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TTEMERCSE CETHEPEHPES L L, —E
HOWEBEICRBESTE 2 2 &, BWEMIITIET
XpZEmEms (EE, 2004 ; BEIS, 1998 5 1999 ;
fEH S, 1996 ; A S, 1996 ; EH S, 1993 ; BE 5,
1996), B ICB T 2HAIMLICELCHBRL, 44
REOFHABEML T3, Fi, FTEOBBERE I
THHLOEE NS, REOMMZR/NRITHZ 725k
B, BB HRI 7N BB OB BRIERAKD SN T 5.
Z D& BELED S LRI b8 U TSR AE
OEEENFEDNTETNS., 0L s, BHsEAR
[l & Bl U CAT 5 2 VR E RIS 2 R R & U,

COEINRHEROT, F+rRNYTRENVRME DL
ABELEATHS, HEHELTIE, HASEEERIC T
i< G S, 1998 5 BEME, 2004), ZEfiSEOIZ®H
FERDSHIRETH D, BMEMLPT LI E G, 2004 ;
FEE S, 1998 ;1999 ; fEHh S, 1996 ; FEA S, 1996 ; &
WS, 1993 HE 5, 1996), HiHMiZ FiFons &,
72, TORYEROUMAZRMNE NI L713 EnE
5h3 (WAL, 1996 ; EtE, 2000).

WE, F XY ORIVEAFE T 3060 cm (2 128
YIvdh B LA EHOTEREERE ST THS. L
LS, Z OERARR SR IREREIC B O TR
HERSATHLS, BTN ORERIEAZ KT &%
INEREOFENEL - T, WKADOZHRETISRIT.
A Utciicid B s nc il 2 2B izil L, B iiitiag
WICEET 2, 2 LT, LIS 2 itiad 265 E
Hilifia 1o 81 2 EO SR, HIRE R~ W Ot
2Tk (E BRI RS B % T,
F7, BYHIC K 2 RBAOHERFFHAA S, W
B THAY LEMEESDES, &6, FHk
2B AR E IR EE L2 TR, R L B R
DA B EIRA G AR 2R Z D J7 2 EFER IO B T
B (EES, 2001b), HIMLOREBYFICHL S,
Liehis>T, wVERERIC X 2EPHAERETE, £
IR 7S T P MR+ BRBE O A B0 B B D U A
Kah s,

LU, VBB EERGEA SN TH 54D R
BEBLTHEWEY, EOXIBEXRT, ED0LDMEK
ENFEAE U THEEZGI SR LTI, 1EEAEM
AafoncTnin, #lziE, ENoF v XYERICE
WT, MEROHRBEPHEMEM S HIETE, BHE
%, Rhizoctonia solani Kithn 12 & % WA AR, ~N&EJK
DRAET B ENFSNTNE (B, 1998). LaL,
VBB T COXEIERIZZ V. o, 1 xOMBEM

DR SNIBE, TERAIS N TS - IR EN S
BADONB LB -7 EhSE ORI, 1989), %t
Kk E BB & S RT B VEME N T, Rk
THREOHMBIIE LS B30 TPHENE. L
Mo, WHEERRICHE, FEHICE T 5 LE M54 5E
EERT 27201213, BBEOF + XY O IV B
BTEDXIIRENRBELTO200EHEL, KW
SRR IR DR AR L EAW SIS B LENDH B,
Fi, wIVEEIE W CTH TR0 - 1R E 2 B R
T B7HITiE, EAICX 3R LEARRTHS. L
MU, PRk 15 4F 3 H o RERHRHEDOYUE T, ik
EofEE, REOHMELEDEFRENEDN, &
KE T 28l b% o b7 E, REOHIEMEHD
FEEALACRD ST, Uiehi-> T, Hiik o HHIBGR o
fediTid, FIREBRRSHEARTH O, WA
DEFITIE, WA S EERE, WEIEEEOEHE S 0T
H AHEIREL 2210 B 1) BI04 S8R NRLE T H 5.
—J, ZEETIE, KEEFM L LR AR O
B DA TE D, ZHEEDSHEEIC L EOBE
WKEEMAERT 2 F v XY E2LEEYISREL, £0
PEHME R E HIF L Cunre, 7o, BFE « KB, & 2
I v 7 — 2R LT, 1994 4E 0 & o Fo Hhbk s
BFTE (VKNI 81 2 4 77 @A Il i 25 4 2 40 o %
T LOWNL] T, BIVEREOFHEKE LicF ¥ X
v HeEE DB LR —BAER D BEANDEE E—DDT —
<ELTHD, WEANES, KFOHEMEHE &85 T
WSS, BN BRAERN E L THF v XY O
WAL 2 BA LT, KHEFHFMT 2 LiIck->T
I DOIEPEALZ K 2 A B fTbhic, ZofiilsnT,
FrRXRYHHOEIML S —DOHRETH Y, Ih AR
T BT, 1996 4F 1T B 0 KB & Wt % B3 L 7.
AWETIE, F+ XY OIVENEHRHICTET 595
FICOWT, B H iR & BFEAREM TN TRED]
72 R 21T, MO HETEZ I TRASNHH
FEORREREL, FNETHHMRICBITE20ANA
IREOREBEEZWSNIT S EEBIT, BIVERE
WO FITR S B A 52 20 R IC X
BREFOEGRAERA L. 72, HIVETE, Hili
M3 I B WD THHEDK X o 7 FITH S B iR
Bt ait-7. 2L T, INSORREEF XY DLV
KB OB HBIIC B 2 HENBRICET 5 2 &%, K
RO H & L.

ARG STt JA S E R G s o &
B, ZERFEE FKEsUE L, S ERs
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RIA AL, ARO &0 & LoiT7c b THREW
WK P ERR  REFHIAEL, R T e
+, B iR E L U BT 5.

I EIREBHEZEALZF+XYDEH
BHICBWTRLE LI-HRE

1 Pythium megalacanthum |2 & 2 B L 59%
1996 4 4 H, =FmRAT O BERENIETNO A 5

2%, BXU 199742 H, Z“HEIENO RHEEE Mt
FITBNT, F v XY ORIVEBME AL BN 5 EL
FEH U7z, BEHROHIBRIR TP N THMICEZE L
Tz (Fig. 1—1D. AWFSERT & B sz o stk o e
WERAL = BAMEREIEE Lic & 2 A, kO RIRMORR &
Pythium J& B O INIEF-RR D45 E DSk I BIZE S h i
(Fig. 1—2, 3). CHET, Pythium BEICE 3+ +
N O EIX, Pythium aphanidermatum (Edson)
Fitzpatrick &, AVPEAEMEE ZTE K L 7E W Pythium

Fig. 1 Disease symptoms on cabbage plug seedlings caused by Pythium megalacanthum

and morphology of the fungus.

1. Diseased (right) and healthy (left) seedlings found in a nursery.

O Ul =~ W Do

. Oospores in cabbage stem tissue (scale: 300 zm).

. An oospore in cabbage stem tissue (scale: 50 £ m).

. A colony of the fungus after incubation on PSA at 25°C for 3 days.
. Sporangium (s) with discharged tube (d) (scale: 50 £ m).

. Sporangium, internally proliferating (scale: 25 um).

. Oogonium (o), antheridial cells (a) and oospore (s) (scale: 50 £ m).
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sp. IC&BEY T LBBIROABREE N TS (S
1996) 23, Zh S OWHE & JEREINAEARZ 5700, it
WREIC & 2 ALK E B A, WO « FER S IR
WSO 21T - 72,

a M#LAE

1) BEOS8E

RBFFERT THLE U 7o bk Sk o R MLk % 196 IRl s
FEEF MY Y LARIRICERE L, BRARK TS
L7c#IT15% %K (WA) kg, 584 Liskik
WOHRARE Y ¥ 74 EAGTEREH (PSA 1 20% Y +
HAEHH, 2% a b, 1.5%%EK) ICHAME, 55
NI HEARSEEREKD 5 5D 1 Hk (CPy) % PSA
7213 WA T 24°C, kB U CilBuc st L7z,

2) PEHEOEELILETREE

CPy % 4 H¥;# U7 PSA B 7%, 2Rk TEIER
KU U7 F ¢ XY i ORI 1~2 HEfHE S ¥ TR
REFEE SR, XMV [0.015% KH.PO,, 0.015%
MgSO., 0.006% KCl, 0.04% Ca(NO:).] iZi2iE L
7o, BARMFEA LR E R Y T 15°C F 7213 25
C, 1~5 HRR#& L, Sbpwmss ol L, £,
PSA LiCifE 5 mm © CPy ¥R #E &, 10, 15, 20,
25, 30 %7213 35°C T 24 WifksaE U, WM %5t
L 7.

3) SEEOREME

T~ 3RO F + XY ORI CPy &5
F L7 5mm MO PSA i &fI#&S+, 20°C, 12 KfH
EORZITRE, 4 HRIOFEERA L TREIED A

ERER L., RIFEIREHND 20, FHE~F 1 ERH
WO F v XY Wi OO K121 7 TY D B &4
T CPy ¥R A2/ L, 10, 15, 20, 25, 30 713 35
C, 12K HEDREIZ 4 HREMR -7, WEEHFHAL
fo. Fio, FEE~E 3ERHAMOETRENELSF ¢
NY I CPy #RICHEHER LT, 12KHEHE, &
25°C, K 20COIBEIT 4 HIHMR - 7o, Wil ANA L,

b HREEBE

Bohi CPy i3, MREEEOHER%Hb, PSA LTk
KRRV CABOEEEER L. (Fig. 1-4).
T/, BIEAKRBEE LcF v VMR T, BN 25 um
TERIROWEAEF DS, ZIhohUzRIE, <61tz
DIEHHERD S KL, HET2MES g (Fig. 1—
5. HEFDHFFhIcHAELK (Fig. 1-6). Ths
DOEREN S, CPy id Pythium BEICEEN B 2 Eib
» o 7.

W+ v XY LTS E SRS, &I
FER~AE ML CIAA:, B 28.9~50.3 (F#939.9) xm
TREICZHOMHER, SR, LIRT EORELEFF>
(Table 1, Fig. 1-7). EKEOESF3.7~15.0 CF¥
9.2) um, MBI BRI 3.2~10.7 CFE6.1) um
THoto. EHBIBRPLLVEVRT, EINE 1 EY7
D 0~6 K SN, REREIGEERETMNE L.
KE &1 10.7~23.5%9.6~15.0 CFH13.9%x11.9) um
Tho-te. RTIFTIIERIE, B 225~41.7 (F¥
32.3) pm, HEJEIX0.9~5.2 CF¥1.6) um, #EINE 1
i U 1R S IR TH » 7o, RN T 13T K

Table 1 Morphology and characteristics of an isolate of Pythium megalacanthum from cabbage

Morphology and characteristics

Isolate P. megalacanthum *

Sporangia Shape
Oogonia Position

Shape

Diameter (xm)
Oogonial projections Shape

Length (zm)

Basal diameter (xm)
Antheridia No. per oogonium
Shape
Length (xm)
Width (gzm)
Shape

Aplerotic

Oospores

Diameter (zm)

Globose, proliferating Globose, proliferating

Terminal -
Globose, oval Globose
28.9-50.3 (39.9)° 36-45
Conical, pointed Conical, pointed
3.7-15.0 (9.2)° 6-9
3.2-10.7 (6.1)° 5-6
0-6 (3.2)° 0-5
Sac-like -
10.7-23.5 (13.9)® 13.5-17.5
9.6-15.0 (11.9)® 11.0-13.5
Globose Globose
100% Aplerotic
22.5-41.7 (32.3)° 27-31

a Refer to van der Plaats-Niterink (1981).
b Numbers in parentheses are averages.
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aINtep ot U RIORS WIS EORENS,
van der Plaats-Niterink (1981) O#iszZ-vicdk & ik

LT, CPy (& Pythium megalacanthum de Bary &I[d]
Eahi, ZHBNO KB E R S 538 S h 7wtk
bHDIEETHD, HWETHB EEZ SN,

CPy I, PSA LIiZB8 T 10~30°CTHEF L7z, 35
CTREBEAEEFLLENL -2 (Fig. 2). BRMER
X 25 CTHRAR LA D 160mm/HTH -7, 10, 30
E3SCTRRMENBICE VEFTNE - .

F oy XNV OKEICF 1 7 TY L AT, CPy
B 250 R L T 200COBRITR -7 &2 A,
IR DSE R U THREIR L7 & s, Z DK
[RPEDSHER & nfe, 7oL, B O M BEARE L 785
SRR <, 5 2 SERBANILIE O B T RIREIL D
SNILin -7z, 10~35°COKIRE TFIE~E 1 SERHY
DY GHRE LG, WIhORERET LR
~KIZIRDIFHE DL S N7z, 10°C TIRAKRZIRDJE I D
ADBIEE SN THEURELIZRAD S idh - 720, JEED
ML, HOBRESRLEM > (Fig. 3). 35
CTIHENR L7cBRITERD S s - 7. WO BRI,
15~35C DA IETIIH 50% TdH » 7. AJeEH D 4
BERIZ 2 CTHBICHMb 5T, HMED S RN
WS 0 CUTOIRETH 5 2 RS niz, Thid,
AIEH, AHEIGICE O TP o XN ER SN TN S
TEEFFLEL.

20

16 | B

12

Mycelial growth (mm/24 hours)

0 —_
10 15 20 25 30 35
Temperature (°C)

Fig. 2 Effect of temperature on mycelial growth of
Pythium megalacanthum on PSA. Mycelial
discs (5-mm diameter) of an isolate were incu-
bated on PSA at 25°C for 2 days, and the col-
ony diameters measured. Measurements were
taken again after 24-hours incubation at each
temperature. Experiments were repeated 6
times. Error bars indicate standard errors.

G BB ETS B F » XY HIC CPy 2 H B L T,
12K A K, 20°Cici@Encdis, KZIRIRBE DI KR,
WOBERRE S, MOABEMELICONWTKTFLE
(Fig. 4). % 3 BRI O i T 3R K 75K
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Fig. 3 Effect of temperature on symptom severity
caused by Pythium megalacanthum on cabbage
seedlings. Injured hypocotyls of one-week-old
cabbage seedlings were inoculated with a
mycelial disc of P. megalacanthum. The inocu-
lated seedlings were kept moist and symptoms
were observed 4 days after the inoculation.
Experiments were repeated 6 times.

100

80 |-

60 |

40 1

Symptom appearance (%)

20

0 L L .

cotyledons 1 2 3
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B Damping—off, O Lesion, O Black dots

Fig. 4 Symptom severity caused by Pythium
megalacanthum on cabbage seedlings of vari-
ous leaf stages. Injured hypocotyls of seedlings
at each leaf-stage were inoculated with a
mycelial disc of P. megalacanthum. The inocu-
lated seedlings were kept moist and incubated
at 25°C during the day and 20°C at night.
Symptoms were observed 4 days after the
inoculation. Experiments were repeated 4
times.
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an

AR DIFHE A TERE U 73, ik n@ S Tfitkd 5
HRADONT, EHFOMA LIS 2 RK T
ZERENT.

Pythium megalacanthum 12 & % ¥ + XV O 5
T, EV v LR SRS (RS, 1996), Ml
IKERIRICIER U, B2kd 3 & Itz 4 2 ok T
HB. By LEBOR TSRS ET 5208, Pythium
megalacanthum 12 & 5 L BN ISRIRIIIC R ET 5.
AW EHF QAT F » XY WIS 2K PEHE <,
KEIC K BMEIFHICR SN S EEZ o5h, HEN
HAZEMBOWICORAET S E Yy LJEKN &3R8
WEILE (RS, 1996). LT, KEEF v NV EHIL
MR OB & UTRE L, AARRYIRS HET&,
xS hic (HARYREY 2R, 2000).

2 Pythium zingiberis |Z & % B 347

1998 4 8 HIC=EIRHEHORMBXE WK THE S
NTOIF XY ORIVRELENIC, MREIAE K LTI 54k
NIcHREF R Uiz, BRI 7ok O R SR L4 BRI S 181
Bl A, Hith® Pythium megalacanthum, *+
RY BV LEMORE TH % Pythium aphanidermatum
(o, 1996) EIIIEREMNEEIL 5 Pythium JEHE SRS S
i, 22T, KFFITONT, WEREOIHEE « FES
S T RIR KM OBGET 21T - 7.

a MHELTE

1) EOSREEE

AL E WA ICE &, EH U@y o HERo
Btk 2 13T, PSA THREUESE L7c. R O WO
HEWRZ 20, KROERE S mm O % PSA L,
10, 15, 20, 25, 30, 35 F 723 40°C THF#E L THR D
HEEREEZPE Lic, 3—2 I —)VIERKH (CMA @2
% b EB I VHBAEGE, 1.5%%XK) LTS 25COR
AREFREZWE LT

2) DEEOFRE

SrEER O PSA Biik R &, ZARIKT TREARSKBRE L
TEVEPE Y NEER (—4%, 1992) 12 24°CT 1 HEEf s &
7otk, PSARZEMOEBROWTHEBKIZREL, 1, 58XV
T HERICBHMBIBIE L /e,

3) SEEOREREM

SrEER O 5 mm 1D PSA Bra &, FREEFBIOF v
XY S OB AT G &8, 12 K H &, 20, 25, 30
723 35°COM=IT 4 HIR D, WEEMA L. 5
~5 3 HERFAN ORI B IEEREDF v NV I HEE

ZRIFICHER LT 30°CIc 4 HIHER S, A L.

b HREBZE

SrEEI NI R R O HERR IS PREE DS IR O RR AR D,
PSA E T3 chrysanthemum~rosette %
Plaats-Niterink, 1981), CMA L TiZ rosette # ®
fEEEZEK L7 (Fig. 5—1). PSA ETi, 35CT
I bHARMENSHC, 10°C & 40°CT 12 KXY 72 0 O
SRMEN04mm K&, FLAEEFLEMT
(Fig. 6). CMA L, 25°CTORAEEEE T 18.6 mm
JHTH o7, Fho, BE UPiPE s ISR %2
UCHRBKIZL RIRIET 5 &, BRIRPIEF > B o RS
EZEb i nBROEE DS 2K L (Fig. 5—2), £
I SmMENNE, 2 ORmICERD 5 2B L Tl
TERMEE i, BRI Ll ETOERE 11~13 CF
¥112) um ThH o7z, LUk, o BEe PRI R EE R R %
Fib, Bko 5 2EkT 52 &0 Pythium JER ThH 5
ZEMREnT.

SYBEPERR A BERE U 2o aiE Y N AR LTS A
WCH MRS E A L & 2 A, SNSRI ERIR TIEA,
LEICPHAETH D, KO, B 24~37T CFE29)
um TH -7 (Fig. 5—3). EH#IE, &4 1 I
2% 2~10 (P 6) MK, THAE, &RTHO,
J il LTI 1S Utc, ERE I3 E TN 28 & U0 2
icEs & E, &SI L THBOERGRZTER L.
SRHEDR A HERE U 7oA Y N EER ERBEKICR LT T HE
OBl 5 &, HA20~29 (P 23) um @
BRIET, EINEHTH L THERMTH - 7. U bEoibic
IRINF G EKROBEE O 5 L FHAHISEOERE, 4
B, AHFRE Pythium zingiberis Takahashi @
bDEIL—H L (BS, 1967 FifG, 1954). —7,
van der Plaats-Niterink (1981) O#FTELiL#IT &
5 &, JEHEMIT I Pythium volutum Vanterpool &
Truscott & & < —F U7, WBEITHT 5 KIGNHKE
#7557z, van der Plaats-Niterink (1981) %,
Pythium zingiberis % Pythium volutum @ synonym
ELTWBD, SHEwWbkiZEEEERD, Pythium
volutum £ 0 10°CLL L@y (BES, 1967 ; &ifE, 1954).
Licii- TliEZNZENFIFEE UTH S OBEYSTH
% E#EZ, 43#E% Pythium zingiberis & [RE L7,

S BT & XY B O BRI B U T 20~35°C i
Rotcd 25, 200CTRNLBHNICHRPED Shisp -
7ons, BEMNE L2 BT O N T bR L, 35
CTIE 96% DAL BN (Fig. 5—4, Fig. 1.

(van der
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Fig.5 Morphology of Pythium zingiberis and symptoms caused by the fungus on cabbage

seedlings.

1. Colony after incubation on PSA at 25°C for 1 day.

2. Zoosporangium (scale: 25 £ m).

3. Oospore (o) with antheridia (a) (scale: 50 £ m).
4. Damping-off of cabbage seedlings after inoculation of hypocotyls with the mycelia

at 30°C.
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Fig. 6 Effect of temperature on mycelial growth of
Pythium zingiberis on PSA. Mycelial discs (5
mm diameter) of an isolate were incubated at
each temperature on PSA for 12 hours and
colony diameters measured. Experiments were
repeated 5 times. Error bars indicate standard
errors.
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Fig. 7 Effect of temperature on damping-off of
cabbage seedlings caused by Pythium
zingiberis. Hypocotyls of one-week-old cabbage
seedlings were inoculated with myecelial discs of
P. zingiberis. The inoculated seedlings were
kept moist at each temperature and the number
of seedlings damped-off were counted 4 days
after the inoculation. Experiments were re-
peated twice.
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Fig. 8 Damping-off of various leaf-stage seedlings
of cabbage caused by Pythium zingiberis.
Seedlings at each leaf-stage were inoculated
with mycelial disc of P. zingiberis on the
hypocotyls. The inoculated seedlings were kept
moist at 30°C, and the number of seedlings
damped-off counted 4 days after the inocula-
tion. Experiments were repeated 4 times. Error
bars indicate standard errors.

REZEETREOEIC SR ZHEM L T30CITR- 72
AR, HOEBERESEL IS ON T BN RER
KF UL (Fig. 8.

AW L 2 F + NV HOWREIL, E2v LR G
5, 1996) % Pythium megalacanthum \Z & % B LAL
W ERBET, KEFZROFHD S, IR 5 EHBDI
LB, AWIZX 2 bHNIIEFO SiRIICRE
LTHD, HEEARICBLTORERICERLPTL
ZEmmani, i, AWICXBHES, Pythium
megalacanthum 12 & % HiINLAGTR & R, EHFNEA
KHETERBELISWEBZ SN, By LBHOE &
WREMEIL B, RBFFEIC & - T, WX B HENAE
BIHICBOLTREL TV S Z EARS N, AREF ¢
ANV HINIARE ORI & UTHRE L, HARYHE 2 H %
IR, SRkt (HARYRWEE T2, 2009).

