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Sudies on the Heterosis o Barley ( Hordeum vulgare L.)
Superiority of Hybrid F, from Mid-Parent or over Better- Parent
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Abgract The heteross performance of 12 barley quartitative traits, including plant height (abbreviated to PH) , goike
length excluding avns (3.) , internode length below spike (IL) , spikes per plant (SP) , kernds on main spike (KMS)
kernds per plant (KP) , kernd weight per plant (KWP) , dry mater weight per plant (DWP) , 1 000-grain weight (KW) ,
kernd yidd (KY) , protein content (PC) and lysne content (LC) , was invedigated in 7 QMS lines and corregpondi ng
mantaners, 4 resorers and their 7 x4 =28 F, hybrids  The superiority vaduesdof hybrid F from mid-parent , Hy, , and that
over better-parent , Hy, , were used to describe the heteross, and the occurrence rete of the sgnificant Hnor H, described
the heterod s potence of atrait. The results showed that the Hyoften exised and the occurrence rates of podtively and nege
tively dgnificant Hy, were 46 % and 12 %, regpectively. On the other hand , the occurrence rate of the dgnificant H, was
28 % on average , rangngfrom0 % (PH and KMS to 79 % (IL) , varied with the traits In the present sudy , the crosses
of 3x10 and 6 % 8 had grong heterods, and they belong to the combinations of 6 row x 6-row types and 2-row x 2-row
types, regectively. It seems that the hybrid with strong heteros's coud be easer to be found in the combinations of 6 row
X 6-row or 2-row x 2-row barley types than that of 6-row x 2-row or 2-row x 6-row barley types The rdationship between
the heteros's and genetic dfects was d discussed bridly.
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. (l) Tablel Parent and itsrow type used in the experiment
, (2 ,
. (3) [1 4] Qode Parent name Row type
1990 ’ 1 91 2,AadB tv\o-rcw
2 2 ,AadB X row
3 86F098 ,A and B gxrow
(avg , 4 86-166 ,A and B two-row
( 0) ovIs 5 1154 A and B two-row
[5.6] 6 84-161 ,A and B two-row
' ' 7 89-0915 A and B two-row
s 8 99-1488 ,R two-row
“ " [6] 9 99-1356 ,R SX-row
10 99-1389 ,R dx-row
28 12 ! 11 99-1532 ,R tWo-row
:A and B R
Note: A and B gand for the OMSline and its maintainer , regectively ;
