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Abstract

Agricultural Research Station during the three

successive seasons 2007/08, 2008/09 and 2009/010,
to find out the type of gene action using the six populations
(Py, P, , Fy, F5, BC; and BG,) of five crosses of barley; cross
1 (Giza 123xGiza 2000); cross 2 (Giza 123x Line-2); cross 3
(Rihane-03xLine-1), cross 4 (Rihane-03xLine-2) and cross 5
(Giza 2000xLine-2) and their six populations grown under
normal conditions. Grain yield and its components and some
growth attributes and resistance to leaf rust disease were
investigated. Results indicated the presence of non-allelic
interaction for most studied traits in all crosses under study.
Also, the relative importance of additive and dominance
effects varied among traits and crosses. Regarding the
epistatic components, the dominancexdominance effect was
greater in magnitude in most studied traits. Positive
heterotic effects relative to the mid-parent and better parent
were found for most of the studied traits. Heritability
estimates in broad sense were relatively high for all studied
traits in all crosses, but narrow sense estimates were low to
high for all studied traits in all crosses. The expected genetic
advance as percent of F, ranged from low to high in all
crosses for all traits. Results also indicated the possibility of
practicing selection in early generations to obtain high-
yielding genotypes. Generally, crosses 1 and 3 for grain yield
and crosses 1 and 5 for leaf rust resistance were higher in
magnitude with high genetic advance associated with high
heritability and could be promising in barley breeding
program.

T he present experiment was carried out at Sakha

Keywords: Hordeumn vuigare L., gene effects, heritability,
genetic advance, heterosis, Puccinia hordei.

INTRODUCTION

Barley (Hordeumn vulgare L.) is as ancient as the origin of agriculture itself.

The antiquity of barley is documented to periods of 5000 to 7000 B.C. or earlier. It is

said that barley is the most widely adapted of all grains. It is more tolerant to

., drought, saline and alkaline soils than other cereals. Barley is the world’s fourth most

important crop, the fourth ranking cereal in the USA and the second ranking cereal in

Canada and some other countries.



172 I1.3 GENETICAL STUDIES ON BARLEY PRODUCTIVITY IN RELATION
TO LEAF RUST INFECTION

Until the sixteenth century, barley flour was used instead of wheat to make
bread (Bukantis and Goodman, 1980). In Egypt, bariey is one of the most important
cereal crops mainly used for animal feed (grain and straw) and bread making by some
Bedouins. Also, it is one of the most important winter cereal crops grown mainly in
l:ainfed areas where limited water supply is a feature such as in the Northwest Coastal
region and North Sinai, it also grows over a wide range of soil variability and under
many diverse climatic conditions compared with many other cereal crops.

Therefore, the main objective of the present study was to develop new
promising barley genotypes that are able to produce high yield and are more resistant

to leaf rust disease.
MATERIALS AND METHODS

The present study was carried out at the Experimental Farm of Sakha
Agricultural Research Station, North region of Nile Delta, Agricultural Research Center
(ARC), Egypt, during the three successive seasons 2007/2008 to 2009/2016. The
experimental material comprised five parental cuitivars /lines of barley and their
crosses; cross 1 (Giza 123 x Giza2000); cross 2 (Giza 123 x Line-2); cross 3 (Rihane-
03 x Line-1), cross 4 (Rihane-03 x Line-2) and cross 5 (Giza 2000 x Line-2). Name
and pedigree of parental genotypes are given in Table 1.

Table 1. Name and pedigree of the five barley genotypes.

No. Genotype Pedigree

1 Giza 123 (P.) Giza 117//FAO86

2 Giza 2000 (P,) Cr366-13-1/Gizal2l

3 Rihane-03 _(P3) AS46//Avt/Aths

4 Line-1 (Ps) ACSAD618//Aths/Ligneeb86

5 Line-2 (Ps) v Lignee527/NK1272/3/Nacha2//Lignee640/ Harma-01

In 2007/2008 growing season, the parental genotypes were crossed to
obtain F; seeds. In 2008/2009 growing season the hybrid seeds of the five crosses
were sown to give F; plants, thereafter, these plants were selfed to produce F,, while
some of the F, plants of each cross were backcrossed to each of the two parents to
produce the backcrosses (BC; and BC;). In 2009/2010 growing season the six
populations Py, P, F;, F», BC; and BC; of the five crosses were sown in a randomized
complete block design (RCBD) with three replications under normal condition. Each
experimental unit consisted of two rows of each genotype of the two parents and F;

