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BNGRI S-9

TIIVT 77 7 IlBT SEERIETUEE IR A5
— HBREESER I & A RN O BB X OB BRI R —

MoF =R

HREL HREE L TRE
B | BRNRRERASBRG VDT i SR EI =

CERk 1046 7 4 H3ZED

E =

77 7 V7 7> B#IE (Sclerotinia trifoliorum Eriks.) OHZE(LILiFEEND
AMICRY, PTHREMBTAELEEEE5I3FERETHD, COFRER
ZL{DEEEBTZIHNFETCHS LN ERBEOEEN LT AENERRIEE
LiEheah, BEEBEISE LW EEZoNTE, UL, EFEKRERYIR
LERFEIEESEBEICERE L EVVEREEZRTIEORDHON, SOBRE
CEWTHERETENFRELIEEELNC L, &5, ZhoDFEMH
EHOTEREOBELCOVWTRIETILEDIC, RBEBRERICLLEEDY
BIIOWWTEELT,

ETHRELERBRREEOBRERONCT I, BRAERETHHRRBIE
BINZZE (12 8) ICEBEFEKRTICERE LU, MBEOSVREZSW THE
THRIEICLY, BEHNF—ICHRY, EERCHELREHEREZRDI, C0E
BELARZGTCORBEELOMICr=—0798 1% H5&8) O EREREFRD
HY, BERETON—FZVY, EEEEE HELEBEEHESLESIFEICK
U, ALEEICLIERMEEEERREIC LTS,

SEQENMRSICOWTA#5 &, Moapa, Haymaker % FIE(KIRMS 4 7D
SERERFBICZHHTHEL, KEENS BAMEICHE D DORERIPPEN
ElaERLEZ. ChDDOHRICIEZTS v ZAD Flamande RFEEICHET 3208 - R
MNEBLEENT-ENDE, ZOERERBENTHS LHEELT,

B, HEBRECELRKEEZHONCT RO, BEERBICEL-TAY
LBEBEICOVWTEN L, ER - EAXETEELLES, 10 BHICENT
SEMEENEECRY, SERMAPIRECHE LEBTRTF—VEHbNT, B
EDO-OOBEHREICOWTAS L, £EEETIREE (16°C) - &R (KRB
E) 26 TRLEFERGEENE( LoTc, ZORGEREFORREN—-F=VT
NEFLTEDZEICLY, ERAENEZY, RERUVEKOEENEKRT S
Ehn, BRECEU-EERELEZONT,

FREEEROREEEET S L, BRHESRTED Moapa TIIRMEBRIMICET
AL, ERDMEBEDY S5 VELEKICRATZH, IXTOHFEHIESE D, —
%, iRk R SR58-6Y CIREROBEE I SV VEHTHILET 36N
{, BROBAZEN-BLEHIFNBEL, EEERLICEETIDDLELD
nic, BREEFOEESEHEHETIE, BABRRRIHEERPEEME#KLE, &
EAEDHBRICHEL, RHRETHRHEHEL TV, LML, EMEREICEA
LEEREBREHABATHELZEL T 3HBNTIERERICIREEI NI EN
D, BPEMATEEZELERBBROBERICHIEETIVS I ENREINT,

ERAEBRBEKICLZIDBREAONCT S0, 75V ARUVEMBRAETRK
SEZ, 10 R3E - REICL 543,000 BiEEEREFLE LT, 1983 EHhoEMH:R
REBRBERE IHRBYER L, BBREICEITS 1~5 HREOEFERICD
WTH3B & SR58-1, SR58-2 TIRICIES, EBRERO—EMELIcFyIohnE
ENEM -1z, 3SHRARENOEL LY, 5 HARKED SRH8-5 (FFVEFEETR
Lize 5~9 HEERBDIEE T3 SR58-5 ICLE X SR58-9 (AL MNICE WEFERE

81
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T Utze 770+ —0OHEICKZREEET &BERE & ORBRENOEHRAY
YEYF 4 EKDHDEMEBHAIE R2=0.078 SEM - fzhy, 3~IHKTII h’=
0.364 EEWMEER LU, COZEND, EREMTRIEKFEOEMKEICEETS
BEFOBZINEL, ZOHEEGEND, 1, 2HROBRTRIZ LA SERM
OEENBHONGE N> T2, LL, BEERYIET I EICK > TEBRNDER
HEEFORENRLICEC XY, I HRRHED SR58-9 TEXZLBERICHNG
ohizéEZbNT,

- OBERG & FEEHEOERINLEREF NS ERE Lz, BEETHHOD
BEFHESEL LEEFILTR, TRy—72405< LTREHKEZRYERYE
FEMNETIRETFHEELARABOHBE ZENFEEICKY, BRRIEREDRERK
SEERELERERT EADNTZ, SO END, BEFOEBEHINESL, Z0OIMHF
ENEVERICEVWTHEEHNEENKRBRLE LTRRTIRENEETEAL
RENERBRIZLOTEDLEEFETHI MRS

HESSH (1999 : 77 77 7 LB 3ERBIEAMERICET SHE K
BAEERKC LI EAEOR LSS UEEBE SEAMRE— EiETR
57 : 79~125.

+£—J—F: 7T 77 7, Medicago sativa, BHR, REEMRKE RRUE

BBk, BEE BEEH
¥ B

77 77 7 (Medicago Sativa L.) 3fEHEY &
LTRbTVEEDEE o5, HRe BRIV S F
T, KEOREMEE L THATRO LA HEE s T
B ARMETH B, AFMBEE LTEEILDIDE
WEBNENE SN, U b rRgEic R
BREWERITH 3, [KEOLE] LOFINTHD,
DOHETOHE, ~[ F2—THLELTEZRICBAIN
TW3 (R{F 1983, EA 1982, B4k 1992), HAT
BT NVT 707 7 OEFEENES LRV 0En, B
AEHT IMEREOBRICA-TT VT 7 V7 7 D&
EARETRESEI TV,

HRIEDIF TR IBTAFEICT A U SEASH, b
A AP RIENTThN OIS E D T, BAKED
b SIER A EOETAED SN T X /2o HATOHRE
i3 1964 EIC B BERARBYE WEHEEEHR
H) BV CERIEREOBEARE I N, 1967 £0 5

&L R TR O RO ERAED ST

Xt db¥EE T IRINEE R E &R, S, kB
OEtEFHEBBETH - 72 (5  1975), i
DX ¥ 7 hNOERKE REHERREORFEDOGL D
[>T 10,000 ha %8k A % 4REE IR IC 7S - 7245, 1980
FEEM D= F 4 ¥ ) v AFERFOFAIT L DL
foo L L, 1990 i 3K RE~F 7 A8, £V T
HADBBRES N, B, TT 77 OFRBEHEREG
B4 BEtEASHEN TV B,

B T BB X o BB GERIRNYD,

BItRYE, WHEYE, TR (B, 777 A Y, B
) FEMEEE L, 1964 4 3@ WIENE &kt %
RT v T Hh N E, 1982 FF i BTERES SV S F T
NEBH LI, ChoDRERZhTN 32 L3TORT
BEEEICGET SN, BB A TIVT 2 VT 2 BIG
AH[REic U7z (BAK 1978, BéA 1984), % 7c, /KHix
B R L o fEBSENK T £ 0 1995 T i3 it L
[vaghoN| ZHELUE FEF 1996 4F, Rl 1997
) COLDICHBEHELFRIC LEA SRERRIC
U TEEEZEDTE I, 41 SOWRREREES DM
BEE LTS TRE LT WREF IS T 2 Kb
BREOBEREVEELE STV S, Bic, B> oFIChH
3T, BIKR (Sclerotinia trifoliorum Eriks.) OFERRIT
X aMENARHTA SN, U LIEERIIHEEZ b/

LI EASEES N, COREIESESHLT TE
<, BB - BBV T S ERICEEIS KRS 25, F
RHARTT 2EEBRETHL LAONTVS (P
1976, 1981, 1990, $5K 1986), 77 7 V7 » DHIKHR
K O Ty O HEFETIRTE 24T 5 SR M E A Bt i
BOTH, REBOSBITHTERL L EEORENEM
SED ST (FHFE 1986),

Bl 3% o= A R RIRETH D, KHEE
Ve: LTV v FYEDSEER & hu iz 1920 FE~T0 FER I IE K
DA SN, BEERROIGEA BT S0, HKRE
X AHEHBERER ESRIF S TE L
1954), L L, s L <, ANt
OB RE S5 -7 (FBA 1952, KR 1960),
ZEBODBEICBY BTNV 7 V7 7 OFIELECE -
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T L vy ERREICERORBRR IS 3 2 BHHA DB ET D
n, B ETEEICDh > TNEERIRT 2T V7 7
V7 TR SHFE SR E L <, Kt
REOMFHBARREEL DN, £ T T, EWKHRED
MR EERE S LARELOR L EREOEA TS
3 MW EERICE D  BREMFLCHGEA 7,

FT 7T > OFEEF IR 2 o R U
TELY, B, KETIEROZEMERSHESHT
REh, BRI ERENORMA bHEHONTVS
(Pierson et al. 1994, Pratt et al. 1996), FEAED 7V
757 > BRI, ZoHuRicd TIcEL L TV 5 EBET
SEORBRENE SN TS, BhicAERg s ol
BbERENICE S ARMEES — RS BELETH
3, LHL, BAOEMO LS CHFHEMELTT VT 7
N7y DEAETSEE, SHREEHREICGHED LB/
B#tEa-3 5 ER3HLL, ThoEticoBRS
BEAFIET S ERMBTLOHROFGOHETREVE
ZZ ol

TNT 7T > OB BT Hill(1971) 3[EH
4R OEEIED € F U5, B TOEEANET
EEVEE I BT, EFNOYIIEE H3HR D TEVE
Bicbz s —7 GEENGEERE & 3527155 FEiEE
BU, RIEEFICBASE S E) 20LLT, Bk
A RS S ENNOBETHEEEZRL E ESE5C
LHTRETH B E Lz, L L, (BSARE OB %
HH i EF O RBBRBEHSRETH 5o 1 R st
HRORART & 5, BN ZENTBIT SRR
HEHICEETE 2 E D b RKOBEIMERES
3 (faA 1994, 1996), % DEKT, AHATR#E
Wy EBIE O RBBE A o hic T B T EEEHR LI
HIE O IRPUME B F SRS B SARGE L Tcihdy, WikE
1G4 R SR & 1o IR E &AW S RIS WD
b, 7 OERHEEAENET, »oERINOEET
DR I3M S BV EEZ SN B, EIFE OEFD ST
WoEAPkIC T 2EMAELEKT 5icid, EEOH#IE
HIRERAZE A TV T EWBRETH D, TH LT L
5, BREAEE L TIRBHAERBIKEEES 5 &N
WY &M s e (W 1993)0

AFETRE 1 BBV TT VT 7 V7 7 BT 51
WA & SER O MR CEMRE O, =00
&G>T, BAEOHFEEME LT

%0 ETILEEINEENTET ZRBE YT 5
¥, BESMETA— F =V 7 ETY, BREDEETTA
THET 3L EREEoSVREEEZHOMICL
to TOREEIC LD, HEFUMEO MR O RHERZETR

ARRNT B EE BT, TRy — TODISVIRAET Dk
ZAfeic Ui, $7, EFUMEORB IS 2 EMED
BHEE Yk - 5E - HESE) oW TREL,
FIT » VT > OEE FHREE (16°C), ®HSKMHT 10
BEEHET A &L, YEHPIICE VT ORIENSRHE
I3 AL MIC LT

%3 ETREROKREMEIC>LTRETL, JhiEE, (1
T D Fe s Hh O B Mk 1 il BEH o BRI B~ BR O RR TR 2 7R
FrEAHEOMC LI, Lv—2ELTOHMLERVS
O EWER LT, F1o, ERICT 2IKGUE O EIC >
W TR BRSPS AT 21T O, R ORI 3R
AESROIEAZHET 2 IEFMRIGTH 5 L E2RD
72o )

4 TILER R AR 0 R LB L R A LR
i & BIEFIERE IS B L TSI AT S 21 E
WHERART O EABDT, k7, BERGETOER
FFEFTICBVTEVEERENEREZR LI LD,
AR RHETH 5 T AR LT, T OREIER
Hiz-\WT, Falconer (1960) i & % #K8E & 2K
s & DBARD S FIhEK IR O BIZREV Y, 3 K
HUB 3 EEL BB T ERALMIT LT

E5iT, T OB ORKIIL & [EHE 4 f5EOHR
12 &5 v (Hill 1971, Busubice 1972) & &% L7z,
BRSPS & BRRAE O 3% 5E T I RTREH RIS 2 7,
BT OBETHEEZES LcETVTE, TR
= 7% LRI AR 0 B IZHN E T 28
EFEGA CERT 5 C EMARRICE D, BRRIEINE
G L ERE R E RS A SN, TDT LD
5, BZTFOBEMNS L, ZOHEEMEVERICBL
T bBENEENEFTNCRE T 2 RENRETCENE
FEMEERE D CTERSBEFETH S LR L
720

FIRGER BRI HRICB O TR ORI LR ZE
R U BRI EBARICE UE A T2 AFRE
B, BEAKAZ CRRZMEL SHLWIEMEEA
4 214, B LWEBICH T 2 EEE ED 5 IR
B HihTh 5 ENEI SN, BB, EHE,
B15 & OSSR, DR e, Rtk E o
Hic> WIHEBRMANRT 3 DIt bANBHETD
5 EMPFS M E N TV S (Cooper 1954, 1959,
Dudley 1977, fiF 1988, BEA 1993), & 5ic, AWF
T & H I 18 - - BRI O B EHEIKIC & B ECR
i3, 4% CRIZEOFENSERTE FEEYRSEEN
TH- B (BB HRE, 2 b VAWML E) o
WTh, ERMARET ZEYSEREREETV, TOR
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BT CcEEAROEL TL S, BEIREHMT S &
DHEBEMEZRETL6D0LEVE LD,
F1E BEOHE

EI1H 777077 DEDEMIHERUSERD

a2k

1 —tR

TNT7 > V7 7 id Medicago BDEFELD < A BIEAK
TH b, Medicago ROLEBAEAKILIE T, TN >
N7 73 2n =32 DEE A fEATH 5, BEEIZL 54
Fuwd ¥ vEVWHIMENRT LD LIEBBEDL TS
b, BREEOBIRIEFEE LT, EERENK» OAE
ChftiicEEd 5, TR I/NEOHETH D, RO
INEIZNERE S BHIEmO/NEL b B, BN
123 80~100cm 75 5, MWD Ik 2BENHEL,
FERoAEBEEOEV, TRICES, FEENSL, EH
B, By I VRFIAIASENEVI EDOREDL
TEMeshr2BO TERRKRETH S (FEA 1985
1989, #5K  1992),

e D Medicago sativa SHEMRET, Inho4d 3%
TG L THIW S, B Sl L v ERBEEZ T 15
BIBAELLEL OHREEL 5, HIEIER (2
sy v) AEUTIOMSEN LS 0EENT, C
NoOEIFINEDIC XY, BAET L, miEXDEE
hEHEHR SN 2O THRAZ ICAEILT 5. T0ED,
WILD Medicago sativa spp. falcata, E~H~THDER
B AT A R T Medicago sativa ssp. varia D58 %4
IS, WEECHS, AEEEzRT DLA LN,
BRI, AEEEORERIIEATVL S,

2. HERMSMH & SERO AL

TNT 7 OREREILTA VA, 2-5¥T KN
kg, 77 U4, KFEMTIENKD, Z ORI 3,200
7 ha Th B, 1970 4E~1984 FE DT T3, b IEEHE
BoZwrx )4k 1,056 5 ha, IROGTTILEYF v
® 750 /7 ha, v ¥ 7HFIED 450 J7 ha, 5+ 5D 250
Hha, ~vHY—D130J7haThHb, 7Y 7 TRHIE
DI T ha, 77U AKETEHET 7Y AIKBVLTI0
7 ha OYEFT I EREA S %5 (Michaud 1988),

HAROEEBIC DLW TOREERLL TV 7 2 V7 7
OFERIZIEO P 5 v RT3 —A v 7 EHRT ST TH
L EHETE E N TV B (Sinskaya 1950, Bolton 1962), 7
N7 b7 RRERD O EAMRICA - TEEMLE
#, BC200 Ficltn —=WEICE TEL D, 36T, 4
§ ) = aA vicEA S, ADSO AT I nlEGE
BT 7V AREATOD, WEMLTEESEREEZ b

DI OHBA~DEANTH 5, HEFORIC, St
CHAEDB B RERSSEL, Ihba—oy i
HEASNT7 SV ABETT VT v VT v OIERFERE
B L, 75 Y2AOERBICE S >OEMMS 3
B, oo T Flamande BHEE I T, LEEMD
L, MEED PR DBVEHEER - TEY, 752
DHIBLTT AV A, AFFEEHRTLIESS,
BEEMELLTOHAV AT EL B3R 1961, BEXR
1975, #EA 1989), AMIFEICH VT & Flamande #iT
HIRS 2 MM D18 0 DERST & LY 5,

-0 w N A-TTNT7 72 V7 713 18 R IIE
R R AN L, ST i Medicago  sativa
ssp. falcata & OASHENEBELERENLHL L, HEOMm
MRS MLL, ChPIERICEASNTT A ) A
DBTHHIRT SIED - 7o T OHFIEBAOBEAF F 1 v
A Wedelin Grimm 2 & % 34 £ & D A5 W &k Hs
BEZTHLH (BEA 1975), 0Lk, 7727l
7 7 ERE R M S BN T 5 BEEES DSV
WETH D, HASHA~OEEITARED & REOMHE
ERIC & 5BIREWIRICE 56 0TH Y, EHHROH
fLTEeREBPEmIFTFMmEsnTw 5 (A 1978,
1984),

= 281 HE®IEE Sclerotinia trifoliorum Eriks. [

£ Y5

L WEEDOSEE IR

BN B A, MEH, BBRER (Sclero-
tiniaceae) BT HHETH Y, F 4+ OEMKEEITK
# &N B Sclerotinia sclerotiorum (Lib.) de Bary, L v
7 OERE Sclerotinia trifoliorum Eriks. V] v Ik
+ ¥ OEEE Monilinia fructigena (Aderh. & Ruhl.)
Honey K& 11 BAEgEN 5 (FAS 1995, 7v7 7
W7 s ERE L Y OEGRE EE U Sclerotinia
trifoliorum T& %, B IIFEME, HERE, BREROR
Echbh, FAXHETELTHD, AFEHARS
BREMOEEU 5, BEFEHEBESoXOREPLAIICE
T 5 EHEL, BEREHICL > TREETIZI~I0
mm OERNH 5, KR - A2 LEEPSEL
WEAEL, #EETIE - K RoF0 5> BERKRT
5o TOHIBRONTICIEHOBERDOFD S 450,
Z o 8 o, B HAEOFo T (K
XX 14~20 u X8~10 u) HH b, TORHFIFFDH»
LW THBEWEIC X - TR 5, TOS T
REFEUE T 20C TH I 0C THREEAEN SO EX
hTwa bl 1964, KEAE 1964, PEIE  1996),

