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H M

RGBT ST AT AT 77 7 RFEOEEE LT
Mt (E& LTl EFRbE, Wait) L2345
EHRMRECEETHE - L, BEOREICIT -
BEAENT-EBRABIIGEE LAV E, Fhil, &t
BICEICEICT A RO CTERTAMNERH LT L
BROLONT, ZTH OO H btz onTiy,
FOREEEHMRIL272 0 BRI TV S D Moewze
5,1988), TIXTIRIEHHEIZ OV TOZIITIRED TR
ENTEY, TORBOEDITITE bICERHMEOE
FPRLEL AND, 2 CARB T IITHiRss
ORERERPEFOFRMY, REORREL 21X HIE
MEDORR, RBOBFEMEE LTOREML Zicon
THRF&EIT- 7,

HHRUAZE

RBR2 L L THRNMLE 200 R EHERBRMHLE LN
X0 TIRICBET 2 RER R LM Lz, ®RR
ABIURERB L HiC60RBERHRA L, WNI0RMEIIHR
BRiCHBTh o7, REOERBEREIIUS A, 14,
TIUAT, AERII~VEIZE LW, HEEITR
BADI9884E T, REABAS1980ETH v, HfEMEE IR
BR2ICBWOURLEERY ThD, TIEMTRRRRE

DREITBEH AR LUAD — DDA L 0 8 7 138
E1~REILTHIARETIToF, BEIRFERED
FHMAS, ERMEBEHD-OICER1~50, 3
~AEMIZDE o UT o, 72, RBA T
TRDFFIZZFE L 721988410 A 1 14 I R iR E o3
B CHERE BELDEDORS) »EE 1T
W1, 50%ERE %5, 90%L Ea 9L LTS LA,

B R

ZE TR AR TR o208, AR
ZRIREL, WThORAERL VAR 1%k <,
1sd5%iX1. 2Ri1% Th -7, MM BFIZERIBERS A I
LERELRERBEZ R L (R5—-1) , RBEORF
BEIR—BREIZRT 2 RAR IR (r=0.93*,0. 95" ",
H5—1), R—FK (19904) DRp5ELRM
0.78"%,0.89"", 5 —2), R—FEDRDEKRM (
r=0.8277,0.84" ", F1 5~ 3) TV b &V IEDHEEE L
ZRLic, ¥, AMEOSERS P LIEESNBIRE
DBEFIT 0.8FI% L EI-T (E5—2) , UEDZ
E2b, HHUROE IR BRRE O REMZE RII4E
WTRE LM AT, SEMEROERENS -
ERRH LN,

(r=

£5—1. THIPITHREREENSBEOHEMER (%) 97,
WEAR ' W OB E
1.0 1.6 2.6 3.6 4.6 5.6 6.6 7.6
(B/RA /%) ~1.5 ~2.5 ~35 ~45 ~55 ~65 ~7.5 ~9.0 1sd5%
31/ 8/1988 12 48 25 7 3 2 3 0 1.4
19/ 9/1988 0 2 52 25 8 0 8 5 1.4
6/10/1988 0 0 0 5 63 17 2 13 0.9
HERA 15/ 7/1989 0 2 36 38 24 0 0 0 1.8
20/ 8/1989 0 34 48 14 4 0 0 0 1.2
10/10/1990 2 76 18 4 0 0 0 0 0.7
11/ 8/1991 0 30 46 24 0 0 0 0 1.2
5/ 9/1989 0 38 51 7 2 2 0 0 0.8
11/10/1989 2 66 28 2 0 2 0 0 0.9
HERB 30/ 6/1990 0 58 27 10 5 0 0 0 1.1
12/ 8/1990 2 15 49 22 5 2 5 0 1.2
10/10/1990 2 23 52 13 8 2 0 0 1.2
11/ 8/1991 0 25 41 22 5 7 0 0 0.9

D) DRI, 1 (EE I ~9 ().
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3 4 5 7
8HA31HOBIRERE
K5-1. ZiEDTIREREEOR —FERER KM O
FARE (GRER A, 1988).
1) O, 9A19H y=3.43+0.79x r=0.93**
2) @,108 6H y=1.06+1.12x 1=0.95**
3) FIEWTIRBRREE, | (EF IR ~9 (3.

9A19H, 10860 OREFREE

—
o~ k-

2, SEEDRIRRE
— DN W R U1 O N 2

> 3 4 5 6
LB EO R

D TRBREREDR —ERRELR A FEERO
*%MK%B 1990) .

skeok
) O, 28%&E  y=-0.10+1.29x r=0.89
2) @, 3%E y= 0.76+0.86x r=0.78"F

=

3) TIEATRERRAREE, 1 () ~9 (2.

2, 3FEERDRBRIEZE
B N T N = R

-
o L

3 4 5 6
FEHEE2 B EORMEE
[5-3. ZEDTRRAREO R — BB R/ 5 ER M
DOFERY GRER B) .

