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Combining Ability and Heterosis in Diallel Crosses for Bread-making Qualities in Wheat and
Pearled Grain Qualities in Barley : Ryo Yosuikawa*", Kazuhiro NAKAMURA*? and Miwako ITo*?
Abstract : Combining ability variances and effects, we investigated narrow sense heritabilities and
heterosis for wheat bread-making quality and barley pearled grain quality in Fis (F, seeds) of 6x6
and 9x9 complete diallel crosses of wheat and a 5x5 complete diallel cross of barley.

In wheat, general combining ability (GCA) variances were significant in most bread-making
traits. In contrast, specific combining ability (SCA) variances were not significant, except some
traits of flour protein content, mixogram results (Ab, D, A), dough handling score and crumb color
of bread-making quality, and the like. GCA:SCA (GCA variance/SCA variance) was greater than 2
in most bread-making traits. Therefore, the importance of additive gene effect was indicated in their
inheritance. Varieties "Palo Duro", "Recital”, "Haruibuki" and "Tohoku 221" with high molecular
glutenin subunits 5+10 showed excellent effects of GCA in farinogram results (DT, Stab, VV) or
mixogram results (D, A). Moreover, "Haruibuki" and "Tohoku 221" showed excellent effects of GCA in
bread-making qualities. Narrow sense heritability was high in the flour yield, flour protein content,

sedimentation value, farinogram results (DT, VV), mixogram results (Ab, D, A) and water absorption
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score of bread-making quality (0.71~0.88), and also was moderately high in the bread-making quality
score (0.66) . Mid-parent heterosis (MPH) was particularly high in farinogram characteristics,
except Ab.

In barley, GCA variances were significant in most pearling quality traits, but SCA variances were
not significant in any traits. GCA:SCA was greater than 4 in all traits, and the importance of additive
gene effect in their inheritance was suggested. Variety "Shinjuboshi" showed the best effects of GCA
in the important traits such as pearling time, pearled barley whiteness and boiled barley whiteness.
Narrow sense heritability was high in pearled grain whiteness, L* of pearled grains, boiled grain
whiteness and paste whiteness (0.81~0.89). MPH was high in pearling time and pearled grain
whiteness.

Key Words : Wheat, Barley, Breeding, General combining ability, Specific combining ability, Additive

gene effect, Narrow sense heritability, Heterosis, Bread-making quality, Pearled barley quality
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Table 1 Pedigree, country of origin, and main quality chracteristics in the parents of wheat varieties

using diallel crosses.

Flour Sedimen High molecular weight Develop-  Bread-

our o . ) Glu-1" Absorp .
L. . . ernel . protein -fation glutenin subunit ) ) ment  making

Year Varieties Predigree Origin yiel . quality ~ -tion . .
hardness content value composition , time  quality

% ————— score (%) ) )
(%) ) Al BI D1 (min)  score T

1999 Tohoku 195 Tohoku 157 / Tosan 12 Japan Hard 681 161 558 1 7+9 2+12 7 656 & 64 % -
Palo Duro  4*Tascosa / Norin USA Hard 653 153 675 2* 7+8 5+10 10 696 F 239 % -
Yukichikara Tohoku 141 / Sabikei 23 Japan Hard 680 147 515 1 7+8 4+12 7 641 F 69 % -
Koyukikomugi Tohoku 126 (Hanagasakomugi) / Yukichabo ~ Japan Hard 660 146 510 1 7+9 2+12 7 677 % 67 % -
Recital Mexique — 267 (R—267) / 9369 France Hard 645 124 445 2 6+8 5+10 8 645 F 190 % -

SK —26 Partizanka / Skopjanka // SK 302 Yugoslavia Hard 576 148 600 1 7+9 2+12 7 674 % 62 % -

LSD (5%) 34 08 28 - - - - 28 78

2000 Nanbukomugi Norin 33 / Norin 27 Japan Soft 622 157 670 1 7+8 4+12 7 7009 271 680
Koyukikomugi Tohoku 126(Hanagasakomugi) / Yukichabo ~ Japan Hard 67.8 137 473 1 7+9 2+12 7 76017 311 681
Tohoku 168 Tohoku 135 / Tohoku 129 Japan Hard 666 108 355 - — - - 6401 46 1 659
Haruibuki ~ Stozher / Tohoku 195 Japan Hard 675 151 573 1 7+9 5+10 9 7400 98 1 8038
Tohoku 212 Kanto 107 / Tohoku 187 Japan Hard 679 156 550 2° 7+8 1kDatl2 ? 7709 341 635
Yukichikara Tohoku 141 / Sabikei 23 Japan Hard 664 156 505 1 7+8 4+12 7 7609 329 713
Tohoku 215 SK —26 / Morikei b —B6500 Japan Hard 666 167 525 1 7+9 2+12 7 77010 349 715
Tohoku 221 Monopol / (Stozher / Tohoku 195)F3~8 Japan Hard 708 156 665 1 7+9 5+10 9 7501 619 805
Sabiho 20 Aobakomugi / Agent // 6* Aobakomugi  Japan Soft 594 179 615 1 17+18 2+12 8 7700 261 780

LSD (5%)

46 09 72 - - - 2.8 14 89

Note. 1) Year refers to the harvest year of the parent.

2) T: Bread-making score (100-point full marks) =Water absorption score (20-point full marks) + Dough handling score
(20-point full marks) + Total score of sensory evaluation (60-point full marks) .

3) #: Frarinogram, 1: Mixogram.

Table 2 Pedigree, country of origin, and main pearled grain quality traits in the parents of barley vari-

eties.
55% pearled grain 50% pearled grain

Year Varieties Predigree Origin Pezlarhng Whiteness Whlter.less Polyphenol Pfaste
time %) of hoiled content whiteness

(sec) grain (%) (mg/g) (%)

2000 Minorimugi  Tosankawa 1 / Kougenmugi Japan 466 38.6 38.6 0.229 39.9

Banong unknown unknown 577 35.3 444 0.209 455

Aizu 6 Kenyoshi 1 / Iwateoomugi 1 Japan 492 33.1 36.6 0.213 40.5

Shinjuboshi  Tohokukawa 30 / Shunrai Japan 446 44.1 436 0.216 45.0

Morikei C-262 Tosankawa 91 / Miyukioomugi Japan 445 40.5 42.1 0.209 45.3

LSD (5%) 272 220 204 0.026 215

Note. 1)  Year refers to the harvest year of the parent.

2) 55% pearled grain and 50% pearled grain present the grain of 55% and 50% yield pearled using the barley

pearler (Satake corporation, Model TM-05).

3) Whiteness of 55% pearled grain, whiteness of boiled grain, and paste whiteness were measured using the
whiteness (Kett Electric meter Laboratory, Model C-300).
4) Paste whiteness was measured using a paste sample cooled to room temperature after pasting property

mesurement by Rapid ViscoAnalyser.
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Table 3  Analysis of variance for milling characteristics, flour qualities and bread-making qualities of F;
progeny (Fs seeds) and the parents in wheat.
Flour  Sedimen- Farinogram
Year Diallel Sources Deffr « Fl.our protein tation -
Cross freedom  vield content  value Ab DT Stab Wk \A%
1999 6%x6 Replications 1 374 0.00 2.00 397%* 6.01 257 0.06 9.39
Genotypes 35 1093 **% 217 **% 13563 ** 493 ** 139.05** 101.66 ** 97891 ** 360.92 **
Error 35 1.54 0.08 6.62 0.55 475 29.67 187.26 15.99
Diallel Degree  pour Flouf Sedir.nen- mylose Mixogram
Year cross Sources of vield protein tation content Ab D A
freedom content  value
2000 9x9 Replications 1 4523 %% 139% 29606 **  421*F 001 329 ** 13889 **
Genotypes 80 1390 %% 408** 13784 **%  246** 21.02**  456** 177.32**
Error 80 1.80 0.20 12.10 0.22 1.24 0.29 25.05
Bread-making quality
Diallel Degree Water Dough Specific Sensory evaluation
Year Sources of . . oaf
Cross freedom absorption handling loaf Loaf Crust Crust  Symmetry
score score volume  volume color  thickness of shape
2000 9x9 Replications 1 831*  1239%%482914**  470** 4346** 392%* 6.32%% 453 %*
Genotypes 80 1207 %% 517%*% 45074 %%  028**  406** (087%* 032%*%  (32%*
Error 80 145 2.32 1871.2 0.13 1.68 0.59 0.19 0.17
Bread-making quality
. Degree Sensory evaluation Bread-
Year Diallel Sources of Fineness making
Cross freedom Crumb of cell Crumb Flavor Taste Total quality
color firmness and aroma score
structure score
2000 9x9 Replications 1 5.34 ** 1957 * 877**  800** 2544 **F 28481 ** 33512 **
Genotypes 80 0.15 098 **  040**  080** 251 ** 1945%** 6027 *¥*
Error 80 0.11 0.55 0.16 0.44 0.75 9.38 16.15
Note. 1) Ab:Absorption, DT:Dough development time, Stab:Stability, Wk: Weakness, VV: Valorimeter value,

