V2L ETAa Ty F.vEDRSBREIZET DS
Fusarium spp. o %41k 0l

FEPRISE - FINHZ 8
(i 0 7% % BF % %)

Changes in the Parasitism of Fusarium spp. in Plants Exposed to
Root-knot Nematode and Fusarium Complex

Kazuya Hirano and Teinosuke Kawamura
Laboratory of Plant Pathology

Abstract

Changes in the Parasitism of Fusarium spp. in Plants Exposed to Root-knot Nematode and
Fusarium Complex. K. Hirano and T. Kawamura, Facutly of Horticutlure, Chiba University,
Matsudo, Japan, Tech. Bull. Fac. Hort. Chiba Univ., No19:;, 29~38 1971.

The authors demonstrated the confusion of parasitism of three Fusarium form species in plants
infected with root-knot nematode. The material plants are as follows; Cucumis sativus L., Cucumis
melo var. makuwa Maxino, Cuburbita ficifolia Bovcnt, Lycopersicon esculentum Miry. and
Citrullus vulgaris Scurap. Fusarium oxysporum f. sp. cucumerinum brought wilt development
not only to cucumber but to other nonhost plants under the condition which inoculated itself
and root-knot nematode. Also in F. oxysporum f. sp. lycopersici and F. oxysporum {. sp. niveum,
the similar phenomena occurred in their host or nonhost plants inoculated with one of Fusarium
form species and root-knot nematode. Wilt developments caused with each Fusarium form species
and root-knot nematode infection varied from the different plants in their appearance, and they
were observed remarkably in cucumber and tomato. Necroses of roots in infected plant. were
recognized extensively upon the galled and nongalled tissues. The fungi of each inoculums were
able to recovered from infected root tissues in all inoculated plants. Histological observations of
necrotic galled tissue in cucumber plant which inoculated with F. oxysporum f. sp. lycopersici
and root-knot nematode, indicated that the fungal invasion occurred clearly into root tissue despite
of the nonhost plant and the mycelium were colonized abundantly into giant cells, vascular
bundle and surrounding tissue of the female body. As thus, the parasitism in Fusarium spp. was
changed in some case in plants exposed to root-knot nematode and Fusarium complex.

29

Bz SR e Fusarium B E1C X 5 BABRH,
b LEER LTINS Fusarium §{0 4% BB X
#5213, Arkivson (1892) OEFID M LIk S
b TER., TOPRTH LK, Fusarium Bk
EDOEET ST, BEARROILDTLOEEDOHE
ZRI\, Fusarium SRR IR 5 I DLW HHEE
ik, BHMREEROEEBE CX b TEAKME S

LTEOHFORTE A (Harrison and Youne (19
41), MarTIN et al. (1956), Jenxins and CougrseN

(1957), Tromason (1958), Davis and Jenkins (19
63), PorTer and PoweLy (1967)). EAREDEREEL
% Fusarium I3 2 OB SRRSOV T,

PR E EBRETRV A, AR 2 SRR
DENYEOAELFLHEMVBERL VB0 EELL

* BROBE R, BULEI AT iobhic B ARDFRELAKEIRTE TRESRE Liz,



30

hTuwsb, (Pircaer (1965), Porrer and PoweLn
(1967).

LZAT, 5 LIcRHECET2EE0mRAR, FE
WO SR A b D Fusarium BHitko b wwo
WTTH o Teh, ThIBI SREROEFCIR S 5 R
Fin &5 M ETIERENE LATHRV, BRI SHTEAD
BYC X » TBR I N 5 gall Afico HEEL L TR
e 5 IR RO A TWEEFDS, Fusarium B
FET A RENERYEET 23 LB Lo LWL 0
THoHETHELIE, B/ S BRE Fusarium WL O
BARPC X - THRIY 5 2HWBLT, FEFRCIEDb
DTHELRHB Y EATHD LD EE LRI LR,

