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ABSTRACT

The success of breeding program for improvement any crop depends mainly on the available
background of the inheritance of the studied traits to be selected. This study was carried out during
2018/2019, 2019/2020 and 2020/2021 grown seasons at the experimental farm of Sakha
Agricultural Research Station, Agricultural Research Center, Egypt to estimate the effect of genetic
parameters controlling yield and yield component traits in addition severity of leaf rust and powdery
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mildew disease infection. Six generations (P4, P,, F;, F», BC; and BC,) model was used. Results
indicated that, mean effect (m) was highly significant in all evaluated crosses for all studied traits.
The relative importance of additive and dominance effects differed from trait to another in each
cross. For epistatic components, dominance x dominance interaction effects were more effective
than other components in most studied traits. Significant or/and highly significant values in desirable
direction of heterosis compared to mid and better parent were obtained from most studied crosses in
yield and its attribute traits, but it found over mid parents only for cross no.1 in leaf rust and crosses
no. 1 and 2 in powdery mildew infection. The estimation of broad-sense heritability showed high
values for studied traits and crosses, while narrow-sense heritability and genetic advance from
selection ranged from low to medium in most crosses for the agronomic traits, while it ranged from
low to high for leaf rust and powdery mildew infection. Finally, the results of this study recommended
the barley crosses no. 4 for improve yield potential and resistant to leaf rust and cross no. 5 to
improve resistance to powdery mildew, where it had high genetic advance associated with high

heritability.

Keywords: Barley; improvement; genetic components; disease resistance; yield.

1. INTRODUCTION

Barley (Hordeum vulgare L.) is considered as
one of the great important crop species grown in
the world [1], ranking fourth important crop after
wheat, rice and maize [2] with a great adaptation
potential. Barley used for different purposes such
as human food in few countries, animal feeding
in wide areas around the world and malt industry.
Enhancement of yield potential considered as an
important goal in barley breeding program [3].
Barley considered as dry, cold, salt-tolerant and
well adapted crop to low-input environmental
conditions and climatic change [4]. Breeding
cereal crops for high productivity, good quality
and resistant to common disease are important
to satisfy food demand of this world. Powdery
mildew and leaf rust diseases caused a loss on
yield in barley. Powdery mildew (PM) caused by
Blumeria graminis f.sp. hordei Em. Marchal (Bgh)
is a widespread fungal disease of many mono
and dicotyledonous plant species. In moderate
temperate and humid climate, the loss of
productivity due to powdery mildew can reach up
to 30%, at an average of 5-10% [5]. Leaf rust
caused by Puccinia hordei is one of the most
serious constraints in barley production in
many barley-growing regions. Yield losses due to
barley leaf rust may be up to 60% in susceptible
varieties [6]. However, the mean yield losses of
barley caused by barley leaf or stem rust often
reach 10-25% [7]. Due to the great problems
that result from the use of fungicides and their
negative effects on the environment and health,
the use of resistance cultivars is considered an
environmentally benign and effective way to
control these diseases [8]. Generation mean
analysis considered as important method for
genetic analysis of quantitative traits [1]. The

present study was conducted to estimate the
effect of genetic parameters controlling yield and
its attribute traits in addition the infection of leaf
rust and powdery mildew diseases in six barley
cross combinations.

2. PLANT MATERIALS AND METHODO-
LOGY

2.1 Genetic Materials and Experimental
Design

The current study was carried out during
2018/2019, 2019/2020 and 2020/2021 growing
seasons at the experimental farm of Sakha
Agricultural Research  Station, Agricultural
Research Center, Egypt. Experimental material
was the six generations viz., P;, P,, F;, F, and
two backcrosses (BC; and BC,) relating to six
crosses involving three sensitive local cultivars
(Giza 123, Giza 126 and Giza 125) and two
resistant exotic lines (Line-1 and Line-2)
(Table 1).

The selected parents were crossed in 2018/2019
growing season to produce F; hybrids of six
barley crosses; 1 (Giza 123 x Line-1), 2 (Giza
126 x Line-1), 3 (Giza 125 x Line-1), 4 (Giza 123
x Line-2), 5 (Giza 126 x Line-2) and 6 (Giza 125
x Line-2). In the second season (2019/2020) the
hybrid seeds were sown and F; plants of each
cross were backcrossed to their respective
parents to produce the two backcrosses (BC;
and BC,) seeds. At the same time, some of the
F,; plants were selfed to produce F, seeds. In the
third season (2020/2021), the obtained seeds of
these populations, i.e. P;'s, P,'s, F;'s, F's, BC;'s
and BC,'s for the six studied crosses were sown
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in the field using a randomized complete blocks
design (RCBD) with three replications. Each plot
was about one row for each P4, P,, F4, Six rows
for F, and two rows for each of BC,, BC, in each
replicate, rows were 2.5m long, 25cm width and
the space from plant to plant in a row was 10cm.
All agricultural practices were followed according
to the growing barley recommendations. The
experiment was grown under natural infection in
the field and the experiment was surrounded with
highly sensitive cultivars for both diseases as
spread disease cultivars.

