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Simply Rapid Identification of Kernel Hardness using a Hand-operated Grinder in Wheat
Breeding. : Ryo YosHIKAWA* Y, Kazuhiro NAKAMURA*?’ | Miwako ITo*! and Koichi HATTA*®
Abstract : A simply rapid identification of wheat kernel hardness using a hand-operated grinder
known as Grain Crusher was examined. When 2g of grains from nonwaxy and waxy varieties of wheat
having different kernel hardnesses were crushed with the hand-operated grinder, there were clear
differences in the size and the cross section color of the fragments of crushed grains. In the soft grains,
there were many large fragments with white cross sections. On the other hand, there were many
medium-size fragments with amber (light brown) cross sections in the hard grains. Moreover, fragments
of various sizes were mixed in the grains segregated kernel hardness, and the cross sections of the
fragments were mixed white and amber. The judgment value of kernel hardness (JVKH) of the same
cultivar and line were extremely consistent throughout the different production sites and crop years.
In the breeding lines of nonwaxy wheat, the percent of fitness between the JVKH and the kernel hardness
judgment value classified by the flour specific surface area was 87.5~100%. When the kernel hardness
judgment standard of the specific surface area was the same in both nonwaxy wheats and waxy
wheats, the percent of fitness in waxy wheats was 389~100%, and the differences among the materials
were large. On the other hand, the percent of fitness was improved to 71.3~100% when the kernel
hardness judgment standard by the specific surface area in waxy wheats was changed.
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Fig.1 Hand-operated grinder (Grain Crusher, Kett
Electric Laboratory, Japan).
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Fig.2 Grains (left) and grains crushed using Grain Crusher (right) in the wheat lines with different

grain texture.

Table 1 Criteria of kernel hardness and grain
hardness score using Grain Crusher (hand-

operated grinder).

Grain Fragment size and cross section
Kernel . . .
hardness color of grinded grains using
hardness .
score Grain Crusher
Many large fragment and white
Soft 1 yiarge lrag

cross section color

. Mixture of various fragment size
Segregation 2 - i
and various cross section color

Hard 3 Almost small and middle fragments,
and amber cross section color
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Table 2 Grain hardness score in the wheat cultivars producted at different agriculture experiment
stations in Japan.

. Grain
Nonwaxy Kernel . Station or Grain Moisture Ash Protein  Vitreous-
or Cultivar hardness
Waxy Hardness Country score™ content  content  content ness
(%) (%) (%) (%)
Nonwaxy Soft Nanbukomugi Tohoku 1 115 1.40 15.2 48
Aomori 1 12.2 1.39 11.8 15
Iwate 1 12.3 144 12.3 52
Iwate Kenhoku 1 12.2 1.46 11.7 16
Yamagata 1 12.2 143 10.7 -
Fukui 1 12.0 1.33 10.1 6
Kitakamikomugi Tohoku 1 12.3 1.19 129 31
Aomori 1 12.0 1.33 8.6 2
Aomori Hataen 1 122 1.29 8.5 0
Nebarigoshi Tohoku 1 124 1.08 12.2 7
Aomori 1 12.1 1.26 10.0 40
Aomori Hataen 1 121 122 102 20
Iwate 1 11.8 1.29 9.8 36
Iwate Kenhoku 1 125 118 94 25
Akita 1 12.2 1.19 85 9
Yamagata 1 11.8 1.22 89 2
Fukushima Aizu 1 12.3 1.23 9.2 5
Niigata 1 125 1.18 10.1 43
Segregation ASW Australia** 2 9.3 1.20 105 2
Australia *** 2 9.1 1.10 109 43
Hard Aobakomugi Tohoku 3 9.6 1.15 137 68
Fukushima Aizu 3 12.3 1.46 8.7 14
Fukushima Souma 3 116 1.56 11.3 67
Koyukikomugi Tohoku 3 12.3 1.02 118 59
Iwate 3 125 1.25 11.1 86
Iwate Kenhoku 3 121 1.25 9.6 45
Niigata 3 115 1.22 11.3 96
Haruibuki Tohoku 3 124 1.02 14.7 53
Iwate 3 124 1.30 11.7 88
Iwate Kenhoku 3 11.6 1.33 11.2 39
Akita 3 114 141 10.0 21
Fukushima 3 114 1.38 114 51
Fukushima Aizu 3 12.3 142 10.2 3
Fukushima Souma 3 114 1.40 11.1 1
Waxy Soft Mochiotome Tohoku 1 12.3 1.38 14.0 2
Iwate 1 12.0 148 10.2 2
Iwate Kenhoku 1 123 145 109 0
Miyagi 1 124 141 12.8 0
Yamagata 1 11.9 1.37 10.3 2
Fukushima 1 119 144 10.7 0
Hard Hatsumochi Tohoku 3 11.3 1.16 14.3 28
Akita 3 11.7 127 10.0 0
Yamagata 3 11.8 1.20 115 0
Fukushima Aizu 3 114 141 9.9 0
Fukui 3 124 1.33 10.7 4