D:Development time, A: Area.
2)
3)

7 75 L ®ODT. StabB L UVVE W %L DFFH
WBWT 2 ETOMMICA->TBY., 74
AVvF—=vaviit 77/ 75 AVVTIRIEDR
KEERL7zo T2 WL CHMW-GS 5+10% $§2
[Recital] &. 7719/ 275 2A®ODT, StabB L O
VVIZ B2 EF CoORMMBIZA->TEY, DTL
Stabld IEOHR A Z /R L7ze —F. HMW-GS 5+10
Rz [HAR195% | 3B AR LB A
HEECIEORKMEERL, ¥727 7Y /77 F 45 Wk
TRADRAMEER L7z, 72, [SK26] &7 7
) 7T AADTIEORKEE R L7,

W2, 20004E FEM E O GCARI RITB VT D,
HMW-GS 5+10% 8> [~V A4 7% 33IF V75
LEBRVDIL, IXVITTLAODEA, By

Bread-making score=Water absorption score + Dough handling score + Total score of sensory evaluation.
* and *3 indicate significance at P<0.05 and P<0.01, respectively.

WPEDOWARPE, TESENE. ERERH 2 > 58 % Bk <
SREIC BT, IEORAKMEEZRL, MR EAS
2N U EFE (Loaf volume). HZ&F (Specific
loaf volume) B X VB REFEAN 7% » (K 5F o & 451
b B BINIZ A o720 72, FAARICHMW-GS
5+10% > [HIL22175 | b B CIE o KMl
ERL, ETA ATV a Vi, IXFVTTLAD
D& A, BOSV D OB % B < &FFET L
PESMLLANIC A > 720 HMW-GS 5+10% F#72 72 W
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Table 4 Analysis of variances in combining ability analysis for milling characteristics, flour qualities
and bread-making qualities in wheat.
Flour  Sedimen- Farinogram
Year Diallel Sources Deffr « Fl.our protein tation -
Cross freedom  vield content  value Ab DT Stab Wk \A%
1999 6x6 GCA 5 1974 %% 473 %% 36238 **  836** 30670* 16243 122944  666.03 *
SCA 9 1.85 057 **  26.80 0.87 56.35 6253  675.63 153.23
REC 15 1.19 0.14 19.50 0.69 2253 5650  966.58 65.27
Error 30 9.22 1.98 144.39 381 139.75 12620 100138  331.85
GCA:SCA 10.70 8.37 1352 9.62 544 2.60 1.82 4.35
Additive gene action 0.96 0.94 0.96 0.95 0.92 0.84 0.78 0.90
Diallel Degree  pour Flouf Sedir.nen- mylose Mixogram
Year cross Sources of vield protein tation content Ab D A
freedom content  value
2000 9x9 GCA 8 3355 ** 1385 ** 35041 **  6.32** 7639** 1419 ** 58561 **
SCA 27 708*% 0.76** 6281** 037 275%% 095 ** 2836 **
REC 36 1.77 021 6.92 0.23 0.85 0.38 11.90
Error 72 11.67 370 13291 1.86 19.47 4.02 165.46
GCA:SCA 474 18.12 5.58 17.25 27.76 14.88 20.65
Additive gene action 0.90 097 0.92 097 0.98 097 0.98
Bread-making quality
Vear Diallel Sources De(g)gfree Water Dough oaf Specific Sensory evaluation
Cross freedom absorption handling loaf Loaf Crust Crust  Symmetry
score score volume  volume color  thickness of shape
2000 9x9 GCA 8 3598 **  979%* 146284 **  086** 1317**  148* 087 ** (095 **
SCA 27 2.75 327* 13559 0.09 1.22 0.60 0.17 0.14
REC 36 3.05 1.51 1612.1 0.10 1.45 043 0.16 0.10
Error 72 10.89 6.77 61782 0.40 5.56 1.29 057 0.50
GCA:SCA 13.08 299 10.79 9.95 10.79 246 523 6.91
Additive gene action 0.96 0.86 0.96 0.95 0.96 0.83 091 0.93
Bread-making quality
. Degree Sensory evaluation Bread-
Year Diallel Sources of Fineness Flavor making
€ross freedom Crumb of cell Crumb and Taste Total quality
color firmness score
structure aroma score
2000 9x9 GCA 8 0.327%*%  288%%  ]20%*  223%%  833** (]55** 189.94 **
SCA 27 0.10* 042 0.13 0.36 0.56 7.15 17.28
REC 36 0.05 0.37 0.14 0.33 1.11 6.29 1248
Error 72 0.30 1.69 0.61 1.24 317 29.80 7197
GCA:SCA 3.28 6.78 10.25 6.16 14.77 8.61 10.99
Additive gene action 0.87 0.93 0.95 0.92 097 0.95 0.96
Note. 1) GCA=General combining ability, SCA=Specific combining ability, REC=Reciprocal.

2) GCA:SCA= GCA variance/SCA variance, Additive gene action=2x GCA variance/ (2xGCA variance+SCA

variance).

3) * and ** indicate significance at P<0.05 and P<0.01, respectively.
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Table 5 General combining ability effects for milling characteristics, flour qualities and bread-making
qualities in wheat.

. Flour Sedimen- Farinogram
Diallel .. Flour . .
Year Cross Varieties yield protein tation Ab DT Stab Wk \'A%
content  value
1999  6X%6 Tohoku 195 1.59 0.74 0.48 -0.30 -6.35 -235 —11.38 -781
Palo Duro 1.26 0.53 12.57 0.21 7.42 3.78 -4.50 11.31
Yukichikara 124 0.26 -1.36 -0.82 —2.26 -081 —5.31 -0.81
Koyukikomugi -1.02 -0.31 —5.86 0.86 -2.30 —2.33 11.69 -6.13
Recital -111 -1.37 -5.36 -1.26 7.54 5.77 -1.06 9.94
SK —26 —1.96 0.15 -046 1.31 —4.04 —4.06 10.56 -6.50
LSD (5%) 0.95 0.17 245 0.38 2.52 343 14.04 348
Year Diallel Varieties Flour plji)otgn Sijltrizreln- Amylose Hostan
Cross yield content Ab D A
content value
2000  9x9 Nanbukomugi —240 040 5.64 -0.28 - 1.65 -0.63 -4.23
Koyukikomugi 0.90 -1.02 —6.68 040 -0.29 -097 -744
Tohoku 168 1.51 -212 =707 0.58 -5.36 1.16 3.74
Haruibuki -0.28 0.46 -0.32 0.07 0.46 1.83 1224
Tohoku 212 045 -0.16 0.56 -1.59 1.03 -0.12 0.02
Yukichikara 0.52 0.15 —261 -0.16 1.46 -0.59 -3.76
Tohoku 215 0.23 0.92 -3.03 0.41 1.53 -0.70 —4.55
Tohoku 221 2.09 0.24 6.31 0.14 0.96 091 7.10
Sabiho 20 -3.02 1.13 7.20 0.44 1.85 -0.89 -312
LSD (5%) 0.85 0.30 2.24 0.34 0.80 0.31 261
Bread-making quality
Year Diallel Varieties Water Dough Loaf Specific Sensory evaluation
Cross absorption handling loaf Loaf Crust Crust  Symmetry
volume .
score score volume  volume color  thickness of shape
2000  9x9 Nanbukomugi -149 0.14 41.86 0.32 1.26 0.03 0.15 0.29
Koyukikomugi -0.70 -1.04 -—4664 -0.36 —1.40 -0.28 -0.23 -0.20
Tohoku 168 -1.92 0.14 2.68 0.10 0.08 -0.20 -0.08 -0.04
Haruibuki 2.08 1.46 28.29 0.12 0.85 0.51 0.33 041
Tohoku 212 -0.87 -033 —2050 -0.14 -0.61 0.07 -0.09 -0.10
Yukichikara 0.73 -056 —1961 -0.16 -0.59 -0.02 -0.15 -0.33
Tohoku 215 -094 -074 -11.86 -0.04 -0.36 0.02 -0.15 -0.09
Tohoku 221 2.01 0.50 18.79 0.14 0.56 -0.04 0.22 0.07
Sabiho 20 1.08 0.43 7.00 0.01 0.21 —0.10 —0.01 0.00
LSD (5%) 0.78 0.80 25.25 0.22 0.76 0.39 0.26 0.25
Bread-making quality
. Sensory evaluation Bread-
Diallel .. - .
Year Varieties Fineness Flavor making
Cross Crumb Crumb Total .
color of cell firmness and Taste score quality
structure aroma score
2000  9x9 Nanbukomugi 0.14 0.45 0.26 0.48 -149 2.27 1.00
Koyukikomugi 0.01 -0.35 -0.33 -041 -0.70 -240 -4.06
Tohoku 168 0.01 -0.10 —0.06 -0.18 -1.92 —0.52 -221
Haruibuki 0.16 077 0.44 0.53 2.08 3.02 6.65
Tohoku 212 -0.09 -0.17 -0.03 -0.20 -0.87 -0.89 -201
Yukichikara -0.14 -048 -0.32 -0.30 0.73 - 1.86 -161
Tohoku 215 -0.23 -0.27 -012 -0.19 -094 -0.95 -291
Tohoku 221 0.08 0.14 0.15 0.30 2.01 1.16 3.39
Sabiho 20 0.05 0.01 0.02 -0.04 1.08 0.17 1.76
LSD (5%) 0.18 041 0.29 045 0.78 1.89 2.35

Note. A value which attached the underline presents the best. Also, the italic and boldface values present top two in
1999 and top three in 2000.
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Table 6 Specific combining ability effects for flour yield and flour qualities in a 6 X6 diallel cross of

wheat in 1999.

