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Abstract

To understand the genetic patterns of the physio-morphological traits for barley grain yield, six-generations (P,
P,, Fy, F», BCy, and BC,) were used to determine the type of gene action in the four barley crosses. Grain yield
showed a strong positive association (r = 0.83 and 1) with Grain Filling Rate in Gizal21/RIL1 and
Gizal26/RIL2 crosses, respectively. The relationship between yield and earliness was not consistent with crosses
and positive (r) values were quite low. It should be possible to select early-maturing and high-yielding segregates
with high 100- kernel weight. The results indicated that the dominance effect [dd] was more important and
greater than the additive effect [aa] and [ad] for most traits. Positive heterosis over the mid- and better- parent
was quite similar for the most traits, except for heading and maturity dates, that showed negative heterotic effects.
The inbreeding depression was high significant and positive for Grain Filling Rate, chlorophyll contents, Flag
Leaf area and 100- kernel weight. On the other hand, it was a negatively significant for the earliness trait (HD,
MD, and GFP). The lack of uniformity for estimates of inbreeding depression can be explained by environmental
variation and to its influence on the type of gene action. Narrow-sense heritability ranged from 13.3% for Grain
Filling Period in Gizal2/RIL1 to 66.6% for heading dates in Gizal21/RIL2 crosses. Genetic advance estimates
were low due to lack of additive variance. The crosses Gizal21/RIL1 and Gizal26/RIL2 would be of interest in
a breeding program, for improving characteristics of earliness, yield, and its components.

Keywords: Hordeum vulgare L., type of gene action, heterosis, heritability
1. Introduction

Barley (Hordeum vulgare L.) is a crop with great adaptive potential in many regions of the world. In areas which
have only a brief rainy season, growers can obtain a harvest mainly because this crop has advantages in aspects
such as salt tolerance, frost tolerance in the early period of development, drought tolerance, etc. Breeding for
quantitative traits in early generations is impeded by several factors such as polygenic nature and low heritability
of a trait (grain yield, the number of spikes per plant, etc.), linkage, non-additive gene effects and environmental
effects (Harlan, 1976).

In order to overcome these difficulties, it is necessary to get as much information as possible about the genetic
structure of breeding population undergoing selection (Sharma et al., 2003). This means identifying the gene
effects that control the inheritance of a trait of interest and contributing to the exploitable genetic variance of the
population.

Grain yield increase would be effectively rested with the basis of the capabilities of yield components and other
closely associated traits. In cereal crops, the upper three leaves on the stem, especially the uppermost leaf, i.e.,
flag leaf, are the primary source of carbohydrate production. The flag leaf could contribute a large proportion of
the carbohydrates stored in grains. The morphological traits of flag leaf such as size and shape and its
physiological traits such as chlorophyll content and photosynthesis capacity have been considered to be the
important determinants of grain yield in cereals (Abd El-Aty et al., 2011).
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According to (Falconer & Mackay, 1996) heritability is defined as the measure of the correspondence between
breeding values and phenotypic values. Thus, heritability plays a predictive role in breeding, expressing the
reliability of phenotype as a guide to its breeding value (Addisu et al., 2015). There is a direct relationship
between heritability and response to the selection, which is referred to as genetic advance. High genetic advance
with high heritability estimates offers the most effective condition for selection (Yadav et al., 2015). The value of
heritability, therefore, increases when it is used to calculate genetic advance, which indicates the degree of gain
in a characteristic obtained under a particular selection pressure. Thus, genetic advance is another important
selection parameter that helps breeder in a selection program. Moreover, most agronomical important traits,
including grain yield, have complex genetic inheritance and require the use of relatively large populations for
studying plant breeding. In self-pollinating, segregating populations, the frequency of individuals with all
favorable alleles is reduced with generation advance (Addisu & Shumet, 2015).

The present study is seeking to estimate the type of gene action, heterosis, heritability, and genetic advance on
the base of individual segregating populations for grain yield, earliness and some physiological characteristic in
spring barley.

2. Materials and Methods
2.1 Experimental Site

The field experiment was conducted at the Experimental Farm of Sakha Agricultural Research Station 31.3°N,
30.9°E, Agricultural Research Center (ARC), Egypt during three winter seasons. The experimental soil was
clayey, pH 8.2 and organic matter content in the soil was about 1.4%. The average annual rainfall of the region
was 180 mm during the growing season.