3 Pythium ultimum var. ultimumI|Z KB E D
L [BETR
2004 A 10 i =HIR A O RE B X H H X ics 0
THRIVEEEE SN T 2~3 EHOF + XV I,
TEEHIBO X IKIRIRITIE I U CTH AR ZE I L7tz
R LU, ZOMKEE WA LTEELILED A,
Pythium J&WH EBbh 20 RENEGRTHEES N,

NET, F¥XNVTIE Pythium aphanidermatum &6
PEA G ZRE ALK LW Pythium sp. I2& % E V™ L5
Wi (%5, 1996), Titlhd Pythium megalacanthum
& Pythium zingiberis 12 & % Wi AR BHG S T
50, KOoMEOEREBIINoDEDEFEL ST, £
IT, AIFICOWT, SREROHE « WS S TN s
WA DRRE 21T - 72,

a ME&EAE

1) REEDS B L FRE

BHEERD S b - 7o BARTEHR MR ALEE WA |
IZEE, 25 CTHELUHMELCHEREZSEL, Th
Zh PSA LT L CTIECEKRD S B, 1021-1, 1021-
4, 1027-1 2REZL L TUToHABRICH N, Thoo
WtkE, CMA LI, 25°CTHiE LT, W& ahAdes
BOREEBE L., RF bTFF2 Mo — 2K
(PDA, HWHLY) L TRFEKOER S mm W7 1
7 %, 5, 10, 15, 20, 25, 30, 35 72l 40°CTHz=E L
T, WHEAEEEEERAE L, 7/, ZBKkDhTAH—b
JU—=T UleF v XNVERICRIHKEER LT, R
EIEL72tR, R MVUKICRLT25CE 7213 5°CT0~6
H, T0#%25CT1HERLT, E#ETEROFEE
Ei Ry

2) REMORER L RRES

B~ EICAEBFT IR F + XYW O TEEIC, 3W
N nno# 5 mm D PSA ¥ A2 =, 10, 15,
20, 25, 30 /X 35°COMWZEIT 4 HREMRE, Wz
L.

3) FEHEREIC L D3RR

TR O F + XY Qi o Wil B (FEZEMA TR
F IS GRERER) 12, 3 WHkOK Smm D
PSA ¥R #1748 T, 25 COEBEIZ6 HIERS,
A L.

4) EEERENELDEICXTT 2HEHSE
TERERGAN, 51 R, %2 ERMHANE A RH
3~4 WRFAM O F + XY O FEIZ, 3 EKOK 5 mm
1D PSA Hi# R A0+, 25COMEEICT 4 HHEKRS, i’
A RA L.

5) EENEALHEICXT BREME

BHEER2 r HoF + XY OXIZ, 3WHOW 1
em 1D PSA ¥l 2 &, 25°COMEIC T HE
Rofctk, 7o RARETHE R 2. ZOMOREE
BE U, FEEETIE, 1 7T EEM i
R 2MNE S
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b WRLEBZE

AR © 13, M, WMREEORREZAT 2R IKE
Nt i, zhons b, EE Lk 3Rk 1021-
1, 1021-4, 1027-1 i CMA kT, SKHBEARMSEESA
oOEEICAEETL Fig. 9—1), 1HAMoREH#THMA
JHESH AR L, W ombk b &I 3R cEE
16~28 um, KIMFIETIHAE, EEHREEIRT, &G
Lo LT 1ok ah, 85% L EFREARETH -
7z (Table 2, Fig. 9—2). JUIET3, @EIZMIC1 D
EkEh, BB, 14~24um TH -7, EHFHRIZ 25
CTACTHEHREELEELE L2 (Fig. 10). A+ — b
7 U—=T Utcd ¢ N ERIT 3 Wikkz HEE L 7581213,
WETRERIN L7, Th oD 3HkiE, T
REMHE B © Pythium ultimum var. Trow ultimum
L& X N7z (van der Plaats-Niterink, 1981). AB
E, KB TT 77 FRBETEINI YA, Tay
Y —EY Y LEMORE E UTHRESH 508 (H AR
WELE 2, 20000, F v NVICHT AHERELTO
iR AN

1021-1, 1021-4, 1027-1 WIFhrOEHE F + XV H

OFEEICHER LT COWEIIR-70ET A, 96.7~
97.6% O T-HITKEFR~BOORHEZEEKL, T05 5
1021-1 T3 60.4%, 1021-4 TIF 68.8%, 1027-1 TiF
83.1% D% TAEBRIZE S L BRin 7 (Fig. 9—
3. ORI, BHiXTHRBE LD LHET
Hotz. 10~35CTIX2CTIRGFEIWNRNE D - 72
(Fig. 1. 10CTRIFEAERF LM -7, REOD
HHE R, BIEEEREDICBCTH S RSN,
RIS RFIC RS 2 C EMENIS N B, AROFR G
Mg TH 5 =HIZD 10 HTH - 72.

TEERBAAD F + XY Gy o Rl R CFEEAT AR
12 1021-1, 1021-4, 1027-1 2R LB 4, hZh
76, 48, 43% DAL BRI TZDS, HIFREIB~DOHEFE T,
WINDOWKTOI N EIT 10% R TH -
(Fig. 12).

TEERBAM, 5 1~4 EREHBOF » XY H o3I,
3WHkEZ N ZNHEAME LB, WThoRkick -
Tb 9% U LOW THREEMIER S 1, T1~90% O &
QR ARVARSY Y O

B2 » Ao o Xl <, 3Wtkovdhnzt

Fig. 9 Morphology of Pythium ultimum var. ultimum and symptoms caused by the fungus

on cabbage seedlings.

1. Colony after incubation on PSA at 25°C for 24 hours.

2. Oospore (0) and antheridium (a) (scale: 20 xm).

3. Symptoms on a plug seedling after inoculation of the cotyledon with mycelia at 25°C.
4. Symptoms on a 2-months-old cabbage seedling after inoculation of the stem with

mycelia at 25°C.
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MU 7o F » XV 3Lk, T HRTKRIRDIRHBEDSTE
KEh, €056 1SN BN (Fig. 9—4). 6%
BERE L7 31 BE TR, 2 TOMTRIBIREHAIER S N,
ZDH B LB, B ENT T ARMEICK L,
HEKR U o TR A e 7o, TR LT I
WERY, REDERIED SNBNHDD, HHFNE

GE L7z,

A VKB TR A S, [damping-off | & ¥k
Hanfh, EBFO#ALEITERN LGS I &, K
MWL O ZETRIH LT &, F XY LFEMOD
fEThHs7ay 3 —DEMBEDOHIZS E YV LFIK
BAERCT L (EHS, 1995), WHREHETE

Table 2 Morphology and characteristics of Pythium ultimum var. ultimum isolates from cabbage

Isolat 1
Morphology and characteristics soare P. ultzmum a
1021-1 1021-4 1027-1 var. ultimum
Oogonia Position Terminal Terminal Terminal ’.I‘erm}nal,
sometimes intercalary
Shape Globose Globose Globose Globose
Diameter (zm) 19-25 (22.9 )P 17-28 (22.8)° 15-25 (22.6)° 14-24 (21.5)°
Antheridia No. of per oogonium 1(98%),2(2%) 1(98%), 2(2%) 1(93%), 2(7%) 1-3
Monoclinous 92% 87% 85% Most
Shape Sac-like Sac-like Sac-like Sac-like
Length (zm) 6-21 (11.8)° 7-14 (11.2)° 8-20 (11.5)° -
Width (zm) 6-10 (8.4)" 4-11 (.9 5-15 (8.3)" -
Oospores Shape Globose Globose Globose Globose
Aplerotic 92% 100% 100% Aplerotic
Diameter (zm) 14-24 (20.4)® 15-23 (19.9)° 14-24 (19.9)® 12-24 (18)®
Colony Growth temperature (°C) 5-35 (25)° 5-35 (25)° 5-35 (25)¢ 5-35 (25-30)°
a Refer to van der Plaats-Niterink (1981).
b Numbers in parentheses are averages.
¢ Numbers in parentheses are optimum temperatures.
> 30 100 T
5 £3
225 | — i
< . 80
N = =
> 20 g
£ )
£ £ 60 [
< 15 | ® {
= [0
S )
210 | B 40
— @
= 3
§ 5 H o 2 |
E 0 |-.| | | | | | | |
5 10 15 20 25 30 35 40 0

Temperature (°C)

Fig. 10 Effect of temperature on myecelial growth
of Pythium ultimum var. ultimum on PDA.
Myecelial discs (5-mm diameter) of an isolate
were incubated at 25°C on PDA for 1 day, and
the colony diameters measured. Measurements
were repeated after 24-hours incubation at
temperatures shown. Experiments were re-
peated 3 times. Error bars indicate standard
errors.

10 15 20 25 30 35
Temperature (°C)

[m1021-1, @1021-4, O1027-1]

Fig. 11 Effect of temperature on disease occurrence
caused by Pythium ultimum var. ultimum on
cabbage seedlings. Cotyledons of one-week-old
cabbage seedlings were inoculated with
mycelial discs of 3 isolates (1021-1, 1021-4 and
1027-1) of P. ultimum var. ultimum. The inocu-
lated seedlings were kept moist, and diseased
seedlings were counted 4 days after the inocula-
tion. Experiments were repeated 3 times. Error
bars indicate standard errors.
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Fig. 12 Damping-off of cabbage seedlings after

inoculation on the upper or basal hypocotyls
with Pythium ultimum var. ultimum. One-
week-old cabbage seedlings were inoculated
with mycelial discs of 3 isolates (1021-1, 1021-4
and 1027-1) of P. ultimum var. ultimum on the
upper (cotyledons connection) or basal part of
the hypocotyls. The inoculated seedlings were
kept moist at 25°C, and damped-off seedlings
counted 6 days after the inoculation.
Experiments were repeated 3 times. Error bars
indicate standard errors.

Pythium aphanidermatum 12 & % £ ¥ 7 LR & A
oA BEEERERE 2 EMS GRS, 1996), AW
JiTdH % Pythium ultimum var. ultimum %= E ¥ 7 A
JEHORE OIRFITBINT 5 & EAREL, ARShik (H
AR EL 2, 2009).

4 Fusarium BEIC & % SR

1997 4 9 H~1998 4F 12 iz ZH IR ETH o R & it
FIZBNT, F o XY IV RET 2R EOHFHA
AT - 70T, TIERPTEFERENIZ D EKT 2P, Ik
2SR U TG U 7o MR D W T A S Fusarium J& W%
St hiz. ZhET, ENIZEWT Fusarium J&H
&5 F XY OREDOHME Fusarium oxysporum
Schlechtendahl: Fries f. sp. conglutinans (Wollenweber)
Snyder et Hansen I & 2 E#IRDATH D, JEMPED
WEIRRETH S (HARYHEL M, 2000). &
HiTix, B> 558 L 72 Fusarium J& B B O
F e NVIET B EERERR L, FEOREET - 7.

Fusarium JEW O % W& T 5 72 ORBERILR <
OPRBINTNBEN (—F, 1990), £D% < THE
DEHRE /NG EFOHWPEEIEN TN E., £

NUNOKRF — L1525 0E T, Wi, 24 TR
DOEREEIREZ I L > TEOEMRENRL S, Ll

Fusarium RO W# DL, B X OS54 T OILREIZF
i & RE S NIRRT O RERERNH 5 2 kL
HohTkh, ThoOBRBIZE - T4 T
b 5. —75, Booth (1971) 1Tk » TR\ S hickigE
(3, EHEE S NG EFOREOMIZ, S HEFIERD
HRXAEEHRLTED, ZRORESBHSETPHEDIELE
AEMLTHEDLDBYUTHEEHEZ, LT,

A lal 43 HE L 72 6 BRI DWW T, Booth MZEE 4 H W
T L7z,

a MHEEAE

1) BOSHE

1997 4F 11 iRl As @i U 72 i, 1998 4 2, 8, 10
HICHEFR FEREND, B 72 O R AL %,
WA ITEWT 24 CTH#RL, MELUHEAR%E PSA <
B U7z, 1997 48 11 Hic4p 8 U < Wikk % F 1-1, 1998
2 HESHITHBEL Witk E F1-2, F1-3, W48 H
2oL 2 OBtk A F2-1, [EAE 10 Hics i L7z 2
Witk%E F2-2, F2-3 & L7,

2) SBEKROBEMEDOHER
SrHELTCBIBRD PSA BB R Z Y s MMM Y v+ 1
Hirlk (PS; 20% Y + /7 1 ®HIH, 2% aBi) T 25
C, MEIFHELTHETEBRS B, IRESBROKE
B AE2EOH —ETHM UK, 1000X g T 5 4
DL T e AT E Uie, 0 E1% 10° M8 /ml &
125 KD ITHAERMKITEE LT, TEREMATOF+ XYY
TICE B L, B 25°C, KM 20°CoME=IC 14 HIH
BOTHRBIEREAHAE Lz, 72, THEOMWNBE D v
M7=tk (FlE: 7=/ =70k ) ik
Ty /)—J)b=1:1:1:1:8 01%3 vy h>»7)V—) T
Juf LT, BAMSEEIER L,

3) HEEKOEE

KZEWME, ToEL A FY RTEE LT WA ki
BOeh—%—Ya VERICERL, 4 BICSET
DIEREEVEMEIBIER L7z, $7, PSTIREIEHE LT
7oA WA BT 24°C, 1 AR L7, PSA
WCHE B LT, 256°CT 4 Bk LckiTBEk S h
RWHEOHE AN Lz, PSA Rickid 5 10, 15, 20,
25, 30, 35 L AOCTOWAMEREENET 2L
I, WiEDERPEEBE L.

4) RRBEROEE

F1-1~3®5 5, F1-3 ® PSA ¥4k % PS i, 25°C
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TR & 5 Batk, O HE L TR RIS E 7% 100 (4
/mlICHHE U T, FEBEMAMOF v X Qi W
FLT10, 15, 20, 25, 30 £/ X B COWBRIZHED,
14 HICEHN 7R A FHE L.

b HREEZR

F1-1~3 ® PSA itk s E#ETCHABDORTER
DAL, WEToRHMER A BERESWL K
(Fig. 13—1, 2). WA > & H B aIcZmL
72, F2-1~3 0WETIRABDOSKPHEARMEL, Hub

BTHBEOREL S -V EL 7 ERL, PBTEOE
~FEcEfa L (Fig. 14—1, 2). PSA kick i
ZHE Rk I 0= —OEEE 25°C, 4 HOR#ET,

F1-11343.6 mm, F1-21347.8 mm, F 1-3 {Z 52.0 mm,
F2-11351.9mm, F2-2(358.7mm, F2-31(349.9 mm
TH -7 (Table 3). PSA Lick i35 F1-1~3D4E
Wi 13 20~25°C T, 48 KT 7~10 mm WM E Lk
A, 3BCTIE0~02mm ULWARMELENL -7
(Fig. 15). F2-1~3 DA H#IRIZ 25°CTH D, 35CT
b 48 K T 1.3~1.8 mm W& E L., F1-1~3,

Fig. 13 Morphology of Fusarium avenaceum.

1. Upper surface of colony after incubation on PSA at 25°C for 10 days.

. Conidioma on carnation leaf.
. Macroconidia (scale: 50 zm).

=~ O U1 &~ W Do

. Under surface of colony after incubation on PSA at 25°C for 10 days.
. Formation of primary macroconidia (scale: 50 zm).

. Secondary macroconidiophores (scale: 25 £ m).

. Conidioma at the early stage (scale: 50 £z m).
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Fig. 14 Morphology of Fusarium semitectum.
1. Upper surface of colony after incubation on PSA at 25°C for 5 days.
2. Under surface of colony after incubation on PSA at 25°C for 5 days.
3. Polyblastic production of macroconidia (scale: 50 £ m).
4. Macroconidiophores (scale: 100 £ m).
5. Macroconidia (scale: 50 £ m).

A B
12 5 25
5 =
_8 10 | 5 20 |
[ee)
I gt % i
g £ 15
S 6L e
<
H 10 |
° 4 r o
) )
© ® 5 |
= 2 - =
8 38
> >
2 0 1 1 1 E 0 1 1 1
0 10 20 30 40 0 10 20 30 40 50
Temperature (°C) Temperature (°C)
[——F1-1 ——F1-2 —&—F1-3| ——F2-1 —8—F2-2 —&—F2-3]

Fig. 15 Effect of temperature on mycelial growth of Fusarium isolates on PSA. Mycelial discs
(5-mm diameter) of isolates were incubated at 25°C on PSA for 2 days, and the colony
diameters measured. Measurements were repeated after 48-hours incubation at tempera-
tures shown. Isolates of F1-1, 2 and 3 identified to Fusarium avenaceum (A). Isolates of
F2-1, 2 and 3 identified to Fusarium semitectum (B). Experiments were repeated 6 times.
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Table 3 Morphology and characteristics of Fusarium isolates from cabbage

Morphology and Isolate

characteristics Fi1-1 F1-2 F1-3 F2-1 F2-2 F2-3
Growth rate 43.6 478 52.0 51.9 58.7 49.9
(mm)*®
Primary
macroconidial Polyblastic Polyblastic Polyblastic Polyblastic Polyblastic Polyblastic
formation
Secondary . . .
macroconidial Monophialidic  Monophialidic  Monophialidic Polyblas?clc. or Polyblasjmc. or Polyblas'tlcv or
¢ . monophialidic  monophialidic  monophialidic

ormation

Macroconidial 28.0-60.5 28.8-64.2 21.4-65.3 25.7-55.6 17.1-54.6 21.4-53.5
length (£ m) 471> (48.4)° (47.8)° (44.6)® 37.6)* (38.2)°
Macroconidial 3.2-49 (400" 2143 34" 2748 (3DY  3.2-54 (42" 3254 (43" 3754 (41"
width (zm)
Macroconidial 3-6 (4.6)" 2-6 (4.0)" 1-6 (4.6)" 2-6 (4.6)" 1-7 (5.00 2-7 (4.6)
septate
Conidioma + + - _ i
Pigmentation on Peach, pale Peach, pale Peach, pale
PSA Rose Rose Rose orange to brown orange to brown orange to brown

Identification ¢ F. avenaceum  F. avenaceum

F. avenaceum  F. semitectum

F. semitectum  F. semitectum

a Colony diameter after 4 days incubation from a single conidium on PSA at 25 C.

b Numbers in parentheses are averages.
¢ Identification by Booth (1971)’s classification system.

F2-1~3 OHiflda 4 HR PSA THE L/ LIRS
NIcHADOHEEIT 2 em L ETH Y, Booth (1971) @
BBRTEEN [H ] Sl S hx.

F1-1~31, M@ Llich—x—>Y a3 VEER ET, &
¥, BRSO EBER S N R & 2 3%
I —R KRB HETF2ER L7 (Fig. 13—3). —kK
BUGAETE00Eih Lc#iftE <, [REEL I~5Th -
7o, ZIRRBIGHETE, —IRKREG A TR M S 12
RRICE U e IR e & € 7 7 4 7 o B
ahic (Fig. 13—4). TR EGHIIE D 53k H3 A,
ZRRBGEFNZHOER S NG A I3 ETFR
(conidioma) ZJER L7z (Fig. 13—5). AT RIZR
RcALrofmclgcs s TRELSE -2 (Fig.
13—6). ZIRKRBGHE I —IRREGAE T L0 b5
thi<, =AA%ETH -7z (Fig. 13—7). F1-1~3 D
KIS D RRRE IR - 72, F1-1~3 © KB4+
DEXIE 21.4~65.3 um THEN 47.7~48.4 um, TRiZ
2.1~4.9um THHN 3.4~4.0 um, FEEEEIT 1~6 TF
¥ 4.0~46 ThH -7z, F1-1~3 TEI/NRIGAEFTRED
SN - 72hs, FHITHED —IR KB ETF 2D 5
e, EREFR3A—x—va vERET3M HETO
EETERDoNE LT F11~3 1, ROZHF
FIZ KRB %2 B K 5 2 & 5 Arthrosporiella
section 124 E N, “IRKREUMEFEE ) 74 7 0kl

WKWEKT 522 &, LD REFMTEIENS
Fusarium avenaceum (Corda: Fries) Saccardo & [6]%E
iz,

F2-1~3Ti¥, h—%—YaVIER LT, ROEL»
SHEERR SN ETREMIELD ¥ v ROARICE
W9 2 RBpAETEIEK LU (Fig. 14—-3). S4ETF
D 53 B 1T 13 50 IR BRI IS 53 BERR A5R - 72, S0+
M I oI LTHi sy VRO A R Z
FI B0 EEMEEEK L (Fig. 14—4). Wk
DD 5T TIZE 7 4 7 aiIic KB E
FEEKT 255085 7. HMETFRBERSNED» -
fo. REGETIRE58E TR0 L (Fig. 14—5).
F2-1~3 O RBIGHEFIEF1-1~3 Db D X D EliA /NS
<, HiEEDS)EIn 72, F2-1~3 O RBIGETOEI
17.1~55.6 um T 37.6~44.6 pm, KL 3.2~5.4
um THEMN41~43 pm, FREEEIE 1~T7 T¥Y
4.6~5.0 Th 7o, /INUGHEFIIRD SNIE I - 7,
FHICHEO KRB A FRRD ohic, ERETE 34
Ho#TREDSNE M7, F2-1~31F, RFIZH
SEMIT KBS A F- 2T 5 & & H & Arthrosporiella
section IZ/H S N, 2 HEFRYIE KBS H 1 DI IR B,
#HMAB LTI B Z &, SETEMERINZOL
Z &6 Fusarium semitectum Berk. et Rav. in Berk.
EREENI, F2-1~3DRMHpETFOEIIBLE 20



FEH D F XY DOBIVERE

IZBWTHRET 2E &2 OBICBI T 2 P98 71

~55um THY, Fusarium semitectum var. majus
Wollenweber Otk & HEE B0, REEEHMASLUTO S
OMELALETH DI L, FEFRDPERS BN L
M5 Fusarium semitectum T 5 &My L7z,

Fl-1~3 O3 ZWMFEHR L 7cF v XY 2V
WoTHETIE, ME» SBORHNEKS e (Fig.
16—1D. WHOREIZIZHADKTREAMIEEL, ¥
BAMER 2 W IcBZRic k0, ﬁ*%?"f‘kﬂ:—@(ﬁ’ﬂﬁi
TOERSh TS ERRD S, T DEREEIEKIC
DEFERTH 5 Z EMMERS . £, ?E}%Emo)ii
EAELTOTIETNEESEKS W (Fig. 16—2).
NS 2 E B IR 3 5 &, HubiBo kAL S
ARBRALTHWEOMED e (Fig. 16—3). Zh
S ORUNREE P SIRBIMIER T 285 bbb -7, MR L
ORI ZHEORENER S, ROkl & &
IR LY, THEAKREILSE2HGbH -7, W
WisEREY 5 &, HIFEMR S, Waksthinic, fi,
TR IO I Bl U 7ol bk o0 28, ARZE, JRENTIZKIR
ROFHMTER S N, HEOTRR%EA L TR L
7o, F11LIC XD FEIORBNER S N0 E A& X
13%, F1-2 TiE 456%, F1-3 TiE 50% TH » 72.
Fusarium avenaceum (3% { ORIz, HEZRT

2L B EMIERP, PRI X 5 L5 Hh %
29 & Booth (1971) Tk » TRL#ie T3
HEfiRICBOTE, FELOWKIOBRIhIGAET
M LK TN, BEOMN RSN S Fi i IR £ T
SR IHREMEA D 5. Bl TO HARBRETRD S

NTIREIE, 6 BT S BRAVKDBE 0 2T WG TH 5
TEFOIER, ZEMTH -7z %%0)7‘%3“7’“4?‘(% I e
Do, SETEEHFER UG ICE, WicE
A, ARSI - tiﬁ“k@ﬁ P g R D AE
W o, IHRDIEE A EWFIED Eigh S0 >
722 &M 5, Fusarium avenaceum 3 & U TKALM
SRR 2 EEZoNDE. o DRREMNS Fusarium
avenaceum ® F ¥ NV B EENR I NI,
F 1-1~3 O Tl bIR A0 - 72 F 1-3 & Fusarium
avenaceum WHOREL LT, €DOHET%2F + XY
W FERE L 7ca, 10~30CIiB 0 TRRT I
INESEATEIR L, THESHIGICE S F CTREBUERT 58]
AR 2CTIRbEN -7z (Fig. 17, ZoWEE, W
DA B MR & F—H LT

F2-1~3 O EFZMBHEM L1 GH/IC s, F1-1~3
LIRERIZ, TEORBD SBEHRENERSh, T0%k
MK RARPEAE Ui, [Pisk kicid, REGHEF
NI, TOREBBEICI OB UICEKTH S
ENMER SN, BRI DAL 255 d, F
1-1~3 LRI D oz, LaLl, Fl-1~3 0¥
TRD oM T L BN BIBIRE s - 72, FEBE
REOHHEAERT 2 S, FIL1I~30HA5L0 B
V5, F2-1T9%, F2-2T3%, F23TH%THo
7. Fusarium semitectum &, EWNTIZ ¥ NOHHE K
LLTRToNTO D (HAMEDIIRNEL A, 20000 23,
HDEM O EDWE T, L L, BB < b
ICHNLBMN AR Lic 2 EAEdiiE T (Booth,

Fig. 16 Symptoms on cabbage cotyledons caused by Fusarium avenaceum.
1. Expanding lesion.
2. Small dots at early stage of infection.
3. Hypha penetrating into a stoma, stained with cotton blue (scale: 50 £ m).
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Fig. 17 Effect of temperature on severity of symp-
toms caused by Fusarium avenaceum. One-
week-old cabbage seedlings were inoculated by
spraying with a conidial suspension of F.
avenaceum. The inoculated seedlings were kept
moist at each temperature, and symptoms were
observed 14 days after the inoculation.
Experiments were repeated 3 times.

