEMRT, chicH L, R. solani, P. aphanidermatuwm (& 7 BRITIZHIL 0 OBEADELE
TEBDNBRICIBEU-EARARIBLT2EEBE 0. T, BENDSTRERBRIDN LV, X5,
CNLEADRHEARS IR U ERABELTEETF 0.5, 1.5, 2.5 cm KB BEADELAE
2HEEL GBLIRD,

P. aphanidermatum R. solani F. oxysporum

Number of mycelia on contact slide-glass
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Fig. 2. Distribution of mycelia in soil at different soil humidity.. Mycelia were
counted at 7 and 12 days after inoculation ; [__| at 0. 5 mm, NN at 1.5 mm,
at 2.5 mm soil depth.
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COEBRICEONTREER R MV MERCER LT VWADT, AEVROBEFEEIR TREICS
Wo F. oxysporum TRIBEEMSBOEACEBEOEHAICKL TEHAOOHRITEBKCEZ . L
L, BRECRBICONTRECERRZATICEMN 2, BEEOEACI EER~OLBD R
BEO, BAECHARI2ERICR EERICERRE RSN, THEBCIHBEUCERS LU
ARSERFNECRDONE, CORFRE[FICBITZEAE RBZEALY, T, BEEOD
BAKRAMAERTOERBIBEAERDONIE . R solani 3T BRICIEAR LELEIC
DT D, COBE, WROBERBEBEEOFBATH S, NERICIIZEESIS, 10%X TR LE
WOBEARKECERLL, BFHEERIBRL T2, chicdl, BEABOPRWIBK TIRI2AHR
KBOTHLEAKRGB ML, Lrd, LESCBTL, TRECIERLLLER H50
BABYEE - 1-EABEMT 3. P. aphanidermatum & R. solani ERUBAERYT Y, &
EYSBDOBACRBEARL ALY, EBTORKBNELLHTOVRD LML, chbDT iRt
BEEICHT 5 RIS F. oxysporum, R. solani, P. aphanidermatum DIFICHELILBHD
EBRbND, : '

3. BECHd 5 ZREEORIG

GBI EROREICHEESTA3ERD — 2 & LT, BENSREECSIEZTEECOLTREL
7o ) :

BREEAE Y + 74 SR ERE LCHBEL, 15, 20, 25, 30, 33°C IK#EL, 4R E
KEADOBEZRIFE L, T/, BOcm BE Scm OEE YK Czapek TREHIAFK 2
mm DEIICHL, SEEBRL T5°CIHE Uic, BT D MEMORIPICIE - 78, BEL
febEM dem OEIIKANTHER IR (X8 500 g iK1 AMA, 2KETHERBE L DD
URMZERICKBL, ZoLBRAER) 2N CTEEERREKED 10 BIE 5 X5 IHREL
too BZEDERED» DS Jem OB IC IR MK EREH (FER0.6%) 2 BB LI AN—TTF R
EWEOSKTETHEORBEKE S, NRSEEICHE L. BE®R, »—7 7 RERBLTH
KROBEBREL, UREEICHE L -EROMEICHRELL (BIXK),

Table 3. Mycelial growth of pathogens at different temperature.

Temp. F. oxysporum R. solani P. aphanidermatum’
cc) *A S A s A s
15 ** 3. 0mm 2.4 7.9 6.2 11.7 8.5
20 5.1 4.3 16.0 13.7 23.0 19.7
25 6.6 5.7 24.0 21. 6 24.0 22.1
30 6.3 5.7 22.5 20.0 3.2 27.1
33 . 3.8 3.1 13.0 7.7 36.5 31. 4

* A :On potato decoction agar plate, S :In sand added soil extract solution.
**  Mycelial growth for 24 hrs.