! and R, the regorer.
(%) (78
1.3
[9] 1.3.1
1 ’ 4 ’ 8
[10] [11] (6 )
2 3 F
1 1 [12]
2 NC
1 Tabe2 ANOVA for the data from an augmented NC  design
1.1 o variat o V] F
1999 7 ( A) 4 (R) Surce of variation
( 1) , NC 28 Am)r.‘g hybn.ds 27 MSgy MSgH MSwh
(12] Within hybrids 54 MSw
2000 NC F Anong femdles 6 MSsr  MSed MSwp
( A B ). 7T+4+ Among meles 3 MSav  MSaw/ MSwe
28 =139 5 ’ 1.2m, Ferm.levs mele 1 MSpy
Within parents 20 MSwp
0.2m,3 , 10 28
1.2
1.3.2
’ 1.3.2.1
2 : FlH
1 6 _ _
Bm = F1- (P1+ P)/2 (1)
’ (1) [14]
O- 01 g [10] y Hm VHm
1 , Vi = VE + (Vg + Vp)/4
6 = MSww/ r + MSwe/ 27 (2)
PL P, Fy PP
10 g , f 80 y 80 f F ) Vﬁl VEZ VEl P PR
, 2 MS or
[13] 1
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) Ho Hn=0 (
2
) LSDy
LSy = [V X ta2 ® !
7 4 28
3 t
(3 12
of =2/ (Y54 +1/20) = 29 (1)
1.3.2.2 '
7
, Hp
) _ _ 4
Mp = F1 - Pyi( ) )
_ — (4) ;
Mp = F1- Paof ) , , 11
. 5 % H
Vi, = VE + VE = MPw/ 1+ MSwe/ 1 (5) , 28.4% 50.9%
Hp 0, (2)
: Ho Hp <0, 12
. 5%,
, 44.3% 32.6%
LSDy > ’VHb X & (6)
(3
, Ho H,=0,
J : 10
LS < fVu, x (- &) (7) ,
, () , 2
(7 ; 11 , 823.5 g/ nt, ,
(6) 164.1 g/ nt,
Hy X ( 14
(%) = %x 100 % (8
( )
3 (™M) (Sb) (cv) (F)
Table3  Mean( M) , sandard deviation( SD) ,coefficient of variability( CV) and the satigical significance( F) among parents
or hybridsfor different traits of barley
7 ( ) 4 ( )
Trait 7 female parents (maintai ners) 4 mele parents (resorers) 28 hybrids
M D o/ E M SD o/ E M Sh) o/ E
PH(cm) 90.1 6.5 7.2 133°° 109.9 135 123 57.8°" 116.9 8.9 7.6 117"
3 (cm) 6.9 16 23.2 110477 7.4 2.0 26.4 73077 8.3 11 13.4 13.0°°
IL (crm) 32.9 1.1 3.3 <1 3.7 14 41 <1 39.2 3.0 7.8 58"
P 6.4 1.0 15.8 19 7.1 12 6.6 2.6 8.4 1.4 16.7 29"
KMS 44.0 2.4 50.9 158.9°° 53.6 25.4 47.4 204.6°° 39.1 17.3 44.3 158.7 " "
KP 224.8  91.6 40.8 40" 266.4 757 28.4 2.7 266.5 86.8 32.6 81""
KWP(g) 8.7 1.7 9.1 <1 9.0 13 14.7 <1 12.7 2.8 22.0 27"
DWP(g) 19.4 3.5 8.0 <1 23.4 1.6 6.8 <1 31.6 5.5 17.4 21"
Kw(g) 4.7 7.4 17.8 175.8° "7  39.2 4.7 11.9 688" 475 6.2 13.2 17.47°
KY(gm?) 8585 683 8.0 87" 8632 8.6 9.6 12.8°" 8235 164.1 19.9 19.9°°
PC( %) 11.22 118 10.5 16.08"" 1.8 1.8 159 41.02°" 11.80 101 8.6 510" "
LC(%) 0.45 0.04 9.6 463" "  0.46 006 140 1052°° Q46 009 20.5 R2B""
o 0.05 0.01