197D, AWO F 2-1~3 OEFEMRBRICE L TE, F+AN
YV FEDABIGBIIRHENER S e b DD, WEOIE
JBIRNE L, FHRR S 10% K EKh -7, Fe,
FETOMNNEE D S NE -7, FRFIETED FR
DIKFLR G S HFIRMITEL T 5 S b, R
PHEBZOoND,

Fr RNYHITIN S DR E R L7k, BT
BRI IC B W Ic /121, Fusarium avenaceum 1<
X BN E LA ORI BN 5 o mRESYET
D AFRMPTEIL S T, WHEPRETELEEZONS.
T, HRERPCX2HZTTHROM/NNES P, F3ELM
SHEERL LIS A - 7cFiR A &, Fusarium avenaceum,
Fusarium semitectum 1 & 2 BB IEK T 5 84
MH -tz WD, MOMENTICK > TRESN
BEAS 0 L SR U2 88IT, TR 2 568 U Ok ot
BEIEIEGbHELEEZIONS.

KW FeAE WM 5 Fusarium avenaceum & Fusarium
semitectum @ F v XY I T 2K EIESHER T N
72, ThoDRETE, HEPLHFO MBS, SHUE
KRB DG E D2 En S, RO Pythium J&#
Rhizoctonia solani I & 0 MHliAM2 & 5 HATHHE & 13
WM SRS, 22T, AIFEEF » XS0k
J% (bud blight) EHREL, AARMEYKA HEIZHKE,
BEeanic (HAMYHE 4, 2009).

5  Choanephora cucurbitarum [Z & 5 Z D HSL v
(0573

1998 4E 8 H iz ZHILHTH O B AR EMH LN O R =
THH SN TOIZF v XY )V o i, [
ARSI HUNE B R AR ORIRENA L, whEN.
(Fig. 18—1). TN TIT, F+RXVIZBNTIRIDE
S IBTEREDRIRFIC L BIREFEOHRE BT, 22T, W
DoFHE « RIFETS S DN TEIN M DRRET 21T - 72,

a ME&EFE

1) BONBEESBEOLETER

FR kO IRIZ 4 U7c W% PSA TH#E L EZ A,
SUPRSRZ R A U 5 (i 2 R o R IR s g L
fo. 2 X O HIRREER R O RS 5 mm B
74 227 %, PSA LT5, 10, 15, 20, 25, 30, 35 &
40°C TR L C, Wi EREZNE L.

2) HHEORFEEOHER LFERE

SEERE O 5 mm D PSA ¥R & TSRO+ +
XY ORI M I YT, 8~11 HOH 5 Z=EN,
F 7213 10~35CO B ey N DI ICIR B, g%
AU, T, WM EoEREE, BEMEIEH T
B L7z,

3) EBERRENELRDF v NVHICXT SHESE
TIERBAWI, 51 SEREA, 5 2 B, /3
3~4 TR D F + XY i O RN 43 #ER O 5 mm £
O PSA B AMHESET, HICH I ZAENOEE
ITER B I A A L 7

b HWREEBE

PSA ¥ ETOR#BAE I, 5~40°CTIE 30°C TR
b, 12FEMTH 22 mm BRME L. 5°CTIHHE
WHHEE L -7z (Fig. 19)

8~ HODH Z AEIIB Y 2HBRTIE, O3 B%
IZF ¢ XYY O REAKIRIRICR S T B Min 7.
Z D%, W ESRERMEICRS &, WIRR RO
IR A U7z, Bt iRagm 2 10~11 H o#mEaR
BRTRBRERIFEAE R -7, £, HEREE» S,
T AENITB O TREZFK L CRELZ T 72581
13, FHRHRITAD SN D -k, ERNOBEERARIC X -
T, SEEOREELER SN, UL, 10~11H
$ 35°C & TOREE RN T O BRI T I 7R
FEALERL, REICXHFL, FERHTERZEROD
HICRETBEEZONS.

FEHLARR iIc B LT S iR TR IE, B n
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Fig. 18 Symptoms on a cabbage plug seedling caused by Choanephora cucurbitarum and

morphology of the fungus.

1. Symptoms on a cabbage seedling.
2. Conidiophores (scale: 500 £ m).

3. Sporangiophore (scale: 500 zm).
4. Conidia (scale: 50 zm).

5. Sporangiospores (scale: 50 £ m).

HPICENLL, W, HRIRT, o ARTHIIT/IMIE
HEUTHETEER LK (Fig. 18—2). 44T 3#E0
TUE VHEREMNE, K& &3 12~20X6~16 CFE 17
X1 um Th -7 (Fig. 18—4). i, BT b
HEWLEE OB S0, TS ks rng 3l
LU, AT, TR0 8 mEh S XS ey
TEEhiz (Fig. 18—3). T 05 38 M, kT
faros 2k KT 5. BTroslTE5ETL0b
RO THiE LD, SETID M THS
(Fig. 18—5). F7z, KEITHERMAAL, WMuIZEHEO
MEEZATS. KREXIF 11~20X7~12 (F¥ 18X9)
um TH -7z, Tho DR LITERS IR
M5, 53R X Choanephora cucurbitarum (Berk. et
Rav.) Thaxter &E N7z (FEES, 1995 ; FalH,
1968 ; =5, 1934 ; &M, 1950).

i O HEREHBRIC S 0T, TEREMO YO 88
%, B 1ZERFVIE D 76%, 5 2 FERHANE O 65%,
B 3~4 R O 14% L biinic 2 &5 (Fig.

25

Mycelial growth (mm/12 hours)

5 10 15 20 25 30
Temperature (°C)

35 40

Fig. 19 Effect of temperature on mycelial growth
of Choanephora cucurbitarum on PSA. Mycelial
discs (5-mm diameter) of an isolate were
incubated at 25°C on PSA for 12 hours, and the
colony diameters were measured. Measurements
were repeated after 12-hours incubation at
temperatures shown. Experiments were re-
peated 3 times. Error bars indicate standard
errors.
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Fig. 20 Damping-off of cabbage seedlings at vari-
ous leaf stages caused by Choanephora
cucurbitarum. Mycelial discs of C. cucurbitarum
were used to inoculate hypocotyls of seedlings
at each leaf stage. The inoculated seedlings were
kept moist in a greenhouse during the summer
season, and damped-off seedlings were counted 5
days after the inoculation.

20), FEZd BEEEAEFTBEALF + XY HIZH LT

b, EimZ A S IREVEER Ui, AHO &
JSPEITINA, F+ NYHPRRZEBIZE>TA NV 2%
ZIrnEBEbNS.

ARITE B F v+ XY DIREIABTRIARETH O,
HOTEW ORI X BIREICM-> T, T I WL &
ME3SC & AR L, HARYH A HEOKRE, Sah
7o (BAREIR L4, 2009).

I =Z=EENOBEERICEFTEF + XY
EIVREAOREDREERE L THIRETF
DIEEFIC &L B FLERE

1 1997 F£8~11 BICEAE LIRE
SHEEAAT, 1996 41T H B BRI E
HEEHIB L, D 24EHTH B 1997 0D 8~11 H
IZF v RN RIVERBITEIC R IR EA A L, B
W ORBBE BIVEETICE T 2R EORA AR
Thb., T, BREREMEMNTER S NIcF » XY
TIVERHIZ DN T G, IHBEORE 22T IGAIC
ZW T - 7.

a ME&EAHE

1) BEAE

HE L RS RENERICBY 2B HEIUTO
BOTHB., 128D ML A (30X60X9cm) 2k

VEHE RN E L g LS, Yrx—) 2RHEL
THHEL, 25 COEERLAMNIC 2~3 HiE W THEF L 7.
Z0thk, 7rA4an2BL, MRXoXyF ETH
L7 (Fig. 2D, #AKICIISEOEEREZHL, B
B OERIRILITIE U T Th e, BIEOEMIE, #K
CHMEMLTOAEBEREZNOT, WHEORAITILT
Tirbhic, BFRAENIIURN THAEZT - 7V
Hild, ROV LA, SEEERG, H52E, 75
Aa Tz, B 25 CHE 20TCICHES /RS
BETBNT, a7 ) — MRPHANYF ETHIIS
N7z, BERENTRTIE, / XK 3 F#EKLELE
WERE A O THK Uic, F/o, BREAEMEAT
FREOHMAMIITDIIM - 7.

2) REREDERERE

Rz coMAIZ 1997 4E8 H 28 HM S 11 H 27T H
¥ T LHEBEICIT - 7o, BERDIE, ke ML
A 1Rz > & 2~3 AT LAL b P EN 2 W ®
Shreht % (2], vV hLA I~280c# 1T
[, 'V h LA 3~10BUSH L T E T4, 2hl
T& D3] &Lk WEEOZENIL, YbkihP4
BAR SN > A2 L, JEFEBHMEE T TR %
B LU TIT - 7. BHMEEBIER TR TS - 1255121,
AL E WA RIZiE0THEE LIiokIRE % PSA 14
AME, TITORRBICK > THELK., PSA LT
HINSTERRAE RS0 - 7o A12iE, K TRERERE L
7oV NIZoEER D PSA BRa 2 #:M L T, B hic
BN SWAERE Lz, Y kXD, Rhizoctonia solani
RSN HERZ, Z0 PSA KR &, BARMAR
DREHI O WK D PSA Bii 2 WA R TxtIRER8 U Tl
AROFEMEERNT (HR BRSO FI ] MERR
£, 1984). JehiE TR oM D WoEE, FE, RIE
PERERR 21T - 7o, BPRAEMETAN TR A S NI ED
S b FERIZAT - 72,

3) W

BRI IWE [Alternaria brassicicola (Schweinitz)
Wiltshire] 1345047 0JERE (Ellis, 1971 FH, 1941,
Yy LEHORE (Pythium aphanidermatum) 31
ETDS EHMHAMBSEDOERE (—&, 1992 ; %5,
1996 ; van der Plaats-Niterink, 1981), ##5% &
[Phoma lingam (Tode: Fries) Desmaziéres] 131f¥
i M- OIERE OMESHE, 1992 5 Sutton, 1980),
HNHIRE D 1 2 TH B Pythium megalacanthum (%
HYEAGES E OJERE, Rhizoctonia solani 13X H O JEHE
12X - THE L (Fig. 22— 1~5).
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Fig. 21 Cabbage plug seedlings in a nursery in Mie prefecture, Japan.
1. Plug trays on benches.
2. Two-week-old plug seedlings.
3. One-week-old plug seedlings.

Fig. 22 Key for microscopic diagnosis of cabbage seedling diseases.
1. Conidia of Alternaria brassicicola (scale: 100 £ m).
2. Oogonium of Pythium aphanidermatum (scale: 20 £ m).
3. Zoospore proliferation of Pythium aphanidermatum on cabbage tissue.
4. Pycnidia of Phoma lingam in cabbage tissue (scale: 500 £ m).
5. Hyphae with right-angle branching of Rhizoctonia solani on cabbage tissue (scale:
100 £ m).
6. Conidium of Alternaria brassicae (scale: 100 xm).
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Fig. 23 Key for diagnosis of cabbage seedling diseases.
1. Lesion bordered by vein on upper surface (below) and under surface (upper) of
cabbage leaves, caused by Peronospora parasitica.
2. Conidiophores of Peronospora parasitica on cabbage leaf.
3. Black lesion on vein surrounded by chlorosis, caused by Xanthomonas campestris
pv. campestris.

b HREER

MATED F + XY O 2IVRBEEHHICRAT 25HET
d, BTN 8~11 HoMiEz@ U TRELRL. F ¥
XY ORIV B 2 B3 TR oM, &4, 1
TR~ BOORHELER S N, 2B THED TR
S IREC BEDHBENILR L, B bHNIZE S D hs#H
B bOTH - 72, AW, FMRICHEESI WS mE
DMUABHCBOTRRICSTELTHRAELR. 9 HA)
Mo 10 HmicE S hzmiE nE, &f T
s U7 (Fig. 24). $ric, 10 Hoticlsnrx
AP EA THERAEL, ZOMETRERAEFRGIK
ot 10 HoficEiE s ni G35 Ustom
FIZBWTSH, DIEhITORENRED SN, THRRE
WHEAIT S, 199748 HiT, 774 B /T ZAAT
BHiTOF + XY VAT, B39 X0 Rl
TENIK~BF IR BEITHN 2R ENZ T L.
AR OFERE TR K > TRE S RIL Y, Jfidks
EKTEANABLSREL T Z &b o B gD
n5 (BHES, 1998). F7, AFIF, MLWIHHIZE
DNLHERNICHD & L ORIC BIRGE L, BEMILAL
72, CORIFETIE, BIEOWMBEREKEE A O THEKE
o Ty, ThERT IIRE O 1 O REUE i <
BRLTWEELZONS. WEEZRLTHENLETSD,
REP O KM LIRS TIRR O EF B d o5 2 &
Zrdoto, Fio, FEFEAMAOBRICHM S 2 BEHFIH
BT IR O E L DA~ DO =B & U 7ol ket
bbb, WEAELFIMEBET 5 &, &Y, 1EAK

INERASIER U, P B2 OB E T DED S h
5. WEHHEET 5 SR ISR E TR E K
L, ZHROGEFHER SN O0NBIESH, K512
W& 5, WA SNICRERORRENED Sh, FEHIH
MEO—E MR B OMERESIEE 5. AW T TiE
DIYE & FAEPIN D FRIB AT X D PRvRETH 5 &R
bz, EHEVEAIEOMENRE LIS EITE, W
HEREN T RMNE I EB2L, MbiihE
Bl L@PE,h ot MEREVEFANTS, W
HKETT> T BNTZANTHEHEICETA L.

1996 4F 4 HICHFRAREV RN O /7 5 A|ED 3~
7Y — MRIZEDPNIZF + XY VRIS O SR AR
T, Pythium megalacanthum 1T & % i LR 23588
Shic, REEMMERICEWLTS 19974 10 H 9 H LR,
Pythium megalacanthum 12 X % M LAGIR O F 4z D338
HoN, [UROIKTFIHE- TRPHML, H—FL AR
TIM BRI U7z, R o 0, 495 ORI,
&, KERICIREE SR U T, 2R d 5 L Aticis
D, EoITWEMERT 5 kit L Btk 5
F LR A B BB BIE 95 &, KRBTHEED H 54§
I T2 BRED o, HHICBHTE 5. AW
&, PHOEHSFAL, F— b LA NI R SAE
TBHIITTRIZRE L. D b LA DRRNDILGRR S
Wb LBbhre, —J5, MRHEEKITRY B Lk
TEEET 5 Ens, A XHOBRFO LICEMh:
FUANT, KetLTRRLTWS 2 E0EllS N 5.
BIEDMY, Pythium megalacanthum O E # iR
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F2BCTH2IcbMbST, FAEICLEF+ XY TO
R E 10°CTH Y, FHiliRicEHNTS, 10 AL
B DRI T D A FIE D STz,
REEORFECRCRELLHERIRTTHLE
Pythium megalacanthum (2 & % HXLALIR TdH - 7228,
NS DI HRFI R, Rhizoctonia solani (¥5#EH
I A) 12k 2 H3AG%, Fusarium avenaceum 12 & %
Sekis, Fusarium semitectum 12 & 5 5EAbiRIC & - T
SLBMin I E, AR IR ORD o R
PR BRI RN T S 8 HIT IRk CTRESHh, M
FARRMEED T, I OB IREN A R ~ Rt
WL, Mo~ a0k~ NEL7 7 2 a

ROWHPTER S NG 2 b oBWTE S UMASTHHE,
1992 ; Sutton, 1980). #RF5HE D “IRIZGZFE D Sh g
M- 72, Rhizoctonia solani \Z & % ALK T 13 IR
ptgta, JKEPRICIERS 5. [RIBR (& M AL 2 Bt bz
i ERGITHEES N, TORREEEITHL, S
DIEERIR TN T2 DM TH 5 (DA I8
DF51] WEZH MW, 1984).
BRAEMET TR OB EDOMIT, 8 HIC
Pythium aphanidermatum 12 X % E ¥ w7 LJERHE 3 2
Kol LA TRAELR, KRR LA NTEHE
I RIZREL, 1~2 HO S BITLbRin k23 5.
WEL, IREhOUKERRIZRE N, WakrENE. PP
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Fig. 24 Occurrence of damping-off and blight of cabbage plug seedlings between August

and November 1997. Weekly observations were recorded for cabbage plug seedlings in
a nursery in Mie prefecture, Japan. Seeds of each cultivar were sown on days shown
(®) and diseases were checked during the periods shown by bars. Circles on the bars
show date of the investigation, and degrees of damping-off and blight occurrence are
indicated by size. ‘High’ means >1 seedling damped-off or blighted per tray of 128
plugs, ‘Medium’, one seedling per 2-10 trays, and ‘Low’, one seedling for >10 trays.
Patterns in the circles show relative proportions of different pathogens.
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WHRT 5 &, FHREA N THRBICEIET 5. O
W Pythium megalacanthum < & % Wi LALRE & R H:
TH5. By LJIEHOR ORI ZKITIR T 5 & FIRERH
D5 BT, BROEL DS o, KOS, € LTEE
FEMLSEZOPBETE 5. £, WHHEKNICE

%%%um@ﬁ%®%@?%ﬁ$?%5

Ef'sﬁﬁﬂaffm BT, 8 AMEICIEIL, EEICXK

bﬂéi‘f%’éﬂiﬁbxﬁ/méMtﬁfo@ﬂ D oh

7.

2 1998 FE1~3 BICRELIRE
B BRI SEE W3 IT B0 T 1998 4E 1~3 HD &

FEMICBH SN F + XY VR ICRET 2 EE
HE L.
a MEEAEE

Rk, ARG ET 0 1997 & 8~11 H &tk
Tdh - 73, 1998 4E 1~3 HTld, Mtk PN D AR EE b3
10°CETHSHBWESBEMTbNI., £, ZOWM
HEM AN SE 0ATH 7. R LA
12~14 HIZ 128 kDL b L A 2,626 ¥, 1 H 27 HIC
800 ¥, 2 H 2 HIZ 555 ¥, 2 H 26 HiZ 242 Kcfrb e,
AW OHETIE, MBMNPEFT AR &M - 7212 BRI
U, 1997 4F 8~11 H L WIBkIT, Fé s LAk O e 7 Bt

—0—SE
-O-SE
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Fig. 26 Damping-off of cabbage plug seedlings
caused by Pythium megalacanthum between
January and April 1998. Weekly observations
were recorded for cabbage plug seedlings in a
nursery in Mie prefecture, Japan. Seeds of a
cultivar ‘SE’  were sown on dates shown in
parenthesis. For seedlings from each sowing
date, damping-off caused by P. megalacanthum
is expressed as a percentage by dividing the
number of affected trays by the total number
of trays. Each tray includes 128 plugs.

B & 72RO M HEIT L > TRRIUTL, b LA 27z h
DALBHN, EHEARBOHEG RS, £, 1997

AE8~11 HITRFE L o e R EFFOFEDED S
el EMS, EEOFH T TE L, NEWRE IR
BAETOIERBA L FHME B L Tl 21T - 12
(Fig. 23—1, 2).

b HREERE

ARl DA T Pythium megalacanthum 12 & % #%
EMRE L, B PLUARIH I Eic#E L (Fig.

5. BHEMAMIT, MLA 11BN ORKHE AT
Bd B L, 3~18HKTH - 72h, FERREDSEO M LA

(ES T3 DI <Y MDY FARVASY Y g WA ST OF L A E
% A~ BB TE—7 a5 7.

B9, Tiho 8~11 H &Mk L Tndisl,
1~2 HiZ2>0 TR, bLA 472 oxbiinskEiz
F0Th o7, [UmMEFA U3 HERFICP08mL
T0.05 &73 -7z (Fig. 26).

