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PowEeLL & “*1X, M. incognitadSiEH L 7z 5 /8 2 Tid,
Penicillium martensii, Aspergillus ochracens, Botrytis
cinerea, Curvularia triforii, Trichoderma harzianum 73

EXBRREEORBR LI VBELALECY, £F

DBEEENZ L L, ZhidubidEn e o HsEmmsE
Ve OFREMNEHEEERE2RLTEY, E»IZHIOD
X 5 R BREEYOREIC BT 2 FEARE R E M
HOBENLEREZEBHELP»H5%, %7 Yanc
5 (168163 T Y DEERFATCA I T T 2V LR
L DEEEB NS 3 Trichoderma harzianum DE
PRELZOEEREDD L TR L, Trichoderma B3I
MR OFRECRBORBREBIERED 5 VI MGIN%BE 2 E
CTwaZ iz,
FATRFavDRPZLVEFEEEDO 7Y T A
RIETIELIBEEI NS Z L3 T TIRE LY, ZORE
AT 2 BRI REBITON D XD R -7 DIFE
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Table 1 Selected list of literature references to Fusarium oxysporum-Meloidogyne interrelations
F. oxysporum Meloidogyne Host a;ﬁ?:f:ice* Reference

forma specialis:
conglutinans M. incognita Cabbage S+, RO 34
cubense M. incognita Banana S+ 114
cucumerinum M. incognita Cucumber S+ 21, 62, 96, 24
Iycopersici 'M, incognita Tomato S+ 91, 96

” ” ” S+, RO 76

” ” ” S+, R+ 20

” ” ” RO 11

” ” ” R+ 15

” ” ” R+(systemic) 15, 140, 141

” ” ” S+, RO, R+ 58, 62, 83

” M. javanica ” S+ 10

” M. sp ” S+, R+ 170

” M. spp. ” R+ 71
dianthi M. incognita Carnation S+ 137
melonis M. incognita Muskmelon S+, RO, R+ 9
nicotianae M. incognita Tobacco S+, R+ 101, 107

% M. spp. ” 'S+, Rt 125
niveum M. incognita Watermelon S+ 62

4 M. spp. ” S+, R+ 149
pisi M. spp. Pea S+, R+ 26
tracheiphilum M. javanica Cowpea S+, R+ 153
vasinfectum M. incognita Cotton S+ 40, 43,106, 119, 166

” ” ” S+, R+ 67, 144, 145

” M. sp. ” S+, R+ 4,103
unknown M. spp. Chrysanthemum S+, RO 75

* S: Wilt susceptible cultivar R: Wilt resistant cultivar
+: Indicates increase of wilt disease appearance, O: Indicates noneffect to wilt

disease appearance.
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BLIZTHOL L TEEEINS,

STEINER®1Z, HEEEMREORRECEAL T, =2
PEoFEREE L 2BEEROBEREEALTBY, %
O TEHBIIEROFEAE I BT 5 Initiator, Cooper-
ator, Synergist, Aggravator, Carrier & L TO®&EI % &
U, DRIMOBEEDHEFERLE L I2EELFETDHS
¥ U7z, PrTcHER®? i3, #&H & LD EWRIR & OMEEE
FlIzonT, ZORBREELERL, BEO%REZH
iz HEAL 7., 2huc i hid, BB 1) FEEREA
DR O BAEIER, 2) FERRK TNOREEH,
3) FEARC BT 2BBUEEORK, 4) FEHEICE
\F B R DR, 5) FEARYEOREK, 6) &
SHFIMEORRE, 7) FREOIEL L OREREICEHE
5L, #7-hEALMORREEE L OHEAEFERIC X
2EER>TB LT,

% 7> BERGESON®IE, B RRE L X X 2REDOH
FIeN T 2RO/ EIC OV THR L, Pitcher DEZ
PITITHET I REET L. 20X RBREDOD DHE
EREAC L 2 MOBREED ZVRIFZNIZLZERICE
LI TREOEIZ, bBETHHE, MEOBRLT
W3, HUERITFI0L Oh0EZHCHBEL TVWE ARG,
SRR SHOREARIC & 5 RROENERE &£ L TRRES
N3Z LT, 22 [(BEBEERE] v BEEM
AN2EERHLLEZLND,

IR UEEEROMD SE Z BB TIE, RBEEAM
DIRIEMR L DIEEFER D S 72 5 TR DORBFE R ORRRE
KOWTEEL, 2hLPNOERROFEETEL LD L
T250DThHa, LrLEIS, ZOMBTHHADR
Bk 2BRENBE R oK ERB L VDT TIRZ
LV,
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TEAEREZFRAMERE

BI2E

DITTMANN®®1E, RIRE EBRER LI L 2 BARE D
HEERBEL, REEOEL 2ERE, 708EED
BREER2 b OEHRE, H250IEERE YT 2E8AF
FORMBE L L TORBOBEMNRE 2ERT % L3t
W, FEEVCBI 2REFRBEOREIZL /208> TRD
S5EBR2 BT, $2bb, D)—FHDOREICL3HRRFI
AR BASEELBIIZE R, QEH DK
R & 0 BRI 5, QA L D RBIIHEE
Bzl 5, QREOM THRIIBZERMIZT: & 2 HR
PEEIND, O)MREHEEICHER - ARG /ER
BRI TIE6 &, RRVEEINS,

23 LIBAs» 508N, BB ERERRE LD
HEEROBND 2 VIZZERN 2B R L2 bDT, FE
BB 2 RRLERRRE L TOEESRORHE % FF
i3S TCHERBCET S, OB WEISCHER X, ZD
MBERIZITREL T, RELUORRE L ORI HI:
5 HERRERENCRE TV S,

PERRPZ OO RBESOHERIIOWVWT, Z0

WTENBRUTHEILEVLIBRIISTBE, 22T,
D H T [BEERE] & [HER] Lt DRAZEOBE
KR->TEELV,

ZITHwohD [EERE] L5 AFEO#BRI,

Table 2 Scope of complex diseases associate with plant parasitic nematodes

— Fusarium Meloidogyne 61
Fusarium Pratylenchus 63,64
Facilitation Phytophthora Meloidogyne 130
(Additive or —  Pythium Meloidogyne 60,102
synergistic) Rhizoctonia Meloidogyne 7 ,45,155
T Verticillium Pratylenchus 100,111
r c Jr?}i)l ex —other many instances 28,123,120
s . — Fusarium Ditylenchus 130
UPPTESSION | puspyiygm Aphelenchus 132
Ant t ke
(Antagonistic) “— Rhizoctonia Aphelenchus 75, 135
o Alternaria Meloidogyne 6, 38
FEgg;&%g?n {CMV Meloidogyne 37
Uromyces Meloidogyne 14
__Complex  __| Duplicate
disease complex —Glomus Meloidogyne 143
&lggeﬁlo?lc)_ Leptosphaeria  Aphelenchoides 116
gons Rhizobium Heterodera 3
—TMV Meloidogyne 47
—Bacteria Meloidogyne 98
Facilitation __| Soil fungi Meloidogyne 129
(Additive) Soil microflora Meloidogyne 146
| _Indefinite — Trichoderma Pratylenchus 31, 32
PLANT complex
DISEASES Suppress]on _[Asperglllus Melozdogyne 49
ASSOCIATE— (Antagonistic) Penicillium Meloidogyne 49
WITH
NEMATODES r—Arabis mosaic v. Xiphinema 50
Raspberry r. s. v. Longidorus 55
. . Tomato black r. v. Longidorus 51
(\Q}E‘ﬁ% %;s%%%es A Tomator. s. v.  Xiphinema 70
virus) Mulberry r.s. v.  Longidorus 164
Pea early brown  Trichodorus 42
__ Stylet-borne Tobacco rattle v.  Trichodorus 88, 156
transmission “—other many instances 18,131,151
Bacterial dis- .
Xanth
| Transmitted_| ease(?) anthomonas  Melotdogyne 80
disease . .
Obligati Corynebacterium  Aphelenchoides 124
intexlf:lgt‘ilgn {Corynebacten’um Anguina 48
| Contact Dilophospora Anguina 3
transmission Facl
tati . .
inig?rezl‘at‘.‘ilgn Corynebacterium  Ditylenchus 53
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FH. b MBI 2a 78 FaveEDL  )RHLOEARRIC L 2EFARNEE

2% ) [RHEEEFE] ThoT, XEBVRELEE
DHHRELMEREL, TLoDBEROD D O %
Bbiw, 20odzid, 7 2 IERBZ L > TEREH
LAY 4 VATRETTRTEEALIERIA
WEESNR LS, EIOFEOERICIIE, BRRE
RELEZBOBOM U BOEEL LTHBEL TS
ZEHENLTH B,

—F (&) 13, Z 273 F2hULOREDOES
Ko TBZ2ERERL, [FERE L ISR
RHANBEEERT21D0THS, T2bb [HERK] I,
ZDERORIIER R & OB RE & S EE % 1213
BT 38, FOBEEDOL M, WEICKSBEDM
HEDLEELFICHERET 2O REBCHEHET 3 0 IWEE
WEOVRBBZERD, "TLBHE—ELTEN,
CHRISTIE®?IZ, HE L HOREE L OFEERIIZDODH
Braiieonsd L, —2RNADKREHLADKRE
RICL->THETZHD, HMO—2RZBOBDDIKEL
WEERL, ZhsDBERENZERCI>THRRERT S
bDErEZ., BEOBEIE, VHITHRLLEBOMHE
HIEARE®RL, EAROBHEEZLRCHES REERL
T3, ARC®Z, EERE2EbO THRECRY, AH
DFEBICE > T S NBBEAREOBER, o7
S BIDREHBRBT 2 BEDAEIET E L, WThiZ
¥ EHARIC OV TERRROIMNED» 5, WHDKEI X
ZREDEBEIEREZRCLLDORIERIHTZ LY, &
6K@éﬁﬂ%ﬁ%ﬁ@ﬁwﬁbf%,meﬁw@%
WHREHESEARBRD RV, I I THERRRDILE
#6§£ﬁ%m3@éﬁEtM@rE%tu;éﬁAF
OA R ARIC T 27011, ZhETDEL DHRES
T ERC L ETCHREAL S DREBN R IR
Fhidz sy, Fhii [BREERE] tvuwbhb
SERONBEERECREL, 20HTO [EEKE] O
MBS LEHEEPBESHICT LI EPHROBETD
3,

AR Tit, FTEHEEEREORELSINE D
WwABIL, LEEOEERLBRBEHREOREL L, ZL
THEROHRBEE FNFhOBRZ L > TROD=EDZHE
AL (E2R).

(1) EF#HAEIR (True complex disease)

HFFEMHIRR L ORERE L ORARBEOHERFER
TAEEFNEEEEARE L TH-o . ZZTEAER
ROFERIBMECIIRESZ L, P2 EBWHDOR
BEORAZ IO S U BV LT
HBLTED, 2OBPROBCEEZ L IMBOMEE
ABEDONZLORIET. &2, ZOBECBILR
Biziz, FNFRE—DRETRIRD S I LOLWER

BREEBED TR — I E2REOEAR L AL TR
RSB 2ED—HBITIE D 208, KAEDBHITIEZ DR
McBRRERIILL, WHhIIE—DRFECL2RRBLE
DB T IIHENELL L TEDOND DBH,
BDOZFDE EDOFFITIZ, B—REAICL3HRLHE®L
TAEME S U< BHERWTH 2 HEECHLT, —HBD
THHEAVHSNTVE, BEOHEBFlCASID S
 DIEFIH Z DEERICEET 5.

(2) #Ht%MEE% (Duplicate complex disease)

HFEEYN, BRLBORAEEOZNZHHEORA
Rz L D [ABICRFRT 208, Z2OBBIBVLTNGD
MCHRENCHEFERZ2EL, BLCRRCEEEB &
ZTIEE, FhrHENHEARL L Rok. ZOBE
i, SR OREEE OBEENSHEEERCISHD
TRH L, Lizds> TR DRSO AR XA L
532 bDEIET. EEHEL TR, FHROEHS &R
W EMRSC k B FR E OB/, REEINZELE LTED
SNB I ENEBN, BB I TEERETRE AR, WAD
FEIC X DERCRLELTH, FRAFRICLDIRRCE
b s T, FhiRBER2HETHD, HE
RE L THRbizwn,

(3) TEMEEH (Indefinite complex disease)

HXEEYN E TERE - BLOREEOREE S 7,
TR S EET B TERIREM O R O IRERE R
OIS L O FIRT 2HE, FhEREREERLEL
otz TRREFARBERKGETCLELIEEI Z2TE
HIRED —DWHLTA2HDT, ZOBEERXRBHRT
23%E (Secondary pathogen) 12, BHED b D LIZRS
¥, ELRLOWMLBEIND Z LWL, LLLT
EHREC & 3 ZRBRROEM, BE—RERIC L 5K
ey rE D, BERSEEOXFINEELBETIE
FHEEFE L THRbhAAREME b H 5. TEMEER L
Lo, —BICRE-RBRIC L 3REBERE
rLTHbN, #0OBRBRRHMOBK, EBEERLED
REMROERIERT 5. 2LBHCREEOREY:
313 7 FEREYNC ZIRERR & U TRED REMRAH
5T 2888 TiE, LIEFLIE—RREI L 3BE»TER
T AEHBE S TN 5613,

P ERERROBSC I VEESREEILI DT,
%B&k ﬁ Z"L 6 D EPT*EEK%EA?JD é h?"ﬁ/@ﬁ [ % -
rhEzon, ELI(3)DAREREARL L THD
n3y0TE, WOBREROERCER > TEIID
HhEZZAEELD S .

—F, BREHREOEDRICE, RBESIFELESKRKE
KIZE > TRIZTRTDBENEGENS. ZOHZE,
b OREAE R ERT 2R L LT, BOEKR K
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#EREH

) LHEfERco T sNn3, BOGKER, BhoOst
ZEL URRE»EFEIERORE TCEEEI I HD
T, ZDONRIZ T T NEPO virus 3 213 TOBRA
virus EFEIENBHEY T 4 VAWREI NS, O TH
N, RaTR U F a4 a3 YORBRE (Xanth-
omonas campestris) ZIERNEH T 2 2 £ 2 EERIIC
AL, RBOOSHNELSHEMBEORESIDIES
PIRNZ E»SEZT, ZORMZEENTHS., %
THHBEOHEBREEIRONC LIBREEORF 214
WIZEH, BEOBEIL L b IGERT RSB ONT
WBTS, ZNNEFEICEEIN, BENREL:
VS EIRZ R,

BEAEM T, BENREEEZ2ERIIEL TEbE
U, ThZI->TRIZRASNRER B, Zhicid,
FFHEYOFEE O EALIC AR R HREA % & USA L E AR
ER——a XY T F 2 (Anguina triticii) & X
% Dilophospora alopecuri DIEHRP——L , Bz BT
BN & > TREBRB B SN2 0HER L B8E 2 o0
5(53,124).

PED &5 R HEERED AR 2 EER & G REH
BORE LICKBIL TERZTROEHEEZ ED 12, HE
BORZECEBFRTHZ Lz, 22, &
HYEY) T 4 VA BEHRT BIBET, oL A —HEOES
METHHEY Y 4 VAIRER Z TAREMD B 223, HEF
2, REAOEREELEITNIE, FIEDOHHE S
LBRBEDDT 4 VATRE OHRUEEESHE R T
BEEMSEZ OND, ZOBERBRBEEREORL LEE
WELELZ S RFHRZAIE LTHRbRAIER SR, 20
O RPIIRREME L OBETHED & N 5129,

BAE YT/ ERATECFaIFRLRICETS
Fv bPEL & I HERBEOERE

P MBECBI2EL 3RO AT RV F
2V DOREZRMTHEIEDONTEY, #hdick
LREFHERIIFLVLONH S, WER L bICHEEE
VIOBEIEIC & > TREPEKRT 2 HBRETHD, D
BERETZ 2L LW TR WO HsETIt, 1
M3 3E» sTbhbhi: LIBREHPLREAESER (BHE)
PHEVHFEERRICET 2CRAWE (BHE) k35
MEBORAEL S, BEbrHFEATI TR Fav LD
BAERENTED LN, ¥ THELEET 2 wJREESE
Hahi:. BHZ, SLOMBERO LI H 20
FF 2V EEEBCBITAEDL 2 5K O2EIRD
RELAAT U F 27 EOBECOWTRIL, #h
SOMICEWHEEDH 2 Z L #HE LT, I TORF
T, 2aTerFavBFEREBIC N~ b REEL

BOEDL r HROBRFRZ LW DV TR L LFARS
NTELT, EEREL TOERBIITHAL AN LR
v, ¥, AETRER, 227U F 2T OBEREETE
B x )REHED b2 FRERBITAEDL x S RORER
NEL LOHEREINTERLYIY, bBETIRIZEA LR
HahTuizn, '

ZITIOWETIX, ETFERBERCRI-A2T7E
VF a2 ERIEX LI EFRIBEBRICZATH RN B
HIEL, EL 1 OWOBROEEBRZHS LT R L LD
2, bHBETHET 2RZRED D b, FH 1 SHEH
HREIC DOV TRFE R &L 72,

F1E b FOEEREBICHITIRR

1. EB#EZ S iC Gk

EKERES . TEXRFZEEZFHRMRBENIK, 227
— M THYI o 725.0X4.6m (23m?) DEERX @D &
¥TET, ThZTEHRELRX, FEFLREX & Lz, BH
BRXiZ, AEREHED 3 3EFE, ¥V~ ®22T
v F 27 (Meloidogyne incognita) DEFEE LIz F 27 )
DERBEEBAL, ZO®F2VY, PbBLUFR
PEERE L THRRE2PEE IS, Y—2EREEE Lk,
FEHEERIE, FavVBRIREEATAZI LR, 2
7Y, FRERELLKT, EREBBOREECIIA D
T rFavDFEERED SN0, HIBIZEERD
— LB BKIUKDIEE LT, pH I2558M% (6.5) Th-
7z,

BRRE: b~ L3 RE, BERYFO—Y, B
kEF, BREHVE, Insid M incognita 12Xt L Tk
WFN Y REZMTH 303, F. oxysporum £. sp. lycopersici
(race JDICRMPERY Fu—¥F D AIBRZMH T 2
BB TH 5.

