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ABSTRACT

This study was carried out to attain the selection
imformation on grain characters of malting barley.
Indirect selection, making use of information on
grain thickness, seemed to be an effective method
for the selection of 1,000 grain weight, grain hull
and grain yield which were directly affected by
grain thickness.

Grain yield which had a direct effect on grain,
meal and protein content seemed to be an effective
selection indicator for them, however, a better
method is expected upon improvement of indirect

effects of hull and grain yield.
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Table 1. Apglied varieties.

Heading Culm

Variety date length | Source
(em)

Kanto nakade golden April, 30 87. 4'Japan
Kanto bansei golden May, 2 99.8 7
Kairyo nizyoshu May, 1 86.9
Kaneko golden April, 25 93.5;
Hyogo golden May, 1 76.1 »
Aichi zyosei golden April, 29 95.00
Nissei May, 2 95.0 o
Colmar May, 4/ 107.3] France
Ackermanns donaria May, 3| 103. 9Germany
Svan hals May, 3 97. 2; Sweden
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Table 2. Mean values of grain characters measured from 10 malting barley varieties.
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Grain | Grain t}(l}l?f{l:: Sﬁzli Complete lggion Grain | Grain | Crude G_re ai:in
length ' width ess ratig rain wgeight hull meal | protein %’;/10
) Q. o, o/ o,
'Variety (mm) E (mm) (mm) ‘ (%) <A) (g) (A) (/0 (A) plants)
Ka\ntlc:i nakade 9.64 3.61 2.87 2.68 8470  47. Zi 6.05 75.67| 10.36| 205.3
golden i '
Kantltz1 bansei 9.74 3.83 2.98 2.54; 87. 00| 46. 9“ 8.87  60.00 9.63 204.7
golden !
Kairyo nizoshu 9. 441 3. 75I 2.91 2.52] 74. 7011 45. 3i 9.10| 78.83 9.04 176.0
Kaneko golden 9.70, 3.87 3.14 2.51)  95. 001 50. 4' 5.69] 50.67 12.400 206.0
Hyogo golden 9. 53: 3.76 2.76 2.54) 73.33 45.2 4.84 57.00 9.70, 167.3
Aichlidzyosei 9. 16: 3.76 3. 01I 2.44)  95. 33} 43.5 9.79 75.33 10.00 197.7
golden ! !
Nissei 8. 69‘ 3. 80 2.93 2.29, 87. 70i 41.8 6.200 77.67] 10.43 208.7
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donaria 9. 33i 3.7 2.76 2.52| 78. 70{ 40.0 6.15 51.000 11.09] 188.7
Svan hals 9. 02‘ 3.68 2.94 2.34) 85.70 4. 50, 9.121 73.00 9.62f 211.0
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Table 3. Heritability,expected genetic advance and relative efficiency.

Characters Mean ig?ggf)i Heritability Expe;éscing:netic Relative efficiency
‘Grain length 9.43 0.4283 0. 674 0.59 6.26
-Grain width 3.1 0.1667 0.420 0.14 3.74
Grain thickness 2.89 0.173 0.707 0.25 8.65
‘Grain shape ratio 2.53 0.1836 0.823 0.31 12.25
Complete grain 81.93 12. 9666 0.707 18.88 23.04
1000 grain weight 45.31 3.1773 0.764 5.00 11.04
Grain hull 7.74 2.2366 0. 886 4.08 © 52,71
-Grain meal 68.03 12.3714 0.848 | 21.61 31.77
Crude protein 10.25 1.0811 0.612 | 1.36 13.27
Grain yield 19.71 1.8204 0.526 | 1.97 10. 00
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Table 4. Phenotypic and genotypic correlations among the grain characters.

n ©) 3 4 €); (6) ) €)) )] (10)
Characters Grain | Grain | Grain | Grain {Completel 1000 Grain | Grain | Crude| Grain
length | width | thickn | shape | grain grain { hull meal | protein| vield
ess ratio weight

