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Table 1. Origin and major agronomic characteristics of naked barley parents
used in diallel crosses (Mokpo, 1976)

Cultivar Origin Earliness Plant height Grain yield

Ehime #1 Japan Early Medium Low

Shikoku #42 Japan Early Medium- Low

Yamate hadaka Japan Early Medium Medium

Eijo hadaka Japan Early Medium Medium

Kagawa #1 Japan Medium Medium Medium

Jangjubaeggwa Japan Medium Tall Low

Baegdong Japan Medium Tall Medium

Cheongmag Korea Medium Tall Medium

Seto hadaka Japan Late Medium High

Mokpo #42 Korea Late Very short High
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Table 2. Broad sense heritabilities for days to heading in 10 x 10 partial diallel crosses
t
Cuitivar ‘ ® ® l @ ® l ® ® ! , @ ’ Average
@ Ehime #1 0. 85340 76290 89590 85680 79460, 75430 8100;0 79060. 8291} 0, 81310, 0412
@ Shikoku #42 0. 90280 SZZIlO 83870, 7486; 0. 82040, 0557

® Yamate hadaka
@ Eijo hadaka

® Kagawa #1

® Jangjubaeggwa
(D Baegdong
Checngmaeg

© Seto hadaka

@ Mokpo #42

0. 85630 84810 7280‘0 7856

|
| |
l
0. 83790, 8403:0 8697

I

O 810)0 8094|0 60250. 7751#‘) 85640, 79570, 7427
|

0. 7£000. 6486,0 7905

0. 6423l0 7767|0. 82900, 8981

0. 2946 0. 86280, 8459

t
;0 78130. 6469
0. 8812,0, 89490, 8380
0. 62320, 6623

0, 7261

0.7824%0, 0787
0.78950, 1860
0.7644+0, 0755
0.7721£0, 0938
0, 8008£0, 1020
0.7241%0, 1819
0,7936%0, 0806
0.7709=£0, 0866

Narrow sense heritabilities F1 :0,3972, F2:0,7789

|

Table 8. Broad sense heritabilities for culm length in 10 x 10 partial dialle] crosses
Cultivar ® ® l @ l ® ® ’ @ | ® @ Average
@ Ehime #1 0. 7693'0. 6943IO. 72210, 6541‘0. 77510, 7184(0. 8250;0 7371;0 8537 0, 7499+ 0. 0624

©@ Shikoku #42
® Yamate hadaka
Eijo hadaka

® Kagawa $#1

® Jangjubaeggwa
@ Baegdong
Cheongmaeg

® Seto hadaka

@ Mokpo #42

'O. 92680, 8300'0_ 8885 0. 79600, 7438
0. 73300, 5193:0. 6973(0, 6772
0. 7604 0, 5647/0, 7297
0. 7032/0. 7548

0. 7150

. 6652:0. 5883

0, 8648‘0 80890. 8716
0. 80000, 78460, 8105
0. 67300, 82270, 8537
. 5930
. 8223

0
0
0, 88270, 8861i0. 8755
I 0
0

|
!
0.79850. 8063

0, 62950, 7¢53
L7713

0. 83330, 0592
0.7381%£0, 1131
0.7433+0, 0894
0.7198+0, 1149
0.7030+0, 0883
0.7759+0. 0819
0. 7705640, 0917
0.7594£0, 0949
0.7599+0, 0883

Narrow sense heritabilities F1 : 0, 6567, F2: 0, 6414

Table 4. Broad sensc heritabilities for grain yield per plant in 10 x 10 partial diallel crosses