HEHEMOER B & HEHE | HEAEY I RIEE
T3 % A7 #BFEFIC Methoxy-ethyl-mercury chlor-
ide 0ppm BR THEB L - EFEF2HEE, KEH?2
~3MERTL2ETEBELLBDEE=— LKy b FK
HEL TE=—n o AR THS0H B Bk EBRES I ©
HIEI0cm, HEEI20cm OB TERE L 7.

EERIZ19TTHE L 19785 D 2 £z bz, X b= b
% 3EEL TTR o7, 11EBIR19774 4 R19H I EHE
L, #1208, 21EEIZ1978EDFEEL L T4 B30B»
S#I1008 [, 3TEEIXFAFEDOKIEL LTS8 H30B» 54
THMZh ZnBHFERE L., HEEEEE, 1/EBIR
HonfE & L BRARERXITI05, FEFRXIZ208kEL, 2,
STEHIMERX & bIMFR Y 7 o—¥1335kk, o 2 S
FoFh b 258k e Uiz, MR, JTIRCEIES{LEAEE &
BREIEE (bvLo5>FR) A, BEcibkims
DOHAW, £EHEDORZEHEIT, —BETEICL
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FE: b MBI 23a78rFavbED  HFEEOESREK X 2 ERRNER

7oz,

b ORBEOEME | #EE R, BEFHTEEENR
DM MCRELLED O RBHREE»STBEL 7
Fusarium oxysporum f£. sp. lycopersici (race J1) T, ¥
FEIHIC 13 Czapek HifEEEHIT25°C12EMIIR E S B L C
Bohl:ERTFERVW., EEIIRRELRX, FEEH
RoznzhiextL T 1EB L 2fEB K fTo7%. 11EH
TS5 A 1B 1%H7:01.29%10° @, 2/EBTIE 5
A11H125.60 X 10"{H D 3 A MF %200ml DFAK L &b
ROV EE, &5+ c#AL TxFADREF
DrEEEL 72,

FEHE  EB L ORORIRRAEIZETITHRBR
WL - BRSNS TR o 7. BEEONEREIE 2 ORE
BIZED 1~40 4 BEICHT, REBRROFERIER:
KRCE DEH L, ARCEX T L ORFHREELRD
7z.

5 1 IROREEE

4 S BLWED ;) 2ELEEOITIZTON LA Lo

nEko72b0

3 KRR DOS0%HTERDEDL 1 D FIIRIEEERZSE

T5HD

2 IR EDIZIZINGDEENEDL & D AR
ET2330

1 EEO—HBELIHIZELEELLZWVLHD

0 . ERHTREEERLARZINDEDHD

SR (%) = SN m+2n+3ns+4n,)

4XN

n1 - BERRAE 1 OEEEK

ne - BERRIE 2 OEEEK

ns - BERRAE 3 DEEEK

na - BERRAE 4 OEEK

N iR E R

¥ - BREOBEHR TRICIX, BEL -HtEEm MG
DHIPEER D > E & YINT L, BEROBERER 2 FEL 7.
EEBEORBRER, Tl THRERSDOED
2EG LT 1~ 4 DB, HNEREERICT
AR CEEBLEREEHL .
AaTerFavOFERER, EHEEERICEER
RO 2| LTI —VORRIRELBREL,
NS ERERTRICEY BT 2EE0FERE:
kL, XMoo T—1iE#E ERLUTEDS x SROFER
EHEOBE LAUARTER L .. #MEFOFERE R,

X100

Table 3 Fusarium wilt incidence in three tomato ciiltivars grown successively in the field infested with
root-knot nematode or noninfested.
Cultivated successively in
Cultivar Field block Summer, 1977 Summer, 1978 Fall, 1978
W.L® G.LP W. L G.1. W. L G.L
Nematode % % % % %
Matsudo— infested 100 74.8 100 69. 7 72.1 73.4
Ponderosa
(F—-S, Mi1-8)
Noninfested 75.0 0 62.5 1.8 16. 4 2.8
Nematode 0 ‘
Kyoryoku— infested 69. 7 41.7 65. 7 5.0 72.5
Beijyu
(F-R,Mi-S) Noninfested 0 0 18.9 0.9 0 3.6
Nematode
Toyonishiki infested 0 81.0 36.4 68.8 2.0 75.0
(F-R,Mi-S)
Noninfested 0 0 19.1 1.5 0 4.4

a) Wilt index, b) Gall index

Data indicate results of final investigation in each experiment,

Spore suspension of Fusarium oxysporum f. sp.

summer cultivation in 1977 and 1978.

lycopersici was inoculated at the beginning of
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FEAEREFREMRE

T— IV DFEAREEIC L3> T 1~ 4 DRREICST 72,
227k F a0 DFERE
4 P KEHOR (15%LLLE) 8T —N2FERL, FL
WEHERSTLHOD
3 IB¥FEHOM (50~75%) BIT—NEEEL, B2
DOFEESTHD
2 DB EDOR (25~50%) BTV EEEKL, Lt
BHUBOLWEEEZS T bD
1. DO (1~25%) 8T — NV 2FEL, bbbk
FEEZSITHD
0 i FEXTDONLEVLHD
. EBERZUVIER
FEERIBIRSRLIEBYTH S,
1EEDORETESL » IROBRBASNIzDIF, fit
RIGEDI EMERY Fu—F DA TH-oT:. b
5 FIRFEBIIEBRRIC K SNBRBFRE D FHE D -
2. a7 rFavFERRIER L 3HEDO W
THHRRBERXRTH L o7,
21EE T3, HAIRELLESL L ORBHFL, &
HERR TORRERIEFRR L 5RTUThLE
ot MEARYFu—HFIZBT3HKI, Btbhl
EB LA CEmERL, EIKFLERTIE, RABLR
ROFERIEHEBFNFTNA1.7%, 34.6%CEL, FEIEH
XEDEIHEBRTHD, 2272 Fa2UvD0FERCELS
FESTEOON, LELMPERYFo—%icl 5T
FHIRERII R 2P IERTH- 72, B3R
1EHE KZRAShE o208, FEEFRXOMREY
DHZHENIHFEE D FEELRLN,
STEETIE, 3MEL VEDL & 5 RIRBEDMEL, 3
BRX TRBERY FTu—FOE»IRFESIID Sl
olz, MEBHERX L IEFRK &L ORBRBROZ IR
RyFuo—FTEEZECRDbL, 227 Fav0HFE
& BRIFOBENHBETH - 72, EIkE, BHOD?2
M TIRRBRXORRIBRIIZhZh5.0%, 2.0%
CBRET, AT FavOFEICLZHET2EE
BEEIX-&D Lol BRI BEHI 3 AE L bHEIE
FRCEETH o128, IEBREVHEEFLERXICH AT
T rF 2y OFEL EEIRE T 5 ERERS
»pasbit:,
DECRBFRRB L VEFRRICBIT2EL £ 5K
ORFHR L2 a7 F2DFERRE 2L T
ATEEIKDOEBY THS, ZITEHIEERZELT
RIRPBEETHoIMPERY T o—FORE R L.
HERHOBVI L > TRRHBIBETFTOLILIEH S
2, 3TEOVWThOBELRAUL R ELES Z L
bbb,

[\

E325
41100
=
150 &
£ =
=N f:Fo]
E O-l 1 A [l 1 -0
May 15 Jun.1 Jul. 1 Aug. 1
B 1978 1100
=
450 §
=2 S
| FFol
Eord - —R . A
May 1 Jun. 1 Jul 1 Aug. 1
C 1978 1100
oo | Z
o MI-INFESTED 450
8 4 —— —— E‘i
o oF NONINFESTED | §
o 1
% 0 L L Il ‘0
Sept. 1 Oct. 1 Nov. 1
Date
Fig. 1 Development of gall and wilt

symptoms in Matsudo - Ponderosa
tomato, susceptible to Meloidgyne in-
cognita and Fusarium oxysporum f. sp.
Iycopersici, grown successively in plots
infested with both root-knot nematode
and wilt fungus or wilt fungus alone.

VIEED 1EETIX, BH & 59Kk, BRBBEXDAH
DBIEBFRRX L L SRTHBELLFEBHR Db, 7 A%E
PR3 EREC LR L, 8 Baicid kA DitRE
VIDSHESE L T2, FEBRR TR, 7 AhHOHIRERKRE
DERBIIPLEN:, —ARra7erFavilidd—
Wit 6 BEUIDIEEBRD SN, ZOBRTFEENEZ -
72. 2{EETIX, £ x SRORBRFHIIRRBFLEKX,
FERRX OB TE S ko728, KRBOERIZFRIEHR
ROAMBEETHY, TAPAR2TETCHBEBEDDOIZ L
AL, 227y Favickbdd—NVIE5 A
TEEE»RD >h, DIBRFEESERL L, 5l
THEHELU 3MEE TR, BBREFERX TEME2BHAKZICT A
WEDL  SROFELELASH, 108 LACABIHERIZ
HERLUIH, TORERLT. HFEEXTORRIILR
Bh, podihrols, —AAaTerFaviksdd
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FE LR MBI AR I TRV F a2 L EL 3 HRE L OESREIC L 2ERRRNER

—VERIZ, EHET7BBZTCRBED N, FEEDO LR
b1, 2 fHD L EC HRTENPoT2,
DEDkdcH Y~ Era7 ey FavERIET
P P EREELEEOEDL X SRORRIT, FEFERL
BMIZBITBEIDBELLIERT LI EMHBER ST,
BYE D L ORRIEBEXRREBOL S, RIZRIALR
BEAEOVRIBREYL VOB L > TEEI NS - DEE
W& o TRBSEINT 2 0B 2 OEED> S ¥ T
v, EBRRBEIOREE T, EREHOLEL ST b
< MIERYE % R Fusarium oxysporum \3BH S g
ot 20D 1, 2EEOREE T, + < b DEERE
CIREEPEREL TRBEOBI DR TWREE L1,

2EEIR E B ICHEMETHD, BEFHLELTRELALY
i nnd, 1EELD 2/EEDOANEDL & STROK
BOEBRMNE Lo, THIEEOEELH S )25,
QVEEZ2EIELUZI978ED 6 « T BOTRHEMS, 11F
HORE L L THESHE R, PR LB HERL
72 e BEL rIROAELERERELILKRELRERL
LTEz o2, £7- 3/EEDES, 9~108 OBHFEE
ThHY, L RFOBHICIIBBMET LD, ¥
BB L 2o 7212 b 1) 5 PR BOER ISR ICIERF
Lz, 2OEIREZBDOHET, LA REDL X IRER
HOMERY Fo—FTCRBRBRERIBIBISED &
SWOFRRIFEEFRIIBL B L TL VEZCHEHbAT

Table 4 List of tomato cultivars used for pot and field experiments

Cultivars Property

F. o. L (race 1)

Cultivars used
for field
experiment (*)

to pathogens
M. incognita

Beijyu (Sakata)

Fukujyu-II (Maekawa)
Matsudo—Ponderosa (Sakata)
Azusa (Musashino)

Eijyu (Takii)

First Queen (Matsunaga)
Hagoromo F (Iwakura)
Horyu (Takii)
Kydryoku—Beijyu (Sakata)
Kydryoku—Syuko (Musashi)
Nanké—1I (Sanyd)
Ogata—Fukujyu MR (Kaneko)
Omiya FTVR(Tokita)

Osei MR (Kaneko)

Reisyu (Sakata)

Tailan—III

Takachiho (Musasino)

Tough Grow (Mikado)
Toyonishiki (Sakata)

TVR- 2 (Sakata)

Yoérei (Kyowa)

House Top (Takii)
Kyéryoku—Kyokuké (Musashi)
Saturn (Takii)

Seika (Sanyd)
Taibyd—Shink6—1 (Takii)
Yiyake A(Nihon-engeiseisanken)
Zuik6— 102 (Sakata)

i R R R e R B B R B A= e B VB B = M= v B~ Ao e v 2 v R R L R

S *
S
S
S %
S *
S *
S *
S *
S
S *
S *
S
S *
S %
S *
S
S
S *
S
S *
S *
R *
R *
R
R
R
R *
R *

Initial marks indicate susceptible (S) or resistant (R) to each pathogen.
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HE32E

NDIxEHE N3,
BHAMBICBITI2EL 1 DRORBFE BT 5 &,
b 1 SFRZUHOMFR Y 7 u—+ L IBHME OBk
HF2oUVCERELETRYES REER -T2, EHH
METED 2 SHORRBEL oD 2/EHDES
DATHY, 27y F2vDFENEHELED 2
ZELRBDONTY, BEFECEI>TEFOREBIER
240 EHBEI NI,

B28 REIZLZRFOER

AT FavERIBIC b P RERELI-EED
ZL I ORORREY, RBICL-oTEYDI I BRERSF

THeH5o, Ky P ERL S CCEBER TR
-7z,

1. EB#EZ s ik

e b OHRARLER, bBETHEKRE L, BREHIER
LTw3500H»5RARBIETHS, FRLPHOD
GfE0S S DF D x 59K (Fusarium  oxysporum f. sp.
lycopersici,race J1) BE U YV ~vAf E2a T F a2y
(Meloidogyne incognita) =¥t 283 E 4 RICFRT
EBYTHS, 2BEBERTRERZOS b18GEEHL
7z,

(1) KRy bEBR

Table 5 Disease occurrence in different tomato cultivars grown with root-knot nematode-infested soil
or noninfested soil in pot.
Nematode infested soil Noninfested soil
Cultivars Indices (%) of symptoms Indices (%) of symptoms

wilting  vasc.browning galling wilting vasc. browning galling
Beijyu 69. 4 85.2 83.3 19.4 22.1 0
Fukujyu-II 52.7 75.0 53.6 11. 1 18.5 2.7
Matsudo—Ponderosa 50.0 77.8 83. 3 13.8 18.5 0
Azusa 30.0 18.5 66. 7 0 0 0
Eijyu 55.5 48.1 50.0 5.5 7.4 2.7
First Queen 8.3 29.6 91.6 0 0 0
Hagoromo F 11.1 7.4 80.5 0 0 2.7
Hérya 11.1 18.5 66. 7 0 0 55
Kyéryoku—Beijyu 22.2 25.9 75.0 0 0 0
Kybryoku—Syikd 13.9 18.5 61.3 0 0 55
Nanko—II 8.3 4.4 61.3 0 3.7 0
Ogata—Fukujyu MR 30.5 29. 6 80.5 0 0 0
Omiya FTVR 30.3 48. 1 77.8 0 0 0
Osei MR 0 14.8 75.0 0 0 0
Reisyl 8.3 40.7 66. 7 0 3.7 2.7
Taian—III 19.4 29.6 75.0 0 0 2.7
Takachiho 38.9 33.3 61.3 2.7 3.7 0
Tough Grow 11.1 18.5 75.0 0 0 0
Toyonishiki 8.3 7.4 80.5 0 0 0
TVR-2 33.3 14.8 83.3 0 0 0
Yérei 50.0 33.3 91.7 2.7 7.4 5.5
House Top 0 0 + 2 0 0 0
Kyéryoku—Kyokukd 0 7.4 75.0 0 0 0
Saturn 0 3.7 + 0 0 0
Seika 8.3 7.4 + 0 0 0
Taibyd—Shink4—1 0 0 + 0 0 0
Yiyake A 0 3.7 + 0 0 0
Zuiko— 102 2.8 3.7 + 0 0 0

a) Observed rarely a few galls.
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Fig. 2 Varietal difference of increasing wilt occurrence and vascular browning symptom in tomato
plants grown in the soil infested with Meloidogyne incognita compare to those in noninfested soil
(Pot experiment). [A] Denoted with wilt index, [B] Denoted with vascular browning symptom.
Series number shows the name of tomato cultivar, as follows; (1) Beijyu, (2) Fukujyu-II,
(3) Matsudo-Ponderosa, (4) Azusa, (5) Eijyu, (6) First-Queen, (7) Hagoromo F, (8)
Horya, (9) Kydryoku-Beijyu, (10) Kydryoku-Sy(ikd, (11) Nanks-II, (12) Ogata-Fukujyu-
MR, (13) Omiya-FTVR, (14) Osei-MR, (15) ReisyQ, (16) Taian-III, (17) Takachiho, (18)
Tough-Grow, (19) Toyonishiki, (20) TVR-2, (21) Yorei. The other cultivars, resistant to both
pathogens, excepted from these figures. Black sign (@) indicates plants grown in the soil
noninfested with Meloidogyne, and circle sign (O) indicates plants grown in the soil infested

with Meloidogyne.

k11813, BIEOEBRICHALERERX B X Uk
BHRX DS HLICFERL7-LEEES5 mmBEDSESWVLE
WL, FICHELBRELE—EBREROHEL
SEEL, AU 5mmBDLZW»EEL TL.O%UE, 20
SHEAKEE L - 1R Li3iz3 . 108E&THIE
ELFEEL, Ky MIERISecm OFRBESKER L, 20
iR TR 1 kg (£H) EAN, HorUHBERT
EMBR L - RHRALEOHE 2 kb7 ) 3EED
OBMEL ., WRERHAEYLESE L&, T
Czapek #iEsz#C23°CI0AMIR & D& L, 3EYV —
PCRBL THE S L ERFEER (7.2X10%/ml) %
50ml 3O RSKIETEHERE L 2. EERCIIBRRGR L,
FEBFERTEORR IOV T 1 ME3IFEA W, EBIZ
o= 2N (EBREARMTOFHRRIZ27.8°C) T
HHEL T2,

FEZ, HEAEYEBEEL C0HRICH EROES &
SR, B pskl, 2@EEEEY BT TRE2EY,
RO EFHEHBOBEER, RO T —VEIRRE

BHNT, FAEFHEIAHOERBRFECEL, FXOM
B2 cEDb p > FRER, HEBEER T ViER
REH L. &5 CEEBEMEERI OV THIERDOZEY]
B % Peptone-Dextrose-Rosebengal Agar O ¥R EiC
B, BEHEOSEEERTR- T, —AAraATerFav
ORFERE ST 2 72012, SSNOTEEFRL, ~
— VR VETHER 2L, 2 HiShHOEE 2FHL 72,

(2) EHBER

S X EEER 2T o RAEERK, FEEERKIC,
18D b v b 2L (B4 ERBR)., AIFE TOME
BOEELBT 270, BEITFCHELTEL LD
REB LR T2y F 20— beito7., &RE
DHEREYI FIET O EER L RIICE Tz, REERK,
EERRICFNFN 1 GES HE O OEER*ZZAT5H
I6HICEMEL, T5AMBEE2TR -7, RBREEDOE
iz Tablkhol:, RAERVHOBESER L RRICE
MLz,

2. EBRFERLLVWKEE
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Table 6 Plant growth of different tomato cultivars grown with root-knot nematode-infested soil or
nonifested soil, and frequency recovering of Fusarium wilt fungus from their stem samples
and the final population of M. incognita larvae in pot soil.

