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aveHY 53( 19) 27( 15) L6( L5) LI( 1L5) 07( L5) 07( L5) 04( L5) 04( 15) 03( L5) 02( L5) 02( L5)

A HORE  193(116) 112(115) 89(1L1) 44(123) 3.1(1L.9) 26(11.8) 2.5(1L7) L5(115) L6(1L5) L4(1L5) 0.8(1L6)
HERT 249(19.5) 159(194) 87(173) 7.1(17.0) 5.1(17.4) 29(184) 3.8(192) 29(19.1) 15(187) 11(183) 1.0(17.8)
THR)  264(22.6) 120(242) 10.1(242) 51(241) 51(240) 28(23.7) 24(241) 22(23.6) 15(23.6) 09(23.8) 0.8(24.0)
GIE! 28.0(35.5) 19.9(36.7) 13.9(37.2) 89(37.7) 52(37.4) 24(374) 29(37.6) 27(37.5) 12(373) 13(374) 14(374)
E/ehY 2.8( 12) 28( 14) 28( 14) L6( 14) 06( L4) 04( 14) 04( L4) 02( 14) 02( 14) 01( L4) 0.I( L4)
F K 3.0( 0.8) 3.0( L1) 24( L1) 15( L1) 12( 12) 09( 13) 06( 13) 04( 13) 03( 12) 03( 1L.1) 02( 11)
aveHY 53 16) 33( 1.5) 23( 1.6) 15( 1.6) 08( 1.6) 0.7( 1.6) 02( 1.6) 03( 1.6) 04( 1.6) 03( 1.6) 02( 16)

B HOHE  17.3(148) 95(144) 73(142) 40(140) 3.6(142) 22(145) 18(145) 12(145) 09(144) 05(143) 09(14.1)
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THRI  200(209) 123(251) 5.9(24.6) 5.1(244) 3.9(244) 47(239) 2.0(244) 46(239) 3.8(23.7) 2.0(238) 09(24.2)
#H 27.0(30.3) 14.8(32.8) 8.5(33.3) 11.7(354) 8.1(340) 59(340) 47(346) 34(345) 29(338) 19(340) 09(343)
/ey 32( 12) 21( 14) 14( 13) 09( 12) L13( 1.2) 06( 12) 05( 12) 03( 13) 03( 13) 02( 1.2) 02( L2)
A ARH 26( 10) 26( 12) 3.0( 13) L7( 13) 13( 12) 13( Ll1) 03( 1.0) 04( L1) 04( L2) 03( L3) 03( 13)
aveHY 40( 1L1) L8( 13) 17( 1.2) 12( 13) 08( 13) 05( 12) 03( 13) 02( 13) 02( L3) 02( 13) 0.1( 13)
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HEmT 25.8(20.7) 15.1(20.6) 9.6(21.5) 61(21.6) 66(21.4) 32(21.0) 11(204) 17(207) L7(21.0) 13(212) 09(214)
TR, 28.6(264) 13.4(267) 114(27.4) 9.0(27.6) S5A4(27.5) 63(27.4) 46(27.2) 18(27.1) 22(27.3) 2.0(27.5) 17(27.5)
GilE] 32.6(41.6) 20.1 (40.6) 15.7(40.5) 9.7(40.5) 5.3(40.5) 32(405) 3.0(405) 3.9(40.5) 1.7(405) 1.3(405) 1.2(40.5)
E/bhY 32( 1.0) 16( 09) 08( 1.0) 07( 1.0) 0.6( 1.0) 02( 1.0) 01( 1.0) 02( 1.0) 01( 1.0) 01( 1.0) 0.I( 1.0)
H AT 52( 2.1) 26( 20) L7( 20) 10( 2.0) 0.6( 21) 0.6( 21) 03( 21) 03( 2.1) 02( 21) 03( 20) 02( 20)
aveHY 79( 26) 40( 22) 3.0( 23) 3.0( 22) 2.0( 23) L6( 23) 09( 2.6) L0( 24) 07( 2.3) 05( 2.2) 03( 22)

D O 204(129) 94(122) 71(13.0) 41(117) 27(11.8) 24(120) 17(122) 13(125) 07(125) 10(125) 0.8(125)
Ty 29.4(18.3) 17.5(194) 6.6(194) 7.0(194) 58(193) 3.6(188) 16(189) 22(19.0) 20(190) 18(19.1) L1(192)
TR, 107(19.8) 16.1(20.5) 120(20.9) 7.8(20.9) 44(209) 3.1(20.9) 2.8(20.8) 2.1(2L1) 2.0(20.9) L1(208) 1.2(20.7)
#A 25.9(37.2) 15.6(35.1) 12.9(35.1) 9.9(34.7) 43(348) 33(348) 2.8(348) 25(35.1) 2.0(346) 18(348) 1.2(349)
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#2-7 HORBYRBOIZEIBEHEAEAV-ERREIZST592%EEXR
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FP BT R A

IR 720 BRI HCT S & 1K 24 720 D4R 7= WK OHEE % U\ C Clopper-

Pearsonit TR 7= B4 D15 fEH X [E]

FRE ML B W THER R OB M 2 SFOR Y i
(2 & o THRME 2 AR 2 5 a i, Bk L kv
EARRE & B L WERTE (h~His) @ D Otk
HEANOGHNICHE D, ZoRMRZEDTHEHEZND,
I 2 R D AL PEAR BE % 2 Bk O B AR 12 & o THRE
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BRUL % F0AE U R & oI X Y GR35 0
NInweEz o

MY & FEREICOWT, KETERFTLT
Wi, L2L, ETAEXRALZLHIE, A F0F—H
WTIETO IR X D b JeimiBlc g A4 L7z 0 7 A3k
L%\ (75, 1969 : Lee and Huh, 1984 ; Alizadeh
and Allameh, 2011). L722%>C, B iml %8 1 &
D5 HEARHEREZ BRI LT vz, H2-1RT
I ICHEZRHIA CTHOLHRMZIBHOLIRETH
5.

PEES (1969) 1%, A & ahfEOFERIHILAREIZ BT 5
Bk PEREEE DR Z AL TB Y, BHR LSV
A DB OPURIEEE (BTS) ZEFEL IO TR
TIaDZHL, Pk LEEWREOBTSIZIZE A &K
TLZWZ ERZRLTWAS., T, T IS

AL I ON TR OS2I RE LAY, K
PIEI ISR ZES R E B D, S LI ED
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1969). WA LI I QG IEASHE AR, BiAKIZ X 2 H
oW EAL: S X > ThR LS 25 (JLIE -
HAL, 1990) 4%, FEES (1969) @7 — & (X W] LI
Fe (FRit260H ) Al 22 IREICHER S D
ZEERRL, LR - 1M (1990) OF — Z I EH D
FEOUZIRIZ X 2BTSO AR BEASBRL L v i Al T i
PR LBWRE X ) b RKE w2, WA
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WA LI (BRiTR60H £T) 255008 LnweEZ
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B AR O B A GG 256, BREERAEE X
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fn Fl THEEA FHAEB FRAEC FHAEED
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72, ARETIE, BOR AR KO8R R0 o i A I A
LTwzw, L72d3> T, BOBYHOIZLD, 1Y
D3 E —FEICIR D fD, 1Y 72 ) 408k PR & A
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1990) =L, ZANLRFMICL > TRETRE T
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6. EILEDEEKERIEICH T 2 BRI

— B3R R Y D 2 HIET, ANDOFAEZ S0k
FRHIELCRDAF—7 2 v, BILNEOFEEEHEO
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OFRERFER LT, SO MOME, EROH b I
L 5EBIZ0N%KETHETHY, AEHICLLHER
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), CHAR RO ‘e e ) o ClRMESICHEE
ZIEBOOLNT, INo3WmEE HiFoRE, MR,
TR R CWH oM TcERERBNEEICERE
LAEDRD SN

KA - AR 011) &, A A SO PR % 5E4fl
T 5N b fEifiZ i LT, Obaetal. (1990)
WA, 1TRRG 72 D 1B A 1R Y i 6D 72 R D KL B 0 1
%GR AEE L L, 1AM 04skZ2RAEL T, A
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FEEH LT, Iho3mEE HiKOIE O TIHE
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BRADVRD LN, HEW | TR RO W

H OMICAEZZRO SN TV (KA - RiE
2011).
PEROBRVERHE (F2-1) TI&, ‘2¥eA)’, ‘H
AR RO e 2 eA) HEE CEHoF JLov HERT
M, TR A, WH BESTHB. —EI
AR HiD, SokZWE L TROZBREA (&
2-10) 1%, PEROBIKTEE AN EBERQA—FLTBY, &
FHIC X B BRI OZ U E2R SN2 S B,
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WA RETH o 72, HEHT IHER 0 24 T L3 Bk
EENTWAEDS, REFZETIZURE HEI oBikitt%
RRY LAY
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F3E BAMEOREERRO - DARE
MR E DESR

PR LB WA A mFETlE, 2 o354 VIUERE DA
WO ROPEEE T TOWMBEITBIT 2 M EHEIC
X o CHHEEDHA U S (Lee and Huh, 1984). — 4,
Wik L S CIE T v N4 BRINERIC BT B B
HEREPIELEHN»AE L S (Ichikawa et al., 1990; /MK,
1990). Zhw z 12, &I - WA (1976), Ak (1990)
3 2N BT R & FE o A A E S B &
LTw5.