Note. 1) Samples in 1998 crop year.
2) *1:soft, 2 : Segregation, 3 : Hard. (by Grain Crusher)
3)  FEFEE Samples in 1997, 1998 crop year, respectively.
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Table 3 Classification based puroindoline genotypes and grain hardness score in the wheat cultivars.

Grain
Pina and Pinb genotype Cultivar hardness
score
H ka*, Kitamih * Glenlea™, in®, Victoria INTA*, Wil *,
Pina-D1b/Pinb-Dia* arusiu.ta e:k K itamiharu 60™, Glenlea™, Grandin™, Victoria ildcat 3
Mochihime
Aobakomugi™®, Koyukikomugi®, Tohoku 205 (Haruibuki) *,
Pina-Dla/Pinb-D1b* Tohoku 214 (Yukichikara) *, Tohoku 215%*, Kanto 123*, Katepwa®, Leader*, 3
Monopol *, Neepawa *, Roblin*
Pina-Dla/Pinb-DIc* Norin 67%, Haruhikari* 3
Pina-Dla/Pinb-Dla**  Nebarigoshi™* 1
Note. 1) Samples in 1997 crop year.
2) *:From lkedaet al. (2005), **: From Taniguchi et al. (2008).
3) Grain hardness score : 1=Soft, 3=Hard.
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Fig. 3 Distribution of weight percentage of grinded wheat grains on each sieve by sifting using the
Robot Shifter (Seishin Enterprise Co. Ltd.).

Note. 1) Wheat grains were grinded by the Grain Crusher. Weight percentage of grinded wheat grains=100x (the

weight on each sieve) / (total weight).

2) Different letters above the bars (standard deviation) indicate a significant difference at P<0.05 between four

means at each opening of sieve (Tukey’'s HSD).
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Fig. 4 Relationships between grain hardness score
and specific surface area of 60% extraction
flour (A) or A flour (B) in the nonwaxy or
waxy lines.

Note. Grain hardness scores were classified using Hand
Crusher. 1 : Soft, 2 : Segregation, 3 : Hard.
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MREEHEMEAY 1 () & 3 (BE) oRMTI,
) BB b HMEE LS HERE O 54 55
GO, FREORMOELR)BIZEAERLNLE D
S7e 2 () X1, 3 ORI HEIRED G A
L7 b, ORBEEOMEHIOVWTH Eilk
FBE AR SN (AW,

O XHIT, WEEVEHE MO B TR ERR O
A S PRI o 72D Ty BB A & D
FEEDOIEIE S THOMBKEMEZ HE L T2 0% hf
DIz, TN E60%F F 7 IZAR O RTFEIC
X B BE T E & D@ A (Percentage of fitness)
M L7z, 2L T, 60%0 £ & A3
Table 412, A¥rILETHR & D@ A1 Table 512K
L7z 720 2R 5O Tablel i34 Ak 2 M4 5 il
OMFELD B TR U7 ze AR M O
FHEE, Table 4D Y 22— 5 — 5 A b I )VEUH K
Tldy WAL O —H6 % B TR P 25 B R 12
B L Cw/=oT, Mg eEss 1 ) &
3 (WH) »HEoIEEALE D, 2 (58 13
HbFhThHosze —Jj, Table 5OT T XY ¥ —F
A IOVEUB R R 1 DS AR S S L 7o)
RO R 2 G0 T, MgEMH EMA1 & 378
MEOKYEZEDD2H00, 20MHIEE 2 -5
=7 A FINVEBME L DL FRICHBHTIZS
WIS S 7z,