2. HTHEY
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Sclerotinia trifoliorum Eriks. i3 HREAMTII TV
TP T DEN, VVF, vaszua—sN, ThIua-—-
N, g YAy vIa—ss, Ry FIvasSHEEe R
BHEYNC KRS BEELE5X 5 G5B 1960, BkH 1963,
AHES 1973), iz, ~"naTH, DIy, RN
NI EEREOPMIME I bFAET B, M (1946) 13F
EFTALEREATV 30 R 103 AKRLET 5 &L
TW5,

3. A

#HERKIT 13~18C ORiRICE , Bl T
RIRMEL Aoh, k7 AV H, F—8 v YORMTE
BEIREL AN TV S (Leath 1985), HAETOEKK
131900 FE i I HOBIc BV T L Y FORE L L TRAIO

FRINTVWE, ZOBL YD, sitHs
DR & & b ICRETSHIH TOMENEEALL, 1922 &
wELEER I, 1941 i lERBH IR EBREER
M S Nto — K, 7 v — e ikdbdE (kA
1963, PHE 1981, #AJE  1982), EJL,BEEE (A
1961), FE (LA 1963), PUE K& 1970), mESLM
GFE 1970) TOREIHREINTVS, TILT 7N
7 rEERIEL Y FENRERURERICK > TR S
R ThD, LYFEBROZVWOBETR TV 7V
7 2 IKOEBRORENE L, ZTOFRERIIZEALELE
KRATVWESDEE DN S,

4. FREOFFH

Fo5BIBEKCR L THRTERBSE 50, —
icEORRIRDE L, Ko v, FAERGE It
HTRIATH, BHERIOATATH 3, AHDS
(1973), Sproston (1957) FFD S MIEK & B & DB
REMHTL, 25°CLLETRTOS>BOERISHFS NI
75, 156~10°C OBKERICE - TIEBRSBE L85 &h
5, 7 o— "EEREOTO ) BERRKEOREET
WX THERSNBE L, T, FOIBOBEAITE
FHOEEIKE L, BRIEEEZ 300~390 nm DA
KTHD, ThLVERORVABDERAR TRV E S
T3,

5. JEGLDREE

BRRE OB IENKZ O b oA YRS YT
SREELVWEENE L, PIHRERFOIRFICELS
BIHEYNDBRLTH B EINTWVB, BRYPEHNIPZED
BORBOMBRIEMKREOEFICL > TR L - T
%, F ¥ 2ER, 1 vF VER, REEKRLT S,
Sclerotinia  sclerotiorum = & 5 B ZAEFRHFHI S
& OER IR LG9 1 FEEP T ALEE S KB
DV ABAFIT & L, 2 THAEFALEIET

BATIZED, fhOFA~RHEBESE TV, AH
5 (1977 BNz ru7 7 ERILEEETHS 5 Y/
2 1o — NERERE Sclerotinia trifoliorum O BYREE %1
B, FEROBFOEERA»OREEL, £IiiERE
LTRBEZILKT 52 E VI BBERAT LS —RITE
<, Hi FERD T RT OIS L, BEREETERL,
BETTIORMMBIERT B2 EHELTWVWD, TILV7 7
N7 P ICB T BREERIZ 7 o—~NERETRRD, &
ETCHEBHIET 5H3EhTHD, MERREVED
BANE W, MM TOEMRIEIESOH - 18, S
BICKFET ZEVDATWS BT 1967,

F2E ENHORRIRERHE

B IE, 18494E, 41 ¥ Y RcBIF 57 0 —NTODH
BAmbLlL, TV7r L7 s B EARRETT —
Oy NPT A Y TRESS LR, LIELIEKE
BHEEZSZ2EELHFEEL L TRESW TV S (Gil-
bert 1917, Carroll and Lukezic 1970, Frame and
Newbould 1986, Elgin et al. 1988), HA T, HESH
TOWENTEETH -V v F IOV TIERREREDOE
EasEA SN TE, L L, SEEOEEEDOEIZD
1<, ERWBERELENERENSITEE - THWE
W O(BAE 1946, $EA 1954, ARHEH  1956), —&, TV
TrNT RO —NICBVTY, BLOEMEARTS
PHRETH 5 &b SIEPIMEOBE7S REREZR I
EHELBVEsh, EREREOERIZRZ LA LITTDN
T -7 (Hanson and Graham 1955, Graham et
al. 1972, Welty and Busbice 1978, Scott 1984, Leath
1985, Elgin et al. 1988),

Ll, ChonBERBicBWTd, DEMICEND S
L4 2HELHD  (Raynal 1981, Matsuura 1985,
Frame 1986), Mh73#Tdh > CHEBERMEETHN
i, IERHEESTERETH B EFLOoNT, AETRT
W7 77 7 OEIGRIETIHRIK 2159 5104/ - T,
HARRIC B 3 REHEROFRE ALEREIC L SR
FIERF, TRbb, BEIETIES T 5 BREERE
KOWTKRHTEIE & LT,

H18H BARBCEITZLEMEER

BHEBBROT VT » V7 »BRER, bBEOEEM
LB A SRR & L TR Y, BREERRE KR
HHBOAESHENE, #L Bk T 2 BRER
ETOBGENTV, IhoOBEBRKIC, EBEHTO
BIGHEDSEWSREEMA, ERFRIC X 2 FmOHER KX
U7 ORERER OB > W TRET L,

MERUAE
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BRI T 1983 45 ~1985 FIc B R D4tk
EHEEIBEERFEML o (EE 1-1,

PSR I T OEIRNES S VWERD 175, 185,
198, 208, 21 B8R0, 228, FYIAN, FFUH
23, Moapa &, EH/HICB T 2EIGELEFVF S T H
sN, "du Puits, williamsburg & 12 fE - 25 & L
foo T O MME - R DKL Table 1-1 TR L
720

FERIZ 1 X 6.0m? EIEAES 7 o v 74 ETH
BE L, 19834E9 A 27 HIC & U 7o, #RTE k(3 HERT 30
cm DEET, HEEIL150g/a & Ui, MEIEN : P,

0s: K. OopisrET, FIH1HFEBRZENZTN 1.7:34:
34kg/a, FIH24EHICIZ15:24:24keg/a % 4 [Blicsy
UTHER L 7

E, ERORKREE IHRER LY, HERR
LR ORIE (FEFEEER /2EE X100) 1tk bR
7o

ERER

B R DR 1 1983 FEDOBRFK > SE5E D, LTI
CEAWIRERTH - fohs, BRAICHETL 7., #EEHI
Y725 3 A LA S 4 AthEich 3 TREBEREEH S BHIKR
L, HuBRESASER L, RS EAL - 1o (Fig. 1-1), 14EH

Table 1-1. Varieties and strains used in the three experiments

Used in Exp.

Variety or strain Country Origin of breeding stock and dormant type (in parentheses) | ) 3
Natsuwakaba Japan du Puits, USA common, Moapa, etc. O O O
Tachiwakaba Japan Europe, Varieties of Italy O O O
Moapa USA African (Nondormant type) O O O
Williamsburg USA Kansas common O O O
du Puits France Flamande group O O O
Aikei-21 Japan Natsuwakaba, Arizona C., Moapa o O O
Aikei-17 Japan LR strain, Natsuwakaba, Moapa O O
Aikei-18 Japan LR strain, Natsuwakaba, CR488-3 O O
Aikei-19 Japan Natsuwakaba, LR strain, CR strain O O
Aikei-20 Japan LR strain, Natsuwakaba, CR strain o O
Aikei-22 Japan Natsuwakaba, LR strain, Arizona com., Moapa O O
Kitawakaba Japan Ecotypes of northern Japan, Narragansett, etc. O
CR488-3 Japan Natsuwakaba, Sabina, Moapa O O
CRSY 541 Japan Natsuwakaba, Sabina, Moapa O O
Delta USA Dakota 12 O O
Everest France Flamande group O O
Derby France Flamande group O O
Furez 507 Italy (Semidormant type) O O
Aikei-16 Japan Natsuwakaba, LR strain, CR strain O
LR43112 Japan Europe, Varieties of Italy O
Europe France Flamande group O
Verneuil France Flamande group O
Furez 521 Italy (Dormant type) O
1CO-2 USA (Semidormant type) O
ICO-7 USA (Semidormant type) O
Belfeuil France Flamande group O
Euver France Europe O
Lutece France Flamande group O
Jade France Flamande group, Varieties of USA O
Hongroise France (Semidormant type) O
P 344 France (Semidormant type) O
Prosementi Bologna Italy (Semidormant type) O
Resis Denmark Europe O
Rhizoma Canada Don, Grimm O
Haymaker Australia (Nondormant type) O

Note LR strain : Selected strain for resistance to lodging.
CR strain : Selected strain for resistance to Corticium rolfsii.
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DFIREEE 1 Table 1-2 1789 & 912 Moapa, + 7 7
AN ELREFEOETFISBRVGEORRRNE, - fo 2
FEH ORIKREEE 1300 ED - 7248 1 H & 3IXERR IS
MAA b, 2 MEFHORRREE I, SEMICE
BEMEDON, F ¥ T7H2N, duPuits, ¥FF7 AN
{E<, Moapa, B%& 215, +Y TANTEDP >, BAR
5 (1972) ik AAHRERIEY (KEEEHIBT 3
B R E O IEKIEE O SRER A 1 B0 5, Bl
EEEWEBARIEE O RERE VEE TOR>DORE
T5) ERBEEEOBFREAS L, 1, THREIV
ThORBRENSSL, I, VERERE, -7, 71
b, (KEEAHOEELS S EFRBIERORY

SRR I3 BEROR T LTRSS R WV & &SR b T,
2R

BERRICd 3 < 2 BHRE o §ifE L~ v T oikbitko
ERIOWVWTADE, DYBETHEBEEOL VL V7T
SWVWTIE, BIRRICR 3 EbiiE o RERER IR D
FheahTWwWd FEA 1952, SH 1956, KK
1960), v v 7 o—~"TRIEFEFEEIHSriENT
WIS, HARFERICE L THERIR O LESEEY 5
ZEMHIShTWAS (Frame and Newbould 1986), 7
hro—NicBuTh, WHERICEERERSSD R
HO1987), —IC 2 fEARRE I A 4 AR ORI
AP PEL, BN 2 EERBELEMT S LITX -

Fig. 1-1. Infected plants showing diagnostic stem eilt (A), fungal resting structures (sclerotia) found in stems and
on the soile surface adjacent to dead plants (B) and typical appearance of Moapa plot with sclerotinia

crown and stem rot (C).
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Table 1-2. Varietal differences in susceptibility under natural infection (Exp. 1-1)

Disease severity”

Dead plants (%)? Growth rate

Vel or st '85.3.28 Average 85.5.1 index?
Kitawakaba 1.0 0.5 0.8 5.5 v
du Puits 1.0 0.5 0.8 7.0 il
Tachiwakaba 1.0 0.5 0.8 4.0 o~
Aikei-17 1.0 1.0 1.0 ab 5.5 I
Aikei-18 1.8 1.0 1.4 ab 6.5 I
Williamsburg 2.3 0.8 1.6 ab 7.5 m
Aikei-20 1.3 1.8 1.6 ab 7.8 il
Aikei-19 1.5 1.8 1.7 ab 6.8 I
Aikei-22 1.8 1.8 1.8 ab 6.5 I
Natsuwakaba 2.5 1.5 20 b 6.0 ||
Aikei-21 1.8 2.3 2.1 b 7.5 I
Moapa 3.5 3.0 3.3 c 8.5 I

D Disease severity : 0=no symptoms~5=severe, Figures with different letters are siginificantly
different at 5% level of Duncan’s multiple range test.

2 Length of withered parts/row length (1.5 m) X 100.

» Index for classfication of growth rate indicates growth of plants under short day condition : I=good

~V =poor.

Table 1-3. Disease severity? under natural infection in local adaptability test

Variety or strain Yamagata Tottori Ishikawa Nagasaki Average?
Natsuwakaba 4.9 4.5 0.8 1.3 2.9 b
Tachiwakaba 4.5 4.1 1.0 0.8 2.6 ab
du Puits 4.3 3.4 1.0 0.3 2.3 a

Aikei-17 5.0 4.5 1.0 1.5 3.0 b
Aikei-18 4.8 4.6 1.0 1.0 2.9 b
Aikei-19 4.9 4.7 0.8 1.3 2.9 b
Aikei-20 5.0 4.4 1.0 1.0 2.9 b
Aikei-21 5.0 4.7 0.8 1.0 2.9 b
Aikei-22 5.0 4.4 0.5 0.8 2.7 b

D Disease severity is recorded in 1984 : 0=no symptoms~5=severe.
2 Prefectural Animal Industry Experiment Station respectively.
3 Figures with different letters are siginificantly different at 5% level of Duncan’s multiple range test.

T, EhMsEEsEMESN TS (Hanson and
Graham 1955, Raynal 1981, Arseniuk 1989), 7/ 7 »
W7 7 OFFFEMEIC S W T O EEEZ RS 2 W5
/DIsnWhs, Raynal (1981) R 7H 27 o— Nicthx7v
7 7 V7 > OGS EL, IER ORRREIC N H
5EHMEL TV S,

AEEBRDFER, HLRORREEICEN»TIH 55m
AR MH O , Moapa, F+ ¥ 7 A SORIREELE L,
* 4 7473, duPuits, ¥F 7 HBHBEIEL, BE
EBED N, BHEBRACBI AT VI V7 > B
ik, LLEOERRE & Bt E GRS S LTk b, 1L
TEED O IR & T O WHIR TEBCRE OB IR ERE
REREFT - TV B, 1983 4EICBME U 7258 4 IR I
BERBRIC B O TEBIROFEN S O h o KBt O 5

RHEBORR (Table 1-3), FHEE ILE, BNTHE
LSEKL, Alll, BETRIED - 7o, ZalBRH o 5 fER
DEIEDITH - 12H, AR, K, B, EE
Tld duPuits, ¥ F 7 H NORIREEIPREL, FV
T HNRPERDEREBED - 1o T OMERNIL, BT
Aot ZEEERL BIEREETDH - 1,

DT EMS, BEMECIIEREORBEERSE
ETsEEZONI, UL, BRKDO SFOEREOG
WREEERRBEELSS L BAENNA LN, SEOLE
BRBENER BN TORFEELOMICEr=
—0.721* OEOHBIRR D & o, — RN ER M
PEAIIRER EENILBEIREL 2D, WEOFIRER
BWIFBE3b60EEZONE, Hic, KEBEBAH O
EEPEEIABREIER O SV BE OFRIFERE LK
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{185, TOEBME - RS W BIEPTH: ZAER S
TR, SFREC K ZBHREOEREEZ 5N
50T, EHIcE OREERHVTYIET &BRZM &
DEHRIC D WTIRET T 2 EDH B,

EoH AIEEBROMRELMEMER

BARRRIC L 2 MEMERD &, P ICEERNEE
nd by, BEOAREEARES e, L L, BARIR
2k BRRER T IRERIC & A RREEPEIERE, K
KX AEHBRESBEOBVRELEMT 5 C &A%
Lo BRCEBIKEHE LT, =25 —7ORA%ETE
RGBT B ENEE LS, H—RREERRICT S
HHEEOSVRERE, +68bb5, BREREVIEET S
BESHEZHOOICTILENHB LA LN, T
T, BEEHOEEAF—ICL, BRREBET &G EE
Z A1, ESHEEEIC X BREEICOWTRET L 7.
HEREUAE
FAEAEIC BT 1983 4E~1984 FITEER 1-2 KU
FER 1-3 2 FEi L 1o

FER1-2 13, BBIcBOTRE - RRORBREL L
FELCHMAT X 2RIESMUZER OIS 700, BIRERE
BEBOWEHESEA T 3L EHRX E L, &
SiT, 22 FE - BHEABIERXICELL, AEIXE 2 B

TIT - 720

FEERIX D L

A BEEREL ok, EEE

B: 7 HEOEGOEE  GEER 58%)
cC: 7 RPN LB E = — VR

19834E9 H 13 Hic 1 FREY D 1.0 g #BEE 1.5 micse
B, FEEEIBERKY3»PABD 12 A 15 HicHE
L, 0% 41 HRIBEBNIE AT - 1o, HINIRAIEE LT
N:P,0s5: K, OO0 T, ThZhn 06:12:1.2kg/a
AHER L oo

FE 1-3 1F, WEEOHER L ERHEREORERZT -
Fro WEBMIZER 1-2 0 CRICHW L BEIGIDICH
~NUEFEE DS <, SRR D 85% L EWIRBEGWEH
Wit FEEAXIE 1 FFE 34 Flk, ELURE 3 KETHEL,
1984 479 B 26 HiclEE 1.5m 1c5:3%, 11 A LAnchisl
X AT\, BESA 4~5cm ic Uz, E5EEIE 12 A 19 H
wHERE, FHD O 17 HiEl, BSOWEETT - 7o ML
EER 1-2 E[EBRIC L,

HEEEE LTI EER 1-2, 1-3 & bic, BRIEREH DR
BPlreBOWTHEHERORBERERDONKLT VT 7 VT 7D
EhLERAENEL, INEEBHEKRE LTHBEEEL
B U7z, BRI ST £ & bARRE 1 LITRY o5
ZF0T, 10°C T 10~14 HREREE U, FEEE IR

TE10~131/mARRTICERE L, 5B, HERH
Wiz kS % BT 3 1o+ 18K E T - Teo
EMREORKBRATEI T V7 7 V7 7 OFFTICER T
BEEAERELTH OIT o1, BB, FEER1-2 D4R
ZEEEEI LD, EE1-3 OEERIIBEERAM THEK
L3k,

ERER _

1. REBEEEROWEILC X 2REROER
EER1-2 1B AR 4 HEOEFRR U ERREE
FEH DB % Table 1-4 IR Lo, HEREEEICKSHE
R ORI, ERE (AX) T3, 90~100% ©
EVERRTSH - foo WHELETRAEFRBANE SR
L, BWVILEZRSZD S, BOEESDHIE (BX)
TIIEHEIII T 65.2% OEFERLEILD, E=—VEED
P (CR) TIRE SICHEF SRR ERL, 245%DEL
HIFERETS > 1,

