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Study on the Ecology of Wheat Yellow Mosaic Disease : Yasuo OHTo*"

Abstract : Wheat yellow mosaic is a soil-borne virus disease caused by wheat yellow mosaic virus
(WYMYV), which is transmitted by soil inhabitant Polymyxa graminis. It was first reported in Japan
in the Taisho era. With the increase of land used for domestic wheat production, outbreaks of this
disease occurred in the 1990s in Japanese wheat production areas. The breakdown of resistance
also occurred, and the disease has become an obstacle to increased wheat production in Japan.
Countermeasures to this disease have been restricted to changes in cultural practices and the use of
resistant cultivars. On the other hand, because of the lack of an experimental inoculation system, the
mechanism of cultural practices to control this disease were not clarified, and the relationship
between WYMYV strains and the resistance of wheat cultivars to the virus were not clear.

This study was conducted to contribute to the development of resistant cultivars and practical cul-
tural practices to control wheat yellow mosaic disease. For this purpose, the ecology of this disease
was clarified from the aspects of the effect of temperature on the disease. The favorable temperature
for the virus to propagate in the wheat plants is about 10 C, while 5 -10 T is favorable to disease
progression. Masking of the symptoms occurred when the temperature was above 10 C, and then
the wheat plant recovered from the disease. The favorable temperature for the infection of P.
graminis ranges from 13 C to 15 C. Based on this knowledge, we have clarified why late sowing is
an effective disease control measure for this disease. An experimental inoculation system that consis-
tently had high inoculation efficiency was also developed.

Key Words : Wheat yellow mosaic disease, WYMYV, Polymyxa graminis, Ecology, Cultural prac-
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L TR (disease index, DT [DI] &3 5,)
DB R RMTze DWT, IR OFRARRE &
INERE R L OBRERR, E0 X9 RERTH
N72L EWRT 2 0h 2 BE Lz, 61, JEA
RE - 7 AV ARMDO A OWFFEIZETH, ELISA
P X 2R B L W OB, FHAEERN O
W BT L7z

goooooo

I A FREMRIIKE ST LAFITHETLH, B
T B DIFBELEDHFETH S, WWHARIZBIT 54
MR, $ - a (1940) 12X b EEICREIR S h

TW5AS, EEHERE T ToOREEEICOVTI,
INFTHRIN TR T2, FIT, FEERE
RHWEOHH AW S 2T 59 2T, B TONE
H &Rz oW TBIgE L7,

MEE L UHE

BRI s TR T o AL REM e > 4 — (H
AL B AERYS) N OO 20 Hh O 15 el 55 C 1
Cholee TEITEMEMEEERS -, pH50 TH
572, A, [Fry7ass] 2w, BRI
EEALBURFEA D BN 486 (=77 I AV
£FE 14%, V) UM 18%, HV) T A 16%) & 10 T —
V720 65 kgfRREPRIE T IHEH L7zo 1991 4E202 5
1998 4212, B R OREHEN) 2 MR TH 5 9 H 28
HAET2 AR L, W OB L wE o &R B % 8l
L7

BRsLUER
RIFOFEL, BRI T, 2 APHs 5o
NS - e 1940, ¥EAS  1995), BERITIE,
3 AR A S TS TR Liko, B4k
B L UOCRFRAEERIIRO SN e ro7z (1),

00 HAbEEMREY Y ¥ —BIcBIr 5 a4
EMROMSAED L BB ICB ) 5REH

ER MIEH e
1991 3H25H 3H11H
1992 3H21H 3H11H
1993 3H19H 3H12H
1994 3HI11H 3H10H
1995 3H15H 3H10H
1996 3H19H 2H26H
1997 3H17H 3H 7H
1998 3H18H 3H11H

a) BE R A FE R T 1000 MR L, 1HRTHIH
[Ny (W E|
b) EEEICHEEFBN SN2 ko7/zH

B, 13 OB OFIEDIET A S YLk
P THDICHEAL L 720 ORI EECBEL
BWERRTETY, T2, TV YT vOEREICK
D, BIELIIKCWI LD D, T, BAEEEC
BB L7225 D IR A 7 BE08in (X
B1)e CToRICIE, BAEBB~NEIL LRSI
FRTE L, SOITERDSHED &, EFRLPHLL,
BREMRICENF A 7 AN B SERDEL L B,
WPHIHOERET 228 dd Y, FHUFETE, LI
LIZHsE A 572 (M 2), Co& &, FEHOM
Ryl & nb72012, T3 AL FERELR D,
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BRrOMEIEEE Y, etk LXTHL2IThbw
ftLcuty MEREZE L SHICHEEICR S L,
EWA TREPEILERI L, I ELTL 5%
LWL WVEF A ZIERD 22012, Hfl, Bz
FTIELHD, KIIHKREAPHETLIZ L Ho72
(FUML 3 ) o FRB DR TR T, WFAD S EhElH
KAHBETLET, 20 AU E2D2E 2L EH o7
HWALERDSHS B TRAET B L, BEPSD
WENTERTED X ) ITh D, FEWHME - HifIME
PHH S BT, Mpehe lETE, BELT
WA CEBATRAZ (KK 4),

AIFIEAEIZ L 2 RAEOEBHIKE L, WGEAT
BIRAPNCEIE AR L7272 CHE LT L EH4ED
bHro 72, MEHEMTIE, ~HBMLIEHLLT
MO EWF A ZHERIIIES 2 L DB WD, FizlE
B2 EBETIE, M REFA ZERDIAD SR
LIETH D, ZOMPHEYFA ZHERD KO-
BRIEPREMT 2IHENHEZ D I LDBE 02 D720,
—HEWA 7RI 2 5 &, B DT
WL B0, EEEHREER L2025
AHEL Vo BEo T, B X ) IR A R H WY
5T liE, HELw,

DLE OB RS, WIRED S NI E 28
RBOIEIRE WMEICEITICIE, EEEERRLIcE SIS
A ZIERDBRD SN DD, B X UM - W
RBEOREPEZREL, WRTILESHLEE
Zlze T, BIWMEIHRT LIZ, UTO 5Bk
O (DI) THAL, 2O F3flz RmEEE L
L7z (BR5)o 0 @ Mymf, 1 s bfro13E
DHRBVEF AL 7 BBDOND, 2 @ B A3
WA ZIERPRD SN S, 3 I HREHRIZESFA
ZIEIR & BHEIRATRO SN D, 4 @ HREKICEL
WEMHEIRARD b, FEOHIATED b5,

00000000000

FEI O M AR R B bR 7 17 & O FH I 28
TdH Do FIRO M PRI 2 8
ENBLEDND Do T L FMBERBROWRBIL, e
D LIPS MRS 5 2 L idd v, £
D720, IAFURRR I LFHEPORD & 9 ek
SRR HEERAL 2SR S B W E IR T, S8 & B
EEOBROFMIAEE L <, BEEREE LR O HAL
TFEY 72 ) QWU & ) FFfi Sz 85 - W4,
1940) o LA L, HEHUYE G40 B B 5 3 0 B 56
BTIE, BSNZMARE L B o m TR % SRS

LVENRH L, 2 TIlE, BREEORALLZ 7T
IR HAICHE X2 5 2 L IEBENTII RV,
DFHii & LT, IREISEE L RIT T 5 2 O8E
WCHERDEFHITE R 2 EAEENL, HIHITH BN
72X 90T, AFORHME LR PIBRICHiTE 2
DIE, FIHEREREO T A IR, IR, B8
DRETH L, N5 DREIRE IR O 1R
LRTHIUE, TNSHIREEE F TR % 3Rl
FTHLILWHEMTHLLEEZ BN, £TT, Hilli
THIE L7 R iR O F e L, IUHERE O Fk Y
72 o, B, MTE, TRESODEERE
FLoBREWL 2L LS & L

ME B LB

FEmfa R L FL - M - TR E A O PR R
FLOBRERRDICN72D, BwEHTOMAR oL
HFOEVOFEELRL 2012, BRATOALFTRAZ
IZF UTHh o Ak E AR E L,

F 7z 2 F G, BRSO NI & AT H
5o 1995 4E 9 H 20 HIZ T 2 FHREZEMHRIG Gl B~
WA L 72 B, EERIX 75 m& L, #od
JUZHEAIRIC 8 cmBIFE O BHET— 4720 2 kgD
WHL, W3, Myl&dL<c, 1ARLBEL, —K
2 mOX I 25 HEEFET S L9127,

RS MMBAGERNO 12 A 11 BICESICAET
L7z ERICOWT, FEmbkss, FBmERB L 0%
BaEmAEL7z, SoIIBAE, 3SATEU»BIEITT
H B S IZFEikR & Stz il At L 720 FEMHREL
&, BIEiCED 5 BB (D) & vz,
FBRIX AR D -1 TR & FERIRRA R b &>
S 72HAE H &SRB & L7z, BAmT oK% B
ZELT, BAHIOAFTRMIZFLT, S5I1IH
FICHERLFTI{IC X 5B EDTRD SN Ao 7o H
A& FERTR R IR Y, B (1996 47 H 24 H)
oD B, RO, REEL, MRMZC ) RCEDS X OHR
EEAHFELL, Zok&, DIF1, 2, 3, 4O
bR EuE, FhEN, 2, 4, 4, 3HRTOTH
%o

& R

AR, W OMEIC S HRBIIERD Sk
Mo tze AEMRDOBEH OEBINIE Lo 72
(M 3)o BAHBOMIEEE, 3 H 19 HIZHER L2,
S o 4 A 23 Hi2id, 8% (DD 4 0F
IERIIES SR TO DT, ZEALD DI 2 2w
L3Tho7 DI 1 OFEFEM D B OATH - 72,



K 2 5 FmERIHO

SEFRTEE

OO0  DUEHE R WA OFEIRIR R Z & OAH]

B

BT 1995 4E 12 A 11 HIZ, FEWRAEEEIE 1996 4 4 A
Z%BK,%ﬂ%ﬂ%ﬁbt(l?—ﬂ—dﬁﬁﬁ%%ﬁ
j—

TR R
1 D REMDO 1 FELZORBECEY A Z RO LN S,
2 BB EREICEF A ZIERPRO O S,
3 IBREMIZEY A 7 AEIR & FRPERFRD SN D,
4 T HRERICH L WERERSED 5N, FEOM
EHHD SN 5

=3 (em)
100

80

60

40

20

1 2 3 4
RIRTEH

HWE (O/H%)
20

1 2 3 4
SERRTEEL

oa
ZNED)

FERTREL
1 EMO 1 EZORBNESF S 7 DEDSNS,
2 BB BT A ZIERTED 55,
3 KRR A ZRERE FERTRD S5,

SRS B FgE 25

HYd, DI 1& 2 TIERELEVIIL D5 7275,
DI 3, 4 D#TIE, DIFEWIIEEr-7 (K4,
Xh6)o Biu, DI 3, 40T, 1, 20
FERRIC IR TA R o 720 D BRI/ EAL WS
TWwznl, B4 ORETH -2, THREI,
DI»1 ~ 3 Q#HiPATIIRE LEVIIRD LN W
A, Al BERESHILE (K4),

%8, WERES IR OGS N s h o7z
DT, WA 2 PR IR T & 2o 720

£ =

RREFE, HREYTOHRERICL 2 B TH
572017, EBEHRLTVRVWKkEBRLILIZTE
Brotze 2T, RETIIFIHERE & IO @
D5, TR E R T T B ROICE
895, LT Om#ETIE, FomieEuE, JomRk ki
DLDERT,

FEEHOIE T 2 F1E, LI —BAF M
L, BARICHEI RN 2 % CHif M RIC X 555
DB E Do IV THRD A5, KIFOIFE 7 A
WA DEGREY O 2 S RRICHRB I NS D

R (K1)
12

—1

1 2 3 4
RIRIEE

FHRE (O)

40

30 |

20 |

10 b

0

1 2 3 4

RIREE

TR BRI O TR TR R L PHERF OB L - REEL - ARY DR - THEOMR (27— N —3FREFEZ

4 T BRERICH L WERTERRRO SN, HEOBILIED SO D,
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&, ZMBOREMIICA > T3 A FOLEF IR
LTS Thb, £/, KRBT, BAHIIEEL
RO N D072 800, RIKIZL DI
R RN OB EITBA RO RIS % 53
LB EEZ SNz, Wi TER LWL 5%
IR BIRMBREROBRE A5 &, &I,
EH OB UCEYF A 7R L EOHIEAED Hh
%Dl 4 TRELWMD LIz BRY72) ORIEIE, DI
A, 2, 3, 4ERL BBV L, FIZ,
Y OEYA IR L BERHM RO X ) ZEHE
WA3HHbs DI 3LLETIE, #RYAD ORI EIZ
K& WA L7z DI 3 &R L72All) TORE DR
BPIZHRT, L0 RO THhE v, 8o T,
BXOWIPBE SN EHBHYBORINE LT
B EHEE SN, B X AR OFMILEY &3S
2w, THEIZ, EMEOIICHEEZETS
DI 4 TKEL WA L7z,

DI L ICEROBRE T DB E, —HBo B
BB A ZERPHEN LB E~fEE (DI 1,
2) OFFHTIE, WEOBDIFINS L, &2HITE
HA TIEREEME &b ) hREME (DI 3,
4) ORIT, HAVMUMEL T, B EBRU7 0 R
EWRATHIEPHONE o7z, EHITHIANL
WINEEH % M-S 5 &, DI 3 Tld, #Y4720) okl
HMEREISFHEENL N DR EORD K
ENWZ END, BB L) BHO/NRIEIZL S
WS VIRGTH D EHESINS, DI 3 Tld,
THRFEZRD LTV Ens, —HN72h) ok
HOWE U720 DREDOWAN L B, E BT,
—WO LAEEICERAA LS DI 410k B L, TR
ELRKELBWPT 5. 5T, DI 4 DEFERTIE
BEIIA T ROBEZIZHEENTHZOI, I
BANOEEPNLIOVRELCLDZZEPHLNE RS T2,

O0000D000OO0O0ELSADDOODO

WO 720120, W D3 ), HEBUEY
DO WRFHURE L DX R ENLETH L, T L
FREMIROBWHAM I, WBBIgE, BT7HME
X274 VAR ORERE, B X OMIFFW 5D
Do HZHOBRKEE W) G, BEEERGE
YU (ELISA) ¥ % FiliTh 5 (F1 5 1984),
ELISA ICX 2T LT, BEILBKRICES
WAR, IR & O LI AR T O MR BUR G  E S
AR E, WWERO & O 2 HEN S L 15
DOHERVPHSPICTELENH L, 22T, T,

5104 75 (2005)

FRIN WYMV ORI #E L7250 %2 8% H i
T, MR - BEN - EERO ERB L 05T
EOHBEMN T EICELISA 12X 57 4V 2B % 3R
ATzo DWT, BIRHRIERD M L2 EF RO
ILET, EITLIZWYMV M % Ra 7z,

1) 3Bk 5D WYMV DARH

BIWRT, TANZADOMBIZH WL Z LN TES
WAL E R D HIYT, FEIm i e U]\ SR 7o e vk &
FREMRE T, EEBIUCHITOEOREMT LI,
WYMV He o> v i 7 547 & Feig L 72,

M s L UHE

ABRE Y, -2 LA U3 2 ERZEMm 5 Y
BThb,

199349 H 28 HIZ, Ml [ v 7 aaFx]| 2
WM L7z, 330 a X%, HEEICLLE
BOHLEM T L7720, 10 120 (15 %M (2
WO o720 TAFIE, TOWERERE, 1HT
5 5 EBEZSROKRM TIEABRML, WO 7T A
FITBWiz, 19944 4 A 8 HIZ, FmtkH O BRI
M GEWmaE1) 18k, EREbR BRI S) 1
P B, ThEhE FRE T ORIz,