Nematode-infested soil Noninfested soil
Cultivars Plant Recovering Final . Plant Recovering Fingl
height of F. o. L populat}on height of F.o. 1l populatl.om
from stems of M. i from stems of M. i
cm % cm %
Beijyu 34.2 100 640 55. 7 100 +2
Fukuju-II 33.0 100 624 55. 7 100 +
Matsudo—Ponderosa 36.5 100 710 48.9 100 0
Azusa 49. 1 83.3 479 54.4 0 0
Eijyu 45.0 100 620 52.0 16.7 +
First Oueen 46. 3 100 690 56. 3 0 +
Hagoromo F 44.8 t66.7 1000 51.7 0 0
Héryu 42.0 100 785 55.0 0 +
Kydryoku—Beijyu 44.3 100 748 50.8 0 +
Ky6ryoku-Syikd 42.7 83.3 780 51.3 0 +
Nanko6—II 46.8 100 930 53.0 8.3 +
Ogata—Fukujyu MR 49,0 83.3 660 55.8 0 0
Omiya FTVR 47. 1 100 1200 57.1 0 0
Osei MR 47.0 50 985 54.0 8.3 +
Reisyi 4.0 100 910 55.6 16. 7 +
Taian—III 48.6 100 479 53.0 0 +
Takachiho 47.7 100 370 56.1 16.7 0
Tough Grow 48.5 66.7 710 54.5 0 +
Toyonishiki 41.0 50 970 49.0 0 0
TVR-2 44.3 83.3 1120 51.9 0 0
Yorei 47.1 100 720 54.0 25.0 +
House Top 54. 0 16.7 988 56. 1 0 0
Ky6ryoku—Kyokuké  48.9 58.3 260 50. 1 0 0
Saturn 53.2 33.3 53 55.4 0 0
Seika 51.0 33.3 75 55.0 0 0
Taiby6—Shink6—1 55.8 16.7 68 56.5 0 0
Yiyake A 53.6 16.7 45 58.0 0 0
Zuik6— 102 52.8 16.7 63 53.8 0 0
a)Recovered a few larvae.
(1) Ky MEER XL TRZEOMERY T u—Y, XFH, 5250

AERRBIBSROL BV THS, SBREEOVTHR  3HER, REOHERLBIIBILEL 1 SROKRK
HERTMEFEBFRIBMORIEL L SORBOFEE  #HEDIEIZI0~20%TH 720N LT, BHERTH
KXIBT 2ESL x SWREROEZLLIRTVEIICE  TIk50.0%LL Fiesinl, Bt cEELRREROE
EDBEE2MDLI RS, BOoNT:, —HEDL x DREHFIEDOBRETIE, BH

F5 1 59" (F. oxysporum f. sp. lycopersici, race J1)  FEBREBI B 3E L & S RORKIRIEHH 0 ~T7.4%
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Table 7 Disease occurrence in difierent tomato cultivars grown in soils heavily or slightly infested with
root-knot nematode in field.
Nematode heavily infested Nematode slightly infested
Cultivars Indices (%) of symptoms Indices (%) of symptoms
wilting vasc.browning galling wilting vasc.browning galling

Beijyu 90 95 65 65 55 10
Azusa 65 45 50 10 10 10
Eijyu 80 85 70 20 25 15
First Queen 25 40 85 5 5 15
Hagoromo F 45 35 80 5 10 20
Horyu 55 65 70 25 40 25
Kydryoku—Sytkc 45 65 75 10 35 10
Nank6—11 65 70 65 5 25 20
Omiya FTVR 25 40 85 25 25 20
Osei MR 55 45 55 5 5 15
Reisyu 55 50 75 0 5 15
Tough Grow 40 40 70 10 10 25
TVR-2 65 60 90 5 5 5
Yorei 55 50 60 0 20 15
House Top 5 + + D 5 10 +
Kyoryoku—Kyokuko 30 45 75 0 15 25
Yayake A 5 -+ + 5 5 +
Zuiko- 102 0 + 0 + +

a) Observed obscure symptom.

DHWHATE» o2 b b5, REFHRIEIB
Tk, L ORETHRFSGINL 72, WHERATOFRR
BEOENN% 2B Z -REIIRE, BETHY, h
OWTETHE, 8XF, 84 FTVR, TVR-2,
HoOX, KEEZEMR bR DDENEDOOINT:, 77
—A N7 4=, BHEN, 7 70—, BH, BE,
HZAH F, X225, Bk, £ MR ZWIZFHTO
b IRORRBEOER/NE ol IIELEN2
B2, BKIINHRHESE L TORREBRORLENIV 25
fe s, HIBMHEDEDHEBEEROEE)IIHEIIKE
otz HE, ©IRT A, FHI2, YF/—r, AT R
by D5 R, B X% (F oxysporum f. sp.
lycopersici,race J1) L Y v A4 X272y F a2y (M
incognita) OTZ WXL CTEEEHRETHY, £b 5
RERIEBIBROBRIC b D L 0 %D 72138
DTEDoT, FRRICSESERE L STV 3EN
Y, B BWTEDL X IRORFEHIL0%T
Hot:d, BRERTEOFE T —NVE2ECMBEERS
—HEEThTWizD, BERESEIBHCLEHDT
iz otz, SUBREYO > b EEBE RE L EYE
DBLHEB CORBEHDOEE LA L5, Ebx D

b) Observed rarely a few galls.

RHFEETCIERCEMREEIN, 23Ty F a2
VIEFMORETEEBEED AR LT O TIIREEE
BME»oT:, (FE6R)
BERBERIETOR I T F 2V OFERRIZ, M
incognita B2 MBI BT % T — VIR TH0~90% D
@HEHCb2BE D2, FRETEI L HEFTHH
NHSN, ELREDL x IRORFBEEBEL - ED
rIRBEMORETELSE L G o, 1L

TrDT—NIEEBEED x IRORBFEE L OB
BE S Tl oz, 28 M. incognita D 7 D
3%, WAENIIFIE TN IEE352.8%TH YD, iR
B R R L., 210 2 PSROBER,
BB L 3 ENKEVLY, M. incognita IBHMEREDIX
plRuTh bRk asNI:, —FH, FEERIBETEE
X HREY CTRBEOFENEI IR NI, E
51 IRORFBEEELBIIZTIZED DT R o
7z, ’

(2) EBEBER

ZDEERIE, HHRERRK LIEFRK RS L TRY
ERBER TR o208, EERRCLAI TR F 2
YOEBANASNIZT:H, JITREEEGERKR LEE
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Fig. 3 Varietal difference of increasing wilt occurrence and vascular browning symptom in tomato
plants grown in the soil heavily infested with Meloidogyne incognita compare to those in slightly
infested soil (Field experiment).[A]Denoted with wilt index, [B]Denoted with vascular
browning symptom. Series number shows the name of tomato cultivar, as follows ; (1) Beijyu,
(2)Azusa, (3)Eijyu, (4) First-Queen, (5) Hagoromo-F, (6) Héryq, (7) Kyoryoku-Syakd,
(8) Nankd-II, (9) Omiya-FTVR, (10) Osei-MR, (11) Reisyq, (12) Tough-Grow, (13) TVR
-2, (14) Yorei, (15) Kyoryuku-Kyokuké. The other cultivars, resistant to both pathogens,
excepted from these figures. Black sign (@) indicates plants grown in the soil slightly infested
with Melodiygyne, and circle sign (O) indicates plants grown in the soil heavily infested with

Meloidogyne.
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Fig. 4 Relation of the severity of wilting to the grade of gall formation in various tomato cultivars
planted in the soil slightly or heavily infested with Meloidogyne incognita in field experiment.
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Table 8 Appearance of disease symptoms in seedlings of wilt susceptible tomato cultivar, Matsudo-
Ponderosa, inoculated simultaneously with different inoculum levels of each pathogen,
Fusarium oxysporum f£. sp. lycopersici and Meloidogyne incognita.

Inoculum Wilt Vascular browning Gall Plant Rate of
Fusavium® Meloidogyne® index (%) index (%) index (%) height (cm) defoliation(%)

0 0 0 0 0 30.0 0

0 100 0 0 25.0 31.1 0.3
0 500 0 0 37.5 28.7 0.3
0 1000 0 0 67.5 29.4 0.3
0 2000 5.0 2.0 80.0 25.9 0.5
1 0 0 0 0 35.8 5.2
1 100 0 4.0 26.3 29.7 5.6
1 500 0 10.0 52.5 30.9 13.2
1 1000 9.0 10.0 67.5 27.3 2.6
1 2000 24.0 26.0 82.5 28.3 13.0
5 0 0 0 0 31.3 5.0
5 100 0 2.2 28.0 30.2 4.0
5 500 7.0 15.2 48.8 28.2 16.4
5 1000 18.0 18.0 60.0 27.7 14.6
5 2000 29.5 38.0 82.0 25.1 41.0
10 0 0 1.4 0 32.2 3.8
10 100 0 8.5 25.0 31.3 13.8
10 500 10.0 10.0 48.7 28.5 5.5
10 1000 40.0 38.0 68.3 25.6 12.5
10 2000 34.0 43.5 88.2 22.8 32.0
20 0 2.0 4.8 0 31.3 7.5
20 100 7.5 12.8 25.0 31.7 8.5
20 500 4.0 11.2 51.0 29.9 6.0
20 1000 10.0 27.8 66.0 28.0 14.8
20 2000 38.0 49.2 88.5 25.4 16.5

Data were taken on 30days after inoculation.
a) Dry weight (mg) of fungus inoculum per pot.
b) Number of second stage larvae per pot.

— 149 —



TERERZFRFIMBRE

B3RS

HIAERNCBE, BHEAL 2. BRSO FHIRER,
27.8°C TH o7z,

FEIZ, HEEYOLEBHME2EL T EEIcs T 3
£b: JEROWBEE2EBERL, £ 1 5RREBLIUR
RHEECE RO, EBRKR TR, EYEE2Ry b S
WEMD, KELOL, EENCEETRE 227k
YF 2V OFERRE, HESOEEBLEREREL,
BRI DT L1E%, BEBEEEZEHLL. Zh
S>OREFERBBLRAIEDORE L RAKCITE o 7.
BBUAEDIED, HDEZGEU TRROFEL R BY
T2V VI N7 2/ —NIRICE DB, NIREAE

S
<

(%) Xopu M
S

[yol
(=)

10

Fig. 5 Wilt severity in tomato seedlings of
wilt susceptible cultivar, Matsudo-
Pondersa, inoculated simultaneously
with different inoculum levels of each
pathogen, Fusarium oxysporum f. sp.
Iycopersici and Meloidogyne incognita.
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Fig. 6 Progress of wilt appearance in tomato
seedlings of wilt susceptible cultivar,
Matsudo-Popderosa, inoculated
simultaneously with different inoculum
levels of each pathogen, Fusarium
oxysporum f. sp. Iycopersici and
Meloidogyne incognita.
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Table 9 Appearance of disease symptoms in seedlings of wilt resistant tomato cultivar, Okitsu-ichigd
inoculated simultaneously with different inoculum levels of each pathogen, Fusarium oxyspor-
um . sp. lycopersici and Meloidogyne incognita.

~ Inoculum Wilt Vascular browning Gall Plant Rate of
Fusarium® Meloidogyne® index (%) index (%) index (%) height(cm) defoliation(%)
0 0 0 0 0 23.6 0
0 1000 0 0 77.5 17.4 0.9
0 2000 0 0 91.7 15.3 11.6
20 0 0 0 0 27.1 0.5
20 1000 0 0 75.0 22.6 4.2
20 2000 0 0 87.5 17.7 19.1
40 0 0 0 0 26.8 0.3
40 1000 0 2. 77.5 19.2 5.8
40 2000 0 0 90.0 17.5 12.7
80 0 0 0 0 25.2 0.3
80 1000 0 2. 77.5 20.5 3.9
80 2000 0 0 82.5 18.5 15.5

Data were taken on 30days after inoculation.
a) Dry weight (mg) of fungus inoculum per pot.
b) Number of second stage larvae per pot.
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Table 11 Appearance of symptoms in sus-
ceptible tomato seedlings, Matsudo-
Ponderosa, inoculated with Fusarium
oxysporum f. sp. Ilycopersici and
Meloidogyne incognita under the vari-
ous combinations. '

. Wilt Gall [nitial wilt Plant

Inoc};}](itlon index index  appearance”  height

(%) (%) (days) (cm)?

Cont. 0 0 — 28.6

Mi (10) 0 95.0 — 18.6

M;i (26) 0 86.1 — 28.2

Mi(10—26) 0 93.7 — 24.6

Fol (10) 42.5 0 24 29.5

Fol(26) 30.1 0 14 30.4
Mi+ Fol (10) 100 —b 8 —h
Mi+ Fol (26) 100 63.8 12 —b

Mi(10)+ Fol (26) 34.7 94 .4 10 19.0
Fol(10)+ M:(26) 97.3 55.5 8 —b
Mi(10—26) + Fol (10) 100 73.9 12 —

Mi(10—26) + Fol (26) 67.6 89.1 13 21.0

a) Data were taken on 25 days after final inoculation.

b) All seedlings died before final investigation.

¢) Days required until initial wilt appearance after fungus in-
oculation.

Table 10 Plot construction for various inoculation of both Meloidogyne incognita (Mi) and Fusarium
oxysporum f. sp. lycopersici (Fol) to wilt susceptible tomato seedlings.

Inoculum sizes in each inoculation

Plot Inoculation p :
iy time (days) after seeding
indication method 10 14 18 99 2%

Cont. Noninoculation — — — — —_—

Mi(10) M;i alone, at a time Mi 40002 — — —_— —

Mi(26) M;i alone, at a time — — — — Mi4000

Mi(10—26) Mi alone, at 5 times Mi800 Mi 800 Mi800 Mi800 Mi800

Fol(10) Fol alone, at a time Fol 30 — _— — —_—

Fol(26) Fol alone, at a time — — — — Fol 30

Mi+ Fol (10) M;i-Fol simultaneously, (Mi 4000 — _— —_— —
at a time Fol 30

Mi+ Fol (26) Mi-Fol simultaneously, — — —_— — —_—
at a time

Mi(10)+ Fol (26) Mi-Fol alternately, M: Mi 4000 —_— — —_— (Mz'4000
inoculation at first Fol30

Fol(10) + Mi (26) Fol-M;i alternately, Fol Fol30 —_— —_— —_— Mi4000
inoculation at first

Mi(10—26)+ Fol(10)  Mi inoculation at 5 times, (Mz' 800 Mi800 Mi800 Mi800 Mi800
M;i-Fol simultaneously at Fol 30
first only

Mi(10—26)+ Fol(26)  Mi inoculation at 5 times, Mi800 Mi 800 Mi800

M;i-Fol simultaneously at
last only

Mi 800 (Mi800
Fol30

a) Number of second stage larvae of Meloidogyne incognita.

b) Dry weight (mg) of inoculum of Fusarium oxysporum f. sp. lycopersici.
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Fig. 7 Progress of wilt appearance in tomato seedlings inoculated with Fusarium oxysporum f. sp.
Iycopersici and Meloidogyne incognita under the various combinations.
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Table 12 Final population density of second
stage larvae in soil of each inocula-
tion plot after harvest of plants.

Rate of popu-
lation growth to

Final population

Inoculation of second stage

plot larvae per pot? inoculum density
Cont. 0 —
Mi(10) 83125 20.8
Mi(26) 17556 4.4
Mi(19—26) 51870 13.0
Fol(10) 0 —
Fol(26) 0 —
Mi+ Fol(10) 61845 15.5
Mi+ Fol(26) 5719 1.4
Mi(10) +Fol(26) 89775 22.4
Fol(10)+ Mi(26) 9576 2.4
Mi(10—26) + Fol(10) 21945 5.5
Mi(10—26) + Fol(26) 87780 21.9

a) Counted on the basis of number of second stage larvae re-
covered from 30 gram soil by Baermann funnel method.
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Table 13 Comparison of the wilt occurrence in seedlings of different tomato cultivars inoculated with
both Fusarium oxysporum f. sp lycopersici and Meloidogyne incognita under the various combi-

nations.
143 a) 3 a)
Inoculation Wilting® Vascular browning” Gall® Plant®
plot Percentage (%)X Percentage (%) index (%) height (cm)
[Matsudo-Ponderosa]
Cont. 0 0 0 0 0 43.2
Mi(15), alone® 0 0 0 0 92.5 39.5
Mi(29), alone 0 0 0 0 57.5 40.1
Fol(15), alone®’ 26.7 13.3 62.2 37.5 0 38.6
Fol(29), alone 0 0 66.7 33.0 0 41.2
Mi+ Fol (15) 66.7 37.5 88.9 52.8 81.3 35.0
simultaneously
Mi+ Fol (29) 6.7 0.7 100 75.0 59.4 35.9
simultaneously
Mi (15) + Fol (29)* 6.7 0.7 42.8 17.8 91.6 37.3
alternately
Fol (15)+ Mi (29)° 40.0 8.7 90.0 52.5 60.0 38.8
alternately
[Kyoryoku-beijyu]
Cont. 0 0 0 0 0 40.0
Mi(15), alone® 0 0 0 0 90.6 35.3
Mi(29), alone 0 0 0 0 60.0 36.7
Fol(15), alone® 0 0 13.3 5.6 0 39.6
Fol(29), alone 0 0 22.3 9.7 0 37.4
Mi+ Fol (15) 53.3 40.0 71.4 39.3 85.4 28.0
simultaneously?
Mi+ Fol (29) 0 0 66.7 33.8 57.5 31.4
simultaneously
Mi (15) + Fol (29)° 0 0 14.2 3.5 89.6 34.1
alternately
Fol(15) + Mi (29)" 6.7 1.3 100 45.0 55.0 32.6
alternately
[Toyonishiki]
Cont. 0 0 0 0 0 31.8
Mi(15), alone 0 0 0 0 90.4 28.8
Mi(29), alone 0 0 0 0 52.2 32.3
Fol(15), alone® 0 0 28.6 15.0 0 35.2
Fol(29), alone 0 ] 0 0 0 34.4
Mi+ Fol (15) 26.7 17.3 50.0 20.0 84.1 26.7
simultaneously®
Mi+ Fol (29) 0 0 100 62.5 62.0 33.5
simultaneously
M;i (15)+ Fol (29)° 0 0 0 0 91.7 30.4
alternately
Fol(15)+ Mi (29)P 0 0 50.0 33.0 57.5 33.9
alternately

a) Data were taken on 26 days after final inoculation.

b) Ten thousands individuals of second stage larvae were inoculated per pot at a time on 15days after seeding. Same
inoculum level was given to all plots which should be inoculated with Meloidogyne incognita.