SURDIFERT MR D 15CISE L2 3 AP 5, ~NEJFIC
&%, FHROWOEPEFTLR, VhinkEEL/ Sy
Fa@o o, AU, Fi, BT, AR
12X 28k, Fusarium avenaceum 12 X % JEkEiKIZ & -
T 1RO BRI Shic.

o
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Fig. 26 Blight of cabbage plug seedlings caused by
Alternaria brassicicola and outbreaks of
downy mildew disease between January and
April 1998. Weekly observations were recorded
for cabbage plug seedlings in a nursery in Mie
prefecture, Japan. Seeds of a cultivar ‘SE’
were sown on dates in parenthesis. Total num-
bers of blighted seedlings caused by A.
brassicicola were divided by the numbers of
trays, with data grouped by dates of sowing.
Each tray includes 128 plugs. Dates of downy
mildew out-break are indicated by asterisks

(*).
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3 1998FE 8 A~1999 F 3 AICRAE LIRE
BN OBE WD F + XY VA IC B W TRET
BIHEICDONT, 1998 48 H~19994E 3 HIC 24EH D
MAEET - 72,

a M#LAE

BHE 1997 4 8 H~1998 4 3 A L WkkizfTbn, 3
HH 1998 4E 1~3 H EMBRICIT- 2. Allid, BEEE
MEMMS12DT, VA DKEHD L AITONTH
TAEIT > 72, 1997 4 8 H~1998 4F 3 H THRAENED &
ne, SROMAETRAENED SN BB IE, TR
Bl s i E oI RBIZ X 02l L (Ells,
1971 ; &, 1941) (Fig. 22—6)

i

i

b HREEBZE

1998 4 8~11 H O 4 The b B MK & > 7o
FEITIWRTH -7, FiiE 3 miEEsni wF,
‘T684 & “AH3E TORENEZL, HETHLY
£ W70 25 kL BN (Fig. 20). AHE0O#HET
i3, IRl ERE LSRR ST L BN IR Z 2 >

= N
- 3 [N o

o
2]

Blighted seedlings per tray

o

1 9 17 25 1 7 13 20 26 2 10 18 26
Sep | | Oct ” Nov |
Date of investigation

—A—T685,T686,T687,KC9455 (Aug 21
—&— Joshun (Aug 27)
—O—Kinshun No.5 (Sep 4)

—l— Joshun (Aug 20)
—&— Ayahikari (Aug 24)
—— Joshun (Sep 3)
—A—T684 (Oct 6)

Fig. 27 Blight of cabbage plug seedlings caused by
Alternaria brassicicola between August and
November 1998. Weekly observations were
recorded for half of the cabbage plug seedlings
in a nursery in Mie prefecture, Japan. Seeds of
cultivars were sown on dates in parenthesis.
For seedlings from each sowing date, total
numbers of blighted seedlings caused by A.
brassicicola were divided by numbers of trays.
Each tray includes 128 plugs. Numerical values
for cultivars, ‘Shibuki’ (Jul 23), ‘Matsunami’
(Jul 28), ‘Matsunami’ (Aug 8), ‘Matsunami’
(Aug 11), ‘Kinshun No. 5 (Sep 7), ‘Kinshun
No. 5 (Sep 14), ‘Miharu’ (Sep 30), ‘Miharu’
(Oct 2), ‘Gokuwase’ (Oct 2), ‘Ishii-nakawase’
(Oct 5), ‘Ishii No. 3’ (Oct 6) and ‘Miharu’ (Oct
12) were less than 0.1 and omitted.

72, IhSOMEETE, MBMNICESLBWEATHIE
EAERETOHITHM S hOFREHAIN, FEFERBEKL,
RRDSENL - Fo e, AR 130K 0 Fh bk A B 28 1
TEMDEY, RAEBHEMAIA TH S LT,
1997 4 8~11 HORETS, AHFII>NT, FEDM
MTRAENZ L, HMrREoiEE G (BHS

1998).

EWIC & 0 &2 RO &M Rk 72 1998 4F 9
H#¥~10 HarPicddishic ‘@& 55 THHRK
ICHRIITHRIED 6N, LAY DN BRNREN
03 &AL, HENEALE TOREENEELT
FAE U7, @, RIES~4 KU Lo B 3mic
LB UWRBITRED Shisnds, oI EE
AT S, RAEERBEEITH O 2 ENZD Sh,
50T, B LTy U TR ASERRIZ L A3 5
NREB SN, TNSOW T, RIEDLRESITHR
LY, EBEAREES > ZOWEIE, TR S0
filt P HH FAEKIC & > THETAIRM LR R EBbh 5.
WHE, FRNYKERY v 7 ABTEDN S 12K
ERfFE LI 0D, BEIGEAShIBERICKD,
WREO K2 & AKENEELLT D, IR
o [ REMED D B

B IHoRAE, 11 H~3 HOKEMTiE b LAY
72D DALBRNREZ 0.1 RiFTHE L, AR IR
ERELIZCWEZEZSoNS., COWBORT IHIC
X BB BRRIE, 1998 FED R E FBETH - 72,

Pythium megalacanthum 12 X % @GR X, T &
LT 10 HUBE o Ko A4 U, $#ic 1999 4 2~3 H
IR U - 72 (Fig. 28). FE MLV ARIIRKT
15%TH -7k, 1D ML ANTRERBIZS D 2
OHWPALBHhIE&bd -7, 1~3 HIZB I 2 A%
DRI LA REWHEORE L ZIZFAETH - 72, AR
= N LA NTHERE L TR 2 s E 2 2 & 5,
FUARTRIZREL TS EBbN D, KK 10~3
HOMRRINZRA Ucps, 1997 & 0 & Kdmnse <
B U7 1998 4E 10~11 A Tix (GREHTRRE, 1997~
1999), 1997 4E 0 Al & beig U THE i i - 72,

NERIFI99FE3 H 24 0LI%, 2H 1 0D
‘SE’ OB A T THARICRAENED Shi. I ORI
213, HixmkR (KR, 1997~1999) 23495
ORIFWIRTH 5 15°C 1T#ET 5. RFIIRRIcHEL
RIE, TIETRMPTERSNVEBAR S5, KELN
REaNGEITE, IbnER s, KHTS, EoR
BUTIE RS N7 128, M EA#EKIC & - TR
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Fig. 28 Damping-off of cabbage plug seedlings
caused by Pythium megalacanthum and out-
breaks of downy mildew disease between
January and March 1999. Weekly observations
were recorded for cabbage plug seedlings in a
nursery in Mie prefecture, Japan. Seeds of a
cultivar ‘SE’  were sown on dates in paren-
thesis. For seedlings from each sowing date,
damping-off caused by P. megalacanthum is
expressed as a percentage by dividing the
number of affected trays by the total number
of trays. Each tray includes 128 plugs. Dates of
downy mildew out-break are indicated by
asterisks (*).

BMLT, “RIEgRLIEEZONS.

TEEM S EKE ST R I N kRH O 5 B 1998 45 8
H 19 H, 10 H1H & 20 HiX Fusarium semitectum, 8
H 26 H & Fusarium avenaceum \2& % &DTH - 7z,
SRR IR AR, SRR E SR b D D 1997 D
B S OFENED Shic, ARETIE, KEMN
PRINTIGEIC, HPEBEARED S, £72, SThlE
Wi, BIIRom Ersalianhslsbdhbb, H
MERICERLTO R8RS L LB 005,

Rhizoctonia solani 1< & % Wi LA (&, 1997 4 DR
A E RSB DI 5 7oy, 1998 429 H 25 H
~10 H 13 Bz A L7 b OISR A TE AG 2-2 Hr&
BMMBIZL2dD, 10 H20 HIZRAELKLSDII AGL
FERMIBILLS2b0THY, ThZNFE—FLAHNOD
Bfe L7ckkTRAEL, “IRIEREMSEDNI. Zhoo
Rhizoctonia solani D¥5#ERIIMB & 1B THH, 1997
HEOFETHD SN TA 3% 5 7. Rhizoctonia
solani ¥, WMHERTZEKEITBHEINNSOETH
BT LR, FHAMEINS C, RBIE - RO R
wonlcl EnS, ML OEWNDE MY EDHEEN
ik, FbiAghicEHEllah s,

HBHEAS 19994 2 H 9 H & 23 HIZ 1 #k3 25 A3 1,
AREZICF VT B A9 ORER S ORHETHDTTH -

7o, BIREIZERT TIRE & F U Alternaria JERT®
O, MPERETEIENMONTNED, BITHID
HIRWRETHRET S EEZL NS,

1998 4 8 H 11 HICR® s h L biintkicid, H 1
BTk~ 7zl D, Pythium zingiberis \IZ X 5 & DB E
FNTH, RKEIZE2F v+ XY OWEIVIFRRLTH -
7z.

YU ooz, 1999 42 H 2 HiT L blih iz 1
PRiZ, TP RMAEE > ORI K DER Lcd
o LBbhic. WEREDOH ZEHISEE ST, FEAH
BALBRiNk S & - 7o, HFITIIEE, Fuilbilzdl
THIRIZ &K - THSES 2R s380 S h e,

ARIOHEITE TS, MRICE2WEIRD SN
Mmote, COBEMEHTEEAERA LTSI,
1998 4 DKW FR 2 M A EDRe W 72T S B 5 7,
MBI OFRENIZ ST/ iEtEN S 5.

4 2004 8 A~2005F 3 BICEE LIRE

B 1~3 HiTlREE B EZO B0 F + XY k&
IVERITIZ R LI EERA L, Th S OJ AR
L, A ORBEZRITBIT B F + XY VKR O H
SR A& Wi B 7212, 2004 4E 8 H ~2005 4E 3 H
12, FIHEEE T 1998~1999 4 & [Fkk 1< S 78 A D S RER
KT -7z,

a MELAE

BHERIZB T 5 F + XY VEEH OB HiE,
R ARE D 1997~1999 4E & ZF MR TH » 7. TR
HOMARES, mibl& ks Lichs, 40NE, 58kl
TR DERRIE K 2 AT B 7201, PSA Ofthiz V8
FeREH {20% V8 ¥ 2 —Z (Campbell Soup), 3
ppm CaCOs 1.5%%K} &MWT, MR EREL,
R, FEEIT- 7o, MAIORER (0 ARRYHEE
b, 2000) LISk OSRIRE S n o B ATiE, H
WO PSA B &, TEEMBOF v XY o134
IZEWT 4 HIf, 25°COMZEITIR - 7%, WA BIE L
T Il B DI It ik A~ e

b HWREEBE

FAAME P IETIRARGZCRAEL, 8~11 HiE
SFEIZ R > TR LA Y720 §9 0.4 Bk, 1~3 HIZid 0.1 Bas
IRtk > THBEE2idEEARR L - 72 (Fig. 29).
EBHFEICE TR REBORED BT IO MENED
SNIH b ZHD -7, YU LOFRAR; I3 1997~1999 4E
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BOTHRET 2IHEE 2 OB ICBT 5% 81

DA LFETH - 7. WRFFRBENZ®E L THh e,
12k TRA L2, S GHTRIOHA L kTS -7z,
Z ) BT & Pythium aphanidermatum 12X % €
o LN MO s 8~10 H T i 3 ¥k,  Pythium
megalacanthum 12 & 2 WHALAGHE S 10~3 HIZEF 10 %k T
6 Utc. Pythium megalacanthum 12 X % BAIARIR O
FEHET 1997~1999 FOMAE K D V72 > 7. Pythium
JBBIC L B EE, KENLUTEHITEGT 50, #HA
WM %@ U T cRICER S h Tl n, AR
DENTH -7, KA, 9 HTHE 10 H EAICK
WL D HEges 2 mEAKL, Zd#%IC Pythium
ultimum var. ultimum 12 X BIRENFLE L, FKEE

BKIZ& D, HiFRWNITRBALKLEEDLDNS, KEITX?
F P XY OREIENTROUIFRATH - 7. BIEFHEM 3
Hizst U, Hfmishsstbnic, VBT ET 5

Wl DI TIE, HEITH - 72 EOFE ML, M
PEITNMNERATE . (Fig. 23—3). JeFBHMEIT T
1, FEEHEEEKICR T B &, EE oW S MK

Wi 2 OMBlE S hic, ARb, 2IVKEETO
%éiA@mwr Avoni. BEUEIE IKROATH D
WRAPRD SNz, BilnFEADTED S NI EME, X

N
~

o
w

o
N

o

Blighted seddlings per tray

0 n h L L
26 2 9 15 22 30 6 13 21 27 2 117
| Aug ” Sep ” Oct ” Nov |

Date of investigation

—— Matsunami (Aug 9) —€— YR Harunagi A (Aug 20)
—&— Joshun (Aug 20) —0— Joshun (Aug 29)
—O— Hayawakanatsu (Oct 13) —A— Shinwakanatsu (Oct 13)

Fig. 29 Blight of cabbage plug seedlings caused by
Alternaria brassicicola between August and
November 2004. Half of the cabbage plug seed-
lings in a nursery in Mie prefecture, Japan,
were observed once a week. Seeds of cultivars
were sown on dates in parenthesis. For seed-
lings from each sowing date, total numbers of
blighted seedlings caused by A. brassicicola
were divided by numbers of trays. Each tray
includes 128 plugs. Numerical values for
cultivars, ‘Fuyunobori’ (Aug 15), ‘Tamaki No.
155" (Aug 15), ‘Tamaki No. 155" (Aug 23),

‘Joshun’ (Sep 3), ‘Miharu’ (Oct 4) and
‘Wakaokami’ (Oct 13) were less than 0.1 and
omitted.

&9, Rhizoctonia solani 8 £ U8 Pythium zingiberis
12 & B HALAR I RENED Shish - 7z, il oA
H%ﬁ};c;t%t,\ 0, MFE~OEBRELNADALDHIR S 72
&0, Th S OENIAEE RSN E O RA N
i%htﬂ%ﬁﬁ&é.N&ﬁ@%éﬁ%@ﬁmu@%
DHERBEICLZbDLEHZZ 5N 5.

Pbk&y, #+XV0RVEHER TR, FEshs
MERETEEL TS 500, KKRE L THE BN
WENFEAL, FICRTIHBZREL TS E, F
WMo X Y, BIZZHEO Pythium JBHEIT X 595
EMBEL TSI EREnie.

A oA TEEERINICHIHAICE S b L EET
ZROHDPIL RN, Thohs, F+RXYTHEADA
THEREIZ & - T 25% Y Lo#IG TR ZTE KT 2 50K B
WP EEI N, ZTh oD S B 2 WHkIE Alternaria
alternata (Fr.) Keissl.,, Mo 1 W#kIE Curvularia
harveyt Shipton & [RlE St (Ellis, 1971). F 7z,
Mk O BEETRERNAN TS > BB ARG S
F oy N FIEAD N LHAIT X - TRBRITRBE A TE KT
3R 2 Wk >k S N, Alternaria alternata,
Penicillium J@W & €h T hEE s (Ellis, 1971 ;
INR S, 1992). TR SDWITX B F v+ NV IHHEDOH
e, EEBRBIICB O TEB AR LML 1 K
ERVGENEAHTH S, EHEPHENAHOEFTAR
B SRR & 2RO ES LTS, F 9 XY THEC
X9 BIEEES TR S NI D - T,

b FRELUANOREEOEAEE &FERDER
PHAAEPICRENED SN TR ED S B, HHEIC
B U TEEM 2SR B3 78 S N 2o FrE R LS O 95 TR B D 1
R A~

a M#ELFE

1) WEEOEFER

1997 4F 8 JTICHFRAEWITET O F + X &)V IRA i
oA EEL 7B I E, Pythium aphanidermatum,
WP E ERBE RO F v XY 2V > S
1997 41 10 HIZ 438 U 72 Rhizoctonia solani H575% 1 A,
1998 4F 10 HIZ /i U 7o B528 M MB & I B, 1999 4F 2 H
(oL 7 IRBR R O, AR 5 mm DR % PSA L,
10, 15, 20, 25, 30, 35 L 40°CTH#EL T, ThooD
PRRR D I A B R % e,

2) RMROERER

AT OIRFIIRE R D PSA iR 2K Tiik&E S5 L
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7o, 2EON — ¥ TS LU THETIRRRESC. 3
Do E AU X 0 10° M /ml O [l B4 O 535 1 IR %
AL, FRERPAMIOF ¢ XYY ORI LT
fli L7, #ERES N 724 & 10 HiF, 10, 15, 20, 25, 30
L BCOWEITIR - I Z OB AERE L7,

3) BT IRORKER

B OB IR E KD PSA EOR#Z/KITIZL T
HIABTIT D, pEFBRRRER . SO0k
UL D 10° A /ml @ [F WO 54 TIRERAZRE L, T
RO F +» XY HE O FEIT 5 ul Zi T U THM
Uic, gEfianz9miz 4 HE, 10, 15, 20, 25, 30
L 3BCOMEIR - 7otk, = SIS, KiRE
T4 HHE W/ ROREZHRA L7

4) BHEDORFER

i o BB RO PSA LOR#EAE S 5 2T
T THAET, BRA OBEREMN., OMERET
RO F + XV o2 LT 10 i, 10,
15, 20, 25, 30 & 35COOMREITIR - IR DI E A
L.

5) Pythium aphanidermatum & Rhizoctonia solani

IC& 3 FEmER

Hi @ Pythium aphanidermatum & Rhizoctonia
solani DHEAKDHKI 5 mm D PSA ¥ F %, IR
WMoOF v XY ORI ESET, 6 A, 10, 15,
20, 25, 30 & 35 COILEHITIR - 2B DR ERA L1z,

10

Mycelial growth (mm/72 hours) ¥
(=]

| b

10 15 20 25 30 35 40
Temperature (°C)

b #HREEZR

ARATH B O A4 BRI 25°CT, 40CTIRIZEAEE
BLB»-7 (Fig. 30A). 7, MW IE 20~30C
TTEITB T 2HBIERRP R E  BE D 518700 - 7o,
FHENMN S F TRBEPERLUCHZ 25CTRGZS
72 > 72 (Fig. 30 B). 10°C Tl L2 h - 7z,

HI B oA EMEERIZ 25CT, 40°CTIIEF LM -
7z (Fig. 31 A). BIIWIBNBIERE, T-IEMIERLE
b 25CTikb i<, 15, 30°CTH TR A L < JERK
U7y, 10CTRIFEAEWMIEK L Eh -7 (Fig. 31
B). HBNEOAEFHEEIL 20CT, BCTHIFLAL
HEHLEh -7z (Fig. 32 A). RUEHEEOWRBIE KR L
20C Tk b D, 10CTH K IHMIER LD, 30
EBCTRHIFEALHMIERKR LS -7 (Fig. 32B).
B 9m & BBURE I & bIT Alternaria BETH D,
FTEged 50, ABE, RBWEREEDEEO T MEL,
BIVKBHNC BT 2 RAERICHEL 0 s L bh 5.

Pythium aphanidermatum ® A& i 35°CT, 40
CTebmEIER LA (Fig. 33A). £/, Pythium
aphanidermatum % WRENZHERE U 7285 A1CiE, 20CT
MLBRENICH D - 72 b8, 35°C T 90% D B ASAL B AL
h, bIUEMNRDBFEL (Fig. 33B), F+ NVt
BRI HIZ B0 T O AT & 29 H O R 3 RIS
niz.

Rhizoctonia solanit D¥;aERI 1A, 1B, B OAEE

os]

100

@ lesion
M blight

80

60

40

20

Symptom appearence (%)

10 15 20 25 30 35
Temperature (°C)

Fig. 30 Effect of temperature on mycelial growth of Phoma lingam on PSA (A), and
disease severity (B) on cabbage cotyledons. Colony diameters were measured after
2-day incubation of fungal mycelial discs (5-mm diameter) at 25°C. Colonies were then
moved to each of the indicated temperatures for a further 72 hours incubation. Colony
diameters were again measured and mycelial growth was calculated. Cabbage
seedlings were inoculated by spraying with conidial suspension of the fungus and then
kept at each temperature with moisture. Symptoms on the cotyledons were observed

10 days after the inoculation.
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Mycelial growth (mm/24 hours) »

Fig.

Mycelial growth (mm/72 hours) >
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31 Effect of temperature on mycelial growth of Alternaria brassicicola on PSA (A),
and on disease severity (B) caused by the fungus on cabbage cotyledons. Colony
diameters were measured after a 2-day incubation of fungal myecelial discs (5-mm
diameter) at 25°C. Colonies were then moved to each of the indicated temperatures for
a further 24 hours incubation, after which colony diameters were again measured and
myecelial growth was calculated. Cabbage cotyledons were inoculated by dropping on
o 11 of conidial suspension of the fungus, then kept moist at each temperature.
Symptoms on the cotyledons were observed 8 days after the inoculation. Symptoms
were judged as dots ([J), lesions (/') or blight (H).
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32 Effect of temperature on mycelial growth of Alternaria brassicae on PSA (A),
and on disease severity (B) caused by the fungus on cabbage seedlings. Colony
diameters were measured after a 2-day incubation of fungal mycelial discs (5-mm
diameter) at 25°C. Colonies were then moved to each of the indicated temperatures for
a further 24 hours incubation, after which colony diameters were again measured and
myecelial growth was calculated. Cabbage seedlings were inoculated by spraying with
a hyphal suspension of the fungus and then kept moist at each temperature.
Symptoms on the cotyledons were observed 6 days after the inoculation. Symptoms
were judged as dots ((1), lesions (/') or blight (HD.
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BTN G 25~30°CTH - 72, MB OLF R
meeEnEBbhe (Fig. 34A, 35A, 36A). W
THOWKTDE 35 CTRAEEMNL D, 40CTIHAERL
o to, RHEMIB UNOREKTIE 10°CTOEE M
wWoohnte, i, 3OOFEMES 25 £ 30CTIDL
iR AFI1Z 100%TH - 72 (Fig. 34B, 35B, 36 B).

()]
o

E=Y

o

|
[

N
o
T

Mycelial growth (mm/24 hours) »>
= 8

SN

10 15 20 25 30 35 40
Temperature (°C)

o

B8R T A & 1B T 35°CTOM bRt 30% i 4
ERBZOIZXLT, MB TiE 100%4Ia< THh -7, 15C
T IB WK B0 DH IS LB AR L, o 2 K
HRD#) 60% & O &AL HRIN RN R - 7. Rhizoctonia
solani 13 3 D DOEEMMNHF WM THWIL bR %2l 2
Lrens, #HF, BERIGARE D, B EP P ik,

B
100

Symptom appearence (%)

15 20 25 30 35
Temperature (°C)

Fig. 33 Effect of temperature on mycelial growth of Pythium aphanidermatum on PSA
(A), and on disease severity (B) caused by the fungus on cabbage seedlings. Colony
diameters were measured after 12-hours incubation of mycelial discs (5-mm diameter)
of the fungus at each temperature, and mycelial growth was calculated. Hypocotyls of
cabbage seedlings were inoculated with mycelial discs (5X5 mm) of the fungus and
then kept moist at temperatures shown. Symptoms on the hypocotyls were observed
6 days after the inoculation. Symptoms were judged as dots ([1), lesions (/') or

damping-off ().

20
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Fig. 34 Effect of temperature on mycelial growth of Rhizoctonia solani IA on PSA (A),
and on damping-off (B) of cabbage seedlings. Colony diameters were measured after
a l-day incubation of fungal myecelial discs (5-mm diameter) at 25°C. Colonies were
then moved to each of the indicated temperatures for a further 24 hours incubation,
after which colony diameters were again measured and mycelial growth was
calculated. Cabbage hypocotyls were inoculated with mycelial discs (55 mm) of the
fungus and then kept moist at temperatures shown. Seedlings damped-off were

counted 6 days after the inoculation.
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Fig. 35 Effect of temperature on mycelial growth of Rhizoctonia solani IB on PSA (A),

Mycelial growth (mm/24 hours) >

Fig.

and on damping-off (B) of cabbage seedlings. Colony diameters were measured after
a 1-day incubation of fungal mycelial discs (5-mm diameter) at 25°C. Colonies were
then moved to each of the indicated temperatures for a further 24 hours incubation,
after which colony diameters were again measured and myecelial growth was
calculated. Hypocotyls of cabbage seedlings were inoculated with mycelial disc (5X5
mm) of the fungus and then kept moist at temperatures shown. Seedlings damped-off
were counted 6 days after the inoculation.
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36 Effect of temperature on mycelial growth of Rhizoctonia solani IIIB on PSA (A),

and on damping-off (B) of cabbage seedlings. Colony diameters were measured after
a 1-day incubation of fungal mycelial discs (5-mm diameter) at 25°C. Colonies were
then moved to each of the indicated temperatures for a further 24 hours incubation,
after which colony diameters were again measured and myecelial growth was
calculated. Hypocotyls of cabbage seedlings were inoculated with mycelial disc (5X5
mm) of the fungus and then kept moist at temperatures shown. Seedlings damped-off
were counted 6 days after the inoculation.
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597

IBRPPERTHREEZRAESE S EBbN, FHIC
& > THIL B BB HNIANR A C 3Rt H 5.