Notes: “and " " indicate gatigticaly sgnificant a the 0. 05 and 0. 01 levels reectively. The same bdow.
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2.2 1.7 (3 Hm

12 Hm , 3% 43% 39%

4 4 (1) 28 12 , Hm - 0.02%

, 153 Hm , -6.3 -37.4g (4)

46 % ;40 Hm . 12%; , 9 ; Hm

42 % Hm (2 (16 12) , 4 Hm

; Hm
Hm , 93% 82% 68 % 1711, 9 5 Hm

64% 46% 39% , Hm

16.9cm 5.9cm 7.69g 1.2cm 10.1 g

4 ©° Hm
Table4  Heterosisfrom mid-parent, Hpand its datigical significance for 12 quantitative traits in barley hybrids

PH 3 IL KIS P KWP DWP KW KY PC LC
Qoss (em)  (em)  (cm) sP ©) (9 (9 (gm (%) (%)
1x8 11.4°° 06 557 1.4 -0.6 51.6 3.6 7.1 6.3"" 9.1 -0.53 0.08""
1%x9 22" 16" 96" 1.2 -23.5""-57.0 3.4 10.3" 150" 16.3 -0.27 0.14""
1x10 103" 117 99" 24"  -19.8"" -22 7.2°7 17477 16.9°" -756 01" 01277
1x11 10.3"°7 04 68" 41" -10 131.3"" 7.2"" 158°" 7.7"" 126.37° 0.60 0.11""
2x8 27.47"  1.97710.6"" 1.0 -21.37 7 -77.6 0.9 9.2 83"" 62.0 -111° -008""
2x9 7.8" 0.6 0.9 16 4.6 115.3"" 53" 10.5° 13.4"° 58.2 -0.81 0.01
2x10 20.6°° 197 53" -06 7.4 13 0.4 2.8 17 49.5 -166""-007""
2x11 24.6"" 17771087 16 18.9"" - 28.6 2.2 10.6° 83°° -1583.3"" 0.13 0.05"
3x8 27.2°" 27" 83" 1.3 -21.0"" -88 3.5 13.7°° 88°" -644 0.78 -0.10""
3x9 5.5 0.5 1.0 20" 1007 150.1°° 109" 20.0°" LO 122.7°° 0.15 -008""
3x10 4.9 197" 42" 2.3" 52" 176.3"° 6.9 159" 24 195.4" " 1.42°7-008""
3x11 2.7 2377 69" 287" 17.0° " 32.2 60"" 19177 106" -142.6"° 0.90 0.00
4x%8 11.50"" 06 417 16 3.8 43.1 3.1 7.8 60" -29.1 -206°7-012""
4x9 235" 15" 69" 16 -24.277-38.2 2.8 7.3 9.0"" 120.8°° -0.06 ~-0.01
4 %10 20.6"" 05 74" 1.3 -21.2° " -55.0 2.3 5.8 7.3"" -141.37° 1.39°°- 005"
4x11 11.2"" -02 437 2.0° 1.0 69.2 2.8 79 -02 -178.0°°  -1.247 -008""
5x8 27.47" 2177 847" 0.8 4.8° 57.8 3.2 7.2 3.1 171.6"° -1.877-010""
5x9 2.0"" 14" 56" 0.6 -25.2""-70.0 1.0 3.4 120" -44.8 0.23 0.02
5x10 ».8"" 02 88" 0.7 -19.0° 7 -50.1 2.7 5.0 19.6"" -341.8"" 169" 016" "
5x11 159°" 10" 11 -0.1 3.2 11.4 2.5 4.3 2.2 11.4"° -061 -009""
6x8 6.1 02 557 1.3 -0.7 31.3 4.1 7.2 62"" 230.3"" -09 -007""
6x9 245" 12" 1.27° 0.7 -25.3""-50.4 1.9 8.3 70" " 36.7 108" -010""
6x10 1377 02 68" 16 -7.6""-553 0.6 7.4 10.4°" -231.57° 1.8 " "- 0.03
6x11 133" 07" 45" 2.4" 1.2 79.0 51" 16.4"" 12 -115.1" " 0.83 -0.04
7x8 6.0" 10" 22 347" 0.5 88.9" 6.2"" 13.0°" 28 -148.47 " 0.99" 0.04
7x9 14.4°" 2877 44" 3.4"" -233"7 300 6.0"" 10.8"" 102" -47.8 230" 020"
7x10 7.0° 13" 717" 22"  -20.6"7-39.8 2.5 11.377 189" -250.7"" 227" 0.08""
7x11 -1.1 10"" 0.4 27" 13 58.5 3.3 7.1 0.7 - 130.5" " 148" 0.03
Hm 16.9 1.2 59 17 -6.3 20.9 3.8 10.1 7.6 -37.4 0.29 -0.02
LSDo.es 6.0 0.7 35 1.9 4.7 83.1 4.3 9.4 31 80.5 0.99 0.04
LSDo.o1 8.1 09 47 2.6 6.3 112.0 5.8 12.4 4.1 107.0 1.33 0.06
P 26 18 23 1 6 5 9 13 19 6 9 8
NS 0 0 0 0 12 0 0 0 0 1 5 12
aum 26 18 23 1 18 5 9 13 19 17 14 20

Note:1) PSC and NSC sand for postively and negatively sgnificant Hp, crosses, regoectively.
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2.3 5
12 Hp , 20/ 140= 14 % Hb
5( ,
) 5 (1) ,
, ,28 , (3
27.2 cm ;3 x 10 (86F098 x 99-1389) 28
, , Ho ;
(2) 11 308 ,
, Hp 86 , 28%,; 5 Hp
(22 ) (14 , X ;6%x8
) ,28 Hp (84-161 x 99-1488) 2
52cm 3.6¢g )
4 , Hp ,
29/ 112= 26 % X
5 12 Hp

Table5  Heterosis over better-parent, Hp, and its datisical significance for 12 quantitative traits in barley hybrids