(1) — |—0. 2199!—0. 2068; 0. 831(6 —0. 3283l 0. 6143 0. 2185! 0. 1799! 0.2091}—0.0782
2 —0. 8225 - 0. 7865‘—0. 68%? 0. 6028 0. 0125 —0. 2906’ —0.2785—0.0294] 0.1054
3 —0.4082 0.8208 — 0. 59T§ 0. 75§§ 0. 2163: -0. 1990: 0.2081} 0.2029) 0.1664
@ 90.026/—1. 1445 —0. '7102‘l — |—0.5884 0. 4175! 0. 3539l 0. 0983‘ 0. 1708I—0. 0721
(5) —0.5784] 0.9316, 1.0184/—0.7895 — |—0.0154 —0. 2604: 0.1449, 0.1760, 0.3012
(6) 0.7683—0.1869] 0.2174| 0.5011|—0.0249 — 0. 0794’ 0.0358 0.2134 0.3099
)] 0.2056|—0.4759,—0. 2585, 0.3463|—0. 3863 0.1526! — | 0. 5235‘;;‘—0. 30001 0.1724
® —0.2149—0. 5595 —0. 2554; 0. 1469|—0. 3094 —0. 0417; 0. 6370~ — 1—0. 491‘; 0.1274
9 0.0958, 0.1439, 0.2968—0.0200; 0.3633 0.2404 —0. 5144;—0. 59991 — 0.1758.

10) —0.1210—0. 0662, 0.3694—0.0391] 0.4223 0.1884] 0.3475; 0.3300 O. 4667i —

Note: Phenotypic and genotypic correlations are

respectively.
* Significant at the 5% level.
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shown on the right and the left side of diagonal,

#* Gignificant at the 1% level.
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Table 5. Direct and indirect effects of each character for 1000 grain weight

. l Grain length ‘ Grain width , Grain thickness lGram shape ratio Complete grain
Characters
I x ] Xz | X3 | X4 X5
X1 (0.53801) 1. 23048 —2.20348 —1. 85548 2.20541
X 2 —0.44251 (—1.49603) 4.43071 2. 35276 —3. 55214
X 3 —0. 21962 —1.22794 (5.39804) 1. 45997 —3.88311
X 4 0. 48561 1.71221 —3.83369 (—2.05571) 3.01032
X 5 —0.3118 —1.39370 5.49736 1. 62298 (—3.81295)
X6 0.11061 0.71196 —1.39539 —0.71189 1.47294
X7 —0.11562 0. 83703 —1. 37866 —0. 30198 1.17973
X8 0.056154 —0.21528 1.60214 0.04111 —1.38524
X9 —0.06510 0. 09904 1. 99404 0. 08038 —1.61021
Grain hull. f[ Grain meal ’ Crude protein [ Grain yield Total
Characters
X6 X7 ’ X8 ] X9 Correlation

X1 0. 44897 —0.52755 0. 44324 0. 48859 0.7683
X2 —0.03924 —1.37348 0.66378 0.26731 ~0. 1869
X 3 —0.56449 —0.62697 1.37320 —1.49161 0.2174
X 4 0. 75623 0. 36062 —0.09253 0.13788 0.5011
X 5 —0. 84357 —0.75953 1.68087 —1.70522 —0.0249
X6 (2.18373) 1.56373 —2. 37996 —1.40318 0. 1526
X7 1.39104 (2.45484) —2.77555 —1.33252 —Q0.0417
X 8 —1.12331 —1.47266 (4. 62668) —1. 88450 0.2404
X9 0. 75885 0.81010 2.15927 (—4.03793) 0.1884

Note: Direct effects are presented in parenheses underlined along the diagonal.

Total: Genetic correlation coefficients,
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Table 6. Direct and indirect effects of each character for grain hull.

Grain length i Grain width ’ Grain thickness 1Grain shape ratio[ Complete grain
Characters ‘
x1 | xz | x3 | x4 | x5
X1 (1.12842) —0. 45029 0.62708 —0.76793 —0. 20597
X 2 —0.92813 (0.54747) —0. 26091 0.97374 0.33175
X 3 —0. 46062 0.44936 (—1.53620) 0. 60424 0. 36266
X 4 1.01851 —Q. 62658 1.09101 (—0.85080) —0.28115
X5 —0. 65268 0. 51003 —1.56447 0.67171 (0. 35611)
X6 0. 86697 ~0.10232 —0. 33397 —0.42634 —0.00887
X7 —0. 24250 —0.30631 0. 39235 —0.12498 - —0.11018
X 8 0. 10810 0.07878 —0. 45594 0.01702 0, 12937
X9 —0.13654 —0.03624 —0.56747 0. 03327 0.15039
11000 grain weightl Grain meal l Crude protein , Grain yield Total
Characters |
X 6 ‘ X 7 ! X 8 l X9 Correlation