Cultivar ® l [©) ‘ ’ ® } ® @ ’ I Average
@ Ehime #1 0. 6449:0, 6931;0. 4754:0. 5287/0. 79550 41160 6425:0 8315;0 85811 0. 65350, 1587
® Shikoku #42 0, 7648 0. 8036|0. 87740, 7177‘0 632‘,0 3333|0 7541’0 78741 0. 67950, 1435
® Yamate hadaka 0. 4998 0. 638110, 63420, 42770 37720 5516,0 7968 0. 59810, 1453
Eijo hadaka 0, 6543,0. 6241:0 56390 2‘3240 6917|0 7153| 0, 584510, 1682
® Kagawa #1 0. 14400, 22050 66490 5683]0 8695/ 0. 55170, 2302
® Jangjubzeggwa ]0 54440, 64490 38760. 7358 0. 58090, 2022
(7)) Baegdong ;0 68/710 4360'0 6914| 0, 5128£0. 1536
® Cheongmaeg | 0.53130. 6382| 0. 5280+0, 1700
® Seto hadaka l 0. 7503 0. 6114+0, 1530
i@ Mokpo #42 0.76030. 0755

Narrow sense herit:bilities I1: 0, 3776, [2:0.4170
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Table 5. Mean squares for GCA and SCA effects for days to heading, culm length and grain
yield per plant in 10x 10 partial diallel crosses F; and F,

Days to heading Culm length Grain yield
SV DF

¥y F, F, F, F, F,
GCA 9 17, 540%* 14, 314%% 474, 752%* 354, 922%* 4, 535%* 3. 562%*
SCA 45 1, 947+ 0, 886** 21, 221** 13, 032%* 3, 692%* 1,636
Error 54 0.415 0. 208 1,441 3.605 0.710 1.217

** : Significant at the 1% level.
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Table 6,

Estimates of GCA and SCA effects for days to heading in 10X 10 partial diallel crosses

F, and F,
Gener- S C A
Cultivar GCA '
ation olo|eo|e|le|alolo o
@ Ehime #1 Fy | —1.1541-0. 515/-1. 711|-2. 120/-0, 836/-0, 990[-0. 615 0, 759] 0. 600| 3. 896
F, | —1.379-0,803(-1. 448 0, 046|-0, 282/~0. 007\-0, 567|-0. 607| 0. 701|-0, 511
® Shikoku #42 F, | —1.370 -1, 645-1, 753 0,129 1. 425! 2. 450| 0. 174]-1. 032]-2. 286
F, | —1.104 -0, 8731-0, 828 0, 742| 0. 867| 0, 442| 0.517| 0. 126/-1. 436
® Yamate hadaka F, | —0.825 -0. 099 1. 684/-0. 07010, 995| 0.429|-0. 728-0, 082
F, | ~0.658 2,126| 0, 346~1, 328]-0, 453| 0. 371[-0, 169/-0, 032
Eijo hadaka F, | —1.966 1. 125~0. 378| 0. 495| 0.471|-1. 186| 0. 659
F, | —1754 -2, 007] 0. 267)-0. 307/-0. 082-0. 123 0. 063
® Kagawa #£1 F, 0. 450 0. 204[-1. 670|-1. 695/-0. 203|-0. 857
F, 0.725 0. 211 1.063-0.961)-0. 553 1. 934
® Jangjubaeggwa F, 0. 544 -0. 074]-2. 499| 0. 942/ 0. 938
F, 0. 650 0.438 1.063| 0.478| 0. 359
@ Baegdong F, 0.979 0. 675|-0. 382/-0. 836
F, 0. 675 -0. 211[-1. 253|-1. 415
Cheongmaeg F, 0. 754 0.742-1. 611
F, 0. 950 -0. 728/-0. 390
@ Seto hadaka F, 1.162 -1.020
F, 0. 941 -0. 582
@ Mokpo 42 F, 1.416
F, 0. 954
S.E. (gi-gi) F, 0. 069 S.E. (sii) F, 0. 352
F, 0.035 F, 0.177

SCA7} mfhmes & @ae TER 13 XK
w4288, (UFEREXORE 4235 EMABXER, W0
FRXEMER oo ERAHoZ € HAL
JIER 138X AT 4288, AR 4238, PUEIER 42
BEXAKME 423 %ol Aok