¢) Thirty mg (dry weight) of fungus inoculum was inoculated per pot at a time on 15days after seeding. Same inocu-
lum level was given to all plots which should be inoculated with Fusarium oxysporum f. sp. lycopersici.

d) Each pathogen was inoculated on 15days after seeding.

e) Meloidogyne larvae inoculated 14 days prior to Fusarium inoculation.
f) Fungus inoculum inoculated 14 days prior to Meloidogyne inoculation.

PREEINT, LELEBLTOWRLABREE AN
LR o S 3 B, Penicillium spp./s ¥ D+
BARBEOEELE» o T2,
—FtEhORa Sy F v EEIR, BEISEEC
BREEEL KOV ThoREL BKAERCE» LY

DI EFERLTHEY, FhrE2 KL T 2HHDOEE
BRELLEL- 7. L LBRE9HBCRREREL -X
TRIBEOFERBIHETHD, LichoTHEF»SKRH
ANEBHREELZDLOTEL» -7, BEEXROKRBE
B3 rRaERidrvss, ShmEdExct

— 157 —



TFERFR

4k
it
4

il

4k

ks %325

nE Matsudo-Ponderosa Mi+Fol (15)

50 = Fol(15) +Mi(29)

25k

Mi(15) + Fol(29), Fol (29)
;p 2 ' 1
"
(e}
[0}
=4
z .
a Kyoryoku-Beijyu Mi+ Fol (15)
2. 50
g
=
®
> 5pk
=
— ) Fol(15) +Mi(29)
& *—0—0—0—0—0—o
2 Hl - Il
Toyonishiki Mi+ Fol (15)
isY o
1 2 2 2
0 10 20 30 40

(15) (25)

(35)

(45) (55)

Time (Days atter inoculation or seeding)

Fig. 8 Progress of wilt appearance in tomato seedlings of different cultivars inoculated simultaneously
or alternately with both Fusarium oxysporum f. sp. lycopersici and Meloidogyne incognita.
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Table 14 Frequency of reisolation of the fungus inoculum in stem and root tissues, and final population

density of second stage larvae in soil.

- Stem Galled root Nongalled root Final
Inocu.ll(l)z%tlon Dis- Nondis- Dis- Nondis- Dis- Nondis- density
P colored colored colored colored colored colored of larvae

[Matsudo-Ponderosal)
Cont. — 0 — — 0 0 0
Mi(15), alone —_— 0 0 0 0 0 1855
Mi(29), alone — 0 0 0 0 0 32.6
Fol(15), alone 100 0 —_— — 30 5 0
Fol(29), alone 100 0 — — 25 10 0
Mi+ Fol (15) 100 0 90 15 75 5 1671
simultaneously
Mi+ Fol (29) 100 0 95 5 90 20 26.0
simultaneously
Mi(15)+ Fol (29) 100 0 80 5 66.7 5 1745
alternately
Fol (15)+ Mi (29) 100 10 100 25 85 10 17.0
alternately

[Kyoryoku-beijyu]
Cont. — 0 —_— —_— 0 0 0
Mi(15), alone —_— 0 0 0 0 0 1563
Mi(29), alone — 0 0 0 0 0 24.0
Fol(15), alone 66.7 0 — —_ 15 0 0
Fol(29), alone 60 0 —_— —_— 20 0 0
Mi+ Fol(15) 100 0 80 0 25 0 1287
simultaneously
Mi+ Fol(29) 100 0 100 5 15 10 28.0
simultaneously
Mi(15) 4 Fol (29) 100 0 75 5 20 0 1618
alternately
Fol(15)+ Mi (29) 100 0 100 10 30 ) 15 35.3
alternately

[Toyonishiki]
Cont. — 0 _— —_— 0 0 0
Mi(15), alone — 0 0 0 0 0 1941
Mi(29), alone — 0 0 0 0 0 25.3
Fol(15), alone 50 0  — — 0 0 0
Fol(29), alone — 0 _— 0 0 0
Mi+ Fol (15) 100 0 80 0 15 0 1507
simultaneously 0
Mi+ Fol (29) 100 —_— 100 50 10 0 22.6
simultaneously
Mi(15)+ Fol (29) — 0 35 0 10 10 1715
alternately
Fol(15)+ M:(29) 100 0 100 15 15 0 30.6
alternately

a) Indication of each inoculation plot is the same with those of Table 13.
b) Data indicate percentage of reisolation of fungus inoculum in 15 to 20 tissue pieces used for each material
¢) Number of second stage larvae recovered from 30 gram soil by Baermann funnel method.
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Table 15 Disease incidence in tomato seedlings inoculated with both Meloidogyne incognita and
Fusarium oxysporum f. sp lycopersici or with alone of each pathogen at the different ages of

seedlings.
Age of Inoculation Wilt Wilt Vasc. brownin Gall
i:gsgllgzgd OCploai percent? index® index®’ g index®
% % % %
0 day old Non-inoculation 0 0 0 0
(at seeding) Mi alone® 4.2 3.1 0 53.1
Fol alone®’ 33.3 22.9 31.3 0
Mi(0)Fol? 50.0 41.7 65.6 50.0
Mi(7)Fol® 41.7 27.1 36.5 60.4
Fol(7)Mi" 79.2 57.5 78.7 43.8
8 day old Non-inoculation 0 0 0 0
Mi alone 0 0 0 65.6
Fol alone 16.7 10.4 12.5 0
Mi(0) Fol 100 100 — 50.0
Mi(7) Fol 50.0 26.0 36.5 52.1
Fol(7) Mi 50.0 43.8 49.0 54.2
15 day old Non-inoculation 0 0 0 0
M;i alnoe 0 0 0 75.0
Fol alone 20.8 12.5 28.1 0
Mi(0) Fol 91.7 75.0 87.5 51.0
Mi(7) Fol 25.0 32.3 33.3 58.3
Fol(7) Mi 45.8 39.2 43.8 37.5
22 day old Non-inoculation 0 0 0 0
M;i alone 0 0 0 71.9
Fol alone 22.9 14.6 29.2 0
Mi(0) Fol 100 76.0 85.8 56.3
Mi(7) Fol 29.2 27.1 26.0 60.0
Fol(7) M 79.2 38.5 45.8 40.6
29 day old Non-inoculation 0 0 0 0
M alone 0 0 0 68.8
Fol alone 50.0 16.7 28.8 0
Mi(0) Fol 100 72.9 70.8 52.1
Mi(7) Fol 41.7 20.8 24.0 68.8
Fol(7) M 100 53.1 54.2 35.4
36 day old Non-inoculation 0 0 0 0
M alone 0 0 0 52.1
Fol alone 79.2 24.0 36.5 0
Mi(0) Fol 100 71.9 60.4 47.9
Mi(7) Fol 26.7 14.6 19.8 58.3
Fol(7) Mi 100 28.1 44.8 41.7

a) Data were taken on 30 days after final inoculation.

b) Three thousands individuals of second stage larvae were inoculated.
c) Twenty mg (dry weight) of fungus inoculum was inoculated.

d) Each pathogen was inoculated simultaneously.
e) Meloidogyne inoculated 7 days prior to Fusaium inoculation on the given age.
f) Fusarium inoculated 7 days prior to Meloidogyne inoculation on the given age.
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incognita at the different ages of seedl-
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Table 16 Effect on the wilt appearance of
tomato seedlings inoculated with
Fusarium oxysporum f. sp. lycopersici
and Meloidogyne incognita by using
second stage larvae or egg-masses as
inoculum of root-knot nematode.

Inoailation Perce‘ilzgtgeo"(’:cmler?g:x“‘ lxzscmar (“
plot (%) index (%) index(%)?
Cont. 0 0 0 0
Fol(10), alone® 13.3 5.0 8.3 0
Fol(20), alone 20.0 11.7 13.3 0
Milarvae(10), alone® 0 0 0 85.0
Milarvae(20), alone 0 0 0 58.3
Mi-eggmass(10), alone® 0 0 0 48.3
Mi-egg-mass(20), alone 0 0 0 33.9
Mi-larvae+Fol(10) 100 91.7 93.3 76.7
simultaneously

Mi-egg-mass+ Fol (10)  46.7 21.6 25.0 43.2

simultaneously

Mi-larvae(10)+ Fol(20) 40.0 26.7 35.0 88.3
alternately

Mi-egg-mass(10) + Fol 40.0 18.3 21.6 44.9
(20) alternately

Fol(10) + Mi-larvae(20)  93.3 70.0 86.6 63.3
alternately

Fol(10) + Mi-egg-mass 26.7 20.0 30.0 35.0
(20) alternately

a) Data were taken on 30days after each inoculation.

b) Twenty mg(dry weight) of fungus inoculum was inoculated
on 10days after seeding.

c) Four thousands and eight hundreds individuals of
stage larvae were inoculated on 10days after seeding.

d) Ten egg-masses of M. incognita were inoculated on 10days
after seeding.
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Fig. 10 Comparison of population fluctuation
of second stage larvae in tomato-
planted soil inoculated with egg-
masses or hatched larvae as inoculum
of Meloidogyne incognita.
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Fig. 11 Relations of wilt development, larval

penetration and gall formation in
tomato seedlings, Matsudo-Ponderosa,
inoculated simultaneously with Fusar-
ium oxysporum f. sp. Ilycopersici and
Meloidogyne incognita.
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Table 17 Number of second stage larvae penetrated to roots of tomato seedlings inoculated with
Meloidogyne incognita alone or with both M. incognita and Fusarium oxysporum f. sp.

lycopersici simultaneously.

Inoculation plot

Days after inoculation

2 4 6 8 10 12
M. incognita. alone 196.8 209.6 212.4 251.3 243.6 264.3
+ 57.6 +71.3 +48.9 +174.8 +63.4 +98.3
M. incognita plus 188.4 171.3 216.7 221.2 259.8 276.0
F. oxy. lycopersici +48.1 +109.0 +59.2 +65.7 +76.3 +88.1
Data show average number of second stage larvae recovered from roots per plant
investigated four replication.
A B
Four days after inoculation. Ten days after inoculation
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Fig. 12 Distribution and number of infected larvae in roots of young tomato seedling. .
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Fig. 13 Infecting portions on the root system in young tomato seedlings occurred coincidentally with
Fusarium oxysporum f. sp. lycopersici and Meloidogyne incognita under the simultaneous incula-
tion of both pathogens. Arrows indicate the portion of mixed infection by both pathogens.
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Table. 18 The wilt occurrence in seedlings of five vegetable crops inoculated with
each of three different forma specialis belong to Fusarium oxysporum and
Meloidogyne incognita

Inoculation plot Wilt index» ~ Vascular browning  pjapy pejgpes

Citrullus vulgaris SCHRAD (Watermelon)

Noninoculated control 0 0 63.2
M. incognita (4000) 0 0 46.1
F. o. cucumerinum (20)° 0 0 65.7
F. o. lycopersici (30)? 0 0 66.6
F. o. niveum (20)° 35.3 66.7 28.7
M. incognita+ F. o. cucumerinum® 6.8 25.6 44.0
M. incognita+ F. o. lycopersici® 0 5.6 40.4
M. incognita+ F. o. niveum® 72.2 93.7 13.6
Cucumis melo var. makuwa MAKINO(Melon)
Noninoculated control 0 0 46.1
M. incognita (4000) 0 0 14.5
F. o. cucumerinum (20) 0 0 45.8
F. o. lycopersici (30) 0 0 41.5
F. 0. niveum (20) 0 0 44.3
M. incognita+ F. o. cucumerinum 10.6 12.1 11.8
M. incognita+ F. o. lycopersici 0 0 13.0
M. incognita+ F. o. niveum 0 5.5 14.0
Cucumis sativus L. (Cucumber) :
Noninoculated control 0 0 24 .4
M, incognita (4000) 0 0 25.2
F. o. cucumerinum (20) 62.2 77.8 18.8
F. o. Iycopersici (30) 0 0 24 .4
F. o. niveum (20) 0 0 24.8
M. incognita+ F. 0. cucumerinum 100 100 S
M. incognita+ F. o. lycopersici 22.2 . 25.0 21.7
M. incognita+ F. o. niveum 16.7 24.0 23.0
Cucurbita ficifolia BOUCHE (Pumpkin)
Noninoculated control 0 0 26.7
M. incognita (4000) 0 0 26.0
F. o. cucumerinum (20) 0 0 31.1
F. 0. Iycopersici (30) 0 0 34.4
F. 0. niveum (20) 0 0 32.1
M. incognita+ F. o. cucumerinum 0 5.3 29.7
M. incognita+ F. o. lycopersici 0 7.5 33.0
M. incognita+ F. o. niveum 0 2.5 30.1
Lycopersicon esculentumm MILL ( Tomato)
Noninoculated control 0 0 32.4
M. incognita (4000) 5.5 0 22.0
F. o. cucumerinum (20) 0 0 36.8
F. 0. lycopersici (30) 38.9 47.6 37.0
F. o. niveum (20) 0 0 30.7
M. incognita+ F. o. cucumerinum 25.0 22.2 23.3
M. incognitat F. o. lycopersici 97.3 100 11.0
M. incognitat+ F. 0. niveum 33.3 27.8 24.2
a) Data were taken on 34 days after inoculation.
b) Four thousands individuals of second stage larvae were inoculated per pot.
c) Twenty mg (dry weight) of fungus inoculum was inoculated per pot.
d) Thirty mg (dry weight) of fungus inoculum was inoculated per pot.
e) Each pathogen was inoculated simultaneously.
BEBLL ko7 (KARVI), Bl 2 RRE, QIR £Nn100%,62.2% L 257z,

FoU  H#RAIMBEOS bREMEECLVERERE —F3HMEBEERFL TR IS F 2y LESERE
ZU7Dix F. oxy. f. sp. cucumerinum ODHTHY, ¥  LIFEEITX, F oxy. f. sp. cucumerinum %13 U,
B20HAREICE L WREBOEREA SN, BKAERC IXRTOOBF YV ITERERDLE. Fv VWL
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Fig. 14 Progress of wilt appearance in seedl-

ings of three kinds of vegetable crops
inoculated with each of three different
forma specialis belong to Fusarium
oxysporum and Meloidogyne incognita.
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Table 19 Root symptoms in seedlings of five vegetable crops inoculated with each
of three different forma specialis belong to Fusarium oxysporum and

Meloidogyne incognita.

Inoculation plot

Gall index®

Grade of
root necrosis®

Type of necrosis
in galled root?

Citrullus vulgaris SCHRAD (Watermelon)

Noninoculated control

M. incognita (40000)®’

F. o. cucumerinum (20)°

F. o. lycopersici (30)%9

F. o. niveum (20)°

M. incognita+ F. o. cucumerinum

M. incognita+ F. o. lycopersici®

M. incognita+ F. o. niveum®
Cucumis melo var. makuwa MAKINO( Melon)

Noninoculated control

M. incognita (4000)

F. o. cucumerinum (20)

F. o. lycopersici (30)

F. 0. niveum (20)

M. incognita+ F. 0. cucumerinum

M. incognita+t F. o. lycopersici

M. incognita+ F. 0. niveum
Cucumis sativus L. (Cucumber)

Noninoculated control

M, incognita (4000)

F. o. cucumerinum (20)

F. o. lycopersici (30)

F. o. niveum (20)

M. incognita+ F. o. cucumerinum

M. incognita+ F. o. lycopersici

M. incognita+ F. o. niveum
Cucurbita ficifolia BOUCHE Pumpkin)

Noninoculated control

M. incognita (4000)

F. o. cucumerinum (20)

F. 0. lycopersici (30)

F. 0. niveum (20)

M. incognitat+ F. o. cucumerinum

M. incognitat+ F. o. lycopersici

M. incognita+ F. o. niveum
Lycopersicon esculenturmn MILL (Tomato)

Noninoculated control

M. incognita (4000)

F. 0. cucumerinum (20)

F. o. lycopersici (30)

F. o. niveum (20)

M. incognita+t F. o. cucumerinum

M. incognita+ F. o. lycopersici

M. incognita+ F. 0. niveum
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extensive®
"

"

slightly extensive
local?