2. fOFE - SRR KGR A
FIRDBENTH - L EHBEXRERE, WELUEBEC
XDHEBFERIZO W THBATEIT - 72kER (Table 1-
5), M EEELRLELLTTREL, BRERIC 1%
KEDEELENH ONT, Fiz, WNHEEREORICIER
HAEH RE» o e, MEOEFMHEERB, CXED
BRI R A R T TS Nz, & 2 THMBER OERF
ROVHEEIC & SREFMEIT - 720 T OFER, MK
MBIk B LR43112 & 7 5 ~ R i@ Derby i3 & b i
63% L b VWELERERL, DWW T Europe, Ever-
est, Furezb07, Verneuil ® 55~60% TH »7co N5
it Furezs07 24 &, Ww¥h b Flamande Z&EfICH
k4575 ARETH -2, —H, Moapa ZiE LT
vy AN, BRI19E, 205, 215, 22513, 23~35%
DIEWERERTH » 1D, ThoDRHE - REOEER
FuFh b EBREEP OIS, 1, IHTH -7,
FZES 1-3 DEEHL A Table 1-6 1278 LTz, SREFED %
fifd 5 Eicky, EMET Y, BER ITHHICR
TR 509 10 L 72 O THE A BUR 7o, BERETR 28
HEH 1ABHOZREOHAERE, 75 VRO
Lutece /5 26.8% & b <, K\ T Euver, CR488-3,
Furezs07, 7 F 7 H/, "D 21~24% L7130, EE1-27T
EWHER AR L7 Derby, Everest bHBEHEWAR
AR LI, %72, Haymaker, E% 21%, Moapa i
46~102% DIEVAEFRE 20, (KRFHBOFEL & A
EROIZIE r=—0.459* OFEBEBIGRD &S O BIRHE DS
WA RE S OB 2 R TR AEEY 5 v (Fig. 1-
2o LML, ThHDRERELOE VI VT LEZD
D 2507 V—TiIShhizd, ThEho s v—7
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Table 1-4. Effects of shading on survival rate of plants after inoculation (Exp. 1-2)

Variety or strain

Survival rate (%)"

Plant height (cm)

A B C Average? '83.12.15
LR 43112 100 90 35 63 a 7.8
Derby 100 85 40 63 6.2
Europe 90 85 35 60 ab 6.3
Everest 100 80 30 55 abc 6.1
Furez 507 100 70 40 55 abc 5.9
Verneuil 100 80 30 55 abc 6.7
Delta 100 80 20 50 abcd 8.2
CR488-3 100 70 25 48 abcd 9.8
Furez 521 100 60 35 48 abcd 4.6
Aikei-16 100 65 25 45 abcde 9.3
Aikei-18 100 65 25 45 abcde 8.8
Aikei-17 100 70 20 45 abcde 11.0
Williamsburg 100 70 20 45 abcde 7.0
Tachiwakaba 90 60 25 43 abcde 8.3
CRSY 541 100 65 15 40 abcde 10.8
du Puits 100 60 15 38  bcde 6.9
Aikei-19 100 55 15 35 cde 10.1
Aikei-20 100 50 20 35 cde 10.0
Aikei-22 100 55 15 35 cde 11.0
Aikei-21 100 40 20 30 de 13.1
Natsuwakaba 100 40 20 30 de 9.5
Moapa 100 30 15 23 e 13.5
Average 99.1 65.2 24.5 44.9 8.6

D Survival rate : Observed on ‘84.1.25, Treatment A ; no cover, B ; covered with cheese cloth
(58 % shade), C ; covered with cheese cloth and vinylplastic film after inoculation ('83.12.15).
9 Average and Duncan’s multiple range test (at 5% level) is calculated from the results of

treatments B and C.
¥ Early vigor : 1=good~5=poor.

Table 1-5. Analysis of variance for survival rate

(Exp. 1-2)

Source of variation d.f. m.s. F
Treatment (T : B vs C) 1 35,601.10 639.12*
Block 1 192.03 3.45n.s.
Error (1) 1 55.70
Varieties (V) 21 479.28 2.48**
TXV 21 151.14 0.78n.s
Error (2) 42 192.91

*** Significant at the 5% and 1% levels, respectively.

ATR, BEEEHOBEN LAFRE OIS M
BARIZED Shiih - T,

BHoSEHZE > W TABE, ER1-1 & 121
oo U 11 RO BARRIC X 3ERE
HEFETRE (Table 1-2) & ATHEREIC X 2 LESE4E
FHR (Table 1-4) il r=-0.798** D& WHEARAHR 2R
Ui (Fig. 1-3), T &b ATERICED, HRR
% EE CEA OB SEREL2ED L LN TE S E

w
(=
1
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Survival rate under artificial inoculation (%)
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OO

. o r=—0.459*
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. o ° ° .
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Fig. 1-2. Relationship between plant hight and

survival rate under artificial inoculation.
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Table 1-6. Varietal difference in survival rate after
inoculation (Exp. 1-3)

Variety or strain Survi}éa51 lraltg (%)” Plant height (cm)

’84.12.13
Lutece 26.8 a 6.2
Euver 244 ab 6.7
CR488-3 23.5 abc 10.4
Furez 507 22.7 abcd 6.0
Tachiwakaba 21,9 abcd 7.8
Everest 205 abcd 6.4
du Puits 204 abcd 7.2
Delta 19.7 abcd 7.6
Derby 19.6 abcd 6.1
Hongroise 19.5 abcd 6.2
Belfeuil 18.1 abcd 6.0
CRSY 541 18.1 abcd 9.5
Resis 17.2 abcde 6.2
Jade 15.4 abcde 5.6
P 344 15.2 abcde 6.3
Prosemeti B. 12.7 bcde 7.7
Rhizoma 12.3 bcde 4.5
Natsuwakaba 12.2 bcde 9.8
1CO-2 12.0 bcde 6.5
1CO-7 11.6 cde 5.4
Williamsburg 10.5 de 7.0
Moapa 10.2 de 16.4
Aikei-21 5.3 e 12.1
Haymaker 4.6 e 13.5
Average 16.4 7.8

D Number of survival plants / number of original
plants X 100.
Duncan’ s multiple range test at 5% level.

i bt £h, RMEERBELIBATBVTS,
FER1-2 & HER 1-3 okmc R L 12 REOEER
(Table 1-4, 1-5) 1< i3 r=0.668* OEE S HHBIRALRS &
0y, AR & BRENEE, - 2 (Fig. 1-4), Thod
CEhD, AREEEHAVS T &Ik KO mER
ERAMBT B EBTEEEA SN,

B

1. BEHERGEET IEEORE

BRI ORES KL, TAHI B —PTINVT 7
W7 7 TEL ORFESTRbNTE I, YEH~DOA
THERIC L2 HER, EROEBERECHENZLICK
D RIFRENA X BT 50T, BRECHVWRER
# W& XN TE7 (Scott 1984), FE S &UFILNH
BEARA T, HRHOHEHRE T RIS OREEHH
FEL o o D AR ZE DHIES TE L > 1o

72T, BBICHKIBE L, BHARSH TN B
cx 3 (12 H) CEEEAEEL L TOME &£
ERiEELSHEBERZARETEIENTE I,

(o]
(=]
1

'
=]
T

w
(=]
T

[\™]
[=]
T

r=—0.798**

Survival rate under artificial inoculation (%)

1 1 i )
1 2 3 4
Disease severity under natural condition
0=no symptom~5=severe damage

—_
(=1

(=]

Fig. 1-3. Relationship between disease severity
under natural condition and survival rate
under artificial inoculation.
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Fig. 1-4. Relationship between survival rates under
inoculation in two years 1983 and 1984.

Arseniuk (1989) X7 7 o — "% 8APHSHN—F=
VIt A E, REEEOGEMERSIAL ERMEL
By, B/HE%15C/10CH55C/0CET2HE
BB TR A &L LEBEBES Th oL LT
%, T OEMESMGAERI BT 5 ERER 6 B0
SEOZEAL, 12°C~4C EEPL TV, TaD DL, mid
AR LERo— i, K o&ihdT
N Ry rEERg HEERAEELLILICLSL
EZzoh b,
FIRBEICOWVWTH B L HRBRICLIRETE, F
RIC & BRBEMECRIEBIEIC L AEFHPRE LA
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Exp.1-2

Number of varieties
S = N W e O OO 0 0 W
T

\

Exp.1-3

T 1 1 ¥
und‘er 19 20-29 30-39 4049 50-59 over60

Range of survival rate (%)

Flamande (n=7) [® others (n=15)

T
under4 5-9 10-14

15-19 20-24 over25
Range of survival rate (%)

Flamande (n=8)  f§ij others (n=16)

Fig. 1-5. Distribution of survival rates of Flamande group and other groupe.

taThy, &<ITBKRREE LT —a gy nl ke
K AANTHEESSLETH B, £/, KEROER, K
BEOBRES T TRFARNIE &AL S NTRESRNE
ELTRATDTHD, BNET—ICERS S 28EML
BEOBETHBENYhER -1, WEABMELT
i3, BEREENDEE= - VOB BEEIESDEIhE b
BN CTHESRBE R L, LL, E=—ViEOE
a, BEEZEMETIHREEVSEEOBBENSK
E 12 HEBVTH 255 CEBAREA LD Y, WEE
DIENEET S IALLESPES NI, KR 1-3 TR
SREOEITIEF OISR, WOETEE o dehic
1 ote, BEREHWE ©=—VIFHE OEZEOHEIZ4E
WERITT 51D TERVAY, HNER, MWEHEIE L,
SRR % b D ROIGID (LRI B EERER O gE B I
EFLEALNT,

AH - HIAR (1978) IESEZEHHDO Y 07 0 —NE
B ORBHBIC DV, BRI T o 2 fa TR L 7248
HRE, EEARIEAES, HE T cHmBER LD,
RRBBROIERT 2 L EFHMCEBE L TV 5, AFKER
TRESDOREA LT VEET, HEERATERLA
B, SREOFESIDIC X A B RS T ToLMtiiy, I
¥, KR, BEOBRERMEESVEL, ZOBE, R
RRESE D, X —IOREPHET L SRS S,

Pbo &5, BRIERERECE, ~"—F=v7,
ANLER, WBUHD3I>AHAE2 I EBHRTH
D, ABGEHI & » TR REREERB S ¢ 28
B, T ROobEIRIBERMOBLRNEREZRE S 5%
RDOGAFEZ B EMTEIc -t EZ 5N 5,

2. itk SRS & Bt OB

TNT7 77 7 - RO KT 5L, H
RFEWRTIE Moapa R+ Y 7 h NBBFELPTL, +%
7 ARy F 7 A8, du Puits SRRV & & ASER
5 (Table 1-2, 3), AEBERIBRIFEE & FINFEE OMIi
& —0.721" OEF OB AR S, ALERETS
Moapa, Haymaker, &% 21 51 FHEBHER T 1 # JEK
R ZRd MEOEFRMBELS, Th SRR IS
LTHREEE A 5t (Table 1-4,6), LxL, T0b
D 3 i ER < EAEER KB oI G BRI
Ay ond, EFMLZY cRIBREAFHMITA LR T
ERAG SRS R

—7, EBR1-2ZBVTELEROEH - 72 LR43112
(Europe & 4 % V) — WA & 9 2 IHEIRME R R
#) & Derby, HEk 1-3 THERDE» - /2 Lutece,
Euver i\ 3" & Flamande ZR#E# Il 2 HET
&» - 7c (INRA 1984), Z Z T, Flamande REEFHKD
EniE & £ Ofthd @R & ey THEERIC X A EA R
H#id 3 & (Fig. 1-5), Flamande ZfEBisk o RE
&, HEROFHVEHTONHNE L, BEERIEET 3
BT ERE >/ Vv—7EEZ 505, TORBR
&, b7 5 v 2R0ERETH 5, T OHIE KD SR
2 TOHBPDE EEEHIROE {, BRORR
WEWEXNTEBD (Gilbert and Bennett 1917, Leath
1985), Flamande St DIEGIME, BARIRIC &L 58
WHEBEOEERNSIL 7 5 v 2DBETH 2EEHED C &
Wk-Thbhboashhk&MEINS,

FEEHTALERICL - TRELLT VT 7> VT 5
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" Table 2-1. Alfalfa varieties and strains used in Exp. 2-1, 2

Variety or strain

Breeding procedure and objective

SR 58-3 Selected strain for resistance to S. trifoliorum for three generations in field inoculation tests

SR 58-5 Strain advanced to two selection generations from SR 58-3 in field inoculation test

SR58-6Y Strain advanced to one selection generation from SR58-5 in a nursery inoculation test (Growth
condition : 16°C -9 hr daylength)

Natsuwakaba Japanese variety adapted to warm southern regions in Japan

Tachiwakaba Japanese variety with lodging resistance

Kitawakaba Japanese variety adapted to the conditions of northern Japan

Moapa USA variety resistant to spotted alfalfa aphid

du Puits French variety of Flamande type

Thor USA variety resistant to bacterial wilt

OEMRIETTEC L REEERE S D, BALE, AKX
R EbiIT, REOHRENMLEPED LN, L
fobi- T, HER~OIEHTME RS Shic REMER G
KEFSBEHTHEEEZONS, L L, BFESED
ORI R v~V OdERiE & L Tidtan TEL,
KtHTho, 4HEHEREERQ/OBRERICLD, K
itk b L REBERCE O 2 BB D 5, TD
EHirEER I 1, AERTE SN BEREESEYR
HHEICbEEZ LN S,

E3H BHRRIERHE

D b >R EEGIME I, AR - ELERTRRE TP
REM & 2 WO ITAEEREII ISR EE, ChoDEAIRK- T
KT 5, Lichd-T, MYIPEBRT RESRMN, &F

27— U LRSI RE I R EE S MES S 5 (PR

1987, & 1990), —icHEP)ISEIC X D IEGUEDS S
FrL0bNTVWSED, £&F (1983) KT HENE
EFikdrvEnayoxbEEflicE->T, TE3
720 BRI BIR O B AERK T 5 7o DI IXFREM % i
L LTEEKBRELZSDNET LV, NEZOMOBER
BB Kb, BEHEREIRD Shbzas
H5LIaHE LT, 2D, BIESEKEE 2R3
TEBARYITHY, REEHEBOZTFIMEOHLS S
PEREER ORI MBETH B LR T0 DB, TLVT 7
7 r OEERICBL T HIETEZED 5720,
BEREEDERE TICKLEE S 3R EHREZFHRIL,
BERGFAB TR O L) BREEFOREZSEZREL, <
R = FDDIEVRIREITH T EBRD LN D, TDk
Wit REBEASD S & E b, SEARETIKITYE
TEEBAERETE 3 & 5 BRESRM, bbby
FaEE SRR & 0RO W TG ICT 5446
BEhHBEEZOND,

HERUAE

EHIEREREEIC B\ T 1991 4E~1992 FEITHEER 2-1 KU

Table 2-2. Growth conditions of seedlings in Exp. 2-2

Temperature Daylength ?&%ﬁtgpggi&? Photoperiodic control

23C 16.0hr  9.11-11.26  Artificial lighting
23 10.3 do. Natural condition
16 16.0 4.8 - 6.17  Artificial lighting

- 16 9.0 do. do.

16.0 10.15-12.24 do.

6 9.0 do. do.

EER2-2 A EM L -, HEALRE - R#Z Table 2-1 1T/R
TERH T EK R & BARBR &R CREN BN EF
RS U, IEBUMRIE R SRE8-3, SR58-5 (345 4
BoHRT 2RI (PS> 1981 itk EoNhk
FHEo—ETchHy, FETOERRME®BRREzh TN 3H
RESHRMA I SDTH B, BEBROMERHES
FERRDODEBYTH %,

KE2-1. B - REOEHME &R0 B

TNT 77 738K 1 R SR58-6Y %R < 8
- REEUR Lz, #5 RBZE (16°C10°C OBERE
B, BRAHE) TI1914F10H 1125 12H8AFT
2 BT EIch - THEL, 285> 5 10,85
T THBRTF—VORLLIPHAE CTlo B lFHER
T - A 40x60cm OFFIC 6cm MR TEEL, R
M7 35 A Z B L 72o BARE 3 EHIERE &
BHEO TN T T > D OSBEEL I L B (BAE
BREWARERR) 2RO, #hEFNSTEEbHEL:
SICRE 7AW T 10°C T 14 HREEIBS#E L, MY
720 600 cc A REHI O & BERE L o, BERETR IS 10~16C O
EHNTE=—VEEGHTIHM, &5I1c#50% @ik
DERETLETO5 HE, B THEL ., £0K,
#125°C DIRFICHAL, BERE20 HRICEFRZHAEL
foo EEBXINEIXHE 2 NEE LT

EER2-2. BHYPORE - AREELH LRt oRB
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Table 2-3. Survival rate of varieties and strains of alfalfa inoculated at
different growing stages (Exp.2-1)

Weeks age after sowing"

Variety or
strain 9 4 6 8 10

Tochigi isole
SR 58-5 0.0 — 1.7 0.0 7.3 — 27.5 a?
SR 58-3 0.0 3.2 2.7 3.4 23.2 a
Natsuwakaba 0.0 1.5 0.0 0.0 0.0 b
Tochigi isole 0.0 ns 4.0 ns 0.0 ns 3.6 ns 5.6 b
Kitawakaba 0.0 0.0 1.5 1.6 4.7 b
Moapa 0.0 1.5 0.0 0.0 6.4 b
du Puits 0.0 0.0 1.9 0.0 7.3 b
Thor 0.0 - 1.4 — 0.0 —~ 0.0 — 9.1 b
Average 0.0 1.7 0.8 2.0 10.5
Aichi isolate
SR58-5 0.0 1.6 1 3.0 4 11.7 a? 34.9 a?
SR58-3 0.0 8.6 1.4 7.0 ab 30.7 a
Natsuwakaba 0.0 3.0 0.0 0.0 ¢ 5.6 b
Tachiwakaba 0.0 ns 4.1 ns 1.5 ns 8.5 ab 12.5 b
Kitawakaba 0.0 4.4 1.6 3.2 bc 11.8 b
Moapa 0.0 1.6 5.0 0.0 ¢ 7.8 b
du Puits 0.0 5.4 0.0 3.0 bc 9.8 b
Thor 0.0 — 5.0 ~ 0.0 —~ 0.0 ¢ 3.2 b
Average 0.0 4.2 1.6 4.2 14.5
Average of :
Plant height (cm) 2.8 3.7 6.1 10.2 12.6
Leaf number 1.0 2.3 4.3 6.8 8.7

D Growth conditions : 16/10°C, natural day-length (9.7-11.5hr).
2 Duncan’s multiple range test at the 5% level.

Table 2-4. Analysis of variance for survival rate of 4
stages excluding 2 weeks shown in Table

2-3

Source of variation df ms F
Growing stages (S) 3 841.37 29.56*
Block 1 176.25 6.19*
Error (1) 3 28.46
Isolate (I) 1 182.88 4.28
SXI 3 14.54 0.34
Error (2) 4 42.76
Varieties (V) 7 207.89 16.46**
SXV 21 97.32 7.71*
IXV 7 8.64 0.68
SXIXV 21 9.48 0.75
Error (3) 56 12.63
Total 127

* ** Sionificant at the 5% and 1 % levels, respectively.