Z5 LicBanb, bhvbhil, DE0RMEWEn
fo. FEBRCHRZ SiEH & Fusarium W L OB A BG
2, HFEWIC IO B mER O Fusarium & H1 2
T BEN D T, Fusarium OFAMC SRR
Ba LT S, 2% b AR FusariumDE
FHEH LI LRG0T, RELSHREORARS
DEEBRISERT I\ TUE, FriclieFd 2 FHiE 4 5 RN
EieWiEH S, COMBEEHRT DL, T
Meloidogyne spp. & DBAHMN & dod CEE Iz Fusarium
oxysporum DFE4A D form species HRTHRALE
EEIRECEDOFE N ERD LS L L. ThZhF
FHEYRIC TS Fusarium B form species 3 B
WRGC, SEED 1Y % % G 1 Meloidogyne
incognita & DRARRPOVREMREZEFI LI, 0 FHR
ORI X D RBORBUTE VLS 5755, Bohic
Fusarium OFEWCESHNB D, AREETHHER
IREEEREL RIS &\ 5 BRD DAMR A 5.

ZIT, ARTIE, &L TEEERCKTBRK Y
_ADFERERL, X HI—EBOERCOWT T2
REFHBIZEORT RA ol nx, kL.

MEESTICHE
1. Bt RED

HAEmTE, oEF 0 SEEEAVI. A4 »(Citr-
ullus vulgaris Scarap.); B FHAFI2E, =7 v
Y (Cucumis melo L. var. makuwa Maxkino) : fifE
TR = 2 — 2w v, F 9 Y (Cucumis sativus L.);
mEIHSFEFER HXRF v (Cucurbita ficifolia
Boucr) ; BARAMGEERSR, F~ L+ (Lycopersicon
esulen-tum MiLL.) ; SWERFAEVF v —%, 2 h b
BTN TRELEL AN CERI 2o RSN TEEX
¥, EEEBRACERF L, Auict#l, C3EmEH»
LERIL, VEOBEELYEAL, SmEDSDWE
WLIctEA— b2 v— 7 T120° CI5HHME L. BT

Xy A7 v 1,000 53K CRTERHBENREL, BEY
= VA THEL CHOLEELIOERATLIHOZ
SHIFEME L7
2. BEERE

PRSI, P DS EEL Iy Y <M R 2T
v s 2w (Meloidogyne incognita (Kororp and
Waite) Currwoon) W, & ik AHEBROHEER
O VTC b EAEE R L. R EE gall %
MR L. BEEFL, SO0 UD b= M THELCSE
DIFBEH B SLLRAEUL U, SEHEEE 340058/ ccD iR
RREWR & 7e B X 5 FREE LT L.

3.t R W

HRETIL, HEREREOSED SEHRYHW. +
w ) 2 LENRE (Fusarium oxysporum (Schl.) f. sp.
cucumerinum Owens), F< +&ED 1 5KE (F. oxy-
sporum (Scur.) f. sp. lycopersici (Sacc.) SNYDER
et Hansen), A4 2 5 ERE (F. oxysporum
(Scaw.) f. sp. niveum (E. F. Syire) Snyper et
Hansen). ThbixH b UDFEFETOBCEREL
THBFEC T AR AR Lic, BERL,
Thi Crapek Wtk T24°C, 7 HREHR & >HE&EL
fo. BREEBEATHAAIEL, KTH ok E
DH~LTHBL THBERE LT L. EEEE
%, MEEORBKPICE Th2RTR IOEAF DR
BERE (B0 TEDI.

4. FREXOFER OB

FEBY, FERAEHT LT8R EDL - THR L. T
bR E, EE, BER - BREAOFEERTDL
OV EEBRAEALL, TS bEEAT 2 O0EE
K, #R L 3EENCTh ThifF . FREBRXKIX
SEHE L.

BB LOEOEREL, BEIORBCIR-Te, 18
Bich OEFMEL, Hat 4,000, HH0mg (L
F. oxysporum f. lycopersici DFH30mg) & Ui-. R
DFHEE, Bid o CHEM LT EREORE ¥ 1o XHR
B 10cc XERA L=y Mk b, FRX I LciFE
BEALL. MBLEEORGEEOHAIIFARERE L
Lic, BB L x 5 ATHHICEKRLT, EE
FERTE LR TA L5 Lic. ERITRTHF
ARER T\, BEEHRIS~40 i e B DL T
MR OERIL, EREEOHEKRYETC LiclE L.
KREMFORFHRIRIL27°C TH o 1.

