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A New Job's-tears Cultivar "Hatokirara" : Masako Kato*!’, Yutaka Hoxpa*!’, Mamiko Yur* ',
Mitsuyo Kawasakr*"’, Makoto YaMAMORI*?', Masahiko IsHIDA** and Ichimi CHBA* ¥

Abstract : A new Job's-tears cultivar "Hatokirara" was developed at the NARO Tohoku Agricultural
Research Center in 2011. "Hatokirara" was selected from the progenies of the cross between "Tohoku
1/0Ohotsuku-1", with the aim of developing a new cultivar with early maturity and short culm.

The major agronomic characteristics of "Hatokirara" are as follows. The maturity is early, 10 days
earlier than that of "Hatojirou" and 14 days earlier than that of "Hatoyutaka'. Its yield ability is the
same as or higher than those of "Hatojirou" and lower than those of "Hatoyutaka". The plant height is
shorter than those of "Hatojirou" and "Hatoyutaka' "Hatokirara" is able to mature with stability
because its date of maturity is earlier than that of the standard variety "Hatojirou" in the Tohoku
region in the cold district, and because it has a short culm, the machine harvest aptitude is high.

Its grain-setting layer is wider than that of "Hatojirou", and about the same as that of
"Hatoyutaka'. Its lodging resistance is the same as those of "Hatojirou" and "Hatoyutaka". Its shattering
is as easy as "Hatojirou" and "Hatoyutaka', while its resistance to leaf blight is the same as that of
"Hatojirou". "Hatokirara" is suitable for tea processing.

"Hatokirara" is adapted to the southern part of the Hokkaido region, the Tohoku region and the
Honshu cold upland of Japan.

Key Words : Job's tears, New cultivar, Early maturity, Short culm

k1) ERIFHEHE  RILE M+ v ¥ — (NARO Tohoku Agricultural Research Center, Morioka, Iwate 020-0198,
Japan)
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% 3) Bl AR WINPT (NARO Institute of Vegetable and Tea Science, Ano, Mie 514-2392, Japan)
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TEEAH ZELA9H 120.7 431 100 12.9 506 61.6 96.9
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R OWIRER ARE
(/%) (em)  #MK ZE4S

AT oEE  RFEE O NER PRl

(kg/a) (%) (g)

&6 723 925 146 9.3 11.6
w728 1006 172 112 10.8

62 i3 &b 29.8 85 125
83 ~4 e~ 35.1 100 15.1
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LA EHELT, iz 4 R, B 6) BRI (Bl EUER)
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2009~20104E 0 2 B AERBRE T o720 T1XEEH (& L'<) X0D2%l BEMRORENE I -
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EESH5 8.1 10. 1 140 15.0 15.0 40 % % 335 140
A9 8.10 10.10 180 20.0 9.0 30 A 5 240 100
Wiz 8 4 10.10 173 20.0 11.0 30 A 5 285 119
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a5 711 928 111 6.0 10.0 37 72 At % 727 338 88 115 504
X&Lsr9 716 10. 2 148 90 5.0 40 73 At fi4 1050 384 100 12.3 494
T ewz 721 REFHK 142 80 6.0 37 71 it 4 1205 450 117 139 490
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7 17 712 139.6 80 58 90 04 44 281 31 111 96 08 84
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X 2 12 7.15 1761 149 85 102 07 73 278 32 116 105 11 107
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'Nijiyutaka', a New Buckwheat Cultivar : Mamiko Yur*", Makoto YAMAMORI*?’, Yutaka HONDA* ',
Masako KAT0*! and Mitsuyo KAWASAKT*

Abstract : The Tohoku Agricultural Research Center of Japan's National Agriculture and Food
Research Organization (NARO) has released a new buckwheat cultivar 'Nijiyutaka. 'Nijiyutaka' was
derived from a line selected from the progeny of a cross between 'Kuzuu-zairai' and 'Togakushi-
zairai. 'Nijiyutaka' has the following major agronomic characteristics: high to very high lodging
resistance, black hull color, and large seed size. 'Nijiyutaka' also matures a few days later than
'Hashikami-wase' and at the same time as Twate-wase' in the Morioka area of Iwate prefecture, in
northern Honshu. Plant height is about 10cm more and seed yield is a little higher than in
'Hashikami-wase. The thousand-grain weight is about 36g, and 1 L of seeds weighs about 630g. In
processing tests by three flour milling companies, 'Nijiyutaka' was judged to be more suitable than
'Hashikami-wase' for making buckwheat flour and noodles. 'Nijiyutaka' appears to be most suitable
for the Tohoku region and southern Japan, and can be sown in summer for harvesting in autumn.

Key Words : Buckwheat, New cultivar, Lodging resistance, Large seed size
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xR6 FHHHIIBITS [IZLWn] OAFRMARE
PHAE

iﬁw S, S i S mmRm mRmgy
TRt LW 7zh 7.28 821 8.24 8.29 10. 5 69 1.0
[ N 7.28 8.19 8.21 8.26 10. 1 65 2.3
aTFRA 7.28 8.20 8.22 8.28 10. 5 69 25
Uk LW 7zh 8.15 - - 9.14 10.23 69 22
F 1 FA 8.15 - - 9.12 10.18 64 40
aTFRA 8.15 - - 9.13 10.23 69 3.7
A LW 7=h 7.28 8.21 8.24 8.30 10. 5 69 14
Fs b LA 7.28 8.18 8.21 8.27 10. 3 67 22
aFRA 7.28 8.20 8.23 8.29 10. 5 69 30
Eih LW 7=h 7.28 8.20 8.24 8.28 10. 4 68 1.8
P 1 FRA 7.28 8.18 8.21 8.25 10. 3 67 34
aFRA 7.28 8.19 8.22 8.27 10. 5 69 31
% LW 7=h 7.28 821 8.24 8.30 10. 5 69 2.7
P b HLA 7.28 8.19 8.21 8.25 10. 2 66 2.7
aFRA 7.28 8.20 8.23 8.28 10. 5 69 35

T.oa)  EHE 2006~2010 4E, BEdEIE 2008~2010 4. B - Al - ZIEIE 2009~2010 4E O REEA O TIMETH 5.
BRI, AR 150 OB /m2). R N-P,OsK,0 : 187554 (kg/10a). 4ef 70cm. 1 Kififk 11.2m2, 3
KB (20072008 41 2 JAf) TRBRL 720
B CIIAERE D 1/2 2 3EHE, %A CIIAEHED 2 f5 5% 4= 35em T L 72,
ZMTIFEFZOAERED 2R E2 R E LT L 72,
b) 6 BREERMG c 0 (M) ~1 () ~2 () ~3 () ~4 (%) ~5 (#)

KT HFERHICBT S LW ] OTERERANR

T o A F2% FEH% 81 RGFE 1 BRAEE %
kel i (cnjlt) (cmi)% ('f".'ﬁ/E [1]“7%( ﬂg(zkk/];ﬁ%& **(}E]))%ﬁ
it LW 7zh 121 119 12.8 2.6 16.6

[ 1 FA 111 109 122 2.6 19.0
HTFRAE 123 121 129 2.6 19.0
Wi w72k 88 87 8.8 27 114
[ 1 FA: 78 76 84 25 13.1
“FRAE 87 85 89 2.6 124
BIUAE LW 72k 112 110 12.3 29 164
[ 1 FA 106 102 12.3 2.7 20.8
EFRAE 117 114 132 3.0 22.1
Bl LW 7zh 115 113 12.3 2.3 137
[ 1 FA 107 105 12.1 2.3 16.1
EFRAE 116 115 12.7 2.8 179
EZu LW zh 117 115 125 2.7 16.6
[ 1 FA 107 105 12.6 2.6 19.2
aTFRAE 115 113 129 2.8 19.0

. a) BEHELE 2006~2010 4E, BRLE 2008~2010 4E, Bk - A - M 2009~2010 4O ABEHE O T TH 5.
PR3, B 150 OB /m2). MM N-P,OsK,0 : 187554 (kg/10a). 4 70cm. 1 KFfiA% 11.2m2, 3
S5 (20072008 4F13 2 KAL) TakBRL 7=,
BRACIIAE R D 1/2 B2 JF . SR CIEED 2 3 % 4/ 35cm THRRE L 72,
ZITIREHOSEED 2 5% M e LCHM L7,



16 FLEENGE v & —WFeE  B114%5 (2012)
RS FHMHMICBIFTS [ICUW20] OUHE AR
g o 4 9 i L - L A =
B B G Gwo  EwE® (D o
it YA - 19.7 104 36.2 631
[ - LR - 19.0 100 309 605
AR - 19.1 101 31.3 602
Wi dh YA - 109 78 35.1 582
[ 1 LR - 139 100 315 562
HRRA - 124 89 30.2 525
Btk ZLwWwizh 46.1 20.6 111 36.2 615
[ - LR 41.3 19.0 102 311 583
AR 431 180 97 31.2 594
(i) R b RLAD) 42,0 186 100 309 586
W ZLWwizh 515 206 111 355 627
[ 1 LR 58.2 224 120 30.6 587
AR 52.3 19.7 106 309 598
(i) g b HLAD) 42,0 186 100 309 586
% ZLwWwizh 55.3 20.1 108 36.2 620
[ 1 LR 56.5 20.7 111 31.3 584
AR 536 194 104 31.0 595
(fie) [y | HLAED) 420 186 100 309 586
. a)  FEEELX 2006~2010 4E. MudEid 2008~2010 4E. B - HAE - 2T 2009~2010 4E O RGO FHETH 5.

FEHERER (L, $EFR 150 (R /m2). MR N-PyO5-Ky0 : 187554 (kg/10a). 5ci] 70cm. 1 X 11.2m2, 3

AR (2007, 2008 413 2 [IKi8) TRERL 72,

BRECIIBE#ED 1/2 B % B, SR CIIERED 2 f5 i % 4] 35cm CTHEME L 72,
ZNTREFROAFLED 2 fFim 2 W E UCHaM L7z,
b) FEEIEDD, 2009~2010 4F0 2 AAEOEEHRERR BT 5 PHMEE TN L7z,

RSB VT (IS LWz ] OB LRI
[P ERE] X 3HELS, iz 4 HEL A
FRA] LS TH o7z, FLT R RRAL LD
10cm s < 85— R HU [ 45 TR EBUE A T4 %
Motze o [BERAE] TEFRA] KVHL 2
BRI D e dr o 7z THIES X OHREL (R 1
BE] X020, [IZLWd] ZTFEIK
Eholes TEEREIF [BERA] %4 % ERbl-7z,
=i WekRER I TR LA ISR [IC w7z
Al ORBINE 5 HELS, THEEAFEHEIZL VDS
FEEEDLY FTHlo72, F72 [IZLW2] O
Li10emE < v AEHIEE T A% < BIkLICL
o7z

WHE Rk, LWy ] oIk
WEICHD ST [ ERAE] X )Evws, #lhic]
Molz, FEEIT [BEERA] AFRA] CIIE
X CHM L. $FRESE 2 T 5 &5 B dHh -
7e5, TIZ LW 7220 ] CIEBHH & Bl CR% o 175
ENE LN, BRI B HENL D572,

A e iR C U X & 2 MR X TR 2 b &
Lhrofzds, LI T NZLwizn] 23R L=
FTLARY [ ERA] LRSI 7, TEEIRS

JEXTHM L7228 T Cwzh] & TR ERAE] I3
[FAERETH - 720

2. MEREICEIY % EHBRE

N2 L@ 72 ] DIFBERTEIC D W THEES % 728,
B O BEWARFEE 5 12 35 W TERFEE DA &
UEEOG] &8 LG & Mo BRRIFERE 217 -
720 ICLW7Z2h ] BRBTOHH/TE, EE2ME
Z X5 S BIFRICH D BB TR ERA] XD
REho7z (R9)o THERTIIIBHERICHD
5§ NZLw7zi ] i3 TR ERA ] iz <<,
ZINE o7z (R10)o BRI TR L 2RO
BELT [ICLwid] TIIMREA TR R
X0 %hotz (K1),

3. REEICEHEREE

HARNLESERAN £ > & —USER eI B X OV
ILESERTERR A > & — KIS T ORRBRR 2 3%
121277

HARRIZBWT [IZLwh] ofiix [FL
BALD X 8HEL, Fid4emm < BIRIZS
Lol THE, AMEILZVAPFEREIS BT
BY . RAERHINE T 723 fHRE ] Toh o7

BIREIRIZBWT LWz ] oml@dilid [



HEED Vil (2 Cw7zh ] OFW 17

BefkTid] X0 3 HEC, FAIIFET, FHEER
10% L1il 5 720 BIRFLEEICIZ AR AR S, 7]
FF BN o THE, ARMEIEZSZ Do
720 FAAERFANII AR [ERAER | L ORBIZE

RO E5| S LEPMHOMMEDS X O (20094F)

—_ WA SIEELEREN o Ik
. AR Y BgEY Mo
IZ LWz 80 6.98 12.32 sosksk
F b LA 80 4.00 555 *okok
rin i [ 72c) - %ok Seskok -
. a) WAEOS8SH4H., AAHIOH25H 28 He

HE10cm DEETEELIT VIV T 4 — A7 —
VD7 v 7 EEEL. KFEHFMIZHIWTEAEIL
BB 2 Pt &l L7z,

b) &M FENEETRGHE GRS S 48cm.
142%) (10cm k) o
%;g CFENT T Y — TGP - R R
H o
JEAERE H A IX 200 AL 'm2 T, FEEEOW I
SA% 172 7R, W 125 AR,
il (N-P,O5-Ky0) 1. 3% 1.3-56-40. fikdk
15-6.3-45 (kg/10a)o

c) ®%k%k:01%LNVTHEAEDD

W S F R AE ] L sh/s,
4. ZOMOEHEICH (T 2 HRBBKE
1) EHEICBIT 5
Y NE MG E R 0 F BF VLB SR AL & R T
2008~20104E- @ 3 4E [ FE Jii L 7= Fehs sl B & 213
WRT o LWl ol#diiz TEik1%5]) X
D7HRLS, TBERAE] X)) 3HEPS 2, HIL
MRS ] LAfRET TR ER4A] X ) 12em
B o 7zh LW ] ZER LI o 7,
THE, FRELHICKE L, FEEI ER]L 5]
(B LA # 2N ZN%E27%. 24% LIl - 72,
2) KB BT B Rk
2 LT OVEWIFFERT Y512 331 % iRBR AR & 2
BIRT . [CLW72] oRBIIE [1Fi#1 5]
[ RERKZ ] LIBIZMREZ 5 700 RlE [k
Rz ) EWAET (Bl 5] X &2,
M@z ) FER LIS 2o 7ze TRIEIE [
Bk 213 X0 Dl [R5 X %L,
THEEIE [HEKRZIZ] 2 T2 [F#1 5]

210 BORIINIC B BT B X ONUEBAHGE (20104)
W BL BLUR RatE  TERE AR, L .
RE% M (em) B GRAD  (m4D)  (mm) o (;f; : ?Zj;i; %(*f b iéf

&= 9/10 10/7 9/10 9/10 8/26 10/7 9/6

A 126 125 37 136 6.68  6.29 0.3 483 16.0 34.3 623
LWz 121 125 20 72 520 588 0.3 499 16.3 339 620

% 109 116 2.3 61 535 513 0.3 56.2 172 335 621

A 115 124 33 142 659  6.35 5.0 36.2 119 274 581
[ b HLAR H 120 130 2.8 115 602 632 5.0 40.3 13.1 274 581

% 110 114 2.2 81 580 492 5.0 40.1 12.0 272 574

W w05 U BN, R (NP0.K,0) | 187554 (kg/10a). 1 KM 120m? < 3 WM, TR

By ) i3 LW 235, 70, 105, BE LRV 0300 6.0, 90 (kg/10a) T, HFEMMEF O TR &

(2L @W7z7»39g, B LA 33g) & MMk S €7

b) 6 BREEAM 0 () ~1 () ~2 (&) ~3 () ~4 (%) ~5 (H)o [BELERE] PEemzrSERLzz
DEFITHE L, L - 8 1 RSB - BOBROFHIL 72,

K1 BAREBIC BT B RO RE T AN
WA £ O WA D R0 B
- 2009 (62HH) 2010 (29HH) 2010 (71HH)
WHA i meE PRE  PReE  WRE | TRE  TREE WK
(mm) () (cm) (mm) (%) (cm) (mm) (&)
IZLWw7z7 5.19 195 4.84 4.67 394 6.21 5.25 57.3
[ IR 3.27 6.4 4.98 4.70 29.1 6.11 5.08 38.3
e [ b) kakk sk ns ns %3k ns ns %3k
) BEOB . B AlAE 0B L OE 10 ORIESI, MAEIE 2000 477 13 Tk, 2010 4% 90 Tk,

b) ks, kk: ZNEN01%. 1% LNV TEEEDD,



18 WA RN T £~ & — Wi ge s

AQUIE 2/ A
3) BRI PRI B
FRH UL HEF AR R ] 35 & OV T TRRE YU 1S
B B RBRGH % KI4UTRT . TN OB
TR ERA A TRA ] ICHS TICCw2zh] &
FIEREOSER LIS 2o 7o AN RS B

#1147 (2012)

A1 XY IHBEENSDS, [AFRA] L3
FIRECd - 720 BRI CIER 5 0 F8 CHRHY A%
EN220004E 0 T HEEF B ERAE] L) Dhdo
7o 20104F1% TR B4 X0 E 0oz, HFR
Tid [aFRA] ICHTRE, FHRESKE .
T-9EHI1316% FH] - 72,

Bi2—1 ORISR SR B

O I AR = TR TV BTN - . S

i Gi-1)  (A-B) (g-p) CEEHECCBERERY S TEMH
R T 5 — W
IZLWw7z20 8.4 8.30 10.15 72 05 108 105
[N 8.4 8.27 10. 7 64 25 104 10.8
RN EERRA Ty ¥ — KR
IZLWw7z20 9.10 10. 4 11. 8 58 15 67 6.8
R 9.10 10. 5 11. 5 55 30 68 6.7
R AR Sk 9.10 10. 6 11.29 79 30 93 9.0
W o) CERTN 0 (B ~1 (B0 <2 (3) <3 0h) <1 &) <5 (.

B & b 3 AR OTPIRARZEAY R EIROBREZIZ O W TIEEHME TR ICEE D D ) P TE vz

2010 4 DO FFM G D A 2 Bk L 72,

F12-2  BHGEBPERERROBE (X
EET ) o 7S TER WAEEL | TRE s
iy BLIIRE (kg/a) (%) (g) (@/0)
RIS F —ER)
IZLw7z2 25 572 245 95 39.2 631
[ b AR 2.7 534 25.8 100 331 600
R EERRGEA LY 57— W)
2Lz 47 870 11.3 110 36.3 584
Rk E X 48 88.0 10.3 100 316 545
JERTE R 6.4 1284 85 83 304 566
13— M R O B
G R L, AR AN M W - DT> S
i Giom) iem) (geny TORECBRERY o TEEE
(87 L7358 & B, 2008 ~ 2010 4EF-1Y)
IZLWw7z20 85 8.29 10. 4 60 1.7 113 97
(G- 3% 8 5 8.29 10.11 67 37 114 105
[ I A 8 5 827 10.01 57 28 101 9.6
BB F R 7ETT. 2009 4F)
IZLWw7z20 8.20 9.12 10.19 60 2.3 110 -
R 8.20 9.10 10.20 61 28 112 -
(G- 3% 8.20 9.11 10.21 62 4.0 107 -
(TR HEPE I 2010 46)
IZLWw7z20 8.23 9.18 11. 9 78 1.0 94 -
(G- 3% 8.23 9.17 11. 9 78 25 38 -
W o) LI 6 BRI 0 () ~1 (B) ~2 (B) ~3 (1) ~4 (B) ~5 ().