2.2 Data Recording and Measurements

Data were recorded on 30 individual guarded
plants in each P4, P, and F;, 90 plants in each
BC; and BC, and 300 plants in each F,. Plant
height (cm), spike length (cm), number of
grains/spike, number of spikes/plant, 100 grain
weight (g), grain yield/plant (g) in addition to the
reaction of leaf rust and powdery mildew
disease. Leaf rust severity was recorded as
stated by Peterson et al. [9]. While powdery
mildew severity was measured as scale 0-9 at
the growth stagel0.5 stated by Lagrge [10] and
Sarri and Prescott [11]. Heterosis percentage (%)
calculated as the increase of F; over the mid-
and better parent values.

2.3 Statistical and Genetic Analysis

- Scaling test was performed as stated by
Mather [12] to identify the presence of non-
allelic interactions.

- Generation mean analysis was performed as
stated by Mather and Jinks [13].

- Types of gene effects were culculated as
stated by Gamble [14].

- Broad (h’h) and narrow senses (h°n)
heritability were estimated as stated by
Allard [15] and Mather [12].

- Expected genetic advance from selection
(GA) was estimated as stated by Johnson et
al. [16] formulae.

- Predicted genetic advance from selection
was expressed as percentage of F, mean
(GA%) was estimated as stated by Miller et
al. [17].

3. RESULTS
3.1 Mean Performance

The calculated means and variances of the
measured traits in the evaluated crosses for the
tested populations Py, P,, F;, F,, BC; and BC,
are presented in Table (2a and b). Results
indicated that, F; mean values were higher than
average of the two parents and favorable parent
for yield and related traits in the all evaluated
crosses except for plant height in cross no. 4 in
the comparison to mid and high parents, spike
length in cross no. 6, grains number/spike in
cross no. 2 and 100 grain weight in crosses no. 2
and 5 in comparison to better parent.

For the two-barley disease, F; mean values
showed desirable values in negative direction in
cross no. 1 for leaf rust and in crosses no. 1 and
2 for powdery mildew, where it showed values
less than average of the two parents. The data of
F, performance reflected the presence of
heterotic effect in most studied crosses and
traits. Mean values of the F, population were in-
between the two barley parents and smaller than
F; mean values in most barley crosses for and
traits reflecting the importance of non-additive
components of genetic variance for the
calculated traits. However, the two populations
(BC; and BC,;) mean values varied in each
trait tended towards the mean of its
recurrent parent.

Table 1. Name, pedigree and disease reaction of the five barley genotypes

No. Genotype Pedigree Origin Disease
_reaction

LR PM

1 Giza 123 Giza 117//FAOgg Egypt S S

2 Giza 126  Baladi Bahteem/S D729-Por12762-BC Egypt S S

3 Giza 125  Gizall7/Bahteem52//Gizal18/FAO86 Egypt S S

4 Line-1 LAMOLINA96/6/P.STO/3/LBIRAN/UNAS8O// ICARDA R R

LIGNEE640/4/BLLU/5/PETUNIA 1
5 Line-2 P.STO/3/LBIRAN/UNAS8O//LIGNEE640/4/BLLU/5/PETUNIA ICARDA R R

1/6/BRS180

Resistant (R), Susceptible (S), Leaf rust (LR), Powdery mildew (PM)
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Table 2a. Mean (X ) and variance (Sz) of Py, Py, F4, F5, BC; and BC, populations of the six
barley crosses for plant height, spike length, number of grains/spike and number of
spikes/plant

