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Hybrid Vigor and Reciprocal Effect of Several Growth and Yield Characters
in F1s crossed between Hulled and Naked Barley

Young Joo Chung - Young Soo Chung - Won Bok Chung*

College of Natural Resources and Life Science, Dong-A University, Busan 604-714, Korea

Abstract

This study was carried out to estimate the degree of heterosis and heterobeltiosis, and the heritability and genetic
correlation in F; hybrid produced by reciprocal crosses between two six-rowed hulled barley (Gangbori and Olbori)
and three six-rowed naked barley (Saechalssalbori, Saessalbori, and Moodeongssalbori). Heterosis was observed
positively in traits such as culm length, spike length, awn length, leaf length, leaf width, number of spikes per plant,
number of grains per spike, and 1000 grain weight. Heterosis and heterobeltiosis from the crosses with hulled barley
as a maternal parent showed higher performance in culm length, leaf length, leaf width, number of spike per plant,
number of grains per spike. The hulled grain characteristics is dominant over the naked one. The highest heritability
was confirmed in leaf width with a value of 94.5% and overall high heritability was observed in most traits with the
range from 76.7% to 94.5%. In an analysis of correlation coefficient, higher genetic correlations were observed between
leaf length and number of spikes per plant(0.970), between culm length and number of grains per spike(0.963), and
between awn length and leaf length(0.862) in the forward crosses in which hulled barley was maternal. In the reverse
crosses, higher genetic correlation was observed between culm length and spike length(0.926), between awn length and
leaf length(0.922), and between number of spikes per plant and number of grains per spike(0.713).

Key words — barley, heterosis, heterobeltiosis, heritability, correlation
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Table 1. Heterotic performances of 8 quantitative characters in reciprocal cross of barley
CL SL AL LL LW NSP NGS GW
{cm) (cm) (cm) (cm) (cm) (number)  (number) {g)
P 63.10 6.95 12.87 13.43 1.72 18.21 49.55 39.22
HP 70.91 7.63 17.05 19.16 2.00 30.33 78.33 47.89
F I 73.55 751 17.20 17.83 1.81 25.28 65.85 4249
a 78.53 7.30 15.77 19.05 1.83 27.37 68.37 4219
F-P I 10.45 0.56 433 4.40 0.09 7.07 16.30 3.27
II 1543 0.35 290 5.62 0.11 9.16 18.82 297
F;-HP I 2.64 -0.12 0.15 -1.33 -0.19 -5.05 -12.48 -5.40
I 7.62 -0.33 -1.28 -0.11 -0.17 -2.96 -9.96 -5.70
H I 14.51 25.74 20.96 12.82 2.08 13.98 -2.65 4.86
I 2245 23.55 11.82 30.73 7.36 32.18 -0.65 417
HB I 5.86 15.02 8.42 0.03 2.92 272 -9.31 -7.05
I 12.88 13.36 0.01 13.60 2.61 9.16 -9.00 -7.55

Characters are refered to: CL; Culm length, SL; Spike length, AL, Awn length, LL; Leaf length, LW; Leaf Width, NSP; No of

spikes/plant, NGS; No of grains/spike GW; 1000 grain weight.

P; mean of five parental varieties, HP; highest parental value among five cultivars, F;; mean value of seven hybrids, H; heterosis,
HB; heterobeltiosis, 1: basic cross(thulled barley X naked barley), II
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Table 2. Heterosis(H) and Heterobeltiosis(HB) for 8 characters in individual reciprocal crosses between the hulled

and the naked barley
ex1  CL SL AL LL LW NSP  NGS GW

H HB H HB H HB H HB H HB H HB H HB H HB
143 1905 732 1980 1327 3050 433 1106 994 982 761 1427 822 049 -1554 374 -6.64
1x4 2863 2505 2667 393 58 -207 2766 178 -282 -444 1491 130 203 -5304 573 -6.60
1x5 2330 1389 3816 2550 2576 2235 618 573 1256 673 4926 23.68 -1234-1513 -117 -7.42
2x3 -655 -1741 361 3.05 3613 968 2123 659 059 -4.04 -2409-3882 319 076 637 -8.08
2x4 605 084 1863 222 1143 213 1720 1121 411 944 -1.80 -683 319 -1789 1146 -5.36
2x5 1660 547 4757 4216 1611 1410 -638 -1516 -2.35 -1398 3135 2885 -046 -091 -1.11 -11.23
Mean 1451 586 2574 1502 2096 842 1282 003 208 292 1398 272 -065 900 417 -755
Ix1l 2152 954 961 363 1864 -514 3506 843 982 867 -931 -1411 -651 -2143 1149 032
4x1 2534 2184 2188 170 585 -207 3600 843 338 1.6 3730 21.04 -1151-17.65 833 -4.31
5x1 2737 1665 4311 30.00 654 365 618 573 546 237 2095 525 -983 -11.76 -7.88 -13.71
3x2 1620 264 849 791 3184 622 5378 3522 1437 1040 1095 -1058 10.00 -413 804 -6.64
4x2 2067 1476 1881 262 747 -149 3455 1609 352 -222 5275 4485 -213 -504 1861 0.70
5x2 2365 1185 3944 3433 063 -110 1886 771 764 -518 7447 852 460 413 939 -18.66
Mean 2245 1288 2355 1336 1182 001 3073 1360 7.36 261 3218 916 -256 931 486 -7.05
Characters are refered to : CL; Culm length, SL; Spike length, AL; Awn length LL; Leaf length, LW; Leaf Width, NSP; No of