=PRSS

PUDEICHER, BRIV ZVHDOLSRABESEEN LTS,
EHPRICREELIEVHDICEVWESEE LTS,

W

PFOES-D @ ® & ©® 6 O @ 6oHue
E=
O 5—DBZICHFHESDOH T OEERELR,

WAV
NN N

ERTOENEMIEIC LML SBEBEMT, ThEZAERL
ELISAIC#tT 3,

00 o5, RO WYMV Bl o RURR
T
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Z09 L, FREGLHEROGFIFOEIZONT
Z DL FAIRED S FEMHNTTHRIL (KM5),
BT X 53 & ELISA I X 5 WYMV ol %
AmTze WX E LT, WET, REITIETENL
7etk, FARICEMBEOTS AZETHECILX%
Hwzzo 3B, IR ELISA I 5 £ T
&, — 80 CTHHAMRAEL 720

ELISA & 2 EPufh4 > ¥4 » 53 (DAS-ELISA,
Clark and Adams 1977) 2 & o7z $RELL 72453
i, EOEFED 20 f5&® TPBS (PBS (V) v EE#%
A B ¢ NaCl 8.0g, KCI 02g, Na.HPO: -
12H.0 29g, KH.PO: 02g 2K 1 LB L7z
® (pH7.4)) 12 Tween20 % 0.05% (v/v) &7
52X9MA72b?) #MzZTHAHTTIORL, 17
Sh7ziil, 15ml AN A 7 a5 X bF a2 —7I2
B L7zo ELISA WM 2 ERGIC, /NEE Fis0as

27

(A%, HIMAC SCTI15B) (& ¥ 8000rpm T 2
SRR GOEEL, fSohz BiEEPURIE LT
U720 BEWEE, ROEETRE TR EIZBL A,
—H = 40 CTHHRIF LTze 6 RDT vkl 7L —
I (FALCON #:#) g d 7 TIViZ 800 f5 1AM
L7 WYMV $ (y—2 127 » 125 u g/ml)
% 0.2ml $247E LT 37 CIEIT 2 W 8 %,
TPBS T 6 ¥k L7z WF 7L — hOiFIELa<T
6 MBI ol Wik, &7 T IVITHER%
0.2ml ¥OHEL, 4 CIHHE L7z, 18 KRR
L—b2BEL, TUAY 7+ A7 77 —ETHE#R
L7z WYMV Jifkiii % 800 f5IcAmML72d D& %
IV 02ml $72o40FE L 37 CIBZICEE L7z, 35
Wellt:, 7L — badkisl, EEW =t
SVBBTZ I NI AR YT ) —VT I VB
(10% (w/V)) \Z1mg/ml & 7% 5 X HZHEM LT

00 ek - BYER - EREMROEEZRPFFOEDLSDO WYMV O

;. s ARk HRIERE FIEE
*a) IE(7b) e v =7
A405 T A405 YR T A405 YR T
1 0 0.028 — 2.401 + + 2.509  + +
1 0.022 - 0.306 + 2.522  + +
2 0.009 — 0.005 — - 2.524  + +
3 0.023 - 0.008 — - 2.535  + +
4 0.018 - -0.002 - - 2.521  + +
5 0.016 - -0.002 - - 1.108  + +
6 0.011 -
3 0 0.015 — 0.003 - - 2.532  + +
1 0.002 - 0.002 - - 2.529  + +
2 0.012 - 0.002 - - 2.558  + +
3 0.017 - 0.003 — - 2.586  + +
4 0.007 - 0.002 - - 2.267  + +
5 0.012 - 1.620  + +
6 0.428  + +
5 0 0.027 - 0.010 - - 2.477 4 +
1 0.022 - 0.009 - - 2.360  + +
2 0.015 — 0.007 - - 2.467  + +
3 0.016 — 0.004 - - 2.536  + +
4 0.014 - 0.006 — - 2.481  + +
7 0 0.017 - 0.005 — - 2.502  + +
1 0.018 — 0.007 - - 2.524  + +
2 0.026 — 0.015 — - 2.543  + +
3 0.028 — 0.012 - - 2.524  + +
4 0.031 - 0.010 - - 0.787  + +
0.014 - -
9 0 0.045 — 0.019 - - 2.542  + +
1 0.035 — 0.022 - - 2.557  + +
2 0.033 - 0.015 — - 2.619  + +
0.019 - - 2.563  + +
11 0 0.034 - 0.018 — - 2.546  + +
1 0.029 - 0.020 - - 2.533 + +
2 0.029 - 0.001 - - 2.415  + +
3 0.028 — -0.001 - -

IAFEIRS YT T LAFT, 19934F 9 J 28 HICHFREL, 1994 4F 4 H 8 HIZHRIXL 720
a) HFHROBAEDPHRSVIFIZ =28 T ITHRM L 72,

FRELE LTHTDIREL A DITONTREWRIFOEE RS,
b) 0 f EEORERYE, 1 @ RsespsE, DTRTFPPRE VR TEOREE LT,

T OELEORPFEIINS 2RO L,

A405 1 REOWSEE & 1 BRI D H O3 HIX DOWLIEAE 2 98, U 72 il

g+ Btk (A405 — AR A405 = 0.1)
= BatE (A405 — fRE4HREY A405 < 0.1)

W+ AEY, - EL
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bD) & 03ml FoK Y TIVIZHTELERT 1 HR
BB &7z, KItiE, 405nm O E TORLHEZ
7L — 11 —%— (BIORAD #:#, Model 3550)
THIE L7zo BRI O A DX DU % 5508 ol
FAERHEN72d D% A405 L L7z 51T, &R
FHX D A405 7 S AR IS & 5 3 IR IX o
A405 OF¥EZ G\ 72 fi% ELISAfEE L, 20
2301 D o b o & E L7z, B, ELISA
BT B e, FRCEE L WY 2 2IE
LizeBh & Lize i L2PumiFis, HEEmsE
s — (BlpREEREIIEL Y & —) O
it X DL TP vz, Bk, [
ML VBRI y 707 ) YICT VA T+ AT 7
F—ExRITIVF =T IVFE FIZX DA SETE
L7z

i& 2

BEMRTIE, FRO LA 2 TIZORME,IZEY A
7 REIRDFRD SN Tzo FIERTIL, ETOHITFOE
DFTRTOEIZEN A 7 RERIBD bz, ERD
TERITERR, FRERRE 126 T, SR - EH
IR EZENI L7 (E2),

5104 75 (2005)

AV AIL, BEERTIE, WThosiFoEon
FTNOEPL BMM I NLh ol BIEKTIE, £
o2 ETOAGILENTZ, 2D L, kL
BETO A405 12T, ZOTORETH A405 X
B orze FREEKTIE, WThOFTFOENRSLDLY
ANVADHHEN, A405 bE» -7z LaL, &
TALZETO A405 1ZEA - 72

2) REYHEATZBOMD SDT 1 IV ZDIEH

M s L UHE

BRREZ LR B0, 199549 H20H, 9 H
28 H, 10 H4 HIZ, Wl [F>7aaF] 2 WYMV
TG 3L 5 (3R L 720 e il o0 1996 4 4 1] 23
HICHIFEOMEIEIC L), I L ORWIRBERAL
720 HRIVWIOS A3IHE 6 A1HIZL, A2
SEROEFHEZ AT S L E DI, HXD 25 RIZD
WTERO TN S IEE (FEE) BLOIEEOTC
T (F-1%) ZRMLA, F-2%8i%, Minhk
BNIROIb0LH Y, RAEFRI I L7z FRI
L7220, FHOMARMEIZ ELISA 12X
D, Y4 NVAOKH %KMz, ELISA OXHIX &
LT, MBTETCLILFOEDHEEHW,

00 Fmlosmist 0D HomEa AX R0 FHE) L2oXkE F138) 2250 WYMV O
920 HikHE
DI [E3 F-13%
B D) ELISAfi® [ L ELISAfE
4 1/1 2.231 1/1 2.214
3 15/15 2.3127+0. 085 15/15 2.310=0. 086
2 8/8 2.203+0. 042 8/8 2.0750. 382
1 1/1 2.332 1/1 2.207
9 A 2 8 H#%f#
oI (S P14
T AR ELISAfE T AR ELISAfH
4 — — — —
3 4/4 2.332+0. 075 4/4 2. 286740, 044
2 19/19 2.2660. 090 19/19 2.255+0. 061
1 2/2 2.167+0. 242 2/2 2.33640. 051
104 #%HE
b1 [E3 F-13%
Tk HH AR ELISAf# Tk HH AR ELISAfE
4 — —_ — —_
3 — — — —
2 13/13 2.343+0. 045 13/13 2.356+0. 032
1 12/12 2.301+0. 077 12/12 2.350+0. 038

1996 45 H31 HE 6 H 1 HICERIR L 720 BEaMRENE, 25 kk&E L7z,
FHINC XY, BEDORHEREZR LA LOR LW (- THER) 208 (1 ~4%) OBE»H o7z,
a) DI (GGEWRRED ZULTo&kdET, o4 23 HICREA L7230 TH %,

0 @ R

1 i EMD 1 BEIZORBENEF AL 7D L N5,

2 I HEOENIEICEF A ZRERPRBOON S,

3 IHREMIZEY A ZRERE FERIERPED SN D,

4 BRERITIL L WERRERAED b, HEOHIEIED SN 5,

b) ELISA T WYMV Bt 38/ ek s 5k

c) ELISA i GGVl A405-xF I A405) =+ K k(R
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& S

1995 SEFH 2 A FTIE, WTFhORHEY T 5
Wik BRI IS DI 0 ORI/ S NG d o7 F72, DI
4 R L2 EREAR D AR NIZIE L HEDOATH -
720 20O, ELISA #BZRML/z5H31H, 6
H1HICWE, #AEXHNOILFOFEBIFZD
F-1 #CTIXEYFA Z7ERIBD O NP o72 9
H 20 HIFEX T3, DI 3B L4 OfkIEN D T
<, BWHOTXTOFE - F-1¥E,LSLTAIVA
PR shiz (£3), 9H 28 HIRFEX & 10 A 4
HARREX T, MR ATEE CTHRIN L 72 3800
BFRDOOLNL oIl EDLT, WThoko L
P28 T A NVADPHIE SNz, WThOFEZ
BT H ELISA fliid 2.0 #2EE & @i o 720

% =

P L 72 ERR T, ZE i i IR SRR &
N7z FAD AL S DAY A VAWK Sz,
COLEDOWHPIIMALDIOTHY, HEICHEL
LWeEREETBENEH L, 2O LML, KIE
WHRRCEIERRTIE, —#BDENS LAY A IV AH M
HENBZWITREMEDNH L Z EPH LN E oz, —
Ui, AT, SR L2FEBLOTRTOST
DEDEMENS T A VALK S/, ELISA
s, FREZEFFOED EETO WYMV $i
BUREE L LT, THETIE, WYMV HUERE
MR EHER SNz, B GO Lz L ofnE
T, FARRVEIZGFD LB Lo ®WEIS
W, TREETWYMV BUEOREIE V. &
LoEELDEKE, FMIELD L73EE, Mk
ELTHNZ DD, WYMV PUROMBEEL, £Vl
BT EL RABENIHLZEPHLLTH o7,
HARICIE, BWIIEIRDFRD S NZDOHEY
A ZIERAW Z RO T RTO AL 2 FEp 5, Fi
RO FIRIRBUC D 59, WYMV JuR A
ENize SO ENS, —HRIFLHRTIE, HER
AEE L%, WYMV X, 22X KRN X Y%
W CTHIE LAt T A Z EBHL N E o7z,
DEofER2 S, O FmEmMBTIE, ¥ - 3%
ML D WYMV OBIBIZIES D E05H 0, FRICE
FERRTREVWIE, @74 VA, BHIRAD LN
HETIRIFEALRB SN, —~BRBFI LTS A
ZIERDE 2 TH MM O3B X IR IERIES S
bR e Lot TH L2 L
M5, WYMV OHs F3#A 5 ofiicix, OREWR

HRCid Bk V5, @RI TIEETF A 7
FERAED b b EALER VW5, @—HERNi%RE
FA ZRERDPHE TR TIE TR EVELZHVWS Z
ET, XDMEICEROAMEBHITHI LA TE
B2 EDbdrol

T 72, BEDFEIRDOEES L ELISA TO L D%
& (A405) L ORICIIWIE % BIRDFED b Nk H
o722 & h, BRI L THIRBIEH 2 P 2 B0E
PHIETHEEZEZ 6N,

U 0ogooooooobbbbbbobn
ooooboobobooobon

O L FREERRORAENITIREAIKRE HET 2
CEPREEN, BEOEREHPHHEN 2 ESE
% EFEHHRIR S B L) FERERY B BRI OB
REAEboTWREEZOLNTWS (B - W&
1940, HMES 1964a)0 N F TORFIEDN S, HaZk
M OFER WAL, ORA, OERI, @Fm,
@EELHI T S5hE (M6). TOHT, WHEY
A WA L BENZOEERIIEE~NORKA, Wi, {5
PAROEBNZ 3T O b, TS DR L EAFZ D
WS, FREN, WO, FOLD RIEBERETT
HEZ S5 TWB0OPE, STNFEFTHLI TR 72,
ZYBRIC BT 05, BAHE, HEEhEh~oli
EOREEZWLPIITH I EIE, FWBREEOMY %
U, RFRM 2 PP OE i 0 B 56 R0 R 1 B B
HEOBRICEETH 5,

ARETIE, WMEOREL LI T A FHREMRH O
FEABEPSPICLE ) & Lz, BHICEL LB
BPEBIZED L) RIRERE T TREZ > TWwbH0

THEPTHAETF
(ﬁ‘:%%ﬂ&ﬂﬂ;)

\'

OO0 ZHOMBEHMNORASR
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PEWSPICT B 7200, BHERABRICBWT, @
WYMV O kge ] & Basietl], @3 oo
HE, ® Polymyxa graminis ® 35 FIRNDOED
RIFHZEAL, @QDO» 5D ZFNENORNICEIT 5
HWEBRBE AW SN L, 20T, ATARERNT,
3 kB T a2 L 72 g, WYMV O340 & 589512
W9 HIE DRI OWTHEEL, F72, ZHRED
AFEICBT BB ARG L. 35612, ESL
AN & SR IS RUTT BN S, WM EEZ 5
C LT & B RIREREY AT OV TR L7,

DoO00o0O00oO00oooon

1) FAEBRRE

I 351F B BRI DOV T, IR a8\~ IR
BROFRNMNTT 8% M7z, Slykhuis (1975b)
X, WSSM T, HRmY» O RGERMG~T AF
EBHL, WOBRENERI > TWVEOh% N7z,
CHUTHR, T, RTG Gl TR 2 4 R
THEWZ I LAFHORWBANAE B Z o720 1Y
b o RGRBMB~NOBAETIE, WOIAFD
WYMV NOEEAGEZ ) Rk, RiGHEY;
S HERBISA~OBITIX, wo B WYMV ~®
JEEREMET T 50, ZZNZFNHLNIITEE
LD, FhoolifotiRENEs 52 & CRRYL
AT D R T VIRFOIIRGFbHEEL LD L L.