TR LR 2 A & 60%4y . ARy DILERMATIC & %
WK E & oA, RN X 2 Mg o
H) 52 L HE 2 60%85 . AR & D IS 122300cn /glh
T, 132301 ~2499cni /g, K 13 2500cnd /gL
EEL72gE. 9 ABHTIE. 60%k. AR E DI
kB & OB SR > T, 3L A EOME
7390% LA E O AHRE R L7z, 60%4 KR Tl
EFM ¥ (Breeding lines) 7%97.6~100%. 4= ¥}
T98.9%. HL - ALkl U 2 U R (1R ARG .
[ASW] % EoWNsbEE - $6i% & e DUT [HR
AR ISR (Local breeding materials)) &
889~95.1%. EMETI25%EL. WINH R
Ao7z (Table 4), F72. BEMEZ VAR
FKIMFETH875~952%. EMFTIF926% & 27D
EWVIEAHEEZR L (Table 5)o 438, #EELED
SlMEOIREALIZ2 (GE) ©boT, WKE
PEASE 72550 L 72 o 0 R R, kg PR oo 3
5 MmN TV Y R ENTAE DL H o 72

—7iv b HUMEOBEEROY AL, 60%k 3
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Table 4 Percentage of fitness between grain hardness score and kernel hardness classification by

specific surface area of 60% extraction flour of Buhler Laboratory Mill in the breeding lines and

local breeding materials.

Grain hardness scored Number Number Number Percentage Percentage
Nonwaxy Crop of total  of fitted  of fitted  of fitness? of fitness®
Sample 1 2 3 2 5
or Waxy year (Number of samples) samples samples? samples®’ (100xb/a) (100%c/a)
(a) (b) (c) (%) (%)
Breeding Nonwaxy 1997 22 0 21 43 42 42 97.7 97.7
lines? 1998 23 0 28 51 51 51 100.0 100.0
1999 23 0 19 42 41 41 97.6 97.6
2000 24 0 19 43 43 43 100.0 100.0
Total 92 0 87 179 177 177 98.9 98.9
Waxy 1997 2 0 2 4 4 4 100.0 100.0
1998 2 3 7 12 8 9 66.7 75.0
1999 2 2 14 18 7 16 389 889
2000 2 0 10 12 5 12 417 100.0
Total 8 5 33 46 24 41 522 89.1
Local Nonwaxy 1997 30 2 22 54 48 48 889 889
breeding 1998 33 4 24 61 58 58 95.1 95.1
materials? 1999 26 1 20 47 43 43 915 915
2000 24 1 26 51 48 48 9.1 9.1
Total 113 8 92 213 197 197 925 925
Waxy 1997 5 0 4 9 9 9 100.0 100.0
1998 2 0 2 4 3 4 75.0 100.0
1999 2 0 1 3 3 2 100.0 66.7
2000 1 0 0 1 1 100.0 100.0
Total 10 0 7 17 16 16 94.1 9.1
Note. 1) Breeding lines and cultivars of the National Agricultural Research Center for Tohoku Region. Fall sowing.

2) Lines and cultivars of the performance test for recommended varieties at each prefectural agricultural
experiment station in the Tohoku and Hokuriku districts of Japan. Fall sowing.

3) 1: Soft, 2 : Segregation, 3 : Hard. (by Grain Crusher)

4) Kernel hardness classification by specific surface area of 60% extraction flour: hard 2300cni/g>, segregation

2300 - 2500cni/g, soft 2500cni/g<

5) Kernel hardness classification by specific surface area of 60% extraction flour.
Nonwaxy : hard 2300cn/g>, segregation 2300 — 2500cni/g, soft 2500cn/g<
Waxy : hard 3000cn/g>, segregation 3000 —3200cni/g, soft 3200cm/g<