HEERAEH3 5EER 2-1 O 8 i SR58-6Y (SR58-5 %
LS U Tohii@k e 1 HERIT - 2R/ EmA L 9&m
B RkE L, BHoBERY L AEREEEL

TEBREIT- 170 BESHR 192 FICATRRELEN
5 R B CEHERE 23°C, 16°C, 6°C D 3R THAEL,
ZhZFPhicEH EEHR AR T oo RUBEXOREKXD
HESM & Table 2-2 1ZR L, R 10 BEICEXN
Bk HERE L7z, BEAUEEROBR L IIER 2-1
ICHE U Foo ST IEHERE 14 HROEGFERITO VWTIT- 7o
EERX LEEARS 7 o v 2 ET23C Xid 3 IXIE,
16°C, 6°CXid 4 X1E & L1,

ERER

EE2-1. B - RROFEHE & B0 RH
WGBS I U 7 BERE% 20 H B 0 fF#R % Table
2-3 1R Lizo WEARERE BHIEKE & 2 BEX T3
KRR L BRI L, 4BE~8BHKICHEVT b5
T - ZEO P RIL 08~42% EEP -1, EHIT
HEBE LSS - BHRTEEOEL A 126cm, L 8.7
W LB IR L2 10 B X TR, EFRIHA
BERR DY 1059, FHEK I 14.5% 1278 - 712,
hZFhoBEHPEIcB Y 30 - RROEFRDE
ERETE, HARKLEEL 2HER 10BEXICE
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W, BHEKAEBRL-ESRSBAX E 10 BEKXIC
BOTEBENED SNz, Bic 10 BEX TIIMmERK
& & 1EE % H SR58-5, SR58-3 DAEFERMKE M E

L, b RBIc b REEICEHVAERERL 2, Bk
a2 < BERRERT A S p IR ERED S0V,
YFITANKREF I T ANEF Y T ANCHERPRHL
HERER LT,

L EELHETE L1 2 BEK AR 4~8BERKIC> L
THOBMMTEIT - SR, BHME B - Riicidz
NEN1% LNVOBEEPH D, KEFRICS 5% V
NIVDEBENAY b (Table 2-4), 71z, B
ICREBENSED SN - 1ch, HBAEKIIEHERK
LD RPHMVERNER L, LML, @ RO
BRicB 1 AR S BARKOHEBBER IS, 8
T r=0.958*, 1088 T r=0924* L7530, WEK
e B SR - SRR OIEFIHEREERIGDOZ BEY b h
ot

HE 2-3. BHHYOBE - HERM IEFUE0RE

TNT 7T 7 DEFIRIIE Table 2-5 1R d &£ 5
i, BEELHEOHMAYICLVERD, BEXHER
6C « BRI A R TIRAME - REFHT56cm L{EH, -
7223, 23°C - 16 IHE T3 32.7cm & 6 fEDEL %
RLte COHBERELREREERO4AFR L OB
woWTABE, 23°COREAKUEER TR E bITERF
BHMEL, WFE - RFEBICEBEZ R - 128, 167,
6°C DIRELRHTREAENEHX, BHXE bR
RAZEEMED SN t, 165C TREAX TOLEERNG
Dot l, 6°C TRFEKEAXTOEGERNE
Pots

Table 2-5 DHLEX & & O/ ESHT% Table 2-6 12/
L#zo 16°C - 9 B H R G0 MBI A~ S I F
EHAEL, T - ZHEOZRPHERTH S T LER
Lt b5, KERTOD 6 &MHDHTIE 16°C-9
HESEFRERE R AL ERERE LA S0,
EE

Welty and Busbice (1978) ZBIIRIETIME: D XI5

Table 2-5. Survival rate of varieties and strains under different growth regimes for ten

weeks (Exp. 2-2)

23°C 16°C 6°C

Variety or strain

16 hrDLY 10 hrDL 16 hrDL 9hrDL 16 hrDL 9 hrDL
SR58-6 Y — — 24.1 a? 39.8 a 32.6 a 9.1 a
SR 58-5 4.2 16.7 — 17.6 ab 24.1 b 15.2 b 6.7 ab
SR 58-3 2.8 5.6 — — — -
Natsuwakaba 1.4 8.3 3.7 ¢ 6.5 cd 0.8 ¢ 0.0 ¢
Tachiwakaba 0.0 ns 2.8 ns 4.6 ¢ 6.5 «cd 1.5 ¢ 0.0 ¢
Kitawakaba 2.8 8.3 8.3 ¢ 13.0 ¢ 10.6 bc 1.5 ¢
Moapa 0.0 0.0 1.9 ¢ 3.7 d 0.8 ¢ 0.0 ¢
du Puits 2.8 1.4 10.2 bc 8.3 «cd 6.6 bc 3.0 bc
Thor 0.0 —~ 0.0 — 4.6 ¢ 1.9 d 3.0 ¢ 0.0 ¢
Average 1.8 5.4 9.4 13.0 8.9 2.5
Plant height (cm) 32.7 19.7 30.4 15.8 11.6 5.6
Leaf number 10.7 9.3 10.0 8.9 6.4 5.2

D Photoperiod (day-length). ? Duncan’ s multiple range test at the 5% level.

Table 2-6. F value in analysis of variance for survival rate in each treatment shown in Table 2-5

23°C 16°C 6°C

Source of M o
variation ______ 16hrDLY 0hrDL  16ADL ShiDL  16WDL ShrbL

df F F df F F daf F F
Variety 7 2.45 2.56 7 7.03** 25.62** 7 9.63** 5.65*
Block 2 0.23 1.73 3 8.54 1.03 3 0.62 1.48
Error 14 — — 21 - — 21 - -
Total 23 — — 31 — - 31 - —

D Photoperiod (day-length).
** Significant at the 1% level.
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BBV TRHEMERNH B E52HDI, LELLAL
RETCTORTTREREHEREZEDI I ENTER
ot TOTEDDL, FIBEEANDBEIGHEDZENFR
HEOEELTREALLOTH - T, OB
FERIZER IFE LISV &R L 7o, IRk R %
RAOTHEERELRICT 2 8&FTIRPRE 1T - 12K
EEBROFER, HEHUHREL £1T - /o SR FBftiC &V Bk
SRPED SN, hTh 6 HROMMPIHEEKZETT - 72
SR58-6 (3 16°C LI T 0 BH &M THEMEICH~EE
WEWIEHEAR U7z (Table 2-5), B mE TIEEN
RIS D E W+ ¥ 7 & 2N, du Puits AMERE HIHO %
M E W Moapa, F vV 7 AN PR E WIERT
ERTOOD, BEEREDONEL -1, 2D &
DRER DR I TRIEFEOFERKIC DLW THS I
5 ENTERVD, BOIEKIEERTRIGRE A
B &icky, EHRHOREHER, ZoBIERUEKME
T B ENTEBEEZ LN,

TNT7 N7y FEBMTIEEKEXSNEM, T
NS OHUS T I BREEICERROTAET 5 &, RO
KIS DR T B0 T T 7 VT 7 DDA L 72
% 2 EH DI ORIE T BAEIC Wi BRI
ERBESPCHELRE VI EPHOEN TV S
(Elgin et al. 1988), bt EikRiE & iilkamiEE v
TRIEREEREZIT - LAETE, 285> 5 88
BB IEETRAEERMBEL, 0BT TEREE
W[ ETK > THERNEL ol EFEROM EIEF
BRI TR E L, DBOTOMRE, FHEliks
Gl - RO TR K OB YR & R - SRR O
ERIC A EENRD bNt, TOT Epb, EHithEK
TS 105BRI% (SIERPN) FTHETIILIcE
0, EHEOREHSEEE IS 5 LHEI NI,

EHUME SRR I E A DRMRICH LT E bick
BELRMNE L, B 3EVIHBERGRARED Shic T &
5, MEKICHT 55 - REOEBHRIGEE LT
bBEEZOND, BHROKREHEOEZRICOVTIRES
2% OHED S OEMRENE L TR T 20805 5
B, BRIEKIIROETHECH TRBOERE L S
ATV ELS, HIRRENMRTICX DB L K
LABTENTE,

Arseniuk (1989) &, 7# 7 v — NOERIKTTIER
FIOVWT 6 HIChI » TIRAICBHEBEEEZ T3 C
LItk - T RE T 2 2 EAREL TV, T
7y V7 rERICBLTS, REROKERE, 16°C -
H (9 B BEE) &3 bAEFERNE {, RfHZEREN
B S &1 5 12,

TIT 77 7 OYEMAOEBEIER T 15CH 5 25°C
TdH Y (Garzaet al. 1965, Cameron 1973) {REMMEK T 3
BIHE > THRACEBMREDL, 5CTREOHELE
ik4 % (Harding and Sheehy 1980), HESfic>W\WT
i, 15 BEA S 18RO AL THEESEET 5 &
MESN TS (Sato 1971, MIF S 1979), % /o, E%
WICK T 2Rz POBBIEVEE A Eh
5, WEMAEREI 500, HIREOEFRED
RO NETH L, DD, TV 77 > DEBETF
FRIBREIRIC M7 23 EEE 6C TR, BH OEMHEE)
X0, CLAEBEMIHENT 2EA (16 KHHE) &M
DEFNER LI EA LN S, —4, 16C - EHEHT
REEOFEFEEN— F=v BT LTI LTk
D, SOEHERBESREER L EHESN S,

Fl, COBREEMICBIIRRMOEERIZOVT
FARICK T 2 HXO¥ME%: ks 5 &, K2
EHBTbh TV WTTHRERE TR KL, —27~
47% Tdh - 1208, EIEFRH SR68-5 Tld 6.5%, SR58-6
Y T3 15.7% DM A Sitc, TD T & 5 BERH
TRIEREORHESENEL bS5, £ 16C - GH
LM TYIHEIK L 72 SRE8-6Y E VAR AR LT &
D5, EHMEOFBICE L - B BRSO R E MBS R
AT BEBICRARTSH B EELBNS,

BI3IE ERBRAOKEESIEHEORIE

iz, =otto@iET, HE ol TRIEREPE
dcxhd 2 DU 2 S L T & o, MYIDSREE O
BPEZT 5 L, FEERREE ORI KBRS
%o T DK, RIFHENHFAERNICELE L THEMIETE
B35 &, RIRMICHEMDSS b b, REERIZL
o5 T3EELETIEEVBEZ Y, ThbL, £EED
S UOABOREICH L TIEIT 2HHA % b - TH
D, ThICE > TREOERETL S MBERRFL
TW3 (A 1991, 77 7 V7 » DERHEICOVT
LRSI L 8, OREET 3 HEE2SS 5T 5h
%o FIRIRBICL - T, BIEOBRERIRESREL S,
Z IR H DT LSES LTV D EE L
505,

Y DR EEDTHE 3B SEN SRR R E
BB kbl BRSERE A R T MERE TR
ROEZhEDERILL->TH b5, FEfETIER
T & BEE IR s U s R i O ERIG
BERDSER O 3L, L — XA MBS 2 EEEMESE VS, K
BRI DEA 134 2 0 b BB O E BRI R
EINB LI IT—BHIC L — R RED SN VEELE
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W (R 1983), 7, oML EEICT 5 &1L
ARG & WBERIETIE S e B T EMNTE B, b
HEFMEIR 7 A T LF Y D& S BHIEEYE I
FOREEAERTBETHY, TAHT > VT » TR, 7
ARFa—Jb, AVANEVEERHIOATVWS (BF]
— 1990), —7, WIERHIESUEIEYMIRED 7 » 7 X P
2 F v RIBEREOBRAZMIET 5, &5V IdERGRICE
Z AHEFMMEORIGIC MR D Y 7 = vk, MFIEEN
OYEMNFZR LItk Y, REROH 2BEL LR
Mz 2@ %<& 5 (Dickinson and Lucas 1982), &KZE
TREHTIE L EHRORRERIC > W THERT 5 & &
bz, BRI & BRI O REERIEIEEIC L D
EHHEOBIEIC > W TRN 21T - 720

18 NERKICLIREHOER
EBRREARUTRIEBEA LD X RIE I ES
5% 530, #MELRTEZINERETHD (A
1946),  OWEEHEDOZFEE DML D> VLT ORE XA
Shii\, UL, VY yFORKKTE, RREORK
BEMB DS, BSEEMOEKTEEEEEZRT &
WEINTVWS (B 1954), EHIPH 1 TR LLE
MBERAKRUCREECER RSB 5T VT 7
7 » O EARRIFOFER (Table 2-3) » 5, IJE, BT
BRRRIESEL, A, BE, BRITREVERZR
Wi, 22T, ENOKRAERD SEGEEINEL, BHE
Syt U2 ORERIG EREEOZRE IR L,
HEREUAE

TNT 7T 7 BBICBOTHEHMIROREKRL A S
ARG R E R BRI R O i R AR SR
n-EEERER, BRI L AEROME, BERY
PHEREICB T AREROZERE T 5700, KD 3
EE ATt D5 B, EE3-1 & 3-2 IEHBERE
< 1985~86 4Fic, FER 3-3 13 1990 Fic EHEERIG I B
WTHT » 120 HRRIEER N 0K R G % Table 3-1 1R
Lo

EER 3-1 BFkIC & 5 B HE OBERIG

e, #iE, BE, EH, EEoxEticiiEznri
Bo SEESE L 20 FhE 25°C, 15°C, 5°C D 3 B
PEoRESECEEL, HEQLNIES ZHAL I,
R AHERBERIOMmM DY +— LAEHAWVL, PDARH
AR LA, FEbEk, Ko hdacfiiEs 5 BaEhk 3
mm AEBREL, HEoEZEEH, ERCHIEL 7.
FEERXIZ4REE L,

FER 3-2 IZIBREIC X AEHRORE DR
S5TEMOEMEF Y T AN, FFTHN, FHTHN
O3 FEEHK I RHOGE! 12 W - RIEICHEEL,
SRR 2 J97 U 7o, EBRIXIZ 1 SHE 30 ik, o3&
ORETER Lo 19864E10 H 5 HICHEE 1.5 m ic5
%, 11 B LANchg 22570, HE%E Scmic Lo, B
BRI TEEbARE 1 S IR LEMAERV TR
#L, 3H 11 HicX¥ 7 b 600 cc 2 HIBRE I HERE L 7,
EH» 5 3 M, Sk GEXE 85%) THE AT - 7o
FER 3-3 YIHIREIC & A EKROREME DR

1 IR U b & MR R OBk A N A 72 6 Bk %
AWT, #EE2-1 L 3ERUAHETEEL, TV7 7
V7 7 [ERE T 5 L%k L 72 SR58-5 ETHHRD 6
, BT R - RS Ui, 1990 FE 2 F 17 Hi< 50
X40cm D2 v FF — I Tem R TRMLE - ZHEAES
BL, 1578 B4 4 AKEBRL, 5 ETHE
MLt CNHEI5~I8C DA ZABEICBVTHA
HET 10 8EE L L 7.

ERER

HER 3-1 EIFkIC & 5 BR MR O EREG
EROMER Fig. 3-1iIKRT &9, 15CHERGE
¢, DWT2C, 5COIETH » 1z 15C Tk 5 HHEIK
RBEEMSIOmm OV v — LARHEICIEN - o, ZEBEE
SEENED - 1O THKMICELZRD LI LB TENR
o tze 25°C TROMDERMREZFED» - 723, 4 HH
DI, BRRIC & AR OENHBICE - o, K, FA

Table 3-1. Collection sites of isolates of Sclerotinia trifoliorum

Ave. air temperature (°C) Snow coverage

feolate Sites Sept. to Nov. Jan. days
Hok-89 Hokkaidou Natl. Agi. Exp. Sta., Sapporo 9.7 —6.2 110
Yam-86 Yamagata Animal Industory Exp. Sta., Higasine 12.7 —-1.8 98
Toc-89 Nati. Grassl. Res. Inst., Nishinasuno 14.5 —-0.9 —
Nig-86 Nigata Agric. Exp. Sta., Nagaoka 15.2 0.2 89
Tot-86 Tottori Animal Industory Exo. Sta.,, Akasaka 17.1 4.0 -
Aic-86 Aichi Agric. Res. Center, Nagakute 17.4 3.9 —
Nag-86 Nagasaki Animal Industory Exp. Sta,, Isahaya 17.4 4.4 .

Data from Nati. Grassl. Res. Inst. (1983)®
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Fig. 3-1. Extent of mycelial colony of each isolate in different temparature conditions.

DERIZT | E e X MEMSES, 7T HHICIZ 90mm Z#E L
rehs, e, BE, FROEMK I HESERICTD, 9H
HUKE, HEMSEILL 70 FBoREkOMEIEE
11 5 120 5C CTREAFEKE SERMENSEL o728
3B E S 90mm ISE L, HEOER
WIS o 1ok, BH, RIBEOEKIE, 8, 11Zo
BitkicH~, PRMESENZEASA SN, Thb
DT EPD, BHRMEORERINIEKIC L > TRI

D, 1IE, B, FEOEKIER, EFORBKICH,
ERGGTOMENH D, KRFHTOHRSPPES
LA oNT,

FER 3-2 BEREIC & AEKOBEIEOZER

FRRICRERIC KD ENBA SN, Fig 3-21T/RT &
Jic, % 20 HHTREN, RBOEKIIK 15% 0
HIWRTH -k, WE, B FHEOEKTIE 39~
49% DRIFD A Shvte, HRER 26 HALRESER, K
I OEHR LT, B, FROREKESHBL,
45 HH L, BHOBEKZ 90% X 2 RRRE
RUTe TOWEICBEMN, BEBOEKOKRESES 17~
78% DFIREICE L foo FREHKOFHERIEPLPET
L, BHOBEKEERED 5% Thoto O ED
5, WWE, ENMOEKRIEHN, EEORERKICHAHROE
MRS T ENED SN, 7, FBROEK I,
EO BRI LA_OIH O RFR G FRE PP &0 2R
FoBVIEE AP RS 0T,

HRE% 25 DH oM - R OFRKEK % Table 3-2
1R UTzo BEMRE &M EK R HR533-4 DFH
BESE LKL, BHHRFET32TH -7, RVT, B
I T 2 R D#k % 38 T 75 - 72 SR581-2, SR582
2 MWENETNLT, 43 TH - 1o, B E LHRIT-

-- & - Yam-86
-0-Nig-86
100 —4&—T 0t-86
( % Aic-86 A
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Fig. 3-2. Increase of disease percentage of isolates in
field test.