1) O, 24EBL19904  y=0.44+0. 84x r:o.84“
9) @, 34ERL19914  y=0.54+0.76x 1=0.82
3) TR, 1 (T 7210 ~9 (£5)

TIWZ7N7 7 aBOERCET L0

®5—2. ELBLEABOINTRL DD HEE

LR BIGE.
H OB A ® B B

A H BnzE FAEH sz
31/ 8/1988 0.88 9/ 9/1989 0. 88
6/10/1988 0.94 30/ 6/1990  0.76
15/ 7/1989 0.50 12/ 8/1990  0.86
20/ 8/1989 0.73 23/ 8/1990 0. 80
10/10/1990 0.83 11/ 8/1991  0.89

ABRA K LU BICH@ I B3 U 7o A Fl 0 PR R f2 A

(éﬁﬁ%@%r&W®$ﬁ) FIFEFRRBEORE s T
ol (£5—-3, 5—-4) , %\«’Gﬁgﬁfgﬁfﬁ:%%:}}
LU TEYRBRBEC LY RMELEEITS &, TR
BRETHT AV ABIOT TR a3 —n v \FERLfE
TRRBENNSWEHAARD bND, £,  MAYA],
'5444), TVERTUS)Z2 CALiEEE R A0 BHERE b &A%
(h&hol, LAL, FHRFRED/ NSAZLFETH
2> Th, ZREEFICIL 5. 0ATE & PAREORBINRD 5
Nz, RRFRIRME A ELBEAO K & 70 IV R T8 1 SR 1 TR
BENKE DTN, BIFREN R/ NS/ S (
[TROQUOIS ], TALGONQUINJ, [526], [WM1008)) HEI®H
Niz (£5—-3, 5—4) , KEERBRENE LR VE
RIEOBHREE LW Th b RE)o (£5-3, 5—

4) , %1z, TANIKJ, TRAMBLERJ, TDRYLANDER)Z: &, #
DR 3 Lol TV INEDIZ L A LTRIE L T2,

TNT 7T 7 T M falcata, M. varia, Ladak,
FlemishE9-DDBELEEIRIE LN T D O T Bures b,
1977),  RBRRERNC RN MIED B G M 4 BE
FEOREIZ LD AR, FORBE, BHREENSELCK
X 7¢TANIK, TRHIZOMA), TRAMBLER), TLADAK] % Df%A%
BEERT M. falcata 3 X O Ladak S EEHTH - 72 ¢
Barnes 5, 1977; Mackenzre, 1981) (45 —4), *£7-, #Eix
BFIROHERLEIE DA 22 T2 O BRI EAR LTz
RANGELANDER | (Herricws ¥, 1980), TDRYLANDER | (Herwicus
5, 1977), TROAMER) (Henwicus ©, 1977) 22T h A
FROBBERPEREM & 2o THEY, Zhoo il
WFHVE T A Y B L OV S PG ER OO B Y R ST
E L S AT EE SRR C B o 72 (MeLron 5, 1988),

—F, TERFRE O/NS ML EICFlenish & xE
P& LT 7z Banes 5, 1977 Micauo, 1988 B MK RE
Bl m - SR, 1971, Vs, 1990
Wooouaro &5, 1988) (X5 —5) , MEHEREIN/NS 2R
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#E5— 3. U THRBFREOSREROEHE, RAE, R/MEBLULIEEOEIERE
(RBR A, 1988~1991) .

ER AT BRRED R HRD A ERRED B

dnfé E B Wy R R BE raid Eq| B R R BE
MAYA F il 2.3 5.0 1.3 1.8 EXPERIMENT 412 USA m 3.2 53 1.5 3.0
5444 USA IO 2.4 4.6 1.3 2.0 ypn J mw 3.2 54 2.0 3.0
ONEIDA VR USA IO 2.4 4.5 1.3 1.5 VELA DK m 3.2 50 1.3 1.5
524 CDN I 2.4 44 1.3 1.5 VALOR CDN v 3.2 51 2.5 3.0
NY 8412 UsA II 2.5 5.0 1.0 2.3 MOHAWK USA mw 32 53 1.5 2.3
VEKO DK m 2.6 4.6 1.3 2.0 PRESCOT DK Iv.. 33 55 2.0 2.0
8602 USA I 2.6 4.9 1.8 2.0 FORTRESS USA Iv. 3.4 56 2.0 2.8
SVERRE S i 2.7 5.1 1.8 2.3 ELEVATION  USA v 3.4 55 2.3 3.3
C/W-100 USA I 2.7 4.8 1.8 1.8 WM 3006 USA m 3.4 49 2.0 3.0
VERTUS S il 2.8 4.8 2.0 1.0 WWB-13 S il 3.5 5.5 2.5 2.0
RESIS DK il 2.8 5.0 1.5 1.8 FUNDULEA R Iv. 3.5 5.4 2.0 2.5
THOR UsSA I 2.8 5.4 1.8 3.0 N:E USSR V 3.5 6.5 1.8 5.0
EUROPE F il 2.8 5.3 1.8 2.3 JULUS S Iv. 3.6 55 1.8 2.3
EUVER F il 2.8 5.0 1.5 1.8 COMMANDOR ~ USA Iv. 3.8 6.8 1.8 2.8
CITATION USA IO 2.9 5.1 2.1 2.3 NARRAGANSETT ~ USA Iv. 3.9 5.6 2.8 4.0
ONEIDA USA IO 2.9 4.9 2.0 2.5 NAGYSZENASI H m 4.1 6.1 2.3 3.5
EXCALIBUR USA I 2.9 4.6 1.3 1.0 HUNTER CDN m 4.1 6.0 3.0 3.3
SARANAC USA IO 2.9 50 1.8 2.0 PACER CDN IVv. 41 6.0 3.3 3.8
84-19 USA I 2.9 5.3 2.0 2.5 PLOWLER CDN vV 4.2 6.0 2.8 3.5
LUTETIA R m 3.0 4.6 2.0 2.0 SPREDOR 2 USA V. 4.7 6.4 3.3 4.3
TROQUOIS USA IV 3.0 5.0 1.9 2.3 RHIZOMA= CDN V 50 6.4 3.3 4.5
ALGONQUIN CDN IV 3.0 5.6 2.0 2.8 PICKSTAR*  CDN IVv 55 7.0 3.3 5.3
EAGLE USA IO 3.0 4.8 1.3 1.8 LADAK* USA V. 6.2 7.6 45 6.8
GLOLIA R o 3.0 5.0 1.8 2.3 BEAVER* CDN V. 6.3 7.6 45 7.0
TOKAY USA I 3.1 5.5 1.8 2.5 PEACE* CDN vV 6.3 7.8 4.0 7.3
ARROW USA IO 3.1 5.0 1.5 1.5 RANGELANDER®*  CDN vV 6.7 7.8 5.5 7.5
0.A.C.MINTO CDN IV 3.1 5.4 1.8 3.0 ROAMER* CDN VvV 6.9 7.8 5.5 6.8
P532 UsA 3.1 5.4 1.9 2.5 DRYLANDER*  CDN vV 7.4 84 6.5 7.8
LUTECE F m 3.2 5.5 2.0 1.8 RAMBLER:* CDN v 7.9 88 6.8 83
ANGUS CDN IV 3.2 5.0 2.5 1.5 ANIK* CDN vV 85 9.0 7.0 9.0