AR TIEE R E23389~100%. 44 B T52.2% &
o 7ze WIS, BEBEMETIE, M EEIZA
W OD, 750~100%T. EMFTI41% & Eh
57z (Table 4)o F7z. BHRMEZHW7zARHE
T TI13721~83.3%. MK TIE76.8% & R HW»
WMEFE/R LI (Table 5)o LA L. HHEMETIE
ZLAEHERIZBNT, b BT 2 HUEME
XD EAEEDE L FFIZ60%K LR TR T -
72 bBEMWAERIEC2-F—F A MINVTEBT 2
E60% R L EMAATD 2 B L ) 2RMICKRE (&
LIEINAH - 72 (Fig. 4,. Fig. 6~7) OT, WlkYg
PRSI Z AR & D HRRIRR IS X 2 AR M) o2
F e 2 R B 3000c i /gLl 433001 ~3199¢cmi /g
BB 3200cnt /gl E & LA o@aR{ L
(Table 4)o € DHER, BEMEHI BT 2@EHIX

75.0~100%. &M ET1%E LR, 9 5B
MHEOBEZRITE DWWz, 2. AR KK IO
W H M & W 2700 nd /gL L 43 EfE2701 ~
2899cni /g, #'E2900cni /gl & L CHlA R %5
TRACHEH L2 WO 60%k LKA O
£ RBEAROKERI LA SR, &MET
DT77.2% &EbLTH04%I0 L2 E R 0o 72
(Table 5),

PR EMEAY 2 (5 BE) OMEDL oz T
TN =7 AN IVEBHEHIIOWT, ST
PEHEMEZ BT 2 AR HLEER & O# 4%, Fig
5ITm L7z 95 HM, bHME BIT, RV
M1 (KB, 3 (BE) TiEwsnds2%llh
DOFEVEEREZR LD, 2 (4#) 35 554
53%. b HME158% & W ERIMED TRDP - 720 %
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Table 5 Percentage of fitness between grain hardness score and kernel hardness classification by specific

TN v 7 —WFZEHE 451127 (2010)

surface area of A flour of Brabender Quadrumat Jr. Laboratory Mill in the breeding lines?.

Grain hardness score?) Number Number Number Percentage Percentage
Nonwaxy Crop 1 9 3 of total of ﬁtteq of fitted of fitness®?  of fitness
or Waxy year (Number of samples) samples  samples®?  samples? (100xb/a) (100 c/a)
(a) (b) () (%) (%)
Nonwaxy  1996% 48 4 42 94 89 89 94.7 94.7
1996% 12 1 8 21 20 20 95.2 95.2
1997% 56 6 56 118 110 110 932 932
1998% 41 8 15 64 56 56 875 875
Total 157 19 121 297 275 275 92.6 92.6
Waxy 1996% 32 8 26 66 55 56 83.3 84.8
1997% 49 25 48 122 88 87 72.1 713
1998% 9 5 26 40 32 33 80.0 825
Total 90 38 100 228 175 176 76.8 772

Note. 1) Breeding lines and cultivars of the National Agricultural Research Center for Tohoku Region.
2) 1 : Soft, 2 : Segregation, 3 : Hard. (by Grain Crusher)
3) Kernel hardness classification by specific surface area of A flour: hard 2300cni/g>, segregation 2300 — 2500cn

/g, soft 2500cm/g<

4) Kernel hardness classification by specific surface area of A flour:
Nonwaxy : hard 2300cni/g>, segregation 2300 —2500cni/g, soft 2500cni/g<
Waxy : hard 2700cn/g>, segregation 2700 —2900cni/g, soft 2900cni/g<

5) Fall sowing.
6) Spring sowing.

100
90 - o Nonwaxy
80 - m Waxy

70 -

50 -
40
30 -
20
ol m
0

1 (Soft) 2 (Segregation)

Percentage of fitness (%)

3 (Hard)
Grain hardness score

Fig. 5 Percentage of fitness between grain hard-
ness score and kernel hardness classification
by specific surface area of A flour in each
grain hardness score.

Note. 1)  All samples in 1997~1999 crop year.
2) Kernel hardness classification by specific surface
area of A flour :
Nonwaxy : hard 2300cn/g>, segregation 2300 —
2500cni/g, soft 2500cm/g<
Waxy : hard 2700cni/g>, segregation 2700 — 2900
cni/g, soft 2900cni/g<

By 2LHESINIMED ) B, HWREMIZ X 50
WHEHETIE) 2 B IEES26%. BKE42.1%.
bHMETITRIE684% . #HEH158% &\ ) 5 B,
bHME B ICHEDOE G o7z (REW),
DAE iR, TR 2 H o 7o 7 ) e il