6 BEARATHRINICF + XVEBEFORRKEICK

5EFIRIR

KPP S F + XY OV KBEETHRTIHAE
O EYIRENERET 2 s hi, AN
IZ1E Alternaria brassicicola (3 3HH) 12X D 50
WU Lo -niEdkshicoy bbbz h T3
(Humpherson-Jones, 1985 ; Petrie, 1974 ; Richardson,
1970 ; Tahvonen, 1979 ; Wu, 1979 ; Wu &, 1984).
EWNEDOF + XV bHEMNGHEEN S 2 &0
Tohyama 5 (1995) IZ& » THE SN TS, Fh
ETE, —IEmIc X 2 -omkiicBE T 5
TR IS O, FER) D RE - RE R A AR R @ i
IEBIERZTT S 7odicid, TR MEEREIC X 2755
RPZOWHICHT 2 WAL ETH S, TR, H
NTHiliahicF v XVETE Y b &, R, 550
FREALE OGP RN O RS ICL > T IV=7
I UT, BIIHEETLE LIORIRERERICX 5
THQeRETA LT

a MEEAE

1) RREOH B

HAEANTHKENA T2 123 0y bOF v RV FHIF
%, 1984~89 A TR I MALE, 12~17 4R K =
N7 65 v b, 1984~89 4FpE TRIEAIME = h 12~17
FHEmEE N/ 18 oy b, 1994~98 4FpE TR AL EE
SN, FRRELHTI~THMEBRshiczhZEh 10
oy kb, 2001 AEEECTREAILIE S 0 4 A Him i S h
729my b, BREAMLUHED 11ay MTTZIV—T410
L7z (Table 4. %o v Mro 100 bz WA IZiE X,
25°CT 6 HHER#E L, BRagliivic, &M Fic>0T

I b EEINITAEE L7oRIRE 2 PSA ICBAE L 72, 2001
FREORE M5, 16 & 28 47 H OMmizic & & O 5
1T - 1.

2) F—Y @

ARWICL K7 NV—T Doy FOFHEREE, Koy b
BB T-ORIREIC X 2TH L, SRS hicetk
WRITHT 2 BT IIWROEIGEFA Ui, HEHERY &
BEAMEOGHTZ V=T Ehico vy bORIRE
I &K BiH g E MBI L, 95% DIE X % K
Wi, %oy MBI DS ORREE LIRS T
TR D o3 R 2 A pEIRE I & R R AL D BT & 5 7V —
THIPFEL, ZF 2—7 v MO ¢t #E & Bonferroni
DEZEBEIC L » THEEMRE (P<0.05) L. %7,
Koy NOFEITER T BRI IR O 458 A A P UK
iz FE L (Fig. 37), tHRE % 7213 Bonferroni ®%
BEROEIC K » THEZEMRE (P<0.05) U, B39
WO RGERITNT #8462, AER EREFILED
AT X2 7V =TI L, ZIHMEISEM LT
B DEFXE =KD, 2001 FrEFRETD 4, 16 & 28
71 H it O 25K & B9 IR B EER A oI

Fig. 37 Location of seed production districts in
Japan.

Table 4 List of cabbage seed lots used for fungal isolation. Information includes location,
length of storage and whether treated with fungicide.

Production district

Refrige'ration Production Fungicide No. of Tohokn ' . Chugoku
period year treatment lots Hokushinetsu Kanto Tokai Kinki Shikoku Kyushu  Abroad

12-17 years  1984-1989 - 65 10 10 17 18 4 6 0
12-17 years  1984-1989 + 18 3 4 b} 0 6 0 0

3-Tyears  1994-1998 - 10 0 0 2 6 1 0 1

3-Tyears  1994-1998 + 10 2 0 2 0 6 0 0

4 months 2001 - 11 2 0 3 2 2 0 2

4 months 2001 + 9 3 1 1 0 3 0 1
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LEPLT HBROFEMXEZRDI, &7, FEOHE T
IZOWTHRT IR RO RS HERIRE IS 256 % T
SAAIZIEAL U T 95% D EEIX A 22k o 7.

3) RREORE LREERE

BT IHEIE PSA LOWFE L GETORREN SR
L. A—oay by o RO EA U2 5RIRE 5
I n7cEaE, ToNO 1 EkERES UTHE SR
B PR DMEE 24T - 72, WREPEOKE T, #5mm fA
DERERD PSA Krag v %, #EHRN L HOF + XY
O FIICE &, 25°COMEIT 4 HIER D, BihicE
WEBE U/, /LU 38%LU LD TEITHMERK L
FEHWBRIZOWT, PSA F7213 V8 KK Lizk
ZH#HEDHIRESETOREI SFHE L, BT TH
Vs @ Alternaria J& 6 i W # 12 black light-blue
ZHG LB SN TOIERBICK O [FE L.
Fusarium avenaceum 13, 7o EL A F ¥ NiTk-
THeHth, WA RIZi0eh —F—v 5 VIER TH#&
U CTRE L.

4) FUOSLDENRICEZZHE

8~B THRITITHEICHFEINLHETOr Y D
100 Koz 72 Z Lol (AR08 80%, —3&7 7 ok}
THRLU TGRIREO 8 b7z,

TR

S
L, 60 e
=
o
el
8 40 |
[%2]
QL |
S
20
0
- + - + - +
2001 1994-98 1984-89

Period of seed production

Fig. 38 Frequency of fungal infection in various
seed lots. Graph shows seed lots infested with
any fungi ([J), with Alternaria brassicicola
(1), treated with fungicide (+), or without
fungicide (-). Seed lots used were: 11 lots of
seeds produced in 2001 without fungicide, 9 in
2001 treated with fungicide, 10 each in 1994-
1998 with and without fungicide, 65 in 1984-
1989 without fungicide and 18 in 1984-1989 with
fungicide. Error bars indicate 95% confidence
intervals.

b # R

1) RREDH B

F e XY TO Oy %R &R AL O g
WKk THFRETD I/ IV—TIZBOT 0% Loo v
M S RIRE D EE S e (Fig. 38). 1984~89 4R
SNy MO TRIRES S SN co » b
DORZ, OO LD X0 b - 72, SERERTO
BEAME S Nz y METE, BLAEOLO XD b%
REBGHEENE 0y SORMEL B -7z, BT IINE
3, HPERE] S BREFLIOEIC L > TH T SN S
=TI & -T33~N%Do vy b Sl B
FTIRWLUNORIRE D ADpEsNn 5oy M, BT
FTIRWEB G SN Icoy KO bDah st AR
K& TZ V=T SNAREHLE o v b ORETIC
B B ARREOSEERDFE T~15% T, BWFIMEL
BT 1T~37T%Th -7 (Fig. 39). HALEERHOO v
FRECHB T, BREFLE O v b TRIELH X D &%
WO HEREAE <, 2001 4EpE TRAEZENED Shic,

50
b*
40 |
S
(%]
e}
830 |[|Bx* ab
(%]
e}
% 20 | a AB ab
<€ AB AB
- a AB
ana
10 |
0 ‘ ‘ ‘
N U R B
2001 1994-98 1984-89
Period of seed production

Fig. 39 Frequency of seed infection by any fungi
() or Alternaria brassicicola ("), treated
with fungicide (+) or without fungicide (-).
Seed lots used were: 11 lots of seeds produced in
2001 without fungicide, 9 in 2001 treated with
fungicide, 10 each in 1994-1998 with and with-
out fungicide, 65 in 1984-1989 without fungicide
and 18 in 1984-1989 with fungicide. Error bars
indicate standard errors. Different letters
express significant differences (Bonferroni’s
multiple comparison, P<0.05). Lowercase
letters indicate isolation of any fungi, and the
rates of seeds produced in 2001 (*) with fungi-
cide and those without fungicide were signifi-
cantly different (¢-test, P<0.05). Uppercase
letters are for A. brassicicola only.
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T, AEEZEDONE -0, HL, RN
RIDEN - 7cm vy N DI ASRIRE O 23 BRI 5 7.
B IR, BEALETIE 6~11%, LTI 11
~21% DR oS e, FEEROREFIZE»
THEEXEEIRDONB DD, BEFELED & D8,
WD & D X0 BT IWHRETGLESE N -7z, LhL,
HETHRBEOHBYRMNE D v IV, HYEHMN0
BEIZFENSDONE -7 (Fig. 40). oM,
REFE S E e v MIZ EBHETH - 72,

B IR IE, R & REHLE O A IC L > T
sy ohtcoy PEEIZEWT, SltshcRRED
5T% U Lx ol (Fig. 41, 778, RRENSEES O
ToME - ORIEIE, B F AL EL D 1984~89 4R T
1101, AXBEHIMILTIZ 130, 1994~ 98 4F5E O B A HI AL
BT 176, QUEET 77, 2001 4FEE T3 BEAIELEL T 403,
WELT 131 TH -7z, BRI THEO2SHERIRE I L ®
BEGR, BAEERNICE T, BREALEX D E
-7,

sifg, T, PEEPE, JUNOPE RO KM T
PE S N7 B AL O FE 10 © O B9 3R IR HER 1T
12% (CF#917.3%) 2@z, HibEIbER, BEHEZE
CHRHARD 4% A CF¥3.7%) Lo bHEICED -

Seeds produced in 1984-1989
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Fig. 40 Number of lots from which Alternaria

brassicicola was isolated. A: Lots produced in
1984-1989 without fungicide (M), or treated
with fungicide ([J). B: Lots produced in 1994-
2001 without fungicide (M), with fungicide
(). Seed lots used were: 21 lots produced in
1994-2001 without fungicide, 19 in 1994-2001
treated with fungicide, 65 in 1984-1989 without
fungicide and 18 in 1984-1989 with fungicide.

72 (Fig. 42). 728, HFitLdufGchEIhicoy b
Bz 12, BISIE 10, R 22, ATHEI 26, hE & PYME
T, JuMiE 6, N3 Th-7. 0%ULDOFERT
BIIREsSEsncoy b, & THIELE D4
THo-te. JbifFlE EMHETIE, BENLF + XY EFO
EFERITbA T,

2) AEPEEE(LICIRBTFND DRIRESBE

2001 FEE DB WAL D 8 b v b & B E AL O
108y FOFEFIZDONT, 4, 16, 28 7 H ORI %
ICRIRBE A EEL e & 2 A, RIRE, BIIHEEb
SREERR DS, BN E LRSI oK T L (Fig.
43). AWE%Z@ T, BEAMLEOMEIZHE 0T,
BREHLELOMF £ 0 & RIREPERTHEE S h . &
WAL QR TiE, 4 7 H O EIC 400, 16
71 T 311, 28 71T 307 BikkA i S, BRTR AL
O TIR4H7HTI3L, 16 7HTTL 287 HTHTH
Wit s i, 205 HEGRIREICE T 2RI I
W OHEA, BREAILE T 59~81%, FHHI AR T
37T~46%T, WIFNOWEMIF TS, REFLE DT
E@notz (Fig. 44). F1, WEMBENEL B 313L
B IIRE O RS HERIRE T O BIG 2R 18- 72,
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Fig. 41 Frequency of Alternaria brassicicola in

total number of all fungi isolated from seeds
treated with fungicide (+) and without fungi-
cide (). Fungi isolated from 1101, 130, 176, 77,
403 and 131 seeds in 65 lots produced in 1984-
1989 without fungicide, 18 in 1984-1989 treated
with fungicide, 10 in 1994-1998 with fungicide,
10 in 1994-1998 without fungicide, 11 in 2001
without fungicide and nine in 2001 with fungi-
cide, respectively, were included. Error bars
indicate 95% confidence intervals.
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Fig. 42  Frequency of isolation of Alternaria

brassicicola from seeds without fungicide treat-
ment, produced in each district. Lots produced
in 1984-1989 (1)), in 1994-1998 (A), and in 2001
(%), averages (@) with standard errors.
Twelve, 10, 22, 26, 7, 6 and 3 lots were used for
Tohoku/Hokushinetsu, Kanto, Tokai, Kinki,
Chugoku/Shikoku, Kyushu and abroad, re-

spectively.
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Fig. 43  Effect of refrigeration on frequency of

isolation of fungi from seeds produced in 2001.
Any fungi ([0), Alternaria brassicicola (),
treated with fungicide (+), without fungicide
(-). Ten lots of seeds produced in 2001 without
fungicide and eight lots treated with fungicide
were used. Error bars indicate 95% confidence
intervals.
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Fig. 44 Effect of refrigeration on frequency of
Alternaria brassicicola in total fungi isolated
from seeds produced in 2001. Treated with
fungicide (+), without fungicide (-). Ten lots
of seeds produced in 2001 without fungicide and
eight lots treated with fungicide were used.
Fungi isolated from 400 seeds without fungi-
cide refrigerated for 4 months, 311 for 16
months, 307 for 28 months and 131 seeds
treated with fungicide refrigerated for 4
months, 71 for 16 months and 57 for 28 months
were considered in the rates. Error bars indi-
cate 95% confidence intervals.

3) FUSLORRENRICEZSHE

108y MZ20TH T vy b 100 WD HE 1 SR IRE
HorEELIcE S A, BT IIRROSEERIE 8~95%Th -
72, FUTLERKT B E %L T LI 572 (Table
5.

4) BT IREUNDSBERREDOREREME

F XY FEEH O 8~22 [MOBERICE T, 85
Wbk 2 RE T 5 22 BitkD 38% UL L THRBEZJE K L 72,
Ihoiicid, T2EKREINET 5 9 KHRO Alternaria
alternata, 2 WD Rhizopus oryzae Went et Prinsen
Geerligs, 3 WD Fusarium avenaceum, 2 Bk D
Penicillium spp., 3 Wk D Aspergillus niger van
Tieghem, 1 WD Aspergillus flavus var. columnaris
1 Wk D Aspergillus ostianus
Wehmer & [RERTNICE - 72 1 WkkdsE £ 5 (Table 6).
Alternaria alternata (% Ellis (1971), Rhizopus oryzae
& Lunn (1977),
(1971), Aspergillus flavus var. columnaris & Onions
(1966 a), Aspergillus niger ¥ Onions (1966 b),
Aspergillus ostianus 1Z Klich (2002) DOz RLH
IZ& WA Uz, Penicillium spp. 13/MAS#E (1992)

Raper and Fennell,

Fusarium avenaceum ¥ Booth
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DRKREIZE > T, BETHELK., ThosDREKDE
O EEHRIIAK S, 2001 4 TR AL EE o FE 11
DT 4.5%, 2SR POEIS T 12.4% TH - 729,
ooy MR OWLTIE, 2 S O EERN 0.9% 2
T, ASmMETOEEN51%UTTH - /2.

c B =

AUFEICBOTE, F+RXVHETZ2, FEEOMEYE
WG & U@ UG i3 i d WA RIZiE O TRIRE %
GrEE LT, RS SRR AR T A E AT
ZHFITE O TR G EBFNER, Foddn -7 1 FHk
DAHEGHELT. BIVEHET OLE, F+ NV,
FFBRERZ B2, UIEUIEKER 25 CIlciEhn s,
£oT, AMFEITBNTH B5°CTHDOEEZETT - 72,
T EToMAENOHEZBEUNOERIZ bHESN
B8, wIVEELE O MR ICIE 25°C D 4k TS
NISRIREN S 2 REERTH S LbN 3,

RUFFETIIFE NI 513 5 20k 1R O FE AT & B
IOV TRFBBLTOHERL, F, FOETFOEENS
7o, MTORFRMEE L, LrL, ERNICBNT
d, HTORKREIC K 2G5BT T 2 NP0
e, TORENPBYELAIEST 2 LM TH S L

*Z 1z,
HOFEFEZ O LD S &0 &0 TRIKE
sEEIhic, UL, 1TEMGBERTFINTECHET

oSBT IHENSEESN, 512 DESHRIRE
TIChED 2 EAE, HOETIEERD > 7. Maude 5
(1980 b) iF, 124EM 10CTRIFE N/ F v+ XY FET-»
ST IR ESHEL 7oA, APFETIE, L DIRORTE
WETEH 20, L 0EORIIAERIC & RW %08 L
fo. B0 XD EOIBSICE TREETE BRI, B
MBHRAREIIRE D, RAREPRAEFORSLZD
YRR ERIRFTE 5 EF 2 55 (Holzhausen 5,

1974 ; Humpherson-Jones, 1985 ; Maude &, 1980 a ;

Table 5 Effects of thiram treatment on isolation of fungi from cabbage seeds

Isolation rate (%)

Lot No. Dusting with thiram Without treament
Any fungus Alternaria brassicicola Any fungus Alternaria brassicicola
1 3 2 99 95
2 0 0 62 56
3 0 0 34 29
4 0 0 60 56
5 0 0 58 56
6 1 1 85 84
7 0 0 65 60
8 3 3 86 48
9 0 0 37 33
10 0 0 15 8
Mean 0.7+0.4 0.6+0.4 60.1£8.7 52.5+8.5

Mean values given standard error.

Table 6 Identification of fungi other than Alternaria brassicicola isolated from various seed lots with
and without fungicide treatment, which produced spots on young cabbage cotyledons

. . All Isolates producing spots on cabbage cotyledons Percentage Percentage
Production Fungicide Total funei - - - - — of infested  of the

year treatment  seed . g Total Alternaria  Rhizopus Fusarium  Aspergillus  Penicillium ‘ Nf)t, 1 Sb ' .
isolated alternata  oryzae  avenaceum Spp. Spp. identified *  seeds isolates
1984-1989 6500 1101 19 12 1 1 3 1 1 0.3 1.7

1984-1989 + 1800 130 0 0 0 0 0 0 0 0

1994-1998 1000 176 9 1 0 0 0 0 0.9 5.1
1994-1998 + 1000 7 2 0 0 0 0 0 0.2 2.6
2001 1100 403 50 45 0 2 2 1 0 4.5 12.4
2001 + 900 131 b) ) 0 0 0 0 0 0.6 3.8

a The isolate was lost before identification.

b Percentage of seeds infested with the isolates that produced spots on cabbage cotyledons.

¢ Percentage of the isolates in a total of isolated fungi.
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b ; Petrie, 1974 ; Pound &, 1951 ; Sivapalan
5, 1992 ; Tahvonen, 1979 ; Tohyama &, 1995 ;
Vannacei &, 1987 : Wu, 1979). B FHEIZDONT
i3, Maude &5 (1980b) 7%, HTFTHHOEL £ TRA
Ulcl10 53, 12 45 O RER IR 2R TR 355 #E
TE 2%, KMMWZEROLA T OSEPRMENC &
ZRULTWA, RIFFETIE, K OEORLIME (4~28
A1H) T, REMBSE LS I &K 2 85005RK
WSRO T &KL T, BRI IRES RO T
DRREENNS I 5 T2,

SR IIREALIE S i fi 70 S b, IR
R E CEBIRERETO I Eb—HTHAS.
UL, IR SR RITE, R &
NI FET- DT AGRINE O 5 BRI <, IR i
SMOBRENBERD T EFEZ oND. BIFAMLE L 72
BEICs, BT ITWHEOSERETICET 2EEME
0, CITHRAWID REEOREFIZH 1 5 E4H
MEL BB EMNRESNI, FUTLFENIZBLTL
FUERFHBCHO SN TOARERITH 205, MK
T2 2 IS E - TR IINEE & LRIRE O 53l &K
Tagk, UL, HEICBEZEORETICE T 251
i3, HERDPBLETH S .

AMETE BT IREOHELRN 10%LU Tor v k
MWL, ZofiE 10 vy P EEH VKRR
WHDOHEIZEREN TS (Tohyama S, 1995 ;
Holzhausen &, 1974 ; Maude &, 1980 a ; Petrie,
1974 ; Pound 5, 1951 ; Richardson, 1970). LU,
LD EWSEERER Uik b5 % (Tahvonen, 1979 ;
Wu &, 1984).

INETF v N YHT-O 4 SR IE R O 5 GFRE O
BEPE 2R U 7ok & 378 v, Mi—, Wu (1979) 2GHE
MITH T 5 F + NV ORFEEM ZRETT 5 1T, A
HIZ B W THEE S NIFE T OIRIERIC & 575 40K & il
LTwa., HARRBMILICRS, F+XVORKRELET S
AESFRALICAE T h 2 g, i, o, XF0KiRD
72 F ¢ XY ORMEARREICAE S IEE S ZA TN S,
T OMOFMEM T, HAARKD bMRBLHHAITE
THRTIIHEDIGGERM G - 72

£/, RAPFETE, FrA_AVE LSBT
TIRHLUNDOARIRE TS, F+ XY A A THAEIC
Lo TRHIEKRT 2 bDnRBH oz, 2h oD T,
WHNEDOMY, Fusarium avenaceum D Hh, ARIIC
BOTF+ XNVOIERE LTOMENDH 5. HEIZL
5F NV OREFR, FBOMY, wIVEMEICIENT

FRantc, Wu (1979 &, KERELCF v XNV H
FH 5 Fusarium BW %538 L7chs, 53 BPmEEICS
WTORHIEBEL, AEEEATHPEIAYTH .
—Ji, Tahvonen (1979) &+ + XY HE{-» 5 Fusarium
avenaceum %53 #E L 7TcHS, WAR EZRICAE S E 7
B TRIEEDSRD SN o 0 S EARE LTINS,

Alternaria alternata \$F + XY 06 Ui LI
St Tvs (Holzhausen ©, 1974 ; Tohyama 5,
1995 ; Wu, 1979 ; Wu o5, 1984). ARWFFRIZB N TH,
F v NV FEANDERIC & - THBIER L 72 BRI
W U7 - 7oy, IRk D W 2 K 2 R IR E 012
HBoritsntc, KHTHEES NI ZE F v NV IR
LA BIERLACHAIHEGEEINTED
(Tohyama &, 1995), [HEiE, BHRIZK > TEF+ X
VEICH LT HAAR g 5 Sl bn b, R EmR
WL oasn 28505 0 (Holzhausen 5,
1974 Wu, 1979), HREMISAFHE L TL 2721 T
$, BfLTw3 Elbhs,

AWPIETF v+ XY A0 54 # & N7 Rhizopus
oryzae, Aspergillus niger, Penicillium J&® 1 HHkT
F XY FEIUEHERT 260N H -7, ChOSDH
o, RNREORIC SN E I Mo, RMSIR
ATREL, BPELTHWB E bk, Aspergillus |§
B, Penicillium J&®, Rhizopus |BEDF ¥ NV
5O HENEBICHE SN TV S, Zh 5 O EEO
FEFBIN TR (Holzhausen 5, 1974 ; Tahvonen,
1979 ; Wu, 1979 ; Wu o, 1984). ATHFETF + X
TENTIRBEIE K U 72 Aspergillus ostianus & Aspergillus
flavus var. columnaris, Penicillium JE® 1 WHkIE, B
WALE SN TORLE LOE T 050 S50l hi,

BRI (Alternaria brassicae (Berkeley) Saccardo)
ERRFIRE (Phoma lingam) b X HoNnicT 75
FHEM O TR MRERTH 0, LI LI 10%L 1
DR EEBEA bHESN T3 (Humpherson-
1985 ; Jacobsen &, 1971 ; Pound &, 1951 ;
Richardson, 1970 ; Tahvonen, 1979 ; Williams, 1967).
FEATs VR E TORENED oh T3 (P,
1998) %8, Wi & b4 MITSHE I h 7. ZDHH
EUT, WRIC K 21530780 - 7o, BRAEICIER L 72,
HBE, AROSEEOFEE T TRABEOLETHS - 7
EMEZONBED, WTHICLKEDNIIANHTH 5.
BEUREICOWTIE, 775 FEATVFRLICENT
BTSSR ITHREPET T 5 2 &G En T
5% (Shrestha &, 2003 ; Vishnuavat &, 1985).