2.2 Germplasm

Four six-row spring barley genotypes were used in this investigation; Gizal2l and Gizal26 are Egyptian
cultivars with good agronomic characteristics; maturity 136 and 144 days, respectively; susceptible to powdery
mildew and leaf rust. The RIL1 and RIL2 lines were introduced from The International Center for Agricultural
Research in the Dry Areas (ICARDA) and exhibit height, stiff straw strength, early maturity, resistant to stem
rust and moderately to powdery mildew (Table 1). The differences among the parents had been determined using
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) (Laemmli, 1970).

Table 1. Production of backcross progenies from the four crosses.

Crosses Backcrosses

F, BC, BC,

Gizal21/RIL1 Gizal21/RIL1/Gizal21 Gizal21/RIL1/RIL1

Gizal21/RIL2 Gizal21/RIL2/Gizal21 Gizal21/RIL2/RIL2

Gizal26/RIL1 Gizal26/RIL1/Gizal26 Gizal26/RIL1/RIL1

Gizal26/RIL2 Gizal26/RIL2/Gizal26 Gizal26/RIL2/RIL2
2.3 Procedure

Parents were planted in the first seasons 2008/09 and the following crosses were made: Gizal21/RIL1,
Gizal21/RIL2, Gizal26/RIL1, and Gizal26/RIL2.

In 2009/10 season; seeds of the, F’s were sown to produce, F plants. Each of F plants was crossed back to
their respective parent to produce first correspondent backcross BC; and BC,. In the meantime, the four parents
were re-crossed to produce the F;’s seeds. However, F; Plants not used in backcrosses were self-pollinated to
produce F) seed (Figure 1).
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Backross
Sesons
Giza121 x RIL1  Parents 2008/ 09
!
50% :50% F1
Giza 121 : RIL1 genes Recurrent 2009/ 10
parent
F1
x Giza 121
1st backcross
75% Giza 121 genes BC1
x RIL1
2nd backcross BC2
75% RIL1 genes
2010/ 11
P1 P2 F1 BC1 BC2 F2

Figure 1. Apply the general principles of managing segregating populations generated from parental crossing

In 2010/11 season, the obtained seeds of the six populations P, P,, F, F,, BCy and BC, of the four crosses were
grown together in a randomized complete block design RCBD with three replications by hand in each 3m row to
ensure accuracy of within row spacing of 10 cm, the rows were spaced 30 cm apart. Each replication composed
of 17 rows as follows, and the generations were distributed randomly within the replications (Table 2).

Table 2. The individual of the six-population plants from four crosses

Population No Rows No individual Plants

P, 1 30

P, 1 30

F (P x Py 1 30

F, 10 300

BC, (Backcross of P; to F'y) 2 75

BC, (Backcross of P, to F'y) 2 75

Total 540 x 4 crosses =2160
2.4 Recording Data

Data were collected on 2160 individual plants based on the following characteristic: (1) Earliness: Heading date
HD, Maturity date MD, Grain Filling Period GFP. (2) Growth stage characteristic: Flag leaf area FL (cm?), Total
chlorophyll content/ plant Ch SPAD value. (3) Yield components characteristic: Grain Filling Rate GFR
(g/day/plant), 100- kernel weight KW, Grain yield/plant GY.

2.5 Biometrical Analysis

The population means and the variances; were used to carry on the Scaling test as outlined by Hayman and
Mather (1955) to determine the presence of non-allelic gene interactions.

The population means and variance were used to estimate the type of gene action. One tail F ratio was used to
test the significance of F, variance as follows: F =VF2/VE, where, VE=[VP1 + VP2 + VF1]/3 (Allard & Jain,
1962). The “t” test was used to test the significance difference between the two parents in each cross.

2.6 Scaling Test

It gave four tests for scale effects A, B, C and D. The significance of any one of these scales is taken to indicate
the presence of non-allelic interactions. In each test, the degree of freedom is the sum of the degrees of freedom
of various generations involved (Hayman & Mather, 1955).
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Types of gene action; additive (A) and dominance (D) variance were estimated by (Gamble, 1962) partitioning
method of the components of variance employing parents, F,’s, F,’s and reciprocal backcrosses. Phenotypic
variance components of the F, generation are: VF2 =1/2A + 1/4D + E, and (VBC1 + VBC2) = 1/2A+ 1/2D + E.