Statistical

Traits Cross P, P, F. F, BC; BC,
Parameter
1 X~ 108.26  114.14 12296 112.39 110.33 116.30
s? 7.05 3.29 421 109.11 102.44 94.90
5 X~ 11445 113.30 129.68 114.07 121.34 117.64
s? 5.26 413 3.93 114.46 92.22  100.10
3 xz‘ 106.05 115.01 125.79 113.35 116.47 117.64
Plant height s* 4.69 3.56 7.03 102.49 90.79 91.74
4 X 108.12 111.37 108.05 100.72 104.33 105.25
S 6.96 7.26 6.63 9577 86.31 80.61
s X~ 11515 113.05 121.80 107.56 111.72 111.93
s? 5.28 7.10 5.26 107.54 98.43  88.65
5 X~ 107.03 11253 11582 103.71 111.05 112.27
s? 4.90 7.00 6.82 102.62 79.89  86.19
1 x2‘ 7.58 7.50 8.60 7.08 7.32 7.20
S 0.11 0.06 0.05 1.34 1.03 1.05
) X~ 6.88 7.48 7.77 7.30 7.36 7.64
s? 0.08 0.05 0.09 1.65 1.37 1.21
3 x2— 7.82 7.53 8.13 6.98 7.36 7.08
Spike length s® 0.10 0.06 0.10 1.14 0.96 0.80
4 X 7.67 7.35 8.09 7.59 7.39 7.77
S 0.11 0.08 0.07 1.52 0.97 1.29
5 X 6.93 7.25 8.61 6.64 6.80 6.64
s? 0.07 0.09 0.08 1.71 1.51 1.39
6 X~ 7.88 7.14 7.70 7.22 7.69 7.31
s? 0.11 0.08 0.08 1.23 1.05 0.85
1 xz‘ 58.02 61.32  66.15 59.09 60.48 59.72
S 3.17 2.77 2.48 4550 38.96 36.13
) xz‘ 52.52 60.48  61.11 60.48 59.22  60.73
S 3.21 2.80 2.62 60.93 51.84 53.63
Number of 3 xz‘ 56.16 60.11  61.74 59.22 57.20 55.19
grains/ spike s* 2.98 2.36 3.57 49.38 4158  43.46
4 X 58.78 60.80  63.84 62.24 59.98 59.98
S 3.55 2.31 2.83 53.32 4257 46.88
s xz— 52.00 60.06  68.46 56.07 5595 57.68
S 3.60 2.38 3.31 67.30 5891 53.12
6 X~ 56.36 59.85  64.89 57.96 60.98 58.46
s? 2.41 2.21 3.62 58.67 4841 50.64
1 X 13.25 13.97 1481 11.60 1437 13.69
s? 0.99 0.94 0.83 20.11  17.33 17.65
) X 13.97 14.00 17.01 16.40 14.13 15.35
s? 1.00 0.95 0.79 27.84 2102 24.17
3 X 13.23 13.65 16.07 13.11 1429 13.95
Number of s? 0.90 0.93 0.87 19.68 16.90 15.82
spikes/ plant 4 X 13.13 12.50 14.39 12.27 13.37 13.25
s? 0.99 0.86 0.87 28.76 2458  26.42
5 xz— 14.00 12.60  16.80 1238 1359 1152
S 0.96 0.88 0.76 2365 18.81 19.14
5 xz— 13.03 1245  14.81 1236 13.98 13.85
S 0.90 0.93 0.86 2599 2243 21.18
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Table 2b. Mean (X") and variance (Sz) of Py, Py, F4, F5, BC; and BC, populations of the six
barley crosses for 100-grain weight, grain yield/plant, leaf rust and powdery mildew

Traits Cross g;?giﬁg:tzlr P, P, F R BC, BG,
1 X 515 520 547 5.34 5.41 5.37

S 0.04 006 0.02 041 0.37 0.39

) X 468 5.14 508 450 4.62 5.07

S 0.07 004 0.04 055 0.54 0.50

3 xz_ 584 518 588 5.32 5.80 5.36

100-grain S 0.02 0.02 004 0.44 0.40 0.38
weight 4 X 510 5.18 564 5.39 5.48 5.34
s? 0.05 0.02 0.05 0.46 0.39 0.43

s xz‘ 470 5.17 502 4.87 4.31 4.97

S 0.06 002 0.04 0.42 0.37 0.33

5 X 581 5.15 594 555 5.81 5.67

s? 0.02 002 0.03 043 0.36 0.39

1 xz‘ 16.69 18.43 22.17 15.95 18.42 22.65

S 1.10 296 239 47.02 3721 42.35

) X 19.42 1891 23.96 14.17 16.14 15.70

S 271 296 177 3569 3233 33.71

3 X~ 20.92 18.32 2161 18.89 2025 19.81

Grain yield s° 213 289 231 5552 4334 47.85
Iplant 4 X~ 16.68 17.13 20.27 20.02 19.82 18.50
s? 115 2.18 210 4441 36.87 40.16

5 X 19.45 17.00 21.07 17.92 2096 18.11

s? 274 183 176 8826 7473 69.89

5 X 20.39 16.99 22.43 17.65 20.41 19.65

s? 217 178 2.02 6166 5236 51.71

1 X 3595 7.66 20.80 3457 31.28 14.53
S 1.12 093 213 764.06 650.45 682.63

) xz‘ 4508 7.63 28.00 46.64 4324 16.32
S 1.95 099 155 913.84 802.48 821.73

3 xz‘ 55.48 7.56 36.00 45.76 55.00 13.52
L eaf rust s? 183 096 124 65155 600.27 517.39
4 X 3577 3.12 28.00 20.19 2546 9.30
S 11.75 1.12 117 529.23 490.58 483.87

c xz‘ 4515 3.74 32.80 3127 36.67 11.48
S 1.65 092 296 658.13 476.77 421.99

5 X~ 55.65 3.54 36.53 43.48 4949 16.14
s? 157 094 233 808.04 627.28 613.79

1 X 377 225 255 3.49 3.60 2.93

S 013 0.12 0.16 2.80 0.82 2.69

) X~ 513 226 337 4.94 4.89 3.49

s? 019 014 0.18 6.70 3.45 4.39

3 X~ 6.70 237 541 4.45 5.13 3.90

Powdery s° 016 0.13 0.4 563 382 253
mildew 4 X~ 388 1.46 3.03 2091 2.53 1.75
s? 0.12 016 0.10 257 2.12 0.72