"

severely extensive
"

"

slightly extensive

"

"

severely extensive
"

"

a) Data were taken on 35 to 40 days after inoculation.

b) — ! Not observed, £ ! Observed in a few parts, + : Observed in several parts, + + : Observed in many parts,

+ + + . Observed in almost parts.

c) Necrosis presented in both galled and nongalled portion.

d) Necrosis presented only galled portion.
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MR - BRSEEIC &Y B L e SEREY ORER

oW THSB L,

e MBIUFTVYTIE, Zh o
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KD 20 AT LA L D RBRBRIRGI 0 & & o B W T
PDA L THOBEMEEITZ o7, & 5 WBL O HEEIC
D2WTIR, ZOEZ S LicEEFR: U YEEOF
FEYOREFETF 2B E, HIERICHT2RBEOEE:
AN, BELMAE - ORF2EIO:. RAEER
RENRITRT &£ 512, BV BUEEY O BREEE»
51, BELL-OThOHAELEHEE T RSN,
b TR, UBIRFEETH B F. oxy. f. sp. lycopersict
LS 2 EREEEL 72 b OO BRE B 5100% DA
BT Fusarium @O0 BEE, L ZHIEI M FOH]
HRICBFCBERE T I e oEEE L A—0at
BLrYEL, b bOREEED IRV 2R
B2 2N F R L BEAEREL 2 b O ORIPRLHE B
53 BEX Ltz Fusavium B b FNZThEEE LF—0D 57
RBITH2ZeBELD SN, EKICL T M= M

DHEFEMEY I D W TIREBRAER L > Fusarium B O H
SEEER T, MEBEEFRLER, WIh L EEE -
FEl—0ObDTHDZEHLNIK ST,

¥ ARERE O BAN EA RSB 5 1%, DRl
HEOERBLEEEIN, ZULFNBEEELFR—DIDT
H5 IO SN, BEOHE L BRI {TED
FHBL SIS NTLDIZDOVT HREIBERBERENES
niz,

4. FREPBRGAAR OSBRI

IR 2 L BRHEBIC DLW T 7o b —4
TYIF %22< Y, Fusarium BOERELEHEL -, #
A ehE, B LU BREYOT S, REVEED A
Stz T— VAR EZE Y, —HF A A BEER TRER
ELTHEEL. U IE1~200 DEZ EL, AT M F ¥
Dy e 752 CEREBBKTHAL, REL .
HEETD > b, BRVPB\EETH-7F VY, bvb
KOWTOBREHERIZIROBY) THS, FVIRNLT
FEBAMEDMEEITH 2 F. oxy. f. sp. lycopersici % iR
LESEELL-HEEOR»S Lol - VEBYIF T
X, BREAZCB T3 ERMIOTE & FHMEDEX,
WA LD RLEOERITE L {ilh, BEHEBITH
2L TERMEEZIRDBEATH:., Zho0EE
PIZit, BU72 U S WHEL 72 Fusarium BOBE AN R
shrz, (KERVIE; A.B.C), BERiZEEEBRLANC, &
HEADOERMREANIC SEEL TY (MRVI; D, E),
X 5 ICABEOFEABPBRELEE L 2RO ¥ 7 F K
MEOHRIC O EESED Sl (BARVI; F, G, H). L
U RBEIC BT 3 EARD MM R » o7z,
T— VTR L 7: BROSHEE R RABRTTIC % < 010
TR, 2aT7VFaUBEST LA L BEL
2hbhyHY, RAOBRPHL S EEEHBORER
RRBZL>THEDBRERREIVERCERSE ST
BEMEERLTW 5, ERZARIER, ¥V Vi< F. oxy. f.sp.
niveum LIRRE PREBEL L EOHEBFITLRAD

Table 20 Reisolation of fungus inoculum from the necrotic root tissues infected with

Fusavium oxysporum and Meloidogyne incognita.

citrullus

Inoculation plot vulgaris

Cucumis melo
var. makuwa

Cucurbita
ficifolia

Lycopersicon
esculentum

Cucumis
sativus

Noninoculated control —
M. incognita (4000)

F. 0. cucumerinum (20)

F. o. lycopersici (30)

F. 0. niveum (20)

M. incognita+ F.o. cucumerinum
M. incognita+ F. o. lycopersici
M. incognita+ F. o. niveum

A

4+

At
0+
e SR

+ : Success to reisolation, — . Unsuccess to reisolation
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FRAZE

B =FE

2

firkE HRXs

Sz,

Mo MU CIEEMED 2 o0 MERE R F N T
MR ESEEL L EOREHEBRTIE, BBV
BZM b~ MR F. oxy. f. sp. lycopersici LiFH L %
BEEEL L2 @A R, T—LEBCE T
Z2EARMZ s 2 OREE LD £  BEHBOVLT
NICHEROEESEETH -7,

5. TEFOBRREE

FERRLFE2IRIR L., SHEMBERICE T2
2RO ERE IHFAEYOBEIC XV E LI EZE
BHote, FTH MY MIBT2BHROBMEIE, o
VEME L B L TIZIZEMECE L 2, B - BESE
BRICB T 2 EREE 2 HEEYIC g T 2L, + v
b, A4 A, FVYTR, FLZTNOBEMEMEEE L
BEEDEABEXTELL{ E»o. IhiZEERE
DS b CREARBE PRI LRSI L high
OWHEIF & N pEEZ NG, Lerl, 20
DOFH - BESEEXM BT 2B RBEDOETHIL,
ST UM EEOESL x5 FIRECLIR Z 8% & 13BTE
BRO>NZ D5,

E3W EF =
AEBOBERIZ, 227 v Fav L 7HFYTARE
DEERIBVWTIhETEEIN I LDV
MELRELTWwS, §hbbivbBRraTerFa
OGRS T L X1, TR M ML TEOED
BWEDL x IIRBUNDOMEBIZ X > TEERORET
LEBEMDH B Z LS ER o, FRIEF VY,
A4 A EOHBEMTHRBRTH o7, DT LT,
AAT U Favizko TR 3EWEDEEIETL
2, HLZENZThOSMEEE & EY L OMOMEENE
AEBILLIERCLI LD LEEIND,

Fusarium oxysporum D&M E L, BEELZTH

BNHERICT2HFEEDICREL, HWEERD T,
Table 21

ZNERANCAREE N U CTRESERSRT 3 2 &8
HoN TN BEH9 %2 B oxysporum f. sp. batatas O
Loz, MEBEE U UREEOMES LT L HEARE L
B0y H5%, L LEEBROHREZ, v
TR 2T F a0 L AREREL 2 ITEFESN
DEWERIBEAT Z Z Lidkhodz,
%:7{/%17k@%Ltﬁ%®#ﬁwﬁﬁmﬁ%
WX BFERFORRMEIL, BFMEOMEBEIC X 28ELR
RIS ORTHLOIZEIETH Y, REOBHRZ-T
Wz, #hiz, fERHSNTWw3 b~ MEDL ; 3IKIEH
MRECAOGNE AT TRV F 27 LIREE L DBRAR
R L DZRREROEREVER > TS, LrLEE
BEODRBEEEENTOEXDERE, LT —LHER
KB AEROERLEMIL, Ihi COBEERR (B
6EER) LRKENLhol, ZBHFAEYOREEC
LOoTHRROBECEEND LM, Zhiira7TwrF
27 DRBEIC X 5 EBPE Z TN OEY TEMIZ
BRI e2RBLTNES,

2T F2avORRPE B 7YY Y ABHIMAE
DEFIEOH BB IH S » TN TV, FHR
LEME D EHMAEESES T 5 Z L iz LIZLITHE
WENbLZBTHBE, T AEBTIT, B,
W7 X /B, ) VBRIEEY, BB EYOSFENE L
W BREADOERE, MidEaAtoRE M sison
3, ¥7cRa 7w F a v B L EDNERCB T B
BEY 2 VBLUNLVOEINE 2 RICHES FBREASER X
N, AT B T — VRO A I1CFR S 7,
HNLFELBIIZTIENHOSN TR =5 L
oA a7 s F 2y BRFMEVETORENELD, K
B (BEAMMEEE) N 2EFMOETRR T L
T30, FREEICT7HFY 7 ARERESECRE-S
THRIBZETRL, FEUNOEZBHTHRELCT
hrrEzonsd, LorL7¥Y Y AREHRESED T
RTBR AT F 27 L DBRABPETRFEIEKRT 3

Final population density of second stage larvae of M. incognita in soil in

each inoculation plot after harvest of plants.

Citrullus

Inoculation plot .
vulgaris

Cucumis melo
var. makuwa

Cucurbita Lycopersicon
ficifolia esculentum

Cucumis
sativus

0
1900¥

Noninoculated control
M. incognita (4000)

F. o. cucumerinum (20) 0
F. o. Iycopersici (30) 0
F. o. niveum (20) 0
M. incognita+ F. o. cucumerinum 900
M. incognitat F. o. lycopersici 1450
M. sincognita+ F. 0. niveum 50

0
2550
0
0
]
1700
1300
2650

0
1200
0

0

0

50
650
950

0 0
2150 7900
0 0

0 0

0 0
400 8500
2200 2700
3500 5950

a) Counted on the basis of diluting number of second stage larvae recovered from 30 gram soil by Baermann funnel

method.
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biTiRrnwI e»s, EREETRERENEEIEZS
Nz,
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FWHRBELEZ SNDYY, hOTEEFLE, ZOE
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FEREEAED R, BLFEEMCHL TOHFERD
FoHoshizZehs, FEEOERIAI T Fay
DORBRPHEN BT Z2RLT EOBRRTH-72bDEEZ
shb,

2AT e F 2y DREMEH T, BEOHETLE
UISIBEERDBERE £ 7 IREEOBD TH KK
REMEY: ¥ ORGP L D AEENZEERE
RET 2 LLRDSNT VB RERCBITS 3
20 F. oxysporum HMeBEEOFEFEEP T 2EE
RORFL, WENCFN EEULERRERERE L TR
S>Th v, AR & BBREDHBRE—THY, »D
BEBMCBOTREEREREITA»SELT, &L
Z2HEFEEEFROHS 1 S CEDBEDNEYTHS S,

®EIE HYIAERATEFaVICERELIZMTH
DEESHENER L REHEMENEL

2ATXVF 2V CRBRLFEEYOBRELICB LT
i, T—AREICER > THOKRE & 0SSk HEER
DRI B, L7V TLAREDRE, TORED
SEYRBREERNEARRERCEE T 5 2 L o5ERE
TWw3, 2 EFRTOT—NVERIREEEED
AL HEMEYHOEN2EE, 7YY 7 ARORR
PRERITEE?DZ2LTE2HDTH B, 2/REH»S
Bt S N B IEEFEME S, REEOTHVRRERS, ~
EUNRESRERE T2 H B LrLZED
X > BB O BAEYIEE S Fusarium & & DIBERRED
ERIZEDE S EAT RS LIZENTVERL,
FITHYRAER ATy FaT R LM M
BIF2EDL 1 2HORK L 7 OREMEYHEOBEERC
DWLTHRETL 72,

F1H EBRMELLUVICHE

1. BEBBERR

AERT, FA4ETRNEBERO 11EHICHTL
TERL, Lieho THEALE, EBX, #E#EYmO
BRR, BEHE, HRABOBEREAECOVTRITIEE
AERZEERLIEBYTHE, RBEERTHREL:
HRADEIL, ERERCHAV IAED D bOMFERY
Fu—FLrEH025ETH .

2. KWy MEER
ek 11z, BEIBEER L FE CBHL SHEIL -88K
I+ % 5 mm HO& 2 EL CHW, BELERXL20
C, 30 EIRSEE L TAW ., EBRIZER15cm OFRBE
IC R MR TIEEL 1 kg TOAN, ZhCHEARED
MARYFo—¥% 3T OFHEL /2. i Methoxy
-ethyl-mercury-chloride TH&E L, HEFHRBEEL 72,
BRI BB EER L A —@Etk % AV, Czapek WK
#T25°C, 15AREEL (RN HERFEERR L
Lz, RABRRFAORZEFELYY AL ERTT
X v F aw (M incognita) OISR S 2 HghH =
{t. % &, [EIN#, Streptomycin sulfate (100ppm),
Methoxy-ethyl-mercury-chloride (5 ppm) E&® TH
16RFRILIE L, KICFEI RO REEFEL L.

EERKIIBE TS, FEE L OWT, REEM,
B BRSO/ EEXB X U EEER & L7, Fusar-
fum EIE b~ L OIBE 2 HETIC 185572 D 4.28X10°E
WAL 2 A TFESOml Ok & b CEFEEL, B
HEi#r L@l BREIBEIRRC1I#SDHRD
1500088 #50m! DA FE X ¢ CEFEEL, &5+
SR TEITONEER L, EEBRXDORER
i3, BB B & CERREX T 5 5, HEMK, RH-
HESXIIBHNAECAVLI O 2ED TI08kL L
7o BBRIIE=— AT ANTERL, HHEFORESR
BIZ3TC HREKRIZ20C TH o7,

3. AERZ:

BESERICB T A2RRAEOBEFEIIF4ETAERRI L
BYThH2, By VEBRIZOWTHIZIZERERICEL
TiTR o7,
BEHSEMHEOEEROREAERZIROBEY TH S,
B ERIZ OV TR, S & RORERATORERHIIHA
7 RER O BREARAE ST TITR o1, FIRAIO
HEEAEERE O£ BBHEIE X, ARS OKFSEZEICHE
CTERLY., SRELRX S X UHEBERXOERDOHEE
WwOWTHILEEREIRRL, REORS 2 LBEEEH>ICEK
NELDBE, 300mlBE=A7 7 X aDEHEAK (100ml)
FUIZARLE 2205 MRE L, 5 RKKPFTOREIRE
SEBEWMBWT, LEBRBROASRZ7T7AI%220
SREHEE > (130FE/3) Lk, ZOBBREFEKREL
T, UTEFICL D FRELARL, FRERETER
BERFAN, COREILMHEL b 4 A30B (EHE1LH
%) g2~ 3B L5 TR o7, FEIDORAER
BEHIER LS 2K L.
FKRBOBRMEGHAEE T, REBERK, FHEEFRKOD
MERYFuo—F»oED x SROERY 3~ 4 DRER
BEAVBEEZRW, REEGORRDS B, 3T
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Fig. 15 Occurrence of Fusarium wilt and root

-knot formation in two tomato
cultivars grown in Meloidogyne-infest-
ed and non-infested soil.
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Fig. 16 Changes of population density of
rhizosphere microorganisms in a
period before emergence of Fusarium
wilt symptom in tomato plants grown
in Meloidogyne-infested and non-infest-
ed soil.
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Fig. 17 Influence of Meloidogyne incognita on
population density of rhizosphere mi-
croorganisms of diseased Matsudo-

Ponderosa tomato plants.
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Fig. 18 Comparison of population density of
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Fig. 19 Difference in Fusarium wilt develop-

ment on Matsudo-Ponderosa tomato

plants inoculated with Fusarium alone

or Fusarium and Meloidogyne in com-

bination in sterile and non-sterile soil.

Table 22 Comparison of relative rates of the propagule number to each major group
of microorganisms detected from rhizosphere of wilt infected plants grown
in root-knot infested or noninfested soil?,

Relative rates of rhizosphere microorganisms?

Field plot

F/TB A/TB NB/TB F/A FO/F
Meloidogyne-infested 0.031 84.3 0.85 7.8
Meloidogyne-noninfested 0.027 72.4 0.25 2.9

a) Average of two replicates. Tomato plants used had showed 3 to 4 grade of wilt index.
b) A : Actinomycetes ; F : Filamentous fungi ; FO : Fusarium oxysporum ; NB : Gram-negative bacteria; TB : Total

bacteria.

Table 23 Comparison of relative rates of the propagule number to each major group
of microorganisms detected from rhizosphere of both Fusarium-infected
and noninfected roots separately, in whole root system of wilted tomato

plants®,
Field olot Root Relative rates of rhizosphere microorganisms®”
ie o !
P materials F/TB A/TB NB/TB F/A Fo/F
Meloidogyne- Fusarium-infected®’ 0.026 3.54 80.4 0.72 4.9
infested Noninfected 0.043 3.96 90.4 1.09 11.4
Meloidogyne- Fusarium-infected 0.032 11.5 69.7 0.27 2.2
noninfested Noninfected 0.018 13.0 78.0 0.14 5.2
a) Average of two replicates. Tomato plant used had showed 3 to 4 grade of wilt index.
b) A : Actinomycetes; F : Filamentous fungi; FO : Fusarium oxysporum ; NB : Gram negative bacteria; TB : Total

bacteria.

¢) Fusarium infection was diagnosed by browning of vascular system of roots.
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Fig. 20 Changes of population density of microorganisms in the rhizosphere of
Matsudo-ponderosa tomato plants inoculated with Fusarium alone or
Fusarium- Meloidogyne combination in sterile and non sterile soil.
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Table 24 Comparison of relative rates of the propagule number to each major group
of microorganisms detected from rhizosphere of tomato plants inoculated
with Fusarium alone or Fusarium- Meloidogyne combination in sterile and

nonsterile soil.

Relative rates of rhizosphere microorganisms®

Inoculation plot

F/TB A/TB NB/TB F/A Fo/F
Sterile soil :
F. oxy. lycopersici alone® 0.17 — 21.8 — 63.3
F. oxy. lycopersici alone® 0.12 0.22 21.3 55.4 74.9
M. incognita+ F. oxy. lycopersici® 0.086 0.029 28.2 — 71.5
M. incognita+F. oxy. lycopersici® 0.095 0.30 28.7 31.3 76.9
Nonsterile soil :
F. oxy. Iycopersici alone® 0.71 6.47 27.0 10.9 58.5
F. oxy. Ixy. lycopersici alone® 0.44 7.76 43.3 5.69 64.1
M. -incognita+ F. oxy. lycopersici® 0.042 1.67 72.9 2.46 33.1
M. incognita+ F. oxy. lycopersici® 0.056 1.53 80.6 3.65 18.1
a) A : Actinomycetes; F : Filamentous fungi; FO : Fusarium oxysporum ; NB : Gram-negative bacteria; TB : Total ba-

cteria.

b) Date were taken on eight days after seeding of healthy materials.

c) Date were taken on thirty two days after seeding of healthy materials.
d) Data were taken on thirty two days after seeding of wilted materials.
e) Data were taken on forty days after seeding of healthy materials.

f) Data were taken on forty days after seeding of wilted materials.
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Table 25 Frequency of infestation with fungi to discolored epidermal tissues of
galled roots in tomato grown in Meloidogyne-infested soil.

Materials &

Isolated fungi Pale-browning

Typé of discolored tissue

Nondiscolored

Browning Total/Average tissue

Materials used :
Total no. 86

No. of tissue pieces 51
with fungal isolation

Frequency of infesta-
tion

Frequency of isolated fungi :¥
Alternaria sp.
Aspergillus sp.
Cephalosporium sp.
Chaetomium sp.
Fusarium oxysporum
Fusarium roseum
Fusarium solani
Mortiervella sp.

Mucor sp.

Penicillium spp.

Pythium spp.

Rhizoctonia solani

Trichoderma sp.