EHFRMEFIC L 2 WA EEo#ERIE, 55
LWMB T2 ) Eeds, b bR CId b
ROHELEEZZEZTE I 2BML )RR T /2
I o 7ze F 7o, BB A2 () &
H5E S NTMBLDZ DGR D T - 72,
Ya—7—7 A I VEBRMEHIZ BT %60%H
FKIAE &L BM & OBIR % Fig. 610" L7z, 72,
TIRYF =T A INVEBH RSB S ARIEE
itk & AR EIG L OBfR%E. Fig TITR L7z, Rk
P FEI RS2 WV CHIE L7z, 8. BME,
ABEE & BB RERIC BT 5 55 Wik TR
BETdH 5o Fig. 6 D60%H KT & BMAFE O AH 3
BEUE ) B B TI30895 & A 7 7% IE O WAl
B &R L7225, b b A ETI30.396 & AHBIIE KA
5720 WREDIRRENLD 52 B0 HH b X
DREL. BMEOERIE) 2 bHTIRREZ VDS,
buMWTINE o7, 72, Fig 7TOAREN
Bt & AMEE OMBIREIE. 9 2 BMIE-0924, b
BEHETIE 0873 wINb A EL2AOEWHIE %
RL7ze F720 MBEOBIRREL D 5 HHEOT A
LEMRLVEA-720T. AMEEOERITI) S
WAREDPSTDITHF L. BEETII NS o7,
FEIB AR & 2 W PR 22 1) 60 9% He 2 1
D5AEIE. D B HYEMRICIE. B A%1468~2274c
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Fig. 6 Relationships between specific surface area
of 60% extraction flour and B/M ratio in the
nonwaxy or waxy wheat lines (1998 crop
year).
Kernel hardness was classified using Hand
Crusher.
2) The samples were milled with Buhler Labora-
tory Mill.
B/M ratio= (100 X break flour weight) / mid-

dling flour weight
3) **indicate significance at P<0.01.

Note. 1)

m/g (CF189lceni/g) . 4B A32035~2527cni /g
(*F-352239cni /g) « #EA32537~3710cni /g (FF3Y
3057cmi/g) THAHIIH L. b HUEME CIRAE D
1798~2642cni/g (F392185cni/g) 43 HEA32170~
2652cni/g (*F3#2404cnd/g) Rk %3355~ 4070c
ni/g (F33735cni/g) \CFNENHAG LTz F72.
AMIEETRIZ. 9 5 B EM NI BEE A71342~
2180cni/g (*F391722cni/g) . 43 B A32039~ 2736¢
m/g (F¥2317cmi/g) . R 252445~4016¢cm /g
(‘F34326lcni/g) TH AR L. b BYEMETIE
W AS1475~2698cni /g ((F392019cni/g) . 43 BED®
2143~3574cni/g ((F392438cni/g) . BE A12285~
4590cni/g (*F393619cni/g) 12FNZH50A6 L 72,

AINEEERNZ BT B F B H 72 0RO 1 o0 i b ) i 95
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— y=—0.00787x+95.35993
< 80+
X
L7t
S
570+
(=}
(e}
< 65
60 + e)
55 : : : : : : :
1000 1500 2000 2500 3000 3500 4000 4500 5000
Specific surface area of A flour (cni/g)
90 o Soft
Waxy (r=-0873** n=110) A Segregation
85 L A Hard
Q : ‘ A — y=—0.00404x+87.60108
380+
87t
e
5 70 +
(=}
= 65 t
< o
60 +

Bl
1000 1500 2000 2500 3000 3500 4000 4500 5000
Specific surface area of A flour (cni/g)

Fig. 7 Relationships between specific surface area
of A flour and A flour rate in the nonwaxy
or waxy wheat lines (1997 crop year).

Note. 1) Kernel hardness was classified using Hand

Crusher.

2) The samples were milled with Brabender
Quadrumat Jr. Laboratory Mill
A flour rate= (100 x A flour weight) / (A flour
weight + B flour weight)

3) “**indicate significance at P<0.01.