5. AEFE

REE, HEEMOLEFIMCRT 2BRAEL, R
BRTRHCBIT2BEHRE & ¥ T el BHAET
X, BERETICH EOED x S ERIBELhTHD



1B B IRRRE LORRIERA G L. B
TORERDII (FEDPIED L <1 FZED chlorosis)
ORI (RFEIE s SELIC #55E) % T 4 B
DY, Th Tho By 3 3 BEIEC X BEE
HEEoREE L TESRCER Lie, —FieamET
i, BEEESS~40RIThbioh, FRTOMREEA D
BEOHL, KkELicob, 4HRE B OBl K
B L LT OO RATR, X bR
RO (LR D necrosis) 7o & iz onTIEL
o, ETEWEIEY D%, 1EFORz T ey Ly
BEEZTIC., BEOHEIIN— L~ VLY 5t Tr
B, LLEDEss, BIMRYAARE S 5o Fusarium Bo 4
HEC, —EOREIE AV T » TR BB S & 5 Bl
DHECBL UL, BREOKZEE OPTH~S.
& R

I. BEBPIZIBEDL SERORE

Fusarium ¥+ M. incognita & o BE#EECY,
THPERABDH DI EBOED ¢ 5 5RO FEE
REFIRBIVEIRCRE L. #HREYD > b+ v
UV, b=b, A4 HTE, HREOPTERERO K
FRE LT s M R  BABE L8 e
<, B BB RROMRNER D, BEWREIHE
L.
LIHTIZCHR Licwh o, #3117 3EEL,
TNOOREDHEE LTEY Lic\ B L,
ThENRBLBEEBLICEBATHS. bhHARMY

31

WM X 2EETE, WThoHEEDC LE L 0K D
Rezlixigmote, LoURREBABETHE, M
YOBBIC L - TEWZD B, ARFELTHUND
TS BERERE D, BRAES x5 LR
MhoERSEDbhic, U THEBI L, M.
incognita & DFEARYUCIIT BN b ORE inlhi:
DEALEHEAT 5.

¥, Fusarium oxyporum f. sp. cucumerinum (.
DVWTRD E, ZOBERARF Y VI LT RS
bbb, AFETHEEMEAEE20 AU LVED
r DRERD B b, ERMIRATRE (BEMR%) <
IEFIRERI00% , FIRIEHT62.2% %R L. L+
V DSt oSBT R LT, BRI S osEk R
RElehotc, L2 AP F. oxysporum f. sp. cucum-—
erinum % M. incognita L BEB®E T L. ¥V T
WHUD LSREMBBIR S, #E6 B LTEL L
FERBRLR, 1BBRICIIFRE100% Lich, 2T
ZEEIRIET B s, IhicF v Y Lol
KXRLTh, b~F, ALH, <2779y Ch LI
RIERYE L. b~ MO, BE2A 5 ISR
bz Ty, MBHOBKAEC B\ TRIRRMUY,
FERER C2% %7 Lic. BHREHEC TR, %
LICTENOORNSN D LEENAD, SHML
B, F. oxysporum {. sp. lycopersici DR L 5
AROED 1 SIERE EITBEE TR ot <20y
VB IU AL »Tix, £ 268 LIBIC RpE kR
D ORI TR LORIEBE L, REHRECKT
LRI ThFN10.6%, 6.8%Th -7z, % iwHE

Table 1. Incidence of wilt symptom in five test plants inoculated with Fusarium spp. and

Meloidogyne incognita

Inoculation Percentage of wilt index
F. oxysporum M. incognita Cucumber Melon C. fisifolia Tomato Watermelon
0 0 0 0 0 0 0
0 40002 0 0 0 5.5 0
cucumerinum 20b 0 62.2 0 0 0 0
: 4000 100 10.6 (5.3)c 22.2 6.8
Iycopersici 30 0 0 0 0 38.9 0
: 4000 22.2 0 (7.5)¢c 97.3 (5.6)¢
niveum 20 0 0 0 0 0 35.3
4000 16.7 (5.5)¢ (2.5)¢ 33.3 72.2