Flour Sedimen- Farinogram
Crosses Flour protein tation
yield Ab DT Stab Wk \A%
content value
Tohoku 195/Palo Duro -0.79 0.54 =327 0.14 =373 —247 5.38 -4.10
Tohoku 195/Y ukichikara =077 -042 0.79 -0.22 2.95 -1.56 12.19 3.28
Tohoku 195/Koyukikomugi 1.31 0.33 1.79 0.24 0.03 -0.69 -431 -1.16
Tohoku 195/Recital 0.08 -0.21 1.04 0.07 =075 5,82 —10.06 3.78
Tohoku 195/SK — 26 0.18 -0.24 -0.36 -0.23 1.50 -1.10 =319 -1.79
Palo Duro/Yukichikara -0.07 0.09 —155 0.16 —4.72 -0.01 5.81 -4.85
Palo Duro/Koyukikomugi -018 0.38 2.70 0.82 1.64 1.64 1.56 6.71
Palo Duro/Recital 0.51 -041 3.33 -0.90 281 -241 —2.69 -6.35
Palo Duro/SK —26 0.53 -0.61 -121 -0.22 4.01 3.25 —10.06 8.59
Yukichikara/Koyukikomugi 0.71 -0.20 -1.36 -0.59 —4.56 -398 -8.38 -10.16
Yukichikara/Recital -0.14 0.04 -124 0.39 1.39 0.02 -4.88 3.28
Yukichikara/SK — 26 0.28 0.49 336 0.27 4.94 5.53 =475 8.46
Koyukikomugi/Recital —-0.66 -0.14 —224 -0.10 4.94 3.64 5.38 9.59
Koyukikomugi/SK — 26 -1.19 -0.37 -0.89 -0.37 —2.06 -0.60 5.75 —497
Recital/SK — 26 0.21 072 -0.89 0.55 -8.39 =707 1225 —-1029
LSD (5%) 1.05 0.36 3.70 091 3.28 7.65 2379 6.80

Note. A value which attached the underline presents the best. Also, the italic and boldface values present top three.
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Table 7 Specific combining ability effects for milling characteristics and flour qualities in a 9 X9 diallel

cross of wheat in 2000.

Flour Sedimen- Mixogram
Crosses Flour protein tation Amylose
yield content Ab D A
content value
Nanbukomugi/Koyukikomugi 0.06 -061 -0.04 0.40 -1.22 0.52 1.50
Nanbukomugi/Tohoku 168 235 -0.86 -953 0.17 -215 -0.06 -218
Nanbukomugi/Haruibuki 0.06 0.36 3.22 -047 053 -0.40 -143
Nanbukomugi/Tohoku 212 0.56 0.20 2.85 0.33 -0.04 -041 -271
Nanbukomugi/Yukichikara 0.59 044 5.51 0.01 0.53 0.04 -0.18
Nanbukomugi/Tohoku 215 -1.37 0.25 394 —-0.06 0.46 0.32 3.86
Nanbukomugi/Tohoku 221 -1.28 0.23 -1.15 -0.22 0.78 -0.11 1.21
Nanbukomugi/Sabiho 20 -097 -0.01 -4.79 -0.15 1.13 0.09 -0.07
Koyukikomugi/Tohoku 168 -093 -0.71 —8.58 0.37 —251 0.13 1.04
Koyukikomugi/Haruibuki 0.24 0.46 -133 -0.20 0.92 -0.11 -1.96
Koyukikomugi/Tohoku 212 0.46 -042 042 -0.11 0.35 0.38 2.25
Koyukikomugi/Yukichikara 041 0.24 4.46 —-0.06 042 0.08 3.29
Koyukikomugi/Tohoku 215 0.23 0.10 0.13 0.09 0.35 -0.01 -0.68
Koyukikomugi/Tohoku 221 0.37 1.05 0.79 -0.34 0.67 -092 -232
Koyukikomugi/Sabiho 20 -0.85 -0.11 415 -0.15 1.03 -0.07 -311
Tohoku 168/Haruibuki -0.85 0.63 5.19 -0.08 1.74 048 3.61
Tohoku 168/Tohoku 212 -112 0.20 -0.69 0.00 1.92 0.67 2.82
Tohoku 168/Y ukichikara 0.55 0.31 0.22 -042 0.74 -0.36 -3.39
Tohoku 168/Tohoku 215 -0.08 -0.21 -1.72 0.16 0.17 -0.30 -161
Tohoku 168/ Tohoku 221 -0.64 -0.10 6.31 =012 049 047 0.50
Tohoku 168/Sabiho 20 0.72 0.76 879 -0.08 -040 -1.03 -0.79
Haruibuki/Tohoku 212 0.74 0.00 -219 -0.06 -0.15 -0.27 -218
Haruibuki/Yukichikara 0.72 -0.39 —340 0.12 -0.33 -047 -314
Haruibuki/Tohoku 215 0.31 -0.29 0.28 0.39 -040 -049 —5.86
Haruibuki/Tohoku 221 -0.62 -0.13 -194 0.02 -0.58 0.56 6.00
Haruibuki/Sabiho 20 -0.59 -0.64 0.17 0.28 -1.72 0.71 4.96
Tohoku 212/Y ukichikara -0.73 -0.02 1.72 -0.05 -0.90 0.15 057
Tohoku 212/Tohoku 215 -0.19 0.01 -0.35 -0.05 -0.22 -0.07 -0.89
Tohoku 212/Tohoku 221 -0.32 0.13 1.12 -0.13 -0.65 -0.33 0.00
Tohoku 212/Sabiho 20 -097 -0.02 -0.83 -0.03 -0.29 0.08 0.68
Yukichikara/Tohoku 215 -0.34 -0.21 -219 0.18 -0.65 0.20 2.39
Yukichikara/Tohoku 221 -0.62 -0.38 -315 0.20 -0.08 0.30 -0.75
Yukichikara/Sabiho 20 -057 0.01 =317 0.04 0.28 0.05 1.21
Tohoku 215/Tohoku 221 -0.13 -0.19 215 -0.15 -0.15 0.21 0.79
Tohoku 215/Sabiho 20 1.55 0.55 -224 —0.56 0.46 0.13 2.00
Sabiho 20/ Tohoku 221 1.67 -0.55 -2.08 0.64 -047 0.03 -4.89
LSD (5%) 1.96 0.53 3.76 0.59 1.31 0.71 5.10

Note. A value which attached the underline presents the best. Also, the italic and boldface values present top five.
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Table 8 Specific combining ability effects for bread-making qualities in a 9 X9 diallel cross of wheat in

2000.