VEWIRIE 5 BERSETA - 0 (1) ~1 () ~2

() ~

3 (%) ~4 (#),



HILE 2 - Vv oNgimfl [ LWz OFRK 19
R13—2  HISGEISMERBORE (iX)
(FRERIH U BRI %) 1RO fEEK o TR [F) 2 AR HE THE HREE
YA (kg/a) (kg/a) (%) (g) (g/ @)
(R¥PILE 3L & B, 2008 ~ 2010 4E°F-3)
MMLYTN 23 176 675 224 127 35.0 622
Eikle 23 228 718 17.7 100 298 590
W bR 2.7 229 540 181 102 286 588
CRATREREEMIEZET. 2009 4F)
MY TN 17 - - 96 91 347 -
HReRk 712 24 - - 106 100 35.0 -
Eikle 20 - - 96 91 295 -
(AR R 26 0T, 2010 4F)
MMLYTN 24 145 - 111 - 347 -
EiklE 28 153 - 96 - 295 -
®1a—1  KHEBXOETFRIZBI S [12LW7h] OREE
(G ) BN REE POAERRERIN Rl U g i %' I
% K W) Glem) (F . CEERECOBREES o REER
(K HH VR T JE AR ) 4 T )
MY 2009 8.12 9.10 1013 62 05 74 74
2010 7.20 824 9.30 72 05 97 118
2010 8 3 9.2 10. 3 61 05 90 103
W5 LA 2009 812 9.9 1014 63 25 70 74
2010 7.20 8.20 927 69 30 88 117
2010 8.5 9.1 9.30 58 25 80 97
CAFRAFEERMN)
MY 731 - 10. 5 66 18 66 122
HFRAE 731 - 10. 4 65 25 65 119
W L g 731 - 10. 2 63 30 63 114
. I 2009 ~ 2010 E 0RO FHHETH %o
a) G ERREREMG 0 () ~1 () ~2 (4) ~3 (h) ~4 (%) ~5 (3)
R14—2 HHEBICETIRICBITS [ICULWw2d] oWk F)
(FEs ) BN %1 R A THEE RO ToRE HEE
i 44 R (kg/a) (kg/a) (%) (g) (g/¢)
(K I VEL A P 8 202 12 T )
MY 2009 27 - 24.0 34 58 - -
2010 30 - 131 33 150 - -
2010 25 - 128 47 124 - -
W L 2009 28 - 22.3 59 100 - -
2010 25 - 95 2.2 100 - -
2010 26 - 101 38 100 - -
(CAFR A FEWERA)
MY 29 158 353 140 116 36.9 618
BRI 34 193 319 121 100 312 588
W L 29 175 30.0 132 108 316 589



20 B EENIIE Y v ¥ —WFsets #1145 (2012)
®15—1  [ICLW72h] OFEEMAER (20104F)
sk FEE TR
i S 7 HRARE S 75 AR Y Sl . 75 AR Y
T4 T3 il e 2 25 FARKL -3 AT 534 3 i e 2 5y
(cm) (%) (cm) (%) (cm) (%)
12wz 95 9.20 9.68 94 9.17 9.76 11.1 115 10.36
B b LA 84 8.46 10.07 83 8.55 10.30 10.8 143 13.24
aFRA 95 10.46 11.01 94 10.32 10.98 115 1.59 13.83
. PR TR X ) R SN 00 kR RA L, RN 8 A4 H),
R15—2 [ICLwWw/n] oFEERARSE ()
81 RS VAT
o I 7"::??:: Sl W:}?ﬁ\::
4 SNl e PALLY S & 5] ] e 2 ¥k
(cm) (%) (cm) (%)
IZ LW 77 3.0 0.81 27.00 13.6 5.76 42.35
F b LA 25 0.67 26.80 149 583 39.13
aTRA 3.0 0.72 24.00 177 8.05 4548
K16 [ZLWh] OFREFE

2 AERE 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

- AR R i o Fs Fy Fs5 Fg Fy Fg
HILEIET O O
1155 ik O O
N O—0O
TEE AT O O
N ek O O

. RALOMISER S 1 Rk H AT AR IS L 2.

=

vV B & E

[CLWw/eh] OREORMEEIIO VT, B
AEBIOERGRERA L., BN TR R4
Je Ol [ FRAE] LI L7z (5R15). i
CW7z2r] OEFRLRIIFEL, EER, BEHKT
Ei b NS L B RGEE & OB JC iR
i E R EF A RETH -7, o Ty [IILW
7o) ZFEH RS WA EEIC R E L T\,

VI S

B K OV T OB BRI S, [1I2 LW
77 ) AR T DU 0 B R & BRI K s L #F
ZHND, MENELT, BEEZ SIS
DRSS IS LW7eh] OTFFEE ok
SELWEGD 2D, BHME RS T ) Sk
FFICEBEERWIEDPETFLVWEEZ LN,
BRI H ORI L /AR EMEER L. o0
Rt %72 C2 2 EHEE L AFRFHEOY

BRTHhOFEEY HEEE Lizv, F R <3
AR TIT o 7o/ BIBEAER (20094, 7 — &%) T
X, 6 Afdy, 7 H R4y, 8 A RAUIRIE OB & Dk
BHEE. £h2h80H. 71H. 61HE 2, P
bEDMIE Do T2 7272, 6 Ahikfic B
LML, AREPEROX Y T2V NDIZ ) 3
BTz,

R AR E UCld, BkH U B g T A R~
O FAAMIEE > TV DHIEA, 20124F LA 1 [ I
FBH MDY IR < HAL KB K OBIH - kRIS
BOTHEREIIEFTLTPEL Lo TV D,

VI BB EOFE

e EOERAIIROMY TH 5o Oifiethidff
a3 T 2w, BEAFmHEL & AR O FK
WHRIZEF O Lo OWHEAEL % % & FEDORBDA
T e D NEPMET 3 20T, EHHFHICLSD 5
(G TP E, ECE B8 ASHEI TR
HEICHES %), QW EIREEZ AT 575, Bl



HEED Vil (2 Cw7zh ] OFW 21

ZIZEDERLR T 22D THIERISERT 5.
@BREIIEE ST TRV T, B mAE & [k
VR (25550 B o ORRBERRAEIC X 0 FRIE % HMEFF
L. GHEif 2 E 8 2479 o

VIl #n&DHEF

20114F 3 H11H, WHAKELKAFEA L TR
RIS REM R L, Wbz d & X HAE
ZH TR PEITA Ulze MW, SIS
e BUERBRBI R & R 2 CH RS & ARk T
BHotzh, TORKELR R CRLMIZE OB
FADFNE IOV EE Z . WS E MG L7
Mzl (D) ] THERHEDA A—VZRHL, #i
WS [Wizh (B2 ] e LTEETS
ZEEFELT, NICUWwhr] &%l

X BHRitEE

N LWw7zh] OFBRICHEHRELMERo#LS L
7oA E RI612R§ o

X &bHUWIC

BRI Y v ¥ — 2B 5 VU NE R,
20004F (2 E IV EY B R TR S AT M IR TE L T 7ok
W TR X 2 BT BRSREM ®RE 2 H I
& L7 BEAR SRS & OV /R DR o0 LR R B
POIE 5720 Lo LIAEEEH IR T oA
X AFREZBESE LW E 2o T2z
B, BRI N E R WY ORI DK & 72
M E o720 VNIZHRBHBIEEE TH ) . APE
JIRGE TR 0 35 \ 20z T EK o e e s e il 35 0
REDVLIETH o720 FEBFRBEALO TR
0 Fr BB R & e 6 B T O B iE SR T 3 205200348
PORHETREE 22 ) REBEONHHEROMEAE - R
MBEBICHEICADLESL Z LD TE

LWz ] (I EREEEE S Ui B 2 4
Hoxzn, X0 —Jgod s L DR
AREEE LTREINTVD, 2010, VINT—iE
M E o TV WE, Biki, MFESF, AR
F— 7 EORBEANORIG, WA R @i g b~o
ez b, SHOBETH L, T2 BB
K& W EEHD TR I D 53 8 s B 7 B
BELHY. NCLw7zd] LIRS AL %
MEOBFRLLETH D, BEOMEM»HH, BVE
CHBEEZ LW TENIHBRBE =AW bH T L

AREE 72 V) L B U SER e v 5 — '
L7z THEOWSRE ] (20104 3 7 ah k) (3,
P HAROWmIE 2SR 2 WML 5 H T~ 6 A Ll
WHERE AT SRIEMOFTmETd 2 (K
2011) o V2N AT O A B AL 058 N 2R U TR
FE], RSB R 2B TH Y R L
BHEDOA ZEZITHIETE S L9 R
Wbk RAERRIREZ D ORI E FR T 5 2 LA
GROBETHS ) KiF (2011) (EHEAL DDA
DY NFHRORREREEZ T L O, VNOFM
BB 2 BIRIRVIRE 217> T b SROMF
FEOMERIZ L D B RAFEZ LA S 2 72 AT
FEHRANDBEDFPND 2 & 2 HIFEL 72w,

51 A 3 8k
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FoEIREFRANEHmE [RER>DD] OFERK

BT R AL - PR 2T - AT
R BB I BT I S - N
BB AR OMEFEETCO R Y R BT

o8B (wxZse] BHEPELLELRT, ARV r —FHMEOBNEI/INETH B, 199745
HIWCHR/NzD TRIN0E (RoFxe X)] L [BRITy (BOZhdTF)] LOANTRREITY,
TRARICE T TR - BEE 2 137200 L 20104F8 HICHE A 52 T Ly 20114F1 IS AR B S P G 2 47 > 72,
WL RIS X ORBIIES M OIIET "RRE” TH Y, EHSHMTHIBOER & LTl
AENTVD [F773Ia0F] X HEINE6 ~8 AR, HAWIZ4~6 ARV, #HAEEPRET
PRIZBA & . FEfO IR R e BEEA0cmO FREET [F 47 3 a4 F] L@, BALIHmIR. A
S HETHERRRE V. TERI [F7/HIa2F] I0HI0%EL, THREZ [F4HIa320F]
EFUHPREE, ARELTRETHLIY [F¥HIa1F] IS, FEOF. KESEHHRE
OFRAET, SMEIE PO E TH L, REIIHIRE TR A IR, EAR SR E,
60% Ik A" TR AIaLF] LFEBET, IKGERIIEE. 60% I L T
[ H3IarF] LA, HOWER [FHIa2F] LRABET, Kh, HOAIDRV,
TIOTITLDREMENKEL, TL—=20 8y 3B RETH L, 77) /7520301 A—
F— N 2a—iF K T, ZFXFRAT UV TIAOEMONOREL RN, MIRESUL iy
TWIND [F¥A2IT2F] LVEMEINS L, BONREELRT, ARV IO r—FoF5fE [+
yHIaLF] IDKREL, BRFHHOSED By HEMEIE 0" 7225 WEkE [543
AF| LFELL "5 THDo MERMEIE R T BRFEEIE "R Tbh b WEMHR.
) EATIHB L ORISR OSIEIEE R0 T R OWIPUEIE T ThH B,

FermE L - JERE IS O R FIFESO N LT O T, BT ERE LToRRI SR,
F—TJ—R:ax¥, Wh/NE ARy —F EEH, A ©XE55

A New Winter Soft Wheat Cultivar "Yukiharuka" : Yoshinori Tanicuca*!, Kazuhiro NAKAMURA* Y,
Hiroyuki IT0*!"’, Masato TAIRA*?’, Toshiki NAKAMURA* ", Goro ISHIKAWA* ', Ryo YOSHIKAWA*?',
Koichi HATTA*"Y, Hidekazu MAEJIMA*®’, Miwako IT0*¢’, Hiroshi NAKAMURA*2’ and Seiji ITo* "’
Abstract : The new winter soft wheat cultivar "Yukiharuka'shows improved cake baking quality
with a high panicle number and a high-yielding ability. "Yukiharuka" was bred by the derived line
method at the National Agricultural Research Center for the Tohoku Region in 2010. It was selected
from a cross between "Tosan 30 (Kinuhime)" and "Kanto 117 (Kinuazuma)".

"Yukiharuka" is an early to middle maturing cultivar in the Tohoku region, and its growth habit is
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degree IV (winter type). "Yukiharuka" has a medium culm length (90cm) with awns and white-glumes.
The panicle number of "Yukiharuka" is greater than that of the standard winter wheat cultivar
"Kitakami-komugi" in the Tohoku and Hokuriku regions, and its yield is about 10% higher than that
of "Kitakami-komugi". Its 1000 grain weight and test weight are intermediate. "Yukiharuka" has a
red and floury grain, and its flour yield is slightly low. The protein content and ash content of
"Yukiharuka' are slightly low. Compared with "Kitakami-komugi", "Yukiharuka' is characterized by
a low valorimeter value in farinograms, poor dough extension quality and weak resistance to exten-
sion in extensograms. The volume and quality scores of cake made with "Yukiharuka" are higher
than those of cake made with "Kitakami-komugi". "Yukiharuka' has a slightly high cold tolerance
and slightly low snow mold tolerance. Its lodging resistance, sprouting resistance, resistance to yel-
low mosaic virus, resistance to powdery mildew and resistance to leaf rust are slightly high. Its resist-
ance to scab is intermediate.

"Yukiharuka' is considered to be adapted to plains with less than 80 days of continuous snow

cover in the Tohoku and Hokuriku regions in Japan.

Key Words : Winter wheat, Soft wheat, Sponge cake, New cultivar, Yukiharuka
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a7 RRSBAFREEN, (A1) TV ] LRERE & [R5 338%] Lok, [4/5) Y]
Tha (£9). BETMELTEEARARLIKS  LIZEALTHS (K10, [WE1355] BEAE
EROSEVLORBL TV, FRBE060%  AREKSEROWHS% . ETHORRE L
BHECLGRE [FFh3a0%] LABET  CTERLTH,

x99 [WEII55] oBBYE (2005 - 20084EF3)
Y — T —BBHRIC X 2 B R

i 4 i " = ! ! — N
ki % wpsm SRR BME Tt Bwe s 7 o
0 0 % % % Ty

W XIT 5 10 L7y 69.2 49.3 59.1 786 0.38 85.2 49.1
FyHIaLF 12 L7921 718 453 60.2 82.2 048 829 485
AN TV 53 L7921 704 40.6 61.5 815 0.40 854 494
EAR61 5 - L7y 68.9 454 60.1 788 042 83.0 52.2
WW - L7y 74.6 383 64.0 84.3 047 86.3 49.7
ASW - R 74.1 274 64.8 89.8 0.49 84.7 455

TE. O EMARCLF B, WWEASWITREGERE» S RBHICGEE SN 0 TH S, (F10. 11, 14, 155F L)

B ORE - K BEEKS 145%. 7 4 — Kl 25 4 /kg. 7 L —F 0 — VR 01-008mm. I KV v 27 a—
JVIEBR 0.06-0.03. 7L —FMlEHH 30W-36W-40W, 8XX-9XX-9XX., I N1 ¥ 7l H 40W-50W,
10XX-10XX-11XX

BRSO R KBRS 15%. 7 4 — F#BE 20 45 /kg. 7 L—F 0 — VB 01-008mm. I K1) ¥ 7 a—)
B 0.05-0.02, 7' L —Fllfiii H 30W-36 W-40W, 9XX-10XX-10XX. I NV ¥ Zlfii H 40W-50W,
10XX-10XX-11XX

xR10 [WEIZ50] DER B X U60%HHE (2005 — 20084EF-15)

JERE 60% %

Tt £ ‘A K EA K BRho7s k& ot (Lab £a%)
iz am aE aE HR O u—20#H4 R HE kA ok
% % % % % cm?/cm3 L* % b* W *
ENESER 96 1.32 78 0.36 25.3 3538 887 038 139 82.1
FHHITLF 96 148 8.1 045 26.3 3290 889 047 144 81.8
FNY T 10.0 1.35 85 0.38 205 3488 877 053 159 79.9
615 87 1.72 73 0.38 257 3943 886 041 145 815
WW 104 140 90 0.44 265 3238 892 040 155 81.1
ASW 10.7 1.26 94 045 24.1 3040 89.1 0.33 147 817

. I 22— 5 — BB TR L 72 60% #3 & L 720
WMot vy CM-3500d TillE L7z,

®11 [W@&1355] &MY (2005 - 20084 F19)

770754 IF¥ZXFYVTIA(1355) TILS TN

e oKk Ao AMo AMo Nwyx Efo MR OMME BRSO BMER sElEE &R TLV-7

B P OBEIE O §5LEE -s—-- JoRE bt B R WRE BoRE RE Sov
% min min BU. NVJa- cm? BU. mm T T BU. BU.
WX 57.1 13 0.9 129 32 56 227 155 15 62.0 882 1059 282
FIAITLF 55.7 1.7 18 119 35 85 383 157 25 59.7 88.8 790 198
VAR R 56.2 2.1 29 100 40 65 232 182 13 60.6 86.4 975 453
A6 55.7 12 12 114 34 72 293 154 19 59.3 89.1 966 222
WW 54.6 15 22 107 37 73 321 160 20 60.0 89.5 566 70
ASW 59.7 48 7.1 47 58 113 459 181 25 58.7 874 818 267

i IR 2 — 7 — SRR TR L 72 60% B & [ L 72,



32 FLEENGE v & —WFeE  B114%5 (2012)
FR12 [WEIZLH] OMESRE
EE 5 % B W XL B H FrAIALF I8 T
2249 ik 4 (=) 4 (=) 4 (RRh)
2250 R IINC2INY) 1 OB 1 (kg
22-51 B 4 (RRIK) 5 () 5 ()
2252 IYryrRxay 5 (1) 5 () 5 ()
22-53 60% A HL AR P12 A i 4 () 4 (D) 5 (#)
22-54 60%A7 K 53 B 4 () 5 () 5 (#)
22-55 60%F 7 I O — A Erh 5 (4) 5 () 3 ()
22-59 WO 6 () 6 (%) 5 ()
22-60 B O 4 (RRfK) 5 () 6 (=)
22-61 A D AL A 4 (RRIK) 5 () 6 ()
22-62 WA 5 (4) 4 () 4 (RR)
22-63 WO X = — )N 2 — 3 (D) 4 () 4 (k)
2264 Ao O 4 (=) 6 (RRK) 6 (%K)
2265 A3 R 4 (R5) 5 () 4 (%5
2266 A i 5 (4) 5 () 6 (RRE)
2267 G Y AINEY s 4 (=) 5 () 4 (RR/N)
2268 TR 7 (K 4 (RN 7 (K)
22-69 TL—r ¥y 5 (4) 4 (RR/N) 7 (KR)
. [WEEa2] OBEE SR 9 FEERMGIEESETAARES (1998 4E 3 A) ] osL#1HE-> T, E5idbis ()
DENMETHS [ HIarFx] & [xN)TY] LKL CTHMBMIZHMHL 72,
xK13 [WEED2] © Wx B XU Glu BIET OHERK
AR Wx-Al ~ Wx-Bl  Wx-DI Glu-Al  Glu-Bl  GluDI  Glu-A3  Glu-B3  Glu-D3
W XX H b a a c b f c g a
FEAHIaLF a a a c b b d g a
SN TV d d a a e b f g a
E. WxBEET O a ldiEH. b ik,
Glu BAEF O 53 HT 130 i v DY R SEFZE & & — i ECISARIR L 72,
®14 [WEXDH] OARY V7 —Fi#EM (2005-2008)
B4 ARYIr—% B RERH
sz S g {RAE ml AR FEH- &0 124720 WA
TR 294.6 1197 4.06 0.1 08 0.7
FFAHITLF 2988 1149 385 -02 04 0.2
AN Ty 295.1 1090 3.69 -02 0.3 0.2
BRI 296.1 1250 422 16 18 1.7
WW 296.7 1156 3.90 0.0 0.0 0.0