MEB LOHE

AEAHLE [F Y7 anF] 2Hv, BULEERN
et vy —NOBET 2 2B TB I otz 1Y
W%, MiECHWAGERES LR —Thb, Kb
ellippid, OB, ko T3 - HISE
HTH 2. REROW 2 FEE THZ U — DR S,
HI4ED 3 2 F OVERHT TIIAR MR O 84 DR &
Nhholz,

FRBRIZ 1994 4~ 1995 EDTEIIC B T % o 720 #h
i, 19944E9 H28 H, 10 H4H, 10 A 11 H,
I0H1I8HD7THBE L L, FNFho I
L7zaa¥xds, 28MLR-7210H11H, 107
21 H, 10 H 28 H, 11 A 8 HIZ, {HHEW» - A
WY, 72, TORGH, KRiGYEBY» 55
BB NTAXF W EBR L72o 25 FHIE, BIK
15em? & E&#Y P C, AP TEAEEIHE
L2 F TREHD VL D ISPk, 9 —FH oM
Pi~BA L 720 & COMPIE 19954 4 H 10 HIZ%
MR, FORIERERAET S L L b1, MG S
D, WYMV B#eith& 7% ELISAIZX D

5104 75 (2005)

fer®7ze WYMV ORI, -3 FEEOFMEIC &

D, DAS-ELISA X ) B % -7, ELISA O
e U TR R BER DS B O 2 IV B &
WYMV % LA 2 WRETEA D 5 7290, BrEit
WOMEEIZIE, 1Y 72kt iRtk % it
AL £7L—MiCiE, RETRHIETE L
fe A O FI O A EX E LT5 v vg
DIZAMN, ELISA fi% &4 L7z, ELISA fii#%0.1
UEoboxkks Lz,

BRI O, BN, B E 30 DL
WCHBEMAZREL, S 10mo &Kt v —
EHOWCHE Lz, i, WIEAN 3 S0 A Xk
FRMNICFAMEO B[ E&EPiL v —%, HES 10l
BZELME L. SRS o, 7Rk
(YOKOGAWA #  Model M-166) Trtékl, H
s & HIARME D32 & HP AR, HFi
R L7,

i 7

TG & KRGS OMOBHA H & BHEORK
e - FEMROBE L OB E L 4R L. 9H
28 H, 10 A 5 HIZWH MR IIHBML ¢, 21 Th,
10 H 11 H, 10 A 21 HICRGYBEBICBAL L 72 b
DTIE, BARRE - FHRE L I o720 Th
LB LT, 10 H 11 H, 10 A 18 HIc{HY:mHB5IC
WL, Zh2Zh 10 H 28 H, 11 H 8 HIZRiHY
BS~BHLL 725 OTIE, BRYARE - SREL b
2B o 720 FERAEEED [ UM CTdH - 720 154l
B~ oBEZEME o HEH R o, 9 H
28 H~10 H 11 Hi3 175 CT, DIREBEFERLIE
G BIZONKT L7z, HIFWHEIE, 2ok, 12
ATHa~ 3 A oEHHE+bIE, 00~077T,
BEIPSMEZIT->/Z4HI1I0HFTIE, 1.6 ~
94 CTHR L7

KI5 G5 \ AR L I g B~ B L 72 0T
X, 10 H 18 HICHEAEL 11 A S HICBM L /IXT
JRYPARFE - B L DITIKT L. WA,
BRI 2SIEN 5 1RV KT L 72,

WYMV OB A E Ao 7210 A 11 H~ 11
A8 HIZIZ, HX10mToHEHMIRIE, #17T
~7Co#HIZHY, BB THhH 15 CoMH
FCHEE LT (J7),

2) HHARSE

BRIERDHEZ 5 TWBHD, $77, Besies
5> TWBEE, TORPDIIRIEEEZRIZL T
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T3 COAEF M & T OB O MRS DEN DY T 2 FRIZMIN O G - F80 I T T 8

(1) {53 T2 M E TH URRFICRTE LI L &

BREH GRS TORBHN  Frkr” oY R REHRO PR Gl
9H28H  9H28H~I10HI11H 0/20 0.0 5/20 17.5°C (14.3°C~18.6%C)
104 50 10 5A~10H21H 1/19 2.6 4/19 14.3°C (10.6°C~17.4°C)
10H11H  10A11A~10H28H 9/20 11.3 12/20 12.3°C ( 9.3C~17.4C)
10418A 10418A~11H 8H 10/20 21.3 12/20 10.7°C_( 6.6°C~14.7°C)
(2) 2ZEWLIRE & 755 CH CRRRICRR L L &

RHER (GRS COREHIR  JERRE R RRGRER ZFE IR O B PRI i
9H28H 10H11H~ 20/20 50 20/20 0.0C~17.4C

10 5H  10H21H~ 19/20 41.3 19/20 0.0°C~14.7C
104110 10H28H~ 16/20 28.8 18/20 0.0C~14.7C
10418H 11H 8H~ 1/20 1.3 4/20 0.0°C~ 9.6C

il [y 7aaF] 2Hv, 1994 4EICHRFEL, 199544 B 10 H#AEL 72,

a) FEMMERE PR

b) FERWME = £ CGERIER (1 ~4) <WEIEEEE) x 100~ GHAMEERE X 4)

c) ELISA BathAE s wom i ik

(c)
25
I L -
20 | 10/21== =~ === == mmmm oo >
_____________________________________ >
11/8=====mommmmmmm oo oo >

—— BTHHE (R 10m)
—— BFRE

(9/28)
5[10/5 «——————+10/21
10/11+————+10/28
/18
0|||||||||||||||||||||||||||||||||||||||||||||||||||||| L1111l
10/1 1/1 12/1
/ B

A
OO0 22 FHmEMHGIRES~0 3 2

AER L 1994 FEHEFECTIT 5 720
H¥Egii s X O H A, &

— K4 (1) OBRTHE ;

EREAPTH L, 2O L ZWSNITT H720D12,
L CHEC/ATAFM % 4 H WICHE SR
RL, ORI 25, QO 255125 ICH]
BHh, ERTz,

MEB L OHE

ARERMISZ, 451 1) ORKIUIRY: & [ Ui Y
BiThbo sy, [Fr7arx] 2wl

(1) 1996 47k Bsx

4 A6 5 HIh T TRENRZ 0%~ 72,
FHEZASIRA L7225t (7 LovVkss, 7 Loy
R L) 2HOWTRETE T 2E oaax
80 ¥k%, 4 H 10 HIZ WYMV {5435 (2 BAl L 72
Z05H 40kIE5 H 8 HICHEY RIFT, ZmkEE
Al UBREE T I & WYMV O4FH & i 0 F6 3 2 it
T2, WAETRERE, RN LCREZERL2ED:
BEEImDE=VEy "ABRL, €OaLF%
ANLEGHEN (12 KB HE, AR6680S 190

FH R IR O H P i & OV H PR A O HE R

H Dk ml & iR Fig & Lz,

> R4 (2) ORFHE

u mol photon/s/md, Riw5C) T, WEOKEHZ
MELLZPSE T, 8 H8HIZ, ELENLLS
W B WYMV ES0H 2 X7z 550 @ 40
BHIEZ0F WL TET, 7] & kS MBBEHOAE
BTz,
(2) 1997 4F5RBk

FINCRBAL LSS L7236, FW S 5%, Tz b
B L OHF IO T WYMV OEFEASE Z 5 2,
D DTz0 WEDRERE FBED I ETRETET
22 BEMOIAX50/%, 4 H8HIZWYMV iH
PG~ L, WBRBLOA ML A L7z, Bl
BIWEA LEF L2 49%%E, 5 H 23 HIZH Y Iy,
Ve, M THOEREZNIZONWT
ELISA 12X ) WYMV B0 A % FH<72,

WYMV o#eiiix, wisEFAKIC DAS-ELISA (2 &
o7z, WTFHMEMAT S E X, WY LiF-aaF
DA IKFEAKP THRAERE, S OITBE WIS L
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ThHEZEEIHR Wz, ZOHE, 005% (v/v) O
Tween20 % il . 72 7 = v WA (pH7.0) (BLF
TCB &3%) (5, 1984) wEED 20 f5&EMN
2T, SHUBREELBENIT L7120, YEOA
PR EMAZCEBRL, Totilzieidee Lz,
I TR TR TH T e O T 2 Jiit &
FIBRICALER L 723 & b R IR IX & L7z,

& 3

1996 SEDFRERT, FIC WYMV 75 4435 12 B Aifl
L 28 HEMEHR S g% COATLRAREHENT
3SHAMBECLaLFTIE, 9B 1IRTYA L
A GG L BRSO SN, 4 s 5 H EAUIC
JBRYAHEZ 5 2 LATR SNz, 1 RRITBAEMAAGIE L
720 ZOFFMLTHEET SE/23 L F 27 KITIE,
IR S e h o 72,

1997 SEORERTIE, HFIC WYMV HHmE 13
AFWERRMLT, 20FE5 ATWE THETE
Tl &, 49 Kot FEITITHBIZED ST,
WYMV b shedolz, TH» S,
WYMV 3 49 ¥k 4 BRTH & 7z,

£ =

REBOBHRBOM RS S, 2 AFHRWYMV
ST 2R, B BROMGICH D EHHS
Ne otz

T, R 2 I TRV ICRELZD
BRIBY MG~ L 224, BHEMM210 Ak
Ao 11 A EETlE, HBEREsEVboIZE
JEYRRR & SRR o 720 —H T, FL 23
W 3 A F a2 BE 2 2 2 CIE Y ms R L
k&, 10 A RA» ST E TICHEBER~E
L7723 DICHRT, 11 ASHIZBMLZZbDT
&, BGRE - RRRESRKE KT LA, 2ol
LD, 3 AFREMRRICIE, BN Y
SR, b b ERGEE B 5 2 LA S
MmElpoiz, 5T, TOUMBITEZ - 72 j&gensH
BORTHHEE RITL, ZORMBISET - 72k
EBBEOTRIFIIN T 23BN ERH S E
ootz BAMFEMIMAZ O LERNE LT, aAF
DHERITHE) EZEDOBALR RGBSR N R ENE RS
Noo $)7 - W& (1940) ZGH AL BAEH
BROIAFERAML, BHEOEGTBREIZL )T
WREPEDD I LEREL TS, LL, AR
BT CABERBEO 3 A F 2 (RGIEE L Twv
LTl b, ZZTRENIEGAFELIIE, 16

5104 75 (2005)

FMOAE OENIEGET, JRk 50 E0ME
NEZOLbNSL, WYMV & [ U Bymovirus J& T
Polymyxa graminis |2 & ) -85 BaYMV 4%
Gl&E 294 o A FREMIH T, BGFE H IR
L BKEICE Y BEDT SR UM 1986) 6
HEEICRE LT, ARREBRC oG, HY
Wi, 7C~ 17 Co#iFcHEBLTBY, B
BEREC~15TTho7z, 85 - A, 1
HRECTILAXTE2ECT, BHEzWAELLLZ S,
10CTHS 15 CTROFEHRITWMLL, 15T EBX
P10 CUTTRERP Y Lholz BB L T2,
Mo ORERTIE, BAL LT TR LT
WAS, FEIREIR & S NS IR ARGRERIC BT 2 K
Y O IR & (I T B D, WY
TFE R % Pe 5 BN & L CHIR ST o mEMEAUR
BEINz EERBBLR8TC~15CTRISET
%L, B SLMANOFIMOMKT O0REE, Ml
ZMRICBE L CRRG I R SR 1 K S & 2 EIKT 5,
RIZ, 24EMORERT, 4 HUEOBARB O
R, BLHD WYMV S5 2 2 L0
Totze LAL, 2 AFEBREN IS 3 ICHY;
THECEAE, 5 AFTWTH WYMV id# E#2 5
RIS Y, 2, BTE2 S ORIE DKL,
FEDO WYMV ~NOJEGZ X 2 BHEM ORH~DR
BRIRIILAERVWEEZON TNETH, T4
R I WYMV BGedske 2 ) BRISHH T
AwbhTbBh, ZOZ ik, KEOKENISD
oz, T, BRCEEEELEVWEE
WZ, FIZD WYMV EHRZ 5 2 &k, #HEAH
DALAFRADBADEICDRIZILEZRLTY
Do K& AXKEMFETIE, BYIH L 2 2 RBPORK
L7z P. graminis DIRIRIE 1%, FRUREICHZ %
EwbhT&R (S 197D, kol irs,
T AFRBERHRICBOTDH, FICWYMV 2 #E3
53 LFRIZBALL P. graminis &, 72& z
WYMV %A LREHICHE S Lo HEIThSI Ve
L CH ROVEM DIEGIR DTN B 5§ 5 Wl fg kAt
ES AV (W
0000000000000000000000
DOoowymMvoooooo
T, FEMICBE§ 2 BYgA5EE 2 5 03B <
HHIEDPWEDNE RSN, BALZ WYMV %
I LAFRNTODHIIL TW200iE, ZhETH
SPTERM ol 22°C, ALY EMCT L
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FERWOWY, Z2OHMTHE M EEHBTHD WYMV
PR SN D DD EHTz, T2, Wil - KR EWE
L, WYMV 25& 0 X9 ZEBREE T TR L Tw»
B DN RRTIzo W Z RS2 2 & RSB
HHbERESNTHDEZ 05 G5 - E 1940),
R OE N E WYMV OBEGEI] & 0 R AT 5 75>
DERDH B DO NT b AR,

FHikd LM

ARERILATER & 7] CHAL R~ ¥ — N 3 A
FREEMHIE MY TB I o7z, BHEREE X,
M-2 L ALETHE. DT ORERERE, HHEER
THEiLT %o

ABRIE, 19934E2 5 3EMBI o7z, B,
I L FHEEMBTIE, BHEREOZX ML AIZLD I
WAIEHE SN B &) Wi A U (Slykhuis  1976),
[l — DT E LAWY Y 235 L BHEIC
L DFIRR T A NV ADBEIEEP RS EHE 2
LNz 22T, RIS WYMV MR E AT
LB, —~HORERIC-EBOKE IR L
ELISA IZfit3 52 & L L7z,

1993 4F~ 1994 4F

1993 EFBMORER T, WX ¥ H 334
F| 2RV HBRIE 1 X 25 BREREMN 5 A TS
ERICREL, £#X254~6F, —MHL720 20
~ 30 ¥RZ Y ILY ELISA (2t L7z #ERIE, 9
A28 Hic4rw, 10 H27 H, 11 A30H, 1420
H, 2A21H, 3A11H, 3A24HBXU4 A
12HOF7E, IAFZHYIY, ELISAIZLD
WYMV ¥t % 3 72 ELISA O#ikeig & LCit
WalERd 5L &2, ERA TPBS (M Tk
TCB) % 20 f5&Nzx CTHEMR: L THRAIMEE, 20
i % TPBS (BT #8id TCB) T& 512 10 f5A R
L72b DD 2 RExRE- 720 BRI MERAZ W
E & HET O WYMV HURRESEWS 0 & LT
SRHRIUEE I 0 BT WYMV 5 O AIR 1 7 Heik
BT otz FIWIREE, BSOS E, 5HH
HEXZBRL, WHEBHENZEET 5 LI,
3H24HE 4 H 12 HiZid, 57 FRIZDWTHEHE
EMA L7,

1994 4~ 1995 EEORERTIE, Wil [F 7 a A
¥ BRI, BN A2 BBEE L, BN o,
A WYMV ORI B %2 RIT T2 IOV TR
Rt L7z0 F7z, WSS L SR 2R L2 &
B, 1HEENN4720 11X 25 4T 10 X % s BRFE

WICIEEICERE Lz 9 b5 RKERIUAE L, £
WKELZ, 2~ 3#k/IX, 1HRAIICS & 4520 ~ 25
PRa 4 0 B ) ELISA I2fit L7zo %D @ 5 X % 595
AAEEX E LT, 20 /X, 14O & A5 100
RO FmmMAICH L, WAL, 9 20H, 9
H28HE 10 H4 D 3ME Lize AFHRIUE, 10
AH27H, 114290, 124260, 1A30H, 3
A7H, 3HI5HBXU3H2HO 7l E L7
SRR OTANL, WKL o723 H 28 H
BIZ ol

1995 £~ 1996 SEORERD [F T arF¥] &2/
Wiz, HEIZIOH20HE 104D 2 E Lz,
MBI, 25 H/XKE LT, HIFBHEHIZOEX 10X %
RIS AT B LSS L 720 WYMV B I,
FRRIUEIS, 2~ 30R/IX, 1HEHICD &7 20
~25 k&MY MY ELISA ISt L7z, %72,
WYMV #iH &350, FUHIZ 1o &
2R/ KT OEF 20 kD T AFEIY HIFT, H L
HOWMEZMEL, 74V ZAORMEY & a4F
O PO R L OBRE R, ZWEIE, T4
FoHh R % 60 CORLEERET 30 H Hsz#: L 724
E L7

[l 35 P O S, & i o g 1, TV-2 & [\ UHET
EHTETUE L7z, 1994 4E~ 1995 EDIREE T — &
i, IV-2EFLDTH B, PRRHREL EOH
BEMODICIRENEI:4 HFHETL Lz,
i 3

