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WO ERIR e T Fusarivm BOFEBEAOMRIIOVTE, HRER 2 BELLKL D
KERORERL OB THERIMELSHIRL 0OBATAVDTHLES S LN THRILOTD
DT, »LOMIBEL K U HAELBT L SHOYROBTDHE, '

Z ORI OV TS TR 5 BERZ 4707 0 (& Branves, E. W.(DETHDT, REKIC &
UK, «Banana wilt” \JRTRIRHER & Fusarium cubense (&, UTH L TEHRBE 20
HEEDKHER S O BAT 5, ML THREBR ZOBAMIBICHEFILze Th& ks Tivar
W. H.JG (9) SEBRMIN BIRZ B S Y REMOMERCBAL THAREE (7. lin)) (DR
FEBRL, TR KDOTHEX 20 BAMBTHA I L. %Ki RER HE O HER
(Cabbage yellows) 12 fAT b FIEOBIEER Lz, Duvvarawiy, K. J§ (3) £, 450 SR
(F. vasinfectum) 5> > R U RORMOBREALL M BBL TEBALBS 23 284
Utzo Fammy, T. M. & (4) (Duarmarajuru [RiZ L %) 12 ok?(léf*%@%?fﬁﬁéi%jz@/fﬁﬁ
WEOBARRTLDTHSD S Tho Swirn, R. U8 Walker, J. C. fER HEEEROR
W » Fusarium conglutinans O RBEAIEIZDOTHRZ L1cd', 20RII &K, 2
ORI H HEEORO HEHEE 2 TC THMMBAT 5 2 SRS <, MES VOBAR
EZRPELSTHIDTHEIRS. '

IO EAPRIZ DV TIE, #H<¢ S, E. F. (7)) REIKREERFEOWTE L 0BAT A
SHLDTHDI, Porter, D. R. K& (6) WIREEY 5 Fusarium niveum HPHIITEA
T B BL TRIG LB TR BN ROEMED ZOBAPIS S 085 2 S2HBL, %
EHRED 2OMBFTHE Moo REOREICHT » BRI, BHWT 52, RELCBFCR
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FHEZHELL D THARKCHERLLOK, ThiC EWRS 501 b05 H oD 2DME
ACREMIEEL THRS ZA0THAD, -0 BREEE RR2THA S BRAGIE

Kbk,
X B 5 ®

HR AU IR B B Fusarivm nivewm ($ERWGRBRBE S 0 2EL ENLLOTH
OT, ORERERORBETHA, & OMPBER LI FFERS UTEME IR BE
U DL, ROWE I THRFEMMEL, HEL A2 oL BROMEROW %
BN 2O LIIO¥T 23 ERSOEBICEILBRIIAN, 2 TEHOMERFHFOT,
SROBRIZ B0 DU BHR O 2 OWEOEF 2 b &5 THRE BN THEEL o
DLUTHEMB 2 774 2 CHO, SRS S 22v > OFESIZYY HEpENHAIN 53
N b RS ) RO AT TREBRLEOTH b %IEHOBECE LTINS 8 %
OB BMOTR L 15 Bz 2 2> IL RO 2 7 v > BOREER 010 AN R
OBei3 (10) 20 BEH 528 48 Bl TH O TOBMERICE L TRELEHRMTEAT
AYDTHA I I2HDOT 16 ke, 19 B, 21 BIECEZL IO TH 5,

L] F
® &

PO BRI BUE D REN- ¥ T 5 PR © O RAEC #HO TR LD BSED #IRIER
KBEAT S (Fig. Do BA%ZRU M4 ORI ZREIFIFEEHIRE D75 0 2 RS
HeRU TOVCRBRE 2 CREL, BiEA TRMBES MY bR TR LD
w%umboﬁﬁmﬁmmwm%tz<ﬁ%bréaﬁmwwﬁﬁ&méwmtﬁxbrﬁb
R B E B o |