. ARV IV —FOBERERAIZ/NE 100g. 9 100g. HE 100g. 7K 40g & L7z BV CdF vy F A4 F—% i
L. FELE 025 & L7z BabRIEKR—IVERL % Uk 40 18] +40 18] + 25 BI4T 5 720 BERIZ 180°C T 30 4o
EHERHMIE WW %428 (0 5) & LT—4~ +4 THHiiL 72,

[WEE2H] 127 I - A5 ERT O Wx-

AlZR LD (3R13), Wx-Al: Wx-BID 2 2% K<
(AN TY | XOHLRICT I u—20HEIE
Ay BCEEMO [F573Ia0F] EREETZRS
N, MERBEIE THAN) TV ] EFEEET, B
DORT-DIR M “RRRE” TH D, WO
(¥ 73as6F] ERABETHLL, R

A (3£10),

TrV 7T TORKEL [F4HhIasF] X
NEL T THbH, 77 TFTLDNTY A—
TN 2—=BIPZF AT V7T 2DEHDT)
OREE, MPRIPL. BRI INS [F5 43
TAF| X DMEIVNS L HHE LTORMED®R L,
EFHELTHLTYS, B, [WEIE2H] 0



AFH -

FE MUV S AN i [ @ 21350 OFK 33

®15 [WZXE55] OED A (2005 -2008)

- % AN
e oy ! S8l : ﬁb R &t
ki % VEsETk VAR e HOLNS

(20) (15) (10) (25) (15) (15) (100)
W EIT D0 RRRR 145 10.7 7.0 182 114 10.3 72.1
FHrAIaLF RRRR 144 104 6.9 173 10.8 10.2 70.0
ANY Ty W3 122 10.3 6.6 19.3 122 10.7 712
ASW R 16.3 115 7.3 184 11.2 10.6 75.3
=287 RRRR 14.0 10.5 7.0 175 10.5 10.5 70.0

. D ANINE O SRR - BRI & 50 ATk - (1985) EEMOKEEE i A WIZEAr I HE U7z,
2L IFY M (FyFragf b)) 2w

xR16 AT BIT 2 5B AR
R RS, N ﬁEMﬂ FE BE M ®H MR XL MZE 58 i"ﬁﬁ ARE THE A8l
£ (A0 (A0 (em) (em) (K/nf) £ FEE o fiW (ke WE (@ (@ dhE
BT wEiE5 0 2007- 511 6.27 79 78 408 08 02 00 03 455 126 809 398 20
VH— FrTaAAF 2009 513 628 88 102 303 06 02 00 14 360 100 809 430 38
¥y AHITLF 518 7.4 96 87 368 13 00 00 06 511 142 783 421 27
— B wZiEsrh 2008- 5.8 625 96 94 677 - 19 00 00 592 168 777 390 30
B Fr7arx 2009 514 627 91 101 594 - 30 00 15 353 100 753 385 43
2 M wERELh 2008- - 623 86 79 571 - 04 00 03 470 122 769 382 23
W oM Fr7arF¥ 2009 - 625 86 92 53% - 18 00 15 384 100 783 400 30
HoJb wEixsh 2007- 513 7.7 89 81 721 13 10 00 00 597 157 789 395 27
e v 7anyx 2009 517 7.7 84 93 58 10 17 00 33 380 100 782 404 33
=8 WwEEL, 2008 - - 77 87 146 40 00 00 00 205 43 721 358 40
W oM Fr7arF 2008 - - 97 110 445 10 00 00 00 475 100 729 398 30
— B wZiEsrh 2009 518 7.1 90 92 89 00 13 00 00 920 117 816 353 50
Bo ANy Ty 520 629 87 87 978 00 03 12 00 783 100 813 338 6.0
— B T DA SR SR g A & LA PR ENTE L v & — F 7213 BAC R EIIE I CE M. MY, 4
30cm @ K1) Vi, #fiE 6 ~ 8kg/10a. HANZEHE 4 ~ 6kg/103\ T I R OSB82 56 I 4% 2kg /1020
— BB TS AL B SETZE & > & — Tl AKHEP. &M 25cm o MY VI, #fiE 10 ~ 11kg/10a. HEMEEFE

4kg/10a AL 314 SR I 2kg/10a.
FHRE, BIRB L OWE 0 (I6).
ST 1 (1), 2 (ET),

1 (). 2 (D),

3 (H).

3 (E). 4 (), 5 (FF),

4 (%), 5 ()
6 (F)o

AERI I, RAVHOFEEZ R SNT, RS UW D 2008 FI G FIEEN L v 8 — TRFEAE L2720 TH 5,

GluiBfa 2RISR L7z 73075 7 DO
iz KT T IFRSAIaLF] LD KREL T
L= o " T Iy hiar¥] L [%
N ITV] ofTHE (K1,

4. MIEM

[WEIZDLD] DARY TV r—FOIERZ4.06
T F2A3a32F] X05% [ANY)TY] X
D 10%82 & AATK E v, FREEHI S Wi AR & 0 1124
2R BERDEY (Eld), FH3IEX [@
322 ZERHILZAERTH L, INHER
ELZINT R ED, 2L OEFEDPHIE [F4
HITLF] EERMEL ) BES L VEDT R
FAELNTV S, KM, W OPDEFEEH, LI

(MR ) 23 B L LR, AR T r—F°
NZOGHEDOTA F ATV 5,
BUSEE T [N T3 ] 1B KB,

BOLNEIT [FIHITLT] ELLD, &F
O RE & D mv (515) 6

5. BFRICHT B

[W &350 ] OIEAHEE SN T REHIC

BIF M %EKIORT . AFROFIMETH %
[Ty 7anF] LRXUHEHIEZ2~6 HRE v, K
BN [Fr7TaaF] EEU»2HEERL,
[FFA3IasF] LD T7THRL, AN TY] &
D2 HEV, BEREMEMHEIEELL [T
LAF] LOWBITHARLE LS, [F4 7334



34 WA RN T £~ & — Wi ge s

#1147 (2012)

F17 SRR YE R ORI 51 B KSR

o o I FRBRAE B
B AR e i 5007 2008 5009
AR AN 2 v 5 — K% VAL R= A127 %130
KA IR AT T RNy T 109 127
HRIRHHE AN Ty 111
AR ERA v 7 — e VAL R= AT0 %100
W SEWFZE AT P 2N T 136 103
BT B RNy T 83
AT T Bt N TV 128
AR v 5 — Fiie Fr7an¥ A124 0131 O121
— BT Bl FrTaALF 163 173
STV B FrTaALF 106 142
EFRREENREY V5 — e FYTALF 0164 2139 o171
Wb R ERT SR BT AT 43
R MR BER AN &2~ & — e 2N T x99
IR EERGEL sy 7 — Fr7an¥ Al114 2126 0138
£ FrTaALE 126 139
wWEEEEREG Y Y ¥ — Tt EhdHTF 288 097 122
T UL R S A B B FrTasF 128
Bl FrTaLF x 150
ey U S Sy i VI ARANF -114 ~124

. B FEEONEHELE (%)

O:BHE, O: AL A FHEL x (#HE0. % FEERICH S dik

Fl XL (AN TV] IDRRREV, R
W [Fr7as¥ ¥y h3arF] XL,
(AN TV IRV, Bl [Fr7aa
FLI*Fosh3Iarssx] kg, TanNy)Tv]
LA hwv, TR BEY CEEEDREANEL
—MHEMT (AN T2 ] X0 EHREEE DS K & 2
5 72PN LA & IRl L CH VL o 2B REO
SRR ON oz, THEEZ [F U7 a0F]
ATV EEL [y Hh3arF] X
DA% odz, HREEEIMA [FrT7anF] R
(AN Ty ] LEBET [F4H3I32F] XD
K&, THERZ [Fr7asF] e [Fsh3a
AF] XA (AN TV XY REW, HE
OMBUE IRt WL ) BRAFCH - 72,

V EsIUREEOBESR

1. ERSREREFHEOBIST

B SR E R A TR 7 I 9 A AT OWFZERE T 3
ERICHIZ) . oR21bFAE I Tb iz (F£17),
0B, HEH6 I, FHEEATI0m, FTHE0 252
Bl AR Z kAT 2 18], FRAEL 1 MITH
o7z FRCATFRCHLAFMA L o720 HLEOW
AR OEMEEE ORI L LCIdRAE, BRZ. £

I AMBURE AT F 7213 ROFHEDZ <. 5 THED
OWEEE. FREEEOMEITE LT, EFEIILRH
WL TRERAREAVNS VAR S Tw,
2. £ESLVRNEYHAERE
VLTINS A7 BN R e T AR R & K181
RLU720 [WEIZHH] O MBI ESE & E R
RBE.[Fr7any] (AN TV ] [¥5%
I3 F] FREOREE - BGAE L ) R, Bk
B RSP RV, BEEORAEIZ 573 aLF]
WHRT [FN) TY] LRV, IR HE
SO B L VRIS CRELIZD DR BV, T
FENL T AR B IET & MR ZET 250t L 72 #E il
Wy By % B & AR - REGEAE X D ZIE 721
[ CTHo 72 FEEIIRBICL ) R b 00,
BBIZE [Foh3a32F | R [FrT7asx] L
ST, (AN TV ] XL Rosslimg
IHEA K IR O REHE - LR & SN TV,
3. FHimiE
SEph AP R AR & ORI E BRI B U
B EMES L O SHW L. WS L RO
5 DB O T A & Bl M X S . (BIE - dbRed
W) OHET, WFEWIEA80H LT O Hus & i
b,



AENE 2 - I A RN [W &350 OFK 35
R18 LY AR E A B 2 HEFRBGE Ca TR Z R <)

SRER ,-zﬁ% B MM I R MR MEORT BIR RS GEA R TRE BRIE ARE THE SHBL
mfiA AR U1LH) O1LA) (em) (em) (R/n) & R 09 2H U9 Ged B (g (@ wHE
H OHF WXIEHH 2007- 5.8 628 84 80 477 10 00 00 00 00 594 129 797 405 30
A ANy Ty 2008 515 630 80 78 457 05 00 00 15 00 462 100 812 362 30
R ¥yhias¥ 517 7.6 95 84 364 15 00 05 05 00 471 102 787 422 40
H OHF WEIEAHAH 207- 511 7.1 76 82 38 15 00 00 00 00 438 119 796 402 30
A ANy T 2008 517 7.1 69 78 345 10 00 00 10 00 368 100 808 367 4.0
M FrAIanF 519 79 8 80 274 15 00 05 00 05 365 99 789 433 45
H OH WxIEAHH 2007- 516 714 81 80 639 03 00 08 00 02 488 8 810 381 35
PRPF ANy Ty 2008 520 715 91 74 667 00 00 09 42 04 554 100 828 381 35
R ¥yh3ias¥ 523 718 101 86 449 03 07 00 05 06 502 91 811 446 30
H OHF WEIEHH 207- 519 716 81 83 584 04 00 05 00 04 549 117 815 437 40
PR AoN) T2 2008 522 715 8 84 547 02 04 05 37 10 470 100 822 385 40
M FrAIanF 524 722 102 95 459 02 05 00 19 10 444 94 802 443 49
H OH @xIEHA 2008 5.9 629 71 76 463 00 00 00 00 00 445 111 772 356 30
T RNy T 517 710 71 81 48 00 00 00 20 00 400 100 777 325 40
B ¥rriasy 520 7.2 8 79 346 00 00 00 10 00 373 93 783 379 40
HHEBE wEidsH» 2008 510 7.1 81 81 523 00 00 00 05 00 435 83 792 392 40
FERIT ANy T 516 7.5 8 74 673 00 00 00 20 00 523 100 826 335 30
B ¥rriasy 518 711 100 89 527 00 00 00 10 00 582 111 815 419 25
HHEBE wEixsH, 2008 517 7.7 8 85 483 00 00 00 10 00 492 128 776 409 40
THIH ANy Ty 520 712 93 83 557 00 00 00 40 00 383 100 78 360 4.0
B ¥rriasy 523 718 112 95 408 00 05 00 10 00 491 128 795 445 40
B’ M W iEs 2007 5.8 624 88 86 342 40 00 00 00 00 520 99 &9 461 30
AN Ty 512 624 8 87 3% 30 00 00 20 00 526 100 885 408 30
Fy7an¥ 510 627 101 106 315 20 00 00 00 00 392 75 854 475 50

i B wEiEsA 2007- 511 624 91 85 611 03 10 00 00 00 654 124 801 390 1k
B Fr7an® 2009 515 625 97 105 545 00 10 00 00 00 526 100 811 427 1T
AN Ty 516 625 82 88 469 03 07 00 00 00 506 96 809 369 1T

i g wEiEsA 2008- 514 627 93 85 595 00 20 00 00 00 683 131 790 382 1
% B Fr7ax¥ 2009 516 627 102 107 565 00 30 00 00 00 520 100 775 408 2k
& WwEiEsA 2007- 5.5 618 8 87 501 00 07 00 03 00 602 98 766 384 bl
ELdHTE 2009 5.3 615 82 86 420 00 03 00 03 00 612 100 790 402 1
777Ut 421 610 76 65 450 13 10 00 03 00 430 70 774 385 2L
o wEiEsA 2007- 418 6.9 90 100 344 00 00 00 00 00 552 138 791 395 32
+y7ar¥ 2008 423 610 96 115 282 00 00 00 10 00 399 100 804 427 36
FRER 415 6.6 8 89 311 00 00 00 00 00 469 118 809 398 35
E B w& i3s2 2008- 5.8 624 8 84 600 00 00 00 04 00 803 118 822 406 33
v74aAn¥ 2009 5.9 624 8 78 504 00 00 05 08 00 680 100 826 403 40

EOEEE, FRBIOWE 0 (I, 1 B, 2 (4), 3 (1), 4 (%), 5 ().
SHBLHE - 1 (Bk)y 2 (BT, 3 Ohb). 4 (fp). 5 (). 6 (). 7272 LINBIL &R B IRIBREHRATIC &

é%‘!\%&o
BRI R O TSR R < BEFEIEIE 2007 RIS HRIRESEMIZET O [F 47 I3 5 F | ([TWFREL .

4. HIEEDBER
EFHZOT, EREEEFHEINL 2w X9 100
EEHIZRHE S 5o EMEFRLRE O T, REW

O R 1A TIESEANC X0 FHw % Bibk3 %

vV %

(@ X135 5] O R % 5 R o 4 T biE it
BRI, a IR B X OV Moo BT SR D o AT R

&

% &

S N
oY)

LCHI§+5E [ H3Iarx] [AN
VIV [FrT7anF] owFhoiilil ) b
LV HILEEMEL Y ¥ —THE LMo TIE
BORAICTESNS, —F, KB owTIiX
[FFHITLF] LYRVR, [FrTarFx] &
O TR, BnEE T I X 0 22958
EL o TVBHENELL, [FN) TV ITHLT
BV D v, [AN) T3] 3B oM
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HE [0X1357] OFRGERE LB

ABRAERE 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

jiix %k F1 F2 Fs3 Fq4 Fs Fg Fr Fg Fo9 Fip Fuu Fiz2 Fis i)
o B RE RE Lot oo e o an

B IAE S B R R R
0 F%H) 034.1~10.8.31 BER
4 96.9.1~04.3.31

AT FIEA 0841~1083] HER
g A 034.1~10831 VEPITE
i #i2 0281~10.8.31 HER
Ay 8 039.1~04.8.31 — (= —#E) HTER
ANl EER 03.9.1~04.8.31 — (= —EHK) HER
Al 751 04.4.1~083.31 R
PSSR T 00.4.1~03.3.31 AR
Ay ¥ 97.10.1~99.8.31 VEPITE
=l 5% 96.9.1~03.3.31 o R E
JUH 3% — 96.9.1~00.3.31 JUEIF
i kiR 969.1~97331 — rh LA

WRHETH B, [FrT7anF| LRELTY
[W&EIZ22] OBRWEIEIEVWEVR 5,

(WXZ270] B [F¥HIaLF] R [F1NY
TV FOPEPLZ LG TH L, [F5 43
TLF] LTS L, ERICHEIEL, TRE
PRSI V—FT, MEIPLVOT, [F¥hIa4
F] LV ZWOENIBHOL S LHLEINL, &
D7z, BIID BB H OO ORE D 2 H D
ZWRABH T, WERFAEEEZE [F7H 33
LAF] IRINE 2o TWD, —H, [ANY TV
bRBEOLZ R THLOT, [H3) TV ] 12X
LTt TRESOMBUAD»LINO EEF EE 2
bhb,

S TIBARTz X ) IZBHEO E O BN E D 5 @
XoriZiE [HEFORER ] OXG2Rvizd, [@
XEA0) BETFEAL LTHEESRTDL, THAR
MO & LTifbNhbd, HAHMHOHEETIX
BREDT740gV EEED SN TS (20114E 4 A
1H REEBRFRFHEH G HIHK5 ).
[WXX570] OBFMEIZEMBIACL, FHHLELE
ORI L o Twb, LA L, Mol & [FE55EH 5
VikBH D H Y. BB L > ThIREOUFED
RHDH D LI N, Sk BREL 0 L85
P oS LE L b5,

[WXZA0] & (753 a30F] O60%FHIE
HE&EEIZ03% B R L2370, ARV I r—F
HAEME BRI REC R L L, AR I —
FEPEI I 2 ORRPBBRL TV, [F5 7

ITLF] IOV TE, ZF AT VYT T LAOEH
DIIORBEED K E VA, 60% A 8 2 & m A
WENZIAREINS VRO —D s b,
Nishio et al (2009) X7 I 0 — A& HMEIEF 2
T LU EE TR L OBERHE O T L v K
&0, 7IT—RAEEPMENEHIIEAR Y
r=%BLU7 v F -0 OARIMKT T 5 FHEHE
LTWwWb, [WEIEE0] EWxAIREKET, [
FHITAFILY T IO —2ADHERRENDT,
AR I —FOBOEART [FFHITLF] XD
B, ThE7I30-20THFbLTFITH L0
T. Nishio et al DT Wx-AIRIAL & FE A
D THEEZZIASA TRV, —F, [AN) T
¥ EWx-AlE Wx-BIHBRELTHBY, 73I0—
ADFEDH S 2L, ARV IV —F OS5 A
$ /N &\, Nishio et al DS TIX Wx-Al& Wx-Bl
DREMTHOEEEIASN TRV, [HN)
TIY] TRERT7TIU—ARTORELEET HLEN
hHhoHLEbhs,

—HBOETHIZ [WEIZDH] #MEHLARY
T —FRRERETELMMELTL b o 72/, [F
FHITLF] HEERMEL DS AR, K
BROVEMEVPRWE W) EFH LW, EHI
K003, BB —F0OENEYAFAD
FHE DR S b o 7oo B, FALEFEMIEL >V & —
TIXETFRTOBMRBHRE L. THERBTHRLN
To/NZewy R L 72 EHE & NS R EHfh 2 4T
STBD, ThoDHERPLUWHER LWL,
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[WEIXE0] OFFELERIIBEDTHWELLEIATH

%o

L SR, FE b e L

TE L DRER RERED 5B oW Lihdd

UN

F 7o, G TROBESAD S %8 L skt

WMENBELRS [F4H 3025 IRATHH LW
EOWLIZEZTTEY ., SHROEG LRSS,

1)

2)

51 A 3 8

Nakamura, T.; Vrinten, P.; Saito, M.; Konda, M.
2002. Rapid classification of partial waxy wheats
using PCR-based markers. Genome 45 : 1150-
1156.