and three rows of each of the two backcrosses and 10 rows of the F, populations.
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Rows were 1.5 m in length, 30 cm apart and 15 cm between seeds within a row. Data
were recorded on 30, 30, 300 and 75 plants selected at random for both parents, F;,
F, and backcrosses of each cross, respectively. The traits studied were; days to
maturity, plant height, spike length, number of spikes per plant, number of grains per
spike, 100-grain weight, grain yield per plant and response to leaf rust disease, which
was estimated as infection severity mulitiplied by assigned constant values ranged
from 1 to 9 according to Line et al. (1974). Various biometrical parameters were
calculated for different traits only if the F, genetic variance was significant. Heterosis
was expressed as the percentage of the deviation of F; hybrid over mid- and better-
parent values. Inbreeding depression was calculated as the difference between the F,
and F, means expressed as a percentage of the F; mean.
Statistical and genetic analysis

The population means and the variances were used to calculate scaling test as
outlined by Mather (1949) and Hayman and Mather (1955) to determine the presehce
of non-allelic interactions. The means of the six populations in each cross were used
to estimate the six parameters of gene effects, using the Gamble’s procedure (1962).
The standard error of a, d, aa, ad and dd was obtained by calculating the square root
of their respective variance. T-test values were calculated by dividing the effects of g,
d, aa, ad and dd on their respective standard errors.

Heritability estimates were computed in both broad (h’b) and narrow senses

(h*n) for F, generation accSrding to Allard (1960) and Mather (1949), while the
expected genetic advance under selection (Ag) was computed according to Johnson
et al. (1955). Also, this expected gain was expressed as a percentage of F, mean

(Ag%) according to Miller et al. (1958).
RESULTS AND DISCUSSION

Mean perfonﬁance
Mean and variance of the studied traits in the five crosses for the six
populations P, P,, F;, F;, BC,; and BC; are presented in Table 2.
The F; mean values exceeded the mid values of the two parental means for
. most of the studied traits in the five crosses. The F, population mean performance
values were intermediate (between the two parents and less than F, mean

performance values for grain yield and its components; number of spikes plant?,
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number of grains spike™, 1000-grain weight indicating the importance of non-additive
components of genetic variance for the studied traits. However, the two backcrosses
(BC, and BC;) mean performance values varied in each trait towards the mean of its
recurrent parent. Simifar resuits were obtained by El-Sayed (2007) and Ei-Shawy
(2008).
Heterosis, inbreeding depression and potence ratio

Heterosis was expressed as the percentage deviation of F, mean performance
from the better and mid parents for all traits. In this concern, percentages of heterosis
over better and mid parent values are presented in Table 3. Positive significant or
highly significant heterosis over mid and better parent values were obtained for; days
to maturity in all crosses except for cross 3 over mid parent, plant height in all crosses
except for cross 10 over mid and better parents and cross 4 over mid parent (the
lowest parent is considered as the better parent for plént height); spike length in all
crosses except for cross 1 and cross 2; number of spikes plant? in cross 3 a‘nd Cross
4; number of grains spike in all crosses except for cross 1 and cross 2; 100-grain
weight in cross 3 and cross 4; for grain yield plant™ in ali crosses and for leaf rust in
cross 2. While negative significant heterosis for mid and better parents were obtained
for, spike length and number of grains spike™ in cross 2 and leaf rust in cross 4.
Simifar results were obtained by El-Seidy and Khattab (2000), Budak (2000), Sharma
et al. (2002), El-Bawab ’(2003), El-Sayed (2007), El-Shawy (2008), Amer (2010) and
Eid (2010).
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Table 2. Mean (X) and variance (S2) of P1, P2, F1, F2, BC1 and BC2 populations of
five barley crosses for days to maturity, plant height, spike length and
number of spikes plant-1.