R DB 5 O FIH ORISR h BN % &
AT B720120%, FBRME 2 R 3 A % S8R T
BUVENRH L. LL, F2ETHOLNII 725912,
OB HidIZ & 5 HETITAERER AR TORL
R DR A EE L <, MEARBE TRALVEA 2 & 1R 5
DEREZTMICMET A EIIRBETH 7. T4b
L, WORKIDIZ L B HETIE, PR Z kR
WT L EDPREETH 5720, TR D05 R EK
WKLo THEIRE S 250w, 26, SE#AT
3L, BEMRTEKTAILEND L7720, KM
FOPKIC X ) BEBRIEV»HMIC 2 B 72T, B
FICETDERD R LS.

R O BRI L (X BE O 3R D fif O LA b, AL
B HHMES % & EOBTSRMET 5 HiErdH 5 (ft
B 5, 1969; Lee and Huh, 1984; Ichikawa et al. 1990; &
H - f&3H:, 1990 : Alizadeh and Allameh, 2011; Matsushita
etal.,2012). fRH S (1994c) (&, 4 » FHIA A anfl B
15 X0 5 S N HERRAE ZSR A R 2 H W,
MEREAR A 2 72 0 108 DBTSIZ D W TR M % 8 (550
HLTWwsB. LaL, BTSIE, T 5RO EIRE
WKLo TRELEEZZIT A, F—RHEIZBIT 2RI
EHEOM L EZREEOFOBTSOZRIE, F—0DK345%
PRZ BT 2 HOBTSO MM ZR I D b LIFLITKE
W (7% - FHAR, 1990). L7225 C, BISOPEIZ Y7z -
TIE, FMEHORBELWE S TOEBIZ L > THO
KOG ERHZ BLEBHY, BIFZL Y EMSE 2 5.

CODE) HENS, EROBAMENTEICES
IR BURLE ORISR 2 W R T A AR S B &
Zz7e

L% - HAR (1990) (& A A R o Jd e 50 205 /N A58 A1)
THREEMNZEZ K L, £ORRSWHEO Bk & B
LTBY, WA LAVmEE (£ FEGEH Dular &
W7 7 1) 71 KiOryza glaberrima Steud.) Tl FEEEM & A3
FERREZRL, B LBV Zhhd b TR

FhRBRERETHEME LTS, —T, B Hzk
(1982a) 13 D BRI B REHLFR 2 T L 70 v BT KT
Pk o AR BB IR T S 2 ) 0 B & 5K
60%, /IMIAEZ I OITHEIC X - THEET 2 o H &
HHI40% TH Y, Bk Lo ST & 3 50 35 < b e
T AW OEEHBIMNT S L2 WA LTS, Ll
TLI% - AR (1990), BH-3F2 1 (1982a) & O T,
Bikr U e Al & U C HARR S DS, Bk L 5 i fd
ELTA v R, HEVRMERFER W AEAL Ry
AHOLNTEY, HEEOBEEERIKE V. —
75, HAB SRR LS W TH 4~ PR R
H ENASHE SRR & Hele 2 & kL L7200 (B - Fh2
L, 1982a; Lee and Huh, 1984; f&H - f&3F, 1995 ; f&H,
1995), HARELGHFEIZ BT 5 Bk ik o @ fZs S -
HAL (1990), B - 21 (1982a) & D726 # X
D H/AS N,

H AT SR o I 1k 00 5P 1 e 25 Bl o Bl 2
WX o TITbhiTwab (Rl - I, 1995). L7225
T, Ik - TS (1976), /K (1990) B AMERET 5 2
YONA VM E T AR S L, B FETH AL
TOSENC BT B H AT A M 3682 X 2 BikitE T
HoH. LhrL, LiE-HA (1990), B-Hz Lt (1982a)
DA TIX, HAROFMZEAEZ BT 2 H s o wh il
BHEE LTHY SR TV Wz, FRATE O FA 5
HE\Z K B R PR AR O B BERE S D TE R I2 D VW TR
HTH5.

ARETIE, PROREO BRI %2 TR 3 5 BRI
HofZFzsHE L, JA 5 i ay i 32 /M 12 B
A BEET ORI B L, RLUE o 3 5K A G &
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) X D BIgL7

LIS

F32UTFARBAMSE TR LR HIC B B B
MZEORROTAERER LR L7z, BHEENZEORIROE
&%, WH & TR TR, FRFENRIY%, 32%
MPERT, BEEOEGIKE o7z HE &
FoE TIE, FhEN59%, 65%DMHFEETH D,
TWFROE BRI L D S K& L, FFR O FLEEN
T EICHOREIMIC M Lz, L IHhR 3LeT
R TH - 7.

X3-31 R E 2 e AT T Wi I & A AR B
B REN LR BBENZEORIRE R L2, FH RO 7
rR TROLNBEM OB MNE XM O’
KTHoehBigsns (M3-3AKUB). —J7, ‘M
By, HO# KO ek I THDSNETP
RO BisEE L HEET CRASE R (X3-30),
T OE J* gl IR TIRIFIFEE R
(M3-3DKUE) Tholz. “HEIHhR OBiEENE
TlE, #EFHBEINET2HELEL D -7z (K3-3F).
Ik 2 D EAEIE350 ~ 450 umTdH - 7.

XI3-4 B2 e AT T T W LT X % Bl 25 2%
DK %2R~ U7z, Bk 25 200 o MR o NN,
5 AR OMMERMIRE S BIgE Sz, FIH L T
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R TIRRREIR R B BE 13 T D MEE R o BB 13
SIAE L7z (M3-4AKUB). —F, “B&IHhR T
(&4 T ORI MEAE IR BE ASHERR S 7z (X3-4E).
50T, HENT L EHEo#E ik WIH L e
R ORI 7 5ERE 2R L7z (M3-4C ) UD). F 72,
NAW R OBEEOREE, POEEROBITESL (X
3-4A, CKRUE) L4 (X3-4BRU'D) @i s/,

X3-2 REEEMZE KO A%
A, BEUOCIER A,

D, E, FXOGIHFEER

SP, A &

Bt Z OB Z BT D 7201
TT T = R

z =

Srinivas et al. (1979) K UVLIE - HAX (1990) 1%, &
BB AR OB (K3-1) T, ) oBiEEs
2B L /NS 0 IR A SR T T & TR L, SR o
RS I (< UEA) Z TR T A E LTWwa. Ll
Srinivas etal. (1979) (LMD { ITADRE, Thb



78 R RAROKEER G 1 > 7 — REERTEIT Al e

#3-1 HERLIEIZEITAWOREER

whe HoRs e — DO
A% AL
1 159 159 0 0
CHIRE| 2 143 143 0 0
3 139 139 0 0
1 170 169 1 0
TR 2 151 151 0 0
3 150 148 2 0
1 170 168 2 0
THEHT 2 162 160 2 0
3 163 158 5 0
1 120 119 1 0
F D 2 116 115 1 0
3 112 112 0 0
1 118 60 58 0
wLINh 2 115 57 58 0
3 116 57 59 0

F AT TR L RIRERR O CBUEE, BAL /NSRS thER T HRIC LD
JEE, CHY: PARRR &R R D] Tl e

) [ 1 25 o0 B o R VR R 0 R M & BE L 2)S 7e
WERNRT WS, —J7, VL% - HAG (1990) 13 FssRE
BV THBEMZORE ORI B & FEE L, B
O EBTSICHWADOHEZFEDTE Y, Srinivas
etal. (1979) &3R5 TWBAS, HdTHE LW
WA A A CTIEBLEE M2 MR PR &2 7R 9 & v 9 Tl
=L Twa. LR - B (1990) dBiEEMZ O K
FREE (BEOME) oI LT, Bhdgito
BAEOEPHERLISKHOBMMAZEZHWTlEL, 20
SEEE RS EOMRFME LTBY, MHEICX A
HEMZEOBEN L AR 2 WEMORK/NTEL TS,
ARECRBICEEL-2CoOlMHZE 2 HE L, K
R RERICKRI L CZoEEEREL-LZA, B
AL LS SRR OEI S SR E o 7o (33-2).
RETIIHEENZEORE S IFZHEL TRV, FFR
OEEP K E oz MR & HioHE TR
SERL O BB 2 IS ORI oA L TnwizZ &
AL L, KRETHELAERIZLRE - HA (1990) @
BEHICB T 2R L AEOBMERTIOEEZ S
ns.

EHIT, LIk - AR (1990) 1 EHE M 2 K O A
RV TSRS 5, B L B @l L3 h DM
T 3B O #AE AL BE D 5 FER L ANEE TH 5 DITH)
L, Hd THURL LS WA A R CURAHE DO Fa BE A3 13
EAEBEINZVWZ EERRHML TS, KEORE
TOHILWE - HAG (1990) & [FBRIZ, Bk L g
CAHYAR UL IR 25 2210\ ARAE DR R e o B 7 %
EOSEESN, BR LSV TIH Tl N e

MBIEEAEBEINT, FR LS i lT &R
FABEDFEEDNZ U o 7. MHERR R BE 13 = UM Fa B
EARLN, TN O OBIERRITEERE MO BRI -
T AR M 25 21 O R M BE SRl L 72 2 & 2RI
5.