Jones,
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Holzhausen & (1974) & Tohyama 5 (1995) & EHMW
PED F v N FEF-I0 & BB & T 8 - 7o, A
FYZTEEOHERRNRE SN TS (Humpherson-
Jones, 1985 ; Richardson, 1970). [ ®EARITIE
SMEISRESHEE LT B E-BbhE, 22U, 10my
MAEZROIF » XYHTOFETE, BEHE LD
ST IRNEMNEETHEE S 2 FRZHEERESh T
% (Holzhausen 5, 1974 ; Humpherson-Jones, 1985 ;
Maude 5, 1980Db ; Petrie, 1974 ; Pound &, 1951 ;
Richardson, 1970 ; Tahvonen, 1979 ; Tohyama &,
1995 ; Wu 5, 1984). U» L, ENTIE, HIIHE
DEELL VD F + XY LSOO IZB LTI,
B IWmUN D Alternaria BRPBERETIHRELO b
BORTHEEENTED (Tohyama 5, 1995), BA4E
PR DEY, & Alternaria J&E O 16T O &L,
HER RS DB S 1 5.

NV F+RXYDEIKEBEHIZCEITEZRED
FEHEHRE LBARRXT R

1T F+RXYEBIKEEOBAERENETIROD
REICRIITEE
F e RYDEIVEHEHEICHB O TIEET IR OREN
KEW, AR U TRIERA S HiBREEE 2 5 ool
3, BHEEDERORBEII KT T EEETEL T <
DERH S, F+XNYORNVEHMEGTIE, ZAWNTIIHE

Mite, bLA%1~2HME, 25°CITROMIFLIENTTH
NTW5B. Z ORBLHEYFE 1 5 D Bd IO RAC

FIZ BT~ T, vVREENTE,
E—MEREN—IF 4254 MBS &E LFHOR;
#rEAHO SN B UM, 1995 5 KM, 1990), H9
TIHOFEIC IR LOWE BT LEZ 6N 5.
Z I THRRBREELEN OGSO FIERITER T 5
HEIHBRANOFEER I, S 01T, FKREAE
PVETH 208, TGRS OALGE O BRGSREE 12D 0
THMAEL TEBLA BTN H B, £ 2T, KfiTiy, BT
TIRHEICTHERESNIcvIV LA, Bt h o 0i&Gon]
HETE & ET L.

a ME&ELAE

1) F+ XY EIREEOEEERT ITREDEE
D 128 DIV MU A1, £7213 0.7 g/l IRME
FEA IV MTRIEL, KEWLEBEOEIV ML AT,
E—MEREN=IF 2574 MEFRGE LicILpH

BHiHoREL (BEELS, Yrye—) 2200 T+
NYREERER L, —W 25°COMEITH > THZFMLEL
2T, 0%, AIRMETHEM LI, 77 XR=EE
11~4 H O3 RELED 16°CIZE 5 & 5 iThmiE L7z,
KB LK TFT - 72,

P2V VA, BTOHRCHO BT IR
A%, PSA LT 24°C, 2 ML EREEE U FE O W
HCERKEMATH I ABTIT > THT, Elsrik
ERRMKIZK 288 - R K > TREAFE L/

2) BYIRAFTEINANETIROREICRIZT

-2

R 1 EBBOF » XY VA, 10° 8 /ml ©
B IR ONME TR A SR LT K25 Col=E
IR -7tk I REETLEME N ARG TR S ®
7o, FR U ERR L ERD OB LA EH
THF XY EFH L, B2 EEZICRIIRILE AL
7o, TITIR, HIERBX EHEXE 1KoV LA
AW E 6 KEIT -7, 72, 10 8/ml ® B4
TIREME FREBRICIRE LV M LA 2R L TH
HICHY, B 2 EmERI, BN o RERNE A
Utc, AEBRTIE, HHRX « IEGRRS Lot L
A T, 5 KT - 7.

T, BELEN LRI ITRORREOAGEERANS
fodis, R 1EBEOF v XY VKA 100 RO
FRICIZ 2X10° 48 /ml D 5939 B 20 A TR 5 ml %
HEELT, 10 BRICET IR O RAIRIZH#HA L 7.
ARk 2 KAEAT - 72,

3) EEINERTIHROREICRIZTHE

10° M8 /ml D B399 B o A 1 BRI RIS BREIR T L C
EBLU 70 el T- SIRG M T- %, Bl O 2V A |
AREA, 03, EEMHoRELE LTy
ShahikokEt (7 VARZER+, SFMesy, UF
ROREE £ EMEd) 2R UL ML AICHERELT, 2
HAMES Lk, BydmortRnzsmiELz. L
B E A RAR L fRLREE b, 755 - GO
HMALGDLHIZEB 4KIZONT, &XEL LA 1HE
ok 3 METT - 7.

4) EFUENBRTIRORECREITEE

HiTH & RIARICERE U 720G Gefd 12 75 FE5%, 1 HIW 25°C
DIBFIROMF NI 21T - 12/ &, BREEE» S 4
7 AMETHE L& 0, 2 R%O BT IR
FeaR LA TR Ute, ARBRE, SO X & L X
TH LDV VA %2FNT 3 BT - 7.
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Table 7 Effects of infestation of tray with Alternaria brassicicola on subsequent disease occurrence.

Treatment to trays

Germination (%)

Diseased seedlings (%)

Diseased plants in former cultivation # 72.115.2 0.5%0.2
New or sterilized 77.0E7.1 0
Artificially infested ° 76.3£7.0 0
New or sterilized 86.7£3.9 0

a One-week-old cabbage seedlings on trays were inoculated with A. brassicicola conidia, then cultivated for 2 weeks. After removal of the
infected seedlings, cabbage seeds were sown in the same trays. Diseased seedlings were counted 2 weeks after sowing.

b Cabbage seedlings were cultivated on trays, which were soaked with conidial suspension (10* conidia/ml) of A. brassicicola. Diseased

seedlings were counted 2 weeks after sowing.

b & &
1) BIIREBFRIVANBTIROREICKIZTT
FE

HIIWmERES SV b VA B SEETHFAE L
728, K 1O LA AN 6 BEOMERIZDNT,
SRR T68 9 BREIE LI 554 bk 3RO A TR T

WOFREL, LAY DRIFERTIZ0.5%TH -7
(Table 7). 1[EIOEEBR M0 ORFHREIL, BB L7

MUAFZBH LML A DI BAEHLEE EEMN
BD NI - T,

B IR TRERICRIE L2V b L 2L
THENUBAITE, 1K MU A %205 moi
BRiICB0T, BEIHORIERAD Shiah -7,

B IRREOME THEKEZ, F100KoF + XY &
VBRI ORRICICHEE L7z 2 MO R T, M8 Lo
ZHLUIBRIZRD s hish - 7z,

2) BEINBTIHROREICKIITEE

VSR E WA E L IRREE L2 oo oL b
VA TR DITH G2 U CE M L7 3 Mo
CBWT, HEGREFERE LGS LKL THE
(Tukey ®ZHEHLHL, P<0.05) ICHFEHMMNDL L -
7o (Fig. 45). 7o, IGYHME 1 & IR JFE 1A R L 7c
LaEd, Rk L& bV E T AR »
RIERNAE (Tukey DL EIE, P<0.05) XM -
7o, TGRME T 28R LT, RDIREF L & vV E WA L
THE LB, BRHREICERED Shiah > o,
e BRI LA O A NEE BRE, P
<0.05) &t HRMETEHE LGS, BILVE
HREEE Lo Rk 1 & 0 RS < 15 - 7.

3) EFUENBTIRORECRIZTHE

TH YL 1% 7R A U TP A 1T - THIE LG,
MEZITDE P> LBHEERKLTHE (tHRE, P
<0.D ICHETIIHERIHERND L - 72 (Fig. 46). %
FHITZENBD SN - fo. FEEHD & AFEIHFE LR
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Fig. 45 Disease occurrence on cabbage seedlings
grown from seeds infested with Alternaria
brassicicola on soil for plug seedlings or on
granulated medium soil. Infested seeds were
produced by soaking with a conidial suspension
(10% conidia/ml) of the fungus. Symptoms
were assessed 2 weeks after sowing. ‘Diseased’
includes seedlings with lesions and blighted
seedlings. The double-asterisk (* *) indicates
a statistically significant difference (t-test, P <
0.05) between data for blighted plants on the
two different soils types. Different letters on
bars for ‘Total’ show that there is a statisti-
cally significant difference (Tukey’s multiple
comparison, P<0.05). Experiments were re-
peated 3 times. Error bars indicate standard
errors.

AR B O T IR R R, HESFLEEX T T b LA 247
D 68.7T#k, MFWE LA ->7XTA413kERD, #
FWBX DS M- 7z,

c E =

TV E 1 2 KA/ T > TO A Jfigk Tld=L b LA
EHAH LTS5, I (1998) 12X D F + XY DR
FORDEIL b LA 2N UTRPET 5 2 ENREEIhTH
3. LyLl, KPFETIE, BTIREOMEFITH RS
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Fig. 46 Disease occurrence on cabbage seedlings
grown from seeds infested with Alternaria
brassicicola with or without germination in-
duction. Infested seeds were produced by soak-
ing with a conidial suspension (10° conidia/ml)
of the fungus. Germination was induced after
sowing by incubating trays overnight at 25°C.
Symptoms were assessed 2 weeks after sowing.
The asterisk (*) on a bar for ‘Germination
induction’ shows the statistically significant
difference (t-test, P<0.1) from ‘No induction’.
Experiments were repeated 3 times. Error bars
indicate standard errors.

NI b LA DRHIETRIE L7 b LA 2 LA,
R DR LRz DT TH - 72, Hidod@by, K
A0 BREDOEITIHZ OO BT IIHEITTHRS
nTko, KRBrTiE, WA LTHEBELLEAICET
TR D EERD 5% LU T TH - 72T S M
AR TORT T ORAERRERD S IER G4 L 5 0]
MRS B, Zhonl s, BIIREICHERSO
7o b LA &S U TR EIES 2 afEPE IRV &R S
ns.

F XY RIVEREH OB T, BRIk
oSt T MM b A onon, AT, K
IR T IR D E T2 LG I0WE R L
TekRIZE K, BELEN L COBROARERE KO & F
Zonb, BEIHREIIRKE LI KRS TERKT
575, ThoDEFEEELICE T LT IRIGRE 5
TR TREME SO EHEIIES NS, T, BIVEK
HEETRFICH LR 2 A0S0, Lo R
WCRAET 2WBIEHEREICHR LI D EEZ SN S,

VIR E AR L ERRE Lo b s 2T &
ST OIGRFE AR Lo a3, R o5 E
K ORFRMMET L, I IIREIC X 2 REFHLE R
Shie, UL, BT ZHOEEIC IR NE

Boh, M RICET2RAMNZHLROEE, STl
FIRIHFE SO LR TR BN EdRENTZ, KPFFETH
W2 T YRR A (I RERY 261 O AT B R I O 43 b
HLIcbDTHBEZEZONED, [HEMNHET-O I
FTHEATIRLEHRFORFRICHE LS 5 &
Maude 5 (1980 b) 23R4 L T3, hifREE L Z2H O
s, BRI ER AR T OLA LD bRIFRMK
(50, HREFTEET RIS > TRHIELIA O it
EH USROG IRETSH 5 b O OKHIEHRRINE L 7
O, FERMEML 185 Z bR, [ Lok
TS O/NMIIRBE N TE D, KEFAKY
BIHBRBFENTICEL LS. ZhooWikickD
FIFMIFED B O FEBIE SN, T OMICHERE KD
BEIRESIREICIEGE L, & 5705 RFMELRFH
DHIAFEIRIT B B AR O BALE & 72 & U o vl hEdEDs &
%.
BREEEZOMFUE b TICEN LS,
BMUKEELD AR, RIWHRE XM o7, Rk
SRR T, OB, OB TERRD ShiEh-
7o, OB 12 HOMREINCIT » 72729, HEFL
H, s oo EEsKE s Bbh, S8R
M T RFEGD T I~3 IREEL TS %
R, ZhoDl s, BRI 55 & MKk
12, BEFOEBNICK > TRITIHEBIRTENEGES 5 0]
e E 3 EBZ oNt, BT RICBI 2HOEEN
M T EE Knox-Davies (1979) 12 &> THHlZEEh
T3, BEREDOBEWHEMIC & > THRIFMEOSFEE
BIRT 22 &0, MR EICXDAEFEMT LS HT
TIRONEEM A S, £, Knox-Davies (1979) 3,
JEMOC DR R - CTRAEFAR &2 HE N
L, B amic X 2B RREPIAE ORI RN E N
EERELTEY, FICRRA LB ERENLTH
VBRI ELAMBETIRMRTH S b S,

2 EEHRKICEBZETTROMER

TIVEEIF T T, AFL SOk KERORS S
MO ERAIHKBEHENR TS, 2055, ®IMLA
DEEHIEBIT 3 2 KL% —HFRIC R TRERA £ 1
7otk BPMITHKT 27 & 7 o= E MO F
RNY VBB H RS ST 5E (S, 2001a;
S, 2002 ; Eh o, 2002)., 2ox7 & 7u—kxk
IZ & BJEMAKAD, F+ XY IVETE RO T I
DRI RIT T REE R~
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a M#LAE
1) BT TRESFEEFRRORMOELEICXT HE
EiaKDFE

B 1A E RIS U2 e -2 M LT, 3R Lk
KELRBTT & 70— & B EHEFRKZEIT O A
SHEMUT, 52 EMBICERT T oRERN AL
L7, =7 & 7u—IX, B EEKXESK 1T FLA%
Mok B % 4 KETT - 72,

2) EEHAKNEBETIRORIGEICRIZTHE

BfE 1 EEBO F » XY 2IVEEE O 1 b LA (128
V) o 4830 2 EEr GE8 AR 12 10° 8 /ml D
99 R T IRRIK 2 TR L C 25°C O IREIC— IR -
et MENTHLBEKZLEIZ T & 70—t &
3 JEHFKEZITOE N S HH 2k 72, B RH#EK T,
LA UTHEICH U ok Utc, HrE 2 R
BT b LA FOERIT OO TERT TR ORARIZ A
Ut FiKEEX 1 N LA 20T 3 KEORER 1T -
7.

3) EEICNBLILETIRESEFNODRRFICE

IR KT T HE

B 1 EE®%OF + XY 2VREEIC, 10° f8/ml ©
BT ORES A FREREZWESE LT, 20ERYP SRS
WT, BE#KEREILT & 70— & 3 ERM
KETT-> T 2HAME M AR, BRI IRoRERN R
~Nfz. T OREBRIEK 60 ko iAW T 3 KIEIT - 72,
T, FRICEHEERER, 25°COBEIT Bk - /&I
BEICB DT B E 2 BEIR/KTHES % 2 AR
O, B I oRAERRARAL 2. KRB, F60
B H DT 4 RKIETT - 7.

b #& 3

1) B 9RAEFRETFRROBRKROREEICHT IE

HERIKDEE
BEIREICALRISE RS W F » XY A% 7
Utckob b LA 1 K& ISR /KE 7238 Rk TEH L
728G, 4 OEBT, FEFERFHREBICENED Sh
1ot (Fig. 47).

2) KEHRKDNETTHRORIERICKITTHE
IV N LA HFO—EBOMD AT BT IIREOBREETT -
T HKTHE % 2 Wik 72856, HKOm & I2H -
TRIFHRDILD - 72 (Fig. 48). JEmEA/KDOBEITIE,
FIRR D BERERR SN ITIZIT E A ETEM S 180 - 72,

3) EEICMNBELILBTIRESEFNODORBICKE

RSV AESE

SRRICE T IR A B L R K TH N AR 7
Laid, SRS L T, TEICRMAEBL otk
OEENEE (t#HE, P<0.05) 12&< -7z (Fig.
49). FHIT, HREEROKIIEL FENMN 2L OEEE
R HROEIGIED - 7o, BRI SRR AT L BRI
BREIC—HRENTEmHBAK LSS, WHE#EKEL
LT, RAKRETHERE CHE, P<0.05) Z2ENR
ot RREKRICEIED SN fohs, Hha
ROHEIEE 7 3 FIEDHEN 2 3 U IR R U icbk o &
G0EE EBE, P<0.05) iIKfk< -7 (Fig. 50).

c B =

JEHER K S LKk CTH M LcBid, HYE ko
HIFEIR 3K T D#E T K B ERED SR - 72
ns, M T B B KGR E S R B R I, R
MAKTEIZ SN B ERanic, B IWmidmet
HFITKRBIPEFERRT 52 00, HRO L,
B R AKIC R > TH U BTRIKE & SICHAT2IRIT 5
CEITEY TIRIBPICE B 2 EDENITE S, FL Ao
— IO D B IR AT - R TR, B KT
K& B HHNTHE » THEAR DI L W FEIF R DL DS - 72D
LT, EHKOS S, HEREk & 2 0ok
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Fig. 47 Disease occurrence on cabbage seedlings
grown from seeds infested with Alternaria
brassicicola with Ebb & Flow or overhead
irrigation. Infested seeds were produced by
soaking with a conidial suspension (10°
conidia/ml) of the fungus. With Ebb & Flow
irrigation, soil was soaked with water from the
bottom of the trays once a day. For overhead
irrigation, seedlings were showered with water
by a nozzle. Symptoms were assessed 2 weeks
after sowing. Experiments were repeated 4
times. Error bars indicate standard errors.
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Fig. 48 Incidence of diseased seedlings caused by Alternaria brassicicola in each tray with
Ebb & Flow or overhead irrigation. Eight seedlings (X) in trays were inoculated by
spraying with conidia of the fungus. Symptoms on seedlings were assessed 2 weeks
after the inoculation and classified as seedlings with dots on leaves (O), seedlings with
lesions on leaves (@), seedlings with blighted leaves (M) and blighted seedlings (A).
Direction of overhead irrigation by showering was constant from right over to left

below in these figures.

100 I

©
o
T

[=2]
o
‘
%
—

40 |
* 5k
20 |
* %
0 ‘
Ebb & Flow Overhead

Irrigation

Fig. 49 Effect of Ebb & Flow or overhead irriga-

tion systems on disease occurrence and symp-
toms caused by Alternaria brassicicola on
cabbage seedlings inoculated under dry condi-
tions. One-week-old cabbage seedlings were
inoculated by spraying with a conidial suspen-
sion (10° conidia/ml) of the fungus. The seed-
lings were kept in a greenhouse and symptoms
on the seedlings were investigated 2 weeks
after the inoculation. Symptoms were catego-
rized as cotyledon blight (M), cotyledon lesions
(1) including blight, and total ([J) including
cotyledon dots and both above. Double-
asterisks (** ) on bars for ‘Ebb & Flow’ show
a statistically significant difference (t-test, P <
0.05) from ‘Overhead’. Experiments were re-
peated 3 times. Error bars indicate standard
errors.
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Fig. 50 Disease occurrence and symptoms on cab-
bage seedlings caused by Alternaria brassicicola
with Ebb & Flow or overhead irrigation after
infection with the fungus. One-week-old cab-
bage seedlings were inoculated by spraying with
conidial suspension (10°conidia/ml) of the
fungus. The seedlings were kept moist over-
night to promote infection. Seedlings were then
kept in a greenhouse and symptoms investi-
gated 2 weeks after the inoculation. Symptoms
were categorized as seedling blight (), cotyle-
don blight (M) including seedling blight, coty-
ledon lesions (') including both above, and
total ((J) including dots on cotyledons and all
three above. Double-asterisks ( * * ) on bars for
‘Ebb & Flow’ show a statistically significant
difference (t-test, P<0.05) from ‘Overhead’.
Experiments were repeated 4 times. Error bars
indicate standard errors.
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THIZITHBE LRI EAERDONT, 5 ELOR
BT &2 ZRIngEmididw iz onie, £z,
B0 SRR IR LSBT 5 ZIBENTEN L
reHAITh, JEHEAAKTIEEE Bk E LU TRT IR
DORIFPHER O BALBBHE A o, Hi B0 1 H 1
JE D IEIKFE DR PR EIEKIZ & 2 @R A L& < 7221
THERITITHOMBNRNH B - LR Ehic,
#iz, BFIIEEAIRGE LR g 0O S I M O TR g
EROLSE TS EEAKTE N LAt s, ki
KEWBUT, #UGIKBEBL Uk -7, %
BN TEDLEMN 2L > THRENCSE TES L5 2 LULIE
BiE, T LowIRERE TR S hic A FasEKIC K -
TN 2 EIC &3 “IRIGG DR EHEN T X 2708, K
MK TR IOX I B RIS ohicEBZ oM 5.

3 BRI ITROBBRMEND B HREH OWRES
FrANYVOLINVEMEH TREBPHFELZHATHEER

BRI NIRWEHIM S -7 (BES, 1998). £ D,
F ¥ XY OBV L TIE, 2004 iR A F
v UBA RO SR SR RS i, Ll
1O & TEHEARESHRENE bbb, T4
PRI L v, 7z, ERIMERO HBlb s n 5.
ZOl, BT IIRICHEHTE 2REHOERERPT
L, FROMBRICBLETH B, AHITIE, IS
T MIER BRI AN, F v XY ORIREREIH L
TREIC W B8 & 5 R 0 a9 i B BR XD SR %
L7z,

a MEEAE

1) £ F CORTIREOE B ICRBAFNKRIFTHE
PSA T 24°C, 2L L33 Lo B3 3RO WE
IR T T - TRICHETREK Z, 19 HHORE
#| (Table 8) ZF + XYV TOMHEETEETEL WA
ICHBIR LT, 24°CT 24 %7213 48 WeRkeas U268, i

I ORBANT L B ICBE 4 213, ENTIIFRE
FITH TSI T A b DDA T, 2004 4% T

4 ﬁ@ﬁ?ﬁ 7z.