. Statistical
Trait Cross P P; Fy F BC, BC;
Parameter
Giza 123 x Giza 2000 | X(cm) | 946 | 9140 ] 95.2 | 94.56 | 97.08 | 96.76
s? 142 1294 | 127 | 993 | 751 | 7.08
Giza 123 x Line 2 X(cm) | 94.6 | 94.17 | 95.53 | 93.70 | 96.57 | 95.73
g? 142 {173 | 136 | 11.74 | 9.41 | 9.90
Days to - ) —
maturity Rihane-03 x Line 1 : X(cm) | 92.53 | 93.9 | 94.2 | 92.18 | 94.52 | 94.23
(day) _sz 260 | 264 | 1.89 | 13.93 | 9.39 | 10.58
Rihane-03 x Line 2 X(cm) | 92.53 | 94.17 | 94.57 | 93.17 | 97.45 | 97.04
g? 260 | 1.73 | 0.81 | 12.18 | 9.28 | 9.90
Giza 2000 x Line 2 X (cm) | 9140 | 94.17 | 95.6 | 92.60 | 96.75 | 94.37
S? 294 | 173 | 135 | 10.19 | 9.65 | 9.40
Giza 123 x Giza 2000 | X'(cm) | 115.17 |118.87{126.73 | 121.46 | 118.97 | 116.57
g 4.14 | 10.19 [ 11.17 | 78.53 | 59.59 | 57.03
Giza 123 x Line 2 X(cm) | 115.17 |111.47 | 118.03 | 116.97 | 115.27 | 107.57
S? 414 | 633 | 9.55 | 63.57 | 57.20 | 51.44
Plant height Rihane-03 x Line 1 X (cm) | 100.33 | 93.53 |102.57 | 103.29 | 97.8 | 97.04
(cm) s 651 | 6.26 | 556 | 40.84 | 34.14 | 26.77
Rihane-03 x Line 2 X (cm) | 100.33 | 111.47 [ 106.47 | 107.48 | 101.92 | 103.85
g 651 | 633 | 12.88 | 69.40 | 48.62 | 46.18
Giza 2000 x Line 2 X (cm) | 118.87 |111.47 [109.03 1 117.36 | 103.44 | 101.32
g? 10.19 | 6.33 | 13.00 | 78.17 | 58.87 | 54.30
Giza 123 x Giza2000 | X(cm) | 873 | 7.70 | 842 | 751 | 8.23 | 8.33
g? 037 | 032 ] 042 | 141 | 1.10 | 1.18
Giza 123 x Line 2 X(cm) | 873 | 763 | 735 | 7.23 | 823 | 7.53
‘ g? 037 | 017 | 030 | 274 | 1.95 | 2.01
Spike length Rihane-03 x Line 1 X(m) | 825 | 762 | 887 | 821 | 836 | 7.69
(cm) g2 0.27 0.34 | 043 | 1.79 1.1 1.12
Rihane-03 x Line 2 X(m) | 825 | 763 | 9.23 | 825 | 824 | 7.79
~ S 027 | 017 | 037 | 186 | 1.36 | 158
: X(m) | 770 | 7.63 | 8.13 | 7.34 | 7.83 | 6.98
Giza 2000 x Line 2 .
S?2 032 | 017 | 031 | 1.94 | 1.14 | 1.40
Giza 123 x Giza 2000 X~ 1403 | 11.8 | 13.93 | 12.11 | 11.49 | 13.19
' g? 369 | 4.03 | 4.89 | 1694 | 10.44 | 13.86
Giza 123 x Line 2 X 14.03 | 12,57 ] 14.13 | 12,79 | 13.51 | 13.43
g 3.69 3.70 | 3.77 | 21.77 | 11.82 | 17.90
:l;kz: Rihane-03 x Line 1 X 11.73 | 10.53 | 12.73 | 11.78 | 12.28 | 11.13
lant? si 2.00 ’ 3.98 | 462 | 21.94 | 19.15 | 10.71
Rihane-03 x Line 2 X 1173 | 1257 | 163 | 13.14 | 144 | 11.68
' s 200 | 3.70 | 6.70 | 26.07 | 17.49 | 17.63
Giza 2000 x Line 2 X 118 | 1257 | 12,57 | 13.03 | 11.37 | 13.43
g 403 | 3.70 | 3.98 | 24.49 | 17.75 | 17.03




176

I1.3 GENETICAL STUDIES ON BARLEY PRODUCTIVITY IN RELATION
TO LEAF RUST INFECTION

Table 2. (Contd.) Mean—(X) and variance (S2) of P1, P2, F1, F2, BC1 and BC2
popuiations of five barley crosses for number of grains spike-1, 100-grain
weight, grain yield plant-1, leaf rust disease.