UboZ &hs, BEEMZEORIRL OB =R m
(2 A B A RHETRM B BE D FRAFFEEE 1& H AR A A il
OB E, FECHBBR LS v infE (B ~Ms) 12
BTN L SOBEELEENH L EEZ LN

T/, LM, ALBNEWOREEICX 5
THULEE ROTHE LRGP ELTWE I ERH
(X3-4), R LS VaiEICBWTY, #EoOR
IR R E TEL TR WEEZ H51LA. Srinivas et
al. (1979), B - Hz b (1982b) 1%, FEFHHLFL O HEWT
U oBg»r s, WEERTOMEICE LT, #EIEK
DR CHEE R & T DRBITHFET B 7= Ll
72 #lila % supporting zone & IFFOF, BiERE & X519 % & L1
supporting zone®D & Z 254 % ORI & B# T 5 &
FIRLTWS. [M34A, B, CHLUDICALND &I I,
FRUOHEE RSB Bl S kIR fa e 2 ) 7 = &
LUz MBEE L E 2 5 &, HLOHEE R & eI
FuBE HSsupporting zone TH 5 L EZ HN 5.

WA, A A OGN OB E 2 LT
DD BIETqSHI, shdDSHE I N T W5, ¢SHIZEERE
ERICKRELSRET2ENERTETH Y, HiEER
F O EWICALE S 2 P BRI OSNP (—HiE A
F) AT X0 BRI E S R AL DR & 7 5
T % (Konishi et al., 2006). —75, HEFERIEAELh41Z
BEG A AN B THUOHER U 25 O BERE o KUz B
H42%Z&H»5 (Lietal, 2006), supporting zone® JEK,
EXRTAHLEEZONSL, AETHRALZ WIH, 7
AR CHERT RN ‘FHoTE 12O WTIlE, Akasaka
etal. (2011) I2X o TV N bgSHINHERETH D,
SHADFERERBRITH B L INTW5B, L7z »>T, HI
H , ‘7oK, D, Hiod ok Lg s o
FEA D3 gSHI R sh4 DAL O AR F 12 & o THAL
LTWwWhbEEZLNS.

#&3-2 REEMIRICEISEBAZEDRIKD S5

- — BT
RAA PR ﬁygﬁm ﬁéﬁﬂ
e 293 57 (19%) 236 (81%)
TR 316 102 (32%) 214 (68%)
Hemy 326 191 (59%) 135 (41%)
= fi 229 149 (65%) 80 (35%)
wLIin 116 116 (100%) 0 ( 0%)

REIT IV THE L BIFE SO TR L 72/ NEARE D B 1K
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H3-3 BEEEXEBEMEFEMBICLIIRRNEGHBEAZORK
WA OMEMEETE, B: ‘THAR T OMERNEET S,
HEWT R ERREE ZE, D CEMEOHE ORI BN 2,
HL AR OF R EE T S,

CHESEAARR ML L R TR ORI BB 2

RG, RIG#7 ; SL, ##7H ; SP, Wil ; v, HDLHEE KR

o m A

79
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H3-4 BREZEZEEREFEMEICKLD
REAERTONIL KR

HH o Rk T B Y 25
TR 7 O B 2
CHEWT oD A B 25
CEMEORE O R B M 2
R IR ORI
V, DHEE R

mgaw

A, B, CEUDIZEIT D FHI T fEHE IR AN BE 2 o= 5
EIZBWTIE, 1T & A 82T ORI BE 2285 7~
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F4E EFREEGCTFRHEFZFALL
BRIt D E{=iE

TH OBKMEORE SR LRAEEETREOF
WHED—2L LT, RLEMFHENIEZONS.
RURHMEMDE T, EAREI I IR TR Z
ENHREMTH A0, LI - HE (1976) /M
(1990) IZX o> Ta v N A YIEISHET 5 LIRS LT
WA BRI DAL, 2 L O3 E T S A
AASIEHEE £z 5n. 22T, HMoOBYHOIC
X Bk BE (5525) OB OTE (535%)
WX o T FIH OmBBRYELE DX A e, HEH
REEEABEE LAFMHICEITL TR MERET
HbHEEZT

BIFETwm U@y, WH 3k HoW o
MBI > THERSNTED, HH-5H (1998),
WL - JBIE (1998) M UNYamasaki and Ideta (2013) 7%
B4 L9, 90 EFERMFEEICL>THE
SNl L OBEHTEROEREPIREVEEZDL
Nb. L7z5-> T, RLRHIC K o THM OB
FARFEMIC PIH ISEITT AI21E, S BoEEIC
BMETNETHAH. HE3FICB W CHEBORE SRR J25R
MRE LTHW g2k &, 9H 2H1FHE
L, wffE - SRR R3S E A AERE L Lk
MAEE,»S, WIH OBRKREEEOMER: & BUR it 5
K% EORFEHEOURAFEMAE L LTHER S
TBY (HES, 1991), HEBAEOMGHOMEME L
THETH 5.

BAREOBIEHRZIRT L 2 L, B %
VETHETEETHS. 1 FOBRMEO @SRRI
B L CIEZBoHmEH»D D, Mk (1973), BES (1982),
fEH S (1994c) M OLiet al. (2006) (% % JBi Hi P s
FEUMIETHDH LM L TW5BHDS, Huetal (1964),
Kumar and Sharma (1982), 3jith & (1985), K35 & (1988),
Oba et al. (1990) & U'Nakamura et al. (1995) (X Bik:
HEEEEEE LTBY, HRRM%E RS 28T
WIXEREL SR H L LEZLNL. HLIHFR O
BEBLRIEDS thER3sE ICHET A L RWATH S
A, e IR RIREREEERICL s THER S
TBY, MM L BRI B L TR CHE M
B L2720 (HES, 1991), Bk RIEEIEA
HTH5.

ZITARETI, WH ERHETH LIk %
fEBB L LU T, &I o
HEBOR M O BIERER Z W SIS T 5. T, MR
MoANTaREEAME (B 1975) 12X o THk

BHERIE B TR LER L, BXLEFREEE
TRMOBZMBEEAOFMETH & 12, EEEME
T L BENT RS PRREREE I T T8 2 AT L
7z.

MRRUOTE

1. AFOREEREEICLIHNMEREEETFR

HOBEREE

20064E 12 [ 11 L B3 ds Ak v 7 — 3R BRIG AL B S
Y () © 9IRS 2HETE, kIR 2R
BE L ANLRMZ AT - 72, FiittAA AR, Bl
¥bt vy —REREY R Bl RILRAD)
TIAE—DF oMM 2 M0 72, Fiittfi3200055 017 27
POVAE Y N CHEARERE L, Pt DL (X835 T ik 3k
L7

FAE X300k % R L, Fs & Pl CIZ MY 14 X
ZAHERE L 72 BRI O HARIE & L7z, FalitfX oo s8]
ZHEVEZS 1200k & a3 L, KBRS 13 DI L
7o B L 7290BE 0 BERIEI O AR IE,  BETE ASS0RE, B
RIS40BECTdHh > 72 FstAC 2 RGIRAM & L CRfkE:
L, FsRimMN CROREIC /T BEDSER® b 7o~ T e il
FRNC DOV TEMEAERSD S 1B ZIHE L 72, FsRRRicB W
T, BERNCEE L CTW239% 8 & AT a 1R,
R OFAARICHR L, SHENCEE L 724074013 5 H
DOFARICHR L 7.

Foltb A% Tl BRI SRR R 2 RAakEE L, W—
DFsRAEIC R LR PE 2S5 1 & i 2 2l 52
L 7=Fe ol & Wi 1k 36 [) BB fn 1 Rk & e Lo
WL, RECHRAEL 7.

Fattb A% LR 2 350 % WKL 0 ) 2 (3 B 00 12 451181 44
O3 E —FEITIR Y fid, 2% Tam U 72k ke 1 X
D, DR OMESBE, 3 bb Bk LEECEADL, LY
WEARA % R 52 L7z,

%8B, Fi, REORIMCTR, ARMMAETICBIT
LR O BERER Z DO 572012, FEEKO B
BN 72 0 1R 2 38 0 fif D 72 & & OBk B % 3 A
3 %O0baetal. (1990) @}k ThiAM:Z M L7z, F
A TIEmHE LA L 72, F, F, BRIMUROHE O
FEO®Y J1%, BOLHH 510 cmD 5% 45 T-OBIR
ENELIBOMNIIWTIZEAR, FEIZH-> TRZMIL
ORI S IZA MBS 29 ) KL TH#
WD, RS IR Y Loz, B0 Lotk #E2HE
LTI 2B Ol L 22 RENZ2 2T, TOH
e R B

B L 7 [ B AR i o (22%58) TH D
BRI E L, AS-1 5 AS-11D 2800 GRS R)
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Frz5 2, KRIIHEMEORNELTE (HAE) F7-
FH (R &4 CIERRT 5.

2. RN MEREEGTFREFORERERE

AS-175 HAS- 11D 1RAER 22548 (FARAR) 6 OS2l
o A & IR &, 2013ESHI7THICEN
FECIRREL, P22 L7z 6 13 H SRR ol
95m, EX49m OKHIZIFEYS7 V3K, 5:/26 cm,
FREI21 emTHE 2 TPHEZ L7z, 1IXHEREI33.4 m2 (35,
K210k &L, 1RBIXICIRBER ML 72, RERX
OFREIMSXEE L, KFERE LTHORMY (GE
R RD) SWB O 1 &N 2 7212888 X & BLIR 3
HORE L, WEERE L CHORA 2 MR 24 ICHE L
7o MEAREEERRE LT, 8K, U UVBROA) 2 kS
HTENZIm?Y 72050, 6285 4.7 ghf ke ai (2 it
L, BtE LCHORIBRMICEHZR TS 200 ET
FhFEhm?Y4 720 3.0 0.8 gl f L 7-.