Fool A SRBXHEE, ARXHE BB 195 X
A xsiis} %o] Efez SCAZ} B2 HEXAE

Sebol, BB IBEXORMW 4288 BRI 423
o] Rftoz SCAJ ¥on Fiub F, mEd4 4
BARCR FHE Mae 29 FIER 158xA
=397, BXETEE Sl BRAMos (ER
= e BB LIBEXORI 423 AxoARim 24
B, VURIBR 42BEXONIE 429 Solx HBHAS e
SCAZ ¥ HEHimol —E3kA @steh,

Table 7. Estimates of GCA and SCA effects for culm length in 10X 10 partial diallel crosses F, and
F,.
Gener- S C A
Cultivar GCA

ation ele|lolol/o|ofo[o]ae
@ Ehime #1 F, 0. 963} 0.554| 3.352] 0.573/-0. 118 1. 977 4.515| 3.377] 3. 627|-9. 980
F, 0.376-0. 505; 0. 661] 1.961-0. 913/~1. 413 3. 228;-3. 366 3. 178 3. 465
® Shikoku #42 F, ~—2.135 -0.318-1. 247-1. 139| 3. 006‘—0. 205| 2. 156{-5. 243! 9. 498
F, —1.765 -2. 246-0. 046(-1. 571{ 4. 028{ 1.769) 1. 173 2.369; 4. 757
® Yamate hadaka F, —3. 274 4.060; 3.169~5.234-1.397| 4. 215/-4. 634/-8. 843
F, —2. 681| 1.819! 1. 294 0. 144!—4. 113{ 1. 640]-1. 713-0. 326




Eijo hadaka F, [ -—3.295 -3. 659)-2. 064/-2. 226(-2. 014| 5. 235[-4. 322
F, | —3.031 -1.305| 0.294| 0.886|-7. 509-1. 763, 1. 523
® Kagawa #1 F, 1.146 ~0. 955-4. 168|-1. 455/-2- 705/10. 735
F, 1.043 2. 669|-0. 838 0. 765,-6. 038| 5. 698
® Jangjubaeggwa F, 3. 800 2.177-5. 609 2.440| 0.581
F, 5. 443 -0. 538 3.715(-3. 438/-2. 101
@ Baegdong F, 8.013 -1.822/-0. 072| 9. 769
F, 6. 251 -6.092| 0.453] 5. 240
Cheongmaeg F, 8. 300 5.090| 1. 081
F, 6. 647, 9. 107/-0. 255
® Seto hadaka F, 0. 050 | 1.831
F, | —0.798 0. 440
© Mokpo #42 F, [~13.390
F, [—11.485
S.E. (gi-gi) F, 0. 240 S.E. (sij) F, 1.223
F, 0.601 F, 3.059
(3) HEE % 5ol A W wle) o] SCA9 F.& iistz GCA

Bl #e GCA9 SCAY HoiiRe o} SCA: mEY FEMel JAd. sl #

Table 8. Estimates of GCA and SCA effects for grain yield per plant in 10X 10 patial