X1 0.13276 0. 08027 0.13737 —0.20134 0. 2056
X2 —0. 03230 0.20897 —0. 20634 —0.11016 —0.4759
X 3 0.03757 0. 09539 —0. 42559 0. 61468 —0. 2585
X 4 0. 08659 ~0. 05487 0. 02868 —0. 06506 0. 3463
X5 —0.00430 0. 11556 —0.52095 0.70270 —0. 3863
X 6 (0_17_2§(& 0.01557 —0. 34472 0. 31350 0.1526
X7 —0 00721 (~0.37350) 0. 86021 0.54912 0.6370
X 8 0.04154 0. 22406 (—1. 43393) 0, 77658 —0.5144
X9 0. 03256 —0.12326 —0.66922 (1. 66399) 0.2475

Note: Direct effects are presented in parentheses underlined along the diagonal.
Total: Genetic correlation coeffecients
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Table 7. Direct and indirect effects of each character for grain meal.

Grain length { Grain width | Grain thickness [Grain shape ratioJ Complete grain
Characters
X 1 xz | x3 | x4 | x5
X1 - (0.63226) —1.06515 1.49631 —0. 34258 —0. 65339
X 2 —0. 52003 (1. 29501) —3. 00875 0.43439 1.05238
X 3 —0. 25809 1. 06294 (—3.66563) 0. 26956 1.15044
X 4 0. 57068 —1.48214 2.60333 (—0.37955) —0. 89186
X 5 —0. 36570 1.20643 —3.73308 0. 29965 (1.12965)
X6 0.48577 —0. 24204 —0.79691 —(0.19019 —(. 02813
X7 0.12999 —0.61630 0.94757 —0.13144 —0.43638
X 8 0. 06057 0.18635 —1.08796 0. 00759 0. 41040
X9 —0.07650 —0.08573 —1. 35408 0.01484 0.47705
1000 grain weight[ Grain hull ' Crude protein I Grain yield Total
Characters — .
X 6 ] X7 J X8 ] X9 Correlation
X1 0. 94622 —0. 48706 —0.31838 —0.42308 —0. 2149
X 2 —0.23018 1.12738 —0.47823 —0.23147 —0.5595
X 3 0.26774 0.61237 —0. 98636 1.29163 —0. 2554
X 4 0.61714 —0.82037 0.06647 —0.13672 0. 1469
X5 —0.02067 0. 91513 —1.20737 1.47659 —0.3094
X6 (1.23157) —0.36150 —0.79893 0. 65875 —0.0417
X7 0.18794 (—2.36895) 1.70952 1. 21505 0.6370
X 8 0. 29607 1.21859 (—3.32333) 1.63184 —0.5999
X 9 O 23203 —0.82321 —1.55100 (3 (3.49655) 0. 3300
Note: Direct effects are presented in parentheses underlined along the diagonal .

Total: Genetic correlation coefficients
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Table 8 Direct and indirect effects of each character for crude protein.