The standard error of [a], [d], [aa], [ad] and [dd] was obtained by taking the square root of their respective
variances. “t” test values were calculated by dividing the effects of a, d, aa, ad and dd on their respective
standard errors.

2.7 Heterosis

Heterosis was expressed as the percentage of the deviation of /' hybrid over mid H), and better parent Hpp
values. Hyp = (F; — MP)/MP x 100; Hzp = (F, — BP)/BP x 100.

Inbreeding depression /D% was calculated as the difference between the /' and F, means expressed as a
percentage of the /| mean. D% = (F1 — Fz)/ F, x 100, Variances of ID deviation = VF,+ VBP.

Potence ratio; (Smith, 1952) proposed the potence ratio (PR), which can be used to determine the degree of
dominance. Potence ratio = F; — MP/ [1/2(P2 -P)].

2.8 Estimation of Heritability and Genetic Advance

Heritability was estimated using two different methods, broad sense, /,, and narrow sense heritability as follows:
broad sense h2,,=VG2 / Vph x 100; (Allard & Jain, 1962), where,

VG = VF2/VE, and Vph (total variance) = VF2.
Narrow sense; h?, = (1/2D)/F? x 100 (Hayman & Mather, 1955). Where, VD = VF, — VBC, — VBC, .

The expected genetic advance under selection (Ag) was estimated according to (Johnson et al., 1955)
Ag=K x+/VF, xh’x 10, where, K value is a selection differential with a value of 2.06 under 5% selection. In
addition, this expected gain was expressed as a percentage of F, mean (Ag %) according to (Miller et al., 1958)
as follows: Ag% = Ag/F, x 100.

3. Results
3.1 The Mean Yield Performance

The molecular variation between the parents was presented in SDS-PAGE. The dendrograms (Figure 2) show
that the most variance between the parents was in prolamin fractions (hordeins).

Giza 121 Giza 126 RIL1 RIL2 M

Figure 2. SDS-PAGE analysis of total protein fractions from the four parents

Note. The arrow track indicates D-hordein > 100 kDa and the brackets indicate, in order of increasing mobility
downward, C-hordeins 55-75 kDa and 35-46 kDa B-hordeins.

The mean yield performance for the six-population was significant among generations in all traits (Supplemental
Table 1). The parental means for HD were different from each other. The F; Gizal21/RIL1 mean (87.97 days)
was significantly different from the later heading parent, Giza 126 (99.07 days). The F, means were as expected
intermediate to the parental means but were closer to the late parent. The BCs, in most cases, deviated from the
F, in the direction of the recurrent parent. The segregation of GY trait was continuously distributed in F3’s
among all crosses (Figures 3a, 3b, 3c, and 3d), but showed significant transgressive distribution, indicating their
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normal distribution. Additionally, transgressive segregation in both directions was observed for all traits (data not

shown); mean that both parents transmitted favorable alleles for each trait (Figures 4a, 4b, 4c, and 4d).

Number of F; plants

Number of F; plants

(a)

8 16 24 32 40 48 S6 64 72

Giza 121/RIL1 GY/Plant

(c)

8 16 24 32 40 48 S6 64 72

Giza 126/RIL1 GY/Plant

90+
80
704
60
50
40
304
20
104

Number of F; plants

o

Number of F; plants

(b)

6

12

Giza 121/RIL2 GY/Plant

(d)

8

Giza 126/RIL2 GY/Plant

18 24 30 36 42 48 5S4

16 24 32 40 48 S6 64 72

Figure 3. Histogram of pooled F, population for grain yield/plant in the four crosses; (a) Gizal2/RIL1, (b)
Gizal21/RIL2, (c) Gizal26/RIL1, and (d) Gizal26/RIL2
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:5: 56
g 48 °
L 8
(&) H
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Figure 4. Box plots for performances of parents and crosses for GY/plant (g. The plus sign
The upper and lower lines outside the box stand for max and min adjacent value, respectively. The line inside the
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stands for outliers.