diallel crosses F, and F,

Gener- S C A
Cultivar GCA
ation olo|loo]leo|o|le]o]w
@ Ehime #1 F, 0. 165-1. 057] 0. 842| 1. 221]-0. 307]-1. 470| 1. 050] 2. 275' 0. 137}-0. 816
F, | —0.459-0.354]-0. 596|-0. 713|-0. 854] 0. 253 0. 240| 0. 628, 0. 932/-0. 334
® Shikoku #42 F, 0. 036, 0. 421-1.999| 1.8211-1.041| 0. 579-1. 945'-0. 882| 4.062
F, 0. 695 0. 999{-0. 667} 0.290] 0.299) 0. 136-1. 625| 1.628| 1,711
® Yamate hadaka F, 0. 086 -0. 649! 0.721~1.291|-1. 020, 1.054/-0. 082|-0. 837
F, 0. 486 -0.709| 0.449| 1.107\-1. 154|-1. 217{ 0.986| 0.720
@ Eijo hadaka F, 0. 092! 2.100} 1.887-3.391| 2.983| 0.096/-1. 207
F, 0. 246 0. 932|-0. 409-0. 521 1.765-1. 429 2.003
® Kagawa #1 F, 0. 536 1. 508/-0. 170/-0. 225-3. 532|-0. 587
F, 0. 095 -0. 950[-0. 013/-1. 175,-0. 271 0. 911
® Jangjubaeggwa F, —0. 950 0. 467)-2. 007]-3. 204]-1. 749
F, —~0.413 0. 645/-1. 017| 0.336] 1. 220
@ Baegdong F, 1.128 -1.2371 0. 325 2.421
F, 0.999 0. 620.-1. 425/-0. 192
Cheongmaeg F, 0. 253 0.050] 3.046
F, | —0.488 1.011] 1.795
©® Seto hadaka F, —0. 309 3.758
F, | —0.192 1.599
@ Mokpo #42 F, —0. 855
F, {—0.475
S.E. (gi-gi) F, 0.118 S.E. (sij) T, 0. 603
F, 0. 203! F, 1.038
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Summary

To obtain basic information on the breeding
of early maturing, short culm naked-barley var-
ieties, the following 10 varieties, Ehime #1,
Shikoku #42, Yamate hadaka, Eijo hadaka, Ka-
gawa #1, Jangjubaeggwa, Baegdong, Cheongm-
aeg, Seto-hadaka and Mokpo #42 were used in
diallel corsses in 1974, Heading date, culm length
and grain yield per plant for the parents, F,’s
and F,s of the 10x10 partial diallel crosses
were measured in 1976 for analysis of their
combining ability, heritability and inheritance.

The results obtained are summerized below;
1. Heritabilities in broad sense for heading date,

culm length and grain yield per plant were
0,7831, 0.7599 and 0.6161, respectively.
Narrow sense heritabilities for heading date
were 0.3972 in F, and 0.7789 in F, and for
clum length 0.6567 in F, and 0.6414 in F,,
These values suggest that earliness and culm
length could be successfully selected for in
the early generations. Narrow sense herita-
bility for grain yield was 0.3775 in F, and
0.4170 in F,.

. GCA effects of the F, and F, generations

for days to heading were high in the early
direction for early-heading varieties, while
for late-heading varieties the GCA effects
were high in the late direction. Absolute
values for GCA effects in F, were higher
than in F,, SCA effects of the F, and F,
generations were high in the early-heading
direction for Shikoku #42 x Mokpo #42,
Ehime #1 x Yamate hadaka, Shikoku #42
X Yamate hadaka and Shikoku #42 x Eijo
hadaka.

. The GCA effects for culm length in the F,

and F, generations for tall varieties were
high in the tall direction while short varie-
ties were high in the short direction. Absol-
ute values for the GCA effects in F, were
higher than in F,. SCA effects were high in
the short direction for the combinations of
Mokpo #42 with Ehime#1, Yamate hadaka
and Eijo hadaka.

. The GCA effects for grain yields per plant

in the F, and F, generations for varieties
with high yields per plant were high in the
high yielding drection, while varieties with
low yields per plant were high in the low
yielding direction. Absolute values of the F,
GCA effects were higher than the F, effects
The combinations with high SCA effects
were Mokpo #42 x Shikoku #42, Mokpo
#42 x Seto hadaka and Mokpo #42 x Che-

ongmaeg.

. Mean heading dates of the F, and F, gener-

ations were earlier than those of mean mid-

parent. Mean heading date of the F, genera-



tion was earlier than the F, generation.
Crosses involving early-heading varieties
showed a greater F,, mid-parent difference
than crosses involving late-heading varieties.
Heading date was controlled by a partial
dominance effect. Nine varieties excluding
Mokpo #42 showed allelic gene action. Ehi-
me #1, Shikoku #42, Kagawa #1 and
Mokpo #42 were recessive to the other test-
ed varieties.