Water Dough . Sensory evaluation Bread-

Specific - .
absorp- han-  Loaf Crust  Sym- Fineness Flavor making

Crosses . . loaf Loaf Crust Crumb Crumb Total .
tion dling volume thick- metry of of ce and Taste quality

volume volume color color firmness score
score  score ness  shape structure aroma score

Nanbukomugi/Koyukikomugi —1.24 030 -48 -004 -0.14
Nanbukomugi/Tohoku 168 —002 012 167 001 0.50
Nanbukomugi/Haruibuki 048 030 —185 —0.12 -055
Nanbukomugi/Tohoku 212 043 034 421 027 126
Nanbukomugi/Y ukichikara 083 —0.68 47 0.09 0.14
Nanbukomugi/Tohoku 215 —1.00 —049 —176 -008 -0.53
Nanbukomugi/Tohoku 221 055 —048 —-05 —-008 -001
Nanbukomugi/Sabiho 20 =002 059 —-222 —-006 -—067
Koyukikomugi/Tohoku 168 —0.81  1.80 22 —0.04 0.06
Koyukikomugi/Haruibuki 019 048 280 0.29 0.84
Koyukikomugi/Tohoku 212 —0.36 —0.73 —-52 —-0.03 -0.16
Koyukikomugi/Yukichikara 005 —1.00 —183 —0.15 -0.55
Koyukikomugi/Tohoku 215  1.72 —2.32 —-27.1 —-020 -0381
Koyukikomugi/Tohoku 221 —024 1.69 120 0.07 0.36
Koyukikomugi/Sabiho 20 069 —-023 131 0.10 0.39

067 020 001 014 019 005 040 042 118 0.15
-056 —-007 -016 012 015 -002 014 —003 -001 0.00
-027 -026 —010 —028 —045 -0.15 —044 —055 —1.82 -113

002 047 055 024 067 035 05 120 317 385

006 01z 009 —008 007 009 -003 —011 026 0.32
-020 000 —028 002 -021 006 —044 —045 —125 -—247

040 003 006 005 000 -008 004 —015 0.19 053
-011 -049 -017 -022 -042 -030 —022 —-033 —172 -125
-021 001 008 005 014 009 —022 —009 -0.08 082

073 012 011 026 041 023 044 077 235 294
-033 010 -003 008 -014 001 —-020 —023 —053 -171
-009 -025 —020 —-025 -039 -028 —037 —054 —162 —266
-050 -042 -021 —-030 —042 -033 —023 —051 —240 -273
-019 007 007 006 015 013 -008 012 042 2.14
-008 017

010 -008 —-021 —-022 -060 -0.13 —006 —0.13 —1.38 -151

019 005 010 —005 022 -003 007 —001 045 0.07
-012 -002 008 000 015 008 010 010 020 0.94

037 013 007 000 -014 -002 012 -004 017 012
-072 -029 -025 -024 -032 -021 —058 —0.36 —207 -356

094 029 028 034 041 024 043 05 272 312

046 —019 013 013 019 006 018 025 082 0.60
-035 -003 -003 -004 -001 000 —006 —0.06 —044 -052
-004 034 043 023 083 032 028 042 250 4.38
-023 -010 —-014 —-009 -028 —037 —027 —052 —158 —364
-039 020 -019 002 -009 004 —008 —0.18 —045 -112

044 -021 -018 005 -0.06 -0.07 -013 —019 —001 -022

030 -033 -032 —-023 -032 -025 —-031 —040 —1.31 -201
-024 -012 -010 -008 -0.14 007 —001 —0.04 -0.70 087
-063 -015 -036 —021 -065 —033 —052 —086 —301 —319
-053 030 019 010 008 0719 007 038 073 1.49

032 -002 -010 003 -0.08 -0.13 002 —009 —060 -—204

026 011 015 019 023 013 041 051 148 269

073 008 013 023 007 014 066 055 222 324
-013 =009 -001 —004 010 -0.12 -015 004 —067 -201

013 =003 012 =003 036

0.177 —004 005 009 026 004 068 1.04

026 —014 022 099 072

Tohoku 168/Haruibuki 0.90 —095 —-300 -024 -090
Tohoku 168/ Tohoku 212 -064 034 60 012 018
Tohoku 168/Yukichikara 026 057 —-29 002 -0.09
Tohoku 168/ Tohoku 215 -057 026 -76 —016 -023
Tohoku 168/ Tohoku 221 048 —223 —188 0.17 -056
Tohoku 168/Sabiho 20 040 009 345 012 1.04
Haruibuki/Tohoku 212 -014 002 82 014 024
Haruibuki/Yukichikara -024 025 163 -0.03 049
Haruibuki/Tohoku 215 093 068 170 o0.17 051
Haruibuki/Tohoku 221 -152 -081 —191 -018 -057
Haruibuki/Sabiho 20 -060 002 -18 —-003 -006
Tohoku 212/Yukichikara -078 067 20 011 0.06
Tohoku 212/ Tohoku 215 021 -120 -67 001 =020
Tohoku 212/ Tohoku 221 000 137 —181 -020 -054
Tohoku 212/Sabiho 20 0.86 —094 —433 -047 -1.30
Yukichikara/Tohoku 215 -071 120 199 016 060
Yukichikara/Tohoku 221 -017 -154 —-330 -030 —0.99
Yukichikara/Sabiho 20 076 053 113 011 0.34
Tohoku 215/Tohoku 221 1.00 1.90 380 0.18 1.14
Tohoku 215/Sabiho 20 -157 003 —-160 —007 -048
Sabiho 20/ Tohoku 221 -052 -002 244 030 073
LSD (5%) 174 174 4938 038 148

093 053 045 037 089 045 072 106 335 474

Note. A value which attached the underline presents the best. Also, the italic and boldface values present top five.
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StabTIZMPH - HPH-3ili & & IZIEDOM D TR
FEme il (DT @ 348%. 9.6%. Stab : 76.7%.
405%) %" L. VVLMPH¥ME (11.3%) TE»
S57:0T, ThHOFETIEEVATE Y AZRL
Teo —H\ MEREAGE, ¥TARAYT—Va Yy
MBLO77) 7275 LAbTIEINS DFIHEIE
ADMEER L72o MPHB X O'HPHA R b B WA
Fid, TRTH %L LD BUSHE R A v 725
HETHolze T2 SCARIFE L oM. MPH
TINEREAER. DT, Stabd L O'VVA30.83~
089& A TR <+ HPHTIZDT. StabB X U'VVAS

Table 9 Correlation coefficients between general combining ability effect and phenotypic value of

parental variety, and narrow sense heritability estimates in wheat quality traits.

Wheat quality traits

Correlation coefficient Narrow sense heritability

1999 2000 1999 2000
Milling characteristics Flour yield 0.78 093 ** 0.71 0.72
Flour characteristics Flour protein content 097 ** 0.96 ** 0.87 0.88
Sedimentation value 0.90 * 0.92 ** 0.84 0.76
Amylose content - 0.98 ** - 0.86
Dough mixing property  Farinogram
Ab 0.72 - 0.64 -
DT 095 * - 0.80 -
Stab 0.90 * - 0.60 -
Wk 0.46 - 024 -
\A% 0.97 ** - 0.77 -
Mixogram
Ab - 0.97 ** - 0.81
D - 0.89 ** - 0.83
A - 0.93 ** - 0.86
Bread-making quality Water absorption score - 091 ** - 0.76
Dough handling score - 0.54 - 0.32
Loaf volume - 0.68 * - 041
Specific loaf volume - 0.69 * - 0.36
Sensory evaluation
Loaf volume - 0.68 * - 041
Crust color - 0.36 - 0.20
Crust thickness - 0.66 - 042
Symmetry of shape - 0.54 - 0.38
Crumb color - 0.59 - 0.40
Fineness of cell structure - 0.74 * - 0.53
Crumb firmness - 0.71 * - 0.52
Flavor and aroma - 0.57 - 041
Taste - 0.71 * - 0.53
Total score - 0.64 - 047
Bread-making quality score - 0.80 * - 0.66

Note. 1)

Narrow sence heritability was calculated using the correlation coefficient of offspring and midparent.

2) % and 3 indicate significance at P<0.05 and P<0.01, respectively.
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Table 10 Estimates of mid-parent heterosis (MPH), high parent heterosis (HPH), and correlation coef-
ficient between MPH or BPH and SCA effect for wheat quality traits.

. Flour protein Sedimentation Farinogram
Year Flour yield
) . content value Ab DT Stab Wk \aY%
(diallel Statistic
) MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH
Cross
%) %) %) % (%) % (%) % (%) % (%) (% (% (%) (%) (%)
1999 Mean 09 -26 -36 -82 -—11 -87 -—-25 —-44 348 96 767 405 -243 68 113 07
(6x6) Standard deviation 25 22 34 53 86 62 15 22 401 368 507 477 247 351 98 100
Maximum 62 12 20 00 167 -18 -02 —-19 1191 1070 1985 1623 224 818 328 243
Minimum -39 =71 -87-177 —-141-205 -63 —-98 —-126-436 160 -224 -674-605 —18-166

Best cross combination  P/S P/S Y/S Y/S P/R P/R Y/S K/S Y/S Y/S Y/S Y/S T/R T/R Y/S Y/S
SCA effect correlation 042 044 083** 053* 044 034 045 041 077*% 074 083** 060* 047 045 089** 063*

. Flour protein Sedimentation ~ Amylose Mixogram
Year Flour yield
. o content value content Ab D A
(diallel Statistic
) MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH
Cross
%) %) %) % %) % (%) % (%) % (%) (% (% (%)
2000 Mean 11 —-15 02 -62 83 -11 15 -25 1.1 -21 14 -14.0 06 —-74
(9x9) Standard deviation 20 27 40 67 103 81 25 29 17 32 172 213 53 90
Maximum 50 44 97 48 425 122 69 38 37 16 546 383 135 132
Minimum -32 =76 -78-194 -129-267 -26 —-98 -36-125 —276-496 -110—-264

Best cross combination 168/SA 168/Y ~ 168/H N/H  163/SA 168/SA  212/SA SA/221  168/H Y/SA 168/212 163/212  168/212 163/212
SCA effect correlation 0.66™ 044** 080 040% 074** 064™ 033 044 087"* 030 050" 044™* 059™* 045™*

Water Dough Loaf Specific Sensory evaluation
Year absorption handling loaf Crust Symmetry
) . volume Loaf volume Crust color .