. Statistical
Trait Crosses Py P, Fi F, BC: BC,
Parameter
Giza 123 x Giza 2000f X (cm) 67.40 | 61.80 | 65.8 59.82 | 66.40 | 65.60
s? 29.01 15.27 | 18.58 | 86.78 | 59.68 | 75.24
Giza 123 x Line 2 X (cm) 67.40 62.00 | 59.20 58.56 66.16 | 61.68
s? 29.01 18.21 | 29.13 | 159.98 | 101.16( 96.87
No. of Rihane-03 xLine1 | X7(cm) | 67.00 | 62.40 | 70.80 | 66.66 | 68.32 | 63.84
rains
gpike“ s? 15.10 | 21.35 | 18.37 | 88.54 | 57.30 | 72.62
Rihane-03 x Line 2 X (cm) 67.00 | 62.00 | 69.60 | 67.22 | 66.64 | 65.55
s? 15.10 18.21 | 28,80 | 93.26 | 68.67 | 80.17
Giza 2000 x Line 2 X (cm) 61.80 | 62.00 | 66.40 60.97 | 67.36 | 59.60
s? 15.27 18.21 | 14.73 | 155.45 | 82.29 | 100.54
Giza 123 x Giza 2000| X (cm) 5.04 5.91 5.89 5.09 4,93 5.20
s? 0.11 0.05 0.03 0.31 0.26 0.27
Giza 123 x Line 2 X (cm) 5.04 4,08 4.82 4.39 4,42 4.09
s? 0.11 0.03 0.09 0.29 0.23 0.21
100-grain . . -
aht Rihane-03 x Line 1 X (cm) 4.11 4.04 4,55 4.23 4,17 4,28
wel _
(gg) s? 0.19 0.02 0.09 0.31 0.24 0.25
Rihane-03 x Line 2 X (cm) 4.11 4.08 4,63 4.23 4.28 4.11
s? 0.19 0.03 0.02 0.30 0.20 0.21
Giza 2000 x Line 2 X (cm) 5.91 4.08 5.43 5.08 4,81 4,55
s? 0.05 0.03 0.07 0.36 0.31 0.29
X_'(cm) 34.45 31.26 | 38.37 29.17 27.11 | 32.63
Giza 123 x Giza 2000
s? 6.19 4.56 9.60 135.14 | 90.75 | 94.06
) . X (cm) 3445 | 31.92 | 36.04 | 25,53 | 28.92 | 23.20
Giza 123 x Line 2
o s? 6.19 7.66 5.39 129.93 (101.76 | 115.12
Grain Yfle'd , ST X(om) | 29.15 | 1922 | 33.60 | 2530 | 27.41 | 26.68
Plant Rihane-03 x Line 1 2
(@) S 5.49 10.65 | 12.05 | 151,60 | 91.00 | 92.62
) _ X(ecm) | 29.15 | 31.92 | 42.12 | 30.64 | 32.01 | 26.41
Rihane-03 x Line 2
s? 5.49 7.66 | 27.39 | 201.77 |175.62 | 153.82
. . o X (em) 31.26 | 31.92 | 34.48 26.84 | 25.37 | 27.75
Giza 2000 x Line 2
s? 4.56 7.66 | 13.94 | 169.82 |147.17 | 138.87
Giza 123 x Giza 2000 X 4.70. 4.57 4.6 5.15 4,71 4.63
s? 0.36 0.32 0.39 3.33 2.07 2.32
Giza 123 x Line 2 X~ 4.70 8.30 6.57 6.10 5.39 6.49
s§? 0.36 0.56 0.32 2.52 2.00 2.25
) Rihane-03 x Line 1 X 8.23 5.40 6.30 6.42 6.84 5.43
Leaf rust disease
s? 0.46 0.39 0.70 2.50 1.97 1.92
Rihane-03 x Line 2 X 8.23 8.30 7.83 7.66 7.13 7.29
s? 0.46 0.56 0.42 2.06 1.66 1.75
Giza 2000 x Line 2 X 4,57 '8.30 6.10 6.30 5.53 7.00
52 0.32 0.56 0.44 2.48 1.95 1.86
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Inbreeding depression measured as reduction in performance of F, generation
relative to F, is presented in Table 3. Results showed significant positive values for,
spike length in all studied cfosses except for cross 2; number of spikes plant-1 in cross
1 and cross 4; 100-grain weigh in all studied crosses; grain yield plant™ in cross 1 and
cross 2 and leaf rust in cross 2. Potence ratio refers to over dominance for most
crosses in all studied traits, where its values exceeded unity. On the other hand, some
values of potence ratio in some crosses were less than unity indicating partial
dominance in these crosses. Similar results were obtained by Yadav et al. (2002), El-
Seidy (1997a), El-Bawab (2003), El-Sayed (2007) and Ei-Shawy (2008).

Estimation of type of gene action

Six-parameter model was employed to estimate the additional parameters that
are necessary to specify the effects of interaction of non-allelic genes. Testing for
non-allelic interaction with the six-parameter model and type of epistasis is given in
Table 4.