Qoss PH 3 KW KY PC LC
@ W KM kP f‘g" D(‘gp @ (@m (% (%)
1x8 26.1 -0.3 437 12 - 17 49.5 3.6 5.2 55" -19 -158 0.05
1x9 34.8 0.8" 9.37 0.3 -48.7 -134.7 2.2 7.1 13.0° -533 -1.37 011"
1x10 27.9 10" 98" 1.4 -34.2 -44.8 7.1 155" 141" - 9.6 0.27 011"
1x11 25.7 -10 6.3" 3.8" -20 1281° 7.1° 144" 56" -133.7 0.30 0.09"
2x8 36.7 -0.0 937 0.5 -42.6 -1743 -0.4 8.8 18 48.8 -221 -0.10
2x9 10.6 0.4 0.4 14 2.3 U.2" 53" 9.6" -17 -3.5 -1.86 -0.04
2%10 32.9 10" 51° -0.8 24 -5.8 -0.8 20 -13 4.4 -2.34  -0.07
2x11 34.6 -0.8 10.4° 0.6 - 42,2 -130.7 0.7 9.6° 0.4 -169.9 -0.12 -0.03
3x8 37.8 10" 737 0.1 -41.8 -43.8 2.6 126" 56" -148.8 -1.88 -0.18
3x9 7.0 0.5 0.7 13 -23 109.5° 105" 17.6° -0.4 189" -0.35 -0.08
3x10 28.5 11" 46" 1.7 07 177" 61" 143" 20 103.0° 055 -0.14
3x11 3.4 0.0 6.2" 0.9 -39.8 -82 49" 186" 59" -2234 -04 -0.02
4x8 2.8 05 21 0.7 3.7 28.6 3.0 59 36" -57.0 -363 -0.17
4x9 24.3 -01 577 14 -48.6 -128.3 14 6.0 3.8" 68.0 -0.64 -0.03
4x10 34.8 -0.4 65" 12 -37.7 -109.2 2.1 3.9 14  -177.2 1177 -0.08
4x11 23.2 -05 40" 0.7 -0.9 60.0 2.7 6.5 -0.9 -202.3 -1.46 -0.08
5x8 45.5 21" 7.3°7 0.2 0.0 19.4 1.9 2.1 0.7 151.7° -293 -0.15
5x9 35.0 -03 527 0.6 -54.2 -183.9 -16 -31 6.9° -1451 -0.80 -0.01
5x10 46.8 -0.7 8.8" 0.6 -40.1 -128.1 1.3 -0.1 13.7° -353.4 102" 0.14"
5x11 34.7 0.4 05 -12 0.5 -216 1.3 -0.3 1.3 88.2 -08 -0.10
6x8 27.0 0.1 3.6 0.9 - 15 25.9 3.6 6.5 3.8" 217.9° -2.72 -0.08
6x9 25.7 -05 627 0.3 -48.7 -140.3 11 6.3 18 -3L5 0.70 0.04
6x10 27.5 -0.8 6.0" 1.1 - 381 -100.3 0.2 6.7 4.4" -251.9 184" 0.02
6x11 24.8 0.2 4.37 16 -1.6 78.9 45" 163" 0.2 - 123.9 0.41 -0.08
7x8 15.3 -0.0 16 30" -26 64.1 62" 111" -07 -162.4 -1.01 -0.02
7x9 17.3 21" 41" 31" -50.6 -704 4.6" 6.9 4.0° - 145 215" 0.18"
7%10 19.1 12" 65 19 -39.9 -104.2 2.4 8.7 6.8" -281.7 2.05° 004"
7x11 88 -06 -08 18 0.3 39.1 3.2 51 -14 -140.8 0.83 0.03
Hp 27.2 0.2 52 1.1 -21.8 -253 3.1 8.0 3.6 -636 -053 -002
LSDoxs <-55 >0.6 >3.5 >1.9 >4.5 >8.7 >4.2 >9.2 >2.7 >73.8 >091 >004
B 0 8 22 3 0 4 9 10 14 5 5 6
Sgnificant croses
29 79 1 0 14 32 36 50 18 18 21

Occurrence rate (%)
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Hp={[d] +[dd]} - {[ a] +[aal]}

3
Hm Hp [a], Hp Hm
3.1 - -
) PP B F B (1] (QTL) (15 18] DNA
Pp=HW +[a],P2=H -[a],F =M - [d] '
H [al [d] ,
! il [dd] [19’20] Hb
, [d] [dd] [a]
Ho =W+ [d] - (M +[a] +0 - [al} /2= [d] |
Ho =W +[d] - {4 +[al} =[d]- [a] 3.2
( ! ) ( ) ’
" Hm Hp [ a] , ( )
Ho Hn=0 [d] : : ( )
Ho H,<O [ d] X x
[ a] H ( 0, x x 4
) ’ Hm ! X X !
, “ ” ( , ,
[6]
Hm 58 %, Hp 28%,
) ( 6) x X x
) Hp ' X '
X X
, PP Fi (1] & ,
— - X X
Pr=p +[a] +[aa],P.=H - [a] +[ aa] y y
Fi=H +[d] +[ dd]
[aa] [ dd] x ’
X
Hn=[d] +[dd] - [ aa]
6 Fl *
Table6 M+ SD o grain yidd and its components in the F, of crosses between and within barley row types
Type of cross P KMS Kw(g) KY(g/ m?)
X 2-row X 2-row type 9.46+1.48 33.04+2.35 47.94+1.60 815.5+135.4
x 2-row X 6-row type 7.9+1.04 30.48+2.85 52.56+3.61 773.7+191. 4
X 6-row X 2-row type 8.25+0.70 34.87+0.92 46.43+3.05 788.0+ 94.4
X 6-row X 6-row type 7.18+1.02 80.16+3.18 35.11+1.70 1003.5+123.8
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