box stands for median value. The upper and lower hinges of the box stand for 75% and 25% percentile,
respectively; (a) Gizal2/RIL1, (b) Gizal21/RIL2, (¢) Gizal26/RIL1, and (d) Gizal26/RIL2
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Concerning the phenotypic correlation coefficients, the results although many rather small correlation
coefficients are statistically significant, » values below 0.4 have little practical significance because they indicate
the relationship between the two characteristics accounts for only a GFR of the total variation. High yielding
segregates with high kernel weight can probably be selected since » values were almost always positive. The
results of correlation analysis among the eight traits are shown in (Table 3). The FL was significantly and
positively correlated (P < 0.01) with GFR and GY in C1; HD and GY in C2; GFR with KW and GY in addition,
KW and GY in C3 and GFR with FL and GY, plus FL and GY in C4, indicating that FL, GFR, and KW was
associated with GY/plant.

Table 3. The correlation coefficients among eight traits of the F, population
Cl HD MD GFP GFR Ch FLA KW GY C(C2 HD MD GFP GFR Ch FLA KW GY

HD HD

MD -0.06 MD 0.12%

GFP 0.07 -0.17* GFP -0.13* -0.19*

GFR 0.03 0.01 -0.07 GFR 0.17* 0.08 -0.01

Ch  -0.15%0.05 -0.02 0.02 Ch  -0.01 0.01 0.00 -0.04

FL -0.11 -0.05 0.24**-0.12* -0.03 FL 0.11* -0.03 0.02 0.07 -0.03

Kw -0.02 0.03 -0.08 0.0l 0.01 -0.04 Kw 0.04 -0.02 0.00 -0.02 -0.03 -0.07

GY 003 0.06 -0.05 0.83**0.01 -0.09 -0.02 GY 0.16* 0.07 0.04 1.00 -0.03 0.07 -0.02
C3 HD MD GFP GFR Ch FLA KW GY C4 HD MD GFP GFR Ch FLA KW GY
HD HD

MD -0.14* MD  -0.02

GFP -0.06 -0.04 GFP -0.20* -0.03

GFR 0.01 0.04 -0.12% GFR 0.01 0.00 -0.05

Ch 0.05 0.09 -0.12* 0.07 Ch -0.06 0.06 -0.13* 0.05

FL  -0.04 0.00 -0.02 -0.01 0.02 FL  0.00 0.01 0.03 0.10* 0.03

Kw 009 0.02 -0.11* 0.13* 0.03 -0.11* KW -0.03 -0.02 -0.16*0.01 0.03 -0.08

GY -0.07 0.00 0.02 0.79**0.03 -0.01 0.11* GY 000 0.00 0.01 1.00**0.04 0.10* 0.00

Note. HD: heading date; MD: maturity date; GFP: Grain filling period; GFR: grain filling rate; Ch: Chlorophyll
content; FL: flag leaf area; KW: 100-karnels weight (g); GY; grain yield (g/plant). C1: Gizal21/RIL1; C2:
Gizal21/RIL2; Gizal26/RIL1; Gizal26/RIL2. * and **: significant and highly significant at 95% and 99%
probability levels, respectively.

3.2 Mode of Gene Action

The results of the six-parameter model and type of epistasis revealed the presence of a non-allelic interaction for
most studied characteristics in the most studied crosses except for C4 cross in Ch and GY that indicated the
absence of a non-allelic interaction (Table 4). It is worthy to mention that at least one of the A, B and C tests was
significant for the previous characteristics, indicating adequacy of the six-parameter model to explain the type of
gene action controlling the traits in these crosses. Additive gene effects [a] were quite small in magnitude
relative to the dominance gene effects. Significant or highly significant positive additive gene effects [a] were
obtained for HD in the C3 and C4 crosses, MD in the C1, C3 and C4 crosses, and all crosses for FL. On the other
hand, it was negative significant for HD and MD in C2; GFP in C1; GFR in C3 and C4; Ch in all crosses except
for C1. The major contribution by dominance [d] effects to variation in C2, C3 and C4 crosses in all traits except
for GFR and FL.