1) CDN, Canada; DK, Denmark; F, France; H, Hungary; J, Japan; S, Sweden;

R, Rumania

2) TUEEEIM ~ 9.

3) BEOHIE

4) #% A U7 ARFEIL19884E  (FEFELE) 7 O E PR

_24,

TUEE 138 ~ 5 (50%) ~9(90% L4 1), 1998%E10A 11H.



THE %E . BB CESTATA T LT BBEOBRICET 5

#F5— 4. TEDTRRRREOSMERROTHE, RAELLOR/IME

(3RER B, 1989~1991)

H EEF R R AEH e

dnfd H # DB SN N dnfl E MRy EK B
ONEIDA VR USA I 1.8 2.3 1.5 DERBY F m 3.0 3.5 2.5
CARDINAL ~ F m 2.3 2.5 2.0 JX 80R USA 10 3.0 4.3 2.0
AF21 USA 1o 2.3 2.8 2.0 WM 3012 UsA I 3.1 3.8 2.4
PROGRESS ~ USA I 2.3 2.9 2.0 520 USA 1 3.1 40 2.3
HONEOYE UsA 1 2.4 2.8 2.0 JX 90R USA 1 3.2 4.5 2.3
EVEREST F i 2.4 3.3 1.8 LIVIA F I 3.2 4.0 2.0
EXCALIBUR USA I 2.4 2.8 1.8 TRIUMF R I 3.2 43 2.0
VERTUS S m 2.4 2.8 2.0 ALOUETTE CON IV 3.2 3.5 2.8
DART GB m 2.5 3.3 2.4 531 USA I 3.3 4.0 2.5
MAYA F m 2.5 3.5 1.8 WM 3004 UsA IV 3.3 40 2.5
EUVER F il 25 3.3 2.0 ALEGRO F I 3.3 4.3 2.5
SARANAC USA O 2.5 3.5 1.8 YAL72 USA 1o 3.3 5.0 2.0
P 526 USA IV 2.5 3.0 2.0 ATRA 55 UsA I 3.4 4.0 2.3
L7855 I 2.7 3.5 2.0 GRACIER F I 3.4 4.3 2.3
EUROPE i 2.7 3.3 2.3 XAR64 Usa I 3.5 4.8 2.5
ALIZE F I 2.7 3.5 2.3 VANGARD ? i 3.5 4.5 2.0
ARROW GB I 2.7 2.8 2.0 VANCOR USA IV 3.6 4.3 2.5
WM 1008A  USA IV 2.8 3.5 2.0 WM 0006A UsA IV 3.6 4.8 2.8
CITATION ~ USA I 2.8 3.8 2.3 5432 UsSA I 3.8 53 2.8
EAGLE USA IO 2.8 3.8 2.0 GEMINT F it 3.8 4.5 2.8
JX 95V USA 1 2.8 3.5 2.3 MARIS KABUL  GB il 3.8 4.8 2.8
MAGNUM CON IV 2.8 3.3 2.0 BARRIER CON IV 4.1 6.0 3.0
NY 8413 USA I 2.8 4.8 2.0 TRUMPETOR USA IV 4.2 5.8 3.0
SITEL F I 2.8 3.8 1.8 CHOUTON CHINA V 47 5.8 3.3
49 J I 2.9 3.8 2.0 555 UsA I 4.8 6.0 3.3
FD8701 F il 2.9 3.5 2.3 CINNA F I 5.0 6.3 3.0
STAR F il 2.9 4.0 2.5 545 USA IV 5.0 7.0 3.5
JUBILEE Usa v 3.0 4.3 2.0 TRIFECTA AUS IO 52 7.3 2.8
ARC UsA  Im 3.0 4.5 2.3 NPT Usa I 59 7.5 3.3
THOR Usa I 3.0 4.0 2.3 DIABLO VERDE USA I 6.0 7.5 3.5

1) CDN, Canada; DK, Denmark;

S, Sweden; R, Rumania GB, United Kingdom;

2) L(EEE 72130 ~9(35).

F, France; H, Hungary; J, Japan;

AUS, Austraria.