The estimate of mean parameter (m) for all studied attributes that reflected-the
contribution was found to be highly significant for the five crosses in all traits except
for number of spikes plant™ in cross 3 and cross 5; number of grains spike™ in cross 4
and leaf rust in cross 5 . Additive gene effect (a) was quite small in magnitude relative
to the dominance gene effects. Additive gene effect was positive and significant or
highly significant for; plant height in cross 2; spike length in all crosses except cross
1; number of spikes plant™ in cross 4; number of grains spike™ in the crosses; 2, 3
and 5; 100-grain weight in crosses; 4 and 5; grain yield plant™ in crosses; 2 and 4
suggesting the potential for :)btaining further improvement of these traits by using
pedigree selection program. On the other hand, significant or highly significant
negative additive effects were obtained for; number of spikes plant™ in crosses; 1 and
5, as well as for 100-grain weight and grain yield plant™ in cross 1 indicating that the
additive effects were less important in the inheritance of these traits. And also in leaf
rust resistance in crosses; 2 and 5 indicating that the additive effects were more
important in the inheritance of this trait. These results are in harmony with those
obtained by Bhatnagar et al. (2001), Singh et al. (2002), Eid (2006), El-Sayed (2007)
and El-Shawy (2008).

The estimates of dominance (d) effects (Table 4) were significant or highly
significant and positive for; days to maturity in all crosses, spike length in crosses; 1
and 2, number of spikes plant™ in crosses; 2 and 4, number of grains spike® in
crosses; 1, 2 and 5, 100-grain weight in cross 3 and grain yield plant?® in crosses; 1

and 3 indicating the importance of dominance gene effects in the inheritance of these
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traits and selecting desirable traits could be effective in late generations. However, the

other crosses showed significant or highly significant negative and insignificant values.

Table 3. Heterosis, inbreeding depression and potence ratio in five barley crosses for
all studied traits.

Heterosis% Inbreeding Potence
depression % ratio%
Trait Cross MP BP

(Giza 123 x Giza 2000) 2.03 ** 2.77 ** 2.42 2.79
Days to (Giza 123 x Line 2) 1.22 ** 1.52 ** 2.90 -3.48
maturity (Rihane-03 x Line 1) 0.57 1.25 ** 2.42 -0.85
(day) (Rihane-03 x Line 2) 1.54 ** 2.21 ** 3.35 -2.33
(Giza 2000 x Line 2) 2.06 ** 3.12 ** 2.94 -2.01
(Giza 123 x Giza 2000) 8.30 ** 10.14 ** 4,16 -5.25
" Plant (Giza 123 x Line 2) 4.16 ** 5.88 ** 0.90 2.55
height (Rihane-03 x Line 1) 5.82 ** 9.67 ** -0.70 1.67
(cm) (Rihane-03 x Line 2) 0.54 6,12 ** -0.95 -0.10
(Giza 2000 x Line 2) -5.33 ** -2,19 ** -7.64 -1.66
(Giza 123 x Giza 2000) 2.43 ** -3.55 ** 10.77 ** 0.39
Spike (Giza 123 x Line 2) -10.18 ** | -15.81 ** 1.61 ~1.52
length (Rihane-03 x Line 1) 11.76 ** 7.52 ** 7.42 ** ‘ 2.95
(crm) (Rihane-03 x Line 2) 16.26 ** 11.88 ** 10.70 ** 4.19
(Giza 2000 x Liner2) 6.09 ** 5.58 ** 9.82 ** 14.00
(Giza 123 x Giza 2000) 7.87 ** -0.71 13.09 ** 0.91
No. of (Giza 123 x Line 2) 6.27 ** 0.71 9.50 1.14
spikes (Rihane-03 x Line 1) 14,37 ** 8.53 ** 7.46 2.46
Plant™ (Rihane-03 x Line 2) 34.16 ** | 29,67 ** 19.37 ** -9.96
(Giza 2000 x Line 2) 3.15 ** 0.00 -3.66 -1.00

(Giza 123 x Giza 2000) 3.30 ** -2.37* 9.09 1.11

No. of (Giza 123 x Lipe 2) -8.50 *% | -12.17 ** 1.08 -2.04
Grains (Rihane-03 x Line 1) 9.43 ** 5.67 ** 5.85 2.65
Spike™! (Rihane-03 x Line 2) 7.91 ** 3.88 ** 3.42 2.04
(Giza 2000 x Line 2) 6.24 ** 7.10 ** 8.18 39.00