spikes/plant, NGS; No of grains/spike GW; 1000 grain weight
1; Gangbori, 2; Olbori, 3; Saechalssalbori, 4; Saessalbori, 5; Moodeongssalbori

Parent :
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83 49 F3yse 2HE 2 2R FGunj Table 4. Genotypic variances, environmental variances,
A] heterosist} heterobeltiosisel] 4 =% o] 7+ el and heritabilities of 8 characters from the Fis
o WA=O heterosis7} T)iie] ZFolH UENi produced by reciprocal crosses between the
i ' hulled and the naked barleys
heterobeltiosis = -9 #x& HAth & A A

o8k

2 2 2 (o
2 B5ol7l ADE £ WREFOR clsho] wuge _Charadten oG 0B We®)
AZS Ul7)s e o#Ych 183 2R xR, Culm length 61.072 7.028 89.68
] ) L Spike length 1268 0163 88.61
FE gl x AR 2le] wulzste o] FiAlt]ol ?}‘"H
= i N jH i :} ] ’LH ] ]Eﬂoli JOM ° Awn length 6247 0881 87.64
[s) A = A ) A
o #8400 loiME Aol Al el $H2E FEH gt of leaf 0033 0010 7674
A+E HUAsHAT Width of leaf 2.268 0132 94.50
No of spike/plant 36.127 7.333 83.13
SxE No of grains/spike 79.976 5722 93.32
%ﬁa% oo‘:aﬂ}' X}-é} Z}g} ‘(r)r;‘{_z-i 174]9] Zé}—_% IJ'E]"—H 1,000 grains weight 3.664 0.381 90.58
= Rz A g gio) et 2 A Hodes FHA ¢ ’G, genotypic variance; ¢ °F, environmental variances; h’(%),
ol S Age BA 4 gl 223 xFo|th BHE heritability in broad sense.
ol wrgle w2 FAYE gaoR 7 389 & b AT G0 g A RS AAE U, e
AHE golry] Yt} FARAE FRE3oH, FAE e e R T ¢ A= M T
AN fFARI 7L BAEIETY A Yefdoh(Table
A3} BAEAS st §AEHE A3 tHTable 3 ° N ° .
u oIl =E I LHaE To ' 4) %x—]al.Q‘!ﬁioﬂ}QQLIS%iﬂJ}“;ﬁ:}ﬂ1,}\5]-‘49_1117_}}_
9. WA szl me A Aok Table 33 B C o ) )
AR gREE 767-945%2 22 £AE BAT FHgo]
o 7 FAX whE o] FoAe] gigloy, 2 wulxst
o Ao AL Autd glojM o3 ¥t F
dlE 2ARAA DY, £ B, 9 9 Fee, i
e qe Sl B o] ey aege T RSRE WS A2 ol 2 ool sk K
TOoRT,ALHEHS O 4T T <} DR AT Y . EQO{X}E}E@?QIHQ}QO‘quaolh:'o‘a;q’o‘ﬂ
2 A% FEPelE SOt QYRS & 4 e RN
Ve =1 g} 2 o) o o 21 o] uk
Q19ich 7T Auelsh Mu e mMEHTe) 7+ 2AY _o°ﬂ Iﬂf\‘_ B o7} H]ﬂi‘—’l Ao & glo, e
) e GAAS FRES, ABRAN GRARe] 5 oo ORI, AALE, E i % £Y
Gl g we 2aE naou, BARae zoe  THY AR 1 At dEd S o) el Hgd
° S I = — s (SRS o [}
GHANN BFHoz AES o B HHE FAHA o
5l AL & 2 9o g
Table 3. Variance analysis of 8 characters from the Fis @ Ade ¥ 5 dedsy Aaan
produced by reciprocalcrosses between the
hulled and the naked barleys HEZte| MUEA
Charact factors replication Treatment Error YA ARG o8& BEHA LS 87 Yt
ar - - -7 =
e df 2 6 12 2mels wng gedwd 2% 7 9A% R4,
Culm length 3733 190244 7.028 A3 RE AHEtTable 5, 6). FHwEe} 2N
Spike length 0.106 3968" 0163 FANE ] ABASE REYTD, KB gl =
fm““;t:f“ﬁ f 83; 13?3‘; gg% T ge nsz dedth 3480 28R ne £
of lea ) : . i ot
Width of leaf 0226 693 o1 LOVTE A FES) e o Aol AiRed A
No of spjke/plant 12000 1157147 7333  EExER)N fRdde] gEFRRG dHes
No of grains/spike 2999 2456507 5.722 A Jehd W28 71A] T 2574 9) Junj(ERex 2R
1,000 grains weight 055  11.373° 0381 A= S 4o TEYABRYG %A UEhd 297}
", Significant at the 1% level Aoz HATH28 7HA] F 1979). 99 Ao Kwak
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Table 5. Correlation coefficients among 8 characters in forward crosses between the hulled and the naked barley