Ab i 5 3T B 2 B BA S R 2

ANTK (CDN) | ]
RHIZOMA (CDN) 2 Z ]
RAMBLER (CDN) EZ il s

Labak asa) i e
BEAVER 7 , 7

PEACE

0 20 40 60 80
BEERORER

B5-4. Z 1304 mE AR E RO R EIR.
1) CDN, Canada.

2) @ Flemish ; B M varia

B, Ladak ; B |, oo,

3) HEEGEMREIFIT BARNES, 1977; MACKENZIE, 1981

; O, M falcata :

3

VERTUS
MAYA (F)
CARDINAL (F)
EVEREST (F)
HONEOYE  (USA)
5444 (USA)
ONEIDA VR (USA)
526 (USA)
PROGRESS (USA) K

0 20

(S)

H

]
]
|
]
2 i

40
BEEROREKL
X5-5. T XA RIETER R E RE O R B EEIR

1) S, Sweden; F,France.

2) B Flemish ; H M varia ;

B, Ladak ; B , Zofh.

3) HEREMEIRIIBARNES &,1977; MICHALD &,

1988; RHOKPERTHAML, 1971; VIANDS &,

1990; WOODWARD, 1987,1988iZ k5.

60

80

0O, M falcata ;

ILED TR EERERNAMFRED 1 Lo TS
T AEDA—1 oy ] FELTE Monn 5, 1988) kX
O7 A Y 0 BEA ¢ Ol Meron 5, 1988) Th o7,

M. varia % EZERREACRIEEIR & L7 S FEIZIX TPEACE)
(Mexenzie 55, 1981) O L H IR RBREORKE LREL HH
1, iz, TPROGRESS) (Barnes B, 1977), 526 (Wooowaro
b, 1988) DX HI/NEdmiELH T, VEIREDH
THEBOTRIRIRE O/ & 72 TTROQUOIS S,  TALGONQUINJ,

1526) O EE 22 & B IRIL M. varia T - 72 Bames
5,1977), LLED T ED b, REOTIIN TR
BIERE LOBRBRE L OMICEERBEERD S Z &

PR LT,

e

E =
FIED IR SRR T Leptosphaerulina briosiana
POLL. ) Gramam and Lurmee (UL T2 A9/ B & 159) 10

100 (%)

100 (%)

26 -

Raxe > =)
o 25

FoTHIER I SN AR E T G 5, 1972),
BIEZH D) D EERE GO THIC L - TEIEOEEN

AER, EONRT S5 GFE, 1976,
1972), FE¥AITALKE O PALERE L OVFEER (Maran £, 1988)
22—y (Moo 5, 1988) % 0¥ IR 72 #H5 10 5%
ERMON TS, HARERN TILI9564E TR TRAE M
fERE =AU (), 1981),  JbMEE CIL196TEIC AR & FE
Wi U7 PAREIT I B W T U TRAEDSHEE AN (5
H,1963), AWENLATRIEREGM 2T i, Bl
DBRETHEAEED B I W2 A B L TRAENRE DG
DR, 2 THHFEGRIEETOWERIRE VW E IR
TWH (87, 1981),  JAbyEEM CldaER, ik, @k
DIERBF ST DD (28, 1975), ATRE O FrE D>
B ALHRERN T b i b IS TR 2 ARG TO R 2 & b
BMLWbOLHEEENS,

TIEDTIRETHEIC DV, ZhvE Tiob ey
HomfE 2 R LR b hEME R OFEESRE &
TS DS (Hanson 5, 1964; PEJE, 1964; 1218, 1975,

T &, 1987), AFEAD L 5 12K RIE 2 BRI
B L2 i m o Twnieny, BB EICiE L — X
DIFENTEENTND DD, FOBGEEE, P ir
BITHmRIIZ L B 5,1988), 77, ShikiE
HEEEL & D 2 Fox 5, 1991), MBERICE—IE Fic
MR BE & RS MR BE N IBE L2 ) (bifmE R 2R
SEREFEIRES, 1993) , SERE L BBICB T 5 %%

LORIC—EME R A Y ORMBEAE I TV (
Ewcmn &, 1988),

FAABORBR CREFERMEEICK S @z E»n
o b, ARBRHLOMTE R EIRREE Lo L S
o7, BROKE STREMIICL-TELRZDLLOD,
REHBEBIR R R LR ROBERITE bITREL, &
BRI TRE LEm AR L, 2720, f#R
MEOPTEE L HRWEFRRE LR LS LE L L
THLIZEE (RER0Ch. 0Rl#%) OFRFLE-L, WA
SLRDUBRBBPLETHDZE LR LI,

FEMNMREORERLR2NT AV DB LD T X H
BROOBLIRHUA: % BT E AL S N7 FREEIRIR M 0 3R 5 Fl
I TR S - T, i,
BTL7AVIHEERB IO T Z 2kl
MR IR 2 RERZ B L, #EE
JRELTER SR, ?Wﬁ%hﬁwpm
BRE L THLILTHNA D Banes 5, 1977), DO L
WA B ORI I T E I35 25 B B B A B i,
AR ED 1 2L THH ZEEEFELTWE Lok
1988; Micun>, 1988), F7-,

Witcoxson &,

Flemish% iz

= W y)\f_{{u’)

Flemish% |2

EZBID Moton 5,



Pr|m FE o RIMBRCEIET AT A7 AT 7 SEOERICET S

varia FRAZJET O IV G EEE A OB 72 R fE
PR LT,

varia 521L M. falcata & M. sativa O B RASE D5
RIS H O CBmes B, 1977), RERIRMER
HHR <, WOMHEEAHF SN A2 BEERTH Y,
TR END,