5 X~ 520 143 428 3.48 3.47 2.98

s? 018 0.17 019 3.59 1.94 4.63

5 X 6.63 1.43 520 4.37 4.90 3.06

S 017 0.16 0.12 6.89 3.71 3.49
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3.2 Heterosis, Inbreeding Depression and
Potence Ratio

Heterosis over both mid and favorable parent
values are presented in Table (3a and b). For the
agronomic traits (yield and its related traits),
results reflected significant heterosis over both
mid and better parents in favorable direction that
were found for all traits and crosses except for
cross no. 4 over mid and better parents for plant
height, cross no. 6 for spike length, cross no. 2
for number of grains/spike and crosses no. 2 and
5 for 100 grain weight where it showed negative
or insignificant values. Concerning barley
diseases, highly significant and negative
heterosis over mid parents in desirable direction
were found for cross no. 1 for leaf rust and cross
no. 1 and cross no. 2 for powdery mildew.

Results presented in Tables 3a and b reflected
significant and positive values of inbreeding
depression for spike length, spikes number/plant

and 100 grain weight in all evaluated crosses
except of cross no. 2 for spikes number/plant,
number of grains/spike in cross no. 5 and for
grain yield/plant in crosses no. 1, 2 and 6. For
barley disease infection, significant and favorable
values for inbreeding depression were noted for
studied disease in barley crosses no. 1 and 2,
while the other barley crosses of powdery mildew
showed significant and positive values. On the
other hand, the rest crosses reflected
insignificant values which considered as a
desirable value for these traits.

For the agronomic traits, potence ratio exhibited
over dominance (values mor than unity) for all
evaluated crosses and traits except for spike
length in cross no. 6 and 100 grain weight in
crosses no. 2 and 5. For barley disease traits,
the values of potence ratio were smaller than the
unit reflecting partial dominance for all evaluated
crosses for the two barley disease.

Table 3a. Heterosis, inbreeding depression and potence ratio in the evaluated barley crosses
for plant height, spike length, number of grains/spike and number of spikes/plant

Heterosis
Traits Cross ID PR%
MP BP
1 10.58** 7.73** 8.59 4.00
2 13.88** 13.30** 12.03 27.36
. 3 13.81** 9.37** 9.89 3.41
Plant height 4 11.55% -2.99% 6.78 -1.04
5 6.75** 5.78** 11.69 7.33
6 5.50** 2.92** 10.45 2.20
1 14.10** 13.53** 17.67** 28.33
2 8.12** 3.79** 6.01** 1.94
. 3 5.94** 3.98** 14.18** 3.16
Spike length 4 7.69% 5,48+ 6.10% 3.67
5 21.48** 18.84** 22.94** 9.67
6 2.56** -2.22*%* 6.26** 0.52
1 10.86** 7.88** 10.67 3.93
2 8.16** 1.04 1.03 1.16
. ) 3 6.20** 2.71* 4.08 1.82
Number of grains/ spike 4 6.78% 5 0% 250 403
5 22.18** 13.99** 18.10* 3.08
6 11.68** 8.42** 10.68 3.89
1 8.80* 6.02** 21.66** 3.35
2 21.67* 21.54** 3.60 20.00
) 3 19.53** 17.69** 18.40** 12.50
Number of spikes/plant 12.30% 9.60% 14.70% 5.00
5 26.34** 20.04** 26.31** 5.02
6 16.21** 13.62** 16.54** 7.12

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively
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for 100-grain weight, grain yield/plant, leaf rust and powdery mildew

Heterosis

Traits Cross MP BP ID PR%
1 5.80* 5.7 2.50% 11.63
2 3.42% -1.25% 11.25* 0.72
100-grain weight 3 6.74% 0.69%* 9.56%* 1.12
4 9.69%* 8.77 4.37% 11.47
5 1.80%* -2.89% 3.11% 0.37
6 8.42%* 2.06%* 6.54%* 1.40
1 26.26% 20.31% 28.05% 5.31
2 25.02% 23.40% 40.87* 19.02
o 3 10.15* 3.20% 12.59 1.53
Grain yield / plant 4 19.91% 18.32% 1.23 14.86
5 15.62% 8.32%* 14.98 2.32
6 20.04% 10.01* 21.35% 2.20
1 ~4.60% 171.49% -66.22* 0.07
2 6.25%* 267.13* -66.57* 0.09
3 14.23% 376.36"* 27.11 0.19
Leaf rust 4 44.00% 797.44% 27.90 0.52
5 34.17* 776.07* 4.68 0.40
6 23.45% 933.18** -19.00 0.27
1 ~15.28% 13.54* -36.80" -0.60
2 -8.98** 48.81** _46.67* -0.23
Powdery mildew 3 19.20% 128.49%* 17.74% 0.40
4 13.38%* 106.98* 3.93 0.30
5 29.23* 200.00** 18.65%* 0.51
6 20.11% 264.20%* 16.01** 0.45

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively

3.3 Scaling Test and Type of Gene Action
Estimates

Scaling test and six parameters were culculated
using the collected data as stated by Gamble
procedure [14]. At least, one of the scales (A, B
and C) should be significant. However, the
significance of any one of the scales reveals the
presence of non- allelic interaction. Data of all
evaluated crosses for all measured traits
exhibited the presence of non-allelic interaction
(Table 4a and b).