1993 4F- 3R

WYMV (&, #8157 A% 30 ki 3 ko T
Moo I N (M8). k2 % T,
WYMV i 30 % 18 Bk T o A SR S h
7275, FDHH 16 RIZ 10 AR DML 2o
7oo M EERT, 2HRTHIMEL o728, 10 BT
WXL 572, 1 H20 HORETIE, 238
20 BROMTFERCREtEE 2 ), 1 BRDY 10 B A BRUC
XVBHL o7z M LTI, 20 kCTHITEL &
S72H, F0HHO 10 KRiZ 10 fEHFUC L etk &
Lotz CORMLIKE2 AT, 3 H T, 5K
BEWMo 4 12HIC, #REDEIEAEDLS
WYMV 25t &, #iE o 10 fEABUC & 2 #ih
BOMTIL, BOOLNRVPHENTH - 72, WU,
3H 1 HIZWMO THER SN, 12 AR, B
ORMBFEMMICAY, BRAEEIC#EE L7223 Abd
T, METOa2X0M EHHEB LT 10 cm
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5104 75 (2005)

90 [Ao#h 2B

gg}-m¢$<mﬁﬁm>w

E S AR

—>

ERRIA
WETIRTBE LEE |

10/27 11/30

1/20
HEAAR

2/21 3/11 3/24 4/12

()
20

90 [Bo s
80 [\ o3 FEp (10f5%5%) 2)

IS
o
T T T T TTT

B Ha
4 (E&10cm)

RHFERRE

10/27 11/30

1/20
HEAAR

0
2/21 3/11 3/24 4/12

00 WYMV BRMECHETZaaF (91 28 HiRH) #EE (A) - #FE B) 550 WYMV BiliEROHER

(1993 4~ 1994 4F)

H P ibind, &WEH QRS E L RIED TS & L,

a) #EHC,

M EFRIE Tween20 WY ¥ R AP AIEK (TPBS), i F#IE Tween20 i 27 T ¥ BRARM

(pH7.0) ZZNETN 20 FEMATT YOS L TR EZ, 512N ThOBERHERER T 10 fFHRL

72D,

DIMEE, 1ZIF0CTHo7. D%, e ITHR
AR ER L7,

1994 43R5

[y 7ansx] Tk, WYMV o= L&A
BRI LIRS X BBV Id <, 11 AT LD
45~ 70 % OO T THRIBEE N (K9).
DL E WYMV iZ#h L5z A s ni
Motze WYMV X, 12 H FHLREE, #EETh
Mt h, 1 H T, 9H20H, 28 HOW
HHEX O 136 - HFEE b B E DT 90% L. &
otz ZTOHRMBYIMATHRTHMIMEIIKE L
1bid %o 7ze WU, 9 H 20 HIRHEX T3 A 15
HIZHO ThER S L7z,
KimofE#IE, FERET, B EHFTO WYMV
Bei=As L4 % 12 A igh 58480 3 iy £
TlE, ZAFIIHETICHD, HEH - HTHE D
IZIZIZ 0 COBBETITH 5 72

1995 4F 3R

1995 £~ 1996 SEDIMEE T — ¥ 13, FLEFEATO
720, RIMEZZBEC-OTEK L2, WYMV
&, W12 A®KO 11 A B, admis

Nehol (M10). EHEH2 A% 12 A L4
1250 ~ 70 2%DOBRDOH T 5 O A Sz, b

FESIE, 1A EmICIImEEIRN, 10 74 B
DA, 9 H 20 BIFFICHE L TR E T

DRy oIz, Tz, MOFELFERIZ, FWHETO
2 AL, 3 A EOWMBROH EERD S 4
NVABKBEN, aaFiE, 12HTEH»S 3 H
FHETHRETICH - 720 FRiZ, 3H19HICY
H 20 HIFHEX TR TRl H iz,
IAFONYER, 12 A PAE TIZML7225, 20
BEETTIRIIEAEHIML T ahoZz (K10),
£ =

ChET, I LFREFHICONT, WYMV 28
WO I AFHRHNTHEIE L T 200IEHS»TlER
Molze RRBRIZBWT, 3EMOBBIZBIT S0
LFEHNO WYMV OBREIZOWTELTOZ & A5H
Sk rolze OWYMV L, RS 14 HULER
STETHRTHRE SN, 2ok LI ToRESh
%o @ LT WYMV 235@E3RICHIE SN DI,
IAXHPRETICEINLTHALTH L, @ WYMV
(& 3 H AR A T & R o R S
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(c)
40
LA m9 B20REE
e 9 BogAiERE - 30
A10F 4 B#EEE

HETIREMELEE

St S R

RHREEBIA] 5,

10

10/27 11/29  12/26 2/21 3/73/15 3/25
AERA
()
30
LB o9 BeoR#EiE
F 09 A2sR#&:E
L AI0P 4 BiERE RHFERBIE 20
410
H¥F#H9#08
(R & 10cm) //
11/29  12/26 2/21 3/73/15 3/25 0

RAERA

35

00 WYMVERBERICECZIAFHER (A) - BTFH B) 2250 WYMV BIHEOHER (1994 4F~ 1995 4F)
HPH L, &EH OREHE RIEOFH & L,

e E
(O /%)

5

4

3

I e 9 A20H#ERE
m10A 4 RigfE

11/6 12/4 1/12 2/29 3/28 5/1

WA B

[ 8B
[ e 9 A20R#&E

[ m10A 4 B#&#E R SIREIA

EET AR

1/12
HEAR

&
11/6  12/4 2/29 3/28 5/1

[ #TER

[ O 9 B20E#&E#E

[ O10R 4 B REIRRA

11u/6 1/12 2/29 3/28 5/1

AZEARA

12/4

010 WYMV {EHRESICE T/ 2 F Lo ES X O LI E T2 S50 WYMV RO

T —N— 3B (n

:20) %—f 2%1_0

(1995 4E~ 1996 4E)
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()
20
oF —a— BTHHE (RE10m)
16 BT E R
b Pigpn
B 12F |e >
5 of m&-&m
o F 5
A opy gﬁhﬁu
6 [ 10A 3 A&t
SN
4F  10B9REE
oF 4
3 10B 16 H %@ vl
O Cololobolabobo b ba oo ba b ba o boba b baba boba b baba b ba b baba b ba b ba u b b b ba ba b b b ba bu b ba b b b
° 108 118 ) 128 "
A B

011 $FFEMBEIREICHBIT S 1997 4£ 10 A~ 12 A 0 B F4iERaR GUbEEMst v ¥ —) &

AR H & ORISR

a) WS 10cm® H P iiAsHAR L T8 C 05 C~ 15T+ 05 CTREGB LM & L7ze HPFHELZ, #W

& H O i & o e Lz,

ERICRHENE, E512, @ WYMV @ ELISA
HIZOTTHHMIML T2, ® WYMV #iiid o
AXOEWENIEALEML W4T THnL
Twb, UEORERLS, WYMV X, 0T~
5 COBBTFTILAFOEFILALERL
FMETTHILCWAZEPHONE o7 U A
VADOBREIX, WSSMV T #HESINL TS
(Carroll et al.  1993), WSSMV Tli%, ELISA D
S EAAE, W% 30 H~60 H T3 TR S
n, “H»S5 a2 FOEEVRLT LR L
(Cunfer et al. 1988) I A FFZEMHE IR L S
MMZRLTWb, I A FREMHTIE, HHHER]
PR VII ERFI LW S &P RE SN T WS,
S ORETIX, 1994 4F - 1995 4FD 2 4 & T,
FEREE] & 7 AV AR OHER I — 8 O BIFRIEFED
LT, B OEWIE T AV A OBEFEEE K
ERPEERIZLTVRWVWEEZ B,
D000000O00wWYMVODOOODOOOO
INFE T, FAEABOFM LA 4 2 PR
WD ED, WK% E S 5 BR 2 S R IHNIC A
MEDWEBENTVD ) - WH 1940, Hfy
51971, ¥ 5 1995), HWifiT, BT AF
WRALZ: WYMV 234 208 U Ca A FHHNT
B L BRI T A2 E 2SI L7225, ab
FHRNTO WYMV OB R 585G O ™7 £ L A
BothEx, WA R R > THRESEDLL I LI
Lol bbb od, HHBIER LS LI
BEICEEEZEL TV, 22T, BHEHNORL 2

IAFEFEFICWOMY, 2o s FH Lo
WYMV % ELISA THIxHIZ T 52 & T,
BEMBORSEE 2L &1L, I L0FKHAD
WYMV #5358 7% 2 2 ffih o7z,

MHEH LOHE

IAFNHIE, TFY7aax] 2l Rk
WAL E e v & — O 3 A FHEREYTB C
Tolee WAL, 1997410 H3H, 9H, 16 H
D3ME L7z 1IN0 TX 25 T10 X%
AERES NI RICHCE L7z, WEER T 0 1998
E3H 28 HIZ2Hk/IX, 1#EMMICOE 20 ¥k9° D
EAEAIRY, Yo7z T AF 1 koM |
%, TPBS #MATHERLZDL, 136Nzl
% TPBS T 553> 12500 fi5 £ TEBEBEA ML 720
FWEEICINS —~HOMML 72300 2 1EH L,
ELISA 2t L7zc ELISA IZ, M-3 &MU H#:
2k o7

FEGI I H P iR A 8 TH 5 15 COM &
LT, HILEENT L v ¥ —NOKRSBINEE OB
E10emlI BT 2 HBT— 7 2 oHiE L7z bk
ROLBRFAIEL, WY B 725 ORRIZOWT, 3
H18 H (W%H) #5137 HBXICHEL,
I3 B B IRE D B IR AR D BHEE & FEIRARE & AT L 72,
i 7

Wi DOZALA S, 1997 FEHFEM I 2 FITBT 5
FEHME O Y B NE, I0H7H~11H24H
EHEE L7 (K1), FEMEEREO 4 1 H O
TIE, 10 H 3 HIFMEX & 10 A 9 HFHIX & O T

i

f
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00 REGREHDEED WYMV O3 A FRNBREEIC RITT R

- HIREE (%) FEIRRRSE ¥ ELTSAfEY RO P A AR5/ A I 4
(5 XOEHHE) (5 K DFHE) x2500°) x12500° x25009  x12500°
10/ 3H 23.3 6.8 1.464+0.306 0.207=0. 063 20/20 19/20
10/ 9H 22.5 7.4 1.2660.359 0.194=0.075 20/20 19/20
10416 H 10.6 3.1 1.00240. 304 0.117=0. 052 20/20 13/20

IAFGHIR[F Y7 anF] ZH, 1998 4EIZHER L, 1998 4F 3 H 28 HIZEE 2L, 4 H 1 BIZRWEME L.
a) JEWFERE = (DI1 oM x 1 +DI2 oM%< 2 +DI3 oM%< 3 +DI4 OMEx 4) % 100~ GRAEME < 4)

b) 20 kD ELISA fii ¥t + AR 7=

c) PUEREL : B 1 g 24729 20ml © TPBS M2 CTHEEM: L7zl Z x 20 £ L, TPBS THIEDRHHRET

ML 720

&, FEWERE, BWRBEICEN R ol 2L,
10 A 16 HIFMEX TIE, Fhitkss, BHEEITVT
b, 10 H 3 HIEMX, 9 HIFMEXIZHTESL
% o720 ELISA 1T & % E&4etkaid, 2500 f5ABT
&, WThOBEHTL 100 % & 2 ) O
X BEFAD SN H 572 12500 AR TIE,
10 H 3 H¥&MEX, 10 H 9 H#EHX TR AL 20
B 19 TH o 720izxt LT, 10 A 16 H#FHX
TIIBE MRS 20 B 13 ¥k CTH o7z (£5), F
7z, 2500 £, 12500 f5 D& A MEREIZB VT, Kk
T4 o 20 ko ELISA 0 F¥ M, &
PEL B DIZONTE T LTW22%, 10 H 16 H#%
FEX TR o 72,0

% =

PEAE O B 2 R O B IIC X 2 51T IREh
RRIRRBRTOERINZ, D&, FHYICH
DOFETORNE WYMV IZESELTWE I ERD
FEWIRRER DE T, RPREROE N T KWL 72 D
TRV EPFHLLTH D, —J7, 12500 fELL LD
EARERICBWT, HEMNIES LI LT
ELISA 7MKL, WYMV Btk B 12 % %
AL, TLFENTO WYMV OGRS EW D
LTWBZENHLNE ko7, ELISA B L U
PR AR DL IZ 7850 & N7 R 0 VI, F89
MERRLRIFREOMINE —F LTz, 2 L2
Ehn, HEHENSL L, T A IV AOBGE RN
L, EHIEHHBERINE I EVHLNE R 5T,
0000000000000000000000
MEICB VT, HHEMAZES S22 & TRBEH O
TLFERNO WYMV REICEWEELTWDL I E
EWHOLPIT LT o C, W2 ESE52 8T
L FERAD T A V2 OBEGE R A S DB %
I, BRI EShL LEZ Oz, ThET, &
T2 E<$25 L TRHBPBERSNSMIEL LT
&, HRERRRT 2 HIRAMK B 2 & T, YT

BHIHAE 2B 2 EDFERNEEZ SN TE: (B
Ji A 1940) 0 AT, EHELIANEL 51T
&, BYAFEME R O a AX0AEFRIEAS TS S
CWCHEL, EFERORR L 3 A FH & FRICIH G
S ICBHL, BEOFRIENDIBDONL %
7z,

MHRB LUOHE

V-1 OFfERMS, RETHRGAFEYME [H
SR HIEAT8 C~ 15 COMM ] LEH/L T, Hil
B OMPATRAT S L ZIEFTROR LS ILY
B2 TGRS (AR L, BB BepR, FomtkE,
e B e AT L7z BUBRIE 1996 4E~ 1997 4E12,
M-2 &R UHRALRENIEL v & —ND 3 A FHE
e o5 WG G B 2 e o 720 MRS O BHFEREZE
X, M-2¢2HMLETHb, IAFRHEEE [FoT7 2
A¥| BV, IAFE, BEEImOE = VKRY
MZEED 7B TN RO R ZE AR (7 LovE
SR T 3k/ERE LTHREL, 20 C~ 25 Coili
FHNTHE T, WlEZZ 572012, HHEILIA
20H, 9H27H, I0H4HD3MBI o7,
V-1 FRICESENOMEEZIE L, HFHHE
15CUTICAR-7210 11 HEZD 10 HE® 10
H 21 HIZ, =0T A X &2 GYMEGCBAL 72,
MRS, BEie B & OV UATH U & Fi & % O
Ry b2SWEIY, BISHHHE L72REIRO R ZEH; 1
FRCIRDFEL L, RICHEEGEZL X W) I
L7z Hilizmete U<, 1RoOBREIZ 120N
BRSO X 3 RAE, 1A%z 20 Kk, A 60
MeaBhi L7z, B, KX 22m, B 75 cmDlE
Z 3H W, MERXIE 1 X 2 mic 20 ¥k (#RRT 10
em), 3[MEEL, 121 7oy e LT, UL
7 KEENOE RO EIZHE L7z, BENDZEW7:
Wimid, #e LCHEHEL 2

10 A 11 HiZix, 9 A 20 HikHO 3 M oW &
9H 27 Bt 2 EMOW ZBA L 72, 10 A 21
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HiZiE, 9H 20 BFMOEK 3 OW, 9 H 27 Ok
MoOEH 201, BLU10H 4 HiFHD 3 o
Wiz BRI L 720 S8R L IR ORA L, B4
HBO1997FE3H 17T HURE7THBEIZM-1 TED
72 IRE (DD ICERDOEBI o/, MR
R4 H 28 HIZIX, &bz Y, ELISAIZX
D A S WYMV OB & A4 7o FEWikkE,
AV ARRINEIE, SRR I L, i

00 JAFHOBKHHDB L OB O EFTERRE
WYMV EGRRARIC T 528

5104 75 (2005)

INEEAEEIC L D BE L7,

i 7

HRERX DO WYMV MO M F e (e
Wi 5 %) CTHEMNAEESRBD S horz (£
6)o WL 3 A 17 HIZHO TRD LI/, Stk
ik, 4 H7THCHEXEIRDIELRY, ToHB~
AFVZICEDETLA (7). 10 11 HIZ2
L SETRMLZ 2 2X0MICiE, 4 H 21
HTHRBHRETHERRENROON, 1021 H
BT, 3N L 2 X3R5tk
B, REWEAZRERBML 720 2 DOX LD
USRS THRETN A BESRO bz, F 72,