The F, segregations of the 45 crosses for
days to heading showed that 33 cosses were
of such complexity that they could not be
explained by simple genetic inheritance. One
cross showed a 3:1 ratio where earliness
was dominant. Another cross showed a 3:1
ratio where lateness was dominant. Four
other crosses showed a 9 : 7 ratio for earliness
while six crosses showed a 9:7 ratio for
lateness.

Many transgressive segregants for earliness
were found in the following crosses; Eijo ha-
daka x Baegdong, Ehime #1 x Seto hadaka,
Yamate hadaka x Kagawa #1, Kagawa #1
x Soto hadaka, Shikoku #42 x Kagawa #1,
Ehime #1 x Kagawa #1, Ehime #1 x
Shikoku #42, Ehime #1 x Eijo hadaka.
Mean culm length of the F; and F, generati-
ons were usually taller than the mid-parent
where tall parent were used. These trends
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10.

11

12.

13.

were high in the short varieties, but low
in the tall varieties.

Culm length was contolled by partial domi-
nace which was gnverned by allelic gene(s).
Culm length showed a high degree of contr-
ol by additive genes. Mokpo #42 was rece-
ssive while Baegdong was dominant.

The F, frequancy for culm length was in
large part normally distributed around the
midparent value. However, some combinations
showed transgressive segregation for either
tall or short culm length. From combinations
between medium tall varieties, Ehime #1,
Shikoku #42, Eijo hadaka and Seto hadaka,
many short segregants could be found.

Mean grain yields per plant of the F, and
F, generations were 6% and 5% higher than
those of mid-parents, respzctively. The vari-
eties with high yields pzr plant showed a
low rate of yield increase in their F,s and
F,’s while the varieties with low yields per
plant showed a high rate of yield increase
in their F,’s and F,’s.

Grain yields per plant showed over-domin-
nce effects, governed by non-allelic genes.
Mokpo #42 showed recessive genetic control
of grain yield per plant. It remains difficult
to clarify the inheritance of grain yields per
plant from these data.