3.3 Heterosis, Inbreeding Depression and Potence Ratio of the F'; Hybrids

Estimates of heterosis are specific to each particular cross and are affected by the environment (supplemental
Table 2). The genes by which two lines differ will not be the same for all pairs of lines, so different pairs of lines
will have different values and will show different amounts of heterosis. The heterosis of MD% was quite similar
among crosses to HD, but there was essentially no heterosis over the high parent. Positive highly significant
heterosis over mid- parent in most crosses was detected in most studied traits except for HD, MD, and GFP
(Figure Sa, 5b, 5c, and 5d).
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Table 4. Scaling tests and gene effects estimates for all studied traits in the four crosses

HD Cl C2 C3 C4 MD Cl C2 C3 c4

[m] 92.86%*  95.27*%  97.84**  98.60%** [m] 137.86*%* 139.60** 138.86** 140.48**
[a] 0.77 -6.07%*  7.42%%* 1.41* [a] 2.610%*%  -1.900** 2.357*%*  2.783%**
[d] -8.53%%  491%F  -10.26%¥* 0.31 [d] -2.67 -11.70%*  6.97**  0.46
[aa] -8.30%%  6.25%%  _7.45%* 217 [aa] -1.62 -10.60** 7.10%*  2.33
[ad] -0.5 -2.98%*%  3.86%* 1.21 [ad] 2.03%* 1.2 -2.24*%*  -0.62
[dd] 1.63 -19.81%%  -6.77%%  -6.99%* [dd] -5.03 17.40%*  -9.09**  -6.31*
Epistasis Dupl. Dupl. Comp. Dupl. Epistasis Comp. Dupl. Dupl. Dupl.
GFP GFR

[m] 45.00%*%  45.57**  47.13%¥*  4527%* [m] 0.60%*  0.52%*  0.52%*%  Q.51**
[a] -1.16%*  0.26 2.11%*  0.91%* [a] 0.08**  -0.05 -0.04 -0.09%*
[d] -14.54%*%  -14.74*%*  -3420%* -78.16%* [d] -0.03 0.23**  0.02 0.20*
[aa] -11.33%*%  -13.97** -28.78** -9.35%%* [aa] -0.26%*  0.21**  -0.02 0.15
[ad] -0.48 -2.50%*%  [.14%*% 2 53%* [ad] 0.05 -0.04 -0.01 -0.04
[dd] 24.55%%  16.51%*%  43.93%*  597** [dd] 0.75% -0.11 0.14 0.00
Epistasis Dupl. Dupl. Dupl. Dupl. Epistasis Dupl. Dupl. Comp. Comp.
Ch FL

[m] 37.68%%  38.69*%*  38.25%* 35.82%* [m] 8.06%*  836%¥*  8.00¥*  7.81**
[a] 0.72 -2.54%*%  325%% 4 77]** [a] 2.51%*%  2.57*%*%  0.86%* 1.30%*
[d] -0.43 12.05%*%  -8.80**  -0.36 [d] 421*%  -1.23 -1.01 2.75%*
[aa] -2.7 11.08**  -11.26*%* -1.05 [aa] -1.43 0.13 -5.56%%  1.22
[ad] -0.72 -1.44%* -1.30%* -0.03 [ad] -2.23*%%  1.17* -2.70%*%  -1.20%*
[dd] 6.63*¥*  -18.58** 9.04**  3.33 [dd] 13.69*%*  -0.88 15.53**  0.19
Epistasis Dupl. Dupl. Dupl. Dupl. Epistasis Comp. Comp. Dupl. Comp.
KW GY

[m] 4.83%*  5.11%*%  420%%  439%* [m] 22.12%%  23.13%*  26.62%*  23.54%*
[a] 0.53**  0.51**  0.65**  0.40%* [a] -0.84 2.62 1.16 -0.14
[d] 0.68**  -0.31 1.02**  0.49* [d] -4.94 13.19%*  1.52 4.96
[aa] -0.23 -0.59**  0.76**  0.43* [aa] -6.71% 11.52*%*%  0.57 3.91
[ad] -0.23* -0.24**  0.41**  0.08 [ad] -1.79 1.33 1.76 0.23
[dd] 3.32%* L.12**  0.18 0.03 [dd] 3L.11%*  -10.32 -9.58 4.4
Epistasis Dupl. Dupl. Comp. Comp. Epistasis Dupl. Dupl. Dupl. Dupl.