(diallel Statistic score score volume thickness of shape
cross) MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH
%) (%) (%) %) (%) %) %) % (%) % (%) % %) %) (%) (%
2000 Mean 123 =37 74 02 07 -29 00 —-37 07 -29 28 —45 32 —42 35 —-34
(9x9) Standard deviation 135 112 107 102 45 47 49 56 45 47 93 77 95 95 105 104
Maximum 480 396 334 308 110 75 110 106 110 75 279 141 248 167 244 160
Minimum -67-222 -222-246 -91-126 -100-157 -91-126 -153-180 —192-227 -143-250

Best cross combination  N/Y N/212  N/SA N/SA  H/212 H/212 H/212 H/212 H/212 H/212 168/SA N/221 N/212 N/212 N/212 168/212
SCA effect correlation  039% 022 063™ 061™*  051** 054™  053** 055** 051" 054** 061" 065** 068™ 061" 057** 053**

Sensory evaluation Total score Bread-

Year Crumb Fineness of Crumb Flavor Taste of sensory making
(diallel Statistic color cell structure  firmness and aroma evaluation  quality score
cross) MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH
%) (%) (%) %) (%) %) (%) %) (%) %) (%) %) (%) (%)
2000 Mean 35 —26 18 -48 03 -79 27 -11 35 —41 20 -23 43 -07
(9x9) Standard deviation 79 86 77 69 95 81 48 45 83 60 57 53 51 51
Maximum 244 222 165 100 167 116 114 80 192 92 105 69 191 155
Minimum -149-226 —-135-192 -194-232 -61 —-97 -117-163 -118-138 -72 -91

Best cross combination 168/SA 168/SA  168/212 168/212  168/Y 168/Y N/212 N/212 168/Y N/212 N/212 163/212 N/212 N/212
SCA effect correlation 0.66™ 058**  063** 061™*  057* 049™ 006 007 049™* 049** 058" 056** 061 053**

Note. 1) Best cross combination: K="Koyukikomugi', P="Palo Duro", R="Recital", S="SK-26", Y="Yukichikara", T="Tohoku 195"
168="Tohoku 168" 212="Tohoku 212", 221="Tohoku 221", SA="Sabiho 20", H="Haruibuki", N="Nanbukomugi
2) % and * % indicate significance at P<0.05 and P<0.01, respectively.
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Fig. 1 Relationships between mid-parent value and F; progeny value on flour protein content, sedimenta-
tion value, and dough mixing property (farinogram, mixogram) in two diallel crosses of wheat in
1999 and 2000.
Note. 1) Mid-parent value= (P1 value+P2 value) /2
2) Presence or absence of HMW-GS 5+10 in one parent of a cross : APresence, @Absence.
3) A dotted line shows the case that mid-parent value and Fj progeny value are equal.
4) MP vs F1 and @vsA present t-test of mean differences between mid-parent mean and F; progeny, and

5)

between Fi progeny with HMW-GS 5+10 and Fj progeny without HMW-GS 5+10, respectively.
* and *3 indicate significance at P<0.05 and P<0.01, respectively. NS indicates nonsignificance.
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Fig. 2  Relationships between mid-parent value and F; progeny value on bread-making quality in a 9x9
diallel cross of wheat in 2000
Note. 1) Mid-parent value= (P1 value+P2 value) /2
2) Presence or absence of HMW-GS 5+10 in one parent of a cross : APresence, @Absence.
3) A dotted line shows the case that mid-parent value and F; progeny value are equal.
4) MP vs F1 and @vsA present t-test of mean differences between mid-parent mean and F; progeny, and
between F1 progeny with HMW-GS 5+10 and F; progeny without HMW-GS 5+10, respectively.
5) * and *3* indicate significance at P<0.05 and P<0.01, respectively.
Table 11 Correlation coefficients among wheat quality traits in F; progeny of a 9x9 diallel cross in 2000.
Al Sedi Mixogram Bread-making quality
our Sedimen-
Wheat tu. ; l Amylose Water ~ Dough Specific Total score Bread-
rotein  tation a :
quality P content absorption handling loaf  of sensory Making
trait content  value (AC) Ab D A volume | uati uality
raits score score volume evaluation
(FPC)  (SV) L) score
(WAS)  (DHS) (SLV) (TCSE) (BQS)
FPC 1
SV 0.58** 1
AM -014 -0.19* 1
Ab 0.73**  (0.32%* —(0.24** 1
D —0.31%*% -0.07 0.07 —0.26** 1
A -0.08 0.14 0.00 =013 0.87%%* 1
WAS 041%* 0.38%* 002 047%% 022*  0.30%* 1
DHS 0.12 0.09 0.04 -0.09 0.27** 033**  0.16 1
LV 020*  022* 010 -0.07 0.24%* 024%*  017*% 047 ** 1
SLV 0.08 0.13 0.08 -0.14 0.23** 0.19%* 0.02 0.33 ** 092 ** 1
TCSE 023* 018* 007 -0.02 0.28** 032**  020*% 050 ** 091 ** 080 ** 1
BQS 0.34%* 029%* 007 0.14 0.35%* 042%*  056** 0.69 ** 081 ** 0.63 ** (.88 ** 1
Note. * and *3* indicate significance at P<0.05 and P<0.01, respectively.
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132K L7zs GCAIRT I u— &8, RVAORE  PHEETEPo 2 3HNEZBRVW TS U Loz R
WEBIOTT VL= v &RV TXTORET L. $51255% M %, 50% K% (50% pearled

Table 12 Analysis of variance for barley quality traits of F; progeny (F2 seed) and the parents in barley.

Degree 55% pearled grain 50% pearled grain
S f Pearli Pearli
ources fre eo dom etz'ir ne Whiteness — L* a* b* ejr ne Whiteness L* a* b*
ime ime
Replications 1 0.1 221 0.30 0.02 041 2977 318 0.98 0.27 ** 2,97 **
Genotypes 24 27396 %% 14.19%** 644 ** 025** 306** 5180.3** 12.81** 480** (0.18** 255**
Error 24 1539 0.75 0.46 0.02 017 2471 0.97 0.37 0.02 017

50% pearled grain

Sources Degfr « Boiled grain Polyphenol  Amylose M Paste
freedom  Whiteness Color L* a* b* content  content 'Peal? Break- whiteness
viscosity down
Replications 1 0.23 145 1.77  0.050 0.82 0.00073 ** 592 ** 22579 ** 8487 ** 151
Genotypes 24 820%*  269%* 233%* 0118** 283** (000137 ** 078  1830.6** 7134 ** 691 **
Error 24 0.72 040 048  0.020 0.70 0.00008 0.77 1377 86.4 040

Note. 1) L* (Brightness), a* (Red color degree), and b* (Yellow color degree) were measured using color
difference meter (Konica Minolta, Model CM-3500d).
2)  Color was based on sensory evaluation.
3) k3 indicates significance at P<0.01.

Table 13 Analysis of variances in combining ability analysis for barley quality traits in a 5x5 diallel
cross of barley.

Degree 55% pearled grain 50% pearled grain
S f Pearli Pearli

ourees fre eo dom et;arrnleng Whiteness ~ L* a* b* et?;leng Whiteness ~ L* a* b*
GCA 4 33327%  17.23%* 1024 ** 0.32%* 264 * 6608 ** 1747 **  775%* (021** 181*

SCA 5 356 1.29 0.52 0.00 0.26 283 118 0.53 0.01 0.30

REC 10 632 0.76 0.73 0.05 0.58 1364 0.97 0.33 0.01 0.35

Error 20 1668 8.36 481 0.15 1.35 2994 863 3.30 012 1.14

GCA:SCA 9.35 1332 1969 20946  10.20 2332 1477 1467 1594 5.94

Additive gene action 0.95 0.96 0.98 1.00 0.95 0.98 0.97 0.97 0.97 0.92

50% pearled grain

Degree

Sources of Boiled grain Polyphenol  Amylose M Paste
freedom  Whiteness Color L* a* b* content  content .Peal? Break- whiteness
viscosity down
GCA 4 1311%*  380%*  405** 022**% 303** 000336 ** 1.22 2874 13718 1157 **
SCA 5 0.20 0.71 0.26 0.02 0.19 0.00030 0.29 684 2756 0.7
REC 10 143 049 0.45 0.05 0.20 0.00014 0.33 350 1703 0.75
Error 20 6.05 241 2.33 0.12 2.10 0.00160 1.54 1686 7895 545
GCA:SCA 66.53 533 1572 1238 1559 11.27 427 4.20 498 1329
Additive gene action 0.99 091 097 0.96 097 0.96 0.90 0.89 091 0.96