DL ED#ER 60% 3 & OSANS -3 e w13 H
B L OHE L HIC, BB 2 HHLY
KEVEMZERL72. T2 FRIBIEEE 768
WE K E X, Fig 6. Fig. 7L 129 2 HHETIIM
HEWEEWRECT DI EDRTEL, —H, bbb
T2 =T =72 b I VEBMRCIIEE L
WHEGTTDLIENTEXLN, T7IXVF—T A
b 3 OVEU AR O KBRS O AR & O &2
FoNEbDD, —FOMEHIME & WEAE R D
BVHBITE Rh o7,

6. EHEMHEEDFEREREF

Table 612€ 2 —F5 —F A + I VEUEHEHZOW
T BERCEVER M & . WREEOIREEE o T
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Table 6 Correlation coefficients between the crop years in the hardness characteristics.

60% extraction flour

Nonwaxy Number of  Grain hardness . Middle value Particle
Crop year D Specific . L.
or Waxy Samples score surface area of particle size index
distribution
1997vs1998 Nonwaxy 30 0.941 ** - -
1998vs1999 Nonwaxy 33 0.985 ** 0.923 ** - 0.817 **
Waxy 8 0812 * 0.857 ** - 0813 *
Overall 41 0.961 ** 0.897 ** - 0.819 **
1999vs2000 Nonwaxy 36 0.997 ** 0.954 ** 0911 ** -
Waxy 14 0.934 ** 0.953 ** 0.967 ** -
Overall 50 0.987 ** 0916 ** 0.816 ** -

Note. 1) Breeding lines and cultivars of the National Agricultural Research Center for Tohoku Region.

2) Score using Grain Crusher.

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

% 60%H O KT, BRS04 B defii (Middle
value of particle distribution) # X UParticle size
index® & HFED FERMAHBIR T 2 /R L 720 WHEKEL
PEHEfE L D % B EE20985~1. b B 250812~
0934t WINI AR LHVHBEZR L, HEWRE
B & ORLEE A il b R AR I & WAHB 2 7R L 7o
—7J. Particle size index® M BZREIZZ 5 D%
LD RREA o7z PR, AR o Al
1360%Fr @ MR AR B L UKL EE 7545 vh YL & [ Bk
W2V ARRIC K B ETIENS L R D EEL TW,

N % 5

b5 - 95 HMkB XKL T8
B% D CTTREIR RS 2 B 72 JEUR B oo BE 43 A7
BIRAL72HR. 925 bk b ITIRE TN
JERRE R OFEDL O Ly R ITHH
R ED D DM D E -7z (Fig. 3)s T DR
BESTAT DGR, WIRE S X 2 BRI € & &
K= L7 Zo7zo, FERMBF OWIRBIZIZL D
RO ETELEEZ LN,

) Canfll - SR O MR e E, B2 Db
> THWDTLELTE D T DOHEMA KD &
AR LW T2 EOFR I E 2 20
LT 3otz Tz W TEH A0
HBIAREUT L RIHAE B X OSRLEE 45Af v Jefili & [l AR LS
H 2o 72 (Table 2. Table 6)o Loz &b,
[ U i - S50 D AR ) AV 3 BRI R b D
JERE B 2T B 2 ED VDT, BB
g L7zl - R chiud, g, FREHHLT
o LI WA O D LHERE SN D,

INERYOICERMFIC L) MR A2 5 TE 5 2
&A%, Oda et al (1992). HiES (1995a) 2L D
MEEINTnD, T2, FHES (199%a) 3. 79
N —=F A & IVEREERO ARy E 6T b Mk
EOFFNTEL L EZWPSLNPII L2 ARRERTD,
TIRYF—F A b I VREAME (Fig. 7) T,
5Bk, bHMEBIIINSDHE L —BL 74
RSN, FFI2H 2 W TIRMIRE SIS B
5 HEKER & ABREIEOEIESHHER SNz,
72 ¥a—9—7 A I VBt R (Fig. 6) Tld.
I B BBV TIE, 60%F LM, BMEL b
WD T V=T, ZNEBEBITKOTNV—=TD
27NV —TICHIEIZ T E 722 &0 5. 60%15 1t
KIEFED A7 5T BMHET S MIKEESHFHTE S
LEZHND,

B VR 2 il & 60% A3 I R TR B £ AR I
RIS X B A EHOBEHRIL, )L HMUT
T2 —F—F 2 b INIIBTLEEMESMHET
989%. WLEEHEMEEMETI25%. 7TV ¥ —
FA NI NVEMETR6%E TN E L,
ERICE BEFNI/NE D 57 (Table 4. Table 5),
Fig. 6. Fig. 725 %, 9 2 bW TEFEREKZ
FACTHE L7ME LB OER DT, WHED
HHEHHTEL I LD b, ZOMERIL. B
B R CIE, MREME S BIAICEE L 2 — T
— 7 A I VUL SR AR R — A
TINRYET =T AT INVEGHE L) RLRED o
Teo Fl20 TINVF—F A b I VEHRCIIT
WOREVEHDEMEAS 1. 3 Mg SN/ RHI AT 2
EHEENT2D DDOBEAFEN D TKA - 72 (Fig.