Note. HD: heading date; MD: maturity date; GFP: Grain filling period; GFR: grain filling rate; Ch: Chlorophyll
content; FL: flag leaf area; KW: 100-karnels weight (g); GY; grain yield (g/plant). C1: Gizal21/RIL1; C2:
Gizal21/RIL2; Gizal26/RIL1; Gizal26/RIL2. * and **: significant and highly significant at 95% and 99%
probability levels, respectively.

3.4 Inbreeding Depression

ID% was less consistent for KW and GY/plant (supplemental Table 2). The lack of uniformity for estimates of
inbreeding depression can be related to environmental variation and to its influence on types of generation
(Figure 5). The estimated values of potence ratios (PR%) illustrated that in most F crosses the estimated PR%
had a positive nature for the characteristics of GFR, FL, KW and GY/plant. These results reflected, generally,
various degrees of dominance, i.e., partial- to over-dominance, which is involved in the inheritance of these
characteristics. On the contrary, the estimated values of potence ratios in most F'; hybrids were negative for HD,
MD, and GFP. Negative values of PR% indicated the presence of various degrees of recessiveness, i.e., partial-
to under-recessiveness. PR% had negative nature for all evaluated F, hybrids for HD and ranged from -0.18 to
-9.28. These results indicated the presence of partial- to over-dominance, which is involved in the inheritance of
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this characteristic. PR% refers to complete dominance for C4 in FL and partial dominance for most of the
studied crosses. The remaining studied crosses for all characteristic studied showed over dominance towards the
higher parent.

EMP (a) _ps RYE (©
: mBP 50.0
10% 40.0
MPR% 30.0
20.0
10.0
0.0
-10.0
-20.0
= -12.0
(®) r 80.0
VP < EMP 25.0
P
meP + 60.0 .IBD" 20.0
%
0% L 0.0  WPR% 220
mPR% 10.0
- 20.0 P
0.0 0.0
\b \’b \1 \"f ‘\\Q ‘\\'5 ‘\\W ‘\\N -20.0 -5.0
S T F ¢ ¢ - 210'0

Figure 5. Presence of heterosis, inbreeding depression and potence ratio for the characteristic investigated in all
crosses; (a) HD& MD, (b) Ch& FLA, (¢c) GFP& GFR, and (d) KW& GY

3.5 Heritability and Genetic Gains

Heritability estimates in both broad h’bs and narrow h’ns senses and expected genetic advance from selection
for the studied traits are presented in (Table 5). The h’bs for HD and MD in all crosses ranged from 76 to 90%,
indicating that consistency from one generation to the next for these traits.

Narrow sense h’bn is less likely to be biased upward by dominance and epistatic effects. Values obtained for
KW and GY were more consistent among the broad sense than the narrow sense estimates. Very low narrow
sense estimates were obtained for Gizal26/RIL2, the broad sense heritability for GY and the earliness
characteristic in all crosses were considerably larger than the corresponding narrow sense estimates. In view of
the rather low narrow sense heritability estimates, the expected response to a selection from these populations
generally low.

3.7 The Predicted Genetic Advance

The predicted genetic advance estimates were low to moderate for all studied traits and ranged ranging from
2.05% for MD in C4 to 51.17% for FL in C2 (Table 5). These results indicated the possibility of practicing
selection in early generations and obtaining high yielding genotypes.

Table 5. The broad, narrow senses heritability and genetic advance from selection for eight studied traits

Hb GA Hb GA
Crosses 5 5 5 5

h*(bs) h*(ns) Ag Ag % h(bs) h(ns) Ag Ag %
HD MD
C1 83.18 52.76 4.72 5.09 Cl 82.45 33.25 2.99 2.17
C2 90.01 66.56 6.95 7.3 C2 85.13 43.45 4.10 2.94
C3 76.27 40.90 3.05 3.12 C3 85.79 40.91 3.53 2.54
C4 86.05 64.79 6.51 6.6 C4 87.75 31.64 2.88 2.05
GFP GFR
Cl1 41.61 13.30 0.39 0.87 Cl 85.56 48.13 0.2 32.89
C2 58.34 47.74 1.69 3.72 C2 88.61 42.05 0.2 37.49
C3 82.69 56.99 1.92 4.07 C3 91.11 21.41 0.1 18.97
C4 56.65 44.00 1.58 3.48 C4 87.81 32.54 0.15 29.98
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Table 5. Continued