W o=

THEPTHRBAREICIRE 2MTEMEEA B4R
bivie, ETZRIRREDOTREREAM O BEEE (r=0. 78
095" ) B L EEDBEEO.8) b biIcKE Ao
oo ZAVHDZ &b AN Z XA IR O 4F 8 70 R
REICHY, BRBRCESSERMREDO =D DES
REHTHD LEZ bk, FPHRBREREE L TN
SBERNETHY, ZNbLOFEELEEEEERIT
Flemish R CTH -7, F7, M varia hSHEEsSh 5
GeflE D I G FISMYITRBRIRE O/ S 2 RERRD L
oo ZHDIIZ I IIRESMES b OB R EE RO
EODOHFLLBEERE LTER S,

- 27 -



el TR ERBERE $o 25

2. TEALTHERMTOSRENBEFEE (HEe6)

B M

RIS TIT 21D TIRIRTE O ISR % &k
ETHhHTED T &, i FlenishBREERB IO M
varian RICBT D L ELREOERMSBA -~ L »3
INGIBEERE LTREEE X bR, LarL, =
NOIRWVERRE Z 77 il b BRNE LV PAL
BEICBRTLIZ DL, BYitEmIrzrz sy
BEL LTI bICEEOERAMSSLETH D Ll X
i, ARBRTIIERMBREMLE LTRETHD Z &
RROONTMERFELHA L, Lo BRBELTE
AL TEENTHEEEOSREABEERIC OV THRS
L7,

THERUAZE

HEER 8L & L CTONEIDA VR, (5444), TDARTJ, [
VERTUS], [P526), TAF21)D6MMTER L ONRAIRE DOEH
WERT (U] ZRELE (k6—-1) , £,
M ERERBRG CRABTRINEL ey Ta
l=x%UhsN), THR2E), THARIE), TA%14
51, A, KETZETHREAMOEERELEL L
THWLI TV 5 IMSA-PL-L) (Fox 5, 1991; Hiw &,
1979; Hiw ©,1989) e CTHR L7,
9BFE6ATHIZS LU N—r—KRy b (TAXEHA
BB 1E)CHBALAEE AHI9BER) 2 70X 70cnD1E
FhE 2 THGICER Lc, HEREAE0T 1 K50@EE L L
TIMSA-PL-LJ 2% 1508k (3X1E) , fho12ifEizzh
2 250 (5K & Lk, 8AI9AIC 1 HE AN
BY, KEOBAEREIZOVWTERREBOL I THER
RELEERIC3E (108 28, F0E, M20R) #E
L7z, MREREDOTMIINECRITIFHE (Ba0ia
BLONo—) OV EREREICE ST 1~9L LT
R L, Thbbh, HEPEIEIIMTEERRD L
NEVEE LA 1, RENR/NEDRREIZSML,
EOTREONEICEEPRD ONLHEETRS, IR
BB R/NEDIW%LL A L, BERTAE L
BIONEIZLRBOLNHBEERFTEI L LT,

&

R
FIRISIRE O MM ERITSHER L bRFICHE

- 28

EThotk (k6 —1) , FHRIFIEEILMSA-PL-L) 28
BONSL, DT TeHUh ) R, (FFTHA
DENIERERFE bROLRED -7 (R6-1) ,
IMSA-PL-L NI Z 1 A>T IR R O & D@ S > TH AL
ENTERAZFRK THDZ DD Fx H,1991; Hiw
5,1989), BHEOEARBOTTIT T U H /<) O
THEPBRLENTWA L EX b, EWRRRELL
anfl R & HEFIICEE D, RETRERICIIPAIRE
DREFE2oT (R6—1) , EREREORKEESR
BEORMERSMHIL, RENZ3RBEIZOVTHLR
&9 (B6—1), WINbLIZFERETH -7,
BRBEDOL L VII6~8TH Y, HFERL LD TK
<, ZEBFEEITLO~L5ThH-T,
RAHAEDIOA208 £ CRIFIREOFT SR 1 2HER L -
EEIIRD i o728, 2~3DEWEFHICE Kk 3
fEfE»E SERFEICEBD LN (F6—1) , ZhbD
FRE, SR LU REREICIEFMEICE L TR E 2@
BRERPEEERFLVD 2L, 2T EVIRFEE
BECEENTVDZLEFRLTNS,

40 40 40
30f | [ 30 30
g 2 20 20
% —
# _
® 10 10 10
E
0 i3 ¥ 0 4t ol He B
2345678 2345678 2345678
ERRE RRRE FEIRTRE
MSA-PL-L U N

K6-1. ZIIH>T IRt EE R B DT T BEH/0 .
1) 1082, 10,20 B AEDOEHHEIZ L 5, 1993
2) FIEDTRIERIRE, 1 (EE I ~9 ).



E FE o B EST AT AT AT T RBEOEMICE T AU

F6-1. FEPTHEREBE ORTEREGRE R LOWmERER.