BEROBABAIRTE, » oM B RIMRBMECEET 5 23800 THs
¥, RISFEL THGE O EIREED b IR A R BT S 2 YRR~ S TIZRA T, ERH
WG 65 0 2 b ¥, MNEEONA 5 0 MBI L T L0 » HTH 5
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Fig. 1. #UZEOMKEE- — W () (UREMIE (o)
OEBIBAT 50 BITXTFHEI MROBLTH 5

B4k 4 % £ (primodial meristem) K (¥
7 HE 4 2 M Bk (primary meristem)

SR OYERR B LT, BEHE 0 BALKESMABEL TRTASS - hels s,

RGBS OBTBHIE & 0 BARRT b O T ORI (& B B MEL 0T RETTI
BATADTHE, 2L LT—EZHEOMBRICBALRARIIRTIE, B2 ME
TH—HREH EMERC BALTINEZRBEL DS DT Hs (Figd, 4),
L THELEERL CBL I AEME LY (LRdi) ~SmRek L, 40 Bkt
(ground meristem) 2 EBL TOMCHEBRITE (protoderm) R O 2 D RO HAMBETIC
BAT A B, HSRTHHERY ZORECEAL T Bk DRSS o i b 2 (3 84
A bh~SEREBIET 1 BH0TH 5 (Fig. 5, 6, 7)o
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Fig 2. Fig 3.

Fig. o.— MEEEMITHA < 5k
Fig. 3— Mg & YR Y 2 WA ICEL (B I > H MR
Fig. 4— KB MN L YRS 2 s H 5 DR

Fig. 2, 3, 4 [1vJh L BETEL m [1d%k

Fig 5.

Fig 5. 6.— FHIMELEL-COEE O RMITBAL = 23#k (m)
CONOE LHERTE 2R L, AR R0 ZE ot (1RER
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Fig 7.— 3 AEMOREIE. Bk aRm LA
FbH 7 EE) ~SHBLTHS

A& & A M & (primary permanent tissue)
CONNE '

PIEDZHBD MU LD THI K 2 DRBOSER 2 BRI B B OCAEKAMBR B L THAE
DEER T AR, SICHABMRER (piliferous layer) R UMM EARAE (BEI8) O
HalibE 2 B S UTOMHB L ORBIBINTEIKT 5 E b, LEFLZORLIFEL LR
B 2 BIBREAR2 8 TICE O, ZOBREHCBAY 5 HOLHA~DERY 5ERIC
FLIET A ELD2HEST 5 (Fig. 8, 9) HOTHHAAEBINR T, HEBOSERS 54
FelToslRy, ZOWSL OHEANREIMEAT L IIRL, #OTIoHI0 KT
BY 5 Rk, FEMEDO ZRBLICE L THFEENOMBRZET 2 O TRA .

(II)  HWEB2ETHIIEDMEMS

@) zOWHOGAR (D ORSRETHOT RER RO HHEREMERBIEILD
KELD, ARORMRELOBIIBROVCDERIZBAT A Z SFHEL V.

) ZORMRORIIRTE, REOBABRAS L THRSRRROMS M B T
fish, BEEMRA—REZEU—ITHAL 5 bO2@D R (Fig. 10), HERHHGH
PEULESNRBAI OO TR EHRREROMRMO 2% b FRERMBRACIET 530
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Fig 8.— AiACEpik & MOBRE. F 36 (O WA H X YRS |9
< Bh? s H 5D AR (en) o BYREADOBIL LIRS AES
B-CH3 m EHk, pe BH px MIAARHE

Fig 9.— ShifpeEmats S OMmii. Bt (e AT T HRE (md O
BIIBECOHNTH A2 AR (en) ORENHREADEIT (b (5O
& IR WELKEILH 5, HL IOBRKRTUL LEEIFHED
SRR YRR A FH OB AL TR2IHEC LN TLH B
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THOT, »LOMIRBOPDILRTE, M ZORENEMOBEETAISDHH, 2
O BERMHIEE T HOMREHMD DHECRERNCEALIL DO, LREEIZIEL KRB
HEPOBWE P L TEALL SO THS SBOBNEOTH 20 I NBOMITEA LT HfE A
BELBOREULO BIC DHERICBAT 5 2 SHPHRL VI IREHERETHOT, ThofR
B A4S BB DML D BABAIRO £ 12 5 IRUS BEBEOMFD LD TH 5,