SR591-1~SR595-1 @ 5 Hfk it 4.5~7.0 &35 v FHK
XD otie T OFIRREE I > W CHEKRM OB R E &
% &, Table 3-5 T RTLHIC 0GR 4MAEEI
SVWTHRKEDHEEVAED LN, BHIOEKEES
O£V, #iE, BIEKE O, ThZh 5% K
BEOHEEHEBEERS A b,

FER 3-3 WIHRTEIC L S EMOBEMED ER

SHREHOEKICOVT, RINKOHEREH S
&, Fig 3-31T/R T & D icdbimE OBk I b= < HER
Ltz OTIUIEOEMTH D, ThsOEKIRER,
WA, &, BRAOEKCHNSVRREEZRL, Bk
BllicEEESED SN, £, BHRNEOIHA»S



WE . TMT7 707 7B B ERRIEIIEE R BT 2% 99
Table 3-2. Disease intensity of isolates found on disease severity after inoculation in field test (Exp. 3-2)
Isoldte of Sclerotinia trifoliorum
Variety - - —
Yam-86 Nig-86 Tot-86 Aic-86 Nag-86 AverageV
SR591-1 9.0 7.0 6.0 4.0 2.0 5.6 cde
SR 592-1 7.0 6.0 5.5 2.5 2.0 4.6 abc
SR 593-1 8.0 8.5 8.0 5.5 5.0 7.0 e
SR 594-1 8.0 6.0 6.0 2.0 5.0 5.4 cd
SR 595-1 6.5 5.0 5.0 2.5 3.5 4.5 abc
SR 581-2 4.0 6.5 3.0 2.0 3.0 3.7 ab
SR 582-2 5.5 " 6.5 3.5 3.0 3.0 4.3 abc
Natsuwakaba 7.5 7.0 7.5 4.0 6.5 6.5 de
Tachiwakaba 7.5 7.0 7.5 3.0 3.0 5.6 cde
Kitawakaba 6.0 4.5 7.5 3.5 4.5 5.2 bed
CR488-3 6.0 5.5 8.0 3.0 2.0 4.9 be
HR533-4 4.0 4.0 3.5 2.0 2.5 3.2a
average? 6.6% 6.12 5.92 3.1° 3.5° 5.0

D Duncan’ s multiple range test at the 5% level.

9 §R591-1~595-1 and SR581-2,582-2 : Selected strain for resistance to S. trifoliorum and numbers after hyphon(-) indicate
generations at which strains were selected. CR 488-3,HR 533-4 : Selected strain for resistance to Corticium rolfsill and

humid soil, respectively.

— o - Hok—89
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0 | —eo— Toc-89 T *
- Aic-86 P

70} —o- Nag-86 s
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0 N " 1

5 8 11 14 17
Day after inoculation
Fig. 3-3. Increase of disease percentage of isolate in

seedling test.

11 Ho&KEE, R ORICi3 r=—0877* OEWH
BB HSH 0 (Fig. 3-4), 5 1 KRG & 7o IO
B AME bR TINAE U 72 IR IR &R R R R 3 08
T ohnt, S HIT, HERICOVWTHASE, Table 3-
3R & O IR - RTPHOREKROEFRIIFE
WROED, - 1, JbiEE, ITEORKTEL, o
Mgk & OB BESBED O NI, ChoDT LD
5, BEMkOREEMICEENA SN, EBSHIROBEKIIIE
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Average temperature from Sept. to Dec. (C)

Fig. 3-4. Correlation between autume temparature
and disease percentage in each isolate.

BEHIIR D Bk I LR WRHEE R T & E X b,

Btk 3 PO RFEHIERIC S VW TA D &, K
ot Bk Tk SR68-5 (FHIMTEI T 62.5% OF AR
LD, WEhOREKICH L ToMWIRIiEZR L7,
¥ 12, HKGEOEFHIR s F AN, F5THN>
Thor, # ¥ 7 #1 -3, du Puits >Moapa DI &7 > 720 B
b & R OBGR T RAESTORR (Table 3-4), %
hZhoXERTH 5, ERERCRERICISEVER
=T SN, Bk E SEIC X B REEMICEAR
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Table 3-3. Differences of disease intensity of isolates in young plant test judged by survival rate of plants after

inoculation (Exp. 3-3)

Isolate of Sclerotinia trifoliorum

Variety —

Hok-89 Yam-86 Nig-86 Toc-89 Aic-86 Nag-86 Average?
SR58-5 62.4 52.4 62.9 65.9 63.5 67.6 62.5 a
Tachiwakaba 32.4 42 .4 51.8 48.2 51.8 38.2 44.1 b
Kitawakaba 26.5 36.5 48.2 61.2 45.3 40.6 43.0 b
Thor 24.7 28.2 40.0 43.5 39.4 26.5 33.7 ¢
Natsuwakaba 15.3 18.8 31.8 38.2 48.2 30.6 30.5 ¢
du Puits 20.6 21.8 39.4 32.9 38.8 28.8 30.4 ¢
Moapa 4.1 7.6 21.2 14.1 37.1 6.5 15.1 d
average! 26.6° 29.7% 42.2°¢ 43 4% 46.3¢ 34.1° 37.0

Y Duncan’s multiple range test at the 5% level.

Table 3-4. Analysis of variance for survival rate in

Table 3-3

Source of variation df ms F
Isolate (I) 5 2284.10 15.39**
Varieties (V) 6 6559.91 44 .20**
Block 4 270.35 1.82 ns
IXV 30 172.07 1.16 ns
Error 164 148.43
Total 209

*** Significant at the 5% and 1% levels, respectively.

EBTD NI b o t, £, HERBOHEBBERE S 3
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(FER 1961), F7, 1B (1954) IS DEKRLD
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7B AR THDERIIRL B, UE, 61
AbieE O E R R EH OBk I LR IEE SRR <, B
REETEIEDLEE2TEDL, THbE, BEMOEK
W, S, X S ICEBESHOREKE EiROWRIE
WA IRT T EDBHS I - F,

—7, BRI K 5 mfE - BROAEFRIT > W THES
WEIT - 1RSS5, 2NFNOERICIIESVWEEZEN
Ao, BRE DRI X 3REFEMICIIEEREN
B LN o fee Tz, FIHOSRERIGIC OV TERK
R DAEBERER %= 4 5 & (Table 3-5), £E& 3-2 0 1Z15#
ETRI0HEETD4HEEIC 5B KEDEREEN A
oh, EER3-30HEKRETIE I5MAEEH 44T
WHERHMBEBREZED ., 2O &5, FEEDM®
FICIERXBENH BN, L—RELTOMLIZE VS
DEEZLND,

E28H ERHOREREFHOENT

BRI D W IR IAR IE RIED R L, i~ &fEfTd
308, oI EIRD AN, B THEE
HAESRIMEEEEDEENTE DS, TOXDEEE
g & LTI ER SRS N TE L, Thbo DR
KRRRERFIC & > TEEORE bH2 TH D, HED
BLOEEHETELB VTS 25665 5, EEHRIK
U, ok S I ETTEREE 2 IHRICHBITEIRVE
HFHETUET S %, [ERRSIREUIEZ R~ MR Ok o
HIEIc>WT, BARS (1991) dEDRHEINKG & L
T, REEOH 2REL EoMEAMZ B8 (N
T =) DRATHEBKEVELTWVWS, ZITT NV
77 V7 > ERICOWT, £ O O REIA I E
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Table 3-5. Correlation coefficient between isolates of Sclerotinia trifoliorum

Isolate Hok-89 Yam-86 Nig-86 Toc-89 Tot-86 Aic-86 Nag-86
Field test

Yam-86 0.934* ) T 0.577 — 0.641* 0.568* 0.281
Nig-86 0.944** 0.989** — 0.322 0.658* 0.278
Toc-89 0.842* 0.923** 0.918* h e T — —
Tot-86 - - - — e 0,643 0.384
Aic-86 0.877* 0.829* 0.804* 0.750 — 0.393
Nag-86 0.958** 0.924** 0.939** 0.913* - 0.905**

Seedling test

*** Significant at the 5% and 1% levels, respectively.
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stem to necrotic lesion (mm)
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du Puits SR58-5
Kitawakaba SR58-6Y
Necrotic lesion

Moapa Tachiwakaba
Natsuwakaba Thor

E3 No necrotic lesion

Fig. 3-5. Necrotic lesions caused on alfalfa stems developed in the 14 days after inoculation of Sclerotinia

trifoliorum.
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KT LS, SR58-6Y, SR58-5 iZfAENEYS T 6~7mm
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Fig. 3-6. Survival rates of immature buds on the crown of alfalfa inoculated with Sclerotinia trifoliorum.
Resistance of individual seedling was rated by a visual scale of 1 (0-20% survival) to 5 (80-100%

survival).

Fig. 3-7. Microphotographs of alfalfa stems of a susceptible Thor (A) and a resistant SR 58-6 Y (B) in the 11 days
after inoculation with Sclerotinia trifoliorum. Note that invading hyphae (IH) developed extensively in
the suceptible, but not in the resistant one. A cell browning (BC) was observed in the epidermis (B).

Th D, HEEERL D PRE VIR TR OMELS I 5
FikmL  BEshic, —4, Thor, ¥ F 747N, F
7 # /3", Moapa TlddEd & HIERE~ DRk 0~—3
mm & 750, BRI TREAMEE LTV B EEES S
Nice T7, XOHEIR (759 V) i 3~5 [HDEhEFH
I ohid, ThoDYEFOAFERE X 5 REEEE
DHixEH B E Fig. 3-61C/-F &L HiC, SRE8-6Y R gy
4PLE (60% LI EDEZENSERE) DOMEED 48% % Lo
tzo IRER~DRRBEDMENFE LA - 7z Moapa T, #F
AALLEOREIZ0% THY, §F 7 HNTIE8% T

HoTo

FER 3-5 FRERARLISEHIAET

B 11 HRORK At EEME cHE LR, #
B (Thor) T3, BEREI A2 D NEHR I i
LTHY, HEEHCEBARR I BRI > T /e
2, ERASELEELTVWAERMBIHEL TV
(Fig. 3-TA), =izt U, EhidkMEiA (SR68-6Y) Tl
FREAC R o3 &3 BERRFHESc D SN
ot ChooHcZREMIEE LELEZDOTO
AP - TEBELTVWE0REE s, L2L, &
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Fig. 3-8. Scanning electron microphotographs of alfalfa stems of a susceptible Thor (A, B and C) and a resistant
SR58-6Y (D) in the 11 days after inoculation with Sclerotinia trifoliorum. Enclosed portions b and c in

A were magnified B and C, respectively.

Invading hyphae (IH) growing intracellularly (B) and

parenchymatous tissue degenerated and partly collapsed (C). However, invading hyphae were
restricted within the epidermal cells in a resistant (D). Inocuated hyphae (H) invaded the epidermal

cells butid not develop further (D).
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DHENIEE D, $FESEFT LEKPZEDON
teo TOT EMS, FRERBETIIESRYZ 79 v#le
IR, BEALOHEESEZ 0, BIETE
VA, IEFERETREROMEN 7 59 vE T
ah, HEEETEARDRAZ BN I@BEILSNFOREIC
HVESERLICEET LD EEZ LN 5,
BEEEOT VT 7 V7 » NORBLEIC- VTR, KL
DORATAEIERBOTRT, FLs7F75RBATS
ZEHExhTWS (Prior and Owen 1964), i
WA EABHEEE T, XTRERMAICOARARR
DEREs N LR, BRLOBWAL I F75BATS
TEERELTVWS, L L, ¥E 11 HHORRMAE
DEFOETEBFHE TR, RAERHEERPERH
fafsk7s &, FEALOMBaNICHEL, FHMaTRD
BRI L T\ (Fig. 3-7C) HEHUHE A D S F RS &
EBBEHOBEMEREZRET 5 &, EitHEERITEAL
T BRI RN O & THIEZ 4 1E 9 2 A 7S KT
HRIGHEEI N TV 7%, BRI T REEZFSER
HEOHERIGARE X TVWS I EFTREENE, 120
bBFE (R 1988), Y+ A4 ®ER (Bl 1973),
Fv e TECIE 8K 1957) TRIREBIEIMEXIG &
LTHEWEOER, ~Y—AFvF—€P 7220735
= VT v E= T BERIEEORE, V= LR EDE
FOPHKIGHEE TWE ERESNTVS, £/,
A5 (1991) F#EsgLcEEL, BRIERT 5L
B QR ERDIM: ICBI 2 BRI oW T, FAEKRN
KEBT2 774 T LF Y VDAL > THRBOMHE
AElagsER3EZIHEL, WHED D 5REL Lo
BAMA B8 (N 7 =) ORTEEIBREVEL
TW3, TIT 77 737 o—EES Lo < 2 Rk
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Bl ok tERLTVS, O & OEBENIZEY

BEPESEOBER IR E LTws, Lrl, EES
BTN7 r 7 OEEIRERBRICBOTHARRL
T BRSO RIRTREE I R - RREIERERY, T 0E
BRZBEHTH 3 L5, IKPIHEREOUREMEERE
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X3 ANTHERICX 2 3IGREEREHRL, REBEREE
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OFRIC X AP R LSRR W TSI T B L L
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CHETCEBHEBRRATE T AV P75 v 2ADREE
R 4~5 R D EFRK P RERBERIC K b, PHFEE
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(1987) 137 V7 7 V7 7 DEFEDTKEEEKICHB VT 3
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1983 £ & 1993 4E 12 i TEHBGRIETIHRIK 2 B
B THEME L 7o KHIMEEIKER O B I I3 Em T
DOBEIEEBEFVWI —a v b HEA L fE, Everest,
Derby, Lutece, Delta, Furez507, BHIEBRHA T8IKX
N7 Tt EIR ik Tk © LR43112-7, (AR HEHL ki ik
FH% - CR488-3, CRSY541-1 RUHEKSE: v 7 4
N, FF 7 ANOEF 10 B - AR #EE L,

BIKERICE T 2 IKHRE I&HAE & 9 A TEI
B, 12 ATHI AR L/ORE2EE L, #tEEE
othh o, FEEROENMFEKETED 5 BBk L
Too BIKAREZERNEKERALE Ui, B4 0+
SIS ERFER SR T & 7258 3 AR &3 5 AT Id AR
KET - 1o BBKIMRITE T 2 BERIT 2.0~7.0% &
L, ThZh 55~100 A% R, RS CRERE
WXL, KR OEEEME L7 (Table 4-1),

itk RRE oM, IREHRM R O 2R
E LT, WERIEE Bk E 1, 2 AT -/ SLR
61-1, SLR61-2 & [t Rk % Rpt i< W W Tk

%1, 2 5T - - SHR61-1, SHR61-2 D&k AHE A E
% L7z (Table 4-2),

2. HRIEDM: ORE

HEDTHERRRE 3B 1 A & 5 R (SR58-1~SR58-
5) AHEL7HBR 4-1 & 5 #HKAH» S 9 [ (SR58-5~
SR58-9) FTHRHB L/ ER4-2 10T TEML 7, S
ST, FER 4-3 TIREITFEYRIC & 0 P 0 BImREH#HE
Tl THODERD S b EE 4-1, 4-3 (FEHIEERE
TiT» o

EEk 4-1 581k 1~5 HRFHE K U BEE A D IRHTHE
I ECRE, Bk & CRER S R % L
BEEE LTMA K 19 58 - REAHEA L 7o, 1989 4F
8 B 23 HicHkfE, 10 A2 HicqfEY b 25 kxR
15m (BERT 0.8 m) cHofii L 7o FEBRX ISELIEE 5 K18
EL, XMk 50 ke Lz, ERFREREFEDO4LH
11 HICEeRE, 7 HEZAEY GELE85%) % L1,
RIS UTN: P, 0s: K, 0=06:24:24kg/a
ZHEH L 7o

Table 4-1. Intensity of selection for Sclerotinia trifoliorum in each generation

Generation No. of plants No. of selected Selection Developed
Selection method (M. lines)V plants (M. lines)?  rate? (%) strain
1 Mass select. 2,736 90 3.3 SR 58-1
2 Mass select. 3,960 90 2.3 SR 58-2
3 Maternal-line select. 2,430 (90) 70 (7) 2.9 SR 58-3
4 Mass select. 1,960 62 3.2 SR 58-4
5 Maternal-line select. 3,952 (52) 80 (8) 2.0 SR 58-5
6 Mass select. 2,880 60 2.1 SR 58-6
7 Mass select. 960 55 5.7 SR 58-7
8 Mass select. 1,634 60 3.7 SR 58-8
9 Mass select. 1,435 100 7.0 SR 58-9

D M. line : maternal lines, within which individual plants were selected.
2 Selection rate was calculated by (number of plants selected/number of all plants)X 100.

Table 4-2. Selected strains used in the Exp. 4-1 and 4-2

Strain? Objectives Origin of breeding stock

Selected for
SR 58-1~9

Sclerotinia trifoliorum from 1 to 9 generations

Natsuwakaba, Tachiwakaba, LR 43112-7
CRSY 541-1, CR 488-3, Delta, Everest
Derby, Lutece, Furez 507

Selected for Sclerotinia trifoliorum from 1 to 2 generations
SHR 61-1~2 Resistance for S. trifoliorum HR 533-4, HT 61-1,TH61-1,HR 581-1
SLR61-1~2 do. Tachiwakaba

Selection for Corticium rolfsii and humid-soil

Resistance for S. trifoliorum

CR 488-3 Resistance for Corticium rolfsii Natsuwakaba, Sabina, Moapa
HR 533-5 Tolerance for humid-soil Aikeil6, B13-AL4
Aikei23 do. Aikeil6

D Numbers after hyphon (-) indicate generations at which strains were selected.
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EE4-2  FEik 5~9 HREHR OB

B ER AR O BRI & 5 9 fE - R4t
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57.6% DEWAEERER LI, IRWT SR58-4, SR58-3
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Fig. 4-1. Regrowth vigor of selected strains from the 1st to 5th generations.
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Table 4-3. Differences of resistance among populations as judged by per-
centage of plant which survived in plots inoculated against

Sclerotinia trifoliorum (Exp. 4-1)

Percentage of survived plants

Multiple range

Variety or strain

test!

Apr. 29th May 14 th Jul. 6th
SR 58-5 3.6 24.8 57.6 a
SR 58-4 1.6 19.6 35.2 b
SR 58-3 2.4 15.6 31.2 b
SHR 61-2 2.4 9.6 20.8 c
SR 58-2 0.8 8.0 17.6 cd
Natsuwakaba 0.0 4.0 16.0 cde
HR 533-5 0.0 8.0 15.2 cdef
SR 58-1 0.0 4.4 12.4 cdefg
CR 488-3 0.4 7.2 11.8 defg
SLR61-1 0.0 7.2 9.6 defg
Williamsburg 0.0 4.8 9.6 defg
Tachiwakaba 0.0 4.0 7.2 efg
Thor 0.0 0.8 6.4 efg
Aikei23 0.0 2.4 6.4 efg
Vertace 0.0 2.4 5.6 fg
Kitawakaba 0.8 3.2 4.8 g
Du Puits 0.0 6.4 4.8 g
Orca 0.0 2.4 4.0 g
CUF101 0.0 4.0 3.2 g
D Duncan’ s multiple range test at 5% level.
HBEROE(L% Fig. 4-1,4-2 1R LT, #IKEDOR LI
1, 2 R oERTIRELTH > 1S, 3HRH S5
HRICAT CTEVEERDR L EERADRIENS SN
foo TDT EH D, ERRIETITE DR SO 01
TR E 0, BIRIRER DR 2T S kDK Y X 0A0X LG
5 EDBRD LN, 60
. {
FER 4-2 #IK 5~9 R T
P B R - IS O 477K % Table 4-4 1 R 5ok
7 Utoo ik 5 X (SR58-5) 705 9 1L (SR58-9) % &
BRI 424~629% 12D, F VT H D 9.4%, g a0f
5 F 7 ANOD 232% ICHAREBWIEREARL 2o —4, § ®
BB DIV SLRI2-1, SHR611-2, SLR61-2, Q%_ P
SLR87-3 ® 1~3 tH{{HR#KIZ 205~34.8% ThH v, H£F T
KOG LIENTH - T, é 20F
SELHHRIC > PR OZAL % Fig 43 IR LT, & “ A
S R 0 7E S 12 5 1R 42496 1KT L 6 AR 1 —
5049 &AL 7z, 7, 8 A TIE 482%, 51.3% LiFH
LEbDD 9HRTIE 629% ERE AL, EKHA 05 ! 4 + L :

IS EEROF EARD SN,

FREEEEROLBENBR S F I AN, FYTANE
LRI L 728, Bk 5~9 MRBFEIZ S 77 4
D 25~391ETH v, ERWIILEEHIRSPSHICE -

Fig. 4-2.