Note. * and *3* indicate significance at P<0.05 and P<0.01, respectively.
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Table14  General combining ability effects for barley quality traits.
55% pearled grain 50% pearled grain
Varieties Pez.arhng Whiteness L* a* b* Peérhng Whiteness L* a* b*
time time
Minorimugi -09 -0.08 0.22 -0.10 043 -14 -0.07 0.20 -011 0.39
Banong 32.3 -1.98 -1.57 0.31 -031 434 -2.03 -1.33 0.26 -013
Aizu 6 -19 -1.00 -0.90 008  —0.63 -08 -095 -0385 010  —0.54
Shinjuboshi =256 246 _1.59 =021 -0.19 —35.3 2.44 1.52 =022 -025
Morikei C—262 -4.0 0.59 0.66 -0.08 0.71 -59 0.62 0.46 -0.03 0.52
LSD (5%) 11.1 0.61 052 0.11 0.35 16.7 0.61 048 0.10 0.25
50% pearled grain
Varieties Boiled grain Polyphenol Amylose Rapid ViscoAnalyser Paste
Whiteness  Color L* a* b* content  content .Pealf Breale whiteness
viscosity  down
Minorimugi -094 -0.02 -0.77 0.04 0.12 0.0014 0.25 24.1 9.1 -153
Banong 0.55 0.03 0.22 0.10 -044  —0.0084 -0.09 -271 -209 057
Aizu 6 -1.58 -1.10 -082 0.18 041 0.0400 -0.29 145 10.0 -1.18
Shinjuboshi 1.95 1.03 08 —022 —089 -—0.0187 0.60 -145 -86 1.58
Morikei C—262 0.01 0.07 051 -011 081 -00142 —047 30 10.5 057
LSD (5%) 0.76 044 057 0.13 0.52 0.0061 0.61 99 6.6 0.61

Note. A value which attached the underline presents the best.
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Table15 Correlation coefficients between general
combining ability effect and phenotypic
value of parental variety, and narrow
sense heritability estimates in barley
quality traits.

. Narrow
. . Correlation
Barley quality traits . sense
coefficient N
heritability
55% pearled grain
Pearling time 091 * 0.75
Whiteness 092 * 0.87
L* 0.95 * 0.87
a* 0.87 0.76
b* -0.05 0.03
50% pearled grain

Pearling time 0.82 0.67
Whiteness 0.87 0.82
L* 093 * 0.89
a* 0.88 * 0.83
b* 0.05 0.04
Boiled grain

Whiteness 0.88 * 0.81

Color 0.80 0.68

L* 0.87 0.77

a* 0.76 0.61

b* 0.90 * 0.82
Polyphenol content 0.07 0.05
Amylose content 0.27 0.22
RVA Peak viscosity 0.46 0.39
RVA Breakdown 0.56 047
Paste whiteness 093 * 0.84

Note. 1) RVA=Rapid ViscoAnalyser.

2) Narrow sence heritability was calculated
using the correlation coefficient of offspring
and midparent.

3) * indicates significance at P<0.05.

~068L R Moo oy WIFED084L 2
ole =N, R T2/ —VER, TIT—AGE
BLXURVAO®ERE, 7L —27 %7 »i2005~
047 2K 22> 72
KEMEREIZB T 2MPH, HPHO %3, 2
R, ROKE. R/MEB X O BALAE % Table
161278 L7zo MPH, HPH ¥ & b Im AR
R Da* (200%. 472%) &R 7=/ —VEE
(76%. 11.0%) T. NI 5O TIIMOAT T —
YA %R LIz MPHTIZS5%8HE 1 (56%) 7%
LR <. HPHTI355% ki %ar (122%). WK
ZZb* (94%) D EDoTze —H. 5% KB L O
50% M ks DIBHERFI, a*s b*OFMPHIZE OV
iz /R U720 MPHA R b i\ LA 813 55%30 4% -

TATVNVKRIZ & B/NEE S RS XL ORI EF oM EGERI LT r Y X 55

50%3E A5 DI RTER] - SR - a*, AL X
OCWIRETIE [&d6s] /[y YaRy] T 2
DHAETIIRZEEDS R RE ROMEETH 572,
T REBZFECB T 2B M EF L D
BIfR% . Fig 31T/ L7z, 55% KR Tld4eT oD
FEOSEME D FIZH 20120 L. 55% R B3 A
I EZH otz fEoTe TRTOFICEBWTE
AL IES TRV NN 0 114 B ARy NN 4
BANTHYARR LTz, Flo. 55%IMAELL &Kk
REa*BIEELEALEDOFRDHEMEY LIZH 72D T,
ANTF Y ARRTHECN S o0 K T2/ —
VERTHOWATE Y 2 %2R LHARIE, [&
6% LOMERIETTH o7 Y EOKETIZW
PP L FAEEY L oMICHEEES RO
720 =77 IREABE I 25 B 10l <\ ZAE A 720 T
AT Y ARBEIE/NE L REEL & B E B
WED TOFRMKES T FOGPMBEESHEEL Y
HVHIAEDE L, AT O Y 2DORSNLHATIE
Yipdrotz (IR LEFYMICHEER L),
WEBIEASEN [V V2R ] LoMatidim
DO E DA T, 55% 5K A3 <
55% G, 55% IRk EZ DL . KA ES L O
BIAEDE < RfliZa* MR ps il S h, Wi

ORI BADTLD b7z,
L\ B

INEDOMERERET) D5 F I BT 5GCAL
. SCAZGHOABEMICEHL TE, #HER T
GCA. SCAKHEbICHBELWMESN TV S
(Labuschagne et al. 1996, Akram et al 2001.
Barnard et al 2002) . A ¥ T 1320004 TGCA,
SCAKZ R E DICAETH Y, Lot & —&
L72%%, 1999%EIZGCADADBHETH - 72 JFH
F 2N EREASE CTIEGCA, SCAK L D
ICHETH 5 (Brown et al 1966, Raina et al.
1979 (F,®» A4 7). Kraljevi¢c-Balalic et al 1982,
Borghi and Perenzin 1994, Labuschagne et al
1996, Perenzin et al. 1998, Joshi et al 2004.
Subhashchandra et al 2010, Kamaluddin et al
2011) 2% <. GCAGTHMDAIHE TH - 7=D1%
Barnard et al. (2002) OWMEDATH - 720 K
HETH, 24 (22054 T LVIVKR) &b, /b
AW EOEHOGCA, SCAKHTHMEDICHETD
272DT, ERLDZ  OWZEHE & —B L /A
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Table 16 Estimates of mid-parent heterosis (MPH) and high parent heterosis (HPH) of pearled barley

traits.

55% pearled grain

50% pearled grain

. Pearling time  Whiteness ~ L* a* b* Pearling time  Whiteness ~ L* a* b*
Statistic MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH
G ) G G G G G G G % % %) % %) %) %) (%) %) (%) (%)
Mean =77 -15 56 -10 10 -13 -72 122 -102 -35 ~-77 07 38 -22 11 -08 -83 56 -95 -28
Standard deviation 33 49 32 38 09 16 69 200 76 99 47 76 3127 08 13 53 106 72 82
Maximum -30 49 107 64 28 12 65 540 -25 118 -12 130 99 24 2508 -07 271 -11 101
Minimum -137 -93 17 -85 -03 -37 -162 -146 -250 -184 -157 -110 09 -76 -01 -31 -141-106 -199 -153
Best cross combination  A/S A/S  A/S B/A A/S B/A B/A B/A B/A B/A A/S A/S A/S B/A A/S B/A A/262 B/A B/A A/262
50% pearled grain
Boiled grain RVA
Polyphenol Amylose —————  Paste
Maximum  Break-
Statistic Whiteness L* a* b* content  content o whiteness
viscosity down
MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH MPH HPH
) (%) ) %) %) %) (%) %) (%) %) (%) %) (%) %) (%) %) (%) (%

Mean -03 -49 -06 -19 200 472 -38 94 76 110 04 11 2402 15 -08 -11 -46

Standard deviation 21 33 08 08 157 266 46 101 123 135 2423 47 51 45 59 19 25

Maximum 26 00 06 -07 527 929 34 202 298 322 49 42 98 73 87 93 24 =07

Minimum -46 -94 -18 -30 -18 172 -103 -81 -43 -22 -32 -21 -40 -93 -54-103 -43 -80

Best cross combination  M/S M/A A/S S/262  M/S S/262 M/A M/A S/262 S/262 AJ262 A/S A/262 AJ262 A/262 A/262  A/S S/262