Nishio, Z.; Oikawa, H.; Haneda, T.; Seki, M.; Ito,
M.; Tabiki, T.; Yamauchi, H.; Miura, H. 2009.
Influence of Amylose Content on Cookie and
Sponge Cake Quality and Solvent Retention
Capacities in Wheat Flour. Cereal Chemistry
86 : 313-318.

3)

4)

5)

6)

RAFER, CIBiERES, TRIETHE, HEFAFIE
E IR, KRHEBME, HBRBEE, ELE%,
FHEE. 1972, MESTE [FF 7334
Fl-[YEI7HILFT] OFRIIOVT. Hik
AR 43 : 151-179.

FIEE, REGERE, W e ARHIER,
o OWEE, PHLE, aiEHm, HEEH,
ICEEREE, B P, IR, WRGE, %
BEFISE, wEEMhIe. 2009. ANEHmAE [F X
Ao, REESEMA 50 ¢ 32-39.
HHOA, S W) FHETF, WREETF, L
HE, Wb, e, REFE—, /hH
B, ENZEE, BE 5%, REEKE. 2001
INEFTE [T E] OFR. 1EWHR
1:71-83.
I 58, HATAIGL, PYEESEERT, BRI,
PrEEsRdG, VS —, HEREE, SO
TEREMET, Wk PR 2002 EELD AGEME, N
A ZIO/NERAE [ 8) T2 ] OF K.
HALEWERF 100 © 1-26.
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S535EBRIUBEBEHNEDRY T /—ILSEDRE -
REEEENUICRY Tz /—IVSE &R0 - ME & ORHR

BTG R ORI - (RSB

881998, 19998 X U20024ED3HED D) B HMEB XL OD B0 M - Rk E VT, RO R
V7 x /=g (LUFWPO) L60%BoKRY 7=/ — &8 (LLFFPO) M - RktHIER 231
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Genotypic Variation in Polyphenol Content of Nonwaxy Wheat and Waxy Wheat, and Relationships
between Polyphenol Content and Milling Characteristics or Flour Qualities. : Ryo YOsSHIKAWA* !,
Kazuhiro NakaMura®*’ and Miwako ITo*?
Abstract : Genotypic variation in whole meal flour polyphenol content (WPO) and 60% extraction
flour polyphenol content (FPO) using nonwaxy and waxy wheat cultivars and lines was investigat-
ed at NARO Tohoku Agricultural Research Center (Morioka, Iwate, Japan) for three years in 1998,
1999, and 2002. Moreover, the relationships between WPO or FPO and wheat qualities (milling char-
acteristics, flour quality, Japanese noodle quality, and bread-making quality) were examined.
Genotypic variation in the WPO and FPO of nonwaxy wheat and waxy wheat was large, and the
WPO and FPO of waxy cultivars and lines were generally higher than those of nonwaxy cultivars
and lines. Both WPO and FPO had significant high correlation coefficients between crop years and
between cultivation methods, and showed stability for various cultivation conditions.

There were significant negative correlation coefficients between FPO and flour yield, milling
score, flour yield from semolina, 60% flour ash content, R455 (whiteness of flour color), and flour
color L* (brightness), and significant positive correlation coefficients were found between FPO and
color value in each of the nonwaxy, waxy and overall cultivars for three years. Also, there was a sig-
nificant negative correlation coefficient between FPO and R554 (brightness of flour color) with the
exception of the waxy sample from 1999. In the waxy samples in 1999 and 2002, there were signifi-

cant, negative and high correlation coefficients between FPO and maximum viscosity or the break-
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down of amylogram. There were significant correlation coefficients between FPO and Wk or VV on

farinogram in most samples. The relationships between FPO and A, R or R/E on extensogram had

significant negative correlations when the results for 2002 were removed. Thus, generally, the lower

the FPO was, the stronger the dough properties became. On the other hand, the relationships

between FPO and the Japanese noodle qualities or bread-making qualities were difficult to identify.

The correlation coefficients between WPO and wheat qualities were generally lower than those

between FPO and wheat qualities.

Key Words : Wheat breeding, Whole meal flour, Wheat flour, Polyphenol content, Nonwaxy, Waxy,

Milling characteristics, Flour quality, Japanese noodle quality, Bread-making quality
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Table 1 Differences of whole meal flour polyphenol content (WPO), 60% extraction flour polyphenol
content (FPO), and FPO/WPO between nonwaxy wheat and waxy wheat in 1998, 1999 and
2002.
1998 1999 2002
Statistic WPO FPO FPO/WPO WPO FPO FPO/WPO FPO

Nonwaxyy Waxy Nonwaxy Waxy Nonwaxy Waxy Nonwaxy Waxy Nonwaxy Waxy Nonwaxy Waxy Nonwaxy Waxy

Number of cultivars 43 4 43 4 43
and lines

48 12 50 12 48 12 44 9

mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g
Mean 0365 0531 0.154 0316 0418 0595 0417 0491 0.183 0329 0444 0671 0.179 0.247
Standard deviation 0.049 0016 0.046 0.045 0.097 0.092 0.038 0.057 0.043 0.057 0.099 0.101 0.022 0.055
Maximum value 0499 0546 0264 0357 0664 0702 0516 0607 0263 0382 0633 0.788 0.234 0.316
Minimum value 0272 0509 0071 0266 0260 0501 0343 0412 0.107 0218 0240 0487 0.146 0.163
Range 0.193 0.091 0193 0.091 0404 0201 0.174 0196 0.157 0.164 0392 0301 0.088 0.153
Mean difference and o geus 12w 177%%  0074%F  01d6**  0227%% 0068

test of significance

Note. 3 indicates significance at P<0.01.



HINED ) 2 HRBLOSBUANEOR) 7 2 ) - VEROME - RREHARENKRY 72 ) — V& L WhHYE - SH L OBk 43

HIEDOHHRE L ) HEIIE D072, BB, 2002
FECRZFOAFZFEALRL, HEAIR SN
- 72, FPO/WPOIWX. FPOX [AkIZ. 1998, 1999
ML D RE & RE O TFIMEDOEHBAE»RD S
L BRI X ) SWEE AR S,

Table 31 E 42wl - RHKHOWPO, FPOB L O
FPO/WP%/R L7 D AbMWTIE, [F4H3IaL
F AT, WPORR®DAM® [Hk204%5 ], 5

1998

nWaxy
mNonwaxy

O DN W OO 0O
T T T T T T T T 1

Number of cultivars and lines

Q. e, e,
NN RN NN
PSS
WPO (mg/g)
16 1999
14 + oWaxy
12 L mNonwaxy

Number of cultivars and lines

Fig. 1

Je212%5 | 2HFICEWOISK L. SO [ A
7 F | 135 720 FPOIRDAMO [HIL208%5 .
[Hdk2125 ). THAR2135 ] B XY [N T3]
BEVOIH L. NV HO [HIe2215 1, [/ v A4
TX] OARD [HE7-2 ] IZEr o7z 20D
K. WPO, FPOL bic [Hdk212% ] <.
[NV A 7% | 13 & - 720 FPO/WPOIZ/ S v o
(L2215 ] EOAHAD [HETo 2] LD

1998

Waxy
mNonwaxy

Number of cultivars and lines

1999

nWaxy
mNonwaxy

Number of cultivars and lines

Is | 2002 Wary

mNonwaxy

Number of cultivars and lines
=

Frequency distributions of WPO and FPO of wheat cultivars and lines in 1998, 1999, and 2002.
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Table 2 Differences of WPO, FPO, and FPO/WPO between hard wheat and soft wheat in nonwaxy
wheat in 1998, 1999 and 2002.

1998 1999 2002

Statistic WPO FPO  FPO/WPO  WPO FPO  FPO/WPO  FPO
Hard Soft Hard Soft Hard Soft Hard Soft Hard Soft Hard Soft Hard Soft

?nuﬁ?;ers"f cultivars o1 99 91 92 91 22 25 23 27 23 25 23 18 2%
mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g
Mean 0359 0371 0132 0175 0363 0471 0416 0419 0159 0212 0385 0508 0.178 0179
Standard deviation 0062 0033 0043 0038 0073 0089 0045 0020 0037 0031 0077 0079 0026 0019
Maximum value 0499 0470 0241 0264 0563 0664 0516 0483 0263 0263 0539 0633 0234 0223
Minimum value 0272 0326 0071 0122 0260 0349 0343 0370 0107 0148 0240 0352 0.145 0108
Range 0227 0144 0170 0143 0303 0315 0174 0113 0157 0123 0299 0280 0.087 0077
Mean difference and g oons  gogzes 008%%  0003NS  0053%*  0123%*%  000INS

test of significance

Note. 1) See Table 1 for WPO and FPO. As for these abbreviation, following Table 3—11 and Fig. 1 —3 are also

similar.

2) % and #*3 indicate significance at P<0.05 and P<0.01, respectively. NS indicates nonsignificance.

Table 3  WPO, FPO, and FPO/WPO of main wheat cultivars and lines.

. i kEE Amylose WPO FPO
Cultivars or lines N;nx;a;; hfle?lilss elr\l/l(ill?se Wx protein c0n3t7ent FPO/WPO
Wx-Al Wx-Bl Wx-DI % mg/g mg/g
Tohoku 204 * Nonwaxy  Soft  Noodle + + + 258 0444 0.191 0.391
Tohoku 208 * Nonwaxy  Soft  Noodle + + + 255 0.386 0.208 0.493
Tohoku 221 * Nonwaxy Hard  Bread 277 0.360 0.126 0.344
Haruibuki* Nonwaxy Hard  Bread + + + 278 0.308 0.126 0.396
Akitakko* Nonwaxy Hard Noodle + + + 28.1 0.346 0.125 0.340
Kitakamikomugi* Nonwaxy  Soft  Noodle + + + 271 0.360 0.172 0.456
Koyukikomugi* Nonwaxy Hard  Bread + + + 271 0.385 0.162 0.404
Nanbukomugi* Nonwaxy  Soft  Noodle + + + 25.1 0.399 0.196 0.469
Yukichikara* Nonwaxy Hard  Bread + + + 26.9 0.394 0.161 0.395
Tohoku 207 * Nonwaxy  Soft  Noodle + - + 25.1 0.364 0.186 0.483
Tohoku 209* Nonwaxy  Soft  Noodle - - + 21.2 0.391 0.170 0.392
Tohoku 212* Nonwaxy Hard Noodle - - + 21.9 0462 0.208 0431
Tohoku 213* Nonwaxy  Soft  Noodle - - + 22.1 0404 0.226 0.536
Nebarigoshi* Nonwaxy  Soft  Noodle - - + 222 0.384 0212 0.529
Hatsumochi* Waxy Hard Variety - - - 0.0 0542 0.303 0.531
Mochiotome * Waxy Soft  Variety - - - 0.0 0.534 0.349 0.625
Haruibuki** Nonwaxy Hard  Bread + + + 279 0.378 0.160 0.371
Kitakamikomugi** Nonwaxy  Soft  Noodle + + + 278 0423 0.177 0475
Koyukikomugi ** Nonwaxy Hard  Bread + + + 279 0447 0.185 0.420
Nanbukomugi ** Nonwaxy  Soft  Noodle + + + 26.1 0457 0.201 0.503
Nebarigoshi* Nonwaxy  Soft  Noodle - - + 23.3 0444 0211 0.546
Tohokumochi 216 ** Waxy Hard Variety 0.0 0430 0.203 0.507
Tohokumochi 217 (Mochihime) ** ~ Waxy Hard Variety 0.0 0481 0.199 0.487
Hatsumochi** Waxy Hard Variety - - - 0.0 0.555 0.334 0.668
Mochiotome ** Waxy Soft  Variety - - - 0.0 0.546 0.340 0.690

Note. 1) #* : Mean in 1998 and 1999, sk

2) + :Presence,

— : Absence.

: Mean in 1999 and 2002,

sksk3k : Data in 1999.
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Table 4 Correlation coefficients between production years and between cultivation methods in WPO,

FPO, and FPO/WPO.

Cultivation

Number of

Year . . WPO FPO FPO/WPO
method cultivars and lines
1998 vs 1999 Ridge 12 0.906 ** 0.923** 0.649*
Drill 7 0.910** 0.935%* 0.760*
Cultivation Year Number of WPO FPO FPO/WPO
method cultivars and lines
Ridge vs Drill 1998 11 0978%** 0.956 ** 0.507
1999 8 0.866** 0.852%* 0.719*

Note. * and 3 indicate significance at P<0.05 and P<0.01, respectively.

XLy AR [HAR208% . [HA6213%5 ], [H/3
VIV EEro7. — . BT [1Eodb
L1, [ b2k] IEIWPO., FPO: $129 2 b0
(¥ 73Ia2F] XoribEd, ) 5b%0RK
bEwSREE (WPOW [HIE212%, FPOIE [k
2135 ) k0 EBHITED oz BN - Bt B
LY F Clig R S THLkR216% ] & (8t
2175 (b HIE) ] #WPO. FPOB X O'FPO/
WPOOWFRD [1F2obb] [dhak] kN
TS, 9 2BM%0 [Fr7asx] ETho7,

1998, 1999409 % Bk - b B - Rtz
WT, WPO. FPO® X O'FPO/WPOIZ D W TEER
3 X OB R O M BIAR B & S LT, Table
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A7 HREE (Ridge). N U VRS (Dril) & b1
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D OVIEOFF R T D 19984F T120.956~0.978,
19994130.852~0.866 & Mj 4k & A TRV IED
M %R L7z —J). FPO/WPOTIZ, KRB &
OHHARR I O MR 19984E D Fesi kM 2 B &
WPO. FPOIZEARE D5 72,

1998, 19994 D KAEXKBIC, 9 B HESTE - R
I2381F 5 WPO &£ FPO & @ 4% % Fig. 212" L7,
19984F (XA B4R ELA%0.676 (P<0.01) & A >
72H5, 19994ET130.334 (P<0.05) &AKA- 72,

A5 bEMBIUOINS EEbEEME
22V T, WPOZ 7213FPO & #by I E & DO MR
$5 % Table 5 IR L7zo BEY (Flour yield) 12
BWTIIWPO, FPO& b IC 3 HEDTRTOME
THEZRAOMMEZRL., F2tEY FH#E
(Flour yield from semolina) & IV 27 2a7
(Milling score) & [FFkIZ. FPOIZBWTAHE LA
OMBERLTze IS OMBREOF T, 12D
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Fig.2 Relationships between WPO and FPO in
nonwaxy wheat cultivars and lines of 1998
and 1999.

Note. * and *3* indicate significance at P<0.05 and
P<0.01, respectively.
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Table 5 Correlation coefficients between WPO or FPO and milling characteristics using the Buhler

Laboratory Mill.

% WPO or Num}:)er of Flour B/M Semorina Flour yield Milling Mil'ling
ear FPO Sample cultlYars vield ratio vield from score efﬁmency
and lines semolina index
1998 WPO  Nonwaxy 43 —0.468** 0.079 —0.058 —-0.268 -0.618** —0.158
Overall 47 —0.704** 0.061 0.132 —0526%*  —0763%* —0463**
FPO  Nonwaxy 43 -0406** —-0400%* —0.318* —0525%*  —0573** —(.162
Overall 47 —0.710** 0.301 —0.061 —0.700*%*  —0785%* —(0475%**
1999 WPO  Nonwaxy 49 —0.303* 0.041 -0.040 -0.111 -0.162 0.086
Waxy 11 -0727*  -0313 0.493 —0.604* -0.530 -0.252
Overall 60 —0.669** 0.091 0.398**  —0474%*  —0546** —(.353**
FPO  Nonwaxy 50 —0.567** 0583**  —0.195 —0.653**  —0638** —0460**
Waxy 12 -0701*  -0215 0.595* -0.678%* -0.782*%*  —-0.263
Overall 62 —0.822%* 0.430** 0419**  —0.789**  —0839** —(.715%*
2002 FPO  Nonwaxy 44 -0419**  —0.152 0.394**  —0.328* —0597**  —0.653**
Waxy 9 —-0842**  —0.187 0.186 —-0810**  —0875%* —(.837**
Overall 53 -0.767**  —0.115 0472*%*%  —0661**  —0832** —(.835%*
Note. 3 and 33 indicate significance at P<0.05 and P<0.01, respectively.
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Fig.3 Relationships between FPO and milling score or R554 (brightness of flour color) in 1999 and

2002.

Note. *3 indicates significance at P<0.01.

Table 6 Correlation coefficients between WPO or FPO and flour characteristics.