Y W& A B

&
e 108 2H 10A10H 10A20H A
a8 2. 1a? 3.2 a 4.4 a 3.2 a
MSA-PL-L iR 1. 10 111 1.14 0.96
(USA) BB R 1-9 1-9 3-9 1.7-9.0
RA) 2.5 b 3.4 ab 4.6 ab 3.5 b
VLI g 1. 34 L23  L20 112
n B/-FR o 17 1-9 2-9 1.3-8.3
Sy 2.8 ¢ 3.6 ¢ 4.8 b 3.7 ¢
AR145 IR 2 1.36 1.17 1. 14 1.08
oy B/ N-ER 1-7 1-7 2-9 1.3-7.0
Sy 2.8 ¢ 3.7 cd 4.9 be 3.8 cd
VY EAE R 1.49 1.45 1.20 1.26
n R/-F R 1-7 1-9 2-9 1.3-8.3
R 2.9 ¢ 3.7 cd 5.0 cd 3.9 cd
A%3% ZERE 1.36 1.22 1.16 1.09
6] NS PN 1-7 1-9 2-9 1.3-8.0
T 3.2 de 3.8 cd 5.0 cd 1.0 de
ONEIDA-VR R RE 1.33 1.12 1.07 1.01
(USA) B/ R 1-7 1-8 2-8 1.3-7.0
¥ 3.2 de 3.9 de 4.9 be 4.0 de
5444 HERZE 1.4 1.31 1.02 1.10
(UsA) Feh-BK 1-7 1-8 2-7 1.3-7.3
B2 3.0 cd 3.8 cd 5.1 cd 4.0 de
H¥%25 BERE 1.52 1.39 1.19 1.25
(USA) R 1-7 1-9 3-9 1.7-8.3
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(USA) 4N TN 1-7 1-8 2-9 1.3-7.0
S 3.6 f 4.6 g 5.9 f 4.7 g
Fhn REUE(R 2= 1.39 1.32 1.18 [.13
N SN SN 1-9 1-9 3-9 2.0-7.7

D) AT IR A, 1 (M ) ~9 ().
2 BN OSBEREID LY SRR S\ B A Z T (P=0.05) .
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RE ATV, BABNCEE L, #REED—LAT R HE—EIBIZEML, MR, XMEL 2%A L BERICIT-
RIZENTN—R—Ry b THE L (4 A TOERE) , 7oo 19945 8 A THICH Y v — B LU Z REF X
19954 6 A 4], 70X70cn®@EEHE 2 TRIBICBE L7, DY, ROBAEEIZOWTEENTIRBFRRERE, o
HERELIEE /KT, 3KEL L, ME&ITEHE ERBIUERERE L, £7, 199540 RBFIDITL
BHIN-P20s-K20 kg/ak LC0.35-1.75-0. 70 TdH - 1z, MNRBERBIORECHEBRIRE L, Hrn—, #%

7k, SEOBMHERE, SHEEILRAZIa— ROBELREFIAT o 72, FORBIZIT 5 EIRFREK
CZBIE) B2 OBNREHIIETEICEE Lz, 199548 A EPEOEERBOBEGREEL L,

F7T—1. FEA7 09— OFERRE (19944F) .

Ju=yH - RTE - & G o~ 6 VAN BRI OB i

Jn=y B A (em) 2 Ju=y S B (cm) N

&5 MEERFE L0117 107R  UR HFE  SMERM 100178 10478 ]
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G10- 2 DRYLANDER 6 38 2.7 G10-14  tdwpn 3 63 2.0
G10- 3 DRYLANDER 7 36 3.0 G10-15  t4ypn 4 56 2.3
G10- 4  DRYLANDER 7 32 8.3 G10-16 iy 4 60 4.0
G10- 6  DRYLANDER 5 37 8.7 GLO-17  tiypn 2 60 4.3
G10- 7 pypn 3 47 2.3 G10-18 b4y 3 56 5.0
G10- 8 #pupn 5 56 3.0 G10-27 A F2% 9 35 1.7
GIO- 9 Xpupn’ 4 46 3.0 610-29 AR5 5 55 1.7
G10-10  *yupn 5 49 6.7 G10-36  ONEIDA VR 3 71 1.7
GLO-11  ®yupn’ 3 44 7.0 GLO-37  AF21 9 71 1.0
G10-12  &avhn 5 51 7.7
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EHT 0.94-1. 14Th o7z (E7-5) » ERFENL O
FizHEE SN - B A EORYSERD L O SN K
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E FEZ o BRIMBCESTATAT7 AT 7 GO ERICHET AT

FBT—4. BTER (FERE) CL3REREOEBEREOHE.
TR RR R Roo®ED R
IH H 10H38 10A 18H i 104 18H 9H26H
FERABE MERK 0. 92 0.80 0.90 0.51 0. 84
HrER EREE 0. 44 0.31 0.37 0.25 0.49
IEHERRE 0. 04 0.05 0. 04 0.09 0. 07
EFEHK 1.63 2.58 2.10 4.79 2.35
EiE 0.88 0. 62 0. 74 0.50 0.98

D) FENTRRIRRE, 10E I8 ~9Gh).
2) MOEE, 1(RE)~9(R).
3) BER, 1(ESD) ~9 (BH5R).