Fig 10 — MELACTROMBIE.  HWH () |1 BT ¢h)
EEOME L VRERMBEIEIIBACALLTLS

(1) REOWREL = 5% & 0 BAEAAHBO BRI E 5 FHUOHLE

HED 2 DA e AT BRITRTI, 2O RAHICHEL T2 h4MBE (exodermis) Kb ¥
BABI, WER TN & VAR~ —F S BAT A I SHFHRKC. BROGBAICRY 258
CRREERTHOT, OBEREESRTHS VAL SAAELUNTY, Z2UTH
AHEOBAZEEL O S BEgY bhic iThs (Fig. 11,12), ki ZORRAL
DSERIHEDT 2 OFLI MY b b MERO MBS AR RAL L > L EHOT
Hbo

HEROTRD D L DML TACIFRNABATRTR, 20D AR LR
Bl ST EBT A I SKL, 2OREBEDTRALTRNADDOTHE, BIb
Fig. 11 SEC I RMESS BN Fig. 8 I 2IUT oM, RSBED DEEBRMEE
BN AR A S BB D TH 5o

MROBMRI & o T &L«
5 RWEMEGD g E KK

BB &3 AR S (2, BEGEC T DOAEMEEY TATHRELIRY, ROALICRIE
WEEwﬁﬁmgwﬁ%O,W&®&ﬁm%%>%®ﬁuowtﬁ%?bof,%u&&ﬁa
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Fig 1L~ EORBROMOMEIR. S (o) LR2RRA L, Mk (0D OB —4)
B7 L Th b0 A (en) ORBA MBI IO DA KT L oTh 223%2 TR
ct BrRk  pe B ca BRB. Px FAARKEE. sx BAAKE st 0

T2 BALBTARIEILSH 5 ct FI. st L.
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HEOTIR 005 K RO B0t M TH 5, ZOMITEY, NEO AN FE 5 K
(pericambium) ) K — DM O A BRFIT & O TMEEET 5D THE, < THROK
E AT I v Lo BB RM ST I RN T 28k 5 3, TOBBRROBI AR ED
CREILET 5o T ORELGERORED 2% b FRROLHER 5 KB $ TRADTHD
T, BRICR RO ERO AR S TREZ S b D5,

R 5 DO RO TN & 2T RIS RIBMLEC BB £ T b, Z2AL TRESERD
DEEPNC BEA RIS O TR IO DEERIC b BAT 5 2 S SHERZ VO TH 50 b MR
BZDHELEL 2 bREILETHEDTHE

BB, RO LEA SROREL BB LEBA LB AVF, ThbET~TEROL
HER AL £ BRI D TR AL S O TH D - S 2B Lo

% %

BRI ITNTR VMRS RTIHRNE D TH O, HRREL TRBIREI 0%
<, BB AT 5 EORBAORREOSHEIT R (velamen) HEBOMR > BH1:
23y HOl OTHHD, BT, Fusarium nivewm H PN U T HFEHAC BATS
PR INPLTET 5 2 SO MRS SH~B, '

DOBBINTE, BROEBMIELHLT, Th&OEVBAT 5 2E2ORRBRETD
ToHRCY, EBHERERE I HKECREO TSR TR, B2HLT 27 2 SREDH
@ ROWET 55 b, TRREOBREAELLLDELDTHS IHLI SHFHRS
ThbIo