Characters CL SL AL LL LW NSP NGS GW

o rPh 06517 0466 0.299 0418 0.560: " 0891" 049
G 0.728& 0.555 0.361 0.435 0.607 0.963 0.547

- tPh 0.427: 0.141 0.687: 0.289 0.663: 0.696"
G 0.485 0.213 0.761 0.206 0.737 0.101

AL Ph 0.755: 0.705: 0.674: 0.460: -0.229
G 0.862 0.799 0.786 0.484 0.262

L tPh 0.443; 0.782: 0.357 0375
G 0.599 0.970 0.353 -0.424

W tPh 0.347 0.313 0.237
G 0.398 0322 0.267

\SP rPh 0.591: -0.568:
G 0.658 0.699

NGS rPh -0.523:
G 0570

Characters are refered to: CL; Culm length, SL; Spike length, AL, Awn length, LL; Leaf length, LW; Leaf Width, NSP; No of
spikes/plant, NGS; No of grains/spike GW; 1000 grain weight.
rPh; phenotypic correlation, 1G; genotypic correlation, '; Significant at the 5% level, *; Significant at the 1% level.

Table 6. Correlation coefficients among 8 characters in reverse crosses between the naked and the hulled barley

Characters CL SL AL LL LW NSP NGS GW
L Ph 0.900: -0.445; —0.456; 0.700: 0.439 0.009 0223
G 0.926 -0.782 -0.991 0.708 0.262 0.107 0.225
oL tPh 0325 0374 0.516i 0.452" 0393 -0.391
G -0.706 0.869 0531 0.266 0516 0.390

AL Ph 0.729: -0.525: 0.004 0111 0195
G 0922 0.924 -0.849 0.118 0.529
- rPh -0.465 -0.700" 0.009 -0.008
G -0.107 -0.220 0.125 -0.330
W Ph 0.273 -0.176 0.263
G 0.128 0.219 0.277
rPh 0.395 0.136

NSP 1G 0.713" -0.737"
rPh 0.262
NGS . 0.348

Characters are refered to : CL; Culm length, SL; Spike length, AL; Awn length, LL; Leaf length, LW, Leaf Width, NSP; No of
spikes/plant, NGS; No of grains/spike GW; 1000 grain weight.
1Ph; phenotypic correlation, rG; genotypic correlation, ; Significant at the 5% level, ", Significant at the 1% level.

78] B0l AXUF SE T2 AEPH % Fo WA Faol 4 ERFARS FAAB] A FAF B
greved fadel gol BRYATI BART  ABRE B RS AW 4, 1AW W,
% 2o o Uge nas AR s, WE, DT FRES, T FRYS, 240 9, 24

Vol. 12. No. 3 (2002. 6) / 261



o
of
N
ol

B G2, $3% $9U5, 139 9%, 439 9F, 3%
T 235, Y £S5, 43S 9F, ¢339 394
%, 2459} 3 ol RAEARY FHA
o] A Fal3 Bol AP Bl AL 7hgH HYFE,
P55 Y2, £EUS HYE olglek. Fanyol
Aol EEEADT AR WA Fd B HBYL
Bl AL 147 £, 3D 4E, 249 GF, 33
A ooy, TP BY AT I K96

o Ae B AL ) o, g 44, 9
Z ZtolAch 18T Al 244 §h AYE7
A3 e BE gAY ABdA B AL 7pAn,

3] o]5 A FFF 2FE5(0970), 787

ox

PR e

~ rx:l‘

off
o3l
i)

~ R g
o
=)
oo
(o)
N

~ O
9
oX,
3
]
Hir
rlo

40963 ) oA

& vehygich sAT ol e BAZe
B guat 2o 4o vy AL wyoH, 14
F7409267), R GHO9), FF545G £IESF
TV ARE LR B H3EE YT F37
249 F28 33 3o U HPFo) FEF5E F
Yoot B BAE Holu gle AL SFdA s Aok

1 of ox S K X oox Ay Jn 1o xR o K
g oft

ofN
ko

<3
£
o
EY

AA o) ke, & 439 dRdlXe
1 9 AaaAst 208 72 A

A tHTable 58} 6).