The six parameter estimates, i.e. means (m),
additive (a), dominance (d), additive x additive
(aa), additive x dominance (ad) and dominance
x dominance (dd) are presented in Table 4a and
b. From finding of six-parameter model it was
found that, mean effects for all studied traits in
the all evaluated crosses were highly significant,
indicating that these traits are quantitatively
inherited.

Additive gene effects (a) were quite small in
effects compared to the dominance gene (Table
4a and b). Positive (favorable direction) and
significant results of the effects of additive gene

were found in cross no. 2 for plant height, cross
no. 6 for spike length and grains number/spike,
cross no. 5 for spikes number/plant and grain
yield/plant and cross no. 3 for 100 grain weight.

Dominance (d) gene effect estimates reflected
significant values and positive for the evaluated
agronomic traits and crosses except in cross no.
4 for spike length and grain yield/plant, crosses
no. 2, 3 and 4 for grains number/spike, cross no.
2 for spikes number/plant and cross no. 5 for
100-grain weight. For disease traits, effects of
dominance gene were significant and negative
for leaf rust in all evaluated crosses except in
cross no. 4 and for powdery mildew in crosses
no. 1, 2 and 4 (Table 4a and b).

For additive x additive (aa) types of epistasis,
significant and positive values (desirable
direction) for the agronomic traits were found for
plant height in all evaluated crosses except in
barley cross no.1, spike length in crosses no. 3
and 6, grains number/spike in crosses no. 1 and
6, spikes number/plant in crosses no. 1, 3, 4 and
6, 100-grain weight in all evaluated crosses
except in cross no.5 and grain yield/plant in
crosses no. 1, 2 and 6.
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Table 4a. Scaling test parameter A, B and C and estimated type of gene action in the evaluated barley crosses for plant height, spike length,
number of grains/spike and number of spikes/plant.

. Scaling test Type of gene action
Traits cross 4 B c m) @ (@) (aa) @) __ (@d)
1 10.54* -4.49 18.73* | 112.39"  -5.96™ 1546~  3.70 -3.02 11.34
2 -1.45 7.69**  -30.81* | 114.07**  3.70* 37.47%  21.67%  3.12 -12.54
Plant height 3 1.09 552%  -19.22* | 113.35%*  -1.18 30.06*  14.80*  3.30* -10.38
4 7507  -8.91*  -32.71* | 100.72*  -0.92 14.60*  16.30*  0.70 0.12
5 13.51%  -10.99%* -41.56* | 107.56**  -0.21 2476%  17.06"  -1.26 7.44
6 -0.75 -3.81 -36.34* | 103.71%*  -1.22 37.82% 3178 153 27.20%
1 1547 170"~  -3.96* | 7.08* 0.12 1.78% 0.72 0.08 2.50%
2 0.07 0.03 0.70¢ | 7.30% -0.28 1.38% 0.80 0.02 -0.90
Spike length 3 1.24% 151%™ -3.70% | 6.98* 0.28 1.42% 0.96* 0.14 1.78%
4 0.97*  0.11 -0.82% | 7.59* -0.38* 053 -0.04 -0.54**  0.90
5 (1.93% 258" 485 | 6.64* 0.17 1.86% 0.34 0.33 4.18*
6 -0.20 .0.22 _1.54% | 7.00% 0.38* 1.31% 1.10% 0.01 -0.69
1 321 802"  -1526* | 59.09%  0.76 1051  4.03* 2.41% 7.20
2 4817  -0.13 6.70* | 60.48*  -151 2.59 2.02 2.47 2,67
. 3 3.49*  -11.47% -2.87 59.22%  2.02 8.49%  -12.10%  3.99%  27.06**
Number of grains/ spike 2.67 468 1.72 62.24*  0.01 -5.02 9.07**  1.01 16.43*
5 856*  -13.15% 2470 | 56.07**  -1.73 15.42%  2.99 2.30 18.72%
6 0.72 7.81*  -14.15% | 57.96*  2.52* 13.84*  7.06* 427  0.04
1 0.69 “1.39 210.43* | 11.60*  0.68 10.93*  9.74* 1.04 -9.04%*
2 272 -0.30 361 | 16.40%  -1.23 -3.60 6.63%*  -1.21 9.64%*
Number of spikesiplant 3 0.72 -1.81 657 | 13.11*  0.33 6.67** 4.05* 0.54 -1.52
4 0.77 -0.39 531% | 12.27%*  0.13 5.73% 4.16* -0.19 -3.00
5 361  -6.35*  -10.67* | 12.38%* 207  4.21* 0.71 1.37 9.25%*
6 0.12 0.45 566 | 12.36**  0.12 8.30%* 6.23%* 017 -6.80*