F. oxysporum, R. solani \ZH-EBEHIRE 25°CHIKTH 508, P. aphanidermatum 3R ER
FEORMENTRERBSEBTRBETH S, cnRITBHICET 2MEIKBNTHEDIZITNY,
R. solani BEEPTRICEBA 2 LARIKMBERIZETL, F/, B ECENTHIICTIR
sector EEBLR T2, FWESTBEPTOMRIIFEM LIV B E L5,

4. TERINMERETORE :

TEPOBEREE L Tero — 25 FH, TR YEINZ TR O FA D B 28
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L7,
BIScmOMiITELEWE L - 1OHARKBALTAN, trvo—2REEHKRSg TOMAT
HEBRE L, —F, BFEREE 200ml =87 5 X321 50 ml @ Czapek EAN, 25°CT
HRL, 10BRICABT LAEE D 2T U TKEER, BREKENATHREYF4 ¥ —THKL, %
OFERERBCEA Lo OB, F ozysporum TR 177 23hO2ERE%, R
salani 317 5 2AahOWE 5 DY%%, P. aphanidermatum 3%OEEESCHABEBHKZE
HERE L, 201085203 WNEESSICER L. BEI0ERICF 27 ) 2B/EL, WAHZL
RIS HBICHE PR > TRFREEEZAE L. B4R,

Table 4. Occurrence of damped disease related with inoculum density of
pathogen and cellulose in soil.

Inoculum Non cellulose Cellulose addition
Pathogen densi 3 Diseased . Diseased
ensity Damped Slight ratio Damped  Slight ratio
*10 **10 70 80 23 54 71
F. oxysorum 1 0 25 25 15 30 45
0.1 4 21 S 25, 6 25 31
10 100 0 100 100 0 100
R. Solani 1 76 23 99 84 7 91
0.1 13 24 37 - 37 25 62
10 70 15 85 76 8 84
P. aphanidermatum 1 40 22 62 41 2 43
0.1 26 5 . 31 29 7 36

* | unit of inoculum density were mycelia of F. oxysporum, 1/2 of mycelia of R. solani
and 2/3 of mycelia of P. aphanidermatum in | flask cultured in Czapek’s solution (50 ml)
at 25°C for 10 days.

%k Per cent of diseased seedlings of cucumber.

BEELOBEHMU BRI T ERRERBHART 5. F oxysporum 1 2w —ZFEMCL O R
WRIIWML, & ICHEIBESEINT 50 R solani 13m0~ ARMOFHIEEEDEH
BAREDOLNIIL, CRRERMRICEN TR UIRKL, EEEs HnaE T8 S
12HTHA Ao UL, HEEOENEAICIEAMRICE LU TRBIIZE NS, 2O 2HEid 1%
oo —ZERALTEADOEUEMETIEDEELIONS, NI LT P. aphanider-

Table 5. Utilization of nitrogen sources by pathogens.

Nitrogen* ‘ F. oxysporum R. solani P. aphanidermatum
NaNO: **35.6 mg 115.1 18.6
NaNOs 29.8 175.0 32.0
KNOs 26.1 128.5 36.3
(NH4)2S04 22.2 78.3 28.2
NH4NOs 24.8 83.5 39.1
(NH2)2CO 33.7 92.5 ° 39.0
Glutamic acid 57.1 147.6 50.3
Aspartic acid §5.5 188.6 50. 6

* These nitrogen sources were added as same weight of nitrogen in Czapek’s prescription.
**  Dry mycelial weight of pathogen cultured for 10 days at 25°C.
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matum TR0 — L BEBIRDHD, COBEREre-—REFRLEBNEEILONS,

IFFEEOEXEFEOHMBELMB /HIC 50ml @ Crapek BHOEXRFERMUIOERBE
ERDEFAHMIHLATUOmI BA=SH Y 7 2 IRICT°CTIOEMEREREL, AHHEREOMEZ
FELR (B5%E), .