LORBERHT HADATHOND, TOMHRL OMLT, hOWMMHL T,
ABZBALBL D IBRRNS,

CORBI &OTALIL, EROBHRERHFEOROBD THHEL 22 & 0BALTD
CIRHERICAVRABDOTHOT, © > EERR U sHBHCRTR, AROBIEC & b
~RBLBALBECY, Lk ARORELUNCATRRERHMLETIIEL S, ARD
BEMREAOBC O LR BAT 5 2 SHHIRE DR HBST 5, Prarson, N. L.,
B (5) i, EBROGECHE LT Gibberella saubinetii 3 %= DRBD BRI SOT HEURE
WOMBEL VBATHSEOTHB, A Conanr G. H. & (3) BfEM R §T Thiclavia
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basicols DR, WHROBHI: 5 DT U B0 REOHIE L 085 SHLTH5,
BRU KD SEBOMBBROBAIRTRE, o3~ REOMSEE & O REEIBALLITS
b ERR MRS ARRORELD B, ZEOROLHEN~BAT S SRATETH
Bo BICHDBAAMBIEH O EH U THLBIRTE, RO SO TRED Rl
HU 1B ORBE (periderm) 2° FAET 5 BIC, RERB 42 <M (J OB QBRI ARG
MELTOL) LBATAZIHVHELCDTHA,

ﬁﬁ®§A%%m%tEh@,ﬁﬁ&éﬁ%®@%ﬁﬁﬂ®ﬁ%hﬂﬁiét23Em%t
RT 16 BERHIC BB RERL ML CBLT, Th& 0B ZAE, 9E2 2o A8
BT $ TRAL T 50 M & 0 BEMESHMBIZELILbDICHDOTY, 16 BRI
BRI 2 OSBEABT 2 BL TH 50 PEAMBBEL TR > 20BEI2RL, &
SHWEL AL T o AWAIRTIE 20 BEM A T A RO A5 _=MER 2L T A
BE o

PR B R Bl U TOBAKER 2 fBBEA (cuticular infection) R AFETRUVRIE ST
Rz OBRECEBEDLACDABREAEETHOT, B2 VIR AETHIS
LERBRZOBAOMILRTRELE LKL DOTH 5,

Udd F. nivewm OIS, FED HBO RS T HRETHMLDEIIHE & I B iAo 2UEE
e I B SHEN A BT D 5 BT O A2 S - Bl C W B A RHEO —HMEBHTH
HREREBL TAOPRMBA~—ICAY, 2h & 0 DHERBICFEEL 2 2 THAML, 2hei
ETHIILEOTNDTHED BN RORATH 50 ML TEIMLDMES T 5 BER A
BETHL, TOREDRELIET 2 SOHEKLCOTHEYD, ChRABEBATERLVE
»OTHLE, BRBASBAIEI 2O LEETHL. HHRTIT, KEOBALE» YHE
BA (meristematic infection) SIPL, Z2RRKBENTOLARBALIOVEHNTAOTHA,

RRFHARBEAZ LT SHE~DNTRIKRBECRT S, RERBEMEO M HMLY §5
AN OIBELELIBIVOIHEDLROIHEAL, ITNORTNTHHBBARL T
LD THEHFECOTREDD S D%
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ABRHRO BHR (FERR) ORERNFARO—-BLAETDTHOT, £ILT, AR
RE 2K s BRORDTO BALE 0 BN BATHLDTHo 22 FRLILBDTH
Bo '

$§Mﬁm®@ﬁ®%%m6&%@%@0T%®E%ﬁ%mﬁtﬁAb,ﬁmﬁﬁ®Mﬁ$

O EEMEA SR BAT 50 RAERODEMEA TS » KHHL, DOHERLLT
BRLEHIZSIRBERILUAIDTHE,

WRECRE LR EESHEICBAT A REZ OMBEHBICEBAT2O2EI T4
BRI\ GRS BA UL B SHRO MM 2 B3 D 4% b IABIHRBE L BEL TEU
bDTHb,

MAEANERNC B LT, (A) RIERB ST A2 B4 OB R T & EH R
BROBMBELBOTRHBICBAL, EOMBMERC B O TEEL, 2 < THRERIC K S RIS
K ORBIRB~IHBEBBL O > HEUDTHE, RULLPD» 5 BELKLLL RE
b, BBOANLORKRED BHRELOBICHIEE SN TOHANMEAT 2 Z SRAAETD
Ho (B) MEBEOFKMEZMONEEL O 2 ORI E SRR TRRREREAETRER
BHEO B2 EL TRB~ABARAIL, BERELBALLIDZERL LV, ARE
BOBMBE PO THEZBTICEDLIOL, SIRBERNEORELDOBICDHER~NREAD
AR, () BED B¥EL s %OMBICRTE, REAZOETEEL T RISEOR
BLOBCEREHIEE b THEZ BT 2 S ML,