Unidentified fungus(a)
" (b)
" (c)

59.3%
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a) Percentage to number of tissue pieces with fungal isolation.

—183 —



TEAFREFHREMRSE

ERE

EROBERI»2LS TREFEEENEAL- EREL
Tw3, ZOERT, b x SROFBKRBEOIRETIZ,
MBEOBIIT LY T—NVER L7z b DT F. oxysporum
DEBDIFRP» 7203, REBEEOLEHEL S KEH
o7, BL x5SR TR, EEROREEG T—EROBRINRER
BB LIZITHHRIRT 2 E6EESRME) 9 Lk
Do TEBRIZRL & 312, BB & RRYUR & DR
TIREMEVHENE L 23 E505, Bk OFER
REEDO SR T 2 BREMBOFEIC L > TH, Ek
ELTOREBENOREEHIEEHT 2 LEZRIETRS
BV, ZOXIKEDL 2 IRFFREERIC B 2 REMLE
YL, R FLEBERCLIDEEINS O TCEEES
RE&WH, F. oxyspomum % & CRREOME 203
SEHFIZ, RRATE S BRTELLIEFLTED, 72
F. oxysporum O RRE T B HEHELS LB b
5, BRLOBRERPTRREL EETIE, BREUSN
OBEINC L 3 2IRBRBE I VR TR >TWE
DLEBIND, 2D LR BRORPITHER S BERED
B L L iz, I8 28R LRER L DBRSEL
X BEERBPRECAFTERNZBERBRIIE > TTL
ZEERBEL TS,

FERER CTHRE S L T — VEBEE OB LRI
RS2 2:KEH2ATY, B 9FEOL I E
EREEEITHOIVERBHPCEB X7 3B ER
LR TWEEIES T 2RI, FoNEEEDL
O EROFBHRCEET 2 L i3E 2 8\,

BELLIFBE LA EEER T, HIEL b
CRRE c HESBER B L THEBERR LV ES &
IIMDERBBREND Y, RBOERIIEREL LD
bRELOHERCEETH . ZOERIH IS
7 2 IREMEYE DB & A TTREM R, FERE T
KB 2HE - BEGEEX ORE CaRHEEE 0%
BOMM»BEL W I L, F. oxysporum DEEET LS
bE¥EEIND, —ABEL TR, BREOERBICIL1D
D HBELICI SRERLHEHL SO THEEES
ERCE WD, F. oxysporum OFEEDETIIA S
VW, ISP BETREMEVHEIERNCZ Lo
TWbZERHDH->TEBY, MEWBOMEIER .
EHSBHOLKIRNEFEETH S,

BIE YYIAERITEF 2 IORBLIERE T
DFEREEB IS LIFTRE

2ATXCF 2V LREEIC & 2EEROFKELRAR
REEVOEHNE DL DRBEENSE L5 RiR
¥, SHTRIESZFEINTVS, FRICE 5 BEB

DAL > DBEHDEL Vs 2 h
PEMIZ2FERELTHITFSsN TS, LR, #
DEBPZEIZ, BBREEE T L, EEoe
BHEREFERIT I EPHES MPIZE T 508140,
MABRLHHB TORREOSEE, WX, T—NVERALIC
B EXRME L 0 RAAFARK, BEEHBNTEL S
(OL10S) ARETOHEIE S £ 72580 5N T\ 51099

ZIT, 2Ty FavicksT—NEB»SD
BREBVREEOEAREET R > CVCRFORFIIB XLIZ
THECOVWTRE L,

E1E EBRMERLUICHE

HEMEY BERYTo—¥, BH02 FELrAL,
AIBE L7 B8EBKIUKTEL2 AN ERE]I2cm O X
TR L, BTFRY 7 URBaMBKIc L D IEEL,
186H7:0 2R TOBEL /-,

HERE | BRERERCHEZ . b D TR
PV IAERIT R F 27 (M. incognita) % FH 7z,
BEREFIIRICER L IR EED, HhkbTRbEEs:
QIR TH 2, BREFEIIBERE &R
W2 1 8k3 72 D 500088 D 2 Hi%hH £50ml DB K I i
Y, HERISEW,

BREROFAR | BHEEE L C26HBRCEEL T
ROIZHED B, +CAKEL TEREZRD BV, 1R
BT NVEROFEL WES 2R L TRV EL. %
15 % Streptomycin sulfatel000fZ ¥z 10 REIBE L 72
DH, ISICHEBEKTEERL, BRETKEROE > TH
5300m] DWEAHEAK % AN E—H — 12 20MB & D MR,
HEY 2 BE L TEilE (19~23°C) CURE®BE L 72. B
ELTRHEEEBOESER2ER R FETREL 72,
FEREREMEA R R L, BEB2YFA VEEST
WEBLDB, u—F Y —TNRL—F —CH1/3BICE
MLILEZ2BERE L THAY:, BHKIZI00ml B=4
72 A21220ml $¥OGEL, Iy REBEETHI DEE
L7,

HHAEOEE L HLREFTOHE : BB IFE4EB0HE
BEBRTEBCAVL LD LE—E%HTH S, PSA DFE
SIS RLEZ 505, BERE4d mm DIy R—
TTUIVH B2 R 2 BERE AN 75X 2128
WL, 2rClI0HMIMERE 2T o7,

HERTREXRGER2 LD, BRICXDVT0°C T, 8
B L0 EHRBEEELHIEL ., ERIZ1IKiIcD
EA4REL,

SHERFIFERO RSB & F3FHEER | PSA It T
10 Rsss U - 3R E 12 10m] OBEAG A2 AN, =2
OLARTHEZ S 2%, BF2BEsE, y—¥THRE

— 184 —



FE D rY MCBPARTI TV F a2y L EL L ORE L OESRRIC X 2 RRRIIEER

BREREAZINZ CRLAREC LD 3EREREL, 25
RBEZRGKTHRRL CHERTFEER 2 RABL 7.

FHREOERIZ 2 DOFEC L oz, BHEBREER
w2 FETIE, 2aYt VELEERTR SRR A
SARTTRR, SESCHEBLILBHEEHETL, Ih
KEMEC <y P TRTFEERO/NEE2E L TEHSET
BELL. BFEER, WECH N N—7F A2, 200
EORFEME THEL 72 & ZIIZIRIMEOR T2
5N LI L. ATFA R IARBECLLARER
Y MY, 25°C OERIIIC AN, 16EFHEE L X V22
BRI ALY VI X DREFEREIEL, 1#HHIOK
00OF R, 4 RELTHEFROFHEKD
7z,

T—NEEBERV 2 A, EES5~8 mm KfEARL
TR T VBB, ZOFLERERGCYIMTL T, U
WiEEHorUOABLN Y MPORERFER LI
B ea 7y VELCEESE, BEEEKO/NG%
B CGEBZBECR -7, URFMBRERE xa 7 7
VERERDERE, FOREMME I FEERRET L T25
COEBRBIIANT., 16F% B X V22K 1 AR E
PEDERFZ2UVRYRFORFRLRAEL 2. R
FLTHEEZ2~3 mmOoBLBOHEB2P.OEICHES

oL, RO FETE-> . BRI 1ERF H7:
DHI100H, BK 5~ 8 KEL THRFROFHE KD,
ERERF O L RFEER | im0 FE TR LR
FOBEZER 105 ICHR U2 PSA 2 8H LA Z
4 RZXT A e 3EAFAARL C4RERBE~R MY I A
n, 25°CIR-7-0bRESE, THEEBER Y
AN ERE LI 10A RS L CEERTF 2RS¥
fo. AFA RIS AEBMOEL, BPrITKEL THRL
2HLE LD TAERVED, SEFCHBELLER
HEEEWER NV ILICB L, 25°C T4RFH#E L TR
FOREREL. FERBBAIA X7 AR H
L, BE&EHa —ARVINVETREL, BERERFORSF
PHEE L BFHIT 1ETCD £50~100B2 KX A 5
A RTIRAAMRIEL T2,

E2H XBRER
1. BREBCEIRTTE
REREEOHAEBTCB LIZT T - VHEBRHROEE
BEWBRICRT EBDTHS, MFRYTu—¥B8IV
BROMAED S B T NVBHKICK T 2 BARGZRE
i3, BER»OBRHER LK IMHIELL, &
Bl 2ZRBEAERD NGO,

Table 26 Effect of the galled root exudates prepared in two tomato cultivar seedlings on the mycelial
growth of Fusarium oxysporum f. sp. lycopersici.

Cultivar

Galled root

Myecelial growth(mg)&)
Nongalled root

Matsudo- Ponderosa
Toyonishiki

12.7
11.4

34.1
31.8

a) Average of four replicates. Data were taken on ten days after inoculation.

Table 27 Effects of the galled root exudates prepared in two tomato cultivar seedlings on the conidial
germination of Fusarium oxysporum f. sp. lycopersici.

Percentage of conidial germination

Cultivar & Plot

In solution

On agar plate

16 hr 22 hr 16 hr 22 hr

Matsudo- Ponderosa:

Galled roots 89.5 % 97.8 % 77.8 % 96.1 %

Nongalled roots 77.3 93.6 55.1 79.2
T oyonishiki:

Galled roots 84.1 95.2 75.2 94.6

Nongalled roots 73.9 92.7 59.3 83.8
Control (Distilled water) 69. 1 91.6 53.4 81.5
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Table 28 Effect of the galled root exudates prepared in two tomato cultivar seedlings on the
chlamydospore germination of Fusarium oxysporum f. sp. lycopersici.

Cultivar

Percentage of chlamydospore germination&)
Galled root

Nongalled root

Matsudo-Ponderosa
T oyonishiki

32.7%
24.9

15.3 %
16.5

a) Data were taken on 24 hours after treatment.
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NoDELDHEEDLE L BEARPODERIIOVTIE
EAFEHLMICEN TR,

DitTMANN®®, WEISCHER 5 '*1%, B—RHIC X % &K
LEAREDRREBEDE—REOBL &, EREOD
=R W2 & o THIER (synergistic) ¥ 723 AHMEY
(additive) HERIC T 1203, FhoRBEREBEDE
TEEHT 2L BFLRDIEEROMEERTIRILL
LTRYENZ LY, EREEROESROFICIE, KR
OWHEFEREORBRE LT, T L THREMBREORRL
MEINAEERHMONTNE®®, DX REKEHE
BRELTHEINENE I DRBRETHY, HAER
DEM EBEZN S DRI OV TRET 2L END S
I, TR IBEEREEROT 20133 kEF
RRIENE - T3 H, SRS S CREREOHACHE
HER OB ICET AHENEDONE I LITE ST,
BEROERRREE L & 5 CHRICHR TS 2 L2
BEL B THAS.

ARETHRELE M MNECB TR AT F oy
LEL IRE L OEARRICET 3 —EDEBREEL
T, EFEERE LTOREDO—HEIHAS Mz 3 s,

DUT#hoohhsEBLRAEOWTHRET 3.

w12, YYRAE®TRATRUF 27 (M. incognita)
YEL 3% E (F oxysporum f. sp. lycopersici, race
J1) Ck2EERE, FEERORKEOB S S MHEED
B ErEZ Talw, BBERCII2FBROER (B4
BEEE) P, Ky VEBRTRELER2REAEEL L&
DRFOHR (FB6ESR) »oBHork LI, Th
ZFhOBRRICE 2REDEF L LTRERRRERAR L
BFBIENTED, THbLLEZNLDEERIIBLT
27k F 2RO RIBEETHEFROKAL L
THBETSIsh, —ADEDL x IREHKERRE LTHEZ
5ZE0TES, Th o DERRBRFRIIABTHY, Lz
BoTWHbYBEHEY TRV, LB LIITWLIRE
FhR LR ORI B L 7z & O WORBRBE DR
ZEB3b0T, REREOMAEER 2R T bDTRE N,
BEERCBLWTHREORERB I DL S KBTS
N30k, FRFNOREK X 2RE, ThbbREHE
ERROMHEEC I bDEEZOND, 22TV F
v OFRIEZ, BREORPIAICEINE T— VT D
EEREREINZONLT, £ 3 5BTRMEFDOE
BIZH LN A AERE B L UASREC X - THRBRIR
HlEhs, ¥RbbHEORAEANFEL LT, £hth
B L BB CHEICTIEDSE 2 bDB>T
W3, WFhigtira7erFaUuBEREEREEL L
THBSUSNB I L, FEEYCHL THERER
I & 3 predisposition 25 2 2R iR b Db D L EEE
*h3d, ZoOAREFEROFEFER (disease proness)
B IIZTTERBOEZEICDO WV THR U7 GAUMANN®Y
DIEWHLES LT, BAROERmEERT 5 DICR%
HIRIZL, '
#2112, b H)RENMEREOEERAERICOVT
ER2T5, AL IEEDI B, FLDOEL S
HREFERES R T2 F 27 LIRER L OESRE
RE->TELIIIRPFLIRRL ., HEAREDOES
rOREBEIIER, WTNHREED race]12RET S
B—EHECEF (IHF) X330 THDH, EERHE
WKEBHBIRZNZNOREIC L > THRRERY D
o7, Bbr)REFMEAEOEERM L L TERZA
B151Z, Ky bVERTRPIBra7rFav bR
FHEEOBEZEEICLI->THIEL IR HERLE
v, ARSI TV EES x SREHNEREL, VY
?A4EFRATRF 2v (M. incognita) k¥ DESEN
HRELREESREOREOEBECE L WILH 3,
FASSULIOTIS 5%, ¥ 7 Y 2B 3 M. incognita &
ERE (F. oxysporum f. sp. conglutinans) ¥ DEER
Hiz & 3 BEFENERERKROSGEH TRLSL 2 LD
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TEAZEZFMEMRE

B3R5

VT, WALKER S %371 L 72 Type-A (BRJEHTE) & Type-B
(BRETE) OZECHYUT I LD TH A LIEHLTY
3, PR MBI IEARBHOSEHZRICOVLTIR
TTIEBHN X 38ENH D, FassuLioTisd DR
BBEIRLI, LD LZO®BITR -7 EROKEBRER (B

ABEZR) I, | BEF2ET 2ENENAEORMTY
ELr9RORBRIRIEELETHY, WHOLIERNE
FENEFEDO LBV TRHETE 2, —RITFEI
S92 BRETIMER, B OREREERZICL>TE
BLBZOEBEOEINMEEE T2 D L STV 553069,
Pzl ybrarerFavtOESERI L 2EBSK
BZDOZLIFHETIEZ SR,

BIETHEBELIELOKR, 2a7vrF 27 L Fusar
um B L OBEESRORRBE e EEMYFERM O %H
CEEESRWI LY HDH, YUl M. incognita L EH
x ORHE (raceJ1) KHEL TRESEMMSEOERIC
IVEEROERIIFETHS, LrL 2 EEFET
227 rF a7 OBENZ W I, FL Vv race DF
B EIN T IHR TR, EREHNMESREORE I
HYIRAD 3,

EIOMEE LT, BEARPOPMEEDL & 2ROR
RERICOWTEET S, HERLVIBERERHS
BWT, MELREE L ORARBREOR Z 31577, &
DR T 253208 L RIFHEADO—EDBRIZ DWW TEE
ENBiEDev, KFRTHED 5 NEERDOBS,
R & 2 BERBRELTD & - BB TR
THY, BHEOBFENT —LOREIRED S L2 THERE
BiZblzoTwa b s ¥, KWEEHICL Y BRPEL
B, BROTBHC I TER 2D T—HAMCTE v,
ZOFERIZEIBORIREE, £7-Ky b TATEREL -
RBREETHIRICTHS, Oy sd, 2alvrF
2V DHFEFBRATSMOKRBHMIREEORL: L o b
DRRWEEZSND, MRFAZEAEREL BEOK
REREEIC L 5 &, RELHEL TRIBAL A3
REEOBREDB LR SRV EBHLIT, FITR~
T RIREEDEREBEM I T3, Pl b DEHE
T, PERRYODBEERYIR Z0MOMEZ D B
(8,123,127) (\: _.gzj— 5 .