Table 8 Fungicides registered for use on cabbage in Japan and evaluated
for effects on Alternaria brassicicola

BETEEZE Ui, £3EH 100 Mo ETIT 20 TOBE %
72, EELSmm DREED PSA 53875 4

Concentration at

Fungal pathogen of

Fungicide Maker use (mg/D?* registered target "
Chlorothalonil Sumitomo Chemical Garden Products 400 Peronospora parasitica
Copper nonylphenol sulfonate Yonezawa Chemical 600 Peronospora parasitica
Validamycin Sumitomo Chemical Garden Products 62.5 Rhizoctonia solani
Thiophanate-methyl Kumiai Chemical Industry 700 Sclerotinia sclerotiorum
Fultolanil Nihon Nohyaku 500 Rhizoctonia solant
Copper oxychloride Nissan Chemical Industry 1500 Peg??;‘?g;%%igiiéigg’
Fosetyl-aluminium Nippon Soda 1600 —
Iprodione Yashima Chemical Industry 500 Sclerotinia sclerotiorum
Mancozeb Kumiai Chemical Industry 1500 Peronospora parasitica
Benomyl Sumitomo Chemical Garden Product 250 Sclerotinia sclerotiorum
Procymidone Sumitomo Chemical 500 Sclerotinia sclerotiorum
Tolclofos-methyl Hokko Chemical Industry 1000 Rhizoctonia solani
Metalaxyl Syngenta 200 Pythium spp.
Polyoxins Kaken Pharmaceutical 200 Alternaria brassicicola
Iminoctadine Kumiai Chemical Industry 500 Sclerotinia sclerotiorum

Mixture of mancozeb and metalaxyl

Mixture of oxadixyl and copper

oxychloride (CO)

Mixture of oxadixyl and
chlorothalonil (TPN)

Sankyo Agro
Hokko Chemical Industry

Sumitomo Chemical Garden Products

Mixture of iminoctadine (Im) DIC
and copper oxychloride (CO)

1100 (mancozeb),

200 (metalaxyl)
200 (oxadixyD),

Peronospora parasitica

Peronospora parasitica

1346 (CO)
6% 2(8?%@}311?31)’ Peronospora parasitica
1320(1(%12)’) Peronospora parasitica

a Concentration registered for use on cabbage.
b Fungicides legally permitted in Japan for use on cabbage for protection from target pathogens.
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27 %, [ARICERERIES 72 PSA T24°C, THH
Hrag U CHEEBERAENE U, ARMBRE 8 KIEAT - 72,
2) F+RNYEIKBEEICET 3 EREF OBRHE
19 HH O BB A O TR EZH N5 721, #FE9
H# (PR 0F + XY VKB, KB
DF ¥ NVITBIF B (Table 8) ICHHE L 72K
WK EEAE L, BH, 10°ff/ml I LR3I
D43 BRI AW U T 25°COIREIT— Bl L 7o 1%,
HTAMETEHE R AR, B0 9 BRISHBERAL
fo. Fio, FAREAIOBRDREEH~S D, #FE10
H#%OF + XY VR EIC, Rl EFEBRICERT TN
AL, RO 2 ARICREAEZRMGL, £0®%TH
M7 o ZEETHEN L URBOFEETT - 7. WA
DR XD, BREFNTONT, HEINT 0 K
LU, 1! /NS S D, 2 FEEITHH D, 3 1
WEMIE U CRITIRBE DAL, 4 WRESHSE] OF
WS E S A,
S = 5 R L BIRREO TR0 +~ GRABREL X 4) X100
BB At = 1 — (&M L ~+ LA O FEHe )
ORI X VPG AR L, SBEAIIOWLT, #30
73y IAVAR ST [OFY AR B :Rap sV Al

b RREBR

1) E FCORTIREDEBICREFNRIITHE

Rt F IV (fosetyl-aluminium), TPN (chlorothalonil),
J =7 =) =)V Z )k ] (copper nonylphenol
sulfonate), < ¥ 7 (mancozeb), 1 3I /7 %YV
(iminoctadine), #+ ¥+ ¥ F )L « TPN R4 (mixture
of oxadixyl and chlorothalonil), <> €7 « X% 5 %
VIVIRAH] (mixture of mancozeb and metalaxyl) @
BEREHEGEE WA TRIITHEOHMET % 24 K
Mrse L7ch, SHETORFBBAICHH I
(Fig. 5D. KU A+ yHEMK (polyoxins), 1 71
U4 v (prodione), 43I/ 772V « HliRAH] (mix-
ture of iminoctadine and copper oxychloride), &
AFH U F b HREH
(mixture of oxadixyl and copper oxychloride) T &,
AEGEIRI S, BRI & HgR U THREF A s h
7o, MOREHITIRGAEFDORFMERED SNEh -
. BEEBOBETEIRVAF Y VAR, (7o
DY, 8, A0V, A3 78V - HliRA
Fl, AFHIF0 e FRAEFRTRIRAERMNPP LFL
7z. &®EFI, TPN, J=I)V7 x /) —IVZIVK v,
2UvET, AFHFIF U TPNIRA, < ET « £

(copper oxychloride),

o

7 I FVIVIRAEHITIE, 8RHZTLRINEAD SN
o . HilFI TS U7 BEARDEERR, 7 b5 =
JV (fultolanil) &KV A F ¥ VEAKTIRERRELD,
7z, M7 ok AF IV (tolclofos-methyl) Tids
KenZz s BENED oz (Fig. 52).

ReFN, A TaVEF Y, RUAFY UEEER, A3
)7V EFLPSA LTRTHBROEEEFTMN 1
mm P FERD, HEEEMZLALEBD SN, -
7z. ¥4 7 7 % — b A F IV (thiophanate-methyl) &
A% ZF V)V (metalaxyl) Tid, BEFMERMNOY;E
EWHEERENFEET, WO EFIENED SNEHh -
7o, MhOREHITIZ, b 5FEDREDEFHENED
shiz (Fig. 53).

2) F+NYEIRBEEHICEITEEEER OBERIHR

F Py RN IV IR T IR E R 5 1 HAfC
MV aRZAAFIN, A TalF, A3 )759,
RUAFY VEAER, < VBT « A5 5 FVIVIRGHIZ
W L& Ic3, Rtk ®, Pikkfis &dan,
CHhoOREAICE D THMERNENI LRSI
(Fig. 54). 7@ ¥ I N (procymidone), <> ¥ 7,
13778500« @iRGH, AFHIF 20 TPN R

Chlorothalonil |
Mixture of oxadixyl and chlorothalonil |
Mixture of mancozeb and metalaxyl |
Fosetyl-aluminium
Mancozeb :
Copper nonylphenol sulfonate |
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H
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Fig. 51 Effects of fungicides on conidial germina-
tion of Alternaria brassicicola. Figure shows
germination frequency of A. brassicicola
conidia on 1.5% agar including fungicide, after
24-hours incubation at 24°C. For concentra-
tions of the fungicides refer to Table 8. CO as a
component of mixtures refers to copper
oxychloride. Experiments were repeated 4
times. Error bars indicate standard errors.
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GFITHREOBBRGAE S h i, Filo b0 X 3%
RWALETH -7z, X/ 1) (benomyD), #7FF
VIVTIRFEACHN B, WETm oSS LML,
Pibr i e B onah 7. NV F< APy
(validamycin), ¥4 7 73— bAFIN, REF IV
Ao < o BB R s is i &B 2 S e, TPN, #,
TIVET=Z, AFHFIOFIVHHRE, =NV T 2 ) —

WAk VERHE, RIERBED SN S b b > 7o,
RNEETERTTIROBRICIAETH 5 2 ohik.
TPN &< v ¥ 7% GUREH TR GEAF O RIFHEMN
RS nons, B b Todk TRFOERSE D - 12
REFI, JZIVT 2 ) —IVZIVKR VIEENC & B BiERE)
HihEhote, ThonZ kb, BedEictdss
MV 7 akR A AT,

THHIELTE, 1 Tadty,

130859y, RUAFUEAK Tor iRy,
RUVETEGUERBANTH L EEZ ST,

B 2 HBRICKBWH 210G LT, RO #H
RRAERE LA, EREiioBMmE LT, M
LRI LS B ote, ZOBEIR, Tay I RoT
TRk OEIG, PibRili2vik & &< 8 - 72 (Fig. 55).
TaY I R ICERPEE600, A Tuvty, ML
JaRAAFIN, R UET « AFSFVIVREHITHT
ORI S ichs, WO RER ThRIciE 5>
EWR SN, RUAFVUEHEEK NS v L,
< B 718 ETHHRBOBBE RIS SN E5505 -
728, T DRNRITED - 72, OB T ILIEE DB
FRBoNT, BT THOURICEIAETHSEEZLH
Mo, Fiho, HRERISRERZ B L2 OPiRIIR

Fig. 52

Effects of fungicides on morphology of conidial germination of Alternaria

brassicicola. Conidia of the fungus were incubated for 24 hours at 24°C on 1.5% agar
(WA) including fungicides at concentrations shown in Table 8.

1. Germination on WA without fungicide (scale: 100 zm).

2. Bead-like hyphae on WA with copper oxychloride (scale: 50 zm).

3. Swelling hyphae on WA with flutolanil (scale: 50 £ m).

4. Over-branching hyphae on WA with tolclofos-methyl (scale: 100 #m).
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&, MEFFEFPWEAE O E I IMHBEMEARED S h
Mot L EOERK D, B9 95 R R Y% o R
flicd 7oy I FUbR@EThy, 1 Tavt &b
JOaRZAFIVGAMTH S, Fo, v ETEASS
FVOVIEHA TR R KA - 7208, BRAEFITIEE
WRIR PR ST,
ABRICE, AL RRRIC X 2RI SN
Whoteh, BERICEBOLTE< 7 RHANICL S
ERDLNZEENEDSNTE Y, SiRHICIEAEZESL
BWTHB, F7, Fbh EoRRIFPRE AR O ER
JEE, REMNTECE U 72356 O BERD RSB E A IS LW
BB, HRBEROZ 7 ) —= v I, Rk
TOMPEHE LRI NE RSB ERani.

4 RUFFIOUVEEROF + RXYEBIKEEOR
TIRICXST S BAILRDIZH DR FIERER
RUAF Y VEAKREZ S DIEMD Alternaria J&H

Wk BHEFIIHLT, @HShTED, RHS (1998

Z&D, FeXYORT IR 2 YHNITZET

52 ETHBMREDBEOND I EERENTN S, KA
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Fig. 53 Effects of fungicides on mycelial growth of
Alternaria brassicicola. Mycelial discs (5-mm
diameter) of the fungus were incubated on PSA
including fungicide. For concentrations of the
fungicides refer to Table 8. CO as a component
of mixtures refers to copper oxychloride. The
colony diameter was measured after 7-days
incubation at 24°C. Experiments were repeated
8 times. Error bars indicate standard errors.

D F v N IV O B9 99126 3 % A HE KA
I, ZocHoMIRHERBREIT -2, KlBRIEH
A REMRIC & 5 [FrE AR | 12 & > TIT
bnic.

a MHEEAE
BRFSAOMEEZHET 2B T, 10° M/ ml ©
B IR TIRERICRIE U CER L v+ RV TE
PRTAEIV UL, TOHEBICL bL A Y
D 500ml @R Y A F v v HAERKFF (%K 5
5096) 1,000 R BUK AR L7z, ZO%NT 7 ZENT
SHMBEN L TRWRILEMAE L. HilfmcoRE %
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Validamycin E—|
Thiophanate-methyl j"
Fosetyl-aluminium E-‘

Copper nonylphenol sulfonate

Mixture of oxadixyl and CO C
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Fig. 54 Effects of treating cabbage seedlings with
fungicide prior to inoculation with Alternaria
brassicicola. Seedlings were treated with fungi-
cide 9 days after sowing, then inoculated with
the fungus by spraying with conidia 10 days
after sowing. For concentrations of the fungi-
cides refer to Table 8. CO as a component of
mixtures refers to copper oxychloride.
Symptoms on the seedlings were assessed 9
days after the inoculation according to a 0-4
scale: 0; no symptom, 1; dots on leaves, 2;
lesions on leaves, 3; blight of leaves and 4;
blight of whole seedlings. Disease severity and
protection rate were then calculated using the
equations below,

Disease severity=2 [ (no. of seedlings with each
symptom) X index]/[4 X (total no.of seed-
lings)]

Protection rate=1— (disease severity for each
treatment) / (disease severity for no treatment)
Experiments were repeated 4 times. Error bars
indicate standard errors.
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TANBEHB T, FEEROM 2R 1T 5 XEN
THM U T TEREMME CEF Lt Y#o 2,500 5
FREEL P A2 500ml #H L, S5ITZD1
W, 81RO NI 2 [ H O % FRT - 7.
zZot%, 1AMENZREY, Rk ERA L. BB
Wb » d - WX E % 1 LA 2HLT
3E DB =T - 72,
RIFROLOFIE T, WL 0 Rz L, 1171
THWMEH O, 2 FEERIE, 3 TIEENMIEL TEIC
TRBEASHENE, 4 @ HAERSHIIE] ORI E S A,
eI = X G FERIRREO 1850 — GRARE X 4) X100
BhBRAG = 1 — (G0 & = A O T 95 1)

DORIT & b BBl 5 U7,
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Fig. 55 Effects of fungicide treatment applied to
cabbage seedlings after inoculation with
Alternaria brassicicola. Seedlings were inocu-
lated with the fungus by spraying with conidia
9 days after sowing and then treated with each
fungicide 11 days after sowing. For concentra-
tions of the fungicides refer to Table 8. CO as a
component of mixtures refers to copper
oxychloride. Symptoms on the seedlings were
assessed 9 days after the inoculation according
to a 0-4 scale: 0; no symptom, 1; dots on leaves,
2; lesions on leaves, 3; blight of leaves and 4;
blight of whole seedlings. Disease severity and
protection rate were then calculated using the
equations below,

Disease severity=2 [ (no. of seedlings with each
symptom) X index]/[4 X (total no. of seed-
lings)]

Protection rate=1— (disease severity for each
treatment) / (disease severity for no treatment)
Experiments were repeated 4 times. Error bars
indicate standard errors.

b #HREEZR

THYRE 1235 U C 3 W 2 VKBS 1 21T - 728G
3 IE DFIFHRRIZ T 95% T, FIRE 13 37.8 &7 5
7z (Table 9). £V A& F ¥ L BAEK 1000 1570 % 1%
FEIEL IS B L7238 T, RmbkR A 23.1%, J60%
JEDT.0 &2, FEHEIE & 0 MEALEIT 0 B Pk A 5
3% & 81.5% &7 -7, 1T 2500 f%# % 2 [alif L
TR, FRIRHRRAN 35.49%, FEIRIEN 9.6 £72b, B
Bt fs 74.6% L HH & i,

R A& F v VB A 1,000 175K O 75 R % 5 A,
2500 £% 75 BUHK O 1 #A ( JERCAT IX & BLilg U CBhBR %R
MHo, FERENS S EHEShI, BHNIC X 3 HED
HNERDoNBEh -7, KRTRAFEROBMRLD &,
R O RN R <, R s 2 w1
Pibk o EEPEDR S iz, AWFTE, M5 O kO i
itk CRES, 1998 HAMHZEH &M, 2001 ;
2002 ; 2004), 2004 fEITHRY A F ¥ VEAKIIONT,
F e RXYORTIRICH LT, MR LEEEst
VBB~ DO AT & 5 B H S h i,

b EFOFIAVFEHI—IICKBESDLBK
RODBARR
AMELCEDF + RXYORIVEHMEIIE T

Pythium aphanidermatum 12 & % E ¥ 7 LG MR DIF

g5 n@wohnic. FHEAKENL TRABICILY

LTRENHEEZ G STEENH S, LirL, KIS

XU TEASERD H 5% WA <, BikrpRETH 5.
ERNoFvoa Y R4 — VIIERBIENIH S Mz h

TS DD, ¥EED Pythium BHIZ X 3Kt

U CHilsRh 2~ L (Nakanishi 5, 1983), F + X

Yy LSRR & RO Pythium aphanidermatum

IC&KBFNTPHE, KL SRR IO LU CE AR

HENTOD, KAOF + XY IVEME O E YT L

Homiod g aPiRRSBICREY o hTns (LA S,

1998) 78, AHiTiE b RaFv A v FH4 > —)b 30%H

A HIX) Z2H0WT, K0 FENAIL 2B T o Bk

R E, SRORERIN S FEE A MG L,

a MEEAE

1) BEBRRO&E

HERS I B O BRI 5 RERTH + XY D& IVEK
W ABFWL, 1 /20136 Ak, 1,000 721
500 fEm MR L7 HIX 2 1 b LA 24729 500 ml #Ai L,
Z0D 1 HIRIZE ¥ v LJEWOR R %= 5538 U749 5 mm 4
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Table 9 Effects of polyoxins on diseases of cabbage seedlings grown from seeds
infested with Alternaria brassicicola

e No. of Diseased - Protection
Treatment Dilution Repeat seedlings seedlings (%) Severity rate (%)°
1 104 33.7 12.5
Poured on soil 2 107 19.6 4.6
. . 1000
just after sowing 3 113 15.9 4.0
Average 108 23.1 7.0 81.5
1 86 37.2 9.8
Sprayed onto 2 115 33.0 9.1
. 2500
seedlings 3 100 36.0 9.8
Average 100 354 9.6 74.6
1 101 99.0 42.8
2 104 91.3 29.8
None
3 92 94.6 40.8
Average 99 95.0 37.8

a A formulation including 50% polyoxins was used.

b Symptoms on the seedlings were recorded 3 weeks after sowing and each symptom assigned a value according to a 0-4 scale: where: 0;
no symptom, 1; lesions on cotyledons, 2; blight of cotyledons, 3; cotyledon blight with lesion on hypocotyls and 4; blight of whole
seedlings. Disease severity was calculated using the following equation:

Disease severity=2 [ (no. of seedlings with each symptom) Xindex]/[4 X (total no. of seedlings)] <100

¢ Protection rate was calculated using the following equation:

Protection rate=1— (disease severity for each treatment) / (disease severity for no treatment).

D PSARF#RF%Z 1 ML AHD 32 EIVORHIKANICE
Wio, FfIZ, FAEZR# U2 PSA BT+ + XY
TORARLEAE O CTER Lok s & b, LAz
KICRUTHERZIT-> 7. £0 13 HZITSL bR
EPRA U, BN ERN S {BikR =1 GLEXN
MR - AN B R AR} O & 0 BhkRAl % 5

Ui, X1 MU A &My, B 10 %EFEA oK
B3 1, 6 H&#dE 0BT 2 M7 - 72,

WHIHA Z 2 475 KB T3, #RET7 A% HIX ©
1R HBGEZIT, €0 1 BRICHEEZiT -7, 20
o 6 HRICHUSEARAMAET, 2HE#AO 7T HE
AL BN R A Ui, ARBRIEIAEX T ML 2
WT 3 XRIT - 72,

2) BRSHE DR

F oy XY IV IT B O TR S 10 H ORI,
HIX @ 1,000 % 7213 500 f5 B % 1 b LA 24720 500
ml, 1RHEAHEL, HBETHZRICH S mm AOE Y 7 LJE
JOR O PSA K& & IR 7 S €T 30°Col=EIC
4 HIR - 7%, LB BREZHFEAE L2, 1,000 575
Mo BT 1 XK 30 # & AvT 3 K, 500 574
RO TIZ 5 KT -7, %72, %K S~11 HOD
B 18, HIX © 1,000 % 7213 500 7MW % 1 b LA
Y72 500 ml #fs U, #5%E 11 HERIZ E Y Y LSRR
O PSA B R A2 5 S8, 30CoE=IC 4 HIH
o7k, BN EEFAE L. 1,000 (575 RE 0K

BRTIE 1 IX 9 30 #k &V T 4 KA, 500 157 ik o it
BRCid 5 NEIT- 7. &5i, X EHO HIX %
BRNBIoDI, HBREELS HEZEOF v+ XY VKR I
HIX o 500 {5 i A#m L <, 2D 9, 12 £7/2i3 15
HERIZ E ¥ LJEHBOW R O 5548 2 Il A& s # T
30°COIBEIT 4 HRHMR - 7%, SLHBRiNREFAL .
AEBRTIE, KX 30 RO A MW T 3 KT - 72.
3) M EICEIFTBZ HXDEYY ABRFEEEL
B H0H
HIX Z &Rt T 1/500 % 7213 1/1,000 &2 PSA kT
BERSMmM OF + NV E Ly AGHRHEGET 4 27
% 30°C T 24 Wifiks 38 U CRs A %, 6 IEAH L7

b #& R

1) BEBREHR

1l OB D 5 B, #FE 11 H#&IC HIX 248 L
72 1M H OB TR, MWEAIX DN BN 33.6%
Ry, MEXONBHNFIZIZIZN LD -1
(Table 10). #&%E 6 H%1T HIX Z QB U 72 2 [Al 0 ik
T, MLPEX OSBRI HR DN 64.2% & 86.7%, 1,000
EHALELIX T 30.3% & 36.8% & 72 0 2 [l D ik Bk T [l Kk
DOREREDE SNtz 500 FEHE T 46.2% & 72.9% TRIE
MiE SO0, 3 DB D B A3 500 £5H AL
T 47.1, 1,000 f5# T 70.1 &78 5 72,

2 MM oRBR TR, FUIbHEnRTMLEX T
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Table 10 Effects of hydroxyisoxazole on damping-off of cabbage seedlings
after inoculation with Pythium aphanidermatum *

Dilution of chemical

No chemical

b . 500 1000
Treatment Experiment
Damping-off Protection Damping-off Protection Damping-off
(%)° rate (%)¢ (%)° rate (%)¢ (%)°
Single 1 0.8 97.6 0 100 33.6
2 46.2 28.0 30.3 52.8 64.2
3 72.9 15.8 36.8 57.5 86.7
Average 47.1%£31.2°¢ 70.1+18.4°
Double 1 134 1.6 29.7
2 12.8 2.4 28.5
3 14.2 0.8 46.6
Average 13.5£0.4 61.3f 1.6£0.5 95.4f 34.9+5.8

a Hypocotyls of 32 seedlings in a tray (128 plugs) were inoculated with mycelial disc (5X5 mm) of the fungus. In addition, the tray was
soaked to water with cabbage leaves infected with the fungus.

b A formulation including 30% hydroxyisoxazole was used for treatment 1 day before the inoculation. In double treatments, the
fungicide was used again 6 days after the inoculation.

¢ Seedlings damped-off were counted 2 weeks after the inoculation.

d Protection rate was calculated by the following equation:
Protection rate=1— (frequency of seedlings damped-off for treatment) / (frequency of seedlings damped-off for no treatment) .

e In tests for single treatment, experiments were repeated three times separately, so protection rates for each repeat was averaged.

f In tests for double treatments, three repeats were simultaneous, so a protection rate was calculated from an average of damping-off
frequencies for the repeats.