and their partial diallel

Appendix 1. Mean values for days to heading from April 1 of 10 parents
crosses F, and [,
No Variety a1z als|s]r]s]o]w
1 Ehime #1 F, [(26.50)| 25. 00 24.35] 22. 80| 26.50| 26. 45| 27. 25 28.40] 28. 65| 32.20
F, 25. 30" 25.10) 25. 50) 27. 65| 27. 85 28.45 27. 55/ 29. 85 27. 65
2 Shikoku #42 F, {27.00)} 24. 20| 22.95| 27. 25| 28. 65| 30. 10| 27. 25| 26. 80; 25. 80
F, 25. 95| 24. 90| 28. 95| 29. 00] 28. 60} 28. 95 28. 55| 27. 00
3 Yamate hadaka F, (28. 00| 25. 15| 29. 35 27.70| 27.20| 28. 40 27.65] 28.55
F, 28, 30| 29.00] 27. 25| 28.15] 29. 25 28.76| 28.85
4 Eijo hadaka F, (25. 50) 27.65] 26. 25 27.55| 27.30] 26.05| 28.15
F. 25.55| 27,75 27.20| 27.70) 27. 65| 27. 8%
5 Kagawa #1 F, (30. 00)| 29. 25 27.80| 27.55) 29.45; 29.05
F, 29.75 31.05] 29.30, 29.70| 32.20
6 Jangjubaeggwa F, (29. 40)) 29. 50} 26. 85) 30.70; 30.95
F, 30. 35| 31.25| 29.70] 30. 55
7 | Baegdong F, (30. 50)| 30. 45| 29. 80| 29. 55
F, 30.00] 28.95| 28.80
8 Cheongmaeg F, (31. 00)| 30. 70| 28. 60
F, 29.75, 30.10
9 | Seto hadaka F, (30. 50)] 29. 60
F, 29. 90
10 | Mokpo #42 F, (31. 50)
Fy
Appendix 2. Mean values for culm length of 10 parents and their partial diallel crosses F, and F,
No variety o |12 als]s]7]8]0o]w
1 Ehime #1 F, (76. 50)] 77.70[ 79. 55| 76. 75| 80.50| 85. 25| 92. 00’ 91. 15{ 83. 15| 56. 10
F, 75.70] 78.20) 77. 90| 78. 40! 80.90 87. 20! 84.00| 81. 30} 70. 40
2 Shikoku #42 F, (70. 35)] 72. 60| 71. 65| 76. 20| 83.00| 84. OO{ 86. 65| 71.00; 72,30
F, 70. 80] 75.40] 75. 80 86.30( 85.10, 82.80| 78. 10, 71.60
3 | Yamate hadaka F, (74. 80)| 76. 00| 79. 55| 73. 80 81. 85‘ 87. 75 90. 60| 53.00
F, [ 75.40] 77.60; 79.90| 78. 20( 82. 701 74.70] 63.20
4 Eijo hadaka F, (74.75) 72.70| 76.95| 81.00; 81. 50! 80. 50! 57.50
F, 78.20; 79.00 81.20| 76. 10, 74. 10, 67.00
5 Kagawa #1 F, (80. 95)| 82.50| 83.50| 86. 50!l 77.00; 77.00
F, 86. 00/ 87.20; 83. 60l 71.50] 74.90
6 | Jangjubaeggwa F, (87. 95) 92.50 85. OO! 84. 80| 69.50
F, 91. 201 87. 20\ 80. 20/ 72. 20
7 Baegdong F, (91. 25)‘ 93. 00! 86. 50 82.90
F, 87.10 84.60 76.90
8 Cheongmaeg F, (92. 60)I 91. 95 74.50
F, ' 86.50 71.90
9 Seto hadaka F, i(75. 85) 67.00
F, 67. 40
10 | Mokpo #42 F, (46. 55]
F, ‘
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Appendix 3. Mean values for grain yield per plant of 10 parents and their partial diallel crosses
F, and F,
No Variety Sl v |23 a|s 6|78
1 Ehime #1 F, |(16.10) 15.85] 17.80| 18.00| 17. 10| 14. 45 19.05 19. 40| 16.70 15.20
F, 16.50] 16. 05| 15.20; 15. 40| 16. 00| 17.40| 16. 30| 16.90 15.35
2 Shikoku 42 F, (16. 80)| 17.25| 14.65] 19. 10| 14.15| 18.45| 15.05| 15.55 19.95
F, 18.80] 16.40{ 17.70| 17.20; 18.45| 15.20[ 18.75| 18.55
3 Yamate hadaka F, (17.30)] 16.05( 18.05| 14.55! 16. 90} 18. 10! 16. 40| 15.10
F, 16. 15| 17. 65| 17. 80| 16.95 15.40; 17.90; 17.35
4 | Eijo hadaka F, (16. 00)| 19.25( 17. 55| 14.35/ 19.85| 16.40, 14.55
F, 17. 40f 15.5%5 16.85 17.65| 14,75 17.90
5 Kagawa #1 F, (17. 15)| 17. 80| 18.20| 17.20| 13. 40| 15.80
F, 15. 35 17.70; 15.05| 16.25 17.15
6 | Jangjubaeggwa F, (15. 05) 17. 35| 14.00f 18. 65 13.15
F, 17. 85 14.70| 16. 35! 16. 95
7 | Baegdong F, (19. 45)| 16.85/ 17.85| 19. 40
F, 17.75 16.00 16.95
8 Cheongmaeg F, (15. 25)] 16.70] 19. 15
F, 16. 95| 17.45
9 | Seto hadaka F, (14. 55) 19.30
F, 17.55
10 | Mokpo #42 F, (10. 95)
F

— 24 —