WPO or Number of Whole meal flour 60% extraction flour
Year FPOO Sample cultiyars Protein Ash Protein  Amylose Sedimen- Ash Specific
andlines content content content  content tation value content surface area
1998  WPO Nonwaxy 43 -0.014 0548**%  —0.084  —0649** —0.148 0474 %% 0.236
Overall 47 0.079 0.546 ** 0.143 -0.804** —0.164 0.616** 0.289%*
FPO Nonwaxy 43 -0.071 0.520**  —0.220 —0523** —0427** (.392%%* 0.473%*
Overall 47 0.028 0.585 ** 0.055 =0.781** —0.352* 0614** —0.033
1999 WPO Nonwaxy 49 0.092 0.372%%* 0.037 -0.370** —-0.016 0.008 -0.169
Waxy 11 0413 0.621* 0.567 -0.067 0.219 0.256 -0.026
Overall 60 0.154 0.371 ** 0.193 =0.622*%* —0.075 0.351**  —0.026
FPO Nonwaxy 50 —-0.092 0.315* -0.243 =0.692%* —0.368** 0.344* 0.624 **
Waxy 12 0.162 0.776** 0.158 0.406 -0.323 0.758 ** 0.220
Overall 62 0.001 0.299* 0.015 —0.842%* —(.347** (.642%* 0.309*
2002 FPO Nonwaxy 44 0.291 0.002 0248  —0499**  0.161 0506**  —0.223
Waxy 9 0.583 0.760* 0537 0.000 -0.346 0.885 ** 0.428
Overall 53 0.341* 0.127 0.375** —0.700**  (.108 0.656** —0.111
Note. * and *3* indicate significance at P<0.05 and P<0.01, respectively.
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Table 7 Correlation coefficients between WPO or FPO and flour color characteristics.

Number of Flour color Color-difference meter
Year WPO or Sample cultivars D455- Color
FPO andlines R455 R554 Dot value L s b
1998  WPO Nonwaxy 43 -0302* —0465**  0.022 - - - -
Overall 47 —0591** —0.729**  (.149 - - - -
FPO Nonwaxy 43 —0556** —0.628**  (.254 - - - -
Overall 47 —0.692%* —0.763**  0.290* - - - -
1999  WPO Nonwaxy 49 -0.175 —-0.086 0.174 - - - -
Waxy 11 -0.701* —-0584 0.689* - - - -
Overall 60 —0564** —0539**  (.294* - - - -
FPO Nonwaxy 50 —0597** —0604**  0.366** - - - -
Waxy 12 -0.630** —0.561 0.456 - - - -
Overall 62 —0.785%* —0832**  (.345%** - - - -
2002 FPO Nonwaxy 44 -0.384* —0578** —0.126 0.606**  —0.602** 0215 —-0.084
Waxy 9 =0.757** —0.753**  0.663 0.771* -0.728* 0635 0476
Overall 53 —0.682** —0.771**  0.036 0.783**%  —0.776** 0.621** 0192
Note. 1) R455: Whiteness, R554 : Brightness, D455-D554 : Yellow degree, L* : Brightness, a* : Red degree, b* :

Yellow degree.
2) % and #*3 indicate significance at P<0.05 and P<0.01, respectively.

Table 8 Correlation coefficients between WPO or FPO and characteristics of amylogram, frarinogram,

and extensogram.

WPO or Number of Amylogram Farinogram Extensogram (135min)
Year Sample cultivars
FPO . BD Ab DT Stab Wk \A% A R E R/E
and lines
1998 WPO Nonwaxy 43(401) 0505** 0506** 0116 -0057 -0.185 0.335% —0160  —0161 —0322%  0.626%* —0444**
Overall 47(44) 0.190 0571%%  0525** 0010 -0312*  0.669** —0.340* 0270 —-0360*  0419** —0424**
FPO  Nonwaxy 43(40) 0.233 0333* -0218 -0226 —0314* 0374* -0355% —0417** -0478** 0378* -0518**
Overall 47(44) 0.100 0469**  0.348* -0113 —0393** 0.672** —0444** —0426 ** -0450 ** 0252 —0466**
1999 WPO Nonwaxy 48(36) 0153 0.264 0113 -0.284* -0.269 0.429** —0.281 -0317  —0456** 0259 —0505%*
Waxy  11(0) -0476  -0.393 0.256 0.024 0.033 0.097 0.032 - - - -
Overall 60(36) —0268% -0.268* 0.538** —0.332%* —0401**  0.637** —0424** -0317 -0456** 0259 —0505%*
FPO  Nonwaxy 50(38) 0474**  0595** —0309* —0583** —0559**  0474** —0594** —0453** -0478 ** 0088 -0417*
Waxy 12(0) -0831** -0702* 0085 -0213 0387 0.652* —0.325 - - - -
Overall 62(38) —0256 0437*%  0536** —0514** —0588**  0.820** —0.646** —0453** -0478** 0088 —0417*
2002 FPO Nonwaxy 44(26) —0.185 0.216 0.323* -0129 0210 0.377* —0264  —0.050 0084  —0.084 0.100
Waxy 9(0) -0870** —0854** 0464 0758 —0629 0.691* —0.755* - - - -
Overall 53(26) —0414** 0216 0520%* —0212  -0373**  0.648** —0472** -0.050 0084  —0.084 0.100

Note. 1) MV : Maximum viscosity, BD : Breakdown, Ab : Absorption, DT : Dough development time, Stab : Stability, Wk : Weak-
ness, VV : Valorimeter value, A : Area, R : Maximum resistance, E : Extensibility.
2) 1 The number in a parenthesis is the number of cultivars and lines which investigated extensogram.

3) * and *3% indicate significance at P<0.05 and P<0.01, respectively.
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Table9  Correlation coefficients between FPO and milling characteristics or flour qualities in hard
wheat and soft wheat of nonwaxy cultivars and lines.
Year Kernel biﬁigzz;zf Fliour Flogﬂl;)g:eld Milling 62)(1)1: el);;reactloziour Flour color Farinogram
hardness . & yield . score cons‘ient content R455 R554 Wk
1998 Hard 21 =0.670%* —0.720** —0.736%** —0577** (483* -0427  —0.688** 0475*
Soft 22 0.084 0.094 —0.160 -0.330 0.259 -038  —0.369 0.110
1999 Hard 27 —0.682%* —0.329 =0517** —0654** 0215 -0230 -0426 0.536**
Soft 23 -0218 —0238 =0524%* —(0528** 0.240 —0.641%* —0.272 0408
2002 Hard 18 -0334 —-0506* —0589%* —0.351 0630** —0114 -0.388 0.377*
Soft 26 =0.643%* —0.721** —0.664** —0661** 0617** —0.672%* —(0847** 0.289

Note. * and *3* indicate significance at P<0.05 and P<0.01, respectively.

Table 10 Correlation coefficients between WPO or FPO and sesory evaluation of boiled udon noodles in

nonwaxy wheat cultivars and lines.

Number of Flour Sesory evaluation of boiled udon noodles
Year WPO or cultivars color Surface . .. Total
FPO and lines R554 Color appearance Firmness Elasticity Smoothness Taste score
1998  WPO 27 —(0.582%%* 0.253 0.135 0.094 0.140 0.170 0.158 0.188
FPO 27 —0.648** —0.164 -0.014 —0.020 0.238 0.168 0.261 0.095
1999 WPO 17 -0.128 0.039 —0.166 0.094 0.248 0417 0.356 0.313
FPO 17 -0537*  —0.397 -0.234 -0.195 0.227 0.140 0.100 —0.020
2002 FPO 36 —0.683*%* —0435*%* —(0483** -0.321 -0.117 -0112 -0196 -—0406%*

Note. * and *3* indicate significance at P<0.05 and P<0.01, respectively.

Table 11

cultivars and lines.

Correlation coefficients between WPO or FPO and bread-making qualities in nonwaxy wheat

Number of  Flour . Dough Dough  Sesory evaluation of bread  Bread-
WPO or . Farinogram  Loaf . ; .
Year cultivars color absorption handling Crumb Total making
FPO . VvV volume
and lines R554 score score color score score
1998  WPO 19 -0238 -0.177 0.128 - -0.074 —0.257 0.024 -
FPO 19 -0481 —0.101 0.272 - -0.228 —0.345 -0.033 -
1999  WPO 29 -0118 —0.346 0450* 0.159 0.036 0.037 0.261 0.250
FPO 31 -0376* —0.372% 0.267 0.127 -0.126 0.077 0.258 0.168
2002  FPO 21 -0427 -0.177 —0.146 -0.075 0.000 -0.299 -0.263 -0.179

Note. 1) Bread-making score=dough absorption score+dough handling score+ total score of sesory evaluation of

bread.

2) % indicates significance at P<0.05.
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W2 MNEROTIE ) XV vEREBNEHEED
BICAECTEHVWAOHMLD 2 2 L2#ELTW
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A Study of the Application of Recurrent Backcrossing using DNA Marker Selection to a Wheat
Breeding Program : Mika Sarro*!’, Fuminori KoBayasar*?’', Hiroyuki ITo*!’, Tomoya SHIMBATA*?’,
Chikako OTOBE*®, Naoyuki ISHIKAWA* ", Masaya FuiTa*®, Goro ISHIKAWA* ! and Toshiki NAKAMURA* !
Abstract : Sweet wheat (SW) was selected from a cross between two starch mutants, waxy (Wx)
and high amylase (HA). Wx and HA lack the functions of three homoeologous GBSSI and SSIIa
genes, respectively, and SW possesses six totally null alleles, three null alleles for each of the two
genes. SW was selected by using six co-dominant markers to detect each null allele. Its seed compo-
sitions are very distinct features mainly characterized by high sugar content. In addition, from the
crossing, not only SW but 63 other haplotypes with different combinations of wild and null alleles of
the two genes are selected by the markers. It was revealed that some of the haplotypes also possess
starch with unique properties. Along with SW, these new lines were thought to be useful materials
for food industries throughout the world. However, to prove this possibility, it is necessary to devel-
op new commercial cultivars adaptable to a wide range of Japanese environments and provide their
flour to food industries as soon as possible. Therefore, we planned to use recurrent backcrossing
with marker-assisted selection (MAS) and conducted several trials to adapt the MAS breeding for
this selection effectively. We discussed the following three points: first, the number of flowers
required to be crossed to save labor; second, how to save the time needed for one generation of win-
ter wheat, which requires a long low-temperature treatment for vernalization; third, the re-design of
primers for multiplex PCR to save time and cost in the marker selection process. In this case, we

concluded that introgression of the three null alleles, either Wx or HA, separately into the same
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recurrent parent could save labor in the crossing compared with simultaneous introgression of the

six alleles using SW as a donor parent. Whereas low vernalization cultivars (class I or II) could run

three generations in a year without any rescue process, in a variety that required high vernalization

(class V), the germination of immature embryos, 14 days after crossing, on agar medium made it

possible to reduce the time required to run a single generation from six months to around four

months. Furthermore, although a multiplex PCR assay for all six loci could not be performed, success

in a multiplex assay for three SSIIa loci reduced the total number of PCRs from five to three in a

single generation and could save time and cost in the screening process.

Key Words : Wheat, Marker-assisted selection, Recurrent backcrossing
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Whget > & —. VERRZERT, ek r ] DY =] 2 S e



58 BUL RS v 7 —BFgedny 451145 (2012)
K1 HERE LM 23 2 F R - R
B ZERT AR B £ Wx LG - R HA RG24
GEq-20 %% D-B004 vV b B JAC AT B SE R A
VERTF NYFw T I~1 HIFFoHL b HEATEE RSB R A
S Y S IF3IHhFY I EFUEDOHITIZD JAC AT B SE R A
JUPH i R T D= = A o I EFPEF L TA X3 JAC AT B SE R A
Wx : E&F

HA:®m73Iu—2

Fy
|
GBSSL-AI ‘fffl| 3HETHA 3METHA
GBSSI-BI
BCoFy GBSSI-Al SSIIa-Al
GBSSLDI :
| GBSSI-BI SSIIa-Bl
SSITa-Al |
1 GBSSI-DI SSIIa-D1
SSIIa-Bl BC- -
SSIIa-DI1 L Fl
NS
1/642 Bcf;f*m# 1/8b 1/8b
BB
F L
TR
K2 RMHMAEDLREIZLZEABETREANTOEAKRBIE

SW: HHMa2AF, Wx: EFILF, HA @7 3I0—A34F
a6 BIETETHENT UL TH 2 MEIH SN L HER
b 3BIZFETHANT UHATH L BRI S N DR

Yy —BIOIMMMEEMNEE ¥ —IZBWw
Ty NS OMIRITHE L7z 2R - R 2 A
EL. WxddWIdHARBZ 1 HH L LTHWZ
(#£1).

2. EHRRELUXH

MRS LASHEEIK 2 \R§ FIETAT - 720 BC,F,
I22oWT, DNAY—#—I2X Y., GBSSL. SSIa®
6 BIZTFHREATATOEAK (1 EBEIFSWOY
#). 72133 2DGBSST (1 H#EAWx) b LIk
SSIla (1 HBAHA) BIZFEIETANT OHED
Ttk EIK L, KOMEHRBE L7z, BCFllBW
T3BIETFETANTUEEGDOMEIGON L h o 72
B, 3WETETATOHESDOBC, F. L) 3i#
fZF O null ZEMEKRZ RO LAERBLE LTHWS
Z L TBC,F T #1572, MEOESZRENT
TV BIXZADPHDOHA 7 )V THRiD HACH, X

Mafed7z, B, TEWIIZERT O WxHE [ Z B {51
Sk (near-isogenic line ; NIL) OB BIZDOW T,
EFMETHL [HITIEODB] & 1REE. N
Fo oLz ERE LANILAEIT L TER SN
Tz, RIFFETOR LB X ORI TH
Bholz, Foo [vuahrasnys| #EHREL
ZZHARBIZOWTIE, 17 L TIR LackE% 1 47
LRI SSIa BT Th 5 2 & 2 MBI ADBC
1\ F ZBC.F ofEhBlE LTHW

3. HRRED-HOHR

VO [BRD-B004] RAICHE L Tid, fho$
A DR TESHOR LM Z1T ) 72012, At
LD Y R % M- 720 HEi%14~20H H oM T %
L5%RMIEFEmE T M) 7 212 & 0 Il LA AT
WLzt IRARY L, MSE# - IR Y128
IRLU7z0 MI323C. 24RO A ¥ F 2 X— % —

AN



FERRIE A 1 B L ACHELS & B i T R AC 331 2 DNA~ — 71 — B OMHRIEHICE T 2 —% 59

x£2 SSla#fETERNEH 774~ —ty b

BT TIA43—% HAERE (5'-3)
SSIla-Al SSII-AF1a) GCGTTTACCCCACAGAGC
SSII-AR5 AGGTCCGGAATCATGGTTCTGGTGA
SSIla-Bl SSII-BF1L ACAGTTATTCATTTCTTCGGTACACCATTGGCTA
SSII-BR4 GCTTGCCGGAGTCCAGCGTCCC
SSIla-D1 SSII-DF2 AAGGGGAGCTGAAATTTTATTGCTTATTGTC
SSII-DR2 AGGTTGTCAATTGAGTTGGAGAGATACCTCA

7E. a) Shimbata et al (2005)

WIZBW TR S 72, 20H R L CAF % Hi
. 3~ ARENRER LR FZEHRCIRE: TSR R
L7z AFORNZ BT, BHIEZHIOHA»SH15HIC
IRAEE (10C. 9WER. 7T, 15I:H) % BAAL
2o ARIMLIHE T2, AT ARICBWTRHENT
(16MEH H ) THHE L 70

ERURIE D BN LB 7 fre B ) B D BRRS 1213 25,
30. 35, 40, 45HHEOKRAHEOH, RHEMHT (16
RRHE) L. WHEFcoHKEREE L7,

4. DNAV—H—DHR & L V#EkR

3D a L XH) 5 ODNAHIHIZ, Gene Prep
Star PI-80X (7 9K ) % M7z, 3GBSSI#&(n T
?3EP I, Nakamura et al (2002) . Saito et al (2009)
W CTHMHEEINTVWLIY— =B LU EAICED
17> 726 SSIIa-Al. -Bl. -DI#Ef& T o #EH L.
Shimbata et al. (2005) OFREEFITEHREL V. —if
DT IFIAT—%WIIHEL, YV FT Ly 7 A
PCRHIOD~—H—& L7 (£2), PCRIE. 25uL
»7-050ng DNA., 1xExTaq Buffer. 0.2mM
dNTPs. 0.05%DMSO. 0.625U ExTaq Hot Start
Version (Takara)., 0.4uM SSII-AF1, 04uM
SSIT-AR5. 0.28 4 M SSIT-BF1L. 0.28 u M SSII-BR4.
02u M SSII-DF2, 02u M SSII-DR2% & & )t 5%
TAT 5 720 BUBH A 27 V& GBSSLifz 1 ¥ H <
—H =L U&ME vz, PCREY ORI,
4% (GBSSI) £7:1¥2 % (SSlla) 77 a—A%7
W AW BRIRENC X D 1T o 72,

I # S

1. 6EBEFEAILE 2LEHEEHOEE
MABCIZ & 2 HEHERICBVTHEEDEET %
WMAT 4G, 1 IOR LM TEAT 85T
. FRIZIBL T, BOBEET 2Rk %255
7o DI BE BT, B B R 2SR EE DR =R
PICKREEET LI EATPHESNS, 22T |

£3 6 HETFEAROSHIEELEE ElEF~T
R

12 2 3 4 Gl po)
BCoF1 1/96® 4/95 5/96 2/95 12/382 0013

BCsFr 3/96 4/92 7/188  0.017
BCF 1795 4/94 0/95 5/284  0.789
BGsFy 1796 2/96  5/94 8/286  0.092
BCsl1 096  3/96 1/82 4/274 0891

Foa) RLSHETZFHELL LA OBEFS
b) GBSSI-Al, GBSSI-B1., GBSSI-D1, SSIIa-Al,
SSIIa-BI 7% & N2 SSITa-D1 734 T 6 #inT-~7T
AR/ S HT R
c) 6 MIZTHIZOWTHIfMEA WA © AT ufs
=63:1 L LA D y ZRBOEIC X BHfSE

WD AX %2 1 HBle LT3 2o0DGBSSHE{a T8
X O3 DD SSIa s ¥ DR 6 #ifsF% [CS] 12K
LM X D BAT A OWTHRE Lz (X2
A, %£3)o

RPN I 72 S8R T 500% 1 |l B 72 ) 188~ 382
(*F152828) HTH V. 6BlnT~T afifkiza~
1281 57z, 1 BIETFRHROFAR AT ufa0
#4d 1 EfE T (BC,FLDGBSSI-BI ) % B 4
TOWMRTL : LIZHHEL TS (F— 7 HEW),
¥ 7o  ARIR T AT UG TH ko MBIEIE,
BC,F,. BC;F, B X UBCF, Tlrl/64ic#AL (P
>005). F72BC.F, B X UBC,;FIZBVWTIRAERE
KHEL1%TIEDHLDODLFTEEIES LTV
EEZONT, (F£3).
FINTRTHEY BT RIPE OB 96 A2
BH L7 N b LA PNCHRZRGET % &, 6 s
FNT OGRS 5 R S N7 G058 © 7205,
LA RS wEa b 2 shiz,

2. RRFEFAIC &L 3 ZEHEOER
FECRE#RE LTHW [CS] R3S T ~
O EfR<, Fioy Ml B H 72 BRI O A5
BUIOVWTHETHEITI~TTHY, E3NORL



60 HALRESENTTE & >~ & — W Je iy

RAEONISHH
EADREER

1147 (2012)

Fu—ZAF ¥ EArv b
1ZBF B FH L
(10°C - 9BE[H, 7°C - 1585 )

3 RBIEFHIC X 2 2B o
a : WERALKREE 2 H V72 ARIRFT 8 & 0 JH6 T g

R4 RRLHH B 2SS E I MBI Y

% H#
PRALEE IR PRE T — A IR BB AR — A
(H%) (HE) (H%)
25 53 78
30 48 78
35 39 74
40 40 80
45 37 82

RHERATH S EDMRETH . L TAHH, HALEHE
Mzet v 7 —ICBWTRER L L CTHW [ ERD-
BOO4JIZIFEV TH 2B 2 L h 5, Mo fffIz hNE
HE oKL Z LEE T 5, TD720, @FIXE
i o, WHEECT5 A ~6 0 AREZZEL,
o> SAG B % o 72 202 HRE AR RN S
ZERTFHEIN, T, MABCASH A 2D
bbb LwIHFEONKE RBHETHE, £
T COMBEEHRT L7212, 1 OB L3cH
WM oM E B, sCRLH O RAIE 2 B FICiE
IRLUFH S8 5 2 L THEAMB oMM Z -7 (K
3)o KEEIM4HBORZEH FCHFESEH L
T, BHRCET WM H# 1 H &2 EHT 5 2
ENRTET,

F 720 [RRD-B004] OFALICE T 2 H 5% Bk
BB 5 720, 25H ~45H ORI ALEE % 1T - 72
%, WHFECORRERAE L. K4ITRTEDY, 35
H i ORI 2 1T - 72 & D25, RIRLILERIG A 5
W E COHBATAH L b T2 LA L 72,

VDRI E D, [BRD-B004] % SAEBICHV 2855
BBV TH, RBIEH S DI & #Y) 7 KR
MHEHAGDELZ EICE ), 1 HAHI23H ~

M W N H

SSIF-AI wild (1149 bp)
SSIF-AI null (868 bp)
SSILBI null (657 bp)
SSIE-BI wild (482 bp)
SSIL-DI wild (350 bp)
SSIL-DI null (287 bp)

4 SSIIa #izfMo<VvF7L v 7 A2 PCR I
X B
W 3#EaT L HICHAER, N: 3#AT L HITEER,
H :3 #&zT&dblcAnTadES. M: 2Log DNA Ladder
(NEB).