Note. Best cross combination : M="Minorimugi", S="Shinjuboshi",

Honi, T2, T4 AT = a vl (SDS-
74 AT —v 3 i&ET) TldBorghi and
Perenzin (1994) & Subhashchandra et al (2010)
1XGCA. SCAZDE BICHETHAL LIEL T
Wbo AR T 20004 TGCA. SCAK WA
HTHY., ool e —HL72D% 19994 1%
GCADAPHEHE TH -7z,

HWPED T 70 ) 7T ABLIIFV T T LN
#:Cix. Borghi and Perenzin (1994) &7 7V /
75 A ®Ab, DT. Stab. WkOZGCAG A
THHN, SCAHTHMTIIVTNLAE TRV & #H
HLCTHBDY. Labuschagne et al (1996) & 7 7Y
27T ADADEDT, I ¥V 7T LAODTHARDH
REWE L T0DH, K TIE 20006607 7Y /
79 AAb, DTBLUOVVIZBWTINL oL
I —HURBEIEON, L Ly 199940 3
¥V 77 HDAb, DBLUAL BIZGCA, SCA%K
SO E L % ). Labuschagne et al (1996) @
RRERR STz THIETA T LIVERICH W 720
FOBWICE L EEZ SN,

LB, AMETIERAEL VAWV, EiZa—u
v INGRE TR Y ORIV LTS TV

A="Aizu 6", B="Banong", 262="Morikei C-262"

A7 T 712w TE, P (Kitk) 1RGCA. SCA%
SREDHERTHLH L (B LW (BERTRE)
ZGCADAEHETH L LE I Twb (Borghi
and Perenzin 1994, Perenzin et al 1998).

RECIZBY L CTid. Ekiz et al (1998) iZ&HHE= L
SDStF 4 Ay F—3 3 MEZEETH Y., Aegilops
cylindrica. Ae. variabilis, 3 & U Ae. uniaristata il
OB EAERON LIZERND . T aestivum
M I OMILE X Y SDS-E T4 AT —¥ 3
SAEDMEN, F 7o, SRS Y /NS O Bolal
2973, Kirac 66, 3 X U'Bezostaja 1DMIHLE 13\ <
ONDORBTSDS-t T4 27— a Mz ¥
SR L DAEMENORNBMBE DG %
AW L7, Akram et al (2011) . BB AR O
RECH I HECTHEDP 2720 T, ZHETORHEO
HEWEZHEEL TV b AETIX, RECIZ2 7
FELETORETHETE 2720 T, BN
BHOMBEIC L 28BRELAERVIDEE R
5N5H, LROWRED X 9 IS ER/NERETD
B CHINBE A G- 3 2 A e H 5 DT, SEM
LTS B,

GCA:SCA % 7213GCA. SCAZ I HDOK/NIET



F1 progeny pearling time of 55 %
pearled grain (sec)

F1 progeny whiteness of 55 %
pearled grain (%)

F1 progeny L* of 55 %
pearled grain

F1 progeny whiteness of boiled
grain (%)
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Mid-parent whiteness of boiled grain (%)

F1 progeny polyphenol content

F1 progeny L* of boiled grain

F1 progeny a* of boiled grain

(mg/g)

F1 progeny paste whiteness (%)
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76
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Relationships between mid-parent value and F; progeny value on pearled grain qualities in a 5x5

diallel cross of barley.
Mid-parent value= (P1 value+P2 value) /2

Presence or absence of one parent, "Shinjuboshi' in cross combination : APresence, @Absence.

"+" in polyphenol content figure shows the cross combination with one parent "Aizu 6"

A dotted line shows the case that mid-parent value and Fy progeny value are equal.

MP vs F1 and @vsA present t-test of mean differences between mid-parent mean and F; progeny, and
between F] progeny with "Shinjuboshi" and F; progeny without "Shinjuboshi", respectively.

% and *3* indicate significance at P<0.05 and P<0.01, respectively. NS indicates nonsignificance.
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Lk, ®E AR (Labuschagne et al 1996,
Barnard et al 2002). JFK F 7z 13/hEREAGE
(Brown et al 1966, Borghi and Perenzin 1994,
Labuschagne et al 1996, Ekiz et al 1998, Akram
et al. 2001, Barnard et al 2002. Joshi et al 2004.
Igbal and Khan 2006, Subhashchandra et al 2010
Kamaluddin et al. 2011). &7 4 X 7 —3 3 Vi
(Subhashchandra et al 2010), SDS-t7 4 X ¥ 7
— ¥ a “fi (Borghi and Perenzin 1994), 77V /
27" Z 2 (Borghi and Perenzin 1994, Labuschagne
et al. 1996), I ¥ "5 4 (Labuschagne et al 1996,
Barnard et al 2002). 7 VX% 2757 (Borghi
and Perenzin 1994, Labuschagne et al 1996) /%
VRFE (Barnard et al. 2002) O #£4EHEIZGCAZ K
DI HSCASTBUZHARIEF TR & v (GCASSCAA
2DER) ExnTws, 2L T wIho#fiibd,
INOORMEOBIRIZFE E L TR B TRIRIC
FDHBEINTD EMmMNTTWE, AfET
b, GCASCAIX 2 #4E & & #AY - NI MEDB &
DBVl ol L A Lo TcERER 4D LD
WA RLZZZ e s, ROt I <—HL
TR DTz o MIIMEETER S 2h
5 OREED KEBIZ09LL & ®h o7z o Ty
— AN AR TR R D /N it B D AR 1 il -~

DB I BRI RICHAIERICRE v
Zz2bhb,

INEDGCARIRIZDOWTIE, HMW-GS 5+10% #§
DOt - R# D [Palo Durol. [Recitall. [/ vV A4
7% |, THAe221%5 | i 2 hz Fize v il - R
WHART, 77V /7 L80BX0IFVIIT7L0D
AbZ M TIED B WEEZ R L7z, Tz, B
VDR [V TR e [RIR2215 ]
BNV EMED FRFET D EICGCAR R IZIED &
WiiZ/R L7z LLEofR, HMW-GS 5+10% 2
N AR, RSB VR O GCARI R TRV
LEz5N%. HMW-GS 5+10% FoRftid 2 h %
R R E D — BRI VN S I
WZh b EDHE SN TS (Takata et al 2000,
Pirozi et al. 2008) A% A DS U R DGCA
R D AR ) & 72 5 720

—7J7. Borghi and Perenzin (1994) 1%, i 7%
HMW-GSH (5+10% 7 2= v bA) T D
BA a7 %8> [Maestral (&8 > @7 B w44
DT IWVXRE 7 FIW, 77 /7T AStab, WKT
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IEDOGCARI R ZR LD, TS DRETRRD
GCAR R % Fo 1L [Golial (5+10% 7 1= v
M) T, HMW-GSOME A 2 7% [Maestral A%
1655425t LT Golia /1311 1% & K22 » 720 % L Tl Golia
DB dVE B EEYE O GCARY R A8 V3 1
HHEGEOGCAM RO KRR TH o722 LITENT
% & L7z RERETH. 19995 OHMW-GS 5+10%
Frz7ow THR195% | 3B AR, INEREAE
wBLOT7 7Y 77 AWKT, 20004:OHMW-GS
5+10% F 7= 2 v [ S OR201) B/ ER&EH &,
tTFTA AT =Y a METERENRKIEZ R L7
WA 22b 57, Glul dE A3 7id (561957 ]
78 T OR20) 8 BUE HMW-GS 5+10% #¢>
[Polo Duro] 1045, [V A4 7% ] 9 H~RTEA
-7z (Table 1) ® . Borghi and Perenzin (1994)
L FRRDRERI G S T2,

GCAZYE & B & oML, BRI, N ERH
BEAGE, ¥ TF4 AV TF—va Vi, 7I0—2%F
w, 779 /77 .5DDT, Stab, VV. I ¥V 7
7 DR & OB Y R OWORE, 28 ARG T
HIZOW T I 08U oA E TRV IEDOFHE
ZR L7z o Ty SIS OFFETIEAIINAE =T
PERIC X DR IS T B 0T, BifEh 5 —f%
HMAYRNZWET A LN TELLEEZ LN D,
—J7\ BORVEMED S < ORI TIAHBI AV REE
LD T, BN S5CCARREMET S &
TEBWVWEEZEZLNS,

SCAZIFEIZB VT, 19994480 [Palo Duro ]
/ [SK-26] % & 3MAEET, 771 /75 4DT,
Stab. VV® 3 HEIZ B TEWVSCARIE 2R L 720
¥ 72, 20004E MR TUE, 36MLEEON, [+ 72
AF| / THAR2125 ] R EDSHAEZTAS, FFE
MBS Y B DA IR E DN 9 ~ 12451k (3>
WA S &) SRS PINICA D, B
YR OWTEN R EM A SRR 2R L. D
Eon x5z, ZLoMEMNETREDHEEDAIZ
SCARIENE o720 TNEOPMHE - JRO R
O A TEEMIZHEFICHEGHEGETH L7720, £
 ONVEFEECSCARI R ioik%‘&%héo