AR LI I3 BIEIC L VR L2, HEBOH
WRRERIX It i B 10kkICO W T, REROBE
EHEZMELCZO Pz ZhEh ik, #RL
L7z B, B ddeodifid 2 108k2 ML,
PR 72 0 BEE SRR Y 72 0 BB AR HEE L7z IUERR
IS 5720, 10 11H K O14H IZRABRIX Hhe s 5
200k % IUHE L 72, Bk LS WERI D RARIC D W T,
W OB 1D 72 DI FRA) O BRI IEBRICA =T 5 &
2, A IY BHER IR A Y ¥ 2 R &7
INHER R D F F g L, WMol % ik S &
2HBFED L, MEKE1S mmOfi THRE LIEL kK&
L, EEafilE L BXkidysL, TREZIE
T 5 EHIC, BRAGFTTA A m2 (Y MEFEFE
Frtl) TG EE L. 7z, SeRHIBIZERN-310 (4
v MRHERZEITAL) A O TOB ROV E & R A
L7

SR B O B o Bk VAR S, U 4 Ak BR X 1
o 7242k x VT, ZRMOBBAIIIHE2TITIR L7
FHEIC X o THORERBE,» S EIRBM#E co3fliz
— IR 2RO E A TR L 72, 2B, BikiE
BEAET 72012, 5 LoKRERX oM
VEFOFHHRI0MRICO W TR ERMD S F3EH
BT o3z —EICR- 7L &0, BoWHoHEE
HEFMAEL7ZD, Z OMEIHES cm2472 ) ORI EICHE
L, BoFRHEEE L CREBEICMZ 7.

WAV AR T RSB LB, ok
LI o FAIH H B L C3 AR O T4 fili % Tukeyi: 12
XD ZEBME L, BN R L E MmN R e
AL % B & B3R KL O 5 8 2 4T, 1R

(23R D39l % Tukey k12 & D £ HEILBHGE L 72.
WAL B 72 5 C, Bhh G & BORIMEREEE (BRI
) FATROMEEREE V7.

BRRUEE

1. ‘B0’ & ‘BEIHR OXBEHEEICH T

Fiid D BIEHR

Fo5E N 300M84K 2 300 L 7228, 22 AFEARR D
OB OSBRIV 72, KA-1SRMEF AR, FAEF &
OCMBICBT ORI HEDIC X 2184720 Bk 5
DRERER L. $FEIZBWT, BOBIRHDIZ X
HRBEBIIRT Y Vo fiTheAbNI-Z 0D, |
BEL 72 0 B UL AR HRE TR L7, Fio &I
Bz eI LH%ETHo72. FIH OFikEK
DFFTMEBREDOL ¥ V330 57TH o 72, R
JE A V3 AR ZE 0 & 70 B T A &R L
7eh3, 3SR T BOD 2w & T
R LBk DL PN BI5 T s L AabN
LZh BfEkE WIH RUEAROSEEIES 0 112
L7

X420 Hif RAEEERNC BT OB O FHDIZ L 5
kL H CF M) OfEREZ R L72. AEFD0,
PR EZ291CTH o 7. HRLRMEZ BT 5 BEEG
A V32 AEO 2 8.5 [ Tidse /A % 7k L 72 9%,
3SR RBEICLT e Ih BE HH B
ThEALN, HE IR BMEEKE EH AE
ROSEERIES © WA L7z 5 305 L, wE
ZHR QBRI —OEEEETICKE SRS
a0, HRRWMEBICBITAHHETH L.

100

80
18
40

20

0
0.0 1.0 2.0 2.5 3.0 3.5 40 45 50 55 6.0 6.5 7.0

VRS 24 70 BRI SR D - 057 1R 25 46 AiE

K4-1 FEHICBITA1HEUYRRBOERSRE
FlzBTH1EL-YRMNBOLL Y

€< FDOLY (n=8)

D IR DL LY (n=192)

<€ = FHE DLV (n=51)

B roic BB TR A K (n=229)

B o552 @B AR (h=69)

Py MO HEEFRE D310 5 A Z3FAH 1%

0.541(p = 0.462)
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100

0.01.02.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
VR X4 7= 0 IS K00 S AR i
F4-2 B RGFERICES T DL YBEROERS
B - R Rl a1 B s B (n=188)
B irsic s A R R (n=103)

HORT AR R M O BT D BERRE AN 53D 1 1 — 3 Ml 13
0.550(p = 0.458)

D EofRnr b, R EEI2 BT 5 BRED &
LIhh () e PH () MoRBMII—KHT
XECTH Y, HEBORLTE 2 SRS Y B e ek o T E R
TOREPEZ LN

2. BHEMEREECTFRABOEELE
B [F BRI E M B BEREOMEZ,

ERNOBR IO 2 5 FEE BT, BikiERE
UM ORAILE, bbb MY, Al BE,
HE, BRHE B BXORkGE BRAGROT
WEOWTNAPICHEEENRO bN/-DIE, AS-3 (F
K, THRE), As-5 (IEEH], THHE), AS-6 (FHE,
FZoKRIE) KUAS-8 (TAHHE) THho7z. LaL,
HEEDED SN EDORESNOERIMEDTH
0, EEEERTRENEAR LTHELZVWEEZZD
n7.

3. EBEGCFLEGHE R HNMREEICRIFTE

#50

HRE BT REIOBRRERE, $2bbHo
180 K ed 12 X 2 Bk B A O 5 BT D% R & $4-210R
L7z, RBROFEBREED H% & L T2 W3KED 5%
BT 20 & 3R & 72 Bk B A O A= I120.98TH b, EAI
BIEDADFETH 081 Eh o 7.

R REEE 103 2 B E I R & BRI o — o0
BEROHEDOLZRENEHIZVTRIEE ThH o7 (F
4-2). [X4-313, FA-1OBRNET— & 20 & Bk Pk # L
BE T SRR BT 2 BRRL, B8 5 5 Ok
BEOMBRZERLADIDTH S, & CoEREEE
FRWRT, R (BA) OZMEIIHE (HERD) o RH%

ZEILBHEOMB L IR NN LT W—DBEE  p oy g g e 2 2 f o 72, — 7, I ()

F4-1 ATORREREECHAL-EREEEFRIRICETSERERE

; o =1 s L e IR S %*‘jz At ﬂ;ﬁ*ﬁ‘léﬁy
e TR REM O mR o mE o wmer R et B0 Fam B
A8 H.B)  (m) (cm) ¥/ 5em) (A /m’)  (gmd) (%) ) (%)
AS- 1 E 829cde 10.17bc 106 ghij 23.6k 30.0 hi 313 abc 582 be 6l.4bed  239ghi  45.8cd
AS- 1 H 829cde 10.17bc 105 ghij 23.4 ik 30.11 323 abc 623 ¢ 66.6 d 23.5 efg 02a
AS-2E 82a 10.14a 109 j 22.3 defgh 24.5a 343 abed 573 be 60.4bcd  22.7bcd  29.7b
AS- 2 H 82a 10.13 a 108 ij 22.3 defghi 244 a 343 abecd 559 abc 65.6 cd 23.0 cdef 0.2a
AS- 3 E 827b 10.14a 101 efg 235 jk 27.5 cdefgh 315 abc 523 abc 60.3 bcd 23.4efg  43.6cd
AS- 3 H 827b 10.14 a 96 cde  22.6 efghik  27.5 cdefgh 304 abc 583 be 58.5abcd 24.3 hi 02a
AS- 4 E 829ef 10.18cd 105 fghi 22.5 efghik 30.0 hi 326 abed 535abc  57.1 abed  22.6 be 67.2 f
AS- 4H 829ef 10.18cd 103 fgh 21.5 cde 30.0 hi 340 abcd 565 abc 50.5 ab 22.3 be 02a
AS- 5E 829e¢f 10.18cd 90ab  21.2 bed 27.3 bedefg 350 abed 513 abc 61.9bed 214 a 50.1 de
AS- 5H 828cd 10.17 bc 94 be 20.8 abc 26.7 abcde 358 bed 532 abc 652 cd 22.3 be 02a
AS- 6 E 827ab 10.14a 98 cde  22.7 fghik  25.2 abc 291 a 452 a 65.4 cd 23.5 fg 68.9 f
AS- 6 H 826ab 10.13a 103 fgh  22.8 ghik 24.8 ab 290 a 570 bc 55.5abcd 254 0.2a
AS- 7E 828c¢ 10.16 b 98 de 21.5 cde 29.5 fghi 323 abc 577 be 56.9 abcd 222 Db 435 cd
AS- 7H 828c¢c 10.16 b 97 cde  21.0 abc 29.2 efghi 363 cd 585 be 57.3 abed  22.6 be 02a
AS- 8 E 826a 10.13a 111 23.4 hik 25.6 abc 336 abed 530 abc  54.6 abcd 24.6 i 62.4 ef
AS- 8H 826a 10.13 a 109 ij 22.4 efghij 27.0 abcdef 333 abcd 484 ab 46.3 ab 23.7 gh 02a
AS- 9 E 827b 10.14 a 103 fgh  21.8 cdefg  29.6 ghi 301 ab 553 abc 54.0 abe 23.4 defg  45.8 cd
AS- 9H 827b 10.14a 107 hij  22.2 defg 28.4 defghi 330 abcd 576 be 52.4 ab 23.7 fgh 02a
AS - 10E 829 def 10.18 cd 88 a 20.9 abc 25.5 abc 338 abcd 504 ab 60.5 bed 21.0a 36.2 be
AS - 10H 829def 10.18cd 89a 20.9 abc 25.7 abe 322abc 515abc 609bed 213 a 02a
AS-11E 830f 10.19 d 9ab 200a 26.5 abed 384 d 536 abc 569 abcd 21.0a 489 cd
AS-11H 829ef 10.18 cd 89 a 20.2 ab 26.4 abed 363 cd 555 abc 59.3 bed 213 a 02a
HH 8.27 10.15 106 21.4 28.7 370 591 52.9 23.2 49.9
HEIha 827 10.15 94 21.6 27.1 367 596 64.5 22.8 0.2

FPEAIIIE DTN, B DT 7 7y NI 5% K HETH & (Tukeyik)

PEFORF LA — ORI 5N D Fe7p DR CRURIM: LM B ARRD LN H 0
F Y MR TR RIRN-3 10 CHIE

Y Rk DR BRI L EOBURIEI A
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JEDOBRE I AT e IR EFAEED02%
TERDB LD o705 BER (BRI Rk Bt &
BEHERICE > THERICE R o720 K430 5, Bk
L#EEwA, Bk LA Wh % K59 5 03 F @870
xCThy, ERRMOBK LY S DESNIE, £
% BIEERICB W THRE L 72T 055 W o &
ETHEICBT A EETHOMATIER T EEZD
Nz 512, Fe IR ([CHERT 5 BRI %5
Bld 2 Bl EETOER IO EETOEHICH LT
BEMIC BN TH DB ENBMTE 5.