126 HFERE & 22 1) o AFIC 3 MIDZSHEDS W FE & 72 o 72
3. SSllaBzFEKRAYT—D—DHR
AR ZE T M 72 GBSSI-BI 3 X U°GBSSI-DI i# 1=

TEBH~—H—Z. ¥ VF 7L v APCRIZ &

D 1 EDOPCRTHEIETHEOHHIA TR TD 5,

—Ji. itk 3D SSIadfz T EEM~— 7 —

(Shimbata et al. 2005) ZHWT~YLVFTL v 7 R

PCREZRAA AR, WIRSAY—ThHolz (F—%

HBWE) o 22T, M TEAERY KIS, A—07

== Y ZIRETHHHTE R IVF 7L v 7 APCR

Ho#Hilzte T4 x—%E%at L7z (£2), b

DT T4 <=2 & V) SSIla-Al DU EHITI1X1149bp.

nullZ #A¢868bp. SSIla-Bl O B A #1 CT482bp,

nullZ £ ® T657bp. SSIIa-D1 @ ¥ A K T 350bp.
nullZZ 8 -C287bp DT SRS LS (K4), &
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M2 X Y. SSIIa-Al. -Bl, -DI#fz¥4:CTo#fz
FH%E 1 EOPCRTHIET 5T EHFWETH Y,
7oo ANTOIEARS IEREHETE 72,

4. HKES SOHEREDEKRICH T HMABC

FA

Mo EBsy), SWE1E#EHE L, —FI26#fs
TOEBARK - 7286, FORENEEREIKICE K
DHNELBEL T L0 ENTHLEEZ LN
720 T EHMEOFRICB W CIIEE OB
PaHEHE L, Wx, HARSZ 1 & L THW,
JMIZFTODEAZAT G, A 2 TH ONILO
ZEHEC X D SW, B X OBl Rt & KT 5 L v )
FEAFH L7z (M2B)o TOHT, 2TORME
HMAG D TIE 3 MOMABCZ AT\, 34ET5 M
DLEDOR LRMEE 4T > 72 Wx, HAE % F5ONILZ
R T & 2 2B L7z,

FKAEBRIZAERZIC L D BEBEI N -ENELOWm
WUCE L7 R - R E . FERMTRL
SSHE - AR D, BULEEMEE vy - LI
HARBEFIZCDNA~Y —h — R F 4T o 720 1THI~
1258 DOHERET- 20 5. 2 D OKREMAGHE (K
B BERD-B004), 1 A d B JOBC,F,
BIOERSI N Fyot], 1THBENET
0 — 2 EERH I OBC,F, £EBCF,) #kwizaT
OMAEDLET, 1 ~2 kD 3#IZTONT OH
GRPESNTz (£5). BB, [HRD-B04] ©
Wx_BC,Fi 220w Tld, REDOBC,F i1 % Hw
TR L3R ATV, 3BIs AT A6
RS SNz (FE) T2 XY FyTR] 0
BC,F, B X UBCF I L Tk, N ZNBC,F,
BLUBC:F, X ) 300 ERMSSIadfs T % &
BATROMREBIKL, ThoHZE [NV Fo U]
EORRTHmBLE LTHWSEZ L TBC,F BX&
U'BCsF, & L7ze —BIBETHEICDO W AR K E
Ak ~TOBGERO SR, — R - AR
&, WIFECEA L2 (F65). F72. GBSSI
AR T PR F 7213 SSHa B AR T BT 5 3 #AnT
JEAETAT AR TH DHERIE, WfREY1/8T
Hol,

RECD IR 3 MAETHEIZ DOV TETAT O#ES
ThLMAEPEON o2 EERE, 2ToM
AEDLEICBVWT1IH#ABZ0NAPHOHFA 70
THHRE LM ED D Z ENTE 2, Ble LTH
6 [V O [EARDB04] BIOHEETIO [3

FIHFY ] RO LD TRE R LTz Wi
EHIZ3EMTOEYEOR LM A # 2 7-WxB
X OHAICB T ANILZ /B, B X OHIRAB X Ol
RN ER D7D DR FE THED B T LW TE I,

N % =

B U 2CHEE, A 2B R - SRR
HIZEAT L7200 TEE L THENTH S0 A4,
TAFIIBVWTEFESELBEDORREBETH LS
T A SR, FRSDOBEEH
MNTEBDNAY— 1 —DORFEPED LN TS
ENS, ==K W EKEOBE GEET)
FHEMT LI EDMEEE 25T b (Gupta et al.
2010)0 C &) RERRREEZINBE L, HET 5
M3\ 2 # L7 il - R x W TMABCZEAT9) 2
LIZXY, BEOGHIPE (BlzT) £—EIEA
THIENTE, BHIMMEFRAED S b, K
W72 CIEMABCE EB o W H R 3 51224
e, FOMENEE EFLZEEFHICHEN %
L 7-5CRL B & ONEIKTFIH A #E L7ze S o6
WCEBTREEO—2E LT, BAT LEETHN
EBIFohb, BABMKETAL, 2. 30 -+ -, n&
B2 512080, BB TRIOSEIX1/2, (1/2) 2,
1/72)%, = - -, (I/2)" WA T 5, 21T, EA
BEARTROBIMIE MR % AR 121 R
FTUENRDH L, KRBT, 6EETEZEAT
LA, 1REOKE LCIERKCTHNEZTZ 1
DO L D% 6 Ak, /T 6 OF 1 ERD
EH2E 2 b7zhs, BRI 6 BT EARIMERSN
ZeHWE T 2, LI 3#ETERMERSN
7-Wx, HARMEZhEN1RBE LTHET S
CENTERD, WMHEORFOAERL 720 72,
1dLIF2#MEF2R> 1 HBE 3~ 6 MHEH
BAICHN, 33 L6 |ETOEBMIKE 1.,
2RI 2 77 08 H RO B IS L HE 7 A
PR THELI LS, Rl MEER LT LW
) HTHEOMEZ T 208w el L7z, 72
2L, &5 LOERREIE L T WAL
. IR T OERIEEICA S NS ERFBNIRE LS
M2 AEHNCHAESD B EDRNFRINTH A 9 (Ishii and
Yonezawa 2007).

AR ICBNT, 2 TOHWBIEFTAT %S
RAMFH N 2RI 6 B TEATL/64, 3EIET
BATL/BL M@ Y TH o7z (K3, %£5).
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&5 RLZHS 1 HARIZBIT 5 GBSSI KU SSITa 4 A5 TR O AL

s e e BNTE Al R BI . DI B
KA IET W R el T P e PO e PO e P
%% DB004  GBSSI BCF; 72 9 100 40 32 035 32 40 035 40 32 035
BC,F, 44 6 08 29 15 003 19 25 037 17 27 013
BC;F, 35 101l 20 15 040 18 17 087 22 13 013
BC/F, 17 0 014 15 2 000 8 9 08 6 11 023
37 6 052 17 20 0620 18 19 087 19 18 087
BCF, 42 3033 25 17 022 24 18 035 24 18 03
BCeF, 46 4 047 24 22 077 23 23 100 22 24 077
BC,F, 32 7 011 15 17 072 12 20 016 12 20 016
SSIa  BCF; 60 7 08 25 35 020 42 18 000 30 30 100
BC,F, 39 10 002 20 19 08 8 31 000 19 20 087
BCiF, 35 4086 21 14 024 11 24 001 17 18 087
BC,F; 21 308 9 12 051 6 15 005 13 8 028
BC:F, 46 6 092 20 2 038 28 18 014 25 21 056
BCeF, 40 8 018 18 22 053 15 25 011 16 24 021
BC,F, 47 7 064 25 22 067 23 24 08 22 25 066
BCsF, 45 5 078 24 21 066 23 22 088 24 21 066
NYF®wUE  SSITa  BCF, 37 4 077 26 11 001 19 17 071 20 17 062
BC,F, 25 5 02 9 16 016 9 16 016 11 14 055
BC;F, 20 2 075 6 12 016 11 9 06 12 8 037
BC,F¢)
BC:F, 63 7 076 37 2 017 37 2 017 30 33 071
BCgF,©
BC,F, 17 1 04 11 6 02 11 6 023 10 7 047

IF3I/%4%Y GBSSI BCF; 120 12 044 61 59 086 66 54 027 72 48 003
BCF; 124 13 053 62 62 100 58 66 047 72 52 007
BCsF; 123 20 024 63 60 079 57 66 042 62 61 093
BC/F; 125 11 024 68 57 033 73 52 006 5 69 024
BCsF; 120 14 080 64 56 047 61 59 08 61 59 086
BCeF; 120 12 044 65 55 036 53 67 020 57 63 058
BC/F, 93 9 044 37 56 008 47 46 092 49 44 060
BCgF 90 8 033 48 42 053 44 46 083 44 46 083

SSlla BCF; 120 11 030 68 52 014 65 55 036 57 63 058
BCF; 115 19 022 48 67 008 57 58 093 52 63 031
BCsF; 123 15 092 55 68 024 66 57 042 57 66 042
BCF; 125 17 073 62 63 093 64 61 079 54 71 013
BCsF; 120 10 020 60 60 100 61 59 086 56 64 047
BCgF; 120 21 012 52 68 014 65 55 036 51 69 010
BC;F; 96 8 025 55 41 015 46 50 068 50 46 068
BCgF,; 90 10 071 43 47 067 45 45 100 45 45 100

U A IAF GBSSI BCFP

BCoFy 32 062 18 14 048 18 14 048 17 15 072
BC3F, 40 065 26 14 006 18 22 053 24 16 021
BC4F; 37 027 14 23 014 19 18 087 15 22 025

3

4

7

BCsF, 32 3 062 19 13 029 18 14 048 19 13 029

BCgF; 44 10 006 18 26 023 22 22 100 16 28 007
8

BC/F, 43 026 17 26 017 20 23 065 21 22 083
SSIla BCgF, 62 7 079 33 29 061 27 3 031 31 31 100
BC4F; 74 13 022 34 40 049 30 44 010 38 36 082
BCsF, 40 5 100 15 25 011 29 11 000 21 19 075
BCgF; 39 3 040 19 20 087 24 15 015 20 19 087
BC/F, 38 4 073 18 20 075 24 14 010 23 15 019
BCgF 44 10 006 18 26 023 16 28 007 24 20 055
BCyF,; 38 7 030 18 20 075 12 26 002 21 17 052

#. a) 32® GBSSI b L & SSIIa @{nTHANT a4 Th AR
b) 3BIETEEICOWTHIFEZEAER AT OHAE=7:1 % LELED y ZRBREIC X i
¢) 1EIETHEICOWTHIHMEZEAER  AFOEG=1:1& L25A0 y ZEBEICX DR
d) BCsF3 X 0@k L7z HA BAREIEMBE Lz, &TATufis
e) BCsFg & 0 #ik L7z HA R fEE L Liz72d, & TATuiEs
f) Fo X 0#KLz Wx fERZEmHLE L2720, & TATuHEs
W o BpA
H: ~7ofEg
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xR6 [HZRDB4] BXO [3IF3I /74 ] ZHOKE LHATE

63

ZHCAEH

F, BC,F, BC,F, BC,F, BC,F, BCF, BC¢F,
%% D-B004
Wx 2008.6 2008.10 2009.2 2009.8 20105 201092
HA 2008.6 2008.10 2009.2 2009.8 2009.12 20105 2010.92)
353 A
Wx 2008.6 2008.9 2009.1 20095 2009.9 2010.1 2010.5>
HA 2008.6 2008.9 2009.1 20095 2009.9 2010.1 2010.5>

E. a)
b) BCeFydk V) Wx. HA MR E il (5T H & K

99% DT 6 Wn T F 7213 3 BB THEONT O
HEhRE LR LD VEERSE 27201213, miloiHE
A Gk - BEE 1974) 12X 0. EhEN293ME 1k,
SRR T D LEETH S LR SN B, FEB
(21 6 BIR T2 B AT A28 TE2004 55 O
SHERE T 5 b HIVEEDME Stz Lo L, ik
WCHW A KT 5 & RO LI W
AR ZREIZIRIKT 57201213, 6 FETEAR
FECIE 3 MR THEARMIH LTHREU EnE LD
SRR TS TH o7z (£33, £5). KA &
BAEERE 1 7201070 H20RREZ it L 5
L. 6 METHE AR TIIRIET H15~308 L Lo
RESLETH 5D L, 3 #BIs AR TIE
BRI 2~4F (2RAbETA~8H) Dlo
RETHM 2 < RO BE U SSHEN B 7 AR A3 &
N, XVAIMNTHLZ Lbhb,
MASZJHW R WE L RHEZ X ANILOBE K (i
M5 1995) 12id. #sE TO AU Z HAad bt
Th. HAOKEAH HBCF, 2155 FTIIH 54
Rz, 2hiE Fo b LEF R A2 W21
RIREZIT o 72RERICE B DT, ARFETIX. 2
ELUNTHSHORLEMEE T TE (£6),
WxRHAD X 9 AWM E AR LMK D EA
THEAE. BAKREIC & DSl T ORMERA
HTHo72h, MASZH V5B Z &L TEDIEEDNA
TN E AR LR D b Z AT E T,
Z 07280, WL 3EF0BIE, 5 HELEORL
SSHEC X D AR TS AT D90% UL 1 F Tk
EN72Wx, HAONILF L% M L 72F, 2% 61
THEY . HEOSWE U Z Olifilk A 0B H A fE
Lo TW5, o T, SEOENEHBIY;O
2 F O SR E B O B 2 RSB D Tk L
B3 %,

MABCIZ & DRI 2 H T 5124720,

Wx_BCsF1/HA_BCgF; & 0 HIRME S & 0% b of Rt & 1F

b)) —OKRELMENED D 5. HiRO#E ) DNAT
—h—%fH 2 LT, MEHRERLBAMEL T 50
TN OMRALEICHRTH 2705, FHEREDS
ZOAY— FORIMEEE %5, AFFETIE. %
VO BRD-B004 12 BT RIIE 5 i F TR
85 LT RoEFIIN % iS¢, K42
HTROZEIMS 5 2 LB TE HRS (1975)
XD, BBV [7TAHNaAF] 2 KEBE LT
R L ARMEC BT, RIS X 2 BRI 2 B
WEEALRFEIC L D563, %6 T 1 BERAAERILL
Mg LEHAADELIEIZE ST, 1A EFEY
T9H CTHEMASMAMED SN2 2 E G S Tw
b0 7o, REOFEMFELD BIEREERE COH
BB o — iR LRI L 0 R %
EHICEDLIENTELWHEREEZRIEL TW5,
INHOHEE, IUEICIEAERITH LS, 11
B2 ) ORFEE ARG D% < CEFA2RFEEE) |
F 72, AP TH 5 [BERD-B004) % v 72 F i i
AU X D IR LA L, KBFEIC BT
LR LM EOFFHHTE VLIS L
Jo7z, Hilh ECOFRFEERA L. LA LA
5, ERFEFZYURTAZET, 1IROF R
ZEML. 2ot EOMT 2155 2 LSS
BBHTHA)o TOX) BHEL HEOFEVII
O - SRR BV 2548 IRIERE 0K
WHDEF LAY — FTMABCZ D % 72D —
MWchrEE2bN5%,

MASIZ X 2 %2179 H&. BEOBE (&=
T) #EUDNAY Y IV 2HWTEKTE S LW
ARED D BH, = —FHPHZ HI1ZOoN, ZD
A MREERMAHZ 2 2w BEDSHETL %,
BEGEE T OREKICIE, S VFT Ly 7 A
PCRIZ & D PCR & HATKB) DO 2 3k 5§ Z & T
I X Mb - BIMEER L 2 EARTE, EBRICILF



64 WA RN T £~ & — Wi ge s

TV 7 APCRICHE L7z~ — =R ST b
(Zhang et al. 2008, Wang et al. 2010), <)V F 7
Ly 7 APCRZATIH BEIZIE, ENZENDT T4~ —
oy MASBIRSNLW ST 1 — R 7 VTRl
Wi c& s, H—07 == Y ZiRETHA
R 754 ~—%MnbZ e, FNEhDT 54
Y—EARBELEN TS L PEERNTH D
(Zhang et al 2008) . AWFZEIZBWTDH. LitskH
w72y 3MET % —EOPCRTHETE b~ —%
—%fEgcE (K4), 2z k., % 3o
PCRO&IZ 3 MIOBELIKENC & 0 AR BH E 2 17
IETAHE, 3FDOLIZEST I ETIA M OHIR
BIOMEERFON 2L LB TEZ, F72,
T AU —=AT Ve 7 BRIKE AR EZ A a Z b
BHH5 b0, BIZTRONEEZQlAxcel (QIA-
GEN) 7% & ODNATEKE) ABLEEZ 25
ETIEERMRIT E BT EAY . A EEE DB
btz oMb EE 25 (Saito et al 2011),

PR XD, ABFECIRBEC 3#IZT o 0EMRAR
Wz Lgle LTHATRZZ & $72, VT
Ly 7 APCRICE 2RI R o722 L 2%
B3 5E, 3BIRTFITOWINIR LZHZ D,
I 6 BT 2 AT 2 05 ) R E)s
B XD ABITHEREZED SND E V) HTE)
RIYTH S LEmT oniz. HE L oRM, it
Z AR BUE O MEEE RO BI 2 B 5 ZERAE
FEOMHEMNEE WHEBFRD A — FONS VA% £
THE, ZOFENEHBCMLZIOTHLEEZ
bhb,

BELACHIC X 2 HEE R Tk, RKIEBlO —i# % W%
B2 2HMC I HBUCHRT 28 RbfiT %
BAT L7280, TE LT AEBICEEZNE 28R
DU, HWERBEFICBERO W 1 EO 7/ A
FIEPERL, ARBEEZRDL I LW EAEE
Ll bo WA, PRSI T ADNAY — 7
— % vz #E PP (marker-assisted background
selection ; MABS) # W7z M BIF % 2 4 F i
MHERESHRE SN TS (Kumar et al 2010,
Randhawa et al 2009. Xue et al 2010), #%H. 2
DR LM BT 5 1 MBI R 5 et R g
1X125%TH D IEB~OEHRFEEI1X875% THh
5o LML, MABSIZX ) HIW#EETITMA. %
o~ —7—12 &0 IAEBUTHIR S 2 dett ki 2
BHT B2 Ty 2 OB LEHETIT% D AZH

#1147 (2012)

J N EFEOMAE #EHRTE %5 (Randhawa et al
2009) 7% & AHRVEEOR LR CHE L 32 )X
BT 2% L0 FEORMEEINTE, BEAFE
B2 TRz 2B E % 5 L 72 A R & )
HICHED D T EDNMTHEICR D, L LAEDVS, 20
FHEEENO I A FFFEEERAET T 57201213,
ek eko~ —7i —1Fi e, a2 Mo
LB TTEDUEARTRKTH B ENIZB T,
(2 en ) BRHDLS ] (TN 2008) 7 &K
Woa M COMBMABNLH 5 b DD, T AFTOHwEIE
HENTWaEV, SWB X OF DR DOF KIS
Hilzo Tk, FERM TR LM EZIT. DNAD
M2 S BHE TR OHZZIPFTITH) LT &
DA L T A MO THEEMIED 5
NzEE LB, 5%, MABSO L) IZEHICH#A
7207 7 WAEHICHE D BB E R A L 72 R E K
FOSRESTFRIN, ENOFEFMICENS 2 #
AL T L2121, FHEBM & MAS%E B MI2AT
) EBM OB ERTOVEENE 2 S b, FERS
MRS LTI, BEICEHLEFIRTD
MASZA79 2 & T, HREZ IR WHEE TR
GEPERZFATE, MAEFEEAE ) #ES 5 &7
HEhd,

51 A 3C 8k

1) BEHUCHEW, Az, REMA, 4 RIEE.
1995. 71 2 F 4 FL A i i oD BRI 4 4[] B B A% T
RN BIT LML L EikME. B 45:
97-104.