No. of selection generation

Increase in resistance to Sclerotinia tri-
foliorum in relation to the number of
selection generations.
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Table 4-4. Differences of resistance among populations against Sclerotinia trifoliorum

(Exp. 4-2)

Variety or strain  Jan. 27th Apr. 30th

Multiple range

Fresh yield on May 30th

test! ratio to Tachiwakaba (%)
SR 58-9 41.5 62.9 a 388
SR 58-8 34.8 51.3 b 308
SR 58-6 35.3 50.4 b 359
SR 58-7 28.6 48.2 b 307
SR 58-5 21.4 42.4 bc 251
SLR61-2 8.5 34.8 c 135
SHR 611-2 13.8 32.6 cd 190
Tachiwakaba 8.0 23.2 d 100
Natsuwakaba 3.1 9.4 e 53
D Duncan’ s multiple range test at 5% level.
70 60
Y=4.19X+21.71
r=0.886* 50
& 40t Midparent
£ /
60 F 20 — —
= 3
g 155
=1 %
Lol %
[<5}
= ” 7
Z 7R . . ) " % , b
a Pt Pd F1 F2 SR
501 Natsuwakaba Tachiwakaba duPuits  SR58-5
Fig. 4-4. Survival rate of parents and Fy, F; lines.
Puits BE I3 E N ZEN 73%, 84% Tdh » 7o THH LM
40 \ . 1 ; 1 FHEOER OB R ImBlOFEHE L DK R
4 5 6 7 8 9 o . . -
No. of selection generation D, BSEOERMBEAEIEE, Fi OBSHEORE
HIEL 15 BEBIDERD iz, Flio W T b [l e
Fig. 4-3. Increase in resistance to Sclerotinia tri- BH LD, F,OEFERIIF, L& 5, 5% BREE
fo%ionfm in relétlon to the number of ¢, MP Hiid 41~66% T& - 7o
selection generations. i .
F & P REOBRICODWTA S & Fig. 4-510RT &
2o ST, FIREOEBERSGEVWELE P, ZHOEFERG T

FE 4-3 EHTUEELEROHEE

P RIE 28 SRE8-5 & F v T h N, ¥ F T HN,
du Puits & @D F), Fy ZEOEFERA Fig. 4-4 IT/R LTz,
SR58-5 DAEFERITB3% TH » L B RERFEF v v
Hs8, ¥ F 7 H3, duPuits DEERIIZNEN 5, 10,
8% LIEM »te FIRMOEFERIGF Y I ANETI
16% &L p o oSy F 7 A EETIE 23%, du Puits
BECT 26% & 705 72, SEYIEL (MP) & F1 &l Hid 5
ERBEE D MPICHARF, Fo b IfES ot F VT
HNEEF OMPHIE55% Td Y, ¥ F 7 40N du

15 BEFH A S, 0.696* D ESMHEBERSED 5
Nio 7, TDF @D FIAORYFRED» S Firickir 5
EER (h) 130323 EHES T,

E-7 -3

1. RERERSERC X 2 EHEORE

FRERER R D O BN BB AR T EE
DER AR T LI L DEE L VEBETFHOME
ErELLIEEETHD, TAVAKBFS v EOD
vOEHE - MIESHEOEKER T 76 S DR
BRI BIRBN BB STV B (Dudley 1977), b
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Y=0.323X+10.0
r=0.696**
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Survival rate of F, (%)
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Survival rate of F, (%)

Fig. 4-5. Relationship of survival rates between F,
and F, lines.

£ o3y OEIHEE T RKARRHR OB O ¥ A
7 VEERBHFEICED, EEB B THERECEN
EEEFOHRBENS & EbIT, BOANTFOYREH
B4 2 H5EERSERINTVWS, by EoavOFHE
RETH S CFEMKIR, 7o CEEHEETFES
W FEEETFSHE SN, T 9R0R I IMBEET L
BHER—FEEETHES LT, ThoERERE
TRMEBETFHZOBEIEICEERREZR LT
%, &F (1964, 1983) It < 1 5 DIXFTHEREERKIC I,
EH BT E2ER T A ERERVPEHTH S L LTY
Bo E1o, TNT 77 7 BEHERREOBEEHETIR
BHBE T AR > £ 2 R oBEKTHVIETUEZR
LS, BHBET A2 WERICE O T bIERSEK
AEDDB T EICE - TRAICIETHENEL 25 2 L8]
ExnTWws (Viand 1979, 1980), BEHIR DT HEEIK
BV TERBEREREKEIT - LA FIC BV TH, £
B 4-1 05 1, 2 R TIHEESIRMEVA S RS, S 5
MR TREMRSEE 5 L 2R D (Fig. 4-
Do EHENICHEEZEHERPAZ RBT REEEET
%10 LB EHAEEEROVREBH TELEEZD
h, &5IcEER4-2 TIR5 L5 9 HRICH T TEK
ShERhsgkss L Chl b3 5 2 &ML ITE » 7o (Table
4-4),
ERMHo#BEEIE DV TERI-ZKBWVLT,
Flamande R 59 LB WIERMEZ R T 2 &L 2389,

B ARV T3 d 5 BIRBIBIZF O FEST 5 & B X
foo F 12, REORMERICB VT FI RFEOELLRY
M OSEEE (MP) stk T 55~84% &KW Eh Sk
Ttk R EHRIRE &> TEEE T IC KB S 1L 5 RN
Wi, HEEMNF - REE /NS BETORMICL S
LEDbNE, TRhbL, HEMREDMEORB RIS
A RTEBOBEFICLEbD0THY, BAMEDI
P BT R ARV 729, PR TSR TO
ERHDIS GRIENRME VA, BIKHRZZ VRS T
Lk > TERNEETOHEE G EE b, #
EFRIOMEER bmb b KX SIS o b
TeEZEZLONB,

2. ERMEOBELEEBORHEE

W & T BANEHILE OBE, HEORBIZERE
DOEEBHLIL L, BETHERBB OGP EENTH
D, FF LWEKEZIEHAMFICEIKTE S, L
L, —BoERONRILEIENEHICET 25805%
 , RERBAIEICL - TELNLBIETHD, #Hix
FROE L REHR (BT LBEEORAFHES
) oficEans, $HbHbP=G+E+GETERX
h, EHREOLHEIL Vp=Vg+Ve+2Cov (ge) &85,
BRI RBISE Vo okt 4 2 Bz Ve DEIEGT
b, BEFHROYHRRS S IHNELZFOE, &
R, T €5 Y RAHMELOEDL->TVEDT Vp
=Va+Vd+Vi+Ve+2Cov (ge) & LTEREND, L
DBERII W g =Vg/Vp TRENED, PFEOBEMLE
X2 n=Va/Vp TEHZI NS, ILA (1974a, 1974b) &
BHEE OBESITICA W S0 3R NN EET
Rl (BREM) oFRHAUEIK T 2REHRKE L TEER
TRELDTHD, HHEOBEREL THNEDIITTH
v, h¥=b,.,=Cov (a, p) /Vp=Va/Vp LLTWV5, &
ERIEFRCHRICE > TEDL M, KERTIEIO
ZZ iV, BERoIKiE % Fr /I W THEE
43 & Fy, @ F, ~OEVRRE D & B3R h7=0.323 O
EHA B, —ICTHEYED BRI 40~60% /L
BABZ WY, F, THEESNEERRIELS, ZOlL
Do b, B OEIHT IMEBRETOERMICL 28K
BHiEEZ 6N 5,

X5, T OHERIRIEDUIE O BRR SRR &
DEMNTBEAONEZOT, EEHRICX 3, LDER
HEHBEREWTE ST 5729, Falconer (1960) ik %
BRGERT L BERG E DRI >V T AT, TDT
%, Fig. 4-6 1R 9 & 2 ICHEIRE OB E 477 & iS5
k- THBIS N AREIZE & B A, COEDOEREN
FEMNMT 2 EVIPED S &z, FEMRURRHE
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Population of
parent individuals

Population of
progeny individuals

_

Percentage of surviving plants

Percentage of selected plants

/Percentage of surviving plants

Percentage of selected plants

-—Xl-.

m, Threshold

1 1 |
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Scale of liability (standard deviations from threshold)

Fig. 4-6. Frequency distribution in populations with different degree of Sclerotinia trifoliorum resistance, and
threshold for percentage of surviving plants (revised figure from Falconer 1960).

20
DY =0.078X —0.031 L

@Y =0.364X —0.830
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Selection response
—
o
T

[ J
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Cumulative selection differential

Fig. 4-7. Realised heritability by regression of

response to selection on the cumulative
selection differential.

HoOFEEEZBE? S DR TH 50 L, FHEMP SO
FHEEOE R=XX) Z@RIEE L, i, &
RILDBFE >V T bREKICEA, FEND»SDOR

ORI %2Rk, FREBEELBEKE (S) LEEKRIE
(R) L DBFREMP S R2=R/S & L TR 5 12 DFIKX
J5% Table 4-51C/R LTz, 72720, EER4-2 D 6~9 i
RITHEER 4-1 @ 5 [HARHE SRH8-5 DIEZFAEL LTz,
RARRKE &BKDOL & OBk %E A B &, Fig. 4-TI1TR
T LA, BERRIGE L 2IURTRE, -7, LAL,
3R 5 9 HHRITH T TRERSEENSA SN, 1=
0.958** O WHHEABIRDS D Shtz, TDT D, #
R & B2 EBLBERIE 2 BT TR B 2 &R
WY LB SN, KBURERIGBKSUL O BEEKZE~
DOEFICL >TRENS, ZOHEEMEE LTHHD 1, 2
AT R2=0078, 31HFH S 9 TIE A2=0.364 &
RIS HANRE L BB EMBHS LI 572, TDHE
ERIFMR IO 2 BRKEOERICELEbDTH
b, BERCLEH /DL, EHLLELE L BLTE
POBONIMETH B SESEEETH B, FLO
BERM=0323ERKELEDL->TVRVI &1 3~9
Hich 7 2 BIK CTREERPEEICE TE-> TR
TEERT, COLIICHEEREEMBSICHEE LRV
EDSSTNT 7 V7 > BIGRIEIT L2 OB TFO
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Table 4-5. Cumulative selection differential and
selection response indicated by the
deviation of the threshold from the mean

3 . 3 2)
Cumulative selection selection response

Strain differential? x X — %
Evaluation 1
parents (x,)® 0 1.19 0
SR 58-1 1.84 1.15 0.04
SR 58-2 3.18 0.93 0.26
SR 58-3 4.09 0.49 0.70
SR 58-4 4.83 0.38 0.81
SR 58-5 5.57 -0.19 1.38
Evaluation 2
( SR 58-5% 5.57 0.19 1.38)
SR 58-6 6.20 —0.01 1.58
SR 58-7 6.64 0.05 1.52
SR 58-8 7.10 -0.03 1.60
SR 58-9 7.48 —0.33 1.90

D The cumulative selection differential was calculated
by the product of selection rate of preceding gen-
erations.

2 x;: Deviation from the population mean of survived
plant percentage threshold value of each selection
generation, x,—x; : Selection response from the popu-
lation mean of parents.

® Parents data was substituted 3 cultivars average ;
Natsuwakaba, Tachiwakaba, CR 488-3

9 SR58-5 was used as common strain to connect from
first to ninth generation.

MEERIC L 2 EHEET X B,

F2H BARKT TOBKRREDOENME

B O BARTERICB 1 BRI & LT, WD
S OERIC & BEYE, WYNERKRED S DRY, FO5
B PR EMNEZ SN BL, M (1987), AHS
(1973) IZEIALRR O RYRREL & L CEM, BRI EES
T BERD O ORYED A FEM: I TIEL, B OF
FELEFOIBD LML ETEREICLEEELTY
3, FOAIATRELEISVTR LY YFEERP 7 o -
ERmEOMW L > OEMRTHRRI L TED, vy
Py o—NOETFOI AT EEET 5 LLZHOMDE
BEREASTER S 0, ORMSES T ORMEEGD
bETHEL, EROMANIAERE S5 T & 05HERR
ShTWw3,
KEBROTIVT 7 V7 7 BEER OEHIERE M 0%k
&, E#h & PDA BN ILT ERE b ARSEHITK
BEEL, THEBREEELTILVT 207 » OHIBRZEE
CERLTEY, ENOBRARERICIVEERRSIET
BY, ZOROEERE L VIEHEOFMET 5L &
BICREGBIRETT > TE o b b, KT 2IPIRE

B &3 5 RN & IIERGRE, RPN & R 5 1E
BRI K ARE - #RIEAETA L&, CDfed, <
DFERH HARSEM T B 2 TR X 2 RKRREICE
WTHERTH S EAPEICT ZHEND B, KEIT
i, o0& BREEESD S, ERREORTFERERY
BARRRHE T IcB T aHic>LTRE L, IKbiHER
OB AR T D,

MRRUAE

1992 4F ic EHIERERIZ 1o B VW TIR DR AT - 120

FER 44 FETHERIC X 2 IEPUHRGE

FOHIRPOMET AT AIEICHEREL, & - Rt
FlicB i 2RROZERE B U fo, IHERHEE LT
SR58-5, SR58-6Y LItk L LTH Y 74N, & F
THN, F YT HNEMEL o, B - R 5X12
cm DY — K v 7y — 232 10 k>4, cno
ZER 14C, HRARON 7 2ETHEL, 8BNS
10 B# E THRTEELT- ko EBXIZ 7 v ¥ 4BLE 4
KiEE LT,

KR E, KEEL R 2EPRKED Lic 7w
TV T s ABRELEV-F) YIS —R%REE, ZO
F#H60cm ic Fo > BAH L7 1/5000 # v +~, 64
ZEE L, B8, TOIRFZEETREL, #y by
720 10k ABIE L7z, ChbE E=— WP TEL, T
DS ORI T AN TFAEXECERE TS/, #HE
%, TEHICBTARMOMBAEEL, BRNEDFEOH
BAFEA L

FER 4-5 HARFIN T TOREKRKOIRIIM:

RAERE, {EPVERGEICHE U BT S, K
oMk A% SR58-3, SR58-5 MU R E LTH Y
T HN, FF AN, FH 7 hoN, CUFI01, Moapa, du
Puits, Thor ® 9 5FE - REABREL /oo BEHIZOH
128, 9H2H, 10 H 6 HD 3B&MEE LT, FREzs
FE L 72,

ERER

HER4-4 TFHERIC X 2 IKPUHRGE

Ko FEafEik 5 H HIic#E o RmI/N S R8RS E
s ntz, Table 4-6 1R & HIC T ORBICIZIE &
AERTE R L BERR OO T, TDR, W
B3R E A SRR TE I LIcREN O DV, 3B
Hic A 0 RBEESAIAKEZIRICIS 0, AIRTEARZED
TEMTEB LI - T, X5IC Fig 4-81TRd &9
i 4 AR OMEBMSR L 15 - 72, 5B H WM
f%iX Moapa, Thor, # F 7 #/3TKE, SR58-6Y,
SR58-5, duPuits, ¥4 7 ANT/NE D> T, & HITH
W HETT L 7o 12 8 H o AR IR B TR O ik
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—4&—SR58-6Y
—&—SR58-5
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---X---Tachiwakaba

we — erRmEmmeeR ©--Kitawakaba
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Fig. 4-8. Increase of percentage of diseased leaf area under inoculation of spore of Sclerotinia trifoliorum.

Table 4-6. Survival rate of varieties and strains of
alfalfa due to spore infection of
Sclerotinia trifoliorum (Exp. 4-4)

Variety Dgree of Diseased Survived

brown lesion” leaf area % plant %

or strain 5days? 35days 82days
SR58-6Y 2.0 24.3 57.4
SR 58-5 2.6 40.0 51.0
Kitawakaba 2.6 41.7 41.5
Tachiwakaba 3.4 80.0 5.0
Du Puits 2.0 40.0 43.5
Natsuwakaba 3.4 66.7 11.3
Moapa 2.6 100.0 16.7
Thor 2.6 83.3 3.3

D Degree of brown letion : 0=no symptoms~5=many.
2 From days after inoculation.

DEER M TH - f2 SRH8-6Y, SR58-5 T <, Thor, ¥
FIHN, FVTHNTEP - e TOEFRIIEER
SRAHERE L TERE DR (Table 2-10) &2
BatmERLE, LL, BTOMBHHT L bE—
Tl otetedd, ¥Y—FY v 7y —20BRERICES
FIRREOEF B A X bl - FHEEICEEZRA o0
- t,

HER 4-5  BHRFR T T OBKREOIESLME

BETOREKETO > RO Fig. 4-9 K/R$ &
31 9HA12H, 98 26 HOEETIX 10 A LEH» S5FD
Sh, 10 825 HA 5 11 H 8 Hich i T 25 fl/m?

L£L, D%, BEITDIEIE 1, 10 H 9 HETIZ
DR/DIEHIEB LA 11 A8 HiCiZ 23, 'm? DF
DS EBBED SN, FEEHE SRBORFHREL 72
LEZ NI

BEIR OB 3 HLIBRBE L E S, MAREERSZ <
1otz HBREMIC &k BEERR Table 4-TIRT LD
2, SHI2BRB IR TT6%, ZRiE61.4%~
904% OEVEBERTH - 1245, BEHESELRIEE
HERIIEL D 10 H 9 HIETIE51%, ZRIE394%
~886% TH - 1zo BIETRAEFERBEL LD, »oM
& - RS S i, BRI SR58-3, SR58
S EHVThOBERICE VT OEERNE BEME
LOMIcEBEENRED DN, B 10 A9 B TIIEL
T IL 35%~4T7% DHEBERTH - 1o hs, SREHKIZZ
nEN 76.7%, 88.6% DEWALFRER LIRS
WEEE Th - 2o

SR58-5 &+ VT AN, §F7HNEDNEE KT
3 & Fig. 4-10 /8¢ £ H i, BHETIE 3EIDXIED T
519~619kg/a DAEEINENSH - 7245, 10 B 9 HETIE
120~398 kg/a &5 0, EREHAHE 75513 LN IEK
T Lo BIBREIAL & SRE8-6 BHEZOENTH D, Btk
WHBEEFYTHN, §F9HNEDONEBEPREL
13-t BREKICH T 2BBX OIUR 1, FRSER L
foF I HN, §F T HNTIRTT~T8% D KIME S HIX
E15 5te —7F, SR58-5 13 36% DRINICE &% - 7o,
Buikseth T b AERVE L, WROE T /D SRE8-
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Fig. 4-10. Comparison of fresh yield under the
natural infection of Sclerotinia trifoliorum
among the three seeding times.