20134E DFAMEANT BV TR I B WIS B 7 e 5
MRD L NERRMD ) H, AS-2E, AS-4EM UFAS-
HED3RA 2 B L, 20144F1CFsiibf 2 SLIHB AR T
RS LC, 20134 LM RO vtk %
5 TRV BE O BFAG & 47 o 72, BARRENZ 1EER X
M7= sokkE L, HEA3RMIC BT 2 PR EREE OfKET
EL, BREE (B0 ofEARELZ Hv, 5
oM 241 -72. 20k, 3BME TOKISENT T
% FisherD il AT ZLSDE (425, 1999) 12 & Y 3AH
D30 % % EILEME L7z,

G ORER, RROEMEVAEETH -7z (R
4-3). AS-2E, AS-AEN.UAS-11EDREDB Y fHFdIZ L B
BikEl&ix, ZhZ2h263, 842K 0U39.6%THY), %
FEILBMEDOH R, HWICHEAEDRD LN (£4-4),
FA-NIRLHEDER E —FK L. Tabb, [F—
DM ATITHE L, ~NTF o KEHMETHERL

R4-2 NRFEXICHITOHAIERE" OSBRI

RS FAF HERE CFEEES FiE
i 98.1 2 49.07
BRI F(A) 796.7 10 79.67 13.8089 ***
7= (a) 115.4 20 5.77
ik (B) 29350.1 1 29350.11 578.481 **
a7 (b) 101.5 2 50.74
R HAEH(AXB) 802.6 10 80.26 15.8186 ***
7= (c) 114.3 20 572
Kt 31378.7 65 482.75

P T3RRGO, A2BRATHAS LI BURIE & O A5l TR
ke 100K UE, 0.1%KETERENAE

R4-3 ERERBEGFRASRMICEITS
AR EE DA BT

%" SEHF BHERE SERES FfiE
EERRUN 2161.7 8 270.21
X 18 18.4 2 9.19 1.750
E 2122.3 2 1061.14 201.938 *#*
e 21.0 4 5.25
I 3REAAR VAR, SORRATRAT L2 iR EI A oo f4 A il
TRIA

ok 0, %K HETH R

72 BRIV RV R E (R T RO BT R OR % 5 5
BRI BWT, BRMEICERSDH D 2 & 2R
T&E7. L7255 T, WH & & I O3HEH
A, PR LS, Bk L2 % KR35 3
& fE DA, BURME ISR 2 KAE S il & s T
PEBAAET 5 2 LR E sz,

fEH (1994) (ZHARRIGE HAR & A >~ NRGHE
‘Kasalath’ DR % F V72K EOQTL (&
BB TR RATIC XD, BRI L, %I
Konishi et al. (2006) |2 X - TgSHIE L CRIEE N5
YER I OB WQTLO AR, TEM I 2B §5 V4D D
QTLZ M L TWw 5.
AREOMHPL, PH & & IR OHEHEE
BT, BRESE@BEFZTTRL, EHAN
MBHBHGE RO BRFEOEELZIT LI L
R L7z

70

60

i S0

30 F
(%)

20 F

H4-3 BRAMERBEEEFRHFEIIRICES TR,
BEEHNEERUVRAMREEORR
(RA-1DT—2 b ER)
FEMBRIE R (OB ENER) 2577
O ERRIERA U U BRI R E o

EZ VA o) P b SO IRV |

Fa-4 FBOEVREOICLDHAMEREOFERZR

HE [ ELEHA TR BERETE (%)
AS-2E 263 a
AS-4E 84.2¢
AS-11E 39.6b

R FHAEITIE DO, BAenT V7 7y H
1325% /K HETHE (FisherD | [RTFELSD%)
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B5E MeBE

FAEA MIEHRBRICE > TEEALLETOR A
HALHMEST 2. 4 22 BTEWOBRMEL, A
OB TRELSEMLRETH Y, FEMEHOB
MO EINL, FFORIALRLIKIRED LD 5\ ik
KK, H EERo RN IELEDBE I X B EEMD S E
PENDZEAL R & L FERIC, RO iR A 2%
a2 mBE Ry (BR) o—o2LFExbhTw
% (Fuller, 2007; {5, 2009 ; Huang et al., 2012). 7
T DORIEA A & F OB AMIEHOryza rufipogon® KL
HEF—OBMEIEEICIVHIE I EEZHNT
BY, WHEOBRVERE 2 BREICHETT 585 T O
[FlEASHED ST %  (Ishikawa et al., 2010; Htun et al.,
2011, 2014; Inoue et al., 2015). — 4 T, #KKA A I2H
FABAMEICIIR & R () ZRSGFELTE
D (FEH, 1995), FA Y HOMEAFTBEE, TRk
(I7THRBFICHARTEHSIN, HebshghvizLunb
N5) X BBiEE N4 Y FAD —Z0F L - Bigigik
R, N YT Y = N—RZFFEEER KR T N A
YRR EORk A B WHEEEERRAOBINICFH S h
T&7: (BMALRBEAMTZEES, 1949a; L3 - PE4T,
1976 ; (M, 2009).

WL o KRR BIH 13 0 SR RERNHE
A%, HARRLERES A A sl oo v Tl D TR L v (K
AR - REE, 2011) 728, T VN4 VYUHERE O BEERIR
K% L, BRPBINERO—2 L SN TWwD, AHf
geix, I oA IHERE O SRR E HIw & L,
RO AZ LR L7z FIH ORE#EETFREDOE K
ZEBTHOCERKLZ. AFETIE T, BE
ML CHEHEE SN TS 9IH ORELZHLE S &It
2, INFTEFLIFSRETRARIN TR o7
B 1L VR CHE M L 7R EBGRBRIC BT 2 WIH OF
Bz, BHATLEREZEHRLORLE D&,
Bk E O FEM 1 2 WAt L7z, b —micirbn
WAIZL b b, IhE TR AR BAUR
ENTVLho 2O’ Y FDIC X 2 5Hli kI B
T, B % IEAE SRR 3 4 72 © O PR IE & A
FEEWOMI L2 T2, HARREA RIBUT 2 Bk
D MERKD 72D ORI E OWREKR L R A, TOMR
W O AR =R OIS /AINEAE 12 BT 2 B O T8 & i
BYEOBRZWP S L2, E512, ANTFaRIEEA
ML CHFEEERTREHEZERL, EEHEET L8
BT R R R S R T ARG L. 22
T, AETHEONIHRERENICERZ TS L

W, CHIH OB S T RO BRICE T 5%
BEMz7-.

1. ‘B0’ OXREELEILUERICH T 3 MRER

WL HER A S W 2SHU) e S -0k
OITAETH Y, ‘HH 5 W AEEINTHLA
L ELENFRL TV AHDT, B FE-MMEZEh
ZFNHRMRTH 5722 135 LD v, il
BT 19174E 2 H8AE R o TR L iR 2 42 ¢,
H ZHR@#GABRIC L TwabaZ enn, WH
RTINS EOIIX S D EBHEHET 2L 2 mfiT
Ho7zZ LAWEIND., WHEOY—VEORER L I
LB IS 2 N 72 SR 283k 3 5 720 1T b 24
RBBERB O, WH47E AN SN, BED
H L LTI TS, MILEISEA SR 8
ORI B DR EOERIZOVWTIZS L %> T
EABZEAS, B OREREEIS T 5 EB K ET- 72
R, WIH OBRMESEHS I b0 LHEESH
5.

2. BOEYHDICLIBRAMORE & EEKTEME

)k k3

IR O FERMRGE ‘2>eh), ‘HAE , ‘b
JeAavyr, Hoi, M, 7R ROCHH
DT Z L, — IR SR Z 1R, 3R ON5HE
D3N &L, sNOFEENZENZFNS0ZME L7
FT—=H D&, FHETREE, —EEICIR B BRI O A
MRE % Mead L7z,

1REG 7= 0 R & B E A &2 o Lz 25
(32-3), 1REM72 ) KB o4, il #AE LD
—BEICR S - HBOLETOERIZBWT0.1%KET
ARTHo-0ITRL, BAEE Tl L —EL
1B o 72BBOREA01% KETHETH - 7275, ik
HIEDAERERIEDONL o7, LA T,
IR L LT, AEEOFORE SR IR
WD B % VT e BURLE A AT 2 &Rl S 7.
— IR ARBIC OV T, EHEOLWEELE
W2 & o THRERMICER R L, £5&M0CBl5
7 — i E A E A ORHE, RUOE O M EEHREE
W72 BIZR O 2 2 Zh20m 3217w, —FEI
18 2 BRI AL R 2 O 72 5l S o B 0 2 8)
MG L7z, Zo#E, b7 — 5 #rswd 3 5
KON TEEFIZE T T2 H - 7245, — IR
LREABRTIE, BEREFIECSHOLE L) D HEIC
Ero e (M2-3). —FE3RZ R Y & 2 7 3L EHl
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HROBIHM T b L EBREIFICHRD BV & n
5, AEICELT—EICEIRBIBMIA I VwEEZS
nrz.