EWEBEIR T/ BMELCHAT LN, BRESZOFBR »pRVOERMNSE, TRDLS,
F. oxysporum &7 ¥ E=TEEROFAIIE . R. solaui bREBMOBEAERTHT v E=THE
EEOFAR F. oxysporum L0 LEL, WHMEERIISFIRT 2, P. aphanidermatum &
HRHBRESROFAEDT TREFRIARTH %,

DX BIICERBENA THE RO RELBE L, RRRAMICE [5cm OSKIKHEE L
BAESREALTAN, tro—XRREMATREL, SREEENEOSERD Y feER
L, Czapek M5 &S BOERBEEES 300 ml TOMELL, EXRBFRIESACLE W L,
Fh, Fa29) OBELLCIOREREOMRERICHEDL TITE s ke T, MEEIEERACT
BB DILIRTS O DNCGREE T - 7o (8B 6 K)o

Table 6. Occurrence of damped dissase in soil added cellulose
and nitrogen sources.

Carbon source Non Celiulose Cellulose Cellulose  Cellulose

Nitrogen source Non Non (NH4):S0s+ NaNOs  Glutamic acid

**Soil steril. *14( 3)  120°8) 27017 18(18) 320200

P. aphanidermatum
Natural 0 0 1C0 0 4C O
Sterilized 26(18)  32024) 62021) 25(15) 70(52)

R. solani ‘ .
Natural 2009) 3005 50(30) 20012) 48(38)
Sterilized 3C 6 4200 50(10) 55(10) 77030

F. oxysporum
Natural 18C 00 50(16) 54C ) 36( 6) 61(17)

* Per cent of diseased cucumber seedlings, and ratio of pre- and postbamping-off was shown
in parentheses.
**  Soil was sterilized by steam.

BREEHRZOTNOILEZ I VEBEMAZ CEICLORFRIE LB, LrL, HEROEDE
BEBRICHBNT, R. solani BT v E=THEIOMBEL X CHALLKSNST, RFETIHIC
ZBBRAL D, R TV E=TESEROEEDT TR+ v ) ORSEEE ST B0, &
HODEOEATOESICBMBICBAL S 2b0EEZ bh, MRETIHEADEENRTSH D
KHHETF 0 ) DB THAEBERTHELHEELONS, $, TI/EBEXROTTRR
BEEOAMBRALICDEENNRICIEEEELZOND, choDT X F. oxysporum WKHL
THRBTHBEELZONB, L L, EREIBCEOTREMMBHEAHEOFEALEICLDE
BEREOEHRETL, BRER]ETT200EBHONE. P. aphanidermatun b L LW ERU
BiME SO, MRELHEP TRERLCHBEETRRIEALRRICRBIVRBROLITH S,

% 23

TEEEORBII LB BT 2RFEOBE S 2 O RERIC X DEREN S STINI0ILIN,
$fo, WEEAEbAWL —DOBICHY ZWMEDHIC SR 2 FEYPNERSEZR S & TH2>
4.5,8,12,17,18,20)