Data collected 34days after inoculation.

a=Individual numbers of second stage larvae; b=Dry weights (mg) of fungus including spores

. and hyphal segments; c=No wilting, data showed the index of symptom associate with vascular

discoloration.
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Figure 1. Development of wilt symptom in plants
inoculated with Fusarium fungus and

root-knot nematode.
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Table 2. Root symptoms and growth of the tops in plants inoculated with Fusarium fungus
and root-knot nematode.
Inoculation Root symptoms Plant growth
F. oxysporum M. incognita Gall index Degree of necrosise (Top length)
Cucumber :
0 0 0 % — 24.4 cnm
0 40002 94.4 - 25.2
cucumerinum 20° 0 0 ++ 18.8
: 4000 —d + A 4xE —d
Iycopersici 30 0 0 - 24.4
: 4000 91.6 -k 21.7
niveum 20 0 0 - 24.8
: 4000 93.7 + ** 23.0
Melon :
0 0 0 - 46.1
0 4000 88.9 —(E)* 14.5
cucumerinum 20 0 0 + 45.8
: 4000 86.1 (4 )*k 11.8
Iycopersici 30 0 0 — 41.5
: 4000 94.4 —($)* 13.0
niveum 20 0 0 —_ 44.3
: 4000 88.9 —(+)* 14.0
C. fisifolia :
0 0 0 -~ 26.7
0 4000 85.0 — 26.0
cucumerinum 20 0 0 - 31.1
: 4000 88.5 & (4 )** 29.7
lycopersici 30 0 0 — 34.4
: 4000 87.5 (4 )x* 33.0
niveum 20 0 0 — 32.1
: 4000 87.5 £ (4 )** 30.1
Tomato :
0 0 0 — 32.4
0 4000 97.2 - 22.0
cucumerinum 20 0 0 —_— 36.8
: 4000 838.9 + *k 23.3
Iycopersici 30 0 0 + 4+ 37.0
: 4000 —a + 4 4-HE 11.0
niveum 20 0 0 —_ 30.7
: 4000 84.3 + ke 24.2
Watermelon :
0 0 0 - 63.2
0 4000 94.4 - 46.1
cucumerinum 20 0 0 - 65.7
: 4000 89.2 + kx 44.0
Iycopersici 30 0 0 - 66.6
: 4000 91.7 (- )H* 40.4
niveum 20 0 0 + 4+ 28.7
: 4000 —d + + 4%k 13.6

Data collected 35-40 days after inoculation.

a=Individual numbers of second stage larvae; b=Dry weights(mg) of fungi including spores and
hyphal segments; c=Indications show as follows; ~=Necrosis was not observed; i =Obscure

necrosis was observed in a few root;

4+ =Necrosis was observed in several roots;

++=

Necrosis was observed in many roots; + + -+ =Necrosis was observed in almost roots; *=
Necrosis appeared locally in the galled portion; **=Necrosis appeared extensively in the galled
and nongalled portion;

d=Data was unable to collected for plant died.
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Photographs. Cross sections of galled roots in cucumber plant inoculated with F. oxysporum f. sp. Lycopersici

and M. incognita. A), B), C)=The fungus is colonizing vascular bundle surrounding the established

portion of female nematode. D)=There is some fungus colonization into parenchyma nearby the vascular

elements. E), F)=The fungus is colonizing giant cells surrounding the anterior portion of female nematode.