L 2 ABBRERBOVADFHIMBALIX, Ky MEBROD
BELTIROEWETH 2, LordbERELEEL T 4
HLABED b = b ORICEENICERSBEbILTL 3, 2
NS DIREMTAROREREINIC L 2 £, wTFhbEEs
EHE2 LR L TRALTBY, REHOEHROMMEL EE
Thh, E5IHEBOHE, LR OLNS (FH6XE
B8, 20X BERP S AT, WREIC & 2 BEEL
DFEmIZ, BROEFBAK X > T Z 2 BB OMES

BECLLDOLHEWENT, 20X REBEBERBREDE
REZDOTIRBHEDOHR ORI RH L 72510875\,
FEROBEHBICB T 2 BEBRFORBRIC DOV,
Fa7erFavD 28R E F. oxysporum B ORE
Yy FOBATRMIERTICIRET 2 A THEBESELH
3, 2HISIHRDOBAR, BEOFERTIEZOIEHST
LR 5 @307 0 RHREEP HIERORY—i
AL U TRARICHFEHBY S J 2885 1R TR
vy, —J5 Fusarium oxysporum BOEEEBAIRZ, >
TV, ¥4ay, 7=, DVERETHIONE X5 IR
%ﬁg%ﬁ%%{$§:&gb) r\oﬁ : 5 (2.87,120,168,169)0i’b) D -?tr
, BEFIET 280 582 2IFEHH 499138148
Lie 2o CHEEEC URIRESEETERT 2 648
HNITRIRL TORERBESBEI D > BRI FHD
rEzonb, ZORERBREDH T, REODBRANE
ORPENERT 2720 TRL, BOEELBI
SMUTHREOITEIDER L LD, BANHEKT 2HR
CLzIy mpnb D IH 25, Ky FEERTR, REE 2L
CEEL, REPRCEREL L EORFY, HEZHE
BEEL-HESLIVABCEI ZLBTEDSALTL
5, INET, 2a 7y F o & Fusarium oxysporum
Ik 2EAROBHNFENICE {HO B RID—
DI, INSEREDBRARRICE T 2 REBLRORK
MPBKERERE2DLDIGRELR L, REOEESRFET
i3, #HRREEY)C BT 3 predisposition iCEHT % %
20, PROBEBREFAD L L ABENICEZL SN
HEF3dp 2 123200 U h LEHETR &V O RREROEH)
HWERZ2E2ERE L THEZ2 I L0EE2ERXL Tidk
578\,
RIZEERDRBEIZIBWT, I —D2DEARBRPDORK
VB TH D T—NEBICOWTERT S, 32 ZHid
Nz BY, FRYIFHOERRE CRIEEICESE L RIZR
REEO—FIZT Exv, Lt > TRREBELET
2 T—NOKEHEIATI T2 F 27T k3 EMERPpT
H5, L UREBEIERELARCBIT 3 T — V8813,
EXMECEFCHEL - BEHBE2SD T TN LA
EZRREEOEENTEDOND, TORIDOVTORE
fREIOmRIZ, BREOHABHIL IZIZ—BIT2HDTH
o fROIOLIN e b B 2 S O RBRPAEBL, WIHE D
BEOBL L THFETHY, T—V4EB, HTHERME
i, RERENBREZLRTIIANF—MHEDOBE LT
REZBREERL TR EEZONE, LB —DT
— B & 2 BRI RBEREIZT T L, iR
HoR ol KEOIT-VEBTEARENREET L2 L
WE-2T, MABKI2BEBTIIZOEEHBTE R
DELOVEIEISE I, 3 5 ICBRESESHEBRICILLD,
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TH . b bBPBRa Ty FavEDL L HRE L OESRREIC L 2EFRRNEER

RENAEIIRRT 2D LEZ O NS, REE IS
LROBEARZERT 2 ERH, TR B
TROBEERZL S 5D, BHEIC LY, ¥ERRFER
X CHEHBORE R MEDE Z 3 7 OIREE DM
PRBETHHOEAOND,

T VB TEASRESE Z 215E, RWEEIAL»
SHEHBRFMEER THEEATICEAT 2, B
BEBRBIURy VEERT, £L x SROFERAOME
HROBEIPS BV LTINS, D IKREBANIEL
Z3ELTH, KETOEENHONIEBELTET,
EBERPICEEREL 20w IV AEBRBERIEE D %
REHEERARIERTIE, F. oxyporum £V &, F. solani
BEBETD o, MORREELLFEL, Eb
IRENESRFELLEEL T3 LIZFTEDIz 0,

BHE F. oxysporum 1%, BEREL VI B TRHEN
EUHBEEZLDORDIE, FOMORERPEEDOLDELIZZ
LigoTWwWa, L7zBoTINARBWT M. incognita
¥ Phytophthora parasitica var. wnicotionae, 2 %>l
Pythium ultimum & DEESBEOF >N H SN BK
FHEOBABRB L I ZORMECHSLREENDHL LD
rEz R o0, $%REC Fusarium B TH->Th,
BENRRIMEEE I F. solani ® F. roseum & 3
AT F a2V EBZEEROBBELI AN ED
NIRRT H 29, —FRERRD D bRBREFHRADZ &
RAHMDY D, 72k 21X Pratylenchus spp. (279 L &
¥Fa2) k& F. oxysporum B & DEEROP 2 AT H,
AT F v DFE L IIFEFL - VERBRPOKE
BOLTELWIEED B 559,

Urkoz s, 2a7vrFavESLrHRELE
DEERBFEOTALIE, THRFK X 52BAR S VBRED
BREHIHBEL TR I L LEREZPLDY 2 H 5T
BY, TORARBREOKILT HEICL > T, HBRCE
Z2HECRBOERCOERBELZbDEALNS,

B4, 2T F 2 VRBREEYO 7YY VAR
#t9 % predisposition iIZDOWTEE T2, BEDEHLD
HRT, 2a7erFavBREEYICET 2 EBOEL
23, Fusarium ERMOREREC L 2RBERZR LS L
HBT L iﬁ?‘é}ﬁ‘é nTx 7»:(8,123,127.150). b @ﬁ%@i,
FEARZNEBOMETDH 2 L HBREEREOEL
W OBEND B,

2ATrFavEELIIREDEBROFERT,
BHENORCEREORA L LTHEET UL, BRNG
JREIZ X3 % predisposition FEBERERTH S, k<
KEDL 3 )RBIESE COHEEGRORRERCEEL
BEEz b D2EEZ N3, Eb xS RBRZUEREDY
i3, FEHRORERL L TUREHIBELLTOLEE S

ET20D7T, £ Fusarium @D & 5 CBERUT 21
EOBVREE IR LTI, BREOBRH X > THIRY
BABRBFEO SN TTHRBROERKIZTSH LS
D182, ZDZ IR EFE L ORIRFEREIC X D G
TRBRBIE Z > EBRER»SHATH S, LrLESL
3 SREEAEOHE X, BIREK X > TRBAEBHR
BEDOSNTRITRRTZIERHINET, BLEZ
N L ZANRIEE OB R T 2IBHL 255D 2 BHE
DREEERS, 27 FavDORRTRISZT—N
BB ZD LI RERO—2 LTHDODEEICHED TEHE
EElEx I Lid, BHESEORRBEEICBITS
TREERRE| DBRE Y, H 5\ id Bridge inoculation sys-
tem % Fv>7z SIDHUS OEBRVTHBHI NS, 2h oD
BEZ, 2272 F a2V ORLMEMCECT 7Y Y
LIRIZHTT % predisposition D—EHETRT D TH 5.,
Lo L 7% ) v AREIEAEOT I, HERERZ
ERVHRIEFMEO b OH S, ZOEHIZHELH TR
D, VTFhIREIT—VERCE > THFEFEDCET 2
AEPZELE, ERERERFIC L 32X L OWHEE
FERELT7HY 7 AKIAT % predisposition %
Tz d0eEzZRITE SR, FLAWHET, BEOME
Byl F. oxysporum HMEBEIE L A a7 v Fa v
EOREBEEICED, P b, ZOMBEEYICESR
DHEBETEILE2RD. I3 LEERR, 2aTky
F 2 7 BRAEYI D predisposition & U THREE ICHT 3
HEEBERELTFOLONL TR I LETRT S, #hiE
L T, ZZ7Tw> predisposition 237 ¥V 7 AJRD &
T 2 RRAZEED, 0o BERICHEET
ZHBELOLISMETH S, BEOHET, BHBRE
YD predisposition DFetE% ELEL L 72 Bid iz v 28, (B
IR RO RBRPREY R 2 EBEL S 8%
TEBREAEE OESHRORRCTE LB LZTENIZS
b)(8,126,127,150). i 7: j-ﬂﬁﬁﬁﬁ%?&%’ :f—}bﬁ%iﬁ 6 0)3%
HYI3EZ O LBRFEFOEBTLRERR I L TRE
BB BT 507950 & 5 I HIBRIEHE £ DESTRIE
DTHRL, TRBEFLA5N3LBARREH IR
EMEATRBFIR L, - FEORE N L TH
AEMESRERRT 2L wI3MERH 2, ThoD
EFRRBENSAHATYH, 2 AT F a7 ZBELIfE
¥z 437 % predisposition (282 Fusarium B2
PEBENEHBELE LS L3R TH S, AHETH
BLzAa7vrFayBE < b OREMEDHEI,
REERHMOMAEY), & CBRMEHEOEE NS
DRERLTWBE Z s, BEWFEHIELWELILE
ET53ZLEREINS, REMEYHEIIFEEYEC
B 3REORESCHFEOEEBRE, REBREI ST
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FTERER=FHAMEE

325

EEEL PR FSERBERICIVELT 2 EEZ 50,
BERDOEBH: D < 2R HBLAEY) D predisposition %
T Ao, REMEDHE L OBEICB W THRKE
FHEOBEEXHID, ZORKREDOLLDLY EVLETMR
N ELEEHS .

PEDzEms, 227wy FavDRBETHEYT
X, FOEENEICHEZVRREICHT 2 BZUENES
%2 LRAKRIC, FELLTOBEELSTFED SN B HAN
HEMR-> TITL DD EEZ N, FOHADEERL
LT ORI BRI B 2 HIEESRD S REICR
EMEERNEET 22 enFHIENS,

AFEZ I P TORAT L F2YDEDL SRS
EDEERRC L 2ERRRO—DOOHHEEZRLIZHD
TH?, LrLETHEYD 2 REREOREE, X512
o 2D 2 RERGFOEERDENIC L ST, &
ERORBEOBHEHOBDTHLSEDL>TL 5D LR
b, BEEREEDOLIZ) 2FHET 21213, HLOK
RIRRCBI 2BELERICEAENS Z L BLETH
3,

RBERI T, ThETEAROERICIOVTIZL
AN R o7, brbkraTerFar k&b
IMEFHILIFETHY, WREOHRET THID T
BERBREBT 2, Lics-> TEOEBEIZ, FRE
FBAEEBELRERLT LR DD, 2L 2 BEEYL
TTH, WREOD S bERFEFERE L TR TRy F
2V DEREFHS L, REE L OHEER 2K Y]
2L E-oTHERIEWTE S, ZhEHEELZLD
ET B, BLROBEICCEEROBRL 2+
SREL Thhohnidn siun,

B1E B =B

N2 bDESL » SRE (Fusarium oxysporum ScHL. f.
sp. lycopersici (Sacc.) SNYD. et HANS., race J1) & ¥
VIAERDAT R F 27 (Meloidogyne incognita (K
orFoID & WcHTE) CHITWOOD) & DEAREIC X 3KE
KOWTERRNE AL ZOBEE2ERL .

ZOWFET, HBEBEERECB I 2ESROEHEEH
Hizl, 20%MEy» > EEHGH, HEEEER, ~E
HEESREERL .

BHERBEROERE

1) MAVGERESCFEGFRERTIREDO N M E
2EMIFEELLEEOEL x SRORRRE» S, &
HERBEBCBT2EL y 2ROSEREN ATV F
2V EQEERERICLZ L RHLIIL, ThEHEE
HERETBEL, 2 ZORERZA»SAHT, 227

Yy F v DHFEEVERERRE, EbrOREKRRTHS
EEZoni D r ORBEZEOMRERY Fu—Hig,
MBI 2 8, FEIIKE, B8R LU TRREESR
BB TDES x SRORFEAEETH - 7z,

2) FerBEEEAVERY VEBROBER,EH &
SRR MED 3 B, RRBETETOITNHED &
IR, EERTEE L OXRTHRR/VEL SR
ANz, —HED 2 SHBHRESRE T, £2OKIBHS,
BMEEREET TEL X ORORREL, 15K
BERMERFE ok, L LEREMOBREIREICLD
RNERZENED SN,

3) P MISGREEZEVTEBRERYITE > 7-HE,
b 1 JRRZHEEOKEL, BREEESRESC
BOTEFEERESLD bEDL X SRORERBEL
BiRE N, £7FEL R EBIMRED S B, KRS
BEES TRESELL-00I1%, T, X5, &
¥2%, TVR-2, TE MR Th 7. 2OMOFEIZE
HEFEGREXTHESL x SRORBRBD L » o7z,

4) POz rds, b BI2Eb O KELE
ATy F 2V L EEERIE, WEIC LB ERESF
TTEVWEETEZ 2FEESH D, »O0BE—EHEE
FEHOEDL r DRBEIIHERBE B W TZOENESEL
bhtTuZ el shtikol,

BEBERIC L 2EEROFER

1) WRE LR 2 BEREER I EZThEEDLY
CTHFEEL7: L EOEEGRORREMET L, Eb &
SRBEZMOMERY FTo—¥ T, BE - - BESEE
RIZBWURREOEBRE 2ET LV bEHOEER
EEELLEZCEDL & O FBFERLEEL, »ORK
DR ERNH -1, —H, B x IRAIETNMEOR
BIETRREEREL2Z LLBDCbbLT, &
By IIROAEIREIE Z oK B oo 7z,

2) REEEBRBORRBE-RIBEZEBCIZESL
IROEALKE DWTHRERY T u—F2HOTREL
7o, BEEXDI B, ELr OB Lo L bW L FHR
L0k, MiREZ b~ bOBEIOBE £ 7-13260% 0D
FREEX TH -7z, REEREL DT, HEI0H
BORFRELBEL, Z016HRCEGRE»BEL- L &,
FOHDEFTRHEBEB L LEEIDED  DROER
BEL otz BE - BRESEBEEOFTEDL x HFEIBR
BIZERLIBEE, REO T —VIsEMET ¥ 3 EM
BH -7z,

3) REFERBORBFZ - RIREEBICI2EL &
IRMOEEEDL & DR RE L EBIYAE THER
L7z, BRZUEGEOMERY FTo—¥ TR, WRELE
RRCEET 2, E3REE2AECEEL TUHRK
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FE b MBI AR AT Fav B HRE L OESRRAIC L 2 RRRIIEE

BRHE2EEL-LERXEL I IROBRIEL o7z,
—HED x> EEMSEO®ITKE, BHETYH, Th
FhoBEEX BT 2EDL x SROREREIZRZERS
BOBESLES o, LELEROBEIX, &0
DO THREND T2,

4) MY bOABREROESRORR &L 2.
AFHBORELZ2EL pORBZEN N BBFERYT
O—%) KRFEZEMBEEL L EDEL X RO
i3, BEXKHE/BI6HOLDTH L2, B
g aEREERE L. L 23, HAOEVL DI LR
BERE» -7, EEHSIOREELRREE27THHE
BTREICEEEREL: b v TR, WThOEERH
DHDLEEXRICERL - HBRBRRLE» o 72,

5) MBOEELERRFE L FAFEEL/: L&D
Fwb (BF2E) TBIFZEL X IROAEEELI LR
%y, 2HSHREETIIRELAECERL, RKFAE
BEDFIRIEHEH9L. TR IEL oDt L, ISR T
1321.6% TH-ot. RMRREPREEEL:LEDHK
RAEE, 28R L3I EE L D I0BATICEEL
b DOTIE, BEECKENE L, BEERISRC
Boot:, BHEEPLCEELLLODIZ, 2HgHhEE
TRBICER U728, JIREE T RREEMED» o 72,

BERBRROZR E HEROFER

1) BEEE 2372 F 2 (285HR) * AR
BL-EL  9EEEZMEI N MMERYTFu—¥%) T
X, 2 BBIT CRBORIBTECERALSHOFER
SRR N, ZOBKEIEML L, —AEHOES
rOERIIEE S A S Hbh, UBRBIERL 2.

2) WEELRHEL OBESRRIL, HE4HR O
TEBRTEVICED >N, Z0& 1IKBIZLBH SN
D, BHSE»r A T—HPORTRIZICEEE ST,
BERBROFERIZ, FFROKIFMETT —VEABLE
AN EEIE R 2 L72As, T LEAHO T — ki
LER LT, ERIEAVZEETIE, ROPLHE, BX
UZEDHERTICEELB/ENITD ST,

3) REREBOREHELFENEE» S, 2HYHROHE
—{EESFERBRALLEINCE T 2 BBAIEH IR
BEEOBAFIFE L1372 520w & HWL 7.,

BANCHE 2 - RIRARBEIMALORE L, F TR
DEBAFRABLRPOECHT 2 2 RO REZ
BAR X VHEBHEL CHESN, ZIRXRATIRE
2E-EEESEEL, BROCREFREC L 2EE
RRANETLEZbDEEZONT, £, TTRERK
AN T NEMICB Y 2 REREE, EXMRECEE
e 2O FUMEBHEBTEED D, ML LEELT
BULELWEEDOEANELEL T,

4) UEDOBRERBBEFMNORE R E, MBI UED
EEHABCBY2EMBOEEN—BHER LD, £
L ORDERBEIET 5 b D LHEBI NI,

HEMDRR B Fusarium B EFRE LI 2EERD
IR

1) P bEZEL R IRER S VICHFEMORL S 2
BosbBEr»ZFhFNRX TV F a7 L AIREE
L, HERORBAEERITLUIER, #AL T hos
LBES b MBS x O EROFEEE S L. L
BLELIOHLBREPBEABEELZLDELIONRT
FHIRBERE, o, FAREREREXF 27U, A4 4,
<7979, ARFr (BRAH) TTR-7cel5, #
M & > TURBORFEBRECENA SN,

2) BFAMEBRE LBHE L 2EAEREL - L 2 ORER
iz, BEA OB L EEROBEERCER 2 1,
#1 FECRESEDLDN - BREG TIERBDOERER
T2HD%Ehot, o DRMRBEAEB > & 138E
e HEBE» Z h T hERE CHOB S L,

3) WREEREBROREEHENRE T, -V D
EAH R EEEBNICE LN E L EEL, BERR
DFEERDIFRD & L7z,

BERDOEE L IREMEMEDOZEL

1) BHBERX L EFERXOEBREH THREL M
MBI 2EDL x SRORR L IREMEYHEORE L D
BEEME R Lz, BD 2 IRBERMCBIT AMARY
Fu—FOREMEDEOLEE, RREEXTIESA
th/AaNC F. oxysporum DEEREL, ZOHBBEA L, 6 B
iz EaRHEREOBEEOEANEIL >, FFERKET
BFEEBERX XD RECLREHERER L. —
HEROBBMEMHIIBRGERX L IEFRROM T
BN ERRAONR ST,

2) BMERyTu—¥DESL x SHRERBE KT S
REMAYFEIZ, FEFREKICL 5T, BREFEXTE
oK & <, F. oxysporum, }IRHE, &HE, CRMTE
WEOBEELEL -1, £, BL 1 OREBEORBPMR L
RBEBOBEEMERCEREN L SNz,

3) MHELBHLZBEABELABELBCBIIS < b
MERY Fuo—¥%) TRERCEREL :FEELED D
DELBRTEL Y IROBEBE Lo, ZDL &
O = MEEMEYHOZEEIIHIIEOR TR D, FE
BEL BT E - BEEER CRENLCEELE A
>, L ZEBRWMEMBEOEKE F. oxysporum DB,
YEH SN,

4) T NVHHBRERB B 2RO RERE L, &
LIz SRTEHILL, Ld b Fusarium solani 3 F.
oxysporum W& > TELH L7z,
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FREAFEZFHERRSE

#3225

T—NVABBEBRSREEOLEBTICB XIZTHE

1) MRy T o—¥, BROBRBBIRLBLED
BRHEBEPAVCTREFEOABT 2B L BE, £
IREOHEALEBTIHMAE L bATETCELLHERTD
D, ELAERTES VCCEBRFORFELEET 2/E
Fs88® & iz,
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Summary

The author studied a character of the complex
disease by the root-knot nematode, Meloidogyne in-
cognita (KOFOID & WHITE) CHITWOOD and the
Fusarium wilt fungus, Fusarium oxysporum Scur. f. sp.
Iycopersici (SACC.) SNYDER et HANSEN, in tomato
plants. In this paper, a conceptual definition of the
complex diseases by multiple etiology associated with
plant parasitic nematodes was also discussed on the
basis of the results demonstrated in the present studies
and abundant evidences which have been accumulated
in the represented references.