2) Gupta, P.; Langridge, P.; Mir, R. 2010. Marker-
assisted wheat breeding: present status and
future possibilities. Mol. Breed. 26 : 145-161.

3) Ishii T.; Yonezawa, K. 2007. Optimization of
the marker-based procedures for pyramiding
genes from multiple donor lines: I. Schedule of
crossing between the donor lines. Crop Sci.
47 : 537-546.

4) FEFIE. 2007. FHBWRICBTFL a0
W BIREEIEUE~ VT T 4 oFEHIZHE
3 AL, Hrie RARUETER 8 1 1-37.

5) % sCHE, A % 19740 R LR L
(RRFEEEYE, BN N7y 7). #EE



6)

7)

10)

11)

12)

13)

14)

FERRIE A 1 B L ACHELS & B i T R AC 331 2 DNA~ — 71 — B OMHRIEHICE T 2 —% 65

p.635-641.

INEEE—RS, BARE, Sl & BRI,
ARG, RGERNL IR SE, IR, #
FoofR, AARRZE. 2003 KFEHRH (22
AVUEIIBL] OFBREAMEN L [ave
AVEIBL1 5~ 6% ] OFM. &R
tHF 20 @ 13-32.

Kumar, J.; Mir, R. R.; Kumar, N.; Kumar, A;
Mohan, A.; Prabhu, K. V.; Balyan, H. S.; Gupta,
P. K. 2010. Marker-assisted selection for pre-
harvest sprouting tolerance and leaf rust
resistance in bread wheat. Plant Breed. 129 :
617-621.

B, MRS, MIE 1. 1975, S
O A FEMIZ BT 5 HANEAESAR o B FE 0
78, stEEMEE 51 - 1-50.

Nakamura, T.; Shimbata, T.; Vrinten, P.; Saito,
M.; Yonemaru, J.; Seto, Y.; Yasuda, H.; Takahama,
M. 2006. Sweet wheat. Genes. Genet. Syst. 81
: 361-365.

Nakamura, T.; Vrinten, P.; Saito, M.; Konda, M.
2002. Rapid classification of partial waxy wheats
using PCR-based markers. Genome 45 : 1150-
1156.

Randhawa, H. S.; Mutti, J. S.; Kidwell, K.;
Morris, C. F.; Chen, X. M.; Gill, K. S. 2009.
Rapid and targeted introgression of genes
into popular wheat cultivars using marker-
assisted background selection. Plos One 4 : 11.
Saito, M.; Vrinten, P.; Ishikawa, G.; Graybosch,
R.; Nakamura, T. 2009. A novel codominant
marker for selection of the null Wx-BI allele
in wheat breeding programs. Mol. Breed. 23:
209-217.

Saito, M.; Vrinten, P.; Ishikawa, G.; Nakamura,
T. 2011. Marker-assisted selection (MAS) of
wheat lines for udon noodle production. QIA-
GEN Application Note 1067972 : 4p

flie RIE, BFEBE=, MIKFA, RANRIE,
KEPFEW, FHERRE—, TEIGA, ¥ R, A
WwZ, wiieE, RIGEE, Wik K BH

15)

16)

17)

18)

19)

20)

21)

i, MERER, THICUR, EERPNL, 4K
#WiZ, WEEEE. 2002. =Y FOL RN
[H4 =3 FBL] 22T, BRI R
3:1-35.

Shimbata, T.; Inokuma, T.; Sunohara, A.; Vrinten,
P.; Saito, M.; Takiya, T.; Nakamura, T. 2011.
High levels of sugars and fructan in mature
seed of sweet wheat lacking GBSSI and SSIIa
enzymes. J. Agric. Food Chem. 59 : 4794-4800.
B, HoR RS, 2010, HRAE 2 A F 05
5 LA, BIZ50AE RS - TR NG
BHE 714

Shimbata, T.; Nakamura, T.; Vrinten, P.; Saito,
M.; Yonemaru, J.; Seto, Y.; Yasuda, H. 2005.
Mutations in wheat starch synthase II genes
and PCR-based selection of a SGP-1 null line.
Theor. Appl. Genet. 111 : 1072-1079.
PrivaEfE, e wE AT W OKHARE, fE
MRz, CFINEE, PHFES, HE I HA
W, BOF E, ARRE, HISGHE, AR
e, REFEAME, Ok AR, 2008. 2
e A LB OBIZIE R & Fom R A 0K
FRanfl [ 23 e ) BMHDLS | OF K. 1
WAk 9 1-25.

Wang, L. H.; Li, G. Y.; Pena, R. J; Xia, X. C; He,
Z. H. 2010. Development of STS markers and
establishment of multiplex PCR for Glu-A3
alleles in common wheat (Triticum aestivum
L.). J. Cereal Sci. 51 : 305-312.

Xue, S. L.; Li, G. Q.; Jia, H. Y.; Lin, F.; Cao, Y;
Xu, F; Tang, M. Z.; Wang, Y.; Wu, X. Y.; Zhang,
Z.Z.; Zhang, L. X.; Kong, Z. X;; Ma, Z. Q. 2010.
Marker-assisted development and evaluation
of near-isogenic lines for scab resistance QTLs
of wheat. Mol. Breed. 25 : 397-405.

Zhang, X. K.; Liu, L.; He, Z. H.; Sun, D. ].; He, X.
Y.; Xu, Z. H.; Zhang, P. P.; Chen, F.; Xia. X. C.
2008. Development of two multiplex PCR assays
targeting improvement of bread-making and
noodle qualities in common wheat. Plant Breed.
127 : 109-115.






WAL BB Bull. Tohoku Agric. Res. Cent. 114, 67 —117 (2012) 67

R

SRALiIR(C S 1T 520 1 0FERDmER FRE & xR

SIS /v Al | 7 S & WA ] S SRR~ v I

AR R R S 7w - ERE EEY

B - Rl — R - AR m—0 - ik SR

R (£ R SO 1 L 2 A 1) L AR SN

AR AR - AW FEL - R RO - M SR
R Bp—*" - i BhE™Y

¥ 8 BT B 520106E 0 1 SRIEFITA TR 2R & 70%20 575% Td ) . #1040 HL s
DI85 L THEA > 720 S D i ER KD 72012, HUL AR D20104E RO E D FREZ R L
7o BT, WL EE AN L. SRRSOV THRE L7z 25T o R AR RANL. HH
LR KR CIEZOROFEEAL T, B, IIEE, MER T, ARINICTH -7z, Bz BI)
%20104EEFE O LI E+23T L1950 LK L MO TH o 720 KOFEEEHMNEL T, 8HD
FHRMA26CEBZTEBY., Bl EEKTOFEREEZZ Sz, LaL, RO 18k
FAIRZT CEHENTE ., FROFEEMEOBIREEITT 2E0@ECSEO—REHfEE SN, F
MR L L, itk OB, B BT, BERCR A 2 A bR, BRI o#N T L
BEIE, FLIEOKBA L. EINRESE DS S 7ze 20104E D8 L LT, FAYR HERS L 72 7 o R AG T
PHEZ SN THERTFZ2WE LA D 7228 &, 8 AR E I ORI X 0, HEEHD 5 A
B ORESIAL200C - HEKE A, MEBROIFIAED SN2 AR S 7z,

F—T—F kAR, mIEEE, SR 1SORIEER, BEEARR, LA A, RSN

Factors and Technologies Affecting Rice Grain Quality in the Tohoku Region in 2010 : Hiroyuki
SHIRATSUCHI* ', Fumihito SErto*?’, Tadao Icuita*?’, Toshiyuki KIMURA*?’, Masaki ISHIOKA*?’,
Hiromi SUGAWARA*®’, Hiroshi YosHma**, Masumi AsaNo*®’, Hiroei KANNO*®', Kazuyoshi SATO*®’,
Shinichi MATSUMOTO* %', Yuko SAT0*®’, Chikako MIURA*®’, Kazuhiro Kon*®', Kazuhiro YUkI*”,
Tsuyoshi HAvAasAKA* 7, Taketoshi HONMA*®', Takahiro KONTA*?, Satohiro FujiTa*'?, Eiji KANDA*!Y,
Youichi OHDAIRA*" and Hiromichi YAaMmAcucH* "

*8)
*9)

#10)
*11)

20114F

R BB 3ERFSE+ ~ # — (NARO Tohoku Agricultural Research Center, Shimofurumichi, Yotsuya, Daisen,
Akita 014-0102, Japan)

TR R v 7 — BWEAEWIZERT (Aomori Prefectural Industrial Research Center Agricultural Research
Institute, Tanaka, Kuroishi, Aomori 036-0522, Japan)

) HTPILEENSEE ~ 4 — (Iwate Agricultural Research Center, Narita, Kitakami, Iwate 024-0003, Japan)

BTN v 7 — R 2 JEHT (Iwate Agricultural Research Center Kenpoku Agricultural Institute,
Sannai, Karumai, Kunohe, Iwate 028-6222, Japan)

IR AR ERY; (Miyagi Prefectural Furukawa Agricultural Experiment Station, Fukoku, Oosaki,
Furukawa, Miyagi 989-6227, Japan)

A B AR BT~ ¥ — BBk (Akita Prefectural Agriculture, Forestry and Fisheries Research
Center Agricultural Experiment Station, Genpachizawa, Aikawa, Yuuwa, Akita 010-1231, Japan)
NI R AL v ¥ —KH EEREREY; (Yamagata Integrated Agricultural Research Center Rice
Breeding and Crop Science Experiment Station, Yamanomae, Fujishima, Tsuruoka, Yamagata 999-7601, Japan)
INEELT (Yamagata Prefectural Government, Matsunami, Yamagata, Yamagata 990-8570, Japan)
IR R ERETIJE+ ~ ¥ — (Yamagata Integrated Agricultural Research Center, Minorigaoka, Yamagata,
Yamagata 990-2372, Japan)

B &Y ¥ — (Fukushima Agricultural Technology Centre, Shimonakamichi, Takakura, Hiwada,
Koriyama, Fukushima 963-0531, Japan)

AR RIL M 3EMFE L ~ # — (NARO Tohoku Agricultural Research Center, Akahira, Shimokuriyagawa,
Morioka, Iwate 020-0198, Japan)

9 H21H =4, 20124E 1 H16H =¥



68

PALRENTE L » & —WFgeikis %1145 (2012)

Abstract : Except in Iwate prefecture, the percentage of first-grade rice grains was lower through-
out the Tohoku region in 2010 than the average for the past 10 years. This study examines grain
quality and factors affecting grain quality, with a discussion of methods to improve grain quality in
the Tohoku region. The reason for the assignment of the second or lower grade was the presence of
immature grains in Aomori and Akita, while in Miyagi, Yamagata, and Fukushima, the rice crop had
many white-core and white-belly grains. The mean air temperature in the summer of 2010 in
Tohoku was higher than normal by 2.3C. The mean air temperature was higher than 26C in most
of the main rice production areas, suggesting that high temperatures degraded the grain quality. In
some cases, top-dressing was applied insufficiently because the shoots were longer than usual, which
seemed to exacerbate the grain damage caused by high temperatures. Differences in grain quality
among the six prefectures are apparently attributable to differences in the high-temperature toler-
ance of the main varieties in each prefecture as well as to differences in temperature. Moreover, the
cumulative air temperature from heading to harvest in 2010 was much higher than 1200C -day,
reflecting a late harvest. Methods that improved grain quality include the use of high-temperature-
tolerant varieties, late transplanting, top dressing, control of rice-ear bugs, continuous irrigation, late
drainage, and harvest at the proper time.

Key Words : Rice, High temperature damage, Grain quality, First grade percentage, Immature grain,

White-core grain, White-belly grain, Cumulative air temperature
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Afld KRR 7Y 27 FF—2] 28
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OB S, FITWHEMKTIZHD 585510
WCHRE - MEEL 7z, WA - LD FLoBILT
THW7Z BRSO ZMICIE, SR LTELS
FLHL 5,

51 B 3CEk

1) Friufidn, SUEWERE. 2001, BRUERK (<&
OOK) OFEAFEIREAS & FE IR, BRI R ST
g 41 33-34.

2) HH . 2008. A A O E ORI
BT HAER 77 - 112

(AAE— - (ke - =lifET - & f#)

V WUERICHTZ2010FERORKEETE
S Rab Ok 5300

1 MEOXERE

IR B 5 20104F Bk ARG R (20114F 1
ARBBUE, W REEFHBE) (KD 5 H XK
DORAREHAERBIEI70% T, 15K RIZ
74.7% T20094F B[ X D 204% . 20084F B[] ] X
D196%ETFLTWw5 (523),

2P TFITRANT SN T 2B i, OB kP
395%. @FEEAL3ST%, @FMR (H ALY
¥) 175%. DT@OHKNAR, ORE. ©%FF. €
LT, OIRENDIEE 72 5T b,

ER RSSO 1SR EE, T2 hE]
735%. [ &) 831%. [2¥eh )]
841%. [H&/7-2FH]639%. [HH=>F]
11.1% T, 20104E A FE 2 — L7z [2RM] 1%

#1147 (2012)

£23 Kit9 5B EKOERLER

SRR (%)

TR % 2% 3% R
20084 94.3 47 04 05
20094 95.1 40 04 04
20104 747 232 1.3 0.8

20104 — 20094 —-204 19.2 0.9 04
20104 — 20084 -196 185 0.9 0.3

IR BRI (2011 45 1 AR HBUE)

|24 EppEHURAESEN O SERIN HEAR & e OK
fii) 5 HEK)

. SRR (%) B

L 1% 2% 3% @it (t)
X2k & 735 251 1.0 0.3 158,386
O EDITh 83.1 16.3 0.4 0.2 31,753
aeHh) 84.1 15.3 0.3 0.2 22,782
hEx7-2%FbH 639 300 42 19 14,966
DRI 98.2 16 0.0 0.2 11,762
= F 111 748 127 1.3 3,554

IR BRI (2011 42 1 AR HBUE)

982% & i B & Ro 7z (F24),

VEDUBRT BRI BT B 8RR A TIE, AKHEER
B N3zda&] 767%. [l 84.1%. 2
e ] 816%. BERGWMELY Y —D [IZZ
A& 828%. [OIi] 84.8%. 2 eAhY ]
89.6% & IR, SR ZAEARD 5N D ($25),
F 72 K B SERRER Y O B an MR E AR A I BT B
MR TIE. AR R OBFROBEIIL 5T
%] [HE7-2F6] [EFALY] [HH=
XA RE] 25U TFTHo7z (K260), %
B, IFIRFTsShAToEDEEN][aden) ]
(O] OhTid, [DRU] OME RS ENLT
W7z,

2 5%

B~ KR - HRAE T4 A17HIC
BT AED S, BRI ARG - SR R D
Nize 36T, —HMEFARBOBERTHOEF
AR &) BRI AL 72,

SF oM~ BBV TSP oK T
L, BAKELZh o7z, s omllidEHE - £
W - DT, BIEESRTRE L. B, MRA
D6 HIAHZT A (CF4E6 HIOHZTA) THho 7z,
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g mmy, O R %fg’j%ﬂlﬂo’{f BRI B KT B SR SRIMEL FOREL o f;L
(H.H) (/o JE B (H.H) (B.H) (keg/102) (TR (%) (%) (%) (%)
BERATIEL Y - 22z 520 222 60 20 803 910 629 368 828 169 20 452
WEhaOhAE % 514 222 40 20 807 915 650 346 848 149 05 184
ayehy 514 222 30 10 806 910 561 300 896 102 12 240
KIDMEARERY;  1Z2aZx 510 208 60 20 803 912 615 310 767 228 77 574
S 1 SR 510 208 40 20 810 920 616 318 841 156 07 187
ayesy 510 208 30 15 809 915 505 256 816 179 38 248
PEDLIENT 3R (2010 4F) .
TR OMEF P 0 BRI X 2 ZoREEEHAE (55 WH 1.9mm. = %)
£26  JLEHanAE O i
B R (H.H) HZok#E (kg/10a) i (M%) 25 DL O FLH
I % I % I % I EZ
EL o) 7.24 723 531 500 2F 2 ALk FLEThE
Hhir2Fb 727 7.28 601 503 2F 2 LA, WAk Sk
LEALD 728 7.29 632 634 3k 21 AL FLEhE
HFH =y F 8.02 801 597 516 2t Birat LA, FEIHR FEIM
DEDITh 8.03 8.04 609 581 IF 1F
ExhE 8.02 803 617 636 2.1 1T A=t
aveH 8.09 811 636 620 1T 1F
2R 8.09 810 633 596 1 1
HLOUE 7.30 731 639 694 3 3T LA, Wk FLak
IR FH R SR (2 B ) % SEph i Al g e F A (2010 4F) o
M (AR &, W RESEET O REDRERICE 5,
B (FAiZ) :5 H 10 H. A% 222 8k / o, SEEMESM (kg/10a) © B 7.0 £ 8 10.00
SRR ~ 22 0 13 iR, HHERERIESEAER T JeASEA 72720, OIIEE ORERT52347 7% 2

Rl L7zo ek, MENNE7 A1I8HZA (F4ET

H23HZ %) Thoiz

AR - BB - 21
AT ~ I ] 2 ol L O i O L 7o
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SUAYE
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A
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B O - IR OWHRE R 70 B R 12 R AR HT
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T ORI FEDE

(2 REHEH.