G)=The fungus growing within the body cavity of female nematcde. H)=The fungus growing within

the gelatinous matrix of nematode egg mass.
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Table 3. Isolation of Fusarium fungus from the necrotic root tissues infected with

Fusarium apg. root knot nematode
g *45\& i

Isolation of Fusarium -

Inoculation - s

F. oxysporum M. incognita Cucumber Melon C. fisifolia Tomato  Watermelon
o . ‘ 0 - — - - -
o 4000 - - - - - —
cucumeririum 20 0 + + . — - —
o 4000 + + + + +
Iycopersici 30 0 - — — + -
R 4000 + + + + Lt
niveum 20 0 - - - - =
4000 o+ + + + +
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D, G, H). LA L gall o RBEHSCI, HEHESE
SREEEAUED 5 7o, gall ML CRIFE LTz 8 5% 28Dk
DRI\ 13, BEIBEATESTHMLE D
BI#E S b, BEICRINIEEZRB U T, RS
gall LN DG ~ERT B AR LT, F
KxuL, gall i 2 H0% BmEL o 1o Hi ¥ THE
RHOBEL, 2 >EERBACERNIDZ 28HE L
WEUIBETEZ A2 EnDEITLNAE. o, 7
iz F. oxysporum {. sp. niveum & M. incognita t %
REERLILBEOBENRL, KEbcoxicdok
Pas X o TeiREE R L,

—F b= Fi2 F. oxysporum {. sp. cucumerinum »
M.incognita L #BEAEEB LI BAL, TTbhb
s F. oxysporum f. sp. lycopersici & M. incognita
EDORARBRPOERTHELIH A & RELERI

{, HeEdEgEAR By, sLchUEOA
BT RO, BESR LN

LEDZ &L, REEFE TR\ EWEKANT Fusar
ium N M. incognita + DRGSR O B THETHZ
EHER SIS, DT LM EHOED ¢ 5 FERD
FBL LD X5 EODT R BMCOWTL, Ehrsk
HEHHDTRE L Lol binl. &<
PlHmmwn®¥%zﬁ%mxwéﬁ%@%ﬁ%f®
FRERIGE, KREGIH CBIZE L AR ORT b DIk
Y N - F (WS S
5. EERICIRIT B BREE

T EEZ D Bt oL R S 5 IBHE
BEEAROR LI EBD TH D, HFABEHOFEEI X -
T, BHEBEBOFHEECIIVH LD LLAE ) 23
HB. HTH P~ P EFLECKT AHEOEIGE, X
MOy YEOL DL THSC b AR, HEEY
A 3 BfE L M A bE &R RERX DR R HECE <

Table 4. Average number of second stage larvae of Meloidogyne incognita collected from the
soil in each inoculation plots
Inoculation Average number of larvae
F. oxysporum M. incognita Cucumber Melon C. fisifolia Tomato Watermelon

0 0 0 0 0 0 0

0 4000 1200 2550 2150 7900 1900

cucumerinum. 20 0 0 0 0 0 0
: , 4000 >50 1700 400 8500 900

Iycopersici 30 0 0 0 0 ‘ 0 0
i 4000 650 1300 2200 2700 1450,

- niveum 20 0 0 0 0 0 0
4000 ~ 950 2650 3500 5950 >50

- 'Larv#& were recovered from the 30 gram

replications.

soil by Baermann funnel method. Average of 3
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REGEWC B0 WA OEALFNELS, FEMY
D Fusarium BHHELXPEETHHRC EL E W53 0
Thole. LTI THRABINAIHNRL, HL FTLHFEM
WoRBERCRON, FEE O BT TISA TR
W AEBRTE, MELFERRE 210 F.ooxys-
porum @ form species %, FXLAD EY i\ T
M. incognital DBEEAEH L\ 5 BRI T, BRAF
HEpAERTHC ERRER L. S0 LI, B,
M. incognita DEYIT X 5 MWD AL (KB EE
E25, WHRVHB LD Luh B Tw5. 23X
RIRGOFAME, & CERPTLOBRELFREEDOE
EEDORIEY, EEMERICKRE IhcFE L OB
PEELBHEL TEbDTHMETH D, TOERT, AER
DFRERH DE NI HEORE, WAL 5 5k
ERTEZE L THE—FEAHERERORBLYID 5
—DODFENMYRDENBEEZ LN S.