(1) Actual incidence of the complex diseases
caused by Fusarium wilt fungus and root-knot
nematode in tomato plants.

To observe actual phenomena of the disease devel-
opment, three tomato cultivars were planted succes-
sively in the field infested with both pathogens or with
the fungus alone during 1977 to 1978. Disease
symptoms occurred considerably severer in plants
infected with both fungus and nematode. Infection in
Matsudo - Ponderosa tomato, susceptible to F.
oxysporum f. sp. lycopersici (race J-1) and M. incognita
as severer constantly than those in Kyoryoku-
Beijyu and Toyonishiki, resistant to F. oxysporum f.
sp. lycopersici (race J-1) and susceptible to M. in-
cognita, respectively. In all of these cases, the gall
symptoms by the nematode were recognized primarily
in whole roots before the wilt symptoms occurred. It
suggested that the disease complex between Fusarium
wilt fungus and root-knot nematode developed
syndrome in two phases characterizing as a primary
disease by the nematode and a secondary disease by
the fungus.

Further investigations to compare the varietal
differences of the disease incidence caused by both
Fusarium wilt fungus and root-knot nematode to 28
tomato cultivars were done under the pot and/or the
field situation.

Generally, the wilt incidence in tomato cultivars
being suscept to root-knot nematode occurred severer
in plants grown under the infestion of root-knot
nematode and Fusarium wilt fungus than in those with
the fungus alone. The severest development of wilt
symptoms in plants infected with both fungus and

nematode occurred in the susceptible cultivars to both
pathogens. On the other hand, the wilt incidence of
Fusarium resistant cultivars planted under the heavily
infested soil with both fungus and nematode occurred
significantly greater than those planted with less infes-
tation of the nematode. However, the rate of increas-
ing wilt severity in plants accompanied with nematode
infection varied widely between each cultivars. These
results indicated that most of tomato cultivars dispos-
ing a monogenic dominant for Fusarium wilt resis-
tance may break down frequently in plants predis-
posed with nematode infection.

(2) Some manner of development of the complex
diseases induced by Fusarium wilt fungus and root-
knot sematode under various situations for mixed
inoculation in tomato seedlings.

In pot experiments to demonstate the influence of
inoculum density and inoculation order of both path-
ogens to disease incidence, they showed noticeable
changes in the rate and the severity of wilt symptomes.
In Matsudo-Ponderosa, the wilt incidence in plants
inoculated with different inoculum levels of each
pathogen was more intensified by increasing nematode
quantity than fungus. While in Okitsu-Ichigd, susce-
ptible to M. incognita and resistant to Fusarium
oxysporum f. sp. lycopersici (race J-1) , there were no
wilt symptoms in plants inoculated with both path-
ogens even by increasing inoculum density of them.

The severest development of wilt symptoms in
Matsudo-Ponderosa occurred in seedlings inoculated
simultaneously with both nematode and fungus at 10th
or 26th day after seeded. The rate of wilt incidence of
tomato seedlings varied with the inoculation order of
nematode and fungus, introducing alternately at 16
day-intervals; wilt symptoms in seedlings inoculated
with fungal suspension before nematode inoculation
developed greater than those in plants inoculated with
the nematode first. The plants occurred wilting rapid-
ly after nematode inoculation were interrupted the
development of galls in root systems and gall indices
of these showed slightly decrease. In further experi-
ments of similar situation concerning the inoculation
order of nematode and fungus in tomato seedlings of
different cultivars, the development of wilt symptoms
occurred also greater in plants inoculated
simultaneously with both pathogens or with fungus
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first than those inoculated with nematode first even
though the cultivars differed their susceptibility to
Fusarium wilt fungus. It suggested that the fungal
colonization on root tissues in tomato seedlings may
relate to penetration of the nematode to a host plant.

When the tomato seedlings, Matsudo-Ponderosa,
were inoculated with the fungus alone at different
ages during 0 to 36 day old, wilt symptoms developed
severely in plants inoculated at the ages of 29 or 36
day old after seeded, but if the seedlings were
inoculated with both nematode and fungus
simultaneously at different ages, they killed with
higher rate in plants exposed both pathogens at so
younger ages. Among the seedlings inoculated with
the nematode and the fungus alternately at 7 day-
interval at different ages, higher wilt incidence occur-
red in plants inoculated at every ages with the fungus
before nematode inoculation than those inoculated
with inverse order.

The experiment was attemped to compare the
difference of wilt incidence by using the second stage
larvae or egg-masses of root-knot nematode in mixed
inoculation with Fusarium wilt fungus in tomato seed-
lings. Wilt symptoms in Fukujyu-Nigé, susceptible to
F. oxysporum f. sp. lycopersici, inoculated simultan-
eously with both the second stage larvae of root-knot
nematode and the spore suspension of Fusarium fun-
gus developed rapidly after inoculation and wilt index
in the seedlings marked very high average. Whereas
the seedlings inoculated with both root - knot
nematode egg-masses, calculated almost the same
density of the second stage larvae, and Fusarium

spore suspension showed extremely lower wilt index

than those used with larval inoculum. In other inocula-
tion plots which changed the inoculation order of both
pathogens, the wilt incidence differed apparently by
the inoculum form of root-knot nematode.

(3) Histopathological studies of mixed infection
associated with Fusarium wilt fungus and root-knot
nematode in tomato seedlings and its effect on appear-
ance of symptoms,

The experiment was designed to determine the
mechanism of mixed infection in the complex disease.
The root materials of root-knot and Fusarium wilt
susceptible Matsudo-Ponderosa seedlings inoculated
with both pathogens were prepared for histological

studies in every other day during two to twelve days
after inoculation. A number of nematode larvae
penetrated into the meristematic tissued of whole
roots in two days after inoculation and then increased
gradually. The nematode penetration brought some
injury to the dermatogen and the periblem of the
elongating root tissued. However, the fungus invasion
was never seen in the injury portion where only single
larva entered. When the numerous larvae penetrated
massively into the meristematic tissue of a root, the
apical meristem broken down largely and sometimes
allowed colonization of the fungus. In such case, the
fungal mycelium was found abundantly in all portions
of the wounded meristematic tissue. From these his- .
topathological observation, it considered that the
minute mechanical wound associated with entering of
a single larva of root-knot nematode into the root
tissue is not suitable to penetrate of the fungal
mycelium, whereas the severe mechanical and ne-
crotic wound induced by entering simultaneously of
the nemerous larvae into the apical meristem of root
may become the favourable court of fungus infection.

Mixed infection associated with the fungus and the
nematode appeared first on the tip of adventitious
root, and then developed on the several tips of
primamy or secondary roots, but it is limited in a little
part of whole root system. The portion of mixed
infection showed necrosis locally first on the galled
root tip, and as soon as extended to the upper part of
root. In the galled roots infected with both nematode
and fungus, the mycelial invasion into the vascular
bundle developed rapidly and vigorously, and it
facilitated the wilt incidence. The giant cells in galled
tissue seemed favourable site of the mycelial colon-
ization, and it suggested that more extensive growth
of the fungus in infected roots might happen from
these sites.

(4) Possibility of the complex disease caused by
incompatible Fusarium pathogens and root-knot
nematode in different plants.

Five kind of plants, Cucumis sativus L., C. melo var.
makuwa MAKINO, Cucurbita ficifolia BOUCHE,
Lycopersicon esculentum MILL and Citrullus vulgaris
SCHRAD., were inoculated simultameously with the’
root-knot nematode, M. incognita and each one
among three forma specialis of Fusarium, F. oxy. {. sp.
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cucumerinum, F. oxy. f. sp. lycopersici and F. oxy. f. sp
niveum, including incompatible species to the test
plants. Some incidence of wilt symptoms was recogn-
ized in each test plant inoculated with both nematode
and Fusarium species in any combination. In tomato
predisposed by nematode inoculation, wilt symptoms
occurred not only in plants inoculated with the
compatible pathogen, F. oxy. f. sp. lycopersici, but also
in those inoculated with incompatible pathogens to
tomato plant, F. oxy. f. sp. cucumerinum and F. oxy. f.
sp. niveum, respectively. Other test plants showed also
similar response. The appearance of wilting caused by
combined inoculations of test organisms varid by
plant species, it was observed to be severer in cucum-
ber and tomato than in other plants. The roots of the
plants affected with root-knot-Fusarium complex
showed necrotic discoloration in the galled or non-
galled tissued. The original fungus inoculated was
also recovered from those necrotic tissues. By his-
tological observation of the necrotic galled tissues in
cucumber plants, mycelial colonization of the in-
compatible Fusarium species was recognized clearly
in vascular tissues and giant cells of them. These
results suggested that being possibility of the complex
disease caused by incompatible Fusarium pathogens
and root-knot nematode in various plants.

(5) Changes of rhizosphere microflora related to
the development of the complex disease caused by
Fusarium wilt fungus and root-knot nematode in
tomato plants.

Wilting in the tomato plants grown in the soil infest-
ed with both root-knot nematode and Fusarium wilt
fungus occurred in a wilt-susceptible cultivar Mat-
sudo-Ponderosa, but not in the other wilt-resistant
cultivar Toyonishiki. The wilt symptoms were severer
in the plants grown in the nematode infested soil than
in those grown in the noninfested soil. In a period
before the symptom appeared, the rhizosphere
microflora of the plants infected with nematodes chan-
ged variously in comparison to that of the noninfect-
ed plants. The population of F. oxysporum propagules
was temporarily kept at a significantly high level

during the early stage of the plant growth and the
nematode larvae were invading into the roots, then it
decreased gradully as the plants grew. Whereas the
total populations of bacteria, especially including the
Gram-negatives, increased drastically as the root
galls developed. The rhizosphere microflora of two
tomato cultivars tested changed in a similar pattern
during the young period of the plant growth despite
the presence of the root galls. In those plants re-
presenting wilt symtoms, there was a highly
significant increase in the number of each microor-
ganisms except Actinomycetes in the rhizosphere of
the galled roots, but the number of F. oxysporum
propagules varied greatly in each replicated mate-
rials. Occurrence of Fusarium wilt in the tomato
seedlings inoculated with both fungus and nematode in

the sterile soil was greater than in those inoculated in

the nonsterile soil. Considerable increase of Gram-
negative bacteria and reduction of F. oxysporum
propagules were characteristic in the rhizosphere
microflora of the tomato seedlings inoculated with
both pathogens in the nonsterile soil, while it was not
recognized in that of the seedlings inoculated with the
fungus alone.

The fungal flora in the discoloring lesions of the
epidemmal tissues of galled roots changed more com-
plicated than those of healthy tissues, particularly
there were noticeable increase of Fusarium solani
instead of F. oxysporum.

(6) Effects on the mycelial growth and the spore
germination of Fusarium wilt fungus of the exudate
from galled root tissues.

The mycelial growth of Fusarium wilt fungus of
tomato was stimulated facilitatively by the exudate of
the galled root tissues of tomato plant in comparison
to that of the healthy root tissues. The germination of
conidiospores and chlamydospores of the fungus was
similarly stimulated by the exudate of the galled root
tissues. The galled tissues infected with the root-knot
nematode may be possible as the nutritional sources
for Fusarium wilt fungus growth.
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Plate 1

Photographs show wilt symptoms in Matsudo-
Ponderosa tomato seedlings inoculated with
Fusarium oxysporum £. sp. lycopersici (Fol) and
Meloidogyne incognita (Mi) under various
combinations.

(A) Plants were inoculated simultaneously
with Fol and M7 on 10 days after seeding. The
order from left to right : M: alone, Fol alone,
Mi+ Fol and noninoculation.

(B) Plants were inoculated simultaneously
with Fol and M7 on 26 days after seeding. The
order is the same above.

(C) Plants were inoculated with M7 four day
interval at five times during 10 to 26 days after
seeding and simultaneously with Fol at first or
final inoculation. The order from left: M7
alone, Mi (10-26) + Fol (10), M{ (10-26) + Fol
(26) and noninoculation.

(D) Plants were inoculated alternately with
Fol and Mi on 10 to 26 days after seeding.
From left: Mi+Fol (10), Mi+Fol (26), M:
(10) + Fo! (26) and Fol (10) + Mi (26).



Plate 11 PLATﬁ II
Photographs, (A) and (B) show wilt development in young tomato seedlings inocoulated simultaneously with Fusarium
oxysporum f. sp lycopersici and Meloidogyne incognita, and (C)-(E) show root symptoms microscopically of its infected plant.
(A) Initial wilt symptom appeared temporarily on eight days after inoculation. The order from left to right: Mi+ Fol alone,
Mi alone and noninoculation.

(B) Wilting developed rapidly in a few days after appearance of symptom primarily. The order is the same above.

(C) Tip necrosis of an adventitious root infected intensively with a large number of second stage larvae.

(D) Initial gall symptom in root tip region infected with second stage larvae on two days after inoculation.

(E) A large number of larvae were observed in the crushing root tissue.
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Plate VI PLATE VI

Photographs show symptoms in Matsudo-Ponderosa tomato seedlings inoculated simultaneously with each couple between
Meloidogyne incognita and the different forma specialis of Fusarium 0XYSPOTUM.

(A) Symptoms appearing in plants inoculated with M. incognita and F. oxysporum f. sp. lycopersici. The order from left to right :
Noninoculated control, Meloidogyne alone, Fusarium alone and Meloidogyne- Fusarium combination.

(B) Symptoms appearing in plants inoculated with M. incognita and F. oxysporum {. sp. cucumerinum. The order is the same above.
(C) Symptoms appearing in plants inoculated with M. incognita and F. oxysporum f. sp. niveum.
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Plate III

Photographs show histpathological studies of tomato roots inoculated simultaneously with Fusarium oxysporum {. sp. lycopersici and
Meloidogyne incognita. ,

(A) Singly invasion of a second stage larva to root tip tissue (after 2 days of inoculation).

(B) Mechanical wounds of the primordial epidermal and cortical cells remain after invasion of larva (after 2 days of inoculation).
(C) Mechanical wounds invading larva remain clearly to epidermal and cortical cells, however, this site is never seen fungal
infection (after 2 days of inoculation),

(D) Second stage larva establishes a feeding site near the primordial central cylinder of root. Cell arrangement of the cortex is
disturbed already with invading larva (after 2 days of inoculation).

(E) The track by passing a larva in cortex recognized intercellulary with cell wall discoloration (after 2 days of inoculation).
(F) Necrosis accompanied with mechanical wounds of meristematic cells caused by invading intensively with a lot of larvae (after
2 days).

(G) (H) Break down of the tip tissue of an adventitious root caused by multiple infection with both root-knot nematode and
Fusarium wilt fungus. The necrotic tissue shows crowding a large number of larvae and establishing mycelial colonization
vigorously in each picture of the same specimen (after 4 days of inoculation).

(I) Close up the necrotic tissue occurring multiple infection with root-knot nematode and Fusarium wilt fungus.

Plate IV

Photographs show histopathological studies of the infected roots and stems in tomato plants inoculated with Fusarium oxysporum
f. sp. lycopersici and Meloidogyne incognita.

(A) Larva invaded into the vascular element in upper portion of infected adventitious root and the tissue broken mechanically
(after 4 days of inoculation).

(B), (C) Fusarium infection showing favorably mycelial growth develops extensively towards the upper portion of necrotic root,
especially well in the vascular bundle (after 4 days).

(D) Young giant cells form in a galled tissue infected with second stage larva alone (after 4 days).

(E) Fungal infection developed into the vascular bundle of stem through those of an adventitious root infected with root-knot
nematode and Fusarium wilt fungus (after 6 days of inoculation).

(F) Fungus colonization recognized intensively young giant cells of a discolored galled root (after 6 days).

(G) Longitudinal section of the galled tissue having typical giant cells (after 8 days of inoculation).

(H) Fungal infection developed into the giant cells and their vicinal vascular tissues of a discolored galled root (after 8 days).

Plate V

Photographs show histopathological studies of the infected roots and étems in tomato plants inoculated with Fusarium oxysporum
f. sp. lycopersici and Meloidogyne incognita. )

(A) Necrosis of the parenchyma surround vascular bundles in the stem connecting with an adventitious root occurred accompanied
with invasion of a large number of larvae (after 8 days of inoculation).

(B) Extensive fungus colonization developed into the vascular bundles of the stem connected with an adventitious root occurring
multiple infection by root-knot nematode and Fusarium wilt fungus (after 8 days).

(C) Giant cells developed well in the gall tissue infected with root-knot nematode alone, and the protoplasm of giant cells remain
densely (after 10 days of inoculation).

(D) Vigorous fungus colonization established into the giant cells of discolored galled tissue, and the protoplasm of giant cells
disappeared extremely (after 10 days).

(E) Myecelial growth developed vigorously in stem vascular tissue near ground in plant occurred multiple infection by root-knot
nematode and Fusarium wilt fungus (after 12 days of inoculation).

(F) No symptom in root tissue inoculated with Fusarium fungus alone.

Plate VII

Photographs show histopathological studies of cross sections of the galled roots in cucumber seedlings inoculated with Meoidogyne
incognita and Fusarium oxysporum f. sp. lycopersici.

(A) Mycelial colonization recognized in the vascular tissue near establishing the root-knot nematode.

(B) Mycelial colonization extended widely in the vascular tissues of galled root.

(C) Fungal hyphae established into the vascular tissue far from the infection site of root-knot nematode.

(D), (E) Mycelial colonization developed well in giant cells of discolored galled tissue.

(F) Mycelia grown extensively into the parenchyma near vascular tissues.

(G) Fungal growth recognized inner space establishing the mature female of root-knot nematode in galled tissue.

(H) Fungal hyphae distributed within gelatinous matrix producing mature female.
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