34.9%, 500 fEHALERIX T 13.5%, 1,000 f%#X T 1.6%
Th D, PhiERME 500 58X T 61.3, 1,000 f5#K X T
95.4 &M 5fc, TS OERM S, HIX @ 1 M#HdE &
0 2 MAAETF + NV HOE ¥ LJEHOE IS 5 Bikk

—_
o
o

Inoculation

©
o

Protection rate (%) >
[=2]
3

40
RN w35 2 &, 500 f5H & 0 & 1,000 FEHRALE T mm m ﬁ m
BIRRAN AT 5 S EAVRE NI, £, FRVEDIE o bbb L L L L L L L L
WEBAIZIE, FIFESIiIBTX Al Ly REa N, Day after sowing for treatment
7272L, 500 fEMmBUK T, ZEORBRSABICHIN 5 3 100
SR D, s |

2) MR RDEREIL

Protection rate (%) ™
D
3

e pee § - 40 |
SRR 2 S TRBICR - BT, 00 | & ﬁ ﬁ
IR 50T, BEAORERE D b5 M RNE ot M T I
0 1 2 3 4 5 6 7 8 9 10
ELT, FH65~8% LM o7z, TDXDWENT, Day after sowing for treatment
BREEE %A 5 HIX @ 1,000 57 BUK % 1 O U728 Fig. 56  Effects of hydroxyisoxazole treatment
& RO 3~9 Hig, THbOBLEMmO 4 Hii~2 H&, applied just aft_er sowing, on damping—off_ of
s ) N B ) cabbage seedlings caused by Pythium
500 A5 AR CRIFH 2 SR 9 Hi%, 974D 5 aphanidermatum. Soil and seedlings were
R T HHi~2 BB o hi (Fig. 56). treated ~with —a  formulation  of  30%
B e ) . hydroxyisoxazole diluted by 500 (A) or 1000
FRICHERE 4 HAT~ 2 HIS A U 72 5565 O BiFRili 13 40 2L (B) times. Mycelia of the fungus were used to
bEBDEE L. UL, R U3 HiE inoculate seedling hypocotyls 7 days after sow-
- o . o o _ ing. Damping-off of the seedlings was assessed
DM TIIIRENS -7, BEEZOREE L ZRmIC 4 days after the inoculation and protection rate
HIX Z#f L7284, 1,000 5B & 0 & 500 £57 M was calculated using the following equation:
OBV b » 72, FEFE 5 HiE0 FEREN A S Protection rate=1 — (frequency of seedlings
) damped-off for treatment)/(frequency of seed-
HIX % 1 [al#cfii U7cak BT, 2RI PR 239 % lings damped-off for no treatment)
(& - 7225, 1,000 f57 BT 27~45, 500 [E7 BT Experiments were repeated 5 times for 500-times

A N . dilution or 3 times for 1000-times dilution.
26~63 &30, £ 6 N~ HOHATH 2 BED Error bars indicate standard errors.
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Fikgah Sasi@es sz (Fig. 57). 1,000 157 B % 17§
REE» SUB UG 786 &0 b, THERME, S0
B A 72 08, RO 5~6 O FiLBLKE O BhkR ) A
e, B AN & FITHITHE B U 72 7 DB R
MR L7z, 500 RERmRUR A LEL LT 9, 12, 15 H%ZD
BRI, BHBRAGAS 2~17 THHRZD RS SN h -
7.

3) fEih FTOEELEFT I

HIX % 1/500 &L T, F + XY E Y LEMORE
W& 30°C, 24 MEfIHE LA OB EAR I 23.111.2
mm, 1/1,000 & &EHTIE 31.0+51.4 mm, FHH|EZSF
HOBAITIE 75.620.7mm 720, HIX 2&tkHT
A OBIE L7 (Fig. 58).

c & =
HIX 3 REEOEBTEZT2ICMET 25D TIERS

(Nakanishi &, 1983), ¥y oL xIG &M F - T
A

< 80
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Fig. 57 Effects of hydroxyisoxazole treatment

onto cabbage seedlings on damping-off caused
by Pythium aphanidermatum. Seedlings were
treated with a  formulation of 30%
hydroxyisoxazole diluted by 500 (A) or 1000
(B) times. Fungal mycelia were used to inocu-
late seedling hypocotyls 11 days after sowing
and damping-off of the seedlings was assessed
4 days after the inoculation. Protection rate
was calculated using the equation below,
Protection rate=1 — (frequency of seedlings
damped-off for treatment)/(frequency of
seedlings damped-off for no treatment)
Experiments were repeated 5 times for 500-
times dilution or 4 times for 1000-times dilu-
tion. Error bars indicate standard errors.

iR Erd b0 b, Kamimura 5 (1974
/NS (1976) 1Tk 5 &, HIX T HE P izl
Nah, B-N-Zhay InER#shTHYOEE %=
G 555, HIX 2D b 03RO 4:E 2 HHI 5.
500 5K T DHEE, PRI O ALER, FiREL
BT £ b HIX o fQEEN, Hd) o B2 L 72
Ik BN D 5. HIX OREABES, Hi D
AEPRES N TO 2 RETIIRER &GRS L
BrElbns. —%, HIX 3 RBICBELPTS
(Nakanishi 5, 1974), hHE#EL84E, KMkl
KA E 5700, BEEESERNF »XVICBT 2810
REICEFENTHEEEZ SN S, HIX 3 L8P TH
PSR EI N B A (Nakanishi &, 1974 ; & H 5,
1980), E—bPEREN=IF 251 VETERFETS
YIVEH AR E L TOSMICBT 2RI, F v
N 2IVRBITIC B 5 E Y LEHORE 0Ky, Rkl
RO MHTZZ S hTOEnD, ERIOHTHH
L, RO HIX 500 A PUK T3, <ok, 1
B = D 1,000 fEABH R 7E SO A, WK O b
Bkt & Bz onte. 4%, HIX O@EERN
¥N5. 7, HIX 3, Pythium JBEIC X 5 HE L
UTIL Bikahiasd 270, F + XY D Pythium
megalacanthum & Pythium zingiberis 12 & % Wi 304G
5 Pythium ultimum var. ultimum 12 & % 9% 124t
LT o BIRTE 5.

80

60 [
40
20 |
0 .
0 1/500 1/1000
Concentration of a manufacture of hydroxyisoxazole

Colony diameter (mm)

Fig. 58 Effects of hydroxyisoxazole on myecelial
growth of Pythium aphanidermatum on PSA.
Mycelial disc (5-mm diameter) of the fungus
was incubated on PSA including a formulation
of 30% hydroxyisoxazole diluted by 500 or 1000
times for 24 hours at 30°C. Experiments were
repeated 6 times. Error bars mean standard
errors.
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V WREEE

FL XY ORINVEMEOFHITIMNL » HE¥L, =
O =FERIZE T B IR, —MRIYITE 8 Hp o FUE
D3IATHS. KWFRICE T 2B LD, S Z ol O
WEOREHEOET VAR R L (Fig. 59).
1997~1999 4 @ I A T3 F o Mgk 0 B IR 1 %,
2004~2005 F O FE T Z ORERORAE & hLE S
SNBM, BIIREEHIC LLEAERpREE,
HilZ & » THRALZFED Pythium BT & 55K E % 0
EUT, AT ZREOHE, FHICXSHREICKESE
ZRBROSNE M7, BT IHRRROBEHENG S,
AWM 2 U TRAE L THiE b IR b RE D - 72 (Table
1. $iC8~10 HoBE»WHIRICBZ 24T 5.
Pythium aphanidermatum 12 & % £ ¥ LEHKIZE
oA U, ST KD & 00 S5l TIRIERIZ £
DREBWEERIZT I ENH S, NEHET3IH, Hi
BRIEM I CEBZ B H D OFEAEL, PiF D2
IZ IRIEG S 5. Pythium megalacanthum 12 X % 1
SR, 10~3 HORIEIIC A L, Zik{ngs L Tk
EHKEL{ %5, Rhizoctonia solani 12 & % Wi LA,
WA, Sehlis, HPUN R ZE L TRAET S 600,
FAEBERE L, ZRIEgESDB O Eh otFEI/NS
V. FRRICEREUE, —IRIDIEGICEEE 5D ELT,
RIRIAD Pythium ultimum var. ultimum iIZX % E &
T LEER & 3 AT RAE LBER RS 5. 2B,
U & Pythium zingiberis 12 & % BivEAE IR 13, LI h
bEEINCREE L, BEEOEE M S IRIEGE LT 0
EEZONDN, BUEO LI A, BRNEREICIEEE -
T3,

BHHRRICE O TR RS AREZ I LI BT 3HE
BREFEg L, EWTRETITET 2 20 RE b H»
EhREN. AHBBICBLTCOE OOy MK

DRI ORBERE NI, FREMELLEAbR
ey POMFHEROW T, MbHhPEFTARET
BESWL EBIFEAELTOWHITM S HORHBMILHN
BUAND o1, KEOZL b, BPER LIRS IR
WORPIZ L BARIFTH B LS NS, MAT,
KT XD R O RGBT R S 0, EIf#R KR &
D LIRMOMERE KA S 2 EMREnk. £k, &
Vb UA EROD &I & BT & SR R
B, IWEORANE LR EED LT 50l
Mad s, o, ERERCE, @, Bdmick-T
B L WDIRBIZ S S R EBBH#A LT TH I bHN S
BRI, F v XY OERMERET B O TIHEIEHRM
MEINCIED, HEUKE, 1EMsET IR ORI
WU ARRBEEE S SB35 &, £, EN
KBTI BRESMNIY EELE &5, b HRE

Hight-

. /
A ]

X X X X X
‘%)‘a g ) 2 2 3 'DC\

W Q)&@ o
8

Damage

e /lternaria brassicicola
e Pthjum megalacanthum
@ Peronospora parasitica
Pythium zingiberis, Choanephora cucurbitarum

s P\thium aphanidermatum

— Xant) tris pv.

@ Py thium ultimum Var. ultimum, Rhizoctonia solani, Fusarium avenaceum,
Alternaria brassicae, Phoma lingam

Fig. 59 Incidence of diseases caused by each patho-
gen on cabbage plug seedlings in Mie prefec-
ture.

Table 11 Degree of disease occurrence caused by each pathogen on cabbage plug seedlings

Frequency Expansion Pathogens
High Large Alternaria brassicicola
Medium Large Pythium megalacanthum
Low Large Pythium aphanidermatum, Peronospora parasitica
Low Medium Rhizoctonia solani
Low Small Choanephora cucurbitarum, Fusarium avenaceum,

Alternaria brassicae, Pythium ultimum var. ultimum,

Pythium zingiberis, Phoma lingam,

Xanthomonas campestris pv. campestris
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DOERFTIWRIC L 2 TIHREET S, b Tid
F ¢ XY OERFEHENC B 1 B PR OG5 5 53,
N TR O BRI T 2 EES Db TN
W (Maude 5, 1980a). ZD 7%, RO HEMN
WL L, FBMADBRED SN TOARER LD
MmHy, K ETORTIIRE O L TR b
Db H BN, BIVEEHEEICE T B EEO AR 5
LTh, BHBBHIBOTHNTH S LEF0HL., F
, BEBIIBOTE, FrRXNVORTIHENRLEL
fﬁmﬂﬁéﬂfwém*mu+u¢#//@Awbm
o, BRICEOL T, EYORERREETHR AV E b
7o, WO EOEY & R U CORRI o R RIS
V. FRT, R R R O I, @%«®ﬁﬁ&
W42 L2 DERIITLSDINTH S, KIS
WTHEHF XY ORTIHG aﬂbr*ﬂﬁrﬁmmim
DIRENI DD, —fRINTEEENR & U oS W
Aigzdmn, Lrl, £hELOHBICE T 2 /R g
MR EDZRAT, LB, TOROEEHOR, B
ICETEEBERIT D, ThiEli<cdo, M
Ao a7yt ettg & U BEA OB 5%IAR L
oo KU A F v EAEROBIBRSFHERBRICB N T
I3, BERIO SBEEZOLEIZ X 2B KX,
FE LR IS0 U TR & 0 FLo 7 BERE T OBk H3
BN THBZ EMRIN. Tz, WER~OHA &
LTI TOREPED IS WELS EIRT D,
BRI O I X BN EOPINIBREERTHS A 5.
—J7, FE ALY & B OGRS IC IS
HEEEL S BENH 5. AN © Ol AR5 2k
LTHY, I E T, ENREOSE L1
T YA 2 995 i B o0 R R 0 U 0 e ) s B2 75 % T gtk
bbb,
VIVEIBEEIC BT 2 BTN ONIRIcB LT, =
WAIZGe % 1EY, WM OERENZ 2 L0005 2 DOMITE
WCRHF AR TH S, Lnl, F+XAVITBNT
B OHMAE FF 3 EnEEichD, 32 FOHEDS
B OBAMEA TN, F2, MhoWE, FFHKT
SN B Pythium BWIC X 2R E~NORER, 4%
Wt S hiEm o, 18, ER/KIZOWTIE,
BI IR ERRIC, HOXELTREORT2/E->TZ
AR BHOIRHIH LT O AN TH B EEL 6N 5.
Pythium JEHIZ & 2R ETIE, APFETOHRE SN
i EbLEDT, BEKMAMICRL2HEIHEET 5.
Pythium JEW D% < (348 Ehity L Tlid 2Bk L, K
ENUTERT S, RSB ClE AN E <,

HEKIEIZIZEF IR NSRS IEN S 2 &M 3D, Jgk
RAS LT, bUANTO RIGYDSEHE TR 5
TWBEHENSN S, FEEIT - 7 fidk TiR#KIZ FokaE
KEROTNS72, #EKESNLTO Pythium J&H O
BANDRAIFEZIZL L, Pythium aphamdermatum,
Pythium zingiberis \$JHAM SHEE L BT, HDWN
AN AT RELTHBDAENEZZOoN S,
Pythium ultimum var. ultimum 12 20T, AKPHE
DA, KWIC X 2 R EEKFHICHIB IR A L7 &
¥ Z oz, Pythium megalacanthum 220 TIE,
AR & 438 3752 < (van der Plaats-Niterink,
198D), RAREKIIAHTH 5. Ha& 10 o o nlpefhsn
mhEBbh s, 0L 5, HELMSWHOS
RENTHREL,
Rhizoctonia solani I & 2 Wi Ik & %75 2 KM o
WHRICE D, ZORERIEIC & > TR ZRHICRA L
7o, KWE<TiE, TA, 1B EIIB® 3 S>OEFHEAIZK
ML BN TED S, MhoFEANIZ X B WAL D
SRS B 0lHEE & & 5. Rhizoctonia solani (3@
WRTEEPZED Shd, BEEINs 0D, il
FICIFEV LA B EDEMPAIMHELTRALIE
Bbhz, 234 XAOFHFICENTHEE%
70, WO, SRR, Bk, LA &R
FITGl &P Sh, EMESGO 18 E T 5, Ehitk,
VR LA EHEBREBOINE O, KELOk, RS
hTnie, ERESGICE 0T, h S OBHITHE R
HE L, Rk &S TIcRBOF SN S h
RS B, Fr NV ORFTFE T IV N LA ZS
L Cofrgenmhif (1998) ik - THEEh T3
%72, 1997~1999 4 0 FR A RF 1T (3R BEH A LU A
R MICHAD LTy, Thod A%EMLT
Rhizoctonia solani DSHigk NITARA L7z alRETES & 5.
RBABIE, kb0 BEPENNS O, HIFENkO
WED A TZRIEEPRED o, LA 2RI BN
PRSI B IR EDRE B ELE B S - T,
g d 5 2 EBHoN T 2850, HBBbE, &
%V%E%%nﬁibtﬁ,gﬁm* LYY aRATN
. SERER B RIERIC A Ui s, A[IZ>0WTh, FET
h mEEbn . 2004 FO RPN ERERICE T
IO IRPFE U, Hig~O A D DR D%
HTHD, SE»SDRANEDNIZ. 5 BT
i, SERFOATUMELZVWLEADbN S,
RERDOHR P H UL EXR VI F » XY DFH T,
T ¥EEYES % Rhizoctonia solani ®° Pythium J&HIZ &
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DAL BRN, H50ENEFIIH L TREESL DN
TWiehy (R, 1998), Ml i3 2 x5 I3 ieid
SRTHEL, B TR, Lo sRnicn
ZC, B9, AR, BBEUEICET 2R b 20
2, HRNOBEWHICB T RRICHEEL, REa
EHERT B &0 FikEE > TEclkew, ERiKICIRK
EUPREELEZ BRI IRBEEERINATIEL -
7zEBbh3, UL, BVEHEHICENTE, &IV

FUA LOHZD DM TH D70, KRikoREKk
EEAICHRLEINERE S, Ldo kS BHEEDSRE
HEARBDSBEDIZIE - e EBZ oMb, BTk, WMo
TEBOMENE S R d 2 &, “IRIGREMEGITE S
&b, WEOREEAPELTVWS, 7, MRNT,
WICH LR ZHO, H—DfEEEmd 5700l
MOMAEMHBER TS 5 2 EnHEN SN, Pythium
JBEE EIT L2 EERELZEL T3 AREMDSH 3.
CO &I BEEICHEIETEIOREBIC X 2HRHIZ, 4
BLRASNZURENDH 5. KPIFET, HHOHE» 5
SEEE N, ATHRIC X - TRBEZ EETBK U 7aRIRE
LENSDHFIREDRKEITH A 5.

BifE, hofEHIZB O TH VBB BT IZE KL LoD
DM, KPFETHSMZEINL T, IV ER
IZBWTE, TR E, FICE B o LT
Rl F2IBKT 2 ERICE 5 D &, Pythium
JR R PR TS & D IKIEAPE DRI B I X B9 D %
NPT S ENTHENS, BEHOKERIZE
WTh, IhSDHEEHPOICIARDLE FATIC A L
EMoRENEES X CHB L LT, 2Rz Tl
Btk ARG d 2 08085 5. M e LT
i, F9, SEMWT OO THET-OREEIC L 554k
ZICET 52 EITk D, MR ERBIRENH SN E
0, BRI OME AR L85, 1 Diff
MEBEGHZA TV B 2 &b o, BEMIEOTHRLIRIL O R
EOMLIELEETHS, £ LT, ARIEHFHEE
ZOIHITIISH, AR EREER A RRL, 0
WML H R b EEO RS 5 EBbh s, i, R
DWENDEZEITXOFENRELP TN ALH S
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Diseases of Cabbage Plug Seedlings in Japan
and Control of the Diseases

Masaharu Kubota

Summary

In Japan, plug seedlings became popular from the middle of the 1990 s. Diseases of cabbage plug seedlings in
a commercial nursery in Mie prefecture were investigated in 1997-99, soon after its foundation, then several
years later in 2004-05. Our investigation found several new diseases of cabbage; the causal agents were identified
and conditions favouring disease occurrence were canvassed. Of these diseases, black sooty spot disease was
found to be most damaging to seedlings, so it was decided to study the frequency of seed infestation with this
pathogen as well as the effects of fungicides on the disease and the contribution of Ebb & Flow irrigation to
suppression of the disease.

New diseases found on cabbage plug seedlings were Choanephora rot, caused by Choanephora cucurbitarum,
and bud blight caused by Fusarium avenaceum or Fusarium semitectum. Pythium megalacanthum and
Pythium zingiberis were added to known causal agents of damping-off, and Pythium ultimum var. ultimum was
identified as another causal agent of Pythium rot. Pythium megalacanthum showed greatest growth at 25°C, in
the temperature range 5-40°C, but it caused most damping off at 10°C, between 10-35°C. Choanephora
cucurbitarum and Pythium zingiberis grew well and caused disease symptoms at temperatures over 30°C.
Pythium ultimum var. ultimum, and Fusarium spp. causing bud blight, showed greatest growth at 25°C and
were also most effective at this temperature in causing disease.

In Mie prefecture, cabbage plug seedlings were cultivated from August to March. Sooty spot disease caused
by Alternaria brassicicola was found to be most damaging to the seedlings. The disease, which is seed-borne,
occurred over the whole cultivation period, but was particularly severe in the warm season from August to
October. In the cool seasons from November to March, damping-off caused by Pythium megalacathum occurred
frequently. Secondary infection by the disease was suspected, with an increase of damped-off seedlings in each
plug tray. Damping-off caused by Pythium aphanidermatum occasionally expanded rapidly in the hot seasons.
Downy mildew caused by Peronospora parasitica expanded rapidly from March, specifically those days when the
highest temperature exceeded 15°C. Diseases caused by Pythium zingiberis or Pythium ultimum var. ultimum
were also observed, and different Pythium species caused disease under different temperature conditions. Three
cultural types of Rhizoctonia solani caused damping-off, which transmitted only to neighboring seedlings.
Isolates of the cultural types showed little difference in response to temperature. Other seed-borne diseases, such
as black leg caused by Phoma lingam, bud blight by Fusarium spp. and leaf spot by Alternaria brassicae,
occurred only a few times during the whole cultivation period and without secondary infection. Damping-off or
seedling rot caused by Choanephora cucurbitarum occurred only in summer and secondary infection was not
observed. Black rot caused by Xanthomonas campestris pv. campestris occurred in March and was suspected to

be seed-borne. Diseases found on cabbage seedlings just after foundation of the nursery and those of several
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years later were similar, being mostly Alternaria sooty spot and Pythium spp. damping-off.

Fungal infestation was investigated in commercial batches of cabbage seeds produced between 1984 and 2001.
A total of 123 lots were divided into six groups by production periods (1984-1989, 1994-1998, and 2001) and by
use or non-use of fungicides. One hundred seeds from each lot were incubated separately on agar at 25°C, to
isolate the predominant fungus on each seed. Alternaria brassicicola was isolated most frequently, being found
on 0-94% of the seeds, depending on seed lot, or on 6-21% of the seeds grouped by production period and
fungicide treatment. The pathogen was isolated even from seeds refrigerated for 17 years. Alternaria
brassicicola accounted for 57-95% of all isolated fungi by group and the rate was higher on older or
fungicide-treated seeds. Seeds produced in Western Japan which had not been treated with fungicide, were
infested with Alternaria brassicicola at rates of over 12%, higher than those for the eastern region (<49%) . The
infestation was higher in warmer areas of Japan. Eighty-five isolates, other than Alternaria brassicicola, also
produced spots on cabbage cotyledons after artificial inoculation. However, they were not isolated as frequently
and were found on less than 5% of seeds in groups defined by production period and fungicide treatment. Most
of these isolates were Alternaria alternata.

Alternaria brassicicola conidia, on plug trays or applied onto soil, rarely caused sooty spot disease on cabbage
plug seedlings. This suggests that plug trays and soil may not mediate the disease. Soil for plug seedlings is
mainly composed of peat moss and, after sowing, is kept in humid conditions overnight to unify germination.
If seeds contaminated with conidia of the pathogen were sown without this induction treatment, or if heaver soil
than soil for plug seedlings was used, germination was hindered and disease on the seedlings became severe. Ebb
& Flow system irrigation did not differ from overhead irrigation in terms of frequency of germination or
diseased plugs from the contaminated seeds. However, Ebb & Flow system irrigation significantly decreased the
frequency of infection and severity of symptoms after inoculation of the seedlings with conidia of the pathogen.
The secondary infection was also suppressed with Ebb & Flow system irrigation.

Procymidone, iprodione, tolclofos-methyl and a mixture of moncozeb and metalaxyl were effective for
suppression of Alternaria sooty spot disease of cabbage, although those fungicides were not registered to be
used on the disease in Japan. Growth inhibition of Alternaria brassicicola on media which included each of 19
fungicides was not consistent with suppression, by the same fungicides, of disease caused by the fungus on
cabbage seedlings. Treatment with polyoxins of the seedlings and soil after sowing was effective for suppression
of Alternaria sooty spot disease. So polyoxins were registered in 2004 for use on cabbage in Japan.

Hydroxyisoxazole was effective for protection of cabbage seedlings from damping-off caused by Pythium

aphanidermatum.