FAEREIC OV, RRRoMEAINIC X - T
BRICHAEREZ ML, F&BCB0 57— it
ZZFNEN20AT - 72 & & OBUREIA OG-S R D%
B o, PEKORAETIE, BN, 225, 5
KOS DR 2 R IX T2 2 L IgHEEE Z 2 5
n, NS OBKMEOR R %2 IEHE SIS 5 12134 7%
& BARDFAENLETH A Z LWL, -T2
($2-6).

R - IR (1995) 1%, MO oI X 2 Bk
OFHli %, MREHEN R L HBORKEE KT HIT) 5E
WCHETHE R HETHHELTHBY, FICHEMAKHAL
T 2R3 EMRORAEIC L o THRMEZME T 5 ik
LTS, 51, AEBORIOEREICE -
THEAEBINC YD, WAZEZECZWTRERD S
EHRMLTWA. L L, RWIEoORRETIE, WAk
b D i AL, EBR LS VWil n T
Al RORESE L KT L, FREABUR L v &
FlECLEBR L B AR S b 2 L ez
WREN, ZOBH»OARFLEEH DBk
TUEBERLE O TE A 72 SEM S BT 2 2 & 25 5 5
oz,

HRHICBOWOGREN R & R 2 BEORRF I, &
FEEHH R BRI S CRBT 5. EIFIHW
T OBIEHNIARE T 50, BEiE TR o R % 5 HE
DFRBIR 2 EFEICEHMET 5 2 E A HIEYE 2 ®ik+ %
72HDOKHIRTH S, L L, MEERICBT B
PEOEHUCE L, B3R #i o 1Z X 2 B O FFiffi A3
EMEIZBNCEDOREOFERMN D 50H01E, 2
NETHLMZEN TR 7. FERKREIZE B
KBl & OBBES AR ORA (K2-6) 5, FEBIR L
SRR (h, 2%, ZROBY) &ZhEnEk
Mgl & o THMEICIX BT 5 2 L IEW AT (F£2-8,
3%2-9), Bk U AEfR & LB BERL L S Wk (p
~HMi5) DA% DEFETHRETH >z (£
2-7). ThooZ s, HBRMEZHBEELE LT
FOR YOI L o THAKEREKT 5 2 L IZERNES
EEZONDEH, PHI N4 VIEEE TS E S
NaRERE GEI - A, 1976 5 /MK, 1990) % Fi
DI FFDIT X > THEEIHARET 2 2 L3 LW
CEWHLN R,

F2-UTR L7229k OBREFE T 1k, SFE ML L
TREHR L7z AR T-A (X RUHRHE, eI, R IR
VIR BE IR 72225 INAE TS Ll s T 5.

TR TA 2Bk L Sl L 2RO S B, R
HF, STRE UL DA B ILTIE, 2 o SR A S Bk 1k A
#E e Sy WA AR S LCERIB SR THBY, Ml
ECIXRBRICHEE, 2R OHS ORI S Tz,
—J5, CHAERTA 25 LML ZILOR T HhE
FTAR DAMTERA ST 72 i3 4 Tl Bkt ©
HbH (RMKELRERZER, 1995). 2% 0, HE
FTA L0 SRR LSRR, Bk LS &
TR L, SEhSAER O BRI DR IR & WIFIL T,
AEFTA 2Bkt e FEM L Tw A, IHERT
IO ) Bk b Bk LS HAERTA 255
BWMEFML TS, ZOBEKAEH - & (1995)
DIRWT HHEZEDOBRDDEL LI > THEL B TH
BRI DR Y A, A ERRIZIED RIS X Ko
MO IIRERE L, Lo L, BUktko Sz &)t
INEWELPR T RO BRI 2 S 2 A, 2ok
I Bk o 2RI &2 M A 7212, 2B TR LIZET
i, ThbbibkU) —BEIC3HEZRY, 408D
LoZ¥rkr AL, BREE O % RO TR
TBHERRAT S &30, Bk 2B o B e 5 A
(fEH - fHE, 1995) & bk U At FE o ik P 2 B
ETHUEND L.

RG 720 — B3R R Y, SobkZ A L, Wikisl
A O CHAM L 7z 1L o B EORFG B0 5
Bk PR DR & BEAR—F L, 7% 2 Btk
WM THEENRO bRz (£2-10) ZEH»5, AT
A RSO B OFHE H: e LTHERTH S L

iz, MR L LCRMEE 22 0T, BlRE
ZERIICTHETE 2 2 LAURE NI

3. BRIt OREESRED - 6 O ENVERTE DIER

RHEBERIC BV TEATE % REMIEIKT 5720
Wi, AR RE R S S E L. Lo L, i
wo Xz, BoOBY RO X B MEAERE TR, B
PP & OB L B W RER & o X FNE T REZZ 28, L
B BRL LR 3 VR, 3 b b Hd S s O Witk
X BNIHEETH - 72,

ZFIT, NRLELEZ SN L HBURME O R R
RIS T 2B OBEL AR, WH, Tr
AR, CHERT, FHiEOIE R HE IR OsmiE
ZHER L, B o R RGIE 0N /NERE L B0 B BB ER
DIHE & Bk D B4R % A L 72,

HERBR LS BAR 7R, CHEED RO
FMOHE 1TV THYIFITETOWI L BI#FHD
HCHisE s 2 AT OB 2R L2, —75, BEBR
o gl ZhR 2B Ao, AR/
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BAEB MR oI L 0 BidE3 2 BRI o Fiaf sk % 7R
L, ABIEBRIOEGIZIFIZFR L TH o7z (F3-1).
AR O P B % 7R U 72 /INBH A o 2l 3 V2 U3 T e 1
(LW - HAC, 1990) B EIND. TORIKEF
SR & BRI L (X3-2), BEE S o B 2
B2 mER L ERBOEGZRE L. TR
Bk Lo SR SRSER o8G5/ S, BBk
O HEIHR TRETORBMNEREETH - 72
(£3-2). BiBEM R OMIZEEPIMN I, BRHEDGHT
BEDSEIZE S, HEDOHI R RE 0 J8 8 A% BE 3 BORE L B
AT EHEEETH 5 72 (M3-4). TS OFRERDD,
o TRk, BEE M 3 O TIR K O B P 25 2200112 A
5N 5 MEHER AL RE D 53 & v 9 TR R oS H AR
A DO Bk & BEDH B & E Z Bz,
MR L FAH, 7R, MR RO
T OIE 1IARAERgSHI %} (Akasaka et al., 2011)
T EnH, TN LA EERIICEERE &2 TR T
MThsb —F, &I I 3HERERIBRIGSH] % %
o (E, AME) ks, EHEIETICHERE AL
e, B O BEEERE K 038 W ASIEFHIE IR B % B T
DA ML B BART A 2 LB - k2 b (1982a)
DL L TBY, HEREOMARKICAR 2
WBETHBZTTRL, gSHIDOBGZTFRIDHBEBER R £
MHERE R R T2 KM ) SHEE T 5 20 DOFREE
WKhbeExohd, —F, BMMHZEEROEEG LB
Tk P 35 2R 1 o0 MDA K BE 0 J8 3 E AR EE I AR LS & D
BEWEEZICEBRL TSI EALNE., LAL, Z
NS ZODORENIE, TabbliiMNZoRIRE €
D RN BIEE S 2 L RE P o oAl DR A e B o 6 33
BENZWER 2O, The  HWIIHN L 72z
KIEE % OB N TRAHTDH ), SHOEES
HIFRATIC X RPN D, X512, ThoBE
HI4E B D R 0 IR R AR & L C OFEREO MR R
HELTHER->TW5.

4. ‘HiR’ & B EIHR OEBEERNKICE T HRAM
DE(E

MRS HE LT IR 2 AEHL,
BAREOBEMNNZ PIH L OMEREN A THA
T 5 LT, MR ST OB SE TR
PhHE RV B AR TSR RE 2 B L 72, AR HTHEACIC B
FBRBB O S, RGBT B Bk
DBIZRERIZOVWTEET B.