(Giza 123 x Giza 2000) 7.61 ** -0.34 ** 13.69 ** 0.95 .
100-grain | (Giza 123 x Line 2) 581 %% | -4.37%* 9.00 ** 0.55
weight (Rihane-03 .x Line 1) 11.62 ** 10.61 ** 7.07 ** 14.20
()] (Rihane-03 x Line 2) 13.19 ** 12.65 ** 8.63 ** 40.50
(Giza 2000 x Line 2) 8.61 ** -8.12 ** 6.36 ** 0.47
_ (Giza 123 x Giza 2000) 17.26 %% | 11.38** 23.97 * 3.27
3::"; (Giza 123 x Line 2) 8.59 ** |  4.62 *x 29.16 * 2.26
Plant™ (Rihane-03 x Line 1) 36.18 ** | 1527 ** 24.7 2.00
(@) (Rihane-03 x Line 2) 37.94 %% | 31.95** 27.26 -8.34
(Giza 2000 x Line 2) 9.15 ** 8.02 ** 22.17 -8.72

(Giza 123 x Giza 2000) -143** | 0.66 ** -11.88 ** -0.67
(Giza 123 x Line 2) 1.2 ** 39.79 ** 7.16 ** -0.05

Leaf rust i —

disease (Rihane-03 x Line 1) -7.58 ** 16.67 ** 3.23 -0.36
(Rihane-03 x Line 2) -5.24 ** -4.86 ** 2.21 13.00
(Giza 2000 x Line 2) -5.18 ** 33.48 ** 0.05 0.18

* and ** Significant at 0.05 and 0.01 levels of probability, respectively.
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Table 4. Type of gene action estimated by generation means in five barley crosses for
all studied traits. *

Trait Cross Gene action

(m) (a) (d) (aa) (ad) | (dd)
(Giza 123 xGiza 2000) | 127.66 ** | -0.31 | 19.28 ** | 16.68 ** | -1.24 ** |-25.88 **
(Giza123 x Line2) [127.33**| 032 | 18.56** | 16.88** | 0.80 |-21.90**

r::ﬁ.t; (Rihane-03 x Line 1) 126,69 **| 024 | 12.27** | 11.53** | 1.11* |-11.96**
(Rihane-03 x Line 2) |126.67 **| 1.09* | 23.52** | 2153 ** | 1.94 *x |-29.45 **
(Giza 2000 x Line 2) |127.41**| 2.00 ** | 1558 ** | 12,93 *x | 332 # |-15.73 **
(Giza 123 xGiza 2000) | 12146 **| 240 | -5.03 | -14.75** | 4.25* [31.15**
bog |Gz 123 x tine2) 116,97 +*[ 7.69 +x |-17.50 =* | 2201 %= | 584+ |39.23**
he?"ht (Rihane-03 x Line 1) 1103.29**| 076 |-17.90 ** | -23.47 ** | -2.57 *x | 32.92 **
9 (Rihane-03 x Line 2) |107.48 ** | -1.93 | -17.79 ** | -18.36 ** | 3.63 ** | 31.55 **
(Giza 2000 x Line 2) |117.36 **| 212 |-66.05** | 5992 *x | 158 [98.80 **
(Giza 123 xGiza 2000) | 7.51** | -0.10 | 3.20** | 309** | -0.62 ** | -2.96 **
o (Giza123 x Line2) | 7.23** | 0.71** | 1.76* | 259* | 016 | -3.05 **
o | (Rihene-03xtinet) | 8.21** | 067+ | o019 | 074 | 036 | 225%,
9 (Rihane-03 x Line 2) | 8.25* | 045* | 037 0.93 015 | 3.22*
(Giza 2000 x Line 2) | 7.34** | 0.85** | 0.75 029 | 082* | 1.69*
(Giza 123 xGiza 2000) | 12.11** | -1.69** | 1.94 092 | 281* | 342
No.of | (Giza123 x Line2) | 1279** | 008 | 3.54* 271 065 | -1.71
spikes (Rihane-03 x Line 1) | 11.78 ** 1.15 1.38 - - -
Plant* | (Rihane-03 x Line2) | 13.14** | 272 | 374* | 041 | 3.14* | 515

(Giza 2000 x Line 2) | 13.03 ** | -2.05 ** -2.12 - - -
(Giza 123 xGiza 2000) [ 59.82 ** 0.80 26.82 ** | 24,72 ** -1.10  [-29.72 **
No, of (Giza 123 x Line 2) | 58.56 ** [ 4.48 ** | 1594 ** | 21.44 ** 1.78 -29.32 **