ECAMOBEC O THEC BB L ORRBCE s BB CHL TARIBET A 2 IH
HOTH, L OMRCEN S ARORIL 2RELDOBI, ThoOLHERCRATS
SBARARTH B, _

BOAEIYHMCE L TBALBLEA DA, 20 BAOEMZEL T HOLHERAI
ZOMB2ED B I SO MKEDTHDOT, BRI~ SHLL LBHBIRTR,
OHED RIS EEGHED BBMRELERT A DATHOTEMRS GEENHOL D
DTH5b,

AFEVFEHBR-BATAIORED TERMTHOT, 23 EOTITRTIE 16 FMIRIC L
THECHREHB2EBL TYHRBRCBALTOTL5DTHA,
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EERBABECREOYHBIBAT S S EOTHDITE2OBADSRELBTF 5D TH
B S RiBHEL, TOBAERYHBIEAS UL,
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PATHOLOGICAL STUDIES ON WATERMELON WILT. I. ON THE
MODE OF INFECTION OF THE CAUSAL FUNGUS,
FUSARIUM NIVEUM, EFS.

(Résumé)
Hazime YosHII

The present paper deals with the pathological studies on watermelon wilt
caused by Fusarium mniveum, EFS., with special reference to the mcce by which
the fungus gains the entrance to the healthy root, to bring on the wilting
of watermelon. Fusarium mnivewm invades at first the root cap (fig. 1), and then
into the primodial meristem, or directly attacks the primary meristem of the host
plant (fig. 2, 3, 4). Then the fungus makes its way into the stele, penetrating
through the meristematic tissue intercellulary and intracellulary (fig. 5, 6, 7).

After the fungs gains its position in the stele, it progresses vigourously along
the xylem elements, destructing the invaded tissues, for which any response
of the host plant can not be found. In this way, finally, the wilting is
resulted.

When Fusarium mniveum reaches the host tissue, e. g. root cap or protoderm
or piliferous layer, the fungus penetrates the host tissue intercellulary; and no
intracellular penetration through the living tissue is observed.

The fungus which penetrated through young piliferous layer intercellulary
into primary cortex (fig. 8, 9, 10), may be destructive to this parenchymatous
tissue and may cause a blight of this region, but it cannot enter the stele to
cause wilt of the host, in consequence of the premature suberization of the
endodermis.

As soon as the physiological function of the root hair is ended, the pili-
ferous layer cells may produce the suberized exodermis cells. And by the
protective action of the suberized exodermis the causal fungus is entirely refused
to enter inner tissue (fig. 11, 12). A

Although the fungus may invade the cortex of a root through a rapture
produced by the emergence of a seondary root, it may not be allowed into the
stele, because of the presence of the endodermis which is just suberized by the

wound stimulus of the root tissue, owing to the emergence of the new root.
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Within sixteen hours, at 23°C, the fungus may penetrate the root cap and
enter the meristematic tissue. '

The mode of infection of the host tissue by this fungus -may well be called

as ““ Meristematic infection,” because, its infection is successful only when the
meristematic tissue is invaded.

Laboratory of Plant Pathology,
Dept. of Agr., Kyushu Imperial University.

‘“ Explanation of the abbreviations of the illustrations”

Fig. 1, 2, 3, 4 m mycelium, rc root cap

Fig. 5, 6 m mycelium, ct cortex, st stele

Fig. 8, 9, 10, 11 m mycelium, ct cortex, st stele
en endodermis, rh root hair, px protoxylem,
pe pericycle, sx secondary xylem,
It phloem, ex exodermis, pi piliferous cell,
ca cambium )