5E3FvhxN, SFuhaNHEREEREGIEERT
ZEMESINTIE 5 T2,
EE

1. BAAGRR O RRGLRE

Hi%R O Gc > W, AHS (1973) 37 v —
~OERE (Sclerotinia trifoliorum) #Z D% F, F1id
RSB LT 7 o — " OKIMPALICEM S TERIC
BoTERKIRECEADONIE b - 12hs, TEhTER Y
na—Z2EBALTHEERLED IGE O ARRANR
T2LELTVWE, F12, ¥4 (1956) (2B (Sclerotinia
sclerotiorum) %7 %4, F¥ v, ¥aVv¥FsOHEIC
Bls %, TORBIEVEMEL TV, Lidi-T

Number of the asci observed at the field of different seeding time.

Table 4-7. Survival rate of varieties and strains of
alfalfa due to natural infection of
Sclerotinia trifoliorum at different seeding
time in the field (Exp. 4-5)
Variety Seeding time
orstrain  gent 12th  Sept.26th  Oct.9th
SR 58-5 90.4 av 87.1 a 88.6 a
SR 58-3 84.9 ab 81.9 a 76.7 a
Kitawakaba 75.5 b 66.4 b 45.4 b
Tachiwakaba 77.6 b 54.4 ¢ 4.0 b
Du Puits 83.1 ¢ 50.6 ¢ 46.8 b
Natsuwakaba 79.0 b 52.3 ¢ 4.2 b
CUF 101 66.2 ¢ 50.9 ¢ 38.3 b
Moapa 65.3 ¢ 44.1 cd 35.3 b
Thor 61.8 ¢ 35.1 d 394 b
Average 76.0 58.1 51.0

D Duncan’ s multiple range test at the 5% level.

B oA 3 ERIC L 2HRBRE O E 2L B
TFLTLESLRTERWY, HRIFTOEREFTIR
ZOHBEHE B TEVWLDEEZEZL ONTWVWS, —4,
FoSaFREII>WTR LY YFEERY 2 v — B
BN > OEMIE CTHRE SN TV 5, #A7H (1987)
B YA OEICTO S AT AERET 5B HOBDIBER
WML E N, COREHSEST CHERE LERKEOH
RIPIIER & B ELTWVWS, 7T 7 V7 7 ODEKRE
KBV THRETEERESREAEES L, ol
AhoRTEAERESERESER L EP S, B
RETO—RBEEIRFICLEbDEELONS, £
OFFEEREIL P o —NEBIERIETH B,
SR - FEAR (1975) Sl X 2ILiE TOBETIHEE T



114 EHARBHRAME ETT (1999

CTRBEIIET 2z Eh T, FTICRSBRBEEINED S
ELTWDS, F/, RHEOIKIIHLT L SEET T ORI
ST THEBESMER-O LIk, EROHE
DIEMALT 2 2 & 52BWD, TOTEWE, TLT 7
7 > BRSSO 15 VIR - BRI T R ICKENA
B EREBHENRETELLOARTELEELD
N5,

B Ol THEIC & 2IRbTRGE I B9 5L
B, MEK L ZEEHZRIED L TVIRVA, K
ERTRETAEMECARE TS E I AFEICIDER
HEIRICHIIH DRSS S, % OIEROETREE D &
EFHRE O RIREE DD Sz, §78 b bIETHERE
TRIATFH O OEEBRLIC & 580N S LB L E
BEZED oM, RHROERREERBICHNHS 2
KBS, BRI BERNAONL I ED DS, JTHERE
Ik AESRESTREE B SN, L L, RERTI
JFOERETICET o, BREBTICL 2EHN
KED ol BRCXZEHZ/NSSTEITREITAR
ol TR 3R DIRE I /N & <, o I8 an
DELRHMOBERDZEL LTIA S ENTEL L
25, WEITOMOERERE X D REEISREICEL 7f
HEELTRIHTE S EEZ N, KEDS (1997) WBH
HRiEIiE RO DNA - —AREIC L b, o< —
A iR BE 4 3 SR LTV A, IEBIEDNA
2 —AEEET B0 id, B ORRE % M IHIE
THRBEOBVARRESHETHD, KFEREGEER
BBREFHEICBLEEZILNS,

2. HEDUHEERIE O E FF SN

HAETOENKR, LYW TEFIcbhDE
COMEMNBLEINTE L, FNEFMURFESZ o -~
SHRELBEEELSCER—HICRERSOATOLL
2, BLDOALRZICHILON B L DTS - 72D 13 1960 LR
KA->ThETH b, BIERIEZ, BEEMFETRONER
WEABZ BRETH LN, HEEARVER, &,
B, BHcbHRET B, Z2OWELCOVT, VYA T
e, EIbEA~D L v FEOREFIE R & & IR
CRIROEML, 1918 E0E I NETIHIBRNTH 722
EHEFEhTVS (FEE 1990), 7 @ —/NTid/ ¥y F
RICHREIEMS D, BREES T NEN DT 5
(Leath 1985) &&hTW3B, 7, AHS (1973,1978)
i, BET OREoMEIAKE L, BEHESELLS
o NKEFERR DS L, ARSZHARK 116 H T3 42% O
EHHE LIz EHELTVWE, TIVT7 7> V7 > EIZIRIC
BEd 2 13/DI VWA, K (1992) IIFEAETH Lha
DA 4 A FENCEIRIC & IHEEHROIRARICS -

122 &mS, BEAEBENALNBVHIBICE VT
b, KREUWEEZFLEd, BEMTOEER
RELAELTWD, AEBRTHE L TR E R
SR58-5 I HAFRK I BV THEMBICLRTIH S i
FREE KL, BARIROLERNDEOWEREX T bt
ORELYENSD, HicihsDREBOEFERNEL
3o BRI B TR VAR E GOINE MR L1,
ThoDZ & O ERTERKOBRIET VT 7 VT 7 D
HELERCEESREAER T PRI N, &
KOHRBFERE ScEVWIEGIEERRT L5, B
Hi - BEEHI TR AR A ERSE S U CHENH
THIEIE > TEHMIRNOTRIRMTIEETSH 5 LHEEs N
%,

BHE REBEER

BRI ORI EHTRIFLA SN, T
777 7 OMIENOBRE S 5, Fickkikz 4 28I
DFoig T, PHERBAKRD IR EA EBEFRICHERK
TEEINHEFOHD, TOHRTT VT 7> VT > FEE
AEBSE L3 EREREOBRA MRS THET
B, LipL, EHHERE O ARMEICRBENA S
NEEPHDKRETHD, FoEMEREOBRITHEL
W Eh, BREFE~NOIHMARBELALTEINTT
oo HHIEHMREEERELL, £ OmEIC
SOWTHREFEML, B cEr»nRERZEREZED
foo E5IT, COREFICIDBEEREROET LI
X o THRA A ED B 2 E5AREICE D, ERHN
KLV RHE BT A EnTE L, ABTE, DLk
OBEBEBETHOMcIhKLEEE b LT, F1HT
13, BHEBEEEREORRAIC SV TOERE» SKIESR
HOKEL2ED S EOEEREHRT S L& big, &I
HOBIEIC > W TEET 5, & 2 HiT Kbk 0EEKIX
SR> W TR 4 EROBKER & Oxtic B W TEE
L, BonkiER & S5%OMERIE>VTER LWL,

F1EH BRFRERHEOBERRE

TIVT 7 V7 7 ORKIEHIE T T B EKIE O BARER
CBWTHEDP Th 3 BRERERIEBD Shi, D5
&, BV ERIXEORRRIL S L 3FHROE DI
o TRENZ, —F4, BEEECHEREL G, HER
DEEIBREAEENDDED, 1PAEELTHS
BAICHENED ONB L IT D, EHMEREZO
BAEMEMTHODT I ENTES, TOLIKE, B
ROEHiEOZER R, BRBEOKD, FERROREIER
R OB & - TS I 2 EEE EER) o
Ko Thbbahd, T7hbL, HMROEIH I
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YA B & 1) ZREEOREIC & » ¢, REIBEEIR
B AEMTIEDE SR AN B,

e RS (1996) 131 % OMEHEREOBERIZB VT,
B0 BARREO D SO AEEZTR L T
WA, TOREREINTOEG « BRELEOBEREAEK
WEgEBERO— & L TREOSVWREEDOHFAE H
FTWws, 7z, AR (1974) @AV T4 7 IR
ICB T AR &EKICET BRI B W TE R
—fBICERNNICE K OBENERENEL TV AN, &
ISERE T IR & 2o R ERE TRENZERICE > TV
BEAMEL, BEOELICE>TREREREHOD
TEDBDHLE, Iho0ERD SHBERICEG AR
ZRlEHL, BRick-THLVWREEREZFEKL O
ild, BEICHT 3RIG, SEIRNERELRL, #
RETREICT 2MEND 5 BTV 5,

TUVT 7T 7y DERO X DT, FET IERED
ELEITHD, BEEHICE - TKRELSEHTIE
DOBFETIE, LWHIKEENEEREFELLSY, 20K
P DBEHELRZ AP EETH 5, 0w, K
Fitk O R R CEARZEA AL, REBELET
51 DEESIEDRENSLETDH B,

W), WEORETIT-» HHHERE 20C~25C - &
A cREBEOEERBWET I ENTELE, >,
HAKRICL 2 RERHERESEO NI &6, BIGR
EOREEESRBE N, BBRETIE, BEEBIR
WHARRBTOAN— F= v 728 L tRICEERREH#
L, REEEE L TRESPEEIC L > TEL - &
B BEo&EERT T itk > T, BEHSIEITE
DRE REBZREARWE T EMHEBRICE - 12
(Table 1-5, 6, Fig. 1-4), % 7-, EREGSHKET 2EHHE
SUEEP SIS B0, EER I0BROBEBOR
EEAEZ TR O RERZRZRE LG8,
23°C - I6BHETOBEREAHTETRB5ETH -
R BEL REMEREEARD B EBTE NP>
teo —H, 16C - SKRIHEOBFHSMH T, KbEVA
TERAER LR REMSIARIC 5 7o (Table 2-5), T
DEHEE TEEANA 72 SRE8-6Y 135 VW B#ILZN R %
Ltz Ep o, IEPIMORBICHE L B EERE ER
DEELT AR THEEALNS,

O LEER M TER S NAHR, B oMENE
Bicish, HERSOSENEL, 739 vlBRES S
ZENEISNTWA (Sato 1971, fIF 1979), BEIFZRIC
TR L kB0 BE TR 2 5 v YA TEADER
ABIEE D, BEEERNICHFNBHET LI LICL-T
BEOKER MR o0 5 2 & 2RO, TOBHERER

BIF B2 59 VRS OFRESERM OIS ICES T A E
Wo—-oiclsbEA 605, TOT & BRI X OHE
I ER M X ORI 5 v v ORENEL, B
FRIOH T 2 RSZHBMEWC &0 5 RSN S, 51
FEMEE I & 2 HE L SIRPLMEMA T RBER O MEZILE
T AR IGOE U TV B T EMED Shk (Fig 3-
7,8) TNT7 77 7 id< ARMREDOHRTIRY 7= s
ERLBEVERTLD D, AMEBABIC L ZHEEDOIED S
SHOMETHERIGICBIR L TWAFEEE b BV, 5B Ih
5 OIEHUHERS T 2 W TR LA S 2 o 5 T &
B, EPHEOBIEEBIT T %2 2 A ICBETHA I,
BR QBRI i, AR O & 5 i BRIk %
AL, ZOEGIMERZE 3G - BEREBIC L - TRRE S
EEROMITLTE R, —MRICRBBIEREE TR
U2z oDRHEMEAON TS bbEN D, HERIED
HEDBE, EREBEALED ONED > LEENEHE
BAEZ DIk » CEIENBERE U THESE
BT ENTREICE -~ EEZOND, HBAZEOE 1T
&, BHAEBREKIC & > CERBREIH S OB KD
HEETH B T EERHO I LD, BIKDFE L THRE
HITSRES 2 B & 1 L 7o IR BER OB E LBk Z BP0
RS s EEURHAER I LEBEZLLIENTE
%,

FoEl REEBEEKRICHT S MiEN - REERE
EFADBKRIG
BERORIETIIEIC > O T RBIBERRIKETT > TE K
WRIcBWT, % OBEKL AR T RERTME
&, BHEABORT Ik » TREIBRILE T -
ThobhasZ EEWPSricLTE L (Fig 4-1, 2
Table 4-4), WER T 3MMGENY: - FEEAOERENSZ <,
OAETEESTLhTVS LWEED S L 12 HRE i
BHTHY, A—F v —FI IR, TIVT 777D
BB IRV A S S hTWb, £, 415U T V54
TSR, RU=TINIA T TR, THIa—NTREHK
HBEEESIND AN Sh, KRR & Itic AU
SESEZHBER SNV S, —RICEREDRE EAR)S
B3, BEOHMACHENEGERANS, A, 53
veTNAuA R EBAE - WS - B SOMNTS
3 (0 1986), #ric XA R4 2 WETREAEAS
Ve THbDL, EEERE R fEERREICHANEFTNS
5 E 15 0 IEME P BREEMYE /S L OB RIEEIRT b
DHBE, T4 75 AR TIIPUEAETRE O i A m:
& RISV SRS (ZE 1976), TAH 7 o=
TR ISR OEKRIETI M ERRHE AT 5 &I
Xo-oT i rEE s LTI HMELALND
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Table 5-1. Coefficient of each genotype for escape values of selection against different genetic models

Genetic model AAAA AAAa AAaa Aaaa aaaa
Selection against :
Complete dominant character 1 1 1 1 e
No dominant character 1 3/4+e/4 1/2+e/2 1/4+3e/4 e
Recessive character e e e e 1
e : escape values.
(Arseniuk 1989), 0 & 5K IZHERISIEEOE
EHERZILART 2affEESEmWC &0 o, GEEERE @ complete dominance (p,=0.001 e=02) g2y
OHBSY B ST 5T ENERTS B, MAMH o e
kO BTEBRINSHIZ E Busbice (1972) Sick-TH g :
SR A%, BA (1983,1992) & COBERIBOEF 5 Eosl f
wir D ERBEOBEM 2L TV B, IT, B S RN
BRIEIE O BIRSUSIE C N o OB S HEATE B 2 =)
&5 pRE L > " L

BREEEZEY, 9 LWEKESEKT 5L, £HN
DEE LVBLTHEENLELT 5, EMEKIC X O HEK
AW 1A OBYR I c o W T, Hill (1971) ik 3[H
BrEAEOEF NV ERICHET 2 LROEBDIZE S,
7272 L FVERIZROEHRE TRE L 7.

D BA - BRERESEL, BEARESTON S,

@ 1#BEFECOVT2HERTFPS0, BET
kTl gk A R RE T E 5,

VIEMOBBET AOHE% p0, £ #izTa
DHFER q0 &9 5 &, PR & 2 BRI
[FE 4 fEARDBE RO X 512 5,

(poA+qoa)*

=pot AAAA+4pe®quAAAa+6ps2qe®AAaa+
4poqo® Aaaa+qp*aaaa

¥ 1, BETEOS#KG, BHECRERBEZL TGRS
DT, BHET 2 BETEIEZROMEEEZ 100% EA T E
b TIREL, xRy —7TAEBEEh S, FIZEE
HORIETiEBIRIc DWW T A B &, FEEIC K 2B E T
W Z T ek odin 5, KA /R TR %Rk T
B ENEE LA, ERROBRESGHE TRBRED 58E
U3 T EMEL, BREEESERMT & U GREERD
T EENTLES, DL IKE- TERS OB HEE
OHRAEL R —7TH (e) LT 5,

BIRKIGIZRD 3 2D EF M >WTHRET L 1,

O weltes)v: BB TFASHERETal
SLUTHRSENEATT (AZE-S 4BEFE, AAAA,
AAAa, AAaa, Aaaa 28 U & 5 122K,

@ \EEMEFL: Aba ikt TEBEERT (H
BIEMAETIRADEICH - TIREOBRIBEDL 5 D TE
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Fig.5-1. Change in gene frequency(p or q) and
population mean of phenotype with suc-
cessive generations of selection in in-
dicated diploid and autotetraploid popu-
lation. Value of p, and qp are given in
the legend with original population.