grains (Rihane-03 x Line 1) | 66.66 ** | 4.48 ** 3.78 -2.32 2.18 9.00
Spike™ (Rihane-03 x Line 2) | 67.22 ** 1.09 0.59 - - -
(Giza 2000 x Line 2) [ 60.97 ** { 7.76 ** | 13.94 ** 10.04 * 7.66 ** -6.16
(Giza 123 xGiza 2000) | 5.09 ** | -0.27 ** 0.32 -0.10 0.17 2.60 **
100- (Giza 123 x Line 2) 4.39 ** | 0.34 ** -0.27 -0.53 ** -0.14 2.28 **
kernel (Rihane-03 x Line 1) | 4.23 ** -0.11 0.48 * 0.01 -0.14 0.32
weight (Rihane-03 x Line2) | 4.23** | 0.17* 0.38 -0.16 0.16 0.85 *
(Giza 2000 x Line 2) | 5.08** | 0.26** | -1.17** | -1.60** | -0.66 ** | 3.71 **
(Giza 123 xGiza 2000) | 29.17 ** | -5.52 ** | 8,44 * 2.79 =7.25 ** | 19.92 **
Grain (Giza 123 x Line 2) [ 25.53 ** | 5,71 ** 4.97 2.13 4.46 * | 32.09 **
yield (Rihane-03 x Line 1) | 25.30 ** 0.73 15.89 ** 6.97 -3.74 * 1.40
Plant! (Rihane-03 x Line 2) | 30.64 ** | 5.60 ** 5.88 -5.70 6.99 ** | 34.16 **
(Giza 2000 x Line 2) | 26.84 ** | -2.38 1.78 -1.12 -2.05 27.02 **
(Giza 123 xGiza 2000) | 5.15 ** 0.08 -1.99 ** | -1,92 ** -0.02 1.79
Leaf rust (Giza 123 x Line 2) A 6.10 ** | -1.11 ** -0.54 -0.63 0.68 ** | 2,97 **
) (Rihane-03 x Line 1) [ 6.10 ** | 141 ** -0.37 0.15 0.00 1.55
disease

(Rihane-03 x Line 2) | 7.66 ** -0.16 -2.22 ** | -1.79 ** -0.13 5.13 **
(Giza 2000 x Line 2) | 6.10 ** | -1.47 ** 0.35 - - -

* and ** Significant at 0.05 and 0.01 levels probability, respectively.
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These results are in agreement with Ei-Seidy (1997a, b), Eid (2006), Ei-Sayed
(2007) and El-Shawy (2008). Significant or highly significant positive additive x
additive (aa) types of epistasis was detected for; days to maturity in all crosses, spike
length in crosses; 1 and 2, number of grains spike in the crosses; 1, 2 and 5,
indicating that these traits had accumulating genes and selection for its development
could be effective. While, the other crosses showed significant or highly significant
negative and insignificant valués (Table 4). Similar resuits were obtained by El-Hosary
et al. (1992), Abul-Naas et ,al (1993), El-Seidy (1997a, b), Nawar et al. (1999),
Bhatnagar et al. (2001) and ?harma et al. (2003).

Significant or highly fsignificant positive additive x dominance (ad) types of
epistasis was found for; day& to maturity in the three crosses; 3, 4 and 5, plant height
in the crosses; 1, 2 and 4, i.splke length in cross 5, number of spikes plant? in the
cross 4, number of grains s;iike'1 in cross 5, grain yield plant™ in crosses; 2 and 4 and
leaf rust in cross 2. However, the other crosses showed significant or highly significant
negative and insigniﬁcant values. The dominance x dominance (dd) epistasis gene
effect were significant or hlghly significant positive for; plant height m«all crosses,
spike length in the three crosses 3, 4 and 5; 100-grain weight and grain yield plant™
in all crosses except for cross 3 and for leaf rust in crosses; 2 and 4. These results
confirm the important role of dominance x dominance gene action in the genetic
system. Similar approaches were reported by Abui-Naas et al. (1993), El-Seidy
(1997b), Eid (2006), Ei-Sayed (2007) and El-Shawy (2008).

Heritability and expected genetic advance from selection

Heritability estimates in both broad and narrow sense and expected genetic
advance from selei:tion for studied traits are presented in Table 5. Heritability
estimates in broad sense were relatively high for all studied traits in all crosses,
ranging from 68.54% in cross 3 for 100-grain weight to 95.27% in cross 2 for grain
yield plant™. While, heritability estimates in narrow sense were low to high for all
studied traits in all crosses, ranging from 10.49% in cross 5 for days to maturity to
82.39 % in cross 5 for nhmber of grains spike™, indicating that these traits were
greatly affected by additive and non-additive effects. These results coincide with those
repdrted by Abul-Naas et al. (1993), El-Seidy (1997b), Singh and Singh (1999), El-

Bawab (2003), Eid (2006), El-Sayed (2007) and El-Shawy (2008).