5 7
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L e bt R LR
qf--mmmme e e, 7 @®---------
A S B <
® “ ® ®
) 3k ._‘ .................................
¢
2 1 2 3 4 5 6 7 8
ZEBE
®7-1. O TIRBEHRRECET 5+ O #i~DEF. H7-3. BERGCBET A FORBEA~DEIE.
1y =210+ 0.37x. 1) y = 2.35 + 0.49x.
2) TEDTIRRIRE, 1 (3 ~9 (). 2) BRSO (ESD) ~9 (BRR).
8
8
v
Rl
®
S
4 .
1 2 3 4 5 6 7
AR
B7-2.  ROEZIBET L FO R BA~OEG. AHLB
1) y = 4.79 + 0.25x. T4 1D R R | » 18 o [
2) HOES, 1R ~9(R). . é)‘igii‘%ﬁi }io.?!/ﬁéfmfﬁa%ﬁ o

9) @,G-28E y = 0.02 + 0.99x.
3) k,G-3FE, y = 0.77 + 0.94x.
4) FIIDTIRTEREEE, 1 (EE L) ~9 ().
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2) @,G-28, y = 13.10 + 0.76x. ) @6 mﬁ, y = 2.22 + 0.52x.
3) k,G-3BF, y = 28.35 + 1.52x. 3) *,6- 3§¥ = 0.90 + 0.83x
4) B, cm 4) ﬁ’*” 37) ~9 (BA3E) .
R7-5.BFER (FLHPEB) KL 5WEREOERBHOMEE.
19944F 19954
T RRRRE BAEY  B(em) AR EOB®
5 10f158 108208 ) 9f27R 107128 568 51230
---------------------------------------------- G— LEf  -m-emmm oo
FLAE MR 0.91 0. 92 0.93 0.81 0.90 0. 62 0.83
BT ER ElR R 1.00 1.24 1.14 0.82 1.13 1.33 1.46
RHERR 7 0.13 0.14 0.12 0.16 0. 45 0.38 0.27
B3 E 0.05  -1.39  -0.17 0.97  -5.19 -1.38 . -1.87
BisgE 1.00 1.24 1.14 0.82 1.13 1.33 1.46
---------------------------------------------- G 2B o
F & FEBIREK 0.81 0. 90 0.87 0.59 0.71 0.35 0.72
B EF EVRERE 0.85 1.06 0.99 0.52 0.76 0.66 0. 61
FHERR 7 0.17 0.14 0.16 0.20 0.21 0.48 0.16
REH 0.64  -0.38 0.02 2.22 13.10 0.99 2.68
E=E 0. 85 1. 06 0.99 0.52 0.76 0. 66 0.61
---------------------------------------------- G— 3B
FLHRE RS 0.79 0. 26 0.62 0.81 0.78 0.49 0. 65
BTER GRS 0.83 0.51 0.94 0.83 1.52 0. 62 0. 54
fE R 0.18 0.52 0.33 0.17 0. 34 0.30 0.18
EFELE 1.02 3.06 0.77 0.90  -28.35 1.28 2.88
Ei=E 0.83 0.51 0.94 0.83 1.52 0.62 0. 54

D iR R AR,

2) BA,

1(fE 7

T 720 ~9 ()

1 (8 37) ~9 (BAIE).
3) AREIIRE,
EVE 170 %3

VB0 ~9 ().

LRR)~9(R).
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Studies on Breeding of Alfalfa (Medicago sativa L.) Cultivars
Adapted to Konsen District, Eastern Hokkaido of Japan

Yoshihiko TAKEDA

Artificially sown grassland constitutes the main part of the arable land in Hokkaido
About 50% (580, 000 ha) of cultivated land is occupied by grassland. They are mainly distributed
in the eastern parts including Konsen district and the northern parts in accordance with the
agroclimate condition. Timothy(Phleum pratensel.) is common grass species in the eastern
Hokkaido. Red clover (Trifolium pratense L.) and white clover (Trifolium repens. L.) are included in
the mixtures.

Despite of its good quality for cattle feeding total cultivated area of alfalfa(Medicago
sativaL.) is only about 10,000 ha, which located mainly in Abashiri district in the east. Their
weather conditions in summer growing season are comparatively dry. On the other hand, alfalfa
is hardly cultivated in Konsen district, one of the dairy farming centers in Japan.

The summer climate in Konsen district is characterized by the cool and humid weather with
insufficient solar radiation due to the Okhotsk anticyclone. Severe cold of winter freezes the
soil to depth of about 30 ecm  because of insufficient snow insulation from cold air. Frost
heaving may also uplift legume plants because of the fine volcanic ash with plenty of water.

It is known that alfalfa is a plant from the Near East and Central Asia, and evolved in
the area that pronouned continental climate with cold winters and hot, dry summers. Therefore,
the climate in Konsen district, especially the cool and humid summer, essentially may not suit
to existing alfalfa cultivars

The objectives of this paper are to determine the characteristics of cultivars adapted to
Konsen district, and to investigate the possibility for improving adapdability of alfalfa

cultivars in the area.

1. Characteristics of alfalfa cultivars and |lines adapted to Konsen district.

(1) In the experiment using 60 cultivars almost introduced from foregin countries, signifi-
cant difference among cultivars was found in winter injury after the first winter, closely
associating with frost heaving (r=0.95**). The plants with non-torn tap roots that were lifted
up above the ground died due to desication and/or freezing

Many Canadian cultivars with the strong fall dormancy, were severely suffered from frost
heaving as compared with moderate fall dormant ones. Stepwise multiple regression analysis
showed that about 70% of the total variance in plant uplift could be explained by the root
size and the amount of top growth, and both traits contributed equally to wuplift of alfalfa

plants in Konsen district. Frost heaving was not related with lateral roots

(2) Two tests were carried out to determine the difference among cultivars in winter hardi-

_‘56_,
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ness and its relation with fall dormancy, leafy disease, plant survival and productivity after
the second years. One hundred ten cultivars were collected from areas with contrasting envi-
ronments. Their growth types, proposed by Sumkr et al. (1969) belonged to the types I, IV and V.

Frost heaving and snow mold injury were not observed, but large difference among cultivars
in winter injury was found after the second year. It was suggested that the winter injury was
resulted mainly from the freezing.