[

=

1o
B &

glo
o
I
o
kl

ARuFd e 2o 2R 2H e A o
B FEUA) A5 o5 $91 482 W 4 9
= heterosist)} heterobeltiosis®] AA 3 |8 = AzaA
g A% 49 o5 20

ZHex ¥, ARz x@Ree] wijzxgd o
heterosis= 7+%, 4%, 44, §3, %, 345, 9
T, AYF Y EE A AY A ES BATh AR
X 2Rl wujxdo] 2R xAEe)e wnjzYdRo
heterosis\} heterobeltiosis7} 7+%, 9%, 9%, 23454, &
TR oA A Axrt A Eokal, Hade A4
Are Ao H4d gt AU S EeldAT 1
2ol w2 FAEE GLoA 945 %2 7 =A
Uehgon, 2 ZAHE A gl FE 76.7-945 %2 EL -’Fi]
Hehlolth =3 ZE 2o} AR 2o AAwujzdt 4

r

==

fl

r:i s

262 / AT HE A

of
i

Mooft e

£ s

10.

R
Ae Auwe] A9, G387 F2550970), 1137 5
B4:(09637), TR AR08627)0) o2 =& §AA
S, Al A%, 7RG 30926, FAL I
9227), FR55el $EYEL0713)7) e fALBS
ERA AT

|

. Anwar, A. R. and A. R. Chowdhry. 1969. Heritability

and inheritance of plant height, heading date, and
grain yield in four spring wheat crosses. Crop Science
9(6), 760-762.

. Chung, W. B. 1997. Combining ability analysis in

barley hybrids by diallel crosses. Res. Bell. Inst. Agr.
Reso. Dong-A Univ. 6, 11-18.

. Gebrekidan, B. and D. C. Rasmusson. 1970. Evaluating

parental cultivars for use in hybrids and heterosis in
barley. Crop Science 10, 500-502.

. Grafius, J. E,, W. L. Nelson and V. A. Dirks. 1952. The

heritability of yield in barley as measured by early
generation bulkd progenies. Agron. J. 44, 253- 257.

. Johnson, V. A., K.]. Beiever, A. Haunold, and J. M.

Schmidit. 1966. Inheritanced of plant height, yield of
grain, and other plant and seed characteristics in a
cross of hard red winter wheat, Triticum aestivum L.

Crop Science 9(4), 336-338.

. Johnson, V. A., J. W. Schmidth and W. Mekaha. 1966.

Comparison of yield components and agronomic
characters of four winter wheat varieties differing in
plant height. Agron. J. 58, 438-441.

. Kwak, T. S., B. T. Jun, S. Y. Cho and R. K. Park. 1998.

Inheritance of quantitative characters in dialled cross
of rice. I. heterosis and correlations between major
characters in Japonica rice. Korean ]. Breed 20(2),
138-145.

. Kwak, T. S. 2000. Inter-relationships and combining

ability of growth characters in F; hybrids of indica
and tongil type rice. Korean ]. Breed 32(1), 58-60.

. Pawlish, P. E,, and A. H. Van Dijk. 1965. Forage and

grain production of four F; barley hybrids and their
parents. Crop Sci. 5 : 135-136. hybrids and heterosis in
barley. Crop Science 10, 500-502.

Piao, Zh. Z., Y. I. Cho and H. J. Koh. 2000. Rela-
tionship between genetic distance among parents and
heterosis in Fis under N-fertilized and unfertilized



11.

12,

2Rz grele] ug F1 Ao 4

conditions in rice. Korean |. Breed 32(3), 253-255.
Robinson, E. R, R. E. Comstock and P. H. Harveys.
1949. Estimates of heritability and the degree of
dominance in corn. Agron. |. 41, 353-359.

Robinson, E. R, R. E. Comstock and H. P. Harveys.
1951. Genotypic and phenotypic correlations in corn
and their implication in sellection. Agron. |. 43, 282-
287.

fe]
=5

W sAEde) TR A BRED

13. Shull, G. H. 1952. Beginnings of the heterosis concept.
In Heterosis. ]. W. Gowen, pp 14-48, lowa State
College Press, Ames Iowa.

14. Upadhyaya, B. R. and D. C. Rasmusson. 1967.
Heterosis and combining ability in barley. Crop Science
7, 644-646.

15. Weibe, G. A. and T. R. Ramage. 1971. Hybrid barley.
Barley Genet. 2, 287-291.

(Received March 11, 2002; Accepted May 13, 2002)

Vol. 12. No. 3 (2002. 6) / 263