I BIEEO I AX0  WMVELKEERY (%)
~ EEAF— 108 11 HE 10 H 21 HICFH U 3 Mo 2 A0 L
10H11H R 1) 98.3 a . AN J
. e 00,0 . oMok T, 3H 31 H~4 H 14 HORHE
10A21H 2953 93.3 a B O FERRBICREIN A BEZ RO SN (R
n ¥ 100. 0 a E g e R . %P %
) e L00.0 . 8)o MOLEWRMENEL o247 HORIRE

a) &IX 60 #r ELISA 12X ) WYMV 25k S 7=k
DHEEZERHEE L, 3REOREFKE (%) O

WMosERmARENTEZ BT L, 1011 HBX
O*10 H 21 HOBHIXDZhZh T, BAkEOAT

@AO

] — A H O 3305 % A L7 B o B, e/ DPHEA TV XIT EERERD 5D 5 HEE D - 72
HEEET, GMES B THELREVPROLNENWI L

2%+, (3 12),

ILFBAX [Fr7TanE] T, 1996 FE IR L 72, z 2

BN, 1997 474 H 28 HICHRINL 720
V-1 O Ri%G Heli 35 & 15 el & o [ O A A

00 AEHREREPRZZL3LFHZFEICHEBS~NEMLCE &, 3 AFOEFEEDEROMEMITE
TR AT

10 A 11 H &g FEI A H

S LAXABEM SAITH 3H24H 3A31H 4A7H 4A14H 4A21H 4A28H
SIEHA *25.0a 33.3a 86.7a 91.7a 83.3a 60.0a 55.0a
PES 13.3a 41.7a 70.0a 88.3a 73.3a 18.3 b 26.7a

10 H 21 H B A IR FJpi R Ax H

S AXAEFEM S3AITH 3H24H 3A31H 4A7H 4A14H 4A21H 4A28H
83 11.7a  71.7a 90.0a 88.3a 75.0a 51.7a 63.3a
X502 13.3a  65.0a 85.0a 86.7a T7l.la 26.7ab 41.7a
RE: 31 5.0a  40.0 b 41.7b 40.0 b 28.3 b 6.7b 11.7 b

¥ 0 3EOFRHEHRE (%) OFHME, F—@fH ORI T2 M LBEOMICIE, BNEEAETRERES %TH
BhEMROLNLTVWZ EE2EKT,

IAFNEIE [F 7 anF] T, 1996 I3 L 72,

T, 1997 EICKIX 20 Bk 3 KAEET 60 FRIZDWTHT - 72

00 3#EMoOaLFHEHMZER THREY~ERM L7z &, BRI ORI ZEMNFERRIT K

ZTIE
BhH FEF A A

3H17TH 3H24H 3A31H 4H7TH 4J14H 4JJ21H 4/128H

10A11H *26.0a  33.3a 86.7a 91.7a 83.3a  60.0a  55.0a

10421H 5. 0a 40. Oa 41.7b 40. Ob 28. 3b 6.7b 11.7b

* 1 3 EORFME (%) OFHMH, FH—#HAEHOE—FLPEMN L2 BMOBICIE, R/NEEEE CfabE
5% THBLGENRDON W L% EKT,

ILAFRMEE [y 7anE] T, 1996 EIHEREL -,

T, 1997 412X 20 ¥k 3 FAEET 60 #RIZD W THT - 726
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®iERH TEAERE D RiRtEHAIEE
(1996%) EH R

0 20 40 60 80 100%
108118 3EH 077777

SN
108118 2ZEH) v

0 20 40 60 80 100%
108218 53 % 97

F\
10H21H EHo v G
10A21A 3EH %
012 BHEOEFTREIFHEOFIFILEI LTS

/.
W

TR (DD &, FWHRELI RS FH 72 1997 4E 4
A7 H#RAIZL %,

TR (DD

W4 280BLVES S VERE—BENEDAEEET S

3 RFEH A VEREEMERERT 3

2! EUEICHEEL YA VEREET S

A 1: Bt LoBicHb Y 1 VER

[Jo: &%

HERORER T, W CAEFEEO I AFH 2 HNT,
KI5 YL 20 & 15 Y~ OB O LW X (T &
FERIRE L RBIRES T L v R 2R,
Zhug, (R ZROL LRBPMLLS R L] &
W) THETORE (B2 1919, FIH - EE 1935a,
ik - A 1940) #EMNTF L, LaL, 9H28H
510 A 11 Ho 2 A O MY ICERE L 72X T
(X, 10 H 5 HPARRICIH U 2 R geiIc g & L 7
D> KA AR TR RFRIIL L, BEOFIHEED
TV EREEL, 202 kid, —5T, BiE
E55 2 THEWIWML < 7 2 BEIZ R VRN
YLz EDFERNTIRAZWT & E2RT, REiTIL,
B2 #5823 LR E o3 A X0 g
BRI b LICFHEHL, AFROH LS
KX R, G ] T P (2RI L35 e 3 L 2 R A
UIESERICIER§ 2 &, BBRRICEFTFEOD VD
DOBRBHEORFHHREL L OREIMEL 25 L) &
Refilc, $4bb, BREROIAFOEFTEND
LW EREORIFIHREINDE LW D, LS
ST, WHHHZES 2 I LI X B FMmEIRA I
&, ILAFORPMMOEFT R DR & AR
D—oLEZ LN, HERBEBMOILFOLEE
BHIZ ML FE7OBRIZH L EEZOND,
0000000000000000000000

0O00oO00oO00Oon

V-1. T, ML 8 T~ 15 ColpEkeisie =

DRFTWIEPHLNE L o7z REITIE, TR
BEBEC O RGBT O e S SRR T TR
WoNTTHHNT, BREHHORES 2L &
WCHUT R & H BT 0 A4 OV X OB EH R R B
FENDHRONE PRIz, T L F % PTEO I H
2 10 C—E IR o 7z HEEREMA N T o A THE
MERTERTEIEE L WYMV IQRGESE2, 20
%, BRWETICBHL P graminis DIEEASHIH & h
%5 CTHLBRZME L THET, WYMV 0
l, FEWRE R RA L 72,

MEE L UHE

IAFRMIE, [Fr7asF] 2l (2
PRG3RI, T E 0K ZER T Yl 7> S PRI
L7zo 154 81E, + iz S CREE 2 mo 5
BVEML7z, TOHRTIIC, SEILRIER %
Zz ASU486 (a2 —7 47 I 7 )VEl) 238k TT Yo
SLHRICL72b 0% 13 1 kgi720 1 g DFIAT
RBEL7. TAFHTFIL, 70%T ¥ ) — Vil 30
BHEREL, DWW THLE T CHRERRE 1 %00
WHEBT ) Y AT 10 MR E R L7z,
K vy —L (EE15cm, B 10cm) HNOEEZR
KRBREFADON=IF 254 POREIHERL, W
WARZIEE, 25 COMIIETHRIF ¥/, 5 HERIC
CNREMOML, FEHPEISI 2~3mDbDT,
RIRH O BIAHWIRTRO SNV D RAT,
TECHB LWL 90 g $o& Y, 100ml
Y— —l3iniz. 2212, LRRTRAZILFR
FTOMEIES 2emil 25 L) ICBI L, T4
FIAEZIE, E—h =570 KT OER 50 M
DE—H—ITBH Lz, U—h—DhiRizid, K%
HIF72WAKHDT 5 AF v 7 BO KBRS & I
LRAAR, FHEHMPIZE—h — N HIEER A
MEVERIZ, ZORERE LI HKEKERK L
(K13)o aaFoWFMEDIIE —H —2hk%
TN IRANVTE, BRI X 5RO 17 % v
o NLASZEN (TOMY L8, CU-350A) 12
KA % RE L, Kz AT O — )V OWiEH T&
5720 MIBMIZIZE - —DEEEFRLARZHIT,
V= —HNOLEORS FTRIZEN»D LHICL
720 &AM 10 C, 12 B HE, GAEBARB =
190 u photon/s/md AN LTRGF T, [HIEKMEREE
BICX ) HEEES 10 CIcts, a2 FHziH%
T HUCHEE L7z, 30 AR, 25 $ha VRSB
ZOHROILAFH AR L 72 1861%, KEEEAEL
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OLFXFEZ
TIVI ARSI
RHETIZXF v 7RBE
100mMIBH S RE—H—
b St

TERKEREE

TS RFy 7 EKE

013 Hietiih 5B S ¥ 5 720 O LI Em
DK

72O Tz, 14 $k% BAEZ IR DY, K8k % HifL
ELT, ZOHOILFH O BB X O T #AH
5 ELISA 12X ) WYMV O#iH 2 ikAa7z, & 512,
RO O 10 $ko 3 A FIE, KER - TRZKEAK
TREE, 1R oH), BE LRSS
FEOLEZImDO Y ZIVRy M2 1 ERTOHOR
L7z SHI23 7 HBRERE 5 Clifto 2 ATR
RN THE T, M EH2» 5 ELISAICXD
WYMV Ot % ik 7zo MRS, HietgeicigE
60 H#&IZ, 350 @ 25 k-0 a A FHiZ ML, *
OO 15 §KFICOWTHE LB L OHTE2 5
WYMV D8t % ik, 10 k55120 CTHBHE LA
M5 CTHEC. 2H AH%ICH L2 WYMV
AR R W Al

& S
FKIIWRLALHIE, WYMV i, BHEC, 75
e 14812 10 T T 30 HHE#R L 72X Tlx, #iF#T
F 4G oa s ETrORB SNz, il
T, 4P 1850 arFhroBlBisni,
=77, %I 60 HHBEEE L72X TS, BHiK
WCEHT 25 15 8%kGo&ETH S, T2, Hhk
HTIX 158k 1 86505 WYMV 23kt S 7z,
2 M H OB 5 CT 37 HHEE T2t Lk
Bid, BEEMMEAT30 HOX Tk 30 Hrf 1 4T, F
7o, BFEMM 60 HM O X Tid 30 #k 15 #k T

5104 75 (2005)

00 EREHMsIAFHTHREL O ETTD
WYMV D5l & FE 12 Je 135 58

WYMVH: HH A

= VU a) #orb)d)

SR TR T Hb B
30H 1/14 14/14 1/30
60 H 1/15 15/15 15/30

a) SR - HIR 10 TR o 2 A TR S =N L EEA T
s LI

b) B BRICRE LICBRL 5 COATRREHNTS3
7 H BB A L 72,

c) FRRPIMMBICIRAE L7, 3MEfk/$kE LT, ELISA
T WYMV Btk eh$ ek

d) WYMV 258 & 2= MR AR/t S A5

WYMV 238 S 7z,
% =

153 T3 &G T8 75 TR S 1R T T OB 5 11 1)
DEWIZLY, ZOHOILFENTOTA VD
BERIZENSE L, ZORENHOFNLAZ0
B EIBTOMMIEIEAD 5 72, KRERTIE,
CHilO I A FHFAZZEGBICEEZELTVDE0D
T, YT B AE R O fE F AT R OBV O S
v COREED S, YIS 2 R SRS
LZHMOR L DBV ZOHOM LEHTO WYMV
DOWFRFERI B Z RIFLTWAH I LD S e
Tolzo $)7 A (1940) 13, HHEMZESE D
LK D BEOFWPW LB O—2 L LT, &
W WYMV E&Gehsul ge 2 IR A S b 7z &
ELLTW5, FEOHKRIE, ZOERLEMTS
bDErol,

SRR OME RS S, AR T E A %
W TiHYeHED & BRI 2B L) 5 L
&, R BRI, AR IS -
TWZIE30 HMTtH4T, Zokot EifTo
WYMV OG0 % o413, BENHR%Z 60
HEUEE T EUENH L L, BHLDE 572,

0D00D000D00DO0000

ZYe)iCH 5 P. graminis DRFBRIRIE O EE
PRTLE &, Jibkas, FMREEEIC EORRRA
ALA5#2 Z % D%, ARGLRE OB X 5 B bR
WiakET 5 L CORBENMLLE %D, ZD7zDIC
W&, fEGIRIREE % B L CRgei OB L 36 L D
BfRE EmICHARLLENH L, LrL, IAF
WM T YIRTH 5 P graminis DIEFAKIR
fa % K2 s 2 Ll L <, IRIRREFoffEE
RHEPDDLZEDBESHTIEI RV, 22T, a2 4FH
FAR RSS2 SR L - B AL, Che
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IS H s S PRI L 72 T TR AT % 2 & T,
{RRIR L DOICT & FEMbkR, FEIRALRE & DR DM
SRR ZEH S L&) & L

MR E L OAE

A, 19944F 10 A~ 19954 4 A28 o7
FEHRTIEII N T TORBEB I R W
JeREMTE L > ¥ — NI o T3, MRS LRI
[t > & — N OEESEIR 2> S PRI L 72 T3 & v
7zo WEFROEED 1994 4E 10 H 21 HIZERHLL,
I CHEGEE 2 mmOfli % 8 L7z, EEHR T
Rt L, S5 TIECERBEAML, 1465 URiHS%
THEEEEFE100%), 2M8EHR (F50 %), 44
AW (25 %), 8f&AM (I 125 %), 16 f&AM
(IFl 6.25 %), MWt (F0%) O 6 KR DY
BEE 2O LEEER L2, ShE, 5000 50
17=NVDT 7RI Ey MI25kgT 255Dz, 10
A28 HIZ, [Fry7TarnF¥] &2 15 L7z, H
W%, 10/ Ry beRBIIICHMBI&E Lz Ry
M, BEAT10CTERL X ICHRELZHIMLAH
BERIATRRE UNRTER) 1CBEW, 77 %
VAR Yy MU TV I A4 VTEY, EHAKBICE
LHRO EAEZWHI L2, 12 A30 HIZ, Ry M %
BEAMCEE, FPAZSCHEY, HARBHEFITN

RBEITHERF L7220 B4, 4 11 HISHmE AL,
4 H 13 HICH B3 FRILL ELISA 12X ) WYMV
R iRz, RBE T 1 AR IS & 3 A
TBZ o7,

i g

WYMV GR35 4+ O AR A e 12D
NTI T L7z SRS, BB EDLICON
TET LA (K14)0 4 f5ARTIETIREGgerkER L
Wk EN TN, EARIEO 1/3 REICHD
L7zo 4 AU R Tl ge iR & Bk 0T
TREAIMML LY, T, ERHEBGR
BL7z0 LT —FORTHN L WYMV A
sz,

% =
BRI I X AHINT, YR OK
THRROOLNTze ZoZ &, AL a2FR
AEGIRIC BT B R (G R) »MKTF L2
EELOLTWS, HRMEOFREELIIEDL S
& CHIRBUBEMRSHE L2, 202, 324 F
MR T, BREBEOBPIZL Y, EHROR,
AL RIS IR GR IS B U B IR R E O T A 2 %
CLERRLTWBRLEZOLND, Thbh, [EGLH
BHEMKC T AF 1 EERYS72 ) ORERE D %0

ERRL

g

1
415 8 fZ 161

#FRER)

L
415 8 5 16f%

wRMEE

O 14 MEEHHARO M 11T X 5 BRI & o 2 FRZEMIN TSRS - IR o Bk

I T —N—id, BRERGE (n =10) 2K

a) MBMWERZMEILX ([Fr7asF]) & 4EE8EL, BHEEDIITIT 100 %O L Y 1994 4 10 A 21 HIZER
WU -G tise, MBS VRN L 2138 T2 T O BRMAR L 72, Bafthiz, WAERAKho

ELISA AR OHE & TH %,
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5104 75 (2005)

010 FHEP2EZ /L EOBED WYMV W EE

= N WYMVS A g s T
AEBRER () ERERK EEK EEK ABHER B
1995-1996 20/20 20/20 18/20 199643 H 28 H £ I
1996-1997 20/20 20/20 14/15  19974F3 A 26 H H:HL
1997-1998 18/20 20/20 20/20  19984FE3 H 28 HHREL
1998-1999 20/20 20/20 20/20  19994F4 A 27 H EEL
1999-2000 20/20 20/20 20/20  20004E5 2 HELHL
SR TF Y Taas] 2w,