PFOBEFIL, WhHER, MEhEOGE
TAAYT—vayi, 7TI0—RAG®E, 779/
77 L5DODTEVV, BIXUOIFVY I I LDAb, D
BLUTATEDL- 20T, 25 ORI TIZRIHE
RS DRIKDVPANTH L EEZ NS, —T7. B



FINED + A4 T VIVEIC X B/NER S VR LK ER oM EaER LT X 59

23 2 PR R R VB IR E O WK YE & 2% AR A Rl
REBRWT, FE 7RV EFR 2R L, Bos
VIS  OMBEIEDIR L 2B T D
5729, BIZFEOEE & ORFED R % A BT
7o AR AR (B 5 5 C L SEETH 5 L LR
SNb, FCIINEREHSR, T4 X7 -3
a Vi, Ak & BNV RN E OMBIEE L R
DT (Table 11). B3 > 58 1k B SR oD B 313
I N A THMW-GS 5+100 4 i Tk L.
ZoBRYEYF T VTHETEZEOGE, T4
AYT—a AETHERL, PR TIF VY 7T 4
DD, ATEET LI LA TH DL EZBND,
PRBEOBRR O I L Tid, BB L
(Pearson et al. 1981) F 721 &\ (Barnard et al
2002). |EHAEEIZE W (Ekiz et al 1998) 7213
K> (Pearson et al. 1981), €74 A 57— a v
fliix vy (Baker and Campbell 1971), I ¥V 275
2 ODIFEVy (Baker and Campbell 1971, Barnard
et al. 2002). & LT 8 /A I3MR (Barnard et al.
2002) EZNnETRMESINTVE, ZhHOHE
ARG L BBRE, EF 4 A VT — Y 3 Vi,
NIV TIHIZIZ—H L, HHGELHV
FT—FH L7225 IFV 77 20DIREL Kok
Kol

INEFEO~NTFO Y ZZE L TIE, SERA S H
REHE - SRR OMAED1999EM KT, FiudF
BUICHRTEREMMELZZIZO DD ST, 7710 7
75 ADODT, StabB L OVVOFITFEHH L Y <
% HMERBKRBITTHY, FOL I3AMHBLY
B R DEVwIANTO Y AR R LI, 72,
MPHB & OHPHi KMEOM A&k, &R EICB W
THBE 2 3WBAE R TH o720 —T BAR
T - RALIE  OFAE D20004EMRHE, NN &R
HEEEIF V7 IAEETRATEY ZEA LN
Bdrolie $720 MPHESCARIRE MBI 7 7
) 7 75 ADDT, StabB L PVVIZBWTHE D
7o Do Z et MEFIITEEMICOZ ) R
R G BRI F Y RN T
O AREIKEL LY, ZOANT O Y ATEER)
WEx¥x¥ 2285 %2515, Falconer
(1972) 1%, 2R E 2IEHIM OZAEIC L 5T 1
T ARBIIRM - BRI OBIRTREER O
AFT B L Lize 2Dz, 199954 FHZ BT,
771 /7275 A5DODT, StabB L OVVO#E (T4

BE D FE S ASHVE A & AR - RO TR E 2
72720, BWAT R Y AP INb DL E R
55, 20004EM K CTlE, T4 A VT —3 3 VMl
SN Y OWOKE, VBN DB X OV RARHI
BIIAT Y ARALNIZ, LAL, IhH 0B

VLT AT =Y a Vi oML,
L2bIFVFI20D, ALDOHBE LKL -7272
B, INSHOBSVEEOANT T Y 23RS
M TR TE o7z, TR0,
B VEEONTO Y ANIE T 7Y ) T T A T
FAT VYT T N7 EOF T E A2 IR TR
AT BUEDND S,

INEMEDNT B Y ZADWEITOWTIL, FR&H
& & CRF PP T100% & 20 H
HICEEBHI VBV I REwEWIFIZR Ok
o7z (Brown et al 1966)c 7 VX 757 DOW
M OHERE LR OB wdEiE, WEohs» 7z
TS R OB RE I & D R WLEE RS
-7z (Borghi et al. 1988), /N4 71 v F/NZI3H
EHARTHERAGENE . ERMEEIKRE 7V
T VAW TdH o 72 (Perenzin et al 1992) .
DEomsiEAms: —HF—-FHLTwaH4
(Brown et al. 1966 #& F (X 19994F 41} > /N 22 45 87
HERICBWT—3%) ddH2d00, & O
R oz ZORMNIARE CTHV2HEOH
BTHR LT AT Y ADERNEDH 572D T,
PR OB NS B EOANT O Y A DR
AML72bDEEZ NS,

HMW-GS 5+100 4 #ix. Figsl~225H 55 7%
X9, 19994 BTz 779 /2 75 4DDT,
StabB X T'VV. 20004EM BTl T4 2 v 7=
gV, IFVZFLADODEA. BT HEMEDOWRAK
P TESEVE. BRERTI A ST RB X OV v AR 2
THBE D 720 S, 77V /77503 FY
75 5 OB TIZHMW-GS 5+100 45 i D 7 531
MR Sz 720, HMW-GS 5+1013 1 3 ¥ &
VIRRICRSBBR LT A EEZ BN,

KNG ZAFVE O MLA BT O 5 85 A T
GCAGHIZIZEA LDRETHETDH - 7205,
SCAZr#% & RECH B M A B AR Id A BN
»olze 72, GCASCAIZTRTOFEET4LLE,
AR AR TV iR iR BE % B TO9RA R & v
FThHEho7z. o T KEOHEREOBIZN
HENIE, AN & RIS, ISR &R TR)
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R o THEY . FEARIMIYE S TR AR BB oM
B OREIZ/NSWEEZ 5D, Hockett et al.
(1993) 1*. GCAZHIIF, B LUFICBITF A=)
REMEOERFETHETH 57225, SCAHHI
FOZFEAH L EAGEOAHFET, REC
SHEEBE TRV EHRE L7z, 72, Zhou et al
(2008) & RVAIZ X 2 KREMLILEEIZGCAIZAH
THo7WSCAIHETHEVWE Lz, Yo
FE—VRZMEOMECRIIICHT 2HETH S
A ARE 0K ZEEOGCAS LA . SCA -
RECHOBIZAEBE TRV E W) FERE M X —
L7z

REMFEDOGCARRIH LTI, [V ¥ V2KV ]
(IBAEIRE ., IR E . RSB XK 7 =/
—VERBLEDL L OBEELRIFET, kdENT
GCARIEZR LTz [Y vV afy | BRETHE
SR AMEAL, R - IREGETE E b IZER S
THDHH (FHNSH 2009) . AE#EMEO—BALAE
BB ENTVLDT, FREEMERRAL LTER
TW3LE2bN5, —h, BERHETHL [/
VAF] . RS - REGETEDOGCARYHRIE R
BET [y TaRy] XDH M. RVARER
BEOGCAR P IIRKMEERL 72D T, REHED
BURDIZODRRE L THHTHLEEZ LN,
Zhou et al. (2008) &, ZFZF A LBKROH 5
RVAD LR EE DGCAR)RIT E — NV KRE MMl Tid
HADMEZEIRT A FRHR LM TR /RS
CEERWL2ITL, WML A & B Hps
WHETH B & Lo At ClEMMLIRE IZA L <
W WA, RVARADEY ¥ 7 h D5 TRt
FPEZWETE 20T, WML, &EHE. 7L
=75 v EOREOBRIKICARTH L LEZD
s,

GCAR R L B L OFETHEAHE (HBIFR %
09LL F) &, B5%AEE DK, B, L*. MK
HAKEB L UOCHMAKEZ ETROLNZDT, b
DFFETIZBUED S — AR D2 HEETH 2 &
BTELLEEZOND,

KREOPFZOBEIFIE, IBFAE, IBEEZOL"
IR B IKEKDL* La*y B L OWIHE R 2 -
o2l IBREB X OKRSEOMICHT 25K
FHIER 2 S FTH L LMMENL, —F. N
BEEB L OMRBAE L EROBH LK) 72/ —
Era (B 52000, #)1152000) (d@EfmFHMEN 72

#115% (2013)

D AR S OBBT A TRV EEZON L,
AT S (2008) (ZKEZECTEEZE O b OH B 7 i R
AFRO LMY, BRE (R 13026& 4% & W
HFHLTWD, ZhEARHE & OMEME OB X
HEEbhb,
FEBEOANT T Y 2B L Tld, 55%3H kD
FERERNZ N T RS R R T~ OB 2~
THYARRLTZ, T2 KEDa*BLORY 7
) = VERIEEWHTANOANT O Y A ER LI,
R Tz /)= VERTATOIYAZRLEDOWE [&
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