Grain length { Grain width ’ Grain thickness :Grain shape ratio] Complete grain
Characters
xt | xz | x3 | x4 X5
X1 (0. 66664) —0. 33091 0.46547 —0.43982 —0.17636
X2 —0. 54831 (0. 40232) —0.93597 0. 55769 0.28405
X3 - —0.27212 0. 33022 (—1.14031) 0. 34607 0. 31052
X4 0.60171 . —0.46046 0. 80985 (—0.48728) —0.24073
X5 —0. 38558 0. 37480 —1.16129 0.38471 _@.3_049_1)_
X6 0.51218 —0.07519 —0.24790 —0. 24418 —0. 00759
X7 0. 13706 —0.19146 0. 29477 —0.16875 —0.11779
X 8 —0. 14326 -—0. 22510 0.29124 —0.07158 —0.02434
X9 —0. 08066 —0. 02663 —0.42123 0.01905 0.12876
’1000 grain weight|  Grain hull l Grain meal } Grain yield Total
Characters
l X6 X7 , X8 i X9 Correlation
X1 0. 14279 —0. 14965 0. 05715 —0.13952 0. 0958
X 2 —0.03474 0. 34639 0.14880 —0.07633 0.1439
X3 0. 04040 0. 18815 0.06793 0. 42595 0. 2968
X 4 0.09313 —0.25206 —0.03507 —0. 04509 —0. 0200
X5 —0.00463 0.28118 0. 08229 0. 48695 0. 3633
X6 (0. 18585) —0.11107 0.01109 0.21724 0.2404
X7 —0. 02836 (—0.72787) —0.16942 0.40070 —0.5144
X8 —0.00775 —0. 46365 (—0.26596) 0. 38052 —0. 5999
X9 0. 03501 —0. 25293 —0.08777 (1.15308) 0. 4667
Note: Direct effects are presented in parentheses underlined along the diagonal.

Total: Genetic correlation coefficients.
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Table 8. Direct and indirect effect of each characters for grain yield.

Characters [
X1 | xz | X3 | x4 | X5
X1 (—0.65240) 0.27141 —0. 38417 0. 43077 —0.13710
X 2 0. 53660 (—0.32998) 0.77247 —0. 54622 —0. 22082
X 3 0. 26631 —0. 27085 (0.94112) —0. 33895 —0.24139
X 4 —0. 58886 0. 37766 -—(. 66838 (0.47726) 0.18714
X 5 0.37735 —0. 30741 0. 95844 —0. 37680 (—0.23703)
X6 —0.50124 0. 06167 0. 20460 0. 23915 0. 00590
X7 —0.13413 0.15704 —0.24328 0.16528 0.06156
X 8 0.41020 0.18462 —0.24036 0.07011 0.07334
X9 —0. 06250 —0.04748 0. 27932 —0. 00955 —0.08611
1000 grain weight’ Grain hull Grain meal ! Crude protein Total
Characters
X6 | X7 xs | X9 Correlation
X1 i ”—0. 09575 0.13337 —0. 04619 0. 08484 —0.1210
X 2 0. 02329 ~0.20871 —0.12026 0.12744 —0.0662
X3 —0. 02709 —0.16769 —0.05490 0. 26285 0.3624
X4 —0. 06245 0. 22464 0. 03158 —0.01771 —0.0391
X5 0. 00310 —0.25059 —0. 06651 0. 32174 0.4223
X 6 (—0.12463) 0. 09899 —0.00896 0. 21290 0. 1884
X7 —0. 01902 (0. 64869) 0.13692 —0.45555 0. 3475
X8 0. 00520 0.41322 (0.21495) —(.53127 0. 3300
X9 —0. 02926 —0. 33369 —0. 12895 (0. 88560) 0. 4667

Note: Direct effects are presented in
Total: Gentic correlation coefficients

parentheses underlined along the diagonal
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Correlation and causation.

Summary

The study was conducted to attain the selection
information on grain characters of malting barley.
Hertability, expected genetic advances, correlations
of each character, and path-coefficients of some impo-
rtant characters were estimated by the statistical
genetic method. The results obtained are summariz-

ed as follows;

2. Expected

1. Heritability estimates of grain hull, grain meal
0.848 and
0.823, respectively, showing higher values comp-

and grain shape ratio were 0. 886,

ared with those of grain yield, 0.526 and grain

width, 0.420.

selection efficiencies of grain hull,
grain meal, and complete grain were 52.7%, 3l.
89 and 23.0%, respectively, showing higher effic-
jency compared with those of grain length,6.2%,
grain width, 3.7% and grain thickness 8.7%.

3. Significant correlations were to some extent

observed among desirable characters closely asso-

ciated with beer quality improvement, however
correlations between grain yield and other chara-
cters were non-significant.

4. Indirect selection,making use of grain thickness,.

* seemed to be an effective methcd for 1,000 grain
weight, grain hull and grain yield wkich were
directly affected by grain thickness.

5. Grain yield which had a direct effect on grain
meal and protein content seemed to be an effective
selection indicator for them, however a better

method is expected upon improvement of indirect.

effects of grain hull and grain yield.