Fi, 2R OVHRLREF:O KRBT 5, KRG
BT EOBEIE—HTFZETHY, EeEN
O WAL BAZF OG- 03% 2 b (K4-1 % UK

4-2). R E AL, CWIH LEEBRED R3S
DEHEPLEREINTBY, fEhHle LTHwL R
T3S omBII VTS ERRED oL AT
L CHAR THhhH (HES, 1991). L7zA->T, &
LA OMEFRTEE CHAR & a4 o
mAEICHE TS, 209 h, HARR Tk >~ FELE
flfi ‘Kasalath' & ORMEBRNREHCZEHICLD, RIS
Konishi et al. (2006) 1Z& - CTgSHI& LCRE ST 5
FIGARRRICESRET 2EH D OMWQTL I & h
TWwb (FEH, 1994). gSHIDKERER, $7xb b
HERICHERE 2T 5 BBk Kasalath” UKL,
HAREE BOBERE T L v & v ) BEEERIEIZgSHT
W3 B n T BT O P B 5 T 3 T4 U 72SNPITHEE R
§ % (Konishi et al., 2006) = & 75, HEAEXRIBR! (#
BikItE) AspreR! (BB L THETH B S
EHHRTE L, ANl CGR¥EHER) X, WiH &
IR OBEMBRERAF ORI, WH
HHERERIGSHI, HERERIEAIshaTH ), L ITHR D
FERE K 3 BgSHI, BERE R4 TH B, D F D, #
RERIgSHI % ¥ WH & BBERIARIGSHI % 5> &
Ch I OMRETIE, TEHIIOKE \gSHIEED 55
PELLZETTHL. LA, Hdo@Ey, HoE
DRFDOIZ X BBREICIEDO W WIH & R I
] OSSR A BT 2 Bk 0 @R 1E— KT XA T
Y, TEEEOHRRMBRIZTFOMSE Z bhiz.
fiH (1994) &, ‘HAW & ‘Kasalath DIHEF4
Fl %2 w72 BRI OQTLA T I B W T, BB R
gSHI A& EARIZ BT 2BTSOFIHMEAH242.84 of, BTk
RlgSHI D A IMNAE) H 55-96.56 gf, R HA3-45.99 ¢f T
Y, BEEEMgSHIFERE R IBRIGSHIZxE U T3
THHIEZRLTWAS, BERERgSHIKR EMARIZB T
HBTSOYIE, ~ 7 1 RlgSHIE O 3910 J Ok fE
RlgSHI & & & HERE R I gSHI K £ DOF-39MH (MP) 1%
RENTWZRWA, Rl (1994) OF— 7 S5t
b L, TNENA9.72 gf, 99.69 gft (N146.68 gf Td >
7o 72, fRH (1994) 134 ¥ FEIA R GFE CFFR1L
T SR O BRI 2 R TR RAE R RK SR-T
VxR A AWM ‘Dinalaga’ & 3HEL, RHEFR£EM
ERVZRAEOQTLAO T 217> TH D, SR-1" O
WERLVE JEIRZE 3 3 gSHT ) OVBEVE D BB E AR (B
e, 1985 : Oba et al.,, 1990; Nakamura et al., 1995) %
JEIfe§ Bsh-2& o] —@BARTHETH U2 e R W S
EERMORBLTWS, R (1994) OF— %1% ‘SR-
I & ‘Dinalaga’ OZRMEMAIZEBIT 5 HAEQTLO B
MERhHAY ‘HARRE & ‘Kasalath ORHHHEE LD L0
BEWZEZRLTWS, &512, SR-I' LEME B
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W15 & ORI FEF LTI D3 2 72 Mg AV R
BN (FEH S, 1994b), FILUFRMEICBIT 5 NT
0 R RO OBTSHMPIZHR & THEVME 2 7R3 &
AHND (fEH, 1994; f&H 5, 1994b). 2 F ), ~
TURGSHIZ BT 2EERIFIE HAR & ‘Kasalath’
i, 'SR-1" & ‘Dinalaga’ [} TF ‘SR-1" & JEifl 3L
115" MORMONEIZKE , REMATIIHESH
M ORMEZENSL DM RELEHLEEZON
5.

—7, ANS (REER) 2T7- -FERTIE, WH
Fe Ot g & ZA OBTSIZZ N Z164.49 of 2 U136.13
ef TH Y, FHDHE 1391.03gf THo72. WH & &
LR MOMMEIZBIT 5 AT allySHIERDBTS
HBMPIZIE W & FHUE, 101 gfE e Sh, dhliRED
FoOHE L0 BB L, ZoBRMEIZRREIC
MYT 2, F2ETH UL, BOBIHDOIZE
Z AR TlE,  FRBRBOR U ah AL X0 Bk L
HeWH AN H KRG SN2 BEAICH 5. D720, W)
H & eI MoRMAAEIIBVTIX, ~T
v Bl gSHE A O A ASBARL U v 75 1A 8RRl S

N, ZORE K4-1LOR4212R7 L7z X912, HEB
PSR EEEE LCRBE L HRIND., F45E

TR AR AT R ICB W TR 2EEEE & L
] (Hu et al., 1964; Kumar and Sharma, 1982; 55ith &,

1985 K35 5, 1988 : Oba et al., 1990; Nakamura et al.,
1995) Tix, —2oHIH (Huetal, 1964) % FR\7z4:

THOFEDOIR Y K od 12 X 2 AR ME IS & - THOR M % &F
fIiLCTwa. 7B, BISE L Huetal (1964) T,
5°OMEFE O AR EICHZEE L, ES1 kgD
% ED FI3EERAS L THK S5 e ->TED,
FEICE S 2 200 TR S B 5 S TROB Y o & —3
LTwW5.

DEo k512, HoBKDIZE 2 (BE—%
DIENZHF72L EORKAE) LWOBTSHIEIC X
53 HIAVINEAE D & LS % 72 0 OB O F41il)
LWV FMi DRI X 5T, Bk EEER R
fEHTS A1, F—DBIETThHho THOEMED N
HEZ B REMEAUR SNz T OFEGIIBR MRS
DEMUEORESICE s TRHEPRZLEEZOR
5. BRI X 2EERETIE, ~NT ok
THEDBEVERN R % YN EHI S 2 OS2 720, i
BV DBIED AT ) IR ABEY R ik £ 2 oNn,
A P D A5 AT 1 BB IS IEBTSOIEIZ X 5 KT
TbARETHA9H. LaL, BISOWEIL X ST
BTRIARESNE L & 5 BEHE KB gSHI o ¥ iR

2%, BEOIR Y MO X 2 MAEKE TrRaBEmtilhs L
AU, AR 2 AR A5 R TR KR g SHT % 5 5 12 %
WTEBH I LEIRY. PFATE TR Lo~ T u B AE A Al
HEA & 2 BB AE ) E AR R RE O B HGRAEIC B W
T, AR D W TA T T BRI OFME AR 3 K HAZOFE
DR i D12 & B I &0 HEBORME O A &
LCTEEDTRETH -7z, Lo T, RLHEM
T B TR KB gSHI % BT 5 720 DO MUE 51k
ELT, HoBYOIZXZHEAREITAHEEZRZDS
ns.

5. EBETEFEEGHERPRANMREEICRIETE

50

WH & el I ORHED ST u B E bl
PAZ &0 FHRE L Z2FAAC o R e ) AR TR AR 1
FEAWT, FEET & EENE R ABOR AR 1
PAZT B AR L7z, BANEEZEORYFHDIZLD
E MY EEAN LTt L7/ R, BIEmE R e i
KR O HE DRI TR EETH 72 (F
4-2). ETOEREBIZFRERT BT, Bk
ERl (BH) ORMISBRAEI S HE (HER) ORMLD
LK MERENFREICE Lo 722 05 (F4-1, K
4-3), WRHOFEREIAELLKEERCRE STk
WwWekEz b, —J, BRBRNIZBREREE 2 A 5
&, HE (R ZHEITVIThoBEEHERTH02%
Ll Ish LERETHLDOIHL, EE (HH)
PRI BN RIS > TR RENAEICR 2 S
ZENDH (F£4-1, K4-3), BIEHEROFRRIIER
RHEOARICWEEINL LEEZ LN, ThbDZ &h
5, AMEFREEEFRBEEICB VT, Bk L2 51
WMLAGV 2 RINT2ENIEBHEETTHD, ER
BRI BIFLHE LY SOEAVIZEZENTRORE
EZIFTWwWAEEZ LN, S5, ®EIPVR I
2R3 % B 1 @) 8 T o ERNE, Bk RIS
T MBI T OERICH L CEIEMIC LML TH S &
Zzohiz (H4-3). FACTROR R ICHE WICH
BAENAD S5N7-AS2E, AS-4EK FAS-11E% W T,
FsltAC TR AR E ORI 2 7> 722 25, 3R/4%M T
Bk R B O BENROONI-Z b, &
% 5 BAZIE RSB W THHE L 2B 085 WD
BIZ T BT 5 BIa T OM A& ER SRR O
PR EOENIZEE T 5 L E 2 b

AN (GRFEEFHR) 12X, RIFFETEHERK L 72 Bkt
[ E B AR R OBER I B RE RlgSHI 2 ¥ b, H
LRI BB K IR gSHI % F50 2 L B O ST
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5. I Tam L7z X912, BREERIgSHI % F5> i
. CHERT 7R RO CWIH OB LS ED
A ERE P25 O TR B OB BE P 35 RIS A S L 5 4
METRM N BE DFRATFEEE & B 5. Bk L5 S 1254
B SN KM gSHI % FOER Rl 1E, HA
A FIBT BB OZERF O E R RS 5
TODOEBEMELE LTEHEEZEZ BN, SHROEEN
FENT & BARF BN SFE S NG, T2, AWETEH
J U 7z A v RV AR R i, R ME O s
YONA VIHERE O K FER RN RT T B R WD 720
DEBMEE LTHEHTHY, E0HIZBVWTEHHEZD
WIRDREICEHKT 2 b0 LfFsh 5.