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively.
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Table 4b. Scaling test parameter A, B and C and estimated type of gene action in the evaluated barley crosses for 100-grain weight, grain
yield/plant, leaf rust and powdery mildew

. Scaling test Type of gene action
Traits cross =3 B c m) @ (@) (aa) (@) __ (dd)
1 0.20 0.08 1.15% | 5.04% 0.04 1,73 1.43% 0.06 171
2 -0.52%  -0.07 -1.95% | 4.50% -0.46%*  1.53* 1.36% -0.23 -0.78
L00-arain weiaht 3 -0.12 -0.33*  -151% | 532% 0.44%  1.42% 1.05% 0.11 -0.59
9 9 4 0.22 -0.15 -1.19% | 5.09% 0.14 1.75% 1.26% 0.18 -1.32%
5 1.10%  -0.25 -0.45% | 4.87* L0.66%*  -0.82%%  -0.91%*  .0.42%  2.27%
6 -0.13 0.24 -1.83% | 5.25% 0.15 2.41% 1.94% -0.18 -2.06%
1 2.02 4717 1565 | 15.05%  -4.23* 22057 1834  -3.36**  -21.03*
2 211.09%  -11.48* -29.58% | 14.17*  0.45 11.81%  7.02% 0.19 1554+
o 3 -2.03 -0.32 -6.90* | 18.89**  0.45 6.54* 4.55 -0.86 -2.20
Grain yield / plant
4 2.68 -0.39 574 | 2002  1.31 -0.08 -3.45 1.54 1.16
5 1.39 -1.86 -6.93* | 17.92%  2.85* .31+ 6.46 1.62 -5.99
6 -2.01 -0.13 11.67* | 17.65%*  0.76 13.27%  9.52% -0.94 -7.38
1 581 0.61 53.09" | 3457  16.75"  -47.67**  -46.67"  2.60 40.25*
2 13.40*  -2.99 77.85% | 46.64**  26.92*  -6579*  -67.44**  8.19 57.03*
Leaf rust 3 18.53*  -16.52* 48.01% | 45.76%*  41.48*  -4152*  -46.00%  17.52%  43.99*
4 (12.86%  -12.52%  -14.14* | 20.19%*  16.15*  -2.68 -11.24 017 36.61*
5 -4.60 1358 1057 | 31.27*  25.19%  -20.40*  -28.75*  4.49 46.93*
6 6.79 7.79 4165 | 43.48%  33.34% 3570  -42.64*  7.29 43.64*
1 0.87  1.06**  2.83* | 3.49% 067  -1.36* -0.90 -0.09 -1.03
2 1.28%  1.35% 5G| 4.04% 1.40%  -3.32%  -2099*  .0.03 0.36
Powdery mildew 3 -1.85%  0.02 22.09% | 4.45% 1.23% 113 0.26 093" 157
y 4 1.84% 098"  0.24 2.91% 0.78% 270"  -3.06**  -0.43* 588
5 2255%  (0.24 S1.26% | 3.48% 0.49 -0.08 -1.05 -1.40%  3.35%
6 22.04% 051 -0.99 4.37% 1.84%  .0.39 -1.56 0.76F  4.11%

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively.
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For disease traits, the effects of additive x
additive gene reflected desirable values for
powdery mildew in crosses no. 2 and 4
(Table 4a and b), indicating that these traits had
accumulating genes and selection for its
development could be effective. Concerning
additive x dominance (ad) types of epistasis,
desirable data (significant and positive) were
detected for plant height in cross no. 3, grains
number/spike in crosses no. 1, 2, 3 and 6, while
significant and negative finding were recorded for
powdery mildew in crosses no. 4, 5 and 6.

For dominance x dominance (dd) epistasis gene
effects, significant or highly significant and
positive valued were detected for spike length in
crosses no. 1, 3 and 5, grains number/spike in
crosses no. 3, 4 and 5, spikes number/plant in
crosses no. 2 and 5, 100-grain weight in cross
no. 5 and grain yield/plant in cross no. 2. While
the other crosses showed insignificant and/or
significant undesirable values (Table 4a and b).
These results confirm the important role of dd
gene action in the genetic system.