WHEZADEICEHIT 3),
® HHEF IV aaaa DHEK,
FNFNDEFNIZBOTZ R —7EP¥ed&
&l & O TR D b B RIKE O £33 Table 5-1
DEBYTD B,
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ERAEBOIRT I EiIc Ly, BITHERVEROR
BIRSEEE (UIVEREEE) BEok S icE(tdah
% Fig. 5-1 TR L1z, B, FHAOEETHE G EEM
fekEERMIcBE VT, 1000 EikD i 2~4 Bk E
KATRE S BB L L CHEAET AEHE LTEYD, =2
r— 78I 20% & Ui,

BHEE (271 1) OBRICBVTADELETHE
AT RAIIHAR S S EE 248, PSR T ORI
EOMNTH o1, L L, ERTEEE T A & sk
EHREAEENEL, WIFRbEVEKIGZRL
7o

WEMEE (70 1) OBEKTIE, TREE PEREE
& bR TRR AR TIE C HERE T 48, 5~6 THRR
PgAkx ERL, HRBEDC EBEEEORGLD b
BETHEEREL B -, EENE TR TRENSEK
FoHTRE 50T, ENFEERREETHE LR CE
AR DS, PUREARIE AR AR P D BRI S & R
L7

UG (£EF VI OBKTE, AEGIHHER
D HIEETHE, EREEEE bEVIENER L M
RGBT HESS 5 LAVICEET 5 E T, Z0H
MiEZE L EL, BRERICEL T bBETHE, %
MISEEE & bicaducm kL7,

BRI % 9 TR ¥ 7o B R IE DM OB S 13
1, 2HRTIRIELS, 3~9MRicH i TR 2MH0ZR
L, BREOBIKT &BEKRGE OBRD 5, ThZhOE
BiEmEERD 5 &, #1o 1, 2 #HRIZh*=0.078, 3~
O T h?=0368 L EmL BB EBBH O
(Fig. 4-T)o T O & IZEIER OIEHIHE T 391
RIE VSRS THERS 4 208, BIKOHREZKEDRST T L
Lk > TRAICZDHEAEBD TE LA ONT, B
FRIETHE IMEBETFOERIc KV RET L LEEAION
2 EpD, 2L OBRETHERECESLTVWSD
T, TOEFNERBEENLELETELY, LAL,
& OIEFiEREFOB /NS, HMBTHS &K
EL, EFNICB T 30 OBLETHEENNSVWET S
L, BREFAOEIEZTOERE, AETFVICBY
3 EBBILE OB FHEE OZ(L L FUT A ZRT
LEZ LMD, THOL, PR TSR SRS
R EBRBINSED SN, BRKERGIRGUE L N VK
<, A ERSOEEERKT IHEROEV, TO
1o, BREROBEZETFHEOHEMGIEV D, & 5REE
TEELRIK DA 72 BB (BRI SRR iciah
BEMANOBETFHESEL 0, EEOEROKRE
(B BDOTHEOEVRIKNAEEICIE 5, FERELT,

EMIc B 2 IEFTEETORBEMMES NS T i
%o

eI B I hTxLERohTR, BBV
MEBMCERRRS R oEsh (bbb, RELE
ELEMITHON) THD, ZOFE, FARELHLED
SREBLICC VLI REHIBERE, REUFH-ED
SERTESBER I N T E 1, HOERORETIEERE
hic X 2BEERB KBS EAE HF724]L LT, Dudley, J.
W 977 ickaboEnavny v sE - HIEEE
DHEDH B, TOEBRTIIHRSEROMIEEKREEN
HNOBIEAREZ T6 HRBVET Lk - T, #ifiE
SHERIT AT H 5 190% £ TEHHTHB Y, HMIEHEREY)
EROTICEO A S BENEREFRICT ST T
EIEIL TV, $7, BERIRIEDMEORILSIG L [E
L& 5z, Sjodin (1990) BT N7 7 VT 7/ X—F 4 ¥
Y o AZEIRRGER T RO 0BRSS IEW A, HE
D BIHE > TRRKIEBBE S EMEL TS, F
to, TIVT 7 V7 7 OEHRBEANOBIGHRE D7D D
TR (= 1988), # 5 — N¥F =727 5 2 OHIH
B %EEY % 1 OKIBFRFEK (fF 1981, TA
EOME SRS & OB OHBIBR AT L ERRE
= 5 b DER (A 1971) BV T HRIIGEK
KIBHTRENTWS, Zh 5 OEESG IGERAOHEIE
BRI & - T, EHE L 1B TFHHR A A 2
L, FLVBEEREERMCECEREEION
TV (A 1974, B&S  1992), % 3 EORKKIK
P OBEIC > W T, IEBTHEEARIC 3R E O iR Z il
Hl9 BB & HPFEESRGE L T AHEREE SR VW &
AP S OBEIC L > TRE LY, ThoBRof
BAREYT ZEERINC ST 2 BEFOHESE X
D, FOMME ERPBAL LK, 5FTAA
fel sh TV RKERERBRIGEEA R T I EBTE
fcEZEZOND,

BREEE TR LSBASUECH LT, HLw
BREBENOBIEHEE S NG I EDBE LV, TORDIR
FEHID I TR N T I ORI E BRE
JEEN A EBORRABREELTAIEBLELET
B, ThoOBHRFHBMNIGE L TAETIIENLE Y
BRI ST 2B FOEESAH, H50VEZT
OYEEMES, WAL L WEBEEIC S W TREALE
EEBEOBRMEE O I Ui, £, BREMBRIEH
LVWE SN TEREIMRETH 2BBICNT 2@
BN REOMRIGBETFOER MR 2EH LT
fEic k- ¢, BEOFEICRVWETLEERTERE OB
EHIMEDEEE 5 T EARTIBRLCE 2 D EEZ SN
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%o
BOE i3

Befkis S BRI TRRBAONBET VI 7 VT >
B (Sclerotinia trifoliorum Eriks.) O#%E 3G
PORMIC R, P BB TRAIBHEELER
PEBRETH b, COREEFL VY, /u0—nEBEE
COEFMICHRT 2 WHERETH 2 2 &b oKD
BEAUZEERZRIFELBTVE S, KMERR
HLWEEZONTEL, LhL, TLT7 7 V7 7> D%
ERIEIC & > THERIEREREOBERS AT K &%
Z, EREHFUCTGIA L, BREEED 21chicn, K
HOBLEHRELRBES S IRIELHOPICT R EE
BE Lo F/, BREE L VBB OBIGER 135K
itk % S B fe D ICH RS REBEBRERE A VW3 T
E & Ul, MELOBS L EFREEH D E L RER
BEAFRREICHANEF L EVIEHiE 2R 2 &8 5
h, ZIEMERFICBVTOEMERESTEE C & A8
S Li, EoicIhn o oFEMENEH O TIRBE o8
R 2O THRET 3 & & bic, RRBBEEELHN 7V
77 V7 BRIETEOBRELEE L TBNHETH
501, EOLHBBEEFVIEBICE 2>V THS
Micl&dE LT,

L OB & RN

D 7N7 V7 BEOEEIRERRICBVTE
B D HARFER I E D 12 R R H 5 & & AL
feo UL, HERFIRE T OHETIERIC L 2585
PRI REE, ABRXIC X3 EFHBRE VW Eh5RE
ETH2 LN s hicoT, H—REREREIC S 25
HEOBOWRTEREAZHT L, IhOOERMEENTH
BIpEIEWRICT S EELI, £CT, TNV7 >
V7 e BB HKEE L, HRAKGTHIRBEOSEER S
NAAM (12 H) ICHEREEoTICERE, 7272 B Il
HOSVREFSH THET 5 Lickd, HROEE
BE—IKBD, EFRCEESREREZRZZD
(Table 1-6),

2) COEFRELEHAFZET TORBRLY L OMICT
=—0.798 (1% A& OEWHBMZ»S b (Fig. 1-2),
BAZKITON—F =V 7, KEREERE HEBELEO 3
SEfeaRIicky, ATEREIC X 2 EERES AIFERIC
3o tee MEOKIMRIGICO>WTA 3 &, Moapa,
Haymaker 78 & IERBRPEDY © § 58 (2 BRI D T 59
<, PRERMEASS < ISHIEIEME %2 & > B PP BV H
EERL, THSDHITIE 7 5~ XD Flamande %4k
HicHkd 250058 - FESE &Gk (Fig 14)

ES, TOEBMIEEENTH 3 LHEES R,

3) TNT T > WKRETIEREICE L B TR
BRAEW S hIicd 570, MPIHEERE & B0 7 v
77 N7 7w AL, BEHUERE W U o KB
ERBEMIC>WTHR Uiz, KR - SHEHETHEL
722, 4, SHEEICHELLEAIE, TVI77 V77D
AHERIOT OO - BHETOHRLL, W - 25
MIcEZREED Shish -7, 1081 SERERE) <
IR R ACRAR 1 BRI LB S D ic S OWAEER
%z L7 (Table 2-3), BHIEMKIC X 2 EFRIIWHAR
BRI~ RE <, 88, 1088 E bIcRRMZERENE
Hoht, BHEREICIDVWTAS &, iR (230), EH
(16 R HE) KUETOEERMEL o ke, £HE
fa PR (16°C) < - fH O BRHBEE) &fFthkd
HERMNE 1 -1 (Table 2-5), & OL&HIEEOK
FEN—-F=v IPBIHTLTHEE T ek, EHIHER
Bl & RO BAEROERSILANT 52 &5, REICH
LI-BBBREEEZ o,

2. EHROREIFEM &P OB

D HEWEOET BRI RSy, 11, B
DEKIGER, RiBOBEKICHEBREEETOME 3E
WHEREF TR PP IMAS A SN, T DR
e 5 &, L, L o R IR (3 R BE B
WHAFRRENEHER L, EEREETSREIE%E
Btz (Table 3-3), —7, HHick 350 - REDE
RO VTN 2T - 18R, FERCESVE
BESAD NN, EkESEICX AREERICE
BENRED SN -1z (Table 3-4), 1, FHKOM
RS D W TR DO AHBARR = A 5 & 15 A A D
b 14 MG ICHRSATBIBR 08 7o (Table 3-5),
IhoDZ &Eds, BHOWEREMICIZNA LN, ES
Hi o B BR (3 IR BB IR O B kR I R VR IRPE A R4 T &
DAL 512, LB L, L—2RELTOIMEIFHEWL
bo¥MrEh s,

2) WIEHRE T, HH T ESAEE LY, 28
B LA EOBEEROH EESRET 5, < OO
WMEBET 5 &, BRERSED Moapa TR
TIHREMSIER L, BEARM7 79 v Ric ks, H
BED KIS DAL S 2O TRIETER L (Fig.
3-5, 6), HEHIMEEILRHE SRE8-6Y TIZEADMHEN 7
79 VEBTHIES h, BEROBAZGRNBEBYFED
HAICHWERERLCEET 2 D E A S50,

3) #ME 1 HHOXHoEABEHEBIE T, Btk
AN DR AR IGHMEE R EREMEEE S &, 3&A
CofilamicHEL, FHETROEMEL T, L



ME 77 > 07 i B SEEIEEE R 2R 119

L, EEERICEA LCER IERRHEN TR
1k9 % A IS B G SRR & hie (Fig. 3-7,8),
DT ENS, RGN T IIBEE S EAR R O HENE
PRETVEIENRBINS,

3. REAEBRLEKIC & AIEERKEOBRK

D BHBROFVYIHN, §FITANKRET STV
Z, TAYAMOBEA L 10 FFE - R X 55 3,000
A% BERER E LT, 1983 Fh o EFEK & F5REK
9RO R L 7o, SR DERRE I 2.0~7.0%,
EFDOARZEITH~I0FEEE LTS vy oKL, E
1R o 9 RIS 5 SRE8-1~SR58-9icD W
TR EA ER L 72 (Table 4-1), FBREICH
3 1~5 HRBEDEFRICOWVWT A B & SR58-1, SR
58-2 TRIM B L, BEERO—IE Licr vy v hNE
EDNBh -t SHRRHE»LELBY, 5 HRRKED
SR58-5 idm 0 EfER 2R L (Fig. 4-1,2), 5~9 X
FHEDME TIE SRH8-5 I Hi~ SR58-9 1XBH & i/
eF#R AR L1z (Table 4-4),

2) Falconer @ ikl & 5 BRERIEIT & #EUG &
DOBEED O EBEERE RS 5 &g h?=0.078
L& 5 1288, 3~9 R TIE h?=0.364 EFHWEETRL
tz (Fig. 4-1)o TD T &5 5, BEBEFTIREKREOE
Pt icBiS T 3 EETFOE X /D& K, ZTOHEE HEL
729, 1, 2 R OFEKRTIZIE LA LEME DO L8R D
Sl otz, L L, BEAROVEKT LICL-TH
MR 0Tt B T OME &L B0, IHARKED
SR58-9 TIIA X MEERIEBE LN EEZ ST,

3) HARFREM T ORKRFEOMIME LR L 72,
R RE LIR RS 12 3 B EAEERMELS D, IX
BAET U, BHkHEH SR58-5 3 SHEE & eV
FRAR U, BICHRRBRESKE Q- BT,
BWAEREINBEHEET 2 E0AfETH - 72 (Fig.
4-10), SBIRRIEIZ F Y T AN, §F 7 A ANRHENEVE
FlEART T EMBHES I - e,

4) REBEBRRKIC X 5 ER ORIEUL & FIEE
KA O BRI IEK E F VAN L 1o, EEHTHHO
BEFHEEAEL LEEFLVTR, 275 —7%2D1-K
L CBK IR 2 0 B ITEN & 3 2 BIZTHEERA
Bz EMmgeicin b (Fig. 5-1), BERIETUED#
KNG & ERE S ER A RT B b, TDTEMDL,
BEFOB SIS, ZOHEEMBEVERICEVTS
BEBENSKERE L CRET 2RESRETENT
FRHEAESERIR IS TENBEREFETH L LHERL
120

E il 3

AW BIT BT N7 7 V7 7 BRIEDIE O R
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b

WEDOFERICH - > T, BRI TIEHERIGERE
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ABSTRACT

Sclerotinia crown and stem rot (SCR : Sclerotinia trifoliorum Eriks) is one of the serious
problems leading to failure of stand establishment in alfalfa and in other legumes in the Northern
part of Europe, humid area of America and all over Japan, especially in areas with heavy snow.
Alfalfa plants of all ages are susceptible to this disease but the damage is most severe at the seedling
stage under cool and moist conditions. The damage may be extensive in late winter and early
spring following the fall seeding of alfalfa. Breeding of cultivars resistant to SCR was considered
to be difficult because of the non-specific character of the host-pathogen relationship reported in
several pathological and breeding studies. However, differences in the degree of disease severity
were observed among alfalfa cultivars under artificial inoculation in the test field of Aichi Agric.
Res. Cent. (AARC) which is located in the warmer region of Japan. It was suggested that the
inoculation method which employed hardening under natural conditions enabled to distinguish the
genetic differences in the resistance to SCR. We have initiated breeding work for resistance of
alfalfa to SCR, and studies based on long-term selection for SCR resistance have been carried out in
artificially inoculated field plots from 1983 to 1993. In this report, The author elucidated the
environmental conditions which enabled expression of the genetic difference, and the genetic basis
of population improvement which was realized in the advanced generations by phenotypic recur-
rent selection for SCR resistance.

1. Environmental conditions required for the expression of genetic differences of resistance

Three experiments were carried out, one under field natural conditions for the infection and
two under artificial inoculation in test fields. For the tests under artificial inoculation, all the
varieties and strains were sown in the field in September and were inoculated with cultured hyphae
of SCR on the basal part of the plants in December. The symptoms of the disease were enhanced
by the use of covering treatments after inoculation, and varietal differences in the severity of the
disease were recognized based on the percentages of the plants which survived .

A high correlation coefficient (r=—0.798**) was obtained between the survival rate under
artificial inoculation and the disease severity under natural infection. It was suggested that this
inoculation method which used hardening under natural conditions enabled to evaluate the
differences of resistance to SCR among varieties and strains. The nondormant varieties showed a
high susceptibility to the disease. On the other hand, varieties of the Flamande group were found
to be more resistant than the others. Based on these results it was considered that the varieties and

strains originating from the Flamande group represented a source of resistance genes to SCR, and
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that the inoculation method could be applied for the breeding for resistance to SCR.

The degree of SCR damage differs by ages, but is most severe at the seedling stage. Two
experiments were carried out to determine the critical seedling stage and growth conditions under
which the resistance was expressed most strongly among varieties and strains of alfalfa. Infected
tissues were observed cytologically in individuals of selected SR-strains and commercial varieties.
They were inoculated with the cultured hyphae of two isolates, one from the Aichi field and the
other from the Tochigi field. When alfalfa varieties and strains grown under the low temperature /
short day regime were inoculated with SCR, all of them showed low survival rates in younger plants
less than 6-wk-old, but variable survival rates in 10-wk-old plants, and the 10-wk-old plants of
selected strains survived better than commercial varieties. The Aichi isolate was less virulent than
the Tochigi isolate at all ages, and in the former the degree of resistance among the selected strains
was clear in 8 to 10-wk-old stages. The degree of virulence of the Aichi isolate was considered to
be suitable for detecting differences in resistance by the seedling test. Although most of the
growth condition of seedlings did not enable to detect differences in the resistance level due to the
low plant survival, growth conditions at 16°C under 9 hr daylength was optimum to reveal signifi-
cant differences among varieties and strains.

2. Pathogenicity of the isolates and cytological mechanism of the resistance to SCR

The isolates of SCR were corrected from 7 sites in Japan. The isolates of the cold region of
Hokkaido and Yamagata indicated severe disease symptoms compared with the isolates of the
worm region. The result of analysis of variance for the survival rate of varieties showed that there
were significant differences in the each of the main efects, but there was no significant interaction
between the isolate and the variety, them. More over correlation coefficient of survival rate of
varieties between different isolates were significant in 14 of 15 combinations. They indicates that
the isolate of cold region have more strong pathogenicity but there is no specialization of parasit-
ism.

In nursery test, top parts of the plant were wilt in a couple of days and withered after two weeks
from inoculation. The lesion development from stem to root was minimal in most of the resistant
plants and the immature buds on the crown survived better. Hyphae growth of the pathogen and
host cellular responses in alfalfa stems were compared between a susceptible variety Thor and a
resistant strain SR58-6Y under a light microscope and a scanning electron microscope. In the
susceptible variety, invading hyphae developed extensively in most of the host cells, and
parenchymatous tissues degenerated and partly collapsed 11 days after inoculation. In the resist-
ant strain, on the other hand, invading hyphae were restricted within the epidermal cells, which
became brown. These results, suggested that the growth of the invading hyphae was inhibited in
the resistant strain by the browning of the host cells. Genes controlling expression of the
resistance should be identified in the future.

3. Breeding of resistance strains of alfalfa to SCR through phenotypic recurrent selection

The following 10 cultivars and strains were used as the original population for SCR selection :
Natsuwakaba, Tachiwakaba, LR43112-7, CRSY541-1, CR488-3, Everest, Derby, Lutece, Furez507 and
Delta. Selection of surviving plants was repeated for 9 generations in artificially inoculated fields
from 1983. The selection method was phenotypic recurrent selection, which for each generation
consisted basically of mass selection in each generation. The selection rate was 2.0-7.0% and 55 to
100 plants were selected depending on the generations. Evaluation for resistance of selected strains
from the 1st to 9th generations were carried out in two evaluation groups. The effectiveness of
selection was low in the 1st and the 2nd generations, but the strain SR58-5 selected for five
generations was the most resistant among all the selected strains and commercial cultivars in the
evaluation 1. The strain SR58-9 selected for nine generations was more resistant than SR58-5 in
evaluation 2. In order to combine the results of the evaluation in two experiments, the heritability
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estimates of SCR resistance were calculated by Falconer’s method (1960). The heritability was
estimated separately for the first two generations and later seven generations by fitting two
regression coefficients. The regression coefficient of the selection response on the cumulative
selection was designated as “realized heritability” by Falconer. In our results, the heritability of
SCR resistance was low (h2=0.078) in the early generations but relatively high (h*=0.368) in the later
generations. The response to selection was very low in the Ist and 2nd generations, and distinctly
high from the 3rd to the 9th generations. ’

Selected strains of resistance and cultivars were tested in natural infection field under different
seeding times. As the seeding time became later, survival rate of the cultivars became lower and
the forage yield decreased. Selected strain SR58-5 displayed the highest survival rate, especially in
the latest seeding. It proved directly that these selected strains can be used as a profitable variety
for practical use. The theoretical studies on directional selection in autotetraploids indicate that
the rate of response is low in the early generations and increases as selection proceeds when a low
frequency of desirable genes was assumed in the initial generation in which the selection was
performed, since the rate of changes of the gene frequency is dependent on the gene frequency in
the population. Response to the selection increases with the repetition of the selection in advanced
generations, which results in the increase of the frequency of useful genes. When these theoretical
studies were applied to the change of heritability of SCR resistance in our results of selection to the
9th generations, it appeared that the frequency of occurrence of useful genes responsible for SCR
resistance was low in the original population but increased in the later generations. If we can
establish the environments in which the genotypic difference can be expressed as the phenotypic
difference, phenotypic recurrent selection is very effective. The result of this research can be a
contribution to the demonstraion that recurrent selection is effective for the accumulation of
resistance genes with minor polygenic action, especially in the case of breeding work for the
improvement of characters which had been considered almost imposible by the short-term selection

traials.
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