Hb GA Hb GA
Crosses > > > >

h*(bs) h*(ns) Ag Ag % h*(bs) h*(ns) Ag Ag %
FL Ch
Cl 80.71 54.00 3.43 42.53 Cl1 88.04 39.14 3.11 8.27
C2 87.80 62.94 428 51.17 C2 91.56 38.52 3.31 8.56
C3 63.55 44.73 2.08 26.06 C3 91.01 43.38 3.97 10.37
Cc4 80.76 61.39 3.59 46.05 Cc4 90.64 24.25 2.21 6.18
Kw o
Cl 75.56 30.97 0.36 7.43 Cl 84.99 33.34 5.88 26.57
C2 69.28 33.11 0.35 6.81 C2 88.45 21.08 4.12 17.81
C3 63.44 40.78 0.4 9.33 C3 88.2 19.15 3.60 13.52
Cc4 71.98 29.00 0.31 7.15 Cc4 88.23 14.52 2.67 11.33

Note. Hb: Heritability percentage; GA: genetic advance. HD: heading date; MD: maturity date; GFP: Grain filling
period; GFR: grain filling rate; Ch: Chlorophyll content; FL: flag leaf area; KW: 100-karnels weight (g); GY;
grain yield (g/plant). C1: Gizal21/RIL1; C2: Gizal21/RIL2; Gizal26/RIL1; Gizal26/RIL2.

4. Discussion

Selection of the appropriate parents to be used in artificial crosses is one of the main decisions faced by plant
breeders that will facilitate the exploitation of maximum genetic variability and production of superior
recombinant genotypes, so selecting the parents based on the molecular variation can take into account with high
phenotypic variation in the traits under study. One-dimensional SDS-PAGE electrophoresis analysis (Laemmli,
1970) separations are shown in (Figure 2), the analysis shows that the most variance between the parents was in
prolamin fractions (hordeins), and that mean the parents which used in this study were abroad-relative.

The yield performance results for the six- populations suggest that late heading is dominant to early heading,
Moreover, the 100-KW and GY of F, and backcross populations were considerably higher than the best parent,
which indicates a high heterotic effect (Abd El-Aty et al., 2011). The morphological and phenological evaluation
of barley is necessary to determine their importance on grain yield increase. Therefore, grain number per spike
and grain weight is the other important yield components that affect grain yield (Yadav et al., 2015). The current
results explained the four crosses’ traits were quantitatively inherited and could be controlled by multiple genes
(Zhang et al., 2015).

4.1 Phenotypic Correlation Coefficients

The relationship between yield and heading date was not consistent from the cross to another and the r values
were quite low, indicated the importance of these traits in yield improvement and would be considered in
selection program (Table 3). In barley, the importance of flag leaf in determining grain yield was also intensively
studied (Xue et al., 2008). Teng et al. (2004) reported that leaf chlorophyll content was positively correlated with
photosynthetic capacity and high chlorophyll content as a favorable trait in rice production. Besides grain yield,
which represents the ultimate selection objective, a number of yields-related traits have received much attention,
such as chlorophyll content, flag leaf area, days to heading, plant height, 1000-kernel weight and grains per spike
in spring barley by Teng et al. (2004) and Abd El-Aty et al. (2011).