TINED AN 30T 2 T-Ey B Wt 2 o 72 JSORE R 21 o fil B ) S2 1 97

50 LIRS, 9 5 HMHICBWTid. FEp
PRI & 2 AEEE O E R X 2s, BHIZZ D
WEEZ RO 5120, BBV BRI EE L7z E
B FHEH T 200 LVEEZLND,

—7 HHETIE, FEMEBVTIE) 250
W RS X 2 BV e 2 2 W L7236
HERIHRRIC X 2 BB PR il & o# G, Ea
— T =T A INVEMETE22%, TIRXVT—T
A b IVEMETT68% & WFR B L, FRICE
DEMI) BHULI Y KREN ST, 20 TOHE
ML ERMBEAREWHITER L 726, Z0#
BEREFIE2—F—F A b IVEMETE1%, 75
RNYF—=F A INVEMETIT6%E, La—TF—
T AN INVEMBRTIEBEGEN L2 TR
V=T AN INEMETEDbT MM ELZICE
EED, INLOMHETH ) 2BML N RRRE 72
132572 (Table 4, Table 5)0 T DWMEEDID
HETIE) 2 HEL VIR ERE LT, KD 2 58
EZON5, OWPHARD b & YRM T A
KEEDZMAL K FFENTWIz72012, BEREME
HEfEds2 (58 &HESINDRMAE AL,
TN ST IR & OB AWK (Fig. 5)
DT, BROZOFEEHREEZILTIF 5, @bH
Tl AN R 232500end /gD & 72 ) TR &
BREAER D A, ZOETE O[T TR
DM ENTEIL o7zl bl2X b, —H 95
LETIZZOEL ) AEVAE SR (Fig 6).
Db osge, FRIBFRIC X 2 WIRKEHEIE. D
BT 2 HHE ) COHERENRRE LD L
HEgE SN B 75, AR % HED CREBREIE 0 3 5 A 72 [
EEAROE. ) 2 BT HER IR T
EHdbDEEZBND,

bEMIEI 2 ML, WE, WE (WIhbF
B REIC X %) &b LRI O M - R4 R
BREL, FHREREIRE EHALDH 5 (Fig.
4. Fig. 6~7)o ZOREE, HFMMIC X 5 B
MHEOREZ LIF 51213, H 5Bl b BHTIE
RERHOHEIEELEZ, bBEMEIZHHLD
REMBEREDICEZLENHLLEEZ LN,

TR A & R R & oL A T, 2
HESD THEBRCEVE 2 8Pk - B2 M5 &, 3 XTHE
F 723 RE MK - AR E L CHET 5o BIBE M
HEA 2 (5r#E) OMEHIILRIEFEA 1 & 3o
BIZoAd %5 b Dd% v (Fig. 4. Fig. 7)) ®T.

REMRCEVEDS AR HE L TV 2 b D% W L
ENDH, HEHEFPOADL LI DB, bBHEL
DICTHEL YO LAWREE IR L eI b E
B oT20 TOXD BRI o T2 HRIZ, 2
DI RN AL TR 1 8 (R [ 5E BE D 5 7
B 72O & B R ORGHIGITERPAEL, 2
AR PEHE M OF E I ANZDBH) . Z Ok
A HEIR & OB EGEIBIm K ot b ok
WEEEND, ZD7D, WA E W20 FHZ
SHITEN - WEZ Y. TR N R N2
LUBENDHLEEZEZHOND,