FERED,
a) ELISA FEmes/ filpesk

B, 72k 2L CHERO MR RN S 2
MELDIZEETFLILEEZRLTVD,
0000000000000
MTHHBR7Z2E I, T2 FBERFE RS2
LAFTIE, BRELY —-HREP»HER, ZOk, i
BELLTF OFHRTIX, T AFOEFHRINIEIH 2%
ERETITEY A ZHERPBNT, T/, BWEY
A 7 HERE R L2ETH ZOHERIINY R 5.2 2T,
WA ZHERZIIE L LR MR EHERED
) RARBRET CREI 202 H 2T 5720,
FERFIIZ TR & iR oM 2L, il
& OBRE G L7,

MEE L OHE

ABRIE, 1995 4F~ 1999 4F (RFEAEEE) o 5 4R
BIhot, BEZWRE [Fr7asF] 2w,
MfMiEFCcLMLanFHmEMBHEBESTB S
Lol

75 00 005 00 8 B > REHE T 2 R A IRF I C°H 5 9 A
28 Huifk &, Zomitk 1 AMOF3EEL, £h
IR - B - ERRX L L7, WBRIXIE 1
FEHL720 10 KA, 25 %/ AL L7z, BEOR
FBEH LY, FIFEHICOE 5 ODORBEIZOVTH
WA EBEL, WREALHIE, FIEFZTHBE
FERRER & KRR FRIEE (DD %icskL 7z,
EHIT, BOORENSIE, 1E»S 4T,
FHREHIZOE AR 20 k2% 3 H FAJICHE D I
0, HEERARS DS WYMV OB 217, Ygekk
FERFMAL 2. HEHRET — 7 38Rt
Y —NOREBI T — 5 & vz,

& S

J 1 I 0

WEDTRIR TR S A IZ, BBt 3 A
T, WFhofEL, BOEEMED 7~ 10 H
#%TdH o7z, 2000 FFEDFEED A 3 H HEIZ K He Y
LRED D - 72720, BRI SHE 25380

9H 28 HawwL 27 HEBHERERH & L, BBddh 7 HEjiEE 2 RHERX,

7 B A B & L7

LN holzDid3 A31 HE, MOFIZHRT
B oo KHBREORIFX - FHEX - BEX VT
NIZBWTH, WYMV &Gk 90 %L 1T
Hotz (F10),

FERARIG ) & 2t

ORI, FRBEL D, 199549 A
20 H, 28 HB XU 1999 4 9 H 20 HIZ#ERE L 72X
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Vb &6, a2 FHEZEMR O 5w IR
Eow#e 2y, HE¥YRESBBLA5 CUTT
WENHEREL, EHICHPHRIEN10TE2HER 5
L&, WEEBICAETHL EEZ BN,

OOwYMvVODOOOOOOOOOODOOOOO

oo

Hi £ COHLEY TORBOKE RS, Hiik
DI LT, HFHBESK 8T 5 15 COREIC
TA WG L, ZAHOMET CF¥AUR 0 Chi
%) OWIHMIZa A FHRNTO WYMV #REED L5
L, HEc@EaciRo BRI X ) B EYARS C
DUF ORI E D EAR, 9 HFEHRIRAS 10 CTULE
D H A%t < REICEEE THRBDNE 2 16D 5, &vio
AR N i W AP S A
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7eUBEDSFERIC AT T B, AiB & Ui % )]
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MEE L OHE

I L FHE, T4 FHEZ OB & N AR SN
DFFE G, 13, EBRICHWz4E, ELISA ©
ZfFid, V-5. O THUEEAYZ Mo 723 B E W L
Thbo HHTHETHE 60 HEIZ, I AF2E
WD DIZE—=H =2 OHERY, BEHFDRW
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em € VR Y M ZEE D 72 BE AR R % O R B
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o Tl Z L7z, IRELIOME B X O T
RRICIERR & WYMV MR 42 3 L7z Femtk
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WYMV oMz, ELISA X ) FARZ,
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THEOMNEN R 55 T TREKTHEY, EEHID
A B, BT LR S R HTFERICE) Y 45
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TORAE L 720 BRI ER AR & BRI 2 2 2 C 3
MBI 7% o720 ELISA L, N-1: R UEETH S,
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Baefi L, 55 21 BRIIBRW OB (R
MEOH) O WYMV BN EZR/ARSL 72012
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B 2
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K R L 72,

R 3

TEEALEL 0 HIEF oo WYMV BRI, Bk 1,
2 ITHARTEL, 67 %HETH-72 (K19, 10T

BHESORENE B
019 HWFH»LBEGEI T L ZORBEIEIL
WYMV O¥FEIZ AT imEDE GAER3)
IAFE, 27 HMAR L il % 10 TR H G YT

THT, EERFEICEHELLE, WRELICBRL, Al
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TRMEOM M U BWkERIE, 35 HEREHD S
FEHL, 91 HHT33%ERY, TOHRYAF VT
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%t 190 x4 mol photon/s/mi T 3 M F THT2o H
F, 1Ky PY20 3bkELRD LHMGIEE L7
BRI, W 1g 12 YBEER (pH7.0)
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L3RERIIEE LT/ (K21), WYMV O3
X, 5C, 10T, 15 COHMBIXTHD Mz
(#£12), WYMV Meiisix, 5 CHRILX & 15 TRL
X LD 10 CREX TR 2 S LA Lz, IEER

g w0 ""'f/,;;//////
i //{Z%

_

\

%

IR Z224,
5 901 10T
80-
B 70
¥ 601
8l 501

2 404
= 30
20
10
0 . , .
0 20 40 60
EEEAH

021 WYMV iM% ORE 235 WigE (DD
DRI BT § 2
IAFHHEE [Fr7TasF] 2RV

e (D)

W4 25DHLVEY S JERE—BEMEDAEEET S
3 LHEYA VEREEMERES TS

2! LU EY A VERERT S

[Z 1 B Lo Icip & 5 1 VHER

Oo: mms



Kt © a2 A FRERIR ORI 5028 49

012 # E#IC WYMV % HHi e L 22 o ks
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Rz,

a) ELISA BEs/ hadak i
b) M - AN EADICE YA B D

a4 HEETIE, 5 CHREX L 10 CRALXIZIZIZN
CREERESN20%, 16 CREXIZIN IR
o720 70 A, 156 CHLEX T HEL LAh
EAD IO T 7272 O AEHRIUIA AT b 2 22 5 72,

5 CALHIX & 10 CRLPEIX TId 44 H# L 13IZ U
HETH o720

£ =

WO AF W EHRLICBEL, TEIS
WYMV % &4 0 723 BROAE R h 5, el o
Sl RO FFEFTD 7 ANV AIHTES L O 1=
HOMBTHABITVDE I LR S E ol
F72, VA NVAOH FE~OBAT LHGHIE, 5T
ToOREL Y &, BEREO 10 CHiEOE O
BnWZERHLNE o7, B (1971 1, 4
F A FHEMHT, 2T 5 0MOMRLIIZ X ) 5
FRREABM L 72 L 5 L CTw b, Weise and
Hooper (1971) X, WSSMV {5413 T 20 CTH
T7zaxs¥%, 1CHVWL- 2T+ 15 CoHAIC
BEL7Z2% 10 CIOR$T I LI12 X ) WSSM ORI
B 2 ) BRI E 572 L HmE L T 5,
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FAIUZE L, BRI I — R IR S b
DBIZ e nEWVWR B,

DV, B~ REERBRTIZ, WYMV
(&, S 15 CTld, MmMEEALE 20 H#IZ 12 kv 1
WToArBmB N, 4 HERICERIE SN2 o7,
—7H, 0CBLUS5TTHERLAL X, 44 HD
Wi 6 B OMRT WYMV 2 S hiz, 2ok &,
B 20 H R OMIEAREIZ 5 CRT1RHRICE & F
S72DIH L TI0 CTHEHEOBRIZEL TW2Z &
5, WYMV Oz 5 CXY 10 CTHETH

B EAURE S N, UL, HRTR 15 CTH K
L72L ZIZEBLEALERDONG o 72DIR LT,
5C&10CTIE, ZhZh70%DE, 50 %L E
DR TRD SN, FEIWRRD RS & 4 2 W
10CHOHB5CTLY HHEro72,

DED XA VA EREEE L7256, -
WAL BEG Ll LB, BRBEESTEY
10CTHNZEDBHLNE R 572 LAL, K20
TRL7ZEHIZ, 5CTKXE 10 CROMIRE X T,
64 HIRIZHRET 40 REDOZEX E L7205 70
HEo WYMV Buth#EE X, 5 CIXC 12 89 9 1%,
10 CIXC 11 Bk 7 Mk &, FEMbRERIZ & 021370
ol s, 10 CTIHERBIRGEMRDZ
S/l Wb b FIROIIIRK TS, 5CT
X0 ECIIRIR B A R L 22RO E S5 Ao 720 HE
5T, 5COHBI0CELVRELTRINT L%
A5, BRI ORI T & BWOBMRIE, 7
BES (1964a), HIG5 (1971) kb, 2hEh
WYMV, BaYMV THE SN Twb, FED
(1964a) X, BHOGME TR Z 1T, WMk
30 25 40 H o R B o &R AT H P KR
10 CUETERFEHEONT, BHEISEHETDH S
EHE LTV, SHORBHREICBNTIE, 5T
TIE, 10 CITlRT, #HRHHIERVI 0D, JE
KWK TH > 720 TO XIS, KRN T TlE
KARELTHRET A2 D, FESRHEY SR
BT R SN HHEARBROKIKE IO L EZ D
N7z,

PlEobtBy, WYMV oG #ERIZ L3 & H
THEDICI0THETHL I L, BIRMM D MR
ETHRLENI L, BELLHRSOEREIZITS CHi
BOMIICEBESND 2 LB ETH L T EHFHL D
Elpotz, F72, MEDPHALZYAF VY 7OME S
BRI 10 CRIETH 5 2 LAVRIEE L7z,
INHOMERIE, Wi CORBETOHRELET T
ORBFRER L PIEET, 3 A FHEEMROF A
BT HMEOHEL LT RICEHTESLE X
b7z,

LI AT, R L EYGER & OBERICOWT
F ok A FHEEMRHTD, FEMEIIL RS X AL
Moz INTwD (S 1971, DT En
B, BRI X 0 SRR MR &) TS I
EHOMEBEMRICIELRBRTHY, —Hy A VR
WL, A VAR TG L 7288, HOAH
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W EICH LTRIBIC L 20522 - L A5
5 ETHEBSERL, RS hAT 5 EEFTIHE
Bl D AZ V7352 RSN,
D000000000000000

B - A (1940) 1S D, REMRORY: L 5
FRICHURATK & BB, HIRIEEAY 2 H v 722 R
T, BAE LZRESH OS2I TS, L
L, EBEOMHIRIEI—HOI HETLEHLTVDIZD
Prb b, INFT, MWIROEENH T L FHZEHN
W OREG KT T B P TBE v, £2 T,
Wik & WYMV B & OBRD 95 & PR 23 &g
WIS 2 HP IS D 5 & E\THUR O E B NG KT
WERZWLPIILEL) E L

HHE LUHE

i [Fr7asx] 2w, V-5 &FEULE
TE—A—ICTLF2ECL, T0LE, ATAK
HBNT, 12HHTEICEEORERIEE2ZR2 5T
LTI E IFITWATICHIR A 2L S ¢ 72 2B X &,
e LT, HgEEEENTHROAZ —EIZ L
XziiF7z (F13), HEOAFT 11 TL Lz,
B TSR DI WEER 6 T, il
16 CoEs Lz, —EKXIE, KiIZZEBHIX & IH
U< B LHiiidER 11 C—E & Lz —EX
&, AR & B IR 11 C—E & LA
—ERXEET . KX 128636 HRT o2t L 726

B2 TUd, RGO #PH T H 5 KR
85 TR 135 CofkEL L, —EXIL, RiRIFZE
PR EF UL LG LMRITER 11T EL R DX
I L7 EB/IX & —E X% 20 $k 60 bRz EEk L 72,
WM OMIRABXIZ B A EEEY) ) B2 o i
WD, (2T TRMMNTRET Lz, k1, 2

THX 4KIZONWT, 1863 AN 720 DIRDOAE
ZHIEL, DRI X D L 72,
& R

P U 11 CoMB 1 Tid, Btk
&, SimAVEE) LR —EDX TR Z L, 2»

0 13 HiROZEE)S WYMV J&GIZ R IT§ 8

SR iR WYMVER Y AR (g) /#k
PEIS 6-16°C 6-16°C 1/36 5.822
—EX 1 6-16°C 11°C 14/36 6. 390
EX 2 11°C 11°C 8/36 6.194
AR i WyMVERH  ARAEE (g) /8K
ZETHIX 8.5-13.5C 8.5-13.5C 36/60 6.336
—i X  8.5-13.5C 11°C 19/60 5. 352

a) ELISA T WYMV [ath72 - 708/ 3 5

5104 75 (2005)

TR D WD —EDXAE <, EHEIKE B
ARG w2 #EPHAE (6, 16 C) Thdmd i
b EET X2 b o7 (F13), FFICH
i, A& HICEET 2561, o2 o0XIZt
NRT, BERREARG T Lz, B2 THH
iz 11 CE L, RimASEGehr# 2 #p (85T~
135C) OmsE, & LA HIREH X O T A EGepkd
o7z BT, 22318, FX0 18k 3 Mk
W7z ) OMDETIZF Mgl & ) fEki=s 5 % Titat
MAERZIRDONLE o7,

£ 3

AER 1T, MIRABX TEBROHPEIL 10 T
CIRL, BRYREAHIR —EX X D AR h oDl
LT, WBR2 T, ZBED5 C ek, gtk
Budiii — X L W £ o7z, Killre b, WX
[T 1 8k 3 k272 ) OROAETITHRHA FAEIE
RSN, EAREL D B LIRS T BE 2 AL O 1Y
MOFETIRWEEZ bR, B2 T, WiE
X DA~ X & O EGHRIDE Do T2 R D —
DELTiE, 11CT~135CTF/1385C~11TCT
DBEGFEORIYFHENF 1 C—EDORLY +4KE
W2 EkbEZON, RE1 O L) ICEBIEITKE
W X, P RGBT T d o T b FEBRIC
FE# 3 5 LSS SR O HPH A B R 5 720,
IEGLF I & % ZRERNERC B0 —T, W Ui
I CEBIRDN ST TRGAF B IE R &2 5o
Ml G FIEREIC L W %2 (HH 1986).
WiRIZHEELTBY, B>, TOLHREIIL
BERIEICX D R 5, Miko H&(biE, TIEREN
W IZ EEBIEAVNES < & ) HED S 50 cm AT D
METIEHELRIEEAEAON RS RS LWV
(BN 1986)c L7755 T, HilsefhicB L Cid,
U H PSR THIUE, HEBDIK X VIR
XD BEFHIVNZ VIR DFH A WYMV B
MR PFTVEEZZ SN,

100 Polymyxa graminis 0 0 0 0 0O O

Wi E CORET, 74V REGAH TS B F
DMPESRMR T A FERHATO T AV 2 DEEI KT
TIEDOHENH LN E eolze LA L, P graminis
DEB I LT TIME OB KR D> T,
A OIGBYREEIAT & 2 iU, Y4V AD
BARH IR EESR & PR TRES 35 2 & T, MBS
HoORLLZMBORET -7 256, ThEFNOH
WU B 2 G O HE 8 R AR YR A S N D I
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WMo ErikIc R %, 22T, LEEHERMNZ M
W, P graminis 3 LA XDIRIZBATE i
W& 7z,

MEE L OAE
TR D L X OR L VIR L 72, P graminis
DIRIENL T % &L B 2 R & Lz, a4 ¥ %
THRENREN OB L CE T, P. graminis
A3 A FORIR AT B I % 72,