#

6. ‘FAR’ OBENHEFEEEGEFRIEDEK

THH OBKMEEGRT S FEE LTI, BRER
B LR LB ENE 2 O b, RREREM
Bix, WD) LMoL R E HIETHE
WCHR R ETH S (B, 1995). SBURMESAES 5
ZRIRERIZ L o TR BN EOEREEZRp L L
Ti, BHS (1994b) 254 ¥ FRIA AWM mElE
FiEF~NDOCoH v < MRIRGHLBE R N F )V X &~ A )V
7 & H— MRKEBNORBELIIZ L 5T, 741,000
MoAE A 2> & SARA o ik BERE P 2R A RAK 2 1R T 5.
Lo L, ERERBEMETIEZ, ZREROMEE LT,
HYEOLERZBOTF ISR SELILIIEHETDH
% (Ef&, 1975) L3RiT, ZRARAREZ AL TR
RFERT LD, HLETLIER2MR-L LT, £F
LB T DL LRREREET A LN LITL
Ehb (KEH - BA, 1995). 2% ), METLH—#
EFDORDERERZEL Z L IR 720, £ D
Yy, ZEEARCEGREZ B LM L CIREEET
FEEBRRITIUE R S B,

WA

L

LI

354

e CTHRR7% L ONEBETRFEIC K 5 M,
ETRILXMEEEICI>THERINTVWES., Zhb
Wiy, HIH oG RO FE L LCTERE LM
BFHEORHPZ YR LEZ NS,

BIF TR L WH ORE L BB S, WL
Bo §H PR OMRAERIC L > THER S
CEEWHLNTHL. FNWZITHEH - S (1998),
L - B (1998) M UfYamasaki and Ideta (2013) 7%
AT LI WH IREEFR S NN L BRI
ROERPREVEEZEZ BN, R LML > THEM
OBIZME R 2RI FIH ISRILT 5121, 5
BOREIHET LUEND 5.

EITIC BV CHEBR A O ERM R E L THY
7ol IR, CWIH BERMBE LTRD, W
O FERIFE O KRR & BURLE R Wi B ARYE 20 & O 3RIFE
DYHREBEMHABEL LT, MILRTHER SN/ mHET
HH(HED,1991). HFA4RIZBWT, “HL IR 1T,
O oI X 2 EAEBRET, A2 EeegEks
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Studies on Breeding for Shattering Habit
in Paddy Rice Cultivar ‘Asahi’

Kazuo Okubo
Summary

‘Asahi’ is a recommended paddy rice (Oryza sativa L. ssp. japonica) cultivar of Okayama Prefecture, Japan. This cultivar
was developed by pure-line selection from a landrace in Japan. ‘Asahi’ has very easily-shattering habit. To improve the
shattering habit of ‘Asahi’ , I examined the evaluation method for shattering habit of japonica rice by grasping the panicles.
Then I searched the morphological marker trait to evaluate the shattering habit of japonica rice. I also developed pairs of near-
isogenic lines for shattering habit of japonica rice by recurrent selfing method. The effects of major factor which controls
shattering habit and different genetic backgrounds on grain-shattering degrees were analyzed using the pairs of near-isogenic
lines. Finally, I advocated breeding program of the commercial cultivar of near isogenic line for shattering resistant of ‘Asahi’.

Outline of the results is as follows.

1. Origin and history of ‘Asahi’

‘Asahi’ was registered as a recommended paddy rice cultivar in Okayama Prefecture in 1925. However, the detailed
breeding procedure of this cultivar has not been published yet. Available materials relating to breeding procedure of ‘Asahi’
were perused and arranged. Firstly, the original ‘Asahi’ was selected from a native landrace ‘Hinode’ in 1909 by Mr.

Shinjiro Yamamoto. The original ‘Asahi’ was widely grown in Western Japan in the 1920s. Okayama Prefectural Agricultural
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Experiment Station received ‘Asahi’ from Kyoto Prefecture in 1917. ‘Asahi No.47" was developed through a pure-line
selection by Okayama Prefectural Agricultural Experiment Station from 1925 to 1931. Thereafter, ‘Asahi No.47" has been

grown as ‘Asahi’ in Okayama Prefecture.

2. Evaluation method for shattering habit of rice by panicle grasping

The index for evaluation of shattering habit and the necessary conditions for the method to evaluate the shattering habit by
panicle grasping were clarified. Each of the four human evaluators tested 50 plants and grasped 1, 3 or 5 panicles each time
on seven cultivars, comprised of three hardly shattering, one moderately, one slightly easily, one easily, and one very easily

shattering habits. The data were analyzed as follows.

(1) The index for evaluation of shattering habit

The rate of shedding per panicle and the number of shedding grains per panicle were contrasted. Three-way (cultivars,
evaluators and number of grasped panicles each time) analysis of variance (ANOVA) showed three main effects were
statistically significant for the number of shedding grains, whereas for the rate of shedding, two main effects of cultivars and
number of grasped panicles each time were statistically significant but the effects of evaluators was not significant. The rate
of shedding per panicle was not influenced by evaluators, which were different in hand sizes or in grasped numbers of grains.

Therefore, I selected the rate of shedding as an index for evaluation of shattering habit.

(2) The number of panicles grasped each time

The reproducibility used for investigation on the heritability of the shedding rate, which was estimated from the variance
components of the two-way (cultivars and evaluators) ANOVA, was analyzed. The heritability was higher when the evaluator
grasped three panicles than one or five panicles. Therefore, it was decided that the number of panicles grasped each time per

plant was three.

(3) The number of plants necessary to evaluate the shattering habit

The effects of reduction in the number of plants used for evaluation of the shattering habit were analyzed by random
sampling test. The rate of shedding varied widely with decreasing the number of plants for investigation on moderately
shattering, slightly easily shattering, easily shattering and very easily shattering cultivars by 20 times of random sampling test.
Therefore, an individual test precludes us from distinguishing the moderately, slightly easily, easily, and very easily shattering

cultivars. Use of at least 40 plants was recommended to evaluate shattering habit accurately by the panicle grasping test.

(4) The practicality of the individual test for the shattering habit of rice by the panicle grasping method

The shedding rate was investigated by grasping three panicles in one hand on each plant. Each of the four evaluators tested
50 plants on each cultivar. From the frequency distribution of shedding rate, a confidence interval was decided by the Clopper-
Pearson method. These data suggest that an individual test for the shattering habit by the panicle grasping method can classify
hybrid individuals at the segregating generation on the rice breeding into hardly-shattering type and easily-shattering type
(moderately, slightly easily, easily, and very easily shattering grades) at 96% confidence level, although the grade of shattering
habit could not be classified. Thus, this method may be useful only for selecting the plants with a hardly-shattering habit.

3. Search for the morphological marker trait of shattering habit in japonica rice

To facilitate the selection of moderately shattering habit in japonica rice breeding, the marker trait of shattering habit
was searched. The grain-shattering pattern and microscopic morphology of the separation zone on pedicels of five japonica
rice cultivars with different shattering habits were compared. Almost all grains were separated between the sterile lemma
and rudimentary glume in cultivars with moderately shattering, slightly easily shattering, easily shattering and very easily

shattering habits. On the other hand, approximately 50% of the grains of the cultivar with hardly shattering habit were torn
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off at the bent portion of pedicel. A separation pileus was formed on the terminal of the pedicel when the grain was separated
between the sterile lemma and rudimentary glume. The pileuses were most prominent in cultivars with easily shattering and
very easily shattering habits, while cultivars with a moderately shattering habit had more flat pileuses than prominent pileuses.
Additionally, in the cultivar with a hardly shattering habit all pileuses were flat. Development of fibrous cell walls on the
separation pileus varied with degree of shattering habit. The easier the grain shattered, the poorer was the development of
fibrous cell walls. These results strongly suggest that the shape of separation pileus and the development of fibrous cell walls
are related to the shattering habit in japonica rice. Additionally, it is highly probable that the moderately shattering habit is
characterized by the grain-shattering pattern that separates between sterile lemma and rudimentary glume with the flat shape

of pileus.

4. Effects of major gene and different genetic backgrounds on the degree of shattering habit

Eleven pairs of near-isogenic lines (NILs) for shattering habit were developed by recurrent selfing method from a cross
between japonica rice cultivars ‘Asahi’ and ‘Setokogane’ . ‘Asahi’ has very easily shattering habit, while ‘Setokogane’ has
hardly shattering habit. In the developing process of NILs, phenotype of Fi plants and the segregation ratio of shattering type
( ‘hard to shatter’ or ‘easy to shatter’ ) in F2 and single seed descent F3 populations were investigated by the individual test of
panicle grasping method. These data suggest that one dominant major gene controls hardly shattering phenotype in this cross
combination. I investigated the grain-shattering degrees of NILs by panicle grasping method using 42 plants of each NIL with
3 replications. Unexpectedly, grain-shattering degrees in some lines with easily shattering habit of NILs were significantly
different. Accordingly, the effect of genetic background on the grain-shattering degree was also analyzed using 11 pairs of
NILs. Not only major gene which controls either type of easily shattering or hardly shattering but also genetic background
affected the grain-shattering degree in the lines with easily shattering type. These data suggest that additional loci with small
effects on grain-shattering degree exist in the cross between ‘Asahi’ and ‘Setokogane’ . Additionally, a dominant major gene
derived from ‘Setokogane’ , which involves hardly shattering habit, may behave epistatic to other loci. These pairs of NILs

will be useful in studies of shattering effects on the harvesting losses and genes controlling the trait.

5. Breeding program of the commercial cultivar of NIL of ‘Asahi’ for resistance to shattering

From the results of this study, it is likely that the hardly shattering trait of ‘Setokogane’ can be introduced into ‘Asahi’ by
recurrent backcrossing method. This breeding program is currently in progress at Research Institute for Agriculture, Okayama
Prefectural Technology Center for Agriculture, Forestry and Fisheries. The developing procedure of the commercial near-

isogenic cultivar of ‘Asahi’ for resistance to shattering was shown in this section. The BC4F4 lines were bred in 2015.