SDY A AR FASRE LT\ B TR (Ha) i
TG ANRER/NE (Triticum aestivum L.) D)5
K OWHRE O E R P E BN TH S (Mattern et
al 1973). BMRLKIE S Y7 Hoauf v F
) va (Pina-DI) £¥a2u4 >~ K1 b (Pinb-DI)
B L OFERBEERM® Y 37 (Gsp-DI) O 3 i#
{RF A Hait 2 T & 38288 L T % (Giroux
1998, Jolly et al. 1996, Tranquilli et al
2002), ¥auAf Ky yaBXWb (PIN-a.
PIN-b) (X, PIN-a% I — 7§ % j#{% T Pina-Dlaitt
{ZFDRE, PIN-b% I — ¥ 5 #E(EZF Pinb-Dlaid
[T DORBRER L LWL > THTHPREIC R %,
HARD/NE R - RIS B VTR, O AT 5
M- RHIEIT & A EPinb-Dla ® G46S % S & =1 K
(Pina-D1a/Pinb-D1b) T %75, 787 H&H - %
#E\21d Pina-D1ak %% (Pina-D1b/Pinb-Dla) .
Pinb-Dla® GA6S % %) (Pina-D1a/Pinb-D1b) 3
X O'Pinb-D1a ®L60% ¥ %! (Pina-Dla/Pinb-DIc)
D 3MIZTFIIDAEAET 5 (S 2003, Ikeda et
al. 2005). HALEEZEWNIZEY > ¥ — (IH - WALk
WBRYy) CTHEM SN EEAMYE - Y i - %
WO [7ANTLF] [axFarF) [V, T
¥, [wab2s] BIO [HIL215%5 ] 3 3XT
Pina-D1a/Pinb-DIb® #IZ TR THh % (Ikeda et al
2005) . —h. WEBFRSINME - b b kmik
[® B (& Pina-Db/Pinb-Dilaiifn ¥ HTdH 5 (&
5 2008). HALEENZEL > & — CTld LA 5
N HORERAR L LT, koo i 2 Rl
FWAER L C & 728, ALK o i fiild Pina-Db/Pinb-
Dlak Pina-Dla/Pinb-D1b% & D @HfAsIZ &L A LT
b5 (Ikeda et al 2005). ML EO#HEH 5, Hik
REME L Y% —F RO wmM - R#t i Pina-
DI1b/Pinb-Dlak Pina-Dla/Pinb-D1b® 2 2 Oi& {51

et al.
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BOLOPFERTHZ LEZOND, TEHHEHLY
F 72 RS P41 %2 il 1 Pina-D1b/Pinb-Dla. Pina-
Dla/Pinb-D1b3 & ¥ Pina-Dla/Pinb-Dlc’% & 2 il
T - Rite 123 (ME) %/RL. Pina-Dla/Pinb-
Dlaix1 (KE) %pRL72Z&h5 (Table 3). F
B 2 O MEE M g RSN To an
AV ) VEEFHOPZEICHEITE2bDEER
bNb,

FER R 2 O 7 RERCE P o452 T BROA
e, BMEO3IDICKRELSHGHTE LT,
Particle size index % Single-kernel characterization
systemD B EFRFO L HIZIN S %2 Z 5 ITHI <
GETEZHETE RV, BhiioT /8=~
FHEKDGRERET DB AMNETECLRS L
ErROND, T¥3=Y) Y TOHEKFERIE, €
2—=7 =7 AMINVOYE. WTERE (BE) 2
16%. AEFER (KE) B X OHHER15%. ik
R (D) 14% & %> T b (RMOKEEHA 233k
FHR 1968)0 T ¥ 8—1) ¥ 7 DOHIKIL B Bk
1 HENZATH & T, 2RI T ¥ 78— ¥ 7D H
KT R E L TB L LEYRDH B I, JILESE
oet v & — 2 &0 HARO/NEH R T,
DAH NUHBIOS bR EHEOR R L HR
PR RO 605 V0T, S OB H
KGO IR REIZEETH 5o SRR HIZ—
BAZFIH ST 2 FEPR IR & O 7o iR MoE
HEid, BB RO ERIK T MEDBISEH TS, L
b7 O BRI BEEASHE T & 50T, Ak
EYERED I ALK BT 8= v ZHko HEW
EAHRLTE, REZEGHABICERTEZ b0
Z2bhb,

F 7o, AHED 1KY 72 0 #6055 OH E A HE
ThoHOT, WHHBMO A% ST, B ORI
WA DO REFEVEAS W E L 722 B M, RO
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