The winter hardiness estimated by winter 1injury was negatively correlated with fall
dormancy (r=-0.60** to -0.85**) and positively with resistance to leafy disease (r=0.61**to 0. 84
**). This indicates that cultivars resistant to the winter stress in Konsen district are char-
acterized by comparatively vigorous fall growth and resistance to leafy disease, particularly
Lepto-leaf spot(caused by Leptosphaerulina briosiana(POLL) Gramas and LurgeLL) .

Winter hardiness was also negatively correlated with spring vigor (r=-0.91**to -0.95%*),
first crop (r=-0.72**to -0.78**), and stand coverage (r=-0.85** to -0.89**). Winter hardiness
is considered to be a limiting factor of productivity and plant survival in Konsen district.
Cultivars resistant to winter stress in Konsen district are featured with comparatively vigor-—

ous fall growth and resistant”to foliar diseases, in particular Lepto-leaf spot.

(3) Treatment with fungicide for Lepto-leaf spot showed increase in root and crown weight,
and cold hardiness of alfalfa plants
These results indicate that it is of great importance to improve disease resistance to
Lepto—leaf spot as well as to increase in cold hardiness for the development of alfalfa suita-

ble to Konsen district

(4) A field trial was carried out in Konsen for 8 years. The large one consisted of 8 culti-
vars and 248 lines developed by Hokkaido National Agricultural Experiment Station, in order to
improve resistance to leafy diseases and productivity of foliage. Their lines possessed dif-
ferent growth types and 90 percent of them had Lepto-leaf spot resistance more than
"KITAWAKABA”, check cultivar.

In the trial, winter injury and plant persistence was not correlated with Lepto—leaf spot
resistance. Persistent lines were featured with winter hardiness and comparatively fall
dormant type in growth habit that produced relatively little top growth and prostrate stem
during autumn. Lines, which were selected and developed for only Lepto-leaf spot resistance,
were erect in plant type, not so fall dormant and not always persistent

Therefore, it is considerd that the selection of winter hardiness and/or growth type in

autumn with Lepto-leaf spot resistance are great important for the both traits
2. Primary trials for improvement of the corelated traits to adaptability.
(1) Lepto-leaf spot is prevalent in Konsen district with the cool and humid weather in the

summer. The resistance to Lepto-leaf spot is very important for the establishment and persist-

ence of alfalfa plant. Two tests were carried out to determine the difference among cultivars
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in Lepto-leaf spot under the field condition. Severities of Lepto-leaf spot were visually
evaluated under natural infection in fall as 1(least) to 9 (most severe)

Differences among cultivars in Lepto-leaf spot were extremely large and stable among grow-
ing seasons or among years under the natural infection.

Cultivars developed from Flemish origin with the growth type I were more resistant to
Lepto—-leaf spot than cultivars from other germplasms. Exceptionaley,a few cultivars of M. varig
origin belonging to growth type IV had relatively high resistance to Lepto~leaf spot. They
would become sources of resistanceto Lepto-leaf spot

Thirteen cultivars and breeding lines with moderate to relatively high resistance to
Lepto-leaf spot were used for the estimation of individual variation in disease severity.
Maximum difference among the entries was 1.5 in mean scores of disease severity. “MSA-PL-L”
was the lowest in the scores of severity, which was a check cultivar for Lepto-leaf spot
resistance in U.S.A., followed by "HISAWAKABA”. Large individual variation in Lepto-leaf spot
resistance was recognized within each entry. Standard deviation of severity was from 1.0 to

1.5 and the range of scores was from 6 to 8.

(2) It was known that although cultivars resistance to Lepto-leaf spot have been observed,
most attempts to increase the resistance have been unsuccessful. The reasons are difficulties
in duplicating field and greenhouse screening results and the lack of distinct resistance.

Heritabilities of Lepto-leaf spot resistance were estimated with the clear and stable
severities of the disease under the Konsen district. Narrow sense heritabilities were so high
(0.6 to 0.9, or 0.8 to 1.0 in esimates by regression of offspring and one parent, and off-
spring and mid-parent, respectively ).

Bidirectional mass selections by visual inspection of plants for Lepto—leaf spot resist-
ance were conducted for two cycles using "KITAWAKABA”. The realized heritabilities of it's
resistance, obtained by regression equation of the selection response on the cumulative se-
lection differential, were 0.89 and 0.77 in the selection for résistance and susceptibility,
respectively.

It was confirmed that Lepto-leaf spot resistance was genetic trait and high selection ef-

fect was expected for its improvement

3. Improvement of Lepto—leaf spot resistant breeding materials with different fall

dormancy.

Mass selections by visual inspection of plants for Lepto-leaf spot resistance with growth
type were conducted for two cycles using source population(4850 plants) which consisted of
“"HISAWAKABA”, “KITAWAKABA”, “ALGONQUIN”, and others with relatively high Lepto-leaf spot re-
sistance, and fall dormancy of growth type Il or IV (Suzukl et al., 1969). The objectives were
to develop Lepto-leaf spot resistant breeding materials with several fall dormancy. In second
generation progenies had more resistant compared with check cultivars, “MAS-PL-L” and

"HISAWAKABA” and many plants with more fall dormant type than Il type were included in second

,58,
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population.
Consequently, it was confirmed that the selection method in the study was avilable for
breeding Lepto-leaf spot resistant materials with several fall dormancies. Improved population

may contribute to establish the alfalfa cultivar suitable to Konsen district
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