I A X OB S Wiwtk e I8 0 By, B
R BB L2 COME A T K TR
L7z B, fH45 umDELWVIHELZD
%, #5000 x g THLSHEL, 5N iLB%
OA F VSRR Lo SR b o PR IR 71
JE % MERET AR 2 TV CRME, AL, BEARR
W (121C, L1RETIEH) LzEZEREELIC
T3l g B2V R25 x 1P ELRBLEIICELE
MLT, B EE2 R L7z, o2 L T
HWM TR L7z, il [Fr7aaF] ofifx
70%T %/ —)V T 30 B, v TIRE T TR
KT MU 7 At CHAERRE 1%) T 10
S, RIERWEL, WRARK TR 2%, ¥ v —
VINOBIN L7 L CRF S8z, 3~4 HERIC
TEBEP 15 BEEOD DEEY, Zh 5 2HFHEE
OH T AE (EHE22mm, #5E 150 mm) (23R 15
40g ZFED LV 1 HRTOBAL 72, Kz 12T
R o 72 AR R E PN R L 7 e ) A P 1
6 C~20 CoEaiiz><Y, 6C, 8T, 10T,
13C, 15T, 175 CTHB L 20 CofiiEic, Bt
RO T AEERBEL, IAFEE . 17
H#, a2FE2REWY, #UE, AELWER, 7

P. graminis E&Z-@a %)

Log10 (1R1mrv) D

#iE (C)

0 22 Polymyxa graminis ® 32 A FIRADE AL
YAEE R MXR) -2
* LI —N—3EHERE (n=4) 2KT,
miilEF > 7aAFERH, JiR12 TOALRET
TIT» 720

b7z /—=)V - avy b7V —K B 7=
J—=V i AEEAK=113110, 006%3Tv T
V=) ICREL, Z0EE 1A ARERG L B
85 T C, P. graminis Bl %5 L7z, P.
graminis DR A&, HAREY7: D OEGAM
BCHL7, TITw)BAMBE L, a2F R
FMNLT P, graminis OiEE T3S L < I3RIRN
THRPADONMBTHSL (KRT7~9). S5
2, MoLEEE BAREYS ) 0BG 5,
25X 14720 O P, graminis DBAEDRK
W BIRESEHE Lz, BB 4B o,
& R
IAFXFOWR1 m 4720 D P graminis &Gl 5L
X, 3CTHHEL, 6 CTREBRESBDOONE
HMofs (M22), T AF 1KY ) OROERI,
I3C~15CTHRATH- 72 (M23),

£ =

IAF 1K 4720 @ P graminis EGe=1%, B
DORE MO Y72 ) o BYsHla g s 3
5LEZOND, B 1 m 4720 Rl i,
I3C~15CTwRbZ< %D, 10CTLT, 17TL
LTk, WadborEZONZ, —F, ROLFER
&, 10 CUUF TN ISP 35 2 & s, Mo
EFmLEHRELDDETEZL L, 10CUT
£ 15 C~ 17 CTId, P. graminis &4ii3, %%
DMEBTEL kb EEZSND, Legreve b
(1998) 1%, 15 C~ 30 CoORTRME, JLkigEn
P. graminis B X U1 ¥ FTHBE L7z Polymyxa &
DIGBRER # T, 4 ¥ FED Indian peanut
clump virus Z A3 % Polymyxa J& O {G Bh il 8

et e - B L

—~
a

#E (C)

0 23 T AFWOAERICKITTHIRDZE

¥ IT— N—(IEHEFE (n = 4) LT,
milE >y 7T asF e, [RiR12TOATRSE T
TiT> 720
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219CT~30CTHY, o P. graminis DG Ei
FETHb15C~ 2 ClcL THVI L 2RL
720 RBAEBROFELRD S, B THEEL 72 P. gramin-
is DI EIL, Legreve 523 W 72N pE =L
REOZNLIEZIEZFLEEZ SN,

110000000 Polymyxa graminisC 00 00O

goog

3 A FREHIR T, WO DORHHOMDRYHE)) A
BV, HLH0IE, WO SNz P graminis DR
Mg F2Mz284R & L TARPEH S M TR o 72,
Z 2T, EYOaLFOMIIONT, P graminis D
BADVZ L EDOENEDIZORENETHRE L
&Y, EREREE > TW5D P graminis ® 3
L FRADR AR & AR F 0 TR ] % 3 58
L7,

MEs LUHE

IAFEFRICHOID, RO Polymyxa B A
RERRT, R IRALBENE L Y 5 —ND
HRESTH L, Avicmfiiy [+ 7as¥] T
bHbho 199549 H 20 HIZHML, 11 H29H,
1996 4E3 H 3 H, 411 H, ko6 H10H
D 418, 10EETOM|Y I, FRINL 720 % P
%, OFTHR, QER, o2 8T, 527k
Jx /= - Ty FrTNV—THEBL, ThEh
22\, WfMEET C Polymyxa AN L% 515
Lizo F7z, M2 7 Atk FWmuio 3 H 3 HOR
BT, T, IR2AE T TwuRnEn
TR, MR ZFEOHWERE X OERIC, i RE
i EALRE & TTAIEE IS, KEBAL & 1S ELISA

5104 75 (2005)

XD 74 NVADMME B o7,

& ®

P. graminis DR ADGRD SN 7-Mfu$ %R 14 12
A L7z 10 AT ORRELL, KR 2L o AaHE
L7z #HE 2 H AB2 SR TRILL
72T P grminis \Zi&G L2/l EE S DT
Vladrotze $hbb, 11 H29H, 3H3H, 4
A 11 HoOMAE TR, oo EHhEZZ LN
BHEFRLH EROEZEMILZ T TR LWE
W% & T P, graminis \2J&4e U703 2
o7 F72, 4 11 HORETIE, BTHAEVL
ZOEEMIE, B - BELTYW2H00% o
7oo THITKH LT, 7 HOBEBIIERIL 7258
AL, ZROKIRIFHIZD SN, 4
H 11 HERE M EHEKLT, R1mH7:) oyl
Bk, FHEL 6000 AL E sl CHDEE, T
TR, $TIIEMEELTED, HViEiRd 25z
AR ASBLE LT 2 b DD% o 72 ARIRIE TR,
—KMIRILT OFENRIZS BDH 51, Wik < R
FExAL TR WIS S HRD bz,

TA NV, 2 A HROBEO VT oL

015 MAROILAFHTIHTHO WYMV BHSEE

& ELISA fH

R L FE AR JEEAR
WYMV AR H e 0/10 0/10
SEEJELISAME A ERRE 0.000+0. 004 0. 005+0. 002

A FIE, 1996 49 20 HICHEME L, 1996 4 11 J 29
AL 726
a) WYMV Hri kg gt s 4 2

014 I 2AFOHETIRB X OERD Polymyxa graminis &R B ORI 21L

iR JEEAR
TR A TG R AR JRGAI R AR
FOE A ik NIRRT FOVEK kT2 RIRRET5E  (em)
11.29 0 2 0 3 0 0 129
3.3 0 0 1 0 0 1 225
4.11 0 0 1 0 0 1 943
7.8 ND? D ND 0 0 1056 149

A AEHRIRUH 12 10 fifA3 o4 b LY it L7z,

IAFE, W [Fr7anx] 2w, 199649 H 20 HICIERFEL, 199747 H 8 HIZEBWTH - 72,

a) ND :FAFARIZEBIHEEL TH Y, BISARTH -7,

0 16 WAHO I AX OO WYMV BHHE & ELISA f#

i 1 H T
de BAZE & T3 HEED VO GEEAR VAR
WYMVAR HH B @) 10/10 10/10 10/10 10/10 10/10

HEL ISAfi & 2 #7878

2.694£0.040 2.679=%0.057

2.249£0.536 2.549%+0.053 2.587%0.051

a) WYMV A 5 it 318 1 5

IAFIE, 1996459 H 20 HICHEFE L, 1997 4F 3 H 3 HIZERILL 7=
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oSN h o7 (F15). —F, 3A3H
DFETIE, TRXTOM/KT, HeEHR, Hr L
B, EHowvwahnrsd WYMV 25 S 7
(#16)o FEFHUL, EAbA%EA ELISA 128 S 2 \»
EHWT LB L e 2o 7o W EERTUE, R A0ZE,
TRZEE B2 WYMV 25 S/,

% =

ARBRICED, a2FOLBERMOBIZED L
% P. graminis &, BERTIX, 4 B da DRI G
L7 P graminis X DR SIN2HDTHH T L
VRO, Lol WYMV I, 82 7 Ao 11
H 29 HOWBTIE, BRI HREEZONLHET
BRER» S SN e Do/ s, BRLTn
BVdd b0 WYMV OREDMEWEE 2 Sz,
V-3 OFERDS, BT WYMV IREAEE 50
X 12 HUBETH 528, FOROMIRIE P. graminis
DOHHICFEBETHS 2N &6, IS
P. graminis 735E L CTH 7212 WYMV %2 #4539 %
WHEPE I, AR ITIE, RERT WYMV 2%
Hah, md EAT5Z M5, P graminis
BSHR> WYMV OBERHTE L 72 RSB EE 25
ns, L2L, 411 HORETIE, FHE34F
WHTO P graminis DRIV RV EH 5, B
e LToRRBFOEERIIVZV, 517, Z
DR, FFRRP I VERTIE, WoBILIEA,
HEMERPHMOBESB I b, ThbHo
RTH 7212 P. grminis M2 A ULIRIRIS T- %2 A5
LRI v T AFPHAIIA 727 H 1
WOFEATIE, EROMRIFIZKEDKRIRNETFIEAH
RBoohiz, Doz brs, AFE#MOa LR
CRD BN D P grminis DIRIRIE 1%, EI2HE4H
PR LIRS L7z D oISk $ % L g S iz,

1200 000000000000 Polymyxa

graminis0 00 00000D0OOOOO

Rific, AF#Hoa L FoOBRICEDON D
P. graminis DRIRIET23FE1C 4 H DA &G X
2bDTHDHI L&KL, 22T, INHOKIR
T EBNBGEE LCORNZFEONE ) 2%
Mer® 72012, MY RE L 72RIRIE T 2 (55K
& LU CHIEEIREN TR 2 02 D72,

MRS LUHE

ILAFHHIE [Fr7asFx] 2Hv, BRE
&, V-7. CRBOFMTHEmLZ, 22 FOM
i, BIEiTHWZbO LR CRPICRILZZb D%

B TEEE, ACTRELZ DTV, BT,
T 1 enFEEE DR S ITHINT L7288, £ 4 V38K T
WiHEse, ¥Yrwer (KINEMATICA #
CH6010) THEM L7z, B %, 500 4 m, 300
um, 150 um, 75 ym, 45 4 m DNEHIZE S W
MWL, B %K 6000 x g T 10 45055 BER
AT 720 B SN 2 MR KIS L,
BEsa O BERe, 14 O N7z TR % A ORI AR K I
BH L7z COMTIREE, WM T CIMERETE
% H\WT, P. grminis DRI T EED 4 X
10°/ml & %% & HIZFRE L, 20ml 372 100ml A ¥
— I —=~NEWE, 2oz, BE TS 90g T
WORNL, TAXHEZ E 1VEERTOBML 2
SHHRX & LT, RIRFE BB E MR Ve —h —
WCALFHEEZZBW L2, E—H—~DILFD
BAHEB L OZ0%oOFTEHEIINV-4. LRk
Thb, BHX, EHEMXIEZENEN6/H, 2HkE
L7zo A& Hii 2 10 TSR - T 90 H RISk,
WERY, WEPEF Lz, b EREB TR 5
F, WIS S 280 L, BRI T BiEE
MEL, RYESE7 AV AMIBHE Lz RIRK
TBSHORIE, EHiZs 7 b7 /=0 - av
by TV —THA L, JEEBAMSEE F T P. graminis
YD FHZFER L 720 M LB X UL D O T
i, 1 ZN TPBS & TCB %Mz CHEML,
ELISA (2t L7zo ELISA OiRRHRELE X OFIHIZ,
3. FKTH 5,

i £

PRIRNS - &2 3500 L 72 6 #krb 5 koMb EEf B L U7 6
B 4 RO T EE2 S WYMV 28k S iz (3%
17) o F72, BEVPEDLNZETOKROHTHT
P. graminis DRIRIE T3 57z, WIT W
NORTHRD N o7,

017 WEH MO T L FW Y 55558 L 72 Polymyxa
graminis DWKR T2 FML 722 4 FI2B
T WYMV &4 & ws st

i3 1 ENN WYMVAR 2 e .
REES Wm0 NIRRT

1 ++ + - +

2 - + - +

3 ++ + - +

4 ++ =+ - +

5 ++ + - +

6 ++ + - +

a) T AFIX 1996 4 9 A 20 H IR ZEHIHT5 de 12 3%
FEL, 19974E7 H 8 HERELL 72,

b) + WYMV B, WYMV Bk, = WYMV $k ik
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% %=

F A L FREHITIE, WOEGEE LToRel
(&3 AORMHREROME D & 4 AhHLROLER
BHUITEWZ EWME SR TWD (5 1971,
COHME LT, RNOBEZL /- P. graminis DR
R FHE 3R RERO 3 AL b+ L F4EF
BMO 4 AT WUBCEI 57208 LTWa, L
L, ZORIRIBTZIK L7z P. graminis 2S\V2 O
REHICARICRA L7202 EH S 2Tl kv, N-5
ORERP DI, 12 B2 5 4 A RAICHT ToR
&M1& P graminis DWGEIIZIIAHETH L 2 &, B
XU, i CoBREMBRORRN BT, 2
A F OEBINZ OFEMO R ML IZRD SN D
P. graminis DRIRBLTIRIZ, (3& A ED54 AhA)
DREICRALZZDDTH L ENE R bz, Ak
Bclx, 7 BB LA22 2 FRp o P graminis
PRIRNE T 2 Bfl L 725 R, WYMV DG & g%
MR TE 7,

v O0400o0ad

I A FHEEMRRE, TP OFAEE Polymyxa
graminis \Z X DA SN B DS, BB OIFRANC X
LERBRDES TRV &, B ES TR
BRCTEhwnz enn, Bk LCid, itk
R BRI S TR L 7 B S5 % 2 R VIRIRICH
%o WL ODOPUE SR P FBRE L LTo
BRI FERLIh w28l 5, L L, Ik
mFEOMMIZY 25T, Wheat yellow mosaic
virus (WYMV) %t & itk 2 & H & O BfR
WEHLP TR Aoz T/, BN ED XD 2k
BT, EDRRGERBIRMNO TIZHF RIS 5 0H
WZOWTOH SN TIE Ao 7o WREMERM & Kbt
HEEEFROBGEEHLPICEN TN &R,
MR OVEHBAERC B U S SN TW R WE
WL, R0 B RBCR D R W 2dI, FW—5M
TTWYMV kM o#EYE (1) ZHEBLAD,
Tl 2 DB SAE AT BT T B % T IR
THIENHRLEVDOTHL, TNHOREEF
Jeg B8, W0 BIRFER T TOIEAAREDFEM
ST, BONZMAIIECTRIFRN AT
BB 2T THEHEE L SN,

AIFFETIE, F89% & MEOFMEEZ Mt L, X6
7B RS 2L, SOMREAENLT,
PR RO S O 2 A iz, KETIE, 5%

5104 75 (2005)