IR R R R i ]
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F. oxysporum, R. solani, P. aphanidermatum % FBICHETBL TH 2 v ) $HEi~0ORERE
BETLE, RE BETEOBHNKHCIDRBHERIGEOR-TOE, F oxysporum i3 3
BOIBLTREELIBENERL, R. solani BTN DS, P. aphanidermatum \3BHE%
BREFENPTINE DI THB. Kraft & Erwin!® REZEEOENSARIBREERR A /A
5 EEREL, Bateman®, Colhoun & Park®, Griffin®, Malalasekera & Colhoun'?, /I
A HREAY SRYEHEEEN, (RBEPIERE DV THRE LTI 3, Rao & Rao'® it
VAERRE ISP OEERIC L THET S EHE L, Gooding & Lucas”, /Mg - HA -
H1® B3 F ozxysporum WX BRI HAMEHEEL L TEMICES C E2EBL T3, KER
KBTS, F oxysporum 13H2EEEL L TEBICIERERT N, BEOHEEIEFEK
BUTHRAICHMNT 2, O 2BEICOVTHREAMOERIBDONIH, HALLEBEETE F
oxysporum DX D ICHIITIRED S, #HER LA IWEBEGEE I 2 RIGRIZE > T
35, HRFMWICET ZMEPBEED 28°C 2 I 3013 8 AhHOMBICT ¥ (BERIREH
BBRICEB), COREMKTNISHRERIZ Pythium MOECEL TP S>FRNTHA S E8BDH
T hB. —F, TEEECHTARBOEECLIDRLE -T2, AZRITERCEELFELT
WBFw, MEMICH L TFREBICE OBAMRMENSE D, F oxysporum TRIBEDHKIC
DHTHEAIHRBABTL, TEBCIABRTFERTKTIELD, R solani RIEBEDOHE
RERZLESEICEEST 24, RERIKE BREEAIEST 5, BERETE BARRDRL
B, BSHICERBEHmML, MEBABTT 3. P. aphanidermatum b R. solani & ERKRD
B ERT BEENBTRERBS DU BATODLU0, choDBFRRB 1RO+ v ) OER
RS DR E N, F. oxysporum MBI EBERMC LA INIZOD, R. solani 3 LHRE
EM, P. aphanidermatum RERBH BEOCHBERFIKLELBbN 3, sy LIEEHTH
BRBTO P. aphanidermatum DWEBKEVOREABHMRLMBEL T2V ) 2B LI
HTHB. UL, Grifin® BF OWFERRERIMCEOTHEELS 2 EE2HELTY

%0 . .

—7, Chapman®’ %iZU%, £ OWRXFRLBHERASBAEYRICEZ 3 BT OWLTHREY

LT B A551,29 Kraft & Erwin®, Maier!”, Papavizas'”, Toussoun:Nash & Snyder?®

SRERBOEHLBI Uit ARRICENT, 1Pk re - 2ZRINTSE F oxysporum,
R. solani REMEM TN P. aphanidermatum FERGEAZFIBA LD, EEFORH & &M

WEOERDBBEDONED, ¥V VDEBFL TV E=TRERZNMHT 2, 2D X R. solani
RB7VE=TEEXROFEDOT TRABTBENICHINS T, BRESEATE —HTHA5, %
7o, BREBTRBELBEID 20 ) BEEMBETTLORPERMC L 2 MEHHRBREDE
HEMETRHTECEVBDETHAH,

WaEZBICHID, RERIKHATAOW I LAZETFRICHES R T L RETT,

= #

THREORBI LB ORFHEBE LS UCRBERICIVER SN S, ABERER+F 27 &
V&7 Fusarium oxysporum, Rhizoctonia solani, Pythium aphanidermatum %R CHEE
EE+av ) SEIIEREOREMSEE DBRE S CINERERIIIC DN THRE LT,

F. oxysporwm G LHRE, LHERICHLUTHBOMIZEL, FEED~OFEEZ LB OE
FECIOEEINZESME, AMERGETE & Ll @EisincieD, H2EBEMUT
KRNI REITET 2. UL, AR EY ORI ORI 3% ORI i LTiiin
T2, R. solani RBREA~DWMIEING F. oxysporum £DHFH . YR~ DEEL F oxysporum
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LR EMERTHSIGER S BEEOBRRAERTIIWS M T, P. aphanidermatum i3
JEDS B, bol bBEEROEELIFRT, cOkY, HHEELAKRORKINSHTE
Vo BUWELEBMEERIICHAT ZM, WBEERXRTE, R solani 7 ve=THEREE,
P. aphanidermatum RENBEEEOFED T CRETRR (KLY, LrL, fEdicand
EREEHE L BA, HOEBTOBRTIRMST LbYlHosRLEDL LRIV, N
MHEC X 2HPEDERSEARICER T RETH D, : -
PlEORE, HWEDIRER ;R ORFEOH, HF KOS ORI FA X T 2 ERE>R

WCEEERIEZR SO THA D,
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