The expected genetic advance as percent of F, ranged from (1.07%) for days
to maturity in cross 3 to (79. 08%) for grain yield plant™ in cross 3. Tﬁese results
indicated the poss;blllty of prattlcmg selection in early generations and obtain high-
yielding genotypes. Therefore, selection in those particular _populations should be
effective and - satisfactory for successful breeding purposes. The results of this study
indicated that estimate of epistasis, dominance and additive gene action may have
been influenced by genotype-environment interactions.
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Table 5. Heritability percentage in broad (h2b) and narrow (h2n) senses and expected
genetic advance from selection (Ag) in five barley crosses for all the studied

traits.

Traijt Heritability percentage | Expected genetic advance
Cross h(b) h(r) Ag A9 %
1 (Giza 123 x Giza 2000) 75.37 38.61 1.99 1.56
D'ays to 2 (Giza 123 x line 2) 82.06 35.12 231 1.81
maturity 3 (Rihane-03 x Line 1) 76.84 20.08 1.35 1.07
4 (Rihane-03 x Line 2) 76.43 24.75 1.54 1.21
5 (Giza 2000 x Line 2) 82.79 10.49 0.69 6.76
1 (Giza 123 x Giza 2000) 88.33 51.49 9.40 7.74
Plant 2  (Giza 123 x Line 2) 88.37 29.11 4.78 4.09
height 3 (Rihane-03 x Line 1) 84.80 50.87 6.70 6.48
4  (Rihane-03 x Line 2) 86.10 63.41 10.88 10.12
5 (Giza 2000 x Line 2) 86.40 55.22 10.06 8.57
1 (Giza 123 x Giza 2000) 72.87 38.24 0.93 12.44
. 2 (Giza 123 x Line 2) 89.61 55.24 1.88 26.03
‘:Eg(;‘ 3 (Rihane-03 x Line 1) 79.48 76.18 2.10 25.59
4  (Rihane-03 x Line 2) 83.95 41.89 1.18 14.26

5  (Giza 2000 x Line 2) 85.69 68.78 1,97 26.84 B
1 (Giza 123 x Giza 2000) 74.18 56.57 4.80 39.61
No. of 2 (Giza 123 x Line 2) 82.84 63.50 6.10 47.73
spikes 3 (Rihane-03 x Line 1) 82.85 63.91 6.17 52.34
Plant™ 4 (Rihane-03 x Line 2) 81.69 65.31 6.87 52.27
5 (Giza 2000 x Line 2) 83.99 57.96 5.91 45.36
1 (Giza 123 x Giza 2000) 79.94 44.52 8.54 14.28
No, of 2 (Giza 123 x Line 2) 83.52 76.21 19.86 33.91
grains 3 (Rihane-03 x Line 1) 79.33 53.26 10.32 15.49
Spike™ 4 (Rihane-03 x Line 2) 75.63 40.41 8.04 11.96
5 (Giza 2000 x Ling 2) 91.16 82.39 21.16 34.71
1 (Giza 123 _x Giza 2000) 81.92 26.51 0.30 5.99
2  (Giza123 x Line 2) 73.85 46.75 0.52 11.74

100-kernel ] .
weight 3 (Rihane-03 x Line 1) 68.54 43.32 0.50 11.75
4 (Rihane-03 x Line 2) 78.86 64.5 0.73 17.15
5 (Giza 2000 x Line 2) 84.51 31.57 0.39 7.68
1 (Giza 123 x Giza 2000) 94.68 . 63.25 15.15 51.93
Grain | 2 (Giza 123 x Line 2) 95.27 33.08 | 7.7 30.42
yield 3 (Rihane-03. x Line 1) 92.27 78.88 20.01 79.08
Plant* 4 (Rihane-03 x Line 2) 91.58 36.72 10.75 35.08
5 _(Giza 2000 x Line 2) 94.10 31.56 8.47 31.56
1 (Giza 123 x Giza 2000) 88.31 68.06 2.56 49.71
2 (Giza 123 x Line 2) 83.97 31.49 1.03 16.90
Leaf rust ) .

disease 3 (Rihane-03 x Line 1) 77.73 45.48 1.49 24.41
4 (Rihane-03 x Line 2) 77.38 34.38 1.02 13.26
5  (Giza 2000 x Line 2) 82.55 48.56 1.59 25.24
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It could be concluded that the degree of improving the studied traits are based
on the high heritability and positive additive genetic advance as shown by the
different traits, especially; number of spikes plant?, 100-grain weight and grain yield
plant™. Determinant genetic effects of the phenotypic expression of these traits were
fundamentally of the additive type. For this reason, a high response should be
achieved after several selection cycles. Generally, the most promising crosses 1 and 3,
which were found to be higher in magnitude, which had high genetic advance
associated with high heritability and would be helpful in breeding programs for

evolving better barley yield under normal conditions.
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