OB AR O B FE R B R B B D BFEICE %
7e®, FEEATEIZH T H HLITHED T, 34 FH
FR OIRGBR O T, T A FRZEMIR O T DS
o R ERAEOMSK, PR EE LTo
R E) ORIR, BB TV TId %,
goddddoooooooooooooooo
goooooooo
1) J&Je, WRIIM, FE90 I i S
NTHIS & %o 7z 2 A FREHIROEYBICE
B IRYe, FW, DR, OFMBERERENS F
EDDLEUTOLHIITHRE, WYMV EGeA 124
5D HK 8T~ 15 ColIMT,
10 C~13Cv%#T %5, WYMV &, 10 CHif&D i
JETOMBEHBERE VD, 0CT~5 COMKIET T MM
T 5o i EEADOBAT RO GE I e ORI R
L7z, B3O AF T, #HEIHTWYMYV A3H
FHL 728, HEWMERD ST A ZERE X OZHH
SERDSHIN B o Hi BEBICE BRI L A,
Petlil ~ 2 7 ABIERSBN S, WL H TR
s CRECHEREL, 10 CRifTEET 2, h
D EORITIZEY A 7RI A7 SRTHZ
bo WAFETH A P. graminis DIEEL, HiEAS
SCULTHEDLN, 13~ 15 CORFICHRDIESR
THbo fEgFIE, EICBBBEORIZELEL
P. graminis {2 & YV AEFEEI LS,
2) ABYLIR O A e
ZYEIRAS D, EORRICHHERE SN D D2, Bk
MRz L5 BT, CORORERGER; < &R
WA %is L TEETHS, WYMV I P. graminis P
TS A LRV, ER&ICHLNIIEIN TV
Vo ZZTIE, ABIZETE S N7 RITHED W TRRGE
TEBHMT, BRIEDAFELMIOVTHE T %,
WYMV 2% P. graminis N THHE L TW R WA,
2 A FRICE AT S P graminis 75 WYMV % J#E15
572021, P graminishRALII ET5a
AFOMIBNIZ WYMV BFTET 2 LENR D b0 §
bbb, EREFEESINL DI, BIZWYMV A
FAEL, FBRC P graminis BSRIZE A LG 5
BRICER SN B, P graminis DR AT BE 7 iR,
#W8CULETHo70 o T, P. graminislZ & %
WYMV #4513, WYMV MG EORICHFEET S
RAETHIR A 8 CLLLOWIMITEZ %, FFICHERE
M5 1 n ARNIERS S O WYMV B 5 EE 13K < R
O WYMV BEREWEEZSNLEDT, O
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WIS Z P graminis S WYMV % #4545 0
B L WEEZ oML, —), MAHOMIE FA
EL B WHO P graminis DIGENICHE L 72RE & 72
%o TOLEIL, FTTICHTHTWYMV 25EiRE
WCHAELTWHEDOT, WYMV OEIIEHEIE
ZHLEZOND, DLEDS, RHRESTITAE S
NLOIIMELEHREING,

WYMYV 28 P. graminis WCHET % %E 1,
P. graminis OG8N K 5 IR CTRgei s A i &
NTVBRIETTHAA, TOXED, HiRIH ST
DEDRICRON 213 TH Do HimAd*0 THEL T
W3 B W NAR G & 72 2 PRIERIRIL T 298 A
RSN D LIZF I Ve TORER, AWM
i3 L KT 2T, RHR A E S
NBWREMEDD 5 DIE, WYMV @ P. graminis k&
NTOMIOAIEICED 53, HHEER L BAHZD
Wi R~ W ETH B, 72720, LWL H
A WYMV OB & P. graminis 1§ B O )5 12 [H]
R EImIC 22 B K O ZelmBR 2 Hil ©IL, 3RFEE A 2
5B E F TRy iAA e S Ukt T 5 L gk
END, BRI TORPFEOAFERIZ O W CHELT
%, WisM2 5%, P graminis DR A & B
AU EEZR DI, 10 H, 11 HB L 074 Ay~ 5 Arpiy
EHBLTVWE, E2AT, 2LFHRID P graminis
O, I1A»S 4 A LAFETIESRL, 409
A DA L7, B3 TdH, P graminis ®
IEEN R IR BRI, 4 A A DIRRICIBIL,
WYMV oFEMoEGEsBo 50, 4 HPALDED
WYMV 3 a s FRpp o shsd, 5612, 7
HEHO#EAMO I AW LY 558 L7 P
graminis DRIEIEF 2 HFEH & LT WYMV [&4ehsie
CHIEND, 4 VR AR LRI 355
ELCORNZRRT2EEZ 5N 29 LI2RNR
ARl D, BERTIE, (B3R E & A R TE,
WYMYV %% P. graminis WCHHET 5 LARWICHED
59, FMARIE 4 Hha LK L 7: P graminis |2 &
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Study on the Ecology of Wheat Yellow Mosaic Disease

Yasuo Ounto

Summary

Wheat yellow mosaic is a soil-borne viral disease that was first reported in Japan over 90 years ago. Up
until recently, mainly because of the introduction of resistant cultivars and the reduction of domestic
wheat production, the occurrence of the disease has not had a severe impact on yields. However, though
the area of land used for domestic wheat production has increased recently, new resistant cultivars have
not been used, and the major wheat cultivars being planted are still susceptible to the disease. For example,
the cultivar 'Norin 61, which was developed as a resistant wheat cultivar over 50 years ago, and is still
the leading wheat variety in most western prefectures, has become susceptible now. Under such
circumstances, yellow mosaic disease of wheat is an obstacle to increased wheat production in Japan.
Changes in cultural practices by themselves are not enough to reduce the damage by the disease. The
pathogen, wheat yellow mosaic virus (WYMYV), and the basic ecological aspects of the disease have been
studied. However, the pathogenicity of different virus strains, which is essential knowledge for the
breeding of resistant cultivars, has not been determined.

This study was conducted to contribute to the development of resistant cultivars and practical cultural
practices to control the disease. For this purpose, I first developed diagnostic methods to estimate the
damage caused by the disease. Next, I clarified the effect of temperature on disease progression. Based
on these results, I then developed an experimental inoculation system that consistently had high inoculation
efficiency. Based on the knowledge gained thus far, I have tried to clarify why late sowing is an effective

disease control measure.
1. Disease progression, damage, and diagnosis of wheat yellow mosaic disease

(1) Disease progression

The usual disease progression of wheat yellow mosaic is as follows. In the first phase, a slight yellowing
is observed at the base of the newest leaf, and then the discoloration expands to all leaves and turns into
a mosaic-like symptom. In the next phase, the leaf becomes a little harder to the touch and the mosaic-like
symptom spreads to the whole plant. Sheath-elongation is suppressed. The size of plants with symptoms
is smaller than those without symptoms. In serious cases, the leaf turns white and often the lower leaves
die and there is necrosis in new tillers.

Because the disease progression is rather slow, it takes over 20 days from the start of symptom
development to full expression of the disease. Because of the masking, the symptoms can disappear
before they progress to full expression.

I established a disease index (DI) based on the observed progress of the mosaic symptoms, as follows:
0: no symptoms are observed, 1: slight mosaic symptoms are observed in the newest leaf, 2: mosaic

symptoms are observed only in the upper leaves, 3: mosaic symptoms are observed in a whole plant
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accompanied with dwarfing, and 4: severe dwarfing and mosaic symptoms are observed in the whole

plant with necrosis of younger leaves.

(2) Yield loss

The yield loss of wheat plants was analyzed in relation to the DI. The yield loss by yellow mosaic
disease in plants having a DI of 3 is due to the reduction in grain weight per head. This reduction in
grain weight per head was due to the reduction in grain number per head, because the 1000-grain weight
was not reduced. The 1000-grain weight was reduced only in the serious cases (i.e., those with a DI of 4).
(3) Diagnosis of yellow mosaic disease by using enzyme-linked immunosorbent assay (ELISA).

In this section of the study, I determined what parts of the wheat plant should be used to detect
WYMYV efficiently in mild and severe cases using ELISA. In mild cases, WYMV was detected only from
younger leaves, while WYMYV was detected from all the leaves in serious cases. In plants that developed
symptoms but then recovered by masking, WYMYV was detected from the flag leaves and the leaves just
under the flag leaves in the heading stage. Consequently, to detect WYMV efficiently, whole wheat
plants must be used when no symptoms are evident or in mild cases (DI 0-2). In the plants with more

severe symptoms (DI 3 and DI 4), WYMYV is detectable from any of the upper leaves by ELISA.

2. The effects of temperature on the ecology of wheat yellow mosaic disease.

In this section, the ecological aspects of wheat yellow mosaic disease were investigated focusing on the
effects of temperature as a key element in this disease. These results provide information for developing
improved inoculation techniques that are essential tools in research on the development of countermeasures

to the disease.

(1) Temperature and timing of WYMYV infection.

I investigated when and at what temperature WYMYV infection occurred in a wheat cropping season.
Wheat seedlings were transplanted to infested fields at various times, and the temperature in the field
was recorded throughout the experimental period. The infections that occurred in autumn led to
symptom development. At the infection stage, the daily mean soil temperatures ranged from 8 C to
15 C. The infection by WYMYV also occurred in a few plants in spring after the disease progression peri-

od. Infection in spring did not lead to symptom development.

(2) Temperature and propagation of WYMYV.

WYMYV infection in wheat plants growing in a WYMV-infested field were investigated periodically by
ELISA. WYMV was first detected in the roots of a few wheat plants in November, two months after
sowing. The number of infected wheat plants increased gradually, even after snow covered the wheat
plants in winter. By the time the first symptoms developed in the middle of March, WYMV was detected
in the roots and leaves of almost all wheat plants tested at a high ELISA value. The daily mean soil
temperature at a depth of 10cm and the temperature at the crown were almost 0 C through the period
when the number of infected wheat plants was increasing. This suggests that WYMYV can propagate in

wheat plant roots and leaves at about 0 C.

(3) The effects of sowing time on the WYMYV titer in wheat plants.
I studied the effects of later than normal sowing on WYMYV propagation in wheat plants and compared

the WYMYV titer in wheat plants during the time of symptom development among plants sown at different
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times at weekly intervals. All the plants tested were infected by WYMV. However, when the antigen
(wheat juice) was diluted to 1/12500, virus detection decreased in plants that were sown later. Also, the
ELISA values and disease incidence decreased with the later sowing dates. These results suggest that
late sowing leads to a reduction of WYMYV titer during the time of symptom development and hence a

reduction in the disease incidence.

(4) The effects of wheat development stage and growth during the period conducive for WYMYV infection.

With changes in the sowing date, plant growth through the infectious period was varied. I studied the
effects of differences in plant growth during the period conducive to WYMYV infection on disease
incidence and severity. Wheat seedlings at various stages of growth were transplanted from autoclaved
soil to a WYMV-infested field, and I investigated disease incidence, WYMYV detection,and DI in the
spring. There were no differences in WYMYV detection among plants of differing growth, but when
plants were larger before the period conducive for WYMYV infection, disease severity became greater
with high DI scores. These results suggest that plant growth through the period conducive for WYMV
infection affects the disease severity, and this is one of the mechanisms by which late sowing reduces

disease incidence and severity.

(5) The effects of the length of time over which temperatures are conducive to WYMYV infection on
virus propagation in the leaves.

To explore it as a possible mechanism explaining how late sowing reduces disease incidence, I investigated
the effects of the length of time over which temperature is conducive to WYMYV infection. To change the
length of this period, wheat seedlings were grown 30 or 60 days in WYMV-infested soil at a soil temperature
of 10 C. The plants were then transplanted to disinfested soil and grown for 90days or 60 days,
respectively, at soil and air temperatures of 5 C. The total experimental period of both treatments was
120 days. Virus detection and disease incidence were compared at transplanting and at the end of the
experiment period. All wheat plants from these two treatments were infected by WYMYV after growing
in infested soil. However, at the end of the experimental period, the disease incidence was higher in
wheat plants grown in infested soil for 60 days compared to wheat plants that had grown for 30 days in
infested soil. These results suggest that, in addition to affecting plant growth, the length of time during

which the temperature is conducive to WYMYV infection affects the disease incidence.

(6) The effects of inoculum density reduction on disease incidence and severity.

The effects of inoculum density reduction on wheat yellow mosaic disease incidence and severity were
studied. WYMYV detection and disease incidence in wheat plants grown in soil with various inoculum
densities were checked. To prepare soil with various levels of inoculum density, I serially diluted WYMYV-
infested soil at a two-fold ratio with soil in which wheat yellow mosaic disease had not previously
occurred. WYMYV detection and disease incidence decreased with decreasing inoculum density. This
showed that infection decreased with lower inoculum density. Symptomless infections were observed in
some wheat plants at dilution levels of 1/8 and 1/16, which suggested that a reduction in WYMV

inoculum density also reduced the disease severity in infected wheat plants.

(7) The effects of temperature on disease progression in the period of symptom development.
The effects of temperature in spring on WYMYV propagation and symptom development in wheat

plants were investigated under field conditions. Throughout the 5-year investigation using a WYMV-
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infested field, disease incidences and severities varied year by year, but disease progression patterns
were similar among the years of investigation. Yellow mosaic symptoms progressed when the daily mean
temperature (DMAT) ranged from 5 C to 10 C, and symptom development stagnated when DMAT
fluctuated around 10 C. The masking of mosaic symptoms started when DMATs were over 10 C
constantly.

Dates of sowing were changed in each cropping season to allow observation of the effects of late sowing
on the disease progression patterns. The disease progression patterns were the same in the late sowing
treatments and the usual sowing date treatment in each cropping season. This suggested that, beside the
effects of the autumn climate, the development and decline of yellow mosaic symptoms is affected by the
temperature in the disease progression phase in the spring. Thus, disease severity and damage are

affected by the temperature during the spring as well as during the autumn.

(8) The effects of temperature on the movement of WYMV from roots to leaves and on symptom
development.

I investigated the effect of temperature on the movement of the virus from roots to leaves after infection
in the roots under controlled climate conditions. Wheat seedlings were grown in infested soil at constant
10 C air and soil temperatures. Seedlings were transplanted into disinfested soil and grown at air and
soil temperatures of 5 ‘C or 10 C. The movement of WYMV from roots to leaves and the propagation in
the leaves were faster at 10 C than at 5 C. The latent period was shorter at 10 C than at 5 C. However,
disease severities of plants were more severe at 5 C than at 10 C at the end of the experimental period.

In another study, I investigated the effects of air temperature on symptom development in the leaves
after mechanical inoculation of the leaves. When wheat seedlings were mechanically inoculated with
WYMV and grown at 5 C, 10 C, or 15 C, virus propagation and symptom expression was faster at 10 C
than at 5 C. At 15 C, only a few plants expressed mild symptoms and WYMYV detection was very low.
The disease progression was slower at 5 C than at 10 C, while disease severities were higher at 5 C
than at 10 C. The percentage of plants with symptomless infection was higher at 10 C than at 5 C.
These results suggest that 10 C is suitable for the propagation and movement of WYMYV in a wheat
plant, while 5 C is suitable for symptom development. At 15 C, there were no signs of symptom develop-

ment.

(9) The effects of daily fluctuation of soil temperature on WYMV infection.

Soil temperatures usually fluctuate daily, with the range of fluctuation becoming narrower with
increasing soil depth. I investigated the effects of daily fluctuations in soil temperature on WYMYV infection
in soil. Previously I had found that the optimal temperature range for WYMV infection is from 8 C to
15 C. To investigate the effects of temperature fluctuations, I carried out an experiment with three lev-
els of daily soil temperature fluctuation: no fluctuation (11 C constant), small [fluctuations (8.5-13.5 C), or
large fluctuations (6-16 C). In the large fluctuation treatment (where the lowest and highest temperatures
were out of the range conducive to infection), the percentage of infected plants was lower than in the
treatments with no or small temperature fluctuations. This suggests that with respect to soil temperature,

the shallower parts of the soil may not be optimal for WYMYV infection compared to the deeper parts.

(10) The effects of soil temperature on infection by Polymyxa graminis, the vector of WYMYV.
I investigated the effects of soil temperature on infection by Polymyxa graminis, which is a soil-born

Plasmodiophorales microorganism and the vector of WYMYV in an experiment where soil temperature



70 RALREM T £~ & —RF e %6 104 %5 (2005)

ranged from 6 C to 20 C. The number of root epidermal cells infected by P. graminis was greatest when
the soil temperature was 13 C to 15 C. The numbers decreased when the temperature was either lower
than 10 C or higher than 17 C. No infection was observed when the temperature was 6 C. These results

suggest that the optimal temperature for P. graminis to infect wheat roots is around 13 C to 15 C.

(11) The progression of infection of wheat roots by P. graminis during a cropping season in Morioka
(Iwate pref,, Japan).

By investigating when the infection of wheat roots by P. graminis is increasing during a cropping
season, I determined when the infection by P. graminis that involves production of viruliferous resting
spores occurred in Morioka. Only a few resting spores and zoosporangia of P. graminis were detected in
wheat roots from two months after sowing until early April. However, the number of resting spores in
newer crown roots of wheat drastically increased by early July, and it seemed that the number of resting
spores increased after the middle of April. These resting spores transmitted WYMYV at a high frequency.
From these results, I speculate that viruliferous resting spores of P. graminis are probably produced
after the middle of April in Morioka.
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