3.4 Heritability Estimates and Expected
Genetic Advance from Selection

The assessment of heritability in both broad (hzb)
and narrow (h°n) sense and expected genetic
advance from selection for barley studied traits
are presented in Table (5). Heritability estimates
in broad sense were relatively high for all studied
traits in all crosses. Broad sense heritability for
plant height ranging from 92.83% in cross 4 to
96.23% in cross no. 2, for spike length ranged
from 92.31 in cross no. 3 to 95.49% in cross no.
2, for grains number/spike ranged from 93.68%
in cross no. 3 to 95.38% in cross no. 2, for spikes
number/plant ranged from 95.47% in cross no. 3
to 96.89% in cross no. 4, for 100 grain weight
ranged from 93.54% in cross no. 1 to 97.71% in
cross no. 5, for grin yield/plant ranged from
91.08% in cross no. 4 to 93.60% in cross no. 6,
for leaf rust infection ranged from 98.28% in
cross no. 1 to 98.83% in cross no. 2 and for
powdery mildew infection ranged from 94.93% in
cross no. 1 to 97.93% in cross no. 6.

Heritability estimates in narrow sense were low
to high and ranging from 19.15% in cross no. 1
to 38.16% in cross no. 6 for plant height, from
30.99% in cross no. 5 to 51.40% in cross no. 4
for spike length, from 26.90% in cross no. 2 to
34.95% in cross no. 1 for grains number/spike,
from 22.68% in cross no. 4 to 39.57% in cross
no. 5 for spikes number/plant, from 12.46% in

Cross no. 2 to 31.21% in cross no. 5 for 100 grain
weight, from 14.96% in cross no. 2 to 36.14% in
cross no. 5 for grain yield/plant, from 15.57% in
Cross no. 4 to 63.44% in cross no. 5 for leaf rust
infection and from 17.20% in cross no. 5 to
95.57% in cross no. 6 for powdery mildew
infection, which indicate that these traits were
greatly affected by additive and non-additive
effects.

The expected genetic advance from selection at
5% selection intensity of F, mean (GA%) ranged
from 3.67% in cross no. 1 to 7.68% in cross no. 6
for plant height, from 12.60% in cross no. 5 to
17.20% in cross no. 4 for spike length, from
6.79% in cross no. 3 to 10.11% in cross no. 5 for
grains number/spike, from 20.42% in cross no. 4
to 32.02% in cross no. 5 for spikes number/plant,
from 4.04% in cross no. 1 to 8.54% in cross no. 5
for 100 grain weight, from 13.0% in cross no. 2 to
34.04% in cross no. 5 for grain yield/plant, from
29.73% in cross no. 2 to 107.23% in cross no. 5
for leaf rust infection and from 19.18% in cross
no. 5 to 118.30% in cross no. 6 for powdery
mildew infection.

4. DISCUSSION

Data in Table 2a and b showed mean and
variance of the six studied population (P4, P5, F,
F,, BC; and BC,) for the measured traits. Results
indicated that, the mean values of F; were higher
than mid and favorable parent for most
measured traits in most evaluated crosses which
indicate the presence of heterosis. Also,
variances of parents and the F; generation is
much less than the variance of F, generation and
backcrosses. Andy et al. [18] reported that,
segregation variance refers to variance due to
segregation of alleles in F, relative to variance
observed in F; from different genetic lines or
divergent populations. When divergent
populations are crossed, the variance of the F; is
not increased because all F; offspring have
heterozygous loci, with one allele from each
divergent parent. However, an outbreak of
variation is due to recombination, the
“segregation variance,” can often be shown in
the F, generation [19,20].

The increase in biomass, fertility, stature and
other characters that led to desirable
performance of the F; progeny compared to
parents refers to heterosis [21]. For variety
evolution as well, selection of better combination
heterosis role cannot be ignored.
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Table 5. Heritability percentage in broad (h®b) and narrow (h’n) senses and expected genetic advance from selection (GA) in the six barley crosses
for all studied traits

Trait Cross Heritability Genetic advance Trait Cross Heritability Genetic advance
h*b h*n GA GA % h’b h*n GA GA %
Plant height 1 95.70 19.15 412 3.67 100-grain 1 95.30 16.27 0.22 4.04
2 96.23 31.97 7.05 6.18 weight 2 93.54 12.46 0.19 4.23
3 94.56 21.91 4.57 4.03 3 95.65 19.63 0.27 5.02
4 92.83 25.70 5.18 5.14 4 95.76 21.79 0.30 5.65
5 94.68 26.04 5.56 5.17 5 97.71 31.21 0.42 8.54
6 93.78 38.16 7.96 7.68 6 96.76 26.73 0.36 6.53
Spike length 1 95.13 44.37 1.06 14.95 Grainyield/ 1 91.08 30.78 4.35 27.26
2 95.49 44.14 1.17 16.01 plant 2 91.13 14.96 1.84 13.00
3 92.31 45.41 1.00 14.33 3 92.82 35.76 5.49 29.05
4 94.64 51.40 1.31 17.20 4 90.82 26.54 3.64 18.19
5 95.24 30.99 0.84 12.60 5 90.52 36.14 6.99 34.04
6 93.16 46.33 1.06 14.68 6 93.60 31.21 5.05 28.61
Number of grains /spike 1 94.02 34.95 4.86 8.22 Leaf rust 1 98.79 25.53 14.54 42.04
2 95.38 26.90 4.33 7.15 2 98.83 22.26 13.86 29.73
3 93.68 27.79 4.02 6.79 3 98.80 28.46 14.97 32.71
4 94.59 32.25 4.85 7.79 4 98.28 15.87 7.52 37.26
5 95.32 33.55 5.67 10.11 5 98.68 63.44 33.53 107.23
6 94.94 31.19 4.92 8.49 6 98.78 46.41 27.18 62.51
Number of spikes /plant 1 95.54 26.00 2.40 20.71 Powdery 1 94.93 74.60 2.57 73.73
2 96.83 37.66 4.09 24,96 mildew 2 97.40 82.96 4.42 89.58
3 95.47 33.76 3.08 23.53 3 97.47 87.08 4.26 95.68
4 96.89 22.68 2,51 20.42 4 95.20 89.53 2.96 101.69
5 96.46 39.57 3.96 32.02 5 94.96 17.12 0.67 19.18
6 96.59 32.24 3.39 27.40 6 97.93 95.57 5.17 118.30