&2 AT, Fusarium OFEZRMEOEE2E KA
L5 TR SRBREFMMOREL, —FED X5
LT 2003 B E It 5. AEROFETE,
Fusarum OFAMENREILEHLRFE LT, ftRE
WM X BERPRALRI, FTLFvY, Fe g,
Fusarium OFAMC L 5L bRESFELTCBER
BLENTESD, ZO_2>DHREYY, Fusarium }
M. incognita » DEABFE T, form species DR &
RZ & A SRR, ThERFE U X 5w EHosER
Zhichbllc, TOBEOWEC X ARYOBMI, B
SHBOREBHOBE TR D D, FDZ Ehb
THE, HRABRARE LML OB T, HEX
i Fho form species 1oxf UC 4 BFE 2R3
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B ARECEEL TS EELDRS, Sh
CBIL T, —HRC SRIEGUENC ST 2 hRWmE
DEDEBERL LR TEZLBLENDH 5. B
S SR RRREy O gall Rk, WEE T 3 2 AT
U, BAE, B, 1V F—AE (1AA) Zoiz
P, SEIERPEROEELB LM S ATHD
(Owens and Novorny (1960), Birp (1961), Yu and

Vieriercaio (1964) ). L 20 HorHmH Ih 3
fExDEROERITIXHDTEE TH 5 (Expo and
Veecr (1969) ). Zh bEHWED RE £RI, #Y
DR X B RIGOBEC S X 5725, gall IR O%L
WS E LT, BRERERGUEY DL R E 2D
DEEMLLTWDEEZ BT ENTELS. TheED
FAEHRHILE LT, gal s\ CnA LAl
ORI RSN DERY BN T LIX TS
(Bropie and Cooper (1964), SEEF (1966), MELENDEZ
(1967), Power. and Nysravm (1960) ). LBl EOE A
b, B SHEORELCABK T, Loy
B DRER e RE A B LI BB EE Y EE L
TWAHDEHEIND, LELIITERIREZL
, WEONHEZER, HL FTHREDL LBV
A TOBEMAERCL ESLLDTHY, FEiEv~n
FCZOREYRSLOATAZ LIXERTH B E VS K
TH5., kv TIORE % IRY &S DI,
EHIEEBROBRELRH D, EREOFRALEZ HLEDL
H5H5.

AERTIE, HRAEpOTHICL M. incognita @
HEENNDUB Lhrst, ER=277 T VT, £
DD EBEIB LU MEII NI, L Liedih Fusa-
rium  r ORSEROERIYL F. oxysporum 1. sp.
cucumerinum DBEFBENT. LT LIRS HEENR
bhichote. 2D &iX, ez M. incognita DRK
YA TH » THEEEINELL T, EOREC X
S THOMERRD DI EEZRLTVS, THILD
5 &, Fusarium BWHtkMEOFIZd, B SHERED
RABRPTLTORIMNBE IS LD LPEI R
LD EDOHREND ZOLLBBTHMETHA 5. WTh
CLTHZOBATHLN TRV, Zhi@BEPEHLT
’&TEA@%O%%%éBhﬁbéﬁf%%?bﬁm
Bl s X o5wcBbih s,

i E
D wy=g4Exwxz27wvs v (M. incognita) D

G 51T D Fusarium BOELM O BEHZ DL
THEF L.
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2) #R L1338 F oxysporum f. sp. cucume-
rinum, F. oxysporum f. sp. lycopersici, F. oxyspor-
um 1. sp. nivewm (%, 5 BHEOEM L TM. incog—
nita LRABELUILEES, WThi 2o T4l 2%k
L, FEBCHREDHFTEBLSNDO LD LED & 54
RExbsz xeie.

3) Fusarium B L& M. incognita L } RS
DIERNE, EHOBRIC L » TEORENRID, &<
oY E b= b CHEETH .

4) BERRAR I LEEHOBRBeHEH bR
necrosis DOFEWRIL, gall ik 7517 T, FDEFND
Az o lc o THR T HIRERD L D23 %2 5 7.

5) BARYIZ X T necrosis #5342 OGN
5L, WTFRLEREED Fusarium EHAESHEI M e,

6) BARHUC gl ABYIFOBERCI-T, K
kZDtECIrEE Lics Fusarium 8%, gall #55
DOEAMR, BEAR REERBOBRNCEEET
WL CTO 300 FER I .
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