A TR L7z
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j'o QEEZ’) 1TJJ:L H_‘

EEBDY o, EPEEORIERHIC X ) A
EAGHIE L B PAEE~ R R D o 720

3512,
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BAFOOEFM T, EREDS 5 WMEITRE
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HEHA Y 6/144 R 7/18 § (270) (354) v
[fpRe e il s Ay | %m [wikE]| i 4 W~ [FRRE] [ AR e |
" BRI 2 —hcesope | | =S LR~ Hﬁyg\,, . gp‘ﬁg,%‘ sy
T T B 44 (112) (99,100) Sy P — v i
H : : H ARG R T
" . .2 (87) HAEE (-4 H) e S v
I il  Jifs W
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”; @Ak @ KA OO @M - HEAR @FiEAE  @FIRMKS T [ EPAZDIT:TS
O ke @REIRTE @AY ES @R [
i @i
5
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) OFRHRI KB OhFL OIS  OKSHHILE OB ik ORI AR
& OW%AITH OB G - MAGF vy QWA fE

K30 20104 OFERIE KX

T7H. [aves) ] TI2HREF o720 B L.
REDOEMIZ TIER0E] TRIECHEBLED DD,
[F2eh ) 3% BEB LFE RO Nz, &
P OBIC & 2 BT (KRR, IERD) A3
fath S, FIHEKOR; 1L & W RO BUE A3
FEOA0T HNFzo MRS, SEEIATED () <
BB WAKGOF = v 7 LRI ()
Mgk DR Z B2 NIz LA Ly MY i
WA S, ARSUE OB L ZBEm e &, #H)
ALY DT Z T2 2o 720

M40 H B 0K T-39271C . H%1%2327C T
AR (2003~20094EFH i) L 2 En36TC.
38CHE v WRICEHMOBERIC X > THE K
T U7219944E, 19994E X W @7z F 720 EH -
RO FE AR 13 AR #21 ~35 H 5 & BIAR A4 <
(RIS 2002). 20104E13273C &A% ) m < H
KA%5 L7 (K31,

HE P I CAEPI ORI X 0 1 SRR KR
AT L724ER (20104 & &) 1 AER20H Mo
FHREAS, 1320 E&] TE2ICUETL %K
EANBLLT E 2D, [ = F] TII2BCU L
T1ERIEEDPGOB LT b LWL

30 O Fy1~40H
2 W T421~35H

Dﬁ1&1~205
= 20
i 24 H
| 1l R
c2MNNEEN L
i ||| || n |||
gl In) I 0 At Ind It A ! I
1994 1999 2000 2003 2004 20052006 2007 2008 2009 2010 “F-4-
FW

18
B31 B (MR 0B OO ik
K S BR \ 2 35 0 2 VR DL T 3R
A X R
Sl (3K R S SR B 7 — 4
AR 2003 4F~2009 4E 0 PHffi
B -5 0 10 Hy REEHEE : 21 #k / of, ZRIELERE
(kg/10a) © ZEHE 6.0, SBHE 2.0

(X32) 0 BRW O SRR (C=— V3 12X -
THALFZ A, AT o ffl S BRR AT L
FIRBRLER, 2 O R BRI L 72 (327)
Tz, WAHOBFRBRRZ, [V F] [HE
72235 T, WHHAERD D SN,
R O M RLE (5 ~7 HR) 12X- T,
TR OFEADHEM L HF I Bl 28 H (8 ~14
HH) 2B 0B CTRADNE ol (3K28),



FIE A SRS 3515 5 20104F BE K O i BUAR T S I &k SRl 91

100
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9 = — e L
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) J : ® L@
i 70 170 Qb
& A @
% 60 ¢ 60
50 50
ES ES ) ®
a0 a0 ® @
% 30 LB % 30
20 20
10 10 @
22 23 24 25 2% 27 28 29 22 23 24 25 2% 27 28 29
5 (C) 5 (C)
dAmE (1994 ~ 20104) FH =% (1991 ~ 20104F)
32 FENHIRIZBIT S 1 ERIER & B 20 B B oSO Bk
1SRRI BCI TS & 5348 ORICBIT 2 2R IWBILEARARERE) o
SEE S AT 7 — & . VRT3 K R S SRR 1S B U B VR DURAT BRI & %,
2004 4 (IREE). 1993 4 (K#d) #Bk<o
K27 B OB IRALE X 5
b EAin ] HYREI BRkE (%) FRFRE (%) ZOMRIRE (%)
o (H.H) (A.H) LT 15 i LB HEALPE SR HEALFE LR
HE/ZEh 525 802 503 357 78 186 156 223
o 511 801 414 202 166 281 16.1 229
AL 511 8,02 711 490 43 17.7 206 306
F R 511 8.02 627 363 46 114 129 195
aveH 511 808 673 385 45 17.8 19.1 247
DRI 511 308 663 540 36 10.1 209 255

AKHFESERBRY 2B 5 [RS8 | e
rrimALE 8 H3 H~8 H 31 H. ¥=— Vi,
SBT3 S ¢ MEALEE 26.8°C . W TALER 284C,
BRI (kg/10a) @ I 50, BIE 2.0,

FREREEE © 2220k / ndy BA /MR (FHIZ).

R OWE T 0 55V H 19mm. BAH B Kett £ RN-300,

x28 i & IWER O3
W LAE U HE) mAZ2EE LB P Wik 3EH U %) k480 QL H )

T } M=|

PMRRRE o n 75 T3m sn 70 30 50 70 30 5H  7H
26C 19 26 33 23 24 22 19 18 16 26 19 17
28C 20 37 46 25 35 53 21 31 39 19 29 32

K EERBIC L 5 [ s o B 51 5 &SSO Rk

T TR ET I

TR DA S D 550 B 19mm. BRI Kett £ RN-300,

ERIEALEE AR (1800 ~ 65 00) (CE=— VBB L, B — & — Ol (8 46 H~9 /1 2 1T 1 AT 4
W), H AR % B

BRI 05 A 11 H. BB E - 203 /4 / nd. SRS (kg/10a) @ F500 4.0, BAE 150

HUEE -8 1 6 H. MY : 9 A 15 Ho
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+29 RHERRUNC X B W o

BRI R R

LR

nUHE SRS skl SF

1Y S S 2 R
BHES (lm) v OLR) Geloa) (PR e (%) T
A (B i) 5.10 208 8.03 615 310 76.7 77 78
Wkt (A 2) 6.04 22.2 814 599 30.3 84.2 14 73
AKHESERRN - B0 % PRI SRR (2010 45
A C 13205
S MR (cg/100) : BEHEIE 60, SEI 20, WHLEIE 50, LI 20,
BRFOMETE | ABLC X5 IRMRHE (55001 19mm, TR %),
%30 AU Y WS 8
e AOOE  BOLME  EREA FRIHE (%) T T
B (H.H) (C+ H) (%) E Zof (%) (%)
9.06 941 82.5 5.9 9.2 4.9 0.2
9.10 1036 84.0 4.2 10.3 7.4 0.2
3 20X 9.15 1150 84.1 4.0 10.9 7.3 0.4
9.21 1281 76.6 7.7 14.5 12.0 0.4
9.27 1381 70.1 13.8 15.6 12.7 0.6
10.03 1489 67.5 12.7 19.5 17.5 0.6

K B SERERI 2 33 ) B VEDLARATRER (2010 4F) o

R 05 H 10 B, ARMIPEE © 208 #k / i, B|HEMMSEM (kg/10a) © F40E 6.0, BHE 2.0,

A : 8 A 3 Ho

HRABEOWETTE + BHIC X 2 ZRIERRA (55 H 19mm. HH%).

e ) RBAI AR S oA (+25H) . A
HIAIIHEN, md7: ) ERRRLA AR L (B
98% )\ TAKRMIZRL LW (M97%) L7zdoD,
BROARADIE L, TR Y HEAEIMET L
7o (£29). BEARRMPEAEL, HiRfEE ko7
Mo C I, AERMISEE, KT TR O R R DR
OHNTz,

9 HHP W LIREOREMIZ X D AE D 2SN 7286
(AR ORESEIEL,200C - HELE) &, FHARBRL
AR Z OMARBR DB L ZoKROHRDE D |
B MK L7 (K30). F 72, MGl A HIc g8
FRLOFEAN X B W BEAK T 257880 H 7z,

EHIC, BIRBPERICEOARSTVWE SNLE
FIERK DI ERC R IHE KIS L 2 MEKTHHS
n7z.

4 FHRHIHER S h KRB

DU AR SEHANG S~ O B S WY FAR IS X
L55DThHb,

1) KEEBIC X 2 ph i o o

WIRTHERE (29 27%) % E9EICAT - 7213 Tl
BT o7z, o0 INMES O B AR
B R I TN I LHEREC & 0 S oK AhE

WS N7z,
2) MEIEERC L B ST o )k

AR TIIRB RS [ I DS 7 ~10H 22 <
%Y. R T TOFRE L, MEOKT %2k
L72$B0% C oz, 512, oI
PRV B & B W IE RIS Tl 9 H oWkt %
FEmI P2 AR ISR D 23 7 b, W O 254
o7

3) Y2 BRI X B i IR ]

BN, RIS RREIC RO & RO KRG
SR IS E L MR L THER L. MR X
BT 2Bk L7z, & 612, @I #E ofie
HER S NS T RO % Bl L 7= F A%
Rohizo —75 EELDHEE TniX47z ) BED%
WS T, R L7235 62580 5 iz,

5 F&o

BA oM IR L GFIC, miREH#IC X ) MEIT
LR WIENHIE) . B 2 B E OBk,
H o MBI ORUK & RIFEKOBNEIZE D72, &
T CE L 7220104F1%. BUKGR HFRE OHE
AL AENC L 2 BT ORIk 2 Wi L7z,

F7o, A TEIRSFHAMEOE I [OR 0 ]
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(& ZERERF L NS BARIR B AT — 1K & 7 o 73R B
I2X 5T, 982%D 1 SR ZER L 720

51 A X ®

1) MOlseE, w78, BIRIAE, JEERsE— AR,
Wi Ik, A, BHEfZ, SRHEE, K
WL 2002, HENHIIC B B BRI O
TS ESAPS T ANy AEecn 7 MY =¥k
36 - 51-66.

CREAIE - S35 W - ARREE R - 4 H25L)

VI #BRICHTI20106ERKOREERTE
(& & 33 SR BX i

1 MEOXERE

20104F j# O AKARAAE R A 45 (R I WL PEE) & i
D ORFEEM) T1ERDOEFIMEL ., Hlcaved
VIEEARBRLOBAD S B A F -7z (FK31)o

W 1 SRR PL D o 72D EH EEDT L W
A5, 19794, 19824FE 2 L T19944F 13 B A B CahEL
MEFLTWS (¥32),

ZI T, KHEERPLL I - ITREL TS
20104F BEEMAHI 2 1 D Lok & T TR S & D BIR.
A IC O W TR L TR oM R S iz,

OERRAT, Mg Tk &, WEICBW T
ave A ) TP o (E33)e @aieh) 0k
RS T ENE SR THLARNI S o722 &
Y ) Hp oo B AR G T UMY X & OBUHE AR IR VLT T U
B - SRS D72l EHICLBHDTH S
(#34) . @OFRPROFAZ, HR%20H MoK
SmATEE R & AR < B ARIR30TC PR
THMS @M Sz (K33), @aveshn
TIE AFBARIARL & B - B FORLI IR O fe R A
WO LEFIZE D WIERENEL o7z (X34),
GFL R I O R AL THRENS WV
BEL RO, MRS CRE R IR 2B EN
LB DHEEZ BN (K34),

2 58

20104E DG E, EH ORISR CRE LB )3
KELSEEPBESIND, 6 HUBIE—iE L T
2 B Re L AR BRI 72 BHIRAE & 72 o 72 (1X135) 6
B2 8 AIX A AIRA B i & SR B L O
IR AR BT DR, B B CRisk L7z

Zo7, MEHEI#ZZT TR, BRI oK

+R31 nAE - I O RARA L (%)

YL ] EilEL 15 2% 3%
g 54 44 1
azenn WD 90 10 0
i) 51 44 5
g 89 11 1
vEHITh HE D 86 13 1
i) 79 19 2

JA A RARRBIATRIC & 2 Kmdsi R (2010 42 2 H 14 A
BE) o

+®/32 WEOEMEICBIT L MERO 1 FRILR
(%)

AER 1SR KGRI
19944F 64.2 EiEE, RWIZ X 2R3
19824F 55.2 W, iR KR, HEAR
19794F 377 AR, BWIC X 2AENh
& B BB T IC B B KA

+R33 I - R ORI G

ol & il R A (%)
HhE 64.7
Ik Ege 61.5
gl 67.5
azenn 59.9
i OEDIFh 67.8
HEZZEH 72.7
FI=TF 63.8

KBRS T R S PR B S - S X AR E 12O
A (2010 4E),

PHEEREZ: © AN TN X %,

55WH  1.8mm.

R A A1 Kett #HERH B 2% RN-300 CTlll5E

R34 MHHOFR L IEE - FEROFEE

REEE (%)

Huigt ol g - JE6
aak KOS ik
Hid D 7.7 5.6 14
g 164 72 19
PISGi)] 6.3 89 17
CRNT. 89T &) (14 1)
BT T B R S - T2 X B VERE R 2 0

& (2010 47) o

i ave sy,

PHEEREZE © RN BIHEA TN X %,

55WH © 1.8mms.

FECEA X Kett FH50R1 50 8% RN-300 TRl

HPELD2C~ATH SRR L7z, Z ORLEM 28
HEAMERTICORDs72eE2 615 (K35),
LB, FREBUITTOEEHOEMHBIZ E DM
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&35 MBI & B 0 KGR

T2 ] - o
Gehin) TR RAOE  OIH) bam RROW  Fhm RAOE
©) rm ©) ©) ne
20104F 255 147 8/ 1 26.7 117 26.2 147
I
s OEPEN ey oD (99 (=3 @D 03 @48 (176)
(5.14) Syeay 20104 269 176 8/ 8 26.5 118 24.2 120
CEEER) (23 (160 (-6 (36) (139 G (122
20104F 25.3 140 8/ 1 26.8 130 26.0 165
LI R
s CEPEY w020 99 (-4 19 (85) G (22
(5.20) S eH 20104 26.7 162 8/ 7 26.6 152 248 138
CREER) 2 (109 (-3 (19 03 (@6 (17
20104F 25.3 119 7/31 274 120 26.2 137
LT
EhF veviEn (P4 (2.2) (143) (-6) (32) (131) (4.1) (144)
(5.10) Sy 20104 276 160 8/ 8 26.7 116 241 112
CREER) 35 (46) (-6 (353 (3 @) (126)

T s A Y vy — (ORER. &, EEHUISAFZEIT) (2B B VEM AT 38R
AREBIERAE 5 H 14 B, FASEE © 208 #k / ndo

BFEMPEL (Nkg/10a) © 2R 60 (2 A VI240). B GHETEL) 2.0,
HEW : 0oz 8J1H, ave#)8H8H,

BP0 EwIFR9IASH, aves ) 9H 15 He

SIS ME 5 0 20 A, IRHEEE : 208 ¥k / nd.

SEFEMMSEM (Nkg/10a) : FEM60 (e AViE30).

B RN, 2> vk ) ka2 2.0,

IEE : 0 w8 H1H, 23 esV8H7H,

WM 0 EDIENIHAIH, ae A Y 9IH 15 He

WEHUERFZEIT I3 15 1 10 A, $RAE%E 238 ¥k / nd.

FFEMMLM (Nkg/10a) : 60 (A VI 30),

SEE (ORI, 23 v h VIR ) 20,

I : 0k wIEN 7 H3LH, 2k 8 8H,

KE 0 DIFNIHTH, 2 s 9IH I8 H,

HEAIE ARG A JEHEAL, St & ISR SE AT (3R B S HEAE 1000 kg /1020

HEH AT — Y OPAEMIEARTILE L 4 5EH, & & IR 7E T 1% 5 M o,
KE L IR e DRR T — F 3T A ¥ AF—% (Fhil, MHIE) b,

L IR ZE T DR S T — & 13 S E S ZE AT 12 TR,

KRBT — & OFAEMIEAREIZME 4 4EM), S & EIIFET 1L 5 E R 0¥,
AR D 2010 40 HIREE ©F — & OKMEIE. AR O & R e Lz,
SIS ZE T I BRI 2R 13N 4 % 7 VR, 2010 4RI KR E MR 720 5%l

WTHRL LR, MBAOAKIRILOWE T 20104F72 5 72,

BINE B b Zh o 720 MUK TIZ19944E 2% 1 L
UNBRIZ 2100 TH o7,

19944E D IR 1 Sk s = v F L W1k
KL D EDIFNTIRME . R > 723
AU THET0%E L MEDK TR Ld o7z,

LA L. 20104E1% 8 H FH) £ CRilmd s < iR L
72728, O LI IR ~19H # 0 &K i 451994
FEXVERCDIZH L, v h ) IEMICHBEBZOR
WA SEDOREDK TR FhAnEEZ LMD

AT RN (REREG £ ¥ & — SEEHTZE
Py SESCTH) T 1EBARE, AR Gilnd) &
PEhF (RZERG £ > 7 — UL HIRF7E i, BFE IS )
TIdH 2B Ao 72 (K37) o FRICERANIIH
ZRTHEOBMATPAEL Y 5 HEER S, 05
il & % B LR D MER A ARBRESE O H AR
EHEL7ZEEZOND (1436).

R DOFERIS & b TR L ) Redp o 72
(338) o BIRIIAES & W CTPAEL D 2 < IRAF

(#36) - DaTeH NPHELY) Do o7z,
3 RECHELLER 2) PEE ) O BT O RENT
1) EHEBR Pl ) o e ) OB ERIZ,

HEINEPAEL D 3~6 HRE L, BEFERIZBW
The b WAL A 72 D1320004F & 20044F, KW\T

#eE by de
i GOy, MG, MASTHESX X T) Tk
F - DERORBADPETH LD L, HiEk (R
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WA 20 H ok &SmO (T)
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