134



Mansour et al.; Asian J. Res. Crop Sci., vol. 8, no. 3, pp. 124-137, 2023; Article no.AJRCS.98139

Results in Table 3a and b show the presence of
heterotic effects compared to mid and better
parents for most measured traits. This reflect that
parental genotypes and F; hybrids are
genetically diverse and have a wide genetic
variability for the studied traits (plant height,
spike length, number of grains/spike, number of
spikes/plant, 100 grain weight, grain yield/plant,
leaf rust ang powdery mildew). Mansour [22] and
El-wakeel and Hassan [23] reported significant
heterosis compared to mid and better parents for
grain yield and its attributes and they also
reported considerable genetic variability in
barley. The reduction of the mean phenotypic
values which shown by traits associated with the
reproductive capacity or physiological efficiency
of the plant called inbreeding depression, The
evaluation of inbreeding only may not be
sufficient for guiding a selection program and
advancing plant improvement [24]. However,
despite a developed understanding of the
significance of inbreeding depression, identifying
specific alleles underlying the reduction in fitness
has remained challenging [25].

Potence ratios could be used to set the
dominance of inherited traits, with values more
than +1 indicating over-dominance, values
between -1 and +1 refer to partial dominance,
values of 0 indicating no dominance and values
of +1.0 indicating complete dominance. The
obtained results presented in Table 3a and b
reflected that, partial to over-dominance were
clearly involved in the inheritance of barley vyield
and disease severity traits. A predominance of
non-additive variance components for yield
related traits were found by many researchers,
suggesting that heterosis could be used for
breeding improvement [26,22,27].

Gene action refers to the behavior or mode of
expression of genes in a genetic population.
Gene action is useful to crop breeder in selection
of parents for hybridization, choice of breeding
methods for quantitative characters improvement
and estimation of some other genetic parameters
such as heritability and genetic advance from
selection. Results in Table 4a and b reflecting
that dominance plays greater role in inheritance
of most studied traits, so selection for
improvement these traits could be effective in
late generations. Additive x additive gene effect
was more effective than dominance x dominance
and additive x dominance reflecting the important
of this type of gene action, similar results were
obtained by Mansour [22], Andreia et al. [24] and
Attig et al. [21]. Bojan et al. [28] reported that,

dominant was more important than additive
component.

Results in Table 5 reflected high values of
heritability in broad senses for all the measured
traits under study. While heritability estimates in
narrow sense and genetic advance from
selection varied from low to moderate for the
agronomic traits and low to high for disease
traits. similar results were obtained by Mansour
[22] and El-wakeel and Hassan [23]. Bojan et al.
[28] recorded moderate to low value of narrow
sense heritability for grain yield plant™. Nikita et
al. [29] observed moderate to high value of
heritability accompanied by moderate to high
genetic advance for grain yield and related traits.
The measure of the correlation between
breeding values and phenotypic values revers to
heritability [30]. Thus, heritability plays a greet
role in crop breeding and considered as a guide
to breeding value [31]. There is a direct
relevance between heritability and response to
the selection, which is referred to as genetic
advance. High values of heritability does not
necessarily mean high genetic gain and alone is
not sufficient to make improvement through
selection. Thus, heritability estimates utility is
increased when using in estimating genetic
advance [16]. High values of genetic advance
correlated with high values of heritability
estimates offers the most effective condition for
selection [32]. The values of heritability
increased when it is used to genetic advance
calculating, indicating the degree of gain in a
characteristic obtained under a certain selection
pressure. Moreover, most agronomical important
traits, including grain yield, have complex genetic
inheritance and require the use of
relatively large populations for studying plant
breeding.

5. CONCULUSION

Based on the results obtained from heritability
and gene action estimates it could be concluded
that, this study recommended selection through
the following generation in barley crosses no. 4
to improve vyield potential and resistant
to leaf rust and cross no. 5 to improve
resistant to powdery mildew, where it had high
genetic  advance correlated with  high
heritability.
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