4.2 Types of Gene Action

The major contribution by dominance [d] effects to variation in C2, C3, and C4 crosses in all traits except for
GFR and FL, which were indicated by the relative magnitude of the parameter [d] to the parameter [m]. A
significance of [a] and [d] components indicated that both additive and dominance gene effects were important in
the inheritance of these traits and selecting desirable traits would be effective in the late generations (Gamble,
1962; Abd El-Aty et al., 2011). Highly positive significant for additive x additive [aa] effects were detected for;
KW in C3 and C4; GY in C2, while negative significant effects for [aa] type was found for HD in C1 and C3,
MD in C2, FL in C3, Ch in C3 and KW in C2. Mulbah et al. (2015) have found that additive gene effects make a
greater contribution to the total genetic variation than the estimates obtained in his study on rice. The absolute
relative magnitudes of the epistatic gene effects to the mean effects are somewhat variable depending on the
cross. In some crosses, notably, Gizal21/RIL2 and Gizal26/RIL1 in most traits, the absolute magnitude of the
epistatic gene effects are larger than the mean effects and come up to that of the dominance effects.
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Duplicate epistasis was observed, as revealed by differences in signs of [d] and [dd] in crosses, which exhibited
significant epistasis, while similar signs of [d] and [dd] in complementary epistasis. Complementary epistasis
was prevailing in C3 and C1 crosses for HD and MD, respectively. the C1, the C2, and C4 crosses in LA, the C3
and C4 crosses for KW, which coincide with the results obtained by Sharma et al. (2003). These findings
illustrated that duplicate epistasis was prevailing for most traits (Yadav et al., 2015). Chaudhary et al. (1974)
detected that the epistatic duplicate type was predominant over the complementary type.

4.3 Heterosis

Yield in barley, like in other crops, is a very complex trait and is a result of the interaction between various yield
components and the environment. Knowledge of the association between yield-related traits is of immense
importance to the selection of desired combinations of characteristics Zhang et al., (2015). Heterosis led to a
considerable increase in total biological yield, grain yield and straw yield (Finlay & Wilkinson, 1963; Amer et al.,
2012a). The relative effect of Heterosis clearly depended on the genetic background, crosses between genetically
divergent or non-adapted materials led to a higher relative effect of Heterosis than crosses among related or
adapted materials (Abd El-Aty et al., 2011). Yield, as well as yield components, is determined by several genes,
with specific interactions that make breeding for yield increase more difficult. Different degrees of gene effects,
i.e., partial to over-dominance, were clear to be involved in the inheritance of FL, KW and GY/plant (Abd
El-Aty et al., 2011; Elakhdar et al., 2016a).

Heritability values indicate the degree of genetic relationship between the performance of parents and progeny
which is an important aspect for obtaining genetic progress on artificial selection. The broad sense heritability
for GY and the earliness characteristic in all crosses were considerably larger than the corresponding narrow
sense estimates (Addisu & Shumet, 2015). Very low narrow sense estimates were obtained for Gizal26/RIL2,
which means the expected response to selection from these populations generally low. Esparza Martinez and
Foster (1998) reported that grain weight is a relatively stable yield component in barley. Hence, selection for
traits phenological shows the higher variation in all conditions is more effective and having appropriate
heritability. The predicted genetic advance estimates were low to moderate for all studied traits and ranged
ranging from 2.05% for MD in C4 to 51.17% for FL in C2. These results indicated the possibility of practicing
selection in early generations and obtaining high yielding genotypes (Abd El-Aty et al., 2011). Therefore, the
selection in the present those particular populations should be effective and satisfactory for successful breeding
purposes. The dominance effects (6°D) were greater than those of additive effects (6°A) for most studied traits
(Supplemental Table 3), indicating that the selection for these traits might be non-effective in early generations to
improve such traits in the four studied crosses (Addisu & Shumet, 2015). The estimate of genetic advance
(Ag %), which evaluates the expected rate of genetic gain under directional selection, was inconsistent among
crosses and in some cases it was zero due to the lack of additive variance.

It can be concluded that the degree of improving the studied traits was successfully based on the high heritability
values and positive additive genetic advance shown by the different traits, especially; KW and GY as was
reported by Aidun et al. (1990) and Yadav et al. (2015). Generally, the most biometrical parameters resulted from
the first and the third cross (Gizal21/RIL1 and Gizal26/RIL2) were found to be higher in magnitude in
comparison with those from other crosses. Consequently, it could be concluded that the above-mentioned crosses
would be of interest in breeding programs for improving traits for earliness, yield, and its components.

5. Conclusion

Because of the need for harvesting and threshing of individual plants, the grain yield is difficult to quantify.
Therefore, indirect selection strategies for less complex traits, with higher heritability and good correlation with
grain yield, may facilitate the selection in generations with high levels of heterosis. The chlorophyll content and
flag leaf are one of the greatest components in determining grain yield potential in barley. So that, effective
selection in plant breeding is based on information about the extent to which observed differences in the traits
under selection are highly heritable and the extent to which they are correlated with each other and also with GY.
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